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Background: Although cardiac rehabilitation (CR) can improve exercise capacity and quality of life in patients
with chronic heart failure (HF), the long-termprognostic influence of inpatient CR on patientswith acute decom-
pensated HF (ADHF) is not well established.We examined the impact of inpatient CR on disability and prognosis
in patients with ADHF.
Methods: A total of 171 patients admitted for ADHF underwent CR that included resistance training and aerobic
exercise. Patient disability was evaluated using Barthel Index (BI) scores at pre- (BIpre) and post- (BIpost) rehabil-
itation. All-cause mortality was retrospectively recorded after discharge.
Results: In the study cohort (median age: 76 years), 46 patients experienced all-cause mortality during a median
of 478 days of follow-up. Impaired BIpost (i.e., BI b 60)was significantly correlatedwith older age and lower albu-
min, hemoglobin, estimated glomerular filtration rate (eGFR), and B-type natriuretic peptide (BNP). In Kaplan-
Meier analysis, impaired BIpre and BIpost were significantly associated with all-cause mortality. Better outcomes
were observed for improved BI (ΔBI N 15) among patients with impaired baseline BI. BIpost was an independent
predictor of all-cause mortality after adjusting for age, sex, eGFR, BNP, hemoglobin, albumin, and left ventricular
ejection fraction.
Conclusions: Inpatient CR led to improvements in disabilities among patients with ADHF. Baseline disabilities
were associated with a poor prognosis. Greater improvements in BI to inpatient CR were significantly related
to better outcomes in patients with impaired baseline BI. CR should be indicated for patients with ADHF.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Heart failure (HF) is predominantly a disease of the elderly [1]. The
prevalence of multimorbidity also increases with age [2], with elderly
patients having five to six comorbidities in addition to HF [3–5]. Fre-
quently coexisting frailty and disability affect quality of life across the
entire age spectrum of patients with HF [6]. A recent study described
that frailty and disability impacted 30-day mortality in older patients
with acute decompensated HF (ADHF) in emergency departments [7].
Thus, broader interventions beyond HF management are necessary for
frail patients, including the treatment of concurrent decompensated
chronic conditions, reduction of polypharmacy, monitoring of patient
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capacities during and after hospitalization to minimize disability, and
prescription of physical exercise and nutritional supplementation [8,9].

Cardiac rehabilitation (CR) provides secondary prevention of cardio-
vascular disease and is an essential component of patient care [10]. A
Cochrane meta-analysis of exercise-based CR in patients with HF re-
ported significant improvements in health-related quality of life and a
reduction in re-hospitalization [11]. Exercise training is a core compo-
nent of comprehensive rehabilitation programs that is currently recom-
mended in combinationwith pharmacological therapy for patients with
chronic HFwith reduced ejection fraction (EF) based on a class 1 level of
evidence [12,13]. The benefits of exercise-based CR for clinically rele-
vant health outcomes (e.g., functional capacity, exercise tolerance, and
quality of life) have been widely recognized in patients with chronic
HF [14]. Although positive effects on HF-related hospitalization and
mortality rates in chronic HF populations have also been reported
[15–17], the influence of inpatient CR on disability and long-term out-
comes in patients with ADHF is not well established.

The physical impairment associated with chronic HF often worsens
markedly with decompensation and can be further compounded by
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prolonged immobility in the hospital environment, which may cause
profound declines in physical function [18]. Functional impairments
can persist and even progress after hospital discharge [19] and are asso-
ciated with increased risks of adverse clinical outcomes, including re-
hospitalization and death [19–21]. To improve cardiac care outcomes,
this study examined the impact of inpatient CR on patient disability
and prognosis among hospitalized patients with ADHF.

2. Methods

2.1. Study design and patient population

Consecutive patients with ADHF discharged Shinshu University Hospital from July
2014 to July 2018 were retrospectively screened. Of 239 patients who discharged after
heart failure treatment without acute coronary syndrome, 45 patients were not indicated
inpatient CR because of preserved functional status. One hundred ninety-four patients
were indicated inpatient CR. Of these, disability data at both pre- and post CR were avail-
able in 171 patients. The hospital's inpatient CR program including resistance training and
aerobic exercise were indicated as soon as hemodynamic stability was achieved. Data
were collected during the compensated HF state prior to discharge. Other recorded find-
ings included medical history, medication, laboratory data, electrocardiogram (ECG) and
echocardiography reports, discharge status, and post-discharge follow-up. Patient disabil-
ity was evaluated using the Barthel Index (BI) [22,23] before and after the CR program.
This study was approved by the Shinshu University Institutional Review Board. Informed
consent was obtained from each patient. All procedures were performed in accordance
with the Declaration of Helsinki. The diagnoses of ADHF and acute coronary syndrome
weremade by the attending clinicians using all available data on symptoms, laboratory re-
sults, ECGs, echocardiography, and coronary angiograms. Clinical data were collected at
the time of scheduled follow-up and by telephone call to each patient. The primary out-
come was all-cause mortality. Survival status was ascertained by chart review.

