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Background/Aims: Improvement of left ventricular ejection fraction (LVEF) in heart failure with reduced ejection fraction 
(HFrEF) has been associated with favorable outcomes; however, corresponding data in patients treated with angiotensin re-
ceptor–neprilysin inhibitors (ARNIs) remain limited. This study aimed to examine the characteristics, predictors, and outcomes 
of HF with improved ejection fraction (HFimpEF) compared with persistent HFrEF in the RECORD-SV registry.
Methods: Patients with LVEF ≤ 40% in the RECORD-SV registry were classified based on echocardiographic assessments at 
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INTRODUCTION

The increasing elderly population and rising prevalence of 
cardiovascular risk factors, including hypertension, diabe-
tes, and dyslipidemia, had increased the global incidence of 
heart failure (HF) to 1–2% among the general adult popula-
tion, and it is anticipated to continue rising [1-3]. In Korea, 
the prevalence of HF nearly tripled from 0.81% in 2008 to 
2.38% in 2020, with an especially high burden observed in 
patients aged ≥ 80 years, who exhibit a > 15-fold higher HF 
prevalence than the younger populations [4].

The primary goals of HF management are to alleviate 
symptoms, reduce rehospitalization, and improve survival. 
The achievement of these objectives is closely linked to left 
ventricular (LV) reverse remodeling, which has been recog-
nized as a key mechanism underlying functional improve-
ment and favorable outcomes. In this context, left ventric-
ular ejection fraction (LVEF) serves as a central marker of 
cardiac structure and function. Therapeutic strategies that 
promote LVEF recovery have contributed to the recognition 
of HF with improved ejection fraction (HFimpEF), a distinct 
phenotype associated with better long-term prognosis [5].

Angiotensin receptor–neprilysin inhibitors (ARNIs) have re-
cently become the cornerstone of guideline-directed medical 
therapy for HF, exerting unique effects on LV reverse remod-
eling via dual neurohormonal modulation [6]. Previous stud-
ies in the era of angiotensin converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ARBs), beta-blockers, 
and mineralocorticoid receptor antagonists have demon-

strated improved outcomes among patients undergoing EF 
recovery. However, evidence specifically addressing HFimpEF 
in patients treated with ARNIs remains limited [7,8]. More-
over, data from real-world Asian populations are scarce.

The present study aimed to investigate the clinical fea-
tures, predictive factors, and outcomes of HFimpEF com-
pared to persistent HF with reduced ejection fraction (HFrEF) 
among patients treated with ARNIs in the multicenter RE-
CORD-SV registry.

METHODS

Study population
This retrospective cohort study analyzed the RECORD-SV reg-
istry dataset (https://cris.nih.go.kr; Identifier: KCT0005747). 
The dataset includes 251 HF patients with LVEF ≤ 40% 
who were treated with ARNIs from July 2017 to June 2020. 
The study protocol was approved by the Institutional Re-
view Board of each participating center, including Soon-
chunhyang University Bucheon Hospital (approval number: 
2020-11-010). In this study, we included patients aged ≥ 
18 years who were hospitalized for acute HF with LVEF ≤ 
40% and who newly initiated ARNI therapy during the in-
dex hospitalization. From the initially enrolled 251 patients, 
those without follow-up echocardiography data, those who 
discontinued ARNI therapy before undergoing follow-up 
echocardiography, and those with less than three months 
between ARNI initiation and follow-up echocardiography 

baseline and 1-year follow-up. Patients with HFimpEF were defined as those with follow-up LVEF of > 40% with an absolute 
improvement of ≥ 10%, whereas the persistent HFrEF group included those who did not meet these criteria. Baseline char-
acteristics, predictive factors, and clinical outcomes of the patients were analyzed. The primary composite outcome was all-
cause mortality and hospitalization for HF management, with secondary outcomes including each component of the primary 
outcome and frequency of urgent emergency room visits.
Results: Among 198 patients with HFrEF, 60 patients (30.3%) achieved HFimpEF after one year of ARNI-based therapy. 
Independent predictors of HFimpEF included female sex, non-ischemic etiology, and de novo HF. HFimpEF patients exhibited 
significantly lower risks in the primary composite outcome (HR 0.382, 95% CI 0.148–0.985) compared to those with per-
sistent HFrEF, with a similar trend observed for secondary outcomes.
Conclusions: Patients achieving HFimpEF with ARNIs exhibited distinct clinical features and significantly lower risk of cardio-
vascular events compared to those with persistent HFrEF, highlighting the prognostic benefit of EF recovery with ARNI thera-
py.
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were excluded. These exclusion criteria were selected to 
eliminate patients undergoing early assessments where-
in clinically meaningful reverse remodeling effects of ARNI 
therapy would not be expected to emerge within such a 
brief interval. Prior studies evaluating ARNI-associated LVEF 
improvement have typically used follow-up intervals of ≥ 6 
months to ensure sufficient duration for structural changes 
to emerge [9,10].

