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BACKGROUND: The impact of early implementation of cardiac rehabilitation (CR) in heart failure (HF) patients remains to be
elucidated. This study sought to determine whether CR during HF hospitalization could improve prognostic outcomes in
patients with acute decompensated HF.

METHODS: We analyzed patients with HF enrolled in the JROADHF (Japanese Registry of Acute Decompensated Heart
Failure) registry, a retrospective, multicenter, nationwide registry of patients hospitalized for acute decompensated HF.
Eligible patients were divided into 2 groups according to CR during hospitalization. The primary outcome was a composite
of cardiovascular death or rehospitalization due to cardiovascular event after discharge. The secondary outcomes were
cardiovascular death and cardiovascular event rehospitalization.

RESULTS: Out of 10473 eligible patients, 3210 patients underwent CR. Propensity score matching yielded 2804 pairs. Mean
age was 77112 years and 3127 (55.8%) were male. During a mean follow-up of 2.8 years, the CR group had lower incidence
rates of the composite outcome (291 versus 327 events per 1000 patient-years; rate ratio, 0.890 [95% ClI, 0.830-0.954];
P=0.001) and rehospitalization due to cardiovascular event (262 versus 295 events per 1000 patient-years; rate ratio, 0.888
[95% CI, 0.825-0.956]; A=0.002) than the no CR group. In-hospital CR was associated with an improvement in Barthel
index for activities of daily living (P=0.002). Patients with very low Barthel index at admission were benefited by CR in
comparison with patients with independent Barthel index (very low; hazard ratio, 0.834 [95% Cl, 0.742—-0.938]: independent;
hazard ratio, 0.985 [95% ClI, 0.891-1.088]; P for interaction=0.035).

CONCLUSIONS: CR implementation during hospitalization was associated with better long-term outcomes in patients with acute
decompensated HF. These data support the need for a randomized, controlled, adequately powered trial to definitively test
the role of early physical rehabilitation in hospitalized patients with HF.
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WHAT IS NEW?

* In Japan, cardiac rehabilitation is recommended
for patients with acute decompensated heart fail-
ure during hospitalization. However, the effects of
early implementation of cardiac rehabilitation have
not been fully elucidated. In this study, cardiac
rehabilitation during heart failure hospitalization is
associated with improvements in quality of life at
discharge and prognosis after discharge.

WHAT ARE THE CLINICAL IMPLICATIONS?

* Improvement of physical function by early imple-
mentation of cardiac rehabilitation is the key to
better prognosis in heart failure patients. Cardiac
rehabilitation during heart failure hospitalization
may be more effective in patients with severe physi-
cal deconditioning.

Nonstandard Abbreviations and Acronyms

ADL activity of daily living

CR cardiac rehabilitation

HF heart failure

HR hazard ratio

SMD standardized mean difference

Training Meta-Analysis of Trials for Chronic Heart Failure
I1), an individual patient data meta-analysis, failed to show
the beneficial effects of exercise-based CR on prognosis
in patients with HF® In the most recent meta-analysis
concluded that low to moderate-quality evidence showed
that CR probably reduced the risk of all-cause hospital
rehospitalization.” It is still difficult to conclude the asso-
ciation between CR and outcomes with conviction due
to lack of evidence. In addition, previous studies which
reported the beneficial effects of CR on cardiovascular
outcomes mainly focused on outpatients with chronic
stable HF but not those with acute decompensated HF.

More recently, Kitzman et al® conducted a random-
ized controlled trial and demonstrated that the early
rehabilitation resulted in greater improvement in physi-
cal function than usual care in outpatients with HF.
Although this important trial failed to show beneficial
effects of CR on cardiovascular outcomes, early imple-
mentation of CR is thought to be beneficial for patients
with HF, It drives us to assess CR during HF hospitaliza-
tion because we can provide CR as soon as possible to
prevent further physical deconditioning in comparison
with outpatient CR in Japan. Moreover, the Japanese
nationwide registry has potential to provide us with reli-
able results.”

