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Resumen

Introducción: La actividad física puede reducir la duración de la estancia hospitalaria de los adultos mayores; sin embargo, los 
datos siguen siendo inconsistentes. Ningún meta-análisis ha explorado aún si esta inconsistencia se debe a la variabilidad en la 
cantidad de actividad prescrita. Por lo tanto, el objetivo fue explorar la relación dosis-respuesta entre la dosis diaria de actividad 
física (expresada como METs-min/día) y la duración promedio de la estancia hospitalaria en los adultos mayores hospitalizados.
Material y método: Múltiples revisores seleccionaron los ensayos controlados aleatorizados que utilizaron una intervención 
de actividad física en comparación con la atención habitual u otra intervención activa, e informaron la duración promedio de 
la estancia en adultos mayores hospitalizados agudos de 50 años o más. Dos revisores extrajeron de forma independiente los 
datos importantes de los estudios incluidos, incluida la duración media de la estancia hospitalaria (DMEH), que se agruparon 
mediante modelos de meta-análisis mixtos Bayesianos de efectos aleatorios. 
Resultados: Se incluyeron 14 estudios con 2,874 participantes (28 puntos de datos). Las pruebas de calidad moderada 
mostraron una relación dosis-respuesta lineal aue indicaba que ~150 METs-min/día pueden reducir en 1 día la DMEH (95% 
IC 8,88 a 10,43). Esta dosis corresponde a acumular 60 min/día de marcha muy lenta, 40 min/día de marcha rápida o 20 min/
día subiendo escaleras. Esta evidencia se clasificó como de calidad moderada. 
Conclusiones: A la espera de confirmación en futuros ensayos, objetivos viables de actividad física podrían reducir la 
duración media de la estancia. Esto podría aumentar el bienestar de los pacientes y reducir considerablemente los costes 
para el sistema sanitario. Las intervenciones basadas en actividad física deben considerarse parte de las rutinas de atención 
hospitalaria de los adultos mayores.
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Summary

Introduction: Physical activity may reduce the length of hospital stay for older adults; however, evidence remains inconsis-
tent. No meta-analysis has yet explored whether this inconsistency is due to variability in the amount of activity prescribed. 
Therefore, we aimed to explore the dose-response relationship between daily physical activity dosage (expressed as Metabolic 
Equivalent Task, METs-min/day) and the average length of stay of hospitalized older adults.
Material and method: Multiple reviewers screened for randomized controlled trials that used a physical activity intervention 
compared with usual care or another active intervention, and reported the average length of stay in acute hospitalized older 
adults aged 50 or over. Two reviewers independently extracted important data from the included studies (disagreements 
were resolved by consensus) including average lengths of stay (ALOS), which were pooled using random-effects Bayesian 
mixed meta-analysis models. 
Results: A total of 14 studies involving 2,874 participants (28 data points) were included. 
Moderate-quality evidence showed a linear dose-response relationship suggesting that –150 METs-min/day may reduce in 1 
day the ALOS (95% CI 8.88 to 10.43). This dose corresponds to accumulating 60 min/day of very slow-paced walking, 40 min/
day of brisk walking, or 20 min/day of climbing stairs. This evidence was classified as moderate quality. 
Conclusions: Pending confirmation in future trials, feasible targets of physical activity in hospitalized older adults could reduce 
the average length of stay. Doing so could lead to increase patient welfare and major reductions in cost for the healthcare 
system. Physical activity-based interventions should be considered as part as the hospital care routines of older adults.
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Introduction

According to the World Health Organization, the number of 
people aged 65 years and older is expected to double by 2050 and 
triple by 21001. This demographic shift is putting a significant strain on 
healthcare systems, with more people spending more time in hospital2. 
Extended hospital stays can result in negative health consequences, 
such as increased risk of falls, infections, cognitive decline, and physical 
deconditioning. These outcomes can further extend the average length 
of stay (ALOS), leading to cascading healthcare costs3. To address this 
issue, it is critical to find strategies to reduce ALOS in hospitalized older 
adults.

There is evidence suggesting that physical activity may be a feasible4 
and cost-effective5  intervention to improve health outcomes and reduce 
the ALOS in hospitalized older adults6. Despite some existing studies 
suggest that higher doses of physical activity may result in shorter ALOS 
among older adults7, meta-analytic evidence have failed to confirm 
the benefits of physical activity interventions to reduce ALOS in this 
population6,8. These meta-analyses have assumed that all physical activity 
interventions have the same characteristics: they made no distinctions 
based on the dose or duration of sessions within the interventions. The 
latest Cochrane review8 on this topic flagged this knowledge-to-practice 
gap, indicating the need for more research to identify the most efficient 
daily physical activity dose that can shorten the ALOS in older adults. In 
addition, physical activity guidelines do not specifically address older 
adults in-hospital, leading to inconsistent recommendations from 
practitioners (e.g., ‘bed rest is best’ vs. ‘staying active’)9. 

To inform these decisions, we used bayesian meta-analytical 
techniques to: a) analyze the effects of physical activity compared to 
usual care on ALOS in hospitalized older adults, and b) to determine 
the minimal and optimal levels of physical activity associated with a 
reduction in ALOS in this population group.

Material and method

This systematic review with meta-analysis (PROSPERO 
CRD42021271999) was reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA)10.  

