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Abstract: Sarcopenia is characterized by progressive loss of muscle mass and function, and it is
becoming a serious public health problem with the aging population. However, a comprehensive
overview of the knowledge base and future trends is still lacking. The articles and reviews with
“sarcopenia” in their title published from 1999 to 2021 in the SCIE database were retrieved. We
used Microsoft Excel, VOSviewer, and CiteSpace to conduct a descriptive and bibliometric analysis.
A total of 3582 publications were collected, from 4 published in 2000 increasing dramatically to
850 documents in 2021. The USA was the most productive country, with the most citations. The
Catholic University of the Sacred Heart and Landi F were the most influential organization and
author in this field, respectively. The core journal in this field was the Journal of Cachexia Sarcopenia
and Muscle. According to the analysis of keywords and references, we roughly categorized the main
research areas into four domains as follows: 1. Definition and diagnosis; 2. Epidemiology; 3. Etiology
and pathogenesis; 4. Treatments. Comparing different diagnostic tools and the epidemiology
of sarcopenia in different populations are recent hotspots, while more efforts are needed in the
underlying mechanism and developing safe and effective treatments. In conclusion, this study
provides comprehensive insights into developments and trends in sarcopenia research that can help
researchers and clinicians better manage and implement their work.

Keywords: sarcopenia; bibliometric analysis; CiteSpace; VOSviewer

1. Introduction

Sarcopenia is a common geriatric syndrome characterized by progressive loss of skele-
tal muscle mass and function [1]. According to a recent meta-analysis, the global prevalence
of sarcopenia varies between 10% to 27% depending on different diagnostic criteria. Mean-
while, the prevalence of severe sarcopenia ranges from 2% to 9% [2]. Sarcopenia is also
associated with an increasing risk of falls, fractures, disability, and even death [3,4]. More
healthcare expenditure is related to sarcopenia, no matter the community, perioperative,
or general hospital settings [5]. For patients combined with chronic diseases, such as liver
cirrhosis [6], dialysis [7], and chronic obstructive pulmonary disease (COPD) [8], sarcopenia
is associated with a higher prevalence and poorer prognosis. As the global population
aging trend intensifies, sarcopenia can seriously affect the health of older adults and cause
a huge personal, social, and economic burden [1].

Given the magnitude of the problem, the field of sarcopenia research is gaining in-
creasing attention worldwide. In the past few years, corresponding diagnostic criteria and
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consensus have been developed for different ethnic groups [9–13]. In 2016, sarcopenia was
assigned a separate ICD-10-CM code [14]. Currently, a large number of original research
articles and reviews have focused on the etiology, diagnosis, prevention, and treatment
of sarcopenia. However, traditional systematic reviews have limitations in generalizing
an overall view of a specific field over a large time frame [15]. Bibliometric is a kind
of systematic, objective, and repeatable analysis of the literature by using mathematical
and statistical methods [16,17], presenting a landscape of knowledge bases, hotspots, and
emerging trends [18,19]. A recent study used a topic search strategy and retrieved more
than 13,000 publications related to sarcopenia between 2001 and 2020, suggesting that the
research trends will continue to focus on aging, nutrients, and molecular mechanisms [20].
Susan et al. [21] analyzed the top 100 cited articles published before 2019, and recognized
the most significant contributions and scientific breakthroughs in sarcopenia research.
Tan et al. [22] discussed the relationship between muscular atrophy/sarcopenia and cardio-
vascular disease in the elderly using bibliometric ways. However, the search strategy used
for bibliometric analysis can greatly affect the results, and the articles and reviews with
“sarcopenia” in the title, which are believed to be more representative of the core content
in this field [23], are often overlooked. Moreover, how the entire field of sarcopenia has
evolved and the current status of sarcopenia research is not fully addressed in previous
studies [20,21]. In this study, we searched for articles and reviews with “sarcopenia” in the
title. Descriptive and bibliometric analyses were performed to reveal the knowledge base,
hotspots, and mainstream domains in the field of sarcopenia. We also attempted to reveal
the evolution and future trends of the entire field using timeline analysis and burst detec-
tion of co-cited documents. Our study aims to provide an overview of sarcopenia research
and new clues to help researchers and clinicians plan and manage their future work.

2. Materials and Methods
2.1. Database Selection

Web of Science Core Collection (WOSCC, Clarivate Analytics, Philadelphia, PA, USA)
is considered one of the most frequently used databases for bibliometric studies. We
conducted our bibliometric study relying on the Science Citation Index Expanded (SCIE,
1999-), a subdatabase of WOSCC. SCIE database provides the bibliometric data including
titles, authors, countries, institutions, abstracts, keywords, journals, and especially reference
information, for download and further analysis.

The 2020 impact factor and quartile in the category of journals were acquired from
Journal Citation Reports (http://clarivate.com/products/web-of-science, accessed on
20 February 2022). Data on gross domestic product (GDP) in 2021 and the percentage
of the population aged 65 or above were obtained from the World Bank (http://data.
worldbank.org/indicator, accessed on 9 April 2022). Ethical approval was not needed for
the bibliometric study.

2.2. Search Strategy

The search strategy we used was that TI = sarcopenia, document types were restricted
within articles and review articles, and the publication year was between 1999 to 2021. It is
worth mentioning that we did not restrict language in our search. Figure 1 illustrates the
literature search, selection, and analysis process. To avoid bias, we conducted this search
on 16 February 2022. A total of 3582 documents were retrieved for data analysis.

http://clarivate.com/products/web-of-science
http://data.worldbank.org/indicator
http://data.worldbank.org/indicator
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Figure 1. Flow diagram of the literature search, selection, and analysis process. 
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confirming from the same author or institution. Frequent appearing keywords were as-
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Figure 1. Flow diagram of the literature search, selection, and analysis process.

2.3. Data Standardization

All bibliometric records of the 3582 retrieved literature were downloaded as “full
record and cited reference” from SCIE. Microsoft Excel 2019 (Microsoft Corporation, Red-
mond, WA, USA), CiteSpace version 5.8.R3 (Drexel University, Philadelphia, PA, USA) [24],
and VOSviewer version 1.6.18 (Leiden University, Leiden, The Netherlands) [25] were used
to standardize, analyze, and visualize the data.

Due to the inherent flaws of WOSCC, bibliometric records need to be standardized
before use. CiteSpace was used to remove the potential replicates records first. Before
formal analysis, we checked and combined the information from each region into their
affiliated country, for example, assigning the publications from England, Scotland, Wales,
and Northern Ireland to the UK. Since a particular author or institution can be presented
with different names and lead to miscalculation, we manually screened the names of identi-
fied authors and institutions with high publication volume and merged the information
after confirming from the same author or institution. Frequent appearing keywords were
assessed and synonyms, such as “DXA” and “dual-energy X-ray absorptiometry”, were
incorporated. Finally, a thesaurus_terms.txt file was prepared to reduce redundancies.

2.4. Bibliometric Analysis

Descriptive analyses of bibliometric indicators, including the annual number of publi-
cations, countries, authors, institutions, journals, keywords, and citations, were analyzed
in Microsoft Excel 2019.

VOSviewer was used to conduct the coauthorship analysis and keywords co-occurrence
analysis, and the normalization method was LinLog/Modularity. Coauthorship analysis of
countries, organizations, and authors was used to help uncover the core contributors to
the sarcopenia field. Since authors will carefully select the keywords of their papers, and
Keywords Plus were generated from the titles of an article’s references [26], we conducted
a co-occurrence analysis of both keywords to reveal the hot spots in sarcopenia research. In
networks, nodes represent different elements including countries, organizations, authors,
and keywords. The total link strength (TLS) is a good indicator of the cooperative or
co-occurrence strength. The color indicates the average appearing year (AAY).
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CiteSpace was utilized to perform: (1) Dual-map overlay of journals of the citing
and cited references. The links represent the citing pathways, and the thickness reflects
the citation strength; (2) Document co-citation analysis, in which cited references were
represented by nodes, tree rings were used to represent the citation history of references
in each year, and the purple ring represented high betweenness centrality, indicating that
the node was more connected by other nodes or was centrally located between different
groups of nodes [18]. Cited references were grouped into different clusters when some
references were co-cited more frequently than others, and the references in clusters were
considered the knowledge base for research in the corresponding subfield. Citing papers
were considered as the research fronts, and the titles, keywords, and abstract were extracted
to generate the cluster labels using the log-likelihood ratio algorithm. Meanwhile, the
network was transformed into a timeline view to better understand the evolution process
of each cluster; (3) Burst-detection analysis, and references with strong citation bursts were
marked to analyze the hot spots and research trends in different periods.

