Asia Pac J Clin Nutr 2024;33(2):247-271

247

Original Article

Start with muscle mass or muscle strength in diagnosis
and management of sarcopenia? A systematic review of

guidance documents

Yu Zhang MD', Jia-yu Guo mp', Fang Wang mMp, Chun-wei Li PhD, Kang Yu MD

Department of Clinical Nutrition, Peking Union Medical College Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing, China

Background and Obijectives: Sarcopenia has garnered extensive attention in clinical practice since its high
prevalence and significant impact on clinical outcomes. Multiple organizations have published guidance docu-
ments on sarcopenia, offering evidence-based recommendations for clinical practice and/or research. We aimed
to appraise the methodological quality of the included documents and synthesize available recommendations for
the screening, diagnosis, and intervention of sarcopenia. Methods and Study Design: We conducted a search
on PubMed, Embase, Scopus, Cochrane Library, China National Knowledge Infrastructure, guideline database,
and guideline organizations and professional societies websites for clinical practices, consensus statements and
position papers in terms of sarcopenia, muscle atrophy or muscle loss published before April 17, 2023. The
AGREE Il instrument was used by three independent reviewers to assess the methodological quality of these
documents. Results: Thirty-six guidance documents published between 2010 and 2023 were included. Seven
documents fulfilled > 50% of all the AGREE II domains. Seven underwent a Delphi process and six graded the
strength of the recommendations. The process of screening (n=21), early diagnosis of sarcopenia (n=12), diag-
nosis of sarcopenia and severe sarcopenia (n=10), and management (n=21) were increasingly recommended.
SARC-F (n=14) was the most recommended screening tool, and the assessment of muscle function was consid-
ered the first step in diagnosing sarcopenia. The management strategy for both age-related and disease-related
sarcopenia mainly focused on exercise and nutrition intervention. Conclusions: The guidance documents have
provided referential recommendations that have great guiding significance. But the inconsistency in recommen-

dations and variation in methodological rigour suggests that high-quality evidence is lacking yet.
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INTRODUCTION

Sarcopenia was recognized as a disease entity with an
ICD-10-CM (M62.84) code in 2016, significant strides
have been made in this field over these years. It is recog-
nized that sarcopenia is a progressive and generalized
skeletal muscle disorder characterized by loss of muscle
strength, muscle mass and /or low physical perfor-
mance.>? Sarcopenia caused by aging itself rather than
other causes can be considered primary or age-related,
while specific medical conditions such as malnutrition,
lack of physical activity, chronic obstructive pulmonary
disease, diabetes, and neuro-degenerative can be the
cause of secondary or disease-related sarcopenia.*>® A
systematic review and meta-analysis including 151 stud-
ies from all over the world estimated that the prevalence
of sarcopenia ranged from 10% to 27% using different
diagnostic criteria including Consensus of Asian Working
Group for Sarcopenia in 2014 (AWGS), Consensus of
International Working Group on Sarcopenia (IWGS),
consensus of Foundation for the National Institutes of
Health Biomarkers Consortium Sarcopenia Project
(FNIH), and muscle mass with different cut-off points.’
Both age-related and disease-related sarcopenia are
strongly associated with short-term and long-term clini-

cally relevant adverse outcomes including poor quality of
life,® higher cardiovascular disease risk,® falls and frac-
tures,’ and higher mortality.'* Sarcopenia foists a signifi-
cant but changeable economic burden on individuals and
governments. Although data on sarcopenia-related costs
worldwide are absent, a study reported that the total cost
of hospitalization for sarcopenia patients was 40.4 billion
dollars in the United States from 1999 to 2004, which was
estimated using the Healthcare Cost and Utilization Pro-
ject-National Inpatient Sample (HCUP-NIS, 2014) da-
taset and cost-to-charge ratios provided by Agency for
Healthcare Research and Quality.?
To date, sarcopenia is not recognized sufficiently as a
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preventable and treatable disease across healthcare set-
tings by clinicians, although it has come of age to a cer-
tain extent with an ICD-10-CM code, relatively complete
case finding tools, diagnostic approach, and effective
treatment. Studies indicated that assessment of sarcopenia
remains inadequate by dietitians and other professionals,
which may be owing to a lack of education and training,
inadequate resources and support for healthcare profes-
sionals, insufficient patient awareness and medical behav-
ior, and most importantly, the absence of a unified diag-
nostic and management approach and may result in the
vicious cycle of muscle disorder and inflammation, dete-
riorated function, and decreased quality of life.'®** Hence,
high quality guidance documents that meet several stand-
ards such as the rigorous process of systematic review, a
multidisciplinary development group, and a formal devel-
opment process are needed to be developed and applied.™

In recent years, there have been plenty of guidance
documents published among countries and regions target-
ing different populations and issues on sarcopenia. How-
ever, inconsistencies still exist between the documents
due to differences in the evidence referenced, the differ-
ent professional groups, and the chosen main indicator of
diagnosis. The focus and strategy of diagnosis and treat-
ment may vary across different documents. For instance,
some documents prioritize the assessment of muscle
mass, while others focus on muscle function, additionally,
there are differences in assessment tools and cut-off val-
ues. Regarding the management strategy, some docu-
ments recommended that exercise needs to be combined
with nutrition,'6178 while others considered it unneces-
sary.!® Although the unanimous view is that protein sup-
plementation is required, the dosage of supplementation
is different. And there is no unified formulation scheme
for exercise intervention. These inconsistencies in diag-
nosis and management may lead to increased confusion in
clinical practice.

Thus, the purpose of our study is to collect and summa-
rize guidance documents on sarcopenia to appraise their
quality, as well as to synthesize their content and con-
sistency. This work may promote the application of sar-
copenia diagnosis and management, as well as call for
more related research in the future.

METHODS

Inclusion and exclusion criteria

We included the documents that meet the following crite-
ria: 1) guidance documents of sarcopenia, 2) guidance
documents with specific recommendations for screening,
diagnosis, and management of sarcopenia. For the discard
of articles, the following criteria were considered: 1) arti-
cles are not guidance documents, 2) documents are not
designed for or relevant to screening, diagnosis, and man-
agement of sarcopenia, 3) documents do not contain
pragmatical recommendations that are specific and can
guide the clinical practice, 4) articles are unpublished
draft, abstracts, protocols, editorial comments or personal
opinions, 5) documents are not developed by sarcopenia
related professional associations, institutes, societies, or
communities.

Search methods

We gathered literature from the inception date to April
17, 2023 by conducting a systematic search in PubMed,
Embase, Scopus, Cochrane Library, and China National
Knowledge Infrastructure without language restriction.
We primarily utilize translation software to comprehend
the overall content of articles in languages other than
English and Chinese, and engage in discussions with in-
dividuals who have expertise in the respective languages.
The selection of search terms is initially derived from the
mesh vocabulary, subsequently, we have compiled the
key phrases from a variety of guiding document titles,
and lastly, we have consulted other pertinent literature.
Search terms consist of “sarcopenia”, “muscle atrophy”,
“muscle loss”, “screen”, *“diagnose”, “intervention”,
“treatment” *“guideline”, ‘“consensus”, “position state-
ment”, “recommendation”, “statement”, and “working
group”. We also searched guideline databases, and guide-
line organizations and professional societies websites
using the term “sarcopenia”, relevant reviews and all ref-
erences were screened as well. The full search strategies
along with guideline databases are listed in Supplemental
Table 1.

Two reviewers (ZY and GJY) independently screened
titles, abstracts, and full texts of all searched documents
and decided on documents to be included based on inclu-
sion and exclusion criteria, and inconsistencies were dis-
cussed with the third reviewer (W.F.). All searched arti-
cles were imported into and screened in EndNote (Ver-
sion X9.1) reference manager software.

Data extraction

Reviewer ZY extracted data from documents including
basic characteristics (e.g., development group, year, coun-
try/region, development process), scope and purpose
(e.g., target population, target user, target condition), and
recommendation statements for definition, diagnosis, as-
sessment, and management of sarcopenia. The data ex-
tracted were checked by reviewer GJY, and any discrep-
ancies were addressed through consultation.

Appraisal of the quality of documents

Three reviewers (ZY, GJY, and WF) independently as-
sessed the quality of eligible guidance documents using
the Appraisal of Guidelines for Research and Evaluation
Il (AGREE 1) instrument,?® which consists of 23 items
rated on a seven-point scale from strongly disagree to
strongly agree and was divided into 6 domains: scope and
purpose, stakeholder involvement, rigour of development,
clarity of presentation, applicability and editorial inde-
pendence. All three reviewers had an AGREE |1 training
and discussion on the scoring criteria before appraising
based on the User’s Manual (www.cmaj.ca/cgi/content/
full/cmaj.090449/DC1).

The domain scores were calculated using the formula
provided by the AGREE Il User’s Manual and the median
and interquartile range (IQR) were calculated for each
domain. The analysis process was done in SPSS 26.0
software.
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RESULTS

Search results and the characteristics of guidance doc-
uments

The report of the systematic review was formed using
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). We retrieved 6933 articles
through database searching and a further 12 through
hand-searching. We screened titles and abstracts of 3982
articles after de-duplication and full-texts of 59 articles
after the former screening. Ultimately, we identified 36
documents (Figure 1).

Table 1 shows the general characteristics of the includ-
ed guidance documents. Thirty were documents relating
to diagnosis, including 23 documents
2,3,4,16,17,18,19,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36 fOCUSEd on
age-related sarcopenia and 7 on disease-related sarcope-
nia.37.38.39.40.41.4243 Management was addressed in 21 doc-
uments 16,17,18,19,27,28,29,31,32,33,38,40,41,42,43,44,45,46 47 48,49 Wlth 5
documents centered on disease-related  sarcope-
nia.%8:40414243 The documents were published between
2010 and 2023 by 7 international groups and 29 national
regional working groups or organizations from Europe,
Asia, Oceania, and America covering patients of middle
and high-income countries.

Only 6 documents?6:28:32375051 clearly reported a sys-
tematic literature review as part of the development pro-
cess. Moreover, there were only 4 documents!®24323° that
gathered views and preferences from patients. Seven doc-
uments reported that consensus was achieved via Delphi

or modified Delphi process.16172531323445 Only 6 docu-
ments?6:31.32.434548 rated the evidence and/or strength of
the recommendations, and only 4 of them provided rating
criteria,16:31.32:48

Appraisal of guidance documents

Figure 2 shows the AGREE Il domain scores for each
document (details are presented in Supplemental Table
2). The quality of documents assessed by the AGREE II
tool was mixed, and the scores varied vastly among doc-
uments as well as domains. Based on a systematic review,
a cut-off value of 50% was frequently applied to differen-
tiate between high- and low-quality guidelines.>? In this
study, only 4 documents attained scores >50% for all of
the domains, and 20 documents attained scores of >50%
for rigour of development which is considered the most
important domain.% The domain with the highest score
was clarity of presentation, with a median score of 80%
(IQR 17%). The domain with the lowest score was ap-
plicability, with a median score of 40% (IQR 30%). The
lower score of stakeholder involvement was mainly at-
tributed to the absence of views and preferences from the
target population. In the majority of the included docu-
ments, the search strategy of the literature used was often
unclear, as were the inclusion and exclusion criteria, the
evidence evaluation, the development process, and the
updating procedure, consequently, the scores in rigour of
development were inferior. Subsequently, the facilitators
and barriers to application, advice and/or tools on rec-
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Figure 1. Flow diagram of the identification process for guidance document
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Table 1. Characteristics of 36 available sarcopenia guidance documents

