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Abstract

Background Data on prevalence of sarcopenia and its associated parameters in hospitalized geriatric patients are hetero-

geneous due to various definitions of the disease. The aim of this study was to determine the prevalence of sarcopenia using

latest recommendations of the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), and to investigate

associated parameters in patients admitted to acute geriatrics and geriatric rehabilitation.

Methods In this cross-sectional single-centre study including 305 hospitalized geriatric patients, handgrip strength (pneu-

matic hand dynamometer) and muscle quantity (body impedance analysis) were assessed. Probable sarcopenia was defined

by low handgrip strength, and the diagnosis was confirmed when both handgrip strength and muscle quantity were below

cut-off points. Furthermore, parameters of the geriatric baseline examination were analyzed for association with probable

and confirmed sarcopenia using logistic regression models.

Results Median age of the study population was 84.0 years, and 65.6% were female. The prevalence of probable sarcopenia

was 24.6% (CI 19.8–29.4%), and the prevalence of confirmed sarcopenia was 22.6% (CI 17.9–27.3%). Low calf cir-

cumference, low body mass index, cognitive impairment and an increased risk of malnutrition were found to be associated

with confirmed sarcopenia. In contrast, only cognitive impairment was positively associated with probable sarcopenia.

Conclusions Sarcopenia is highly prevalent in geriatric inpatients, and multiple parameters were found to be associated with

the disease. To reduce negative clinical outcomes, our findings support the need for routinely performed admission

examinations for prompt diagnosis of sarcopenia, and a timely start of treatment in hospitalized geriatric patients.

Introduction

Sarcopenia, defined as loss of muscle mass and function [1],

is a common condition in older individuals associated with

various comorbidities such as malnutrition and cognitive

impairment [2, 3]. It further was found to be associated with

adverse clinical outcomes such as falls and fractures,

functional decline and increased mortality [4–7].

In the last years, heterogeneous data on the prevalence of

sarcopenia have been reported due to various operational

definitions and cut-off points [8]. Recently, the European

Working Group on Sarcopenia in Older People 2 (EWG-

SOP2) published an updated evidence-based consensus

report on its definition and diagnosis. These new guidelines

focus on low muscle strength as a key characteristic of

sarcopenia, use low muscle mass to confirm the diagnosis,

and suggest poor physical performance as an indicator for

severe sarcopenia [9]. Criteria of EWGSOP2 have been used

for different patient cohorts and settings. Studies reported

prevalence rates of sarcopenia between 0.4 and 9.3% in

community-dwelling older adults [7, 10–13]. Higher rates of

prevalence have been found in other patient populations

such as octogenarian males (20.0%) [14] and in patients with

liver cirrhosis (28.2%) [15]. Nonetheless, data on the pre-

valence of sarcopenia in hospitalized geriatric patients are
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scarce [16–18]. So far, no study has investigated parameters

associated with probable and confirmed sarcopenia using the

revised diagnostic criteria of EWGSOP2.

The present study aimed to investigate the prevalence of

sarcopenia and its associated parameters in patients admit-

ted to acute geriatrics and geriatric rehabilitation, using the

recommended diagnostic criteria of EWGSOP2. Given the

prevalence rates of existing data between 18.1 and 22.8%

[16–18], we hypothesized that the prevalence of sarcopenia

is higher than 20.0% in both geriatric inpatient settings.

Furthermore, we hypothesized that parameters from the

geriatric baseline evaluation associated with probable and

confirmed sarcopenia can be validated if diagnostic criteria

of EWGSOP2 are used.

Methods

Study population

This cross-sectional study was performed at a university

department of geriatric medicine between September 10 and

October 30, 2019. A consecutive convenience sample of all

patients older than 65 years, admitted to acute geriatrics and

geriatric rehabilitation, was asked to participate. Patients

with acute sepsis, severe dehydration or volume overload,

life expectancy of <3 months according to attending phy-

sician, non-removable plasters or bandages at feet or hands

aggravating body impedance analysis (BIA), implanted

defibrillation device, and inability to follow study proce-

dures (e.g., due to delirium or language barriers) were

excluded. All participants signed an informed consent form

before any study procedure was performed. If a patient was

not capable of giving informed consent due to severe cog-

nitive impairment, the consent form was signed by a proxy

person. In addition to medical treatment, the standardized

rehabilitation program during hospitalization included

physiotherapy, occupational and nutritional therapy for a

total of 300 min/week in acute geriatric patients, and

450 min/week for patients in geriatric rehabilitation.

The study was approved by the Ethics Committee of

Northwest and Central Switzerland (registration ID

2019–01461) and was registered at ClinicalTrials.gov

(NCT04124575).

