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Abstract
Background: Older adults with sarco-
penia and malnutrition are at risk for 
co-morbidities, hospitalization, institu-
tionalization, and mortality. In case of 
hospitalization, risks may be further in-
creased, especially in case of suboptimal 
dietary intake. The aim of our study was 
to assess whether muscle mass, muscle 
strength, functional performance, and 
nutritional status at hospital admission 
were associated with survival and inde-
pendent living among older patients 
three months after discharge.

Methods: The EMPOWER study was an 
observational, prospective and longitu-
dinal inception cohort of patients older 
than 70 years admitted to the VU Uni-
versity Medical Center in Amsterdam, the 
Netherlands. Patients were assessed for 
demographic and clinical characteristics, 
measurements of muscle mass (by bio-
electrical impedance analysis), handgrip 
strength (by dynamometry), function-
al performance (self-reported ability to 
walk), and screened for risk of malnu-
trition (by SNAQ). Three months after 
hospital discharge, survival and living 
situation were assessed by a follow-up 
telephone interview. 

Results: The majority of the 378 patients 
enrolled were living independently at 
the time of hospitalization (90%) and 
three months post-discharge (83%). Fif-
ty-two patients died in the period from 
hospital admission to three months af-
ter discharge (survival rate 86%). Higher 
absolute muscle mass measures and not 
being malnourished at admission were 
significantly associated with the likeli-
hood of survival. Handgrip strength and 
self-reported ability to walk were posi-
tively associated with a higher chance of 
living independently three months after 

discharge, but not with survival. 

Conclusion: Older patients with great-
er muscle mass and without malnutri-
tion at hospital admission had a higher 
survival rate, while measures of muscle 
strength and functional performance 
were predictive for living independently 
three months after hospital discharge. 
Different components of muscle health 
relate to different relevant outcomes and 
therefore require investigation of specifi-
cally targeted interventions in the hospi-
talized older population.

Introduction
The age-related loss of muscle mass, 
strength and function constitutes the 
concept of sarcopenia10, and is one of 
the main drivers of physical frailty in 
older adults467. Sarcopenia threatens in-
dependent living, increases risk of falls 
and disability, hospitalization, morbidity 
and even mortality87,468. An active lifestyle 
and a healthy diet providing adequate 
protein and other essential nutrients 
are necessary to maintain muscle mass, 
strength and function469-471, particularly in 
older adults who often show sedentary 
behaviour and are at risk for comorbid-
ities38,472. Reduced physical activity, in-
adequate nutritional intake, chronic in-
flammation and diseases, have all been 
described as risk factors for developing 
sarcopenia467. 

When older adults with sarco-
penia enter the hospital, they have a 
higher risk of poorer clinical outcomes304, 
limited recovery473,474, and even mortali-
ty27,445. Furthermore, malnutrition, espe-
cially inadequate intakes of protein, has 
detrimental effects on muscle mass and 
strength, and clinical outcomes in hospi-
talized patients38. As limited physical ac-
tivity, due to bed rest, and poor dietary 
quality and intake during hospitalization 
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are often inevitable, hospitalization itself 
can thus be considered a “crisis event” 
that hastens the development of sarco-
penia95. As muscle acts as reserve pool 
for the supply of amino acids to other 
organs38, sufficient muscle mass and an 
adequate nutritional status at hospital 
admission will support patients to cope 
with this ‘crisis’ and may prevent vul-
nerable older patients from crossing the 

threshold of disability, dependence, and 
mortality95.

The aim of our study was to as-
sess whether components of sarcopenia, 
muscle mass, muscle strength, function-
al performance, and the nutritional sta-
tus at hospital admission were associat-
ed with survival and independent living 
among older adults three months after 
discharge.

