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Abstract

Aims Functional decline is associated with worse outcomes in patients with elderly heart failure (HF), but little is known
about the prognostic impact of hospital-acquired disability (HAD) during hospital stay after acute HF. The present study exam-
ines the prognostic significance of HAD in the prediction of all-cause mortality in elderly patients who admitted for acute HF.
Methods and results This retrospective study was performed in 1941 elderly patients aged ≥65 years or older from the
cardiovascular physiotherapy for acute HF patients in the Tokyo metropolitan area registry and excluded those who died in
hospital. HAD was defined as any decline in the Barthel index (BI) before discharge compared with the BI within 1 month
before hospital admission. The primary outcome of this study was all-cause death and HF readmission. A total of 565 (29%)
deaths and 789 (41%) HF readmission occurred over a median follow-up period of 1.7 years. A total of 476 patients (25%)
had HAD during hospital stay after acute HF. In multivariable analysis, HAD predicted all-cause death [hazard ratio (HR):
1.772; 95% confidence interval (CI): 1.450–2.167; P < 60; 0.001] and with risk of HF readmission (HR: 1.193; 95% CI:
1.005–1.416; P = 0.043) after adjusting for the Meta-analysis Global Group in Chronic Heart Failure risk score.
Conclusions Hospital-acquired disability is associated with an increased risk of all-cause death and readmission for HF in
elderly patients with acute HF.
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Introduction

Currently, heart failure (HF) is a primary reason for hospitali-
zation and is associated with high medical costs in the elderly
population.1,2 The dramatic increase in the number of elderly
patients with HF is of concern3 as it presents a major
challenge for the health and social care systems; HF among
elderly patients increases vulnerability to functional decline,
thereby resulting in a dependent lifestyle.4 Particularly, the
number of very elderly patients with HF is increasing.
However, very elderly patients with HF are often underrepre-
sented in several clinical studies.5

Hospital-acquired disability (HAD), which refers to either a
new or worsened disability in activities of daily living (ADLs)

during hospitalization that was not present before hospitali-
zation, develops in 25–50% of hospitalized elderly patients.6,7

HAD requires reconsideration of healthcare or rehabilitation
service after hospital discharge. Moreover, HAD is a powerful
predictor of mortality after hospitalization in the older
population.8 Functional status trajectory during hospitaliza-
tion was recently recognized as an essential outcome in the
older population.

In-hospital complications or comorbidities could lead to a
longer hospitalization and higher medical expenditures in
elderly patients with HF and are strong predictors of poor
clinical outcomes in advanced aged patients with HF.2 Elderly
patients with HF are at increased risk of in-hospital complica-
tions or comorbidities, including HAD. The impact of HAD
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may be strong among elderly patients with HF. However,
there is little evidence on the prognostic significance of
HAD in elderly patients with HF. Exploration of the character-
istics of HAD in elderly patients with HF may facilitate the
development of a specific strategy to avoid worsening of
ADLs and reduce healthcare expenditures.

Hence, this study aimed to analyse retrospectively the
prevalence of HAD and its independent impact on prognosis
after hospitalization in elderly patients with HF.

Methods

Study design and population

The Cardiovascular physiotherapy for acute heart failure
patients in the Tokyo metropolitan (CRAFTSMAN) studies
the characteristics, acute phase of cardiac rehabilitation,
and outcomes including death and rehospitalization among
patients with worsening HF in Tokyo Metropolitan area. The
CRAFTSMAN collected data of acute phase of index hospital-
ization of the patients admitted with worsening HF at four
participating hospitals from 1 April 2015 to 30 December
2018, and retrospectively obtained follow-up data of clinical
outcomes including death and rehospitalization after hospital
discharge from 1 April 2019 and 30 September 2019. Infor-
mation on the objectives of the present study and an abstract
were provided for clinical trial registration with the University
Hospital Medical Information Network (000036818).