Search strategy

A systematic search was conducted in PubMed, Web of Science, 
Scopus, and Embase databases from inception to May 2024. The search 
strategy for each database used in this systematic review (i.e., search 
terms, dates, and process) are shown in the Table 1. The reference lists of 
relevant articles and systematic reviews were also screened for additional 
studies. Three reviewers independently screened title/abstract and 
full-texts in duplicate, with disagreements resolved by discussion or 
adjudication by a fourth author.

Eligibility criteria

We included (a) randomized controlled trials that involved (b) 
individuals aged 50 years or older11 admitted to either Intensive Care 

Database Search terms and queries

MEDLINE 
(PubMed)
13/05/2024
254 records identified

1.	Acute care/
2.	“acute older adult*”.tw
3.	“acute older patient*”.tw
4.	“acute hospitali?ation”.tw
5.	“acute hospitali?ed patient*”.tw
6.	“acute patient*”
7.	“acute medical illness* patient*”.tw
8.	Centenarian
9.	“community hospital*”.tw
10.	“community hospital* patient*”.tw
11.	Elderly/
12.	Elder*.tw
13.	Geriatric*.tw
14.	“health facility*”.tw
15.	Hospital/
16.	Hospital*.tw
17.	“Hospital* patient*”.tw
18.	Hospitalization/ 
19.	“Hospitalization process”.tw
20.	“Hospital* older adult*”.tw
21.	“Hospital* older patient*”.tw
22.	“Hospital* ancient*”.tw
23.	“Hospital* elder*”.tw
24.	“Hospital* obese patient*”.tw
25.	“Hospital* senior patient*”.tw
26.	Hospitalisation/
27.	*ICU patient*”.tw
28.	*ICU ward patient*”.tw
29.	“Ill older adult*”.tw
30.	“In-hospital patient*”.tw
31.	“In-hospital elderly people”.tw
32.	“In-patient*”.tw
33.	Inpatient*/
34.	Institutionalization
35.	Medical Day Care/
36.	“Medical Day Care patient*”.tw
37.	Nonagenarian/
38.	“Older patient*”.tw
39.	“Older inpatient*”.tw
40.	“Older population”.tw
41.	Octogenarian/
42.	“obese olde adult*”.tw
43.	“patient* in hospital*”.tw
44.	“patient* with infectious disease*”.tw
45.	Senior/
46.	FROM #1 TO #45 COMBINED USING OR
47.	“Aerobic exercise*”.tw
48.	“Aerobic training*”.tw
49.	“Active intervention*”.tw
50.	“Active live support care”.tw
51.	“Active mobili?ation”.tw
52.	Cycling/
53.	“Cycling with device”.tw
54.	Dressing.tw
55.	Electroestimulation.tw
56.	Exercise/
57.	Exercise*.tw
58.	Fitness/
59.	Gait.tw
60.	Mobility.tw
61.	“Multicomponent exercise*”.tw
62.	“Multicomponent training*”.tw
63.	“Physical activit*”.tw
64.	Physical exercise/
65.	“Physical fitness”.tw

Table 1. Search strategy.
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Database Search terms and queries

66.	“Physical stamina”.tw
67.	“Physical training”.tw
68.	“Physical therapy”.tw
69.	Physiotherapy/
70.	Rehabilitation/
71.	“Resistance exercise*”.tw
72.	“Resistance training*”.tw
73.	Training/
74.	Walk/
75.	Walking/
76.	“Walking speed”.tw
77.	“Whole body vibration”.tw
78.	“Whole-body vibration”.tw
79.	WBV.tw
80.	FROM #47 TO #79 COMBINED USING OR
81.	“Hospital* usual care”.tw
82.	“Usual care”.tw
83.	FROM #81 TO #82 C0MBINED USING OR
84.	“Activities of daily-living”.tw
85.	“Adverse event*”.tw
86.	ADL.tw
87.	Fall*.tw
88.	Function.tw
89.	Functionality.tw
90.	“Hospital acquired deconditioning”.tw
91.	“Hospital-acquired deconditioning”.tw
92.	“Hospital-associated functional decline”.tw
93.	HAFD.tw
94.	“Hospitalization-associated disability”.tw
95.	“Hospitalization-related disability”.tw
96.	“Length of stay”tw
97.	“Physical function”.tw
98.	Readmission*.tw
99.	Re-admission.tw
100.	FROM #84 TO #99 COMBINED USING OR
101.	“Randomi?ed control* trial*”.tw
102.	RCT.tw
103.	FROM #101 TO #102 COMBINED USING OR
104.	#46 AND #80 AND #83 AND #100 AND 
#103 (applied filter: All fields)
105.	#46 AND #80 AND #83 AND #100 AND 
#103 (applied filter: Title/Abstract)
106.	#46 AND #80 AND #83 AND #100 AND 
#103 (applied filter: Title)

Web of Science
13/05/2024
310 records identified

1.	Acute care/
2.	“acute older adult*”.tw
3.	“acute older patient*”.tw
4.	“acute hospitali$ation”.tw
5.	“acute hospitali$ed patient*”.tw
6.	“acute patient*”
7.	“acute medical illness* patient*”.tw
8.	Centenarian
9.	“community hospital*”.tw
10.	“community hospital* patient*”.tw
11.	Elderly/
12.	Elder*.tw
13.	Geriatric*.tw
14.	“health facility*”.tw
15.	Hospital/
16.	Hospital*.tw
17.	“Hospital* patient*”.tw
18.	Hospitalization/ 
19.	“Hospitalization process”.tw20.	 “Hospital* 
older adult*”.tw

