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Chapter 6
Abstract
Background: Hospitalization may induce 
a decrease of muscle strength and mus-
cle mass in older patients due to physi-
cal inactivity, malnutrition and diseases, 
negatively affecting health outcome. 
We aimed to examine the literature on 
change in muscle strength and muscle 
mass in older patients during hospital-
ization. 

Methods: A literature search was per-
formed in major electronic databases 
from inception to March 2016. Studies 
including hospitalized patients with a 
mean age ≥ 65 years, describing change 
of hand grip strength and/or muscle mass 
were found eligible. Extracted data were 
divided in hand grip strength or muscle 
mass and stratified by elective or acute 
admission. Meta-analysis was conducted 
using Comprehensive Meta-analysis. 

Results: Twenty-five studies were includ-
ed, describing a total of 1789 patients 
with a mean age range of 65 to 85.8 years 
and an overall median length of stay of 
14.7 days. Pooled hand grip strength and 
muscle mass were found to significantly 
decrease in electively admitted older pa-
tients during hospitalization (standard-
ized mean difference (95% confidence 
interval): -0.42 (-0.66, -0.17) and -0.44 
(-0.61, -0.27)), but not in acutely admit-
ted older patients (standardized mean 
difference (95% confidence interval): 0.18 
(-0.02, 0.37) and -0.25 (-0.58, 0.09)). 

Conclusion: Decrease in muscle strength 
and muscle mass in older patients is de-
pendent on the type of admission.

Introduction
Aging is associated with multiple chronic 
health conditions and functional impair-
ment, which are related to hospitaliza-

tion and subsequent readmissions247,248. 
In 2013 approximately 35% of all hos-
pital discharges in the US concerned 
patients of 65 years or older who had 
a mean length of stay of 5.2 days (Data 
from Healthcare Cost and Utilization Pro-
ject database, 2013). One of the most 
prominent hazards of hospitalization is 
physical inactivity. Older patients spend 
>80% of their hospital stay lying in bed21. 
Physical inactivity during hospitalization 
is associated with a decline in Activities 
of Daily Living (ADL), higher rate of first 
institutionalization and mortality6. More-
over, physical inactivity has a substantial 
impact on muscle strength and muscle 
mass249.

Bed rest studies have shown a 
loss of 2% of total lean leg mass during 
24 days of inactivity in healthy young 
participants250, and a more rapid de-
cline of over 10% of total lean leg mass 
in healthy older participants in seven to 
ten days of inactivity57,251-253. Moreover, 
space flight studies have shown that to-
tal absence of muscle activity during a 
prolonged period can lead to a decline 
as high as 42% of muscle strength and 
15% of muscle mass254,255. These findings 
are in line with the high prevalence of 
low muscle strength and muscle mass 
observed in older people living in nurs-
ing homes with an inherent lack of mo-
bility35,256. During hospitalization, other 
factors besides inactivity influence mus-
cle strength and muscle mass, e.g. the 
metabolic effects of the disease itself257 
and malnutrition30. In addition, the aging 
process causes increased protein degra-
dation and lower protein synthesis, mak-
ing older patients even more vulnerable 
to a negative impact of hospitalization 
on muscle strength and muscle mass258.

It is important to determine 
the effect of hospitalization on muscle 
strength and muscle mass, as determi-
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nants of health outcome, in older pa-
tients. Therefore we aimed to systemat-
ically review and synthesize the existing 
literature on change in muscle strength 
and muscle mass during hospital stay.

Methods
The protocol of the systematic review 
was registered at PROSPERO Inter-
national prospective register of sys-
tematic reviews, registration number: 
CRD42015020448. A systematic search 
was performed in Pubmed, Embase, Ci-
nahl and Cochrane from inception to 
March 2016. The search included the 
keywords “muscle strength”, “muscle 
mass”, “hospitalization”, “older age” and 
synonyms. The complete search strategy 
is presented in Supplementary Appendix 
1.

Study selection
The studies obtained from the search 
were assessed for eligibility through 
screening titles and abstracts inde-
pendently by two authors (HS and RK). All 
potentially relevant studies were subse-
quently screened full text independently 
by two authors (JVA and KS). Disagree-
ments between the authors regarding 
eligibility were resolved by discussion 
with involvement of a third author (AM). 
Studies published in English or Dutch as 
full texts were considered eligible when 
the following inclusion criteria were met: 
mean age of the patients ≥ 65 years; two 
subsequent measurements and report of 
hand grip strength (HGS) or muscle mass 
during hospital stay. Studies were exclud-
ed when: muscle strength was measured 
in other muscle groups than HGS; muscle 
mass was measured by other methods 
than Bioelectrical Impendence Analysis 
(BIA), Dual Energy X-ray Absorptiom-
etry (DEXA), Computertomografie (CT) 
or Magnetic Resonance Imaging (MRI); 

time interval between subsequent mea-
surements of HGS or muscle mass for the 
whole cohort was <48 h; patients were 
admitted to Medium Care Units (MCU) 
or Intensive Care Units (ICU); patients in 
the cohorts were not hospitalized; stud-
ies including stroke patients or patients 
with neuromuscular diseases, such as 
dystrophia myotonica and critical illness 
neuropathy.

