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Abstract

Background The 2019 European Working Group on Sarcopenia in Older People (EWGSOP2) and the Sarcopenia

Definitions and Outcomes Consortium (SDOC) have recently proposed sarcopenia definitions. However, comparisons

of the performance of these approaches in terms of thresholds employed, concordance in individuals and prediction

of important health-related outcomes such as death are limited. We addressed this in a large multinational assembly

of cohort studies that included information on lean mass, muscle strength, physical performance and health outcomes.

Methods White men from the Health Aging and Body Composition (Health ABC) Study, Osteoporotic Fractures in

Men (MrOS) Study cohorts (Sweden, USA), the Hertfordshire Cohort Study (HCS) and the Sarcopenia and Physical

impairment with advancing Age (SarcoPhAge) Study were analysed. Appendicular lean mass (ALM) was ascertained

using DXA; muscle strength by grip dynamometry; and usual gait speed over courses of 2.4–6 m. Deaths were recorded

and verified. Definitions of sarcopenia were as follows: EWGSOP2 (grip strength <27 kg and ALM index <7.0 kg/m2),

SDOC (grip strength <35.5 kg and gait speed <0.8 m/s) and Modified SDOC (grip strength <35.5 kg and gait speed

<1.0 m/s). Cohen’s kappa statistic was used to assess agreement between original definitions (EWGSOP2 and SDOC).

Presence versus absence of sarcopenia according to each definition in relation to mortality risk was examined using Cox

regression with adjustment for age and weight; estimates were combined across cohorts using random-effects meta-

analysis.

ORIG INAL ART ICLE

© 2023 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

Journal of Cachexia, Sarcopenia and Muscle (2023)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.13160

 1
3

5
3

9
2

1
9

0
6

0
0

9
, 0

, D
o

w
n

lo
ad

ed
 fro

m
 h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/d
o

i/1
0

.1
0

0
2

/jcsm
.1

3
1

6
0

 b
y

 U
n

iv
ersity

 O
f S

h
effield

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [1

2
/0

1
/2

0
2
3
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se

http://creativecommons.org/licenses/by/4.0/


Results Mean (SD) age of participants (n = 9170) was 74.3 (4.9) years; 5929 participants died during a mean

(SD) follow-up of 12.1 (5.5) years. The proportion with sarcopenia according to each definition was EWGSOP2

(1.1%), SDOC (1.7%) and Modified SDOC (5.3%). Agreement was weak between EWGSOP2 and SDOC

(κ = 0.17). Pooled hazard ratios (95% CI) for mortality for presence versus absence of each definition were

EWGSOP2 [1.76 (1.42, 2.18), I
2: 0.0%]; SDOC [2.75 (2.28, 3.31), I

2: 0.0%]; and Modified SDOC [1.93 (1.54,

2.41), I2: 58.3%].

Conclusions There was low prevalence and poor agreement among recent sarcopenia definitions in

community-dwelling cohorts of older white men. All indices of sarcopenia were associated with mortality. The

strong relationship between sarcopenia and mortality, regardless of the definition, illustrates that identification of

appropriate management and lifecourse intervention strategies for this condition is of paramount importance.

Keywords Epidemiology; Sarcopenia; Ageing; Mortality; Prevalence
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Introduction

Sarcopenia is a condition characterized by the excessive loss

of muscle mass and strength with age; it is associated with

physical disability, mortality, considerable healthcare costs

and significant loss of quality of life.1,2 Since 2016, sarcopenia

has been recognized as a defined condition according to the

International Classification of Diseases, Clinical Modification.3

However, there is currently no consensus definition for mak-

ing the diagnosis of sarcopenia.

