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heart failure (HF) with reduced left ventricular ejection 
fraction (EF) (HFrEF).1,2 Therefore, ACE-I or ARB and 

N eurohormonal antagonists, such as angiotensin-
converting enzyme inhibitors (ACE-I), angioten-
sin II receptor blockers (ARB), and β-blockers, 

have been shown to reduce mortality and hospitalization 
rates and to improve symptoms in patients affected by 
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Background: The clinical benefits of neurohormonal antagonists for patients with heart failure (HF) with mid-range and preserved 
ejection fraction (HFmrEF and HFpEF) are uncertain.

Methods and Results: This study analyzed 858 consecutive patients with HFmrEF (EF: 40–49%) or HFpEF (EF ≥50%), who were 
hospitalized for acute HF, and who were discharged alive, and were not taking angiotensin-converting enzyme inhibitors (ACE)-I/ 
angiotensin II receptor blockers (ARB) or β-blockers at admission. The study population was classified into 4 groups according to the 
status of prescription of ACE-I/ARB and β-blocker at discharge: no neurohormonal antagonist (n=342, 39.9%), ACE-I/ARB only 
(n=128, 14.9%), β-blocker only (n=189, 22.0%), and both ACE-I/ARB and β-blocker (n=199, 23.2%) groups. The primary outcome 
measure was a composite of all-cause death or HF hospitalization. The cumulative 1-year incidence of the primary outcome measure 
was 41.2% in the no neurohormonal antagonist group, 34.0% in the ACE-I/ARB only group, 28.6% in the β-blocker only group, and 
16.4% in the both ACE-I/ARB and β-blocker group (P<0.001). Compared with the no neurohormonal antagonist group, both the 
ACE-I/ARB and β-blocker groups were associated with a significantly lower risk for a composite of all-cause death or HF hospitalization 
(HR: 0.46, 95% CI: 0.28–0.76, P=0.002).

Conclusions: In hospitalized patients with HFmrEF and HFpEF, starting both ACE-I/ARB and a β-blocker was associated with a reduced 
risk of the composite of all-cause death or HF hospitalization compared with patients not starting on an ACE-I/ARB or β-blocker.
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radiographs on admission and at discharge, electrocardi-
ography, and echocardiography during the index hospital-
ization.11 The timing of echocardiography varied among 
the patients, but we adopted the data at the earliest echo-
cardiographic examination during the index hospitalization.

Ethics
The investigation conformed to the principles outlined in 
the Declaration of Helsinki. The study was approved by the 
institutional review boards of: Kyoto University Graduate 
School of Medicine (approval number: E2311), Shiga General 
Hospital (approval number: 20141120-01), Tenri Hospital 
(approval number: 640), Kobe City Medical Center General 
Hospital (approval number: 14094), Hyogo Prefectural 
Amagasaki General Medical Center (approval number: 
Rinri 26-32), National Hospital Organization Kyoto Medical 
Center (approval number: 14-080), Mitsubishi Kyoto 
Hospital (approved 11/12/2014), Okamoto Memorial 
Hospital (approval number: 201503), Japanese Red Cross 
Otsu Hospital (approval number: 318), Hikone Municipal 
Hospital (approval number: 26-17), Japanese Red Cross 
Osaka Hospital (approval number: 392), Shimabara 
Hospital (approval number: E2311), Kishiwada City Hospital 
(approval number: 12), Kansai Electric Power Hospital 
(approval number: 26-59), Shizuoka General Hospital 
(approval number: Rin14-11-47), Kurashiki Central 
Hospital (approval number: 1719), Kokura Memorial 
Hospital (approval number: 14111202), Kitano Hospital 
(approval number: P14-11-012), and Japanese Red Cross 
Wakayama Medical Center (approval number: 328). A 
waiver of patient written informed consent was granted by 
the institutional review boards of Kyoto University and 
each participating center, as the study met the conditions 
outlined in the Japanese ethical guidelines for medical and 
health research involving human subjects;12 there were: (1) 
we would use clinical information obtained in routine prac-
tice on the medical record without any risk to the subjects; 
(2) the waiver of normal consent procedures would not 
adversely affect the rights and welfare of the subjects; (3) 
the research could not be carried out effectively without the 
waiver; and (4) the subjects were provided with additional 
pertinent information and had the right to opt out of this 
study whenever appropriate. We have not got informed 
consent for inclusion in the prospective study.

Definitions
The detailed definitions of the baseline patient characteris-
tics are as follows. We defined the use of ACE-I/ARB as 
any prescription of ACE-I and/or ARB. Anemia was 
defined using the World Health Organization criteria 
(hemoglobin <12.0 g/dL in women and <13.0 g/dL in men). 
Chronic kidney disease (CKD) was defined as an estimated 
glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 at 
admission. Renal dysfunction was defined as an eGFR 
<30 mL/min/1.73 m2.11 HF was classified based on EF as 
HFpEF with EF ≥50%, HFmrEF with EF 40–49%, and 
HFrEF with EF <40%.3 B-type natriuretic peptide (BNP) 
or N-terminal proBNP (NT-proBNP) was measured in 
each participating institution using commercially available 
immunochemical assays. As a conversion formula between 