The Japanese Circulation Society Guideline on
Rehabilitation in Patients with Cardiovascular Disease
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recommended the standard CR program in patients with
acute decompensated HE'' According to this guideline,
around 40% of the patients with acute decompensated
HF underwent CR during the index hospitalization in
Japan.'? Hospitalized patients with HF are more likely
to be complicated by frailty.”® Physical functions, includ-
ing frailty and activity of daily living (ADL), are closely
associated with a prognosis in patients with HRE™1
Recently, CR has been shown to effectively improve
frailty.'” Therefore, improvement in physical function by
early CR implementation for acute decompensated HF
might contribute to better prognostic outcomes. How-
ever, to date, the impact of in-hospital CR for patients
with acute decompensated HF on long-term outcomes
has not been elucidated.

The JROADHF (Japanese Registry of Acute Decom-
pensated Heart Failure) is a retrospective, multicenter,
nationwide registry of hospitalized patients with HF,
enrolling 13238 patients admitted with HF in a web-
based registry at 158 participating hospitals in Japan.'®
This extensive registry was developed by linking the Jap-
anese Registry Of All cardiac and vascular Diseases-the
Japanese Diagnosis Procedure Combination system, a
nationwide claim database. JROADHF database is use-
ful for analyzing the characteristics and treatments of
patients hospitalized for acute decompensated HF in
Japan. Although previous CR studies mainly focused on
HF with reduced ejection fraction, we did not exclude
HF with preserved ejection fraction patients because
we assumed that CR could benefit any types of HF'®
The aim of this study was to determine whether the
implementation of CR during the hospitalization could
improve long-term outcomes in patients with acute
decompensated HF.

METHODS

Data Availability Statement
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Japanese Registry of Acute Decompensated

Heart Failure

The JROADHF is a multicenter registry of patients hospital-
ized for the worsening HF in Japan.'® In this registry, HF was
defined with International Classification of Diseases, Tenth
Revision codes, and medical chart review. First, International
Classification of Diseases, Tenth Revision codes related to
HF (150.0, 150.1, and 150.9), and additional diagnostic codes
(30101 or 30102 representing acute HF or exacerbation of
chronic HF) were used. Then, the diagnosis was confirmed by
medical chart review. This 2-step method yielded more reliable
HF definition. Baseline data were collected during the epi-
sode of index hospitalization during 2013 from 158 hospitals.
Follow-up data were collected up to 5 years after the hospi-
talization. The baseline data include demography, cause of HF,

April 2023 312



Enzan et al

precipitating cause, comorbidities, clinical status, electrocardio-
graphic and echocardiographic findings, and treatment includ-
ing discharge medications.

Study Patients

From the database of JROADHF, patients who were dis-
charged alive were included. Patients were excluded if they had
left ventricular assist device or information about CR was miss-
ing. The reason why information about CR was missing is that
we failed to extract claim data due to technical issues. Hence,
the mechanism of missing was at random and not affected by
patient information. We included any left ventricular ejection
fraction categories as stated in Introduction section. Eligible
patients were divided into 2 groups according to the implemen-
tation of CR.

In-Hospital CR

Since the database used in our study obtained information from
individuals who were hospitalized in 2013, the CR was con-
ducted according to the Japanese Guidelines for rehabilitation
in patients with cardiovascular disease published in 2012. This
guideline was published in Japanese, so we translated cor-
responding part into English (Supplemental Methods). Briefly,
ambulation program is initiated once hemodynamics is stabi-
lized, even if the patients are still on inotropes. This program
includes stretching on the bed, sitting upright, and walking.
During the program, symptoms, vital signs, and electrocardio-
gram are monitored. We increment the strength and time of
the program. Upon completion of ambulation program, then
patients proceed to the exercise program. This includes walk-
ing, ergometer, aerobic exercise, and low-level resistance train-
ing under supervision.

Implementation of CR

Implementation of CR was defined as Diagnosis Procedure
Combination code (claim database in Japan) 180027410 or
180027510. Institution which can provide CR was defined as
institution with at least 1 Diagnosis Procedure Combination
code 180027410 or 180027510 in 2013.

Outcomes

The primary outcome was a composite of cardiovascular death
or rehospitalization due to cardiovascular event. The second-
ary outcomes were cardiovascular death and rehospitaliza-
tion due to cardiovascular event. Cardiovascular event was
defined as a composite of HF, myocardial infarction, angina
pectoris, arrhythmia, stroke, and pulmonary embolism. We also
assessed the primary outcome among subgroups; age (=80
versus <80 years), sex, left ventricular ejection fraction (>40
versus <40%), ischemic heart disease, atrial fibrillation, hyper-
tension, diabetes, chronic kidney disease (stage 1-2 versus
3-b), anemia, and, the use of angiotensin-converting enzyme
inhibitors/angiotensin Il receptor blockers, mineralocorticoid
receptor antagonists, and beta-blockers.