Database Search terms and queries

21.	“Hospital* older patient*”.tw
22.	“Hospital* ancient*”.tw
23.	“Hospital* elder*”.tw
24.	“Hospital* obese patient*”.tw
25.	“Hospital* senior patient*”.tw
26.	Hospitalisation/
27.	*ICU patient*”.tw
28.	*ICU ward patient*”.tw
29.	“Ill older adult*”.tw
30.	“In-hospital patient*”.tw
31.	“In-hospital elderly people”.tw
32.	“In-patient*”.tw
33.	Inpatient*/
34.	Institutionalization
35.	Medical Day Care/
36.	“Medical Day Care patient*”.tw
37.	Nonagenarian/
38.	“Older patient*”.tw
39.	“Older inpatient*”.tw
40.	“Older population”.tw
41.	Octogenarian/
42.	“obese olde adult*”.tw
43.	“patient* in hospital*”.tw
44.	“patient* with infectious disease*”.tw
45.	Senior/
46.	FROM #1 TO #45 COMBINED USING OR
47.	“Aerobic exercise*”.tw
48.	“Aerobic training*”.tw
49.	“Active intervention*”.tw
50.	“Active live support care”.tw
51.	“Active mobili$ation”.tw
52.	Cycling/
53.	“Cycling with device”.tw
54.	Dressing.tw
55.	Electroestimulation.tw
56.	Exercise/
57.	Exercise*.tw
58.	Fitness/
59.	Gait.tw
60.	Mobility.tw
61.	“Multicomponent exercise*”.tw
62.	“Multicomponent training*”.tw
63.	“Physical activit*”.tw
64.	Physical exercise/
65.	“Physical fitness”.tw
66.	“Physical stamina”.tw
67.	“Physical training”.tw
68.	“Physical therapy”.tw
69.	Physiotherapy/
70.	Rehabilitation/
71.	“Resistance exercise*”.tw
72.	“Resistance training*”.tw
73.	Training/
74.	Walk/
75.	Walking/
76.	“Walking speed”.tw
77.	“Whole body vibration”.tw
78.	“Whole-body vibration”.tw
79.	WBV.tw
80.	FROM #47 TO #79 COMBINED USING OR
81.	“Hospital* usual care”.tw
82.	“Usual care”.tw
83.	FROM #81 TO #82 C0MBINED USING OR
84.	“Activities of daily-living”.tw

Table 1. Search strategy (continuation).
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Database Search terms and queries

85.	“Adverse event*”.tw
86.	ADL.tw
87.	Fall*.tw
88.	Function.tw
89.	Functionality.tw
90.	“Gait speed test”.tw
91.	“Handgrip strength”.tw
92.	“Hospital acquired deconditioning”.tw
93.	“Hospital-acquired deconditioning”.tw
94.	“Hospital-associated functional decline”.tw
95.	HAFD.tw
96.	“Hospitalization-associated disability”.tw
97.	“Hospitalization-related disability”.tw
98.	“Length of stay”tw
99.	“Physical function”.tw
100.	Readmission*.tw
101.	Re-admission.tw
102.	“Short Physical Performance Battery”.tw
103.	SPPB.tw
104.	FROM #84 TO #103 COMBINED USING OR
105.	“Randomi?ed control* trial*”.tw
106.	RCT.tw
107.	FROM #105 TO #106 COMBINED USING OR
108.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: All fields)
109.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: Title/Abstract)
110.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: Title)

Scopus
14/05/2024
546 records identified

1.	“Acute care”.tw
2.	“acute hospitali?ed patient*”.tw
3.	“acute patient*”.tw
4.	Hospital*.tw
5.	“Hospital* patient*”.tw
6.	Hospitalization.tw 
7.	“Hospitalization process”.tw
8.	Hospitalisation.tw
9.	*ICU patient*”.tw
10.	*ICU ward patient*”.tw
11.	“Ill older adult*”.tw
12.	“In-hospital patient*”.tw
13.	“In-hospital elderly people”.tw
14.	“In-patient*”.tw
15.	Inpatient*.tw
16.	Senior.tw
17.	FROM #1 TO #16 COMBINED USING OR
18.	“Aerobic exercise*”.tw
19.	“Aerobic training*”.tw
20.	“Active mobili?ation”.tw
21.	Cycling.tw
22.	“Cycling with device”.tw
23.	Dressing.tw
24.	Electroestimulation.tw
25.	Exercise.tw
26.	Exercise*.tw
27.	Fitness.tw
28.	Gait.tw
29.	Mobility.tw
30.	“Multicomponent exercise*”.tw
31.	“Multicomponent training*”.tw
32.	“Physical activit*”.tw
33.	Physical exercise.tw
34.	“Physical fitness”.tw