β-blocker are recommended for patients with HFrEF (EF 
<40%) in the current guidelines.3 In contrast, ACE-I, ARB 
and β-blockers failed to demonstrate beneficial outcomes 
in patients with stable HF with an EF ≥40% in randomized 
trials.4–6 However, large observational studies and meta-
analyses in patients with an EF ≥40% have suggested that 
ACE-I or ARB and β-blockers might reduce mortality in 
these patients.7,8 A recent study also suggested that ACE-I 
or ARB and β-blockers were associated with a reduced risk 
of mortality in HF patients with mid-range EF (HFmrEF, 
EF 40–49%).9 This inconsistency about the effect of ACE-I, 
ARB and β-blockers might be partly explained by the dif-
ferences in patient characteristics between the randomized 
trials with broad exclusion criteria and the observational 
studies having fewer exclusion criteria in real clinical practice.

Despite these existing evidences, there are still scarcity of 
data regarding the prognostic effect of starting neurohor-
monal antagonists in patients with HFmrEF and HF with 
preserved EF (HFpEF, EF ≥50%), particularly in patients 
hospitalized for acute HF (AHF).10 Therefore, we aimed 
to investigate the effects of starting ACE-I/ARB and 
β-blockers during AHF hospitalization on post-discharge 
clinical outcomes in patients with HFmrEF and HFpEF in 
a large Japanese real-world database of patients with AHF.

Methods
Study Design, Setting, and Population
The Kyoto Congestive Heart Failure registry (KCHF) is a 
physician-initiated, prospective, observational, multicenter 
cohort study, which enrolled consecutive patients hospital-
ized for AHF for the first time between October 1, 2014, 
and March 31, 2016, across 19 secondary and tertiary 
hospitals throughout Japan. The overall design of the 
study has been previously described in detail.11 Briefly, we 
enrolled consecutive patients with AHF and with conges-
tion, as defined by the modified Framingham criteria, who 
were admitted to the participating centers and who under-
went HF-specific treatment involving intravenous drugs 
administered within 24 h of hospital presentation.

Among the 4,056 patients who were enrolled in the 
KCHF registry, we excluded 271 patients who died during 
the index hospitalization, 11 patients with missing EF data 
during hospitalization, 1,383 patients with HFrEF (EF 
<40%), 57 patients who were lost to follow up, and 1,476 
patients who were already taking ACE-I/ARBs and/or 
β-blockers at admission. Therefore, the current study pop-
ulation consisted of 858 patients who were not taking 
ACE-I/ARBs or β-blockers at admission and who were 
discharged alive (Figure 1). We classified the patients into 
4 groups based on the use of the neurohormonal antago-
nists at discharge: (1) those who started neither ACE-I/
ARB nor β-blockers at discharge (the no neurohormonal 
antagonist group); (2) those who started only ACE-I/ARB 
(the ACE-I/ARB only group); (3) those who started only 
β-blockers (the β-blocker only group); and (4) those who 
started both ACE-I/ARB and β-blockers (the both ACE-I/
ARB and β-blocker group). We collected data on patient 
demographics, medical histories, underlying heart disease, 
signs, symptoms, medications, laboratory tests, chest 
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was defined as additional i.v. drug treatment (diuretics, 
vasodilator or inotropic agents) for HF, hemodialysis, or 
mechanical circulatory or respiratory support, occurring 
>24 h after therapy initiation.11,14 Worsening renal function 
was defined as >0.3 mg/dL increase in serum creatinine 
during the index hospitalization.15

One-year clinical follow-up data with an allowance of 1 

BNP and NT-proBNP has not been established in patients 
with AHF yet, we divided the patients according to the 
median or quartiles of BNP and NT-proBNP levels, and 
NT-proBNP values were adopted if no BNP values were 
measured. High C-reactive protein (CRP) was defined as 
CRP >10 mg/L according to the previously reported cut-
off values.13 Worsening HF (WHF) during hospitalization 

Figure 1.  Study flowchart and study 
population based on the use of 
ACE-I/ARB and/or β-blocker. (A) Study 
flowchart; and (B) breakdown of the 
study population based on the use 
of the neurohormonal antagonists at 
discharge. ACE-I, angiotensin-con-
verting enzyme inhibitors; ARB, 
angiotensin II receptor blockers; AHF, 
acute heart failure; EF, ejection fraction; 
KCHF, Kyoto Congestive Heart Failure.
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Table 1. Baseline Patient Characteristics, Laboratory Findings, and Medications

Variables Total  
(n=858)

No  
neurohormonal 

antagonist  
(n=342)

ACE-I/ARB  
only  

(n=128)

β-blocker  
only  

(n=189)

Both ACE-I/ARB 
and β-blocker 

(n=199)
P value Total 

number

Clinical characteristic

  Age, years 79.1±11.8 82.2±10.4 79.9±11.8 78.0±11.8 74.4±12.2　　 <0.001 858

  Age ≥80 years* 484 (56.4) 233 (68.1)   76 (59.4) 101 (53.4)   74 (37.2) <0.001 858