2.5. Statistical Analysis

We conducted our statistical analysis with SPSS-26 (IBM Statistical Package for Social
Sciences, Chicago, IL, USA). The relationship between the two variables was assessed using
the Spearman correlation coefficient and p values < 0.05 were considered significant.

3. Results
3.1. Descriptive and Co-Occurrence Analysis

In total, 2855 (79.70%) articles and 727 (20.30%) reviews among 3582 documents
matching the criteria were retrieved. The publications increased dramatically from a total
of 4 (0.11%) documents in 2000 to 850 (23.73%) documents in 2021.

A total of 79 countries contributed to sarcopenia publications. Due to some publi-
cations being cooperated by different countries, we counted them in each participating
country. The top 10 most productive countries are displayed in Table S1. The country
with the highest number of publications is USA (690, 19.26%), followed by China (534,
14.91%) and Japan (524, 14.63%). In terms of total citations of publications, USA is also
in a leading position with more than 40,000 times of citations. When adjusted with the
GDP, South Korea ranks first with 194.15 papers per trillion GDP. As Table S2 shows, the
number of publications on sarcopenia is positively correlated with GDP (r = 0.851, p < 0.001).
Meanwhile, the correlation between the number of publications and the percentage of the
old population is low (r = 0.338, p = 0.003). There are 34 countries that published equal to
or more than 20 documents, and these countries were selected to conduct coauthorship
analysis (Figure 2). Accordingly, the USA has a high TLS with close collaborations with
other countries such as Italy, China, and the UK. The AAY of China is 2019, suggesting
sarcopenia research in China grew rapidly recently.

Table S3 presents the top 10 most prolific organizations, and the Catholic University of
the Sacred Heart (92, 2.57%), University of Melbourne (73, 2.04%), and Sichuan University
(65, 1.81%) are the top three among 3685 organizations. After excluding two nodes without
connection to others, the coauthorship analysis was conducted with 58 institutions with a
minimum number of 20 publications (Figure 3). Sichuan University, Wenzhou Medical Uni-
versity, and National Center for Geriatrics and Gerontology are shown as big yellow nodes,
indicating that they are emerging research institutions. Noteworthy, the Catholic University
of the Sacred Heart, University of Erlangen Nuremberg, and University of Verona are the
top three with the most citations and the only three with more than 10,000 citations; this
may be partly due to their involvement in the preparations for European Consensus [1,13].
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Figure 3. Coauthorship of 58 organizations with at least 20 publications in sarcopenia.

A total of 17,587 authors were identified. Table S4 lists the most influential authors
with high publications and citations. Productive authors are from organizations with high
publications, 4 of the top 10 most published authors are from the Catholic University of the
Sacred Heart. We identified 98 authors who published at least 10 papers. After removing
13 nodes that were not linked to others, the coauthorship analysis is shown in Figure 4.
Landi F had the most documents, citations, and the highest TLS. Authors with earlier
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AAY started earlier in sarcopenia research and are labeled with purple colors, and authors
labeled by yellow color may be the emerging influential investigators.
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Figure 4. Coauthorship of 85 authors with at least 10 publications in sarcopenia.

The documents in the field were published in 851 journals, and the top 10 of the most
active are listed in Table 1. The Journal of Cachexia Sarcopenia and Muscle (n = 117), Journal
of Nutrition Health and Aging (n = 108), and Nutrients (n = 100) published the most papers
concerning sarcopenia research. The Journal of Cachexia Sarcopenia and Muscle, with an
impact factor (IF) of 12.91 in 2020, is the only one with an IF of more than 10 among the
top 10 journals and may be the most influential journal in this field. Dual-map overlay
of all literature in the sarcopenia field shown in Figure 5 was constructed by CiteSpace
to present the citing trajectory in the entire datasets [27]. The pathway represents the
citation relationship between the citing journals on the left and the cited journals on the
right. As we can see, sarcopenia research was mainly located in the categories of Molecular,
Biology, Immunology, as well as Medicine, Medical, Clinical. The cited journals were chiefly
from the categories of Molecular, Biology, Genetics, as well as Health, Nursing, Medicine,
indicating they were the intellectual base of sarcopenia research.

Keywords were carefully selected to reflect the core content and theme of the pa-
pers. A total of 7367 keywords were retrieved from 3582 documents. After excluding the
meaningless keywords and merging words with the same meaning, 116 keywords with a
minimum occurrence of 50 times were used to perform co-occurrence analysis (Figure 6).
Terms with relatively earlier AAY were colored in purple, such as “age”, “postmenopausal
women”, and “resistance exercise”. In the last 3 years, a lot of investigators have paid atten-
tion to “consensus”, “sarc-f”, “validation”, “survival”, and “postoperative complication”,
indicating they were the research hot spots in recent years and may still flourishing soon.
Table S5 showed the distribution of the top 25 keywords with the highest occurrences. The
most common keywords, such as “muscle mass”, “obesity”, “body-composition”, etc., are
closely related to the clinical characteristic of sarcopenia patients or the epidemiology of
sarcopenia.
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Table 1. The top 10 most active journals in the sarcopenia research field.

Journals Documents Citations IF 1

Journal of Cachexia Sarcopenia and Muscle 117 4208 12.91
Journal of Nutrition Health and Aging 108 3868 4.075

Nutrients 100 1337 5.719
Journal of the American Medical Directors

Association 90 9931 4.669

Journals of Gerontology Series A: Biological
Sciences and Medical Sciences 79 6968 6.053

Experimental Gerontology 73 2857 4.032
Clinical Nutrition 71 3876 7.325

Aging Clinical and Experimental Research 68 2017 3.638
Plos One 66 2645 3.24

Geriatrics and Gerontology International 65 2352 2.73
1 IF refers to the 2020 impact factor obtained from Journal Citation Reports (Clarivate Analytics, Philadelphia,
PA, USA).

3.2. Documents Co-Citation Analysis

We list the top 10 most cited papers in Table S6; the most cited one is the European
consensus on sarcopenia published in 2010 [13], with more than 6200 citations. The revised
European consensus in 2019 [1] ranked second and was cited more than 2600 times. It
is worth noting that “Low relative skeletal muscle mass (sarcopenia) in older persons is
associated with functional impairment and physical disability” published in 2002 had
citations more than 1800 times, probably because it estimated the prevalence of sarcopenia
in American old adults and confirmed the association between reduced muscle mass and
functional impairment and disability [28].

To reveal the development and mainstream domains of sarcopenia in recent years,
the landscape view generated by document co-citation analysis is based on publications
between 2010 and 2021 (Figure 7A). The top 50 most cited publications in each year were
selected to build a network of co-cited references that year, and then we merged all individ-
ual networks. The final network contains 405 nodes and 491 links. “Sarcopenia: revised
European consensus on definition and diagnosis” has received considerable citations since
its publication in 2019, as indicated by the largest yellow circle in Figure 7A. The co-citation
network was separated into 20 clusters consisting of different groups of cited references; the
modularity and weighted mean silhouette of the network are 0.8787 and 0.9651, respectively.
The individual silhouette of each cluster is greater than 0.88, which is considered high and
indicates the credibility of the network and homogeneity within the clusters. Cluster #0
physical disability is the largest cluster, followed by #1 liver cirrhosis and #2 slow walking.
As shown in the timeline view in Figure 7B, the research trend and hot spots shifted from
“physical disability”, “myocyte apoptosis”, “low mean mass”, and “relative muscle mass”
to “liver cirrhosis”, “slow walking” and “preoperative sarcopenia”.

Burst-detection analysis captures papers with a sharp increase in citations over a
specific period, and it helps to find important milestone papers in the development of
a research field. References with the strongest citation bursts in the sarcopenia field
between 2010 to 2021 were identified (Figure 8). The first of these references was written
by Rolland Y et al. [29], who in 2008 reviewed the assessment, etiology, pathogenesis,
and consequences of sarcopenia, which provided the basis for subsequent consensus. In
addition to the studies we mentioned earlier, Martin L et al. [30] analyzed muscle loss in
patients with solid tumors using CT images and found that regardless of whether patients
presented obese or not, low muscle index and low muscle attenuation were independently
a poor prognostic of survival. While the citation burst for most references has ended, some
articles continue to be cited frequently, suggesting that they are still considered reliable
sources in recent times. Of these, Shafiee G et al. [31] conducted a meta-analysis and
estimated the global prevalence of sarcopenia in healthy adults aged over 60 years of age.
The studies they analyzed were conducted between 2009 to 2016 and showed that 10% of
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men and 10% of women, respectively, were affected by sarcopenia. Beaudart C et al. [32]
evaluated the short-, middle- and long-term health outcomes of sarcopenia in a meta-
analysis and found that sarcopenia was associated with higher mortality, functional decline,
falls, and hospitalization rates.
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4. Discussion
4.1. General Knowledge Structure in Sarcopenia Research

Over the past two decades, annual publications of sarcopenia research have grown
rapidly, peaking in 2021. As can be seen, sarcopenia is gaining increasing attention among
researchers, and the literature in this field is likely to continue to grow.

