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Objective: The concept of intrinsic capacity (IC) revolves around healthy aging and active aging. Since the Introduction of the
concept by the World Health Organization in 2015, a series of studies have been conducted by scholars from multiple fields. However,
no bibliometric analysis has systematically investigated this issue. We aim to identify the current landscape and frontier trends of
scientific achievements on IC in older adults through bibliometric approaches.

Methods: Quantitative analysis of publications relating to IC in older adults from 2015 to 2023 was interpreted and graphed through
the Web of Science Core Collection database on December 5, 2023. A variety of quantitative variables was analyzed, including
publication and citation counts, H-index, and journal citation reports. Co-authorship, citation, co-citation, and co-occurrence analyses
were performed for countries/regions, institutions, authors, and keywords using the VOSviewer and CiteSpace.

Results: A total of 952 original and review articles in English were identified. The European countries possessed an absolute
advantage in this field. The most contributive institution was the University of Sdo Paulo. The most productive author is Cesari Matteo
from France, followed by Qaisar Rizwan from the United Arab Emirates. However, a relatively low level of research cooperation
existed between institutions and authors. Important topics mainly include the connotations, theoretical framework models, evaluation,
screening tools, and application scenarios of IC. Among the promising hotspots, “biological aging”, “ICOPE”, “Covid-19”, “preven-
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tion”, “inflammation”, “caf22”, “prevalence”, and “randomized controlled trial” displayed relatively latest average appearing year.
Conclusion: Global trends indicate a growing scientific output on IC in older adults, and developed countries are leading the way.
There is still room for improvement in research team collaboration. The focus gradually shifts from theoretical research to empirical
research. It is recommended to pay attention to the latest hot spots, such as “biological aging”, “ICOPE implementation”,
COVID-19 syndrome”, and “biomarkers”.
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Introduction

Toward the end of the century, the number of older people worldwide is expected to surpass 1.5 billion, keeping pace
with the population aging worldwide.' Aging is connected with an increased risk of physical and cognitive deterioration,
which can lead to disability and loss of independence. Meanwhile, individual disparities in cognitive and physical
performance become increasingly apparent as the aging process intensifies and accelerates.” According to the World
Health Organization (WHO), healthy aging is the process of establishing and maintaining functional capacity that allows
for well-being in old age.’ Centenarians as an excellent example of resilience for successful aging, contribute to our
better understanding of the underlying mechanisms of healthy aging. They do not escape physiological decline or age-
related diseases or syndromes (ie, frailty), but the rate of such processes is slow enough to be offset by their increased
functional capacity to respond to minor stresses of daily life (ie, resilience).* The WHO advocated in its World Report on
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Ageing and Health to change the focus from “disease” to “capacity” in older adults.> A concept of intrinsic capacity (IC)
was introduced in this report to capture the integrated functioning of older adults as a whole. IC is described as an
individual’s whole physical and mental capacities.” At the same time, it also inaugurated the prelude to the research on IC
assessment and the development of interventions to improve IC.

Healthy aging depends heavily on maintaining optimal IC, which is of vital importance to maintaining function. In
terms of IC, physical and mental capacity are combined to determine the functional capability, in conjunction with
environmental factors and their interactions.® In contrast to measuring deficits, the IC concept measures the capacities of
multiple human biological systems that are most relevant to healthy aging. To implement IC in a clinical context, the
WHO proposed five key domains of IC (including locomotion, vitality, cognitive, psychological, and sensory) and an
innovative approach, the Integrated Care for Older People (ICOPE), which focused on improving IC to achieve healthy.”
Despite early studies supporting the validity of the WHO Healthy Ageing framework built around the concept of IC,
there was variation in the measurement process or tools used for assessing IC domains and there was no clear criterion
for quantifying (or scoring) IC as a global measure.® To guide primary care practitioners to implement active persona-
lized interventions to improve IC and functional ability in older adults, some highly specialized recommendations were
provided in the ICOPE guidelines and handbook of WHO (apps.who.int/iris/handle/10665/258981), including addressing
mobility loss, hunger, maintaining eyesight and hearing, preventing cognitive decline and depression, managing age-

related diseases and falls, and supporting caregivers.” These conceptual advances and accompanying transformative
research paradigms offer great potential for scientists and scholars to understand the determinants of healthy aging and
possible opportunities for innovative interventions.'® Although difficult to implement initially, a new era in aging
research is entering with a focus on healthy aging.

It has been demonstrated that the five domains of capacity can be aggregated into an overall construct of IC, which
predicts functional outcomes regardless of chronological age or chronic diseases.'"'? Furthermore, IC has been
associated with polypharmacy,'” poor/fair self-rated health,'* frailty,' falls,'® and long-term nursing home residency.'’
Thus, routine monitoring of IC during midlife may be useful in the identification of early functional decline, which may
be amendable by intervention. There is also increasing evidence that IC decline is associated with mortality and other
negative health outcomes in older adults, although the majority of these studies did not have long follow-up times.'®'®!?
In the Yale Precipitating Events Project Study, the joint models’ results, adjusted for sociodemographics and chronic
diseases, show that a 1-point lower IC (on a scale of 0—100) was associated with a 7% increase in the risk for activities of
daily living (95% confidence interval [CI]: 1.06-1.07), a 6% increase in the risk for long-term nursing home stay (95%
CI: 1.05-1.07), and a 5% increase in the risk of death (95% CI: 1.04—1.05)."° In the initial research phase, relevant
studies are mainly concerned with the concept, operationalization, and epidemiological data of IC.>” In addition, the
assessment of the state of physical activity or rehabilitation training in clinical settings, such as the different stages of the
post-stroke, post-surgery, and cancer were also areas of greater concern.”’

In recent years, in the context of healthy aging and the global COVID-19 pandemic, IC-related literature is
increasing year by year.”>** There is also a growing body of research concentrating on the development of therapies
and the incorporation of innovative concepts into clinical and regular care for older persons.'#19:25:26 A variety of review
articles covering various aspects of IC in older persons have been produced as a result of the considerable literature on

this topic. For example, some studies focused on IC assessment or related factors,®*’2°

especially regarding the
assessment tools.>?®° In parallel, the relationship between IC and health outcomes in older persons has been studied
by some scholars.*>° This contributes to our understanding of the importance of the ICOPE integrated care framework in
maintaining the long-term health and quality of life of older adults. So far, some literature reviews for a specific topic of
IC are done based on rnonitors;31 digital health;32’33 trajectory,34 and so on. In other studies, scholars have reviewed

intervention aspects of this field,*> >’

and the biological roots of the loss of IC that examine the mitochondrial function
with IC domains by distinct mechanisms.*® In general, researchers are unable to interpret current statuses and trends from
various qualitative and quantitative investigations from a single perspective. Given the background and circumstances
described above, it is critical to perform a study to review prior research findings and to update developing trends and
hotspots on IC in older persons. It may give insight into the present breadth of relevant research and assist researchers in

developing a framework of current and upcoming research objectives. As a result, the current study seeks to provide
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a comprehensive bibliometric analysis of IC older adults over the 8 years 2015-2023 and also provide scholars who have
entered or are about to enter this field of study with insights on the current state, emerging trends, and future research hot
spots in this field from a global viewpoint.

Methods

Strategies for Data Collection and Search

We used the Web of Science Core Collection (WOSCC) database as the main data source. WOSCC, the world’s largest
and most complete scientific database, may provide scholars with high-quality literature and a solid foundation for their
research.>® All searches were performed on a single day, December 5, 2023, to avoid biases introduced by daily database
updating. This bibliometric study on IC of older adults sought to identify the scientific output and activity regarding
function-centered approaches in response to intensive aging through bibliometric Methods. The retrieval strategy was
presented as follows: TS = (“intrinsic capacit®” OR “physical capacit*” OR “mental capacit*’) AND AB=(old* OR
elder* OR age* OR senior OR geriatric* OR geronto*) AND Language (English). We only considered original articles
and reviews, and the timeframe covered January 1, 2015, to October 31, 2023. The titles, keywords, author information,
abstracts, and references of all papers retrieved from WOSCC were downloaded and saved in plain text (Figure 1).