  Women* 450 (52.4) 189 (55.3)   71 (55.5)   96 (50.8)   94 (47.2) 0.27 858

  BMI, kg/m2 20.7±4.0　　 20.0±3.9　　 20.9±4.2　　 20.5±3.4　　 22.0±4.4　　 <0.001 781

  BMI ≤22 kg/m2* 534 (68.4) 227 (75.4)   77 (64.2) 122 (72.2) 108 (56.5) <0.001 781

Etiology <0.001

  Ischemic 173 (20.2)   62 (18.1)   16 (12.5)   41 (21.7)   54 (27.1) 858

    Associated with ACS* 53 (6.2)   8 (2.3)   5 (3.9) 12 (6.4)   28 (14.1) 858

     Not associated with 
ACS

120 (14.0)   54 (15.8)   11 (8.6)   29 (15.3)   26 (13.1) 858

   Hypertensive heart 
disease

263 (30.7)   79 (23.1)   50 (39.1)   54 (28.6)   80 (40.2) 858

  Valvular heart disease 234 (27.3) 119 (34.8)   36 (28.1)   41 (21.7)   38 (19.1) 858

  Cardiomyopathy 59 (6.9) 23 (6.7)   8 (6.3) 14 (7.4) 14 (7.0) 858

  Arrhythmia-related 83 (9.7) 29 (8.5) 12 (9.4)   30 (15.9) 12 (6.0) 858

  Others 46 (5.4) 30 (8.8)   6 (4.7)   9 (4.8)   1 (0.5) 858

Medical history

  HF hospitalization* 198 (23.5) 122 (36.5)   17 (13.3)   37 (20.0)   22 (11.2) <0.001 844

  Hypertension* 527 (61.4) 180 (52.6)   92 (71.9) 107 (56.6) 148 (74.4) <0.001 858

  Diabetes* 257 (30.0) 104 (30.4)   35 (27.3)   56 (29.6)   62 (31.2) 0.90 858

  Dyslipidemia 237 (27.6)   92 (26.9)   35 (27.3)   47 (24.9)   63 (31.7) 0.49 858

  AF or flutter* 368 (42.9) 160 (46.8)   49 (38.3)   94 (49.7)   65 (32.7)   0.002 858

  VT/VF   6 (0.7)   4 (1.2)   1 (0.8)   1 (0.5) 0 (0) 0.46 858

  Previous MI*   87 (10.1)   39 (11.4)   7 (5.5) 18 (9.5) 23 (11.6) 0.24 858

  Prior PCI or CABG 105 (12.2)   51 (14.9)   16 (12.5)   23 (12.2) 15 (7.5) 0.09 858

  Previous stroke* 113 (13.2)   54 (15.8)   16 (12.5)   30 (15.9) 13 (6.5) 0.01 858

  Chronic kidney disease 301 (35.1) 151 (44.2)   39 (30.5)   67 (35.5)   44 (22.1) <0.001 858

  Current smoking*   92 (10.9) 19 (5.6)   6 (4.8)   24 (13.0)   43 (21.7) <0.001 845

  Chronic lung disease* 124 (14.5)   57 (16.7)   23 (18.0)   23 (12.2)   21 (10.6) 0.12 858

  Malignancy* 132 (15.4)   55 (16.1)   24 (18.8)   24 (12.7)   29 (14.6) 0.50 858

  Cognitive dysfunction* 173 (20.2)   84 (24.6)   30 (23.4)   31 (16.4)   28 (14.1) 0.01 858

Social background

  Poor medical adherence 129 (15.0)   39 (11.4)   24 (18.8)   29 (15.3)   37 (18.6) 0.08 858

  Living alone* 166 (19.3)   57 (16.7)   29 (22.7)   39 (20.6)   41 (20.6) 0.41 858

Daily life activities

  Ambulatory* 649 (76.9) 233 (69.4) 102 (81.0) 140 (75.7) 174 (88.3) <0.001 844

Vital signs at discharge

  Heart rate, beats/min 71.3±13.1 72.9±13.6 70.7±12.7 72.3±13.9 68.1±11.0 <0.001 844

    <60* 127 (15.0)   40 (12.1)   23 (18.0)   27 (14.4)   37 (18.7) 0.16 844

  Systolic BP, mmHg 118.1±18.0　　 117.8±18.5　　 119.0±15.8　　 115.3±17.9　　 120.5±18.3　　 0.04 848

    <90* 27 (3.2) 12 (3.6)   2 (1.6) 7 (3.7)   6 (3.0) 0.69 848

  Diastolic BP, mmHg 65.0±12.1 64.3±11.8 63.9±13.5 65.1±11.6 66.6±11.9 0.13 848

Rhythms at discharge <0.001 822

  Sinus rhythm 450 (54.7) 161 (49.8)   69 (55.2)   88 (48.6) 132 (68.4)

  AF or flutter 317 (38.6) 135 (41.8)   42 (33.6)   83 (45.9)   57 (29.5)

  Others 55 (6.7) 27 (8.4)   14 (11.2) 10 (5.5)   4 (2.1)

