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Abstract

Over the last 3 years new definitions of sarcopenia by the Sarcopenia Definition and Outcome Consortium (2020,
SDOC), European Working Group on Sarcopenia in Older People (2019, EWGSOP2) and Asian Working Group on Sar-
copenia (2019, AWGS2) have been proposed. The objective of this scoping review was to explore predictive validity of
these current sarcopenia definitions for clinical outcomes. We followed the PRISMA checklist for scoping reviews.
Based on a systematic search performed by two independent reviewers of databases (Pubmed and Embase) articles
comparing predictive validity of two or more sarcopenia definitions on prospective clinical outcomes published since
January 2019 (the year these definitions were introduced) were included. Data were extracted and results collated
by clinical outcomes and by sarcopenia definitions, respectively. Of 4493 articles screened, 11 studies (mean age of par-
ticipants 77.6 (SD 5.7) years and 50.0% female) comprising 82 validity tests were included. Overall, validity tests on
the following categories of clinical outcomes were performed: fracture (n = 40, assessed in one study), mortality
(n = 18), function (n = 11), institutionalization (n = 7), falls (n = 4), and hospitalization (n = 2). Thereby, EWGSOP2
was investigated in 15 validity tests (18.3%) on all categories of clinical outcomes, whereas SDOC was investigated in
four validity tests (4.9%) in one study on fractures in men only, and none of the validity tests investigated predictive
validity by the AWGS2. However, we were not able to pool the data using a meta-analytic approach due to important
methodological heterogeneity between the studies. We identified various definitions of clinical outcomes that were
used to test predictive validity of sarcopenia definitions suggesting that an agreement on an operational definition of
a clinical outcome is key to advance in the field of sarcopenia. Moreover, data on predictive validity using the sarcope-
nia definitions by the SDOC and AWGS2 are still scarce and lacking, respectively. In a next step, prospective studies in-
cluding both women and men are needed to compare predictive validity of current sarcopenia definitions on defined
key clinical outcomes.
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Introduction copenia in the International Classification of Diseases (ICD-

10) as a distinct diagnosis in 2016, studies related to sarco-
Sarcopenia has become an increasingly popular field in clini- penia have increased even more rapidly. It is well acknowl-
cal research and clinical practice.” With the inclusion of sar-  edged that sarcopenia is a common disease primarily affect-
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ing older people being associated with adverse outcomes
such as functional decline and mortality.*

Over the last 3 years new definitions of sarcopenia have
been proposed by the European (EWGSOP2, 2019),° Asian
(AWGS2, 2019),° and the American (SDOC, 2020)’ Societies.
Currently, there is no agreement on a unique definition of
sarcopenia and a variety of diagnostic tools is being used in
clinical practice and research.® For example, the definition
of sarcopenia by the European Working Group on Sarcopenia
in Older People (EWGSOP2)® is based on low muscle strength
and low muscle mass, whereas the Sarcopenia Definitions
and Outcomes Consortium (SDOC)” defines sarcopenia as
low muscle strength and low gait speed, instead. Moreover,
cut-off of sarcopenia components differ between sarcopenia
definitions. Although the AWGS2°® suggests a cut-off of
28 kg in men and 18 kg in women for low grip strength, the
EWGSOP2° proposed a lower cut-off of 27 kg in men and
16 kg in women, respectively.

Prior studies investigated different clinical outcomes to as-
sess predictive validity of various sarcopenia definitions. For
example, Bischoff-Ferrari et al.’ found that the sarcopenia
definitions based on EWGSOP1 and based on Baumgartner
et al. predicted rate of falling. Similarly, Zhang et al.*® found
that sarcopenia is associated with falls among community
dwelling patients no matter if applying the EWGSOP1, AWGS,
or FNIH definition of sarcopenia. Other studies investigated
predictive ability of sarcopenia for the outcomes of
fractures,** readmission,* and mortality.**> However, all
these studies included original data dating before 2019 and
therefore did not investigate the recently published defini-
tions of sarcopenia such as EWGSOP2 (2019), SDOC (2020),
and AWGS2 (2019). Therefore, it is of interest if and to what
extent the current sarcopenia definitions were tested for pre-
dictive validity on various clinical outcomes.

