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Objectives: Acute hospitalization may lead to a decrease in muscle measures, but limited studies are
reporting on the changes after discharge. The aim of this study was to determine longitudinal changes in
muscle mass, muscle strength, and physical performance in acutely hospitalized older adults from
admission up to 3 months post-discharge.
Design: A prospective observational cohort study was conducted.
Setting and Participants: This study included 401 participants aged 70 years who were acutely hospitalized in 6 hospitals. All variables were assessed at hospital admission, discharge, and 1 and 3 months
post-discharge.
Methods: Muscle mass in kilograms was assessed by multifrequency Bio-electrical Impedance Analysis
(MF-BIA) (Bodystat; Quadscan 4000) and muscle strength by handgrip strength (JAMAR). Chair stand and
gait speed test were assessed as part of the Short Physical Performance Battery (SPPB). Norm values were
based on the consensus statement of the European Working Group on Sarcopenia in Older People.
Results: A total of 343 acute hospitalized older adults were included in the analyses with a mean (SD) age
of 79.3 (6.6) years, 49.3% were women. From admission up to 3 months post-discharge, muscle mass
(0.1 kg/m2; P ¼ .03) decreased signiﬁcantly and muscle strength (0.5 kg; P ¼ .08) decreased
nonsigniﬁcantly. The chair stand (þ0.7 points; P < .001) and gait speed test (þ0.9 points; P < .001)
improved signiﬁcantly up to 3 months post-discharge. At 3 months post-discharge, 80%, 18%, and 43% of
the older adults scored below the cutoff points for muscle mass, muscle strength, and physical performance, respectively.
Conclusions and Implications: Physical performance improved during and after acute hospitalization,
although muscle mass decreased, and muscle strength did not change. At 3 months post-discharge,
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muscle mass, muscle strength, and physical performance did not reach normative levels on a population
level. Further research is needed to examine the role of exercise interventions for improving muscle
measures and physical performance after hospitalization.
Ó 2020 AMDA e The Society for Post-Acute and Long-Term Care Medicine. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Low muscle mass, muscle strength, and physical performance are
diagnostic measures of sarcopenia.1,2 The prevalence of sarcopenia in
hospitalized older adults is up to 40% depending on the diagnostic
criteria.3 Sarcopenia is associated with poor health outcomes such as
loss of activities in daily living (ADLs),4 falls, fractures,5 and mortality.1
Approximately one-third of acutely hospitalized older adults experience a loss of ADLs during their hospital stay,6,7 despite the successful
treatment of the primary medical illness.8 Physical inactivity and bed
rest may lead to a loss of muscle mass and muscle strength.9 Bed rest
studies in healthy older adults reported more than 10% loss of muscle
mass and up to 13% of knee extensor muscle strength over 7 to 10 days
of inactivity.9,10 Medical illness with acute hospitalization as a result,
might affect muscle mass and muscle strength even more in older
adults; this could be a facilitator of functional decline and loss of
physical performance.8,11,12
Detailed information is lacking on longitudinal changes in muscle
mass, muscle strength, and physical performance from admission to
post-discharge. A systematic review concluded that muscle mass and
muscle strength did not change in acute hospitalized older adults
during hospitalization.13 Few studies reported on the changes in
muscle mass, muscle strength, and physical performance in older
adults after acute hospitalization. Studies on the changes in muscle
mass and muscle strength post-discharge were inconclusive; muscle
strength was unchanged14 or improved at 1 month post-discharge.15
Physical performance improved at 1 month post-discharge, but
remained below reference levels for independent living.14,15 It has
been shown that it is important to regain functionality within
3 months after hospitalization to prevent permanent functional
decline.16 Insight in the changes in muscle mass, muscle strength, and
physical performance may help to understand the underlying mechanisms of how older adults lose functionality after acute hospitalization. Recent publications from our Hospital Associated Disability and
impact on daily Life (Hospital-ADL) study showed that psychosocial
factors, such as depressive symptoms, fatigue, and fear of falling are
highly prevalent and persistent after hospitalization and are associated with functional decline.17,18 Information on the changes in muscle
mass, muscle strength, and physical performance from admission to
post-discharge and which factors could confound these changes, may
provide speciﬁc starting points for tailored interventions to counteract
sarcopenia and to prevent functional decline after acute
hospitalization.
This study aimed to determine the longitudinal changes in muscle
mass, handgrip strength, and physical performance from hospital
admission up to 3 months post-discharge, adjusted for depressive
symptoms, cognition, fatigue, fear of falling, risk of malnutrition, and
comorbidity, in acutely hospitalized older adults.