Echocardiography

  EF, % 56.1±10.2 58.2±10.2 60.1±9.6　　 54.1±9.5　　 51.9±9.6　　 <0.001 834

  HFpEF (EF ≥50%)* 590 (68.8) 265 (77.5) 109 (85.2) 119 (63.0)   97 (48.7) <0.001 858

  HFmrEF (EF 40–49%) 268 (31.2)   77 (22.5)   19 (14.8)   70 (37.0) 102 (51.3) 858

(Table 1 continued the next page.)
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Statistical Analysis
Categorical variables were presented as numbers and per-
centages and were compared using the chi-squared test. 
Continuous variables were expressed as means and stan-
dard deviations (SD) or medians with interquartile ranges 
(IQR) and were compared using a one-way analysis of 
variance (ANOVA) or Kruskal-Wallis test based on their 
distributions. We regarded the date of discharge as “time 
zero” for clinical follow up. We compared the baseline char-
acteristics and clinical outcomes according to the prescrip-
tion status of ACE-I/ARB and β-blockers at discharge.

The cumulative incidences of clinical events that occurred 
during a 1-year period after discharge were estimated using 
the Kaplan-Meier method with intergroup differences 
assessed by the log-rank test. Multivariable Cox propor-

month were collected in October 2017. The attending phy-
sicians or research assistants at each participating hospital 
collected data regarding clinical events that occurred dur-
ing follow up from the hospital charts or by contacting 
patients, their relatives, or their referring physicians (with 
patient consent).

The primary outcome measure was the composite of 
all-cause death or hospitalization for HF. The secondary 
outcome measures were all-cause death, cardiovascular 
death (death related to HF, sudden death, death related to 
stroke, and other cardiovascular death), and hospitalization 
for HF. HF hospitalization was defined as hospitalization 
due to worsening of HF requiring intravenous drug 
therapy.11 Outcome events were adjudicated by a clinical 
event committee.11

Variables Total  
(n=858)

No  
neurohormonal 

antagonist  
(n=342)

ACE-I/ARB  
only  

(n=128)

β-blocker  
only  

(n=189)

Both ACE-I/ARB 
and β-blocker 

(n=199)
P value Total 

number

 Laboratory findings at 
discharge

  BNP, pg/mL 218.5  
(100.9–406.9)

246.0  
(124.2–426.9)

89.5  
(39.0–209.5)

253.6  
(128.0–500.7)

226.8  
(110.5–408.6)

<0.001 556

  NT-proBNP, pg/mL 1,777  
(801–3,637)

1,653  
(212–5,938)

1,739  
(703–2,302)

1,686  
(881–2,988)

1,870  
(718–5,150)

0.87   62

     BNP or NT-proBNP > 
median value*

309 (50.0) 129 (54.7)   21 (22.8)   79 (57.7)   80 (52.3) <0.001 618

  Serum creatinine, mg/dL 0.99  
(0.76–1.39)

1.05  
(0.78–1.63)

0.90  
(0.69–1.11)

1.05  
(0.81–1.47)

0.96  
(0.75–1.27)

<0.001 843

  eGFR, mL/min/1.73 m2 49.7±24.3 46.9±26.3 57.5±25.3 47.0±23.0 52.0±20.0 <0.001 843

    <30 mL/min/1.73 m2* 166 (19.7)   89 (26.6) 10 (7.9)   44 (23.8)   23 (11.7) <0.001 843

   Blood urea nitrogen,  
mg/dL

23.2  
(17.0–33.8)

26.0  
(18.0–38.9)

21.0  
(16.0–28.9)

24.0  
(18.6–34.4)

21.7  
(16.0–29.0)

<0.001 839

  Albumin, g/dL 3.30±0.50 3.24±0.53 3.37±0.50 3.28±0.50 3.36±0.43 0.02 750

    <3.0* 181 (24.1)   85 (28.6)   23 (20.0)   39 (23.6) 34 (19.7) 0.10 750

  Sodium, mEq/L 138.6±3.8 138.2±4.0　　 138.5±3.9　　　　 138.3±3.9　　　　 139.4±3.1   0.005 838

    <135* 107 (12.8)   49 (14.8)   21 (16.7)   26 (14.1)   11 (5.6)   0.006 838

  Hemoglobin, g/dL 11.3±2.1 10.8±1.9　　 11.5±2.1　　 11.2±2.1　　 12.1±2.1　　 <0.001 838

  Anemia* 593 (70.8) 266 (80.1)   81 (64.8) 133 (71.5) 113 (57.9) <0.001 838

  CRP, mg/L 4.4  
(1.7–12.3)

5.2  
(1.8–14.0)

3.7  
(1.9–9.8)

4.4  
(1.6–13.2)

3.7  
(1.3–10.0)

