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Abstract

IMPORTANCE Inpatient exercise interventions may prevent, at least partly, hospital-associated
disability (HAD) in older adults, but whether they also confer clinical benefits in the months following
discharge is unclear.

OBJECTIVE To examine the association of exercise and health education with HAD incidence in
hospitalized older adults receiving acute hospital care at discharge and 3 months later.

DESIGN, SETTING, AND PARTICIPANTS This single-center open-label, nonrandomized controlled
clinical trial included patients aged 75 years or older seen at an acute care for elders unit at a tertiary
public hospital in Madrid, Spain, from May 1, 2018, to June 30, 2022.

INTERVENTIONS Patients were allocated to an intervention or control group. Both groups received
usual care, but the intervention group also performed a supervised multicomponent exercise
program (daily strength, balance, and walking exercises along with inspiratory muscle training)
during hospitalization and received health education on how to exercise at home and telephone
counseling during follow-up.

MAIN OUTCOMES AND MEASURES The primary outcome was HAD incidence (determined by the
Katz Index of Independence in Activities of Daily Living [hereafter, Katz Index]) at discharge and after
3 months compared with baseline (ie, 2 weeks before admission). Secondary outcomes included
HAD incidence determined by the Barthel Index for Activities of Daily Living, ambulatory capacity
decline at discharge and follow-up, changes in physical performance at discharge, and incidence of
falls, readmissions, and mortality during the follow-up period.

RESULTS The study included 260 patients (134 women [51.5%]; mean [SD] age, 87.4 [4.9] years
[range, 75-105 years]; median hospital length of stay, 7 days [IQR, 5-10 days]), of whom 130 received
the intervention and 130 were in the control group. Differences in HAD incidence did not reach
statistical significance at discharge (odds ratio [OR], 0.62; 95% Cl, 0.37-1.05; P = .08) or follow-up
(OR, 0.65; 95% Cl, 0.36-1.17; P = .15) when using the Katz Index. A lower HAD incidence was
observed in the intervention group at discharge (OR, 0.47; 95% Cl, 0.27-0.81; P = .01) and at
follow-up (OR, 0.36; 95% Cl, 0.20-0.66; P = .001) when using the Barthel Index for Activities of Daily
Living. The intervention was also associated with a lesser decline in ambulatory capacity (OR, 0.55;
95% Cl, 0.32-0.96; P = .03) and improved physical performance at discharge (Cohen d, 0.39; 95%
Cl, 0.12-0.65; P = .004). No significant associations were observed for readmissions, falls, or
mortality.

CONCLUSIONS AND RELEVANCE In this nonrandomized controlled clinical trial, an exercise and
health education intervention was not significantly associated with reduced HAD incidence when
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Abstract (continued)

measured by the Katz Index. However, the benefits found for several secondary outcomes might
support the implementation of in-hospital exercise programs for older patients.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO3604640
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Introduction

Hospital-associated disability (HAD), commonly defined as a new loss of ability to perform 1or more
activities of daily living (ADLs) unaided following hospitalization,' affects approximately 30%?2 and
approximately 50%?> of hospitalized adults receiving acute hospital care who are aged 70 years or
older and 85 years or older, respectively. This condition is a major concern because it is associated
with a high risk of hospital readmission, institutionalization, and mortality.*>

Although loss of ADLs occurs mainly between the onset of acute illness and hospital
admission,>” several factors associated with hospitalization (eg, mobility restriction, no self-care
promotion, polypharmacy, delirium, and nosocomial infections) hinder the functional recovery of
older patients at discharge.®® A meta-analysis® reported that hospitalization in acute care for elders
(ACE) units, which are specialized in providing care for geriatric syndromes while promoting
functional independence through multidisciplinary teamwork, was associated with a reduced risk of
HAD of 13% compared with hospitalization in general medicine or surgery units, with our ACE unit
achieving a risk reduction of up to 19% in a previous study.'® However, further efforts are needed to
prevent HAD, especially when considering that its prevalence has not decreased during the past
3 decades.?"