Database Search terms and queries

35.	“Physical stamina”.tw
36.	“Physical training”.tw
37.	“Physical therapy”.tw
38.	Physiotherapy.tw
39.	Rehabilitation.tw
40.	“Resistance exercise*”.tw
41.	“Resistance training*”.tw
42.	Walk*.tw
43.	“Walking speed”.tw
44.	“Whole body vibration”.tw
45.	“Whole-body vibration”.tw
46.	WBV.tw
47.	FROM #18 TO #46 COMBINED USING OR
48.	“Hospital* usual care”.tw
49.	“Usual care”.tw
50.	FROM #48 TO #49 C0MBINED USING OR
51.	“Activities of daily-living”.tw
52.	“Adverse event*”.tw
53.	ADL.tw
54.	Fall*.tw
55.	Function.tw
56.	Functionality.tw
57.	“Gait speed test”.tw
58.	“Handgrip strength”.tw
59.	“Hospital acquired deconditioning”.tw
60.	“Hospital-acquired deconditioning”.tw
61.	“Hospital-associated functional decline”.tw
62.	HAFD.tw
63.	“Hospitalization-associated disability”.tw
64.	“Hospitalization-related disability”.tw
65.	“Length of stay”tw
66.	“Physical function”.tw
67.	Readmission*.tw
68.	Re-admission.tw
69.	“Short Physical Performance Battery”.tw
70.	FROM #51 TO #69 COMBINED USING OR
71.	“Randomi?ed control* trial*”.tw
72.	RCT.tw
73.	FROM #71 TO #72 COMBINED USING OR
74.	#17 AND #47 AND #50 AND #70 AND #73 
(applied filter: All fields)
75.	#17 AND #47 AND #50 AND #70 AND #73 
(applied filter: Title/Abstract)
76.	#17 AND #47 AND #50 AND #70 AND #73 
(applied filter: Title)

Embase
14/05/2024
663 records identified

1.	Acute care/
2.	“acute older adult*”.tw
3.	“acute older patient*”.tw
4.	“acute hospitali?ation”.tw
5.	“acute hospitali?ed patient*”.tw
6.	“acute patient*”
7.	“acute medical illness* patient*”.tw
8.	Centenarian
9.	“community hospital*”.tw
10.	“community hospital* patient*”.tw
11.	Elderly/
12.	Elder*.tw
13.	Geriatric*.tw
14.	“health facility*”.tw
15.	Hospital/
16.	Hospital*.tw
17.	“Hospital* patient*”.tw
18.	Hospitalization/ 
19.	“Hospitalization process”.tw

Table 1. Search strategy (continuation).
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Database Search terms and queries

20.	“Hospital* older adult*”.tw
21.	“Hospital* older patient*”.tw
22.	“Hospital* ancient*”.tw
23.	“Hospital* elder*”.tw
24.	“Hospital* obese patient*”.tw
25.	“Hospital* senior patient*”.tw
26.	Hospitalisation/
27.	*ICU patient*”.tw
28.	*ICU ward patient*”.tw
29.	“Ill older adult*”.tw
30.	“In-hospital patient*”.tw
31.	“In-hospital elderly people”.tw
32.	“In-patient*”.tw
33.	Inpatient*/
34.	Institutionalization
35.	Medical Day Care/
36.	“Medical Day Care patient*”.tw
37.	Nonagenarian/
38.	“Older patient*”.tw
39.	“Older inpatient*”.tw
40.	“Older population”.tw
41.	Octogenarian/
42.	“obese olde adult*”.tw
43.	“patient* in hospital*”.tw
44.	“patient* with infectious disease*”.tw
45.	Senior/
46.	FROM #1 TO #45 COMBINED USING OR
47.	“Aerobic exercise*”.tw
48.	“Aerobic training*”.tw
49.	“Active intervention*”.tw
50.	“Active live support care”.tw
51.	“Active mobili?ation”.tw
52.	Cycling/
53.	“Cycling with device”.tw
54.	Dressing.tw
55.	Electroestimulation.tw
56.	Exercise/
57.	Exercise*.tw
58.	Fitness/
59.	Gait.tw
60.	Mobility.tw
61.	“Multicomponent exercise*”.tw
62.	“Multicomponent training*”.tw
63.	“Physical activit*”.tw
64.	Physical exercise/
65.	“Physical fitness”.tw
66.	“Physical stamina”.tw
67.	“Physical training”.tw
68.	“Physical therapy”.tw
69.	Physiotherapy/
70.	Rehabilitation/
71.	“Resistance exercise*”.tw
72.	“Resistance training*”.tw
73.	Training/
74.	Walk/
75.	Walking/
76.	“Walking speed”.tw
77.	“Whole body vibration”.tw
78.	“Whole-body vibration”.tw
79.	WBV.tw
80.	FROM #47 TO #79 COMBINED USING OR
81.	“Hospital* usual care”.tw
82.	“Usual care”.tw
83.	FROM #81 TO #82 C0MBINED USING OR

Database Search terms and queries

84.	“Activities of daily-living”.tw
85.	“Adverse event*”.tw
86.	ADL.tw
87.	Fall*.tw
88.	Function.tw
89.	Functionality.tw
90.	“Gait speed test”.tw
91.	“Handgrip strength”.tw
92.	“Hospital acquired deconditioning”.tw
93.	“Hospital-acquired deconditioning”.tw
94.	“Hospital-associated functional decline”.tw
95.	HAFD.tw
96.	“Hospitalization-associated disability”.tw
97.	“Hospitalization-related disability”.tw
98.	“Length of stay”tw
99.	“Physical function”.tw
100.	Readmission*.tw
101.	Re-admission.tw
102.	“Short Physical Performance Battery”.tw
103.	SPPB.tw
104.	FROM #84 TO #103 COMBINED USING OR
105.	“Randomi?ed control* trial*”.tw
106.	RCT.tw
107.	FROM #105 TO #106 COMBINED USING OR
108.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: All fields)
109.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: Title/Abstract)
110.	#46 AND #80 AND #83 AND #104 AND 
#107 (applied filter: Title)

Unit (ICU) or general ward due to an acute medical condition; and that 
(c) used any type of physical activity intervention(s). The control arm 
of the studies could receive (d) their usual care and/or another type of 
physical activity. Studies also had to report (e) the ALOS of each arm. 
We excluded studies with patients admitted to orthopedic surgery 
wards, those admitted for a knee/hip replacement, with a stroke, or 
with injuries (e.g., fractures), where physical activity is contraindicated. 
We also excluded those that combined multiple interventions and for 
which the effects of physical activity could not be isolated. 