Various algorithms for defining sarcopenia have been pro-

posed. In 2010, the European Working Group on Sarcopenia

in Older People (EWGSOP) defined sarcopenia as low lean

mass and either low strength (grip strength) or function

(gait speed).4 The revised definition in 2019 (EWGSOP2)

regards strength, rather than lean mass, as the primary

sarcopenia component and defines probable sarcopenia as

having low strength; confirmed sarcopenia as having low

strength and lean mass; and severe sarcopenia as having

low strength, lean mass and impaired function.5 The

Foundation for the National Institutes of Health (FNIH)

Sarcopenia Project, which was data driven, defined sarcope-

nia in 2014 as having weak grip strength and low appendic-

ular lean mass (ALM) adjusted for body mass index (BMI).6

An updated version of this definition was proposed in

2020 by the Sarcopenia Definitions and Outcomes

Consortium (SDOC), which defines sarcopenia in terms of

weak grip strength and slow gait speed.7 Both SDOC and

EWGSOP2 reflect research over the previous decade show-

ing the greater capacity of muscle strength and function in

comparison with lean mass in predicting risk of adverse

health outcomes.7–9

It is well established that the prevalence of sarcopenia

varies depending on geographical region and the age,

ethnicity and setting of the population sampled as well as

the definition used.10 However, comparisons of recent

definitions (EWGSOP2 and SDOC) in terms of thresholds

employed, concordance in individuals and prediction of

important health-related outcomes such as death are

limited. Furthermore, to our knowledge, no studies have

examined these definitions in terms of their prevalence or

relationship with mortality when the original thresholds

were modified. Such knowledge may enhance these defini-

tions by providing more clinically relevant thresholds. We

addressed these research areas in a large multinational

assembly of cohort studies comprising the Health Aging

and Body Composition (Health ABC) Study (USA), Osteopo-

rotic Fractures in Men (MrOS) Study cohorts (Sweden,

USA), the Hertfordshire Cohort Study (HCS) (UK) and the

Sarcopenia and Physical impairment with advancing Age

(SarcoPhAge) Study (Belgium). Interpretation of the analyses

was restricted to white men as these participants formed

the vast majority of those in this assembly of cohort

studies.

Methods

Cohort studies used for analysis

The Health ABC Study comprises 3075 US men and women,

aged 70–79 years, who were recruited in 1997–1998.11 A

random sample of white and all black Medicare beneficiaries

from around Memphis and Pittsburgh was obtained. Sam-

pled participants received a mailing followed by a telephone

eligibility screen. Eligible participants were those reporting

no difficulty in walking one-quarter of a mile or climbing

10 stairs. Individuals with the following characteristics were

excluded: clear cognitive impairment; inability to communi-

cate with the interviewer; having a life-threatening illness

or difficulties with activities of daily living; requiring a

walking aid; currently enrolled in a lifestyle intervention trial;

or having an intention of moving outside the area within
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3 years. Written informed consent was provided by all

participants, and the study was approved by the institutional

review boards at the University of Tennessee and the

University of Pittsburgh.

MrOS US comprises 5994 men, aged 65–100 years, who

were enrolled at six sites between March 2000 and April

200212 using a variety of recruitment strategies. Common

strategies included the use of voter registration and

participant databases; mailings from the Department of

Motor Vehicles; common seniors’ newspaper features and

advertisements; and targeted presentations. MrOS Sweden

comprises 3014 men, aged 69–81 years, who were recruited

from Gothenburg, Malmö and Uppsala using national

population registers between October 2001 and December

2004.13 Participants needed to be able to walk without help

and be without bilateral hip replacements to be eligible for

MrOS Sweden or MrOS US. Self-defined race and ethnicity

were recorded. All participants gave written informed con-

sent, and ethics committees and institutional review boards

at each centre approved the study.

The HCS comprises 2997 men and women born in

Hertfordshire from 1931 to 1939 and who still lived there in

1998–2004 when they attended a baseline home interview

and research clinic for a detailed characterization of their

health status; the study has been described in detail

previously.14,15 A subset of HCS participants who underwent

whole body dual-energy X-ray absorptiometry (DXA) in

2011–2012 (n = 346) were analysed in this manuscript. The

HCS baseline investigations had ethical approval from the

Hertfordshire and Bedfordshire Local Research Ethics Com-

mittee, and all participants gave written informed consent;

ethical approval was obtained for all HCS follow-up studies.

The SarcoPhAge Study comprises 534 participants, aged

65 years or older, who were recruited from an outpatient

clinic in Liège, Belgium, and by press advertisement between

June 2013 and June 2014. Participants with an amputated

limb or a BMI> 50 kg/m2 were excluded. All participants pro-

vided written informed consent, and the study was approved

by the ethics committee of the University Teaching Hospital

of Liège. Further details of this study have been published

previously.16

Ascertainment of participant characteristics

Height and weight were measured and used to derive BMI.