To contribute to advances in the broad field of sarcopenia
the purpose of this paper is to provide an overview of litera-
ture by conducting a systematic search of the literature since
2019, the year when new consensus definitions of sarcopenia
were published. The specific objective of this scoping review
was to explore predictive validity of the current sarcopenia
definitions for clinical outcomes.

Methods

The methodology for this scoping review was based on the
recommendations by the PRISMA extension for scoping re-
views by Tricco et al.'* The review included the following
five key phases: (1) identifying the research question, (2)
identifying relevant studies, (3) study selection, (4) charting
the data, and (5) collating summarizing and reporting the
results.

Research question

This scoping review was guided by the question: ‘What is the
extent of predictive validity of the three recently proposed
sarcopenia definitions (EWGSOP2, SDOC, and AWGS2) for
what clinical outcomes in older adults?’

Data sources and search strategy

We conducted a systematic search in Pubmed and Embase
using a protocol based on the extended version of the
PRISMA statement on scoping reviews for conducting, and
reporting scoping reviews. No language restrictions were ap-
plied in the search strategy. We identified additional articles
by manual searching of cited references of relevant articles.
The detailed search strategy is shown in the supporting infor-
mation (Figure S1).

Eligibility criteria

We included original and published studies that compared
predictive validity of two or more internationally recognized
definitions of sarcopenia (diagnostic tool) regarding a clinical
outcome. We included articles that were published from 1
January 2019 until 11 May 2022. We chose the time restric-
tion in 2019, because guidelines by the updated EWGSOP2
and the AWGS2 were published in 2019, and the SDOC in
2020, respectively. We excluded articles that only included
patients with a specific disease (e.g., only cancer patients),
or aged <18 years. Articles investigating only sarcopenic obe-
sity or osteosarcopenia were not included because definitions
differ from sarcopenia definitions. Articles that only com-
pared screening tools of sarcopenia (e.g., SARC-F) were ex-
cluded. Similarly, cross-sectional studies that reported associ-
ations of sarcopenia definitions on baseline characteristics
were excluded. Non-English articles, letters, reviews, and ed-
itorials were also excluded.

Screening

Titles and abstracts were screened by two independent re-
viewers (A.K.S. and G.B.) who then performed a full-text
screening based on the eligibility criteria. Cohen’s kappa
was 0.99 for inclusion of the studies indicating high
inter-rater agreement to select studies. Discrepancies were
resolved through discussion and eventually if no agreement
could be achieved resolved by a third reviewer (G.F.).

Data summary and synthesis

Data were extracted using a standardized predefined data
extraction tool. We extracted study characteristics (study
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design, study size, setting, country, and year of publication)
and patient characteristics (age, gender, inclusion and exclu-
sion criteria), descriptive data on the sarcopenia definition
(name of tool, methods to assess sarcopenia components
(e.g., grip strength, gait speed, and prevalence of sarcopenia).
For each validity test we extracted data on the definition and
prevalence of the clinical outcome that was used to test pre-
dictive validity. Moreover, we extracted the corresponding es-
timates (e.g., hazard ratio (95% confidence interval) of the re-
gression models and the covariates used for adjustment of
the models that were reported for each definition and clinical
outcome, respectively. If there were multiple estimates (un-
adjusted/adjusted) for the same sarcopenia definition and
clinical outcome reported, we extracted data on the adjusted
model that was highlighted to be the main model of interest
by the authors.

The data were compiled in a spreadsheet for validation
and coding.

)
Records removed before
5 screening:
= Records identified from Duplicate records removed
= PUBMED and Embase: - » (n=0)
= Databases (n = 2) Records marked as ineligible
8 by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
—_—
)
Records screened > Records excluded**
(n = 4493) (n = 12 duplicates)
Reports sought for retrieval Reports not retrieved
2 (n=4481) ’ (n = 4366)
'
(<]
9
o
n
Reports assessed for eligibility Reports excluded (n=104):
(n=115) EE— No comparison (n = 13)
No validity testing (n = 44)
Study type (n = 11)
Specific disease (n = 8)
Screening tools (n = 14)
Duplicate (n = 14)
—
- Studies included in scoping
g review (n = 11)
% including 82 validity tests of
= sarcopenia definitions

Results

Overall, 4493 records were identified through the systematic
search strategy (Figure 1). Thereof, 4366 were excluded
based on screening the abstract, leaving 115 studies for
full-text screening. In all, 11 records comprising 82 validity
tests were included in this scoping review.