First author, Country Developer Target Population Target Users Delphi Evidence Base Evidence Recom- Screening
Year / Region level mendation
level
Age-related
Muscaritoli, 2010%  Europe SIG People with sarcopenia  Health profes- NS
sionals and care
givers
Cruz-Jentoft, Europe EWGSOP Older people with age- NS Literature re- Gait speed
2010* related sarcopenia views
Morley, 2010% International SCWD People with sarcopenia NS + Systematic liter-
ature review
Fielding, 201122 International IWGS People with sarcopenia NS NS Gait speed
Studenski, 20142  America FNIH Older adults NS Selected studies Grip strength
Chen, 2014* Asia AWGS Community-dwelling NS Best available Gait speed, grip
older people with sar- evidence strength
copenia
lolascon, 2014%" Italy OrtoMed Older people with NS NS
sarcopenia
Shi, 2015*7 China Chinese Society of Nutri-  Older people with NS NS
tional Oncology sarcopenia
Sun, 2015 China The Elderly Nutrition People with sarcopenia  Health profes- Best available +
Branch of the Chinese sionals and ordi- evidence
Nutrition Society, the nary residents
Clinical Nutrition Branch
of the Chinese Nutrition
Society, Elderly Nutrition
Support Group, Parenter-
al and Enteral Nutrition
Branch, Chinese Medical
Association
Liao, 2016% China Sarcopenia Consensus Older people with NS NS Gait speed
Editing Group sarcopenia
Beaudart, 2016%° Europe ESCEO People with sarcopenia NS Literature re- SARC-F, SMI

views

method, Red Flag
method, different
prediction equa-
tions

SIG: Special Interest Groups, EWGSOP: European Working Group on Sarcopenia in Older People, SCWD: Society of Sarcopenia, Cachexia and Wasting Disorders, IWGS: International Working Group on Sarcopenia, FNIH: Foundation for the National Insti-
tutes of Health Biomarkers Consortium Sarcopenia Project, AWGS: Asian Working Group for Sarcopenia, OrtoMed: The Italian Society of Orthopaedics and Medicine, ESCEO: Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis,
SMI: skeletal muscle index, ICFSR: International Conference on Sarcopenia and Frailty Research, ANZSSFR: Australian and New Zealand Society for Sarcopenia and Frailty Research, CC: Calf Circumference, SDOC: Sarcopenia Definition and Outcomes
Consortium, SWAG-SARCO: South Asian Working Action Group on SARCOpenia, KWGS: Korean Working Group on Sarcopenia, JSH: Japan Society of Hepatology, COSA: Clinical Oncology Society of Australia, AASLD: American Association for the
Study of Liver Diseases, NS: Not stated. CC: Calf Circumference.
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Table 1. Characteristics of 36 available sarcopenia guidance documents (cont.)

First author, Country Developer Target Population Target Users Delphi Evidence Base Evidence Recom- Screening
Year / Region level mendation
level
Age-related
Cruz-Jentoft, Europe EWGSOP Older people with sar- Scientific and Literature SARC-F
20182 copenia clinical evi- searches
dence
Akishita, 2018%¢  Japan Japanese Associationon  People with sarcopenia NS Systematic re- Yubi-Wakka test
Sarcopenia and Frailty (primary and second- view
ary)
Dent, 2018% International ICFSR Older adults with sar- Cliniciansand  + Systematic re- + + Gait speed,
copenia allied health view SARC-F
professionals
Zanker, 2019% Australia and ANZSSFR People with sarcopenia ~ Cliniciansand ~ + Agreement SARC-F
New Zealand researchers
Landi, 2018* International ICFSR People with sarcopenia NS NS
Arai, 2018%° Japan Japanese Association on People with sarcopenia NS Systematic re- + +
Sarcopenia and Frailty view
Chen, 20192 Asia AWGS Older people with sar- NS Expert SARC-F, SARC-
copenia knowledge and CalF, CC
research evi-
dence
Bauer, 20198 International SCWD People with sarcopenia NS NS SARC-F
(primary and second-
ary)
Yang, 2019 China Geriatrics Branch Chi- Older people with sar- Medical staff Review
nese Medical Association  copenia engaged in
geriatrics
Bhasin, 2020% International SDOC People with sarcopenia NS Literature re-
view and
SDOC’s anal-
yses of 20 stud-
ies
Chew, 20217 Singapore multidisciplinary work- Older adults (muscle Healthcare + In-depth litera- SARC-F
ing group health) Professionals ture review

SIG: Special Interest Groups, EWGSOP: European Working Group on Sarcopenia in Older People, SCWD: Society of Sarcopenia, Cachexia and Wasting Disorders, IWGS: International Working Group on Sarco-
penia, FNIH: Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS: Asian Working Group for Sarcopenia, OrtoMed: The Italian Society of Orthopaedics and Medicine,
ESCEOQ: Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis, SMI: skeletal muscle index, ICFSR: International Conference on Sarcopenia and Frailty Research, ANZSSFR: Australian and
New Zealand Society for Sarcopenia and Frailty Research, CC: Calf Circumference, SDOC: Sarcopenia Definition and Outcomes Consortium, SWAG-SARCO: South Asian Working Action Group on SARCOpe-
nia, KWGS: Korean Working Group on Sarcopenia, JSH: Japan Society of Hepatology, COSA: Clinical Oncology Society of Australia, AASLD: American Association for the Study of Liver Diseases, NS: Not
stated. CC: Calf Circumference.
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Table 1. Characteristics of 36 available sarcopenia guidance documents (cont.)

First author, Country Developer Target Population Target Users Evidence Base Evidence Recom- Screening
Year / Region level mendation
level
Age-related
Liu, 202178 China Editorial Committee of Older people with sar- Geriatrician NS SARC-CalF
Chinese Journal of Geri-  copenia
atrics, Geriatrics Branch,
Chinese Medical Associ-
ation
Dhar, 20223 South Asia SWAG-SARC People with sarcopenia NS Latest available clinical suspicion
evidence +CC, SARC-F,
SARC-CalF
Lim, 20223 Singapore Clinical Practice Guide- Community-dwelling Clinicians and Literature re- + + SARC-F, SARC-
lines workgroup con- older adult allied health view CalF, CC
vened by the Chapter professionals
of Geriatricians and the
Society for Geriatric
Medicine Singapore.
Daly, 2022% Australia and ANZSSFR Hospitalized Older Clinicians Narrative review
New Zealand Adults and healthcare
professionals
Huang, 2022% China Expert Consensus Com-  People with sarcopenia-  Medical and NS SARC-F, SARC-
mittee on Osteoporosis 0steoporosis scientific re- CalF, CC, Ishii
and Osteoporosis under search institu-
the China Health Promo- tions
tion Foundation
Zanker, 2023% Australia and ANZSSFR Adults aged >55 years Health profes- Systematic re- + SARC-F, Clinical
New Zealand and/or with medical co-  sionals and view suspicion
morbidities researchers
Baek, 202334 Korea KWGS Korean community- NS NS SARC-F, CC,
dwelling older Finger ring test,
adults CST, HGGS,
GS, TUG

SIG: Special Interest Groups, EWGSOP: European Working Group on Sarcopenia in Older People, SCWD: Society of Sarcopenia, Cachexia and Wasting Disorders, IWGS: International Working Group on Sarco-
penia, FNIH: Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS: Asian Working Group for Sarcopenia, OrtoMed: The Italian Society of Orthopaedics and Medicine,
ESCEOQ: Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis, SMI: skeletal muscle index, ICFSR: International Conference on Sarcopenia and Frailty Research, ANZSSFR: Australian and
New Zealand Society for Sarcopenia and Frailty Research, CC: Calf Circumference, SDOC: Sarcopenia Definition and Outcomes Consortium, SWAG-SARCO: South Asian Working Action Group on SARCOpe-
nia, KWGS: Korean Working Group on Sarcopenia, JSH: Japan Society of Hepatology, COSA: Clinical Oncology Society of Australia, AASLD: American Association for the Study of Liver Diseases, NS: Not

stated. CC: Calf Circumference.
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Table 1. Characteristics of 36 available sarcopenia guidance documents (cont.)

First author, Country Developer Target Population Target Users Delphi Evidence Base Evidence Recom- Screening
Year / Region level mendation
level
Disease-related
Morley, 2011% International SCWD Sarcopenia (older peo- NS Consensus con-
ple) With Limited Mo- ference
bility
Nishikawa, Japan JSH Liver disease patients NS Review
2016%° with sarcopenia
Carey, 20194 North American  North American Working  Patients with cirrhosis NS Medical litera-
Group on Sarcopenia in ture
Liver Transplantation
Kiss, 20203 Australia COSA Patients with cancer- Health profes- Literature re- SARC-F, SARC-
related malnutrition and  sionals and view F+CC
sarcopenia health services
Lai, 202140 America AASLD Cirrhosis Patients with Clinicians Formal review
Sarcopenia and analysis of
the literature
Nagano, 20212 Japan Japanese Working Group  People with respiratory NS Narrative review
of Respiratory Sarcope- decline and sarcopenia
nia of the Japanese Asso-
ciation of Rehabilitation
Nutrition
Shi, 20224 China Chinese Society of Nutri-  Cancer-related sarcope-  Clinical medi- Systematic re- + + SARC-F, SARC-
tional Oncology nia patients cal staff view and con- CalF, CC
Sensus

SIG: Special Interest Groups, EWGSOP: European Working Group on Sarcopenia in Older People, SCWD: Society of Sarcopenia, Cachexia and Wasting Disorders, IWGS: International Working Group on Sarco-
penia, FNIH: Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS: Asian Working Group for Sarcopenia, OrtoMed: The Italian Society of Orthopaedics and Medicine,
ESCEOQ: Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis, SMI: skeletal muscle index, ICFSR: International Conference on Sarcopenia and Frailty Research, ANZSSFR: Australian and
New Zealand Society for Sarcopenia and Frailty Research, CC: Calf Circumference, SDOC: Sarcopenia Definition and Outcomes Consortium, SWAG-SARCO: South Asian Working Action Group on SARCOpe-
nia, KWGS: Korean Working Group on Sarcopenia, JSH: Japan Society of Hepatology, COSA: Clinical Oncology Society of Australia, AASLD: American Association for the Study of Liver Diseases, NS: Not
stated. CC: Calf Circumference.
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ommendations practice, potential resource implications,
and the monitoring and/or auditing criteria were all not
presented well, making domain 5 a lower score.

Screening for sarcopenia

Screening to identify potential sarcopenia high-risk
population is of great significance. Routine screening for
sarcopenia in community-dwelling older adults was rec-
ommended by numerous documents. Furthermore, sarco-
penia screening was also recommended in the following
situations: 1) functional decline or impairment and de-
cline in strength and “health” status which may indicate
the loss of muscle mass and function, 2) unintentional
body weight loss (>5% in a month) because muscle loss
is an important component of weight loss, 3) depressive
mood or cognitive impairment which is highly associated
with sarcopenia, 4) repeated falls which has a close rela-
tionship with sarcopenia and mutually influences and
promotes each other, 5) malnutrition which is an im-
portant cause of sarcopenia, 6) post-hospitalization which
may lead to changes in lifestyle and prolonged bedrest
and result in promote muscle loss, and 7) chronic condi-
tions which is one of the etiologies of sarcopenia.?62!
Only 3 documents clearly stated that the elderly should be
screened for sarcopenia annually or after major health
diseases. 16:17:%2

By now, several screening tools for sarcopenia have
been developed (Table 1). SARC-F full life questionnaire
is the most widely used tool and was recommended as a
formal tool by 14 guidance docu-
mentSZ,3,16,17,18,19,25,30,31,32,34,35,38,43 with a cut-off value >4.
With a cut-off value >11, SARC-CalF was recommended
by 7 documents.>283031.353843 “yyhj-Wakka” test recom-
mended by the Japanese Association on Sarcopenia and
Frailty (JASF) and Korean Working Group on Sarcopenia
(KWGS) %63 was also alluded to in AWGS2019 as an
effective alternative.? Ishii screening test was recom-
mended by Chinese experts®® and involved in the Europe-
an Working Group on Sarcopenia in Older People in 2018
(EWGSOP2)? as an alternative screening test to be used
in clinical practice. It was likewise mentioned by the oth-
er 2 documents but was not recommended given that the
test contains the measure of muscle strength namely grip
strength and lacks validation in independent cohorts, re-
spectively.1819

Before screening-specific tools were developed, gait
speed, grip strength, and calf circumference (CC) were
also commonly used for screening, and some are still rec-
ommended now.%% In addition, suspicion of clinicians
based on the clinical conditions could be considered as
screening as well in health care or clinical research set-
tings.23:2834

It is noteworthy that a document regarding hospitalized
patients suggested that there are currently no suitable
screening tools for this population, and it is recommended
to conduct an assessment directly.

