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veillance in an era of aging populations in Japan.
The Japanese Registry Of All cardiac and vascular  

Diseases-the Japanese Diagnosis Procedure Combination 
system (JROAD-DPC) was developed as a nationwide 
claim database in 2014, using data from the Japanese 
Diagnosis Procedure Combination/Per Diem Payment 
System. JROAD-DPC uses codes based on diagnosis cat-
egories and diagnosis groups, and the following informa-
tion is retrospectively collected for each patient: unique 
hospital identifier, age, sex, diagnoses, comorbidities, length 

H eart failure (HF) is increasing in prevalence and 
incidence in the aging population worldwide.1,2 
Despite significant advances in pharmacological 

and non-pharmacological therapies over the past few decades, 
HF is still associated with high mortality and rehospitaliza-
tion rates and contributes substantially to the health-care 
cost.3,4 Japan is entering the most advanced aging society 
in the world, which accelerates the HF pandemic.5–7 How-
ever, the characteristics and outcomes of patients with HF 
have not been well investigated based on nationwide sur-
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Background: With aging population, the prevalence and incidence of heart failure (HF) have been increasing worldwide. However, 
the characteristics and outcomes of patients with HF in an era of aging are not well established in Japan.

Methods and Results: The Japanese Registry Of Acute Decompensated Heart Failure (JROADHF), a retrospective, multicenter, 
nationwide registry, was designed to study the clinical characteristics and outcomes of patients hospitalized with HF throughout Japan 
in 2013. One-hundred and twenty-eight hospitals were selected by cluster random sampling and 13,238 hospitalized patients with 
HF were identified by medical record review. Demographics, medical history, severity, treatment, and in-hospital and long-term 
outcome data were collected from the Diagnostic Procedure Combination and medical charts. Data were analyzed using univariate 
and multivariate logistic regression analysis. The mean age of registered patients was 78.0±12.5 years and 52.8% were male. Elderly 
patients (age >75 years) accounted for 68.9%, and HF with preserved ejection fraction (HFpEF) accounted for 45.1%. Median length 
of hospital stay was 18 days and in-hospital mortality was 7.7%. The median follow-up period was 4.3 years, and the incidence rates 
for cardiovascular death and rehospitalization for HF were 7.1 and 21.1 per 100 person-years, respectively.

Conclusions: A contemporary nationwide registry demonstrated that hospitalized HF patients were very elderly, HFpEF was common, 
and their prognosis was still poor in Japan.

Key Words: Aging population; Heart failure; Heart failure with preserved ejection fraction; Outcomes; Registry

ORIGINAL ARTICLE

Advance Publication



2 Ide T et al.

unique for each patient and converted to the patients’ 
identification number. Institutions were excluded if they 
were not willing to participate in this registry.

Study Patient Database
The following data were extracted from the JROAD-DPC 
database: unique hospital identifier, patient age, sex, diag-
noses, medical procedures, in-hospital management, pre-
scribed medications, discharge status, and medical costs. 
Causes of HF, comorbidities at admission, medical his-
tory, New York Heart Association (NYHA) functional 
class at admission and discharge, vital signs, echocardio-
graphic parameters, laboratory data at admission and dis-
charge, and long-term prognosis including any cause of 
death and cardiovascular hospitalization were adjudicated 
by the investigator of each institution based on patients’ 
medical records. A follow-up survey was conducted until 
December 2017. The 1,515 patients who were not diag-
nosed with HF by physicians were excluded.

Outcomes
The primary outcome of this study was all-cause death 
during hospitalization and all-cause death during the fol-
low-up period. Secondary outcomes were in-hospital death 
due to myocardial infarction, HF, arrhythmia, stroke, pul-
monary embolism, pneumonia, and malignancy. Cardio-
vascular death, HF hospitalization, and composite of 
cardiovascular death or HF hospitalization during the 
follow-up period were also assessed.

Comparison With Other Registries
Baseline characteristics, in-hospital interventions, medica-
tion at discharge, length of hospital stay, and in-hospital 
death were compared with previous registries including 
JCARE-CARD,10 acute decompensated heart failure 

of stay, discharge status, drugs, devices, and therapeutic 
procedures.8 The JROAD-DPC database provides various 
types of in-hospital data, although it lacks vital signs, lab-
oratory data, echocardiographic findings, and long-term 
outcomes for each patient.

The Japanese Registry Of Acute Decompensated Heart 
Failure (JROADHF) is a retrospective, multicenter, 
nationwide registry of hospitalized patients with HF. The 
aim of this registry is to provide a summary of contempo-
rary features, management, and in-hospital as well as long-
term outcome of hospitalized patients with HF across a 
large range of centers in Japan. The current study aimed to 
investigate the clinical characteristics and outcomes of hos-
pitalized patients with HF from JROADHF.

Methods
Study Setting
The JROADHF database was developed in collaboration 
with the Japanese Circulation Society (JCS) and the Japanese 
Heart Failure Society. This registry was developed by link-
ing the JROAD-DPC database with medical records, 
including long-term follow up after discharge, which was 
retrospectively obtained by board-certified cardiologists.

We first selected 193 institutions from eligible institu-
tions having more than 10 acute HF admissions during 
2013 by cluster random sampling according to a previous 
method.9 We collected DPC data directly from each hospital 
and created a list of patients with HF admission by com-
bining International Classification of Diseases-10 diagno-
sis codes related to HF (I50.0, I50.1 and I50.9) and an 
additional diagnostic code (30101 or 30102 representing 
acute HF or exacerbation of chronic HF). The identifica-
tion of the listed HF patients was conducted by the inves-
tigators in each hospital based on DPC number, which was 

Figure 1.  Patient flow chart. JROAD, Japanese 
Registry Of All cardiac and vascular Disease.
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tion excluded. The authors had full access to and take full 
responsibility for the integrity of the data.

