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regarding the effects of resistance exercise and hos-

pital usual care. The Cochrane Collaboration assess-
ment tool was used to analyze the risk of bias. The 
comparisons included muscular strength (isomet-
ric handgrip strength and one-repetition maximum 
test of leg press), muscular power (output during 
leg press exercise), and functional capacity (timed-
up-and-go, and short physical performance battery). 
Resistance exercise intervention increased mus-
cular strength (isometric handgrip strength: mean 
difference = 2.50  kg, 95% confidence interval (CI) 
= 1.33, 3.67; and one-repetition maximum test of 
leg press: mean difference = 19.28  kg, 95% confi-
dence interval = 14.70, 23.86) and muscular power 
(mean difference = 29.52  W, 95% confidence inter-
val = 28.84, 30.21), and functional capacity (timed-
up-and-go: mean difference = 3.40 s, 95% confidence 
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Abstract To date, no meta-analytical study evalu-
ating the benefits of resistance exercise interven-
tion on muscular strength and power and functional 
capacity in acute hospitalized older adults was con-
ducted. Then, to synthesize the emerging evidence 
on the effects of resistance exercise intervention on 
muscular strength and power and functional capac-
ity in acute hospitalized older adults, two independ-
ent authors performed a systematic search (PubMed, 
Scopus, Web of Science, and SciELO) until Janu-
ary 2021. Randomized clinical trials were included 
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interval = 0.47, 6.36; and short physical performance 
battery: mean difference = 1.29 points, 95% confi-
dence interval = 0.10, 2.48) at discharge compared 
with hospital usual care. This meta-analysis endorses 
the increase of muscular strength and power gains 
and improving the functional capacity in favor of 
resistance exercise intervention in acute hospitalized 
older adults.
Trial Registration https:// www. crd. york. ac. uk/ prosp 
ero/ displ ay_ record. php? ID= CRD42 02020 3658

Keywords Aging · Inflammation · Older adults · 
Physical performance · Strength training

Introduction

One in four adults will be aged over 65 years by 2050 
[1]. Considering that cumulative effects during the 
aging process are associated with decreases in muscu-
lar strength and power, functional capacity, and mus-
cle mass [2], older people become more vulnerable 
to the risk of injuries, falls, fractures, infections, and 
numerous complications related to chronic diseases 
[3, 24, 40], leading to an increase in hospitalization 
[4]. Although hospitalization may be a crucial life-
saving strategy, the length of time a patient is bedrid-
den can increase the risk of infection [3, 8] and mus-
cle disuse-induced atrophy [6].

Many acute hospitalized older adults present 
lower physical activity levels [7, 8], rapid muscular 
strength, and power declines [9, 10], which are key 
elements to perform basic activities of daily living 
such as walking, balance, and standing from a seated 
position [6, 11, 12]. According to this approach, the 
development of strategies aiming to prevent muscular 
strength and power decreases, hospitalized-associated 
disability in older adults should be primary focus in 
the field of health care [6, 11]. Among strategies to 
provoke changes in the muscular strength and power, 
and functional capacity in acute hospitalized older 
adults, resistance exercise (RE) appears to be an 
attractive alternative when compared to hospital usual 
care [13–15].

In this regard, recent studies have supported the 
effectiveness of RE intervention as a safe alterna-
tive strategy to change functional capacity during 
hospitalization in older adults [13, 15–18, 37, 38]. 
For instance, individualized and multicomponent 

(structured) RE intervention performed during a 
short-time (5–7  days consecutively) promotes sig-
nificant changes in functional capacity by mitigate 
the muscular strength and power decline over hospi-
tal usual care in older patients [13, 15–18]. Although 
qualitative synthesis has demonstrated benefits in 
favor of RE intervention compared with hospital 
usual care, to date, no meta-analytical study evaluat-
ing the changes of RE intervention over hospital usual 
care on muscular strength and power (stronger pre-
dictors of functional limitations), as well functional 
capacity (e.g., walking, balance, and standing from 
a seated position) in acute hospitalized older adults 
was conducted [14]. Therefore, this systematic review 
and meta-analysis aimed to evaluate the changes pro-
voked by structured RE intervention (randomized 
clinical trials) on muscular strength and power and 
functional capacity (including direct measurements to 
assess balance, walking, and agility) when compared 
to usual care in acute hospitalized older adults.