Statistical Analysis
Patient characteristics were compared with Pearson 2 test for
categorical variables and Student t test or Wilcoxon rank sum
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test for continuous variables and were presented as mean£SD
or median with interquartile range. A propensity score was
estimated by fitting a logistic-regression model which adjusted
for age, sex, New York Heart Association functional class (I-II
versus llI=1V), prior HF hospitalization, ischemic heart disease,
hypertension, diabetes mellitus, stroke, chronic obstructive
pulmonary disease, malignancy, pacemaker, implantable car-
dioverter defibrillator, cardiac resynchronization therapy-defi-
brillator, heart rate, atrial fibrillation, left ventricular ejection
fraction, hemoglobin, angiotensin-converting enzyme inhibi-
tor/angiotensin Il receptor blocker, mineralocorticoid receptor
antagonist, beta-blockers, loop diuretics, thiazide, digitalis, oral
inotrope, and amiodarone. It is possible that physician in charge
did not provide CR for patients with low life expectancy, which
can be a potential indication bias. We included extracardiac
variables (stroke, chronic obstructive pulmonary disease, and
malignancy) as covariates to exclude potential indication bias.
Malignancy, cardiovascular diseases, and pulmonary diseases
accounted for 27.4%, 24.8%, and 12.2% of death, respectively,
according to the statistics from the Japanese Ministry of Health,
Labour and Welfare. Considering these statistics, stroke (asso-
ciated with aspiration pneumonia), chronic obstructive pulmo-
nary disease, and malignancy are appropriate to be chosen.

One-to-one pair matching between the 2 groups was per-
formed by nearest-neighbor matching without replacement.
Covariate balances before and after matching were checked by
comparison of standardized mean difference (SMD). An SMD
<0.1 was considered to indicate a negligible imbalance between
the 2 groups. For analysis of associations between CR and out-
comes, incidence rates per 1000 patient-years and incidence rate
ratio were calculated for each outcome. Hazard ratio (HR) was
estimated by Cox regression analysis and Fine and Gray model,
and their results were compared for the primary analysis. Others
were analyzed with Fine and Gray model. Results were presented
with 95% Cl and P value. Sensitivity analyses were described in
the Supplemental Methods (Sensitivity Analyses section).

To assess ADL related to frailty, the Barthel index was cate-
gorized into 4 subcategories: 80 to 100 (independent ADL), 50
to 79 (moderately reduced ADL), 25 to 49 (low ADL), and O to
24 (very low ADL)."® The effects of inpatient CR on changes in
Barthel index from admission to discharge were examined with
generalized estimating equations adjusted for same covariates
as used in propensity score matching.

To test whether Barthel index categories were an effect
modifier for CR, we did a post-hoc analysis. Association
between CR and the primary outcome according to Barthel
index at admission was examined with Cox regression model
including CR, Barthel index subcategories, interaction term
(CRxBarthel index subcategories), and covariates used in the
propensity score matching.

All tests were 2-tailed and <0.05 was considered to be
statistically significant. All analyses were performed with the
SAS statistical package (version 9.4, SAS Institute, Cary, NC).

Ethic Statements

This study protocol was organized to ensure compliance
with the Declaration of Helsinki and the Guidelines for the
Epidemiological Research published by the Japanese Ministry
of Health, Labour and Welfare. The original study protocol was
approved by our Institutional Review Board.
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RESULTS
Patient Characteristics

Out of the 13238 patients in this registry, 11120
patients were discharged alive (Figure 1). Among
them, 645 patients whose information about CR was
missing and 2 patients with left ventricular assist
device were excluded. The remaining 10473 patients
were finally included in the present analysis. Of them,
3210 patients underwent CR during hospitaliza-
tion. Propensity score matching yielded each 2804
patients (Figure 1).

After propensity score matching, variables were
considered to be well-balanced (Table 1). In match-
ing cohort, mean age was 77£12 years, and 3127
(65.8%) were male. Echocardiography demonstrated
that left ventricular ejection fraction (4517 versus
46+17%, SMD=—0.06), left ventricular diastolic diam-
eter (63+£10 versus 5310 mm, SMD=—0.04), left
ventricular mass index (134143 versus 137147 g/
m2, SMD=—0.07), left atrial diameter (45.4%8.8 versus
45.6+£9.1mm, SMD=—0.02) and the grade Ill to IV of
mitral regurgitation (35.5 versus 35.7%, SMD=0.00)
were comparable between the 2 groups. Furthermore,
the distribution of Barthel index categories was similar
between the 2 groups.