The present study collected data of acute phase of index
and clinical outcomes in detail of 2106 elderly patients aged
≥65 years or older selected from a total of 2517 patients
registered in CRAFTSMAN. The physiotherapists of each hos-
pitals were encouraged to register the patients as consecu-
tively as possible. For each patient, baseline data included,
demography, aetiology of HF, comorbidities, clinical
status, laboratory data, and treatment including discharge
meditation.

Of 2106 patients, 15 were excluded for missing data
regarding ADLs, 88 died during hospitalization, and 62 failed
to follow-up after discharge. Using the database of 1941
patients registered in CRAFTSMAN, the present study
analysed the data of (i) characteristics (age, sex, body mass
index, aetiology of HF, and comorbidities), (ii) vital signs
and laboratory data on admission [New York Heart Associa-
tion (NYHA) functional class, clinical scenario, blood chemis-
try, and echocardiographic parameters], (iii) acute phase of
cardiac rehabilitation and physical function at discharge
(short physical performance battery and gait speed), (iv)
clinical status during index hospitalization (early ambulation
and length of stay), and (v) discharge medication [angioten-
sin-converting enzyme (ACE) inhibitor or angiotensin II recep-
tor blocker (ARB), b-blocker, and diuretics].

This study was conducted based on the Helsinki Declara-
tion and the Japanese Ethical Guidelines for Clinical Studies.
The study protocol was approved by the local ethics commit-
tee at each institute (ID: 11-042). Informed consent was ob-
tained in the form of opt-out on the website of each hospital.

Data collection

Information on all variables, including demographic informa-
tion, biochemical data, echocardiographic results, and clinical
outcomes following hospitalization, was obtained from elec-
tronic medical records. Either brain natriuretic peptide
(BNP) or N-terminal pro-BNP was measured depending on
the research site.

Definition of hospital-acquired disability

Hospital-acquired disability was defined by a decrease in at
least 5-point on the Barthel index (BI) at the day before
discharge to home, nursing care facility, or other hospital
compared with the preadmission BI. The subanalyses were
performed using no HAD, mild HAD as 5-point BI score de-
cline, and severe HAD as a ≥10-point BI score decline.

The baseline BI was evaluate on the basis of an interview
with patients or family according to patient’s cognitive
function, approximately 1-month before hospital admission,
as in a previous study.9,10 BI was evaluated by trained
physiotherapist at each hospital. BI is a simple 10-item
instrument that measures functional independence in
ADLs.11 Total scores range from 0 to 100 points, with higher
scores indicating independence in performing basic ADLs. In
this study, the ADLs before admission were classified into
three categories according to BI score: independent, BI
score ≥ 95; moderately dependent ADLs, BI score ≥ 60 to
< 95; and highly dependent ADLs, BI score < 60. Based on
previous reports, a BI score of 60 and 95 was used as the
cut-off scores.12,13

Outcomes

The primary outcome was all-cause death, and the secondary
outcome was the rate of readmission for HF. The time to
the primary and secondary outcome was calculated as the
number of days from the date of hospital discharge to the
date of the event. All events information was retrospectively
obtained from local hospital medical records at each
research site.
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In-hospital cardiac rehabilitation and mobility

A physiotherapist carefully assisted patients with compen-
sated HF without cardiogenic shock, moderate-to-severe con-
gestion, and HF symptoms in performing early mobilization or
exercise. Based on functional status and haemodynamics, the
physiotherapist applied the optimal programme, which in-
cluded getting out of bed (Step 1), standing at the bed side
(Step 2), and walking a corridor as well as callisthenics exer-
cise to improve standing balance, strength, and mobility, in
the intensive care unit or general ward (Step 3), according
to the Japanese Circulation Society cardiac rehabilitation
guidelines.14 In addition, endurance exercise using a cycle
ergometer or moderate-intensity resistance exercise using
weight machine was also performed according to the pa-
tient’s functional status and haemodynamics. Moreover, we
investigated the proportion of patients who could complete
a 100-m corridor walk without assistance at their comfortable
pace within 3 days after hospital admission; early ambulation
is one of the important indicators of recovery of mobility or
physical activity during hospitalization.