Consequently, a total of 198 patients were included in 
the final analysis cohort (Fig. 1). Based on their baseline and 
1-year follow-up echocardiographic data, the patients were 
categorized into two groups: HFimpEF, comprising those 
who showed a follow-up LVEF of > 40% and an increase 
of ≥ 10% from baseline, and persistent HFrEF, comprising 
those who did not meet these criteria [5].

Data collection
From the previously described RECORD-SV registry, demo-
graphic data including age, sex, clinical symptoms, medical 
history, comorbidities, current medications, laboratory test 
results and echocardiography reports were collected. Owing 
to the etiology of HF, its causes were classified into ischemic 
and non-ischemic causes. Ischemic etiology was defined 
as HF occurring in the context of documented evidence 
of myocardial ischemia, including a history of myocardial 
infarction (MI) or any form of coronary revascularization 
[11]. Non-ischemic etiologies comprised dilated cardiomy-
opathy, valvular heart disease, and tachycardia-induced HF. 
The criteria for distinguishing between prior and de novo 
HF were based on the duration from HF diagnosis to ARNI 
treatment initiation. De novo HF was defined as newly diag-

nosed HF within six months prior to ARNI initiation. The six-
month threshold was selected to differentiate recent-onset, 
treatment-naïve HF from established chronic disease, while 
maintaining consistency with the definitions used in obser-
vational HF research [12].

To minimize potential time-dependent bias, HFimpEF was 
defined solely based on the planned echocardiographic as-
sessment performed approximately 12 months (within an 
allowable window of 6–18 mo) after ARNI initiation. Pa-
tients who showed no improvement on any earlier interim 
echocardiogram but fulfilled these criteria at the 12-month 
assessment were included as HFimpEF patients. LVEF was 
measured by the biplane Simpson technique, and other vari-
able parameters were measured according to the standard 
protocol. The collected echocardiographic parameters were 
as follows: LV volumes and diameters, LV mass index, left 
atrial volume index, and early diastolic mitral inflow velocity/
early diastolic mitral annular tissue velocity.

Outcomes
The primary outcome of this study was the composite out-
come of all-cause deaths and hospitalizations for HF (HHF) 
over two years. HHF was defined as hospital admissions for 
symptom control and HF management. As for the second-
ary outcome, the following parameters were investigated 
over the same two-year period: all-cause deaths, HHF, ur-
gent emergency room (ER) visits for HF management, and 
predictive factors for HFimpEF. Urgent ER visits were iden-
tified as instances wherein the patients required HF man-
agement via intravenous medical therapy without hospital 
admission. All clinical events were identified by analyzing 

Figure 1. Study flow diagram. HFrEF patients who were prescribed ARNIs between July 2017 and June 2020 were identified. In total, 198 
patients were included in our cohort. HFrEF, heart failure with reduced ejection fraction; ARNI, angiotensin receptor–neprilysin inhibitor; F/U, 
follow-up; HFimpEF, heart failure with improved ejection fraction.

HFrEF patients with ARNI prescription between July 2017 to June 2020 
(n = 251)

Median follow-up: 14.5 (IQR 10.4-19.3) months

Exclusion if:
  - Patients without F/U echo data (n = 24)
  - Patients who discontinued ARNI before F/U echo (n = 16)
  - Patients with < 3 months between the start of ARNI and the F/U echo (n = 13)

HFimpEF 
(n = 60)

Persistent HFrEF 
(n = 138)
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the medical records.

Statistical analysis
For each treatment group, baseline characteristics were pre-
sented as numbers of patients and percentages for cate-
gorical variables, and as means with standard deviations or 
medians with interquartile ranges for continuous variables. 
In two-group comparisons, continuous variables were ana-
lyzed using either the independent t-test or Wilcoxon’s rank 
sum test, depending on the normality of the distribution. 
Categorical data were compared using the chi-square test 
or Fisher’s exact test. The software used for statistical analy-
ses included SPSS version 25 (IBM Corp., Armonk, NY, USA) 
and R version 3.6.0.

Survival in the two groups during the follow-up period 
was analyzed using Kaplan–Meier curves with the log-rank 
test. The association between achieving HFimpEF and clin-
ical outcomes was evaluated using the Cox proportional 
hazards model. For the secondary outcomes and subgroup 
analyses of the primary outcome, results were analyzed 
without adjusting for multiplicity. Subgroup analyses were 
conducted based on age, sex, comorbidities, renal function, 
etiology of HF, dose, and HF medication use.

To identify predictive factors for HFimpEF, a univariable lo-
gistic regression analysis was conducted, and variables with 
p < 0.2 were included in the multivariable analysis. Collin-
earity was considered as a basis for exclusion, and clinically 
established predictors were prioritized for inclusion.