Results
Eligible Institutions and Patients
Out of 438 institutions participating in the JROAD-DPC 
registry, 6 institutions were excluded because they had ≤10 
hospitalized patients with HF (Figure 1). We selected 193 
institutions by cluster random sampling. Of these, 128 
institutions agreed to participate in the JROADHF regis-
try. JROADHF investigators confirmed the diagnosis of 
hospitalization due to HF exacerbation among 13,238 out 
of 14,847 patients based on medical record review. The 
participating institutions and patients were distributed 
nationwide similarly before and after screening (Figure 2).

Baseline Characteristics of Studied Patients
The mean age of patients was 78.0±12.5 years and 52.8% 
were male (Table 1). Female patients were older than  
male patients (80.8±11.3 vs. 74.0±12.8 years, P<0.001) 
(Supplementary Figure). The major etiologies of hospital-
ized patients with HF were ischemic in 26.7%, valvular in 
18.5% (mitral valve regurgitation 37.0%, aortic valve ste-
nosis 36.0%, and others 27.0%), arrhythmic in 17.3%, 
hypertensive in 16.5%, and cardiomyopathic in 12.4%. The 
comorbidities included hypertension in 71.2%, valvular 
heart disease in 35.3% (mitral valve regurgitation 46.4%, 
aortic valve stenosis 25.3%, and others 28.3%), diabetes 
mellitus in 34.3%, dyslipidemia in 30.1%, chronic kidney 
disease in 38.9%, anemia in 21.2%, stroke in 13.7%, and 
chronic obstructive pulmonary disease in 6.4% of patients. 
Patients with a prior history of HF admission accounted 
for 34.7% of the cohort. Those with HF with reduced ejec-
tion fraction (HFrEF: LVEF <40%), HF with mid-range 
ejection fraction (HFmrEF: LVEF 40–49%), and HF with 
preserved ejection fraction (HFpEF: LVEF ≥50%) 

syndrome (ATTEND),11 West Tokyo-Heart Failure (WET-
HT),12 and the European Society of Cardiology heart 
failure long-term registry (ESC-HF-LT).3,13

Statistical Analysis
Continuous variables are presented as mean ± standard 
deviation when normally distributed or otherwise as median 
and interquartile range (IQR). There are some missing 
data and we conducted complete case analysis. Odds ratio 
(OR) were estimated using a logistic regression model and 
presented with 95% confidence intervals (CIs) and P values. 
We included covariates that were statistically significant in 
the univariate logistic regression analysis of factors associ-
ated with in-hospital mortality in a multivariate logistic 
regression model. The same variable selection method was 
used in the Cox regression model for cardiovascular death 
and HF hospitalization during the follow-up period. All 
tests were 2-tailed, and a P value <0.05 was considered 
statistically significant. The analyses were performed using 
SAS®9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics Statement
This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. The use of the JROAD-
DPC database for the initial calculation was approved by 
the ethical committee of the JCS (2017. No3). The study 
protocol using the JROADHF database was approved by 
Kyushu University (2019-569) and all 128 participating 
hospitals. The requirement for individual informed con-
sent based on the “opt-out” principle was applied because 
of the retrospective observational design of the present 
study. Each hospital anonymized patients’ ID using code-
change equations, which were applied to the original DPC 
data, and patients were notified that their information was 
collected by this study through homepages or posters in 
each hospital and on the study website (https://www.
jroadhf.jp). Patients could choose to have their informa-

Figure 2.  Nationwide distribution of participating institutions in the Japanese Registry Of Acute Decompensated Heart Failure 
(JROADHF).
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Table 1. Baseline Characteristics of Study Patients

Characteristics n=13,238

Age, years 78.0±12.5

Male, % 6,991 (52.8)

BMI, kg/m2 (n=11,945, missing n=1,293) 22.9±4.6　　
Prior hospitalization due to heart failure, % (n=13,238) 4,599 (34.7)

Etiology of heart failure, % (n=12,763, missing n=475)  

  Ischemic 3,401 (26.7)

  Valvular 2,365 (18.5)

  Arrhythmia 2,202 (17.3)

  Hypertensive 2,102 (16.5)

  Cardiomyopathic 1,587 (12.4)

  Others  436 (3.4)

  Unknown  534 (4.2)

Comorbidities, % (n=13,238)  

  Hypertension 9,420 (71.2)

  Ischemic heart disease 4,701 (35.5)

  Valvular heart disease 4,671 (35.3)

  Diabetes mellitus 4,534 (34.3)

  Dyslipidemia 3,990 (30.1)

  CKD 5,152 (38.9)

  Hyperuricemia 2,848 (21.5)

  Anemia 2,804 (21.2)

  Stroke 1,816 (13.7)

  PAD  788 (6.0)

  COPD  846 (6.4)

  Sleep-disordered breathing  508 (3.8)

Medical history, %  

  PCI     2,250 (17.5) (n=12,874, missing n=364)

  CABG          870 (6.8) (n=12,874, missing n=364)

  Supraventricular arrhythmia  

    Atrial fibrillation   5,677 (43.1) (n=13,175, missing n=63)

    Others         505 (3.9) (n=12,867, missing n=371)

  Ablation         204 (1.6) (n=12,874, missing n=364)

  Pacemaker           944 (7.7) (n=12,236, missing n=1002)

  VT/VF         561 (4.4) (n=12,860, missing n=378)

  ICD            163 (1.3) (n=12,188, missing n=1,050)