Screened at admission (n=838)

Muscle strength 
and muscle mass 
(n=321)

Only muscle 
strength (n=57)

Excluded at admission (n=460) 
-  isolation (n=41)
-  unwilling to sign informed consent (n=63)
-  unable to sign informed consent (n=82)
-  severe dementia (n=39)
-  expected length of stay <24 hours (n=118)
-  other (n=117)

Died during hospitalization (n=10)

Lost to follow-up (n=71)
-  unwilling to participate (n=9)
-  unable to contact (n=20)
-  died during 3 months after discharge (n=42)

Included for follow-up (n=297)

Discharged (n=368)

Included at admission (n=378)

Figure 1. Flowchart of patient screening, inclusion, and follow-up.
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Methods
Study design
The Evaluation of Muscle parameters in 
a Prospective cohort of Older patients at 
clinical Wards Exploring Relations with 
bed rest and malnutrition (EMPOWER) 
study was an observational, prospective 
and longitudinal inception cohort study 
conducted from April until December 
2015 at the VU University Medical Cen-
ter in Amsterdam, the Netherlands. The 
study was approved by the medical ethi-
cal committee of the VU University Med-
ical Center.

A flowchart of patient screen-
ing, inclusion, and follow-up included in 
this study is shown in Figure 1. Details of 
the methods of enrolment are described 
elsewhere135. Briefly, all patients aged 70 
years and older who were admitted to the 
internal medicine, acute admission, trau-
ma and orthopedic wards and who were 
able and willing to sign informed consent 
were considered eligible for participa-
tion in the study. Patients were exclud-
ed if they were admitted to air-pressure 
isolation rooms, suffering from terminal 
illness, expected to be discharged within 
24 hours, or could not be assessed within 
48 hours after admission. The included 
patients were assessed for their demo-
graphic and clinical characteristics, mea-
surements of muscle mass and strength, 
and nutritional status at hospital admis-
sion. Three months after hospital dis-
charge, a follow-up telephone interview 
was performed to assess their post-dis-
charge living situation and functional sta-
tus. Living independently was defined as 
living at home as opposed to assisted liv-
ing, living in care homes, nursing homes, 
and rehabilitation centres. Mortality was 
extracted from the hospital data system 
and checked by study staff.

Muscle mass

Direct segmental multi-frequency bio-
electrical impedance analysis (DSM-BIA; 
In-Body S10; Biospace Co., Ltd, Seoul, 
Korea) was used to assess muscle mass, 
expressed as: 1) skeletal muscle mass 
(SMM) in kg; 2) skeletal muscle index 
(SMI: SMM/height2) in kg/m2; 3) relative 
skeletal muscle mass (SMM/body weight 
in kg*100) in percentage (%); and 4) fat 
free mass (FFM) in kg. Exclusion crite-
ria for DSM-BIA measurement were a 
pacemaker or an implantable cardiovert-
er-defibrillator, plasters or bandages that 
could not be removed from the position-
ing place of the electrodes, or amputated 
arm and/or leg. In 57 patients, DSM-BIA 
was omitted due to presence of these 
contraindications.

Muscle strength
Handgrip strength (HGS) was assessed 
using a Jamar Hydraulic Handheld Dyna-
mometer (Sammons Preston, Inc. Boling-
brook, IL, USA). Patients were asked to 
squeeze maximally twice for each hand, 
encouraged by the trained assessor. The 
maximum score (in kg) of the four trials 
was used for the analyses101.