Among the high-impact countries, the USA occupied the absolute advantage position
with the highest number of publications and citations and had a strong collaboration with
other countries, such as China, Italy, and the UK. At the same time, Asian countries such
as China, Japan, and South Korea also contributed great amounts of publications in this
field and their AAY are later, suggesting that they are paying more and more attention to
this field in recent years. Interestingly, after adjusting GDP, South Korea reached the first
position with more than 190 publications per trillion GDP. Moreover, a significant positive
correlation between GDP and the number of publications was found (Table S2), suggesting
that economics is one of the key factors affecting countries’ productivity. However, the
percentage of the old population has a low but significant correlation with countries’
productivity (r = 0.338, p = 0.003). Previous study also observed that countries with high
rates of population aging, such as Japan and countries in Europe, are also big producers in
research regarding very old populations [49].

The Catholic University of the Sacred Heart in Italy was identified as a leading insti-
tution, with the most publications and citations, and it also has a wide collaboration with
other institutions. It is also worth noting that four of the top ten most productive institutions
are from Asia, including Sichuan University in China, the National Center for Geriatrics
and Gerontology in Japan, Yonsei University, and Seoul National University in South Korea.
However, their TLS are relatively low, especially the TLS of Sichuan University, which is
only 1, which means they were lacking cross-institution collaborations. From Figure 3, the
collaborations were mainly restricted to the domestic level, and this situation is also found
in other research fields, suggesting that international cooperation needs to be strengthened
in the future. Productive authors were mainly from prolific institutions and work closely
together. Among the top ten most productive authors, four are from the Catholic University
of the Sacred Heart. Landi F contributed most articles and gained the most citations in this
field. In addition to participating in reaching the European consensus [1,13], he and his
team also analyzed the prevalence of sarcopenia among older adults and elderly nursing
home residents and found that it was associated with an increased risk of anorexia, falls,
and death [33–35,50,51]. Marzetti E, also an influential author at the Catholic University
of the Sacred Heart, focused on the pathophysiological mechanism of sarcopenia, arguing
that the apoptosis of skeletal muscle cells caused by mitochondrial dysfunction is a major
contributor to muscle degeneration in the elderly, which could be a potential therapeutic
target [52,53]. From Figure 4, authors from the same country or even the same institution
have close cooperation with each other, and the collaboration is mainly concentrated in the
western country. A dual-map overlay shows sarcopenia research are mainly published in
the disciplines of molecular biology, immunology, and clinical medicine (Figure 5). The
core journals identified include Journal of Cachexia Sarcopenia and Muscle, Journal of Nutrition
Health and Aging, and Nutrients. Identification of core journals helps researchers to select
appropriate journals for reading and publishing their work. Interestingly, Yuan D et al. [20]
found that Osteoporosis international published the most papers in the sarcopenia field; this
inconsistency may be due to the fact that many meeting abstracts were published in this
journal, but only articles and reviews were analyzed in our study.

4.2. Main Research Domains in Sarcopenia Research

Keywords are carefully selected to represent the topic and core content of a paper,
and the co-occurrence relationship and the AAY of keywords are important indicators that
reflect the hot topics and development trends of a research field. Further, analysis of co-
cited documents can be used to reveal the intellectual structure and thematic clusters [54].
Based on the keywords and co-cited references analysis, the sarcopenia research can be
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roughly divided into the following aspects: (1) Definition and diagnosis; (2) epidemiology;
(3) etiology and pathogenesis; (4) treatment.

4.2.1. Definition and Diagnosis

The definition and diagnosis criteria change as research develops. Currently, a diag-
nosis of sarcopenia requires a loss of muscle mass combined with a decrease in muscle
strength or physical function. Although muscle mass is a major determinant of muscle
strength, inconsistency between the two arise from a variety of causes, including adipose
or collagen infiltration and decreased neuromuscular function [36]. Moreover, reduction in
muscle mass alone is not a good predictor of clinical outcomes [13]. The Asian consensus
recommends setting the age cutoff at 60 or 65 [12], emphasizing that this is an age-related
muscle disorder, whereas the European consensus does not limit age [1]. At present, many
tools have been developed to aid in the diagnosis of sarcopenia. Cluster#3 sarc-f represents
a hot spot in diagnostic research. SARC-F is a simple questionnaire that is also easy to
implement in the community and consists of strength, assistance walking, rising from a
chair, climbing stairs, and falls. It has been proven to be a reliable tool for the detection
of sarcopenia patients [55] and is recommended for case finding in clinical practice [1,12].
Moreover, it has also been reported that the combined measurement of calf circumference
based on SARC-F can significantly improve diagnostic accuracy [56,57]. Grip strength and
gait speed are the most common and convenient methods for assessing muscle strength
and physical performance, which is consistent with keyword frequency analysis. Mag-
netic resonance imaging (MRI) and computed tomography (CT) are considered the gold
standard when measuring muscle mass, while dual-energy X-ray absorptiometry (DXA)
and bioelectrical impedance analysis (BIA) are more frequently used. The AAY of the
keyword “DXA” is relatively early. DXA measures muscle mass by calculating the sum
of non-bone and non-fat mass, while it is easily affected by body thickness and hydration
status [58]. Additionally, there may be inconsistencies between brands and instruments,
which also limits their use [59,60]. The keyword “BIA” has an AAY later than “DXA”. BIA
estimates muscle mass based on differences in electrical conductivity of body components.
Similar to DXA, several factors affect the accuracy of its results, and the estimation equa-
tions/algorithm are device-specific and should be validated against MRI or DXA before
use [61]. However, BIA remains a portable, low-cost, and easy-to-use tool that is valuable
for epidemiological, clinical, and follow-up studies, and cut-off points have been provided
in recent consensus [1,12]. Furthermore, other tools such as ultrasound [62], dilution of
D3-Creatine [63], and biomarkers [64] have not yet been used in clinical practice. In the
future, diagnostic tools and the determination of a cut-off point will remain critical and
difficult, and accuracy and feasibility need to be considered.

4.2.2. Epidemiology

The prevalence of sarcopenia varies by diagnostic criteria, ethnicity, and population.
In addition to the aforementioned epidemiology of sarcopenia in the general population,
sarcopenia in patients with chronic diseases or cancer is also a research hotspot. As shown
in Figure 7A, “#1 liver cirrhosis”, “#6 preoperative sarcopenia” and “#8 gastric cancer”
were identified as subfields of sarcopenia. Sarcopenia is very common in patients with
chronic liver disease, occurs in 30–70% of patients with liver cirrhosis [65], and is thought to
be associated with quality of life, hepatic encephalopathy, post-liver transplant outcomes,
and even mortality [66,67]. Other chronic diseases, such as chronic obstructive pulmonary
disease (COPD) [8,68], chronic kidney disease (CKD) [69,70], and diabetes [71,72] are also
independently associated with sarcopenia. Sarcopenia is also of increasing interest in
oncology research because of its high prevalence and adverse outcomes. Due to the various
definitions used, the prevalence of sarcopenia in patients with different tumors varies from
5–89% [73]. In a recent umbrella review, sarcopenia was found to be associated with poor
prognosis in gastric cancer, hepatocellular cancer, urothelial cancer, head and neck cancer,
hematological malignancy, pancreatic cancer, breast cancer, colorectal cancer, lung cancer,
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esophageal cancer, and ovarian cancer, while significantly increasing the risk of postoper-
ative complications and prolonged hospitalization in patients with digestive cancer [74].
In addition, sarcopenia is related to reduced patient response to chemotherapy drugs and
increased toxicity, which in turn can lead to further exacerbation of sarcopenia [75].

4.2.3. Etiology and Pathogenesis

The research direction mainly focuses on “satellite cell”, “oxidative stress”, “myocyte
apoptosis”, etc. Sarcopenia is characterized by a reduction in the number and size of muscle
fibers, and aging, chronic inflammation, endocrine changes, inactivity, nutritional deficien-
cies, and decreased neuromuscular function are thought to contribute to the development
of sarcopenia [76]. Furthermore, these factors are often intertwined and work together.
Apoptosis of muscle cells leads to muscle atrophy, but the specific mechanism remains
unclear. The dysfunction of mitochondria may play a critical role in promoting apoptosis of
muscle cells [53,77]. The proteostasis, biogenesis, dynamics, and autophagy constitute an
important part of mitochondrial quality control, and loss of balance will aggravate muscle
atrophy, limiting muscle strength and function [78]. Satellite cells are endogenous muscle
stem cells and are considered a reservoir for muscle cells. They are activated when muscles
are stressed or traumatized, and undergo proliferation and differentiation, participating
in the maintenance, growth, and repair of muscle fibers [79]. Age-related reduction in the
number and function of satellite cells may be an important reason for the development of
sarcopenia [80,81]. Unlike satellite cells, which can only undergo myogenic differentiation,
Muscle-derived stem cells (MDSCs) are thought to differentiate into muscular, vascular,
nerve, and bone lineage cells [82]. Adipogenesis of MDSCs may cause fat infiltration in
skeletal muscle, leading to the loss of muscle strength and promoting the occurrence and
development of sarcopenia [83].

