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Summary

STUDY AIMS: Sarcopenia is a progressive, age-related
loss of muscle mass, strength and function. Given the age-
ing population and the adverse outcomes associated with
sarcopenia, monitoring its epidemiology is particularly im-
portant. This study aimed to describe sarcopenia preva-
lence, 5-year incidence and agreement between defin-
itions using the latest operational criteria in Swiss
postmenopausal women.

METHODS: Postmenopausal women from the last 5 years
of the ColLaus/OsteolLaus prospective population-based
cohort were included based on complete case analysis
(April 2015 to October 2022; Lausanne, Switzerland). We
assessed appendicular lean mass via Dual X-ray Absorp-
tiometry (GE Lunar iDXA), handgrip strength using a Ja-
mar Dynamometer and 6-metre gait speed at multiple vis-
its. Sarcopenia was defined based on handgrip strength
and/or appendicular lean mass and/or gait speed using
11 definitions, including that from the European Working
Group on Sarcopenia in Older People (EWGSOPII, 2019).
Prevalence was measured as the number and rate of sar-
copenic cases at the last visit, while incidence was mea-
sured as the number and rate of new sarcopenic cases
over 2.5 or 5 years.

RESULTS: A total of 930 women were included, with a
mean (standard deviation) age of 72.9 (6.9) years, BMI
of 25.7 (4.8) kg/m?, appendicular lean mass 16.8 (2.5)
kg, handgrip strength 21.2 (5.5) kg, gait speed 1.1 (0.2)
m/s. Sarcopenia prevalence based on EWGSOPII defin-
itions ranged from 2.2% to 5.7%, while other definitions
varied from 0.5% to 13.4%. The 5-year incidence rates
based on EWGSOPII were 1.9% to 4.7%. Prevalence and
incidence increased significantly between the lowest and
highest age tertiles (Fisher’s exact test, p <0.05) for most
definitions. Agreement between definitions was predomi-
nantly “none” or “minimal” according to the Cohen Kappa
score.

CONCLUSION: This population-based cohort of post-
menopausal women highlights an increase in sarcopenia
prevalence and incidence beginning in the seventh
decade of life, underscoring the accelerated decline in

muscle health with age. The minimal agreement between
the definitions highlights the need for a consensus, which
would improve future research and clinical implementa-
tions.

Introduction

Sarcopenia was first mentioned in 1989 by Rosenberg as
the loss of muscle mass associated with ageing [1]. Since
then, its operational definition has evolved to encompass
the progressive and generalised decline in muscle mass,
strength and function [2]. Beyond ageing, the multifacto-
rial physiopathology of sarcopenia also includes a wide
range of diseases and behaviours, including inflammatory,
osteoarticular and neurologic conditions, physical inactivi-
ty, sedentary lifestyle and malnutrition [2]. Since 2016, sar-
copenia has been recognised as a muscular disease with
an ICD-10-MC diagnosis code, enabling care to be billed
in some countries [3]. However, the conceptual and op-
erational definitions of sarcopenia lack global consensus
[4]. Sarcopenia is associated with an increased risk of falls,
fragility fractures, hospitalisations and mortality [5—8]. It
significantly impacts quality of life and limits daily activi-
ties for affected individuals. Although no widely accepted
pharmacological treatment exists, outcomes related to sar-
copenia are known to be reversible or preventable through
appropriate nutrition and physical therapy [9]. In the Unit-
ed Kingdom, the additional costs associated with muscu-
lar weakness have been estimated at £2707 per person an-
nually, leading to an overall cost of £2.5 billion per year
[10]. With an ageing European population, this health, so-
cial and economic burden is expected to rise [11].

A 2019 meta-analysis of 58 cohorts from 26 countries esti-
mated the prevalence of sarcopenia to range from 9.9% to
40.4% [12]. This variation largely stems from differences
in age, sex and the operational definitions of sarcopenia
employed. Existing definitions vary in the muscle health
parameters considered, measurement techniques and
threshold values [12]. Such variability introduces chal-
lenges in establishing reproducible and practical guidelines
for sarcopenia management [4]. In the same year, the Eu-
ropean Working Group on Sarcopenia in Older People
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(EWGSOPII) proposed a management algorithm compris-
ing:

1. screening using the SARC-F questionnaire;

2. assessment of muscle health via muscle strength tests;

evaluation of muscle mass through dual-X ray absorp-
tiometry (DXA), bioelectrical impedance analysis
(BIA), computed tomography (CT), or magnetic reso-
nance imaging (MRI);

4. severity grading based on muscle function testing [2].

In Switzerland, the reported prevalence of sarcopenia
ranges from 0.2% to 85%, depending on the population
studied and the definition applied (table S1 in the appen-
dix) [13-18]. None of these studies examined incidence,
nor did any based on populational-wide cohorts; only two
studies applied the most recent definitions from the Sar-
copenia Definitions and Outcomes Consortium (SDOC)
and the EWGSOPII [2, 6].

This study aims to describe sarcopenia prevalence, five-
year incidence and agreement between different defini-
tions, utilising the latest operational criteria in a Swiss pop-
ulation-based cohort of postmenopausal women.

Material and methods

The OsteoLaus study was approved by the Institutional
Ethics Committee of the University of Lausanne (reference
215/09) and adheres to the “Strengthening the Reporting
of Observational Studies in Epidemiology” (STROBE)
guidelines (see appendix).

