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Background and aim: The definition of sarcopenia was recently updated by the European Working Group
on Sarcopenia (EWGSOP2), and consensus criteria for the diagnosis of malnutrition have been presented
by the Global Leadership Initiative on Malnutrition (GLIM). The aim of this study was to investigate
prevalence and mortality related to categorisation of patients according to these definitions in a geriatric
hospital setting.
Method: Fifty-six consecutive geriatric inpatients (84y (SD 7.3), 68% women) underwent test of handgrip
strength (HGS) and five-rise chair stand test (5CST). Muscle mass and fat free mass (FFM) were evaluated
by Dual X-ray Absorptiometry (DXA). Calf circumference (CC) was recorded. Probable sarcopenia was
defined, according to EWGSOP2, as low HGS (<27/16 kg for men/women) and/or 5CST >15 s; sarcopenia
was confirmed when coupled with low appendicular skeletal muscle index (ASMI <7.0 and <5.5 kg/m2

(m/w)). Malnutrition was defined according to GLIM as weight loss >5% (past 6 mo); BMI <20/22 kg/m2

(<70/>70y); and FFM-index <17/15 kg/m2 (m/w) combined with reduced food intake and/or disease
burden/inflammatory condition. Alternatively, CC <31 cm was used as a proxy for low muscle mass for
both sarcopenia and malnutrition. One- and two-year mortality was registered.
Results: All participants displayed probable sarcopenia; 46% and 20% were sarcopenic depending on
whether muscle mass was estimated by DXA or CC. Malnutrition according to the GLIM criteria was
prevalent in 64% or 60% (muscle mass by DXA or CC, respectively). Nine in ten with sarcopenia were also
malnourished. Twenty-six participants (46%) died within two years. Sarcopenia defined by CC <31 cm,
but not by DXA, was associated with increased mortality; e.g. 2-y mortality HR was 3.19 (95% CI 1.31
e7.75). Similarly, malnutrition according to GLIM related to increased 1-y mortality (HR 4.83, 95% CI 1.04
e22.39) when DXA was used for muscle mass estimation. All of the participants with CC <31 cm were
categorised as both sarcopenic and malnourished.
Conclusion: In this small set of well-characterised geriatric inpatients all displayed probable sarcopenia.
Prevalence of sarcopenia (EWGSOP2) and malnutrition (GLIM) was 20e46% and 60e64%, respectively.
Both conditions related to mortality. CC <31 cm hold promises to be an acceptable alternative for DXA as
a proxy for low muscle mass.
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

Old and chronically ill adults are exposed to age- and disease-
driven catabolism that often results in sarcopenia and malnutri-
tion, conditions that are linked to reduced function and mortality
[1e3]. Sarcopenia was originally defined as loss of muscle mass
mainly associated with aging. However, the concept and
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operational definitions of sarcopenia have evolved from focusing
on muscle mass reduction [4,5] to a composite definition that
combines loss of muscle strength and/or reduced physical perfor-
mance, and loss of muscle quantity [1,6e10]. Recently the European
Working Group on Sarcopenia in Older People (EWGSOP) published
a revised operational definition; i.e. low handgrip strength and/or
reduced chair stand ability define “probable sarcopenia” and when
there is also low muscle mass the diagnosis of sarcopenia is
confirmed [11].

Malnutrition can be a causal component in the development
of sarcopenia but can also be the result of similar pathological
processes as sarcopenia, e.g. chronic disease-related inflamma-
tion as well as inadequate protein and energy intake. In order to
unify the definition of malnutrition, a global consensus, also
recently, presented diagnostic criteria for malnutrition. The so-
called Global Leadership Initiative on Malnutrition (GLIM) pro-
posed a definition [12] that combines at least one phenotypic; i.e.
involuntary weight loss, reduced body mass index (BMI) or
reduced muscle mass, with at least one etiologic criterion; i.e.
reduced food intake or assimilation, and acute or chronic disease-
related inflammation.