RESULTS

Baseline characteristics
Among the 198 patients diagnosed with HFrEF, 60 patients 
(30.3%) achieved HFimpEF after one year of guideline-di-
rected medical therapy, including ARNI, confirmed by fol-
low-up echocardiography. The remaining 138 patients 
(69.7%), who did not meet the diagnostic criteria for HFim-
pEF, were classified into the persistent HFrEF group. The 
baseline characteristics of the two groups are presented in 
Table 1. The mean ages of the HFimpEF and persistent HFrEF 
groups were 62.9 ± 16.2 and 64.4 ± 14.3 years, respec-
tively (p = 0.525). Compared to the persistent HFrEF group, 
the HFimpEF group had a significantly higher proportion 
of females (51.7% vs. 29.7%, respectively; p = 0.005), a 
significantly higher mean baseline systolic blood pressure 

(SBP; 125.3 ± 19.2 vs. 118.4 ± 14.5 mmHg, respectively; p 
= 0.014), a significantly higher heart rate (HR; 82.4 ± 14.8 
vs. 76.9 ± 15.2 bpm, respectively; p = 0.023), and a sig-
nificantly lower prevalence of hyperlipidemia (16.7% vs. 
34.1%, respectively; p = 0.021). In addition, the HFimpEF 
group exhibited a significantly lower history of percutane-
ous coronary intervention (18.3% vs. 37.0%, respective-
ly; p = 0.015) and MI (10.0% vs. 25.4%, respectively; p = 
0.024), a significantly lower percentage of ischemic etiology 
(21.7% vs. 38.4%, respectively; p = 0.033), and a signifi-
cantly higher proportion of de novo HF (43.3% vs. 20.3%, 
respectively; p = 0.002) compared to the other group. The 
HFimpEF group also required a lower dose of short-acting 
loop diuretics than the other group (30.8 ± 14.1 vs. 45.2 ± 
27.0 mg, respectively).

Echocardiographic parameters
The initial EFs of the HFimpEF and persistent HFrEF groups 
were comparable at 28.5 ± 6.3% and 26.6 ± 7.3% (p = 
0.081), respectively (Supplementary Table 1). However, vol-
ume parameters, including left ventricular end-systolic vol-
ume index (27.9 ± 9.9 vs. 60.3 ± 26.6 mL/m2, respectively; 
p < 0.001) and left ventricular end-diastolic volume index 
(56.7 ± 14.3 vs. 84.9 ± 30.9 mL/m2, respectively; p < 0.001), 
were significantly smaller in the HFimpEF group than in the 
persistent HFrEF group. At one-year follow-up, the mean 
EFs were 52.6 ± 7.5% and 29.7 ± 7.5% in the HFimpEF 
and persistent HFrEF groups (p < 0.001), with an increase 
of 24.0 ± 10.0% and 3.0 ± 6.0%, respectively. During the 
same period, both groups showed a decrease in volume pa-
rameters, with a more prominent reduction observed in the 
HFimpEF group.

Independent prognostic factors for HFimpEF
The multivariable logistic regression analysis conducted to 
identify the predictors of HFimpEF among HFrEF patients 
treated with ARNIs (Table 2) identified characteristics such as 
female sex, non-ischemic etiology, and de novo HF as inde-
pendent prognostic factors. Higher initial SBP (per 1 mmHg) 
and HR (per 1 bpm) were associated with 2.8% and 3.0% 
higher likelihood of achieving HFimpEF (OR 1.027, 95% 
CI 1.005–1.049, p = 0.017 and OR 1.035, 95% CI 1.010– 
1.060, p = 0.006), respectively. There was no significant dif-
ference in the HFimpEF achievement among patients strat-
ified by ARNI dosage (OR 0.765, 95% CI 0.416–1.407, p = 
0.389).
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Table 1. Baseline characteristics stratified by improvement in left ventricular ejection fraction

Variable HFimpEF (n = 60) Persistent HFrEF (n = 138) p value

Age (yr) 62.9 ± 16.2 64.4 ± 14.3 0.525

Male 29 (48.3) 97 (70.3) 0.005

BMI (kg/m2) 24.0 ± 3.2 25.0 ± 3.4 0.645

NYHA class 0.622

Class I 22 (36.7) 39 (28.3)

Class II 21 (35.0) 55 (39.9)

Class III 15 (25.0) 41 (29.7)

Class IV 2 (3.3) 3 (2.2)