  CRT-P              53 (0.4) (n=12,190, missing n=1,048)

  CRT-D            246 (2.0) (n=12,178, missing n=1,060)

  Valve surgery            725 (6.0) (n=12,184, missing n=1,054)

  Hemodialysis            298 (2.5) (n=12,175, missing n=1,063)

  Cardiac rehabilitation            469 (3.9) (n=12,174, missing n=1,064)

Vital signs at admission 

SBP, mmHg 139.9±33.0 (n=13,102, missing n=136)

DBP, mmHg   79.7±21.6 (n=13,029, missing n=209)

Pulse rate, bpm   91.9±25.9 (n=13,045, missing n=193)

NYHA functional class, % (n=12,999, missing n=239)  

  I–II 1,929 (14.8)

  III–IV 11,070 (85.2)　　
Echocardiographic parameters at admission  
(n=11,573, missing n=1,665)  

  LVEF, % 46.7±17.3

  HFrEF, % 4,329 (37.4)

  HFmrEF, % 2,024 (17.5)

  HFpEF, % 5,220 (45.1)

(Table 1 continued the next page.)
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In-Hospital Death
The median duration of hospital stay was 18 (IQR 12–28) 
days. The in-hospital mortality rate was 7.7%, with cardio-
vascular death and non-cardiovascular death accounting 
for 77.1% and 20.9% of those patients, respectively 
(Table 2). In particular, 66.2% of patients died of HF. 
Among causes of non-cardiovascular deaths, pneumonia 
was the most common cause of death, accounting for 
9.1%. The multivariable logistic analysis showed that age 
(OR 1.02; 95% CI 1.00–1.04; P=0.025), NYHA functional 
class (OR 5.16; 95% CI 1.87–14.28; P=0.002), aortic valve 
stenosis (OR 2.88; 95% CI 1.84–4.50; P<0.001), chronic 
kidney disease stage IV–V (OR 1.53; 95% CI 1.02–2.29; 
P=0.041), stroke (OR 2.08; 95% CI 1.38–3.14; P<0.001), 
and log-transformed brain natriuretic peptide (BNP) level 

accounted for 37.4%, 17.5%, and 45.1% of the cohort, 
respectively. HFpEF was more prevalent in female patients 
(58.3%) than in male patients. During hospitalization, 
79.5% of patients were treated with oxygen, and a cardiac 
rehabilitation program was undertaken by 29.1% of 
patients. Diuretics were prescribed for 90.1% of patients at 
discharge. Inhibitors of the renin-angiotensin system 
(RAS), particularly angiotensin-converting enzyme inhibitor 
(ACEI) and angiotensin II receptor blockers (ARBs), and 
β-blockers were prescribed at discharge for 65.9% and 
63.8% of patients, respectively. The RAS inhibitors, renin-
angiotensin ACEIs or ARB, and β-blockers were pre-
scribed for 46.2% of patients.

Characteristics n=13,238

Laboratory data at admission  

  Hemoglobin, g/dL        　11.6±2.4 (n=13,115, missing n=123)

  Albumin, g/dL             　3.5±0.6 (n=11,708, missing n=1,530)

  BUN, mg/dL 23.9 (17.4–34.7) (n=13,150, missing n=88)　　　　　
  Creatinine, mg/dL 1.1 (0.8–1.6) (n=13,190, missing n=48)

  eGFR, mL/min/1.73 m2    　46.7±24.7 (n=13,190, missing n=48)

  Sodium, mEq/L    　139.2±4.8 (n=13,183, missing n=55)

  Potassium, mEq/L        　4.3±0.7 (n=13,175, missing n=63)

  BNP, pg/mL 　692.6 (375.7–1,309.0) (n=9,688, missing n=3,550)

Medication at admission (n=13,238–13,239, missing n=5–6)  

  Diuretics 7,258 (54.9)

  ACEIs 1,868 (14.1)

  ARB 4,439 (33.5)

  ACEI or ARB 6,119 (46.2)

  β-blockers 4,805 (36.3)

  MRA 2,859 (21.6)

In-hospital management, %  

  Oxygen inhalation    9,898 (79.5) (n=12,446, missing n=792)

  Mechanical ventilation with intubation         377 (3.0) (n=12,446, missing n=792)

  Mechanical ventilation without intubation       1,978 (16.5) (n=12,026, missing n=1,212)

  Vasodilator    8,032 (64.5) (n=12,446, missing n=792)

  Inotrope    2,634 (21.2) (n=12,446, missing n=792)

  IABP           96 (0.8) (n=12,446, missing n=792)

  PCPS           13 (0.1) (n=12,446, missing n=792)

  Cardiac rehabilitation    3,618 (29.1) (n=12,446, missing n=792)

Medication at discharge, %* (n=12,871, missing n=367)  

  Diuretics 9,691 (90.1)

  ACEIs 3,238 (30.1)

  ARB 4,194 (39.0)

  ACEI or ARB 7,087 (65.9)

  β-blockers 6,855 (63.8)

  MRA 5,476 (50.9)

Transfer to hospital or nursing facility, %  
(n=12,871, missing n=368)

1,188 (9.5)　　

Data are shown as n (%), means ± SD, or median (IQR), unless specified otherwise. *Total n=10,753 (Missing data in 
patients [n=367] were excluded from the number who were followed up [n=11,120]). ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BNP, brain-type natriuretic peptide; 
BUN, blood urea nitrogen; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; CRT-D, cardiac resynchronization therapy defibrillator; CRT-P, cardiac resynchroni-
zation therapy pacemaker; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HFmrEF, heart 
failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure 
with reduced ejection fraction; IABP, intra-aortic balloon pumping; ICD, implantable cardioverter defibrillator; LVEF, 
left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association 
functional classification; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; PCPS, percutane-
ous cardio-pulmonary support; SBP, systolic blood pressure; VF, ventricular fibrillation; VT, ventricular tachycardia.
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sion (OR 0.61; 95% CI 0.40–0.92; P=0.019) were negatively 
associated with in-hospital death (Table 3).