Study population

OsteoLaus is a sub-study of the CoLaus|PsyCoLaus study,
a prospective populational-based cohort initiated in 2003
to investigate the determinants of cardiovascular and psy-
chiatric diseases. This study enrolled 6733 men and
women aged 35-75 years, residing in Lausanne, Switzer-
land, with follow-ups conducted every 5 years [19]. Oste-
oLaus is a prospective study focused on bone health, aim-
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ing to improve fracture risk modelling [20]. All women
aged 50-80 years from the CoLaus|PsyColaus cohort were
invited to participate in OsteoLaus. Of the 1704 women
initially invited, 1500 (88%) accepted and 1475 were ul-
timately included in the study, with 98.4% of participants
identifying as Caucasian. OsteoLaus follow-ups occurred
every 2.5 years. A flowchart detailing the study population
is shown in figure 1.

This study includes the data and participants from the sec-
ond, third and fourth OsteoLaus follow-ups, during which
all sarcopenia parameters were available for a complete
case analysis. Data from the baseline and first follow-up
were excluded, as muscle status was not assessed and dif-
ferent DXA machines were used. The fourth visit served
as the baseline for definitions involving gait speed (IWG,
SDOC, severe sarcopenia in EWGSOPII), with a mean
(standard deviation; SD) follow-up duration of 2.6 (0.4)
years and final sample sizes ranging from 782 to 882 par-
ticipants. The third visit was used for all other definitions,
with a longer mean (SD) follow-up duration of 5.1 (0.4)
years (April 2015 to October 2022) and final sample sizes
from 734 to 872 participants (figure 1 and table 1).

Muscle status assessments

Handgrip strength

Handgrip strength [kg] was measured once in CoLaus, cor-
responding to the third OsteoLaus follow-up, and twice
directly in OsteoLaus during the fourth and fifth follow-
ups (figure 1). A JAMAR Baseline® hydraulic hand dy-
namometer (Fabrication Enterprises, Inc., White Plains,
NY, USA) was used. The examiner provided instructions
and demonstrated the test before measurement. Each as-
sessment was conducted in the morning, following the
guidelines of the American Society of Hand Therapists
[21]: participants were seated with shoulders adducted and
neutrally rotated, elbows flexed at 90°, forearms in a neu-

Figure 1: Flowchart of study participants, data collection, exclusions and analysis.
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tral position, and wrists positioned between 0° and 30° dor-
siflexion. During the OsteoLaus assessments, the examin-
er encouraged participants to exert maximum effort, with
each test separated by a 30-second rest. The highest val-
ue from three consecutive measurements on the dominant
hand was retained for analysis.

Appendicular lean mass

Appendicular lean mass (ALM, sum of lean mass in all
four limbs) [g] and its indices (ALMI : ALM/ height?,
ALM/BMI) were measured during total body composition
assessments using DXA (GE Lunar iDXA™) at each Os-
teoLaus visit (figure 1). The procedure followed the guide-
lines of the International Society for Clinical Densitometry
[22]. Participants wore medical gowns, removed all jew-
ellery and lay supine at the centre of the scanning field with
palms facing down and arms slightly separated from the
trunk. Ankles were strapped to ensure proper positioning.
If any condition was not met, the scan was restarted. Re-
gions of interest (ROIs) were initially defined by the soft-
ware and adjusted by the technician as necessary.

Gait speed

Gait speed (GS) [m/s] was assessed based on the average
speed over a 6-metre walk at a normal pace, with partici-
pants wearing their own shoes and using any necessary as-
sistive devices. Timing started with the participant's first
movement and stopped once they crossed the 6-metre
mark. Gait speed was measured at the third and fourth Os-
teoLaus visits (figure 1).

Anthropometric assessments

At each follow-up, height was measured with a portable
stadiometer (Seca version 216, Seca, Chino, CA, USA)
to a precision of 0.1 cm and body weight was measured
with an electronic scale (Seca Clara 803, Seca, Chino, CA,
USA) to a precision of 0.1 kg. Participants were barefoot
and wore minimal clothing. Body mass index (BMI) was
calculated as weight divided by height squared [kg/m?].

Sarcopenia definitions

Sarcopenia was defined based on six sets of recommen-
dations (11 definitions): The SDOC, 2020 [6]; the EWG-
SOPII, 2019 (five sub-definitions) [2]; the Asian Working
Group on sarcopenia (AWG), 2019 [23]; the Foundation
for the National Institutes of Health sarcopenia project
(FNIHII), 2017 (2 sub-definitions) [24]; the FNIHI, 2014
[25]; and the International Working group on sarcopenia
IWG), 2011 [26].

The Australian and New Zealand Society for Sarcopenia
and Frailty Research (ANZSSFR) definition was not in-
cluded in the analyses, as it closely follows the EWGSOPIIL
algorithm [27]. The criteria and components for each defi-
nition are summarised in table 2.

Statistical analysis

The datasets and code used in this study are not publicly
available but can be shared upon reasonable request
(https://www.colaus-psycolaus.ch). ~ Statistical analyses
and data visualisations were conducted in Python
(v3.10.13) using the pandas (v2.1.4), seaborn (v0.12.2),
scipy.stats (v1.11.4) and sklearn (v1.3.0) libraries. As a
preliminary qualitative assessment, the distribution and po-
tential outliers of all included variables were visually ex-
amined using boxplots and quantile-quantile plots and as-
sessed for normality using the Shapiro-Wilk Test (not
shown).