Hemodynamic 

SBP (mmHg) 125.3 ± 19.2 118.4 ± 14.5 0.014

DBP (mmHg) 74.2 ± 11.9 72.3 ± 11.6 0.311

HR (bpm) 82.4 ± 14.8 76.9 ± 15.2 0.023

History

Hypertension 38 (63.3) 90 (65.2) 0.926

Diabetes mellitus 19 (31.7) 52 (37.7) 0.516

Hyperlipidemia 10 (16.7) 47 (34.1) 0.021

CKD ≥ 3 6 (10.0) 23 (16.7) 0.317

AF 14 (23.3) 32 (23.2) > 0.999

Previous PCI 11 (18.3) 51 (37.0) 0.015

Previous MI 6 (10.0) 35 (25.4) 0.024

Previous CABG 0 (0.0) 3 (2.2) 0.605

Previous CVA 0 (0.0) 3 (2.2) 0.605

De novo HF 26 (43.3) 28 (20.3) 0.002

Etiology 0.033

Ischemic 13 (21.7) 38 (38.4)

Non-Ischemic 47 (78.3) 85 (61.6)

Lab 

Hb (g/dL) 12.7 ± 2.2 13.5 ± 2.0 0.033

HbA1C (%) 6.4 ± 1.1 6.7 ± 1.6 0.295

NT-proBNP (pg/mL) 3,058.8 ± 5,071.0 3,290.1 ± 4,749.9 0.801

BUN (mg/dL) 21.5 ± 12.5 21.8 ± 13.3 0.877

Creatinine (mg/dL) 1.3 ± 1.8 1.5 ± 2.1 0.485

Na (mmol/L) 138.7 ± 4.0 138.7 ± 3.3 0.976

K (mmol/L) 4.4 ± 0.5 4.4 ± 0.6 0.909

Uric acid (mg/dL) 6.5 ± 2.3 6.7 ± 2.5 0.710

Total cholesterol (mg/dL) 157.6 ± 50.5 141.9 ± 38.5 0.067

Triglyceride (mg/dL) 117.4 ± 63.9 122.3 ± 71.4 0.708

HDL cholesterol (mg/dL) 44.6 ± 13.6 42.3 ± 12.5 0.357

LDL cholesterol (mg/dL) 92.7 ± 40.3 80.0 ± 29.6 0.088

Medication

Initial ARNI dose per day (mg)

< 100 34 (56.67) 69 (50.0) 0.479

≥ 100 26 (43.33) 69 (50.0)
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Clinical outcomes
The median follow-up interval from ARNI initiation was 
440.5 (IQR, 315.0–587.3) days. At two years, the primary 
outcome was observed more frequently in the persistent 
HFrEF group than in the HFimpEF group (8.3% vs. 21.7%, 
respectively; HR 0.382, 95% CI 0.148–0.985, p = 0.046; 
Table 3; Fig. 2). All secondary outcomes, including all-cause 
death (1.7% vs. 8.0%, respectively; HR 0.228, 95% CI 
0.029–1.766, p = 0.157), HHF (8.3% vs. 17.4%, respective-
ly; HR 0.473, 95% CI 0.180–1.240, p = 0.128), or urgent 
ER visit (10.0% vs. 16.7%, respectively; HR 0.686, 95% CI 
0.277–1.700, p = 0.415), showed numerically lower event 
rates in the HFimpEF group than in the persistent HFrEF 
group (Supplementary Fig. 1).

A prespecified subgroup analysis using the Cox propor-
tional hazards model demonstrated that the favorable effect 
of HFimpEF on the primary outcome was consistent across 
a wide range of clinically relevant subgroups, including age, 
sex, ischemic etiology, baseline LVEF, and comorbid condi-
tions (Fig. 3). In each subgroup, patients with HFimpEF ex-
hibited a markedly lower incidence of the primary outcome 
compared to those who remained in persistent HFrEF. No 
significant interactions were observed between subgroup 
variables and group assignment.

DISCUSSION

This study analyzed data from 198 HFrEF patients who were 
prescribed ARNIs and followed up for two years. The prin-
cipal findings of this study were as follows: (1) among pa-
tients diagnosed with HFrEF, 30.3% achieved HFimpEF after 
one year of medical therapy involving ARNI; (2) Patients who 
achieved HFimpEF exhibited a lower incidence of the pri-
mary outcome (8.3%), which was defined as a composite 
of all-cause death and HHF; and (3) factors associated with 
HFimpEF achievement included female sex, non-ischemic HF 
etiology, and de novo HF.