Geriatric baseline examination

For all included participants, age, sex, length of hospital

stay, comorbidities and number of drugs at hospital

admission were extracted from medical records. Body

height (cm), weight (kg), calf and mid-arm circumference

(cm) were measured using standard methods. Results of

anthropometric measures and the geriatric assessment were

dichotomized at following cut-off points: Body mass index

(BMI) <22 kg/m2 for persons ≥70 years old and <20 kg/m2

for persons <70 years old (low BMI) [19]; calf cir-

cumference <31 cm (low calf circumference) [9]; mid-arm

circumference (MAC) <26.5 cm for men and <24.5 cm for

women ≥75 years old, and <27.5 cm for men and <25.5 cm

for women <75 years old (low MAC) [20]; mini mental

state exam (MMSE) <27 points (cognitive impairment)

[21]; nutritional risk screening (NRS 2002) ≥3 points (at

risk of malnutrition) [22, 23]; timed up and go test

(TUG) ≥20 s (low physical performance) [24]. Patients who

were not able to perform the TUG at admission were scored

as mobility impaired. The functional independence measure

(FIM) score was used to assess the functional status. This

clinician-reported score ranges from 18 to 126 points with

higher scores reflecting better functionality [25].

Assessment of sarcopenia

All participants were assessed for sarcopenia within the first

6 days of admission according to the recently defined

EWGSOP2 guidelines [9]. To determine muscle strength,

handgrip strength (HGS) of the dominant hand was mea-

sured with a pneumatic hand dynamometer (Martin Vig-

orimeter®, Gebrüder Martin GmBH, Tuttlingen, Germany).

HGS was measured three times and the highest value was

used for analysis. To define low HGS, cut-off points of

<50 kPa for men and <34 kPa for women >75 years old, and

<64 kPa for men and <42 kPa for women ≤75 years old were

applied [26]. BIA was performed with a tetrapolar whole-

body BIA device (BIA 101, Akern, Florence, Italy) to

determine muscle mass and phase angle, a measurement of

cell integrity. Thereby, a low value represents a decreased

cellular integrity or even cell death, whereas a high value

represents a larger amount of intact cell membranes [27]. All

participants were assessed in supine position with extre-

mities stretched. The estimates obtained for the evaluation of

appendicular skeletal muscle mass (ASMM) derive from

proprietary manufacturer algorithms and were applied using

Bodygram Plus software, version 1.2.2.8 (Akern, Florence,

Italy). Cut-off points for low appendicular skeletal muscle

mass index (ASMI), calculated from ASMM/height2, were

<7 kg/m2 for men and <5.5 kg/m2 for women [9]. According

to EWGSOP2 guidelines, sarcopenia was defined as prob-

able when HGS was low; diagnosis was made when both

HGS and muscle quantity were low, and sarcopenia was

defined as severe by additional documentation of low phy-

sical performance (TUG ≥20 s).

Statistical analysis

The study population was characterized using frequencies

(n) and percentages (%) for categorical variables, and
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medians and 25th to 75th interquartile ranges (IQR) for

continuous data. Patient characteristics in acute geriatrics

and geriatric rehabilitation were analyzed using

Pearson–Chi-square test, Fisher’s exact test and

Mann–Whitney U test, where appropriate. For power ana-

lysis, we used the method described by Daniel et al. to

calculate the sample size for cross-sectional studies [28].

According to previous reports, we assumed a prevalence of

sarcopenia of 25% [16–18]. Using a level of confidence of

95% and a precision of 5%, the calculated minimal sample

size was n= 289 [29]. Prevalence of sarcopenia was

reported as percentage (%) and 95% confidence interval

(CI). In patients assessed for sarcopenia in acute geriatrics

as well as geriatric rehabilitation, the Cohen’s kappa coef-

ficient was calculated to test the reliability between the first

and the second assessment for sensitivity analysis [30]. A

multiple logistic regression model including the parameters

age, sex, low calf circumference, low MAC, low BMI,

cognitive impairment, low physical performance, risk of

malnutrition and functional disability was applied to assess

the association of different parameters with probable and

confirmed sarcopenia. P values <0.05 were considered to be

statistically significant. All statistical analyses were per-

formed using SPSS Statistics, Version 22 (IBM SPSS Sta-

tistics, Chicago, IL).

Results

Out of 414 patients admitted to acute geriatrics and geriatric

rehabilitation, 29 were excluded because of acute sepsis,

severe dehydration or volume overload. Thirteen patients

had a remaining life expectancy of <3 months, two patients

had an implanted defibrillation device, 12 patients refused

informed consent, and 16 patients were excluded for other

reasons, e.g., plasters or bandages at feet or hands that could

not be removed. Overall, 342 admitted patients were

assessed for sarcopenia. Out of these, we excluded the

second measurement of 37 participants, as they were

assessed twice due to their admission to acute geriatrics

prior to rehabilitation, resulting in a final study population

of 305 patients. Acute illnesses representing the main cause

of hospitalization were orthopaedic (38.0%), neurological

(28.2%), infectious (15.4%) and cardiovascular (9.2%)

diseases. In addition, 9.2% of the participants were hospi-

talized for other diseases.