Long-Term Outcomes
We investigated long-term outcomes in 11,120 patients 
after discharge. Among those patients discharged, 1,188 
patients (9.5%, missing n=368) were transferred to hospitals 
or a nursing facility. The median follow-up period was 4.3 
(IQR 3.8–4.7) years. The follow-up rates were 92% at 1 
year and 84% at 3 years after discharge. The incidence 
rates (100 person-years) were 24.1 for composite of cardio-
vascular death or HF hospitalization, 7.1 for cardiovascu-
lar death, 21.1 for HF hospitalization, and 14.9 for 
all-cause death (Supplementary Table). Event-free survival 
rates at 4 years after discharge was 46.2% (IQR 45.1–
47.2%) for the composite of cardiovascular death or HF 
hospitalization, 75.9% (IQR 75.0–76.8%) for cardiovascular 
death, 51.6% (IQR 50.5–52.7%) for HF hospitalization, and 
55.7% (IQR 54.7–56.7%) for all-cause death (Figure 3A–C). 
The multivariable Cox regression analysis showed that age 
(hazard ratio [HR] 1.43; 95% CI 1.35–1.50; P<0.001), 
NYHA functional class (HR 1.36; 95% CI 1.18–1.57; 
P<0.001), prior HF hospitalization (HR 1.63; 95% CI 

(OR 1.74; 95% CI 1.38–2.19; P<0.001) were positively 
associated with in-hospital death, and systolic blood pres-
sure (OR 0.99; 95% CI 0.98–0.99; P<0.001), hypertension 
(OR 0.64; 95% CI 0.43–0.95; P=0.028), albumin (OR 0.48; 
95% CI 0.34–0.68; P<0.001), and β-blocker use at admis-

Table 2. Causes of In-Hospital Death

Causes n=13,238

In-hospital death 1,023 (7.7)

Cardiovascular death    789 (6.0)

  Myocardial infarction      33 (0.3)

  Heart failure    677 (5.1)

  Arrhythmia      48 (0.4)

  Stroke        9 (0.1)

  Others      22 (0.2)

Non-cardiovascular death    214 (1.6)

  Pneumonia      93 (0.7)

  Malignancy      25 (0.2)

  Others      96 (0.7)

Data are presented as n (%). 

Table 3. Univariate and Multivariate Logistic Regression Model for In-Hospital Death

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age (decade) 1.65 (1.54–1.77) <0.001 1.02 (1.00–1.04) 　0.025

Female 1.31 (1.15–1.49) <0.001 1.24 (0.84–1.83) 　0.28　　
SBP, 10 mmHg 0.83 (0.81–0.85) <0.001 0.99 (0.98–0.99) <0.001

Pulse rate, 10 mmHg 0.98 (0.95–1.00) 　0.059

NYHA class (III/IV) 3.60 (2.68–4.83) <0.001   5.16 (1.87–14.28) 　0.002

Prior HF hospitalization 1.38 (1.21–1.57) <0.001 1.45 (0.97–2.15) 　0.069

Ischemic heart disease 1.08 (0.95–1.23) 　0.26　　
Aortic valve stenosis 1.93 (1.61–2.32) <0.001 2.88 (1.84–4.50) <0.001

Hypertension 0.51 (0.44–0.58) <0.001 0.64 (0.43–0.95) 　0.028

Diabetes mellitus 0.79 (0.69–0.91) <0.001 1.22 (0.81–1.83) 　0.34　　
Dyslipidemia 0.50 (0.43–0.59) <0.001 0.71 (0.45–1.11) 　0.13　　
CKD stage IV–V 2.58 (2.27–2.94) <0.001 1.53 (1.02–2.29) 　0.041

Stroke 1.45 (1.23–1.72) <0.001 2.08 (1.38–3.14) <0.001

LVEF <40% 1.28 (1.10–1.49) 　0.001 1.27 (0.84–1.93) 　0.26　　
Atrial fibrillation 0.83 (0.72–0.94) 　0.004 1.25 (0.86–1.82) 　0.25　　
VT/VF 0.89 (0.64–1.24) 　0.49　　
Coronary revascularization 0.76 (0.64–0.90) 　0.002 0.97 (0.60–1.56) 　0.90　　
Pacemaker 1.11 (0.87–1.41) 　0.41　　
ICD 0.88 (0.48–1.63) 　0.69　　
CRT-P 0.73 (0.23–2.34) 　0.60　　
CRT-D 0.84 (0.51–1.41) 　0.51　　
Hemodialysis 1.07 (0.70–1.63) 　0.77　　
Hemoglobin, g/dL 0.85 (0.83–0.88) <0.001 1.00 (0.91–1.10) 　0.93　　
Albumin, g/dL 0.33 (0.29–0.37) <0.001 0.48 (0.34–0.68) <0.001

Sodium, mEq/L 0.95 (0.93–0.96) <0.001 0.98 (0.95–1.02) 　0.30　　
Potassium, mEq/L 1.65 (1.52–1.79) <0.001 1.24 (0.97–1.59) 　0.093

ln(BNP) 1.75 (1.60–1.92) <0.001 1.74 (1.38–2.19) <0.001

Diuretics 1.29 (1.13–1.47) <0.001 1.10 (0.71–1.70) 　0.68　　
ACEI or ARB use at admission 0.68 (0.60–0.78) <0.001 1.02 (0.70–1.49) 　0.91　　
β-blocker use at admission 0.68 (0.59–0.78) <0.001 0.61 (0.40–0.92) 　0.019