The incidence of HFimpEF among patients treated for 
HFrEF has been reported to range from 10.4% to 52.1%, 
with an average of 22.6% [13]. It is well-established that 
patients whose systolic function recovered from severe 
dysfunction exhibit a better prognosis than those whose 
function did not recover. Although various studies have em-
ployed either “HFimpEF” or “HFrecEF,” with subtle varia-
tions in their definitions, numerous studies have consistently 
demonstrated that patients in these categories experience 
significantly reduced mortality and morbidity compared to 
those with persistently reduced EFs below 40% [13-17]. Ac-
cording to a study by Wang et al. [15], patients with HFre-
cEF had a lower risk of composite HF-related hospitalizations 
with mortality (adjusted HR 0.50, 95% CI 0.35–0.70) and 

Variable HFimpEF (n = 60) Persistent HFrEF (n = 138) p value

Pre-ARNI RASi 0.496

ACEI 21 (36.8) 59 (43.4)

ARB 36 (63.2) 77 (56.6)

Beta blocker 47 (78.3) 103 (74.6) 0.706

MRA 34 (56.7) 77 (55.8) > 0.999

Loop diuretics (mg) 41 (68.3) 86 (62.3) 0.516

Furosemide dose per day 30.8 ± 14.1 45.2 ± 27.0 0.003

Torsemide dose per day 5.7 ± 4.9 6.6 ± 5.0 0.479

Ivabradine 11 (18.3) 31 (22.6) 0.625

Values are presented as mean ± standard deviation or number (%).
HFimpEF, heart failure with improved ejection fraction; HFrEF, heart failure with reduced ejection fraction; BMI, body mass index; 
NYHA, New York Heart Association; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; CKD, chronic kidney 
disease; AF, atrial fibrillation; PCI, percutaneous coronary intervention; MI, myocardial infarction; CABG, coronary artery bypass 
graft; CVA, cerebrovascular accident; HF, heart failure; Hb, hemoglobin; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; ARNI, angiotensin receptor–neprilysin inhibitor; RASi, renin angiotensin 
system inhibitor; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid 
receptor antagonist.

Table 1. Continued
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Table 2. Independent prognostic factors of HFimpEF

Variable

Univariable Multivariable

OR
95% CI

p value OR
95% CI

p value
Lower Upper Lower Upper

Baseline

Age 0.998 0.976 1.021 0.884 0.982 0.958 1.007 0.159

Female 2.529 1.355 4.721 0.004 2.755 1.287 5.897 0.009

BMI 1.000 0.999 1.002 0.904

Hemodynamic

SBP 1.024 1.002 1.045 0.032 1.027 1.005 1.049 0.017

DBP 1.011 0.983 1.040 0.453

HR 1.030 1.007 1.054 0.011 1.035 1.010 1.060 0.006

NYHA class

Class I, II Ref

Class III, IV 0.873 0.448 1.702 0.691

History

Hypertension 0.932 0.495 1.752 0.826

Diabetes mellitus 0.758 0.398 1.443 0.418

Dyslipidemia 0.383 0.178 0.823 0.014

AF 1.041 0.507 2.138 0.914

CRF 0.551 0.212 1.431 0.221

PCI 0.379 0.181 0.793 0.010

MI 0.324 0.128 0.818 0.017

De novo HF 3.004 1.556 5.800 0.001 3.160 1.498 6.665 0.003

ICD 0.109 0.014 0.840 0.033

CRT 1.852 0.400 8.581 0.431

Non-ischemic etiology 2.254 1.116 4.556 0.024 2.050 1.041 5.972 0.040

Lab

NT-proBNP 1.000 0.000 1.000 0.480

Medication

ARNI start dose (mg)

< 100 Ref

≥ 100 0.765 0.416 1.407 0.389

Pre-ARNI RASi

ACEI Ref

ARB 1.331 0.637 2.781 0.447

Loop diuretics

Furosemide dose 0.995 0.982 1.008 0.426

Torsemide dose 0.967 0.883 1.058 0.464

Beta blocker 1.229 0.596 2.534 0.577

Spironolactone 1.184 0.576 2.437 0.646

Ivabradine 0.888 0.296 2.660 0.831

HFimpEF, heart failure with improved ejection fraction; OR, odds ratio; CI, confidence interval; BMI, body mass index; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HR, heart rate; NYHA, New York Heart Association; AF, atrial fibrillation; CRF, 
chronic renal failure; PCI, percutaneous coronary intervention; MI, myocardial infarction; HF, heart failure; ICD, implantable cardiac 
defibrillator; CRT, cardiac resynchronization therapy; BNP, brain natriuretic peptide; ARNI, angiotensin receptor–neprilysin inhibitor; 
RASi, renin angiotensin system inhibitor; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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all-cause hospitalizations with mortality (adjusted HR 0.59, 
95% CI 0.49–0.73). Similarly, Nadruz et al. [16] reported 
that patients with HF with mid-range EF recovered from 
HFrEF (LVEF changed from < 40% to 40–55%) and exhib-
ited a lower risk of composite events (death, LV assist de-
vice implantation, or transplantation) than the patients with 
HFrEF (HR 0.25, 95% CI 0.13–0.47). Our current findings 
also demonstrated an association between HFimpEF and a 
favorable primary outcome (a composite of all-cause death 
and HHF; HR 0.38, 95% CI 0.15–0.98), consistent with the 
findings from previous studies.