According to both EWGSOP2 and GLIM, Dual X-ray Absorpti-
ometry (DXA) is one of the preferred diagnostic methods for
measuring lowmuscle mass, though calf circumference (CC) can be
used as an alternative, clinically applicable, diagnostic proxy for
assessing muscle mass.

Our main hypothesis in this study was that sarcopenia and
malnutrition would be associated with an increased all-cause
mortality during one- and two-year follow-ups, accompanied
with the sub-hypothesis that CC could serve as a proxy for muscle
mass measurement in the diagnosis of sarcopenia and malnutri-
tion. Therefore, the aim of this study was to investigate prevalence
and predictive value, i.e. one- and two-year all-cause mortality, of
inpatients in geriatric care diagnosed with sarcopenia and/or
malnutrition by the updated formats [13]. A secondary objective
was to perform the same analyses, applying calf circumference as a
proxy for muscle mass measurement by DXA.
2. Material and methods

2.1. Study population

The study was conducted at the Department of Geriatric Med-
icine at Uppsala University Hospital in Uppsala, Sweden, during two
study periods of altogether four and a half months between
November 2009 and November 2010. A requisite for admittance to
the Geriatric Medicine Department included a need of specialised
geriatric rehabilitation and a clinically stable medical situation
requiring hospitalisation.

Consecutively admitted patients, with a planned stay of more
than a few days (and thus able to complete the study protocol),
during the study periods were assessed for eligibility for partici-
pation in the study (n¼ 144). Exclusion criteria were severe disease
with a short life expectancy (<1 month) e for example end stage
cancer/heart failure/renal failure or any other medical condition in
a late palliative phase, severe neuromuscular disease impeding the
assessment of muscle strength/physical function, and factors
affecting measurement of appendicular muscle mass for the diag-
nosis of sarcopenia (i.e. amputation of an extremity or severe
neuromuscular disease with marked extremity muscle atrophy). Of
the 144 eligible patients, 54 declined participation and 19 fulfilled
the exclusion criteria. Out of 71 patients that accepted to partici-
pate, eight later declined and seven could not perform DXA due to
medical reasons. Finally, 56 individuals were included in the study
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(Fig.1). All subjects gave informed consent, and the Regional Ethical
Review Board in Uppsala approved the study (Dnr 2009/096).

2.2. Body composition

Dual X-ray Absorptiometry (DXA) (GE Healthcare Lunar Prod-
igy) was used to calculate appendicular skeletal muscle mass index
(ASMI, eq. ASM/height2); i.e. the sum of skeletal muscle mass (lean
mass) of both arms and legs (kg) was divided by height squared (kg/
m2) [11]. Fat free mass (FFM) was calculated as body weight minus
fat mass. Fat free mass index (FFMI) was calculated as FFM divided
by height squared (kg/m2).

As a proxy for muscle mass [11], calf circumference (CC) was
measured by a tape at the widest part of the calf, without com-
pressing the subcutaneous tissue. The CC was measured with an
accuracy of 0.1 cm. The participants were sitting or lying with the
knee bent at 90�. Three measurements were performed for each
leg, and the mean value of recordings of the non-dominant side
was used.

2.3. Handgrip strength

Handgrip strength (HGS) was used to measure muscle strength.
Participants (n ¼ 54) sat in an adjustable chair with the forearm,
but not the hand, supported and in a neutral position, shoulder
relaxed, the elbow at 90�. Using a Jamar adjustable hand dyna-
mometer (J.A. Preston, Michigan) [14], the participants were
instructed to squeeze the dynamometer as hard as they could three
times with 10 s of rest in between and the accuracy was 0.5 kg. Both
hands were tested, the highest value of the strongest hand was
used for the analysis. Two participants did not perform this test due
to fatigue.

2.4. Chair stand test

Participants performed a five-rise chair stand test (5CST) as part
of the Short Physical Performance Battery (SPPB) [15]. The 5CST test
was performedwith the participants seated in a chair, arms crossed
over the chest. The participants were then instructed to rise as fast
as they could in a safe manner and were timed from the back
leaving the backrest until the final standing position after five rises.
Time was measured by a stopwatch with an accuracy of 0.1 s.
Twenty-two participants were able to complete the full chair stand
test. Inability to perform the full test was regarded as a result above
cut-off, i.e. >15 s, when used for diagnosis of probable sarcopenia
and sarcopenia according to EWGSOP2.