In-Hospital Rehabilitation Reduces CV in HF

Clinical Outcomes

During a mean follow-up of 2.8 years, patients with CR
had a lower incidence rate of the composite of cardio-
vascular death or rehospitalization due to cardiovascular
event (291 versus 327 events per 1000 patient-years;
rate ratio, 0.890 [95% CI, 0.830-0.954]; P=0.001) and
rehospitalization due to cardiovascular event (262 ver-
sus 295 events per 1000 patient-years; rate ratio, 0.888
[95% ClI, 0.825-0.956]; A=0.002) than those without
CR (Table 2). The incidence rate of cardiovascular death
was not statistically significantly different between the
2 groups (rate ratio, 0.925 [95% CI, 0.824-1.038];
P=0.18; Table 2). Cox regression analyses for each out-
come demonstrated that CR was associated with a lower
incidence rate of the composite event (HR, 0.906 [95%
Cl,0.845-0.972]; P=0.006) and rehospitalization due to
cardiovascular event (HR, 0.906 [95% CI,0.841-0.975];
P=0.008; Figure 2). Fine and Gray model yielded simi-
lar results: incidence rate of the composite event (HR,
0.901 [95% Cl, 0.840-0.966]; £=0.003) and rehospi-
talization due to cardiovascular event (HR, 0.905 [95%
Cl, 0.841-0.974]; P=0.008; Table S1). Multivariable Cox
regression analysis also showed that CR was associ-
ated with reduced composite event (HR, 0.935 [95% Cl,
0.879-0.995]; P=0.035) and cardiovascular rehospital-
ization (HR, 0.935 [95% CI, 0.876-0.998]; P=0.042;

Heart failure admission (n = 13,238)

In-hospital death or no follow-up (n =3,727)

Discharge alive (n = 11,120)

Ventricular assist device (n = 2)
Missing: Rehabilitation (n = 645)

Eligible patients (n = 10,473)
I

! 1
Rehabilitation No rehabilitation
(n=3,210) (n=7263)

Propensity score matching*

No rehabilitation
(n=2,804)

Rehabilitation
(n=2,804)

Figure 1. Patient selection.