ALM was ascertained using DXA; muscle strength by grip

dynamometry; and customary gait speed was measured as

a marker of mobility. ALM index was calculated by dividing

ALM (kg) by height2 (m). Deaths were recorded and verified;

mean (SD) follow-up times (years) were as follows: Health

ABC 11.6 (4.9), MrOS US 13.0 (5.7), MrOS Sweden 11.4

(4.8), HCS 6.4 (1.2), SarcoPhAge 4.4 (1.1). Further details on

the ascertainment of this information in each cohort, includ-

ing the procedures and measurement devices used, are

provided in Table S1.

Definitions of sarcopenia

Sarcopenia was defined according to EWGSOP25 and SDOC.7

Modified thresholds for grip strength (use of the SDOC grip

strength threshold of <35.5 kg in the EWGSOP2 definition

as opposed to <27 kg) and gait speed (<1.0 m/s in the SDOC

definition as opposed to <0.8 m/s) were also used in analy-

ses. These sarcopenia definitions, along with the original

and modified thresholds for the sarcopenia components,

are presented in Table 1.

Analytical cohort

There is evidence that components of sarcopenia and overall

prevalence of sarcopenia vary according to ethnicity17,18; to

ensure comparability between cohorts, analyses were re-

stricted to white participants in MrOS US and Health ABC

(over 95% of participants were of white ethnicity in HCS,

MrOS Sweden and SarcoPhAge). As 88% of the remaining

participants were men, the sample for the main analysis

was then additionally restricted to men with complete data

regarding all variables used in analysis (n = 9170). A flow dia-

gram for the analysis sample regarding each cohort is pre-

sented in Figure S1. Sex-stratified sensitivity analyses were

performed among all ethnicities as described below. Analyses

were conducted using Stata, release 17.0.

Table 1 Definitions of sarcopenia and thresholds used for each sarcopenia component

Definition Algorithm Original thresholds Modified thresholds

2019 European Working Group on
Sarcopenia in Older People (EWGSOP2)

5
Low grip strength
and ALM index

Grip strength: <27 kg (M),
<16 kg (W)
ALM index:<7.0 kg/m

2
(M),

<5.5 kg/m
2
(W)

Grip strength: <35.5 kg (M)
and <20 kg (W)
ALM index:<7.0 kg/m

2
(M),

<5.5 kg/m
2
(W)

Sarcopenia Definitions and
Outcomes Consortium (SDOC)

7
Low grip strength
and gait speed

Grip strength: <35.5 kg (M)
and <20 kg (W)
Gait speed: <0.8 m/s

Grip strength: <35.5 kg (M)
and <20 kg (W)
Gait speed: <1.0 m/s

ALM, appendicular lean mass; M, men; W, women.
All main analyses were restricted to white men. EWGSOP2 also proposed thresholds for ALM [<20 kg (M), <15 kg (W)]; ALM index [ALM
(kg) /height

2
(m)] was used for analysis instead of ALM to ensure that height was accounted for.

Sarcopenia definitions: prevalence & mortality associations 3
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Statistical methods

Participant characteristics, including the proportion with sar-

copenia according to each definition, were described using

summary statistics among the entire sample and within each

cohort. Cohen’s kappa statistic was used to assess agreement

between the original sarcopenia definitions (EWGSOP2 and

SDOC). Original and modified thresholds for EWGSOP2 and

SDOC components (low grip strength and gait speed) in rela-

tion to their distributions were examined using histograms.

The prevalence of EWGSOP2 and SDOC components and def-

initions according to age bands was examined using original

and modified thresholds. Finally, components and definitions

(based on original and modified thresholds) were examined

in relation to mortality risk in each cohort using Cox regres-

sion with adjustment for age and weight; estimates from

each cohort were combined using random-effects meta-anal-

ysis to address the heterogeneity observed between cohorts,

as reflected by high I2 values for some exposures. These mor-

tality associations were also compared between the following

EWGSOP2 categories: probable (grip strength <27 kg), con-

firmed (grip strength <27 kg and ALM index <7.0 kg/m2)

and severe (grip strength <27 kg, ALM index <7.0 kg/m2

and gait speed ≤0.8 m/s).