Prevalence

Sarcopenia prevalence was measured cross-sectionally at
the latest OsteoLaus follow-up visit, where all muscle as-
sessments were available (figure 1). The final sample for
prevalence calculations consisted of a complete case analy-
sis, excluding participants with missing handgrip strength,
appendicular lean mass or gait speed measurements. Sar-
copenia prevalence was calculated as the number of par-
ticipants with sarcopenia divided by the total number of
participants, reported as a percentage with a confidence in-
terval (CI).

Table 1:
Characteristics of the study population by analysis type.
5-year incidence 2.5-year incidence Prevalence
Sample included [min — max] 734-872 782-882 930
Visit date range [min — max] 04.2015-10.2022 01.2018-10.2022 06.2020-10.2022
Age [years] 67.7 (6.7) 70.1 (6.6) 72.9 (6.9)
Body Mass Index [kg/cm?] 25.7 (4.5) 25.8 (4.6) 25.7 (4.8)
Appendicular Lean mass [kg] 17.0 (2.5) 17.0 (2.5) 16.8 (2.5)
Handgrip strength [kg] 25.0 (5.4) 23.4 (5.9) 21.2 (5.5)
Gait speed [m/s] - 1.1(0.2) 1.1(0.2)
Follow-up duration [years] 5.1(0.4) 2.6 (0.4) -
Diabetes [Y/N] 4.1% 5.4% 5.7%
Current tobacco use [Y/N] 15.4% 13.0% 13.1%
Alcohol (over 3 units/day) [Y/N] 4.1% 3.7% 3.9%
Malabsorption [Y/N] 5.3% 5.6% 6.0%
Prolonged immobilisation [Y/N] 2.8% 3.0% 2.9%
Glucocorticoids use [Y/N] 5.2% 5.7% 6.7%

Results expressed as mean (SD); Y/N: yes/no; 2.5-year incidence for IWG, SDOC and severe EWGSOPII definitions; 5-year incidence for EWGSOPII, FNIHI, FNIHII and AWG

(figure 1).
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Table 2:

Incidence

For incidence calculations, sub-datasets were created by
excluding participants with prevalent sarcopenia at base-
line (from the second or third follow-up) for each sarcope-
nia definition (table 1). Incident cases represent new cas-
es observed between the second and fourthfollow-ups for
eight definitions and between the third and fourth follow-
ups for the remaining three definitions (figure 1, table 2).
Incidence rates were calculated as the number of new cas-
es, adjusted for the observed duration per participant, mea-
sured in person-years. The observed duration for incident
cases and participants lost to follow-up was set to half of
their follow-up period, whereas non-cases were observed
for the entire follow-up duration. Five-year incidence rates
were recalculated for simplicity in representation and com-
parison. Prevalence and incidence for each definition were
also analysed by age tertiles. The first and last age tertiles
were compared using a two-sided Fisher’s exact test (p
<0.05).

Overlap and concordance between definitions

Agreement between sarcopenia definitions was visually
examined using Venn diagrams to illustrate the overlap
among definitions within EWGSOP I and II, FNIH I and
II, American/Asian/International, and a combined group of
SDOC, EWGSOP II and FNIH 1I definitions (figure 2).
Visual and statistical agreement across all definition pairs
was further assessed with pie charts and the Cohen Kap-
pa Score, respectively. Agreement levels were categorised
as follows: none (0.00-0.20), minimal (0.21-0.39), weak
(0.40-0.59), moderate (0.60-0.79), strong (0.80-0.90) and
almost perfect (0.90-1.00) (figure S1 in the appendix)
[28].

Results

Sarcopenia prevalence

The study population for prevalence measurement includ-
ed 930 postmenopausal women after excluding those with

missing measurements of appendicular lean mass (n = 7),
handgrip strength (n = 5) and gait speed (n = 2) (figure
1). The mean (SD) values were as follows: age 72.9 (6.9)
years, BMI 25.7 (4.8) kg/m?, appendicular lean mass 16.8
(2.5) kg, handgrip strength 21.2 (5.5) kg and gait speed 1.1
(0.2) m/s (table 1). Additional participant characteristics
are detailed in the OsteoLaus cohort profile [20]. Sarcope-
nia definitions, criteria, prevalence and incidence are sum-
marised in table 2. The prevalence of sarcopenia varied de-
pending on the definition used, ranging from 1.4% (IWG)
to 13.4% (FNIHII). The SDOC definition, which incorpo-
rates gait speed and handgrip strength, classified 6.7% of
women as sarcopenic.

EWGSOPII includes five definitions:

1. probable sarcopenia, based on handgrip strength,
found in 12.3% of cases;

2. sarcopenia based on ALMI and handgrip strength, in
5.7%;

3. sarcopenia based on appendicular lean mass and hand-
grip strength, in 2.2%;

4. severe sarcopenia based on ALMI, handgrip strength
and gait speed in 0.5%;

5. severe sarcopenia based on appendicular lean mass
and handgrip strength in 1.5%.

