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Abstract
Background: Low muscle strength and 
muscle mass are associated with an in-
creased length of hospital stay and 
higher mortality rate in inpatients. To 
what extent hospitalization affects mus-
cle strength and muscle mass is unclear. 
We aimed to assess muscle strength and 
muscle mass at admission and during 
hospitalization in older patients and its 
relation with being at risk of geriatric 
conditions.

Methods: The EMPOWER study included 
patients aged 70 years and older, admit-
ted to 4 wards of the VU University Med-
ical Center in the Netherlands between 
April and December 2015. At admission, 
patients were screened for being at risk 
of 4 geriatric conditions: delirium, falls, 
malnutrition, and functional disability. 
At admission and at discharge, muscle 
strength and muscle mass were assessed.

Results: A total of 373 patients (mean 
age, standard deviation (SD): 79.6, 6.38 
years) were included at admission, and 
224 patients (mean age, SD: 80.1, 6.32 
years) at discharge. At admission, lower 
muscle strength in both female and male 
patients and low muscle mass in male pa-
tients were associated with being at risk 
of a higher cumulative number of geriat-
ric conditions. Muscle strength increased 
during hospitalization, but no change in 
muscle mass was observed. Changes in 
muscle measures were not associated 
with being at risk of geriatric conditions.

Conclusion: Older patients with low-
er muscle strength and muscle mass at 
admission were at risk of a higher cu-
mulative number of geriatric conditions. 
However, being at risk of geriatric condi-
tions did not forecast further decrease in 
muscle strength and muscle mass during 

hospitalization.

Introduction
Low muscle strength and muscle mass 
are highly prevalent in older patients at 
time of admission27,304 and are associat-
ed with dependency in activities of daily 
living (ADL), a longer length of stay and 
higher mortality rate after discharge11,304. 
Muscle strength and muscle mass are 
predominantly affected by physical in-
activity43,257. In healthy older persons, 10 
days of enforced bedrest caused a loss of 
10% lean leg mass57,252.

During hospitalization, older pa-
tients spend most of their time lying in 
bed21,24. This may affect muscle strength 
and muscle mass and add to aforemen-
tioned adverse outcomes. In support of 
this hypothesis, a previous study showed 
that community-dwelling older people, 
who had been hospitalized during the 
previous year, had significant lower mus-
cle strength and muscle mass compared 
to people who had not been admitted362. 
We recently performed a meta-analysis 
on the change of muscle strength and 
muscle mass in older patients during 
hospitalization and found evidence for 
a decrease in muscle strength and mus-
cle mass in electively admitted patients, 
whereas no significant change was found 
in acutely admitted patients307. However, 
the included studies were small and did 
not identify individual risk factors for a 
decrease in muscle strength and muscle 
mass. Due to an impaired physiological 
reserve, patients at risk of geriatric condi-
tions like delirium, falls, malnutrition, and 
functional disability might have an even 
greater risk of physical deterioration 
compared to patients not at risk432-435. 

This study aimed to evaluate 
muscle strength and muscle mass at 
admission and during hospitalization in 
an inception cohort of patients aged 70 
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years and older, and its association with 
being at risk of geriatric conditions at ad-
mission.

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 is an observational, prospective, 
and longitudinal inception cohort study 
conducted from April until December 
2015 at the VU University Medical Center 
in Amsterdam, the Netherlands. A total 
of 838 patients aged 70 years and older 
who were admitted to the internal med-
icine, acute admission, trauma, and or-
thopedic wards were considered eligible 
for participation in the study. All patients 
included in the study had to be able and 
willing to sign informed consent. Patients 
were excluded when they were nursed 
in air-pressure isolation rooms, suffering 
from terminal illness (as stated by their 
responsible specialist), expected to be 
discharged within 24 h, or could not be 
assessed within 48 h after admission.

A total of 378 patients were in-
cluded in the EMPOWER study (Figure 
1). The assessment at admission includ-
ed general characteristics, geriatric risk 
conditions and measurement of muscle 
strength and muscle mass. If patients 
were discharged within 1 day after the 
first assessment, they were excluded from 
the in-hospital follow-up assessment. 
In-hospital follow-up was performed 7 
days after the first assessment or earlier 
at the day of discharge in 224 patients 
(59.3%). The in-hospital follow-up as-
sessment included re-measurement of 
muscle strength and muscle mass. The 
main reason for missing follow-up as-
sessments were discharges within 1 day 
after the first assessment (n = 72). Seven 

patients died before a follow-up mea-
surement could be performed. The study 
was approved by the medical ethical 
committee of the VU University Medical 
Center and all included patients signed 
informed consent.

