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Abstract
Background: Acute sarcopenia in hospitalised older adults is associated with poor outcomes, such as functional decline, increased risk of falls and prolonged hospital stays. Despite this, its development among older inpatients remains poorly understood. We aimed to quantify the effects of acute hospitalisation on sarcopenia outcomes in older adults.
Methods: MEDLINE, EMBASE, CINAHL, and Web of Science were searched from inception until January 2025. Studies that included acutely admitted patients aged 65 years or older and reported changes in at least one measure of sarcopenia during hospitalisation were included. Barthel Index was also included. A random-effects meta-analysis was undertaken.
Results: Fifty five eligible studies were included, with a participant mean age of 82.2 years (n = 14,919 participants). Our meta-analysis showed grip strength and chair-to-stand performance to significantly increase during hospitalisation (standard mean difference [SMD] = 0.06, 95% confidence interval [CI]: 0.00; 0.13, I2 = 3%, p = 0.05 and SMD = 0.23, 95% CI: 0.13; 0.33, I2 = 0%, p <0.01, respectively). No physical performance measure showed a significant change. Muscle mass showed no change when measured by bioelectrical impedance analysis (SMD = 0.01, 95% CI: -0.09; 0.08, I2 = 0%, p = 0.86). There were insufficient studies using MRI (n = 2) or DEXA (n = 1) to perform a meta-analysis. Individual studies showed a significant decrease in mid-thigh muscle area (cm2) by MRI (mean difference [MD] = -3.9, p <0.01) and a significant decrease in leg lean mass (kg) by DEXA (MD = -0.16, p <0.05). Barthel Index score significantly increased from admission to discharge (SMD = 0.26, 95% CI: 0.06; 0.46, I2 = 98.0%, p = 0.01) but significantly decreased from pre-admission to discharge (SMD = -0.66, 95% CI: -0.92; -0.39, I2 = 97.5%, p <0.001). Both age and hospital length of stay had no effect on grip strength (p = 0.615 and p = 0.096) or Barthel Index (p = 0.835 and p = 0.279). 
Conclusions: This review has shown that grip strength improves during hospitalisation and decreases in muscle mass are observed when measured using MRI or DEXA. Muscle strength and physical performance assessed on admission are poor indicators of baseline status, as they are often adversely affected during acute illness, making them unrepresentative of true baseline capacity. The lack of improvement in physical performance outcomes is an important finding as it represents failure to return to pre-hospital baseline abilities.
Keywords: acute hospitalisation; deconditioning; muscle strength; muscle mass; physical performance
[bookmark: _Toc191389630]1 Introduction 
In the UK, two thirds of all hospital admissions involve older adults above the age of 65 (1). Within this cohort, it is estimated that one third of patients have a decline in the ability to perform activities of daily living (ADL) as a result of their hospital stay (2). To define this loss of functional ability, the term hospital-associated deconditioning (HAD) is frequently used (3). 
A common cause of HAD is rapid muscle loss, leading to a skeletal muscle disorder described as ‘acute sarcopenia’ (4). The European Working Group on Sarcopenia in Older People 2 (EWGSOP2) defines acute sarcopenia as low muscle strength and low muscle quantity and/or quality (mass) lasting less than 6 months, with physical performance determining the severity (5). More recent development in the definition of sarcopenia led by the Global Leadership Initiative in Sarcopenia (GLIS) includes muscles mass and strength as core components of its conceptual definition, whilst physical performance was deemed to be an outcome of sarcopenia (6). The mechanisms of acute sarcopenia during hospitalisation are complex; prolonged sedentary behaviour due to bed rest (7, 8), poor nutrition leading to malnutrition (9) and increased inflammation from acute illness (10) all contribute to muscle wasting and/or loss of muscle strength. 
Previous systematic reviews have found differing effects of acute hospitalisation on muscle strength and mass. Hartley et al. (11) found an average increase in hand grip strength (HGS) during acute hospitalisation (standardised mean difference (SMD) = 0.10, 95% CI: 0.03; 0.16), but a decrease in muscle mass (mid-arm muscle circumference) (SMD = -0.17, (95% CI: -0.22; -0.11). However, Van Ancum et al. (12) observed no change in HGS (SMD = -0.25, 95% -0.58, 0.09) or muscle mass (bioelectrical impedance analysis) (SMD = 0.18, 95% CI: -0.02; 0.37). The difference may be due to varying methodologies, such as study population ages (≥18 years (11) vs ≥65 years (12)). Additionally, no review has yet collated recent evidence on the effects of acute hospitalisation on physical performance, a key outcome for sarcopenia (6). 
The aim of this review is to quantify the effects of an acute hospitalisation on acute sarcopenia in older adults aged ≥65 years. The specific research objectives are to determine the effect of acute hospitalisation on muscle strength, muscle mass and physical performance in older adults.
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[bookmark: _Toc191389631]2 Methods 
This review adhered to the 2020 Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) checklist (13) (Table S1) and was registered on PROSPERO (CRD42023485349). 
[bookmark: _Toc191389633]2.1 Search strategy 
A search for eligible studies was conducted on MEDLINE, EMBASE, CINAHL, and Web of Science. Papers published up to 20th January 2025 were included with no restrictions on publication period. The search strategy used a combination of Medical Subject Headings (MeSH) and keyword terms relating to hospitalisation, muscle characteristics and aging. Examples of terms used include: ‘inpatient’, ‘hospital care’, ‘hospitalised’, ‘functional decline’, ‘sarcopenia’, ‘muscle’, ‘ageing’ and ‘geriatric’. Terms relating to the same topic were combined using ‘OR’ (e.g., ‘inpatient’ OR ‘inpatient care’) and all three topics were combined using ‘AND’. The full search strategy for each database is available in Data S1.
[bookmark: _Toc191389634]2.2 Selection criteria
The population of interest comprised of older adult patients aged 65 years or older who had been admitted to hospital for an acute medical condition. The study setting was limited to acute hospital wards, and so studies conducted in non-acute wards, such as rehabilitation settings, or in critical care units were excluded. Eligible outcomes included any measure of muscle strength, muscle mass, or physical performance, in line with the measurement recommendations from the EWGSOP2 (5). A further included outcome was the Barthel Index (BI) score, as this is a widely used tool in health care research to assess functional independence in activities of daily living. Prior research has also found the BI to be strongly correlated with physical performance measures such as strength (14, 15) . To be included, a study had to measure at least one of the desired outcomes at a minimum of two time points during the patient’s hospital stay. The review included observational cohort studies that examined patients under ‘usual care’ conditions. Control group data from intervention studies, such as randomised controlled trials (RCTs), were included if the control arm reflected ‘usual care’ conditions and met all other inclusion criteria. Qualitative studies, case reports, commentaries, conference abstracts, animal studies, and reviews were excluded.
[bookmark: _Toc191389635]2.3 Study selection 
Two independent reviewers (TC and LJ) screened for related studies and a third independent reviewer (SL) helped resolve any disagreements. A high level of agreement was found (98%).  
[bookmark: _Toc191389636]2.4 Data extraction
For included studies, data was extracted using a pre-designed table. Key data variables included: study design, participant characteristics, sample size, outcome(s) measured, measurement tool(s) and length of hospital stay or time between measures. 
[bookmark: _Toc191389637]2.5 Outcome assessment/measures
The primary outcome of this review was the change in muscle strength, muscle mass and physical performance during an acute hospital admission. As the relationship between the three outcomes is not linear (i.e., a decrease in muscle mass may not necessarily indicate a direct loss of muscle strength (16)), the data for each outcome was grouped separately. 
[bookmark: _Toc191389638]2.6 Quality assessment 
Quality of studies was assessed using the Joanna Briggs Institute (JBI) critical appraisal tool. This tool was deemed appropriate as it includes multiple checklists to investigate variations of study design. A quality score of ≥70% was graded ‘high’, 50-69% was ‘medium’ and <50% was ‘low’ (17, 18). TC conducted the quality assessment, and QT independently reviewed 20 studies to check for agreement. A high level of agreement was found (93.8%), and discussions were undertaken to clarify discrepancies.
[bookmark: _Toc191389639]2.7 Data analysis
A meta-analysis was performed when three or more studies measured the same outcome of interest and the mean ± standard deviation (SD) data for both admission and discharge were reported. For studies that could not be included in the meta-analysis, a narrative summary of the data was reported. All meta-analyses used a random effects model to calculate the SMD (Cohen’s d) and 95% confidence intervals (CIs) between hospital admission (or baseline) and discharge time points. The Cochran’s Q test and the I2 statistic was used to measure the heterogeneity for each outcome. The I2 thresholds of 0-40%, 40-60%, 60-80% and 80-100% were used to indicate limited, moderate, substantial and considerable heterogeneity, respectively (19). Publication bias was assessed through visual checks of funnel plots (Figure S1-S4). The Eggers test for funnel plot asymmetry was also used when ≥10 studies were included in a meta-analysis. 
Meta-regression was performed using a random effects model to test the effect of age and hospital length of stay (LOS) on the degree of heterogeneity seen in the results. This was only conducted when a meta-analysis included ≥10 studies. 
When data was not available in the original article, for the purposes of the meta-analysis, a data request was made to the authors of the paper. If the data was not received, the paper was only included in the narrative summary.  A P-Value of ≤0.05 was deemed statistically significant. All statistical analyses were conducted using the IBM SPSS statistical software package, version 29.0 (20). 
[bookmark: _Toc191389640]3 Results 
[bookmark: _Toc191389641]3.1 Study selection 
The search produced 20,319 results, which reduced to 13,096 after duplicates were removed. After title and abstract screening, 739 full-text articles were screened, and 684 articles were excluded with reasons (Figure 1). A total of 55 studies met inclusion.
Records identified from 
Embase (n=8344)
Medline (n=4293)
Web of Science (n=5024)
CINAHL (n=2658)