Clinical characteristics of the study population

Baseline characteristics of the study population, stratified by

wards (acute geriatrics and geriatric rehabilitation) and by

gender (males and females), are presented in Table 1. The

median (interquartile range) age of the study population was

84.0 (10.0) years, and 65.6% of our study participants were

female. Patients admitted to acute geriatrics had a sig-

nificant higher number of comorbidities compared to

patients admitted to geriatric rehabilitation (5.0 and 4.0,

respectively, p= 0.002) and were more often cognitively

impaired (67.9% and 55.4%, respectively, p= 0.029).

Overall, male patients were more often bedridden (35.2%

and 24.0%, respectively, p= 0.038), suffered more often

from a coronary heart disease (42.9% and 29.0%, respec-

tively, p= 0.015), and demonstrated a lower level of

functionality than female patients (FIM score 70.0 points

and 78.5 points, respectively, p= 0.007), whereas females

were significantly more osteoporotic than males (32.5% and

19.0%, respectively, p= 0.013).

Prevalence of probable and confirmed sarcopenia

Results from the assessment of sarcopenia, stratified by

wards and by gender, are summarized in Table 2 and Fig. 1.

Out of 305 patients, 161 patients (52.8%; CI 47.2–58.4%)

were classified as non-sarcopenic and 75 patients (24.6%;

CI 19.8–29.4%) were classified as probable sarcopenic

according to the criteria of EWGSOP2. Sarcopenia was

diagnosed in 69 patients (22.6%; CI 17.9–27.3%), of which

60 patients (19.7%; CI 15.2–24.2%) fulfilled the criteria for

severe sarcopenia. Patients admitted to acute geriatrics had a

lower HGS than patients admitted to geriatric rehabilitation

(39.0 kPa and 40.0 kPa, respectively, p= 0.048), and pre-

valence of probable sarcopenia was higher in acute geriatric

patients (28.5% and 17.9%, respectively, p= 0.038).

Compared to women, men showed a lower prevalence of

probable sarcopenia (18.1% and 28.0%, respectively, p=

0.056) and a higher prevalence of confirmed sarcopenia

(26.7% and 20.5%, respectively, p= 0.221), even though

the differences were not found to be statistically significant.

In the 37 patients assessed in acute geriatrics as well as

geriatric rehabilitation, Cohen’s kappa coefficient of

0.778 showed substantial to high reliability for diagnosis of

confirmed sarcopenia (Supplemental Table 1).

Parameters associated with probable and confirmed
sarcopenia

Results of the multivariate regression analysis, adjusted for

age and sex, to investigate parameters for association with

probable and confirmed sarcopenia, are shown in Table 3.

Low calf circumference (OR 4.05; CI 1.78–9.21), low BMI

(OR 3.76; CI 1.59–8.88), cognitive impairment (OR 2.20;

CI 1.01–4.81) and risk of malnutrition (OR 5.68; CI

2.28–14.13) were found to be positively associated with

confirmed sarcopenia. In contrast, probable sarcopenia was

found to be positively associated solely with cognitive

impairment (OR 2.68; CI 1.36–5.28).
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Discussion

In this study, sarcopenia was diagnosed in 22.6% of ger-

iatric inpatients, and multiple parameters were found to be

independently associated with sarcopenia. To the best of the

authors’ knowledge, this is the first study to investigate the

prevalence of sarcopenia in both acute care and rehabilita-

tion settings, and to evaluate parameters associated with

probable and confirmed sarcopenia using diagnostic criteria

of EWGSOP2.

Other studies reported on prevalence of sarcopenia in

hospitalized older patients using criteria of EWGSOP2 and

found prevalence rates of 18.1, 18.9 and 22.8% [16–18].

Although these data are similar to those found in our cohort,

the participants of these three studies were younger than

ours with a median age between 65.0 and 80.7 years. Fur-

thermore, two of these studies used Dual Energy X-Ray

Absorptiometry (DEXA) [16] or computed tomography

[17] for quantification of muscle mass. However, numbers

of comorbidities of our patients were comparable to those

found in other studies [16, 18, 31]. In our cohort, baseline

characteristics as well as prevalence of sarcopenia did not

differ substantially between the two ward types, whereas

probable sarcopenia (HGS below cut-off points) was

detected significantly more often in acute geriatric patients

than in patients of geriatric rehabilitation. This finding may

be explained by the fact that patients of acute geriatrics

presented a transiently aggravated muscle weakness due to

acute illness, leading to a potential overestimation of

probable and confirmed sarcopenia in acute patients. In

contrast, patients admitted to geriatric rehabilitation might

have benefitted from medical, nutritional and physiotherapy

interventions during their preceding acute hospitalization.