Subjects Act and the ethical standards laid down in the Declaration of
Helsinki (1964) and its later amendments.
Study Population
Older adults aged 70 years who were acutely admitted for at least
48 hours to the hospitals were approached for participation. In addition, further inclusion criteria were applied: (1) approval of the
treating medical doctor; (2) Mini-Mental State Examination (MMSE)
score 15 points; (3) sufﬁcient Dutch language proﬁciency to complete questionnaires. Older adults were excluded if (1) they had a life
expectancy of fewer than 3 months, as assessed by the treating
medical doctor; or (2) were disabled in all 6 basic ADLs as determined
with the Katz-6 ADL index.
Data Collection
A geriatric team, consisting of a psychologist and physical therapist, visited the participating wards and contacted all eligible older
adults within 48 hours after hospital admission. Participants were
enrolled in the study after written informed consent was obtained.
The psychologist completed the questionnaires and the physical
therapist carried out performance tests at baseline (within 48 hours
after admission) and on discharge. Highly trained students visited the
participant’s home or residence to perform the assessments at 1 and
3 months post-discharge. All assessors were trained to administer the
study protocol in a standardized way to prevent variability. All measurements were taken at the same time points.
Muscle Mass
Muscle mass was assessed with multifrequency Bio-electrical
Impedance Analysis (MF-BIA; Bodystat; Quadscan 4000). The participant had to lie in a supine position with legs and arms not touching
the body with 2 surface electrodes placed on the right foot and hand,
with a distance of 5 cm between both electrodes. This test was not
conducted in case of a pacemaker or Implantable Cardioverter Deﬁbrillator because the risk of dysregulation of the device. The MF-BIA
Quadscan 4000 was reported reliable and interchangeable at the
population level with the dual-energy X-ray absorptiometry
methods.20 Skeletal muscle mass in kilograms was calculated with the
formula as used by Janssen et al.21 and divided by the squared height
(m2) to calculate the skeletal muscle mass index (SMI). The cutoff
points for the SMI for low muscle mass were 10.70 kg/m2 for men
and 6.75 kg/m2 for women as a diagnostic measure for
sarcopenia.2,22

Methods
Muscle Strength
Study Design and Setting
This multicenter observational prospective cohort study was conducted by a multidisciplinary team.19 Participants were recruited
among those admitted to the internal medicine, cardiology, or geriatric wards at 6 participating hospitals between October 1, 2015, and
June 1, 2017. The study was approved by the institutional review board
and performed according to the Medical Research Involving Human

Handgrip strength was used as a measure of general upper body
strength2,23 and assessed using a JAMAR handgrip strength dynamometer (Lafayette Instrument Company, Lafayette, IN), expressed in
kilograms. Participants were assessed, encouraged, and performed the
task 3 times alternating bilaterally.23 The highest score of either hand
was used for the analysis. Handgrip strength showed good to excellent
reliability and validity among hospitalized older adults.24 The cutoff
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points for low handgrip strength are <16 kg for women and <27 kg for
men.1
Physical Performance
Physical performance was assessed by the Short Physical Performance Battery (SPPB) was used.25 The SPPB is a reliable and valid
measurement tool and consists of the balance test, gait speed test, and
chair stand test. Balance was assessed by side-side, semi-tandem, and
tandem stands. Participants received a score of 0 points if they were
unable to complete the task and 4 points when all tests were held for
10 seconds.25 Gait speed was assessed with the 4-m walking test at
usual walking speed.1,25 Participants received a score of 0 points if they
were unable to complete the task, 1 point when the time over 4 m was
more than 8.70 seconds, 2 points between 6.2 and 8.7 seconds, 3
points between 4.8 and 6.2 seconds, and 4 points under 4.8 seconds.25
A cutoff value of lower than 1.2 m per second (1, 2, or 3 points) is
considered as low.26,27 For the chair stand test,1,25 participants were
asked to rise 5 times as fast as possible with the arms crossed on the
chest. Participants received a score of 0 if they were unable to complete the task, 1 point when the time for 5 rises was between 16.7 and
60.0 seconds, 2 points when the time was between 13.7 and
16.7 seconds, 3 points when the time was between 11.2 and 13.7 seconds, and 4 points when the time was less than 11.2 seconds. A cutoff
value of higher than 13.7 seconds (0, 1, or 2 points) was considered as
low physical performance.27 For chair stand and gait speed test
sub-scores were analyzed. For the complete SPPB test, a cutoff score of
 8 points was considered as low physical performance.1,25e28
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analysis was performed with data at all time points. To compare the
variables, standardization was performed using Z-scores and tested on
differences over time by multivariate analysis, with a baseline score of
zero for all variables. All parameter estimates were expressed with
95% conﬁdence interval and were considered statistically signiﬁcant if
P < .05. A trend was deﬁned as P value  .05 and < .10. Analyses were
conducted with the Statistical Package for the Social Sciences for Mac
(version 24; SPSS Inc., Chicago, IL).