Data extraction, coding, and handling

Four authors independently extracted data from the included 
studies, and disagreements were resolved by consensus between all 
reviewers. From each arm of the included studies, we extracted data 
on the ALOS and its standard deviation (SD). If data was not directly 
available, means and SDs from other statistics (e.g., median and 
interquartile range, standard errors or 95% confidence intervals) were 
obtained using data transformation formulas detailed in the Cochrane 
handbook for systematic reviews12 or applying Box-Cox transformation. 
We also extracted the main characteristics of the included studies (i.e., 
sample size, number of females, mean age, intervention parameters, 
and admission cause).

Table 1. Search strategy (continuation).
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The term dose used in this meta-analysis refers to accumulated 
energy expenditure, expressed as metabolic equivalents of task per 
day (METs-min/day). Guided by the validated approach by Ainsworth 
et al.13, we selected the activity and the intensity of the physical activity 
compendium13 that best matched with the protocol description of 
each study arm. Considering the total active minutes per day (i.e., if a 
study applied two-daily sessions, we doubled the session time), we then 
calculated the total dose per day of each study arm (i.e., METs-min/day) 
by multiplying the assigned dose by the total daily active time. 

All analyses were performed in R 4.0.314. We used the brms package15 
(version 2.18.0) to perform bayesian meta-analysis models; the tidybayes 
package16 (version 3.0.2) to integrate bayesian modeling into tidy data; 
the ggridges package17 (version 0.5.4) to create our density data forest 
plot; and the ggplot2 package18 (version 3.3.6) for data plotting and 
visualization. The code and data required to reproduce the results 
presented in this manuscript are available through public repository 
access (link: http://github.com/dangalgom). 

Data synthesis

We fitted bayesian generalized linear multilevel models19 (i.e., 
clustering data points within studies) to meta-analyze the effects 
of overall physical activity intervention (i.e., not adjusted by any 
parameter) vs. usual care on the ALOS. Predicted responses were 
reported as ALOS (i.e., days), between-study heterogeneity was 
reported on SD units (τ), and 95% credible intervals (CrI) were used 
to assess the certainty of our estimates20. We used vague priors due 
to the lack of meta-analytic evidence. We used a bayesian forest plot 
to illustrate the expected posterior distributions for each arm of each 
study. Next, we conducted Bayesian mixed multilevel meta-analyses 
adjusting the predicted ALOS by physical activity dose (i.e., METs-min/
day) to determine the dose-response relationship between dose and 
ALOS. Based on model fit parameters (i.e., residual deviance, number 
of parameters, and deviance information criterion [DIC]) and the 
biological plausibility of the estimates21 (Table 2), we used linear and 
restricted cubic spline (i.e., using three knots located considering 
Harrel recommendations22) functions to model the influence of our 
exposure of interest (i.e., dose)23. Finally, we transformed physical 

activity dose estimates into minutes per day of three of the most 
feasible activities that older adults could perform in hospital settings 
(i.e., very slow-paced walking, brisk walking, and stair-climbing) using 
the compendium of physical activities equivalents13.

Risk of bias assessment, sensitivity analysis, and 
certainty of the evidence

Two reviewers independently assessed the risk of bias of the 
included trials using the revised version of the Cochrane risk-of-bias 
assessment tool (RoB 2)24,25. In this review, we were interested in 
quantifying the effect of assignment to the interventions at baseline 
(i.e., the ‘intention-to-treat’ effect) to potentially recommend a specific 
intervention based on physical activity in a particular health system 
(i.e., hospital settings). The analyses for each of the included trials and 
the summary risk-of-bias plot were also reported. Disagreements were 
resolved by discussion between the authors. 

As sensitivity analyses for primary models, we fitted the dose-
response relationship between dose and ALOS using the model with 
the second-best model fit to contrast posterior estimates.

The grading of recommendations assessment, development, and 
evaluation (GRADE)26 was used to assess the certainty of the existing 
evidence for the relationship between physical activity and ALOS in 
hospitalized older adults. Two authors made this judgement using the 
results above, and disagreements were resolved by consensus between 
the authors. 

Deviations from the protocol

We implemented an evidence-informed deviation from the 
protocol (PROSPERO CRD42021271999): the outcome reported in 
this review was initially included in a previous meta-analysis project; 
however, there was no sufficient available evidence to provide useful 
information about the effectiveness of physical activity on the length of 
stay of these patients. Updating the searches, we found that there was 
a more consistent body of evidence that may support the effectiveness 
of physical activities in the hospital setting. Thus, we derived this work 
from the initial protocol.