0.21 794

    >10* 230 (29.0) 103 (33.3)   29 (23.8)   53 (29.8)   45 (24.3) 0.09 794

Medication at discharge

  ACE-I or ARBs 327 (38.1) 0 (0) 128 (100)　 0 (0)　 199 (100)　 <0.001 858

  β-blockers 388 (45.2) 0 (0) 0 (0)　 189 (100)　 199 (100)　 <0.001 858

  MRAs* 374 (43.6) 143 (41.8)   57 (44.5)   77 (40.7)   97 (48.7) 0.35 858

  Ca blockers 300 (35.0) 115 (33.6)   56 (43.8)   65 (34.4)   64 (32.2) 0.15 858

  Loop diuretics 671 (78.2) 272 (79.5)   98 (76.6) 137 (72.5) 164 (82.4) 0.10 858

  Tolvaptan* 60 (7.0)   39 (11.4)   3 (2.3) 13 (6.9)   5 (2.5) <0.001 858

In-hospital events

  Worsening HF 126 (14.7)   55 (16.1)   15 (11.7)   28 (14.8)   28 (14.1) 0.68 858

  Worsening renal function 289 (34.2) 125 (37.3)   42 (33.1)   58 (31.2)   64 (32.5) 0.47 845

 Length of hospital stay 
(days)

16  
(12–25)

17  
(12–27)

16  
(12–25)

17  
(11–28)

15  
(12–21)

0.17 858

*Risk-adjusting variables selected for the Cox proportional hazard models. Data are presented as number (%), mean ± SD, or median 
(interquartile range). P values were calculated using the chi squared test for categorical variables, and 1-way ANOVA or Kruskal-Wallis test for 
continuous variables. Chronic kidney disease was defined as eGFR <60 mL/min/1.73 m2. Renal dysfunction was defined as eGFR <30 mL/
min/1.73 m2. Anemia was defined using the World Health Organization criteria (hemoglobin <12.0 g/dL in women and <13.0 g/dL in men). 
ACE-I, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AF, atrial fibrillation; ARB, angiotensin-receptor blocker; 
BNP, B-type natriuretic peptide; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft surgery; CRP, C-reactive 
protein; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; 
HFpEF, heart failure with preserved ejection fraction; MRA, mineralocorticoid receptor antagonist; MI, myocardial infarction; NT-pro BNP; 
N-terminal-pro B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention.
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(n=342, 39.9%), ACE-I/ARB only (n=128, 14.9%), 
β-blocker only (n=189, 22.0%), and both ACE-I/ARB and 
β-blocker (n=199, 23.2%) groups (Figure 1A,B). The mean 
patient age in the study was 79.1±11.8 years and 52.4% of 
the patients were women. The ischemic etiology of HF was 
20.2% of the patients; the mean LVEF was 56.1±10.2% 
(Table 1). Regarding the baseline characteristics (Table 1), 
the patients in the both ACE-I/ARB and β-blocker group 
were younger, and had a higher BMI, and a higher preva-
lence of ischemic etiology than those in the no neurohor-
monal antagonist group. The patients in the ACE-I/ARB 
only, β-blocker only, and both ACE-I/ARB and β-blocker 
groups had a lower prevalence of previous HF hospitaliza-
tion, and CKD. The patients in the ACE-I/ARB only and 
both ACE-I/ARB and β-blocker groups had a higher prev-
alence of hypertension and were more often ambulatory 
than those in the no neurohormonal antagonist group. The 
patients in the ACE-I/ARB only and both ACE-I/ARB 
and β-blocker groups exhibited a lower prevalence of atrial 
fibrillation or flutter than those in the no neurohormonal 
antagonist group. The patients in the β-blocker only and 
both ACE-I/ARB and β-blocker groups exhibited a lower 
prevalence of cognitive dysfunction and were more likely 
to exhibit a lower EF than those in the no neurohormonal 
antagonist group. The systolic blood pressure at discharge 
was higher in the ACE-I/ARB only and both ACE-I/ARB 
and β-blocker group than in the no neurohormonal antag-
onist group. The heart rate at discharge was lower in the 
ACE-I/ARB only and both ACE-I/ARB and β-blocker 
group than in the no neurohormonal antagonist group.

As for the laboratory findings at discharge (Table 1), the 
patients in the ACE-I/ARB only group exhibited a lower 
BNP level than those in the no neurohormonal antagonist 
group. The patients in the ACE-I/ARB only and both 
ACE-I/ARB and β-blocker groups had a higher eGFR 
than those in the no neurohormonal antagonist group. 
Patients in the both ACE-I/ARB and β-blocker group 
exhibited a higher hemoglobin level and sodium level than 
those in the no neurohormonal antagonist group.

Regarding the medications prescribed at discharge 
(Table 1), there was no significant difference in the pre-
scription rate of MRAs, calcium blockers, and loop diuret-
ics. The prescription rate of tolvaptan was higher in the no 
neurohormonal antagonist group than in other groups. 
The types and dose of ACE-I, ARB and β-blocker are 
summarized in Supplementary Table 1. Number of days 
until the date of starting ACE-I, ARB and β-blocker are 
presented in Supplementary Table 2.

Regarding in-hospital events (Table 1), the prevalence of 
WHF and worsening renal function were similar among 
groups. There was no significant difference in length of 
hospital stay.

