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Abstract

Background: Sarcopenia is highly prevalent in geriatric rehabilitation patients and can worsen prognosis. This study aimed
to investigate the association of sarcopenia and components of sarcopenia with 3-month and 1-year post-discharge mortality
in geriatric rehabilitation inpatients.
Methods: REStORing health of acutely unwell adulTs (RESORT) is an observational, prospective longitudinal cohort of
geriatric rehabilitation inpatients. Sex-stratified Cox proportional-hazards analyses were used to associate sarcopenia (and its
components) at admission, by the European Working Group on Sarcopenia in Older People (EWGSOP, EWGSOP2) and
the Asian Working Group for Sarcopenia 2019 (AWGS 2019), with 3-month and 1-year post-discharge all-cause mortality.
Results: Patients (n = 1,406) had a median interquartile ranges [IQR] age of 83.0 [77.4–88.2] years (58% females).
Sarcopenia was significantly associated with 3-month and 1-year mortality in females (EWGSOP, EWGSOP2 and AWGS
2019) and males (EWGSOP2, AWGS 2019). In females, low muscle mass (EWGSOP, EWGSOP2 and AWGS 2019) was
significantly associated with 3-month and 1-year mortality; low muscle strength (EWGSOP, EWGSOP2 and AWGS 2019)
was significantly associated with 1-year mortality. For males, low muscle mass (EWGSOP2, AWGS 2019) was significantly
associated with 3-month and 1-year mortality; low muscle strength (EWGSOP2, AWGS 2019) was significantly associated
with 3-month mortality. The association between physical performance with mortality was not analysed due to less than five
events (death) in patients with normal physical performance.
Conclusions: Sarcopenia, low muscle mass and low muscle strength at admission are associated with a significantly higher
risk of mortality post-discharge from geriatric rehabilitation, highlighting the need to measure muscle mass and strength in
clinical practice.
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Key Points

• Muscle measures should be investigated in geriatric rehabilitation patients.
• Sarcopenia is associated with mortality.
• Muscle mass is associated with mortality.
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• Muscle strength is associated with mortality.

Introduction

Geriatric rehabilitation aims to restore functional capacity
through individualised treatment plans [1]. Geriatric reha-
bilitation inpatients have experienced an acute illness requir-
ing hospitalisation and often suffer from multiple diseases
[2]. Sarcopenia is a prevalent comorbid disease [3] in 56%
of patients at admission to geriatric rehabilitation [4], can
worsen prognosis of many chronic conditions [5, 6] and
is associated with multiple adverse health outcomes such
as functional decline [7], falls, fractures [8], frailty [9],
hospitalisation [7] and mortality in community-dwelling,
outpatients, inpatients and nursing home residents [10].

The association between sarcopenia and mortality in geri-
atric rehabilitation inpatients has been reported in two small
cohorts; one study (n = 99) showing no difference between
patients with and without sarcopenia and 3-month mortality
[11] and one study (n = 172) showing an association between
sarcopenia and a two times higher 1-year mortality risk [12].
Since geriatric rehabilitation gives a window of opportunity
for tailored interventions to increase muscle mass, muscle
strength and/or physical performance because of the multi-
disciplinary approach [1], the investigation of the association
of sarcopenia and individual sarcopenia components (low
muscle mass, muscle strength and/or physical performance)
with mortality post-discharge may be beneficial for the devel-
opment of treatment plans during geriatric rehabilitation
and for the purpose of post-discharge care planning [1].

This study aimed to investigate the association of
sarcopenia and its components (low muscle mass, muscle
strength, physical performance) with 3-month and 1-
year post-discharge mortality in geriatric rehabilitation
inpatients.

Methods

Study design

REStORing health of acutely unwell adulTs (RESORT) is an
observational, prospective longitudinal cohort at the Royal
Melbourne Hospital in Melbourne, Victoria, Australia. All
patients admitted to geriatric rehabilitation wards between
16 October 2017 and 18 March 2020 were eligible for inclu-
sion. Written informed consent was provided by included
patients or a nominated proxy. Patients were excluded if they
were unable to consent and had no nominated proxy to
consent on their behalf, or if patients were receiving palliative
care at admission. Of the 2,246 patients who were considered
eligible for participation, 356 refused consent, leaving 1,890

potential patients. Sarcopenia diagnosis was completed in
1,452 patients at admission. Forty-six patients died during
hospitalisation leaving 1,406 patients for analyses. The study
was approved by the Melbourne Health Human Research
Ethics Committee (no. HREC/17/MH/103) and followed
national and international ethical guidelines according to the
Helsinki Declaration.