Clinical measures
Admission diagnosis, medical history, 
and medication use were obtained from 
medical records. Other characteristics 
were gathered at bedside and included 
alcohol intake (current use, yes or no), 
smoking behavior (current use, yes or 
no), use of walking aid, living situation, 
6 item Cognitive Impairment Test (6-CIT; 
score ranging from 0 to 28)436, Numeric 
Rating Scale for pain (NRS; score ranging 
from 0 to 10), and Functional Ambulato-
ry Categories (FAC; score ranging from 
0 to 5)437. Height in cm was estimated 
using knee height in cm, as proposed 
by the Longitudinal Aging Study Am-
sterdam (LASA) formula (male = 74.48 + 
(2.03 * knee height) - (0.15 * age), female 
= 68.74 + (2.07 * knee height) - (0.16 * 
age)). Weight in kg was measured using 
a weighting chair. If patients were bed-
bound, an estimate was obtained from 
the patient or relative. Body mass index 
was calculated as weight/height in me-
ters2 (kg/m2).

Risk of geriatric conditions 
All patients were screened for risk of 4 
geriatric conditions. Risk of delirium was 
identified by asking for self-perceived 
memory problems, the need of care in 
the 24 h prior to admission and delirium 
during previous hospitalization18 (score 
ranging from 0 to 3, at risk for delirium 
when score is > 0). Risk of falls was identi-
fied by questioning the patient on fall-in-
cidence in previous 6 months438 (at risk 
if answered positive). Risk of malnutrition 
was measured using the Short Nutrition-
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al Assessment Questionnaire (SNAQ)439 
(score ranging from 0 to 7, at risk when 
score is > 1). Risk of functional disability 
was measured using Katz-ADL349 (score 
ranging from 0 to 6, at risk when score is 
> 1). Each risk of a geriatric condition was 
summed resulting in being at risk of a cu-
mulative number of geriatric conditions 
(score ranging from 0 to 4).

Muscle measures
Muscle strength
Hand grip strength (HGS), shown to be 
a good representative of overall muscle 
strength in community-dwelling older 
people440, was measured twice for each 
hand, using a Jamar Hydraulic Handheld 
Dynamometer (Sammons Preston Inc., 
Bolingbrook, IL, USA) and expressed in 
kg. Patients were asked to squeeze max-

Figure 1. Flowchart, number of patients included for each assessment.

Screened at admission 
(n=838)

Muscle 
strength and 
mass (n=316)

Included for first assessment 
(n=378) 

Included for second assessment 
(n=224)

Eligible for second assessment 
(n=294) 

Only muscle 
strength 
(n=57)

Only muscle 
strength 
(n=45)

Muscle 
strength and 
mass (n=176)

Excluded for first assessment (n=460) 
-  isolation (n=41)
-  unwilling to sign informed consent (n=63)
-  unable to sign informed consent (n=121)
-  expected length of stay <24 hours (n=118)
-  other (n=117)

Excluded for second assessment (n=79) 
-  died during admission (n=7)
-  discharge <24 hours after first assessment (n=72)

Lost to follow-up (n=70)
-  unwilling to participate (n=3)
-  unexpected discharge or on weekends (n=28)
-  other (n=39)

Excluded from analyses due to missing geriatric  
conditions (n=5)

Included for analyses
(n=373)

Only muscle 
mass 
(n=3)
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imally, encouraged by the assessor. The 
maximum score of either the left or right 
side was used for analyses. Patients were 
in upright position with the elbow flexed 
90° and the elbows unsupported. If pa-
tients were unable to get out of bed, HGS 
was measured in semisupine position in 
an angle of approximately 30° with the 
elbows unsupported. During the fol-
low-up assessment, patients were posi-
tioned in the same way as during the first 
assessment. 