Overall, the evidence suggests that physical exercise during hospitalization for acute care is safe
and associated with reduced risk of HAD in older adults and with an improvement or slower decline
in physical performance.™ Although interventions that focus solely on promoting mobility have

shown beneficial associations with ADL function,>'#

multicomponent exercise programs (ie,
combining different modalities, usually muscle-strengthening tasks together with aerobic or mobility
and balance training) may provide additional benefits in terms of physical and cognitive
performance.™” However, multicomponent training often relies on the use of specific equipment
(eg, weights, gym machines), which may limit its implementation in hospital settings.'® In this
context, a study by some of us previously showed that a simple exercise program in an ACE unit,
consisting only of sit-to-stands and corridor walking, reduced the incidence of HAD at discharge in
older adults (mean age, 88 years) compared with control individuals who did not receive this
intervention.’ Yet, the intervention failed to provide clinical benefits 3 months later (ie, no change
in the incidence of falls, readmission, or mortality),' suggesting that adherence to exercise after
discharge could maximize the beneficial effects of this type of intervention. In this regard,
complementing an in-hospital exercise program with health education sessions may promote
exercise adherence after discharge by improving patients' self-efficacy.2°

The main aim of this study was to assess the association of a multicomponent exercise
intervention combined with a health education program with the incidence of HAD in older patients
hospitalized in an ACE unit. Our primary hypothesis was that multicomponent exercise would be
associated with reduced HAD at discharge, while health education would be associated with an
extended benefit beyond discharge.

[5 JAMA Network Open. 2024,7(2):2355103. doi:10.1001/jamanetworkopen.2023.55103 February 8,2024 2/12

Downloaded from jamanetwork.com by guest on 09/13/2026


https://clinicaltrials.gov/study/NCT03604640
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.55103&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.55103

JAMA Network Open | Geriatrics Exercise Intervention and Hospital-Associated Disability

Methods

Study Design

We conducted a nonrandomized controlled clinical trial (NCTO360464) in compliance with the
recommendations of the Consolidated Standards of Reporting Trials (CONSORT) statement.?' The
study protocol was approved by the Comité de Etica de la Investigacion con Medicamentos del
Hospital General Universitario Gregorio Marafndn (trial protocol in Supplement 1), and all procedures
were conducted in accordance with the Declaration of Helsinki.2? All patients provided written
informed consent before enrollment. Proxy consent was obtained from a relative when the patient
was unable to provide written consent.

The study was conducted in the ACE unit of the Geriatric Department of the Gregorio Marafion
Hospital (Madrid, Spain) from May 1, 2018, to June 30, 2022. All patients admitted to the unit (aged
=75 years) during this period were screened for the following exclusion criteria: being unable to walk
(ie, =2 points in the Functional Ambulatory Classification [FAC])?* or having severe disability (ie,
=20 points on the Barthel Index for Activities of Daily Living [hereafter, Barthel Index])** at baseline
(ie, 2 weeks before admission, as assessed by retrospective interview); having unstable
cardiovascular disease or any other major medical condition contraindicating exercise, including
end-stage disease; having severe dementia (ie, =8 errors on the Pfeiffer test)?>; being unable to
communicate; having an expected length of stay of 48 hours or less; being transferred from another
hospital unit; being transferred out of the ACE unit or having a planned admission elsewhere; and
having previously participated in the study.

Eligible patients who agreed to participate were assigned to a control or intervention group in a
time-dependent manner in blocks of 4 weeks (interspersed with a 1-week cessation period in
recruitment to prevent the simultaneous presence of participants from both groups and to minimize
between-group contamination). On average, the ACE unit admitted 800 patients per year during
the study period. However, patient recruitment was temporarily interrupted during the COVID-19
pandemic (March 2020 to February 2021), and recruitment rates were also reduced during
subsequent waves and holiday periods due to staff shortages.