Model Between-study SD  
(95% CrI)

Residual deviance  
(28 data points)

Number of parameters DIC

Fixed-effects NA 40.58 23.60 89.91

Random-effects 3.90 (2.55 to 5.90) 31.79 22.30 79.73

Random-effects (adjusted by physical 
activity dose as linear predictor)

3.86 (2.58 to 5.82) 30.61 23.40 85.80

Random-effects (adjusted by physical 
activity dose as spline predictor)

3.85 (2.54 to 5.91) 32.30 24.80 84.74

Random-effects (adjusted by physical 
activity dose and active minutes per 
day as linear predictors)

3.89 (2.53 to 5.85) 41.02 24.60 89.56

Table 2. Models’ comparison.

SD: Standard deviation; 95% CrI: 95% Credible interval; DIC: Deviance Information Criterion.

http://github.com/dangalgom
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Results

Overall, 1,773 records were identified through the initial electronic 
searches. After removing duplicates, 926 records were screened for title 
and abstracts, and 108 full-text articles were screened for eligibility. In 
total, 14 studies27-40 involving 2,874 participants (28 data points) were 
included in the meta-analysis. The full screening and selection process 
is shown in Figure 1.

Characteristics of included studies

The characteristics of the included trials are detailed in the Table 3. 
The year of publication ranged from 2000 to 2022.  Review sample was 
represented by 1,353 females (53.23%). The median age of the sample 
was 78 (range = 55 to 88). The reported median LOS was 8 days (range 
= 3.6 to 18 days). Across all arms that assigned an exercise intervention, 
the median accumulation of active minutes per day was 40 min/day 
(range = 20 to 90 min/day), and the median applied physical activity 
dose was 180 METs-min/day (i.e., equivalent to ~42 min of brisk walking 
accumulated in a day) in a range from 78 to 245 METs-min/day.

Meta-analysis

Overall physical activity did not present a meaningful reduction in 
the ALOS of acute hospitalized older adults (ALOS = 9.02 days; 95% CrI 
6.76 to 11.04) compared with usual care (ALOS = 9.19 days; 95% CrI 6.93 
to 11.19). We found high between-study heterogeneity (τ = 3.90; 95% CrI 
2.55 to 5.90). Posterior distributions of the ALOS are plotted in Figure 2. 

Dose-response relationship

We fitted a near-linear dose-response relationship between physical 
activity and ALOS (Figure 3). The minimal effective dose associated 
with a 1-day in-hospital reduction was 146 METs-min/day (ALOS = 
9.62 days; 95% CrI 8.88 to 10.43) compared with being inactive (ALOS 
= 10.62; 95% CrI 8.03 to 13.74). The conversion of this physical activity 
dose corresponds to 58.40 minutes of very slow-paced walking [2.5 
METs-min/day], 41.71 minutes of brisk walking [3.5 METs-min/day], 
and 17.59 minutes of stair-climbing [8.3 METs-min/day]. No maximal 
effective threshold was detected within the range of doses explored 
in the included studies. 

Risk of bias assessment, sensitivity analysis, and 
certainty of the evidence

The Cochrane RoB 2 assessed two studies30,38 as high risk of bias, 
seven29,31,33,37,39,40 with some concerns, and five27,28,32,34,35 as low risk of bias 
(Table 4 and Figure 4). The most problematic domain was the deviations 
of the intended intervention. 

Sensitivity analysis based on the model with the second-best fit 
(i.e., spline model) showed a similar dose-response relationship (Figure 
5), however, with an increasing uncertainty past 100 METs-min/day due 
to the additional complexity of the dose-response function. This model 
assumed a non-linear dose-response relationship, which indicates no 
extra benefits accumulating very high doses of physical activity.

Using GRADE, there was moderate certainty evidence for this dose-
response relationship due to inconsistency between point estimates 
and credible intervals, and a small number of studies evaluating the 
effectiveness of physical activity in more severe patients. 

Discussion

Main findings

This systematic review with meta-analysis aimed to investigate 
(a) the differences in the ALOS between older adults who were active 
during hospitalization and those who were not, and (b) the dose-
response relationship between the physical activity dose and ALOS of 
this population. Like previous meta-analyses6,8, overall physical activity 
(i.e., without considering any characteristic of the intervention) did not 
show a clear benefit over the ALOS in older adults. However, we fitted 
a dose-response relationship between physical activity and ALOS and 
found that increasing doses were associated with fewer days in hospital. 
Importantly, we found no evidence of minimal or maximal effectiveness 
thresholds in this association: that is, some was better than none, and 
more was better than less. We defined a clinically meaningful effect as 

Figure 1. PRISMA flow diagram.
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Study Patients Average 
age 