*Adjusted for age, sex, prior heart failure (HF) hospitalization, New York Heart Association functional class, etiology of HF, ischemic heart
disease, hypertension, diabetes, stroke, chronic obstructive pulmonary disease, malignancy, heart rate, atrial fibrillation, pacemaker, implantable
cardioverter defibrillator, cardiac resynchronization therapy-defibrillator, left ventricular ejection fraction, left ventricular mass index, hemoglobin,
estimated glomerular filtration rate, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker, mineralocorticoid receptor
antagonist, beta-blockers, loop diuretics, thiazide, digitalis, oral inotropes, and amiodarone.
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Table 1. Patient Characteristics
Before propensity score matching After propensity score matching
No. of missing Rehabilitation No rehabilitation Rehabilitation No rehabilitation
Variables (out of 10473) (n=3210) (n=7263) SMD (n=2804) (n=2804) SMD
Demographics
Age, y 0 7712 7713 0.04 77112 77112 0.00
Male 0 1759 (54.8) 3947 (54.3) —0.01 1548 (55.2) 1579 (56.3) 0.02
Prior HF admission 0 1162 (36.2) 2584 (35.6) —0.01 1010 (36.0) 991 (35.3) —0.01
NYHA class llI-IV 162 2742 (86.2) 5933 (83.2) 0.08 2428 (86.6) 2408 (85.9) 0.02
Smoking 1400 990 (35.4) 2224 (35.4) 0.00 877 (36.1) 899 (36.8) —0.01
Vital signs
SBP, mmHg 91 141£33 141+33 —0.01 14134 141+£32 —0.01
Heart rate, bpm 144 93+26 91126 0.05 92126 92126 0.01
Etiology of heart failure
Ischemic 367 929 (29.4) 1752 (25.2) 0.09 819 (29.4) 785 (28.4) 0.02
Cardiomyopathy 367 445 (14.1) 860 (12.4) 0.05 401 (14.4) 406 (14.7) —0.01
Hypertensive 367 497 (15.7) 1182 (17.0) —0.04 450 (16.2) 468 (16.9) —0.02
Valvular 367 581 (18.4) 1247 (18.0) 0.01 512 (18.4) 467 (16.9) 0.04
Adult congenital 367 16 (0.5) 55 (0.8) —0.03 15 (0.5) 18 (0.7) —0.01
Arrhythmia 367 517 (16.4) 1264 (18.2) —0.05 446 (16.0) 453 (16.4) —0.01
Constrictive pericarditis 367 12 (0.4) 28 (0.4) 0.00 11 (0.4) 9 (0.3) 0.01
Other 367 80 (2.5) 249 (3.6) —0.06 67 (2.4) 82 (3.0) —0.03
Heart disease
IHD 0 1276 (39.8) 2436 (33.5) 0.13 1124 (40.1) 1068 (38.1) 0.04
Atrial fibrillation 53 1430 (44.8) 3129 (43.3) 0.03 1278 (45.6) 1250 (44.6) 0.02
Prior procedures
PCI/CABG 271 784 (24.6) 1497 (21.3) 0.08 689 (24.6) 633 (22.6) 0.05
Pacemaker 757 259 (8.4) 517 (7.8) 0.02 226 (8.1) 226 (8.1) 0.00
ICD 794 57 (1.8) 90 (1.4) 0.04 51 (1.8) 36 (1.3) 0.04
CRT-D 807 83 (2.7) 134 (2.0) 0.04 74 (2.6) 60 (2.1) 0.03
Hemodialysis 807 58 (1.9) 193 (2.9) —0.07 51 (1.8) 64 (2.3) —0.03
Comorbidities
Hypertension 0 2315 (72.1) 5268 (72.5) —0.01 2046 (73.0) 2072 (73.9) —0.02
Diabetes 0 1150 (35.8) 2548 (35.1) 0.02 1004 (35.8) 971 (34.6) 0.02
Hyperurecemia 0 722 (22.5) 1624 (22.4) 0.00 660 (23.5) 702 (25.0) —0.03
CKD 0 1291 (40.2) 2752 (37.9) 0.05 1158 (41.3) 1117 (39.8) 0.03
Stroke 0 432 (13.5) 936 (12.9) 0.02 376 (13.4) 366 (13.1) 0.01
PAD 0 197 (6.1) 437 (6.0) 0.01 176 (6.3) 176 (6.3) 0.00
Anemia 0 698 (21.7) 1482 (20.4) 0.03 628 (22.4) 567 (20.2) 0.05
COPD 0 192 (6.0) 490 (6.7) —0.03 174 (6.2) 175 (6.2) 0.00
Malignancy 0 387 (12.1) 775 (10.7) 0.04 349 (12.4) 340 (12.1) 0.01
Echocardiographic data
LVEF, % 1182 45+17 48+17 —0.18 45+17 46+17 —0.06
LvVDd, mm 1194 52+10 52+10 0.03 53%10 5310 —0.04
LVDs, mm 1520 41%12 39+12 0.11 41%12 41%12 0.01
LVMI, g/m? 2048 134+43 136+46 —0.05 134143 137147 —0.07
LAD, mm 1523 45.418.8 45.719.2 —0.03 45.418.8 45.619.1 —0.02
MR III-IV 979 1091 (35.7) 2269 (35.2) 0.01 988 (35.5) 989 (35.7) 0.00
Laboratory data
Hemoglobin, g/dL 76 11.8%£2.3 11.7£2.4 ‘ 0.05 ‘ 11.8+2.3 11.8+2.4 0.00
(Continued)
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Table 1. Continued
Before propensity score matching After propensity score matching
No. of missing Rehabilitation No rehabilitation Rehabilitation No rehabilitation
Variables (out of 10473) (n=3210) (n=7263) SMD (n=2804) (n=2804) SMD
Albumin, g/dL 1237 3.5+£0.5 3.6+£0.5 —0.04 3.6+£0.5 3.6+£0.5 —0.02
eGFR, mL/(min-1.73m?) 28 47+23 48+25 —0.05 46+22 48+25 —0.06
Uric acid, mg/dL 2088 7.0+£2.3 6.9+2.2 0.05 7.0+£2.3 6.9+2.2 0.04
Sodium, mEqg/L 35 139.314.6 139.414.6 —0.01 139.314.5 139.5+4.3 —0.03
BNP, pg/mL 2794 730.7 643.7 0.11 732.0 680.3 0.07
(406.3-1353.2) | (341.2-1190.8) (409.7-13479) (368.7-1235.4)
In(BNP) 2794 6.6+0.9 6.4%+1.0 0.15 6.6+0.9 6.5+0.9 0.09
Medication
Beta-blocker 1 1332 (41.5) 2688 (37.0) 0.09 1179 (42.0) 1111 (39.6) 0.05
ACE inhibitor/ARB 1 1572 (49.0) 3437 (47.3) 0.03 1390 (49.6) 1353 (48.3) 0.03
MRA 1 689 (21.5) 1626 (22.4) —0.02 589 (21.0) 594 (21.2) 0.00
Loop diuretics 1 1680 (52.3) 3826 (52.7) —0.01 1478 (52.7) 1480 (52.8) 0.00
Thiazides 1 211 (6.6) 500 (6.9) —0.01 191 (6.8) 191 (6.8) 0.00
Tolvaptan 1 87 (2.7) 158 (2.2) 0.04 67 (2.4) 60 (2.1) 0.02
Barthel index
Independent 188 953 (30.5) 2127 (29.7) 0.02 809 (29.6) 752 (27.2) 0.05
Moderately reduced 188 401 (12.8) 806 (11.3) 0.05 356 (13.0) 321 (11.6) 0.04
Low 188 583 (18.6) 1430 (20.0) —0.03 517 (18.9) 562 (20.4) —0.04
Very low 188 1192 (38.1) 2793 (39.0) —0.02 1054 (38.5) 1126 (40.8) —0.05