MRA use at admission 1.26 (1.08–1.46) 　0.002 1.34 (0.88–2.03) 　0.17　　

OR, odds ratio; CI, confidence interval. Other abbreviations as in Table 1.
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Comparison With Previous Heart Failure Registries
Patients registered in JROADHF in the present study were 
older (78.0±12.5 years) than those in JCARE-CARD 
(70.7±13.5 years), ATTEND (73.0±13.8 years), WET-HT 
(75.0±13.0 years), and the ESC-HF long-term registry 
(ESC-HF-LT) (69.4±13.0 years) (Table 5). Female patients 
with HF were more prevalent in JROADHF (47.2%) than 
in JCARE-CARD (40.6%), ATTEND (42.0%), and WET-
HF (41.0%). Mean left ventricular ejection fraction 
(LVEF) was higher in JROADHF (46.7±17.3%) than in 
JCARE-CARD (42.0±18.0%), WET-HT (45.0±15.0%), 
and ESC-HF-LT (40.4±14.9%). ACEI or ARBs were pre-
scribed to a lesser extent at discharge for patients in 
JROADHF (65.6%) than in JCARE-CARD (79.0%) and 
ESC-HF-LT (77.0%). β-blockers use was also lower for 
patients in JROADHF (63.0%) than in ESC-HF-LT 
(72.6%) and ATTEND (67.4%), but it was higher than 
JCARE-CARD (49.8%). The in-hospital mortality rate 
was higher for patients in JROADHF (7.7%) than in 
ATTEND (6.4%), WET-HF (4.7%), and ESC-HF-LT 
(5.5%). In-hospital all-cause and cardiac deaths were 

1.48–1.80; P<0.001), ischemic heart disease (HR 1.16; 95% 
CI 1.01–1.32; P=0.030), aortic valve stenosis (HR 1.66; 
95% CI 1.45–1.91; P<0.001), chronic kidney disease stage 
4–5 (HR 1.57; 95% CI 1.41–1.75; P<0.001), ventricular 
tachycardia/ventricular fibrillation (HR 1.32; 95% CI 1.08–
1.63; P=0.007), cardiac resynchronization therapy-defibril-
lator (CRT-D) (HR 1.61; 95% CI 1.27–2.05; P<0.001), 
diuretic use at discharge (HR 1.28; 95% CI 1.06–1.55; 
P=0.009), and transfer to hospital or a nursing facility at 
discharge (HR 1.89; 95% CI 1.67–2.14; P<0.001) were 
positively associated with cardiovascular death during follow 
up, and female sex (HR 0.83; 95% CI 0.75–0.92; P<0.001), 
systolic blood pressure (HR 0.92; 95% CI 0.91–0.94; 
P<0.001), hypertension (HR 0.87; 95% CI 0.78–0.97; 
P=0.010), hemoglobin (HR 0.91; 95% CI 0.88–0.93; 
P<0.001), sodium (HR 0.95; 95% CI 0.94–0.96; P<0.001), 
potassium (HR 1.30; 95% CI 1.08–1.57; P=0.006),  
ACEI/ARB use at discharge (HR 0.82; 95% CI 0.74–0.90; 
P<0.001) were negatively associated with cardiovascular 
death during the follow-up period (Table 4).

Figure 3.  Kaplan-Meier curves for each outcome after discharge. (A) Cardiovascular death, (B) HF hospitalization, (C) Cardio-
vascular death or HF hospitalization and (D) All cause death. HF, heart failure.
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that for ESC-HF-LT,13 and the highest among HF regis-
tries reported in Japan. These changes in aging in patients 
with HF reflect the advanced aging society in Japan. Life 
expectancy at birth increased from 79.0 years in 1990 to 
83.2 years in 2015 in Japan as a result of reduced mortality 
and disability from most major diseases.14 Aging of 
patients with HF is now a critical medical and socioeco-
nomic problem worldwide.2,15 Thus, this registry provided 
valuable information about patients with HF in the aging 
societies. The percentage of women was the highest and 
HFrEF was the lowest in the JROADHF compared to the 
other 4 registries. The ratios of all-cause death and cardiac 
death at 30 day, as well as all-cause death, cardiac death 
and hospitalization for HF at 1 year were the highest in 
JROADHF compared to other previous Japanese regis-
tries. Patients from the ESC-HF-LT were younger by 8.6 
years and had more HFrEF, and cardiovascular death at 
1 year was equivalent. These findings suggest that HF is 
still a frequent cause of hospitalization with high morbidity 
and mortality in Japan, even with the advances of pharma-
cological and non-pharmacological treatments.

Due to the aging of patients with HF, the prevalence of 
HFpEF has increased over the past decades and continues 
to increase.16–18 In JROADHF, mean LVEF was higher 
and the prevalence of HFrEF was lower than those in 

higher for patients in JROADHF than in other registries, 
ATTEND, WET-HF, and ESC-HF-LT. The 1-year all-
cause mortality rate was also higher for patients in 
JROADHF (22.3%) than in JCARE-CARD (10.6%), 
ATTEND (6.4%) and WET-HF (4.7%), except for ESC-
HF-LT (26.7%).

Discussion
This study provided important features of patients with 
HF patients in an era of a super-aging society in Japan. 
The major findings of this study were that in comparison 
with patients from other HF registries, our cohort was 
older, more likely to be female, and more likely to have 
HFpEF. Importantly, in-hospital and long-term outcomes 
were still poor in these patients.