Patient characteristics

Patients were assessed within 48 hours after admission by
physicians, nurses, physiotherapists, occupational therapists
and dietitians following a standardised Comprehensive Geri-
atric Assessment. Age, sex and length of stay at geriatric
rehabilitation were extracted from medical records. Living
situation and ethnicity were collected through a question-
naire complete by the patient, carer, a researcher assisting the
patient or data were extracted from medical records. Stand-
ing height in metres was measured when patients were able to
stand (footwear removed); when unable to stand, knee height
was measured. Knee height was measured using a sliding
calliper with knee positioned at 90◦ and then the Chumlea
equation was used to calculate standing height from knee
height [13]. Weight in kilogrammes was measured on a
calibrated standing weighing scale, weighing chair or hoist
(footwear and heavy clothing removed). Body mass index
was calculated by dividing weight by height squared and pre-
sented as kg/m2. Activities of Daily Living was assessed using
the Katz index with scores ranging from 0 to 6 points [14],
Independent Activities of Daily Living was assessed using
the Lawton and Brody scale with scores ranging from 0 to
8 [15], with a higher score indicating greater independence
for both tests. Frailty was assessed using Clinical Frailty Scale
with scores ranging from 0 to 9, a higher score meaning
greater severity of frailty [16]. Morbidity was assessed using
the Charlson Comorbidity Index (CCI) with scores ranging
from 0 to 37 [17], with a higher score indicative of higher
morbidity. Disease severity was assessed using the Cumula-
tive Illness Rating Scale with scores ranging from 0 to 56
[18]. Cognitive impairment was defined by either a dementia
diagnosis documented in medical records, or an abnormal
score through cognitive screening tools: a score of <24 on the
standardised Mini-Mental State Examination [19], a score
of <26 on the Montreal Cognitive Assessment [20]; a score
of <23 on the Rowland Universal Dementia Assessment
[21]. Delirium was defined as a delirium reported in medical
records or the risk of delirium by the short Confused Assess-
ment Method [22]. The Malnutrition Screening Tool was
used to determine nutritional status; a score of ≥2 indicated
risk of malnutrition [23].
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Sarcopenia components

Direct segmental bio-electrical impedance analysis (DSM-
BIA, InBody S10, Biospace Co., Ltd., Seoul, South Korea)
was used to measure skeletal muscle mass (SMM) and appen-
dicular lean mass (ALM), both expressed in kilogrammes.
Skeletal muscle mass index (SMI) was defined as SMM
divided by height squared and expressed in kg/m2. BIA was
not performed in case of a pacemaker or other electronic
medical device (n = 25); amputation (n = 2); cast/dressing
(n = 7); contact precautions (n = 4); medical contraindication
(n = 9); refusing (n = 3); technical issues (n = 2). Reasons were
unknown/missing reason in 59 patients.

Handgrip strength (HGS) was measured using a Jamar
Hydraulic Handheld Dynamometer (JAMAR, Sammons
Preston, Inc., 119 Bollingbrook, IL, USA) in a sitting posi-
tion with the elbow bent at 90◦ to the body, exerting
maximum force, three times alternating for both hands. The
maximum value of the three trials, expressed in kilogrammes,
was used for the analysis [24].

The Short Physical Performance Battery (SPPB) includes
balance tests, 4-metre walk test and chair stand test, with a
total score ranging from 0 to 12 points, where a higher score
indicates better physical function [25]. Gait speed (m/s) was
measured as the time taken to walk 4 m at a usual pace with
or without a walking aid, measured twice and the fastest time
was used for analysis. The chair stand test was timed from
the beginning of the first rise until seated again after the fifth
rise in seconds (s) [26]. Patients were instructed to stand up
as fast as possible.

If a patient was unable to complete the muscle strength
and/or physical performance tests due to medical reasons
such as fatigue and pain, their assessments were classified as
abnormal.

Sarcopenia diagnosis

Patients were assessed for sarcopenia by the following sar-
copenia definitions: European Working Group on Sarcope-
nia in Older People (EWGSOP), the current operational
definition in Australia [27], European Working Group on
Sarcopenia in Older People 2018 (EWGSOP2) [28] and
Asian Working Group for Sarcopenia 2019 (AWGS 2019)
[29].