2.5. Other measurements

All participants were assessed according to a form based on the
Geriatric Minimum Data Set [16] e consisting of a full medical
history, social situation, medications, smoking habits; as well as
Mini Nutritional Assessment-Short Form (MNA-SF) and self-
reported weight loss. Medical diagnoses were retrieved from
medical records and from these the weighted Charlson Comor-
bidity Index (CCI) was calculated. CCI classifies comorbid medical
conditions that affects mortality risk, taking into account the
severity of the comorbid diagnoses in the weighted index [17].
Mortality data was collected from hospital files after two years of
follow-up from the date of inclusion. Activities of daily living
(ADL) was assessed according to Katz index [18] by an experienced
occupational therapist.

Weight and height were measured with an accuracy of 0.5 kg
and 0.5 cm, respectively. Body mass index was calculated as the
ratio of the weight (kg) to the height (in metres) squared (kg/m2).



Fig. 1. Flow chart of inclusion and exclusion of study participants. HGS ¼ handgrip strength; 5CST ¼ five-rise chair stand test; CC ¼ calf circumference; DXA ¼ dual x-ray
absorptiometry.
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Results from blood samples drawn according to the clinical
routine, close to admittance to the Geriatric Medicine Depart-
ment, were retrieved from hospital records and included: c-
reactive protein (CRP), haemoglobin (Hb) and creatinine (Cr).
Estimated glomerular filtration rate (eGFR) was calculated ac-
cording to Cockcroft-Gault formula as: coefficient*(140-age)*
bodyweight/Cr (mL/min), were the coefficient was 1.04 for
women and 1.23 for men.

2.6. Definition of sarcopenia

Probable sarcopenia and sarcopenia were diagnosed according
to EWGSOP2; i.e. a HGS <16 kg for women and<27 kg for men, and/
or 5CST >15 s indicated probable sarcopenia. When combined with
low muscle mass; i.e. ASMI <5.5 kg/m2 for women and <7.0 kg/m2

for men (measured by DXA) the diagnosis of sarcopenia was
confirmed e here denoted sarcopenia-DXA. Alternatively, sarco-
peniawas also confirmed by a reduced CC; i.e.<31 cm [11,19]e here
denoted sarcopenia-CC.

2.7. Definition of malnutrition

Malnutrition was defined according to the GLIM consensus
statement [12]; i.e. one or more of the phenotypic criteria in
combination with, at least, one etiologic criterion, in patients
identified as “at risk” or “malnourished” according to MNA-SF [20].

The phenotypic criteria were: weight loss >5% within the past 6
months; BMI <20 kg/m2 if age <70 years (y), or <22 kg/m2 if age
>70 y; and FFMI <15 kg/m2 (women) or <17 kg/m2 (men) [12,21].
Malnutrition with FFMI measured by DXA is denoted malnutrition-
DXA. As an alternative CC <31 cm was used instead of FFMI (by
DXA) as a proxy for muscle mass measurement - here denoted
malnutrition-CC (53 patients could be assessed for malnutrition
using CC).

The etiologic criteria were reduced food intake or assimilation
and/or disease burden/inflammatory condition. Reduced food
3

intake was defined according to MNA-SF, i.e. moderate or severe
loss of appetite during the past 3 months. The second etiologic
criterion was defined as the presence of acute disease/injury, i.e.
major infection or trauma; and/or chronic disease-related inflam-
mation. For this study we adopted a liberal approach; i.e. a history
of chronic organ disease such as heart failure, moderate/severe
renal failure, inflammatory disease, chronic obstructive pulmonary
disease, and cancer was enough to fulfil this criterion; a CRP above
cut-off was supportive but not conclusive for this criterion.