Data extraction
The following variables were extracted 
independently by two authors (JVA and 
KS) from the included studies: author, 
year of publication, study design, total 
number of patients included in the study, 
number of patients included in both sub-
sequent measurements of HGS or mus-
cle mass, age of patients, percentage of 
females, type of ward, type of admission 
(elective or acute), day of baseline and 
follow-up measurement, days between 
both measurements (a set number of 
days or length of stay (LOS)), method of 
HGS measurement (equipment, position, 
number of repetitions, the hand used), 
unity to express HGS (percentage (%), 
dyne per square centimeter (dyne/ cm2), 
kilogram (kg), newton (N), kilopascal 
(kPa), kilogram force (kgf)), HGS at base-
line and follow-up measurement, change 
in HGS, method of muscle mass mea-
surement (BIA, DEXA, CT, MRI, position, 
frequencies, equation used), unity to ex-
press muscle mass (skeletal muscle mass 
(SMM) percentage, SMM in kg, SMM in-
dex (SMI: SMM/height in m2), lean body 
mass (LBM) percentage, LBM in kg, LBM 
index (LBM/height in m²), appendicu-
lar lean mass (ALM) percentage, ALM in 
kg, ALM/BMI, ALM index (ALM/height in 
m²), fat free mass (FFM) percentage, FFM 
in kg, FFM index (FFM/height in m2)), 
muscle mass at baseline and follow-up 
measurement, change in muscle mass. 
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In eleven studies, results of the first or 
second measurement or change during 
hospitalization had to be extracted from 
figures.

Risk of bias of the included stud-
ies was assessed independently by two 
authors (JVA and KS), using items of the 
Newcastle Ottawa Scale (NOS)259 and 
ROBINS-I260. The NOS and ROBINS-I pro-
vide an assessment of the methodolog-
ical quality of non-randomized trials. All 
included studies were assessed on four 
criteria: 1. Representativeness of the co-
hort: age, gender, admission ward and 
admission diagnosis; 2. Assessment of 
outcome: in case of HGS measurement: 
equipment used, number of repetitions 
performed and the hand used; in case of 
muscle mass measurement: equipment 
used, body position during time of mea-
surement and the equation used for es-
timation of muscle mass; 3. Description 
of outcome: outcome data was reported 
on baseline value, follow-up value, 95% 
confidence interval (95%CI) or p-value 
was given; 4. Adequacy of follow-up of 
cohorts: loss to follow-up  ≤ 10% or loss 
of follow-up >10% but the reason for 
this loss was provided. The quality of the 
studies was assessed high if they met all 
four criteria, sufficient if they met three 
out of four criteria and insufficient if they 
met two or less out of four criteria.

Data synthesis
The extracted data were divided in 
change in HGS or muscle mass and strat-
ified by type of admission. Change in 
HGS or muscle mass during hospitaliza-
tion per day was calculated by dividing 
the change by the given time interval 
between both measurements in days. 
Data synthesis was conducted on either 
the whole patient group or on patient 
subgroups (different subpopulations of 
patients included and described in the 

same study). In case of a randomized 
controlled trials (RCT) only the control 
group was included in the analysis. Three 
studies described two patient subgroups 
and data are reported separately in the 
results section of the present study. In 
case multiple publications reported on 
one study, study characteristics are only 
once presented in Table 1.

Meta-analysis was conducted to 
estimate the overall change in HGS or 
muscle mass during hospitalization, us-
ing Comprehensive Meta-analysis (ver-
sion 2.0; Biostat Inc., Engle-wood, NJ). 
Analyses were stratified by type of ad-
mission. For each study the change in 
HGS and muscle mass across the whole 
time interval between measurements was 
estimated in standardized mean differ-
ence (SMD) with 95%CI, to allow a pool-
ing of different outcome measures261. A 
positive SMD indicated an increase, while 
a negative SMD indicated a decrease in 
HGS or muscle mass during hospital-
ization. Eight studies were not included 
in the meta-analysis because either the 
Standard Deviation (SD), Standard Error 
of the Mean (SEM), 95%CI or an exact 
p-value were not reported, therefore the 
SMD could not be estimated. SMD’s were 
pooled in a random effects meta-analy-
sis, using the DerSimonian and Laird 
method261. A test for null deviance was 
performed. Heterogeneity was assessed 
using the I2 statistic. In case of an indi-
cation for heterogeneity in outcome, we 
performed meta-regression as a sensi-
tivity analysis. Weighted random effects 
linear regression models were fitted to 
identify if the change in HGS or muscle 
mass during hospitalization was asso-
ciated with the time interval between 
measurements of the different studies, 
and estimated the beta with 95%CI. Data 
were visualized through forest plots. In all 
data synthesis p-values <0.05 were con-
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sidered statistically significant and p-val-
ues 0.05-0.1 were considered as a trend.

Results
Figure 1 shows the selection process of 
the studies. A total of 5757 studies in-
cluding 2734 duplicates were found. Af-
ter title, abstract and full text screening 
2998 studies were excluded resulting in 
25 studies (n = 1789 patients) being in-
cluded in this review and 17 studies (n 
= 1229 patients) in the meta-analysis. 
Seventeen studies, describing 19 pa-
tient subgroups (n = 1387), reported on 
change in HGS. Five studies, describing 
six patient subgroups (n = 239), reported 
on change in muscle mass. Three studies, 
describing three patient subgroups (n = 
105), reported on both outcome mea-
sures. Study characteristics are present-

ed in Table 1. The mean or median age 
ranged from 65 to 74 years in electively 
admitted patients and from 65 to 85.8 
years in acutely admitted patients. The 
median number of patients included in 
the studies was 38 (range: 10-639) and 
the overall median LOS was 14.7 days. 
Seventeen studies were conducted as 
RCTs and eight studies as prospective co-
hort studies. The methodological quality 
of the included studies is presented in Ta-
ble 2. Overall, studies were found to be of 
sufficient quality. Seven studies did not 
meet the quality criteria for description of 
outcome, and two studies did not meet 
the quality criteria for the follow-up.

Table 3 presents the change in 
HGS during hospitalization, stratified 
by elective and acute admission. HGS 
was measured using a hand-held hy-

Figure 1. Flowchart of study selection.