This study further elucidates significant characteristics of 
HFimpEF and its predictive factors. Patients with HFimpEF 
were more likely to be female, had a non-ischemic etiolo-
gy or de novo HF, and exhibited lower echocardiographic 
volume parameters, indicating predictive factors for HFim-
pEF. The results aligned with the findings of previous studies  
[17-20].

Female sex is a well-established predictor of HFimpEF, 
which might be attributed to less LV remodeling in response 
to volume and pressure overload and the ensuing enhanced 
myocardial recovery compared to males [19,21,22]. Similar-
ly, non-ischemic etiology has been identified as an important 
determinant of EF improvement, as it is often characterized 
by potentially reversible myocardial dysfunction. In contrast, 
ischemic heart disease is frequently associated with irrevers-
ible scar formation and limited recovery. In line with these 
observations, our cohort showed that patients in the HFim-
pEF group commonly presented with de novo HF and exhib-
ited smaller baseline echocardiographic chamber volumes. 
These findings supported that the likelihood of EF recovery 
diminishes as structural remodeling advances over a longer 
disease duration. Park et al. [23] reported that among HFrEF 
patients treated with ARNIs, those diagnosed with HFrEF 
more than six months before ARNI initiation showed less 
improvement in LVEF and poorer outcomes than those di-
agnosed within six months. A meta-analysis evaluating the 
effects of ARNIs on LV reverse remodeling demonstrated 
significant improvement during the 3-month follow-up 
[24]. This result underscores the importance of timely and 
appropriate intervention to alter disease progression before 
reaching the point of irreversibility. Taken together, these 
predictive factors highlighted the need for early identifica-
tion of patients less likely to achieve EF recovery. In addition, 
these factors might aid in guiding risk factor modification 
as well as consideration of advanced therapeutic strategies.

On the other hand, there was no significant difference 
in the rate of HFimpEF achievement among patients strat-
ified by ARNI dosage, suggesting that early ARNI therapy 
initiation following HF diagnosis, even at submaximal doses, 
could contribute to improved outcomes. These results were 
consistent with the findings of previous studies that evaluat-
ed ARNI administration at various doses, demonstrating that 
notable clinical and functional improvements were observed 
even in patients who received very low doses [24,25].

Table 3. Clinical outcomes in patients with HFimpEF compared to patients with persistent HFrEF

Variable HFimpEF, n (%) Persistent HFrEF, n (%) HR (95% CI) p value

All-cause death or HHF 5 (8.3) 30 (21.7) 0.382 (0.148–0.985) 0.046

All-cause death 1 (1.7) 11 (8.0) 0.228 (0.029–1.766) 0.157

HHF 5 (8.3) 24 (17.4) 0.473 (0.180–1.240) 0.128

HFimpEF, heart failure with improved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; CI, 
confidence interval; HHF, hospitalization for heart failure.
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groups over two years. HFrEF, heart failure with reduced ejection 
fraction; HFimpEF, heart failure with improved ejection fraction.
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In our study, the relative risk of the composite outcome 
of all-cause death and HHF in patients with HFimpEF was 
lower than that reported in previous studies examining sim-
ilar composite outcomes [13,15]. Unlike previous studies 
on HF patients that predominantly utilized ACEIs or ARBs, 
the inclusion of patients exclusively using ARNIs in this 
study might have contributed to the more favorable out-
comes observed. ARNI facilitates reverse LV remodeling via 
dual neurohormonal modulation, integrating the benefits 
of RAAS inhibition with neprilysin blockade. By preventing 
neprilysin-mediated degradation, ARNI enhances the natri-
uretic peptide system, further promoting its cardioprotective 
effects. It leads to an increase in the levels of natriuretic pep-
tides, which promote vasodilation and sodium excretion, 
and also exert additional antifibrotic and antihypertrophic 
effects by modulating the extracellular matrix and reducing 

myocardial stiffness [26-29]. Such beneficial mechanisms 
validated our findings that ARNIs could provide superi-
or outcomes compared to ACEIs or ARBs. Such beneficial 
mechanisms aligned with previous evidence from large-
scale clinical trials, including PARADIGM-HF, which showed 
that ARNIs were superior to enalapril in reducing cardiovas-
cular death and HHF rates [9].

This study has several limitations. First, it was a retrospec-
tive cohort study. Thus, the potential for selection bias and 
residual confounding cannot be entirely excluded. Despite 
adjustments for known covariates, the unmeasured variables 
might have influenced the observed associations. Second, 
the total number of enrolled patients was relatively small, 
and the study population had a lower mean age compared 
to other HF registries. Third, the absence of sodium–glucose 
cotransporter 2 (SGLT2) inhibitors, now a key component of 

Figure 3. Subgroup analysis of the primary composite outcome. Forest plot showing the HR and 95% CI for the primary composite out-
come across various subgroups. The vertical solid line at HR = 1 indicates the null value. Subgroup-specific HRs are plotted with respective 
CIs. p values for interactions indicate the consistency of effects among the subgroups. HFimpEF, heart failure with improved ejection frac-
tion; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; CI, confidence interval; AF, atrial fibrillation; CRF, chronic renal 
failure; eGFR, estimated glomerular filtration rate; HF, heart failure; ARNI, angiotensin receptor–neprilysin inhibitor; F/U, follow-up; MRA, 
mineralocorticoid receptor antagonist.