This may help to explain the lower prevalence of probable

sarcopenia in patients of geriatric rehabilitation compared to

acute geriatric patients.

Associations of low calf circumference [32], malnutrition

[2] and cognitive impairment [3] with sarcopenia are well

known. A previous pilot study used the new criteria of

EWGSOP2 to analyze parameters for association with sar-

copenia and found, in contrast to our data, only low MAC to

be positively associated with the disease, although causality

cannot be established in a cross-sectional study [33].

However, the sample size of this study was small (n= 40),

and the patients were younger (mean age of 70.0 years)

compared to our cohort. Our study confirms the association

of calf circumference, low BMI, cognitive impairment and

an increased risk of malnutrition with sarcopenia according

Table 1 Characteristics of the study population, stratified by wards (acute geriatrics and geriatric rehabilitation) and by gender (males and females).

Characteristic All

n= 305

Acute geriatrics

n= 193

Geriatric rehabilitation

n= 112

Males

n= 105

Females

n= 200

General characteristics

Age, years, median (IQR) 84.0 (10.0) 84.0 (10.0) 84.0 (8.8) 84.0 (11.5) 84.0 (10.0)

BMI, kg/m2, median (IQR) 25.6 (6.6) 25.5 (6.4) 25.6 (6.1) 26.0 (5.0) 25.2 (7.2)

Calf circumference, cm, median (IQR) 32.5 (5.0) 32.0 (5.0) 33.5 (5.3) 33.0 (4.0) 32.0 (5.4)

Mid-arm circumference, cm, median (IQR) 26.5 (5.5) 26.0 (5.0) 26.5 (6.4) 27.0 (4.5) 26.0 (5.9)

Phase angle, degree, median (IQR) 4.6 (0.8) 4.6 (0.7) 4.5 (0.8) 4.7 (1.0) 4.5 (0.8)

Bedridden, n (%) 85 (27.9) 55 (28.5) 30 (26.8) 37 (35.2) 48 (24.0)a

Length of hospital stay, days, median (IQR) 16.0 (9.0) 16.0 (9.0) 21.0 (12.8)a 17.0 (12.0) 16.0 (9.0)

Comorbidities

Hypertension, n (%) 211 (69.2) 135 (69.9) 76 (67.9) 73 (69.5) 138 (69.0)

Coronary heart disease, n (%) 103 (33.8) 63 (32.6) 40 (35.7) 45 (42.9) 58 (29.0)a

Chronic kidney disease, n (%) 138 (45.2) 92 (47.7) 46 (41.1) 53 (50.5) 85 (42.5)

Diabetes, n (%) 74 (24.3) 47 (24.4) 27 (24.1) 32 (30.5) 42 (21.0)

Osteoporosis, n (%) 85 (27.9) 56 (29.0) 29 (25.9) 20 (19.0) 65 (32.5)a

Number of drugs, median (IQR) 7.0 (5.0) 7.0 (5.0) 7.0 (4.0) 7.0 (4.0) 7.0 (5.0)

Number of comorbidities, median (IQR) 5.0 (2.0) 5.0 (2.0) 4.0 (3.0)a 5.0 (2.0) 5.0 (2.0)

Geriatric assessment parameters

Cognitive Impairment (MMSE <27 points), n (%) 193 (63.3) 131 (67.9) 62 (55.4)a 70 (66.7) 123 (61.5)

At risk of malnutrition (NRS ≥3 points), n (%) 165 (54.1) 100 (51.8) 65 (58.0) 58 (55.2) 107 (53.5)

FIM score, points, median (IQR) 76.0 (28.0) 75.0 (28.5) 78.5 (26.8) 70.0 (29.0) 78.5 (26.8)a

BMI body mass index, FIM functional independence measure, IQR interquartile range, MMSE mini mental state exam, NRS nutritional risk

screening.
aSignificant group difference (p <0.05) between the groups “acute geriatrics” and “geriatric rehabilitation”, as well as “males” and “females”.
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to new criteria of EWGSOP2. We also demonstrate that all

these parameters are correlated with confirmed sarcopenia,

but not with probable sarcopenia. These findings suggest

that assessment of both HGS and muscle mass are necessary

to detect patients with low BMI and at risk for malnutrition

who could benefit from nutritional and physiotherapy

interventions. However, if assessment of muscle quantity,

e.g., by using BIA or DEXA, is not available, clinical

measures may support screening and evaluation of patients

at risk for sarcopenia. These clinical measures including

evaluation of nutritional status are easy available and part of

the comprehensive geriatric assessment, which is routinely

performed in geriatric hospitals [34].