Prevalence significantly increased with age for most def-
initions (p <0.05), except for severe sarcopenia in EWG-
SOPII with ALMI and FNIHI definitions (table S2 in the
appendix). Comparing the oldest and youngest age tertiles,
prevalence was 2.9 (FNIHII with BMI) to 9.0 (SDOC)
times higher in the oldest tertile. The prevalence of EWG-
SOPII with appendicular lean mass was 5.2 times higher in
the oldest tertile compared to the youngest.

Sarcopenia incidence

The study populations for incidence measurement varied
due to exclusions based on missing measurements and the
removal of baseline sarcopenic participants (figure 1). A
detailed summary of incident cases and rates is provided

Prevalence and incidence of sarcopenia definitions in Swiss postmenopausal women from the OsteoLaus cohort.

Definition, date [ref] Criteria Prevalence* (n = 930) Incident cases* (n = 734 to 882) |Incidence rate***
1year |5years

SDOC 2020 [6] HGS <20 kg, Gait speed <0.8 m/s 62 (6.7%), Cl: 5.1-8.3% 23 (2.9%)25'S, CI: 1.9-4.0% 1.18% |5.9%
EWGSOP |l 2019 [2], probable sarcopenia |HGS <16 kg 114 (12.3%), Cl: 10.2-14.4% |79 (9.6%)>'s, Cl: 7.7-11.5% 2.00% |10.0%
Sarcopenia with ALMI HGS <16 kg, ALM/ht? <5.5 kg/m? 20 (2.2%), Cl: 1.2-3.1% 17 (2.0%)%s, Cl: 1.1-2.8% 0.39% |1.9%
Sarcopenia with ALM HGS <16 kg, ALM <15 kg 53 (5.9%), Cl: 4.2-7.2% 40 (4.7%)%', Cl: 3.3-6.0% 0.95% |4.7%
Severe sarcopenia with ALMI Sarcopenia®™M', Gait speed <0.8 m/s 5(0.5%), Cl: 0.1-1.0% 2 (0.3%)%%rs, Cl: 0.0-0.6 0.10% |0.5%
Severe sarcopenia with ALM SarcopeniaM, Gait speed <0.8 m/s 14 (1.5%), Cl: 0.7-2.3% 8 (1.0%)%%s , Cl: 0.4-1.6% 0.39% |2.0%
AWG 2019[23] HGS <18 kg, ALM/ht? <5.4 kg/m? 26 (2.8%), Cl: 1.7-3.9% 20 (2.3%)%'s, Cl: 1.3-3.3% 0.46% |2.3%
FNIH 11 2017 [24], sarcopenia with ALM/BMI | HGS <19.99 kg, ALM/BMI <0.591 125 (13.4%), Cl: 11.2-15.6% |80 (10.9%)s, CI: 8.9-12.9% 2.28% |11.4%
Sarcopenia with ALM HGS <19.99 kg, ALM <14.10 kg 82 (8.8%), CI: 7.0-10.6% |49 (5.8%)>", CI: 4.3-7.3% 1.18% |5.9%
FNIH 12014 [25] HGS <16 kg, ALM/BMI <0.512 14 (1.5%) Cl: 0.7-2.3% 9 (1.1%)%'s, Cl: 0.4-1.8% 0.22% |1.1%
IWG 2011 [26] ALM/ht2<5.67 kg/m?, Gait speed <0.8m/s |13 (1.4%) Cl: 0.6-2.12% 8 (0.9%)2%", Cl: 0.3-1.5% 0.36% |1.8%

Sarcopenia definitions, including their parameters and their epidemiology in the OsteoLaus cohort:

* prevalence (absolute cases and percentage with 95% confidence interval [Cl]);

** incident cases (absolute cases and percentage with Cl);

Hokk

incident rates (new case over the estimated time of exposure);

5v18: 5 t0 10 years visits; 2%®: 7.5 to 10 years visits; HGS: handgrip strength; ALM: appendicular lean mass; ALMI: ALM/height?; BMI: Body Mass Index; SDOC: Sarcopenia Defini-
tions and Outcomes Consortium; EWGSOP: European Working Group on Sarcopenia in Older People 11 (2019); FNIH: Foundation for the National Institutes of Health Sarcopenia
Project | (2014) and 1l (2017); IWG: International Working Group on Sarcopenia
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in table 2. The S-year incidence rate was 5.9% for the
SDOC definition. For EWGSOPII, the corresponding in-
cidence rates were 10.0% for probable sarcopenia, 1.9%
for sarcopenia with ALMI, 4.7% with appendicular lean
mass, 0.5% for severe sarcopenia with ALMI, and 2.0%
with appendicular lean mass. Incidence rates for other def-
initions ranged from 1.1% to 11.4%. Incidence also signif-
icantly increased with age for most definitions (p <0.05),
except for severe sarcopenia in EWGSOPII with ALMI
and the FNIHI definitions (table S3 in the appendix). Com-
paring the oldest and youngest age tertiles, incidence was
2.3 (IWG) to 14.0 (SDOC) times higher in the oldest ter-
tile. The incidence of EWGSOPII with appendicular lean
mass was 5.5 times higher in the oldest tertile. In a sup-
plementary analysis (figure S2 in the appendix), handgrip
strength, appendicular lean mass and gait speed were all
negatively associated with age, as shown by univariate lin-
ear regression (p coefficient: —0.36 to —0.01, p <0.001).