Data Extraction and Data Cleaning

Because of the spelling variations in this topic, a country/institution/author/journal may be divided into many countries/
institutions/authors/journals. As a result, data pre-processing is required for accurate analysis. We established a standard
Endnote export format (for example, author names formatted as Last name, A.B). The data was then manually cleaned in
Microsoft Excel 2019. Two researchers worked separately on data extraction, analysis, and book selection to assure
trustworthiness. We extracted data on the number of publications, citation frequency, countries of origin, authors,
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Figure | The flowchart of the research design.

Journal of Multidisciplinary Healthcare 2024:17

https:

3325

Dove:



https://www.dovepress.com
https://www.dovepress.com

Cao et al Dove

journals, institutions, and funding sources from the selected papers. The journal impact factor (IF) and category of each
journal were determined using the Journal Citation Reports (JCR) 2022 (available at: http://thomsonreuters.com/journal-

citationreports/). The H-index was another key metric for judging scientific output and academic standing. It may also be
used to assess the production and effect of a country, organization, or publication. After discrepancies between the
researchers were discussed, data cleaning and analysis were done manually in Excel,*” a process that involved finding the
missing value, merging different spellings of the same country/institution (eg, Hong Kong, Macao, and Taiwan all belong
to China; Harvard University and Harvard Univ are the same institutions). To prevent counting the same article twice, the
nations and institutions were assessed following the first author’s country and institution. Duplicate entries were
eliminated, and publications unrelated to study themes were deleted, as a consequence of analyzing the titles and
abstracts of the papers.

Bibliometric Analyzing

Microsoft Excel 2019 was used for descriptive statistical analysis of publications, which included the number of
publications, the frequency of citations, the authors, journals, institutions, original nations, and the H-index. Scientific
mapping tools were used for bibliometric analysis. We used two popular bibliometric analysis tools, CiteSpace6.2. R6
(Drexel University, Philadelphia, PA, USA) and VOSviewerl.6.18 (Leiden University, Leiden, The Netherlands), to
develop the corresponding knowledge map by quantitatively analyzing the relevant literature, as in previous studies.*' **
VOSviewer provides superior visuals for network and cluster research, but CiteSpace is superior for examining literature
timelines.*>*® As a result of their combined efforts, these two instruments can aid in the implementation of the
visualization of intellectual structure as well as the process of development and evolution of this subject.*’

VOSviewer was used for country/region citation analysis, institution citation analysis, journal co-citation analysis,
keyword co-occurrence analysis, and reference co-citation analysis.*® Meanwhile, VOSviewer was used to map and
display a network of IC research hotspots (keywords). The nodes in the VOSviewer’s network graphs represent various
factors such as countries/regions, institutions, journals, authors, or keywords. Different colored nodes denote various
taxonomies or periods of occurrence. Larger nodes have a greater betweenness centrality, which is derived by computing
betweenness centrality for each parameter separately. Certain correlations among parameters are characterized by links
between nodes. The total link strength (TLS) was utilized to objectively analyze the connections. The overall link
strength of a node is the sum of its link strengths with all other nodes.*’

CiteSpace was used for i) journal co-citation analysis, ii) journal dual-map overlay analysis, iii) institution co-
authorship analysis, and iv) author co-authorship and co-citation analysis.’® Each node in the visualization map reflects
the sort of study being examined, and its size correlates to the number of occurrences or citations. The strength of
collaborations, co-citations, or cooccurrences between nodes is represented by linkages between them. Nodes are colored
based on their distribution time. In the figure, neighbor nodes form clusters based on relevant themes, and the flow of
knowledge between clusters can be observed in the color shift between clusters. The VOSviewer and CiteSpace were
used to evaluate all data from the WOSCC, and the findings are reported in the main text.

Results

The Publication and Citation Trends

From 2015-01-01 to 2023-10-31, the cumulative number of publications on IC of older adults was 952, which included
846 articles and 106 reviews. The average annual number of publications was calculated to be 105.78. As shown in
Figure 2A, the number of global publications for IC research has gradually grown from 2015 to 2022; and 171 articles
have been published in the related literature during the period of 2023-01-01 to 2023—10-31. An exponential function

ol913x (R? = 0.9559, with x representing the year of publication and y the number of annual

equation y =35.883e
publications) for the trend in the number of publications was also established, with a good fit. It indicates that the
research intensity of IC is increasing year by year, which is meaningful for in-depth study. A total of 12,596 citations

have been recorded for all the published articles, with each paper receiving 13.2 citations on average.
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Figure 2 (A) Trend analysis of the number of publications by year (2015-2023). (B) Distribution and international cooperation of countries/regions that are involved in
intrinsic capacity research. The color of the node reflects the intensity of the cooperation.

Countries / Region Analysis

A total of 78 countries/regions contributed to this topic research. The top 10 countries/regions were distributed across
five continents (Europe, North America, Asia, South America, and Oceania), of which 5 were located in Europe
(Table S1). With 134 papers published (14.07%), the United States ranked first, followed by the United Kingdom
(114, 11.97%) and China (105, 11.03%). Concerning the country/region co-authorship analysis, the United States was
at the center of research on IC, with close collaboration with the United Kingdom and Switzerland (Figure 2B).
Countries/regions (31/78, 39.74%) with > 10 publications (T = 3) were used to construct a Country/region co-
authorship network based on the VOSviewer (Figure 2B). The network map had 76 nodes and 259 links. The number
of articles issued is represented by the circles, the color of the circles symbolizes the total intensity of cooperation,
and the lines between the circles show the cooperation between countries. Among the top three countries with the
largest total intensity of cooperation were the United States (TLS = 176), the United Kingdom (TLS = 165), and
Switzerland (TLS = 136).

Institution Distribution Analysis

In total, 1821 institutions published research on IC. The University of Sao Paulo contributed the most papers with 25,
followed by Karolinska Institute and University of Copenhagen, both with 24 papers. Table S2 displays the top ten most
influential institutions, as well as the number of articles produced by each. European institutions dominated this list (8/10).
Figure 3A illustrates the institution’s cooperative network map of research in IC. The number of articles published by the
institution is represented by the size of a node. Only institutions with a minimum of 5 publications were included in the
institution citation analysis. There were three institutions with the largest TLS: the University of Copenhagen (TLS = 56),
King’s College London (TLS = 37), and the World Health Organization (TLS = 37).

Authors and Co-Cited Authors Analysis

The top 10 authors with the highest number of publications are listed in Table S3. According to the WOSCC, the top 10
authors produced 109 publications, which accounted for 11.45% of all literature on this topic. Cesari Matteo from France
was the author with the most publications 13, followed by Qaisar Rizwan from the United Arab Emirates with 12 papers.
Figure 3B illustrates the map of author co-authorship networks. Each node in the network represents one author, and the
size of the node indicates the number of articles published by the author. The connection between authors indicates the
intensity of cooperation, and Different color regions represent different clustering information. Vellas Bruno was the author
who had the highest link strengths with other authors (TLS = 47). Qaisar Rizwan and Karim Asima have the most intensive
cooperation (TLS = 38).
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Figure 3 (A) The institution’s cooperative network map of research in intrinsic capacity. (B) The author’s cooperative network map of research in intrinsic capacity. Each
node represents an institution/author, and node size indicates the number of publications. The connection between the nodes represents a citation relationship, and the
thickness of the lines indicates citation strength.

Analysis of Journals and Co-Cited Journals

A total of 483 journals have been published in this field recently. Out of 952 papers published on IC, 183 were published by the
top 10 active journals, accounting for 19.22% of the total (Table 1). Furthermore, we chose 3 minimum numbers of journal
publications as a threshold value and subsequently got a density map (Figure 4A). According to Table 1, the International
Journal of Environmental Research and Public Health published the most papers (33, 3.47%), followed by BMC Geriatrics
(24, 2.52%), and the Journal Of Nutrition Health & Aging (23, 2.43%). Journal Of Nutrition Health & Aging has the highest
impact factor of 5.8, followed by Journals Of Gerontology Series A-Biological Sciences And Medical (5.1) and International
Journal Of Environmental Research And Public Health (4.6). Based on JCR 2022 standards, the top 10 most active journals
were classified as Q1 in four, Q2 in five, and Q4 in one. Citations are one of the most important variables in determining the
academic influence of a publication. Table 2 lists the top ten journals that have been cited more than 150 times. Journals Of
Gerontology Series A-Biological Sciences And Medical has been the most frequently cited journal (474 times), followed by
the Journal Of Nutrition Health & Aging (370 times), and International Journal Of Environmental Research And Public Health
(245 times). Based on JCR 2022 standards, all of the top ten cited journals were in Q1/2.