Results
Participant Characteristics
Of the 1024 acute hospitalized older adults admitted for 48 hours
between October 2015 and February 2017, 519 (50.7%) did meet the
inclusion criteria (Figure 1) and of these 118 (22.7%) were not interested in participating. Of the 401 older adults who agreed to participate, 40 participants (10%) were deceased and 87 participants (21.7%)
were lost to follow-up at 3 months post-discharge. In the analysis, 58
participants were excluded because no data were available at any
time-point due to no permission or not able to perform the tests at all.
Therefore, 343 of 401 older adults with a mean age (SD) of 79.3 (6.6),
49.3% women, were included. Table 1 shows the baseline characteristics of all participants stratiﬁed by sex. In Supplementary Table 1 the
proportions of older adults below the norm values are presented.

Other Variables

Longitudinal Changes of Muscle Mass, Handgrip Strength, Chair
Stand, and Gait Speed

Potential confounding variables on the longitudinal changes in
muscle mass, handgrip strength, chair stand, and gait speed were
assessed at admission, discharge, and 1 and 3 months post-discharge.
Depressive symptoms were assessed with the geriatric depression
scale-15 item (GDS-15),29 cognitive impairment with the MMSE,30
fatigue and fear of falling on a numeric rating scale, and the Short
Nutritional Assessment Questionnaire (SNAQ) was used to identify the
risk of malnutrition.31 The Charlson Comorbidity Index (CCI) was used
to assess the number and severity of comorbidities at baseline.32
Additional data were collected at baseline for age, sex, marital status, living arrangement, length of stay (LOS) in hospital, and body
mass index (BMI). Sarcopenia was deﬁned as reported by the revised
consensus statement of the European Working Group on Sarcopenia
in Older People (EWGSOP2) using the cutoff points as outlined previously.2 Functional decline was deﬁned as experienced loss of 1 point
on the Katz-6 ADL index (bathing, dressing, toileting, transferring,
continence, and feeding) between 2 weeks before hospitalization and
3 months post-discharge.33

Table 2 shows an overview of the data based on the unadjusted
LMM analysis. Muscle mass signiﬁcantly decreased from admission up
to 3 months post-discharge (0.1 kg/m2; P ¼ .03) with the lowest
value at 1 month post-discharge. Both women and men decreased
nonsigniﬁcant in muscle mass (resp. 0.2 kg/m2; P ¼ .08 and 0.1 kg/
m2; P ¼ .13). Handgrip strength did not decrease signiﬁcantly from
acute hospitalization up to 3 months post-discharge (0.5 kg; P ¼ .08)
with also the lowest value at 1 month post-discharge. For women,
handgrip strength decreased signiﬁcantly (resp. 0.7 kg; P ¼ .03) and
not signiﬁcantly for en (0.2 kg; P ¼ .55) at 3 months post-discharge.
Chair stand increased signiﬁcantly (þ0.7 points; P < .001) either for all
participants as for women and men separately (resp. þ0.8 points;
P < .001 and þ0.5 points; P < .001), from admission up to 3 months
post-discharge. Gait speed increased signiﬁcantly (þ0.9 points;
P ¼ .00) for all participants and women and men separately (resp. þ0.7
points; P < .001 and þ1.0 points; P < .001), from admission up to
3 months post-discharge.