2.8. Statistical analysis

Continuous variables are given as mean and standard deviation
(SD) or median and interquartile range (IQR). Categorical variables
are given as numbers and percentages. Fisher's exact test was used
to analyse the association between categorical variables and two-
sample unpaired t-test, or Wilcoxon rank sum-test were used for
continuous variables. Pearson's correlation coefficient was calcu-
lated for the associations between various methods to measure
body composition.

Mortality was chosen as the major outcome measure, with
sarcopenia and malnutrition as the principal exposures.
KaplaneMeier curves display the cumulative survival according to
the definitions of sarcopenia and malnutrition. Log-rank test was
used to test the equality of the survival curves.

Cox regression was used to analyse hazard ratios with 95%
confidence intervals for mortality by sarcopenia and malnutrition,
respectively. Two models were applied for the regression analyses
e a crude model with either sarcopenia or malnutrition only
(model 1), and an adjusted model including age and Charlson co-
morbidity index (model 2) [22]. There were no violations of the
proportional hazard assumption. Log-rank test was also used as a
sensitivity analysis for the Cox regression (crude models). The
threshold for statistical significance was set to p <0.05. Statistical
analyses were performed using STATA version 15.1 (StataCorp,
College Station, Tx, USA).
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3. Results

Baseline characteristics are described in Table 1 (and in
Supplementary Tables 1 and 2). Mean age was 84.1 y (SD 7.3 y),
(range 65e94 y for men and 74e96 y for women), 68% (n ¼ 38)
were women. Most of the participants (89%, n ¼ 49) were
community-dwelling; 29% (n ¼ 16) were independent in daily ac-
tivities according to Katz' ADL scale. Seventy-six percent (n ¼ 41)
had had at least one fall during the last year. Median Charlson co-
morbidity index score was 2 (IQR 2). The most prevalent medical
diagnoses were heart failure (52%), previous or present fracture
(55%) and osteoporosis (48%) (Supplementary Table 1).

3.1. Prevalence of sarcopenia by method to assess muscle mass

All participants had a reduced muscle strength, i.e. probable
sarcopenia. Sarcopenia-DXA was confirmed in 46% (n ¼ 26) with a
male preponderance, i.e. prevalence was 72% (n ¼ 13) and 34%
(n ¼ 13) for men and women, respectively. For sarcopenia-CC,
prevalence was reduced to 20% (n ¼ 10 out of 49). All partici-
pants with sarcopenia-CC also displayed sarcopenia-DXA. Thus,
specificity for sarcopenia-CC was 100% for sarcopenia-DXA, while
sensitivity was 45%. CC showed a positive correlation with ASMI
(r ¼ 0.70, p <0.001) measured by DXA.

3.2. Prevalence of malnutrition by method to assess muscle mass

Screening for malnutrition with MNA-SF showed that the vast
majority were either at risk (59%, n ¼ 33) or regarded as
malnourished (34%, n ¼ 19). Malnutrition-DXA was diagnosed in
64% (n ¼ 36) of the study population, while malnutrition-CC
(possible to assess for n ¼ 53) was observed in 60% (n ¼ 32). All
of the participants with malnutrition-CC also fulfilled the criteria
for malnutrition-DXA. This corresponds to a specificity of 100% and
sensitivity of 91% when CC replaced FFMI. Sarcopenia-DXA and
Table 1
Baseline characteristics e body composition, muscle strength and physical performance.

All n ¼ 56 Men n ¼ 18
(32%)

Women n ¼ 38
(68%)

No sarco
n ¼ 30 (

Age, years (SD) 84.1 (7.3) 81.2 (9.7) 85.5 (5.5)* 84.4 (6.3
Smoking, n (%)
- Current 2 (3.6) 1 (5.6) 1 (2.6) 1 (3.3)
- Never 33 (58.9) 6 (33.3) 27 (71.1)* 20 (66.7
MNA-SF, p, median (IQR) 9 (3.5) 7.5 (4) 9 (4) 10 (3)
0e7 points, n (%) 19 (33.9) 9 (50.0) 10 (26.3) 5 (16.7)
8e11 points, n (%) 33 (58.9) 9 (50.0) 24 (63.2) 22 (73.3
12e14 points, n (%) 4 (7.1) 0 (0) 4 (10.5) 3 (10.0)