Diagnosis of sarcopenia
Age-related sarcopenia
Eighteen documents covered the diagnosis of age-related
sarcopenia, and key issues addressed included the ap-

proach and threshold for diagnosis, severity determina-
tion, and measurement tools selection.

The diagnostic approach consists of 3 parameters mus-
cle mass, muscle strength, and physical performance, and
different combinations and sequences of these parameters
were recommended by different documents (Table 2).

Table 3 shows the methods and corresponding cut-off
values for muscle mass, muscle strength, and physical
performance respectively. Muscle mass can be measured
directly or indirectly by imaging methods or bioimped-
ance analysis and anthropometric measurements respec-
tively. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) were recommended and even
deemed to be gold standards for assessing muscle mass in
8 documents,3#162527.30.4043 bt were not recommended as
routine measurements. Dual-energy X-ray absorptiometry
(DXA) was recommended as the preferred alternative
method for measuring muscle mass in 20 docu-
ments,2'3'4’16'17'18’19'21'22'23'25'26'27'28'29'30'31'32’34'35 and even as
the gold standard by a Chinese working group.? Howev-
er, the Sarcopenia Definition and Outcomes Consortium
(SDOC) did not consider DXA as the measurement
method of lean mass®. Bioelectrical impedance analysis
(BIA) was recommended as a portable alternative method
to DXA in 16 documents.2'3'4'17'19'21'23’25’26’27’28’29’30’32'34'35
CC was recommended by the Singapore multidisciplinary
working group and Australian and New Zealand Society
for Sarcopenia and Frailty Research Expert Working
Group (ANZSSFR) as a surrogate in patients without
edema, obesity and risk of sarcopenic obesity.'® And it
was explicitly deprecated by EWGSOP, but was men-
tioned that it could be used in the settings when no other
method was available in EWGSOP2. Other anthropomet-
ric measures including mid-upper arm circumference,
skin fold thickness, total or partial body potassium per
fat-free soft tissue, and creatine dilution test were not
recommended by any documents.

Muscle strength can be measured through grip strength
measuring, knee flexion/extension strength measuring,
and chair stand test. Grip strength was recommended pre-
dominantly by 20 documents followed by a 5-time chair
stand test by 7 documents as a substitution. Knee flex-
ion/extension could be utilized in research settings rec-
ommended by 3 documents.*2:30

There are numerous methods to measure the level of
physical performance including gait speed (4-m/6-m), the
Short Physical Performance Battery (SPPB), Timed Up
and Go test (TUG), 5-time chair stand test, 400 m walk
test, and Stair Climb Power Test (SCPT). Most docu-
ments recommended (usual) gait speed of 4 meters or 6
meters as a measure of physical perfor-
mance_2,3,4,16,17,19,21,22,24,26,27,28,29,30,31,32,34,35,43 SPPB was
recommended by 12 documents,?341927.2830,31,32.343543 gnq
was recommended as a standard measurement both for
research and clinical practice by EWGSOP. TUG was
recommended by 6 documents.32830323443 SCPT and 400
m walk test were recommended by EWGSOP in 2010 and
2018 respectively.

Organizations and working groups provided different
cut-off values based on evidence. Only 5 documents pub-
lished original diagnostic cut-off values for low muscle
mass.>3212223 The cut-off values recommended to con-
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Table 2. Diagnosis approaches of sarcopenia

Documents

Sarcopenia

Prophase of sarcopenia

Severe sarcopenia

Age-related sarcopenia
Cruz-Jentoft, 2010*

Muscaritoli, 20103%¢
Fielding, 201122
Studenski, 201423
Chen, 2014%
lolascon, 201427
Liao, 2016%°
Cruz-Jentoft, 2018°

Akishita, 2018%
Dent, 201816
Zanker, 2019%
Chen, 20192

Bauer, 201918
Liu, 202128
Dhar, 202230

Lim, 20223
Huang, 2022%

Zanker, 2023%
Baek, 20233

Disease-related sarcopenia

Morley, 2011%
Nishikawa 2016%°
Carey, 2019%
Kiss, 20203
Nagano, 2021%
Lai, 202140

Shi, 20224

Low muscle mass + low muscle strength / Low physical performance

Low muscle mass + Low physical performance

Low physical performance+ Low muscle mass

Weakness\Low lean mass

Low muscle strength / Low physical performance+ Low muscle mass
Low muscle mass + Low muscle strength / Low physical performance
Low muscle strength / Low physical performance+ Low muscle mass
Low muscle strength + Low muscle mass

Low muscle strength / Low physical performance+ Low muscle mass
EWGSOPYFNIHZ/IWGS?Y AWGS?

EWGSOP*

Low muscle strength / Low physical performance+ Low muscle mass

Low muscle strength + Low muscle mass
AWGS20192

Low muscle mass + Low muscle strength /Low muscle mass + Low phys-

ical performance/ Low muscle strength + Low physical performance
AWGS20192
Low muscle mass + Low muscle strength / Low physical performance

EWGSOP=
Low muscle mass + Low muscle strength / Low physical performance

Low muscle mass

Low muscle strength + Low muscle mass

Low muscle mass

EWGSOPYFNIH?3/EWGSOP%

EWGSOPZ/AWGS2019?

Low muscle mass

Low muscle strength / Low physical performance+ Low muscle mass

Presarcopenia: low muscle mass

Probable sarcopenia: low muscle strength

Possible sarcopenia: low muscle strength /
low physical performance

Suspected sarcopenia: short CC/SARC-
F>4+low grip strength/low physical perfor-
mance

Functional sarcopenia: low muscle strength +
low physical performance

Presarcopenia: low muscle strength

Low muscle strength + Low muscle mass+
Low physical performance

low muscle strength + low muscle mass+
Low physical performance

low muscle strength + low muscle mass+
Low physical performance

low muscle strength + low muscle mass+
Low physical performance

low muscle strength + low muscle mass+
Low physical performance

low muscle strength + low muscle mass+
Low physical performance

EWGSOP: Consensus of European Working Group on Sarcopenia in Older People in 2010, FNIH: Consensus of Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, IWGS:
Consensus of International Working Group on Sarcopenia, AWGS: Consensus of Asian Working Group for Sarcopenia in 2014, AWGS2019: Consensus of Asian Working Group for Sarcopenia in 2019, CC: Calf
Circumference, EWGSOP2: Consensus of European Working Group on Sarcopenia in Older People in 2018.
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Table 3. Diagnostic methods and cut-off points values of sarcopenia

Documents Muscle mass Cut-off values Muscle strength Cut-off values Physical performance Cut-off values
Age-related sarcopenia
Cruz-Jentoft, 2010*
CT HGS SPPB
MRI Knee flexion/extension Usual GS(6m)
DXA TUG
BIA SCPT
Fielding, 201122
DXA M/F: 7.23/5.63 kg/m? GS(4m) 1m/s
Studenski, 2014%
DXA M/F: 19.75/15.02 kg HGSMAX M/F: 26/16 kg
BIA M/F(BMI): 0.789/0.512 HGS(BMI) M/F: 1.0/0.56
Chen, 2014*
DXA M/F: 7.0/5.4 kg/m? HGS M/F: 26/18 kg GS(6m) 0.8m/s
BIA M/F:7.0/5.7 kg/m?
lolascon, 20147
CT M/F: 7.23/5.67 kg/m? HGS SPPB
MRI Leg extension TUG
DXA GS
BIA
Beaudart, 2016'°
DXA EWGSOP4FNIH?3 HGS GS (4m) 0.8m/s
Anthropometric Lower limb muscle strength TUG
measurements
CT CST Balance test
MRI 6-min walk test
BIA 400 m walk test
Liao, 2016%
DXA 2SD lower than the peak value of HGS M/F: 25/18 kg GS 0.8m/s
reference young healthy people
MRI
CT
BIA

HGS: Handgrip Strength, GS: Gait Speed, CC: Calf Circumference, M: male, F: Female, CST:5- time Chair Stands Test TBF: Total body fat, ALM: Arm lean mass, BW: Body weight, AWGS: consensus of Asian
Working Group for Sarcopenia in 2014, EWGSOP: consensus of European Working Group on Sarcopenia in Older People in 2010, MAC: mid-arm circumference, USG-M, skeletal muscle ultrasound, MAMC: mid-
arm muscular circumference, FNIH: consensus of Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS2019: consensus of Asian Working Group for Sarcopenia in
2019, EWGSOP2: consensus of European Working Group on Sarcopenia in Older People in 2018.
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Table 3. Diagnostic methods and cut-off points values of sarcopenia (cont.)

Documents Muscle mass Cut-off values Muscle strength Cut-off values Physical performance Cut-off values
Age-related sarcopenia
Cruz-Jentoft, 2018°

MRI ASM: M/F:20/15 kg HGS M/F: 27/16 kg GS (4m) 0.8m/s
ASM/height2: M/F:7.0/5.5kg/m?
CT CST 15s SPPB 8point score
DXA TUG 20s
BIA 400 m walk test Non-completion/>6
min
CcC 31lcm
Akishita, 2018%6
AWGS?
Dent, 201816
DXA Diagnosis of Sarcopenia according HGS other documents GS other documents
to International Working Groups
MRI
CT
Zanker, 2019%
EWGSOP*
Chen, 20192
DXA M/F: 7.0/5.4 kg/m? HGS M/F: 28/18 kg 6-metre walk 1.0m/s
BIA M/F: 7.0/5.7 kg/m? CST 12s
Bauer, 20198 SPPB 9
DXA HGS
CST
Bhasin, 2020%
HGS GS(max):M/F:35.5 GS
/20.0kg
GS(BMI):M/F:
1.05/0.79
GS(TBF): M /F:
1.66/0.65
GS (ALM):M/F:
6.1/3.26
GS(BW):M/F:
0.45/0.34
M/F:28/18 kg Usual GS

HGS: Handgrip Strength, GS: Gait Speed, CC: Calf Circumference, M: male, F: Female, CST:5- time Chair Stands Test TBF: Total body fat, ALM: Arm lean mass, BW: Body weight, AWGS: consensus of Asian
Working Group for Sarcopenia in 2014, EWGSOP: consensus of European Working Group on Sarcopenia in Older People in 2010, MAC: mid-arm circumference, USG-M, skeletal muscle ultrasound, MAMC: mid-
arm muscular circumference, FNIH: consensus of Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS2019: consensus of Asian Working Group for Sarcopenia in
2019, EWGSOP2: consensus of European Working Group on Sarcopenia in Older People in 2018.
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Table 3. Diagnostic methods and cut-off points values of sarcopenia (cont.)