Muscle mass
Muscle mass was measured using direct 
segmental multifrequency bioelectrical 
impedance analysis (DSM-BIA; In-Body 
S10; Biospace Co., Ltd, Seoul, Korea)136 
and expressed as: (1) skeletal muscle 
mass (SMM) in kg, (2) appendicular lean 
mass (ALM) in kg, (3) SMM index (SMI: 
SMM/height2) in kg/m2, (4) relative SMM 
(SMM/weight in kg*100) in percentage 
(%) and (5) relative ALM (ALM/weight in 
kg*100) in %. At the time of measure-
ment, patients were in a supine position, 
with extremities straightened and not 
touching their core. Patients were asked 
not to move during the measurement. 
Exclusion criteria for DSM-BIA measure-
ment were a pacemaker or an implant-
able cardioverter-defibrillator, plasters 
or bandages that could not be removed 
from the positioning place of the elec-
trodes, or amputated arm and/or leg. In 
57 patients, DSM-BIA was omitted due to 
presence of contraindications (Figure 1).

Statistical analysis
Descriptive statistics for continuous vari-
ables with a normal distribution were 
presented as mean with standard devi-
ation (SD). Variables with a skewed dis-
tribution (non-Gaussian) were presented 
as median with interquartile range. Cate-
gorical variables were presented as num-

bers with percentage, n (%). Five patients 
of whom data on one or more of the risk 
of geriatric conditions were missing, were 
excluded from analyses. Characteristics 
of patients included and excluded from 
or lost to follow-up were compared using 
independent-samples t test (normal dis-
tribution), Mann-Whitney U test (skewed 
distribution) or χ2 test (categorical vari-
ables). All further analyses were stratified 
by sex. 

Linear regression analyses were 
used to study the association of HGS and 
muscle mass with being at risk of geriat-
ric conditions at hospital admission and 
presented as beta and 95% confidence 
interval. Analyses were performed un-
adjusted (crude model) and adjusted for 
age and number of comorbidities, height 
(in model of HGS), or weight (in model of 
relative muscle mass). Two patients were 
found to deviate more than 3 SD from 
the mean muscle mass of the cohort 
and were excluded from the analyses on 
muscle mass.

Changes in HGS and muscle 
mass during hospitalization were ana-
lyzed using paired-samples t tests. Linear 
regression analyses were used to study 
the change in HGS and muscle mass as-
sociated with being at risk of geriatric 
conditions. The same adjustments were 
used as for the cross-sectional analyses, 
with additional adjustments for HGS and 
muscle mass at admission and time be-
tween measurements (adjusted model 
1). All analyses were performed using the 
Statistical Package for the Social Sciences 
(IBM SPSS Statistics for Windows, version 
22.0; Armonk, NY, IBM Corp). Results at 
admission were visualized as bar charts 
with unstandardized predicted means 
using GraphPad Prism for Windows (ver-
sion 7.0. GraphPad Software, Inc.). p val-
ues below 0.05 were considered statisti-
cally significant.



170

Chapter 11
Results
Table 1 shows the characteristics of the 
patients included in the study. The mean 
age (SD) of the patients was 79.6 years 
(6.38). Sixty percent of the patients were 
at risk of delirium, 45% were at risk of 
falls, 35% were at risk of malnutrition, 

and 41% were at risk of functional dis-
ability. Fourteen percent of the patients 
were not at risk of any geriatric condition, 
29% were at risk of one, 24% of two, 25% 
of three, and 6% were at risk of 4 geriatric 
conditions.

Table 1. Patient characteristics.
Characteristics Total (n = 373)
Age, years, mean (SD) 79.6 (6.38)
Sex, female 182 (48.8)
Use of walking aid 198 (53.4)
Living independently 336 (91.1)
Weight, kg, mean (SD) 73.3 (17.1)
Height, cm, mean (SD) 169 (9.45)
BMI, kg/m2, mean (SD) 25.8 (5.78)
Current smoking 39 (10.7)
Alcohol use 146 (40.2)
Elective admission 58 (15.5)
Reason for admission
  Gastrointestinal 49 (13.1)
  Infectious 111 (29.8)
  Surgical 47 (12.6)
  Trauma 58 (15.5)
  Other 108 (29.0)
Polypharmacya  322 (86.6)
Comorbiditiesb 328 (88.4)
At risk of delirium 222 (59.5)
Falls in previous 6 months 169 (45.3)
SNAQ-score > 1 129 (34.6)
ADL-score >1 153 (41.0)
6-item CIT, median (IQR) 4 (0-8)
NRS-score on pain, median (IQR) 2 (0-5)
FAC-score, median (IQR) 2 (0-5)
Length of stay, days, median (IQR) 5.01 (2.91-7.78)
Time between measurements, days, median (IQR) 4.99 (3.00-6.95)
All variables are presented as n (%), unless otherwise indicated. n: Number of pa-
tients. BMI: Body Mass Index. SNAQ: Short Nutritional Assessment Questionnaire. 
ADL: KATZ Activities of Daily Living. CIT: Cognitive Impairment Test. NRS: Numerical 
Rating Scale. FAC: Functional Ambulation Categories. SD: Standard Deviation. IQR: 
Interquartile Range. aNumber of medications>4. bNumber of comorbidities>1.
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Table 2 shows the association of 
HGS and muscle mass at admission with 
being at risk of geriatric conditions. Low-
er HGS was associated with being at risk 
of a higher cumulative number of geri-
atric conditions in both female and male 
patients. In male patients, lower absolute 
SMM, absolute ALM, and SMI were asso-
ciated with being at risk of a higher cu-
mulative number of geriatric conditions. 
After adjustment for confounders, these 
results remained statistically significant 
and an additional association was found 
in male patients for lower relative SMM. 
No association was found for relative 
ALM. The adjusted results are visualized 
in Figure 2.