Statistical Analysis
Baseline characteristics were presented with mean and SD or
median and interquartile range using descriptive statistics and stratiﬁed by sex. Linear mixed models (LMM)34 were performed to analyze
the longitudinal changes in muscle mass, handgrip strength, chair
stand, and gait speed. First, interaction effects of time, sex, and age
were analyzed to decide if stratiﬁcation was needed for these variables
was needed. Second, for every potential confounder, such as age, sex,
LOS, BMI, cognition, comorbidity, depressive symptoms, fatigue,
nutrition, and fear of falling, it was determined if the beta of muscle
mass, handgrip strength, chair stand, and gait speed changed >10%.35
Third, confounding factors were then included in the adjusted model.
Variables had to be present minimally at one time point to be included
in the ﬁnal analysis. To analyze the effect of missing data, a sensitivity

Confounders On the Longitudinal Changes of Muscle Mass, Handgrip
Strength, Chair Stand, and Gait Speed
Table 3 presents the confounders on the longitudinal changes of
muscle mass, handgrip strength, chair stand , and gait speed. Fatigue
was identiﬁed as a confounder for the longitudinal changes in muscle
mass. Fatigue, BMI, and nutrition were identiﬁed as confounders and
depressive symptoms as an effect modiﬁer in the longitudinal changes
of handgrip strength. Fatigue, depressive symptoms, and cognitive
impairment were identiﬁed as confounders in the longitudinal
changes of chair stand and depressive symptoms, BMI, cognitive
impairment and fear of falling were identiﬁed as confounders in the
longitudinal changes of gait speed. Depressive symptoms were identiﬁed as an effect modiﬁer in the longitudinal changes in muscle mass.
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Fig. 1. Flowchart of the acute hospitalized older adults included in the analysis of this study.

Table 1
Baseline Characteristics of Acute Hospitalized Older Adults at Admission

Demographics
Age, y, mean (SD)
Living arrangements before admission n (%)
Independent
Nursing home
Senior residence/assisted living
Marital status, n (%)*
Married or living together
Single or divorced
Widow/widower
Primary admission diagnosis, n (%)
Cardiovascular disease
Gastrointestinal disease
Pulmonary disease
Infection
Other
BMI, mean (SD)
Length of stay, median (IQR)
Charlson comorbidity index (CCI), median (IQR)
Diagnostic measures of sarcopenia
Muscle mass SMI (BIA), mean (SD)*
Handgrip strength (JAMAR), mean (SD)*
Chair stand test (SPPB), median score (IQR)*
Gait speed test (SPPB), median score (IQR)
Other variables
Cognitive level (MMSE), median (IQR)
Depressive symptoms (GDS), median (IQR) *
Fatigue (NRS), mean  (SD)*
Fear of Falling (NRS), mean  (SD)*
Severe risk of malnutrition (SNAQ), n (%)
ADL score (KATZ 6), median (IQR)*
Sarcopenia, n (%)
Functional decline, n (%)

All

Women

Men

(N ¼ 343)

(n ¼ 169)

(n ¼ 174)

79.3 (6.6)

79.8 (6.8)

78.9 (6.4)

291 (84.8)
7 (2.0)
45 (13.1)

135 (79.9)
5 (3.0)
29 (17.1)

156 (89.7)
2 (1.1)
16 (9.2)

182 (53.1)
54 (15.7)
107 (31.2)

60 (35.5)
35 (20.7)
74 (43.8)

122 (70.1)
96 (10.9)
33 (19.0)

100
42
66
51
84
25.5
5.7
2

(29.2)
(12.2)
(19.2)
(14.9)
(24.5)
(4.9)
(3.9e8.7)
(1e3)

48
21
33
23
44
25.7
5.6
2

(28.4)
(12.4)
(19.5)
(13.6)
(26.0)
(5.2)
(3.9e8.9)
(1e3)