Total: (n=20319)

Records removed before screening:
Duplicate records removed (n=7223)

Records title screened
(n=13096)
Records excluded
(n=10121)
Records abstract screened 
(n=2975)
Reports not retrieved
(n=2236)
Full-text articles assessed for eligibility (n=739)
Reports excluded with reasons:
No second assessment within hospital (n=138)
Study population (n=111)
Age <65 years (n=102) 
Conference abstracts, letters, poster, editorials or comments (n=70)
Non-acute study setting (n=52)
Raw data not reported (n=51)
Incorrect study measure(s) (n=43)
Patients received intervention and/or rehabilitation (n=40)
Not published in English (n=28)
Did not report change in relevant outcome (n=27)
Incorrect study design (n=22)

Total: (n=684)
Studies included in review
(n=55)

Identification
Screening

Included
Figure 1. PRISMA diagram for study selection

[bookmark: _Toc191389642]3.2 Study characteristics 
Study characteristics are presented in Table 1. The 55 results included 28 cohort studies, 15 RCTs, 5 non-randomised controlled trials, 3 secondary analyses, 3 longitudinal studies, and 1 feasibility study. Sample sizes ranged from 8 to 1693 (n = 14919), with the mean age of 82.2 ± 3.9 years. Studies were conducted in several countries, majority being Spain (n=13). Forty seven studies were rated ‘high’ quality (83.3%), 8 ‘medium’ (16.7%) and 0 ‘low’ (Table S2-S4).
[bookmark: _Toc191389645]
	First author (year), 
countryTable 1. Summary of study characteristics 

	Study design 
	Total sample
	Age
	Length of stay 
	Condition and setting
	Measurement time points
	Review outcome(s) of interest 
	Measurement tool(s)
	JBI Quality Score

	Chong (2014),
Singapore (21)
	RCT
	CG, n=39 
(14 M, 25 F)
	84.5 ± 8.2
	12.5 ± 9.1
	Condition: General medical conditions
Setting: Geriatric medicine department
	T0: Hospital admission
T1: Hospital discharge
	Physical function 
	MBI
	8/13
 Medium