Intervention

Patients assigned to the control group received the usual care provided in the ACE unit, as detailed
in the eMethods in Supplement 2 and elsewhere.'® In addition to usual care, participants assigned to
the intervention performed an in-hospital, multicomponent exercise training program (combining
muscle strengthening, balance, and walking exercises as well as inspiratory muscle training) twice
daily (except weekends) that was supervised by a physiotherapist (T.Z.-L.) and a clinical exercise
physiologist. The exercise program was complemented with daily in-hospital health education
sessions and monthly telephone counseling after discharge aimed at maintaining the same exercise
routine at home for 3 months after discharge (eMethods in Supplement 2; the Video provides a
detailed description). Objectified or participant-reported adverse events were recorded by research
staff (trial protocol in Supplement 1). A detailed description of costs and full-time equivalents
assigned to the intervention is presented in the eMethods in Supplement 2.

Outcomes

Primary Outcome

We used the Katz Index of Independence in Activities of Daily Living [hereafter, Katz Index], which
scores functional independence in 6 ADLs (eating, transferring from bed to chair, walking, using the
toilet, bathing, and dressing), to assess HAD.2® Hospital-associated disability was defined as a loss of
the ability to independently perform 1or more ADLs at discharge (as determined by assessors) or at
3-month follow-up (as determined by telephone interview with patients or caregivers, as
appropriate) compared with baseline (ie, 2 weeks before admission, as assessed by retrospective
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interview with patients or caregivers). Therefore, any reduction (by =1points) in the Katz Index score
compared with baseline was considered as HAD.

Secondary Outcomes

Because the Katz Index might be relatively insensitive to variations at low levels of ADL function,?”
we also determined between-group differences in HAD incidence using the Barthel Index. The latter
broadens the range of basic ADLs beyond the Katz Index by adding grooming, ambulation, stair
climbing, and bowel and bladder control to the 6 aforementioned ADLs and provides a global score
of 0 to 100 (with O indicating the worst ADL function and 100 indicating the best ADL function).?*
Between-group differences were also assessed for reduced ambulatory capacity using the modified
FAC score, which classifies individuals in 5 different categories according to the level of assistance
needed during walking (from O points for those unable to walk to 4 points for those able to walk
independently on level ground or stairs).2 Both the Barthel Index and the modified FAC were also
determined at baseline (by retrospective interview with the patients [or caregivers, when needed]),
discharge (by assessors), and 3-month follow-up (by telephone interview). Any reduction in the
Barthel Index score (by =5 points) or the FAC score (by =1 points) compared with baseline
confirmed the presence of HAD or reduced ambulatory capacity, respectively.

We assessed the change in physical performance from admission to hospital discharge using the
Short Physical Performance Battery (SPPB)?® and the Alusti Test.?® The SPPB evaluates static
balance, gait speed, and sit-to-stand performance, providing a score of O (worst) to 12 (best),?®
whereas the Alusti Test measures a broader range of physical performance tasks in hospitalized older
individuals, with a composite score of O (worst) to 100 (best) based on 10 different items (including
joint mobility, transfer ability, stability, walking capacity, and balance).?® The Alusti Test has been
shown to be valid, reliable, and sensitive for assessing institutionalized and hospitalized older
people.?93° We used telephone interviews with patients (or caregivers, when needed) to determine
the incidence of falls, hospital readmission, and mortality during the 3-month follow-up period.
Outcome assessment involved nurses and geriatricians who were not blinded to group allocation.

Statistical Analysis

The sample size was determined based on a previous study by some of us.'® Thus, a sample size of
252 participants or more was estimated to detect an intervention effect that reduces the prevalence
of HAD at 3 months after discharge from 60% to 40% (statistical power, 80%; 2-sided type | error
rate, 5%; assuming a mortality rate of 12% and 20% of withdrawals).