Study characteristics

Table 1 describes characteristics of included reports
(n = 11). Mean age of participants was 77.6 (SD 5.7) years
and 50% were female. Except for one study including hos-
pitalized patients (Bianchi et al.'®), the other studies were
conducted among community-dwelling participants. The
studies were conducted in various countries (Australia,
Belgium, Brazil, China, Italy, Korea, Sweden, and United

Figure 1 Flow chart.
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Name of Low muscle strength Low muscle mass Low muscle performance
sarcopenia (grip strength) (appendicular skeletal muscle (gait speed)
definition mass/height? ratio)
Women Men Women Men Women and men
Baumgartner
<5.45 kg/m? <7.26 kg/m?
Delmonico
<5.67 kg/m? <7.25 kg/m?
FNIH1
<0.512 kglkg/m?® <0.789 kglkg/m??
AWGS2
<18kg @ <28kg <5.4 kgim?® <7.0 kg/m*®
EWGSOP2
<16 kg <27 kg <5.5 kg/m? <7.0 kg/m?
OR chair rise test >15sec
FNIH2
<16 kg @ <26 kg <0.512 kglkg/m?® <0.789 kg/kg/m??
IWGS °
<5.67 kg/m? <7.23 kg/m? m <1.0 m/sec
Morley (3
<5.18 kg/m? <6.81 kg/m? m <1.0m/sec
AWGS1 °
<18kg ( @ )°’ <26kg <5.4 kg/m? <7.0 kg/m? ( m )°) <0.8m/sec
EWGSOP1 °
<20 kg @ <30 kg <5.5 kg/m® ( )“’ <7.26 kg/m? ( m )"’ <0.8m/sec
OR SPPB <8 points
SDOC °
<20 kg @ <35.5 kg m <0.8m/sec

Figure 2 Summary of criteria and corresponding cut-off values for sarcopenia definitions. Abbreviations: EWGSOP, European Working Group on Sar-
copenia in Older People; SDOC, Sarcopenia Definitions and Outcomes Consortium, FNIH, Foundation for the National Institutes of Health Biomarkers
Consortium Sarcopenia project; IWGS, International Working Group on Sarcopenia Definition; AWGS, Asian Working Group on Sarcopenia; ASM, ap-
pendicular skeletal muscle mass; ALM, appendicular lean mass; BMI, body mass index; SPPB, short physical performance battery. (A) Cut-off for appen-
dicular skeletal muscle mass/BMI ratio. (B) Cut-off for DXA. (C) Low muscle strength and/or low muscle performance. (D) Low muscle mass and/or low

muscle performance.

States). Study duration ranged between 12 and 130 months.
Overall, data of 18 437 participants are described in this
scoping review.

Overall, we identified the following 13 unique clinical out-
comes that were used to test predictive validity of sarcopenia
definitions: Falls-related hospitalization, incident falls, inci-
dent fractures, osteoporotic fractures, major osteoporotic
fractures, hip fractures, independent ageing, physical disabil-

ity, disability, activities of daily living (ADL) dependence,
incident hospitalization, institutionalization, and mortality
(Table 1). To summarize data we categorized clinical out-
comes that were used to test predictive validity into the
following six categories of clinical outcomes: (1) falls (falls-re-
lated hospitalization and incident falls); (2) fractures (incident
fractures, osteoporotic fractures, major osteoporotic frac-
tures, and hip fractures); 3) function (independent ageing,

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 71-83
DOI: 10.1002/jcsm.13161



Predictive validity of sarcopenia definitions

77

physical disability, disability, and ADL dependence); (4) hospi-
talization (incident hospitalization); (5) institutionalization;
and (6) mortality (Table 1). Most studies (n = 7) compared
sarcopenia definitions on one outcome (e.g., mortality), while
some publications (n = 4) performed validity tests for several
clinical outcomes.