Studies found:
Pubmed: 1486
Cinahl: 1299
Embase: 2761
Cochrane: 211
Total: 5757

Duplicates excluded: 2734

Studies screened 
by title/abstract: 3023

Studies screened
by full-text: 76

Studies excluded: 2947

Studies excluded:
-  Mean age <65 years 17
-  Fulltext not available 14
-  No second assessment within hospital  14
-  No data on handgrip strength or muscle mass available 3
-  Other language than English or Dutch 2
-  Other method used to assess muscle mass 1

Studies included in 
systematic review: 25

Studies included in 
meta-analysis: 24
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Table 1. Study characteristics describing change in HGS and/or muscle mass during hospitalization.

First author Year Type of ward, diagnosis na Ageb (years) ♀(%) Set-
upc 

Elective admission
Anderson 2003 Gastroenterology, elective hemi colectomy 11 68 [65-75] 54.5 RCT
Barry 1999 Surgery, elective AAA 10 72.7 (1.5) 0 RCT
Gatt 2005 Gastroenterology, elective colorectal resection 20 67 [60-73] 30.0 RCT
Henriksen 2002 Surgery, elective colorectal surgery 20 70 [46-83] 35.0 RCT
Houborg 2005

2006
Surgery, elective colorectal surgery 59 72 (7.3) 49.2 RCT

Mathur 2010 Ward n.g., elective colorectal surgery or 
hepatic resection

73 65 (range: 
22-81)

39.7 RCT

Munk 2014 Oncology, orthopedics and urology, nutritional 40 74 (11) 55 RCT
Nygren 2009 Gastrointestinal disease, elective colorectal 

resection
69 65 (2) 60.9 PC

Sharma 2013 Surgery, elective colorectal resection 27 71 [21-83] 44.4 RCT
Acute admission
Arezzo di 
Trifiletti 

2013 Internal medicine, diagnosis n.g. 105 66.2 (16.3) 29.5 PC

Bautmans 2005 Geriatric, inflammatory and non-inflammatory 63 85.8 (5.6)/ 
81.0 (5.6)

66.7 PC

Beyer 2011 Acute geriatric, acute infection 14 82.5 [79.5-
86.5]

71.4 RCT

Blanc-
Bisson 

2008 Acute geriatric, acute illness 38 85.4 (6.0) 78.9 RCT

Bodilsen 2013 Ward n.g., acute illness 33 82.7 (8.2) 45.5 PC

De Buyser 2014 Acute geriatric or internal medicine, acute illness 639 79.2 (6.9) 52.0 PC
Hegerová 2015 Internal medicine, acute illness 100 83.2 (3.8) n.g. RCT
Hickson 2004 Acute medicine for the elderly, diagnosis n.g. 300 82 [77-87] 57.7 RCT
Martín-
Salvador 

2014 Respiratory medicine, pneumonia 48 ≥75 (75-86) 54.2 PC

Mets 2004 Geriatric, acute infection 15 84 (6) 73.3 RCT
Pitta 2006 Respiratory, exacerbation of COPD 17 69 [60-78] 5.9 PC
Sloan 1992 Orthopedic, hip fracture 14 81 (6) 64.3 RCT
Unosson 1995 Orthopedic, hip fracture 50 84.1 (6.7) 84.0 PC
Vermeeren 2004 Ward n.g., exacerbation of COPD 24 65 (10) 25.0 RCT
a Number of patients included in baseline measurement; b Age in years: Mean (SD) or median [IQR], unless 
indicated otherwise; c Type of study, in case of a RCT only the control group was included. n.g.: not given. 
RCT: randomized controlled trial. SD: standard deviation; IQR: interquartile range. AAA: abdominal aortic 
aneurysm; COPD: chronic obstructive pulmonary disease.
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Table 2. Methodological quality assessment of the included studies.
First author Representa-

tiveness of the 
cohorta

Assessment 
of outcomeb

Description 
of outcomec

Adequacy of 
follow-up of 
cohortsd

Overall 
methodlogical 
qualitye

Elective admission
Anderson + ± – + ±
Barry + + – + ±
Gatt + ± + + +
Henriksen + ± – + ±
Houborg + + ± – ±
Mathur ± + – + ±
Munk + + ± – ±
Nygren + ± – + ±
Sharma + + + + +
Acute admission
Arezzo di Trifiletti ± ± ± + +
Bautmans + + ± ± +
Beyer + + ± + +
Blanc-Bisson + + + ± +
Bodilsen ± + + ± +
De Buyser + + + + +
Hegerová ± ± – + ±
Hickson ± ± ± ± +
Martín-Salvador + ± + + +
Mets + + ± + +
Pitta + ± ± ± +
Sloan + ± ± + +
Unosson + ± – ± ±
Vermeeren ± + ± ± +
aRepresentativeness of the cohort: +) Age, gender distribution, admission ward and admission diagnosis 
reported, ±) Three of four items reported, –) Two or less items reported. bAssessment of outcome: Hand-
grip strength +) equipment used, number of repetitions performed and the hand used reported; Muscle 
mass +) equipment used, position during time of measurement and the equation used were reported, 
±) Two of three items reported, –) One item reported or no description given. cDescription of outcome: 
+) baseline value, follow-up value, 95% confidence interval (95%CI) OR p-value reported, ±) Two out of 
three items reported, –) One item reported or no description given. dAdequacy of follow up of cohorts: +) 
Loss ≤ 10%, ±) Loss > 10 %, but reason provided, –) Loss > 10 %, no reason given. eBased on assessment 
of four criteria, in case of + and ± criteria were considered to be met: Representativeness of the cohort; 
Assessment of outcome; Description of outcome; Adequacy of follow up of cohorts: +) Four criteria were 
met, ±) Three criteria were met, –) Two or less criteria were met.
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draulic dynamometer in 14 subgroups, 
a vigorimeter in five subgroups, a strain 
gauge dynamometer in two subgroups 
and a sphygmomanometer in one sub-
group. Change in HGS was reported in 
nine subgroups of electively admitted 
patients262-270 with a time interval be-
tween measurements of two to nine 
days. In electively admitted patients, HGS 
decreased significantly during hospital-
ization (SMD (95%CI): -0.42 (-0.66, -0.17) 
(p = 0.001)), with high heterogeneity (I2: 
69.2%) (Figure 2). Sensitivity analyses 
were performed for HGS only, since there 