	Ahmad (2023),
Canada (22)
	RCT
	CG, n=69 
(31 M, 38 F)
	80.2 ± 7.3
	NR
	Condition: Cardiovascular conditions
Setting: Cardiovascular wards
	T0: Hospital admission
T1: Hospital discharge
	Physical performance
	SPPB
	9/13
Medium

	Beyer (2011),
Belgium (23)
	RCT
	CG, n=14 
(4 M, 10 F)
	82.8 ± 5.8
	35.8 ± 37.1
	Condition: General acute conditions
Setting: Acute Geriatric wards
	T0: 72hrs of admission
T1: T0 + 7 days
T2: T0 + 14 days
T3: T0 + 21 days
	Muscle strength
	HGS
	11/13
High

	Martin-Salvador (2016),
Spain (24)
	RCT
	CG, n=20 
(16 M, 4 F)
	77.4 ± 5.2
	8.39 ± 3.3 
	Condition: COPD
Setting: Respiratory Units
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength
	KES
	8/13
Medium

	Martinez-Velilla (2019),
Spain (25)
	RCT
	CG, n=185 
(76 M, 109 F)
	87.1 ± 5.2
	8.0 ± 3.0
	Condition: NR
Setting: Acute Care of the Elderly Unit
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance,
Physical function 
	HGS
SPPB,
BI
	10/13
High

	Hu (2020), Taiwan (26)
	RCT
	CG, n=50 
(25 M, 25 F)
	77.3 ± 7.2
	6.9 ± 4.1
	Condition: NR
Setting: Medical wards
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength
Physical performance
	HGS,
TUG
	10/13
High

	Torres-Sanchez (2016),
Spain (27)
	RCT
	CG, n=25 
(23 M, 2 F)
	73.7 ± 7.1
	8.8 ± 2.0
	Condition: COPD
Setting: Respiratory Units
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS, 
KES,
2MSP test
	10/13
High

	Torres-Sanchez (2017), Spain (28)
	RCT
	CG, n=29 
(20 M, 9 F)
	72.1 ± 8.2
	10.4 ± 2.5
	Condition: COPD
Setting: Respiratory Units
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	KES,
30s C2S
	10/13
High

	Ortiz-Alonso (2020),
Spain (29)
	RCT
	CG, n=125 
(57 M, 68 F)
	88.0 ± 5.0
	7.0 ± 3.8
	Condition: NR
Setting: Acute Care of Older Patient units
	T0: Hospital admission
T1: Hospital discharge
	Physical performance
	SPPB
	10/13
High

	Volkert (1996), 
Germany (30)
	RCT
	CG, n=26 
(0 M, 26 F)
	84.0 ± 5.6
	NR
	Condition: General acute conditions
Setting: Acute care wards
	T0: Hospital admission
T1: Hospital discharge
	Physical function 
	BI
	8/13
Medium

	Saez de Asteasu  (2024),
Spain (31)
	RCT
	CG, n=288 
(131 M, 157 F)
	87.3 ± 5.1
	8.0 ± 4.5
	Condition: General acute conditions
Setting: Acute care for elderly unit
	T0: Hospital admission,
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS,
SPPB,
6m GVT
	10/13
High

	Saez de Asteasu (2024),
Spain (32)
	RCT
	CG, n=66 
(36 M, 30 F)
	88.4 ± 4.5
	8 days 
(Median)
	Condition: General acute conditions
Setting: Acute care for elderly unit
	T0: Hospital admission,
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS,
SPPB,
6m GVT
	9/13
Medium

	Sandberg (2024),
Sweden (33)
	RCT
	CG, n=8 
(3 M, 5 F)
	89.7 ± 8.0
	7 days 
(Median) 
	Condition: NR
Setting: Geriatric clinics 
	T0: Hospital admission,
T1: Hospital discharge
	Physical performance
Physical function
	SPPB,
BI
	8/13
Medium

	Sloan (1992),
Canada (34)
	RCT
	CG, n=14 
(0 M, 14 F)
	81.0 ± 6.0
	40.0 ± 24.0
	Condition: Hip fractures
Setting: Hospital orthopaedic service 
	T0: 72hrs of admission
T1: T0 + 7 days
T2: T0 + 14 days
T3: T0 + 21 days
	Muscle strength,
Muscle mass
	HGS,
BIA
	11/13 
High

	Martinez-Velilla (2021),
Spain (35)
	Secondary analysis of a RCT
	CG, n=49 
(21 M, 28 F)
	86.0 ± 5.0
	10.1 ± 3.1
	Condition: Acute conditions
Setting: Acute Care of the Elderly unit
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance,
Physical function
	HGS,
SPPB,
BI
	10/13
High

	Saez de Asteasu (2019),
Spain (36)
	Secondary analysis of a RCT
	CG, n=185 
(76 M, 109 F)
	87.1 ± 5.2
	8.0 ± 3.0
	Condition: NR
Setting: Acute Care of the Elderly Unit
	T0: Hospital admission
T1: Hospital discharge
	Physical performance
	6m GVT
	10/13
High

	Saez de Asteasu (2024),
Spain (37)
	Secondary analysis of a RCT
	CG, n=288 
(131 M, 157 F)
	87.3 ± 5.1
	8.0 ± 4.5
	Condition: General acute conditions
Setting: Acute care for elderly unit
	T0: Hospital admission,
T1: 5-7 days after first assessment
	Physical function,
Muscle strength
	SPPB,
6m GVT,
HGS
	10/13
High

	Monica (2023), 
Singapore (38)
	Pilot RCT 
	CG, n=25 
(3 M, 22 F)
	77.4 (SD NR)
	8.0 ± 6.7
	Condition: NR
Setting: Acute care hospital
	T0: Hospital admission
T1: Hospital discharge
	Physical performance
	TUG
	9/13
Medium