Analysis of Research Fields
The 227 literature domain categories obtained from searching the WOSCC were visualized and analyzed by VOSviewer,
and 952 articles of IC-related research were clustered into five major domains. As shown in Figure 4B, different colored

Table |1 Top 10 Journals in the Field of Intrinsic Capacity Research Ranked by Publication Number

Rank | Journal Country Count(%) | IF/JCR (2022/2021) | H-index
| International Journal Of Environmental Research And Public Health Switzerland 33 (3.47) 4.6/ QI1,Q2 78
2 BMC Geriatrics England 24 (2.52) 4.1/ Q1,Q2 56
3 Journal Of Nutrition Health & Aging France 23 (2.42) 5.8/ Ql 74
4 PLoS One United States | 20 (2.10) 3.71Q2 268
5 Experimental Gerontology England 17 (1.79) 3.9/Q2 124
6 Journals Of Gerontology Series A-Biological Sciences And Medical | United States 16 (1.68) 5.1/Ql 168
7 Aging Clinical And Experimental Research Italy 14 (1.47) 4.0/Q2 63
8 BMJ Open England 12 (1.26) 2.9/Q2 69
9 Frontiers in Medicine Switzerland 12 (1.26) 3.9/Q2 39
10 Journal Of Aging And Physical Activity United States 12 (1.26) 1.5/Q4 52
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Figure 4 (A) Density map of journal publications of research in intrinsic capacity. The deeper the color of a node, the more numbers of journal publications. (B) Analysis of
research areas in intrinsic capacity. Different colored spheres represent different converging fields. (C) Co-citation analysis of the literature of research in intrinsic capacity.
The purple nodes represent the citation appearing earlier, whereas the green nodes reflect the recent citation.

orbs represent different domain clustering, IC-related studies were mainly concentrated in Biology and Medicine, with
a relatively high percentage in the subfields Geriatrics & gerontology and Sport sciences. Secondly, it is concentrated in
the field of Psychology and Social Sciences, in which the subfields of Public, environmental and occupational health
account for a higher proportion.

Citation and Co-Citation of Literature
Table 3 lists the top 10 references with the highest citations, including 4 reviews and 6 articles. Among them, eight
papers were completed as a result of collaboration between institutes. With 1164 citations, Beard et al published the most

Table 2 Top 10 Journals in the Field of Intrinsic Capacity Research Ranked by Numbers of Citation

Rank | Co-cited Journal Country Citation Count | IF/JCR(2022) | H-index
I Journals Of Gerontology Series A-Biological Sciences And Medical | United States 474 5.1/Ql 168
2 Journal Of Nutrition Health & Aging France 370 5.8/ Ql 74
3 International Journal Of Environmental Research And Public Health Switzerland 245 4.6/ QI1,Q2 78
4 Experimental Gerontology England 222 3.9/Q2 124
5 PLos One United States 220 3.7/Q2 268
6 Frontiers in Medicine Switzerland 195 3.9/Q2 39
7 BMC Geriatrics England 184 4.1/ QI1,Q2 56
8 Scientific Reports England 161 4.6/Q2 149
9 Journal Of Cachexia Sarcopenia And Muscle Germany 152 8.9/Ql 48
10 British Journal Of Sports Medicine England 152 18.4/Q1 141
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Table 3 Top 10 Publications on Intrinsic Capacity Research with the Most Citations

Rank | Title Main themes Journal First Year | Citation
author Count
| The World report on ageing and health: a policy framework | Redefinition of healthy ageing that centers on the notion of LANCET Beard JR 2016 | 1164
for healthy ageing functional ability: the combination of the intrinsic capacity.
2 Evidence for the Domains Supporting the Construct of Five domains (ie, locomotion, vitality, cognition, psychological, Journals Of Cesari M 2018 | 270
Intrinsic Capacity sensory) are identified as pivotal for capturing the individual’s Gerontology Series
intrinsic capacity. A-Biological Sciences
And Medical
3 Patterns of Technology Use Among Older Adults With and | Describe prevalence of technology use among adults ages 65 and | Gerontologist Gell NM 2015 | 217
Without Disabilities older, particularly for those with disability and activity-limiting
symptoms and impairments.
4 Skeletal muscle aging: influence of oxidative stress and Review of influence of oxidative stress and physical exercise in Oncotarget Gomes M| 2017 | 169
physical exercise skeletal muscle aging.
5 Cognitive plasticity in older adults: effects of cognitive Results reviewed support the notion that cognitive plasticity for | Neurosciences and Bherer L 2015 | 156
training and physical exercise attentional control, as induced by cognitive training or physical Music V: Cognitive
activity and exercise, is preserved in late adulthood. Stimulation and
Rehabilitation
6 Sedentary Behavior in the First Year After Stroke: Quantified longitudinal changes in sedentary behavior after stroke | Archives of Physical Tieges Z 2015 | 120
A Longitudinal Cohort Study With Objective Measures to ascertain whether reducing sedentary behavior might be a new | Medicine and
therapeutic target. Rehabilitation
7 Organizing integrated health-care services to meet older Integration at the level of clinical care is especially important: Bulletin Of The de Carvalho 2017 | 109
people’s needs older people should undergo comprehensive assessments with World Health
the goal of optimizing functional ability and care plans should be | Organization
shared among all providers.
8 Copenhagen Consensus statement 2019: physical activity and | To reach evidence-based consensus about physical activity and British Journal of Bangsbo | 2019 | 99
ageing older adults. Sports Medicine
9 Effects of elastic resistance exercise on body composition Identified the clinical efficacy of elastic resistance exercise training | Medicine Liao CD 2017 | 93
and physical capacity in older women with sarcopenic in patients with sarcopenic obesity.
obesity: A CONSORT-compliant prospective randomized
controlled trial
10 Frailty and Intrinsic Capacity: Two Distinct but Related Described the similarities and differences between the two Frontiers in medicine | Belloni G 2019 | 90
Constructs constructs, highlighting how geriatric medicine contributed to
their development.
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highly cited paper, which was a report on a redefinition of healthy aging that centers on the notion of functional ability.’
The second most cited paper was a review that identified five domains (ie, locomotion, vitality, cognition, psychological,
sensory) as pivotal for capturing the individual’s intrinsic capacity.” The third most cited article described the prevalence
of technology use among adults ages 65 and older, particularly for those with disability and activity-limiting symptoms
and impairments.’

As shown in Figure 4C, the co-citation network map on IC from 2015-01-01 to 2023-10-31 was analyzed by
CiteSpace with the parameters as time slices (2015-2023), years per slice (1), and selection criteria (k=30). The size of
the superimposed circles, ie, the size of the corresponding circles on the chronological line is summed up and is
proportional to the number of co-citations; purple represents relatively early citation, green represents late citation, and
the superimposed color means that the article has been cited in all the corresponding years. The line between the circles
represents the co-citation situation of the literature, and the nodes marked in rose red are the key nodes, with centrality
greater than 0.1. The largest publication scale was held by “Cesari M (2018)”° (106 times) with active co-citations with
“Beard John R. (2019)">? (84 times) and “Belloni G. (2019)”'> (42 times). Table 4 shows the top ten references in terms
of citations. The top five sources with the most citations came from Cesari M (106 citations),’ Beard JR (84 citations),*
Belloni G. (42 citations),'> Charles A (41 citations),'® and Cruz-Jentoft AJ (32 citations).>