were no indications of heterogeneity of 
outcomes for muscle mass. The meta-re-
gression analysis showed no significant 
effect of time interval between measure-
ments on change in HGS of electively ad-
mitted patients (B (95%CI): -0.08 (-0.21, 
0.04) (p = 0.262)). Change in HGS was 
reported in 13 subgroups of acutely ad-
mitted patients24,271-280 with a time inter-
val between measurements of seven to 
23 days. In acutely admitted patients, a 
statistically non-significant trend towards 
increased HGS during hospitalization 
was found (SMD (95%CI): 0.18 (-0.02, 

Table 3. Change in hand grip strength in older patients during hospitalization, stratified for elective and 
acute admission.
First 
author

na Method Unit Result 
baseline

Result 
follow 
- up

∆ 
daysb

Change 
/dayc 

Stat. 
sign.d

Elective admission
Anderson 11 Dynamometer, attempts n.g., 

non-dominant hand
% n.g. n.g. 7 -0.5* n.g.

Barry 10 Vigorimeter, max of 3 attempts, 
dominant hand

dyne 
/cm2

n.g. n.g. 7 -0.09* n.g.

Gatt 20 Dynamometer, attempts n.g., 
non-dominant hand

kg 35 [25.5 
-39]*

33 [23 
-41]*

7 -0.3* +

Henriksen 20 Strain gauge, max of 3 attempts, 
dominant hand

% n.g. n.g. 7 -1.2* n.g.

Houborg 53 Strain gauge, max of 4 attempts, 
dominant hand

N 294 
(123)

276* 7 -2.5* +

Mathur 73 Dynamometer, max of 3 attempts, 
dominant hand

% n.g. n.g. 7 -0.6* +

Munk 35 Dynamometer, max of 3 attempts, 
right hand

kg n.g. n.g. 2 -0.2 –

Nygren 69 Dynamometer, attempts and 
hand n.g.

% n.g. n.g. 8 -0.8* n.g.

Sharma 27 Dynamometer, max of 3 attempts, 
non-dominant hand

kPa 28.0 
(16.6)

28.1 
(17.92)

9 0.01 –

All variables are presented as mean (SD) or median [IQR], unless indicated otherwise. a Number of patients 
included in both baseline and follow-up measurement; b Days between baseline and follow-up measure-
ment; c Change per day between baseline and follow-up measurement; d Statistical significant change, – 
p>0.1 or reported as non-significant, +/- p=0.05-0.1, + p≤0.05 or reported as significant, ++ p≤0.01, +++ 
p≤0.001. *data extracted from figure. n.g.: not given; SD: Standard Deviation; IQR: Interquartile Range; CI: 
Confidence Interval; cm: centimeter; kg: kilogram; N: newton; kPa: kilopascal; kgf: kilogram force; ∆: delta.
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Table 3. continued.
First 
author

na Method Unit Result 
baseline

Result 
follow-up

∆ 
daysb

Change  
/dayc 

Stat. 
sign.d

Acute admission
Arezzo di 
Trifiletti 
Anorexic 51 Dynamometer, attempts 

and hand n.g.
kg 21.3 (10.8) 23.4 

(11.1)
17.5 
(13.5)

0.1 n.g.

Non-
anorexic

54 Dynamometer, attempts 
and hand n.g.

kg 27.9 (10.2) 31.5 (9.9) 11.9 
(7.0)

0.3 ++

Bautmans 

39

Vigorimeter, max of 3 
attempts

Inflam-
matory

 Dominant hand kPa 47 (4.5)* 50.5 (4)* 7 0.5* –
 Non-dominant hand kPa 42.5 (3.5)* 45 (4)* 7 0.4* –

Non- 
inflam-
matory

13  Dominant hand kPa 57.5 (4.5)* 59.5 (4.5)* 7 0.3* –
 Non-dominant hand kPa 55.5 (5.5)* 57 (5.5)* 7 0.2* –

Beyer 14 Vigorimeter, max of 3 
attempts, both hands

kPa 
/kg

0.24 [0.11 
-0.43]

0.31* 7 0.01* –

Blanc-
Bisson 

29 Dynamometer, max of 
2 attempts, dominant 
hand

kg 15.6 17.2 12.6 
(6.4)

0.1 +

Bodilsen 23 Dynamometer, max of 
3 attempts, dominant 
hand

kg 24.2 (95%CI: 
20.3, 28)

23.3 (95% 
CI: 19.5, 
27.1)

7.5 
[4.25 
-11]

-0.1 –

De Buyser 635 Dynamometer, max of 
2 attempts, dominant 
hand

kg 19.16 
(10.36)

19.59 9 [6-
14]

0.05 +++

Hickson 217 Dynamometer, attempts 
and hand n.g.

kgf 14.3 15 [9.5-
21.8]

23 [14 
-39]

0.03 –

Martín-
Salvador 

48 Dynamometer, attempts 
n.g Dominant hand 

N 164.53 
(68.7)

138.00 
(66.3)

8.05 
(3.1)

-3.3 +++

Non-dominant hand N 142.76 
(35.4)

122.03 
(53.5)

8.05 
(3.1)

-2.6 +++

Mets 15 Vigorimeter, max of 3 
attempts, both hands

kPa 27 (3.5)* 29 (3)* 7 0.3* –

Sloan 14 Sphygmomanometer, 
attempts and hand n.g.