The EWGSOP definition includes the following criteria:
(i) low muscle mass (SMI ≤10.75 kg/m2 in males and SMI
≤6.75 kg/m2 in females [30]) and; (ii) low muscle strength
(HGS of <30 kg in males and <20 kg in females [31])
and/or (iii) low physical performance (gait speed of ≤0.8 m/s
or SPPB score of ≤8 points).

The EWGSOP2 definition includes (i) low mus-
cle strength (HGS of <27 kg for males and <16 kg
for females or a chair stand time >15 s) and (ii) low
muscle mass (ALM/height2 < 7.0 kg/m2 for males and
ALM/height2 < 5.5 kg/m2 for females), indicating con-
firmed sarcopenia. Low physical performance (gait speed
of ≤0.8 m/s or a SPPB score of ≤8 points) was used to
define severe sarcopenia.

The AWGS 2019 definition includes (i) low muscle
mass (ALM/height2 < 7.0 kg/m2 in males and ALM/height2

< 5.7 kg/m2 in females) and (ii) low muscle strength (HGS
of <28 kg for males and <18 kg for females) and/or (iii)
low physical performance (gait speed <1.0 m/s or SPPB
score ≤ 9 or chair stand ≥ 12 s).

Mortality

All-cause mortality was assessed at 3-month and 1-year
post-discharge from geriatric rehabilitation through the Reg-
istry of Births, Deaths and Marriages Victoria and through
medical records.

Statistical analyses

Patient characteristics were reported using descriptive statis-
tics. Categorical variables were presented as a frequencies
(n) with percentages (%). Continuous variables that were
normally distributed were displayed as means ± standard
deviations. Continuous variables that were skewed were
presented as medians and interquartile ranges [IQR].

Kaplan–Meier survival curves stratified by sex, grouped
by sarcopenia definition, visualised the cumulative survival
probability over the 1-year follow-up period. As the preva-
lence of sarcopenia is found to be higher in males [32], sex
was tested as an effect modifier through interaction terms,
revealing a positive result, therewith all analysis were sex
stratified [33]. Univariable Cox proportional hazard analyses
were performed to analyse the association between sarcope-
nia and mortality at 3-month and 1-year post-discharge.
The multivariable Cox proportional hazard analyses were
adjusted for age and CCI score. Sex was tested as a potential
effect modifier using an interaction term. The association
between components of sarcopenia (muscle mass, muscle
strength, physical performance) and 3-month and 1-year
mortality was analysed if there were ≥five events (death)
in each of the normal and low groups [34]. Results were
presented as hazard ratios (HR) and 95% confidence inter-
vals (CI). P-values <0.05 were considered statistically sig-
nificant. Statistical analyses were performed using the Statis-
tical Package for the Social Sciences (IBM SPSS Advanced
Statistics 25.0, Armonk, NY: IBM Corp.).

Results

Table 1 shows the characteristics of 1,406 included patients.
The median [IQR] age was 83.0 years [77.4–88.2] and
58.0% were female. The median [IQR] length of stay
in geriatric rehabilitation was 19.7 [13.0–30.0] days. The
prevalence of sarcopenia for females and males ranged from
7.0% to 24.4% and 25.0% to 81.4% depending on the
sarcopenia definitions used. Of patients classified as having
sarcopenia by the EWGSOP2, 96.9% were considered as
having severe sarcopenia. The prevalence of low muscle mass
ranged from 7.0% to 24.4% for females and from 30.3% to
82.9% for males and the prevalence of low muscle strength
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Table 1. Patient characteristics at admission to geriatric rehabilitation and mortality 3-month and 1-year post-discharge

n Total n = 1,406 n Females n = 816 n Males n = 590
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Demographics

Age, years 1,406 83.0 [77.4–88.2] 816 83.0 [77.9–88.3] 590 82.8 [76.1–88.1]
Living alone, n (%) 1,404 623 (44.4) 814 391 (48.0) 590 232 (39.3)
Length of stay, days 1,406 19.7 [13.0–30.0] 816 19.7 [10.1–30.7] 590 19.5 [12.9–29.9]