Our previous report, JCARE-CARD, demonstrated the 
characteristics and outcomes of 1,677 patients with HF 
from 2004 to 2005, in which the patient mean age was 71 
years.10 The ATTEND registry,11 which studied acute HF 
between 2007 and 2011, and WET-HF,12 which investi-
gated patients with acute HF from 2011 to 2015 also 
revealed that patients with HF were older, 73 years and 75 
years, respectively. In the JORADHF study, the mean age 
of patients with HF was 78 years, which was higher than 

Table 4. Univariate and Multivariate Cox Regression Model for Long-Term Cardiovascular Death

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (decade) 1.53 (1.47–1.59) <0.001 1.43 (1.35–1.50) <0.001

Female 1.15 (1.05–1.25) 　0.001 0.82 (0.74–0.90) <0.001

SBP, 10 mmHg 0.91 (0.89–0.92) <0.001 0.92 (0.91–0.94) <0.001

Pulse rate, 10 mmHg 0.93 (0.91–0.94) <0.001 1.01 (0.99–1.03) 　0.48　　
NYHA class (III/IV) 1.88 (1.66–2.14) <0.001 1.36 (1.18–1.57) <0.001

Prior HF hospitalization 2.10 (1.93–2.28) <0.001 1.63 (1.48–1.80) <0.001

Ischemic heart disease 1.20 (1.11–1.31) <0.001 1.16 (1.01–1.32) 　0.030 

Aortic valve stenosis 2.01 (1.77–2.27) <0.001 1.66 (1.45–1.91) <0.001

Hypertension 0.83 (0.76–0.91) <0.001 0.87 (0.78–0.97) 　0.010 

Diabetes mellitus 0.87 (0.80–0.95) 　0.002 0.91 (0.82–1.01) 　0.060 

Dyslipidemia 0.86 (0.78–0.94) <0.001 0.92 (0.82–1.02) 　0.11　　
CKD stage IV–V 2.01 (1.84–2.19) <0.001 1.57 (1.41–1.75) <0.001

Stroke 1.24 (1.10–1.39) <0.001 1.04 (0.91–1.19) 　0.56　　
Atrial fibrillation 1.02 (0.94–1.12) 　0.57　　
VT/VF 1.64 (1.40–1.93) <0.001 1.32 (1.08–1.63) 　0.007

Coronary revascularization 1.26 (1.14–1.38) <0.001 1.04 (0.89–1.21) 　0.63　　
Pacemaker 1.34 (1.17–1.54) <0.001 1.00 (0.85–1.17) 　0.99　　
ICD 1.57 (1.17–2.09) 　0.002 1.16 (0.83–1.63) 　0.38　　
CRT-P 1.98 (1.36–2.90) <0.001 1.27 (0.82–1.97) 　0.28　　
CRT-D 2.18 (1.80–2.63) <0.001 1.61 (1.27–2.05) <0.001

LVEF <40% 1.08 (0.99–1.18) 　0.090 

Hemoglobin, g/dL 0.82 (0.81–0.84) <0.001 0.91 (0.89–0.93) <0.001

Sodium, mEq/L 0.94 (0.93–0.95) <0.001 0.95 (0.94–0.96) <0.001

Potassium, mEq/L 0.91 (0.84–0.99) 　0.020 0.82 (0.75–0.89) <0.001

Diuretics use at discharge 1.57 (1.32–1.85) <0.001 1.28 (1.06–1.55) 　0.009

ACEI or ARB use at discharge 0.65 (0.60–0.71) <0.001 0.82 (0.74–0.91) <0.001

β-blocker use at discharge 0.78 (0.71–0.85) <0.001 0.99 (0.89–1.10) 　0.86　　
MRA 1.02 (0.94–1.11) 　0.61　　
Transferred to hospital or nursing facility 1.89 (1.67–2.14) <0.001 1.31 (1.14–1.51) <0.001

HR, hazard ratio. Other abbreviations as in Tables 1,3.
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lower than for those with HFrEF, which might be due to 
the older age of patients (78 vs. 69–75 years). Another 
characteristic of JROADHF compared to other registries 
was the difference in etiology of HF; ischemic etiology was 
less, whereas arrhythmic etiology accounted for 17.3% of 
cases as a major cause of HF in this registry. Incidentally, 
atrial fibrillation (AF) as a comorbidity was higher among 
other representative registries except for WET-HF, a reg-

other registries (Table 5). Therefore, the lower prescription 
rate of ACEIs or ARB, and β-blockers in the JROADHF 
patients compared with other registries could be due to the 
lower prevalence of HFrEF (Table 5) because these drugs 
were recommended for HFrEF, but not for HFpEF. In 
contrast, the mortalities were worse in the JROADHF 
than in other registries (Table 5), even though the preva-
lence of HFpEF was higher and mortality was generally 

Table 5. Comparison of JROADHF With Other Heart Failure Registries

Name JCARE-CARD ATTEND WET-HF ESC-HF-LT (AHF) JROADHF

Year 2004–2005 2007–2011 2011–2015 2011–2015 2013

Number of patients 1,677 4,842 2,551 6,629 13,238

Age 70.7±13.5 73.0±13.8 75.0±13.0 69.4±13.0 78.0±12.5

>75 years, % – – – 34.0　 68.9

Male 59.4 58.0 59.0 63.0　 52.8

NYHA functional class III–IV 88.5 – – 85.2　 85.2

BMI, kg/m2 – – 23.3±4.6　　 28.7±5.4　　 22.9±4.6　　
SBP, mmHg 134.3±30.3　　 145.5±36.7　　 141.0±34.0　　 133.5±28.2　　 139.9±33.0　　
Heart rate, beats/min 87.8±24.4 98.6±29.1 94.0±29.0 88.0 [73–104] 91.9±25.9