Methods

Data sources and searches approach

This systematic review was performed following Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [19] registered 
on the International Prospective Register of System-
atic Reviews (PROSPERO 2020 CRD42020203658). 
English language articles by title and abstract were 
retrieved from the earliest record up to January 2021 
on PubMed/MEDLINE, Scopus, Web of Science, 
and SciELO by two independent authors (MASC 
and ALS). The search strategy combined the follow-
ing terms: (“Aged” OR “Older people” OR “Older 
adults” OR “Older hospitalized”) AND (“Hospitali-
zation” OR “Hospital-based” OR “Hospital admis-
sion”) AND (“Exercise therapy” OR “Physical exer-
cise” OR “Exercise program” OR “Exercise” OR 
“Physical activity” OR “Training”) AND (“Mus-
cle mass” OR “Muscular strength” OR “Muscle 
strength” OR “Muscle power” OR “Physical func-
tion” OR “Functional capacity” OR “Functional 
performance” OR “Physical performance” OR “Bal-
ance” OR “Mobility” OR “Gait speed”). However, we 
did not find randomized clinical trials involving mus-
cle mass assessment using direct measurements (e.g., 
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magnetic resonance imaging, ultrasound, dual-energy 
X-ray absorptiometry), RE intervention, and acute 
hospitalized older adults. In addition, gray literature 
(e.g., abstracts, conference papers, and editorials) was 
excluded. In case of disagreements, a third reviewer 
evaluated the article (CMCF).

Study selection

Two independent authors (MASC and ALS) per-
formed the systematic search and completed the 
study selection. The eligibility criteria were deter-
mined according to PICOS (population, interven-
tion, comparators, outcome, and study design). 
Randomized clinical trials (RCT) in hospitalized 
older people (defined as age ≥ 65  years) [42] were 
examined, comparing RE intervention with hospi-
tal usual care and reporting muscular strength and/
or power and functional capacity (balance, mobility, 
or gait speed). Hospital usual care was character-
ized by daily medical assessment, standard medical 
and pharmacological care therapy (including antibi-
otic, systemic steroids, inhaled bronchodilators, and 
oxygen), and full-time nursing assistance [37, 38]. 
Noteworthy, the geriatricians may orientated to the 
patient to perform standard physical rehabilitation 
(mainly focused on walking exercises) for mitigate 
functional capacity declines [13, 15–18]. However, 
hospitalized older adults with usual care spend most 
time in bed, even the individual can walk without the 
help of a nurse (walk approximately 600 steps per 
day (only 12 min daily walking)] [34, 35]. Initially, 
the publications were first retrieved and preliminary 
screened by title and abstract. After exclusion of 
duplicate publications, the identified articles were 
included in the review if they matched the follow-
ing criteria: (a) RCT study; (b) hospitalized older 
adults undergoing acute medical illness; (c) struc-
tured RE intervention (exercises performed against 
resistance) performed in the hospital compared to 
hospital usual care; (d) measurements of isometric 
handgrip strength (HGS) and/or one-repetition max-
imum test (1RM test), timed-up-and-go test (TUG), 
Short Physical Performance Battery (SPPB), includ-
ing sit-to-stand test (muscular power), balance and 
gait speed. Then, studies were excluded following 
exclusion criteria: (1) patients with chronic res-
piratory, circulatory, infectious, renal, urological, 

neurological, gastrointestinal, and musculoskeletal 
disorders—also cancer and HIV patients undergo-
ing treatment; (2) intervention using the vibrating 
platform, Tai Chi Chuan, dance, exergames, and 
physical activities as exercise; (3) use of nutritional 
supplementation during hospitalization; (4) absence 
of information on the evaluations of the studied out-
comes. The agreement between MASC and ALS 
was kappa = 0.89, P < 0.001. Eventual disagree-
ments were discussed with a third author (CMCF).

Data extraction and quality assessments

The quality of included studies was performed using 
the “risk of bias” assessment tool of the Cochrane 
Collaboration. The quality of selection bias, perfor-
mance bias, detection bias, attrition bias, reporting 
bias, and other bias were classified as high (“ + ”), 
low (“- “), or unclear (“?”) risk of bias [20]. Qual-
ity assessments of both reviewers were compared, 
and disagreements in the scores were resolved by 
discussion. Two authors (MASC and ALS) indepen-
dently extracted the following data from each study 
for analysis: author/year, number of participants 
within each group, baseline participants’ characteris-
tics, intervention details, pre- and post-data from all 
outcomes. In circumstances when standard deviations 
were not available, these values were calculated using 
traditional statistical methods, assuming a correlation 
of 0.50 between the baseline and post-intervention 
scores within each subject [21]. Similarly, when stud-
ies reported standard error, the values were converted 
to standard deviation (SD). Hozo’s equations [22] 
were used to estimate mean and SD in the investiga-
tions with non-parametric data reporting median and 
range.