Functional performance
Functional performance was assessed by 
the self-reported ability to walk before 
hospitalization as an earlier pilot study 
showed that the measurement of walking 
speed at admission was not feasible pre-
dominantly due to acute disease. Patients 
were asked to rate their pre-admission 
walking ability: either as unable to walk 
or to be able to walk less than 250 m, be-
tween 250m and 1 km, or able to walk 
more than 1 km. The reported data were 
dichotomized for the statistical analyses 
as able to walk either less or more than 
1 km, following the principle of mobility 
disability as defined previously by Pahor, 
et al.475.
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Table 1. Demographic and clinical characteristics at hospital admission.
Characteristics n
Age, years, mean (SD) 378 79.7 (6.4)
Sex, female, n (%) 378 186 (49.2)
Weight, kg,  mean (SD) 378 73.1 (17.1)
Height, cm,  mean (SD) 378 168.5 (9.5)
BMI, kg/m2, mean (SD) 378 25.8 (5.7)
Elective admission, n (%) 378 58 (15.3)
Admission, non-surgical, n (%) 378 207 (54.8)
Readmissions, n (%) 296 78 (26.4)
LOS, days, median (IQR) 378 5 (3-8)
Living independently, n (%)
 before admission 376 329 (87.5)
 at 3 months follow up 297 240 (80.8)
Institutionalized, n (%)
 before admission 376 33 (8.8)
 at 3 months follow up 297 39 (13.1)
Ability to walk >1 km, n (%) 281 107 (38.1)
Use of walking aid, n (%) 375 200 (53.3)
Fallen last six months, n (%) 377 172 (45.6)
Mortality, n (%) 378 52 (13.8)
SNAQ score >1, n (%) 377 130 (34.5)
Number of medications >4, n (%) 378 234 (61.9)
Number of comorbidities >2, n (%)                               376 257 (68.4)
KATZ ADL-score >1, n (%) 373 152 (40.8)
6-item CIT, median (IQR) 370 4 (0-8)
NRS-score on pain, median (IQR) 374 2 (0-5)
FAC-score >0, n (%) 374 276 (73.8)
KATZ-ADL Katz Index of Independence in Activities of Daily Living (range 0-6); 
6-item CIT 6-item Cognitive Impairment Test (range 0-28); NRS Numerical Rating 
Scale (range 0-10); FAC Functional Ambulation Classification (range 0-5).



194

Chapter 13
Nutritional status
Nutritional status was determined using 
the Short Nutritional Assessment Ques-
tionnaire (SNAQ) score (range 0-7). The 
SNAQ is a practical, valid and reproduc-
ible questionnaire for early detection of 
hospital malnutrition including questions 
about unintentional weight loss, decrease 
in appetite over the last month and the 
use of supplemental drinks or tube feed-
ing over the last month. Patients with a 
SNAQ score of zero or one point were 
considered as not malnourished; two or 
more points as moderately or severely 
malnourished439.

Statistical analysis
The characteristics of included hospital-
ized patients with normal distribution 
were expressed as mean and standard 
deviation (SD). Non-normally distribut-
ed continuous variables were presented 
as median and interquartile ranges (IQR). 
Categorical and binomial variables were 
presented as numbers (n) and percent-
age (%). Descriptive statistics of muscle 
mass and strength were presented sepa-
rately for male and female patients.

The associations of muscle mass, 
handgrip strength, self-reported abili-
ty to walk, and nutritional status versus 
survival and living independently three 
months after hospital discharge were 
analyzed by logistic regression adjusted 
for age and sex (model 1) and for age, 
sex, and presence of more than two co-
morbidities (model 2). The associations 
between determinant and outcome 
variables were presented as odds ratios 
(95% confidence interval (CI)). Statistical 
significance was set at p=0.05. All anal-
yses were performed using the Statisti-
cal Package for the Social Sciences (IBM 
SPSS Statistics for Windows, Version 22.0. 
Armonk, NY, IBM Corp). 

Results
During 9 months of recruitment, 838 
patients were admitted to the wards, of 
which 378 patients were included in the 
present analysis (Figure 1). Patient char-
acteristics at the time of hospital admis-
sion are presented in Table 1. The mean 
age was 80 ± 6 years and 49% was female.  
Ninety percent of the patients were living 
independently at the time of hospitaliza-
tion, while 83% was living independently 
three months after discharge. Of the 378 
enrolled, 52 patients died in the period 
from hospital admission to three months 
after discharge, which resulted in a cumu-
lative survival rate of 86%. At admission, 
over one third (35%) of the patients was 
classified as malnourished according to 
the SNAQ screening tool. The descriptive 
results for mean absolute and relative 
muscle mass measurements and mean 
handgrip strength, stratified by male and 
female are presented in Table 2. 