Ethnicity
European/Caucasian, n (%) 1,363 1,194 (87.6) 797 694 (87.1) 566 500 (88.3)
Asian, n (%) 1,363 70 (5.10) 797 42 (5.30) 566 28 (4.90)

Physical characteristics
BMI, kg/m2 1,399 26.3 [22.8–30.6] 810 27.0 [22.9–31.4] 589 25.6 [22.7–29.7]
CFS, score 1,289 6 [5–7] 750 6 [5–7] 539 6 [5–7]
ADL, score 1,392 2 [1–3] 806 2 [1–3] 586 2 [1–3]
IADL, score 1,392 1 [0–2] 806 1 [0–2] 586 1 [0–2]

Morbidity and nutritional status
CCI, score 1,406 2 [1–4] 816 2 [1–3] 590 3 [1–4]
CIRS, score 1,405 12 [8–15] 816 12 [8–15] 589 12 [9–16]
Malnutrition risk, n (%) 1,317 678 (51.5) 756 251 (33.2) 561 427 (76.1)

Cognitive condition
Cognitively impaired, n (%) 1,204 750 (62.3) 705 419 (59.4) 499 331 (66.3)
Delirium, n (%) 1,406 319 (22.7) 816 174 (21.3) 590 145 (24.6)

Sarcopenia
EWGSOP, n (%) 1,296 503 (38.8) 742 52 (7.00) 554 451 (81.4)
EWGSOP2a, n (%) 1,399 266 (19.0) 812 112 (13.8) 587 154 (26.2)
EWGSOP2b, n (%) 1,390 249 (17.9) 806 103 (12.8) 584 146 (25.0)
AWGS 2019, n (%) 1,287 346 (26.9) 737 180 (24.4) 550 166 (30.2)

Sarcopenia components
EWGSOP

Low muscle mass, n (%) 1,295 511 (39.5) 741 52 (7.00) 554 459 (82.9)
Low muscle strength, n (%) 1,355 1121 (82.7) 782 650 (83.1) 573 471 (82.2)
Low physical performance, n (%) 1,390 1326 (95.4) 808 784 (97.0) 582 542 (93.1)

EWGSOP2
Low muscle mass, n (%) 1,288 304 (23.6) 737 137 (18.6) 551 167 (30.3)
Low muscle strength, n (%) 1,405 934 (66.5) 815 510 (62.6) 590 424 (71.9)
Low physical performance, n (%) 1,390 1326 (95.4) 808 784 (97.0) 582 542 (93.1)

AWGS 2019
Low muscle mass, n (%) 1,288 347 (26.9) 737 180 (24.4) 551 167 (30.3)
Low muscle strength, n (%) 1,355 972 (71.7) 782 557 (71.2) 573 415 (72.4)
Low physical performance, n (%) 1,396 1374 (98.4) 808 798 (98.8) 588 576 (98.0)

Mortality
3-month, n (%) 1,406 91 (6.47) 816 43 (5.30) 590 48 (8.10)
1-year, n (%) 1,406 225 (16.0) 816 96 (11.8) 590 129 (21.9)

All data presented as median [IQR] unless otherwise stated. ADL, Activities of Daily Living; AWGS 2019, Asian Working Group for Sarcopenia 2020; BMI, body
mass index; CFS, Clinical Frailty Scale; CIRS, Cumulative Illness Rating Scale; IADL, Independent Activities of Daily Living. aNon-severe (confirmed) sarcopenia.
bSevere sarcopenia.

was between 62.6% and 83.1% for females and 71.9% and
82.2% for males dependent on sarcopenia definitions. The
prevalence of low physical performance ranged from 97.0%
to 98.8% for females and from 93.1% to 98.0% for males. At
3-month post-discharge, 5.3% of females and 8.1% of males
were deceased. At 1-year post-discharge, 11.8% of females
and 21.9% of males were deceased. The prevalence of sar-
copenia and sarcopenia components, stratified by deceased
and alive at 3-month and 1-year post-discharge can be found
in Appendix Table 1 (a, b, c). The association between low
physical performance by the EWGSOP, EWGSOP2 and
AWGS 2019 with 3-month and 1-year mortality was not
analysed due to the occurrence of <five events (death)
in the normal physical performance groups (Appendix
Table 1 (c)).