CCI, median (IQR) 2 (2) 4 (3) 2 (2)** 2 (2)
BMI (kg/m2), mean (SD) 23.4 (5.4) 22.6 (4.0) 23.7 (5.9) 26.2 (5.0
ASMI (kg/m2), mean (SD) 5.93 (0.95) 6.35 (0.99) 5.73 (0.87)* 6.47 (0.7
<7.0/5.5 kg/m2, n (%) 26 (46.4) 13 (72.2) 13 (34.2)* 0 (0)

FFMI (kg/m2), mean (SD) 16.1 (2.2) 17.1 (2.3) 15.6 (2.0)* 17.2 (1.9
<17/15 kg/m2, n (%) 26 (46.4) 10 (55.6) 16 (42.1) 4 (13.3)

CCc (cm), mean (SD) 33.8 (4.4) 33.4 (3.2) 34.1 (4.9) 36.2 (3.5
<31 cm, n (%) 10 (20.4) 4 (23.5) 6 (18.8) 0 (0)

HGSd (kg), mean (SD) 12.8 (6.4) 17.7 (7.2) 10.4 (4.3)*** 12.5 (6.0
<27/16 kg, n (%) 48 (88.9) 17 (94.4) 31 (86.1) 24 (82.8

5CSTe >15 s, n (%) 49 (87.5) 13 (72.2) 36 (94.7)* 27 (90.0

*p <0.05; **p <0.01; ***p <0.001.
DXA ¼ dual x-ray absorptiometry; CC ¼ calf circumference; SD ¼ standard deviation
CCI¼Charlson comorbidity index; BMI ¼ body mass index; ASMI ¼ appendicular ske
5CST ¼ five-rise chair stand test.

a For sarcopenia-DXA (EWGSOP2), muscle mass was measured by DXA, i.e. ASMI [11]
b For malnutrition-DXA (GLIM), muscle mass was measured by DXA, i.e. FFMI [12].
c CC: n ¼ 49.
d HGS: n ¼ 54.
e 5CST: a result >15 s or inability to complete the full test (n ¼ 22 out of 56).
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malnutrition-DXA were closely related, i.e. 88% of those fulfilling
the criteria for sarcopenia-DXA were also defined as having
malnutrition-DXA and 64% of those with malnutrition-DXA also
had sarcopenia-DXA (p <0.01). FFMI and ASMI (by DXA) showed a
high positive correlation (r ¼ 0.92, p <0.001). Low FFMI, as well as
low ASMI was seen in 26 participants, of which 85% (n ¼ 22) par-
ticipants displayed both. CC and FFMI were positively correlated
(r ¼ 0.57, p <0.001).
3.3. Long-term mortality related to sarcopenia and malnutrition

During the two-year follow-up 26 participants (46%) died. The
different definitions of sarcopenia and malnutrition related to
mortality as follows:

For sarcopenia-DXA, i.e. when DXAwas applied for the diagnosis
of sarcopenia, two-year mortality with and without sarcopenia was
54% (n ¼ 14) and 40% (n ¼ 12), respectively. Adjusted Cox regres-
sion analyses confirmed a non-significant relation to one- and two-
year all-cause mortality for sarcopenia-DXA.

In contrast, sarcopenia-CC appeared to be associated with an
increased one- and two-year all-cause mortality; e.g. for 2 y-mor-
tality HR was 3.19 (95% CI 1.31e7.75) (Table 2; Fig. 2).

For malnutrition-DXA, i.e., when DXA was applied for the
diagnosis of malnutrition, one-year mortality was 33% (n ¼ 12)
compared to 10% (n ¼ 2) for those with normal nutritional status.
Corresponding figures for two-year mortality in malnourished vs.
non-malnourished were 50% (n¼ 18) and 40% (n ¼ 8), respectively.
Adjusted Cox regression analyses indicated an increase in one-year
mortality for malnutrition-DXA; HR 4.83 (95% CI 1.04e22.39). This
association was not seen after two years.

For malnutrition-CC, contrasting the results for malnutrition-
DXA, there was no association with one- or two-year mortality.