Descriptive data are presented as mean (SD) or number (percentage). The primary analysis was
conducted under the intention-to-treat principle (ie, including all participants regardless of their
adherence to the intervention), following the CONSORT guideline. Between-group differences in the
incidence of HAD and decline in ambulatory capacity were determined through unadjusted binary
logistic regression. Unadjusted negative binomial regression analyses were conducted to compare
the incidence of falls and hospital readmissions during the 3-month follow-up, with Cox proportional
hazards regression used to compare mortality rates. Between-group comparisons of changes in
physical performance during hospitalization were conducted using linear mixed models, with
participants entered as random intercepts and group (intervention, control), time (admission,
discharge), and group x time interaction as fixed effects; Bonferroni corrections were applied for
post hoc analyses.

Additional ad hoc analyses were conducted to enhance the statistical power and precision of
treatment effect estimates. Accordingly, multiple imputation was used to address missing data in
primary and secondary outcomes (eMethods in Supplement 2). The same statistical tests used in the
primary analysis were also performed on imputed data, and additional analyses were performed
using the baseline value of the relevant outcome as a covariate except for falls and readmission rates.
Since linear mixed models are considered robust to missing data,>' physical performance outcomes
(ie, SPPB and Alusti Test) were not included in the ad hoc analysis. Additionally, per protocol analyses

& JAMA Network Open. 2024,7(2):2355103. doi:10.1001/jamanetworkopen.2023.55103 February 8,2024  4/12

Downloaded from jamanetwork.com by guest on 09/13/2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.55103&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.55103

JAMA Network Open | Geriatrics Exercise Intervention and Hospital-Associated Disability

were performed for patients adhering to the exercise program (ie, completing =50% of the
prescribed in-hospital and home exercise sessions) following the same statistical procedures as for
the primary analysis. All statistical analyses were done with SPSS, version 24.0 (IBM), with 2-sided
a=.05.

Results

0Of 1293 patients screened, a total of 260 (20.1%) eligible patients (126 men 48.5%]; 134 women
[51.5%]; mean [SD] age, 87.4 [4.9] years [range, 75-105 years]; median length of stay, 7 [IQR, 5-10]
days) volunteered to participate in the study (130 per group) (Figure). Baseline characteristics by
group are shown in Table 1.3234 The intervention group had more men, more patients with a history
of cancer, and better nutritional status at the time of admission. No other clinically meaningful
differences between groups were observed.

Participants in the intervention group performed a median of 5 (IQR, 3-7) in-hospital exercise
sessions (median duration per session, 34 [IQR, 30-37] minutes). Adherence to the planned
in-hospital sessions was 50 (17%), with 81 patients (75.0%) in the intervention group reporting
having exercised at home 15 days or more per month during the following 3 months. Overall, 59
patients (54.6%) in the intervention group completed 50% or more of the scheduled sessions during
hospitalization and reported having exercised 15 days or more per month thereafter (eTable 1in
Supplement 2 give further details). No major adverse events were registered during the exercise
sessions performed in the hospital or during follow-up.

Figure. Study Flow Diagram

‘ 1293 Assessed for eligibility ‘

l

‘ 260 Allocated ‘

|
| |

688 Usual care ‘ ‘ 605 Intervention

475 Excluded
78 Unstable clinical condition
66 Unable to walk independently
69 Severe dementia
57 Length of stay <48 h
35 Declined to participate
45 Transferred from other units
34 Unable to communicate

558 Excluded
104 Unstable clinical condition
76 Unable to walk independently
69 Severe dementia
69 Length of stay <48 h
46 Declined to participate
> 44 Transferred from other units —>
44 Unable to communicate

33 Scheduled admission or readmission
30 Fully dependent at baseline
19 End-stage illness
16 Admitted out of the ACE unit
8 Other reasons

26 Scheduled admission or readmission
38 Fully dependent at baseline
11 End-stage illness
10 Admitted out of the ACE unit
6 Other reasons

130 Signed informed consent
Hospitalization period
118 Received usual care
5 Did not receive usual care (2 exited the study
and 3 declined to continue)
7 Discharged without assessment
Posthospitalization period
98 Received usual care
11 Did not receive usual care (exited the study)