Table 3 shows that higher mea-
sures of absolute skeletal muscle mass, 
muscle mass adjusted for height (SMM/
h2) and fat-free mass at hospital admis-
sion were significantly associated with 
survival. Relative skeletal muscle mass, 
determined as skeletal muscle mass ad-
justed for body weight, did not show any 
association. The absence of malnutrition 
at admission was positively associated 
with survival.  Neither muscle mass mea-
sures nor nutritional status were signifi-
cantly associated with independent living 
three months post-discharge. Handgrip 
strength and self-reported ability to walk 
were significantly associated with inde-
pendent living three months after dis-
charge, while neither measure was asso-
ciated with survival (Table 3). 
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Table 2. Muscle mass and strength characteristics at hospital admission for total 
study population and stratified for sex.

n Total n ♂ n ♀
Skeletal Muscle Mass (SMM), kg 321 26.1 (6.0) 158 29.8 (5.6) 163 22.5 (3.8)
Sketal Muscle Index (SMM/h2), 
kg/m2

321 9.2 (1.5) 158 9.7 (1.5) 163 8.6 (1.2)

Relative Skeletal Muscle Mass 
(SMM/BW), %

321 36.4 (6.0) 158 39.1 (5.0) 163 33.7 (5.7)

Fat-Free Mass (FFM), kg    321 48.8 (10.3) 158 55.1 (9.6) 163 42.7 (6.5)
Handgrip Strength, kg 378 20.6 (9.8) 192 26.1 (9.9) 186 14.9 (5.6)
All variables are presented as mean (SD).

Table 3. Associations between muscle measures and nutritional status at hospital 
admission with survival and living independently 3 months after hospital discharge.

Survival
OR (95% CI)

Living independently
OR (95% CI)

Skeletal Muscle Mass 
(SMM), kg

Model 1
Model 2

1.14 (1.05 - 1.24)
1.13 (1.04 - 1.23)

1.01 (0.93-1.10)
1.01 (0.94-1.10)

Sketal Muscle Index 
(SMM/h2), kg/m2

Model 1
Model 2

1.57 (1.20 - 2.06)
1.55 (1.18 - 2.03)

1.24 (0.94-1.63)
1.24 (0.94-1.63)

Relative Skeletal Muscle 
Mass (SMM/BW), %

Model 1
Model 2

0.98 (0.93-1.05)
0.98 (0.92-1.04)

0.98 (0.93-1.05)
0.98 (0.92-1.05)

Fat-Free Mass (FFM), kg Model 1
Model 2

1.06 (1.02 - 1.11)
1.06 (1.01 - 1.11)

1.00 (0.96-1.05)
1.00 (0.96-1.05)

Handgrip Strength, kg Model 1
Model 2

1.02 (0.98 - 1.06)
1.02 (0.97 - 1.06)

1.06 (1.01-1.11)
1.05 (1.00-1.10)

Self-reported ability to 
walk, y vs. n

Model 1
Model 2

1.86 (0.84 - 4.12)
1.62 (0.71 - 3.70)

2.37 (1.04-5.42)
2.33 (0.98-5.53)

Not malnourished, 
SNAQ = 0, 1 

Model 1
Model 2

3.56 (1.91-6.63)
3.41 (1.82-6.39)

0.85 (0.43-1.69)
0.81 (0.41-1.62)

Model 1 adjusted for age and sex, Model 2 adjusted for age, sex, and presence of 
more than two co-morbidities.
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Discussion
In this observational, prospective and 
longitudinal inception cohort study, we 
investigated the impact of the compo-
nents of sarcopenia, measures of abso-
lute and relative muscle mass, muscle 
strength, functional performance, and 
the nutritional status on survival and in-
dependent living. Older hospitalized pa-
tients with greater absolute muscle mass 
and without malnutrition at admission 
had a higher likelihood for three months 
survival. On the other hand, greater 
handgrip strength and better self-report-
ed ability to walk were associated with 
a higher chance of living independently 
three months post-discharge.  

Nutritional status and muscle 
measures in our group of older hospital-
ized patients are comparable with vulner-
able older populations described in oth-
er studies. Over one third of the patients 
was malnourished at admission, which is 
in line with a prevalence rate between 20 
to 50% in hospitalized patients reported 
in other studies28,439,476,477. Since patients 
with advanced dementia were excluded 
and a median CIT score of 4 (IQR: 0-8) 
of the study population implies a nor-
mal cognitive function478, the impact of 
dementia on malnutrition has not been 
examined in this study. Mean handgrip 
strength was comparable with handgrip 
strength in sarcopenic community dwell-
ing older adults and acutely hospitalized 
older patients275,479. Mean skeletal muscle 
mass index in both male and female pa-
tients were similar to what was found in 
a sample of Dutch geriatric outpatients73. 