For the separate phenotypic criteria of the GLIM format, low
BMI, and CC <31 cm showed associations with increased one- and
two-yearmortality, whereasweight loss and low FFMI did not (data
penia-DXAa

54%)
Sarcopenia-DXAa

n ¼ 26 (46%)
No malnutrition-DXAb

n ¼ 20 (36%)
Malnutrition-DXAb

n ¼ 36 (64%)

) 83.8 (8.5) 84.3 (5.3) 84.0 (8.3)

1 (3.8) 2 (10.0) 0 (0)
) 13 (50.0) 13 (65.0) 20 (55.6)

7 (3)*** 10.5 (3) 8 (3.5)**
14 (53.8)** 4 (20.0) 15 (41.7)

) 11 (42.3)* 12 (60.0) 21 (58.3)
1 (3.8) 4 (20.0) 0 (0)*
2.5 (3) 2 (2.5) 2 (2)

) 20.1 (3.6)*** 27.6 (4.5) 21.0 (4.3)***
3) 5.30 (0.78)*** 6.50 (0.68) 5.61 (0.93)***

26 (100)*** 3 (15.0) 23 (63.9)**
) 14.8 (1.8)*** 17.4 (1.7) 15.4 (2.1)***

22 (84.6)*** 2 (10.0) 24 (66.7)***
) 30.9 (3.5)*** 36.3 (2.8) 32.4 (4.4)**

10 (45.5)*** 0 (0) 10 (32.3)**
) 13.1 (7.0) 13.3 (5.6) 12.5 (6.9)
) 24 (96.0) 15 (75.0) 33 (97.1)*
) 22 (84.6) 18 (90.0) 31 (86.1)

; MNA-SF ¼ Mini Nutritional Assessment-short form; IQR ¼ inter-quartile range;
letal muscle mass index; FFMI ¼ fat free mass index; HGS ¼ handgrip strength;

.



Table 2
Hazard ratios (95% CI) for 1- and 2-year all-cause mortality according to sarcopenia and malnutrition diagnosis.

1-year mortality 2-year mortality

Model 1 HR
(95% CI)

p-value Log-rank
p-value

Model 2 HR
(95% CI)

p-value Model 1 HR
(95% CI)

p-value Log-rank
p-value

Model 2 HR
(95% CI)

p-value

Sarcopenia-DXAa 2.22 (0.74e6.63) 0.153 0.142 2.13 (0.71e6.37) 0.177 1.56 (0.72e3.38) 0.259 0.254 1.53 (0.71e3.32) 0.281
Sarcopenia-CCc 4.40 (1.41e13.70) 0.010 0.005 4.06 (1.29e12.82) 0.017 3.26 (1.36e7.80) 0.008 0.005 3.19 (1.31e7.75) 0.011
Malnutrition-DXAb 3.78 (0.85e16.91) 0.082 0.061 4.83 (1.04e22.39) 0.044 1.53 (0.66e3.52) 0.318 0.314 1.78 (0.75e4.21) 0.189
Malnutrition-CCd 2.75 (0.77e9.85) 0.121 0.106 3.04 (0.83e11.12) 0.092 1.23 (0.56e2.71) 0.606 0.605 1.29 (0.58e2.87) 0.539

EWGSOP2 ¼ European Working Group on Sarcopenia in Older People, 2019 update [11]; GLIM ¼ Global Leadership Initiative on Malnutrition [12]; CC ¼ calf circumference;
Model 1: crude model; Model 2: adjusted for age and Charlson comorbidity index. Log-rank ¼ log-rank test.

a For sarcopenia-DXA (EWGSOP2), muscle mass was measured by DXA, i.e. ASMI [11].
b For malnutrition-DXA (GLIM), muscle mass was measured by DXA, i.e. FFMI [12].
c For sarcopenia-CC (total n ¼ 49), calf circumference was used as a proxy for muscle mass [11].
d For malnutrition-CC (total n ¼ 53), calf circumference was used as a proxy for muscle mass [12].