Analysis of Co-Occurring Keywords
Keywords co-occurrence analysis is a useful technique for tracking scientific progress and identifying emerging trends
and hot topics. The top 20 keywords from the WOSCC are ranked by frequency of occurrence in Table S4. In terms of
co-occurrences, elderly and intrinsic capacity ranked as the most frequent keywords corresponded to the themes of this
study, with 140 and 122 co-occurrences respectively. As for the other keywords, some were associated with the key
elements of IC, for example, physical capacity, physical activity, and physical function. Some were linked to important
considerations for public health, for example, healthy aging, quality of life, and covid-19. Others were related to adverse
health outcomes of IC, such as frailty, sarcopenia, disability, and falls. To identify various research hotspots in this
subject, we utilized the VOSviewer technique to map the primary keywords, selecting “co-occurrence” as the type of
analysis and “all keywords” as the unit of analysis in this study. Furthermore, we used a threshold of 4 minimum
numbers of co-occurrences of a keyword as a threshold value and obtained 135 keywords out of 2243 words to create the
network visualization map (Figure 5A) and overlay visualization map (Figure 5B). The thickness of the connecting line
in the visualization map of keywords indicates the degree of the co-occurrence link between keywords, demonstrating the
association of their respective study foci. The size of the bubble denoted the frequency with which the keyword appeared.
As illustrated in Figure 5A, there were four major clusters of co-occurring keywords in IC research areas. The red
clusters had the highest heat for “aging”; the yellow clusters had the highest heat for “healthy aging”; the green clusters
had the highest heat for “covid-19” and “decision-making capacity”; and the blue clusters had the highest heat for
“elderly”. The colors in the network visualization map (Figure 5SB) show different clusters created by keywords, while
the colors in the overlay visualization map indicate the average appearance year (AAY) of the identified keywords.
Before 2019, this field mainly focused on “functional status and rehabilitation in the clinical context”. It is noteworthy
that the keywords “biological aging”, “ICOPE”, “Covid-19”, “prevention”, “inflammation”, “caf22”, “prevalence”, and
“randomized controlled trial” displayed relatively recent AAYs, indicating that these keywords have increased in
popularity in recent years and have the potential to become hotspots in the future. Figure 5C depicts a timeline view
of the clustering plot, which facilitates the identification of developing research hotspots in IC.

Discussion

Essential Information

We retrieved 952 publications with 12,596 citations from the WOSCC'’s IC of older adults’ literature from 2015-01-01 to
2023-10-31. We conducted a bibliometric analysis to acquire a better understanding of present research hotspots and
potential trends, as well as to provide future researchers with valuable reference guides. The change in the number of
scientific publications Results reflects the rate of development of a certain study area to some extent.*> According to the
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Table 4 Top 10 Co-Citation Analysis of Cited Reference on Intrinsic Capacity Research

Rank | Title Main themes Journal First author Year | Co-citation
Count
| Evidence for the Domains Supporting the Construct of | In order to facilitate the translation of the intrinsic capacity Journals Of Cesari M 2018 | 106
Intrinsic Capacity theoretical model into practice, it is important to identify the | Gerontology Series
inner nature of its constituting constructs. A-Biological Sciences
And Medical
2 The structure and predictive value of intrinsic capacity | To assess the validity of the WHO concept of intrinsic BM] OPEN Beard JR 2019 | 84
in a longitudinal study of ageing capacity in a longitudinal study of ageing.
3 Frailty and Intrinsic Capacity: Two Distinct but Related | The similarities and differences between frailty and intrinsic Frontiers in medicine Belloni G 2019 | 42
Constructs capacity, highlighting how geriatric medicine contributed to
their development and will be crucial for their further
integration in future healthcare models.
4 Prediction of adverse outcomes in nursing home To evaluate the predictive value of the domains of intrinsic Journals Of Charles A 2020 | 41
residents according to intrinsic capacity proposed by capacity proposed by WHO on the 3-year adverse health Gerontology Series
the World Health Organization outcomes of nursing home residents. A-Biological Sciences
And Medical
5 Sarcopenia: revised European consensus on definition | To update the original definition of sarcopenia in order to Age and Ageing Cruz-Jentoft A} | 2019 | 32
and diagnosis. reflect scientific and clinical evidence that has built over the
last decade.
6 Integrated care for older people screening tool for To determine the clinical utility of the WHO ICOPE screening | Frontiers in medicine Ma LN 2020 | 31
measuring intrinsic capacity: preliminary findings from | tool in a Chinese population.
ICOPE pilot in China
7 Intrinsic Capacity: Validation of a New WHO Concept | Investigation the structure of intrinsic capacity in Journals Of Beard JR 2020 | 31
for Healthy Aging in a Longitudinal Chinese Study a representative sample of the Chinese population aged 60 Gerontology Series
years and older. A-Biological Sciences
And Medical
8 Integrated care for older people: guidelines on The guidelines on ICOPE offer evidence-based guidance to https://www.who.int/pub | World Health 2017 | 30
community-level interventions to manage declines in health care providers on the appropriate approaches at the lications/i/item/WHO- Organization
intrinsic capacity community level to detect and manage important declines in | FWC-ALC-19.1
physical and mental capacities, and to deliver interventions in
support of caregivers.
9 Allostatic load as a biological substrate to intrinsic To determine the association of allostatic load with intrinsic | The journal of nutrition, | Gutierrez- 2019 | 27
capacity: a secondary analysis of CRELES capacity. health and aging Robledo LM
10 Cross-sectional study examining the status of intrinsic | To investigate the prevalence and factors associated with IC | BM] Open Ma LN 2021 | 27
capacity decline in community-dwelling older adults in | decline and examine associations between IC and adverse
China: prevalence, associated factors and implications | outcomes among community-dwelling older adults in China.
for clinical care
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Figure 5 (A) Keyword co-occurrence analysis on intrinsic capacity research. (B) Overlay visualization of the co-occurrence analysis on intrinsic capacity research. The
purple nodes represent the keywords appearing earlier, whereas the yellow nodes reflect the recent occurrence. (C) Co-occurrence of temporal trends in keywords.

current data, the annual output of IC researchers has increased over the last eight years, particularly in the last three years,
when more than 516 papers were published, indicating that related topics have received more academic focus in recent
years. The top three most productive countries were the United States, the United Kingdom, and China.

According to our study, the United States was at the center of research on IC based on the total intensity of
cooperation. Additionally, the United States collaborates most closely with the United Kingdom from the perspective
of the total intensity of cooperation. Currently, the H-index is the main statistic for measuring an individual’s production
of scientific articles.”* Furthermore, past research regarded it as a useful metric for assessing a country’s, institution’s, or
journal’s output and effect.>® Citation statistics from a single country, institution, or journal, like H-index, can be used to
assess the quality and academic impact of its publications.’® Among the top 10 most highly productive institutions,
Sweden along with Denmark, the United Kingdom, France, Switzerland, and Italy occupied 80% of the seats, indicating
European countries possessed an absolute advantage in this field. From an active aging perspective, further improvements
in the amount and quality of IC publications in developing countries are required, although Brazil and China also have
a place on this list. As a result, it necessitates the investment of human and financial resources, as well as raising
awareness of the need to maintain IC in adults in less advantaged countries/regions. In addition, the research fields
analysis indicated that most papers mainly targeted journals in the five fields (Dbiology and medicine; and @chemistry
and physics; 3psychology and social sciences; (9)engineering and mathematics; (5ecology and environmental. They
mainly cited journals in the areas of i) health, nursing, and medicine; and ii) psychology, education, and social. This may
be useful for beginners conducting research in this topic.

TLS indicators, for example, may be used to determine the level of collaboration. Authors, institutions, and countries
with greater TLS tend to collaborate more. According to the network map of institution co-authorship analysis, the
University of Copenhagen has close relationships with the University of Southern Denmark, supporting Denmark as
a center of research. Low-density maps, on the other hand, suggested that research groups were comparably dispersed
among institutions, and interinstitutional collaboration has to be strengthened. For author co-authorship analysis, Cesari
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Matteo from the United States with the most publications, followed by Qaisar Rizwan from the United Arab Emirates,
and Barreto Philipe De Souto from France. They are significant in the burgeoning field of IC research as well as their
institutions. In terms of centrality, Vellas Bruno, Barreto Philipe De Souto, and Qaisar Rizwan occupied the center of the
cooperating cluster. In terms of journals, the International Journal of Environmental Research and Public Health and
Journals of Gerontology Series A-Biological Sciences and Medical were the two most influential, placing first in the most
productive journals and first in the most cited journals, respectively. In terms of the top 10 active journals and the top 10
co-cited journals, European journals both had a larger share of the total (80%).