4.2.4. Treatment

Since the pathogenesis and molecular mechanism are not fully understood, treat-
ments for sarcopenia are very limited. Exercise and nutritional supplements are widely
accepted as effective and safe interventions [12,84]. However, there are various ways of
exercise and nutritional supplementation, but there is no unified standard for evaluating
efficacy. A meta-analysis compared resistance training (RT), whole-body vibration training
(WBVT), and mixed training, and found that all of them increased the time up and go
(TUG) times, but only RT and mixed training improved knee extension strength and gait
speed [85]. Adequate intake of protein, vitamin D, antioxidant nutrients, and long-chain
polyunsaturated fatty acids has a key role in the prevention and treatment of sarcope-
nia [86]. Supplementation with branched-chain amino acids such as leucine, isoleucine,
and valine has been proven effective to reduce muscle loss and improve physical perfor-
mance [86,87]. Beta-hydroxy-beta-methylbutyrate (HMB) as an active leucine metabolite,
stimulates muscle protein synthesis and inhibits protein degradation, and has the potential
to prevent and reverse sarcopenia with good safety [88,89]. Ideal pharmacotherapy is still
lacking; testosterone and selective androgen receptor modulation (SARM) are the most
promising candidates [90], and other possible drugs include growth hormone/insulin
growth factor-1 [86], myostatin/activin II receptor inhibitors [87,88], and histone deacety-
lases (HDACs) [89], but further clinical trials are urgently needed into the efficacy and
safety.

4.3. Future Trends

Timeline-view analysis and burst detection of cited papers were used to recognize the
frontier content and reveal future trends. From Figure 7B, we found that diagnosis tools,
clinical characteristics of patients with sarcopenia, and associations between sarcopenia
and other diseases were hotspots in recent years. With the newest diagnostic criteria estab-
lished [1], more studies may continue to focus on the prevalence and clinical outcomes of
sarcopenia. However, studies on the pathogenesis and molecular mechanism of sarcopenia
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seem to have received less attention in the last 5 years, although this might be because
our search strategy may have ignored literature on muscle metabolism but without the
term “sarcopenia”. At present, the pathogenesis and treatment of sarcopenia remain largely
unknown, and the ideal drug therapy is still a long way off. As more and more studies
elucidate the harm and severity of sarcopenia, future research needs to pay more attention
to the specific mechanisms of muscle deterioration with aging or other disease states and
develop corresponding safety and efficacy treatment strategies to prevent sarcopenia and
improve the prognosis of patients with sarcopenia.

4.4. Limitations

There are still some limitations in our study. First, the definition of sarcopenia was
firstly introduced by Irwin Rosenberg in 1989 [91]; however, with the limitation of publica-
tions before 1999 that were not collected in the SCIE database, publications between 1989
and 1999 were missing from our study. This may lead us to omit authors and literature who
critically contributed to the early stages of sarcopenia development. We further searched
references containing “sarcopenia” in their titles in all other databases of WOS and a total of
45 papers were found. Among them, the most cited paper is “Epidemiology of sarcopenia
among the elderly in New Mexico” [92] with more than 2500 citations, which estimated the
prevalence of sarcopenia in the elderly and analyzed the correlation between low muscle
mass and functional impairment, and “Sarcopenia: Origins and Clinical Relevance” [93]
which ranks second with more than 1200 citations. Even though we did not conduct a
detailed bibliometric analysis of the literature in this period, we believe that the signifi-
cance of sarcopenia was gradually being recognized and researchers started to explore the
prevalence of sarcopenia in the elderly and the criteria of diagnosis.

Second, the bibliometric records retrieved are only from the WOSCC SCI-E database,
and we only analyzed the publications with the term “sarcopenia” in the title, which we
believed was the most core content in this field. However, this may lead to some missing
documents related to the etiology or pathogenesis of sarcopenia but without use of the
term “sarcopenia”, especially previous papers discussing the association between muscle
loss and chronic wasting diseases. Furthermore, some recently published high-impact
publications may be undervalued because they have not accumulated enough citations.

5. Conclusions

This current study contributes to advancing knowledge of the research in the sarcope-
nia field. Bibliometric analysis of the literature showed an increasing effort put in this area
and identified the major contributors. Future trends were also revealed through keywords
and co-cited references. Pathogenic mechanisms and interventions with efficacy and safety
remain a research frontier and critical in the near future.

In summary, our study provides a comprehensive landscape of the evolution process
and identified the key characteristics of sarcopenia research in the past 20 years, which
may help researchers better understand the knowledge base and future trends in the
sarcopenia field.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph19148866/s1, Table S1: The top 10 most productive countries
in the sarcopenia research field.; Table S2: Correlation between the number of publications in
sarcopenia and GDP or percentage of old adults of the countries.; Table S3: The top 10 most prolific
organizations in the sarcopenia research field.; Table S4: The top 10 most productive authors in
the sarcopenia research field.; Table S5: The top 25 most frequently used keywords on sarcopenia
research.; Table S6: The most highly cited references in the sarcopenia research field.

Author Contributions: Conceptualization, Y.X.; data curation, Y.X.; formal analysis, Y.X.; methodol-
ogy, Z.D.; software, Z.D.; validation, Z.D. and H.T.; writing—original draft, Y.X.; writing—review
and editing, Z.D., H.T. and Z.C.; funding acquisition, T.J.; supervision, T.J. and Z.C. All authors have
read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/ijerph19148866/s1
https://www.mdpi.com/article/10.3390/ijerph19148866/s1


Int. J. Environ. Res. Public Health 2022, 19, 8866 14 of 17

Funding: This research was funded by National Nature Science Foundation of China (NO. 82170902).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]
2. Petermann-Rocha, F.; Balntzi, V.; Gray, S.R.; Lara, J.; Ho, F.K.; Pell, J.P.; Celis-Morales, C. Global prevalence of sarcopenia and

severe sarcopenia: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2022, 13, 86–99. [CrossRef] [PubMed]
3. Yeung, S.S.Y.; Reijnierse, E.M.; Pham, V.K.; Trappenburg, M.C.; Lim, W.K.; Meskers, C.G.M.; Maier, A.B. Sarcopenia and its

association with falls and fractures in older adults: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2019, 10,
485–500. [CrossRef]

4. Kitamura, A.; Seino, S.; Abe, T.; Nofuji, Y.; Yokoyama, Y.; Amano, H.; Nishi, M.; Taniguchi, Y.; Narita, M.; Fujiwara, Y.; et al.
Sarcopenia: Prevalence, associated factors, and the risk of mortality and disability in Japanese older adults. J. Cachexia Sarcopenia
Muscle 2021, 12, 30–38. [CrossRef] [PubMed]

5. Norman, K.; Otten, L. Financial impact of sarcopenia or low muscle mass—A short review. Clin. Nutr. 2019, 38, 1489–1495.
[CrossRef] [PubMed]

6. Tantai, X.; Liu, Y.; Yeo, Y.H.; Praktiknjo, M.; Mauro, E.; Hamaguchi, Y.; Engelmann, C.; Zhang, P.; Jeong, J.Y.; van Vugt, J.L.A.; et al.
Effect of sarcopenia on survival in patients with cirrhosis: A meta-analysis. J. Hepatol. 2022, 76, 588–599. [CrossRef]

7. Shu, X.; Lin, T.; Wang, H.; Zhao, Y.; Jiang, T.; Peng, X.; Yue, J. Diagnosis, prevalence, and mortality of sarcopenia in dialysis
patients: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2022, 13, 145–158. [CrossRef]

8. Sepúlveda-Loyola, W.; Osadnik, C.; Phu, S.; Morita, A.A.; Duque, G.; Probst, V.S. Diagnosis, prevalence, and clinical impact of
sarcopenia in COPD: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2020, 11, 1164–1176. [CrossRef]

9. Fielding, R.A.; Vellas, B.; Evans, W.J.; Bhasin, S.; Morley, J.E.; Newman, A.B.; van Kan, G.A.; Andrieu, S.; Bauer, J.; Breuille,
D.; et al. Sarcopenia: An Undiagnosed Condition in Older Adults. Current Consensus Definition: Prevalence, Etiology, and
Consequences. International Working Group on Sarcopenia. J. Am. Med. Dir. Assoc. 2011, 12, 249–256. [CrossRef]

10. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.; Krairit, O.; et al.
Sarcopenia in Asia: Consensus Report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef]

11. Studenski, S.A.; Peters, K.W.; Alley, D.E.; Cawthon, P.M.; McLean, R.R.; Harris, T.B.; Ferrucci, L.; Guralnik, J.M.; Fragala, M.S.;
Kenny, A.M.; et al. The FNIH Sarcopenia Project: Rationale, Study Description, Conference Recommendations, and Final
Estimates. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2014, 69, 547–558. [CrossRef] [PubMed]

12. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020,
21, 300. [CrossRef] [PubMed]

13. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis. Age Ageing 2010, 39, 412–423. [CrossRef]

14. Anker, S.D.; Morley, J.E.; von Haehling, S. Welcome to the ICD-10 code for sarcopenia. J. Cachexia Sarcopenia Muscle 2016, 7,
512–514. [CrossRef] [PubMed]

15. Wu, H.; Sun, Z.; Tong, L.; Wang, Y.; Yan, H.; Sun, Z. Bibliometric analysis of global research trends on male osteoporosis: A
neglected field deserves more attention. Arch. Osteoporos. 2021, 16, 154. [CrossRef] [PubMed]

16. Yan, W.T.; Lu, S.; Yang, Y.D.; Ning, W.Y.; Cai, Y.; Hu, X.M.; Zhang, Q.; Xiong, K. Research trends, hot spots and prospects for
necroptosis in the field of neuroscience. Neural. Regen. Res. 2021, 16, 1628–1637. [CrossRef] [PubMed]

17. Li, C.; Liu, Z.; Shi, R. A Bibliometric Analysis of 14,822 Researches on Myocardial Reperfusion Injury by Machine Learning. Int. J.
Environ. Res. Public Health 2021, 18, 8231. [CrossRef]

18. Chen, C.M. Science Mapping: A Systematic Review of the Literature. J. Data Inf. Sci. 2017, 2, 1–40. [CrossRef]
19. Ogunsakin, R.E.; Ebenezer, O.; Ginindza, T.G. A Bibliometric Analysis of the Literature on Norovirus Disease from 1991–2021. Int.

J. Environ. Res. Public Health 2022, 19, 2508. [CrossRef]
20. Yuan, D.; Jin, H.; Liu, Q.; Zhang, J.; Ma, B.; Xiao, W.; Li, Y. Publication Trends for Sarcopenia in the World: A 20-Year Bibliometric

Analysis. Front. Med. 2022, 9, 802651. [CrossRef]
21. Suzan, V.; Suzan, A.A. A bibliometric analysis of sarcopenia: Top 100 articles. Eur. Geriatr. Med. 2021, 12, 185–191. [CrossRef]

[PubMed]

http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1002/jcsm.12783
http://www.ncbi.nlm.nih.gov/pubmed/34816624
http://doi.org/10.1002/jcsm.12411
http://doi.org/10.1002/jcsm.12651
http://www.ncbi.nlm.nih.gov/pubmed/33241660
http://doi.org/10.1016/j.clnu.2018.09.026
http://www.ncbi.nlm.nih.gov/pubmed/30316536
http://doi.org/10.1016/j.jhep.2021.11.006
http://doi.org/10.1002/jcsm.12890
http://doi.org/10.1002/jcsm.12600
http://doi.org/10.1016/j.jamda.2011.01.003
http://doi.org/10.1016/j.jamda.2013.11.025
http://doi.org/10.1093/gerona/glu010
http://www.ncbi.nlm.nih.gov/pubmed/24737557
http://doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/32033882
http://doi.org/10.1093/ageing/afq034
http://doi.org/10.1002/jcsm.12147
http://www.ncbi.nlm.nih.gov/pubmed/27891296
http://doi.org/10.1007/s11657-021-01016-2
http://www.ncbi.nlm.nih.gov/pubmed/34632530
http://doi.org/10.4103/1673-5374.303032
http://www.ncbi.nlm.nih.gov/pubmed/33433494
http://doi.org/10.3390/ijerph18158231
http://doi.org/10.1515/jdis-2017-0006
http://doi.org/10.3390/ijerph19052508
http://doi.org/10.3389/fmed.2022.802651
http://doi.org/10.1007/s41999-020-00395-y
http://www.ncbi.nlm.nih.gov/pubmed/32974886


Int. J. Environ. Res. Public Health 2022, 19, 8866 15 of 17

22. Tan, Z.S.; Zhao, Y.C.; Jin, Z.M.; Li, G.Y.; Xu, L.; Li, W.L.; Liang, Y.H.; Wang, S.Y.; Zhu, Q. The relationship between muscular
atrophy/sarcopenia and cardiovascular diseases in the elderly: A bibliometrics study. Ann. Palliat. Med. 2021, 10, 9136–9148.
[CrossRef] [PubMed]

23. Zyoud, S.H. Global toxocariasis research trends from 1932 to 2015: A bibliometric analysis. Health Res. Policy Syst. 2017, 15, 1–7.
[CrossRef]

24. Chen, C.M. Searching for intellectual turning points: Progressive knowledge domain visualization. Proc. Natl. Acad. Sci. USA
2004, 101, 5303–5310. [CrossRef] [PubMed]

25. van Eck, N.J.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010, 84,
523–538. [CrossRef] [PubMed]

26. Zhang, J.; Yu, Q.; Zheng, F.S.; Long, C.; Lu, Z.X.; Duan, Z.G. Comparing keywords plus of WOS and author keywords: A case
study of patient adherence research. J. Assoc. Inf. Sci. Technol. 2016, 67, 967–972. [CrossRef]

27. Chen, C.M.; Leydesdorff, L. Patterns of Connections and Movements in Dual-Map Overlays: A New Method of Publication
Portfolio Analysis. J. Assoc. Inf. Sci. Technol. 2014, 65, 334–351. [CrossRef]

28. Janssen, I.; Heymsfield, S.B.; Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons is associated with functional
impairment and physical disability. J. Am. Geriatr. Soc. 2002, 50, 889–896. [CrossRef]

29. Rolland, Y.; Czerwinski, S.; Abellan Van Kan, G.; Morley, J.E.; Cesari, M.; Onder, G.; Woo, J.; Baumgartner, R.; Pillard, F.; Boirie, Y.;
et al. Sarcopenia: Its assessment, etiology, pathogenesis, consequences and future perspectives. J. Nutr. Health Aging 2008, 12,
433–450. [CrossRef]

30. Martin, L.; Birdsell, L.; Macdonald, N.; Reiman, T.; Clandinin, M.T.; McCargar, L.J.; Murphy, R.; Ghosh, S.; Sawyer, M.B.; Baracos,
V.E. Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful prognostic factor, independent of body mass
index. J. Clin. Oncol. 2013, 31, 1539–1547. [CrossRef]

31. Shafiee, G.; Keshtkar, A.; Soltani, A.; Ahadi, Z.; Larijani, B.; Heshmat, R. Prevalence of sarcopenia in the world: A systematic
review and meta- analysis of general population studies. J. Diabetes Metab. Disord. 2017, 16, 21. [CrossRef] [PubMed]

32. Beaudart, C.; Zaaria, M.; Pasleau, F.; Reginster, J.Y.; Bruyère, O. Health Outcomes of Sarcopenia: A Systematic Review and
Meta-Analysis. PLoS ONE 2017, 12, e0169548. [CrossRef] [PubMed]

33. Landi, F.; Liperoti, R.; Russo, A.; Giovannini, S.; Tosato, M.; Capoluongo, E.; Bernabei, R.; Onder, G. Sarcopenia as a risk factor for
falls in elderly individuals: Results from the ilSIRENTE study. Clin. Nutr. 2012, 31, 652–658. [CrossRef] [PubMed]

34. Landi, F.; Cruz-Jentoft, A.J.; Liperoti, R.; Russo, A.; Giovannini, S.; Tosato, M.; Capoluongo, E.; Bernabei, R.; Onder, G. Sarcopenia
and mortality risk in frail older persons aged 80 years and older: Results from ilSIRENTE study. Age Ageing 2013, 42, 203–209.
[CrossRef] [PubMed]

35. Landi, F.; Liperoti, R.; Fusco, D.; Mastropaolo, S.; Quattrociocchi, D.; Proia, A.; Russo, A.; Bernabei, R.; Onder, G. Prevalence
and Risk Factors of Sarcopenia Among Nursing Home Older Residents. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2012, 67, 48–55.
[CrossRef] [PubMed]