Documents Muscle mass Cut-off values Muscle strength Cut-off values

Physical performance

Cut-off values

Age-related sarcopenia
Chew, 20217

BIA M/F: 7.0/5.7 kg/m? HGS
DXA M/F: 7.0/5.4 kg/m? CST 10s
cC M/F: 34/33 cm
Liu, 2021%8
DXA AWGS20192 Knee flexion/extension AWGS20192
BIA AWGS20192 CST
Dhar, 2022%°
cC M/F: 34/33 cm HGS M/F: 27.5/18 kg
MAC Lower limb muscle strength 2.29 (0.5-10.0)
/AWGS*
Thigh/Waist cir-
cumference
BMI
DXA M/F: 7.0/5.7 kg/m?/
BIA
CT
USG-M
Lim, 20223
DXA AWGS20192 HGS AWGS20192
Huang, 2022%
DXA M/F: 7.0/5.4 kg/m HGS M/F:28/18 kg
BIA: M/F:7.0/5.7 kg/m2 CST 12s
Daly, 20223
CC (surrogate) M/F: 34/33 cm
Zanker, 2023°%2
EWGSOP=

CST

GS(6m)
SPPB
TUG
Long distance walking

GS(6m)
Sit-to-stand

CST

SPPB
TUG

CST
Usual GS (6m)
SPPB

GS(6m)
SPPB

1.0m/s
12s

AWGS20192

0.8/0.96 m/s
AWGSZ

10.2s

AWGS20192

1.0m/s

HGS: Handgrip Strength, GS: Gait Speed, CC: Calf Circumference, M: male, F: Female, CST:5- time Chair Stands Test TBF: Total body fat, ALM: Arm lean mass, BW: Body weight, AWGS: consensus of Asian
Working Group for Sarcopenia in 2014, EWGSOP: consensus of European Working Group on Sarcopenia in Older People in 2010, MAC: mid-arm circumference, USG-M, skeletal muscle ultrasound, MAMC: mid-
arm muscular circumference, FNIH: consensus of Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS2019: consensus of Asian Working Group for Sarcopenia in

2019, EWGSOP2: consensus of European Working Group on Sarcopenia in Older People in 2018.
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Table 3. Diagnostic methods and cut-off points values of sarcopenia (cont.)

Documents Muscle mass Cut-off values Muscle strength Cut-off values Physical performance Cut-off values
Age-related sarcopenia
Baek, 20233
DXA M/F: 7.0/5.4 kg/m HGS M/F:28/18 kg SPPB 9
BIA M/F:7.0/5.7 kg/m2 GS(4/6m) 1.0m/s
TUG 12s
CST 10 s (standing position)
11 s (sitting position)
Chair stand (30-sec): M/F: 17/15
400-m walk test: non-completion/ 6 min
Disease-related sarcope-
nia
Morley, 2011%
DXA
MRI
CT
MAMC/Calf circumfer-
ence
Ultrasound
13C-creatine dilution
Nishikawa, 2016%°
CT M/F: 42/38 cm?/m?
BIA M/F:7.0/5.7 kg/m?
Carey, 2019%
CT/MRI SMI:M/F: 50/39 cm?/m?
Kiss, 20203
EWGSOPYFNIHZ/EWGS
OP23
Nagano, 2021%
EWGSOPZ/AWGS2019?
Lai, 20214
CT HGS 6-min walk test / GS(4m)
Shi, 20224
CT M/F: 40.8/34.9 cm?/m? HGS M/F:27/16 kg GS 8m/s
DXA M/F: 7.0/5.4 kg/m? CST 15s SPPB 8
BIA M/F: 7.0/5.7 kg/m? TUG 20s

HGS: Handgrip Strength, GS: Gait Speed, CC: Calf Circumference, M: male, F: Female, CST:5- time Chair Stands Test TBF: Total body fat, ALM: Arm lean mass, BW: Body weight, AWGS: consensus of Asian
Working Group for Sarcopenia in 2014, EWGSOP: consensus of European Working Group on Sarcopenia in Older People in 2010, MAC: mid-arm circumference, USG-M, skeletal muscle ultrasound, MAMC: mid-
arm muscular circumference, FNIH: consensus of Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project, AWGS2019: consensus of Asian Working Group for Sarcopenia in
2019, EWGSOP2: consensus of European Working Group on Sarcopenia in Older People in 2018.
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firm low muscle mass ranged from 7.0 to 7.23kg/m? for
men and 5.4 to 5.7 kg/m? for women or 19.75 to 20 kg for
men and 15 to 15.02 kg for women measured by DXA or
BIA based on different reference population. Only
AWGS and AWGS 2019 provided different cut-off val-
ues for DXA and BIA.

Different cut-off values of grip strength have been of-
fered to characterize low muscle strength, ranging from
16 to 20 kg for women and 26 to 35.5 kg for men. Two
documents?®?* proposed cut-off values adjusted by BMI
and other factors. When using the 5-time chair stand test
to measure muscle strength, the cut-off values suggested
by EWGSOP2, Chinese experts, and the Singapore multi-
disciplinary working group were 15s, 12s, and 10s, re-
spectively.

When gait speed is used to measure physical perfor-
mance, the cut-off values were 0.8m/s recommended by 3
documents,®?*%° 1m/s recommended by 4 docu-
ments,>22,34,35 0.96m/s by 1 document,® and 8 m/s rec-
ommended by 1 documents which was highly suspected
to be a clerical error by the authors.** Documents gave
thresholds of 8/9-point score, 20/10.2s, and non-
completion/6 min for completion for SPPB, TUG, and
400 m walk test, respectively. About the chair stand test,
the recommended threshold were 12s, 10s (standing posi-
tion), 11s (sitting position), as well as 17 times for men
and 15 times for women within 30 seconds.?3

Disease-related sarcopenia

In terms of diagnosing or assessing sarcopenia in the
presence of comorbidities, seven organizations and work-
ing groups developed guidance documents targeting 4
diseases namely sarcopenia with liver disease, sarcopenia
with limited mobility, cancer-related sarcopenia, and res-
piratory sarcopenia,37:38:39:40:41,4243

Three documents on sarcopenia with liver disease, two
of which were respectively specific to cirrhosis and liver
transplantation, recommended assessing sarcopenia via
measuring muscle mass,**! and the other recommended
measuring both muscle strength and muscle mass.®® In
addition, the Japan Society of Hepatology (JSH)* and
North American Working Group on Sarcopenia in Liver
Transplantation*! provided cut-off values of CT-measured
total muscle mass at the third lumbar (L3) vertebra ad-
justed by height squared depending studies in Japan and
North America respectively. The BIA technique was rec-
ommended by JSH as well with the cut-off values pro-
posed by AWGS.

The documents concerning sarcopenia with limited
mobility recommended that sarcopenia was defined as
lean appendicular mass corrected for height squared be-
low 2 SD of the mean value of healthy persons of the
same ethnicity age 20 to 30, and muscle mass was rec-
ommended to be measured by DXA, CT, MRI, ultrasound
but not BIA.

With regard to diagnosing cancer-related sarcopenia,
the Clinical Oncology Society of Australia (COSA) rec-
ommended using the CT-measured SMI (skeletal muscle
area/ height squared at L3) method or methods submitted
by EWGSOP, FNIH, and EWGSOP2. CSNO suggested
using the methods and tools for usual sarcopenia (age-
related sarcopenia).

The Japanese Working Group of Respiratory Sarcope-
nia recommended using methods proposed by EWGSOP2
or AWGS2 to diagnose sarcopenia when diagnosing res-
piratory sarcopenia.

Management of sarcopenia

Table 4 shows the three ways recommended by docu-
ments to manage sarcopenia including nutrition, exercise,
and pharmacotherapy. To start with, it would be essential
to manage sarcopenia in a multidisciplinary team embrac-
ing multi-professional clinicians and healthcare providers
which was highlighted in 2 documents already.*6’

To treat sarcopenia, the combination of nutrition and
exercise was strongly or conditionally recommended by
14 documents.16'17'18'27'28'29'31'32'33'43'45'47'48'49 In addition, the
International Conference on Frailty and Sarcopenia Re-
search Task Force44 concluded that nutrition needs to be
combined with physical activity and pharmacotherapy to
have a profound impact on improving muscle health. On-
ly one document 19 recommended patient-centered man-
agement for sarcopenia involving physical activity (re-
sistance and aerobic exercise) with or without nutrition
intake.

While recommending active nutrition intervention,
documents also emphasized optimizing the structure of
nutrition intake, including adequate protein and energy
intake. And more consumption of proteins rich in essen-
tial amino acids especially leucine was recommended in
some documents.?®45474849 Saven documents provided
specific dose recommendations for protein supplementa-
tion, five of which were 1-1.5g/kg/day*®474% with high-
quality protein >50%*, two was 1.2-1.5g/kg/day,®*? and
at least 1.5g/kg/day if complicated by severe malnutri-
tion.28 In addition, protein intake was recommended to
be distributed throughout the day.?8<74

Recommendations for vitamin D were inconsistent
across documents. Three documents held that existing
evidence was insufficient to support vitamin D interven-
tion in sarcopenia patients.16,18,45 Nevertheless, seven
documents recommended that vitamin D deficiency
should be screened and treated in sarcopenia pa-
tients,17:192931474849 fayr of which!”47484% supported that
the daily intake of vitamin D could be 600-800 IU.

One document provided recommendations on the ap-
plication of oral nutritional supplementation (ONS) in
elderly sarcopenia patients including the selection criteria
of supplements, protein sources, intake methods, the tim-
ing of administration, intolerance treatment, and nutrition
evaluation scenario in the implementation process.46 And
1 document recommended more supplementation of
foods rich in n-3 polyunsaturated fatty acid and antioxi-
dant nutrients.*®

Eleven documents discussed specific types of exercise
of which resistance exercise was the most recommend-
ed,1617.18.19.2728,31,32.334348.49 Gjy documents recommended
resistance exercise combined with other types of exer-
cise, 1927128334849 Detailed exercise modes were recom-
mended in 4 documents.?”47484° Some drugs, such as tes-
tosterone, growth hormone, ghrelin agonist, and anti-
myostatin antibodies were not recommended.*6:18:45

Five documents gave recommendations on the man-
agement of disease-related sarcopenia.®®40414243 Multi-
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Table 4. Management of sarcopenia

First author Year Strategy Nutrition Exercise Pharmacotherapy
Morley, 2010* Exercise + Nutrition 1. Total protein intake: 1 -1.5 g/kg/day 1. Resistance + aerobic exercise 20 to 30 minutes, 3 NA
2. Add leucine-enriched balanced essential amino acid  times a week
mix
3. Measure 25(0OH) vitamin D concentrations, and
supplement it when < 100 nmol/L
lolascon, 20147 Exercise + Nutrition NS 1. Aerobic Exercise: moderate intensity (>30 NA
min/day, >5 days/week)/ vigorous intensity (>20
min/day, 3 days/week)
2. Both multiple- and single-joint exercises (free
weights and machines), with slow-to-moderate
lifting velocity, for 1-3 sets per exercise, with 60-
80% of 1 RM, for 8-12 repetitions, with 1-3 min of
rest among sets, for 2-3 days/week,
3. Both single-and multiple-joint exercises for 1-3
sets per exercise using light to moderate loading
(30-60% of 1 RM) for 6-10 repetitions with high
repetition velocity
Shi, 201547 Exercise + Nutrition 1. Total protein intake: 1 -1.5 g/kg/day 1. Resistance + aerobic exercise 20 to 30 minutes, 3 NA
2. Add leucine-enriched balanced essential amino acid  times a week
mix
3. Measure 25(0OH) vitamin D concentration, and sup-
plement it when < 100 nmol/L
Sun, 2015 Exercise + Nutrition 1.Protein: 1.0-1.5 g/(kg - d), the proportion of high- 1. Moderate to high intensity exercise for 40-60 NA
quality protein>50%, distribute evenly among three min every day with resistance exercise lasting 20-
meals 30 minutes and > 3 days per week
2. ADMR for EPA+DHA is 0.25-2.00 g/d
3. Measurement and treatment of vitamin D deficiency,
the recommended dose is 600 ~ 8001U/d (Vitamin D2
or vitamin D3)
4. Encourage an increase in the intake of foods or die-
tary supplements rich in antioxidant nutrients
5. Supplementing nutritional supplements twice a day
between meals or after exercise, consuming 15-20 g of
protein rich in essential amino acids or leucine and
around 200 kcal
Liao, 2016% NS 1. Balanced diet, adequate nutrition, and supplement NS NS

protein/EAA when necessary
2. Screening and treatment of vitamin D deficiency

NS: Not Stated, NA: Not applicable.
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Table 4. Management of sarcopenia (cont.)