Table 3 shows the values for HGS 
and muscle mass at admission and the 
change during hospitalization. HGS, ab-
solute ALM, and relative ALM increased 
significantly during hospitalization in 
both female and male patients. No sta-
tistically significant changes in abso-
lute SMM, SMI, and relative SMM were 
found. The association of changes in HGS 
and muscle mass during hospitalization 
with being at risk of geriatric conditions 
is shown in Table 4. A higher increase in 
relative SMM was associated with being 
at risk of a higher cumulative number of 
geriatric conditions in male patients, but 
statistical significance was lost after ad-
justment for possible confounders. No 
other associations of change in HGS and 
muscle mass with being at risk of geriat-
ric conditions were found. 

Discussion 
In this inception cohort of hospitalized 
patients aged 70 years and older, a lower 
HGS in female and male patients and a 
lower absolute and relative muscle mass 
in male patients were associated with be-
ing at risk of a higher cumulative number 
of geriatric conditions at admission. HGS, 

ALM, and relative ALM increased during 
hospitalization, but these changes were 
not associated with the number of geri-
atric conditions.

Associations of separate geriatric 
conditions, i.e. delirium, falls, malnutri-
tion, and functional disability, with mus-
cle measures were previously studied in 
specific populations. Low muscle mass 
was associated with increased prevalence 
of delirium in older participants living in 
nursing homes432. Low muscle mass and 
muscle strength were associated with in-
creased prevalence of falls in the past year 
in community-dwelling older adults433 
and in older outpatients441, and with de-
pendence in ADL and malnourishment in 
older hospitalized patients434.  A recent 
systematic review summarized the nega-
tive consequences of sarcopenia, includ-
ing falls, functional limitations, function-
al decline and mortality in various older 
populations442. We recently showed that 
lower muscle strength was associated 
with institutionalization, and lower mus-
cle mass was associated with a lower like-
lihood of survival after hospitalization in 
older patients435. In the present study, we 
considered the risk of a cumulative num-
ber of geriatric conditions as a proxy of 
vulnerability and showed its association 
with lower HGS in both female and male 
patients, and absolute and relative mus-
cle mass at admission in male patients. A 
recent study in older inpatients showed 
that low muscle strength and muscle 
mass at admission leads to an increased 
risk of incomplete functional recovery 
during in-hospital rehabilitation388, likely 
mediated by the increased vulnerability 
of these patients. Lower relative SMM at 
admission was only associated with be-
ing at risk of a higher cumulative num-
ber of geriatric conditions after adjusting 
for weight. This illustrates that weight 
should be taken into account, which is in 
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Figure 2. Handgrip strength and muscle mass of patients at admission associated with being at risk of 
geriatric conditions, stratified by sex. Bars: Predicted means, adjusted for age, comorbidities, HGS for height 
and relative muscle mass for weight. Error bars: 1 Standard Error. Level of significance: * p≤0.05, ** p<0.01, 
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Table 2. Hand grip strength and muscle mass of patients at admission associated 
with being at risk of geriatric conditions, stratified by sex.
Risk of geriatric 
conditionsa

HGS, kg SMM, 
kgb

ALM, kgb SMI, 
kg/m2b

Relative 
SMM, %b

Relative 
ALM, %b

Female (n = 182)
Crude, B 
(95%CI)

-1.25 
(-1.93- 
-0.57)

-0.37 
(-0.86- 
0.12)

-0.23 
(-0.70- 
0.24)

-0.10 
(-0.26- 
0.06)

-0.53 
(-1.27- 
0.20)