kPa 30 (11) 31 (11) 7 0.1 –

Ver-
meeren 

22 Dynamometer, average 
of max of 3 attempts, 
both hands

kg 28 (9) 28 8 0 –

All variables are presented as mean (SD) or median [IQR], unless indicated otherwise. a Number of patients 
included in both baseline and follow-up measurement; b Days between baseline and follow-up measure-
ment; c Change per day between baseline and follow-up measurement; d Statistical significant change, 
– p>0.1 or reported as non-significant, +/- p=0.05-0.1, + p≤0.05 or reported as significant, ++ p≤0.01, 
+++ p≤0.001. *data extracted from figure. n.g.: not given; SD: Standard Deviation; IQR: Inter-
quartile Range; CI: Confidence Interval; cm: centimeter; kg: kilogram; N: newton; kPa: kilopascal; kgf: 
kilogram force; ∆: delta.
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Figure 2. Change in hand grip strength and muscle mass in older patients during hospitalization, stratified 
for elective or acute admission. N: Number of patients included in both baseline and follow-up measure-
ments. SMD: Standardized Mean Difference. CI: Confidence Interval.
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Table 4. Change in muscle mass in older patients during hospitalization, stratified for elective and acute 
admission.
First
author

na Method Unit Result 
baseline

Result 
follow
-up

∆ 
daysb

Change 
/dayc 

Stat. 
sign.d

Elective admission
Henriksen 20 Points n.g., position n.g., SF-

BIA, 50 kHz, equation Heit-
mann298 

LBM 
%

n.g. n.g. 7 -0.3* +

Houborg 44 2-point hand-foot, supine po-
sition, extremities not touching 
core, SF-BIA, 50 kHz, equation 
Heitmann298 

LBM 
kg

51.5 
(10.7)

50.8 7 -0.1 n.g.

Nygren 69 2-point foot-foot, standing 
position, SF-BIA, 50 kHz, equa-
tion n.g.

FFM 
kg

n.g. n.g. 8 -0.1* n.g.

Acute admission
Hegerová 100 2-point, hand-foot, position 

n.g., MF-BIA, 50 frequencies 
range from 5 – 1000 kHz, 
equation n.g.

LBM 
kg

30.9 
(10.9)

n.g. 11 
(7)

n.g.
de-
crease

n.g.

Pitta 16 BIA, rest n.g. FFM 
%

70 [66 
-72]

70 [63 
-74]

5 0 –

Sloan 14 BIA, equation Hughes299, rest 
n.g.

LBM 
kg

35.6 
(4.7)

33.6 
(5.0)

7 -0.3 –

Unosson 
Discharged 
home

23 2-point, hand-foot, supine 
position, extremities not touch-
ing core, BIA, frequency n.g., 
equation by manufacturer

LBM 
kg

40.3 
(8,1)

n.g. 14 n.g. –

Institution-
alized

21 2-point, hand-foot, supine 
position, extremities not touch-
ing core, BIA, frequency n.g., 
equation by manufacturer

LBM 
kg

37.2 
(6,4)

n.g. 14 n.g. –

Vermeeren 22 Points n.g., supine position, SF-
BIA, 50 kHz, equation Steiner300

FFM/
m2

15.8 
(1.9)

15.4 8 -0.05 –

All variables are presented as mean (SD) or median [IQR], unless indicated otherwise. a Number of pa-
tients included in both baseline and follow-up measurement; b Days between baseline and follow-up 
measurement; c Change per day between baseline and follow-up measurement; d Statistical significant 
change,– p>0.1 or reported as non-significant, +/- p=0.05-0.1, + p≤0.05 or reported as significant, ++ 
p≤0.01, +++ p≤0.001. *data extracted from figure. n.g.: not given; SD: Standard Deviation; IQR: Inter-
quartile Range; SF-BIA: Single Frequency- Bioelectrical Impedance Analysis; MF-BIA: Multi Frequency- 
Bioelectrical Impedance Analysis; kHz: kilohertz; LBM: Lean Body Mass; FFM: Fat Free Mass; kg: kilogram; 
m: height in meters; ∆: delta.
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0.37) (p=0.081)), with high heterogene-
ity (I2: 77.7%) (Figure 2). The meta-re-
gression-analysis showed no significant 
effect of time interval between measure-
ments on the change in HGS of acutely 
admitted patients (B (95%CI): 0.01 (-0.06, 
0.08) (p = 0.809)).

Table 4 presents the change 
in muscle mass during hospitalization, 
stratified by elective and acute admis-
sion. Muscle mass was measured us-
ing BIA in all patients and expressed as 
FFM in three subgroups and LBM in six 
subgroups. Change in muscle mass was 
reported in three subgroups of elective-
ly admitted patients269,281,282 with a time 
interval between measurements of sev-
en to eight days. In electively admitted 
patients, muscle mass decreased sig-
nificantly during hospitalization (SMD 
(95%CI): -0.44 (-0.61, -0.27) (p = 0.000)), 
with low heterogeneity (I2: 0.0%) (Figure 
2). Change in muscle mass was reported 
in six subgroups of acutely admitted pa-
tients279,280,283-285 with a time interval be-
tween measurements of five to 14 days. 
In acutely admitted patients, muscle mass 
did not change significantly during hos-
pitalization (SMD (95%CI): -0.25 (-0.58, 
0.09) (p=0.147)), with low heterogeneity 
(I2: 0.0%) (Figure 2).

Discussion
This systematic review and meta-analysis 
showed that HGS and muscle mass de-
creased significantly in electively admit-
ted older patients and did not change 
in acutely admitted patients, although 
a trend for an increase in HGS was ob-
served in this group.