	Karlsen (2020), 
Denmark (39)
	Non-randomised clinical trial
	CG, n=13 
(6 M, 7 F)
	78.0 ± 8.0
	NR
	Condition: NR
Setting: Geriatric ward
	T0: Within 48 hrs 
T1: Hospital discharge (post days 8-10)
	Muscle strength,
Muscle mass
	KES,
DEXA
	8/9
High

	Cuevas-Lara (2022),
Spain (40)
	Non-randomised clinical trial
	CG, n=26
(13 M, 13 F)
	85.1 ± 5.2
	9.0 ± 13.3
	Condition: NR
Setting: Acute Care for Elders unit
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance,
Physical function 
	HGS,
SPPB,
BI
	9/9
High

	Oestergaard (2018),
Denmark (41)
	Non-randomised clinical trial
	CG, n=151 
(39 M, 112 F)
	85.2 ± 7.2
	12.2 ± 7.8 
	Condition: General acute conditions 
Setting: NS
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS,
30s C2S
	7/9
High

	de Morton (2007),
Australia (42)
	Non-randomised controlled clinical trial
	CG, n=126 
(55 M, 71 F)
	78.0 ± 7.0
	6.3 ± 4.9
	Condition: General medical condition
Setting: Medical wards
	T0: 48hrs of admission
T1: 48hrs of discharge
	Physical performance,
Physical function
	TUG,
BI
	9/9
High

	Shearer (2013), 
Australia (43)
	A pilot non-randomised controlled study
	CG, n=26 
(12 M, 14 F)
	85.9 ± 5.2
	11.7 (SD NR)
	Condition: NR
Setting: Geriatric Unit
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	MBI
	8/9
High

	Ni Chroinin (2018),
Australia (44)
	Prospective cohort study
	n=1458 
(570 M, 888 F)
	82.0 ± 7.6
	NR
	Condition: NR
Setting: Geriatric medicine service
	T0: Hospital admission
T1: Hospital discharge
	Physical performance,
Physical function
	TUG,
MBI
	7/8
High

	Adamis (2011), 
UK (45)
	Cohort study 
	n=164 
(54 M, 110 F)
	84.6 ± 6.6
	19.4 ± 18.9
	Condition: NR
Setting: Elderly medical unit
	T0: Day 1-3 of admission
T1: Day 6
T2: Day 9
T3: Day 12 
T4: Day 28 (or closed to discharge)
	Physical function
	MBI 
	6/8
High

	Matsuo (2017), 
Japan (46)
	Prospective cohort study
	n=103 
(45 M, 58 F)
	80.5 ± 7.9 
	27.3 ± 18.1
	Condition: NR
Setting:  Acute-care wards
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical function
	HGS,
BI
	8/8
High

	Basic (2017), 
Australia (47)
	Prospective cohort study
	n=1693 
(648 M, 1045 F)
	81.9 ± 7.5
	12.0 ± 9.6 
	Condition: Acute hospital patients
Setting: Geriatric medicine service
	T0: 24hrs of admission
T1: 24hrs of discharge
	Physical performance,
Physical function
	TUG,
MBI
	8/8
High

	Van Ancum (2017),
Netherlands (48)
	Prospective cohort study
	n=373 
(191 M, 182 F)
	79.6 ± 6.3
	5.2 ± 3.7
	Condition: NR
Setting: General medicine wards
	T0: 48hrs of admission
T1: Hospital discharge
	Muscle strength,
Muscle mass
	HGS,
BIA
	7/8
High

	Van Dam (2018), Netherlands (49)
	Prospective cohort study
	n=371 
(188 M, 183 F)
	80.1 ± 6.4
	5.3 ± 3.7
	Condition: NR
Setting: Clinical wards 
	T0: 48hrs of admission
T1: Day 7 (or at discharge if earlier)
	Muscle strength,
Muscle mass
	HGS,
BIA
	8/8
High

	Aarden (2021), 
Netherlands  (50)
	Prospective cohort study
	n=343 
(174 M, 169 F)
	79.3 ± 6.6
	6.1 ± 3.6
	Condition: NR
Setting: Medicine, cardiology, or geriatric wards
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Muscle mass,
Physical performance
	HGS,
BIA,
SPPB
	8/8
High

	Sleiman (2009), 
Italy (51)
	Retrospective cohort study 
	n=1119 
(450 M, 669 F)
	80.6 ± 7.8 
	7.4 ± 4.8
	Condition: NR
Setting: Acute geriatric ward
	T0: Hospital admission
T1: Day before hospital discharge
	Physical function
	BI
	8/8
High

	Boltz (2011), 
USA (52)
	Prospective cohort study
	n=75 
(28 M, 47 F)
	81.8 ± 7.0
	5.1 ± 2.8
	Condition: NR
Setting: Medical units
	T0: 72hrs of admission
T1: Day of hospital discharge
	Physical function
	BI
	6/8
High

	Yoshikawa (2024), 
Japan (53)
	Retrospective cohort study
	n=523 
(265 M, 258 F)
	86.0 ± 7.4
	NR
	Condition: Community acquired pneumonia
Setting: Community hospital
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	6/8
High

	Sakaguchi (2023), 
Japan (54)
	Retrospective cohort study
	n=683 
(291 M, 392 F)
	86.4 ± 4.6 
	NR
	Condition: Acute Heart Failure
Setting: NR
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	6/8
High

	Hartley (2021), 
UK (55)
	Prospective cohort study
	n=65 
(37 M, 28 F)
	83.7 ± 5.3
	9.0 ± 6.8
	Condition: General acute conditions
Setting: General Hospital
	T0: 24hrs of admission
T1: Day 7 (or at discharge if earlier)
	Muscle strength
	HGS,
KES
	6/8
High

	Chang (2022), 
Taiwan (56) 
	Prospective cohort study
	n=114 
(37 M, 77 F)
	79.8 ± 8.1 
	6.4 ± 5.6 
	Condition: Acute medical conditions 
Setting: Acute Care for Elders Unit
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance,
Physical function 
	HGS,
SPPB,
BI
	8/8
High