Sex was found to be an effect modifier and therefore all
analyses were stratified by sex. Figure 1 shows the survival
curves of groups with and without sarcopenia stratified by
sex. Tables 2 and 3 show the results of the cox-regression
analysis of sarcopenia, and sarcopenia components with
mortality, stratified by sex. In females, sarcopenia diagnosed
by the EWGSOP (HR: 4.81, 95% CI: 2.27–10.2, HR:
3.74, 95% CI: 2.13–6.56), EWGSOP2 (HR: 2.95, 95% CI:
1.56–5.60, HR: 2.93, 95% CI: 1.89–4.54) and AWGS 2019
(HR: 2.13, 95% CI: 1.12–4.02, HR: 1.93, 95% CI: 1.25–
2.99) was significantly associated with 3-month and 1-year
mortality, respectively after adjusting for age and CCI score.

In males, sarcopenia diagnosed by the EWGSOP2 (HR:
3.72, 95% CI: 2.06–6.72, HR: 1.92, 95% CI: 1.34–2.77)
and AWGS 2019 (HR: 1.26, 95% CI: 1.14–1.38, HR:
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Figure 1. Kaplan–Meier survival curves for the association between sarcopenia and 1-year mortality in geriatric rehabilitation
inpatients.
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Table 2. Association of sarcopenia with 3-month and 1-year mortality in geriatric rehabilitation inpatients

N Crude Adjustedd

HR (95% CI) P-value HR (95% CI) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3-month mortality

EWGSOPa F 742 4.08 (1.94, 8.56) <0.001 4.81 (2.27, 10.2) <0.001
M 554 2.33 (0.84, 6.52) 0.106 1.49 (0.51, 4.32) 0.465

EWGSOP2b F 812 3.13 (1.66, 5.93) <0.001 2.95 (1.56, 5.60) 0.001
M 587 4.08 (2.29, 7.28) <0.001 3.72 (2.06, 6.72) <0.001

AWGS 2019c F 737 2.12 (1.13, 3.99) 0.020 2.13 (1.12, 4.02) 0.020
M 550 3.92 (2.14, 7.19) <0.001 1.26 (1.14, 1.38) <0.001

1-year mortality
EWGSOPa F 742 3.08 (1.77, 5.36) <0.001 3.74 (2.13, 6.56) <0.001

M 554 1.77 (1.01, 3.10) 0.045 1.19 (0.66, 2.13) 0.565
EWGSOP2b F 812 2.99 (1.93, 4.63) <0.001 2.93 (1.89, 4.54) <0.001

M 587 2.01 (1.41, 2.88) <0.001 1.92 (1.34, 2.77) <0.001
AWGS 2019c F 737 1.84 (1.19, 2.83) 0.006 1.93 (1.25, 2.99) 0.003

M 550 1.96 (1.36, 2.83) <0.001 1.86 (1.28, 2.70) 0.001

Bold values indicate statistical significance P < 0.05. F, females; M, males. Patients able to be diagnosed by the definition as having sarcopenia or not having
sarcopenia: a1,296. b1,399. c1,287. dAdjusted for age and CCI score.

Table 3.Association of sarcopenia components (muscle mass, muscle strength) and 3-month and 1-year mortality in geriatric
rehabilitation inpatients

N Crude Adjusteda

HR (95% CI) P-value HR (95% CI) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3-month mortality
EWGSOP

Muscle mass F 741 4.19 (2.06, 8.52) <0.001 4.91 (2.39, 10.1) <0.001
M 554 1.78 (0.70, 4.50) 0.223 1.14 (0.43, 3.00) 0.795

Muscle strength F 782 2.02 (0.73, 5.61) 0.175 1.72 (0.61, 4.84) 0.305
M 573 3.61 (1.13, 11.6) 0.031 2.71 (0.84, 8.74) 0.095

EWGSOP2
Muscle mass F 737 2.71 (1.46, 5.06) 0.002 2.70 (1.44, 5.03) 0.002

M 551 3.53 (1.94, 6.33) <0.001 3.18 (1.75, 5.79) <0.001
Muscle strength F 815 1.68 (0.89, 3.18) 0.110 1.58 (0.83, 3.00) 0.167

M 590 3.05 (1.32, 7.06) 0.009 2.56 (1.10, 5.94) 0.039
AWGS 2019

Muscle mass F 737 2.11 (1.14, 3.91) 0.017 2.16 (1.16, 4.02) 0.015
M 551 3.53 (1.97, 6.33) <0.001 3.18 (1.75, 5.79) <0.001