Statistical analysis

Continuous variables were expressed as median (interquartile
range) and categorical variables as number and percentage.
The two groups were compared using χ2 test for categorical
covariates or Mann–Whitney U test. A two-sided P value
< 0.05 was considered statistically significant. Kaplan–Meier
and Cox proportional hazard analyses were used to estimate
the associations of HAD with outcomes. Multivariate Cox
regression analysis was conducted, and the adjustment
variables were HAD and prognostic variables included in the
Meta-analysis Global Group in Chronic Heart Failure
(MAGGIC) risk score related to the all-cause mortality at
P < 0.10 in univariate analysis. In addition, the association
of HAD with death and HF-readmission risk were examined
using a Cox regression model adjusted for the MAGGIC risk
score and prognostic variables excluding individual MAGGIC
risk scores. The MAGGIC risk score, which included 13 clinical
variables: age, ejection fraction, NYHA functional class, serum
creatinine, diabetes, systolic blood pressure, body mass
index, time since diagnosis, current smoker, chronic obstruc-
tive pulmonary disease, male sex, non-prescription of
angiotensin-converting enzyme inhibitor or angiotensin re-
ceptor blockers (ACEI/ARB), and non-prescription of beta-
blocker, was calculated for each patient, as described
previously.15 The discrimination and calibration of the
MAGGIC risk score has been well validated in patients with
HF both HF with reduced ejection fraction and HF with
preserved ejection fraction (HFpEF).16 Dose–response rela-
tionship between a decline in BI score and outcomes was
evaluated. To examine the potential effect modification on

the association of HAD with all cause-mortality, subgroup
analyses of baseline ADLs level were performed in
three-subgroup using baseline BI score ≥ 95, ≥ 60 to < 95,
and < 60. All analyses were performed using SPSS Version
23.0 for Windows (IBM Corp., Armonk, New York).

Results

Baseline characteristics

Baseline demographics and characteristics are shown in Table
1. A total of 476 of 1941 patients (25%) in the elderly patients
with HF had HAD.

Patients with HAD were significantly older; had higher
blood urine nitrogen, NT-pro BNP and C-reactive protein
levels, and proportion of NYHA class ≥III; had longer hospital
stay; and had lower body mass index, albumin level, geriatric
nutritional risk index, BI score before admission and BI score,
gait speed, and short physical performance battery score at
discharge, and return to home rate than those without
HAD. In addition, the median (interquartile range) time of
initiation of acute phase of physiotherapy progression; Steps
1 and 2 (2–4) vs. 2 (1–3); Step 2 and 3 (2–5) vs. 2 (1–4); Steps
3 and 5 (3–8) vs. 3 (1–5): P < 0.001, respectively, was well as
lower prevalence of early ambulation were related to the
HAD. Patients with HAD had also a significantly higher
MAGGIC risk score than those without HAD. The frequency
of ACE-inhibitor or ARB-antagonist (37% vs. 44%, P = 0.026)
and beta-blocker (55% vs. 64%, P = 0.015) administration at
hospital discharge was lower in patients with HAD; however,
no difference in the prescription of diuretics was found
between the groups. Moreover, no significant difference in
chronic comorbidities, aetiology of HF, clinical scenario, and
HF classification based on EF was observed between the
patients with and without HAD.

Supporting Information, Table S1 shows the baseline char-
acteristics of the patients in the study compared with those
excluded from the study. Patients included in the analysis
had higher body mass index, systolic blood pressure, geriatric
nutritional risk index, Hb, ADLs before admission, hospital
stay, and lower Alb, BUN, sCr, NT-pro BNP, CRP, as well as
lower prevalence of CS3, CKD.