	Rommersbach (2020),
Germany (57)
	Prospective cohort study
	n=41 
(11 M, 30 F)
	82.4 ± 6.6
	NR
	Condition: NR
Setting: Geriatric department 
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Muscle mass,
Physical function
	HGS,
KES,
Mid-thigh CSA (via MRI)
BI,
	8/8
High

	Norheim (2017), 
Denmark (58)
	Prospective cohort study
	n=214 
(70 M, 144 F)
	85.9 ± 8.1
	10.3 ± 5.2
	Condition: General acute illness
Setting: Geriatric ward
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS,
4m GVT
30s C2S
	6/8
High

	Karlsen (2017),
Denmark (59)
	Prospective cohort study
	n=151 
(39 M, 112 F)
	85.2 ± 7.2
	NR
	Condition: NR
Setting: Acute geriatric unit 
	T0: Day 2-4 of admission
T1: Day 5-8 of hospital stay 
T2: Day 9-13 of hospital stay
	Muscle strength,
Physical performance
	HGS,
30s C2S
	6/8
High

	Rossi (2016),
Italy (60)
	Cohort study
	n=302
(112 M, 190 F)
	80.8 ± 7.1
	10.5 ± 4.4
	Condition: NR
Setting: Geriatric wards
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength
	HGS
	6/8
High

	Zisberg (2015), 
Israel (61)
	Cohort study
	n=393 
(191 M, 202 F)
	77.7 ± 5.5
	5.8 ± 4.6
	Condition: Non-disabling acute conditions 
Setting: Internal medicine units
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	7/8
High

	Matsuo (2021), 
Japan (62)
	Prospective cohort study
	n=203 
(100 M, 103 F)
	79.5 ± 11.2 
	34.7 ± 21.7
	Condition: Acute Heart Failure
Setting: Regional acute care hospital
	T0: Day of HF stabilisation
T1: Day before hospital discharge
	Physical function
	BI
	8/8
High

	Zaslavsky (2015), 
Israel (63)
	Prospective cohort study
	n=691 
(344 M, 347 F)
	78.8 ± 5.8
	6.4 ± 5.7
	Condition: NR
Setting: General-medical inpatient units
	T0: Hospital admission
T1: Hospital discharge
	Functional status 
	MBI
	8/8
High

	Uemura (2023), 
Japan (64)  
	Retrospective cohort study
	n=171 
(100 M, 71 F)
	80.0 ± 9.1
	12.6 ± 7.7
	Condition: Acute heart failure
Setting: NR
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	7/8
High

	Hartley (2019), 
UK (65)
	Retrospective cohort study
	n=1003 
(430 M, 573 F)
	85.5 ± 6.8
	9.3 ± 9.9
	Condition: NR
Setting: Department of Medicine for the Elderly wards
	T0: Hospital admission
T1: Hospital discharge
	Functional status 
	6m GVT
	6/8
High

	Chao (2016), 
Taiwan (66)
	Cohort study
	n=152 
(77 M, 75 F)
	80.4 ± 8.2
	NR
	Condition: General acute conditions 
Setting: General medical wards
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	5/8
Medium

	Saez de Asteasu (2019),
Spain (67)
	Cohort study
	n=38 
(21 M, 17 F)
	86.0 ± 4.9
	NR
	Condition: General acute conditions
Setting: Acute Care for Elderly Unit
	T0: 48hrs of admission (based on 2 weeks before admission)
T1: Hospital discharge
	Physical performance,
Physical function
	4m GVT,
BI
	6/8
High

	Martin-Salvador (2015),
Spain (68)
	Prospective cohort study
	n=48 
(22 M, 26 F)
	Range 75 to 86 
	8.1 ± 3.1
	Condition: Pneumonia
Setting: Respiratory Medicine Department
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS, 
KES,
C2S
	6/8
High

	Bodilsen (2013), 
Denmark (69)
	Prospective cohort study
	n=33 
(18 M, 15 F)
	82.7 ± 8.2 
	7.6 ± 5.1
	Condition: Acute medical illness
Setting: NR
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength,
Physical performance
	HGS,
KES,
TUG
	6/8
High

	Iida (2018), 
Japan (70)
	Prospective cohort study
	n=396 
(111 M, 285 F)
	81.9 ± 7.1
	NR
	Condition: Osteoporotic vertebral fracture
Setting: NR
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	6/8
High

	Matsuo (2024),
Japan (71)
	Prospective cohort study
	n=320
(150 M, 170 F)
	85.5 ± 11.0
	NR
	Condition: Acute heart failure
Setting: Acute-care hospital
	T0: Hospital admission,
T1: Hospital discharge
	Physical function
	BI
	8/8
High

	Gatenio-Hefling (2024),
Israel (72)
	Longitudinal cohort study
	n=310
(164 M, 146 F)
	77.1 ± 7.0
	5.9 ± 5.5
	Condition: General acute condition
Setting: Internal medical units
	T0: Within 24hrs of hospital admission,
T1: Hospital discharge
	Physical function
	BI
	8/8
High

	Palese (2016), 
Italy (73)
	Longitudinal survey study
	n=1464 
(718 M, 746 F)
	74.4 ± 14.4
	9.2 ± 7.2
	Condition: General acute condition
Setting: Acute medical units
	T0: Hospital admission
T1: Hospital discharge
	Physical function
	BI
	8/8
High

	Pourhassan (2020),
Germany (74)
	Prospective longitudinal study
	n=41 
(11 M, 30 F)
	82.4 ± 6.6
	16.0 ± 3.1
	Condition: NR
Setting: Geriatric hospital department 
	T0: 24hrs of admission
T1: Hospital discharge (latest, after 14 days)
	Muscle strength,
Muscle mass,
Physical function
	HGS,
KES,
Mid-thigh CSA (via MRI)
BI
	8/8
High