130 Signed informed consent
Hospitalization period
125 Received intervention
5 Did not receive intervention (1 exited the
study and 4 declined to continue)
Posthospitalization period
108 Received intervention
15 Discontinued intervention (13 exited the
study and 2 declined to continue)
2 Lost contact

9 Lost contact

|

Prespecified complete-case analyses
115 Primary outcome at discharge

93 Primary outcome at follow-up
130 Ad hoc intention-to-treat analysis

Prespecified complete-case analyses
118 Primary outcome at discharge
100 Primary outcome at follow-up
130 Ad hoc intention-to-treat analysis

ACE indicates acute care for elders.
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When HAD incidence was assessed by the Katz Index (primary outcome), the difference
between the intervention and control did not reach statistical significance at discharge (odds ratio
[OR], 0.62; 95% Cl, 0.37-1.05; P = .08) or at 3-month follow-up (OR, 0.65; 95% Cl, 0.36-1.17; P = .15)
(Table 2). In ad hoc adjusted analyses, the difference was not significant at discharge (OR, 0.59; 95%
Cl, 0.35-1.00; P = .050) or at 3-month follow-up (OR, 0.62; 95% Cl, 0.35-1.08; P = .09) (eTable 2 in
Supplement 2). In contrast, when HAD incidence was determined using the Barthel Index (ie,
secondary outcome), the intervention was associated with reduced HAD incidence at both discharge
(OR, 0.47; 95% Cl, 0.27-0.81; P = .01) and at 3-month follow-up (OR, 0.36; 95% 0.20-0.66; P = .001)
(Table 2). Furthermore, the intervention was associated with a decrease in ambulatory capacity
decline at discharge (OR, 0.55; 95% Cl, 0.32-0.96; P = .03), albeit with no significant between-group

Table 1. Participants’ Characteristics at the Start of the Study and Length of Hospitalization by Group