First author Year Strategy Nutrition Exercise Pharmacotherapy
Beaudart, 2016%° Exercise +/- Nutrition 2. Adequate energy and dietary protein intake. 1. Resistance + Aerobic exercise NA
1. Treatment and prevention of vitamin D deficiency
Dent, 201816 Exercise + Nutrition 1. adequate calorie 1. Resistance based training NA
2. Protein supplementation/a protein-rich diet
Landi, 2018* Nutrition+ Exercise + NS NS NS
Pharmacotherapy
Avrai, 2018% Exercise + Nutrition 1. Intake of essential amino acids NS NA
Bauer, 20198 Exercise + Nutrition 1. Protein intake of 1.0 - 1.5 g/kg/day 1. Resistance exercise NA
Yang, 2019 Nutrition Oral nutrition supplementation NA NA
Chew, 20217 Exercise + Nutrition 1. Adequate energy and protein intake 1. Progressive resistance/weight-based exercise NA
2. Source: whole foods and/or high protein oral nutri- training
tion supplements
3. Meeting the recommended daily intake of vitamin D
(600-800 1U)
Liu, 202128 Exercise + Nutrition 1. Screen for nutritional risk, and give active nutritional 1. Resistance training combined with aerobic, NA
intervention, especially adequate protein supplementa-  stretching, and balance exercise
tion.
2. The sarcopenia patients having malnutrition or nutri-
tional risk should be supplemented with Oral nutrition
supplementation.
Lim,2022%! Exercise + Nutrition 1. Advise on the importance of a quality diet with ade- 1. Encourage to participate in resistance-based NA
quate caloric and protein intake. exercises
2. Consider nutritional intervention with protein sup-
plementation
3. Consider vitamin D supplementation for sarcopenic
older adults with Vitamin D insufficiency (<30 mg/L)
Daly, 2022% Exercise + Nutrition 1. Assess and monitor by a dietitian to determine the 1. Multicomponent exercise programs(elements of ~ NA

most appropriate nutritional support and correct any
deficiencies.

2. Nutrition support interventions should be escalated
in patients who do not meet nutritional goals during the
first 3-5 days of admission.

3. Nutritional interventions delivered via whole food
should aim to provide at least 30 kcal/kg energy and
1.2-1.5 g/kg protein per day

resistance, challenging balance, and functional
training mimicking ADLs) should be implemented
as early as possible following hospital admission

NS: Not Stated, NA: Not applicable.
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Table 4. Management of sarcopenia (cont.)

First author Year Strategy Nutrition Exercise Pharmacotherapy
Zanker, 2023% Exercise + Nutrition 1. Accredited healthcare professionals (or degreed, NZ) 1. All persons with sarcopenia should be offered NA
should provide an accessible explanation of sarcopenia.  resistance-based training by an accredited
2. Clinicians should consider referring persons with healthcare professional, tailored to the individuals'
sarcopenia to a dietitian abilities and preferences.
3. Total protein intake: 1-1.5 g/kg/day, except for those
with significant kidney disease
Disease-related sarcopenia
Carey, 20194 Nutrition+ Exercise + 1. Adiposity-tailored caloric intake 1. Aerobic and resistance training (ratio favoring NS
Pharmacotherapy 2. A daily protein intake of 1.2-1.5 g/kg the latter), 150-200 min/week
3. Late-evening snack
Kiss, 202038 Exercise + Nutrition NS NS NA
Lai, 20214 Nutrition+ Exercise + 1. Calorie intake of at least 35 kcal/kg (non-obese) 1. Aerobic, resistance, flexibility and balance
Pharmacotherapy 2. Protein intake of 1.2 to 1.5 g/kg/d 2. Aerobic 150 min per week (4-7 d/week)/ re-
3. Micronutrient repletion sistance>1 day per week (2-3 d/week)
4. Frequent, small meals and minimized fasting 3. Intensity: Use the talk test (be short of breath but
5. Address barriers to intake can still speak a full sentence),3 sets of 10-15 repe-
6. Onsult a registered dietitian titions at a time
4. Consult a certified exercise physiologist or phys-
ical therapist
Nagano, 20214 Exercise + Nutrition NS 1. Strength training of respiratory muscles NA

Shi, 202243

Exercise + Nutrition+
Pharmacotherapy

1. Increase protein intake.
2. Supplement vitamin D, HMB, and o-3 PUFA

properly

2. Strength training of the lower limb

3. Resistance training of the whole body

4. Combined aerobic and resistance training
Resistance training

Hormone drugs

NS: Not Stated, NA: Not applicable.
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disciplinary teams were momentous likewise**4° and
interventions combining nutrition and exercise (aerobic
and resistance exercises) were also recommended.384041.42
However, early and timely intervention should be person-
alized. Documents proposed that a personalized nutrition
formulation should be customized and regularly evaluated
according to the patient's nutritional status. Two docu-
ments targeting sarcopenia with liver disease supported
the determination of the patient's calorie needs by resting
energy expenditure calculation, traditional prediction
equation, or weight (weight for non-obese, BMI for
obese).*41 The documents recommended that the protein
intake could be 1.2-1.5g/kg ideal body weight per day and
1.2-2.0g/kg ideal body weight per day for critically ill
patients.*%#* Multiple protein sources were recommended,
but BCAA supplementation was not.** The document on
respiratory sarcopenia proposed a strategy of rehabilita-
tion nutrition treatment, which integrated nutritional in-
tervention, strength training of respiratory muscles and
the lower limb, whole body endurance training, and aero-
bic training. And it is worthy of further research to verify
its efficacy.“> CSNO recommended increasing protein
intake and supplementing properly vitamin D,
B-hydroxy-p-methyl butyrate (HMB) and ®-3 polyunsatu-
rated fatty acid (w-3 PUFA).*® Unlike the absence of
drugs for age-related sarcopenia, two documents related
to sarcopenia with liver disease indicated that testosterone
could be used as a treatment for men who exhibit symp-
toms of hypogonadism or have low testosterone concen-
trations (total testosterone <12 nmol/L/free testosterone
<230 pmol/L).“%4! But relative contraindications includ-
ing a history of hepatocellular carcinoma, other malig-
nancy, or thrombosis cannot be neglected. Hormone drug
was also recommended by CSNO.% The aforementioned
recommendations offer direction for guidance for
healthcare professionals to develop personalized nutrition
management formulation. However, aside from consult-
ing these sarcopenia-related guiding documents, it is im-
perative to also refer to other pertinent disease treatment
and nutrition guidelines. Presently, the guidance docu-
ments for sarcopenia do not specify the timing for nutri-
tional assessment, Nevertheless, in clinical practice, the
timing for sarcopenia screening and regular nutritional
screening for patients with various diseases can serve as a
point of reference.

DISCUSSION

We evaluated 36 guidance documents regarding the
screening, diagnosis, and treatment of sarcopenia using
the AGREE 11 tool. These documents have great guiding
significance in raising awareness of sarcopenia, popular-
izing diagnosis, standardizing treatment, and promoting
related research progress. Nevertheless, we found that the
quality of documents was generally heterogeneous. Most
documents did not state that there was a systematic re-
view of the available evidence, which is an important part
of developing a guideline and can minimize bias.>® Pa-
tients and clinicians may have distant perspectives on
treatment effectiveness and risks, and their values and
preferences are also different. Therefore, full and reason-
able reference to patients' preferences may improve the
direction and strength of recommendations.>* Describing

the facilitators and barriers to implementation can im-
prove the utility of documents. Our findings suggested
that higher rigour can be achieved by conducting high-
quality systematic reviews, stakeholder involvement can
be improved by incorporating patient input, and clinical
applicability can be enhanced by offering tools or rec-
ommendations for application. All these factors could
help make a guidance document more trustworthy and
meet the needs of guidance document producers and other
stakeholders.>®

The scores of 6 domains are consistent with those of
Carmelo Messina et al.5¢ which appraised clinical practice
guidelines concerning sarcopenia, except that the highest
and second highest domains were reversal. However, the
scores of each domain of documents are rather lower than
those of Carmelo Messina et al. especially in stakeholder
involvement and applicability. The reason why diver-
gence exists may be that the included documents are dif-
ferent. We did not incorporate the guidance documents
related to clinical trials and biomarkers, and the databases
searched were different either. Additionally, different
evaluation standards of appraisers may also lead to a dis-
crepancy in scores.

The documents covered the definition, screening, diag-
nosis, and treatment of sarcopenia, with various recom-
mendations on screening timing and tools, diagnostic
approaches, measurement methods, as well as treatment
prescriptions. The reasons for proposing different rec-
ommendations are multifactorial which may be explained
partly by that 1) as the deep study of sarcopenia, the evi-
dence available increased, 2) inadequate high-quality evi-
dence increased the role of expert panel views on recom-
mendations formulating or voting 3) documents was de-
veloped by organizations and working groups from dif-
ferent nations and regions via different development pro-
cess.

The recommended screening tools tend to be rapid,
simple, and convenient and can be reported by patients
themselves. SARC-F has been validated and well-studied
to screen sarcopenia and widely recommended and
used.%” However, documents also pointed out that the low
sensitivity of SARC-F may hinder its application. So
SARC-CalF, combining SARC-F with CC, was devel-
oped to improve the sensitivity of SARC-F.%® Further-
more, CC and “Yubi-Wakka” test were recommended as
one of the screening methods, which were more objective
than SARC-F and SARC-CalF and equally simple and
convenient. The reference population to obtain the cut-off
values of these screening tools were from different popu-
lations. When applying the screening tools, the cut-off
points provided may not be the optimum, despite good
accuracy. Hence, cut-off values appropriate for the target
population merit further exploration and verification by
researchers.

In addition to the above recommended screening tools,
numerous other tools have been developed to screen sar-
copenia and are worthy of further research and validation,
such as the PUMCHS index,*® SARC-EBM,% and
MARSH®:, The PUMCHS index is a recently developed
simple screening tool based on the Asia population that
encompassed BMI, grip strength, CC, and age. It has been
shown to possess high predictive accuracy and can be
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utilized to evaluate sarcopenia in situations where BIA is
not accessible (AUC: 0.905 for women, 0.920 for men.
SARC-EBM combining EBM (Elderly and BMI) and
SARC-F improved the sensitivity and overall diagnostic
accuracy of the SARC-F.

At present, the recommended diagnostic approach for
sarcopenia is separated into three levels, including early
diagnosis of sarcopenia, diagnosis of sarcopenia, and di-
agnosis of severe sarcopenia. Only the diagnosis of severe
sarcopenia has been agreed upon in various guidance
documents. There are various methods or techniques for
measuring diagnostic parameters of sarcopenia and each
has its pros and cons. According to a position paper, the
following factors should be considered when selecting
measurement and screening tools: patient characteristics,
psychometric characteristics of the tool, the availability of
required techniques, the applicability in the clinical envi-
ronment, prognostic reliability of relevant clinical results,
and the strengths and limitations of the method.®? Addi-
tionally, based on the AGREE 11 scores of the documents,
the tools recommended by documents with higher quality
should also be considered.