	Hansen (2023),
Denmark (75)
	Single-centre feasibility study
	n=17 
(9 M, 8 F)
	85.0 ± 6.5
	5.7 ± 1.6
	Condition: Acute medical conditions
Setting: Acute medical ward
	T0: Hospital admission
T1: Hospital discharge
	Muscle strength
	HGS
	6/8
High


All variables are presented as mean ± standard deviation (SD), unless indicated otherwise.
Abbreviations: RCT: randomised control trial; CG: control group; M: male; F: female; NR: not reported; SD: standard deviation; n: number of participants per study; COPD: chronic obstructive pulmonary disease; hrs: hours; sec: seconds; m: meter; BI: Barthel Index; MBI: modified Barthel Index; KES: knee extension strength; HGS: hand grip strength; C2S: chair 2 stand; BIA: bioelectrical impedance analysis; MRI: magnetic resonance imaging; DEXA: dual-energy X-ray absorptiometry; SPPB: short physical performance battery; TUG: time up and go; GVT: gait velocity time; 2MSP: 2 minute step-in-place; CSA: cross sectional area; JBI: Joanna Briggs institute.

3.3 Study Results
[bookmark: _Toc191389644]3.3.1 Muscle strength 
Thirty-nine studies examined the change in muscle strength during hospitalisation; 25 of which measured hand grip strength (HGS) (23, 25-27, 31, 32, 34, 35, 37, 40, 41, 46, 48-50, 55, 56, 58-60, 62, 68, 69, 74, 75), 8 measured knee extension strength (KES) (24, 27, 28, 39, 55, 68, 69, 74) and 6 measured chair-to-stand test (C2S) (28, 41, 50, 58, 59, 68). 
Hand grip strength
The analysis showed HGS (n = 14 studies) significantly improved during hospitalisation with a very small effect size, SMD = 0.06 (95% CI: 0.00; 0.13, p=0.05) (Figure 2).  Very little to no heterogeneity was found between studies (I2 = 3%). Meta-regression showed age did not account for any heterogeneity seen in the meta-analysis (k = 13, R2 = 0.0%, β = -0.007 (95% CI: -0.037; 0.023), p = 0.615). This was the same for hospital LOS (k = 14, R2 = 0.0%, β = 0.000 (95% CI, -0.008; 0.009), p = 0.096). Of the studies not included in the meta-analysis, 7 found no change (23, 27, 31, 32, 35, 55, 59) and 4 found a significant decrease (25, 37, 40, 60).
Knee extension strength
Of the 8 studies reporting KES as an outcome, 6 were included in the meta-analysis, which showed a small non-significant decrease throughout hospitalisation, SMD = -0.15 (95% CI: -0.35; 0.06, p = 0.17) (Figure 2). There was no observed heterogeneity between these studies (I2 = 0%). The two studies not included in the meta-analysis reported significant decreases in KES (Nm) from hospital admission to discharge, -5.60 ± 9.69  (p <0.05) (55) and -31.0 ± 44.1 (p <0.05) (27).
Chair-to-stand test
Five studies were included in the random effects meta-analysis and a small significant improvement in C2S performance at hospital discharge compared to admission was observed, SMD = 0.23 (95% CI: 0.13; 0.33, p <0.001) (Figure 2). No between-study heterogeneity was seen (I2 = 0%). Karlsen et al. (59) reported a significant improvement in the number of C2S repetitions in 30 seconds from admission to final follow-up (mean difference [MD], +1.2 reps, p <0.001). 





Figure 2. Change in muscle strength outcomes. Age presented as mean. NR: not reported













3.3.2 Muscle mass 
Seven studies measured the change in muscle mass, utilising bioelectrical impedance analysis (BIA, n = 4) (34, 48-50), magnetic resonance imaging (MRI, n = 2) (57, 74), and dual-energy x-ray absorptiometry (DEXA, n = 1) (39).
Bioelectrical impedance analysis
For BIA, all 4 studies were included in the meta-analysis, which saw reported no effect, SMD = -0.01 (95% CI: -0.09; 0.08, p = 0.86) (Figure 3). No between-study heterogeneity was observed (I2 = 0%). 
MRI scanning 
Two studies, both conducted in Germany with the same study population (n = 41, mean age 82.4 ± 6.6), used MRI scanning to measure the change in mid-thigh muscle area (cm2) and similarly found no significant change from hospital admission to discharge (-1.9 ± 5.7 (57) and -1.8 ± 5.7 (74), p >0.05). However, when only examining immobile patients, Rommersbach et al. (57) found mid-thigh muscle area to significantly decrease from admission to discharge by -3.9 ± 5.0, p <0.01. Pourhassan et al. (74) also found mid-thigh muscle area to significantly decreased for malnourished patients (-6.0 ± 4.3, p <0.05).
DEXA scanning 
Only one study used DEXA scanning for measuring the change in muscle mass (n = 13, mean age 78.0 ± 8.0)  (39). After 8-10 days of hospitalisation, there was a significant decrease in leg lean mass (kg) (6.50 ± 0.80 vs 6.34 ± 0.96, p <0.05) and a non-significant change in mid-thigh region lean mass (g) (373 ± 74 vs 366 ± 83, p >0.05).

Figure 3. Change in Bioelectrical Impedance Analysis. 