Hospital-acquired disability and clinical outcome

The median (interquartile range) and mean follow-up were
1.7 years (0.7–2.0 years) and 1.6 ± 1.2 years. During the
follow-up period, 565 deaths and 789 HF-readmission
occurred. During the follow-up period, 104 deaths in patients
with HAD and 258 deaths in patients without HAD occurred
(39% vs. 26%, P < 0.001). The Kaplan–Meier survival curves
indicated significant associations of HAD with both higher
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Table 1 Baseline characteristics

Total (n = 1941) HAD (n = 476) Non-HAD (n = 1465) P value

Age (years) 81 (75, 86) 83 (78, 88) 81 (75, 86) <0.001
Female, n (%) 916 (47) 237 (50) 679 (46) 0.125
BMI (kg/m2) 22.3 (20.0, 25.0) 21.9 (19.6, 24.6) 22.4 (20.2, 25.0) 0.018
Aetiology, n (%) 0.391

Ischaemic 638 (33) 166 (35) 472 (32)
HHD 192 (10) 50 (11) 142 (10)
Valvular 602 (31) 148 (31) 454 (31)
Myopathy 202 (10) 37 (8) 165 (11)
Others 307 (16) 73 (15) 234 (16)

NYHA class ≥III, n (%) 1342 (69) 353 (74) 989 (68) 0.006
sBP (mmHg) 136 (114, 160) 138 (114, 160) 136 (115, 160) 0.517
CS, n (%) 0.264

1 920 (47) 237 (50) 683 (47)
2 832 (43) 189 (40) 643 (44)
3 188 (10) 50 (10) 138 (9)

LVEF 44 (30, 59) 45 (31, 58) 43 (30, 59) 0.961
HF class, n (%) 0.711

HFrEF 826 (43) 196 (41) 630 (43)
HFmrEF 297 (15) 79 (17) 218 (15)
HFpEF 818 (42) 201 (42) 617 (42)

LAD (mm) 43 (39, 47) 43 (37, 47) 43 (39, 48) 0.278
E/A 1.20 (0.77, 1.86) 1.30 (0.83, 1.90) 1.10 (0.75, 1.86) 0.196
E/e’ 21.5 (16.1, 29.6) 23.2 (16.5, 30.4) 21.0 (16.0, 29.2) 0.153
Hypertension, n (%) 1,257 (65) 311 (65) 946 (65) 0.783
Dyslipidaemia, n (%) 582 (30) 148 (31) 434 (30) 0.565
Diabetes mellitus, n (%) 591 (30) 134 (28) 457 (31) 0.229
CKD, n (%) 572 (29) 143 (30) 429 (29) 0.772
COPD, n (%) 157 (8) 40 (8) 117 (8) 0.771
CVD, n (%) 270 (14) 72 (15) 198 (14) 0.402
Current smoking, n (%) 247 (13) 70 (15) 177 (12) 0.133
Alb (g/dL) 3.6 (3.2, 3.9) 3.5 (3.1, 3.8) 3.6 (3.3, 3.9) 0.001
GNRI 95 (88, 103) 93 (85, 100) 96 (89, 103) <0.001
Hb (g/dL) 11.5 (10.0, 12.9) 11.2 (9.9, 12.7) 11.6 (10.1, 13.0) 0.063
BUN (g/dL) 24.2 (18.1, 33.9) 25.7 (18.4, 37.3) 23.6 (18.0, 32.7) 0.003
sCr (mg/dL) 1.12 (0.86, 1.57) 1.15 (0.84, 1.72) 1.12 (0.86, 1.52) 0.179
BNP (pg/dL) 663 (351, 1145) 681 (327, 1330) 652 (360, 1070) 0.185
NT-pro BNP (pg/dL) 4622 (2431, 9342) 6,276 (2681, 15 565) 4,219 (2319, 8655) <0.001
CRP (mg/dL) 0.62 (0.19, 2.04) 0.91 (0.25, 3.02) 0.50 (0.17, 1.66) <0.001
MAGGIC risk score, point 27 (23–31) 28 (24-32) 27 (23-31) <0.001
Early ambulation, n (%) 966 (50) 161 (34) 805 (55) <0.001
ADLs before admission, point 100 (85, 100) 95 (85, 100) 100 (90, 100) <0.001
ADLs at hospital discharge, point 95 (80, 100) 80 (50, 90) 100 (90, 100) <0.001
Gait speed, m/s at hospital discharge 0.76 (0.56, 0.95) 0.56 (0.43, 0.74) 0.80 (0.50, 0.97) <0.001
SPPB score, point at hospital discharge 9 (6, 11) 6 (3, 8) 10 (7, 12) <0.001
ACEI/ARB, n (%) 812 (42) 174 (37) 638 (44) 0.026
Beta-blocker, n (%) 1195 (62) 263 (55) 932 (64) 0.015
Diuretics, n (%) 1643 (85) 388 (82) 1,255 (86) 0.074
Place of residence, n (%) 0.267