There are various methods or techniques for measuring
diagnostic parameters of sarcopenia. Muscle mass meas-
urement tools are diverse and have their own pros and
cons. Although CT and MRI were generally regarded as a
gold standard with excellent accuracy and reproducibility,
their application is finite on account of no explicit thresh-
old, high equipment costs, lack of portability, high radia-
tion exposure, and complicated post-processing. The pre-
ferred alternative method DXA has wide availability,
simplicity, accuracy, reproducibility, extremely low ra-
diation exposure, and low cost. However, it can only pro-
vide bidimensional data, is susceptible to the effects of
hydration status, has heterogeneous results between dif-
ferent densitometer brands, and lacks portability for the
use in community. Although ultrasound was not recom-
mended widely, it is a very promising tool worth further
study to demonstrate its application accuracy and repro-
ducibility.®® The portable alternative method BIA is an
inexpensive, portable, and widely available in both com-
munity and healthcare settings method for measuring
body composition, and has good consistency with MRI,
and a certain correlation with muscle function. Whereas it
relies on race-specific prediction equations and the validi-
ty may be influenced by hydration status.64 Compared
with DXA, BIA may underestimate fat mass and overes-
timate muscle mass, resulting in a higher prevalence of
sarcopenia.65,66 Therefore, separate diagnostic thresh-
olds for BIA and DXA may be more necessary.

Knee flexion and knee extension are measured by iso-
kinetic dynamometry which has been used for the as-
sessment of muscle function, and its use in the clinical
setting is astricted by technical challenges, low availabil-
ity, and high cost.®” Hand-grip strength is highly respon-
sive and correlated with leg strength and represents limb
muscle strength with good test—retest reliability and inter-
rater reliability. The grip strength measurement tool hand-
grip dynamometry has the characteristics of portability,
low cost, and simplicity.5263 Studies showed that grip
strength measurements are impressionable to various fac-
tors such as hand position, hand size and dominance,

body position, verbal encouragement, subject motivation,
circadian rhythms, and fatigue.®*™® However, grip
strength cannot be equated with limb strength, especially
lower extremity strength.”* The chair stand test could be
used to evaluate both muscle strength and physical per-
formance with good test-retest reliability and only re-
quires simple equipment (chair and a stopwatch) and little
training to conduct.5272 However, the repetitions of sit-to-
stand tests, the height of the seat, the chair with or with-
out armrests, the type of footwear, whether to use a walk-
er and the pace may affect the results and safety of the
measurement.”s "

Gait speed is a simple, sensitive and highly reproduci-
ble, and responsive measure of physical performance with
excellent test-retest reliability and inter-rater reliabil-
ity.527> Some of the variable factors that need to be taken
into account during the measurement of gait speed in-
clude walking distance, static or dynamic start of walk-
ing, usual or maximum gait speed, and the use of walking
aids.”® SPPB can be applied in clinical and research set-
tings, which has excellent reproducibility and responsive-
ness, and good to excellent test—retest reliability. Howev-
er, it requires training, time, and space, and potential ceil-
ing effects may exist.527""® TUG is a reliable, valid, sim-
ple, and inexpensive measure to assess physical perfor-
mance with moderate to good test-retest reliability and
excellent inter-rater reliability.” It requires no special
training but is affected by pace, distance, mechanism of
turn, and type of chair.80 SCPT is considered to be clini-
cally feasible, low-technology, and low-cost with high
test—retest reliability, but it is controversial because of its
lack of standardization (number and height of steps, as-
cents with or without descents) and patient safety.®% The
400-meter walk test is also a reliable measurement with
high test-retest reliability adopted by clinicians and re-
searchers, though it requires training for examiners. It is
influenced by walking aids and warm-ups, and its use in
clinical settings is precluded because of requirements for
more time and space.”®

As concerns management of sarcopenia, the worldwide
consensus has not been arrived upon because high quality
RCTs were not enough. Inappropriate interventions may
result in adverse outcomes particularly in the elderly with
comorbidities as with inappropriate drugs. The interven-
tion strategies recommended in the guidance documents
include exercise intervention and exercise combined with
nutrition. Studies showed that both nutrition intervention
alone and physical activity alone have different degrees
of beneficial effects on muscle mass and function of the
elderly.® Moreover, nutritional supplementation has been
discovered to reduce fat mass.®* Therefore, nutritional
intervention alone also has certain recommended value
for sarcopenia patients who are unable to engage in phys-
ical activity.

The interdisciplinary team to formulate individualized
management regimens should, at the very least, consist of
the patient’s attending and primary care physician, regis-
tered dietician, physiotherapists, nurses, and specialists
with expertise in managing patients with serious medical
conditions.1”#° Pharmacists, rehabilitation therapists, psy-
chotherapists, patients, community doctors, social work-
ers, and family members could also be part of the close
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team. Care and monitoring in the hospital, community,
and home are closely connected to establishing a full-life
cycle management file for sarcopenia patients. Collabora-
tion with health care policy makers is also required to
promote the use of the ICD diagnosis code for sarcopenia
in clinical deeds. To make the process of management at
all levels closely connected, it is necessary to have an
efficient information collection and processing system. A
sarcopenia management database could be established
using big data technology and could be associated with
healthcare information systems and other data sources
such as wearable devices. And it could screen and diag-
nose sarcopenia earlier, improve full-life cycle patient-
centered management, and promote research on mecha-
nisms and intervention. Finally, we hope to establish a
government health department-hospital-community link-
age system to clarify the division of labor of screening,
referral, treatment, and post-hospital rehabilitation man-
agement, so as to provide the whole process management
for sarcopenia patients.

Based on the synthesis of existing guidance documents
and high-quality research, we have found that elderly
people are affected by various chronic diseases or func-
tional decline. Simply using the evaluation indicators
recommended by diagnostic guidelines may mistakenly
evaluate the muscle function status of the elderly popula-
tion. For the elderly with cognitive impairment or periph-
eral nervous system disease, there may be errors in using
grip strength to assess their muscle strength, and for pa-
tients with concomitant malignant tumors or chronic ob-
structive pulmonary disease, using RSMMI alone to eval-
uate the overall muscle condition may lead to bias. Tar-
geted body composition detection methods and evaluation
indicators should be used based on the patient's anamne-
sis to determine the overall muscle status. For elderly
individuals with high BMI, considering muscle alone may
overlook the suppression effect of fat on muscle attenua-
tion. Therefore, the metabolic impact of sarcopenic obesi-
ty in the elderly population should be comprehensively
considered, and biochemical indicators should be used to
comprehensively evaluate patients. Therefore, the screen-
ing, evaluation, and diagnostic approaches for sarcopenia
should be classified and evaluated, with targeted compre-
hensive evaluations based on the age, gender, cognitive
function, and chronic disease comorbidities of the sub-
jects. Changes in the intestinal microecological environ-
ment during aging and the host form an inflammatory
response loop. Static activity patterns and high fat dietary
patterns can lead to chronic inflammatory environments
and insulin resistance, becoming important foundations
for the occurrence of sarcopenia. Clarifying the patho-
genesis of sarcopenia at the molecular level is still an
important issue that urgently needs to be addressed.

Apparently, the dearth of original studies, whether on
age-related sarcopenia or disease-related sarcopenia, is a
significant issue affecting the methodological quality and
consistency of the guidance documents. To enhance our
knowledge and awareness of sarcopenia and specify more
complete guidelines, we still need to 1) measure sarcope-
nia in epidemiological studies, including chronic disease
research, organ oriented disease research, and so forth, 2)
explore the best threshold of measurement tools for vari-

ous populations in clinical practice, 3) investigate the
effects of targeted nutritional intervention on sarcopenia,
4) probe the best intervention plan, and its timing and
long-term effects in the process of life, 5) conduct re-
search on some available drugs, 6) determine the best
monitoring frequency over time after intervention, and 7)
explore the pathophysiological mechanism of sarcope-
nia.3'4'18'4°'41'86

To our knowledge, this is the first review that attempt-
ed to systematically synthesize and appraise guidance
documents on sarcopenia. We conducted a comprehen-
sive literature search including database, guideline web-
site searches, and manual searches. We summarized the
existing recommendations on diagnosis and management
of sarcopenia and evaluated the quality of the guideline
development process using AGREE 1I. We found some
defects in the guidance documents development process,
which implicated that improvement can be made in as-
pects associated with stakeholder involvement, rigour of
development, applicability, and editorial independence.

The review has some limitations as well. Firstly, alt-
hough we have conducted a comprehensive literature
search, we cannot guarantee that we have obtained all
relevant literature. Secondly, the guideline development
process is complex, and we may not have access to all the
information, which may cause some items to be scored
incorrectly when appraising. Thirdly, AGREE Il does not
provide detailed scoring criteria and allocates equal
weight to six domains, which also leads to bias. Finally,
we did not appraise the quality of evidence of documents
but rather their methodologies during development, mak-
ing it difficult to identify the reasons for differences be-
tween documents.

In conclusion, our review suggests that based on lim-
ited evidence, these guidance documents have, to the full-
est extent possible, advanced relatively referential rec-
ommendations that have certain guiding significance. The
screening, the three-level diagnostic process, and the full-
life cycle management of sarcopenia have momentous
significance in muscle health. Despite that numerous new
screening technologies have been developed, SARC-CalF
recommended by guidance documents may be the pres-
ently most reliable screening tool. According to recent
guidance documents, we reckon that the early diagnosis
of sarcopenia can be determined based on whether muscle
function (muscle strength, physical performance) de-
creases when there is no significant decrease in muscle
mass, while the diagnosis of sarcopenia can be deter-
mined based on the decrease in muscle mass plus muscle
strength or physical performance. It cannot be ignored
that there is currently no clear evidence indicating the
order of decline in muscle mass and muscle strength.
Therefore, more extensive research is necessary in the
future to elucidate this, such as well-designed multicenter
cohort studies. Combining exercise and nutritional inter-
ventions is still the current best choice for managing sar-
copenia. Based on AGREE II, the methodological quality
of guidance documents could make further improvement,
and a large amount of high-quality research is still needed
in the future to facilitate the development of higher-
quality guidance documents.



268 Y Zhang, JY Guo, F Wang, CW Liand K Yu

CONFLICT OF INTEREST AND FUNDING DISCLO-
SURE
The authors have no competing interests to declare.

This study was funded by the National High Level Hospital
Clinical Research Funding (no. 2022-PUMCH-B-055). The
funding sources had no role in study design or conduction, data
collection or analysis, or the writing of the report.

REFERENCES

1. Anker SD, Morley JE, von Haehling S. Welcome to the
ICD-10 code for sarcopenia. J Cachexia Sarcopenia Muscle.
2016; 7:512-4. doi:10.1002/jcsm.12147

2. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY,
lijima K, et al. Asian Working Group for Sarcopenia: 2019
Consensus Update on Sarcopenia Diagnosis and Treatment.
J Am Med Dir Assoc. 2020; 21:300-7.e2. doi:
10.1016/j.jamda.2019.12.012.

3. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O,
Cederholm T, et al. Sarcopenia: revised European consensus
on definition and diagnosis. Age Ageing. 2019; 48,16-31.
doi: 10.1093/ageing/afy169

4. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, Landi F, et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People.
Age Ageing. 2010; 39:412-23. doi: 10.1093/ageing/afq034.

5. Zhang Y, Weng S, Huang L, Shen X, Zhao F, Yan S.
Association of sarcopenia with a higher risk of infection in
patients with type 2 diabetes. Diabetes Metab Res Rev.
2022; 38:e3478. doi: 10.1002/dmrr.3478.

6. Ito A, Hashimoto M, Tanihata J, Matsubayashi S, Sasaki R,
Fujimoto S, et al. Involvement of Parkin-mediated
mitophagy in the pathogenesis of chronic obstructive
pulmonary  disease-related sarcopenia. J Cachexia
Sarcopenia Muscle. 2022; 13:1864-82. doi:
10.1002/jcsm.12988.

7. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK,
Pell JP, Celis-Morales C. Global prevalence of sarcopenia
and severe sarcopenia: a systematic review and meta-
analysis. J Cachexia Sarcopenia Muscle. 2022;13:86-99.
doi: 10.1002/jcsm.12783.

8. Tsekoura M, Kastrinis A, Katsoulaki M, Billis E, Gliatis J.
Sarcopenia and Its Impact on Quality of Life. Adv Exp Med
Biol. 2017;987:213-8. doi: 10.1007/978-3-319-57379-3_19.