Sensitivity analyses

The following analyses were repeated among men and

women separately (all ethnicities included): construction of

histograms to illustrate thresholds of sarcopenia components

in relation to their distributions and examination of compo-

nents and definitions (based on original and modified

thresholds) in relation to mortality risk after adjustment for

age and weight. Some thresholds for components differed

between men and women as illustrated in Table 1.

For participants who did not have their gait speed assessed

over 6 m (8 ft in HCS and 4 m in SarcoPhAge), prevalences of

sarcopenia were re-calculated when gait speeds in these two

cohorts were converted to those expected over 6 m using

previously published equations.19,20 The results presented

below are based on the raw gait speed values.

Results

Participant characteristics of the whole sample of white men

and within each cohort are presented in Table 2. Mean (SD)

age of the analysis sample (n = 9170) was 74.3 (4.9) years.

The proportion of participants with sarcopenia in the whole

sample according to each definition was as follows:

EWGSOP2 (1.1%), SDOC (1.7%), Modified EWGSOP2 (5.5%)

and Modified SDOC (5.3%). Within each cohort, agreement

was weak (data not shown) between EWGSOP2 and SDOC

(κ = 0.0–0.4 depending on cohort and κ = 0.17 when cohorts

were pooled). Overall, 64.7% of participants died during

follow-up [mean (SD) follow-up time to death or until partic-

ipants were censored was 12.1 (5.5) years]. Participant char-

acteristics of each cohort, stratified by sex, are presented in

Table S2.

Histograms for grip strength, gait speed and ALM index are

presented in Figure 1, with shading to indicate the proportion

of values that were below various thresholds. A much higher

proportion had low grip strength according to the SDOC

threshold of <35.5 kg (20.7%) compared with the EWGSOP2

Table 2 Participant characteristics among white men

Characteristic
[mean (SD) or N(%)]

All cohorts
(n = 9170)

Health ABC
(n = 908)

MrOS US
(n = 5064)

MrOS Sweden
(n = 2851)

HCS
(n = 157)

SarcoPhAge
(n = 190)

Age (years) 74.3 (4.9) 74.4 (2.9) 73.8 (5.9) 74.9 (3.1) 75.3 (2.5) 73.6 (6.1)
Height (cm) 174.4 (6.6) 173.4 (6.2) 174.5 (6.6) 174.8 (6.5) 173.9 (6.2) 171.8 (6.3)
Weight (kg) 82.3 (12.6) 81.2 (12.3) 83.5 (12.9) 80.5 (11.8) 82.3 (11.7) 81.4 (15.0)
BMI (kg/m

2
) 27.0 (3.7) 27.0 (3.7) 27.4 (3.8) 26.3 (3.5) 27.2 (3.6) 27.5 (4.6)

ALM (kg) 24.2 (3.3) 23.2 (3.2) 24.3 (3.4) 24.2 (3.2) 24.3 (2.7) 23.4 (3.8)
ALM index (kg/m

2
) 7.9 (0.9) 7.7 (0.9) 8.0 (0.9) 7.9 (0.8) 8.0 (0.7) 7.9 (1.1)

Grip strength (kg) 41.7 (8.3) 39.5 (7.7) 41.6 (8.5) 43.0 (7.8) 37.2 (7.2) 39.0 (9.5)
Gait speed (m/s) 1.27 (0.25) 1.29 (0.23) 1.25 (0.23) 1.32 (0.25) 0.82 (0.18) 1.05 (0.29)
Original sarcopenia definitions
EWGSOP2 105 (1.1%) 14 (1.5%) 69 (1.4%) 13 (0.5%) 0 (0.0%) 9 (4.7%)
SDOC 152 (1.7%) 3 (0.3%) 79 (1.6%) 28 (1.0%) 24 (15.3%) 18 (9.5%)

Modified sarcopenia definitions
EWGSOP2 505 (5.5%) 73 (8.0%) 282 (5.6%) 123 (4.3%) 5 (3.2%) 22 (11.6%)
SDOC 487 (5.3%) 28 (3.1%) 283 (5.6%) 88 (3.1%) 52 (33.1%) 36 (18.9%)

Died during follow-up 5929 (64.7%) 627 (69.1%) 3255 (64.3%) 1973 (69.2%) 28 (17.8%) 46 (24.2%)
Follow-up time (years) 12.1 (5.5) 11.6 (4.9) 13.0 (5.7) 11.4 (4.8) 6.4 (1.2) 4.4 (1.1)