Home 1814 (93) 444 (93) 1,370 (94)
Nursing care 108 (6) 30 (6) 78 (5)
Other hospital 19 (1) 2 (1) 17 (1)

Living alone, n (%) 409 (21) 117 (25) 292 (20) 0.305
Return to home, n (%) 1671 (86) 326 (68) 1345 (92) <0.001
Hospital stay (days) 16 (11, 24) 18 (12, 29) 16 (11, 22) <0.001

Data are median (interquartile range).
A, late (atrial) diastolic transmitral flow velocity; ACEI, angiotensin-converting enzyme inhibitor; ADLs, activities of daily living; Alb, albu-
min; ARB, angiotensin II receptor block; BMI, body mass index; BNP, brain natriuretic peptide; BNU, blood urea nitrogen; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CS, clinical scenario; CVD, cerebrovascular disease;
E, early diastolic transmitral flow velocity; e’, early diastolic mitral annular velocity; GNRI, geriatric nutritional risk index; Hb, haemoglobin;
HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NT-pro BNP, N-terminal pro-brain
natriuretic peptide; NYHA, New York Heart Association; sBP, systolic blood pressure; sCr, serum creatinine; SPPB, short physical perfor-
mance battery.
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all-cause mortality and HF-readmission rates (log-rank:
P < 0.001 and P = 0.031) (Figure 1A,B). Both HAD and
MAGGIC risk score alone were associated with clinical out-
comes in elderly HF patients (Table 2). In addition, HAD was
independent predictor of all-cause mortality [hazard ratio
(HR): 1.772; 95% confidence interval (CI): 1.450–2.167;

P < 0.001] and HF readmission (HR: 1.193; 95% CI: 1.005–
1.416; P = 0.043), if combined with the MAGGIC risk score.

Moreover, on the basis of the three categories of HAD,
death occurred in 26%, 35%, and 37% of those with no
HAD, mild HAD, and severe HAD, respectively (χ2 P < 0.001
and P for linear trend < 0.001). The three subgroup of HAD

Figure 1 (A) Kaplan–Meier curve showing all-cause death among elderly patients with HF with and without hospital-acquired disability. (B) Kaplan–
Meier curve showing HF readmission among elderly patients with HF with and without hospital-acquired disability. HF, heart failure.

Table 2 The prognostic impact of addition of HAD to MAGGIC risk score in Cox regression analyses

Predictor

All-cause death HF readmission

HR 95% CI P value HR 95% CI P value

Risk score
HAD

Linear (every 5-point BI score decline) 1.019 1.014–1.024 <0.001 1.004 0.998–1.009 0.193
Dichotomized (HAD vs. no HAD) 1.887 1.546–2.305 <0.001 1.203 1.022–1.416 0.027
3-category
No HAD 1 1
Mild HAD 1.551 1.229–1.957 <0.001 1.151 0.935–1.418 0.185
Sever HD 2.243 1.768–2.847 <0.001 1.289 1.029–1.616 0.027