2.2. Inpatient CR

The supervised CR program at Shinshu University Hospital consisted of two exercise
stages. The first stage comprised basic activity training, such as sitting up in bed, sit-to-
standmotions, self-care, andwalkingwithin theward, whichwere started as soon as pos-
sible after the patient became hemodynamically stable. After completing the first stage,
patients proceeded to the second stage that involved progressive combined exercises of
stretching, resistance, and aerobic training according to the American College of Sports
Medicine's guidelines for exercise testing and prescription [24] and the Japanese Circula-
tion Society's guidelines for rehabilitation of inpatients with cardiovascular disease (JCS
2012) [25]. A typical exercise prescription for the second stage consisted of a 5-day-per
week program of 30min of aerobic activity (walking or bicycle ergometer) and resistance
training (squats, calf raises, and weight training) at a Karvonen intensity value of 0.3–0.5
or Borg scale value of 11–13 [25]. In patients with severe HF, a 3-day-per week program
of lower intensity would be indicated. The CR exercise program was carried out for ap-
proximately 2 weeks during hospitalization unless the patient showed adverse symptoms
or events.

2.3. Assessment of disability

The BI is a 10-item scoring scale used to measure a patient's functional ability to per-
formbasic activities of daily living [22,23]. The items can be divided into two groups: those
related to self-care (feeding, grooming, bathing, dressing, bowel and bladder care, and toi-
let use) and those concerning mobility (ambulation, transfers, and stair climbing). The
score ranges from zero, representing a totally dependent bedridden state, to 100, which
represents complete independence. In the present study, BI scores were determined by
a physical therapist at pre- (BIpre) and post- (BIpost) CR program. The cutoff BI value
used to divide the patients into two groups was 60 in accordance with a previous study
demonstrating the characteristics of severe functional dependence [26]. An impaired BI
state (b60) aided in determining prognosis in patients with acute HF [26]. Median ΔBI
value (BIpost − BIpre) was used to assess the impact of BI improvement on prognosis of
our cohort.

3. Statistical analysis

Continuous variables are expressed as the mean ± standard devia-
tion when normally distributed and as the median and interquartile
range when non-normally distributed. Normality was assessed by the
Shapiro-Wilk W-test. Spearman's rank correlation was used as a non-
parametric measure of associations between BI and clinical and echo-
cardiographic indices. The Wilcoxon or Kruskal-Wallis rank sums tests
were adopted to compare differences in BI across clinical categories,
while proportions were tested using contingency table analyses.
Kaplan-Meier survival plots were created from baseline to the time of
an adverse event and compared using the log-rank test. The Cox
proportional hazards regressionmodel was employed to assess the clin-
ical risk associatedwith increasing continuous standardized increments
of BI scores. The proportional hazards assumption was verified with log
(time) vs. log (−log [survival]) plots. Statistical analyses were per-
formed using SPSS Statistics software for Windows, version 22 (IBM
Corp., Armonk, NY, US). All p-values reported are from two-sided
tests. A p-value of b0.05 was considered statistically significant.

4. Results

4.1. Study population

The baseline clinical characteristics of the 171 patients in this study
are summarized in Table 1. For the study population as a whole, BIpre
was evaluated on the 5th (range: 3–8) day after admission, CR 1st
stage was performed from 5th (range: 3–8) day and 2nd stage was ini-
tiated 10th (range: 7–14) day, and CR was performed and BIpost was
evaluated on day 16 (range: 8–32) of hospitalization. Median BIpre
and BIpost were 70 (range: 50–85) and 90 (range: 80–100), respectively
(p b 0.001). Patients with impaired BIpre tended to be older, female, and
have lower albumin and hemoglobin than did those with preserved
BIpre (Table 1). BIpost worsened with increasing age (r = −0.502, p b

0.001) and decreasing BMI (r = 0.207, p = 0.004) (Supplemental
Table).