Fig. 2. KaplaneMeier curves of cumulative 2-y survival according to sarcopenia (EWGSOP2) and malnutrition (GLIM) status using different methods of estimating muscle mass.
Sarcopenia-DXA - muscle mass measured by DXA (ASMI; EWGSOP2); Sarcopenia-CC - muscle mass measured by CC (EWGSOP2); Malnutrition-DXA - muscle mass measured by DXA
(FFMI; GLIM); Malnutrition-CC - muscle mass measured by CC (GLIM); EWGSOP2 ¼ European Working Group on Sarcopenia in Older People, 2019 update [11]; GLIM ¼ Global
Leadership Initiative on Malnutrition [12]; DXA ¼ dual x-ray absorptiometry; ASMI ¼ appendicular skeletal muscle mass index; CC ¼ calf circumference; FFMI ¼ fat free mass index.
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not shown). For malnutrition-DXA using ASMI instead of FFMI the
one-year mortality associationwas weaker and non-significant (HR
2.22, 95% CI 0.61e8.09). This exchange caused the malnutrition
diagnosis to differ for three participants. Finally, we also analyzed
the mortality predictive value of the combined diagnosis of
sarcopenia-DXA and malnutrition-DXA using the same Cox
regressionmodels as above. This combined diagnosis was related to
5

an increased two-year mortality in the fully adjusted model (HR
2.25, 95% CI 1.02e4.94; all data not shown).

Fifteen individuals participated in parts of the study but did not
perform DXA, 7 out of these 15 individuals had their CC measured.
All 15 individuals fulfilled the definition for probable sarcopenia.
There were no statistically significant differences in demographics,
reduced muscle strength or mortality between those who did not
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perform DXA and those who did, neither were the outcome mea-
sures for those that had CC measured (sarcopenia-CC, n ¼ 63).

4. Discussion

In this small study of well-characterized older, hospitalised men
and women, the prevalence of sarcopenia as well as malnutrition
was high. All the participants exhibited low muscle strength (eq.
probable sarcopenia), whereas 46% displayed confirmed sarcopenia
(by DXA). This prevalence of sarcopenia is in fair agreement with
some, but not all, studies in corresponding hospital settings using
the original EWGSOP definition. These studies report prevalence
figures from 10% (4.9% in women) to 42% (75.9% in men) [23e27].

The finding of two thirds being malnourished according to the
GLIM criteria may indicate that the GLIM criteria are less conser-
vative than other tools to diagnose malnutrition. For example, in a
meta-analysis using the full MNA as tool for diagnosing malnutri-
tion, 22% and 29.4%were classified asmalnourishedwithin hospital
and rehabilitation/sub-acute care, respectively [28]. Interestingly,
in our study, almost 9 out of 10 of the participants with sarcopenia-
DXA also suffered from malnutrition-DXA. This reflects the close
association between, and emphasizes the importance of assessing,
the two conditions concomitantly in geriatric inpatients.

To quantify muscle mass, EWGSOP2 and GLIM [11,12] recom-
mends DXA. Even though DXAwas accessible in the clinical setting
of this study, still 15 individuals (21%) could not perform the test for
various reasons. Bioelectrical impedance analysis (BIA) is also a
recommended technique but may provide different results
compared to DXA when classifying sarcopenia in geriatric in-
patients [29]. The EWGSOP2 suggest CC <31 cm as a diagnostic
proxy for muscle mass if other muscle mass measurements are not
available [11]. Mean CCwas low in this study (Table 1), i.e. for men it
was equal to the 10th percentile (33.3 cm) and for women the 25th
percentile (34.0 cm) of CC when compared to a Swedish population
study of 3053 individuals aged 60e99 years [30]. In our study, the
prevalence of reduced muscle mass measured by DXAwas high, i.e.
72% and 34% for men/women, respectively. The CC positively
correlated with ASMI.

Replacing low muscle mass by DXA (sarcopenia-DXA) with
CC <31 cm (sarcopenia-CC), resulted in high specificity (100%) for
CC, although sensitivity was lower, i.e. 45%. The corresponding
figures for malnutrition-CC showed a similar specificity (100%) and
a sensitivity of 91% for malnutrition-DXA. For sarcopenia, this result
is in line with a previous study that found CC <31 cm to have high
specificity (91.4%), but lower sensitivity (44.3%) for defining sar-
copenia, when defined by low DXA only [19].