Electively admitted patients 
predominantly underwent major sur-
gery262-270,281,282. We hypothesize that 
electively admitted patients are rela-
tively healthy at admission, but that the 
surgical procedure itself leads to a high 

risk of complications, iatrogenic pain and 
functional impairment after elective sur-
gery286,287, which might be reflected by a 
decline in HGS and muscle mass. More-
over, electively admitted patients were 
slightly younger compared to acutely 
admitted patients, therefore might have 
had a higher capacity of HGS and mus-
cle mass at admission and were more 
susceptible to a decrease during hospi-
talization. These findings are in line with 
prior bedrest studies in healthy older 
people, showing a decrease in muscle 
mass during immobilization57,251-253. Pre-
vious research in younger patients who 
were electively admitted for surgery also 
showed a decrease in HGS288,289 and in 
muscle mass during hospitalization290,291.
 Acutely admitted patients were 
often admitted because of an acute in-
fectious disease, associated with fatigue, 
low energy levels, and pain. These factors 
are known to influence HGS292,293. Acutely 
admitted patients might therefore not be 
able to perform strength measurements 
at a maximum level at admission. These 
patients are likely to physically recov-
er during hospitalization and therefore 
either do not show a change or slightly 
increase in HGS. Muscle mass was mea-
sured by use of BIA in all cohorts. It has 
been shown that in case of an altered 
hydration status, the use of BIA has its 
limitations. In an acute clinical setting, 
patients often experience dehydration 
at admission, likely to be compensated 
by fluid resuscitation during hospital-
ization. In this case, muscle mass might 
be underestimated at admission and the 
presumed loss of muscle mass during 
hospitalization might be masked by an 
increase in fluid levels294.
 Low muscle strength and mus-
cle mass impose a great risk for older 
patients because it is associated with a 
higher risk of decreased functional sta-
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tus, increased disability and in the clinical 
setting with health-related complications 
e.g. infections, longer hospitalization, a 
higher need for rehabilitation, faster re-
admission and a higher mortality rate 
after discharge11. A decrease in muscle 
strength and muscle mass during hospi-
talization might be the tipping point for 
older patients to shift from a self-sup-
porting living status to dependency, 
with high health-related financial costs 
as a consequence295. Our results sup-
port investment in additional care after 
major surgical interventions in electively 
admitted older patients, e.g. in the field 
of nutritional support and mobilization. 
Moreover, it strengthens the need for 
optimization of patient’s physical condi-
tion before surgery296.
 Unfortunately, the meta-analy-
sis showed a high heterogeneity for HGS 
in both electively and acutely admitted 
patients. This is partly due to differing 
methods to measure HGS, for which 
guidelines have not yet been developed 
and therefore a standardized method to 
measure HGS is still to be provided101. As 
shown in the assessment of the meth-
odological quality, overall the included 
studies were of sufficient quality. HGS 
and muscle mass were often used as 
secondary outcome measures being a 
reason why seven studies did not meet 
the quality criteria for description of out-
come. More research on this topic, pref-
erably in larger studies, is needed to draw 
final conclusions on the impact of hos-
pitalization on muscle health. Long-term 
effects of hospitalization should be stud-
ied, since previous research showed that 
negative changes in muscle mass contin-
ued to occur months after discharge297. 
Further specification of risk profiles for a 
decrease in muscle strength and muscle 
mass during hospitalization is needed 
to identify patients at risk of worsening 

muscle health.

Strengths and limitations
This is the first systematic review and 
meta-analysis to describe the impact of 
hospitalization on muscle strength and 
muscle mass in older patients. To mini-
mize selection bias, a broad spectrum 
of methods measuring HGS and muscle 
mass were included. We set the age limit 
for inclusion to a mean or median of 65 
years or older, resulting in inclusion of 
studies that also reported on a propor-
tion of younger adults. Only data report-
ed in the publications were used for this 
systematic review and meta-analysis. This 
is a limitation to this study, since addi-
tional age- and gender-specific analyses 
were not attainable. Because of limited 
reported data, eight studies could not be 
included in the meta-analysis. Stratifica-
tion for type of illness was not possible 
due to the low number of patients in the 
studies. We allowed data to be extracted 
from figures to be able to maximize the 
usage of published data.

Conclusion
This systematic review and meta-analyses 
showed a decrease in muscle strength 
and muscle mass in electively admitted 
patients during hospitalization. More re-
search is required to further refine phe-
notypes of patients at risk of muscle de-
toriation and determine the long term 
effects of hospitalization on muscle, to 
eventually define specific interventions 
and prevent physical detoriation.
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Supplementary Appendix: Search Syntax. 