ALM, appendicular lean mass; EWGSOP2, 2019 EuropeanWorking Group on Sarcopenia in Older People; HCS, Hertfordshire Cohort Study;
Health ABC, Health, Aging and Body Composition Study; MrOS, Osteoporotic Fractures in Men Study; SarcoPhAge, Sarcopenia and Phys-
ical impairment with advancing Age Study; SDOC, Sarcopenia Definitions and Outcomes Consortium.
Thresholds for original and modified definitions are presented in Table 1.
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threshold of <27 kg (3.5%). When the SDOC gait speed

threshold was increased from <0.8 to <1.0 m/s, the propor-

tion with low gait speed increased considerably from 3.3% to

12.9%.

The prevalence of sarcopenia components and definitions

according to age bands is presented in Figure 2. For compo-

nents and definitions using the SDOC grip strength threshold

(<35.5 kg) and the Modified SDOC gait speed threshold

(<1.0 m/s), generally, a steeper gradient of increased

prevalence with advancing age was observed compared with

other definitions using the EWGSOP2 grip strength threshold

(<27 kg) and the original SDOC gait speed threshold

(<0.8 m/s).

Hazard ratios for the presence versus absence of

EWGSOP2 and SDOC components and definitions (original

and modified) in relation to mortality risk, after adjustment

for age and weight, are presented in Figure 3. Higher hazard

ratios were observed for low grip strength and gait speed ac-

cording to the original thresholds as these lower thresholds

reflect poorer muscle strength and function. However, low

grip strength and gait speed and the overall sarcopenia defi-

nitions were significantly associated with mortality risk re-

gardless of whether the original or modified (less stringent)

thresholds were used. For example, men meeting the Modi-

fied SDOC criteria for sarcopenia (grip strength <35.5 kg

and gait speed <1.0 m/s) had a 1.9-fold increase [hazard ra-

tio (95% CI): 1.93 (1.54, 2.41), I2: 58.3%] in risk of mortality

compared with those without this condition.

Progressively higher risks of mortality were observed for

probable, confirmed and severe EWGSOP2 categories (Figure

4). This was the case with the original thresholds proposed

and also when grip strength and gait speed thresholds were

modified in the definitions to <35.5 kg and <1.0 m/s,

respectively.

Results from sensitivity analyses

The proportion with low grip strength and gait speed accord-

ing to various thresholds was similar when men of all ethnic-

ities were included (Figure S2); higher prevalences were

observed among women for both gait speed thresholds and

for the EWGSOP2 grip strength threshold (Figure S3). Similar

patterns were observed regarding the mortality associations

when participants of all ethnicities were included in

sex-stratified analysis (Figures S4 and S5); however, some of

the associations among women did not reach statistical sig-

nificance, possibly due to the smaller sample size.

When gait speed in HCS and SarcoPhAge was converted to

6 m, mean gait speed was higher, and prevalence of low gait

Figure 1 EWGSOP2 and SDOC thresholds for components in relation to their distributions among white men. ALM, appendicular lean mass;

EWGSOP2, 2019 European Working Group on Sarcopenia in Older People (grip strength <27 kg; ALM index <7.0 kg/m
2
); SDOC, Sarcopenia Definitions

and Outcomes Consortium (grip strength <35.5 kg; gait speed <0.8 m/s). Darker shading indicates values below the specified thresholds; the percent-

ages below the thresholds are stated in each graph.
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Figure 2 Prevalence of sarcopenia components and definitions according to age bands among white men. ALMi, appendicular lean mass index

(kg/m
2
); EWGSOP2, 2019 European Working Group on Sarcopenia in Older People; SDOC, Sarcopenia Definitions and Outcomes Consortium.