Overlap and concordance between definitions

The greatest visual and numerical overlap occurred within
definitions from the same working groups. In the Venn di-
agram, all participants classified as sarcopenic according
to EWGSOPII with ALMI were also included within the
EWGSOPI with appendicular lean mass and EWGSOPII

Swiss Med WKkly. 2024;154:4034

with appendicular lean mass definitions (figure 2A). Simi-
larly, the FNIHI definitions were fully encompassed by the
FNIHIT BMI definition (figure 2B). Comparisons across
different consensus groups showed less overlap (figure
2C). Among the 55 possible combinations of definitions
(figure S1), agreement levels were as follows: “none” for
31 combinations, “minimal” for 15 combinations, “weak”
for 7 combinations and “moderate” for 2 combinations. No
combination achieved “strong” or “almost perfect” agree-
ment. Agreement scores between pairs of definitions
ranged from 0.02, when comparing the FNIHII definition
based on appendicular lean mass/BMI with the EWG-
SOPII severe sarcopenia with ALMI definition, to 0.69,
when comparing EWGSOPII based on ALMI to the AWG
definition.

Discussion

Sarcopenia prevalence and incidence

In this study of 930 Swiss postmenopausal women, the
prevalence of sarcopenia was 2.2% based on the latest
EWGSOPII definition with ALMI, with an incidence of
1.9% over the previous 5 years using the same definition.
In comparison, the DO-HEALTH study, which included

Figure 2: Distribution and overlap of OsteoLaus participants based on classification across various sarcopenia definitions. Venn diagrams il-
lustrate the distribution (circle size) and overlap between definitions among 930 Swiss postmenopausal women. See table 2 for complete sar-
copenia definitions. EWGSOP: European Working Group on Sarcopenia in Older People; ALM: appendicular lean mass; ALMI: ALM/height?;
FNIH: Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project; BMI: Body Mass Index; SDOC: Sarcopenia
Definitions and Outcomes Consortium.
FNIHII
EWGSOPII EWGSOPI FNIHII BMI A
ALM ALMI 79 42
33 35
D. Comparison D. Others
EWGSOPII
ALM
2
0 AWG
23
FNIHII BMI 2
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549 Swiss community-dwelling men and women with a
mean age of 74.0 years, reported a sarcopenia prevalence
of 0.9% using the EWGSOPII with the ALMI definition
[13]. In another study examining a subset of Swiss women
using the same definition, prevalence was 9.1% among 66
women in a geriatric rehabilitation hospital with a mean
age of 84.4 years [18]. In the oldest age tertile mean age
80.7 (SD 3.5) of the current OsteoLaus study, the preva-
lence of sarcopenia by EWGSOPII with ALMI was 4.5%.
The higher prevalence in the previous study may be ex-
plained by the older age and higher comorbidities in a
hospitalised population, both of which increase sarcopenia
risk [18].

Unlike most previous Swiss studies, our participants were
not selected via convenience sampling or hospitalisation.
Additionally, while cohort studies typically include health-
ier individuals than the general population, the proportions
of participants with diabetes, alcohol consumption and to-
bacco use in this study were comparable to a national sur-
vey for similar age and sex demographics [29]. Therefore,
it is likely that the reported prevalence and incidence rates
are only slightly underestimated. Considering these sam-
pling differences and the 5-year incidence of 1.9% for EW-
SOPII with ALMI, our findings are comparable to the pre-
vious similar study [18]. Other Swiss studies used older
definitions, included men, and are thus not directly compa-
rable [14—17] (table S1).

Both prevalence and incidence rates increased across age
tertiles for most definitions (tables S2 and S3 in the ap-
pendix). More specifically, greater incidence rates and dif-
ferences across age tertiles were observed with definitions
incorporating muscle strength (SDOC, probable sarcope-
nia) or higher muscle mass thresholds (FNIHII, AWG),
as opposed to definitions with lower muscle mass thresh-
olds (FNIHI, EWGSOPII). As shown by the linear regres-
sion in figure S2 in the appendix and reported in previous
population studies, muscle strength declines more rapid-
ly with age than muscle mass [30, 31]. Moreover, previ-
ous studies have suggested that age is linearly or even ex-
ponentially associated with the rate of muscle mass loss
[32]. In line with these hypotheses, the prevalences mea-
sured at the end of the OsteoLaus follow-up were similar
to the incidences over the 5-years period, suggesting that
most women developed sarcopenia during the follow-up.
This decline in muscle health appears to accelerate from
the seventh decade, as indicated by our findings and previ-
ous studies [30, 31]. Further studies are needed to continu-
ously monitor and estimate the population trends in muscle
health, particularly in high-risk subgroups.