MAGGIC risk score
Linear (every 1-point decrease) 1.051 1.035–1.066 <0.001 1.018 1.006–1.030 0.003

Combination of HAD and MAGGIC risk score
Model1

HAD linear 1.016 10.11–1.021 <0.001 1.003 0.997–1.008 0.304
MAGGIC risk score 1.061 1.047–1.076 <0.001 1.024 1.012–1.035 <0.001

Model 2
HAD dichotomized 1.772 1.450–2.167 <0.001 1.193 1.005–1.416 0.043
MAGGIC risk score 1.051 1.035–1.066 <0.001 1.016 1.004–1.028 0.009

Model 3
3-category
No HAD 1 1
Mild HAD 1.515 1.200–1.914 0.001 1.118 0.908–1.378 0.294
Sever HAD 1.964 1.546–2.496 <0.001 1.227 0.978–1.540 0.077

MAGGIC risk score 1.058 1.044–1.073 <0.001 1.023 1.011–1.034 1.023

CI, confidence interval; HAD, hospital-acquired disability; HR, hazard ratio; MAGGIC, the Meta-analysis Global Group in Chronic Heart
Failure
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was significantly associated with all-cause mortality after
adjusting for the MAGGIC risk score (mild HAD, HR: 1.515,
95% CI: 1.200–1.914, P = 0.001; severe HAD, HR: 1.964, 95%
CI: 1.546–2.496, P < 0.001). The association between three
categories of HAD and HF readmission showed a similar
tendency, but the association was not statistically significant
when combined with the MAGGIC risk score. In addition,
HAD showed a significant association with all-cause mortality
in the three categories of preadmission BI score: independent
(HR: 1.615, 95% CI: 1.242–2.099, P < 0.001), moderately de-
pendent (HR: 1.595, 95% CI: 1.191–2.137, P = 0.002), and
highly dependent (HR: 1.790, 95% CI: 1.051–3.051,
P = 0.032) after adjusting for the MAGGIC risk score.

Discussion

This study has several strengths. To the best of our knowl-
edge, our study is the first to report that HAD occurs in a
significant proportion of elderly patients with HF, even during
the standard acute phase of cardiac rehabilitation. Moreover,
HAD was associated with worse clinical outcomes after
adjusting for the MAGGIC risk score. These findings suggest
that assessment of functional status trajectory during hospi-
talization is important for risk stratification in elderly patients
with HF.17

Elderly patients with HF show a different clinical profile
compared with younger patients.18 Generally, elderly pa-
tients with HF are more likely to be female and have HFpEF
with a more complex pattern.19 Our results revealed that
an increasing number of proportions of female, HFpEF
pattern and comorbidities. The available evidence for beta-
blockers and ACEI/ARB is limited in HFpEF patients. However,
a high proportion of the HFpEF patients received beta-
blockers ACEI/ARB, explained by an assumption that they
are efficacious for treating comorbidity including hyperten-
sion, coronary artery disease, and atrial fibrillation.20 In addi-
tion, beta blockers or ACEI/ARB are not well tolerated in
older frail or vulnerable patients, including potential harms
such as orthostatic hypotension, fatigue, and depression,
which can negatively affect physical activity, functional status,
and clinical outcomes. The characteristics of our study sub-
jects are consistent with those in previous reports,18 and such
heterogeneities in elderly patients with HF limit the use of
various risk models. Therefore, we examined specific risk
models including this clinical dilemma of standard HF treat-
ment among elderly patients with HF.