Data syntheses and analyses

Meta-analysis was conducted using Review 
Manager Software (RevMan software package 
version 5.4). RevMan was used to calculate the 
effect size of RE intervention on isometric HGS, 
1RM leg press, and SPPB in hospitalized older 
people. The variation (pre-minus post-interven-
tion) from all included studies was used to cal-
culate the mean difference and 95% confidence 
interval (CI) and these were conducted using 
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the DerSimonian-Laird random-effects inverse 
variance model all outcomes [39, 40]. Weighted 
percentages were based on the sample sizes of 
respective studies. Statistical significance was 
assumed as P < 0.05 in a Z test analysis to exam-
ine whether effect size was significantly differ-
ent from zero. Study heterogeneity was evaluated 
using the I2 statistic, and Cochrane’s Q. Values 
of I2 higher than 50 and 75% were considered 
moderate and high heterogeneity. For Cochrane’s 
Q, significant heterogeneity exists when the Q 
value exceeds the degrees of freedom (df) of the 
estimate. Moreover, publication bias was tested 
visually using a funnel plot. Effect sizes were 
calculated, and values of 0.00–0.19 were con-
sidered trivial, 0.20–0.49 as small, 0.50–0.79 as 
moderate, and > 0.80 as large. Sensitivity analy-
ses were performed by excluding one trial at 
a time according to the risk of bias to test the 
robustness of the pooled results. Forest plots 
were generated to illustrate the between study-
level effect sizes along with a 95% CI [41].

Results

The selection processes retrieved 3090 full-text as 
documented in the PRISMA flow diagram (Fig.  1). 
After excluding abstracts, conference papers, editori-
als, and duplicated reviews and meta-analysis stud-
ies, 1483 studies were then assessed according to 
PICOS eligibility criteria. Afterward, 1476 studies 
were excluded for not presenting the inclusion crite-
ria (e.g., no structured RE intervention, use of protein 
supplementation during hospitalization, absence of 
dependent variables of interest). Therefore, a total of 
7 RCT’s were included in the qualitative synthesis for 
meta-analysis [i.e., muscular strength measure by iso-
metric HGS and (or) 1RM leg press, muscular power 
measure by leg-peak power, and functional capacity 
measure by TUG], whereas a total of 4 studies were 
included in the quantitative synthesis (i.e., functional 
capacity measure by SPPB scale). Moreover, all stud-
ies included in both qualitative and quantitative syn-
theses present a low risk of bias (Fig. 2).

Records identified from:

Web of Science (n = 1007)

Scopus (n = 1393)

PubMed (n = 669)

Scielo (n = 4)

Records removed before screening:

Duplicate records removed 

(n = 1610)

Records marked as ineligible by 

automation tools (n = 0)

Records removed for other 

reasons (n = 0)

Records screened

(n = 1610)

Records excluded

(n = 127)

Reports sought for retrieval

(n = 0)
Reports not retrieved

(n = 0)

Reports assessed for eligibility

(n = 1483) Reports excluded:

Not presenting the inclusion 

criteria (n = 1476)

Records identified from:

Websites (n = 0)

Organisations (n = 0)

Citation searching (n = 17)

etc.

Reports assessed for eligibility

(n = 17)

Reports excluded (n = 17)

New studies included in review

(n = 7)

Reports of new included studies

(n = 0)

Identification of new studies via databases and registers Identification of new studies via other methods

noitacifitnedI
gnineercS

dedulcnI

Total studies included in review

(n = 7)

Reports of total included studies

(n = 7)

Studies included in 

previous version of 

review (n = 0)

Reports of studies 

included in previous 

version of review (n = 0)

Previous studies

Reports sought for retrieval

(n = 17)
Reports not retrieved

(n = 0)

Fig. 1  PRISMA flow diagram of the study selection process
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Participants’ characteristics

The participants’ characteristics included in the sys-
tematic review and meta-analysis are presented in 
Table  1. Two thousand four hundred ninety-eight 
patients with a range between 65 to 102 years (male 
and female) were hospitalized for acute medical ill-
ness. Most studies included acute hospitalized older 
adults for different medical conditions (e.g., fall, 
respiratory, circulatory, infectious, renal, urological, 
neurological, gastrointestinal, and musculoskeletal 
conditions). Moreover, all participants presented low 
functional capacity [according to score obtained by 
SPPB scale and (or) Barthel Index scores, and another 
physical performance tests]. However, there were no 
adverse effects (i.e., signs or symptoms) reported by 
participants during the trials, and no patient had to 
interrupt the intervention. Finally, the average length 
of stay was between 5 and 12 days (median = 8).