LVEF, % 42.5±17.9 – 45.0±15.0 39.2±14.5 46.7±17.3

LVEF <40% – 53.4 41.0 53.2　 37.4

Etiologies, %

  Ischemic 34.0 31.1 29 56.5　 26.7

  Hypertensive 26.4 17.7 – 　8.2 16.5

  Valvular 28.1 19.4 – 11.8　 18.5

  Cardiomyopathic 17.0 12.7 – 13.6　 12.4

  Arrhythmia – – – – 17.3

Comorbidities, %

  Hypertension 52.1 69.4 71 65.6　 71.2

  Diabetes mellitus 29.8 33.8 36 39.1　 34.3

  Dyslipidemia 25.8 36.6 40 – 30.1

  CKD 11.3 – – 26.3　 38.9

  Stroke 16.3 14.0 14 12.0　 13.7

  Atrial fibrillation 34.9 39.6 47 30.3　 43.1

  COPD   5.8   9.5 6 19.1　   6.4

Medical history, %

  PCI 18.9 – 20.2　 17.5

  CABG   9.3 – 　9.5   6.8

  Pacemaker   1.3   6.6 　6.0   7.7

  ICD   2.2   3.4 　5.1   1.3

  CRT   1.7   2.3 　3.6   2.5

  Hemodialysis –   1.6 –   2.5

De novo ADHF 50.0 63.8 70 69.7　 65.3

Laboratory data

  Hemoglobin, g/dL 12.4±4.5　　 12.0±2.6　　 11.9±2.3　　 12.7 [11.2–14.1] 11.6±2.4　　
  Serum creatinine, mg/dL 1.3±1.0 1.4±1.6 1.5±1.6 1.2 [0.9–1.5]　　 1.1 [0.8–1.6]　　
  BUN, mg/dL 26.2±16.7 27.8±26.0 27.6±17.0 – 23.9 [17.4–34.7]

  Serum sodium, mEq/L 139.7±4.6　　　　 139.3±4.4　　　　 139.2±4.3　　　　 139 [135–141]　 139.2±4.8

  BNP 878±929 707 [362–1,284] 676 [351–1,221]   765 [355–1,398]   697 [376–1,309]

Medication at admission, %

  Diuretics 54.4 45.0 – – 54.9

  ACEIs 26.5 14.4 – – 14.1

  ARB 28.9 34.5 – – 33.5

  ACEIs or ARB 51.2 – – – 46.2

  β-blockers 22.3 35.0 – – 36.3

  MRA 24.1 20.0 – – 21.6

(Table 5 continued the next page.)
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increased with age. Aortic valve stenosis was diagnosed 
when it was considered to be hemodynamically significant 
by the investigator at each hospital. Aortic valve stenosis 
was identified among 6.7% of patients with HF. Further-
more, the prevalence of aortic valve stenosis as a comor-
bidity among patients hospitalized due to HF was 8.9%. 
Acute HF was known to be associated with extremely high 
mortality in patients with aortic valve stenosis.23,24 Early 
recognition and intervention for valvular heart disease is 
important.

In addition, age, gender, blood pressure, NYHA func-
tional class, prior HF hospitalization, ischemic heart dis-
ease, aortic valve stenosis, hypertension, chronic kidney 
disease, ventricular arrhythmia, CRT-D, hemoglobin level, 
sodium level, potassium level, diuretics use, and ACEI/
ARB use at discharge were independently associated with 
cardiovascular death during the follow up after discharge, 
which is consistent with findings from previous reports.13,25 
The use of β-blockers was associated with long-term mor-

istry undertaken in a similar era in Japan as JROADHF. 
Because the incidence and prevalence of AF increases with 
age,19,20 the alteration in the proportion of etiology will be 
explained, at least in part, by aging of patients with HF in 
JROADHF. Further detailed subgroup analyses, includ-
ing LVEF categories and comorbidities, are necessary to 
provide new evidence peculiar to the elderly patients from 
this database.

Multivariable logistic regression analysis revealed that 
age, blood pressure, NYHA functional class, aortic valve 
stenosis, history of hypertension, chronic kidney disease, 
stroke, albumin level, BNP level at admission, and 
β-blocker use at admission were independent predictors of 
in-hospital death. The present study identified aortic valve 
stenosis as an independent predictor, which has not been 
reported previously as an independent predictor21–23 
because most previous HF registries or trials probably 
excluded valvular heart disease. Primarily, the prevalence 
of valvular heart diseases, especially aortic valve stenosis, 

Name JCARE-CARD ATTEND WET-HF ESC-HF-LT (AHF) JROADHF

Intravenous drugs, %  

  Diuretics – 76.3 67.8 81.7　 75.6

  Vasodilators 60.1 78.3 64.7 21.2　 64.5

  Inotropes 40.8 18.5 16.8 12.3　 21.2

Mechanical support/interventions, %

  Intubation   8.9   7.5   4.9 –  3.0

  NPPV – 24.4 22.2 – 16.5

  Coronary angiography – – – 20.8　 20.4

  IABP   1.0   2.5   2.3 　1.1   0.8

  PCPS   0.2   0.7   0.5 –   0.1

  PCI   3.9   8.0   4.5 –   0.2

  CABG   1.0   1.3   2.0 –   0.2

  PCI/CABG – – 　9.8   0.4

  Pacemaker   4.3   3.8   0.8

  ICD –   2.6   1.3 　9.6   0.0

  CRT –   2.3   0.6

  CRT-P – –   0.5 　1.9   0.2

  CRT-D – – 　6.8   0.4

Medication at discharge, %  

  Diuretics 78.8 82.0 – 83.9　 89.9

  ACEIs 36.9 30.6 – – 30.1

  ARB 47.5 46.0 – – 38.8

  ACEIs or ARB 79.0 – – 77.0　 65.6

  β-blockers 49.8 67.4 – 72.6　 63.0

  MRA 43.8 50.0 – 53.9　 50.6

In-hospital outcomes

   Length of hospital stay, median 
[IQR] days

15 21 [14–32]　　　　　 14 [9–22]　　　　　　　 7 [4–11]　　　 18 [12–28]　　　