Participants®

Variable Intervention (n = 130) Control (n = 130)
Age, mean (SD), y 87.4(4.9) 87.5(5.0)
Sex
Female 58 (44.6) 76 (58.5)
Male 72 (55.4) 54 (41.5)
BMI, mean (SD) ® 27 (4.3) 26.0 (4.5)
Living at home* 123 (95.3) 123 (95.3)
Comorbidities
High comorbidity? 75 (58.6) 71 (55.5)
Heart failure® 68 (53.1) 64 (50.0)
Diabetes® 47 (36.7) 44 (34.4)
Moderate-severe CKD® 39 (30.5) 36 (28.1)
CoPDP 43 (33.6) 31(24.2)
Stroke® 24(18.8) 24(18.8) Abl.areviati?ns: BMI, b_o?ly mass inT:Iex (_calculated as
weight in kilograms divided by height in meters
Myocardial infarction® 25(19.5) 22(17.2) squared); CKD, chronic kidney disease; COPD, chronic
Cancer® 26 (20.3) 14 (10.9) obstructive pulmonary disease; MNA-SF, Mini
Dementia® 17(13.3) 20 (15.6) Nutritional Assessment Short Form.
Geriatric syndromes 2 Data are presented as number (percentage) of
Frailty phenotype® 72 (56.7) 80 (64.0) patients unless otherwise indicated.
Depression® 33(26.4) 44 (34.1) b Data missing for 4 patients (2 in each group).
Falls? 35(27.6) 41 (31.8) ¢ Data missing for 2 patients (1in each group).
Pressure ulcers® 3(2.3) 3(2.3) 9 Defined as having a Charlson Comorbidity Index
Polypharmacy (27 drugs)® 99 (78.0) 94(72.9) score of 3or higher >
MNA-SF screening score, mean (SD)" 11.1(2.4) 10.3(2.4) ¢ Defined as having 3 or more of 5 Fried criteria.>3
Malnutrition risk 44 (37.0) 56 (49.1) f Data missing for 6 patients (2 in the control group
Confirmed malnutrition 10 (8.4) 18 (15.8) and 4in the intervention group).
P gt R & Dfxta miésing for%patients (1in the control group and
Circulatory 2923.0) 36288 3in the intervention group).
T 6 G0.0) S4(5) " Ranging frlom 0 (W?FSE) to 14 (best)>*; data m.issing
for 27 patients (16 in the control group and 11in the
Digestive 20(15.9) 16 (12.8) intervention group).
Respiratory 16 (12.7) 8(6.4) i Data missing for 9 patients (5 in the control group
Blood or myeloproliferative disease 12 (9.5) 12(9.6) and 4 in the intervention group).
Functional capacity J Higher scores indicate better function; data missing
At baseline (2 wk before admission) for 2 patients in the intervention group.
Katz Index score, mean (SD)! 4.5(1.7) 4.4(1.7) ¥ Independent ambulation considered if the
Independent ambulation® 95 (74.2) 88 (67.7) Functional Ambulatory Classification score was 4 or
At admission higher?3; data missing for 2 patients in the
Katz Index, mean (SD)" 3.1(2.0) 2.8(1.9) \ |nterver1t|.on group- ) )
Independent ambulation™ 57 (45.6) 50 (40.0) S:;iT::;Zgi:;:\Z:;gs;trsoﬁ;; the control group
Hagl el e e ), o PUEL) SE ™ Data missing for 10 patients (5 in each group).
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differences observed at 3-month follow-up (OR, 0.60; 95% Cl, 0.32-1.14; P = .12). Consistent results
were found in the ad hoc analyses (eTable 2 in Supplement 2).Regarding physical performance
measures, the intervention was associated with improved gait score SPPB subcomponent
(intervention: mean, 0.3 [95% Cl, 0.2-0.5]; control: mean, 0.1[95% Cl, -0.1to 0.2]; P = .03), but no
differences were found for the total score (intervention: mean, 0.6 [95% Cl, 0.2-0.9]; control: mean,
0.3[95% Cl, 0-0.7]; Cohend, 013 [95% Cl, -0.12 to 0.38]; P = .32) or the rest of the subcomponents
of the SPPB (Table 3). However, when physical performance was assessed with the Alusti Test, the
intervention was associated with an improved global test score (intervention: mean, 4.2 [95% Cl,
2.1-6.3]; control: mean -0.1[95% Cl, -2.1to0 1.9]; Cohen d, 0.39 [95% Cl, 0.12-0.65]; P = .004) and
gait capacity subdomain (intervention: mean, 2.5[95% Cl, 1.2-3.7]; control: mean, 0.4 [95% CI, -0.9
to 1.7]; P = .02). No other differences were noted for other subdomains. Finally, no between-group
differences were noted for readmissions, falls, or mortality rates (Table 2), with ad hoc analyses
confirming these results (eTable 2 in Supplement 2).

Per protocol analyses also confirmed the abovementioned findings. However, in contrast to the
primary analyses, a significantly lower incidence of HAD was observed at 3-month follow-up as

Table 2. Association of the Intervention With HAD, Ambulatory Capacity Decline, Falls, Readmission,
and Mortality

Patients, No./total No. (%)