Minimal agreement between sarcopenia definitions

Definitions with poorer muscle health cutoffs were gener-
ally encompassed within those with healthier cutoffs, as re-
flected by the greater overlap in Venn diagrams and high-
er Kappa Scores. However, the Venn diagrams typically
showed limited overlap, and most agreements between de-
finitions were classified as “none” or “minimal,” suggest-
ing that the various definitions may not be capturing the
same construct [12]. The debate on the definitions of sar-
copenia extends beyond the inclusion of the different pa-
rameters (muscle mass, strength and/or function), also en-
compassing their possible correction for body morphology

Swiss Med WKkly. 2024;154:4034

(height and weight), and the statistical basis of their thresh-
olds based on population lower standard deviations [2]
or the discrimination of adverse events [6]. Additionally,
there is ongoing discussion regarding the independent, ad-
ditive or synergistic roles of sarcopenia in relation to close-
ly linked conditions such as physical inactivity, sedentary
behaviour, cachexia, malnutrition and frailty [33, 34]. To
address these points, the Global Initiative on Sarcopenia
(GLIS) was established in 2021, comprising a large pan-
el of international societies and experts involved in pre-
vious definitions. GLIS aims to establish a consensus on
the conceptual and operational definitions of sarcopenia
[4, 35]. The conceptual framework proposed by GLIS in-
cludes muscle mass, strength and muscle-specific strength
(e.g. muscle strength relative to muscle size) as defining
elements, while muscle function is considered as an out-
come rather than a defining criterion. This approach con-
trasts with definitions from SDOC and EWGSOPII, where
muscle function is a core component. The next phase for
GLIS is to develop a new operational definition of sarcope-
nia that is broadly accepted worldwide [4].

Sarcopenia as a major concern for public health

A broader discussion on the high prevalence and incidence
rates of sarcopenia is essential, given its substantial eco-
nomic and societal burden [5, 10]. At the individual level,
a systematic review of 130 studies on sarcopenia risk fac-
tors and consequences has highlighted its additional nega-
tive impact on multiple acute and chronic health conditions
[8]. Consequently, the presence of sarcopenia can become
a critical factor in medical decision-making and treatment
allocation. Currently, the most effective response to sar-
copenia lies in public health strategies, as prevention and
management are largely behavioural, focusing on optimis-
ing physical activity and nutrition [36, 37]. No pharma-
cological treatments are available [38], and an operational
consensus on its definition is yet to be reached [4]. For ex-
ample, the WHO Global Action Plan on Physical Activity
2018-2030 advocates for the development and implemen-
tation of national guidelines, broad communication cam-
paigns on physical activity, mass participation events and
accessible and affordable physical activity opportunities
[39]. By establishing the current prevalence and incidence
of sarcopenia in Switzerland, this study provides essential
data to support ongoing and future public health initiatives
with potential benefits for sarcopenia and muscle health
more broadly. Additionally, these solutions can target mus-
cle health in older people as well as across the lifespan, in-
cluding at younger ages during peak muscle mass forma-
tion [40].

Strength and limitations

The primary strength of this study is the recency of the Os-
teoLaus cohort, which minimises historical bias. Addition-
ally, it is the first study in Switzerland to assess sarcopenia
prevalence and incidence in a general population recruit-
ed via random sampling. The OsteoLaus cohort design also
offers several advantages, including a large sample size,
high-quality data collection and close collaboration with its
umbrella cohort, the CoLaus study.

The main limitations include the absence of male partici-
pants and limited ethnic diversity in the OsteoLaus cohort.
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Prevalence is known to vary by sex and population, but the
homogeneity of this sample reduces the need for stratifica-
tion. Another limitation is the lack of gait speed assessment
at baseline, which required prevalence to be measured at
the most recent visit to allow for comparison across all
sarcopenia definitions, including IWG, SDOC and severe
sarcopenia from EWGSOPII. Lastly, prevalence may be
underestimated in the severe sarcopenia definition (EWG-
SOPII), as additional physical performance tests beyond
gait speed could be used for the severity criterion.

Conclusions

This study of 930 Swiss postmenopausal women demon-
strated a 2.2-5.7% prevalence of sarcopenia based on the
EWGSOPII definition, with an incidence of 1.9-4.7% over
5 years. A tenfold variation was observed across different
definitions and a tenfold increase in prevalence was noted
when comparing the oldest to the youngest age subgroups.
Given current demographic shifts and increasing life ex-
pectancy, the societal and individual burden of sarcopenia
is expected to grow and should be carefully monitored.
The lack of consensus and minimal agreement across def-
initions highlights the need for a standardised operational
definition, which would improve clinical management and
refine research priorities. The EWGSOPII definition is
particularly suitable for further European studies, as the
most recent and European-centred standard.

Considering the multiple adverse outcomes associated
with sarcopenia, the absence of pharmacological therapies
and the lack of a clear clinical implementation pathway,
this study emphasises the importance of public health
strategies in promoting and preserving muscle health.
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Appendix

Supp. Table 1. Sarcopenia prevalence from previous studies including Swiss participants

Author Population Measurements Outcomes
[ref], date n Recruitment Age Sex HGS DXA BIA Definition  Prevalence
Stuck [13] 551 Community 570 @ 12 0.2-17 8%
2023 dwelling ) definitions ' =
Hospitalized
Stuck [18] o 840 (O . .
2021 98 ger{atrlc 58 (9 8 definitions  9.2-19.4%
patients
Bertschi Hospl.tall'zed 810 O
[14] 305 geriatric (10.0) @ EWGSOPII  22.6-24.6%
2021 patients )
Wearing Community
[15] 219 living :35366) % EWGSOPI 26.3-28%
2020 volunteers ’
Ambulatory
Graf[17] or 75.3 @ 0
2017 3181 hospitalized (72) (9@ EWGSOPI 17.0-85%
patients
Hars [16] Community 65.0 @ o
2016 913 dwelling (1.4) @ Baumgartner 3.5-20.2%