Muscle strength F 782 2.10 (0.95, 4.66) 0.067 1.81 (0.81, 4.07) 0.151
M 573 2.83 (1.22, 6.57) 0.016 2.36 (1.01, 5.48) 0.047

1-year mortality
EWGSOP

Muscle mass F 741 3.21 (1.90, 5.43) <0.001 3.91 (2.29, 6.66) <0.001
M 554 1.55 (0.90, 2.66) 0.112 1.05 (0.59, 1.84) 0.875

Muscle strength F 782 2.74 (1.28, 5.87) 0.010 2.40 (1.11, 5.19) 0.027
M 573 2.00 (1.13, 3.52) 0.017 1.57 (0.88, 2.78) 0.124

EWGSOP2
Muscle mass F 737 2.51 (1.64, 3.83) <0.001 2.58 (1.69, 3.95) <0.001

M 551 1.90 (1.32, 2.72) <0.001 1.78 (1.23, 2.57) 0.002
Muscle strength F 815 1.71 (1.12, 2.61) 0.013 1.60 (1.04, 2.45) 0.033

M 590 1.49 (0.99, 2.24) 0.053 1.27 (0.84, 1.91) 0.249
AWGS 2019

Muscle mass F 737 1.81 (1.19, 2.76) 0.006 1.92 (1.25, 2.93) 0.003
M 551 1.90 (1.32, 2.72) <0.001 1.77 (1.23, 2.57) 0.002

Muscle strength F 782 1.96 (1.18, 3.29) 0.010 1.73 (1.02, 2.89) 0.044
M 573 1.53 (1.01, 2.33) 0.048 1.30 (0.85, 1.99) 0.22

Bold values indicate statistical significance P < 0.05. F, females; M, males. aAdjusted for age and CCI score.
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1.86, 95% CI: 1.28–2.70) was significantly associated with
3-month and 1-year mortality, respectively after adjusting
for age and CCI score, but was not associated when using
EWGSOP criteria.

Subgroup analysis in females showed that low muscle
mass defined by the EWGSOP, EWGSOP2 and AWGS
2019 was significantly associated with 3-month and 1-year
mortality after adjusting for age and CCI score. Low muscle
strength by the three definitions was significantly associated
with 1-year mortality after adjusting for age and CCI score
but not associated with 3-month mortality.

Subroup analysis in males showed that low muscle mass
by the EWGSOP2 and AWGS 2019 was significantly asso-
ciated with 3-month and 1-year mortality after adjusting
for age and CCI but not for the EWGSOP definition.
Low muscle strength by the EWGSOP2 and AWGS 2019
was significantly associated with 3-month mortality but not
associated with 1-year mortality. Low muscle strength by the
EWGSOP was not associated with mortality in males.

Discussion

Females with sarcopenia diagnosed by the EWGSOP, EWG-
SOP2 and AWGS 2019 and males with sarcopenia diag-
nosed by the EWGSOP2 and AWGS 2019 had a signif-
icantly higher risk of mortality 3-month and 1-year post-
discharge from geriatric rehabilitation. Low muscle mass and
strength were associated with mortality in both females and
males.

To the best of our knowledge, our study is the first to
evaluate the association of sarcopenia with mortality using
recently established definitions of sarcopenia (EWGSOP2,
AWGS 2019) in geriatric rehabilitation inpatients. Only two
small studies have previously examined the association of sar-
copenia with mortality in geriatric rehabilitation inpatients,
both reporting sex-unstratified results and using the EWG-
SOP definition. Of the two studies, one showed a negative
result [11] and one reported a two times higher risk of 1-
year mortality in patients with sarcopenia [12]. However, in
the latter study, patients with delirium and dementia were
excluded and adopted cut-off values for muscle strength and
gait speed were applied [12]. Our finding that sarcopenia
by the EWGSOP2 is significantly associated with mortality
is in agreement with a recent meta-analysis showing the
positive association independent of population [10]. Two
studies have evaluated the sex-specific association of sar-
copenia by the EWGSOP and mortality, both conducted in
community-dwelling individuals. One revealed a significant
association for both females and males [35], the other found
an association in males only [36]. A modified EWGSOP
algorithm was used in the latter study [34].