Data are shown as n (percent), means£SD, or median (IOR) otherwise specified. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BNF,
brain-type natriuretic peptide; CABG, cardiac artery bypass grafting; CKD, chronic kidney disease; COPD chronic obstructive pulmonary disease; CRT-D, cardiac resynchro-
nization therapy defibrillator; eGFR, estimate glomerular filtration rate; HF; heart failure; ICD, implantable cardioverter defibrillator; IHD, ischemic heart disease; IN(BNP),
natural log transformed brain-type natriuretic peptide; IOR, interquartile range; LAD, left atrial diameter; LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic
diameter; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; MR, mitral regurgitation; MRA, mineralocorticoid receptor antagonist; NYHA, New York
Heart Association; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; and SMD, standardized mean difference.

Table S2). The multiple imputation analysis showed
CR was associated with reduced rate of composite of
cardiovascular death or rehospitalization (HR, 0.941
[95% ClI, 0.907-0.977]; P=0.001) and cardiovascular
rehospitalization (HR, 0.948 [95% CI, 0.911-0.986];
P=0.007; Table S2). To exclude potential bias caused
by quality of treatment which differed between institu-
tion, we conducted multivariable analysis after exclud-
ing institutions which did not provide CR. CR was still
associated with a reduced composite of cardiovascular
death or rehospitalization (HR, 0.930 [95% ClI, 0.868—
0.996]; P=0.038; Table S3). We conducted multivariable
analysis including outpatient CR as a covariate to distin-
guish effects of inpatient CR from that of outpatient CR.
Inpatient CR was associated with reduced composite

of cardiovascular death or rehospitalization (HR, 0.924
[95% ClI, 0.859-0.994]; P=0.035) and cardiovascular
rehospitalization (HR, 0.921 [95% CI, 0.853-0.993];
P=0.033; Table S4).

For comparison, we conducted a univariate analysis.
While several adjusted analyses consistently showed
significant association between CR and cardiovascu-
lar outcomes, it did not reach a statistical significance
in the univariate analysis (HR, 0.954 [95% Cl, 0.897—
1.015]; P=0.13). This is called a suppression effect.
Suppression effects can occur even when there are
little or no association between suppressor variables
and the variable of interest when suppressor variables
share some variance with response variables.?® Given
that there were no strong correlation between CR

Table 2. Incidence Rate and Incidence Rate Ratio
Event rate (1000 person-years)
Rehabilitation No rehabilitation
Outcomes (n=2804) (n=2804) Rate ratio P value
CV death or CV event admission 291 327 0.890 (0.830-0.954) 0.001
CV death 72 77 0.925 (0.824-1.038) 0.18
CV event admission 262 295 0.888 (0.825-0.956) 0.002

CV indicates cardiovascular; and HF, heart failure.
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Figure 2. Cumulative incidence curves
for each outcome.