[bookmark: _Toc191389646]3.3.3 Physical performance
Twenty five studies measured the change in patient physical performance. Ten used the Short Physical Performance Battery (SPPB) (22, 25, 29, 31-33, 35, 37, 40, 56), 9 used gait speed tests  (27, 31, 32, 36, 37, 50, 58, 65, 67), and 6 used the time-up-and-go test (TUG) (26, 38, 42, 44, 47, 69).
Short Physical Performance Battery 
Three of the 10 studies that measured SPPB were included in the meta-analysis (Figure 4). A small to moderate, non-significant increase in SPPB performance was observed, SMD = 0.32 (95% CI: -0.01; 0.65, p = 0.06). Between-study heterogeneity was substantial I2 = 71%. For the studies not included in the meta-analysis, 6 found no significant change (25, 31, 32, 35, 37) and 1 found a significant decrease (-1.17, 95% CI: -1.89; -0.46, p < 0.05) (40). 
Gait speed  
Four studies were included in the meta-analysis for gait speed, which showed non-significant change from hospital admission to discharge, SMD = 0.07 (95% CI: -0.16; 0.30, p = 0.56) (Figure 4). Within these 4 studies, there was substantial heterogeneity, I2 = 86%. Five studies were not included in the meta-analysis, all of which observed no significant change (27, 31, 32, 36, 37).
Time Up and Go test
All 6 studies that measured TUG were included in the meta-analysis and showed no effect in test performance from hospital admission to discharge, SMD = -0.01 (95% CI: -0.06; 0.04, p = 0.65) (Figure 4). No between-study heterogeneity was detected (I2 = 0%). 


Figure 4. Change in physical performance outcomes. 










[bookmark: _Toc191389647]3.3.4 Barthel Index
For BI, 24 studies were included in the analysis (21, 30, 42, 44-47, 51-54, 56, 57, 61-64, 66, 67, 70-74), showing a small to moderate significant increase from hospital admission to discharge (SMD = 0.26, 95% CI: 0.06; 0.46, p = 0.01) (Figure 5). Between-study heterogeneity was substantial, I2 = 98.0%. Meta-regression showed heterogeneity was not impacted by age (k = 24, R2 = 0.0%, β = -0.007 (95% CI: -0.077; 0.063), p=0.835) or hospital LOS (k = 15, R2 = 1.3%, β = 0.017 (95% CI: -0.016; 0.050), p = 0.279). 
When studies were grouped by type of BI used (i.e., traditional BI or a modified BI scale [MBI]), a significant improvement in score was still observed for the traditional BI (SMD = 0.32, 95% CI: 0.08; 0.55, p = 0.01) but not for the MBI (SMD = 0.05, 95% CI: -0.30; 0.39, p = 0.79) (Figure 5).
[bookmark: _Toc191389648]Among studies not included in the meta-analysis, 4 used the traditional BI and 1 used an MBI. Two traditional BI studies found no change (33, 40), and two found a significant decrease in BI performance (-4.8, 95% CI: -8.2; -1.5, n = 49 (35) and -5.0, 95% CI: -6.8; -3.2, n = 185 (25)). The MBI study showed a positive in-hospital change (15.23 ± 22.41 points), but did not report statistical significance (43).

Figure 5. Change in Barthel Index.  