4.2. Relationship between BI and clinical characteristics

Lower magnitudes (i.e., more impaired) of BIpost were significantly
correlated with left ventricular (LV) structure (LV end-diastolic volume
index: r = 0.233, p = 0.005) and LV ejection fraction (LVEF) (r =
−0.197, p = 0.007). Greater impairments of BIpost were associated
with worsening estimated glomerular filtration rate (eGFR) (r =
0.183, p = 0.011), hemoglobin level (r = 0.255, p b 0.001), and serum
albumin concentration (r = 0.376, p b 0.001) (Supplemental Table).

4.3. Predictors of cardiac events

The endpoint of all-cause mortality occurred in 20% of patients (46/
171) during a median follow-up of 478 (range: 157–862) days. Im-
paired BIpost was significantly related to an increased risk of all-cause
mortality (44% vs. 17%, p b 0.01) in patients with ADHF, while impaired
BIpre was not (28% vs. 18%, p = 0.126) (Supplemental Figure). In
Kaplan-Meier testing, impaired BIpre and BIpost predicted long-term
all-cause mortality (Fig. 1A, B). When patients were divided into two
groups according to baseline BI, better outcomes were observed in
those who showed improved BI (ΔBI N 15) after CR in the impaired
baseline BI (BIpre b 60) cohort (Fig. 1C, D). This result suggested that pa-
tients with impaired baseline BI should be indicated for inhospital CR as
soon as hemodynamic conditions stabilize to improve outcomes. In
multivariate Cox proportional hazards analysis, impaired BIpost pre-
dicted all-cause mortality following adjustments for age, sex, BNP,
eGFR, hemoglobin, albumin, and LVEF, while BIpre did not (Table 2). In
impaired BIpre cohort, ΔBI N 15 was independently associated with bet-
ter outcome following adjustments for age, sex, BNP, eGFR, hemoglobin,
albumin, and LVEF (Table 3).

5. Discussion

This study demonstrated the prognostic significance of BI for
predicting mortality in patients with ADHF following CR. Specifically,
it showed that: 1) inpatient CR provided significant improvements in
previous disabilities among patients with ADHF; 2) lower BI values
were associated with all-cause mortality; 3) Better outcomes were ob-
served for improved BI (ΔBI N 15) among patients with impaired
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baseline BI; and 4) BIpostwas an independent predictor of all-causemor-
tality after adjusting for age, sex, BNP, eGFR, hemoglobin, albumin, and
LVEF.
5.1. Inpatient CR for ADHF

Studies on exercise training for HF have focused almost exclusively
on chronic, stable patients [27]. Although the benefits of exercise-
based CR on clinically relevant health outcomes (e.g., mortality, rehospi-
talization, functional capacity, exercise tolerance, and quality of life)
have been widely recognized [14–17], the patient populations in these
investigations were hemodynamically stable and hospitalized patients
with ADHF were excluded. Thus, limited data exist on inpatient CR for
ADHF. Our findings provide important clinical information regarding
the impact of inpatient CR for hospitalized patients with ADHF on dis-
abilities and prognosis.

A previous report described that inpatient CR soon after discharge
from the acute care setting improved the 1-year outcome of patients
with ADHF [17]. Scrutinio et al. conducted an observational study of
hospitalized patients with ADHF comparing 1-year outcomes
Fig. 1. Risk stratification of mortality using Barthel Index score. In Kaplan-Meier analysis, impair
cohort. Greater improvements in BI (ΔBI ≥ 15) on inpatient CRwere significantly related to bette
associated with outcomes (D). BIpre, Barthel Index score before cardiac rehabilitation; BIpost, Ba
between CR participants (n = 130) and non-participants (n =
145) [28], in which propensity score-adjusted Cox-multivariate
analysis showed the relative risk of the primary outcome among CR
participants to be 0.58 (p = 0.04, 95% confidence interval
0.34–0.99). Our study supports this result based on a larger CR co-
hort of elderly patients with ADHF.
5.2. Mechanism of effect of inpatient CR on prognosis

Improvement in exercise capacity is one of the most reliable effects
of exercise training. The improvement is assumed to be due to improve-
ments in peripheral effects such as peripheral circulation and skeletal
muscle function in patients with HF [29,30]. Resistance training is ex-
pected to enhance the strength of major muscle groups, facilitate daily
activities, and improve quality of life of patientswithHF and lowmuscle
strength [31]. Exercise training improves heart rate variability and baro-
reflex sensitivity [32–34] and ameliorates the increasing cardiovascular
risk linked with autonomic derangements in patients with HF [35–39].
The benefits of exercise on functional capacity and ventilator efficiency
for inpatients with HF are mainly due to peripheral mechanisms and
ed BIpre (A) and BIpost (B) were associatedwith long-term all-causemortality in the overall
r outcomes in the impaired BIpre (BIpre b 60) cohort (C). In the BIpre ≥60 cohort,ΔBIwas not
rthel Index score after cardiac rehabilitation; CR, cardiac rehabilitation.