52
21
32
28
41
25.3
5.5
2

(29.9)
(12.1)
(18.4)
(16.1)
(23.6)
(4.6)
(3.9e8.2)
(1e3)

8.0
27.4
1
2

(1.8)
(10.2)
(0e2)
(0e3)

6.7
20.5
0
2

(1.1)
(5.8)
(0e2)
(0e3)

9.2
34.0
1
2

(1.5)
(9.1)
(0e3)
(1e3)

26
3
5.4
2.8
132
1
45/283
35/239

(25e28)
(2e5)
(2.9)
(3.3)
(32.9)
(0e3)
(14.1)
(10.2)

27
4
6.0
3.6
69
1
17/156
18/115

(24e28)
(2e6)
(2.8)
(3.4)
(33.5)
(1e3)
(10.1)
(10.7)

27
3
4.9
2.0
63
0
28/163
17/124

(25e27)
(2e5)
(3.0)
(3.0)
(32.3)
(0e2)
(17.2)
(9.8)

BIA, Bioelectrical Impedance Analysis; BMI, body mass index, square of the body height in kg/m2; CCI, Charlson comorbidity index range 0e31; Fatigue and Fear of Falling NRS,
Numeric Rating Scale range 0e10; GDS, Geriatric Depression Scale range 0e15; IQR, interquartile range; KATZ 6 ADL, Activities of Daily Living range 0e6; MMSE, Mini Mental
State Examination range 0e30; SD, standard deviation; SMI, Skeletal Muscle Index in kilograms/meter2; SNAQ, Short Nutritional Assessment Questionnaire; SPPB, Short
Physical Performance Battery in points.
*Signiﬁcant difference between women and men (P < .05).
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Table 2
Unstandardized Linear Mixed Model Analysis for the Longitudinal Changes in Muscle Mass, Handgrip Strength, the Chair Stand Test, and the Gait Speed Test at Admission,
Discharge, and 1 and 3 Months Post-discharge in Acute Hospitalized Older Adults
Diagnostic Measure*

Admission

Discharge

One Month

Three Months

P Value

Muscle mass SMI (kg/m2)
\ Muscle mass SMI (kg/m2)
_ Muscle mass SMI (kg/m2)
Handgrip strength (kg)
\ Handgrip strength (kg)
_ Handgrip strength (kg)
Chair stand (pts)
\ Chair stand (pts)
_ Chair stand (pts)
Gait speed (pts)
\ Gait speed (pts)
_ Gait speed (pts)

7.9
6.7
9.1
27.1
20.2
33.6
1.1
0.9
1.4
1.9
1.7
2.1

7.9
6.7
9.1
27.2
20.3
33.7
1.5
1.2
1.7
2.3
2.0
2.6

7.7
6.5
8.8
26.1
19.4
32.6
1.6
1.4
1.8
2.1
1.8
2.4

7.8
6.5
9.0
26.6
19.5
33.4
1.8
1.7
1.9
2.8
2.4
3.1

.03y
.08
.13
.08
.03y
.55
<.001y
<.001y
<.001y
<.001y
<.001y
<.001y

(7.8e8.2)
(6.5e6.9)
(8.9e9.4)
(26.1e28.1)
(19.4e21.1)
(32.3e34.9)
(1.0e1.3)
(0.7e1.1)
(1.2e1.6)
(1.8e2.1)
(1.5e1.9)
(1.9e2.3)

(7.7e8.1)
(6.5e6.9)
(8.9e9.3)
(26.1e28.2)
(19.4e21.1)
(32.4e35.5)
(1.3e1.6)
(1.0e1.4)
(1.5e1.9)
(2.2e2.5)
(1.8e2.1)
(2.4e2.8)

(7.5e7.9)
(6.3e6.7)
(8.6e9.0)
(25.1e27.2)
(18.5e20.3)
(31.3e33.9)
(1.4e1.7)
(1.2e1.6)
(1.6e2.0)
(2.0e2.3)
(1.6e2.1)
(2.2e2.6)

(7.6e8.0)
(6.3e6.7)
(8.7e9.2)
(25.6e27.7)
(18.6e20.5)
(32.1e34.7)
(1.7e2.0)
(1.5e2.0)
(1.7e2.2)
(2.6e3.0)
(2.2e2.7)
(2.9e3.3)

\, women; _, men; pts, points; SMI, Skeletal Muscle Mass Index.
*Presented with mean (95% conﬁdence interval).
y
Signiﬁcantly different over time (P < .05).