36. Morley, J.E.; Abbatecola, A.M.; Argiles, J.M.; Baracos, V.; Bauer, J.; Bhasin, S.; Cederholm, T.; Coats, A.J.S.; Cummings, S.R.; Evans,
W.J.; et al. Sarcopenia With Limited Mobility: An International Consensus. J. Am. Med. Dir. Assoc. 2011, 12, 403–409. [CrossRef]

37. Muscaritoli, M.; Anker, S.D.; Argiles, J.; Aversa, Z.; Bauer, J.M.; Biolo, G.; Boirie, Y.; Bosaeus, I.; Cederholm, T.; Costelli, P.; et al.
Consensus definition of sarcopenia, cachexia and pre-cachexia: Joint document elaborated by Special Interest Groups (SIG)
“cachexia-anorexia in chronic wasting diseases” and “nutrition in geriatrics”. Clin. Nutr. 2010, 29, 154–159. [CrossRef]

38. Fearon, K.; Strasser, F.; Anker, S.D.; Bosaeus, I.; Bruera, E.; Fainsinger, R.L.; Jatoi, A.; Loprinzi, C.; MacDonald, N.; Mantovani, G.;
et al. Definition and classification of cancer cachexia: An international consensus. Lancet Oncol. 2011, 12, 489–495. [CrossRef]

39. Englesbe, M.J.; Patel, S.P.; He, K.; Lynch, R.J.; Schaubel, D.E.; Harbaugh, C.; Holcombe, S.A.; Wang, S.C.; Segev, D.L.; Sonnenday,
C.J. Sarcopenia and mortality after liver transplantation. J. Am. Coll. Surg. 2010, 211, 271–278. [CrossRef]

40. Patel, H.P.; Syddall, H.E.; Jameson, K.; Robinson, S.; Denison, H.; Roberts, H.C.; Edwards, M.; Dennison, E.; Cooper, C.; Aihie
Sayer, A. Prevalence of sarcopenia in community-dwelling older people in the UK using the European Working Group on
Sarcopenia in Older People (EWGSOP) definition: Findings from the Hertfordshire Cohort Study (HCS). Age Ageing 2013, 42,
378–384. [CrossRef]

41. Lieffers, J.R.; Bathe, O.F.; Fassbender, K.; Winget, M.; Baracos, V.E. Sarcopenia is associated with postoperative infection and
delayed recovery from colorectal cancer resection surgery. Br. J. Cancer 2012, 107, 931–936. [CrossRef]

42. Harimoto, N.; Shirabe, K.; Yamashita, Y.I.; Ikegami, T.; Yoshizumi, T.; Soejima, Y.; Ikeda, T.; Maehara, Y.; Nishie, A.; Yamanaka, T.
Sarcopenia as a predictor of prognosis in patients following hepatectomy for hepatocellular carcinoma. Br. J. Surg. 2013, 100,
1523–1530. [CrossRef] [PubMed]

43. Dam, T.T.; Peters, K.W.; Fragala, M.; Cawthon, P.M.; Harris, T.B.; McLean, R.; Shardell, M.; Alley, D.E.; Kenny, A.; Ferrucci, L.;
et al. An evidence-based comparison of operational criteria for the presence of sarcopenia. J. Gerontol. A Biol. Sci. Med. Sci. 2014,
69, 584–590. [CrossRef] [PubMed]

44. Peng, P.; Hyder, O.; Firoozmand, A.; Kneuertz, P.; Schulick, R.D.; Huang, D.; Makary, M.; Hirose, K.; Edil, B.; Choti, M.A.; et al.
Impact of sarcopenia on outcomes following resection of pancreatic adenocarcinoma. J. Gastrointest Surg. 2012, 16, 1478–1486.
[CrossRef] [PubMed]

http://doi.org/10.21037/apm-21-2144
http://www.ncbi.nlm.nih.gov/pubmed/34488399
http://doi.org/10.1186/s12961-017-0178-8
http://doi.org/10.1073/pnas.0307513100
http://www.ncbi.nlm.nih.gov/pubmed/14724295
http://doi.org/10.1007/s11192-009-0146-3
http://www.ncbi.nlm.nih.gov/pubmed/20585380
http://doi.org/10.1002/asi.23437
http://doi.org/10.1002/asi.22968
http://doi.org/10.1046/j.1532-5415.2002.50216.x
http://doi.org/10.1007/BF02982704
http://doi.org/10.1200/JCO.2012.45.2722
http://doi.org/10.1186/s40200-017-0302-x
http://www.ncbi.nlm.nih.gov/pubmed/28523252
http://doi.org/10.1371/journal.pone.0169548
http://www.ncbi.nlm.nih.gov/pubmed/28095426
http://doi.org/10.1016/j.clnu.2012.02.007
http://www.ncbi.nlm.nih.gov/pubmed/22414775
http://doi.org/10.1093/ageing/afs194
http://www.ncbi.nlm.nih.gov/pubmed/23321202
http://doi.org/10.1093/gerona/glr035
http://www.ncbi.nlm.nih.gov/pubmed/21393423
http://doi.org/10.1016/j.jamda.2011.04.014
http://doi.org/10.1016/j.clnu.2009.12.004
http://doi.org/10.1016/S1470-2045(10)70218-7
http://doi.org/10.1016/j.jamcollsurg.2010.03.039
http://doi.org/10.1093/ageing/afs197
http://doi.org/10.1038/bjc.2012.350
http://doi.org/10.1002/bjs.9258
http://www.ncbi.nlm.nih.gov/pubmed/24037576
http://doi.org/10.1093/gerona/glu013
http://www.ncbi.nlm.nih.gov/pubmed/24737561
http://doi.org/10.1007/s11605-012-1923-5
http://www.ncbi.nlm.nih.gov/pubmed/22692586


Int. J. Environ. Res. Public Health 2022, 19, 8866 16 of 17

45. Cawthon, P.M.; Peters, K.W.; Shardell, M.D.; McLean, R.R.; Dam, T.T.; Kenny, A.M.; Fragala, M.S.; Harris, T.B.; Kiel, D.P.; Guralnik,
J.M.; et al. Cutpoints for low appendicular lean mass that identify older adults with clinically significant weakness. J. Gerontol. A
Biol. Sci. Med. Sci. 2014, 69, 567–575. [CrossRef] [PubMed]

46. Cruz-Jentoft, A.J.; Landi, F.; Schneider, S.M.; Zuniga, C.; Arai, H.; Boirie, Y.; Chen, L.K.; Fielding, R.A.; Martin, F.C.; Michel, J.P.;
et al. Prevalence of and interventions for sarcopenia in ageing adults: A systematic review. Report of the International Sarcopenia
Initiative (EWGSOP and IWGS). Age Ageing 2014, 43, 748–759. [CrossRef]

47. Morley, J.E.; Anker, S.D.; von Haehling, S. Prevalence, incidence, and clinical impact of sarcopenia: Facts, numbers, and
epidemiology-update 2014. J. Cachexia Sarcopenia Muscle 2014, 5, 253–259. [CrossRef]

48. Dent, E.; Morley, J.E.; Cruz-Jentoft, A.J.; Arai, H.; Kritchevsky, S.B.; Guralnik, J.; Bauer, J.M.; Pahor, M.; Clark, B.C.; Cesari, M.;
et al. International Clinical Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management. J. Nutr. Health
Aging 2018, 22, 1148–1161. [CrossRef]

49. Gonzalez-Alcaide, G.; Palacios-Fernandez, S.; Ramos-Rincon, J.M. Thematic research clusters in very old populations (≥80 years):
A bibliometric approach. BMC Geriatr. 2021, 21, 266. [CrossRef]

50. Landi, F.; Liperoti, R.; Russo, A.; Giovannini, S.; Tosato, M.; Barillaro, C.; Capoluongo, E.; Bernabei, R.; Onder, G. Association of
anorexia with sarcopenia in a community-dwelling elderly population: Results from the ilSIRENTE study. Eur. J. Nutr. 2013, 52,
1261–1268. [CrossRef]

51. Landi, F.; Liperoti, R.; Fusco, D.; Mastropaolo, S.; Quattrociocchi, D.; Proia, A.; Tosato, M.; Bernabei, R.; Onder, G. Sarcopenia and
Mortality among Older Nursing Home Residents. J. Am. Med. Dir. Assoc. 2012, 13, 121–126. [CrossRef] [PubMed]

52. Marzetti, E.; Calvani, R.; Bernabei, R.; Leeuwenburgh, C. Apoptosis in Skeletal Myocytes: A Potential Target for Interventions
against Sarcopenia and Physical Frailty—A Mini-Review. Gerontology 2012, 58, 99–106. [CrossRef] [PubMed]