Clinical Outcomes
The median follow-up duration was 484 (IQR: 357–666) 
days with 95.7% follow-up rate during a 1-year period. The 
cumulative 1-year incidence of the primary outcome mea-
sure was 41.2% in the no neurohormonal antagonist group, 
34.0% in the ACE-I/ARB only group, 28.6% in the 
β-blocker only group, and 16.4% in the both ACE-I/ARB 
and β-blocker group (P<0.001) (Figure 2A). After adjust-
ment for the confounders, starting either ACE-I/ARB or 
β-blocker alone was not associated with a lower risk of the 
primary outcome compared with not starting ACE-I/ARB 
or a β-blocker (HR: 0.83; 95% CI: 0.52–1.33; P=0.44 and 

tional hazard models were developed for the primary and 
secondary outcome measures to evaluate the risk of the 
ACE-I/ARB only group, the β-blocker only group, and 
both ACE-I/ARB and β-blocker group relative to the no 
neurohormonal antagonist group on the clinical outcome 
measures by adjusting the potential confounders. The results 
were expressed as hazard ratios (HRs) and 95% confidence 
intervals (CIs). We included the following 27 clinically 
relevant risk-adjusting variables: age ≥80 years, sex, body 
mass index (BMI) ≤22 kg/m2, EF ≥50% on echocardiography, 
etiology of HF hospitalization associated with acute coro-
nary syndrome, previous HF hospitalization, hypertension, 
diabetes, atrial fibrillation or flutter, previous myocardial 
infarction, previous stroke, current smoking, chronic lung 
disease, malignancy, cognitive dysfunction, living alone, 
ambulatory, systolic blood pressure <90 mmHg, heart 
rate <60 beats/min, B-type natriuretic polypeptide (BNP) 
or NT-proBNP if BNP unavailable, >median value, 
eGFR <30 mL/min/1.73 m2, albumin <3.0 g/dL, sodium 
<135 mEq/L, anemia, and CRP >10 mg/L, and use of 
mineralocorticoid receptor antagonist (MRA) at discharge, 
and tolvaptan at discharge. We selected these variables 
according to their clinical relevance to the clinical outcomes 
and based on previous studies.3,11 Continuous variables 
were dichotomized using clinically meaningful reference 
values or median values. For sensitivity analysis, we 
changed the variables such as age, BMI, EF, systolic blood 
pressure, heart rate, BNP, eGFR, albumin, sodium, 
hemoglobin and CRP as the continuous variable in the 
multivariable Cox proportional hazard models. For the 
other sensitivity analysis, we added MRA as a neurohor-
monal antagonist (Supplementary Figure 1). We analyzed 
the Kaplan-Meier curves and developed multivariable Cox 
proportional hazard models, as per the main analysis, to 
evaluate the risk of the ACE-I/ARB/MRA only group, the 
β-blocker only group, and both ACE-I/ARB/MRA and 
β-blocker group relative to the no neurohormonal antago-
nist group on the clinical outcome measures. In the 
subgroup analyses, we evaluated the interactions between 
the 7 subgroup factors (EF ≥50%, age ≥80 years, de novo 
HF hospitalization, atrial fibrillation or flutter, eGFR 
<30 mL/min/1.73 m2, calcium blocker prescription at 
discharge, and MRA prescription at discharge) and the 
effects of ACE-I/ARB and β-blocker prescription at dis-
charge on the primary outcome measure. All statistical 
analyses were conducted by 2 physicians (Y. Seko and 
T. Kato) and a statistician (T. Morimoto) using JMP Pro 
software (version 15; SAS Corp., Cary, NC, USA). All the 
reported P values were 2-tailed, and the level of statistical 
significance was set at P <0.05.

Patient and Public Involvement
This research was conducted without patient involvement. 
Patients were not invited to comment on the study design 
and were not consulted to develop patient relevant out-
comes or interpret the results. Patients were not invited to 
contribute to the writing or editing of this document for 
readability or accuracy.

Results
Baseline Characteristics
We classified the 858 study patients who were not taking 
ACE-I/ARB or β-blockers at admission and were dis-
charged alive into 4 groups: no neurohormonal antagonist 
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Figure 2.  Kaplan-Meier curves for the primary and secondary outcome measures. (A) Composite of all-cause death or HF hos-
pitalization. (B) All-cause death. (C) Cardiovascular death. (D) HF hospitalization. ACE-I, angiotensin-converting enzyme inhibitors; 
ARB, angiotensin II receptor blockers; HF, heart failure; N, number.
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0.15–1.11; P=0.08) (Figure 2C, Table 2). The risk for HF 
hospitalization was fully consistent with the trend of the 
primary outcome measure (Figure 2D, Table 2).

Sensitivity Analysis
When we changed the variables such as age, BMI, EF, 
systolic blood pressure, heart rate, BNP, eGFR, albumin, 
sodium, hemoglobin and CRP as the continuous variable in 
the multivariable Cox proportional hazard models, the results 
were consistent with the main analysis (Supplementary 
Table 3).