Intervention characteristics

Three RCTs were performed with RE progressive 
intervention using specific equipment (i.e., machine, 
external load, or cycle ergometer) and four RCTs 
were composed by body weight RE intervention 
(Table  1). On average, RE intervention were per-
formed during 20–40  min per session and 5–7  days 
consecutively per week. Additionally, in five RCTs, 
the RE intervention were performed more than once 
per day (up to two times per day).

Muscular strength and power

Three RCTs assessed endpoint-related muscular 
strength using isometric HGS or 1-RM leg press 

(Table  2). Regarding muscular strength, RE inter-
vention increased HGS [mean difference = 2.50  kg, 
95% CI (1.33, 3.67), heterogeneity: not applicable, 
I2 = 78%, P = 0.029] and 1RM leg press [mean dif-
ference = 19.28  kg (14.70, 23.86), heterogeneity: 
P = 0.005, I2 = 87%, P < 0.001)]. Two RCTs assessed 
endpoint-related muscular power by output during 
leg press exercise at lower-load intensity (Table  2). 
Hence, RE intervention increased muscular power 
[mean difference = 29.52 W (28.84, 30.21), heteroge-
neity: P = 0.54, I2 = 0%, P < 0.001)].

Functional capacity

Six RCTs assessed endpoint-related functional capac-
ity by TUG (Table 2) and SPPB scale (Fig. 3). Over-
all, the RE intervention improves TUG [mean dif-
ference = 3.40  s,  95%CI (0.47, 6.36), heterogeneity: 
P < 0.001, I2 = 93%, P = 0.0200] (Table 2) and SPPB 
scale [mean difference = 1.29 points,  95%CI (0.10, 
2.48), heterogeneity: P < 0.0001, I2 = 94%, P < 0.001] 
(Fig. 3).

Discussion

To date, and the best of our knowledge, this study 
is the first summarized meta-analytical evidence 
supporting the effectiveness of RE intervention on 
muscular strength and power, and functional capac-
ity in acute hospitalized older adults. Overall, these 
findings may be explained, at least in part, by the 
daily frequency of RE intervention. Most studies 
(5/7 RCTs) reported that hospitalized patients had 
exercised twice a day (morning and evening) since 
the RE frequency of the stimulus appears to provide 

Fig. 2  Risk of bias sum-
mary
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cumulative benefits in acute hospitalized older 
people. On the other hand, none participants have 
related signs or symptoms of adverse effects dur-
ing the intervention. In addition, no patient dropout 
during the intervention, indicating high compliance. 
Therefore, this meta-analysis highlights the impor-
tance of including RE intervention for acute hospi-
talized older adults as primary focus in the field of 
health care to improve muscular strength and power 
and functional capacity (Fig. 4).

The decline in muscular strength with advanc-
ing age is widely recognized as an essential factor 
contributing to a longer length of stay in hospi-
tal and earlier death [23, 24]. Thus, intervention 
strategies to improve the muscular strength of 
acute hospitalized older people are required [14]. 
In the current study, RE intervention shows iso-
metric HGS and 1RM leg press increase over hos-
pital usual care in acute hospitalized older adults. 
In this regard, our result is important because hos-
pitalization condition in older adults is associated 
with functional decline [10, 11]. Also, hospitaliza-
tion-associated disability is related to impairments 
on general health in older adults [6, 8]. Therefore, 
our findings indicate that RE might be an effec-
tive intervention strategy to obtain improvements 
in muscular strength (at upper and lower limbs), 
and consequently attenuating and (or) preventing 
the loss of muscular strength in acute hospitalized 
older adults (Fig. 4) [25–27].

The muscular power has been demonstrated to 
be a fundamental element to perform basic activi-
ties of daily living such as walking, balance, and 
standing from a seated position [6, 11, 12]. Hence, 
a structured exercise program applied during acute 
hospitalization might prevent muscular power 
declines in older adults. Our study demonstrated 
that RE intervention appears to be effective and 
safe compared to hospital usual care in improving 
muscular power by output during leg press exercise 
at the lower-load intensity in acute hospitalized 
older adults. Our findings have important clinical 
implications because muscular power declines at 
an earlier and faster rate during aging than mus-
cular strength [23, 28]. Indeed, muscular power 
has been more strongly associated with a decline 
in functional capacity than muscular strength in 
older adults [29, 30]. Moreover, the muscular 
power output plays an important mediator role on Ta
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functional capacity endpoints in acute hospitalized 
older adults [31]. Thus, the RE intervention pre-
sents potential therapeutic and functionally effects 
on improvement muscular power in acute hospital-
ized older adults (Fig. 4).