The following definitions of sarcopenia (n = 10) were
tested for predictive validity in these studies: AWGS],
Baumgartner, Delmonico, EWGSOP1, EWGSOP2, FNIH, FNIH2,
IWGS, Morley, and SDOC. A summary figure displaying
criteria and cut-offs for definitions of sarcopenia are
displayed in Figure 2.

Overall, mean prevalence of sarcopenia was 13.1% ranging
between 0.9% and 35.2% depending on the study and the
definition of sarcopenia that was applied. Measurement
methods to assess components of sarcopenia (muscle
strength, muscle mass, and physical performance) varied be-
tween studies.

Characteristics of validity tests

Among the 82 validity tests the following proportions of sar-
copenia definitions were applied: EWGSOP1 (19, 23.2%),
EWGSOP2 (15, 18.3%), FNIH2 (11, 13.4%), AWGS1 (7, 8.5%),
IWGS (7, 8.5%), Morley (7, 8.5%), Baumgartner (4, 4.9%),
Delmonico (4, 4.9%), FNIH1 (4, 4.9%), and SDOC (4, 4.9%).
None of the validity tests investigated the definition by
AWGS2.

Figure 3 visually displays the distribution of 82 validity
tests according to the clinical outcome investigated and cate-

__ 40
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> 25
2 20
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> 15
o
g 10
c 5
S, E M N =
Qq}\‘b &Q% ;Qo(\ ;\30(\
& &P
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\2\0 ;\\\'\\)
NN

gorized between the three most recent sarcopenia defini-
tions (AWGS2, EWGSOP2, and SDOC) and former sarcopenia
definitions (including AWGS1, Baumgartner, Delmonico,
EWGSOP1, FNIH1, FNIH2, and Morley). Among the 82 validity
tests, the majority of validity tests (n = 40, 48.8%) evaluated
the association of sarcopenia definitions on the outcome of
fractures including data of 10 411 participants. Eighteen va-
lidity tests (22.0%) investigated the association of sarcopenia
definitions on the outcome mortality including 5044 partici-
pants. Eleven validity tests (13.40%) investigated predictive
validity of sarcopenia definitions on a function outcome in-
cluding 1706 participants. Seven validity tests (8.5%) were
performed on institutionalization including 1942 partici-
pants, and four validity tests (4.9%) reported associations
of sarcopenia definition on the outcome of falls including
data of 1287 participants. Finally, two validity tests (2.4%)
were performed on hospitalization including 384
participants.

Estimates of validity tests

Detailed estimates (hazard ratio, 95% confidence intervals) of
all validity listed by clinical outcomes are displayed in Table 2.
Estimates that reached statistical significance are highlighted
in bold. We identified one large cohort'® including 10 411
men in three countries (United States, Sweden, and China)
that reported results of totally 40 validity tests of different
sarcopenia definitions on different types of fractures
(Table 2). Thereby, the SDOC definition showed the strongest
association to all four types of fractures (overall fractures,

Former definitions*®

SDOC
] = EWGSOP2
- BAWGS2
S
’\/’5\ o<\'{b
> <

Clinical outcomes used for validity tests

Figure 3 Clinical outcomes used to test predictive validity of sarcopenia definitions by SDOC, EWGSOP2, AWGS2 and former sarcopenia definitions
(n = 82 validity tests). *Former definitions include the following sarcopenia definitions: AWGS1, Baumgartner, Delmonico, EWGSOP1, FNIH1, FNIH2,
IWGS, and Morley. Abbreviations: EWGSOP, European Working Group on Sarcopenia in Older People; SDOC, Sarcopenia Definitions and Outcomes

Consortium; AWGS, Asian Working Group on Sarcopenia.
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major osteoporotic fractures, osteoporotic fractures, and hip
fractures). For example, this study reported a hazard ratio for
sarcopenia on incident fractures of 1.31 (95% Cl, 1.08, 1.58)
based on the definition by the European Working Group on
Sarcopenia 2019 (EWGSOP2) compared with 1.52 (95% ClI,
1.15, 1.96) based on the definition by the Sarcopenia
Definitions and Outcomes Consortium 2020 (SDOC). Similarly,
hazard ratio for hip fractures was 1.55 (95% Cl, 1.02, 2.36)
based on EWGSOP2 versus 2.36 (95% Cl, 1.57, 3.56) based
on SDOC.