9. Gao K, Cao LF, Ma Wz, Gao YJ, Luo MS, Zhu J, Li T,
Zhou D. Association between sarcopenia and cardiovascular
disease among middle-aged and older adults: Findings from
the China health and retirement longitudinal study.
EClinicalMedicine. 2022; 44:101264. doi:
10.1016/j.eclinm.2021.101264.

10. Yeung SSY, Reijnierse EM, Pham VK, Trappenburg MC,
Lim WK, Meskers CGM, Maier AB. 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. doi: 10.1002/jcsm.12411.

11. Oh HJ, Kim JH, Kim HR, Ahn JY, Jeong SJ, Ku NS, Choi
JY, Yeom JS, Song YG. The impact of sarcopenia on short-
term and long-term mortality in patients with septic shock. J
Cachexia Sarcopenia Muscle. 2022; 13:2054-63. doi:
10.1002/jcsm.12995.

12. Goates S, Du K, Arensberg MB, Gaillard T, Guralnik J,
Pereira SL. Economic Impact of Hospitalizations in US
Adults with Sarcopenia. J Frailty Aging. 2019; 8:93-9. doi:
10.14283/jfa.2019.10.

13. Nakahara S, Wakabayashi H, Maeda K, Nishioka S, Kokura
Y. Sarcopenia and cachexia evaluation in different
healthcare settings: a questionnaire survey of health

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

professionals. Asia Pac J Clin Nutr. 2018; 27:167-75. doi:
10.6133/apjcn.032017.15.

Deutz NEP, Ashurst I, Ballesteros MD, Bear DE, Cruz-
Jentoft AJ, Genton L, Landi F, Laviano A, Norman K, Prado
CM. The Underappreciated Role of Low Muscle Mass in the
Management of Malnutrition. J Am Med Dir Assoc. 2019;
20:22-7. doi: 10.1016/j.jamda.2018.11.021.

Ransohoff DF, Pignone M, Sox HC. How to decide whether
a clinical practice guideline is trustworthy. JAMA. 2013;
309:139-40. doi: 10.1001/jama.2012.156703.

Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky
SB, Guralnik J, et al. International Clinical Practice
Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis
and Management. J Nutr Health Aging. 2018; 22:1148-61.
doi: 10.1007/s12603-018-1139-9.

Chew STH, Kayambu G, Lew CCH, Ng TP, Ong F, Tan J,
Tan NC, Tham SL. Singapore multidisciplinary consensus
recommendations on muscle health in older adults:
assessment and multimodal targeted intervention across the
continuum of care. BMC Geriatr. 2021; 21:314. doi:
10.1186/s12877-021-02240-8.

Bauer J, Morley JE, Schols AMWYJ, Ferrucci L, Cruz-Jentoft
AJ, Dent E, et al. Sarcopenia: A Time for Action. An
SCWD Position Paper. J Cachexia Sarcopenia Muscle.
2019; 10:956-61. doi: 10.1002/jcsm.12483.

Beaudart C, McCloskey E, Bruyére O, Cesari M, Rolland Y,
Rizzoli R, et al. Sarcopenia in daily practice: assessment and
management. BMC  Geriatr. 2016; 16:170. doi:
10.1186/s12877-016-0349-4.

Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau
F, Feder G, et al. AGREE II: advancing guideline
development, reporting, and evaluation in health care. Prev
Med. 2010; 51:421-4. doi: 10.1016/j.ypmed.2010.08.005.
Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW,
Bahyah KS, et al. Sarcopenia in Asia: consensus report of
the Asian Working Group for Sarcopenia. J Am Med Dir
Assoc. 2014; 15:95-101. doi: 10.1016/j.jamda.2013.11.025.
Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE,
Newman AB, 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; 12:249-56. doi:
10.1016/j.jamda.2011.01.003.

Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean
RR, Harris TB, et al. The FNIH sarcopenia project:
rationale, study description, conference recommendations,
and final estimates. J Gerontol A Biol Sci Med Sci. 2014;
69:547-58. doi: 10.1093/gerona/glu010.

Bhasin S, Travison TG, Manini TM, Patel S, Pencina KM,
Fielding RA, et al. Sarcopenia Definition: The Position
Statements of the Sarcopenia Definition and Outcomes
Consortium. J Am Geriatr Soc. 2020; 68:1410-8. doi:
10.1111/jgs.16372.

Zanker J, Scott D, Reijnierse EM, Brennan-Olsen SL, Daly
RM, Girgis CM, et al. Establishing an Operational
Definition of Sarcopenia in Australia and New Zealand:
Delphi Method Based Consensus Statement. J Nutr Health
Aging. 2019; 23:105-10. doi: 10.1007/s12603-018-1113-6.
Akishita M, Kozaki K, lijima K, Tanaka T, Shibasaki K,
Ogawa S, Arai H. Chapter 1 Definitions and diagnosis of
sarcopenia. Geriatr Gerontol Int. 2018; 18:7-12. doi:
10.1111/ggi.13311.

lolascon G, Di Pietro G, Gimigliano F, Mauro GL, Moretti
A, Giamattei MT, Ortolani S, Tarantino U, Brandi ML.
Physical exercise and sarcopenia in older people: position
paper of the Italian Society of Orthopaedics and Medicine
(OrtoMed). Clin Cases Miner Bone Metab. 2014; 11:215-21.



Diagnosis and management of sarcopenia

269

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Liu J, Ding QQ, B. Zhou BY, Liu X, Liu JM, Liu YM, Ding
GX, Zhang CT. Chinese expert consensus on diagnosis and
treatment for elderly with sarcopenia (2021). Chin J Geriatr.
2021; 40:943-52. doi. 10.3760/cma.j.issn.0254-
9026.2021.08.001. (in Chinese )

Liao EY, Xu L, Meng XX, Zhu HM, Huang GY, Zhou XY,
et al. Consensus on sarcopenia. CHIN J OSTEOPOROSIS
& BONE MINER RES. 2016; 9:215-27. doi. 10. 3969
/j.issn. 674-2591.2016.03.001 (in Chinese )

Dhar M, Kapoor N, Suastika K, Khamseh ME, Selim S,
Kumar V, et al. South Asian Working Action Group on
SARCOpenia (SWAG-SARCO) - A consensus document.
Osteoporos Sarcopenia. 2022; 8:35-57. doi:
10.1016/j.afos.2022.04.001.

Lim WS, Cheong CY, Lim JP, Tan MMY, Chia JQ, Malik
NA, Tay L. Singapore Clinical Practice Guidelines For
Sarcopenia:  Screening, Diagnosis, Management and
Prevention. J Frailty Aging. 2022; 11:348-69. doi:
10.14283/jfa.2022.59.

Zanker J, Sim M, Anderson K, Balogun S, Brennan-Olsen
SL, Dent E, et al. Consensus guidelines for sarcopenia
prevention, diagnosis and management in Australia and New
Zealand. J Cachexia Sarcopenia Muscle. 2023; 14:142-56.
doi: 10.1002/jcsm.13115.

Daly RM, luliano S, Fyfe JJ, Scott D, Kirk B, Thompson
MQ, et al. Screening, Diagnosis and Management of
Sarcopenia and Frailty in Hospitalized Older Adults:
Recommendations from the Australian and New Zealand
Society for Sarcopenia and Frailty Research (ANZSSFR)
Expert Working Group. J Nutr Health Aging. 2022; 26:637-
51. doi: 10.1007/s12603-022-1801-0.

Baek JY, Jung HW, Kim KM, Kim M, Park CY, Lee KP,
Lee SY, Jang 1Y, Jeon OH, Lim JY. Korean Working Group
on Sarcopenia Guideline: Expert Consensus on Sarcopenia
Screening and Diagnosis by the Korean Society of
Sarcopenia, the Korean Society for Bone and Mineral
Research, and the Korean Geriatrics Society. Ann Geriatr
Med Res. 2023; 27:9-21. doi: 10.4235/agmr.23.0009.

Huang HX, Shi XL, Li SH, Ma Y, Kong XJ, Li YH, Cheng
Q, Guo XD, Liu K, Wan L. Sarcopenia osteoporosis expert
consensus. Chin J Osteoporos. 2022; 28:1561-1570. doi.
10.3969/j.issn.1006-7108.2022.11.001. (in Chinese )
Muscaritoli M, Anker SD, Argilés J, Aversa Z, Bauer JM,
Biolo G, 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;
29:154-9. doi: 10.1016/j.clnu.2009.12.004.

Morley JE, Abbatecola AM, Argiles JM, Baracos V, Bauer
J, Bhasin S, et al. Sarcopenia with limited mobility: an
international consensus. J Am Med Dir Assoc. 2011;
12:403-9. doi: 10.1016/j.jamda.2011.04.014.

Kiss N, Loeliger J, Findlay M, lIsenring E, Baguley BJ,
Boltong A, et al. Clinical Oncology Society of Australia:
Position statement on cancer-related malnutrition and
sarcopenia. Nutr Diet. 2020; 77:416-25. doi: 10.1111/1747-
0080.12631.

Nishikawa H, Shiraki M, Hiramatsu A, Moriya K, Hino K,
Nishiguchi S. Japan Society of Hepatology guidelines for
sarcopenia in liver disease (1st edition): Recommendation
from the working group for creation of sarcopenia
assessment criteria. Hepatol Res. 2016; 46:951-63. doi:
10.1111/hepr.12774.

Lai JC, Tandon P, Bernal W, Tapper EB, Ekong U,
Dasarathy S, Carey EJ. Malnutrition, Frailty, and Sarcopenia
in Patients With Cirrhosis: 2021 Practice Guidance by the

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

American Association for the Study of Liver Diseases.
Hepatology. 2021; 74:1611-44. doi: 10.1002/hep.32049.
Carey EJ, Lai JC, Sonnenday C, Tapper EB, Tandon P,
Duarte-Rojo A, et al. A North American Expert Opinion
Statement on Sarcopenia in Liver Transplantation.
Hepatology. 2019; 70:1816-29. doi: 10.1002/hep.30828.
Nagano A, Wakabayashi H, Maeda K, Kokura Y, Miyazaki
S, Mori T, Fujiwara D. Respiratory Sarcopenia and
Sarcopenic Respiratory Disability: Concepts, Diagnosis, and
Treatment. J Nutr Health Aging. 2021; 25:507-15. doi:
10.1007/s12603-021-1587-5.

Shi HP, Liu M, Xu HX, Li T, Li W, Chen JQ,et al.
Guidelines for clinical diagnosis and treatment of
cancer-related sarcopenia. Electron J Metab Nutr Cancer.
2022; 9:24-34. (in Chinese )

Landi F, Sieber C, Fielding RA, Rolland Y, Guralnik J.
Nutritional Intervention in Sarcopenia: Report from the
International Conference on Frailty and Sarcopenia
Research Task Force. J Frailty Aging. 2018; 7:247-52. doi:
10.14283/jfa.2017.26.

Arai H, Wakabayashi H, Yoshimura Y, Yamada M, Kim H,
Harada A. Chapter 4 Treatment of sarcopenia. Geriatr
Gerontol Int. 2018; 18:28-44. doi: 10.1111/ggi.13322.

Wu Y, Yang YM, Ding XP, Ding GX, Yu PL, Fang ZY, et
al. Chinese expert consensus on oral nutrition
supplementation for sarcopenia of the elderly. Chin J
Geriatr. 2019; 38:1193-7. doi: 10.3760/cma,j,issn.0254-
9026.2019.11.001. (in Chinese )

Shi HP. Guidelines for nutritional treatment of sarcopenia.
Electron J Metab Nutr Cancer. 2015; 2:32-6.doi:
10.16689/j.cnki.cnll-9349/r.2015.03.003 . (in Chinese )

Sun JQ, Zhang J, Chang CQ, Zhu HL, Huang CY, Cao WX,
et al., Chinese Expert Consensus on Nutrition and Exercise
Intervention in sarcopenia (Excerpt). Acta Nutrimenta
Sinica. 2015; 37:320-4. doi:
10.13325/j.cnki.acta.nutr.sin.2015.04.006. (in Chinese )
Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D, Deutz
NE, et al. Nutritional recommendations for the management
of sarcopenia. J Am Med Dir Assoc. 2010; 11:391-6. doi:
10.1016/j.jamda.2010.04.014.