-0.39 
(-0.92- 
0.14)

Adjusted, B 
(95%CI)

-0.90 
(-1.55- 
-0.25)

-0.26 
(-0.77- 
0.25)

-0.16 
(-0.64- 
0.33)

-0.08 
(-0.24- 
0.09)

-0.33 
(-0.92- 
0.27)

-0.24 
(-0.73- 
0.26)

Male (n = 191)
Crude, B 
(95%CI)

-3.61 
(-4.72- 
-2.49)

-2.10 
(-2.79- 
-1.41)

-1.44 
(-2.03- 
-0.85)

-0.59 
(-0.77- 
-0.41)

-0.52 
(-1.17- 
0.13)

-0.17 
(-0.69- 
0.36)

Adjusted, B 
(95%CI)

-2.26 
(-3.31- 
-1.22)

-1.71 
(-2.42- 
-0.99)

-1.18 
(-1.79- 
-0.56)

-0.55 
(-0.74- 
-0.36)

-0.92 
(-1.57- 
-0.27)

-0.39 
(-0.95- 
0.17)

HGS: Hand Grip Strength. SMM: Skeletal Muscle Mass. ALM: Appendicular Lean 
Mass. SMI: Skeletal Muscle Index. kg: kilograms. m: meters. B: Beta. CI: Confidence 
Interval. Adjusted model: adjusted for age, comorbidities, HGS for height and rel-
ative muscle mass for weight. aAt risk of delirium, falls, malnutrition or functional 
disability (score ranging from 0 to 4). bFor measures of muscle mass: Female n = 158, 
Male n = 156. Statistically significant results are presented in bold.

Table 3. Handgrip strength and muscle mass of patients at admission and in-hospi-
tal change, stratified by sex.

Female Male
Admission
(n = 120)

Discharge
(n = 120)

p-
value

Admission
(n = 101)

Discharge
(n = 101)

p-
value

HGS, kg 14.6 (5.32) 15.5 (5.20) 0.017 25.6 (9.56) 26.5 (9.35) 0.033
SMM, kga 22.4 (3.75) 22.5 (3.91) 0.958 29.2 (5.08) 29.1 (5.00) 0.811
ALM, kga 16.7 (3.49) 17.2 (3.68) 0.011 22.8 (4.30) 23.2 (4.42) 0.033
SMI, kg/m2a 8.61 (1.20) 8.61 (1.26) 0.985 9.61 (1.42) 9.60 (1.41) 0.814
Relative SMM, %a 34.5 (5.84) 34.6 (6.13) 0.930 39.3 (4.90) 39.3 (5.08) 0.905
Relative ALM, %a 25.5 (4.34) 26.5 (5.51) 0.005 30.6 (3.53) 31.2 (4.14) 0.022
All variables are presented as mean (SD). HGS: Hand Grip Strength. SMM: Skeletal 
Muscle Mass. ALM: Appendicular Lean Mass. SMI: Skeletal Muscle Index. kg: kilo-
grams. m: meters. SD: Standard Deviation. aFor measures of muscle mass: Female n 
= 101, Male n = 78. Statistically significant results are presented in bold.
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line with previous research170,301. Relative 
ALM did not reach significance in our co-
hort. These findings highlight the impor-
tance of measuring muscle strength and 
muscle mass in clinical practice, because 
it provides valuable insight into the pa-
tients’ risk profile. 

We hypothesized that hospital-
ization would influence muscle strength 
and muscle mass negatively in older pa-
tients, especially in patients at risk of a 
higher cumulative number of geriatric 
risk conditions. However, no measurable 
negative impact of hospitalization was 

observed; HGS and absolute and relative 
ALM even increased during hospitaliza-
tion in this cohort, and no association 
with being at risk of geriatric conditions 
was found. It should be considered that 
hospitalization was relatively short, and 
patients were mainly acutely admitted. 
Moreover, patients who were lost to 
follow-up, had on average higher HGS, 
SMM and ALM. The increase in HGS 
during hospitalization might be due to 
an influence of pain, low energy levels, 
and fatigue at admission292,293 and the re-
covery from it during hospital stay. An in-

Table 4. Change in handgrip strength and muscle mass of patients associated with 
being at risk of geriatric conditions, stratified by sex.
Risk of geriatric 
conditionsa

HGS, kg SMM, 
kgb

ALM, kgb SMI, 
kg/m2b

Relative 
SMM, %b

Relative 
ALM, %b

Female (n = 120)
Crude, B 
(95%CI)