Unadjusted estimate

Outcome Intervention Control (95% Cl) P value
HAD determined by Katz Index
At discharge 56/118 (47.5) 68/115 (59.1) 0.62 (0.37-1.05)* .08
At 3-mo follow-up 32/100 (32.0) 39/93 (41.9) 0.65(0.36-1.17)? .15
HAD determined by Barthel
Index
At discharge 68/119 (57.1) 83/112 (74.1) 0.47 (0.27-0.81)7 .01
At 3-mo follow-up 27/96 (28.1) 48/92 (52.2) 0.36 (0.20-0.66)° .001
Ambulatory capacity decline®
At discharge 31/122 (25.4) 44/115 (38.3) 0.55 (0.32-0.96)? .03
At 3-mo follow-up 23/103 (22.3) 30/93 (32.3) 0.60 (0.32-1.14)? 12
Readmission® 25/103 (24.3) 30/93 (32.3) 0.64 (0.39-1.06)¢ .08
Falls® 16/102 (15.7) 18/90 (20.0) 0.55(0.27-1.28)¢ .10
Mortality 14/130 (10.8) 13/130 (10.0) 1.03 (0.48-2.20)° 94
Table 3. Association of the Intervention With Physical Performance After Hospitalization®
Mean (95% CI)
Intervention Control
Change at Change at
Score (range) Admission discharge Admission discharge P value®
SPPB*
Total score (0-12) 4.5 (4.0t05.0) 0.6 (0.2t00.9) 3.7(3.2t04.1) 0.3(0t00.7) 32
Balance score (0-4) 1.8 (1.5t02.0) 0.3(0.1t00.5) 1.5(1.3t01.7) 0.2 (-0.1t00.4) .49
Gait score (0-4) 1.9(1.7t02.1) 0.3(0.2t00.5) 1.6 (1.4t01.8) 0.1(-0.1t00.2) .03
Gait speed, m x s 0.5 (0.5 t0 0.6) 0.1(0t00.1) 0.5(0.4t00.5) 0(0to0.1) .07
5STS score (0-4) 0.9 (0.7 to 1.0) 0(-0.2t00.2) 0.6 (0.5 t0 0.8) 0(-0.2t00.2) .82
5STS performance,s 13.2(9.0to17.4) -0.8(-6.6t04.9) 13.6(9.4t017.7) -2.0(-7.8t03.8) .77
Alusti Testd
Total score (0-100) 61.6(59.1t064.1) 4.2(2.1t06.3) 61.6(59.1t064.0) -0.1(-2.1t01.9) .004
Joint mobility (0-28) 25.2 (24.6t025.8) 0.3(-0.3t00.9)  25.4(24.8t026.0) -0.3(-0.9t00.3) .16
(Tcr]arzlf)f)er and stability 15.2 (14.4t016.0) 1.0(0.3t01.8) 15.1(14.3t015.9) 0.7 (0to 1.5) .55
Gait (0-32) 21.0(19.7t022.4) 2.5(1.2t03.7) 20.1(18.8t021.5) 0.4(-09t01.7) .02
Balance (0-20) 2.1(0.6t03.7) 0.2(-1.6t02.0) 2.8(1.3t04.3) -1.0(-3.1to1.1) .39

Abbreviation: HAD, hospital-associated disability.

2 Odds ratio.

® Ambulatory capacity decline considered in the event
of a decrease in Functional Ambulatory
Classification score.??

© Atotal of 37 readmissions were registered for the
intervention group and 51in the control group, and a
total of 18 and 29 falls were registered in the
intervention and control groups, respectively. The
follow-up was 3 months after hospitalization
(median, 98 [IQR, 93-105] days).

9 Incidence rate ratio.

€ Hazard ratio.

Abbreviations: 5STS, 5 times sit-to-stand test; SPPB,

Short Physical Performance Battery.

2 All data were derived from the linear mixed-
effects model.

b The association of the intervention with each
outcome was determined with the time x group
interaction P value.

© Atotal of 255 patients were considered in the
analysis of SPPB differences.

d Atotal of 253 participants were considered in the
analysis of Alusti Test differences.
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determined by both the Katz Index and the Barthel Index, and an association between the
intervention and ambulatory decline at 3 months was found (eTables 4 and 5 in Supplement 2).

Discussion

The present study found that compared with the usual care provided in the ACE unit, an intervention
combining multicomponent exercise and health education was not significantly associated with
decreased occurrence of HAD in older patients, as determined by the Katz Index (primary outcome).
However, when HAD was assessed using the more comprehensive Barthel Index, the intervention
was associated with a reduced incidence of HAD not only at discharge but also at 3-month follow-up.
Although there is no consensus on the best instrument for monitoring HAD in older patients, those
that include a broader range of ADLs and assess level of independence, such as the Barthel Index,
may be more sensitive to changes. Thus, it appears that multicomponent exercise may be associated
with reduced HAD (at least if determined by the Barthel Index) at discharge and health education
may extend the benefit beyond discharge, although only partially. Furthermore, the intervention was
associated with reduced deterioration in ambulatory capacity and with increased physical
performance, as assessed by the Alusti Test.