Figure 3 Original and modified EWGSOP2 and SDOC components and definitions in relation to risk of mortality among white men after adjustment for

age and weight. ALMi, appendicular lean mass index (kg/m
2
); EWGSOP2, 2019 European Working Group on Sarcopenia in Older People; HCS, Hertford-

shire Cohort Study; Health ABC, Health, Aging and Body Composition Study; MrOS, Osteoporotic Fractures in Men Study; SarcoPhAge, Sarcopenia and

Physical impairment with advancing Age Study; SDOC, Sarcopenia Definitions and Outcomes Consortium. Estimates are missing for cohorts where no

participants had the corresponding sarcopenia definition or component. Original EWGSOP2: grip strength <27 kg and ALM index <7.0 kg/m
2
; Mod-

ified EWGSOP2: grip strength <35.5 kg and ALM index <7.0 kg/m
2
. Original SDOC: grip strength <35.5 kg and gait speed <0.8 m/s; Modified SDOC:

grip strength <35.5 kg and gait speed <1.0 m/s.
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speed and SDOC sarcopenia was lower in these cohorts com-

pared to when the raw gait speed values were used. How-

ever, this resulted in minimal changes to the summary statis-

tics for the overall analysis sample and no changes regarding

findings on the association between sarcopenia definitions

and risk of mortality (data not shown).

Discussion

This study suggests a low prevalence of sarcopenia in rela-

tively healthy community-dwelling white men irrespective

of the criteria used to define sarcopenia and establishes poor

agreement between the EWGSOP2 and SDOC sarcopenia

definitions as originally described. Furthermore, our analyses

demonstrate the substantial differences in prevalence of

sarcopenia that arise when different thresholds for grip

strength and gait speed are adopted. Although thresholds

can be selected through data-driven approaches such as

classification and regression tree analysis, the designation

of thresholds of grip strength and gait speed used to identify

individuals with sarcopenia is somewhat arbitrary, given the

continuous distributions of these measures. As the preva-

lence of abnormality increases by moving the threshold

towards the centre of the distribution, there will be a

corresponding attenuation of the hazard ratio for clinical

outcomes between individuals with and without the condi-

tion. Our data suggest that relatively modest alteration of

these thresholds, such as using the modified versus original

SDOC criteria, can deliver higher prevalence rates for sarco-

penia in older population samples, while preserving the ca-

pacity to predict key health outcomes such as death. Key

findings were similar in sensitivity analyses comprising men

and women of all ethnicities. These findings, if replicated

and validated, may contribute to the development of a

global consensus on the definition of sarcopenia.

Thus, among these community-dwelling cohorts of older

men, the EWGSOP2 grip strength threshold (<27 kg) was at

the 3.5th centile on the distribution, whereas the SDOC grip

strength threshold (<35.5 kg) was at the 20.7th centile. With

little effort, thresholds can be harmonised such that the

SDOC grip strength threshold is used in the EWGSOP2 defini-

tion, and the International Working Group on Sarcopenia gait

speed threshold (<1.0 m/s) is used in the SDOC definition.

Adoption of these thresholds in the SDOC definition (grip

strength <35.5 kg and gait speed <1.0 m/s) among white

men in our study [mean (SD) age: 74.3 (4.9) years] led to a

prevalence of sarcopenia of 5.3% and a hazard ratio (95%

CI) for mortality of 1.93 (1.54, 2.41). In contrast, only 1.7%

had SDOC sarcopenia according to original thresholds (grip

strength <35.5 kg and gait speed <0.8 m/s).

Figure 4 Original and modified EWGSOP2 definitions for probable, confirmed and severe sarcopenia in relation to risk of mortality among white men

after adjustment for age and weight. ALMi, appendicular lean mass index (kg/m
2
); EWGSOP2, 2019 European Working Group on Sarcopenia in Older

People; HCS, Hertfordshire Cohort Study; Health ABC, Health, Aging and Body Composition Study; MrOS, Osteoporotic Fractures in Men Study;

SarcoPhAge, Sarcopenia and Physical impairment with advancing Age Study. Estimates are missing for cohorts where no participants had the corre-

sponding sarcopenia definition. Original thresholds (graphs at the top of the figure): probable (grip strength <27 kg); confirmed (grip strength

<27 kg and ALM index <7.0 kg/m
2
); and severe (grip strength <27 kg and ALM index <7.0 kg/m