However, we were not able to pool the data using a
meta-analytic approach due to important methodological
heterogeneity between the studies. First, as shown in Table
2, studies were conducted in different patient populations,
some of them only including men. Second, the methodolog-
ical approach on how to assess components of sarcopenia
varied between studies. For example, some studies used
Dual Energy X-ray Absorptiometry (DXA), and some used
bioelectrical impedance analysis (BIA) to assess the sarcope-
nia component of muscle mass (Table 2). Third, definitions
of outcomes differed within the category of outcomes
(Table S1). For example, the clinical outcome of fractures
in our studies included validity test on overall fractures, os-
teoporotic fractures, major osteoporotic fractures, and hip
fractures not permitting pooling of results. Similarly, the out-
come of function included overall disability, physical disabil-
ity, independent ageing, and dependence in activities of
daily living. Moreover, most of the studies addressed solely
one clinical outcome of interest (Table S1). As a result, we
did not have enough studies to permit pooling of data per
clinical outcome.

Discussion

This scoping review identified 13 different clinical outcomes
that were used to test predictive validity of two or more
sarcopenia definitions in the last 3 years. The majority of
validity tests from one large cohort in men investigated sar-
copenia definitions on four types of fractures. Overall, the
sarcopenia definitions by EWGSOP2 was investigated in a
number of predictive validity tests, whereas a minor num-
ber of validity tests was performed for SDOC, and none
for the AWGS2.

To our knowledge, this is the first scoping review summa-
rizing studies that investigated predictive validity of two or
more sarcopenia definitions since publication of the
EWGSOP?2 criteria in 2019. In specific, we identified the clini-
cal outcomes of falls, fractures, function, hospitalization, in-
stitutionalization, and mortality were used to test predictive
validity of sarcopenia definitions. In contrast, previous
meta-analyses summarized results on one outcome only,
and did not include current sarcopenia definitions such as
EWGSOP2, AWGS2, and SDOC. For example, Huang et al.

found in his meta-analysis that sarcopenia based on different
former definitions (EWGSOP1, AWGS1, and IWGS) increased
the risk of hip fractures showing a pooled hazard ratio of
1.42 (95% Cl 1.18-1.71)."

In our scoping review, the two specific outcomes related to
muscle performance and function - fractures and falls - were
used to investigate predictive validity of sarcopenia defini-
tions. Thereby, we identified a major proportion of validity
tests assessed predictive validity on fractures, but only a
few number of validity tests were performed on falls. Of
note, the validity tests on fractures were all performed in
the same study, including only men in three cohorts from
the United States, Hong-Kong and Sweden. From a
pathophysicological perspective, it is plausible that sarcope-
nia is associated with impaired gait and balance resulting in
increased rate of falls, which in turn results in increased rates
of fractures. Accordingly, prior studies investigated predictive
validity of sarcopenia definitions proposed before 2019 on
the disease-specific outcome of falls. For example,
Bischoff-Ferrari et al. found that the definitions by
Baumgartner and EWGSOP1 best predicted rate of falls over
3 years (RR = 1.54; 95% Cl 1.09-2.18) among 445
community-dwelling seniors (mean age 71 years).’

We further found that a substantial proportion of validity
tests were performed to test predictive validity of sarcope-
nia definitions on general health outcomes (mortality and
functional outcome) and on outcomes related to
health-care use (hospitalization and institutionalization). It
is beyond dispute that all these outcomes are considered
adverse outcomes. Nevertheless, it is a subject of debate if
the choice of a sarcopenia definition should be based on re-
sults of predictive validity on global health outcomes only, or
if rather disease-specific outcomes (such as falls and frac-
tures) should be primarily considered. Major part of the
confusion what sarcopenia definition should be agreed on
may originate from the lack of clarity what clinical outcome
should be used to investigate predictive validity of sarcope-
nia definitions. This is in contrast to other medical
diagnoses, for which clear outcomes have been defined for
validation of diagnostic tools. For example, the outcome of
hip fracture is used as a standard outcome to test predictive
validity of diagnostic tools to estimate fracture risk in the
field of osteoporosis.?’