Research Status of IC
Citations may be the most essential bibliometric feature of a study because they signify its relevance and prominence
among academics. In this analysis, the top ten cited sources were chosen to identify the IC knowledge base. The top ten
publications covered a variety of themes. Overall, four of these documents were focused on the application scenarios of
IC; and six studies were related to the theoretical framework. In 2016, Beard et al published the most highly cited paper.’
The main contribution of this report was reviewing current knowledge and gaps providing a public health framework for
action on aging and health and redefining healthy aging based on functional ability. WHO has established the notion of
healthy aging as the process of building and maintaining the functional ability essential for older persons to live a healthy
life to formulate public health strategies in response to the aging population. Despite evidence suggesting focusing on IC
in older adults is more successful than focusing on specific chronic conditions. The field of IC evaluation and
intervention development is still in its infancy.’

Literature co-citation analysis identifies the underlying intellectual structure and knowledge roots of a specific
domain.”” In this study, the top ten co-cited references were chosen to evaluate the knowledge base connected to the
IC landscape. As a whole, most of these references were experimental research and only three studies were reviews or

5,15,58

commentary; sixty percent of the top co-cited references were focused on the theoretical basis including concept

3:6.15.32.53 the other forty percent of the references

definition, comparison, validity, and theoretical framework models,
were more focused on the different dimensions or clinical utility of screening tool.'''®>*~®! “Evidence for the domains
supporting the construct of intrinsic capacity” by Cesari et al> which was one landmark study, the five IC domains were
introduced and developed in this research. It triggered the subsequent research on the evaluation of IC. Another survey
study by Beard et al,'"**> which reported the results of the national survey that five subfactors (psychological, sensory,
cognitive, vitality, and locomotor) formed a structure to better predict future functioning in English and Chinese
longitudinal studies, respectively. Based on these investigations, researchers from various nations assessed and validated
the predictive validity of IC decline and its dimensions in older adults. Other studies have focused more on enriching and
extending the theoretical boundaries and measurement tools associated with IC. Basic theoretical advances in IC research
are now opening the path for practice and clinical application. In this regard, additional future study is required because
there are few influential empirical studies in this area.

Perspectives

Some noteworthy Perspectives on IC indexed by the WOSCC database between 2015 and 2023 were offered in this
study. Hotspots in the field can be reasonably described by keywords. According to VOSviewer analysis, the identified
keywords with the latest AAYs, such as “biological aging”, “ICOPE”, “Covid-19”, “prevention”, “inflammation”, and
“CAF22” may become the research hot spots. The transformation of the research field was in the context of healthy aging
in the post-COVID-19 era. The overlapping crises of intensive aging and the pandemic over the past few years have had
an unprecedented impact, which raises the need to undergo the continuous, detailed monitoring and maintenance of IC
and resilience for old adults in both the public and private spheres. In light of this, the academic community appears to be
paying particular attention to research approaches shifting from disease-centered to function-centered in the current
specific macro environment. The measurement of IC may provide a unique technique for persuading individuals to adopt
healthy lives since it represents an individual’s biological aging process.” It is essential to develop tailored care plans that
integrate strategies for reversing, delaying, or preventing further IC decline. To address the adverse events caused by IC
decrease, WHO developed the ICOPE recommendations to control IC decline in 2017.° In 2019, the WHO also released
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the Handbook: Guidance on Person-Centered Assessment and Pathways in Primary Care to assist community health and
care workers in implementing the ICOPE recommendations.®> Meanwhile, several studies have been performed to
explore possible molecular mechanisms of IC decrease, including chronic inflammation and neuromuscular
mechanisms.®> ® However, studies on the identification of IC biomarkers are still rare.’ Therefore, as the research has
gradually developed from macro to micro, it can be predicted that the research on the biomarkers for IC decline will
continue to be a research hotspot.

(i) Biological aging. Individual aging processes vary greatly. The concept of IC reflects this variety by representing
the overall physical and mental state, therefore more correctly assessing the individual health-related biological aging
process than the more common measure of chronological age.®® Recent research has found considerable relationships
between health dimensions and biological aging phenotypes, including autophagy, mitochondrial function, cellular
senescence, and DNA methylation.®” Some scholars found that plasma biomarkers of two hallmarks of aging (chronic
inflammation and mitochondrial dysfunction) differentiated older adults with multi-impaired IC trajectories from those
with high-stable IC.** The routine evaluation of biological age using measures such as IC could have provided a more
comprehensive insight into the vulnerability and resilience of the individual.

(i) ICOPE. In 2017, WHO released the ICOPE Guidelines to promote healthy aging and maintain older people’s
independence.” The WHO’s proposal is based on IC concepts. Prior studies have used the ICOPE screening tool with
retrospective data, but there is limited evidence on its feasibility, accuracy, and usefulness from real-life perspective
studies.”® A recent WHO report analyzed ICOPE pilot projects in different countries (France, Andorra, China, and India)
and showed that ICOPE is feasible in a variety of contexts, from high-income countries to low-income countries.®® More
research is needed on the ICOPE approach and IC framework to identify individuals at risk for care dependency in
various populations.

(iii) Covid-19. The Covid-19 pandemic has greatly altered the living environment for older adults with lock-
downs, social distancing, and fragmented care. Some scholars predict that when the pandemic is over, it is likely
that accelerated aging will be observed in many people, regardless of whether they are infected with covid-19, and
this phenomenon is likely to be most obvious in older adults.®®’° Several studies have investigated the trajectory of
an individuals’ intrinsic abilities during the pandemic to better guide clinical decision-making and suggest targets
for intervention.”"’? During the post-epidemic era, the widespread implementation of the IC model has the
potential to facilitate the modernization of our healthcare systems and enhance their alignment with individual
needs.”

(iv) Inflammation. It is important to understand the mechanisms for IC decline, find reliable markers to track this
decline, and set intervention goals to maintain function and promote healthy aging. Recent studies have indicated that
heightened levels of plasma inflammation biomarkers, including IL-6, CRP, TNFR-1, and GDF-15, have been linked to
decreased IC or accelerated IC decline.®*”* Chronic inflammation is the most convincing biomarker of frailty in the
context of “inflammatory aging” so far.”” However, research on anti-inflammatory treatments for improving IC is limited.
More research is needed to understand the connections between multiple inflammatory biomarkers and IC, as well as the
effectiveness of anti-inflammatory treatments in improving IC.

Strengths and Limitations

The current study has several strengths. First, for the first time, bibliometric analysis was used to provide a detailed insight
into the dynamic development process, research hotspots, research trends, and milestone articles of IC over the past eight
years. Second, the current study was carried out in parallel utilizing two widely used bibliometric software programs,
allowing us to obtain more thorough and reliable analytical results. However, there are several limitations to this study that
are inherent in bibliometrics. First, as in prior studies,’®’” data were retrieved solely from the WOSCC database, which may
result in some publications being missed. Nonetheless, the WOSCC database is the most commonly utilized for scientometric
analysis.* Other databases, such as Scopus and Google Scholar, may be valuable in assessing and comparing their findings
to these. Second, while our retrieval approach only included a few precise terms about the major target objects and
conditions, the articles returned may contain false positives and false negatives, given that no search query is 100% perfect.
Third, this study is dependent on CiteSpace and VOSviewer, and the search algorithm is not flawless and may introduce
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bias.”® Finally, we only included English-language papers, which may have left out some important research investigations.
Despite these limitations, our findings provide a robust global view of IC during the last eight years, which may be useful in
providing an illuminating perspective on present research and directing future studies in this field.