HR: 0.82; 95% CI: 0.55–1.21; P=0.32, respectively), whereas 
starting both ACE-I/ARB and β-blocker was associated 
with a significantly lower risk of the primary outcome mea-
sure compared with not starting ACE-I/ARB or β-blocker 
(HR: 0.46; 95% CI: 0.28–0.76; P=0.002) (Table 2). For the 
secondary outcomes, the risk for all-cause death was fully 
consistent with the trend of the primary outcome measure 
(Figure 2B, Table 2). The risk for cardiovascular death was 
mostly consistent with the trend of the primary outcome 
measure, but the lower risk of starting both ACE-I/ARB 
and β-blocker was no longer significant (HR: 0.41; 95% CI: 

Table 2. Crude and Adjusted Clinical Outcomes

No neurohormonal 
antagonist ACE-I/ARB only β-blocker only Both ACE-I/ARB and 

β-blocker

N of patients with event/N of patients at risk (Cumulative 1-year incidence [%])

Primary outcome measure

   Composite of all-cause death  
or HF hospitalization

139/342 (41.2) 42/128 (34.0) 53/189 (28.6)   32/199 (16.4)

Secondary outcome measures

  All-cause death   88/342 (26.3) 19/128 (15.4) 31/189 (16.9) 17/199 (8.8)

  Cardiovascular death   44/342 (14.0) 10/128 (8.5)　　 19/189 (10.7)   9/199 (4.7)

  HF hospitalization   76/342 (24.9) 30/128 (25.4) 30/189 (17.2) 18/199 (9.5)

Variables
Unadjusted Adjusted

HR  
(95% CI) P value HR  

(95% CI) P value

Primary outcome measure

   Composite of all-cause death  
or HF hospitalization

No neurohormonal antagonist 1 (Ref.) 1 (Ref.)

ACE-I/ARB only 0.69 (0.50–0.96) 0.03 0.83 (0.52–1.33) 0.44

β-blocker only 0.63 (0.48–0.84)   0.002 0.82 (0.55–1.21) 0.32

Both ACE-I/ARB and β-blocker 0.32 (0.22–0.45) <0.001 0.46 (0.28–0.76)   0.002

Secondary outcome measures

  All-cause death No neurohormonal antagonist 1 (Ref.) 1 (Ref.)

ACE-I/ARB only 0.43 (0.27–0.69) <0.001 0.75 (0.39–1.46) 0.40

β-blocker only 0.59 (0.41–0.83)   0.003 0.94 (0.57–1.55) 0.81

Both ACE-I/ARB and β-blocker 0.27 (0.17–0.42) <0.001 0.42 (0.20–0.86) 0.02

  Cardiovascular death No neurohormonal antagonist 1 (Ref.) 1 (Ref.)

ACE-I/ARB only 0.38 (0.20–0.74)   0.005 0.67 (0.26–1.69) 0.39

β-blocker only 0.64 (0.41–1.02) 0.06 1.18 (0.63–2.21) 0.61

Both ACE-I/ARB and β-blocker 0.24 (0.12–0.45) <0.001 0.41 (0.15–1.11) 0.08

  HF hospitalization No neurohormonal antagonist 1 (Ref.) 1 (Ref.)

ACE-I/ARB only 0.91 (0.61–1.36) 0.65 1.03 (0.58–1.81) 0.93

β-blocker only 0.62 (0.42–0.92) 0.02 0.71 (0.42–1.21) 0.21

Both ACE-I/ARB and β-blocker 0.32 (0.20–0.52) <0.001 0.43 (0.22–0.83) 0.01

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CI, confidence interval; HF, heart failure; HR, hazard ratio.
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Figure 3.  Subgroup analyses for the primary outcome measure. ACE-I, angiotensin-converting enzyme inhibitors; AF, atrial fibril-
lation; AFL, atrial flutter; ARB, angiotensin II receptor blockers; Ca, calcium; CI, confidence interval; EF, ejection fraction; eGFR, 
estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist; N, number.
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might be completed during hospitalization and it might 
affect the usage rate of them after discharge. In addition, 
the titration as well as the timing of the introduction may 
be very important for the protective role, which needs fur-
ther investigation.

Effects of the Combination of ACE-I/ARB and β-Blocker
Regarding patients with HFrEF, a previous report revealed 
that those on both ACE-I/ARB and β-blocker at discharge 
exhibit more favorable survival outcomes than those on 
either ACE-I/ARB or β-blocker at discharge.25 Other 
reports have indicated that β-blockers have a remarkably 
favorable effect on mortality and hospitalization rates in 
patients with HFrEF when added to background ACE-I 
therapy.26 ACE-I/ARB and β-blocker combination could 
further slow down the progression of left ventricular sys-
tolic dysfunction resulting from neurohormonal activation 
in patients with HFrEF.27 In this study that focused on the 
patients with HFmrEF and HFpEF, starting either ACE-I/
ARB or β-blocker alone was not associated with an 
improvement in the post-discharge prognosis compared 
with not starting ACE-I/ARB or β-blocker. These results 
may be related to the heterogeneous nature of HFmrEF 
and HFpEF in the AHF setting,21,28 and unlike in patients 
with HFrEF, treatment with one drug class alone might 
not be sufficient for improving the prognosis in patients 
with HFpEF and HFmrEF. The effects of starting ACE-I/
ARB and β-blocker for all-cause death or HF hospitaliza-
tion was consistent when we stratified by HFpEF or HFm-
rEF in patients with AHF. In patients with stable HF, a 
meta-analysis of 11 randomized controlled trials (RCTs) 
of β-blockers showed that the effectiveness of β-blockers 
may differ in patients with HFmrEF and HFpEF.29 In 
addition, there was an expert opinion that the cut-off of EF 
appears to be ~55%, where neuroendocrine targets provide 
risk reduction in patients with stable HF.30 However, no 
previous study reported the effects of starting ACE-I/ARB 
and β-blocker in patients with AHF. Although our study 
may be underpowered to assess this interaction in the 
subgroup analyses, our results may be hypothesis-generating 
and indicate that there is an unmet need to identify and 
specify the optimal neurohormonal antagonist treatment for 
patients with HFmrEF and HFpEF who are hospitalized 
with AHF.