Table 3
Longitudinal Changes in Muscle Mass, Handgrip Strength, Chair Stand, and Gait
Speed, Adjusted for Confounding Factors

Muscle mass
Handgrip strength
Chair stand
Gait speed

Model 1: Crude Model

Model 2: Adjusted Model*

B

B

0.08
0.17
0.23
0.24

95% CI
Lower
Bound

Upper
Bound

0.12
0.33
0.18
0.17

0.03
0.00
0.28
0.30

0.101
0.191e3
0.121,4,5
0.272e6

95% CI
Lower
Bound

Upper
Bound

0.15
0.39
0.05
0.20

0.01
0.02
0.18
0.33

B, unstandardized beta regression coefﬁcient; CI, conﬁdence interval.
Unstandardized beta controlled for: 1 ¼ fatigue; 2 ¼ body mass index; 3 ¼ risk of
malnutrition; 4 ¼ depressive symptoms; 5 ¼ cognitive impairment; 6 ¼ fear of
falling.
*Age, sex, comorbidity and length were not identiﬁed as statistically signiﬁcant
confounders or effect modiﬁers for muscle mass, handgrip strength, chair stand and
gait speed.

Standardized Longitudinal Changes in Muscle Mass, Handgrip
Strength, Chair Stand, and Gait Speed
Figure 2 shows the standardized longitudinal changes in muscle
mass, handgrip strength, chair stand test, and gait speed. Muscle mass
and handgrip strength were not signiﬁcantly different from each
other. The longitudinal changes in muscle mass and handgrip strength
were signiﬁcantly different as for chair stand and gait speed (P < .001).
Sensitivity Analysis
Supplementary Table 2 show the complete cases with data at all
timepoints for 108 older adults. The mean age (SD) for the complete
cases was 77.8 years (6.0), 43% women. The mean (SD) value for
muscle mass (SMI) was 8.1 kg/m2 (1.7), for handgrip strength 30.5 kg
(10.0) and the median (IQR) value for chair stand was 1 point (0e3),
for gait speed 3 points (1e4) and for the complete SPPB was 7 points
(3e10). For the complete cases, longitudinal changes in muscle mass
and handgrip strength showed a nonsigniﬁcant decrease up to
3 months post-discharge.
Discussion
This multicenter prospective cohort study determined the longitudinal changes of the diagnostic measures of sarcopenia: muscle
mass, handgrip strength, chair stand, and gait speed after

hospitalization up to 3 months post-discharge. Physical performance
improved although muscle mass decreased and handgrip strength did
not change from acute hospitalization up to 3 months post-discharge,
with differences between women and men. The lowest level of muscle
mass was determined at 1-month post-discharge. Chair stand and gait
speed improved from admission up to 3 months post-discharge. A
considerable part of the older adults stayed below the normative
levels of muscle mass, handgrip strength, and physical performance,
at 3 months post-discharge.
The decline in muscle mass and absence of improvement in
handgrip strength can be explained by the combination of inactivity
and inﬂammation of older adults during and after acute hospitalization.9,10,36 During hospitalization, muscle mass and handgrip strength
did not change. The relatively short admission period, which is comparable to other studies,6 and the ongoing deterioration could explain
that a decline in muscle mass and muscle strength were observed only
after 1-month post-discharge and not during hospitalization. In
addition, low muscle function, recognized as sarcopenia, might
already have been developed before hospitalization.12,13 However, this
cannot be conﬁrmed in this study. The decline in muscle mass and
handgrip may have relevance for clinical practice because the ﬁrst
month after discharge is reported as a critical period,16 after which
disabilities have a high chance of becoming permanent among older
hospitalized adults. It can be hypothesized that the decline in muscle
mass and handgrip strength have an impact on the physical performance. In this study, the improvement of the physical performance
can be seen as part of the expected recovery after acute illness with
hospitalization, where older adults are at their lowest level of functioning at hospital admission. A similar improvement was seen in a
previous study,15 in which the physical performance improved up to
3 weeks following discharge, but aberrant to another study14 where
no difference was reported 30 days post-discharge. Our study showed
additionally that this improvement continued up to 3 months postdischarge with different patterns between gait speed and chair
stand. An explanation for the different patterns for gait speed and
chair stand might be that chair stand is conditional to the complex
task of walking.37 Although physical performance improved, not all
older adults reach normative level. This means that older adults are
still at risk for being (re)hospitalized with deteriorating health, at
3 months after discharge from hospital.1,25,38
The transition from hospital to the home situation seems to be
crucial and older adults need speciﬁc guidance during this critical
period. Previous studies from the Hospital-ADL study group reported
that geriatric syndromes are highly prevalent after discharge from the
hospital and are associated with functional decline.17,18 The current
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Fig. 2. Standardized (Z-scores) longitudinal changes in muscle mass, handgrip strength, chair stand, and gait speed from hospital admission up to 3 months post-discharge in acute
hospitalized older adults.