Pubmed: (((“Muscle Strength”[Mesh] OR “Muscle Strength Dynamometer”[Mesh] OR “Muscular Atro-
phy”[Mesh] OR “Body Composition”[Mesh:noexp]) OR (muscle strength[tiab] OR muscular strength[tiab] 
OR muscle weak*[tiab] OR muscular weak*[tiab] OR muscle deter*[tiab] OR muscular deter*[tiab] OR sar-
copenia*[tiab] OR grip strength[tiab] OR hand strength[tiab] OR quadriceps strength[tiab] OR dynape-
nia[tiab] OR dynamomet*[tiab] OR handgrip[tiab] OR hand grip[tiab] OR knee extension torque[tiab] OR 
body composition[tiab] OR lean mass[tiab] OR lean body mass[tiab] OR appendicular mass[tiab] OR fat 
free mass[tiab] OR FFM[tiab] OR ALM[tiab] OR fat free body mass[tiab] OR skeletal mass[tiab] OR SMI[-
tiab] OR muscle mass[tiab] OR muscle declin*[tiab] OR muscle decreas*[tiab] OR muscle atroph*[tiab] OR 
muscle wasting[tiab] OR muscle loss[tiab] OR loss of muscle[tiab] OR muscle diminish*[tiab] OR muscular 
mass[tiab] OR muscular declin*[tiab] OR muscular decreas*[tiab] OR muscular atroph*[tiab] OR muscular 
wasting[tiab] OR muscular loss[tiab] OR muscular diminish*[tiab]) OR (muscle strength[ot] OR muscular 
strength[ot] OR muscle weak*[ot] OR muscular weak*[ot] OR muscle deter*[ot] OR muscular deter*[ot] OR 
sarcopenia*[ot] OR grip strength[ot] OR hand strength[ot] OR quadriceps strength[ot] OR dynapenia[ot] 
OR dynamomet*[ot] OR handgrip[ot] OR hand grip[ot] OR knee extension torque[ot] OR body composi-
tion[ot] OR lean mass[ot] OR lean body mass[ot] OR appendicular mass[ot] OR fat free mass[ot] OR FFM[ot] 
OR ALM[ot] OR fat free body mass[ot] OR skeletal mass[ot] OR SMI[ot] OR muscle mass[ot] OR muscle 
declin*[ot] OR muscle decreas*[ot] OR muscle atroph*[ot] OR muscle wasting[ot] OR muscle loss[ot] OR 
loss of muscle[ot] OR muscle diminish*[ot] OR muscular mass[ot] OR muscular declin*[ot] OR muscular 
decreas*[ot] OR muscular atroph*[ot] OR muscular wasting[ot] OR muscular loss[ot] OR muscular dimin-
ish*[ot])) AND ((“Hospitalization”[Mesh]) OR (hospitalization[tiab] OR hospitalisation[tiab] OR hospitalized[-
tiab] OR hospitalised[tiab] OR inpatient[tiab] OR in-patient[tiab] OR in-hospital[tiab] OR admitted[tiab] OR 
admission[tiab]) OR (hospitalization[ot] OR hospitalisation[ot] OR hospitalized[ot] OR hospitalised[ot] OR 
inpatient[ot] OR in-patient[ot] OR in-hospital[ot] OR admitted[ot] OR admission[ot]))) AND ((“Aged”[Mesh] 
OR “Geriatrics”[Mesh]) OR (elder*[tw] OR eldest[tw] OR frail*[tw] OR geriatri*[tw] OR old age*[tw] OR oldest 
old*[tw] OR senior*[tw] OR senium[tw] OR very old*[tw] OR septuagenarian*[tw] OR octagenarian*[tw] OR 
octogenarian*[tw] OR nonagenarian*[tw] OR centarian*[tw] OR centenarian*[tw] OR supercentenarian*[tw] 
OR older people[tw] OR older subject*[tw] OR older patient*[tw] OR older age*[tw] OR older adult*[tw] OR 
older man[tw] OR older men[tw] OR older male[tw] OR older woman[tw] OR older women[tw] OR older 
female[tw] OR older population*[tw] OR older person*[tw]))