Differences in the Characteristics of Patients Starting 
Neurohormonal Antagonist
In the present study, the decision to start neurohormonal 
antagonists was based on the judgment of the treating 
physician. Patients who did not start ACE-I/ARB or 
β-blocker therapy were older and had a lower eGFR than 
those patients in the other groups. The patients who 
started ACE-I/ARB alone had a higher eGFR than those 
patients in the other groups. In contrast, the patients who 
started β-blocker alone and both ACE-I/ARB and 
β-blocker exhibited a lower EF than those patients in the 
other groups. The patients who started both ACE-I/ARB 
and β-blocker were younger than those patients in the 
other groups. Thus, the decision to start ACE-I/ARB 
might have been made after considering renal function and 
other comorbidities, and the decision to start a β-blocker 
might be related to a lower EF. In this study, starting the 
2 neurohormonal antagonists remained to be associated 
with a reduced risk of all-cause death and HF hospitaliza-
tion, even after controlling for factors associated with the 

When we included MRA as neurohormonal antagonists 
and developed multivariable Cox proportional hazard 
models, which was the same as main analysis, the results 
were consistent with the main analysis (Supplementary 
Table 4).

Subgroup Analysis
In the post-hoc subgroup analysis stratified by EF ≥50%, 
age ≥80 years, de novo HF hospitalization, atrial fibrilla-
tion or flutter, eGFR <30 mL/min/1.73 m2, calcium blocker 
prescription, and MRA prescription, there were no signifi-
cant interactions between subgroups and the effect of 
ACE-I/ARB only, β-blocker only, and both ACE-I/ARB 
and β-blocker groups compared with the no neurohor-
monal antagonist (Figure 3). The cumulative 1-year inci-
dence of the primary outcome measure stratified by EF 
≥50% or <50% (40–49%) is presented in Supplementary 
Figure 2A,B.

Discussion
The main findings of the present study are as follows: (1) 
starting both ACE-I/ARB and β-blocker during HF hos-
pitalization in patients with HFmrEF and HFpEF was 
associated with a reduced risk of a composite of all-cause 
death or HF hospitalization along with cardiovascular 
death, compared with not starting ACE-I/ARB or 
β-blocker; (2) the effects of starting ACE-I/ARB and 
β-blocker were consistent regardless of the HFmrEF and 
HFpEF classifications and other subgroups.

Starting Neurohormonal Antagonist Therapy in Patients 
With HFmrEF and HFpEF Who Were Hospitalized for AHF
No previous studies have investigated the effect of starting 
ACE-I/ARB and β-blocker, respectively, or in combina-
tion, on post-discharge outcomes in patients with HFm-
rEF and HFpEF who were hospitalized for AHF. The HF 
guidelines recommend starting ACE-I/ARB and β-blocker 
early after stabilization in hospitalized patients with 
HFrEF.3,16 The recommendations for hospitalized patients 
with HFrEF were based on several observational studies 
that investigated the following factors: (1) safety of 
β-blockers in patients with chronic severe HF;17 (2) asso-
ciation of continuation or starting β-blocker therapy with 
a decrease in mortality;18 and (3) association of the discon-
tinuation of β-blocker therapy with an increase in mortal-
ity.19 Regardless of EF, a large proportion of patients with 
AHF develop neurohormonal abnormalities, such as 
excessive activation of the sympathetic nervous system and 
renin-angiotensin-aldosterone system,20 and are at a high 
risk of rehospitalization and mortality. In addition, neuro-
hormonal abnormalities are observed in patients with 
stable chronic HFmrEF and HFpEF.21 Therefore, starting 
neurohormonal antagonists in patients with HFmrEF and 
HFpEF who are hospitalized for AHF may be effective in 
preventing subsequent acute exacerbation of HF. Prevent-
ing a decrease in left ventricular contractility and myocar-
dial fibrosis are important strategies in the management of 
HFmrEF and HFpEF. In this viewpoint, ACE-I and 
β-blockers might inhibit ventricular remodeling, improve 
left ventricular contractility,22,23 and inhibit fibrosis.24 Early 
introduction of a neurohormonal antagonist is important 
regardless of administration during hospitalization or after 
discharge. However, considering that the median hospital 
stay is 16 days, the introduction of cardioprotective agents 
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Data Availability
For a systematic review and comparison study to improve generaliz-
ability, the deidentified participant data, including characteristics of 
patients, outcomes, and additional related documents, will be shared 
on a request basis to the corresponding author by academics after the 
ethical approval of the institutional review board and during the 
periods under the permission of the institutional review board. The 
data will be shared by file sharing.
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