Sample 
characteristics

Protocol 
parametersa

Intervention 
parameters

Control 
parameters

Physical 
activity doseb

ALOS 
differencec

Borges, 201431 29 85.4 Sex: Females
BMI: 24
Ward: General
Condition: NR

Session duration: 30
Frequency: 10
Total duration: 1

Mobility 
dynamic work 

Usual care 245 -1.6 days

Braun et al., 201935 35 80.9 Sex: Females
BMI: NR
Ward: General
Condition: 1

Session duration: 30
Frequency: 4-5
Total duration: 3

Strength, 
balance-
endurance 
and walking 
exercises

Usual care 78.90 -0.2 days

Brown et al., 201632 100 73.9 Sex: Males
BMI: NR
Ward: General
Condition: 2

Session duration: 20 
Frequency: 14
Total duration: 1

Ambulation 
exercises

Usual care 86 -1 day

de Morton et al., 
200729

236 79 Sex: Females
BMI: NR
Ward: General
Condition: 2

Session duration: 25
Frequency: 10
Total duration: 1

Strength and 
bedridden 
exercises 

Usual care 125.83 -1 day

Hu et al., 202037 114 77 Sex: Males
BMI: NR
Ward: General
Condition: 5

Session duration: 30
Frequency: 7 
Total duration: 1

Ambulation 
exercises 

Usual care 129 -0.3 days

Jones et al., 200628 160 82.4 Sex: Females
BMI: NR
Ward: General
Condition: 3

Session duration: 30 
Frequency: 14
Total duration: 2

Strength 
and mobility 
exercises

Usual care 115.50 0 days

Kitzman et al., 
202139

349 72.7 Sex: Males
BMI: 33
Ward: General
Condition: 4

Session duration: 60 
Frequency: 3
Total duration: 12

Strength, 
balance, 
endurance, 
and mobility 
exercises

Usual care 234 -1 days

Martínez-Velilla et 
al., 201936

370 87.3 Sex: Females
BMI: 27
Ward: ICU
Condition: 4

Session duration: 20
Frequency: 12
Total duration: 1

Strength, 
balance and 
walking 
exercises

Usual care 67.50 0 days

Martínez-Velilla et 
al., 202240

200 86.2 Sex: Males
BMI: 26.6
Ward: General
Condition: 4

Session duration: 20 
Frequency: 12
Total duration: 1

Strength, 
balance and 
walking 
exercises

Usual care 74 0 days

Morris et al., 200830 330 55 Sex: Males
BMI: 28.4
Ward: ICU
Condition: 2

Session duration: 30 
Frequency: 21
Total duration: 1

Ambulation 
exercises

Usual care 75 -2.3 days

Ortiz-Alonso et al., 
202038

268 88 Sex: Females
BMI: 26
Ward: ICU
Condition: 1

Session duration: 20 
Frequency: 5
Total duration: 1

Ambulation 
exercises

Usual care 78 -1 day

Raymond, 201733 468 84 Sex: Females
BMI: NR
Ward: General
Condition: 1

Session duration: 52 
Frequency: 3
Total duration: 3

High-intensity 
functional 
exercise

Usual care 260 +0.1 days

Siebens et al., 
200027

300 78.3 Sex: Females
BMI: NR
Ward: General
Condition: 6

Session duration: 30 
Frequency: 20
Total duration: 2

Strength, 
flexibility 
and walking 
exercises

Usual care 53 +1.5 days

Torres-Sánchez et 
al., 201634

58 75.3 Sex: Males
BMI: 30
Ward: General
Condition: 2

Session duration: 20 
Frequency: 10
Total duration: 1

Endurance 
and balance 
exercises

Usual care 70 +2.05 days

Table 3. Characteristics of included studies.

NR: Not Reported; 1: Musculoeskeletal condition; 2: Respiratory condition; 3: Mental condition; 4: Cardiometabolic condition; 5: Infection; 6: Others.  
aProtocol parameters: the session duration is presented in minutes, the frequency in sessions per week, and the total duration of the intervention in weeks. bPhysical activity dose is expressed 
as METs-min/day. cAverage length of stay difference between intervention and comparator.
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one that shorten the ALOS by one day. To achieve this effect, patients 
need 146 METs-min/day: either 60 minutes per day of very-slow paced, 
40 minutes of brisk walking, or 20 minutes climbing stairs. These are 
activities that most hospitalized older adults are capable of doing. 
Should these observations be confirmed in future trials, our findings may 
provide clinically relevant, readily applicable knowledge to implement 
physical activity-based interventions in order to reduce the ALOS of 
hospitalized older adults41,42.

Study ID Experimental Comparator Weight Random 
process

Deviations 
from intended 
interventions

Missing 
outcome 
data

Measurement 
of the 
outcome

Selection of 
the reported 
results

Overall Bias

Borges, 201431 Physical activity Usual care 29 Low Some concerns Low Low Low Some 
concerns

Braun, 201935 Physical activity Usual care 35 Low Low Low Low Low Low

Brown, 201632 Physical activity Usual care 100 Low Low Low Low Low Low

de Morton, 
200729

Physical activity Usual care 232 Low Some concerns Low Low Some 
concerns

Some 
concerns

Hu, 202037 Physical activity Usual care 114 Low Some concerns Low Low Low Some 
concerns

Jones, 200628 Physical activity Usual care 160 Low Some concerns Low Low Low Low

Kitzman, 202139 Physical activity Usual care 350 Low Some concerns Low Low Some 
concerns

Some 
concerns

Martínez-Velilla, 
201936

Physical activity Usual care 370 Low Some concerns Low Low Low Some 
concerns

Martínez-Velilla, 
202240

Physical activity Usual care 200 Low Some concerns Low Low Some 
concerns

Some 
concerns

Morris, 200830 Physical activity Usual care 330 Low High Low Low Low High

Ortiz-Alonso, 
202038

Physical activity Usual care 268 Low High Low Low Low High

Raymond, 201733 Physical activity Usual care 300 Low Low Low Low Low Low

Siebens, 200027 Physical activity Usual care 58 Low Low Low Low Low Low

Torres-Sanchez, 
201634

Physical activity Usual care 468 Low Low Low Low Low Low

Table 4. Characteristics of included studies.