Conclusions

In this paper, we present an overview of the current state of IC research in older persons around the world and highlight
developing trends. The relevant study subject is rapidly developing and garnering more attention from academics.
European countries dominate this subject in terms of both the total number of articles and the total number of citations.
More widespread global collaboration, particularly among developing countries, may be required. Studies on biological
aging, ICOPE implementation, post-COVID-19 syndrome, and biomarkers, in particular, will be the next possible
research frontiers as the focus shifts from disease-centered to function-centered. Furthermore, various future research
directions must be addressed. First, it may be necessary to focus more on IC in non-Western societies since they are
native community contextual factors mediated and require different theoretical approaches. Second, more focus may be
placed on the possibilities for evaluating, monitoring, and promoting developing technologies such as digital health
technology and genetic diagnosis and therapy. Finally, research into the effective use of IC research outcomes is required.

Abbreviations
IC, intrinsic capacity; WHO, World Health Organization; ICOPE, Integrated Care for Older People; WOSCC, Web of
Science Core Collection; IF, Impact Factor; JCR, Journal Citation Reports; TLS, Total link strength.

Data Sharing Statement
The raw data supporting the Conclusions of this article will be made available by the author (Xia Cao), without undue
reservation.

Ethics Approval and Consent to Participate

This study did not require the approval of an ethics committee since we analyzed a secondary database.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This work was supported by the Health Committee of Hunan (202215025353) and the grant of the STI2030-Major
Projects (2021ZD0200700).

Disclosure
The authors declare that they have no competing interests in this work.

References

1. Rudnicka E, Napierata P, Podfigurna A, et al. The World Health Organization (WHO) approach to healthy ageing. Maturitas. 2020;139:6—11.
doi:10.1016/j.maturitas.2020.05.018

2. Zammit AR, Robitaille A, Piccinin AM, Muniz-Terrera G, Hofer SM. Associations between aging-related changes in grip strength and cognitive
function in older adults: a systematic review. J Gerontol a Biol Sci Med Sci. 2019;74(4):519-527. doi:10.1093/gerona/gly046

3. Beard JR, Officer A, De Carvalho IA, et al. The World report on ageing and health: a policy framework for healthy ageing. Lancet. 2016;387
(10033):2145-2154. doi:10.1016/S0140-6736(15)00516-4

4. Borras C, Ingles M, Mas-Bargues C. Centenarians: an excellent example of resilience for successful ageing. Mechanis Age Develop.
2020;186:111199. doi:10.1016/j.mad.2019.111199

3336 e Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://doi.org/10.1016/j.maturitas.2020.05.018
https://doi.org/10.1093/gerona/gly046
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/j.mad.2019.111199
https://www.dovepress.com
https://www.dovepress.com

Dove Cao et al

5.

6.

7

Cesari M, Araujo de Carvalho I, Amuthavalli Thiyagarajan J, et al. Evidence for the domains supporting the construct of intrinsic capacity.
J Gerontol Ser A. 2018;73(12):1653-1660. doi:10.1093/gerona/gly011

World Health Organization. Integrated Care for Older People: Guidelines on Community-Level Interventions to Manage Declines in Intrinsic
Capacity. World Health Organization; 2017.

. World Health Organization. WHO clinical consortium on healthy ageing: topic focus: frailty and intrinsic capacity: report of consortium meeting,

1-2 December 2016 in Geneva, Switzerland. World Health Organization; 2017.

. George PP, Lun P, Ong SP, et al. A rapid review of the measurement of intrinsic capacity in older adults. J Nutr Health Aging. 2021;25(6):774-782.

doi:10.1007/s12603-021-1622-6

. Zhou Y, Ma L. Intrinsic capacity in older adults: recent advances. Aging and Disease. 2022;13(2):353. doi:10.14336/AD.2021.0818
. Kemoun P, Ader I, Planat-Benard V. A gerophysiology perspective on healthy ageing. Ageing Res Rev. 2022;73:101537. doi:10.1016/j.

arr.2021.101537

11. Beard JR, Si Y, Liu Z, et al. Intrinsic capacity: validation of a new WHO concept for healthy aging in a longitudinal Chinese study. J Gerontol Ser
A. 2022;77(1):94-100. doi:10.1093/gerona/glab226

12. Pagés A, Costa N, Gonzalez-Bautista E. Screening for deficits on intrinsic capacity domains and associated healthcare costs. Arch Gerontol Geriat.
2022;100:104654. doi:10.1016/j.archger.2022.104654

13. Meng L-C, Hsiao F-Y, Huang S-T, et al. Intrinsic capacity impairment patterns and their associations with unfavorable medication utilization:
a nationwide population-based study of 37,993 community-dwelling older adults. j nutr health aging. 2022;26(10):918-925. doi:10.1007/s12603-
022-1847-z

14. Yu R, Leung G, Leung J, et al. Prevalence and distribution of intrinsic capacity and its associations with health outcomes in older people: the
Jockey Club Community eHealth Care Project in Hong Kong. J Frail Aging. 2022;11(3):302-308. doi:10.14283/jfa.2022.19

15. Belloni G, Cesari M. Frailty and intrinsic capacity: two distinct but related constructs. Front Med. 2019;6:133. doi:10.3389/fmed.2019.00133

16. Charles A, Buckinx F, Locquet M, et al. Prediction of adverse outcomes in nursing home residents according to intrinsic capacity proposed by the
World Health Organization. J Gerontol Ser A. 2020;75(8):1594-1599. doi:10.1093/gerona/glz218

17. Sanchez-Sanchez JL, Rolland Y, Cesari M, et al. Associations between intrinsic capacity and adverse events among nursing home residents: the
INCUR study. J Am Med Directors Assoc. 2022;23(5):872-76.e4. doi:10.1016/j.jamda.2021.08.035

18. Ramirez-Vélez R, Iriarte-Fernandez M, Santafé G, et al. Association of intrinsic capacity with incidence and mortality of cardiovascular disease:
prospective study in UK Biobank. J Cach Sarcop Mus. 2023;14(5):2054-2063. doi:10.1002/jcsm.13283

19. Stolz E, Mayerl H, Freidl W, et al. Intrinsic capacity predicts negative health outcomes in older adults. J Gerontol Ser A. 2022;77(1):101-105.
doi:10.1093/gerona/glab279

20. Zahuranec DB, Skolarus LE, Feng C, et al. Activity limitations and subjective well-being after stroke. Neurology. 2017;89(9):944-950.
doi:10.1212/WNL.0000000000004286

21. Sibilitz KL, Berg SK, Rasmussen TB, et al. Cardiac rehabilitation increases physical capacity but not mental health after heart valve surgery:
a randomised clinical trial. Heart. 2016;102(24):1995-2003. doi:10.1136/heartjnl-2016-309414

22. Hamaker ME, Prins MC, Schiphorst AH, et al. Long-term changes in physical capacity after colorectal cancer treatment. J Geriat Oncol. 2015;6
(2):153-164. doi:10.1016/j.jg0.2014.10.001

23. Aliberti MJ, Bertola L, Szlejf C, et al. Validating intrinsic capacity to measure healthy aging in an upper middle-income country: findings from the
ELSI-Brazil. Lancet Reg Health. 2022;12:100284. doi:10.1016/j.1ana.2022.100284

24. Pilotto A, Custodero C, Palmer K, et al. A multidimensional approach to older patients during COVID-19 pandemic: a position paper of the special
interest group on comprehensive geriatric assessment of the European Geriatric Medicine Society (EuGMS). Eur Geriatric Med. 2023;14(1):33-41.
doi:10.1007/s41999-022-00740-3

25. Yu R, Lai D, Leung G, Woo J. Trajectories of Intrinsic Capacity: determinants and Associations with Disability. j nutr health aging. 2023;27
(3):174-181. doi:10.1007/s12603-023-1881-5

26. Nagae M, Umegaki H, Komiya H. Intrinsic capacity in acutely hospitalized older adults. Exp Gerontol. 2023;179:112247. doi:10.1016/].
exger.2023.112247

27. Lopez-Ortiz S, Lista S, Pefiin-Grandes S. Defining and assessing intrinsic capacity in older people: a systematic review and a proposed scoring
system. Ageing Res Rev. 2022;79:101640. doi:10.1016/j.arr.2022.101640

28. de Oliveira VP, Ferriolli E, Lourengo RA, et al. The sensitivity and specificity of the WHO’s ICOPE screening tool, and the prevalence of loss of
intrinsic capacity in older adults: a scoping review. Maturitas. 2023;177:107818. doi:10.1016/j.maturitas