Cumulative incidence curves for (A)
cardiovascular (CV) death or CV event
hospitalization, (B) CV death, and (C)

CV event hospitalization in a propensity-
matched cohort. HF indicates heart failure;
and HR, hazard ratio.

and other baseline variables (Table Sb), it was less the malignancy and other noncardiac deaths in sev-
likely that there was a multicollinearity and it biased  eral methods. None of them reached a statistical sig-
results. As a negative control analysis, we assessed nificance (Table S6).
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Subgroup analysis did not show specific subgroups
who were especially benefited by CR (Figure S1).
Improvement in Barthel index from admission to dis-
charge was greater in CR group (P=0.002) after adjust-
ment for Barthel index at admission and other covariates
(Figure 3). Patients with lower Barthel index at admis-
sion were benefited by CR (very low; HR, 0.834 [95%
Cl, 0.742-0.938]: independent; HR, 0.985 [95% CI,
0.891-1.088], P value for interaction [very low versus
independent]=0.035; Figure 4).

DISCUSSION

The major finding of the present study was that the CR
during hospitalization was associated with better post-
discharge prognosis among patients with acute decom-
pensated HF. The benefit was significant in patients with
lower Barthel index. To our best knowledge, this study is
the first report demonstrating beneficial effects of CR
implementation during hospitalization on long-term out-
comes in patients with acute decompensated HF.
Although a lot of previous studies demonstrated the
beneficial effects of CR in patients with HF,'*° most of
them focused on outpatients CR. The impact of in-hospi-
tal CR for acute decompensated HF has not been eluci-
dated. In comparison with stable HF, patients with acute
decompensated HF are known to be frail with impair-
ments in physical function?' Frailty is an independent
predictor of long-term mortality and rehospitalization in
patients with HFE'® CR program is related to improving
frailty levels, especially in patients who are the frailest.'”
In the present study, in-hospital CR was associated with
improvement in not only long-term outcomes but also

Barthel index, an index for frailty, during hospitalization
(Figure 3). This result was consistent with the secondary
analysis of the REHAB-HF trial (Rehabilitation Therapy
in Older Acute Heart Failure Patients). The REHAB-HF
trial results showed that a novel, early physical reha-
bilitation intervention that included balance and mobility
training as well as strength and endurance significantly
improved frailty, as measured by the modified Fried cri-
teria?? Lower Barthel index is known to be associated
with poor postdischarge prognosis in patients with acute
HF.'® Importantly, in the present study, generalized esti-
mating equations showed that the survival benefit of
CR was significant in those with lower Barthel index at
admission (Figure 4). These data suggest that improve-
ment of physical function by in-hospital CR could lead to
better outcomes in patients with HF and CR should be
implemented even if physical deconditioning was worse.

Length of hospital stay for HF is longer in Japan than
western countries (18 [12-28] versus 7 [4—11] days).'
Thus, cohort studies in Japan, such as JROADHF study,
are ideal to investigate the effect of in-hospital CR
among patients with HF. Standard CR program for HF
during hospitalization in Japan includes creation of a
postdischarge exercise program.'” In the present study,
the length of hospital stay in CR group was longer than
that in no CR group (25.1£18.5 versus 20.7+16.6 days;
P<0.001). CR implementation might prolong hospital
stay. The causal relationship between CR implementa-
tion and length of hospital stay remains unclear due to
observational and retrospective nature of the present
study. However, our results suggest that in-hospital CR
implementation could lead to better prognosis in spite of
further increase in-hospital stay.

P=0.002

100% —

80% —

60% —

40% —

20%

0% -
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Admission

Discharge
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No CR CR

Figure 3. The effects of cardiac
rehabilitation (CR) on changes of
Barthel index from admission to
discharge.
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Figure 4. Effects of cardiac rehabilitation (CR) on
cardiovascular (CV) death or hospitalization according to
Barthel index at admission.