Table 1
Baseline characteristics.

Variable BIpre b 60 BIpre ≥ 60
(n = 115)

p-Valuea

Total ΔBI ≥ 15 ΔBI b 15

(n = 56) (n = 50) (n = 6)

Age (years) 83 [77, 87] 83 [76, 86] 83 [78, 88] 72 [66, 82] b0.001
Male, n (%) 26 (46) 21 (42) 5 (83) 79 (69) 0.013
Body mass index (kg/m2) 19.8 [18.5, 22.0] 19.8 [18.7, 23.2] 20.1 [17.8, 21.2] 20.9 [18.5, 24.1] 0.149
BIpre 40 [25, 50] 40 [24, 45] 53 [26, 55] 80 [70, 85] b0.001
BIpost 83 [61, 90] 85 [70, 90] 43 [13, 60] 93 [85, 100] b0.001
Heart failure history

NYHA Class III or IV, n (%) 20 (36) 17 (34) 3 (50) 28 (24) 0.114
Ischemic etiology, n (%) 27 (48) 24 (48) 3 (50) 29 (25) 0.002
Valvular disease, n (%) 17 (30) 15 (30) 2 (33) 34 (30) 0.890
Atrial fibrillation, n (%) 33 (59) 28 (56) 5 (83) 61 (53) 0.322

Heart rate (beats/min) 73 [64, 82] 71 [64, 80] 81 [67, 91] 69 [59, 80] 0.096
Systolic blood pressure (mmHg) 107 [99, 121] 111 [102, 121] 101 [96, 127] 111 [99, 123] 0.876
Comorbidities

Hypertension, n (%) 33 (59) 30 (60) 3 (50) 62 (54) 0.505
Diabetes mellitus, n (%) 22 (39) 21 (42) 1 (17) 36 (31) 0.287

Medications
ACE-I and/or ARBs, n (%) 46 (82) 45 (90) 1 (17) 98 (85) 0.703
β-Blockers, n (%) 40 (71) 40 (80) 0 (0) 86 (74) 0.645
Spironolactone, n (%) 30 (54) 27 (54) 2 (33) 68 (59) 0.533
Loop diuretics, n (%) 48 (86) 42 (84) 5 (83) 91 (79) 0.277

Echocardiographic data
LVEF (%) 50 [38, 60] 50 [34, 60] 48 [44, 68] 45 [32, 56] 0.098
LVEDV index (mL/m2) 66 [44, 84] 66 [47, 86] 73 [48, 78] 68 [48, 91] 0.514
LVESV index (mL/m2) 35 [19, 52] 36 [21, 52] 35 [24, 43] 36 [19, 61] 0.717
Mitral E/A ratio 0.9 [0.6, 1.4] 0.9 [0.7, 1.4] – 1.3 [0.7, 1.9] 0.042
Mitral DT (ms) 165 [125, 208] 165 [129, 210] 127 [100, 166] 164 [138, 226] 0.330

Laboratory data
Albumin (g/dL) 3.3 [2.9, 3.5] 3.3 [2.9, 3.5] 3.2 [2.8, 3.7] 3.6 [3.3, 4.0] b0.001
Hemoglobin (g/dL) 10.8 [10.1, 11.9] 10.9 [10.1, 11.7] 11.5 [10.0, 13.9] 11.8 [10.4, 13.8] 0.006
eGFR (mL/min/1.73 m2) 36 [27, 53] 36 [27, 52] 35 [20, 43] 45 [31, 60] 0.064
BNP (pg/mL) 354 [186, 602] 356 [191, 625] 411 [98, 672] 269 [138, 452] 0.085

a BIpre b 60 vs. BIpre ≥ 60. ACE\\I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BI, Barthel Index; BNP, B-type natriuretic peptide; DT, deceleration time;
E/A, early to late diastolic flow velocity ratio; EF, ejection fraction; eGFR, estimated glomerular filtration rate; EDV, end-diastolic volume; ESV, end-systolic volume; LV, left ventricular;
NYHA, New York Heart Association.
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adaptations [29,35–39]. Hospitalization by ADHF deteriorates physical
function including exercise capacity, skeletal muscle strength, ventila-
tory volume, peripheral circulation, autonomic nerve activity [18–21].
Our results indicate that early CR intervention may be beneficial for
preventing the disability progression induced by bed-rest during treat-
ment for HF.
Table 2
Univariate and multivariate Cox proportional hazards analyses.