Variable HFimpEF (%) Persistent HFrEF (%) p for interaction Hazard ratio 95% CI
Age 0.633
  Age < 65 yr 1/29 (3.4%) 10/69 (14.5%) 0.232 (0.030-1.813)
  Age ≥ 65 yr 4/31 (12.9%) 20/69 (29.0%) 0.432 (0.148-1.271)
Sex 0.517
  Male 2/29 (6.9%) 23/97 (23.7%) 0.290 (0.068-1.230)
  Female 3/31 (9.7%) 7/41 (17.1%) 0.537 (0.134-2.077)
Hypertension 0.997
  Hypertension 5/38 (13.2%) 28/90 (31.1%) 0.397 (0.153-1.029)
  No hypertension 0/22 (0.0%) 2/48 (4.2%) < 0.001 (0-inf)
Diabetes 0.898
  Diabetes 2/19 (10.5%) 12/52 (23.1%) 0.415 (0.093-1.859)
  No diabetes 3/41 (7.3%) 18/86 (20.9%) 0.367 (0.108-1.249)
Dyslipidemia 0.542
  Dyslipidemia 2/50 (4.0%) 12/91 (13.2%) 0.659 (0.194-2.240)
  No dyslipidemia 3/10 (30.0%) 18/47 (38.3%) 0.35 (0.078-1.576)
AF 0.672
  AF 1/14 (7.1%) 9/32 (28.1%) 0.237 (0.030-1.869)
  No AF 4/46 (8.7%) 21/106 (19.8%) 0.433 (0.149-1.263)
CRF (Baseline eGFR < 60 mL/min/1.73 m2) 0.985
  CRF 1/6 (16.7%) 9/23 (39.1%) 0.434 (0.055-3.439)
  No CRF 4/45 (8.9%) 21/115 (18.3%) 0.434 (0.142-1.211)
Prior HF 0.997
  De novo HF 0/26 (0.0%) 2/28 (7.1%) < 0.001 (0-inf)
  Prior HF 5/34 (14.7%) 29/110 (26.4%) 0.55 (0.213-1.421)
Ischemic etiology 0.634
  Ischemic 2/13 (15.4%) 15/53 (28.3%) 0.572 (0.130-2.509)
  Non-ischemic 3/47 (6.4%) 15/85 (17.6%) 0.370 (0.107-1.280)
Initial ARNI dose 0.357
  < 100 mg 1/34 (2.9%) 11/69 (15.9%) 0.187 (0.024-1.451)
  ≥ 100 mg 4/26 (15.4%) 19/69 (27.5%) 0.597 (0.202-1.766)
F/U ARNI dose 0.483
  ≤ 100 mg 3/27 (11.1%) 15/69 (21.7%) 0.482 (0.139-1.666)
  > 100 mg 1/22 (4.5%) 11/52 (21.2%) 0.199 (0.026-1.541)
Initial use of beta blocker 0.441
  Beta blocker 3/47 (6.4%) 23/103 (22.3%) 0.29 (0.087-0.967)
  No Beta blocker 2/13 (15.4%) 7/35 (20.0%) 0.595 (0.123-2.877)
Initial use of MRA 0.151
  MRA 1/34 (2.9%) 18/77 (23.4%) 0.131 (0.017-0.979)
  No MRA 4/26 (15.4%) 12/61 (19.7%) 0.734 (0.236-2.278)

	 0.01	 0.1	 1	 10

Favours HFimpEF Favours persistent HFrEF
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HF treatment, represents another limitation. Although the 
study period preceded the widespread adoption of SGLT2 
inhibitors, the absence of these agents in the treatment reg-
imen may provide a more lucid view of the isolated effects 
of ARNI therapy on EF recovery.

KEY MESSAGE 
1.	 In this multicenter registry study (n = 198), we eval-

uated the incidence, clinical characteristics, pre-
dictive factors, and outcomes of HFimpEF among 
patients with HFrEF treated with ARNIs.

2.	Approximately one-third of the patients achieved 
HFimpEF after one year of ARNI-based therapy. 
These patients were at significantly lower risk of 
all-cause death and HHF compared to those who 
remained in persistent HFrEF.