Legend and abbreviations: All studies including the sarcopenia prevalence in Swiss inhabitant were included. n:
sample size; HGS: handgrip strength; ALM: appendicular lean mass; BIA: body impedance analysis;

included

item
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Supp. Table 2: Sarcopenia prevalence by definitions and age tertiles groups

Age<69.4 yrs 69.4<Age<76.2 76.2<Age

HPE T ref _ a
Definition, Date " =310 N =311 " =309 p-value
SDOC 2020 [6] 5(1.6%) 12 (3.9%) 45 (14.6%) <0.001
EWGSOP 11 2019 [2] 14 (4.5%) 25 (8.0%) 75 (24.3%) <0.001
* Probable sarcopenia

4 (1.3%) 2 (0.6%) 14 (4.5%) 0.02

* Sarcopenia with ALMI
« Sarcopenia with ALM 7 (2.3%) 10 (3.2%) 36 (11.7%) <0.001
* Severe sarcopenia with ALMI 1(0.3%) 0(0.0%) 4 (1.3%) 0.21
* Severe sarcopenia with ALM 1(0.3%) 1(0.3%) 12 (3.9%) 0.002
AWG 2019 [23] 4 (1.3%) 3(1.0%) 19 (6.1%) 0.001
FNIH 11 2017 [24] 0 o 0

« Sarcopenia with ALM/BMI 22 (7.1%) 40 (12.9%) 63 (20.4%) <0.001

* Sarcopenia with ALM 9 (2.9%) 20 (6.4%) 53(17.2%) <0.001
FNIH 12014 [25] 2 (0.6%) 6 (1.9%) 6 (1.9%) 0.18
IWG 2011 [26] 2 (0.6%) 1(0.3%) 10 (3.2%) 0.02

Legend and abbreviations: prevalence (nb. cases) based on tertiles of ages; ALM: appendicular lean mass;
ALMI : ALM/heigth? BMI: Body Mass Index; SDOC: Sarcopenia Definitions and Outcomes Consortium;
EWGSOP: European Working Group on Sarcopenia in Older People 11 (2019); FNIH : Foundation for the
National Institutes of Health Sarcopenia Project | (2014) and | (2017); IWG : International Working Group on

sarcopenia; ?: p-value from two sided Fisher’s exact test between first and last age tertile.
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Supp. Table 3: Sarcopenia incidence by definitions and age tertiles groups

Definition, Date"™f T T2 T3 p-value?
n =249-294 n=240-294 n=245-294
SDOC 2020 [6] 1(0.4%) 8 (3.1%) 14 (5.4%) 0.003
EWGSOP i 2019 [2] . 11 (4.0%) 22 (7.9%) 46 (17.2%) <0.001
* Probable sarcopenia
* Sarcopenia with ALMI 3 (1.0%) 3 (1.0%) 11 (3.8%) 0.03
* Sarcopenia with ALM 5(1.7%) 8(2.8%) 27 (9.5%) <0.001
* Severe sarcopenia with ALMI 0 (0.0%) 1(0.4%) 1 (0.4%) 0.6
* Severe sarcopenia with ALM 0 (0.0%) 3(1.1%) 5(1.9%) 0.09
AWG 2019 [23] 4 (1.4%) 2 (0.7%) 14 (4.8%) 0.02
FI\{I;IaIrIcf)(;Z\i[;i\}ith ALM/BMI 15 (6.0%) 22 (9.2%) 43 (17.6%) <0.001
* Sarcopenia with ALM 6 (2.1%) 10 (3.5%) 33(11.8%) <0.001
FNIH 12014 [25] 1(0.4%) 3(1.1%) 5(1.9%) 0.12
IWG 2011 [26] 1(0.34%) 1(0.34%) 6 (2.04%) 0.12

Legend and abbreviations : incident cases (new cases between 2 visits, cf. figure 1) based on tertiles of ages at
their baseline; ALM: appendicular lean mass; ALMI : ALM/heigth? BMI: Body Mass Index; SDOC: Sarcopenia
Definitions and Outcomes Consortium; EWGSOP: European Working Group on Sarcopenia in Older People Il
(2019); FNIH : Foundation for the National Institutes of Health Sarcopenia Project | (2014) and | (2017); IWG :
International Working Group on sarcopenia; ®:p-value from two sided Fisher’s exact test between first and last age

tertile.
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Supp. Figure 1. Overlap and agreement between the 55 combinations of sarcopenia definitions
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Prob_EWGSOPII: 100

Prob_EWGSOPII: 88

EWGSOPII_ALM: 33

0.40 0.16 0.38 0.24 0.50
EWGSOPII_sev_ALM: 0 EWGSOPII_sev_ALMI: 0 AWG: 10 FNIHII_BMI: 98 FNIHII_ALM: 46
Both: 14 Both: 5 Both: 16 Both: 27 Both: 36

EWGSOPII_ALM: 39

EWGSOPII_ALM: 48

EWGSOPII_ALM: 37

EWGSOPII_ALM: 26

EWGSOPII_ALM: 17

0.28 0.21 0.28 0.39 0.69
FNIHI: 4 IWG: 108 EWGSOPII_sev_ALM: 9 EWGSOPII_sev_ALMI: 0 AWG: 10
Both: 10 Both: 26 Both: 5 Both: 5 Both: 16