The observation that absolute 
muscle mass and malnutrition were as-
sociated with three months survival is in 
line with other studies that described an 
association between sarcopenia and mal-
nutrition and increased risk of mortality 
in older hospitalized patients27,304,445,480,481. 

These studies, however, all used different 
sarcopenia definitions and did not ana-
lyze the effect of the individual compo-
nents of sarcopenia. 

Greater absolute muscle mass 
appeared more important than an ad-
equate body composition, since the 
relative muscle mass did not show any 
association with survival. In addition to 
the function of muscle to contract and 
enable movement, skeletal muscle is a 
reservoir of amino acids and glucose that 
can support protein synthesis or energy 
production elsewhere71. Muscle helps to 
meet the metabolic needs of other or-
gans, which is of particular importance 
when dealing with traumas, infections 
and acute (wasting) diseases38. This spe-
cific role of muscle is even more crucial 
during periods of inadequate dietary in-
take. Therefore, relatively small differenc-
es of muscle mass can increase the risk 
of morbidity and mortality in patients 
undergoing such a ‘catabolic crisis’ as 
an acute illness and hospitalization, es-
pecially when the patients are malnour-
ished and other sources are depleted. 
Thus assessing muscle mass in addition 
to nutritional status as part of routine 
care, followed by targeted exercise and 
nutritional interventions, can help older 
adults to cope with a ‘crisis’ such as hos-
pitalization95,472,479,482. 

Measurements of muscle 
strength and functional performance at 
hospital admission did not show an as-
sociation with mortality, in contrast to 
results published in a large meta-analy-
sis483, where community dwelling adults 
with impaired physical performance 
measures had a higher risk of long term 
(2 to >20 years follow up) mortality. As 
such, functional measures may be less 
critical for short-term survival in recent-
ly hospitalized patients than the actual 
physical state of the patient’s body. The 
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association of handgrip strength and the 
self-reported ability to walk with inde-
pendent living three months after hos-
pital discharge suggest, however, that 
impairments in functional measures are 
strong predictors for loss of indepen-
dence. Preventing decline in functional 
performance is one of the key goals for 
vulnerable community dwelling older 
people to maintain independence in dai-
ly living and activities.  Mobility disability, 
determined in the LIFE study475 and the 
ongoing Sprint-T study484 by the inability 
to walk 400 meters, has been shown to 
be a reliable and important clinical and 
public health outcome in older people. 
In hospital settings, it is often impossible 
to measure this for all incoming patients, 
but the self-reported ability to walk more 
than 1 km could be a useful proxy, and 
thus requires further validation.

Strengths and limitations
The strength of this study is that we en-
rolled a robust sample of older adults 
admitted to various departments in the 
hospital. This variation in the type of 
admission helped to minimize selection 
bias in this sample. The longitudinal na-
ture of the study enabled us to observe 
the impact of the study exposures not 
only during hospitalization, but also 
three months post-discharge. 

A limitation to report is that we 
could not measure gait speed in patients 
admitted to hospital, which hampers the 
comparison with other studies in com-
munity dwelling older people that use 
gait speed in the definition of sarcopenia. 
Although muscle mass measurements by 
BIA have been used and validated in clin-
ical trials in both community and hospital 
settings27,136,481, BIA measurements can be 
influenced by the hydration status during 
hospital admission. One of the draw-
backs of the longitudinal design was that 

the muscle measures were not assessed 
post-discharge, since the follow up data 
were collected by telephone interviews. 

Conclusion
Older patients with greater muscle mass 
and without malnutrition at hospital 
admission had a higher survival rate, 
whereas measures of muscle strength 
and functional performance were predic-
tive for living independently. Therefore, 
assessing muscle health and nutritional 
status is recommended as part of rou-
tine care in the hospitalized older pop-
ulation. The protective value of targeted 
interventions - which should be aimed at 
specifically improving muscle mass and 
function - should be addressed further 
next to counteracting the malnourished 
state.
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