0.45 
(-0.15- 
1.05)

0.21 
(-0.14- 
0.55)

0.14 
(-0.19- 
0.48)

0.08 
(-0.06- 
0.22)

0.35 
(-0.21- 
0.90)

0.30 
(-0.23- 
0.82)

Adjusted, B 
(95%CI)

0.23 
(-0.34- 
0.80)

0.08 
(-0.29- 
0.45)

0.01 
(-0.33- 
0.36)

0.02 
(-0.12- 
0.16)

0.09 
(-0.48- 
0.67)

0.13 
(-0.42- 
0.67)

Male (n = 101)
Crude, B 
(95%CI)

-0.02 
(-0.73- 
0.70)

0.30 
(-0.02- 
0.61)

0.03 
(-0.29- 
0.36)

0.10 
(-0.01- 
0.20)

0.43 
(0.01- 
0.85)

0.07 
(-0.37- 
0.51)

Adjusted, B 
(95%CI)

-0.38 
(-1.16- 
0.40)

0.27 
(-0.10- 
0.64)

-0.05 
(-0.40- 
0.29)

0.08 
(-0.04- 
0.21)

0.40 
(-0.10- 
0.90)

-0.08 
(-0.55- 
0.39)

HGS: Hand Grip Strength. SMM: Skeletal Muscle Mass. ALM: Appendicular Lean 
Mass. SMI: Skeletal Muscle Index. kg: kilograms. m: meters. B: Beta. CI: Confidence 
Interval. Adjusted model: adjusted for age, comorbidities, HGS and muscle mass at 
admission, time between measurements, HGS for height at admission and relative 
muscle mass for weight at admission. aAt risk of delirium, falls, malnutrition or func-
tional disability (score ranging from 0 to 4). bFor measures of muscle mass: Female n 
= 101, Male n = 78. Statistically significant results are presented in bold.
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crease in absolute and relative ALM was 
not expected to occur within the time-
frame of this study443 and may be due 
to  change of hydration status (dehydra-
tion at admission and fluid resuscitation 
during hospitalization), which might have 
been unintentionally measured by the 
BIA. The aforementioned issue may mask 
a decrease in muscle mass during hospi-
talization. These findings are partly in line 
with our recent systematic review and 
meta-analysis, showing a trend towards 
increased HGS and no change in muscle 
mass in acutely admitted patients during 
hospitalization307. An important next step 
in future research is to include follow-up 
measurements of muscle strength and 
muscle mass to evaluate the total impact 
of hospitalization on muscle health.

Sex differences
Muscle mass at admission was lower in 
female compared to male patients and 
was not associated with being at risk of 
geriatric conditions in females. Opposite 
to our findings, studies on single geriat-
ric conditions showed an association in 
both females and males between mal-
nutrition434, delirium432, and low abso-
lute muscle mass. These studies used 
sex specific cut-off points for sarcopenia, 
defined as a combination of low abso-
lute muscle mass and low muscle perfor-
mance, instead of a continuous measure 
of muscle mass.

Strengths and limitations
This is the first study reporting repeated-
ly measured muscle strength and muscle 
mass in a large inception cohort of older 
patients, without major exclusion criteria. 
Being at risk of geriatric conditions was 
assessed using tools that were previ-
ously validated in older patients349,438,439. 
Use of BIA measurements may be ham-
pered by hydration state and change 

in hydration state over time. There was 
loss to follow-up during hospitalization, 
mostly due to frequent short hospital 
stay or sudden discharge. This may have 
introduced selection bias in the results; 
however, we believe that the present in-
ception cohort is typically reflecting the 
group of older patients at risk for decline 
in muscle health during hospital stay. 

Conclusion
In this large inception cohort of hospi-
talized patients aged 70 years and older, 
lower muscle strength at admission was 
associated with being at risk of a higher 
cumulative number of geriatric condi-
tions in female and male patients. Lower 
muscle mass at admission was associat-
ed with being at risk of a higher cumu-
lative number of geriatric conditions in 
male patients only. Muscle strength in-
creased during hospitalization, while no 
significant change in absolute and rela-
tive SMM was observed. No associations 
of the change in muscle measures with 
being at risk of geriatric risk conditions 
were found. This study highlights the im-
portance of measuring muscle parame-
ters in clinical practice. During short-term 
hospitalization, no effect on muscle was 
found, but future studies with long-term 
follow-up are needed to be able to draw 
conclusions. 
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