We also found that predictive validity varied between sar-
copenia definitions. Thereby, the SDOC definition showed the
strongest association to all four types of fractures (overall
fractures, major osteoporotic fractures, osteoporotic frac-
tures, and hip fractures). The differences between sarcopenia
definitions may be explained by the fact, that the definitions
are based on different criteria, and use different cut-off defi-
nitions for these criteria. For example, while the sarcopenia
definitions by the SDOC is defined as the combination of
low grip strength and low gait speed, the definition by the
EWGSOP2 is based on low grip strength (using other cut-off
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points than the SDOC), and low muscle mass, instead. This ex-
ample reflects the ongoing debate, what clinical surrogates
do most reliably and validly reflect the gold standard of sarco-
penia diagnosis.

Limitations

There are several limitations to our study. First, methodolog-
ical approaches of measuring sarcopenia, clinical outcomes
and testing associations varied between studies, thus not per-
mitting pooling of results. Nevertheless, we were able to add
important findings to literature using the approach of a scop-
ing review. Second, while we used predefined selection
criteria, it is possible that we missed an article. However,
we limited selection bias by using a predefined search strat-
egy, and by screening the articles for selection by two inde-
pendent reviewers. Third, based on our predefined research
question we did not include studies that investigated predic-
tive validity of one sarcopenia definition only. The focus of
our scoping review was rather to summarize studies address-
ing the question of comparing predictive validity of different
sarcopenia definitions. Forth, there are other factors that
may have an impact on the results of validity tests other than
the sarcopenia definitions and clinical outcomes. The study
size, setting of the participants, the definitions of outcomes
may influence the results of validity tests. Finally, the conclu-
sions of our scoping review is limited by the data of the orig-
inal studies. For example, predictive validity of the clinical
outcome of fractures was investigated in men only, not per-
mitting extrapolation to women.

Implications

Our results highlight that various definitions of clinical out-
comes are used to investigate predictive validity of sarcope-
nia definitions suggesting that this heterogeneity is hamper-
ing advances in the field of sarcopenia. Future studies
should therefore focus on comparison of sarcopenia defini-
tions on key clinical outcomes. From a pathophysicological
point of view, clinical outcomes that are most closely related
to sarcopenia such as falls and fractures may be preferred for
assessing predictive validity. This is also in accordance with
latest data from experts in the field considering falls as most
import outcome.?® Thereby, agreement on detailed opera-
tional definition of clinical outcomes (e.g., falls-related hospi-
talization, or overall self-reported falls, overall fractures, or
osteoporotic fractures) is key to enable meta-analytical com-
parison of predictive validity of sarcopenia definitions in the
future.

Our data further suggest that predictive validity tests using
the most recently published definition (SDOC) show promis-
ing results, however, are limited in terms of number of
validity tests and only refer to data in men. Data on predic-
tive validity of the AWGS2 definition is even lacking. Thus,
further prospective studies are needed to investigate and
compare predictive validity of the currently proposed defini-
tions by the EWGSOP2, SDOC, and AWGS2 including women,
as well.

Our scoping review does not answer the question, which
sarcopenia definition is the most valid definition to apply as
a gold-standard in clinical practice and clinical research. How-
ever, our results clearly demonstrate that predictive validity
of sarcopenia definitions vary between definitions and clinical
outcomes suggesting that data on the diagnosis of sarcopenia
need to be interpreted and compared with caution.

Conclusion

In conclusion, our scoping review identified various hetero-
geneous definitions of clinical outcomes used to test predic-
tive validity of sarcopenia definitions suggesting that it is
key to agree on an operational definition of a clinical out-
come. Moreover, we found that the EWGSOP2 definition
was investigated in a substantial number of validity tests,
whereas the SDOC and the AWGS2 were tested in a minor-
ity and none of the validity tests, respectively. As a next
step, further prospective cohort studies are needed to eval-
uate predictive validity of sarcopenia definitions using most
recent definitions among women and men on key clinical
outcomes eventually promoting advances in the field of
sarcopenia.
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