53. Marzetti, E.; Calvani, R.; Cesari, M.; Buford, T.W.; Lorenzi, M.; Behnke, B.J.; Leeuwenburgh, C. Mitochondrial dysfunction and
sarcopenia of aging: From signaling pathways to clinical trials. Int. J. Biochem. Cell Biol. 2013, 45, 2288–2301. [CrossRef]

54. Donthu, N.; Kumar, S.; Mukherjee, D.; Pandey, N.; Lim, W.M. How to conduct a bibliometric analysis: An overview and
guidelines. J. Bus. Res. 2021, 133, 285–296. [CrossRef]

55. Malmstrom, T.K.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, J.E. SARC-F: A symptom score to predict persons with
sarcopenia at risk for poor functional outcomes. J. Cachexia Sarcopenia Muscle 2016, 7, 28–36. [CrossRef]

56. Barbosa-Silva, T.G.; Menezes, A.M.B.; Bielemann, R.M.; Malmstrom, T.K.; Gonzalez, M.C.; Grp Estudos Composicao, C. Enhancing
SARC-F: Improving Sarcopenia Screening in the Clinical Practice. J. Am. Med. Dir. Assoc. 2016, 17, 1136–1141. [CrossRef]

57. Yang, M.; Hu, X.Y.; Xie, L.L.; Zhang, L.Y.; Zhou, J.; Lin, J.; Wang, Y.; Li, Y.Q.; Han, Z.L.; Zhang, D.P.; et al. Screening Sarcopenia
in Community-Dwelling Older Adults: SARC-F vs SARC-F Combined With Calf Circumference (SARC-CalF). J. Am. Med. Dir.
Assoc. 2018, 19, 277-e1. [CrossRef]

58. Beaudart, C.; McCloskey, E.; Bruyère, O.; Cesari, M.; Rolland, Y.; Rizzoli, R.; Araujo de Carvalho, I.; Amuthavalli Thiyagarajan,
J.; Bautmans, I.; Bertière, M.C.; et al. Sarcopenia in daily practice: Assessment and management. BMC Geriatr. 2016, 16, 170.
[CrossRef]

59. Hull, H.; He, Q.; Thornton, J.; Javed, F.; Allen, L.; Wang, J.; Pierson, R.N., Jr.; Gallagher, D. iDXA, Prodigy, and DPXL dual-energy
X-ray absorptiometry whole-body scans: A cross-calibration study. J. Clin. Densitom. 2009, 12, 95–102. [CrossRef]

60. Buckinx, F.; Landi, F.; Cesari, M.; Fielding, R.A.; Visser, M.; Engelke, K.; Maggi, S.; Dennison, E.; Al-Daghri, N.M.; Allepaerts, S.;
et al. Pitfalls in the measurement of muscle mass: A need for a reference standard. J. Cachexia Sarcopenia Muscle 2018, 9, 269–278.
[CrossRef]

61. Gonzalez, M.C.; Barbosa-Silva, T.G.; Heymsfield, S.B. Bioelectrical impedance analysis in the assessment of sarcopenia. Curr.
Opin. Clin. Nutr. Metab. Care 2018, 21, 366–374. [CrossRef]

62. Ticinesi, A.; Meschi, T.; Narici, M.V.; Lauretani, F.; Maggio, M. Muscle Ultrasound and Sarcopenia in Older Individuals: A Clinical
Perspective. J. Am. Med. Dir. Assoc. 2017, 18, 290–300. [CrossRef] [PubMed]

63. Shankaran, M.; Czerwieniec, G.; Fessler, C.; Wong, P.A.; Killion, S.; Turner, S.M.; Hellerstein, M.K.; Evans, W.J. Dilution of oral
D(3) -Creatine to measure creatine pool size and estimate skeletal muscle mass: Development of a correction algorithm. J. Cachexia
Sarcopenia Muscle 2018, 9, 540–546. [CrossRef] [PubMed]

64. Curcio, F.; Ferro, G.; Basile, C.; Liguori, I.; Parrella, P.; Pirozzi, F.; Della-Morte, D.; Gargiulo, G.; Testa, G.; Tocchetti, C.G.; et al.
Biomarkers in sarcopenia: A multifactorial approach. Exp. Gerontol. 2016, 85, 1–8. [CrossRef] [PubMed]

65. Dasarathy, S.; Merli, M. Sarcopenia from mechanism to diagnosis and treatment in liver disease. J. Hepatol. 2016, 65, 1232–1244.
[CrossRef] [PubMed]

66. Carey, E.J.; Lai, J.C.; Sonnenday, C.; Tapper, E.B.; Tandon, P.; Duarte-Rojo, A.; Dunn, M.A.; Tsien, C.; Kallwitz, E.R.; Ng, V.; et al. A
North American Expert Opinion Statement on Sarcopenia in Liver Transplantation. Hepatology 2019, 70, 1816–1829. [CrossRef]
[PubMed]

67. Chang, K.V.; Chen, J.D.; Wu, W.T.; Huang, K.C.; Lin, H.Y.; Han, D.S. Is sarcopenia associated with hepatic encephalopathy in liver
cirrhosis? A systematic review and meta-analysis. J. Formos. Med. Assoc. 2019, 118, 833–842. [CrossRef] [PubMed]

68. Jones, S.E.; Maddocks, M.; Kon, S.S.C.; Canavan, J.L.; Nolan, C.M.; Clark, A.L.; Polkey, M.I.; Man, W.D.C. Sarcopenia in COPD:
Prevalence, clinical correlates and response to pulmonary rehabilitation. Thorax 2015, 70, 213–218. [CrossRef]

69. Kim, J.K.; Choi, S.R.; Choi, M.J.; Kim, S.G.; Lee, Y.K.; Noh, J.W.; Kim, H.J.; Song, Y.R. Prevalence of and factors associated with
sarcopenia in elderly patients with end-stage renal disease. Clin. Nutr. 2014, 33, 64–68. [CrossRef]

http://doi.org/10.1093/gerona/glu023
http://www.ncbi.nlm.nih.gov/pubmed/24737559
http://doi.org/10.1093/ageing/afu115
http://doi.org/10.1007/s13539-014-0161-y
http://doi.org/10.1007/s12603-018-1139-9
http://doi.org/10.1186/s12877-021-02209-7
http://doi.org/10.1007/s00394-012-0437-y
http://doi.org/10.1016/j.jamda.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21856243
http://doi.org/10.1159/000330064
http://www.ncbi.nlm.nih.gov/pubmed/21952604
http://doi.org/10.1016/j.biocel.2013.06.024
http://doi.org/10.1016/j.jbusres.2021.04.070
http://doi.org/10.1002/jcsm.12048
http://doi.org/10.1016/j.jamda.2016.08.004
http://doi.org/10.1016/j.jamda.2017.12.016
http://doi.org/10.1186/s12877-016-0349-4
http://doi.org/10.1016/j.jocd.2008.09.004
http://doi.org/10.1002/jcsm.12268
http://doi.org/10.1097/MCO.0000000000000496
http://doi.org/10.1016/j.jamda.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/28202349
http://doi.org/10.1002/jcsm.12278
http://www.ncbi.nlm.nih.gov/pubmed/29663711
http://doi.org/10.1016/j.exger.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/27633530
http://doi.org/10.1016/j.jhep.2016.07.040
http://www.ncbi.nlm.nih.gov/pubmed/27515775
http://doi.org/10.1002/hep.30828
http://www.ncbi.nlm.nih.gov/pubmed/31220351
http://doi.org/10.1016/j.jfma.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/30279030
http://doi.org/10.1136/thoraxjnl-2014-206440
http://doi.org/10.1016/j.clnu.2013.04.002


Int. J. Environ. Res. Public Health 2022, 19, 8866 17 of 17

70. Pereira, R.A.; Cordeiro, A.C.; Avesani, C.M.; Carrero, J.J.; Lindholm, B.; Amparo, F.C.; Amodeo, C.; Cuppari, L.; Kamimura,
M.A. Sarcopenia in chronic kidney disease on conservative therapy: Prevalence and association with mortality. Nephrol. Dial.
Transplant. 2015, 30, 1718–1725. [CrossRef]

71. Trierweiler, H.; Kisielewicz, G.; Jonasson, T.H.; Petterle, R.R.; Moreira, C.A.; Borba, V.Z.C. Sarcopenia: A chronic complication of
type 2 diabetes mellitus. Diabetol. Metab. Syndr. 2018, 10, 1–9. [CrossRef] [PubMed]

72. Mesinovic, J.; Zengin, A.; De Courten, B.; Ebeling, P.R.; Scott, D. Sarcopenia and type 2 diabetes mellitus: A bidirectional
relationship. Diabetes Metab. Syndr. Obes. Targets Ther. 2019, 12, 1057–1071. [CrossRef]