4 Discussion 
[bookmark: _Toc191389649]4.1 Synthesis of results
This systematic review and meta-analysis aimed to quantify the impact of an acute hospital admission on the individual diagnostic criteria for acute sarcopenia in older adults (≥65 years). There was a trend toward increased muscle strength during hospitalisation, with two of the three measurement tools (HGS and C2S) showing a small but significant improvement. HGS was the most commonly reported measure, likely due to its ease of use and practicality in patients who have reduced mobility due to acute illnesses (e.g., hip fracture). The findings for HGS align with previous reviews (12), including those involving critical care patients (ICU wards) (76). The findings for both HGS and KES are also consistent with Hartley et al. (11),  who also examined acute admissions in adult patients (≥18 years). 
Due to limited studies investigating muscle mass, a meta-analysis was conducted only for BIA, which showed no change during hospitalization. Studies using MRI (n = 2) (57, 74) and DEXA (n = 1) (39) found significant decreases in muscle mass, specifically in the lower body (mid-thigh region). Despite the small sample, these findings align with prior reviews (11, 12, 76), research in healthy volunteers (7, 16) and critically ill hospital patients (77).
For physical performance, there was a trend towards improvement during hospitalisation, however, no outcome showed a significant change. A recent review by Aldrich et al (76) similarly found no significant change in TUG and gait speed during hospitalisation within an adult population (≥18 years). However, the review did report a significant increase in SPPB score (SMD = 0.86, 95% CI: 0.03; 1.69, p = 0.046).
Overall, our review found a significant improvement in BI score during hospitalization. However, the effect size was small (SMD = 0.10), and there was substantial heterogeneity (I² = 97.8%). Also, when only combining studies using a MBI a non-significant change was found. This could be the result of the MBI using a more sensitive 5 point scale for each of the 10 items rather than the 2, 3, or 4 point scale used in the traditional BI, making the MBI better at detecting smaller changes in functional performance. 
[bookmark: _Toc191389650]4.2 The effect of acute hospitalisation 
Our findings of improvements in muscle strength and in physical function measured using  BI among older people contrast with findings in other conditions, such as healthy volunteers (7, 8, 16) and elective patients (78-80). A previous meta-analysis by Van Ancum (12) reported HGS to significantly decrease in electively admitted patients, compared to those admitted acutely (MD = -0.42 95% CI: -0.66, -0.17 vs MD = 0.18 95% CI: -0.02; 0.37). A possible explanation for this could be due to the cause of admission and of timing of assessments. Acutely admitted patients are often hospitalised due to an acute infection or injury (e.g., pneumonia or hip fracture), which is associated with complications, such as severe pain, fatigue and inflammation (81). As a result, using measurement tools at admission that require maximum patient effort (i.e., HGS, C2S or SPPB) is likely to be compromised by the patient’s acute physical state and may not represent their true baseline capacity. Also, hospital treatments are expected to improve the physical condition of acutely admitted patients, suggesting that the observed increases in outcomes may reflect recovery rather than new gains in muscle strength or function above true baseline. Using these measurement tools at admission may not accurately reflect pre-hospital (baseline) functional capacity and may not be suitable for measuring the change in muscle strength or physical function in acutely admitted older patients.
As the BI is a questionnaire-based measure, it can assess physical function retrospectively, allowing evaluation of a patient’s function prior to admission. This review included 29 studies that used a BI measure, 7 of which used a retrospective (pre-admission) measure, in addition to admission and discharge (44, 47, 51, 52, 63, 66, 70). All 7 studies found lower BI scores at discharge compared to pre-admission, indicating incomplete recovery to pre-acute physical function (Figure S5). One study also included a 12-month post-discharge time point and found BI scores to still be lower than at pre-admission (77.2 ± 26.6 vs 83.2 ± 21.5, respectively, n=396) (70). This is further supported by Hartley et al. (55), who observed a 9.2 decrease in BI score (95% CI -13.9 to -4.5, p <0.001, n = 65) when comparing pre-admission to 4-6 weeks post discharge. Using pre-admission data as the baseline, rather than admission data, shows acutely admitted older patients may not fully recover to their pre-admission physical functioning by the time of discharge. These findings highlight the importance of obtaining accurate baseline data for assessing the changes in muscle strength and physical function, suggesting pre-admission data is most appropriate. However, obtaining pre-admission data for performance-based measures, such as HGS, may not be feasible in practice as these cannot be measured retrospectively. Self-reported questionnaires could provide a possible solution (82).
Our findings of decreased muscle mass contrast with the increases in muscle strength and physical function observed in this review. This may be due to the objective nature of muscle mass assessments used in the included studies (DEXA, and MRI), which are less influenced by patient performance. Given that our findings align with muscle mass changes in other hospital populations (7, 11, 12, 16, 76), it can be concluded that muscle mass measured at admission provides an accurate baseline to determine changes in muscle mass throughout hospitalisation in acutely admitted patients. 
[bookmark: _Toc191389651]4.3 The impact of deconditioning on muscle groups
Although the trend for muscle strength and physical performance was towards an increase during hospitalisation, the strength and direction varied by measurement tool. For instance, KES observed an overall decrease compared to the increase seen in HGS and C2S (SMD -0.15 vs 0.06 and 0.23, respectively). This may be explained by inconsistent muscle atrophy across muscle groups during periods of sedentary behaviour. As observed by Kehler et al (83), greater atrophy occurs in lower extremity muscles, particularly those used to overcome gravitational forces and to stabilise joints (e.g., gastrocnemius and vasti muscles). In contrast, upper extremity muscles, such as the biceps brachii, are less affected, with some muscle groups even experiencing hypertrophy during bedrest (e.g., cervical muscles). This means that measuring changes in muscle strength in an area that is minimally affected by bedrest, such as HGS, may be less effective for detecting meaningful strength changes than measurements taken from more substantially affected muscle groups, such as KES. 
Differences in findings across muscle mass assessment tools may also stem from varying atrophy across muscle groups. For instance, our review found no change in muscle mass with BIA, but significant decreases with DEXA and MRI. BIA provides an average measure of whole-body muscle mass, reflecting average changes across muscle groups, including those with both atrophy and hypertrophy. In contrast, studies using DEXA (39) or MRI (57, 74) measured muscle mass in a specific muscle group, being mid-thigh region in all 3 studies. This area is one of the most negatively affected during bedrest, which may explain the observed decrease in muscle mass. This suggests that BIA may lack the sensitivity to detect meaningful changes in muscle mass for confirming acute sarcopenia. 
[bookmark: _Toc191389652]4.4 Strengths and limitations of this review
This is an updated systematic review and meta-analysis to describe the effects of acute hospitalisation on muscle strength and muscle mass in older adults (≥65 years). To our knowledge, this is the first review to describe the impact of acute hospitalisation on physical performance in this population. Among studies that were not included in the meta-analysis, both positive and negative findings on the effects of hospitalisation on sarcopenia components were found. This reflects the variability noted in the studies included in the meta-analysis, highlighting the importance of conducting pooled data analyses to summarise the findings within existing literature. 
[bookmark: _Toc191389653]However, this review has limitations. We only included studies into the meta-analysis that reported the mean and standard deviation for admission and baseline, excluding those reporting ‘change in’ measurement data (n=14), which could be a source of selection bias. However, attempts were made to contact the study author for additional data (23, 25, 27, 31-33, 35-37, 40, 43, 55, 59, 60). Most included studies (n=28, 51%) were observational cohort studies, limiting our ability to determine the degree of change due to acute hospitalisation. As a result, this review has only suggested the expected direction of change for each outcome and that the strength of change is dependent on the time of measurement and location of measurement.
5 Conclusions
Findings from this review suggest that, among acutely hospitalised older adults, there was an improvement in muscle strength as measured by HGS and C2S, but no significant improvement in physical performance (SPPB, TUG, gait speed). The improvement in activities of daily living measured by the BI is reflective of the recovery from acute illness rather than new gains in functional abilities. A decrease in muscle mass was observed particularly among older adults who are immobile or at risk of malnutrition. The lack of improvement in physical performance outcomes during hospitalisation is a clinically important finding as it demonstrates failure to return to pre-hospital baseline abilities, as evidenced by the significant decrease in BI when using pre-admission as the baseline.
Future research is needed to better understand how to best measure acute sarcopenia characteristics in this specific population, so that accurate monitoring and diagnosis can occur, and timely interventions can be put in place. 
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0.34[0.12, 0.56]
-0.08 [-0.15, -0.01]
-0.51 [-0.58, -0.44]
0.11[0.00,0.21]
0.05[-0.30,0.39]

0.26 [0.06, 0.46]

Weight(%) n

a2
4.6
4.03
4.43
a.44
415
364
4.40
438
431
4.09
4.04
365
4.26
439
a.47
362
335
438

365
427
a.47
a.48
a.44

126
1119
75
523
683
114
a1
393
320
203
103
77
38
152
396
1464
a1
2
310
6204

39
164
1458
1693
691
4045

=0.79, I-squared = 97.8%

78.0
80.6
81.8
86.0
86.4
79.8
824
7.7
85.5
79.5
80.5
80.0
86.0
80.4
81.9
74.4
824
84.0
771
813

84.5
84.6
82.0
81.9
78.8
824
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