study conﬁrmed the involvement of psychosocial factors such as
depressive symptoms, but also fatigue, nutrition and BMI on the
longitudinal changes in muscle mass, muscle strength and physical
performance. The ﬁnding that depressive symptoms is an effect
modiﬁer in the longitudinal change of handgrip strength might indicate the role in the recovery of physical performance but needs further
investigation.
The clinical implications of this study can be signiﬁcant, because a
substantial part of the older adults does not return to their level at
which they can live independently. Current standard care after
discharge from the hospital does not include an exercise program. It
could be hypothesized that an exercise intervention is indicated to
increase muscle mass and muscle strength in order to improve
physical performances. This hypothesis is in accordance with the
growing body of knowledge about the effect of exercise interventions
for older adults.39e42 However, it is unclear if an exercise intervention
could have a similar effect on an acutely hospitalized population with
geriatric syndromes.17,18 These syndromes, may be barriers to regain
muscle mass and strength and recover to a higher level of functioning
after acute hospitalization. Recent research has demonstrated that an
exercise intervention during hospitalization could be an effective
therapy for improving muscle strength and reducing functional
decline.42,43 Future research for this speciﬁc population with complex
care needs, should focus on the transitional period after hospitalization to improve muscle mass, muscle strength and physical performances in the home situation to prevent functional decline and

achieve normative levels of independent living. The role of geriatric
syndromes, such as depressive symptoms, apathy and nutrition,
should
be
considered
in
the
development
of
this
intervention.17,18,44e46
This study has several limitations. First, measurements were taken
in a standardized way according to a strict protocol.19 However, some
limitations need to be addressed. Second, data were missing due to
several reasons such as inability to perform the test or not available for
follow-up which is a known challenge in aging research.47 The missing
data might have introduced bias. A sensitivity analysis on the complete cases (Supplementary Table 2) showed nonsigniﬁcant differences in muscle mass and handgrip strength and differences in the
temporal pattern of gait speed in comparison with the overall LMM
analysis including all cases. However, LMM analysis is a sophisticated
statistical technique which handles missing values very well.34 Third,
measurements were taken both in hospital and in the home situation,
where the protocol was sometimes adjusted in some cases due to the
organization in the hospital (patients were not always available at the
same moment or in fasting condition) or in the home situation (not
enough space to perform tests) which might have been inﬂuenced the
results. Fourth, generalizability of the study might be limited because
patients dependent in all 6 basic ADLs were excluded from this study,
although this occurred in 3 patients only. Fifth, detailed information
on additional treatment and use of medication of the patients is
lacking. It remains unknown whether these factors might have
inﬂuenced the results.
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Conclusions and Implications
In conclusion, physical performance improved during and after
hospitalization although muscle mass decreased, and handgrip strength
did not change. At 3 months post-discharge, muscle mass, handgrip
strength, and physical performance did not reach normative levels for
the population. Further research is needed to examine the role of exercise as a therapy for improving muscle mass, muscle strength, and
physical performance after acute hospitalization in older adults.
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Supplementary Table 1
Percentage of Older Adults Below the Norm Values for Muscle Mass, Handgrip Strength, and the Short Physical Performance Battery From Admission up to 3 Months Postdischarge
Diagnostic Measure

n

Admission

n

Discharge

n

One month

n

Three months

Muscle mass SMI (kg/m2)
\ Muscle mass SMI (kg/m2)
_ Muscle mass SMI (kg/m2)
Handgrip strength (kg)
\ Handgrip strength (kg)
_ Handgrip strength (kg)
SPPB (pts)
\ SPPB (pts)
_ SPPB (pts)