2
and gait speed ≤0.8 m/s). Modified thresholds

for grip strength and gait speed are used in graphs at the bottom of the figure. Overall prevalence of the condition across all cohorts is stated in

the graph subtitles in square brackets.
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It may be helpful to consider the prevalence of other

non-communicable disorders, the risk factors for which are

continuously distributed in the general population. Osteopo-

rosis (defined by the World Health Organization as a bone

mineral density of at least 2.5 SDs below the young adult

mean) had an average prevalence of 22.5% among women

aged 50 years and over across France, Germany, Italy, Spain,

the UK and Sweden in 2015.21 Hypercholesterolemia (total

cholesterol ≥ 5.0 mmol/L or 190 mg/dL) had a global preva-

lence of 39% among adults in 2008.22 Hypertension (systolic

blood pressure ≥140 mmHg, diastolic blood pressure

≥90 mmHg or use of antihypertensive medication) had a

global prevalence of 34% among men and 32% among

women, aged 30–79 years, in 2019.23 When placed in this

context, it may be regarded as unusual to adopt thresholds

for muscle strength and function that result in a definition

of sarcopenia which only accommodates less than 2% of

the population, even at ages above 70 years. Historically,

thresholds used in definitions of some conditions, such as

hypertension and hypercholesterolemia, closely reflect

treatment thresholds. However, for sarcopenia, there is no

presumption here that treatment decisions should be based

on definitional approaches as there are likely to be different

treatment thresholds depending on the feasibility, cost

and efficacy of the interventions available. Therefore,

cost-effectiveness evaluation and other analyses are required

to identify specific thresholds for identification of patients

who would most likely benefit from treatments for

sarcopenia.

Early sarcopenia definitions, such as those proposed in

1998 by Baumgartner24 and in 2007 by Delmonico,25 were

based on lean mass. In 2010, the EWGSOP recognized that

muscle strength does not only depend on lean mass and that

the relationship between these quantities is non-linear; they

defined sarcopenia as having low lean mass with low strength

or function.4 This was revised in 2019 (EWGSOP2) as research

had established low strength as a stronger predictor of ad-

verse outcomes than lean mass; low strength is the primary

component in EWGSOP2 and is used alone to define probable

sarcopenia with confirmed sarcopenia defined as having both

low strength and lean mass.5 The EWGSOP2 approach aimed

to promote diagnosis and management of sarcopenia in clin-

ical practice, and, therefore, this definition aimed to identify

indisputable cases.