The HF-ACTION trial was a randomized controlled
trial that established the safety and efficacy of standard
endurance exercise training in patients with chronic stable
HF with reduced ejection fraction.® The REHAB-HF trial
is the most rigorous trial in hospitalized patients with HF;
however, it was insufficiently powered to assess clinical
events.® Furthermore deaths appeared to be increased
in the patients with reduced EF. In addition, standard CR
was not used due to the impaired balance in around 90%
of the older frail patients because it has been shown to
increase falls and injuries in these frail patients. An ongo-
ing trial, REHAB-HFpEF (Physical Rehabilitation for Older
Patients With Acute Heart Failure With Preserved Ejec-
tion Fraction), is designed to assess safety, efficacy, and
potential for reducing clinical events of early physical reha-
bilitation for hospitalization for acute HF (https://www.
clinicaltrials.gov; Unique identifier: NCT05525663). Given
these safety signals, clinical care should be guided by
results of adequately powered, rigorously designed trials.

Previous studies have demonstrated that, although
around 40% of the patients with acute decompensated
HF underwent in-hospital CR, limited patients partici-
pated in the outpatient CR program in Japan.'??® Con-
sistent with these findings, in the present study, the
implementation rate of in-hospital CR was 30% in eli-
gible patients and only 106 patients (1.0%) participated
in outpatient CR. It is unlikely that outpatient CR critically
affects the results of the present study because the rate
of outpatient CRis very low and the multivariable analysis
including outpatient CR as a covariate also showed sig-
nificant association between inpatient CR and cardiovas-
cular outcomes (Table S4). Outpatient CR or in-hospital
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CR after discharge was associated with better prognosis
among patients with stable HE#?* Therefore, the combi-
nation of in-hospital CR and consecutive outpatient CR
might provide more beneficial effects than each of them
for patients with acute decompensated HF Frailty is
related to lower implementation rate of outpatient CR?®
In-hospital CR is expected to facilitate implementation
and continuation of outpatient CR by improving physical
function at discharge.

Study Limitations

There are several potential limitations to be acknowledged
in the present study. First, the protocol and adaptation
of CR in each institute was not recorded in this registry.
Second, this study has all the limitations of a retrospective
registry combined with a propensity-matching analysis.
Propensity matching is known to have multiple limita-
tions, and we cannot be certain there were no significant
unaccounted confounding variables despite the extensive
adjustment for cardiac and noncardiac variables. Indeed,
it is possible that there were unmeasured relevant char-
acteristics that led to a clinical decision of whether to
provide early CR. Specifically, patients with low life expec-
tancy were unlikely to be provided CR. To elucidate these
issues, further investigation such as prospective studies
are needed. Third, as this was a single-country study in
Japan, this may limit generalizability of the results, par-
ticularly compared to the United States where there are
multiple differences in HF hospitalization practices, includ-
ing shorter average length of stay. Fourth, given that the
length of stay was observed to be longer in the early CR
group, this could limit acceptance by third-party payers,
particularly in the United States where this is a key per-
formance metric. Furthermore, the longer length of stay
is a potentially significant confounder. The signals for bet-
ter outcomes in the early CR group could be explained at
least partly by longer length of stay, since multiple studies
have shown an inverse correlation between length of stay
and rate of subsequent clinical events, including death.
Thus, the observed lower events rates could be due to lon-
ger length of initial hospitalization, and not to the early CR.
Finally, although we assumed that rehabilitation program
was based on the guidelines, no specific intervention pro-
tocol was utilized in this retrospective, observational study.
Thus, relatively few specific details of the intervention are
available such that there may have been considerable
heterogeneity, limited reproducibility, and generalizability.
There were likely substantial differences in the intervention
used in these acute hospitalized patients compared to that
used in chronic HF which is primarily standard endurance
training-based CR (treadmill based; walking, etc, as estab-
lished by the landmark HF-ACTION trial). Further, there
was no formal prospective assessment of frailty status. It
has been shown in multiple studies that applying standard
endurance training to frail, older, acutely ill patients have
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been shown to produce falls, injuries, and limited efficacy.
Thus, the results of this study should be viewed only as
hypothesis-generating and not practice changing, at least
on other settings and countries. Furthermore, there are
known limitations to propensity matching, so that we can-
not exclude potential for significant unknown confounding
variables. Ultimately, the optimal role of physical rehabilita-
tion, including type of intervention, patient selection, will
require an adequately powered, prospective randomized
clinical trial?® Indeed, the recently launched REHAB-
HFpEF trial is designed to answer these questions.

Conclusions

The implementation of CR during HF hospitalization
was associated with better postdischarge outcomes in
patients with acute decompensated HF.
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