In terms of hospital readmissions, our results differ from those of Courtney et al,>> who
reported that multicomponent exercise and telephone counseling reduced readmission rates and
general practitioner visits in hospitalized older adults. However, in line with our findings, meta-
analytic evidence overall has shown that exercise interventions are not associated with hospital

readmissions, falls, or mortality,'>¢

which might support the safety of these interventions.
Nevertheless, larger studies with longer follow-up are needed to confirm these findings.

The intervention group had improved physical performance at discharge as assessed by the
Alusti Test, whereas no between-group differences were found for the SPPB. This discrepancy could
be explained, at least in part, by the differences between the 2 tests; the Alusti Test might remove
the floor effect (overlooking subtle changes in physical function, such as being able to raise from a
chair using an armrest or increasing walking endurance capacity) that characterizes the SPPB, making
it more suitable for populations with poor physical performance (eg, hospitalized older people).3°
On the other hand, our finding that the intervention was associated with improved Alusti Test scores
at discharge compared with the control group is consistent with meta-analytic evidence supporting
the benefits of structured physical exercise programs for ADL independence and physical
performance in hospitalized older people receiving acute hospital care.™ Thus, our findings, taken
together with previous evidence, 3¢ suggest that implementing structured and, ideally,
multicomponent exercise programs may be associated with reduced nosocomial disability in older
adults during acute care hospitalization.

It can be hypothesized that the overall low adherence to our intervention, which fell within the
lower limit of the broad range (ie, 50%-90%) reported in previous studies,>>3"38 may have
masked the intervention’s potential benefits. As shown in the per protocol analyses, the effect
estimates for the association between the intervention and HAD incidence and physical performance
were larger when patients completed at least 50% of the scheduled exercise sessions. Accordingly,
further studies should investigate barriers to (and enablers of) exercise adherence during and after
hospitalization.'®3°

Strengths and Limitations

The current study has several strengths. The study sample included older people with a high
prevalence of the frailty phenotype and a range of comorbidities. Additionally, the sample size could
be considered large compared with previous research in the field.”> Moreover, the current exercise
program was designed to be performed at the patients’ bedside and at home without the need for
weight-based strength training material so that it could essentially be implemented in any setting.
Finally, the intervention provided additional benefits to the standard care in the ACE unit, which
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already includes patient mobilization and delirium prevention programs to prevent physical and
cognitive decline during hospitalization. Therefore, more beneficial intervention effects would be
expected if a comparator group of older patients hospitalized outside the ACE unit were used.

This study also has some limitations. We could not ensure assessor blindness due to limited
personnel resources, partly caused by the workload imposed by the COVID-19 pandemic and its
subsequent waves during the study period, which necessitated a deviation from the original study
protocol. Additionally, the reliance on patient-reported ADLs, although confirmed with caregivers,
could also be considered a limitation. Although the sequential allocation of treatment every 4 weeks
minimized between-group contamination bias, it also introduced a potential source of bias
associated with a noncompletely random allocation. Moreover, although our exclusion criteria were
not overly restrictive, only a small proportion of the patients admitted to the ACE unit were eligible
for the study due to most of them having complex clinical conditions. This, together with the fact that
this was a single-center study, limits the potential generalizability of our results.

Conclusions

In this nonrandomized controlled clinical trial, a multicomponent exercise program combined with
health education was not associated with reduced incidence of HAD in hospitalized older adults at
discharge or in the following 3 months when using the Katz Index. However, the intervention was
associated with reduced HAD incidence when using the Barthel Index and with a lesser decline in
ambulatory capacity and improved physical performance at discharge. These findings advocate for
considering such interventions in the care plan for older patients during and after hospitalization.
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