Furthermore, our findings showed that incidence of HAD
was equivalent or less compared with prior studies in pa-
tients with HF,9,10 and which could be attributed to the worse
baseline condition, impaired functional status, and higher
susceptibility to various hospital-induced stresses in the
former.21 HAD showed significant correlation with increased
risk of all-cause death and HF readmission after adjusting

for the standard HF risk score. In addition, the association
between HAD and all-cause mortality was similar among
patients with independent ADLs, moderately dependent
ADLs, and highly dependent ADLs. With regard to the progno-
sis and risk stratification in elderly patients with HF, the
importance of conditions that are not strictly related to HF
or comorbidities, which may reflect greater impaired baseline
functional decline and HAD, should be considered.18 Prior
study confirmed an excellent inter-rater reliability between
trained medical stuff in the total BI (Spearman; r = 0.98) or
in individual activities (Cohen’s kappa higher to 0.89 in all
activities). However, nontrained medical staff observed low
inter-rater reliability in the BI, thus suggesting that medical
stuff need training to evaluate the change in BI during hospi-
talization in elderly patients with HF.

Nonetheless, the potential mechanism underlying the rela-
tionship between HAD and prognosis in elderly patients with
HF remains unclear. Several researches suggested that gait
speed is a predictor of mortality and should be used as a vital
sign for the care of older patients.22 Currently, the Interna-
tional Academy on Nutrition and Aging expert panel pro-
posed gait speed below 0.8 m/s as predictive values for risk
of further functional decline and adverse outcomes.23 In our
population, HAD was associated low gait speed at discharge.
We speculate that short-term functional decline or disability
might indicate a subclinical impairment in health status.

Preventing HAD is possible only if modifiable risk factors
are identified. Zisberg et al.24 suggested that physical
activity-related factors (i.e. mobility status or continence
care) and baseline ADL level are associated with HAD in
elderly subjects. Physical inactivity is the strongest direct
correlate of HAD; thus, early ambulation or stepwise
increased physical activity plays a crucial role in HAD
prevention.21,25 In our study, early ambulation was signifi-
cantly associated with HAD. Nonetheless, severe HF patients
or patients with worse functional status would have less
tolerance to guideline-directed acute phase of cardiac reha-
bilitation programme. In addition, several prior studies
reported that at least 50% of hospitalized elderly patients
do not walk outside their room except during rehabilitation
or medical examinations,26,27 particularly the patients with
physical restraints or in-dwelling urinary catheters.28 Thus,
optimal exercise progression and physical activity manage-
ment may be also required to prevent a HAD, particularly
elderly HF patients with prolonged hospital stay. Further
research is needed to determine whether an integrated acute
phase of cardiac rehabilitation could help elderly patients
with HF return to their baseline ADL level.

Study limitations

This study has several limitations, including the small size
in the subgroup multivariate analysis. A substantial number
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of patients could not complete the ADLs assessment or
follow-up and died during hospitalization, and they were
excluded from the analysis. The patients excluded from
the study had greater severity of HF or comorbidities com-
pared with those included in the analysis, which may have
introduced bias. In addition, unmeasured and unadjusted
factors, such as malnutrition, cachexia, other complication,
in-hospital physical activity, hospital environment, depressive
symptom or vitality, and in-hospital nutrition intake,29

may have an effect on HAD or clinical outcome.24

Performance-based functional assessment at hospital admis-
sion could not be performed in patients with symptomatic
acute decompensated HF. Nonetheless, BI, which is a
self-report assessment and a widely accepted tool and feasi-
ble approach, could be used to assess ADLs,30,31 even in
elderly patients with HF.32 Moreover, no prior study has
assessed the minimal clinically important difference for BI
score in patients with acute HF. However, loss of at least five
points during hospitalization may be useful as a simple risk
stratification in elderly patients with HF. Finally, hospital cost
is important as healthcare outcome in older patients with HF.
Further research is required to assess the impact on hospital
cost and cost-effective means for preventing HAD in elderly
patients with HF.

Conclusions

Hospital-acquired disability is associated with an increased
risk of all-cause death and HF readmission in elderly patients
with HF. A comprehensive management of physical activity
and hospital care, which focuses on functional trajectory, is

an essential prerequisite to preventing HAD in elderly pa-
tients with HF.
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