73. Williams, G.R.; Dunne, R.F.; Giri, S.; Shachar, S.S.; Caan, B.J. Sarcopenia in the Older Adult With Cancer. J. Clin. Oncol. 2021, 39,
2068–2078. [CrossRef]

74. Xia, L.; Zhao, R.; Wan, Q.Y.; Wu, Y.T.; Zhou, Y.; Wang, Y.; Cui, Y.P.; Shen, X.D.; Wu, X.T. Sarcopenia and adverse health-related
outcomes: An umbrella review of meta-analyses of observational studies. Cancer Med. 2020, 9, 7964–7978. [CrossRef] [PubMed]

75. Bozzetti, F. Forcing the vicious circle: Sarcopenia increases toxicity, decreases response to chemotherapy and worsens with
chemotherapy. Ann. Oncol. 2017, 28, 2107–2118. [CrossRef] [PubMed]

76. Meng, S.J.; Yu, L.J. Oxidative Stress, Molecular Inflammation and Sarcopenia. Int. J. Mol. Sci. 2010, 11, 1509–1526. [CrossRef]
[PubMed]

77. Marzetti, E.; Privitera, G.; Simili, V.; Wohlgemuth, S.E.; Aulisa, L.; Pahor, M.; Leeuwenburgh, C. Multiple pathways to the same
end: Mechanisms of myonuclear apoptosis in sarcopenia of aging. Sci. World J. 2010, 10, 340–349. [CrossRef]

78. Liu, D.; Fan, Y.B.; Tao, X.H.; Pan, W.L.; Wu, Y.X.; Wang, X.H.; He, Y.Q.; Xiao, W.F.; Li, Y.S. Mitochondrial Quality Control in
Sarcopenia: Updated Overview of Mechanisms and Interventions. Aging Dis. 2021, 12, 2016–2030. [CrossRef]

79. Snijders, T.; Verdijk, L.B.; van Loon, L.J.C. The impact of sarcopenia and exercise training on skeletal muscle satellite cells. Ageing
Res. Rev. 2009, 8, 328–338. [CrossRef]

80. Wang, Y.; Wehling-Henricks, M.; Welc, S.S.; Fisher, A.L.; Zuo, Q.; Tidball, J.G. Aging of the immune system causes reductions
in muscle stem cell populations, promotes their shift to a fibrogenic phenotype, and modulates sarcopenia. FASEB J. 2019, 33,
1415–1427. [CrossRef]

81. Chen, Z.; Li, L.; Wu, W.; Liu, Z.; Huang, Y.; Yang, L.; Luo, Q.; Chen, J.; Hou, Y.; Song, G. Exercise protects proliferative muscle
satellite cells against exhaustion via the Igfbp7-Akt-mTOR axis. Theranostics 2020, 10, 6448–6466. [CrossRef] [PubMed]

82. Tamaki, T. Biomedical applications of muscle-derived stem cells: From bench to bedside. Expert Opin. Biol. Ther. 2020, 20,
1361–1371. [CrossRef] [PubMed]

83. Cai, Z.; Liu, D.; Yang, Y.; Xie, W.; He, M.; Yu, D.; Wu, Y.; Wang, X.; Xiao, W.; Li, Y. The role and therapeutic potential of stem cells
in skeletal muscle in sarcopenia. Stem Cell Res. Ther. 2022, 13, 28. [CrossRef] [PubMed]

84. Martone, A.M.; Marzetti, E.; Calvani, R.; Picca, A.; Tosato, M.; Santoro, L.; Di Giorgio, A.; Nesci, A.; Sisto, A.; Santoliquido, A.;
et al. Exercise and Protein Intake: A Synergistic Approach against Sarcopenia. Biomed. Res. Int. 2017, 2017, 2672435. [CrossRef]

85. Lu, L.; Mao, L.; Feng, Y.; Ainsworth, B.E.; Liu, Y.; Chen, N. Effects of different exercise training modes on muscle strength and
physical performance in older people with sarcopenia: A systematic review and meta-analysis. BMC Geriatr. 2021, 21, 708.
[CrossRef]

86. Robinson, S.M.; Reginster, J.Y.; Rizzoli, R.; Shaw, S.C.; Kanis, J.A.; Bautmans, I.; Bischoff-Ferrari, H.; Bruyere, O.; Cesari, M.;
Dawson-Hughes, B.; et al. Does nutrition play a role in the prevention and management of sarcopenia? Clin. Nutr. 2018, 37,
1121–1132. [CrossRef]

87. Borack, M.S.; Volpi, E. Efficacy and Safety of Leucine Supplementation in the Elderly. J. Nutr. 2016, 146, 2625s–2629s. [CrossRef]
88. Wilson, J.M.; Fitschen, P.J.; Campbell, B.; Wilson, G.J.; Zanchi, N.; Taylor, L.; Wilborn, C.; Kalman, D.S.; Stout, J.R.; Hoffman, J.R.;

et al. International Society of Sports Nutrition Position Stand: Beta-hydroxy-beta-methylbutyrate (HMB). J. Int. Soc. Sports Nutr.
2013, 10, 6. [CrossRef]

89. Oktaviana, J.; Zanker, J.; Vogrin, S.; Duque, G. The Effect of -Hydroxy–Methylbutyrate (HMB) on Sarcopenia and Functional
Frailty in Older Persons: A Systematic Review. J. Nutr. Health Aging 2019, 23, 145–150. [CrossRef]

90. Kim, J.W.; Kim, R.; Choi, H.; Lee, S.J.; Bae, G.U. Understanding of sarcopenia: From definition to therapeutic strategies. Arch.
Pharm Res. 2021, 44, 876–889. [CrossRef]

91. Rosenberg, I.H. Summary comments. Am. J. Clin. Nutr. 1989, 50, 1231–1233. [CrossRef]
92. Baumgartner, R.N.; Koehler, K.M.; Gallagher, D.; Romero, L.; Heymsfield, S.B.; Ross, R.R.; Garry, P.J.; Lindeman, R.D. Epidemiol-

ogy of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 1998, 147, 755–763. [CrossRef] [PubMed]
93. Rosenberg, I.H. Sarcopenia: Origins and clinical relevance. J. Nutr. 1997, 127, 990S–991S. [CrossRef] [PubMed]

http://doi.org/10.1093/ndt/gfv133
http://doi.org/10.1186/s13098-018-0326-5
http://www.ncbi.nlm.nih.gov/pubmed/29632617
http://doi.org/10.2147/DMSO.S186600
http://doi.org/10.1200/JCO.21.00102
http://doi.org/10.1002/cam4.3428
http://www.ncbi.nlm.nih.gov/pubmed/32924316
http://doi.org/10.1093/annonc/mdx271
http://www.ncbi.nlm.nih.gov/pubmed/28911059
http://doi.org/10.3390/ijms11041509
http://www.ncbi.nlm.nih.gov/pubmed/20480032
http://doi.org/10.1100/tsw.2010.27
http://doi.org/10.14336/AD.2021.0427
http://doi.org/10.1016/j.arr.2009.05.003
http://doi.org/10.1096/fj.201800973R
http://doi.org/10.7150/thno.43577
http://www.ncbi.nlm.nih.gov/pubmed/32483463
http://doi.org/10.1080/14712598.2020.1793953
http://www.ncbi.nlm.nih.gov/pubmed/32643444
http://doi.org/10.1186/s13287-022-02706-5
http://www.ncbi.nlm.nih.gov/pubmed/35073997
http://doi.org/10.1155/2017/2672435
http://doi.org/10.1186/s12877-021-02642-8
http://doi.org/10.1016/j.clnu.2017.08.016
http://doi.org/10.3945/jn.116.230771
http://doi.org/10.1186/1550-2783-10-6
http://doi.org/10.1007/s12603-018-1153-y
http://doi.org/10.1007/s12272-021-01349-z
http://doi.org/10.1093/ajcn/50.5.1231
http://doi.org/10.1093/oxfordjournals.aje.a009520
http://www.ncbi.nlm.nih.gov/pubmed/9554417
http://doi.org/10.1093/jn/127.5.990S
http://www.ncbi.nlm.nih.gov/pubmed/9164280

	Introduction 
	Materials and Methods 
	Database Selection 
	Search Strategy 
	Data Standardization 
	Bibliometric Analysis 
	Statistical Analysis 

	Results 
	Descriptive and Co-Occurrence Analysis 
	Documents Co-Citation Analysis 

	Discussion 
	General Knowledge Structure in Sarcopenia Research 
	Main Research Domains in Sarcopenia Research 
	Definition and Diagnosis 
	Epidemiology 
	Etiology and Pathogenesis 
	Treatment 

	Future Trends 
	Limitations 

	Conclusions 
	References