Male sex is a risk factor for mortality across all ages and
tend to have higher morbidity burden than females [37].
Individuals with more comorbidies and more severe diseases
are likely to have poorer base-line health and independently
associated with an increased risk of mortality [38–40].

Irrespective of the definition used for the diagnosis, sar-
copenia was associated with a significantly higher risk of 3-
month and 1-year mortality in females. Only males diag-
nosed by the EWGSOP2 and AWGS 2019 were associ-
ated with a significantly higher risk of 3-month and 1-
year mortality. The absence of association observed between
the EWGSOP and mortality may be a result of the higher
prevalence of males with sarcopenia observed when using the
EWGSOP, due to the cut-off points being applied [41]. The
adoption of higher cutoffs, translating to a higher prevalence
of sarcopenia, leads to the inclusion of a less severe phenotype
of the disease. When a sarcopenia definition that uses muscle
mass [27] rather than muscle strength [28, 29] as the core
component of the diagnostic algorithm is used, a higher HR
was observed in females, which is in accordance with our
finding that low muscle mass is consistently associated with
mortality.

The finding that the association was independent of the
follow-up time is also in agreement with a previous study
conducted in hospitalised individuals evaluating the associ-
ation of sarcopenia by the EWGSOP with short- (in hos-
pital) and long-term (1-year) mortality [42]. Sarcopenia is
characterised by low muscle mass and strength, which can
contribute to impaired balance [43] leading to falls [44]. Falls
can be fatal alone [45] or lead to major consequences such
as hospitalisation [46]. As hospitalisation can contribute to
a decline in muscle mass [47], it could perpetuate the cycle
of muscle mass loss and ultimately, mortality. As the time
from discharge increases and the body recovers from the
acute illness and the hospital stay, the risk of falls and inturn
mortality may lower, explaining the weaker association with
1-year mortality. However, there is currently no evidence that
interventions to combat sarcopenia are leading to improved
survival, which would underline the causal relationship of
sarcopenia and mortality.

Muscle mass was consistently associated with both 3-
month and 1-year mortality in females and males. Many
studies have shown that low muscle mass is associated with
adverse outcomes such as surgical complications [48], dis-
charge to a rehabilitation or nursing facility [49] and mor-
tality [50, 51]. Although unlike other determinants for
mortality, such as cognitive impairment [52], muscle mass
is sensitive to changes through dietary and exercise interven-
tions [53, 54], making it a targetable modifiable determinant
for mortality. Likewise, muscle strength also increases by
exercise and nutritional interventions [55, 56], which makes
it a modifiable risk factor for mortality. As the purpose of
geriatric rehabilitation is to facilitate the functional recovery
of individuals through individualised treatment plans [57],
and studies have shown that mortality risk is lower in those
with normal muscle mass [58] and strength [59], the risks
of adverse health outcomes associated with sarcopenia could
potentially be reduced. Although the association of low
physical performance and mortality could not be analysed
in this study, previous meta-analyses have reported that
low physical performance (SPPB < 10) [60] and a slower
gait speed [60] are associated with higher risk of mortality.
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Further research is required to confirm these findings in the
geriatric rehabilitation population where opportunities for
interventions are present.

Sarcopenia is significantly associated with mortality irre-
spective of the definition used for the diagnosis, this under-
lines the importance of identifying individuals who are at
risk of sarcopenia through screening and sequential diagnosis
at admission to geriatric rehabilitation, followed by inter-
ventions. As knowledge about sarcopenia among healthcare
professionals [61, 62] and older adults [63] is still poor, there
is a high need for educational programs to enable changing
clinical practice.

Strengths and limitations

This is the largest study evaluating the association between
sarcopenia and mortality within geriatric rehabilitation inpa-
tients and the first to evaluate the individual components of
sarcopenia, which are important to guide the development
of an internationally recognised sarcopenia definition and
to design interventions to combat sarcopenia [60]. The BIA
is known to be influenced by hydration status and may
have also under-/overestimated fat-free mass and therewith
sarcopenia prevalence [64].

Conclusion

In geriatric rehabilitation inpatients, sarcopenia, low mus-
cle mass and strength at admission are significantly asso-
ciated with higher risk of mortality post-discharge mor-
tality in both females and males. Future research should
investigate whether maintenance or increase in muscle mass
and strength during hospitalisation leads to better health
outcomes.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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