Despite this fact, challenges in assessing geriatric inpa-

tients also must be taken into account. Using EWGSOP2

cut-off points for low physical performance, a substantial

proportion of both sarcopenic (87.0%) and non-sarcopenic

(67.1%) participants of our cohort presented a TUG ≥ 20 s at

admission. This finding is in line with other data demon-

strating that in hospitalized geriatric patients with a mean

age of 85.6 years, mean time to perform the TUG was 33.3 s

[35]. Defined in 1991, the cut-off point of 20 s for the TUG

was based on a community-dwelling population with a

mean age of 79.5 years, in which all those who completed

the TUG in <20 s were found to be independently mobile

[24]. Compared to the elderly community-dwelling popu-

lation, older hospitalized patients may have more mobility

limitations and lower muscle strength due to acute illness

[36]. Therefore, it is questionable whether the cut-off point

of <20 s is adequate to define severe sarcopenia in older

hospitalized patients. A universal definition of sarcopenia is

still subject of ongoing debates [9], and additional data are

needed to evaluate if a different cut-off point might be more

appropriate to assess physical performance in geriatric

hospitalized patients.

In this study, we were able to recruit 414 patients con-

secutively admitted to acute geriatrics and geriatric rehabi-

litation, with exclusion of only 72 patients due to exclusion

criteria. Furthermore, we demonstrated that diagnostic

measures for sarcopenia are feasible in geriatric hospital

settings. The high Cohen’s kappa coefficient between the

first and the second assessment in a subgroup of our study

cohort reflects the high reliability of our data. Finally, we

used a pneumatic hand dynamometer that is reliable and

Table 2 Prevalence of

sarcopenia, stratified by wards

(acute geriatrics and geriatric

rehabilitation) and by gender

(males and females).

Characteristic All

n= 305

Acute

geriatrics

n= 193

Geriatric

rehabilitation

n= 112

Males

n= 105

Females

n= 200

Assessment of sarcopenia

Handgrip strength, kPa,

median (IQR)

39.0 (19.5) 39.0 (21.0) 40.0 (18.0)a 51.0 (20.0) 34.5 (14.8)a

ASMI, kg/m2, median (IQR) 6.2 (1.4) 6.2 (1.4) 6.4 (1.5) 7.0 (1.1) 5.8 (1.1)a

Low physical performance

(TUG ≥20 s), n (%)

228 (74.8) 142 (73.6) 86 (76.8) 79 (75.2) 149 (74.5)

Prevalence of sarcopenia

No sarcopenia, n (%) 161 (52.8) 92 (47.7) 69 (61.6)a 58 (55.2) 103 (51.5)

Probable sarcopenia, n (%) 75 (24.6) 55 (28.5) 20 (17.9)a 19 (18.1) 56 (28.0)

Confirmed sarcopenia, n (%) 69 (22.6) 46 (23.8) 23 (20.5) 28 (26.7) 41 (20.5)

ASMI appendicular skeletal muscle mass index, IQR interquartile range, TUG timed up and go test.
aSignificant group difference (p <0.05) between the groups “acute geriatrics” and “geriatric rehabilitation”, as

well as “males” and “females”.

72

Low handgrip 

strength 

n = 144

Low muscle 

mass 

n = 117

915

60

12

60 36

Low physical 

performance 

n = 228

Fig. 1 Assessment of sarcopenia in patients admitted to acute

geriatrics and geriatric rehabilitation (n= 305). Probable sarcope-

nia was defined by low handgrip strength and normal muscle mass

(n= 75; 24.6%). Sarcopenia was confirmed when both handgrip

strength and muscle mass were low (n= 69; 22.6%), and was classi-

fied as severe by additional documentation of low physical perfor-

mance (n= 60; 19.7%).

Sarcopenia in hospitalized geriatric patients: insights into prevalence and associated parameters using. . . 657



more practical compared to a hydraulic dynamometer to

assess HGS in geriatric patients [37].

Some limitations need to be addressed. The results of this

single-centre study focusing on Caucasian geriatric inpa-

tients of a wealthy country are not generalizable. Also, as

the highest measured BMI in this study was 35.0 kg/m2, our

findings are not applicable for patients with a BMI >35 kg/

m2. Therefore, multicentre-studies based on larger sample

sizes are needed to enhance generalizability of the data. In

our study, we used BIA for the evaluation of muscle mass,

which relies on prediction equations to estimate different

body compartments [38]. In older and obese patients, BIA

potentially overestimates skeletal muscle mass compared to

DEXA [39]. In addition, BIA results can also be influenced

by changes in fluid distribution due to acute disease.