Embase: (((‘muscle strength’/exp OR ‘dynamometer’/de OR ‘muscle atrophy’/exp OR ‘body composition’/
de) OR (‘muscle strength’:ab,ti OR ‘muscular strength’:ab,ti OR (muscle NEAR/3 weak*):ab,ti OR (muscu-
lar NEAR/3 weak*):ab,ti OR (muscle NEAR/3 deter*):ab,ti OR (muscular NEAR/3 deter*):ab,ti OR sarcope-
nia*:ab,ti OR ‘grip strength’:ab,ti OR ‘hand strength’:ab,ti OR ‘quadriceps strength’:ab,ti OR dynapenia:ab,ti 
OR dynamomet*:ab,ti OR handgrip:ab,ti OR ‘hand grip’:ab,ti OR ‘knee extension torque’:ab,ti OR ‘body 
composition’:ab,ti OR ‘lean mass’:ab,ti OR ‘lean body mass’:ab,ti OR ‘appendicular mass’:ab,ti OR ‘fat free 
mass’:ab,ti OR ffm:ab,ti OR alm:ab,ti OR ‘fat free body mass’:ab,ti OR ‘skeletal mass’:ab,ti OR smi:ab,ti OR 
‘muscle mass’:ab,ti OR ‘muscular mass’:ab,ti OR (muscle NEAR/3 declin*):ab,ti OR (muscular NEAR/3 de-
clin*):ab,ti OR (muscle NEAR/3 decreas*):ab,ti OR (muscular NEAR/3 decreas*):ab,ti OR (muscle NEAR/3 
atroph*):ab,ti OR (muscular NEAR/3 atroph*):ab,ti OR ‘muscle wasting’:ab,ti OR ‘muscular wasting’:ab,ti 
OR ‘muscle loss’:ab,ti OR ‘loss of muscle’:ab,ti OR ‘muscular loss’:ab,ti OR (muscle NEAR/3 diminish*):ab,ti 
OR (muscular NEAR/3 diminish*):ab,ti)) AND (‘hospitalization’/exp OR (hospitalization:ab,ti OR hospitalisa-
tion:ab,ti OR hospitalized:ab,ti OR hospitalised:ab,ti OR inpatient:ab,ti OR ‘in-patient’:ab,ti OR ‘in-hospi-
tal’:ab,ti OR admitted:ab,ti OR admission:ab,ti))) AND (‘aged’/exp OR ‘geriatrics’/exp OR ‘elderly care’/exp 
OR elder*:de,ab,ti OR eldest:de,ab,ti OR frail*:de,ab,ti OR geriatri*:de,ab,ti OR (old NEXT/1 age*):de,ab,ti 
OR (oldest NEXT/1 old*):de,ab,ti OR senior*:de,ab,ti OR senium:de,ab,ti OR (very NEXT/1 old*):de,ab,ti OR 
septuagenarian*:de,ab,ti OR octagenarian*:de,ab,ti OR octogenarian*:de,ab,ti OR nonagenarian*:de,ab,ti 
OR centarian*:de,ab,ti OR centenarian*:de,ab,ti OR supercentenarian*:de,ab,ti OR ‘older people’:de,ab,ti 
OR (older NEXT/1 subject*):de,ab,ti OR (older NEXT/1 patient*):de,ab,ti OR (older NEXT/1 age*):de,ab,ti 
OR (older NEXT/1 adult*):de,ab,ti OR ‘older man’:de,ab,ti OR ‘older men’:de,ab,ti OR ‘older male’:de,ab,ti 
OR ‘older woman’:de,ab,ti OR ‘older women’:de,ab,ti OR ‘older female’:de,ab,ti OR (older NEXT/1 popula-
tion*):de,ab,ti OR (older NEXT/1 person*):de,ab,ti)
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Cinahl: ( ( (MH “Muscle Strength+”) OR (MH “Dynamometry”) OR (MH “Muscular Atrophy+”) OR (MH “Body 
Composition”) ) OR ( TI (“muscle strength” OR “muscular strength” OR “muscle weak*” OR “muscular weak*” 
OR “muscle deter*” OR “muscular deter*” OR sarcopenia* OR “grip strength” OR “hand strength” OR “quad-
riceps strength” OR dynapenia OR dynamomet* OR handgrip OR “hand grip” OR “knee extension torque” 
OR “body composition” OR “lean mass” OR “lean body mass” OR “appendicular mass” OR “fat free mass” 
OR FFM OR ALM OR “fat free body mass” OR “skeletal mass” OR SMI OR “muscle mass” OR “muscle declin*” 
OR “muscle decreas*” OR “muscle atroph*” OR “muscle wasting” OR “muscle loss” OR “loss of muscle” OR 
“muscle diminish*” OR “muscular mass” OR “muscular declin*” OR “muscular decreas*” OR “muscular at-
roph*” OR “muscular wasting” OR “muscular loss” OR “muscular diminish*”) ) OR ( AB (“muscle strength” OR 
“muscular strength” OR “muscle weak*” OR “muscular weak*” OR “muscle deter*” OR “muscular deter*” OR 
sarcopenia* OR “grip strength” OR “hand strength” OR “quadriceps strength” OR dynapenia OR dynamom-
et* OR handgrip OR “hand grip” OR “knee extension torque” OR “body composition” OR “lean mass” OR 
“lean body mass” OR “appendicular mass” OR “fat free mass” OR FFM OR ALM OR “fat free body mass” OR 
“skeletal mass” OR SMI OR “muscle mass” OR “muscle declin*” OR “muscle decreas*” OR “muscle atroph*” 
OR “muscle wasting” OR “muscle loss” OR “loss of muscle” OR “muscle diminish*” OR “muscular mass” OR 
“muscular declin*” OR “muscular decreas*” OR “muscular atroph*” OR “muscular wasting” OR “muscular 
loss” OR “muscular diminish*”) ) ) AND ( (MH “Hospitalization+”) OR ( TI (hospitalization OR hospitalisation 
OR hospitalized OR hospitalised OR inpatient OR “in-patient” OR “in-hospital” OR admitted OR admission) 
) OR ( AB (hospitalization OR hospitalisation OR hospitalized OR hospitalised OR inpatient OR “in-patient” 
OR “in-hospital” OR admitted OR admission) ) ) AND ( MH “Aged+” OR MH “Geriatrics” OR ( TI (elder* OR 
eldest OR frail* OR geriatri* OR “old age*” OR “oldest old*” OR senior* OR senium OR “very old*” OR sep-
tuagenarian* OR octagenarian* OR octogenarian* OR nonagenarian* OR centarian* OR centenarian* OR 
supercentenarian* OR “older people” OR “older subject*” OR “older patient*” OR “older age*” OR “older 
adult*” OR “older man” OR “older men” OR “older male” OR “older woman” OR “older women” OR “older 
female” OR “older population*” OR “older person*”) ) OR ( AB (elder* OR eldest OR frail* OR geriatri* OR 
“old age*” OR “oldest old*” OR senior* OR senium OR “very old*” OR septuagenarian* OR octagenarian* OR 
octogenarian* OR nonagenarian* OR centarian* OR centenarian* OR supercentenarian* OR “older people” 
OR “older subject*” OR “older patient*” OR “older age*” OR “older adult*” OR “older man” OR “older men” 
OR “older male” OR “older woman” OR “older women” OR “older female” OR “older population*” OR “older 
person*”) ) )

Cochrane: (“muscle strength” OR “muscular strength” OR “muscle weak*” OR “muscular weak*” OR “mus-
cle deter*” OR “muscular deter*” OR sarcopenia* OR “grip strength” OR “hand strength” OR “quadriceps 
strength” OR dynapenia OR dynamomet* OR handgrip OR “hand grip” OR “knee extension torque” OR 
“body composition” OR “lean mass” OR “lean body mass” OR “appendicular mass” OR “fat free mass” OR 
FFM OR ALM OR “fat free body mass” OR “skeletal mass” OR SMI OR “muscle mass” OR “muscle declin*” 
OR “muscle decreas*” OR “muscle atroph*” OR “muscle wasting” OR “muscle loss” OR “loss of muscle” 
OR “muscle diminish*” OR “muscular mass” OR “muscular declin*” OR “muscular decreas*” OR “muscular 
atroph*” OR “muscular wasting” OR “muscular loss” OR “muscular diminish*”):ab,ti,kw AND (hospitalization 
OR hospitalisation OR hospitalized OR hospitalised OR inpatient OR “in-patient” OR “in-hospital” OR ad-
mitted OR admission):ab,ti,kw AND (elder* or eldest or frail* or geriatri* or “old age*” or “oldest old*” or 
senior* or senium or “very old*” or septuagenarian* or octagenarian* or octogenarian* or nonagenarian* 
or centarian* or centenarian* or supercentenarian* or “older people” or “older subject*” or “older patient*” 
or “older age*” or “older adult*” or “older man” or “older men” or “older male” or “older woman” or “older 
women” or “older female” or “older population*” or “older person*”):ab,ti,k
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