Variable HR (95% CI) p-Value

BIpost 0.960 (0.946–0.975) b0.001
BIpre 0.980 (0.968–0.992) 0.002
Multivariable model

BIpost
Adjusted for:

Age, sex, BNP 0.972 (0.954–0.990) 0.002
Age, sex, eGFR 0.971 (0.954–0.989) 0.001
Age, sex, hemoglobin 0.971 (0.954–0.988) 0.001
Age, sex, albumin 0.972 (0.954–0.990) 0.002
Age, sex, LVEF 0.969 (0.952–0.987) 0.001

BIpre
Adjusted for:

Age, sex, BNP 0.987 (0.973–1.002) 0.081
Age, sex, eGFR 0.989 (0.975–1.003) 0.131
Age, sex, hemoglobin 0.990 (0.976–1.005) 0.179
Age, sex, albumin 0.992 (0.977–1.008) 0.315
Age, sex, LVEF 0.990 (0.975–1.004) 0.165

BI, Barthel Index; BNP, B-type natriuretic peptide; CI, confidence interval; eGFR, estimated
glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction.
5.3. Clinical implications

Most patients hospitalized for ADHF are frail elderly patients with
multiple comorbidities, including deficits in mobility, strength, and bal-
ance [18,39]. These functional impairmentsmay deteriorate after hospi-
tal discharge [19] and are associated with increased risks of mortality
[19–21]. Our findings corroborate the potential benefit of offering phys-
ical function intervention to patients hospitalized with ADHF. Indeed,
inpatient CR is currently indicated for patients with ADHF at our institu-
tion and should be broadly indicated amongelderly patientswith ADHF.
This study also showed a positive impact of CR using risk stratification of
BI for mortality. Thus, BI scores may be adopted as a measure for the
goals and success of CR.
Table 3
Univariate and multivariate Cox proportional hazards analyses in low BIpre group.

Variable HR (95% CI) p-Value

ΔBI ≥ 15 0.174 (0.052–0.582) 0.005
Multivariate model

ΔBI ≥ 15
Adjusted for:

Age 0.230 (0.069–0.764) 0.016
Sex 0.179 (0.046–0.693) 0.013
BNP 0.195 (0.054–0.700) 0.012
eGFR 0.221 (0.066–0.738) 0.014
Hemoglobin 0.125 (0.035–0.445) 0.001
Albumin 0.196 (0.059–0.653) 0.008
LVEF 0.217 (0.065–0.728) 0.013

BI, Barthel Index; BNP, B-type natriuretic peptide; CI, confidence interval; eGFR, estimated
glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction.
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6. Limitations

This study had several limitations. First, because of the retrospective
nature of this study, follow-up period was short and distribution of the
periodwaswidely variated. Thus, censored datamight affect the robust-
ness of our survival rate and hazard ratio estimation in Kaplan-Meier
analysis and Cox regression. Second, because we enrolled patients
who were discharged after treatment for HF, data regarding inpatient
mortalitywere limited. Third, our study populationwas heterogeneous;
we enrolled patients regardless HF phenotype (i.e., reduced EF, mid-
range EF, and preserved EF). The generalizability of CR for each HF sub-
type should be studied in a larger cohort. Fourth, the timing of CR initi-
ation, period and its overall intensity were left to each physician's and
physical therapist's discretion, respectively. Severity of HF might cause
variations of CR period. Prospective trial with uniform CR and follow-
up protocol in patients with homogenous severity HF would be prefer-
able to investigate the impact of CR on the prognosis. Fifth, although a
prognostic impact of inpatient CR in patients with preserved BIpre was
not observed, the clinical merits of CR for those patients should be
discussedwith a greater number of patients andwider scales for disabil-
ity. Since BI was suitable for identifying patients with more impaired
daily activity, its dispersion should be narrowed in patients with pre-
served daily activity; a larger scale of daily activity and more patients
are needed to assess for associations between disability and clinical out-
come in those patients. Finally, limited data were available regarding
outpatient CR in this study. Despite these limitations, inpatient CR
proved to be a straightforward approach with the promise of clinical
utility for improving disabilities and prognosis among hospitalized pa-
tients with ADHF.

7. Conclusions

Inpatient CR could improve previous disabilities among patients
with ADHF. Impaired baseline disability was associated with a poor
prognosis. Greater improvements in BI to inpatient CR were signifi-
cantly related to better outcomes in patients with impaired baseline
BI, who should therefore be indicated for this regimen.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.06.071.
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