Nevertheless, BIA is a portable and validated device that is

harmless for the patient and is established for time-saving and

cost-effective assessment of muscle mass [9, 39]. Furthermore,

the geriatric baseline assessments were performed by various

assessors in clinical daily practice with a potential to unequal

application. However, assessment of HGS and muscle mass

was performed by only two investigators. Finally, parts of the

geriatric assessment included self-reported outcomes (e.g.,

NRS 2002 using self-reported weight loss or reduced food

intake), which may be imprecise in patients with cognitive

impairment. To reduce this bias, we excluded patients who

were unable to follow the study procedure due to severe

cognitive impairment, and only five (1.6%) of the included

patients had a MMSE <10 points.

Despite these limitations, our study has clinical impli-

cations. To prevent further decline in sarcopenic geriatric

patients, early diagnosis of this condition is crucial in order

to timely target specific interventions designed to build up

muscle strength and function. Therefore, in completion of

the comprehensive geriatric assessment, it will be key to

implement diagnostic measures for sarcopenia as a standard

in daily practice to identify geriatric patients at risk. As our

data demonstrate, the assessment of both muscle mass and

function are needed to identify those vulnerable patients.

Furthermore, specific treatments for sarcopenia, namely

combined early nutritional and physiotherapy interventions,

need to be further evaluated and implemented in order to

delay disease progression and to improve clinical outcomes

in sarcopenic patients.

Conclusion

Sarcopenia is highly prevalent in patients admitted to acute

geriatrics and geriatric rehabilitation, and multiple para-

meters were found to be associated with the disease. Rou-

tinely performed diagnostic measures at hospital admission

and prompt interventional approaches are needed to build

up muscle strength and function and to prevent adverse

clinical outcomes in these patients.

Acknowledgements The authors would like to thank all the partici-

pants for their valuable contribution to this study and the staff for their

friendly cooperation.

Funding DB: His work was in part supported by the “For-

schungsfonds der Geriatrischen Universitätsklinik”, Bern/Switzerland.

The funder had no role in study design, data collection and analysis,

decision to publish or preparation of the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Table 3 Association of

parameters with probable and

confirmed sarcopenia.

Parameter Association with probable
sarcopeniaa

Association with confirmed
sarcopeniab

OR (95% CI) P value OR (95% CI) P value

Low calf circumference (<31 cm) 1.52 (0.64–3.63) 0.348 4.05 (1.78–9.21) 0.001

Low mid-arm circumferencec 1.29 (0.61–2.73) 0.501 0.64 (0.28–1.45) 0.284

Low BMId 0.27 (0.08–0.89) 0.031 3.76 (1.59–8.88) 0.003

Cognitive impairment (MMSE <27 points) 2.68 (1.36–5.28) 0.004 2.20 (1.01–4.81) 0.048

Low physical performance (TUG ≥20 seconds) 1.44 (0.68–3.06) 0.339 2.25 (0.89–5.67) 0.086

At risk of malnutrition (NRS ≥3 points) 0.68 (0.35–1.29) 0.236 5.68 (2.28–14.13) <0.001

Functional disability (FIM per 10 points decrease) 1.17 (0.99–1.39) 0.068 0.97 (0.81–1.17) 0.770

BMI body mass index, CI confidence interval, FIM functional independence measure, MMSE mini mental

status exam, NRS nutritional risk screening, OR Odds ratio, TUG timed up and go test.
aReference group: patients with no sarcopenia.
bReference group: patients with no and probable sarcopenia.
cCut-off points for low mid-arm circumference (MAC): <26.5 cm and <24.5 cm for men and women ≥75

years old, <27.5 cm and <25.5 cm for men and women <75 years old.
dCut-off points for low BMI: <22 kg/m2 for persons ≥70 years old, <20 kg/m2 for persons <70 years old.

P values < 0.05 were considered to be statistically significant.

658 D. Bertschi et al.



Publisher’s note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this

article are included in the article’s Creative Commons license, unless

indicated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons license and your intended

use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright

holder. To view a copy of this license, visit http://creativecommons.

org/licenses/by/4.0/.

References

1. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,

Landi F, et al. Sarcopenia: European consensus on definition and

diagnosis: report of the European Working Group on Sarcopenia

in Older People. Age Ageing. 2010;39:412–23.

2. Pierik VD, Meskers CG, Van Ancum JM, Numans ST, Verlaan S,

Scheerman K, et al. High risk of malnutrition is associated with

low muscle mass in older hospitalized patients-a prospective

cohort study. BMC Geriatrics. 2017;17:118.

3. Chang KV, Hsu TH, Wu WT, Huang KC, Han DS. Association

between sarcopenia and cognitive impairment: a systematic

review and meta-analysis. J Am Med Dir Assoc. 2016;17:1164.

4. Schaap LA, van Schoor NM, Lips P, Visser M. Associations of

sarcopenia definitions, and their components, with the inci-

dence of recurrent falling and fractures: the longitudinal aging

study Amsterdam. J Gerontol A Biol Sci Med Sci. 2018;73:

1199–204.