EWGSOPII_ALM: 43

EWGSOPII_ALM: 27

EWGSOPII_ALMI: 15

EWGSOPII_ALMI: 15

EWGSOPII_ALMI: 4

0.08 0.31 0.10 0.23 0.52
FNIHII_BMI: 117 FNIHII_ALM: 65 FNIHI: 12 IWG: 114 EWGSOPII_sev_ALMI: 0
Both: 8 Both: 17 Both: 2 Both: 20 Both: 5

EWGSOPII_ALMI: 12

EWGSOPII_ALMI: 3

EWGSOPII_ALMI: 18

EWGSOPII_ALMI: 0

EWGSOPII_sev_ALM: 9

0.08 0.09 0.12 0.20 0.07
AWG: 24 FNIHII_BMI: 117 FNIHII_ALM: 75 FNIHI: 11 IWG: 127
Both: 2 Both: 8 Both: 7 Both: 3 Both: 7

EWGSOPII_sev_ALM: 12

EWGSOPII_sev_ALM: 6

EWGSOPII_sev_ALM: 7

EWGSOPII_sev_ALM: 11

EWGSOPII_sev_ALM: 7

0.12 0.02 0.08 0.10 0.06
AWG: 24 FNIHII_BMI: 123 FNIHII_ALM: 78 FNIHI: 13 IWG: 129
Both: 2 Both: 2 Both: 4 Both: 1 Both: 5

EWGSOPII_sev_ALMI: 3

EWGSOPII_sev_ALMI: 3

EWGSOPII_sev_ALMI: 1

EWGSOPII_sev_ALMI: 4
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0.05 0.42 0.03 0.29 0.31
FNIHII_BMI: 118 FNIHII_ALM: 58 FNIHI: 13 IWG: 108 FNIHII_ALM: 42
Both: 7 Both: 24 Both: 1 Both: 26 Both: 40
AWG: 19 AWG: 2 AWG: 25 AWG: 0 FNIHII_BMI: 85

0.18 0.00 0.12 0.40 0.01
FNIHI: O IWG: 116 FNIHI: 7 IWG: 84 IWG: 131
Both: 14 Both: 18 Both: 7 Both: 50 Both: 3
FNIHII_BMI: 111 FNIHII_BMI: 107 FNIHII_ALM: 75 FNIHII_ALM: 32 FNIHI: 11

Legend and abbreviations: Pie charts with prevalences comparing the 55 combination of sarcopenia definitions
(green or turquoise), their eventual overlap (purple), and the Cohen Kappa Agreement (centrally and bold); See
Table 2 for the full definition’s names and criterias, prob: probable sarcopenia; sev: severe sarcopenia; ALM:
Appendicular Lean Mass; ALMI: ALM/height?,BMI: ALMI/BMI.
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Supp. Figure 2. Trend of muscle strength, appendicular lean mass and gait speed over age
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Legend: scatterplots illustrating the association between age and the muscle criteria (A: handgrip strength, B:
appendicular lean mass or C: gait speed) with univariate linear regression. For all variables and all visits (V3-5), the
negative and significant B coefficients indicate a decrease in the muscle criteria as age increases. These graphs
show the total effect and do not account for confounding and mediating factors.
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STROBE Statement: Checklist of items for cohort studies

Itrir)n Recommendation Page No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the
title or the abstract 01
(b) Provide in the abstract an informative and balanced summary of
what was done and what was found
Introduction
Background/ 2 Explain the scientific background and rationale for the investigation )3
rationale being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3
Methods
Study design 4 Present key elements of study design early in the paper 3
Setting 5 Describe the setting, locations, and relevant dates, including 3.4
periods of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up 3.4
(b) For matched studies, give matching criteria and number of
exposed and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if 4-5
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of
measurement methods of assessment (measurement). Describe comparability of 4-5
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 4-5,12
Study size 10 Explain how the study size was arrived at 3-4,6
Quantitative 11 Explain how quantitative variables were handled in the analyses. If
. . . . . Table 1
variables applicable, describe which groupings were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control
methods for confounding
(b) Describe any methods used to examine subgroups and
interactions 6-7
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg
numbers potentially eligible, examined for eligibility, confirmed
L . . . 3-4, 6-7
eligible, included in the study, completing follow-up, and analysed .
. S Figure 1
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* (&) Give characteristics of study participants (eg demographic,
clinical, social) and information on exposures and potential 2
confounders Table 1
(b) Indicate number of participants with missing data for each .
. . Figure 1
variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15* R.eport numbers of outcome events or summary measures over 7.8 Table 2
time
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 7.8, Table 2

adjusted estimates and their precision (eg, 95% confidence
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interval). Make clear which confounders were adjusted for and why
they were included

(b) Report category boundaries when continuous variables were

. Table 2
categorized
(c) If relevant, consider translating estimates of relative risk into Table 2
absolute risk for a meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and Supp. tables
interactions, and sensitivity analyses 2and 3
Supp.
Figure 1
and 2
Discussion
Key results 18  Summarise key results with reference to study objectives 9
Limitations 19 Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and magnitude 12
of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering
objectives, limitations, multiplicity of analyses, results from similar 9-11
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 9
Other information
Funding 22  Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on which the 13

present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in
conjunction with this article (freely available on the Web sites of PLoS Medicine at
http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at
http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-

statement.org.

Swiss Medical Weekly * www.smw.ch ¢ published under the copyright license Attribution 4.0 International (CC BY 4.0)

Appendix page A-7