3.	Female sex, non-ischemic etiology, and de novo 
HF were independent predictors of HFimpEF, sug-
gesting that these clinical factors might help iden-
tify patients who are more likely to experience EF 
recovery with ARNI therapy.
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Supplementary Figure 1. Cumulative incidence of secondary outcomes stratified by EF improvement. (A) All-cause death. (B) Cardiovas-
cular death. (C) Hospitalization for HF. (D) Urgent ER visit. Kaplan–Meier curve comparing secondary outcomes between the HFimpEF and 
persistent HFrEF groups over two years. HFrEF, heart failure with reduced ejection fraction; HFimpEF, heart failure with improved ejection 
fraction.
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Supplemental Table 1. Trajectory of echocardiographic parameters stratified by left ventricular ejection fraction improvement

Variable HFimpEF (n = 60) Persistent HFrEF (n = 138) p value

Baseline

LVEF (%) 28.5 ± 6.3 26.6 ± 7.3 0.081

LVESV (mL) 98.2 ± 39.8 120.2 ± 53.3 0.002

LVESVI (mL/m2) 55.8 ± 22.7 67.6 ± 31.4 0.004

LVEDV (mL) 134.0 ± 52.8 161.3 ± 62.6 0.004

LVEDVI (mL/m2) 76.2 ± 30.9 90.6 ± 36.9 0.006

LVESD (mm) 47.6 ± 9.0 52.6 ± 10.2 0.001

LVEDD (mm) 57.9 ± 7.3 62.3 ± 9.6 0.001

LVMI (g/m2) 137.6 ± 37.3 151.2 ± 41.4 0.034

LAVI (mL/m2) 48.4 ± 20.6 48.4 ± 20.0 0.992

E (cm/s) 62.1 ± 41.4 56.8 ± 41.5 0.430

A (cm/s) 57.8 ± 37.1 54.3 ± 39.9 0.641

E/E’ (cm/s) 17.2 ± 8.7 17.7 ± 9.3 0.745

1-year follow-up

LVEF (%) 52.6 ± 7.5 29.7 ± 7.5 < 0.001

LVESV (ml) 47.5 ± 18.5 104.6 ± 47.5 < 0.001

LVESVI (mL/m2) 27.9 ± 9.9 60.3 ± 26.6 < 0.001

LVEDV (mL) 96.1 ± 29.8 146.9 ± 55.7 < 0.001

LVEDVI (mL/m2) 56.7 ± 14.3 84.9 ± 30.9 < 0.001

LVESD (mm) 31.8 ± 11.8 42.8 ± 18.4 < 0.001

LVEDD (mm) 50.5 ± 5.8 60.3 ± 8.1 < 0.001

LVMI (g/m2) 111.2 ± 21.3 139.2 ± 36.3 0.042

LAVI (mL/m2) 34.9 ± 15.4 42.1 ± 15.4 < 0.001

E (cm/s) 49.9 ± 34.5 50.5 ± 39.8 0.917

A (cm/s) 59.0 ± 37.4 54.7 ± 38.7 0.526

E/E’ (cm/s) 11.1 ± 3.6 14.8 ± 8.7 < 0.001

Difference

LVEF (%) 24.0 ± 10.0 3.0 ± 6.0 < 0.001

LVESV (mL) -56.8 ± 41.3 -17.7 ± 35.1 < 0.001

LVESVI (mL/m2) -29.7 ± 21.8 -9.7 ± 20.0 < 0.001

LVEDV (mL) -49.9 ± 54.4 -17.6 ± 42.8 < 0.001

LVEDVI (mL/m2) -23.6 ± 28.2 -9.4 ± 24.1 0.002

LVESD (mm) -15.8 ± 12.7 -10.4 ± 16.9 0.014

LVEDD (mm) -7.4 ± 6.9 -2.8 ± 9.9 < 0.001

LVMI (g/m2) -28.2 ± 35.6 -19.1 ± 45.9 0.144

LAVI (mL/m2) -13.6 ± 18.0 -8.1 ± 16.0 0.187

E (cm/s) -12.6 ± 24.4 -9.9 ± 32.9 0.543

A (cm/s) -2.29 ± 17.49 -4.6 ± 29.2 0.091

E/E’ (cm/s) -6.6 ± 8.0 -4.2 ± 9.6 0.083

Values are presented as mean ± standard deviation.
HFimpEF, heart failure with improved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular 
ejection fraction; LVESV, left ventricular end-systolic volume; LVESVI, left ventricular end-systolic volume index; LVEDV, left 
ventricular end-diastolic volume; LVEDVI, left ventricular end-diastolic volume index; LVESD, left ventricular end-systolic diameter; 
LVEDD, left ventricular end-diastolic diameter; LVMI = left ventricular mass index; LAVI, left atrial volume index; E, mitral inflow 
early diastolic velocity; A, mitral inflow late diastolic velocity; E/E’, early diastolic mitral inflow velocity/early diastolic mitral annular 
tissue velocity.
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