5. Malmstrom TK, Miller DK, Simonsick EM, Ferrucci L, Morley

JE. SARC-F: a symptom score to predict persons with sarcopenia

at risk for poor functional outcomes. J Cachexia Sarcopenia

Muscle. 2016;7:28–36.

6. De Buyser SL, Petrovic M, Taes YE, Toye KR, Kaufman JM,

Lapauw B, et al. Validation of the FNIH sarcopenia criteria and

SOF frailty index as predictors of long-term mortality in ambu-

latory older men. Age Ageing. 2016;45:602–8.

7. Bachettini NP, Bielemann RM, Barbosa-Silva TG, Menezes

AMB, Tomasi E, Gonzalez MC. Sarcopenia as a mortality pre-

dictor in community-dwelling older adults: a comparison of the

diagnostic criteria of the European Working Group on Sarcopenia

in Older People. Eur J Clin Nutr. 2020;74:573–80.

8. Mayhew AJ, Amog K, Phillips S, Parise G, McNicholas PD, de

Souza RJ, et al. The prevalence of sarcopenia in community-

dwelling older adults, an exploration of differences between stu-

dies and within definitions: a systematic review and meta-

analyses. Age Ageing. 2019;48:48–56.

9. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-

holm T, et al. Sarcopenia: revised European consensus on defi-

nition and diagnosis. Age Ageing. 2019;48:16–31.

10. Yang L, Yao X, Shen J, Sun G, Sun Q, Tian X, et al. Comparison

of revised EWGSOP criteria and four other diagnostic criteria of

sarcopenia in Chinese community-dwelling elderly residents. Exp

Gerontol. 2020;130:110798.

11. Kim M, Won CW. Prevalence of sarcopenia in community-dwelling

older adults using the definition of the European Working Group on

Sarcopenia in older people 2: findings from the korean frailty and

aging cohort study. Age Ageing. 2019;48:910–6.

12. Petermann-Rocha F, Chen M, Gray SR, Ho FK, Pell JP, Celis-

Morales C. Factors associated with sarcopenia: a cross-sectional

analysis using UK Biobank. Maturitas. 2020;133:60–7.

13. Purcell SA, MacKenzie M, Barbosa-Silva TG, Dionne IJ, Ghosh

S, Olobatuyi OV, et al. Sarcopenia prevalence using different

definitions in older community-dwelling Canadians. J Nutr Health

Aging. 2020;24:783–90.

14. Franzon K, Zethelius B, Cederholm T, Kilander L. The impact of

muscle function, muscle mass and sarcopenia on independent

ageing in very old Swedish men. BMC Geriatrics. 2019;19:153.

15. Saeki C, Takano K, Oikawa T, Aoki Y, Kanai T, Takakura K,

et al. Comparative assessment of sarcopenia using the JSH,

AWGS, and EWGSOP2 criteria and the relationship between

sarcopenia, osteoporosis, and osteosarcopenia in patients with

liver cirrhosis. BMC Musculoskelet Disord. 2019;20:615.

16. Reiss J, Iglseder B, Alzner R, Mayr-Pirker B, Pirich C, Kassmann

H, et al. Consequences of applying the new EWGSOP2 guideline

instead of the former EWGSOP guideline for sarcopenia case

finding in older patients. Age Ageing. 2019;48:719–24.

17. Zhuang CL, Shen X, Zou HB, Dong QT, Cai HY, Chen XL, et al.

EWGSOP2 versus EWGSOP1 for sarcopenia to predict prognosis

in patients with gastric cancer after radical gastrectomy: analysis

from a large-scale prospective study. Clin Nutr. 2020;39:2301–10.

18. Bianchi L, Maietti E, Abete P, Bellelli G, Bo M, Cherubini A,

et al. Comparing EWGSOP2 and FNIH sarcopenia definitions:

agreement and three-year survival prognostic value in older hos-

pitalized adults. The GLISTEN study. J Gerontol A Biol Sci Med

Sci. 2019;75:1331–7.

19. Cederholm T, Jensen GL, Correia M, Gonzalez MC, Fukushima

R, Higashiguchi T, et al. GLIM criteria for the diagnosis of

malnutrition—a consensus report from the global clinical nutrition

community. Clin Nutr. 2019;38:1–9.

20. Gavriilidou NN, Pihlsgard M, Elmstahl S. Anthropometric refer-

ence data for elderly Swedes and its disease-related pattern. Eur J

Clin Nutr. 2015;69:1066–75.

21. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A

practical method for grading the cognitive state of patients for the

clinician. J Psychiatr Res. 1975;12:189–98.

22. Kondrup J, Rasmussen HH, Hamberg O, Stanga Z. Nutritional

risk screening (NRS 2002): a new method based on an analysis of

controlled clinical trials. Clin Nutr. 2003;22:321–36.