Mortal outcome in the two years follow-up was observed in
close to half of the participants. First, we discuss the association
between mortality and sarcopenia. It was obvious that
sarcopenia-DXA was not strongly associated with an increased
mortality in this study population. The small number of partici-
pants could explain this result. Another possible explanation
could be that the discriminatory power of the cut-offs used in the
EWGSOP2 sarcopenia definition is low for a population of geriatric
inpatients since all fulfilled the definition of “probable sarcope-
nia” in our study. In contrast to the results for sarcopenia-DXA,
mortality appeared to be increased for the smaller number of
participants with sarcopenia-CC. The recommended cut-off of
CC <31 cm has been shown to associate with poorer physical
strength, disability, and higher frailty score [19,31]. Our results,
indicating an increased mortality using CC <31 cm as measure of
low muscle mass, is in line with several other reports from, for
example, Mexico (mean age 78.5y) [32], Brazilian community-
dwelling adults >60 years of age [33], and Dutch older in-
dividuals (per SD lower CC) [34]. A possible explanation for the
6

result that sarcopenia-CC, but not sarcopenia-DXA, showed an
association with mortality might be that CC <31 cm defines study
participants that have reached a critical threshold of low muscle
mass, low enough to affect mortality. Another interpretation
might be that low CC is associated with a higher morbidity,
though adjusting for comorbid states did not alter the mortality
association indicated by our results.

The result of our study indicates that CC <31 cm might be a
comprehensive measure for the identification of sarcopenia and
malnutrition. Measurement of calf circumference is easily applied
in resource scarce settings. The chosen cut-off for defining sarco-
penia/malnutrition, or to assess risk of adverse outcome, is likely
population specific [35e37].

Next, we report that malnutrition-DXA seemed to relate to
increased one-yearmortality in this study population. This is also in
line with previous reports [38,39]. However, the result should be
interpreted cautiously with regard to the wide 95% confidence in-
terval in the fully adjusted model (Table 2). After two years there
was no difference implying that malnutrition-DXA, in geriatric in-
patients, is primarily a risk factor for short-term all-cause mortality.
When low FFMI was replaced by CC <31 cm as the phenotypic
criteria of low muscle mass in the composite definition of malnu-
trition there was no association with mortality. However, for
CC <31 cm alone there was an association with mortality, the same
applied for low BMI alone. Thus, the result might indicate that
weight loss and low FFMI have a lowermortality predicting value in
the composite definition of malnutrition in geriatric inpatients. The
results need to be interpreted cautiously due to the small number
of patients.

There are strengths and limitations of this study that need to be
addressed. Themajor limitation is the small number of participants,
and the fact that close to half of those eligible for inclusion declined
to participate further hampering the generalizability of the results.
Another limitation might be the number of possible confounders in
the Cox regression analyses that were kept low due to the some-
what low number of outcome events. Even so, the addition of
gender as a confounder in the Cox regressions, using the various
definitions of sarcopenia and malnutrition, did not alter the results
in any decisive way. One strength is that the study participants are
well characterised with DXA, anthropometry and measures of
muscle strength and physical performance. Our study also includes
the most recent definitions of sarcopenia and malnutrition and we
have reliable data on medical diagnoses.

In conclusion, in this small set of well-characterized geriatric
inpatients, applying the updated diagnostic criteria of EWGSOP2
and GLIM resulted in a prevalence of sarcopenia of up to 46%, while
malnutritionwas diagnosed in 60e64%, when CC or DXAwere used
for muscle mass assessment. Our results indicate that malnutrition-
DXA was a risk factor for increased one-year mortality even in this
small study population. Likewise, sarcopenia-CC was associated
with one- and two-year mortality. We also think our results imply
that calf circumference hold promises to be an acceptable proxy for
muscle mass whenmore sophisticated techniques are not available.
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