29. Liang Y, Shang S, Gao Y. Measurements of intrinsic capacity in older adults: a scoping review and quality assessment. J Am Med Dir Assoc.
2023;24(3):267-76.¢2. doi:10.1016/j.jamda.2022.09.011

30. Zhou J, Chang H, Leng M, et al. Intrinsic capacity to predict future adverse health outcomes in older adults: a scoping review. Healthcare. 2023;11
(4). doi:10.3390/healthcare11040450

31. Larsen RT, Christensen J, Juhl CB, Andersen HB, Langberg H. Physical activity monitors to enhance amount of physical activity in older adults -
a systematic review and meta-analysis. Europ Rev Aging Phys Activ. 2019;16:7. doi:10.1186/s11556-019-0213-6

32. Tuena C, Pedroli E, Trimarchi PD. usability issues of clinical and research applications of virtual reality in older people: a systematic review. Front
Human Neurosci. 2020;14:93. doi:10.3389/fnhum.2020.00093

33. Graham SA, Lee EE, Jeste DV. Artificial intelligence approaches to predicting and detecting cognitive decline in older adults: a conceptual review.
Psychiatry Res. 2020;284:112732. doi:10.1016/j.psychres.2019.112732

34. Liu Y, Du Q, Jiang Y. Detection rate of decreased intrinsic capacity of older adults: a systematic review and meta-analysis. Aging Clin Experim Res.
2023;35(10):2009-2017. doi:10.1007/s40520-023-02515-7

35. Arias-Casais N, Thiyagarajan JA, Perracini MR, et al. What long-term care interventions have been published between 2010 and 2020? Results of
a WHO scoping review identifying long-term care interventions for older people around the world. BMJ Open. 2022;12(1):¢054492. doi:10.1136/
bmjopen-2021-054492

36. Bevilacqua R, Soraci L, Stara V. A systematic review of multidomain and lifestyle interventions to support the intrinsic capacity of the older
population. Front Med. 2022;9:929261. doi:10.3389/fmed.2022.929261

Journal of Multidisciplinary Healthcare 2024:17 https: 3337

Dove:


https://doi.org/10.1093/gerona/gly011
https://doi.org/10.1007/s12603-021-1622-6
https://doi.org/10.14336/AD.2021.0818
https://doi.org/10.1016/j.arr.2021.101537
https://doi.org/10.1016/j.arr.2021.101537
https://doi.org/10.1093/gerona/glab226
https://doi.org/10.1016/j.archger.2022.104654
https://doi.org/10.1007/s12603-022-1847-z
https://doi.org/10.1007/s12603-022-1847-z
https://doi.org/10.14283/jfa.2022.19
https://doi.org/10.3389/fmed.2019.00133
https://doi.org/10.1093/gerona/glz218
https://doi.org/10.1016/j.jamda.2021.08.035
https://doi.org/10.1002/jcsm.13283
https://doi.org/10.1093/gerona/glab279
https://doi.org/10.1212/WNL.0000000000004286
https://doi.org/10.1136/heartjnl-2016-309414
https://doi.org/10.1016/j.jgo.2014.10.001
https://doi.org/10.1016/j.lana.2022.100284
https://doi.org/10.1007/s41999-022-00740-3
https://doi.org/10.1007/s12603-023-1881-5
https://doi.org/10.1016/j.exger.2023.112247
https://doi.org/10.1016/j.exger.2023.112247
https://doi.org/10.1016/j.arr.2022.101640
https://doi.org/10.1016/j.maturitas
https://doi.org/10.1016/j.jamda.2022.09.011
https://doi.org/10.3390/healthcare11040450
https://doi.org/10.1186/s11556-019-0213-6
https://doi.org/10.3389/fnhum.2020.00093
https://doi.org/10.1016/j.psychres.2019.112732
https://doi.org/10.1007/s40520-023-02515-7
https://doi.org/10.1136/bmjopen-2021-054492
https://doi.org/10.1136/bmjopen-2021-054492
https://doi.org/10.3389/fmed.2022.929261
https://www.dovepress.com
https://www.dovepress.com

Cao et al Dove

37.

38.

39.

40.

Liao X, Shen J, Li M. Effects of multi-domain intervention on intrinsic capacity in older adults: a systematic review of randomized controlled trials
(RCTs). Exp Gerontol. 2023;174:112112. doi:10.1016/j.exger.2023.112112

Aragoni da Silva J, Rolland Y, Martinez L, de Souto Barreto P. Mitochondrial dysfunction and intrinsic capacity: insights from a narrative review.
J Gerontol a Biol Sci Med Sci. 2023;78(5):735-742. doi:10.1093/gerona/glac227

Zhu JW, Liu WS. A tale of two databases: the use of Web of Science and Scopus in academic papers. Scientometrics. 2020;123(1):321-335.
doi:10.1007/511192-020-03387-8

Zupic 1, Cater T. Bibliometric methods in management and organization. Organ Res Methods. 2015;18(3):429-472. doi:10.1177/
1094428114562629

41.Lu C, Li X, Yang K. Trends in shared decision-making studies from 2009 to 2018: a bibliometric analysis. Front Public Health. 2019;7:384.
doi:10.3389/fpubh.2019.00384

42. Meng LC, Wen KH, Brewin R, et al. Knowledge atlas on the relationship between urban street space and residents’ health-a bibliometric analysis
based on vosviewer and citespace. Sustainability. 2020;12(6):2384. doi:10.3390/sul12062384

43. Ke LX, Lu CC, Shen R, et al. Knowledge mapping of drug-induced liver injury: a scientometric investigation (2010-2019). Front Pharmacol.
2020;11. doi:10.3389/fphar.2020.00842

44. Wang Q. Distribution features and intellectual structures of digital humanities A bibliometric analysis. J Doc. 2018;74(1):223-246. doi:10.1108/Jd-
05-2017-0076

45. Pan XL, Yan EJ, Cui M, et al. Examining the usage, citation, and diffusion patterns of bibliometric mapping software: a comparative study of three
tools. J Informetr. 2018;12(2):481-493. do0i:10.1016/j.joi.2018.03.005

46. Yang K, Hu YK, Qi HY. Digital health literacy: bibliometric analysis. J Med Inter Res. 2022;24(7):e35816. doi:10.2196/35816

47. Ding X, Yang Z. Knowledge mapping of platform research: a visual analysis using VOSviewer and CiteSpace. Electron Commer Res. 2022;22
(3):787-809. doi:10.1007/s10660-020-09410-7

48. van Eck NJ, Waltman L. Software survey: vOSviewer, a computer program for bibliometric mapping. Scientometrics. 2010;84(2):523-538.
doi:10.1007/s11192-009-0146-3

49. Peng XD, Dai JG. A bibliometric analysis of neutrosophic set: two decades review from 1998 to 2017. Artif Intell Rev. 2020;53(1):199-255.
doi:10.1007/510462-018-9652-0

50. Synnestvedt MB, Chen C, Holmes JH. CiteSpace II: visualization and knowledge discovery in bibliographic databases. AMIA Annu Symp Proc.
2005;2005:724-728.