23. Hersberger L, Bargetzi L, Bargetzi A, Tribolet P, Fehr R, Baechli

V, et al. Nutritional risk screening (NRS 2002) is a strong and

modifiable predictor risk score for short-term and long-term

clinical outcomes: secondary analysis of a prospective randomised

trial. Clin Nutr. 2019. https://doi.org/10.1016/j.clnu.2019.11.041.

24. Podsiadlo D, Richardson S. The timed “up & uo”: a test of basic

functional mobility for frail elderly persons. J Am Geriatr Soc.

1991;39:142–8.

25. Pollak N, Rheault W, Stoecker JL. Reliability and validity of the

FIM for persons aged 80 years and above from a multilevel

continuing care retirement community. Arch Phys Med Rehabil.

1996;77:1056–61.

26. Gagesch M, Abderhalden L, Kressig RW, Vellas B, Rizzoli R,

Freystätter G, et al. Threshold definition for grip strength to

identify relevant weakness in swiss DO-HEALTH participants. J

Frailty Aging. 2019;8:S17.

27. Barbosa-Silva MCG, Barros AJ, Wang J, Heymsfield SB, Pierson

JrRN. Bioelectrical impedance analysis: population reference

values for phase angle by age and sex. Am J Clin Nutr.

2005;82:49–52.

28. Daniel WW, Cross CL. Biostatistics: a foundation for analysis in

the health sciences. Wiley: New York; 1999.

29. Naing L, Winn T, Rusli B. Practical issues in calculating the

sample size for prevalence studies. Arch Orofac Sci. 2006;1:9–14.

Sarcopenia in hospitalized geriatric patients: insights into prevalence and associated parameters using. . . 659

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.clnu.2019.11.041


30. Landis JR, Koch GG. The measurement of observer agreement for

categorical data. Biometrics. 1977;30:159–74.

31. Reiter R, Iglseder B, Treschnitzer W, Alzner R, Mayr-Pirker B,

Kreutzer M, et al. Quantifying appendicular muscle mass in ger-

iatric inpatients: performance of different single frequency BIA

equations in comparison to dual X-ray absorptiometry. Arch

Gerontol Geriatr. 2019;80:98–103.

32. Santos LP, Gonzalez MC, Orlandi SP, Bielemann RM, Barbosa-Silva

TG, Heymsfield SB. New prediction equations to estimate appendi-

cular skeletal muscle mass using calf circumference: results from

NHANES 1999-2006. J Parenter Enter Nutr. 2019;43:998–1007.

33. Vrbova P, Smaha J, Stepan J, Tobias D, Kuzma M, Payer J, et al.

Prevalence of sarcopenia among hospitalized internal medicine

patients: a cross-sectional single-center pilot study according to

EWGSOP2 criteria. Bratisl Lek Listy. 2019;120:717–22.

34. Parker SG, McCue P, Phelps K, McCleod A, Arora S, Nockels K,

et al. What is comprehensive geriatric assessment (CGA)? An

umbrella review. Age Ageing. 2018;47:149–55.

35. Ahlund K, Ekerstad N, Oberg B, Back M. Physical performance

impairments and limitations among hospitalized frail older adults.

J Geriatr Phys Ther. 2018;41:230–5.

36. Loyd C, Markland AD, Zhang Y, Fowler M, Harper S, Wright

NC, et al. Prevalence of hospital-associated disability in older

adults: a meta-analysis. J Am Med Dir Assoc. 2020;21:

455–61.

37. Sipers WM, Verdijk LB, Sipers SJ, Schols JM, van Loon LJ. The

Martin Vigorimeter represents a reliable and more practical tool

than the Jamar dynamometer to assess handgrip strength in the

geriatric patient. J Am Med Dir Assoc. 2016;17:466 e1–7.

38. Sergi G, De Rui M, Veronese N, Bolzetta F, Berton L, Carraro S,

et al. Assessing appendicular skeletal muscle mass with bioelec-

trical impedance analysis in free-living caucasian older adults.

Clin Nutr. 2015;34:667–73.

39. Gonzalez MC, Barbosa-Silva TG, Heymsfield SB. Bioelectrical

impedance analysis in the assessment of sarcopenia. Curr Opin

Clin Nutr Metab Care. 2018;21:366–74.

660 D. Bertschi et al.


	Sarcopenia in hospitalized geriatric patients: insights into�prevalence and associated parameters using new EWGSOP2�guidelines
	Abstract
	Introduction
	Methods
	Study population
	Geriatric baseline examination
	Assessment of sarcopenia
	Statistical analysis

	Results
	Clinical characteristics of the study population
	Prevalence of probable and confirmed sarcopenia
	Parameters associated with probable and confirmed sarcopenia

	Discussion
	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	ACKNOWLEDGMENTS
	References