Effective strategies which improve functional 
capacity or delay further declines in acute hospital-
ized older adults by healthy lifestyle practices fea-
turing regular exercise are needed [32]. In the cur-
rent meta-analysis, only RE improved SPPB scale 
and TUG (strong predictors of functional capacity 
and fragility) in acute hospitalization older adults. 
According to this approach, RE intervention is the 
most robust overall evidence regarding functional 
capacity-preserving effects with aging, especially in 
acute hospitalization in older adults [14]. Our find-
ings support that decline in functional capacity may 
be mitigated by RE in this population. Therefore, 
evidence endorses the RE prescription to promote 
health span extension and should be considered a 
frontline intervention to prevent harmful effects 

on hospitalization (e.g., infection and mortality) in 
older adults [43] (Fig. 4).

Limitations and strengths

While we are confident that RE intervention is a 
promising strategy to improve muscular strength and 
power and functional capacity during acute hospitali-
zation, some limitations of this meta-analysis must be 
presented. The aspect that should not be overlooked 
is the small number of studies included in the analy-
sis (7 RCTs). Although RE intervention has emerged 
as a strategy to improve muscle function outcomes, 
fewer studies investigated the effect of RE interven-
tion in acute hospitalized older adults. In contrast, 
most studies included in this meta-analysis presented 
a low risk of bias due to a robust methodological 
approach and individualized orientation by health 
and fitness professionals. However, there is a need to 
be cautious with general interpretation due to studies 

Table 2  Meta-analysis performed on the effects of resistance exercise intervention compared to hospital usual care on muscular 
strength and power, and functional capacity in acute hospitalized older adults

Calculation based on random-effects model. Results are expressed as mean difference and 95% confidence intervals (95% CI). k 
number of studies included in effect, I2 heterogeneity, kg kilogram, W watts, s second, isometric HGS handgrip strength, 1RM one-
repetition maximum test.
* P < 0.05 in favor RE intervention vs. favor hospital usual care treatment.

Outcomes k Mean difference (95% CI) I2 P

Isometric HGS (kg) 1 2.50 (1.33, 3.67) 78% 0.029*
1RM leg press (kg) 2 19.28 (14.70, 23.86) 87%  < 0.0001*
Leg-peak of power (W) 2 29.52 (28.84, 30.21) 0%  < 0.0001*
Time-up-and-go (s) 2 3.40 (0.47, 6.36) 93% 0.020*
Test for overall effect 7 14.31 (6.44, 22.18) 99% 0.0008*

Fig. 3  Meta-analysis performed on the effects of resistance 
exercise compared to hospital usual care on short physical 
performance battery in acute hospitalized older adults. Notes: 

Calculation based on a random-effects model. Results are 
expressed as mean difference and 95% confidence intervals 
(95% CI). k, kappa coefficient; I2, heterogeneity
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heterogeneity (moderate to high). The strong point 
in this meta-analysis is pioneering on evaluating the 
effects of RE intervention which most patients com-
pleted the intervention with high compliance. In sum-
mary, our findings suggest that RE intervention is an 
effective and safe intervention in acute hospitalized 
older adults [14, 33].

Future perspectives

Muscular strength is considered a global measure 
of overall health status. Furthermore, a causal rela-
tionship between muscular strength and functional 
decline can be argued, even when the mechanisms 
involved are unclear. Noteworthy, as vital signs, 
when sure functional signs display abnormalities, 
clinicians should be encouraged to search for subja-
cent mechanisms related to the cross-talk axis mus-
cle-adipose-brain. Future studies should consider 

investigating the role of RE intervention on muscle 
mass (pleiotropic effects), adiposity (potent regu-
lator of inflammatory response), and fast walking 
speed (a strong predictor of death risk-related) in 
acute hospitalized older adults.

Conclusion

This meta-analysis suggests that RE intervention can 
increase muscular strength and power and improving 
functional capacity in acute hospitalized older adults. 
Moreover, acute hospitalized older patients undergo-
ing RE intervention have strong protection against 
harmful effects.
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Fig. 4  Potential mechanisms involved in mitigating deleterious effect induced by resistance exercise intervention over usual care 
treatment during the acute hospitalization in older adults
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