Figure 3. Dose-response relationship between physical activity 
dose and average hospital length of stay.
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Strengths and limitations

Our study has several key strengths. We were able to estimate and 
model physical activity doses from the different studies included in 
this meta-analysis as energy expenditure (METs-min/day), an objective 
measurement which facilitates the application of such strategies in 
clinical practice8. Second, we applied state-of-the-art meta-analytical 
techniques for pooling data from different randomized controlled trials 
to investigate the dose-response relationship between physical activity 
dose and ALOS, which has never been explored before. This novel 

Figure 2. Density forest plot showing the posterior distributions 
of average length of stay estimates.
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method allowed us to predict the dose of physical activity associated 
with a reduction of the ALOS in one day, hence bringing important 
clinical implications of our results. Third, the body of evidence generated 
was classified as moderate, with a sample size of hospitalized older adults 
that exceeds the optimal information size criterion, and thus, providing 
adequate statistical power for the study aims.

This study has also limitations. First, GRADE analysis presented 
inconsistency due to differences in population characteristics and the 
relatively small number of available studies overall. Particularly critical 
is the low number of studies and patients admitted to ICU wards in 
our review, and for whom, given the high interpersonal and treatment 
variability, it was not possible to estimate the effects of physical activity 
parameters on ALOS. Second, studies considered in our review included 
only participants who had the minimum capacity to move on their 
own and hence do not generalize to populations we excluded (e.g., 
orthopedic patients, those with strokes). Lastly, although we included all 
available data points with a considerable sample size, more data points 
would have been required to confirm our meta-analytic predictions, 
especially for studies with low risk of bias.   

Comparison with existing evidence

Four prior systematic reviews have suggested the absence of 
a significant relationship between physical activity and ALOS in 
hospitalized older adults6,8,42,43. However, it is likely that the apparent 
lack of effect of physical activity interventions on ALOS in hospitalized 
older adults may be jeopardized by heterogeneity in participant and 
intervention characteristics (e.g., baseline level of physical functioning, 
condition severity at admission, dose of exercise prescription)8,42. 
Although not directly comparable, two prior Cochrane reviews showed 
that patients may be discharged from hospitals up to one day earlier with 
special care programs that included physical activity8,42. However, both 
reviews included five or fewer trials on the effects of physical activity on 
ALOS, which is considered insufficient to draw reliable conclusions. In 

contrast, our review revealed the importance of physical activity dose 
(i.e., METs-min/day) to shorten the ALOS in hospitalized older adults 
using data from 14 studies. 

Clinical implications and future research

For the first time, this meta-analysis yielded moderate-quality evidence 
suggesting the integration of physical activity interventions into routine 
clinical care to potentially shorten the ALOS in hospitalized older adults8. 
We defined a clinically meaningful effect as one that shorten the ALOS by 
one day. Based on data from the Healthcare Cost & Utilization Project44, 
this time reduction could lead to a saving of approximately US$ 2.5 billion 
annually (i.e., 8,844,000 hospitalizations per year in the US due to a medical 
condition, an average cost of US$ 1,479.2 per patient due to an appropriate 
hospitalization45, and an average stay of 5.15 days). Based on our fitted 

Figure 4. Summary risk of bias plot generated by the Cochrane Risk of Bias Tool spreadsheet.
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Figure 5. Sensitivity analysis modeling the dose-response rela-
tionship between dose and ALOS using a cubic spline function.

Pr
ed

ic
te

d 
m

ea
n 

le
ng

th
 o

f s
ta

y 
(d

ay
s)

Dose (METs-min/day)

18

16

14

12

10

8

6

4

2

0
0 20010050 250150

Level 

0.95
0.8
0.5



Daniel Gallardo-Gómez, et al.

28 Arch Med Deporte 2026;43(1):18-29

dose-response relationship, to achieve this 1-day reduction in the length 
of stay, patients need to accumulate 146 METs-min/day, corresponding 
to approximately 60 min/day of very-slow paced walking, 40 min/day of 
brisk walking, or 20 min/day of climbing stairs. These activities suit most 
older adults admitted to hospital and could be integrated into daily-living 
routines of care (i.e., bathing, dressing, and moving into and out of bed) 
to maximize their benefits7. Nonetheless, more capable older adults may 
progress to ~70 min/day of brisk walking or ~30 min/day of climbing stairs 
in order to potentially further shorten their ALOS (converting the greatest 
predicted dose [250 METs-min/day] to minutes per day). Increasing in-
hospital physical activity may trigger social cues for early discharge and may 
also enhance the physical and cognitive function of older adults admitted 
to hospital, ultimately shortening the ALOS for this population group.

Nevertheless, the low number of studies prevent us to infer 
definitive conclusions on the exact role of physical activity on the ALOS 
of hospitalized older adults. Future trials are required to confirm the 
dose response found in our meta-analysis. Future investigations should 
also turn their attention to a more consistent and uniform reporting of 
possible effect modifiers including the baseline level of functional ability 
and condition severity of participants in the study, and intervention 
adherence11 to better understand the latent mechanisms of efficacy 
of in-hospital physical activity interventions46. 

Conclusions

This meta-analysis provides novel information on the expected 
dose-response relationship between physical activity dose and 
the average length of stay of hospitalized older adults. Should our 
observations be confirmed in future trials, feasible targets including 
60 minutes per day of very slow-paced walking, 40 minutes per day of 
brisk walking, or 20 minutes per day of stair climbing may result in 1-day 
reduction in length of hospital stay in older adults, which would lead 
to billionaire savings for healthcare systems. Our findings highlight the 
importance of being as active as your conditions allow. 
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