51. Gell NM, Rosenberg DE, George D, et al. Patterns of technology use among older adults with and without disabilities. Gerontologist. 2015;55
(3):412-421. doi:10.1093/geront/gnt166

52. Beard JR, Jotheeswaran A, Cesari M, et al. The structure and predictive value of intrinsic capacity in a longitudinal study of ageing. BMJ open.
2019;9(11):026119. doi:10.1136/bmjopen-2018-026119

53. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. 2019;48(1):16-31.
doi:10.1093/ageing/afy169

54. Hirsch JE. An index to quantify an individual’s scientific research output. Proc Natl Acad Sci U S A. 2005;102(46):16569—16572. doi:10.1073/
pnas.0507655102

55. Engqvist L, Frommen JG. The h-index and self-citations. Trends Ecol Evol. 2008;23(5):250-252. doi:10.1016/j.tree.2008.01.009

56. Alonso S, Cabrerizo FJ, Herrera-Viedma E, et al. h-Index: a review focused in its variants, computation and standardization for different scientific
fields. J Informetr. 2009;3(4):273-289. do0i:10.1016/.j01.2009.04.001

57. Appio FP, Cesaroni F, Di Minin A. Visualizing the structure and bridges of the intellectual property management and strategy literature: a document
co-citation analysis. Scientometrics. 2014;101:623—661. doi:10.1007/s11192-014-1329-0

58. Carvalho I, Epping-Jordan J, Beard JR. Integrated care for older people; 2019.

59. Ma L, Chhetri JK, Zhang Y, et al. Integrated care for older people screening tool for measuring intrinsic capacity: preliminary findings from ICOPE
pilot in China. Front Med. 2020;7:576079. doi:10.3389/fmed.2020.576079

60. Gutiérrez-Robledo LM, Garcia-Chanes R, Pérez-Zepeda M. Allostatic load as a biological substrate to intrinsic capacity: a secondary analysis of
CRELES. j nutr health aging. 2019;23:788-795. doi:10.1007/s12603-019-1251-5

61. Ma L, Chhetri JK, Zhang L, et al. Cross-sectional study examining the status of intrinsic capacity decline in community-dwelling older adults in
China: prevalence, associated factors and implications for clinical care. BMJ open. 2021;11(1):e043062. doi:10.1136/bmjopen-2020-043062

62. World Health Organization. Handbook: Guidance on Person-Centred Assessment and Pathways in Primary Care. Geneva: World Health
Organization; 2019.

63. Giudici KV, de Souto Barreto P, Guerville F, et al. Associations of C-reactive protein and homocysteine concentrations with the impairment of
intrinsic capacity domains over a 5-year follow-up among community-dwelling older adults at risk of cognitive decline (MAPT Study). Exp
Gerontol. 2019;127:110716. doi:10.1016/j.exger.2019.110716

64. W-H L, Guyonnet S, Martinez LO, et al. Association between aging-related biomarkers and longitudinal trajectories of intrinsic capacity in older
adults. GeroScience. 2023;45(6):3409-3418. doi:10.1007/s11357-023-00906-2

65. Qaisar R, Karim A, Muhammad T, et al. Prediction of sarcopenia using a battery of circulating biomarkers. Sci Rep. 2021;11(1):8632. doi:10.1038/
s41598-021-87974-6

66. Tzemah-Shahar R, Hochner H, Iktilat K, et al. What can we learn from physical capacity about biological age? A systematic review. Ageing Res
Rev. 2022;77:101609. doi:10.1016/j.arr.2022.101609

67. Ferrucci L, Gonzalez-Freire M, Fabbri E, et al. Measuring biological aging in humans: a quest. Aging Cell. 2020;19(2):¢13080. doi:10.1111/
acel.13080

68. Zhou W, Dai W. Shifting from fragmentation to integration: a systematic analysis of long-term care insurance policies in China. Int J Integr Care.
2021;21(3):11. doi:10.5334/ijic.5676

69. Nestola T, Orlandini L, Beard J, et al. COVID-19 and intrinsic capacity. j nutr health aging. 2020;24(7):692—695. doi:10.1007/s12603-020-1397-1

70. Shahid Z, Kalayanamitra R, McClafferty B, et al. COVID-19 and older adults: what we know. J Am Geriatr Soc. 2020;68(5):926-929. doi:10.1111/
jgs. 16472

3338 https: Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://doi.org/10.1016/j.exger.2023.112112
https://doi.org/10.1093/gerona/glac227
https://doi.org/10.1007/s11192-020-03387-8
https://doi.org/10.1177/1094428114562629
https://doi.org/10.1177/1094428114562629
https://doi.org/10.3389/fpubh.2019.00384
https://doi.org/10.3390/su12062384
https://doi.org/10.3389/fphar.2020.00842
https://doi.org/10.1108/Jd-05-2017-0076
https://doi.org/10.1108/Jd-05-2017-0076
https://doi.org/10.1016/j.joi.2018.03.005
https://doi.org/10.2196/35816
https://doi.org/10.1007/s10660-020-09410-7
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s10462-018-9652-0
https://doi.org/10.1093/geront/gnt166
https://doi.org/10.1136/bmjopen-2018-026119
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1016/j.tree.2008.01.009
https://doi.org/10.1016/j.joi.2009.04.001
https://doi.org/10.1007/s11192-014-1329-0
https://doi.org/10.3389/fmed.2020.576079
https://doi.org/10.1007/s12603-019-1251-5
https://doi.org/10.1136/bmjopen-2020-043062
https://doi.org/10.1016/j.exger.2019.110716
https://doi.org/10.1007/s11357-023-00906-2
https://doi.org/10.1038/s41598-021-87974-6
https://doi.org/10.1038/s41598-021-87974-6
https://doi.org/10.1016/j.arr.2022.101609
https://doi.org/10.1111/acel.13080
https://doi.org/10.1111/acel.13080
https://doi.org/10.5334/ijic.5676
https://doi.org/10.1007/s12603-020-1397-1
https://doi.org/10.1111/jgs.16472
https://doi.org/10.1111/jgs.16472
https://www.dovepress.com
https://www.dovepress.com

Dove Cao et al

71.Lu F, Liu S, Liu X, et al. Comparison of the predictive value of intrinsic capacity and comorbidity on adverse health outcome in
community-dwelling older adults. Geriatric Nurs. 2023;50:222-226. doi:10.1016/j.gerinurse.2023.02.001

72. Guaraldi G, Milic J, Barbieri S, et al. Quality of life and intrinsic capacity in patients with post-acute COVID-19 syndrome is in relation to frailty
and resilience phenotypes. Sci Rep. 2023;13(1):8956. doi:10.1038/s41598-023-29408-z

73. Aprahamian I, Cesari M. Geriatric syndromes and SARS-Cov-2: more than just being old. J Frail Aging. 2020;9:127-129. doi:10.14283/
jfa.2020.17

74. Beyene MB, Visvanathan R, Amare AT. Intrinsic capacity and its biological basis: a scoping review. J Frail Aging. 2024;1-10. doi:10.14283/
jfa.2024.30

75. Zampino M, Ferrucci L, Semba RD. Biomarkers in the path from cellular senescence to frailty. Exp Gerontology. 2020;129:110750. doi:10.1016/].
exger.2019.110750

76. Lu X, Lu C, Yang Y, et al. Current status and trends in peptide receptor radionuclide therapy in the past 20 years (2000-2019): a bibliometric study.
Front Pharmacol. 2021;12:624534. doi:10.3389/fphar.2021.624534

77.Yang X, Yin H, Peng L, et al. The global status and trends of enteropeptidase: a bibliometric study. Front Med. 2022;9. doi:10.3389/
fmed.2022.779722

78.Lin Y, Ren X, Chen D. Steroid treatment in macular edema: a bibliometric study and visualization analysis. Front Pharmacol. 2022;201.
doi:10.3389/fphar.2022.824790

Journal of Multidisciplinary Healthcare Dove

Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

Journal of Multidisciplinary Healthcare 2024:17 “ i in u Dove 3339


https://doi.org/10.1016/j.gerinurse.2023.02.001
https://doi.org/10.1038/s41598-023-29408-z
https://doi.org/10.14283/jfa.2020.17
https://doi.org/10.14283/jfa.2020.17
https://doi.org/10.14283/jfa.2024.30
https://doi.org/10.14283/jfa.2024.30
https://doi.org/10.1016/j.exger.2019.110750
https://doi.org/10.1016/j.exger.2019.110750
https://doi.org/10.3389/fphar.2021.624534
https://doi.org/10.3389/fmed.2022.779722
https://doi.org/10.3389/fmed.2022.779722
https://doi.org/10.3389/fphar.2022.824790
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Strategies for Data Collection and Search
	Data Extraction and Data Cleaning
	Bibliometric Analyzing

	Results
	The Publication and Citation Trends
	Countries/ Region Analysis
	Institution Distribution Analysis
	Authors and Co-Cited Authors Analysis
	Analysis of Journals and Co-Cited Journals
	Analysis of Research Fields
	Citation and Co-Citation of Literature
	Analysis of Co-Occurring Keywords

	Discussion
	Essential Information
	Research Status of IC
	Perspectives
	Strengths and Limitations

	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Author Contributions
	Funding
	Disclosure