In addition to the earlier sarcopenia definitions and those

proposed by EWGSOP and EWGSOP2, FNIH and SDOC have

also proposed definitions over the previous decade. The FNIH

Sarcopenia Project researchers adopted the following ap-

proach in 2014: identified a grip strength threshold that dis-

criminates mobility impairment (gait speed ≤0.8 m/s); identi-

fied ALM and ALM/BMI thresholds that discriminate this grip

strength threshold; and examined the predictive capacity of

these thresholds for incident mobility impairment and

mortality.6 FNIH sarcopenia was characterized as having low

grip strength and ALM/BMI. An updated version was pro-

posed in 2020 by the SDOC.7 The SDOC used cohorts of

community-dwelling adults to identify thresholds for strength

and lean mass parameters that discriminate low gait speed

(<0.8 m/s) and then assessed predictive capacity of these

thresholds for incident outcomes. SDOC sarcopenia was

defined as having low grip strength and gait speed; lean mass

was not consistently associated with outcomes. The differ-

ences between SDOC (analysis-based approach) and

EWGSOP2 (identification of indisputable clinical cases) may

partly explain the lower grip strength threshold selected for

the EWGSOP2 definition (<27 kg) compared with SDOC

(<35.5 kg). In agreement with SDOC, the European Society

for Clinical and Economic Aspects of Osteoporosis and Osteo-

arthritis (ESCEO) recommend that in clinical trials for drugs

aimed at treating sarcopenia, cases should have a combina-

tion of low muscle strength and low physical performance.26

Few studies have compared the performance of EWGSOP2

and SDOC definitions in the same cohort. Their prevalence

and association with fracture risk were compared in a study

comprising the US, Sweden and Hong Kong MrOS cohorts.27

Similar to our findings regarding mortality, EWGSOP2 and

SDOC were strongly associated with incident fracture (any,

osteoporotic and major osteoporotic) and had low preva-

lence. However, in contrast to our study, low strength was

characterized as having low grip strength or chair rise speed

in the EWGSOP2 definition; this would result in a higher prev-

alence compared with the use of grip strength alone as a

measure of strength. Prevalence of low grip strength using

various thresholds was compared in a study comprising 98

men and women admitted to a geriatric rehabilitation hospi-

tal in Switzerland.28 As expected, prevalence of low grip

strength according to the EWGSOP2 threshold (10.2%) was

considerably lower compared with the SDOC threshold

(19.4%). A previous SarcoPhAge analysis, using different com-

ponents and thresholds compared with our study, reported

similar effect sizes for EWGSOP2 and EWGSOP in relation to

mortality; however, EWGSOP2 associations were not statisti-

cally significant due to its lower prevalence (7.4% vs

13.6%).29 Furthermore, severe EWGSOP2 was associated with

a considerably greater risk of mortality compared to con-

firmed EWGSOP2, as demonstrated in our study.

Strengths of our study include the large number of partic-

ipants the analyses were based on and that these individuals

were recruited from established cohorts where data have

been rigorously collected according to strict protocols. How-

ever, there are also several limitations of this study. First,

the main analysis was only performed on white men; partic-

ipants of the Health ABC cohort had no mobility disability

at baseline; and MrOS participants had to be able to walk

without the assistance of another person. These factors limit

the generalizability of findings to the wider population of

older people in this age range. Furthermore, the exclusion

of participants with high risk of sarcopenia from this study,
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such as nursing home residents or those with advanced dis-

ability, suggests that the prevalence of sarcopenia in this

age group across the general population may be much higher.

However, ESCEO recommend that participants in clinical trials

for drugs aimed at treating sarcopenia should be at least

70 years of age and that those who are severely malnour-

ished or have extremely limited mobility should be excluded;

such a population may be similar to that included in our

study.26 Second, unlike approaches implemented in the FNIH

Sarcopenia Project and SDOC to identify sarcopenia compo-

nents and thresholds, only mortality and not incident disabil-

ity was used as an outcome in this study. However, an advan-

tage of using mortality as an outcome is that it is defined

consistently across cohorts unlike incident disability, which

may be defined differently across studies. Third, DXA lean

mass includes muscle mass, organ weight, water and other

non-fat and non-bone soft tissue and, therefore, is only a sur-

rogate measure of muscle mass; previous studies suggest that

other techniques, such as the D3-creatine (D3-Cr) dilution

method, provide a more direct and accurate assessment of

muscle mass, which is more strongly correlated with impor-

tant clinical outcomes such as incident serious injurious falls,

disability and mortality.30–32 Finally, some measurement pro-

tocols, such as distance covered during gait speed assess-

ments, varied between cohorts. However, for participants

who did not have their gait speed assessed over 6 m (8 ft

in HCS and 4 m in SarcoPhAge), prevalences of sarcopenia

in the pooled sample were similar when gait speeds in these

two cohorts were converted to those expected over 6 m

using previously published equations.19,20 Although the lack

of calibration of DXA and grip strength measures across co-

horts may have affected the comparison of sarcopenia prev-

alence between cohorts, this is unlikely to have affected the

mortality associations reported as Cox models were imple-

mented internally within each cohort. For some exposures,

high heterogeneity was observed between cohorts in the

meta-analysis. Possible reasons for this are that the eligibility

criteria and geographical region differed between cohorts

and the low prevalence of many exposures may have resulted

in greater variability in estimates between cohorts.

Conclusion

This study has examined the impact of raising the gait speed

threshold in the SDOC algorithm from 0.8 to 1.0 m/s (sarco-

penia characterized as grip strength <35.5 kg and gait speed

<1.0 m/s). If one adopts this Modified SDOC approach, prev-

alence estimates for sarcopenia range from 3.1% to 5.6% in

the cohorts enriched for healthy participation (Health ABC

and MrOS) rising to 18.9% and 33.1% in those cohorts

selected to represent the entire elderly population

(SarcoPhAge and HCS, respectively). This definition has a

higher prevalence among community-dwelling older people,

compared with the original SDOC definition, and remains

strongly associated with mortality. These findings, if repli-

cated and validated, will provide necessary insight about

the appropriate prevalence of sarcopenia that a globally

accepted definition of sarcopenia may adopt (contingent on

cost-effective analyses and other factors that would inform

such a definition). This is an important consideration as a

globally accepted definition of sarcopenia is required for

large randomized controlled trials to evaluate efficacy and

safety of interventions to prevent and treat sarcopenia.
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