Arai H, Wakabayashi H, Yoshimura Y, Yamada M, Kim H,
Harada A. Chapter 4 Treatment of sarcopenia. Geriatr
Gerontol Int. 2018; 18:28-44. doi: 10.1111/ggi.13322.

Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky
SB, Guralnik J, et al. International Clinical Practice
Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis
and Management. J Nutr Health Aging. 2018; 22:1148-61.
doi: 10.1007/s12603-018-1139-9.

Hoffmann-ERer W, Siering U, Neugebauer EAM, Lampert
U, Eikermann M. Systematic review of current guideline
appraisals performed with the Appraisal of Guidelines for
Research & Evaluation Il instrument-a third of AGREE 11
users apply a cut-off for guideline quality. J Clin Epidemiol.
2018; 95:120-7. doi: 10.1016/j.jclinepi.2017.12.0009.

Scheidt S, Vavken P, Jacobs C, Koaob S, Cucchi D, Kaup E,
Wirtz DC, Wimmer MD. Systematic Reviews and Meta-
analyses. Z Orthop Unfall. 2019; 157:392-9. doi: 10.1055/a-
0751-3156.

Goodman SM, Miller AS, Turgunbaev M, Guyatt G, Yates
A, Springer B, Singh JA. Clinical Practice Guidelines:
Incorporating Input From a Patient Panel. Arthritis Care Res
(Hoboken). 2017; 69:1125-30. doi: 10.1002/acr.23275.
Graham R, Mancher M, Miller Wolman D, Greenfield S,
Steinberg E. Clinical Practice Guidelines We Can Trust.
editors. Washington (DC): National Academies Press; 2011.
Messina C, Vitale JA, Pedone L, Chianca V, Vicentin I,
Albano D, Gitto S, Sconfienza LM. Critical appraisal of



270

Y Zhang, JY Guo, F Wang, CW Li and K Yu

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

papers reporting recommendation on sarcopenia using the
AGREE Il tool: a EuroAIM initiative. Eur J Clin Nutr. 2020;
74:1164-72. doi: 10.1038/s41430-020-0638-z.

Malmstrom TK, Morley JE. SARC-F: a simple
questionnaire to rapidly diagnose sarcopenia. J Am Med Dir
Assoc. 2013; 14:531-2. doi: 10.1016/j.jamda.2013.05.018.
Barbosa-Silva TG, Menezes AM, Bielemann RM,
Malmstrom TK, Gonzalez MC. Enhancing SARC-F:
Improving Sarcopenia Screening in the Clinical Practice. J
Am Med Dir Assoc. 2016; 17:1136-41. doi:
10.1016/j.jamda.2016.08.004.

Li CW, Yu K, Shyh-Chang N, Li GX, Yu SL, Liu HJ, et al.
Sterol metabolism and protein metabolism are differentially
correlated with sarcopenia in Asian Chinese men and
women. Cell Prolif. 2021; 54:2129809. doi:
10.1111/cpr.12989.

Kurita N, Wakita T, Kamitani T, Wada O, Mizuno K.
SARC-F Validation and SARC-F+EBM Derivation in
Musculoskeletal Disease: The SPSS-OK Study. J Nutr
Health Aging. 2019; 23:732-8. doi: 10.1007/s12603-019-
1222-x.

Rossi AP, Micciolo R, Rubele S, Fantin F, Caliari C, Zoico
E, Mazzali G, Ferrari E, Volpato S, Zamboni M. Assessing
the Risk of Sarcopenia in the Elderly: The Mini Sarcopenia
Risk Assessment (MSRA) Questionnaire. J Nutr Health
Aging. 2017; 21:743-9. doi: 10.1007/s12603-017-0921-4.
Beaudart C, Rolland Y, Cruz-Jentoft AJ, Bauer JM, Sieber
C, Cooper C, et al. Assessment of Muscle Function and
Physical Performance in Daily Clinical Practice : A position
paper endorsed by the European Society for Clinical and
Economic Aspects of Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases (ESCEO). Calcif Tissue Int. 2019;
105:1-14. doi: 10.1007/s00223-019-00545-w.

Albano D, Messina C, Vitale J, Sconfienza LM. Imaging of
sarcopenia: old evidence and new insights. Eur Radiol.
2020; 30:2199-208. doi: 10.1007/s00330-019-06573-2.
Janssen 1, Heymsfield SB, Baumgartner RN, Ross R.
Estimation of skeletal muscle mass by bioelectrical
impedance analysis. J Appl Physiol (1985). 2000; 89:465-
71. doi: 10.1152/jappl.2000.89.2.465.

Achamrah N, Colange G, Delay J, Rimbert A, Folope V,
Petit A, Grigioni S, Déchelotte P, Coéffier M. Comparison
of body composition assessment by DXA and BIA
according to the body mass index: A retrospective study on
3655 measures. PLoS One. 2018; 13:20200465. doi:
10.1371/journal.pone.0200465.

Herda AA, Cleary CJ. Agreement between multifrequency
BIA and DXA for assessing segmental appendicular skeletal
muscle mass in older adults. Aging Clin Exp Res. 2022;
34:2789-2795. doi: 10.1007/s40520-021-02000-z.

Alonso AC, Ribeiro SM, Luna NMS, Peterson MD, Bocalini
DS, Serra MM, Brech GC, Greve JMD, Garcez-Leme LE.
Association between handgrip strength, balance, and knee
flexion/extension strength in older adults. PLoS One. 2018;
13:20198185. doi: 10.1371/journal.pone.0198185.

Bohannon RW, Magasi SR, Bubela DJ, Wang YC, Gershon
RC. Grip and knee extension muscle strength reflect a
common construct among adults. Muscle Nerve. 2012;
46:555-8. doi: 10.1002/mus.23350.

Strandkvist V, Larsson A, Pauelsen M, Nyberg L, Vikman I,
Lindberg A, Gustafsson T, Réijezon U. Hand grip strength
is strongly associated with lower limb strength but only
weakly with postural control in community-dwelling older
adults. Arch Gerontol Geriatr. 2021; 94:104345. doi:
10.1016/j.archger.2021.104345.

Hahn P, Spies C, Unglaub F, Mihldorfer-Fodor M. Die
Messung der Griffkraft: Wertigkeit und Grenzen [Grip

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

strength measurement: Significance and boundaries].
Orthopade. 2018; 47:191-7. doi: 10.1007/s00132-017-3487-
2.

Yeung SSY, Reijnierse EM, Trappenburg MC, Hogrel JY,
McPhee JS, Piasecki M, et al. Handgrip Strength Cannot Be
Assumed a Proxy for Overall Muscle Strength. J Am Med
Dir Assoc. 2018; 19:703-9. doi:
10.1016/j.jamda.2018.04.019.

Gao SY, Xia Y, Wu QJ, Chang Q, Zhao YH. Reference
Values for Five-Repetition Chair Stand Test Among
Middle-Aged and Elderly Community-Dwelling Chinese
Adults. Front Med (Lausanne). 2021; 8:659107. doi:
10.3389/fmed.2021.659107.

Mehmet H, Yang AWH, Robinson SR. What is the optimal
chair stand test protocol for older adults? A systematic
review. Disabil Rehabil. 2020; 42:2828-35. doi:
10.1080/09638288.2019.1575922.

Dodds RM, Murray JC, Granic A, Hurst C, Uwimpuhwe G,
Richardson S, Brayne C, Matthews FE, Sayer AA; MRC
CFAS. Prevalence and factors associated with poor
performance in the 5-chair stand test: findings from the
Cognitive Function and Ageing Study Il and proposed
Newcastle protocol for use in the assessment of sarcopenia.
J Cachexia Sarcopenia Muscle. 2021; 12:308-18. doi:
10.1002/jcsm.12660.

Wang DXM, Yao J, Zirek Y, Reijnierse EM, Maier AB.
Muscle mass, strength, and physical performance predicting
activities of daily living: a meta-analysis. J Cachexia
Sarcopenia Muscle. 2020; 11:3-25. doi:
10.1002/jcsm.12502.

Patrizio E, Calvani R, Marzetti E, Cesari M. Physical
Functional Assessment in Older Adults. J Frailty Aging.
2021; 10:141-9. doi: 10.14283/jfa.2020.61.

Amasene M, Besga A, Medrano M, Urquiza M, Rodriguez-
Larrad A, Tobalina I, Barroso J, Irazusta J, Labayen I.
Nutritional status and physical performance using handgrip
and SPPB tests in hospitalized older adults. Clin Nutr. 2021;
40:5547-55. doi: 10.1016/j.cInu.2021.09.034.

Cawthon PM. Assessment of Lean Mass and Physical
Performance in Sarcopenia. J Clin Densitom. 2015; 18:467-
71. doi: 10.1016/j.jocd.2015.05.063.

Ozcan Kahraman B, Ozsoy |, Akdeniz B, Ozpelit E, Sevinc
C, Acar S, Savci S. Test-retest reliability and validity of the
timed up and go test and 30-second sit to stand test in
patients with pulmonary hypertension. Int J Cardiol. 2020;
304:159-63. doi: 10.1016/j.ijcard.2020.01.028.

Gabbe BJ, Harrison JE, Lyons RA, Edwards ER, Cameron
PA; Victorian Orthopaedic Trauma Outcomes Registry.
Comparison of measures of comorbidity for predicting
disability 12-months post-injury. BMC Health Serv Res.
2013; 13:30. doi: 10.1186/1472-6963-13-30.

Ni M, Brown LG, Lawler D, Bean JF. Reliability, Validity,
and Minimal Detectable Change of Four-Step Stair Climb
Power Test in Community-Dwelling Older Adults. Phys
Ther. 2017; 97:767-73. doi: 10.1093/ptj/pzx039.
Gagliano-Juca T, Li Z, Pencina KM, Traustadéttir T,
Travison TG, Woodhouse L, et al. The Stair Climb Power
Test as an Efficacy Outcome in Randomized Trials of
Function Promoting Therapies in Older Men. J Gerontol A
Biol Sci Med Sci. 2020; 75:1167-75. doi:
10.1093/gerona/glz167.

Novoa NM, Rodriguez M, Gémez MT, Jiménez MF, Varela
G. Fixed-altitude stair-climbing test replacing the
conventional symptom-limited test. A pilot study. Arch
Bronconeumol. 2015; 51:268-72. doi: 10.1016/j.arbres.2014.
09.012.



Diagnosis and management of sarcopenia 271

84. Papadopoulou SK. Sarcopenia: A Contemporary Health Physiol Nutr Metab. 2021; 46:494-500. doi: 10.1139/apnm-
Problem among Older Adult Populations. Nutrients. 2020; 2020-0643.
12:1293. doi: 10.3390/nu12051293. 86. Jung HW, Kim SW, Kim 1Y, Lim JY, Park HS, Song W, et
85. Li Z, Cui M, Yu K, Zhang XW, Li CW, Nie XD, Wang F. al. Protein Intake Recommendation for Korean Older Adults
Effects of nutrition supplementation and physical exercise to Prevent Sarcopenia: Expert Consensus by the Korean
on muscle mass, muscle strength and fat mass among Geriatric Society and the Korean Nutrition Society. Ann
sarcopenic elderly: a randomized controlled trial. Appl Geriatr Med Res. 2018; 22:167-75. doi:

10.4235/agmr.18.0046.