  In-hospital all-cause death –   6.4   4.7 　5.5   7.7

  In-hospital cardiac death –   4.5   3.1 　4.4   5.9

Follow-up period 2.3 ± 0.7 – – 1.0 [0.8–1.1]　　 4.3 [3.8–4.7]　　
  30-day all-cause death   2.6   3.9   3.3 –   6.2

  30-day cardiac death   0.2   3.0   2.2 –   4.8

  1-year all-cause death 10.6 18.4 18.6 26.7　 22.3

  1-year cardiac death   6.9 11.5 10.1 14.3　 14.2

30-day hospitalization for HF   4.4 4.6   5.2 –   3.0

1-year hospitalization for HF 26.8 24.4 27.1 25.9　 29.4

JROADHF data are the same as presented in Table 1. ADHF, acute decompensated heart failure; IQR, interquartile range; NPPV, non-invasive 
positive pressure ventilation. Other abbreviations as in Table 1.
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volume,33 access to medical care34 or combination of scale 
and variations of clinical procedures35 may influence the 
prognosis of HF; however, we did not include these factors 
in this analysis, except for patients clinical factors. Further 
analysis is needed to determine whether these factors are 
the predictors of HF prognosis.

Conclusions
Based on a nationwide HF database including more than 
13,000 Japanese patients, the present study clarified the 
characteristics and in-hospital and long-term outcomes of 
hospitalized patients with HF in Japan. In comparison 
with patients of other HF registries, our registry was older, 
included more females, and increased HFpEF. The inci-
dence of HF caused by arrhythmia or valvular disease may 
be increased due to the aging of patients with HF. These 
findings will contribute to the development of effective and 
efficient management of HF in the future.

One sentence summary
A Nationwide large-scale registry showed the contemporary real-
world characteristics and outcomes of hospitalized patients with heart 
failure in Japan.
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tality, as assessed by univariate analysis, but not by multi-
variate analysis. Therefore, β-blocker use at discharge 
might be confounding with other variables, including ACEI 
or ARB use, which could not be confirmed in the present 
analysis.

In our multivariable logistic regression analysis, AF was 
not an independent risk factor either in in-hospital or car-
diovascular death in JROADHF. The prognostic effect of 
atrial fibrillation has been reported to be controversial. 
Several studies reported that AF was associated with a 
worse outcome for patients with HF,26,27 whereas other 
studies found that AF was not an independent predictor of 
mortality.28,29 Our results were consistent with previous 
analysis using JCARE-CARD, a registry for hospitalized 
patients with HF in Japan, in which there was no differ-
ence in the long-term outcome of HF patients with and 
without AF.30

‘Transfer to hospital or nursing facility’ was positively 
associated with long-term cardiovascular death, suggesting 
that functional activity of daily living is an important prog-
nostic factor in patients with HF, as previously reported.31,32

We utilized JROAD-DPC for randomization and all the 
information associated with medical procedures, and clin-
ical information including prognosis were collected from 
both DPC-based claim data and clinical records, which 
enabled us to create a large-scale, nationwide, high-accu-
racy, comprehensive cross-sectional and longitudinal HF 
database. Therefore, the present study could confirm the 
previous findings by using the JROADHF database, which 
represents the real-world clinical practice of HF in Japan.

Study Limitations
Several limitations must be acknowledged in the present 
study. First, since JROADHF is a retrospective study, the 
variables are limited to existing medical information and 
procedures. Meanwhile, the present study collected a wide 
variety of data-specific and supplementary information 
from medical charts and a diagnosis procedure combina-
tion system, including long-term outcomes of most patients 
after discharge. As a result, this registry reflects the real-
world evidence of clinical practice of HF in Japan. Second, 
we could not enroll all the patients screened by cluster 
random sampling because 65 facilities did not participate. 
We obtained the clinical and DPC data only from the hos-
pitals that had agreed to be included in the registry, we 
thus could not analyze the characteristics of excluded 
patients. However, the nationwide distribution of institu-
tions and patients by regions at final enrollment did not 
differ from that at sampling (Figure 2). Third, we included 
only JCS-certified hospitals in JROADHF and also 
excluded hospitals with fewer than 11 HF admissions. 
Therefore, the generalization of our results is limited and 
may not be applicable to small or non-specialized hospi-
tals. Fourth, the data of JROADHF were collected from 
the records of 2013, which is not very recent, and patients 
with HF are older now; therefore, we needed to set a suf-
ficient follow-up period for analysis. Fourth, subgroup 
analysis data according to LVEF categories were not avail-
able in the present study. These data were essential to 
interpret the differences in the treatments and outcomes 
between JROADHF and the previous registries (Table 5) 
because the recommended medications and estimated out-
comes might differ by LVEF categories. Further analysis 
examining the influence of differences in LVEF categories 
is definitely needed. Finally, hospital factors including case 
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