303
147
156
324
158
166
313
153
160

223
84
139
69
33
36
236
124
112

253
125
128
292
149
143
282
142
140

184
110
74
56
27
29
186
106
80

228
109
119
255
120
135
310
156
154

184
70
114
55
29
26
198
108
90

176
80
96
205
93
112
198
87
111

142
54
88
37
15
22
87
40
54

(73.4)
(57.1)
(89.1)
(21.3)
(20.1)
(21.7)
(75.4)
(81.0)
(70.0)

(77.0)
(88.0)
(57.8)
(19.2)
(18.1)
(20.3)
(66.0)
(76.6)
(57.1)

(80.1)
(64.2)
(95.8)
(21.6)
(24.2)
(19.3)
(63.8)
(69.2)
(58.4)

(80.1)
(67.5)
(91.7)
(18.0)
(16.1)
(19.7)
(43.4)
(46.0)
(42.2)

\, female; _, male; pts, points; SMI, Skeletal Muscle Mass Index; SPPB, Short Physical Performance Battery.

Supplementary Table 2
Complete Cases With the Longitudinal Changes in Muscle Mass, Handgrip Strength, the Chair Stand Test, and the Gait Speed Test at Admission, Discharge, One Month, and
Three Months Post-discharge
Diagnostic Measure*
2

Muscle mass SMI (kg/m )
\ Muscle mass SMI (kg/m2)
_ Muscle mass SMI (kg/m2)
Handgrip strength (kg)
\ Handgrip strength (kg)
_ Handgrip strength (kg)
Chair stand (pts)
\ Chair stand (pts)
_ Chair stand (pts)
Gait speed (pts)
\ Gait speed (pts)
_ Gait speed (pts)

Admission

Discharge

One Month

Three Months

P Value

8.1
6.7
9.2
30.5
22.5
36.4
1.6
1.2
1.9
2.2
2.1
2.4

8.1
6.7
9.1
30.8
23.2
36.5
2.1
1.7
2.3
2.7
2.6
2.9

7.9
6.7
8.9
30.1
22.0
36.2
2.2
1.8
2.4
3.0
2.9
3.1

8.0
6.6
9.1
30.9
22.5
37.1
2.4
2.2
2.5
3.2
3.0
3.4

.33
.62
.30
.30
.98
.21
<.001y
<.001y
.02y
<.001y
<.001y
<.001y

(7.8e8.5)
(6.4e7.0)
(8.8e9.5)
(28.5e32.4)
(20.8e24.1)
(34.2e38.6)
(1.3e1.9)
(0.8e1.6)
(1.5e2.3)
(2.0e2.5)
(1.6e2.4)
(2.1e2.7)

(7.8e8.4)
(6.4e7.0)
(8.7e9.4)
(28.9e32.8)
(21.5e24.8)
(34.2e38.7)
(1.8–2.3)
(1.3e2.1)
(1.9e2.7)
(2.5e3.0)
(2.1e3.0)
(2.5e3.2)

\, female; _, male; pts, points; SMI, Skeletal Muscle Index.
*Presented with mean (95% conﬁdence interval).
y
Signiﬁcant difference between hospital admission and 3 months post-discharge (P < .05).

(97.6e8.2)
(6.3e6.8)
(8.8e9.2)
(28.2e32.1)
(20.3e23.6)
(34.0e38.4)
(1.9e2.4)
(1.4e2.2)
(2.0e2.8)
(2.8e3.3)
(2.4e3.2)
(2.8e3.5)

(7.7e8.4)
(6.3e6.8)
(8.8e9.4)
(28.9e32.8)
(20.9e24.1)
(34.9e39.4)
(2.1e2.7)
(1.8e2.6)
(2.1e2.9)
(2.9e3.4)
(2.6e3.4)
(3.0e3.7)

