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ABSTRACT
Background:  Much remains to be learned about patients with heart failure with improved 
ejection fraction (hFimpeF).
Objective: this study sheds light on the characteristics and clinical outcomes of hFimpeF patients, 
including the consequences of halting guideline-directed medical therapy (GDMt).
Methods:  this retrospective study was conducted on patients diagnosed with heart failure with 
reduced ejection fraction (hFreF) who underwent a second echocardiogram at least 6 months 
apart between January 2009 and February 2023. the primary outcomes were major adverse 
cardiovascular events (Maces), including all-cause mortality and heart failure hospitalization. the 
second outcome was recurrent hFreF.
Results:  Of 4,560 hFreF patients were included, 3,289 (72.1%) achieved hFimpeF within a median 
follow-up period of 3.4 years (iQR: 1.8 − 5.9 years). among these hFimpeF patients, recurrent hFreF 
was observed in 941 (28.6%) patients during a median follow-up period of 2.3 years (iQR: 0.8–
4.6 years). the proportion of patients who halted GDMt was 70.4%, 53.2%, 59.8% and 63.8% for 
MRa, beta-blockers, acei/aRB/aRNi and sGlt-2 inhibitors. Multivariable cox analysis revealed 
ischemic heart disease, chronic kidney disease, coronary heart disease, lower left ventricular 
ejection fraction, larger left ventricular diastolic dimension and non-use GDMt are associated with 
recurrent hFreF. individuals without GDMt use exhibited lower chances of persistently recovering 
ejection fraction and high risks of Maces compared to those who continue use.
Conclusions:  hFimpeF is a common condition across all clinical follow-ups. Prevalent 
discontinuation of GDMt medications may contribute significantly to recurrent hFreF, placing 
patients at a higher risk for poor prognosis.

Introduction

heart failure with reduced ejection fraction (hFreF), a 
complex and usually progressive clinical condition, 
causes substantial morbidity and mortality [1,2]. Recent 
advances in medical and device therapies have enabled 
partial or complete reversal of left ventricular remodel-
ling and dysfunction in a significant proportion of 

patients, with rates ranging from 10% to 52% [3–5]. 
this has given rise to a newly recognized category of 
heart failure known as ‘heart failure with improved 
ejection fraction’ (hFimpeF) [6].

Patients with hFimpeF typically exhibit milder clini-
cal symptoms and appear to have a more favourable 
prognosis [3,7,8]. however, in those patients, the left 
ventricular ejection fraction (lVeF) may deteriorate 
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again after a variable period of stability. the reasons 
for this functional worsening and subsequent recurrent 
hF events are not well known, whereas natural history 
and long-term clinical outcomes for (transient or per-
sistent) hFimpeF have not been explicitly evaluated [9, 
10]. Moreover, despite the current recommendation for 
prolonged administration of ‘guideline-directed medi-
cal therapy (GDMt)’ drugs in individuals with hFimpeF, 
there exists a limited amount of evidence-based med-
icine data to substantiate this recommendation [6]. 
consequently, both patients and physicians might 
express hesitation in following this recommendation 
for long-term medication adherence, which has led to 
a significant discontinuation rate.

this study has gathered an extensive group of 
patients with hFimpeF to date and has obtained 
follow-up data over ten years. the primary objectives 
of this study are twofold: (1) to provide a thorough 
description of the characteristics and phenotypes of 
hFimpeF and the resulting outcomes, and (2) to inves-
tigate the impact of GDMt cessation in patients with 
hFimpeF.

Methods

Study design

the present study involved the sequential enrollment 
of individuals diagnosed with hFreF who had under-
went repeat echocardiograms at least six months apart 
after their initial diagnosis. the research was con-
ducted at the First affiliated hospital of Wenzhou 
Medical University from January 2009 to February 
2023. this database has been extensively detailed and 
elucidated in the literature previously published [11–
16]. Patient data, including demographic details, med-
ical history, medication records, echocardiographic 
evaluation details, and follow-up data, was collected 
from electronic medical records.

the research was conducted according to the 
Declaration of helsinki principles, and the First affiliated 
hospital ethics committee of Wenzhou Medical 
University has approved the study protocol (NO. 
KY2023-R267). the requirement for informed consent 
was waived due to the retrospective design of 
our study.

Study definition

two-dimensional echocardiography was performed. 
the report of each echocardiogram was interpreted by 
the consensus of two experienced readers according 
to the guidelines [17]. Readers interpreted the 

echocardiogram and analysed the already existing 
data. in case of ambiguous data or imaging, experi-
enced readers interpreted the data. the subjects 
underwent a second echocardiogram at least 6 months 
apart and were separated into two categories, hFimpeF 
and non-hFimpeF. hFimpeF was defined as the patients 
who had met both the following criteria were diag-
nosed as: (1) the baseline lVeF < 40%; (2) a positive 
change in ejection fraction greater than or equal to 
10%, and (3) a subsequent ejection fraction measure-
ment above 40%, We also divided patients with 
hFimpeF into two subgroups: transient and persistent 
hFimpeF. if the lVeF decreases to 40% or below in at 
least one subsequent echocardiogram assessment 
after the initial diagnosis of hFimpeF, the patient is 
classified as transient hFimpeF. While if further mea-
surements, not any lVeF < 40% were conducted fol-
lowing the initial diagnosis of hFimpeF, the patient 
was classified as persistent hFimpeF. We also classified 
hFimpeF cases with lVeF greater than 50% as the 
‘super-improved hFimpeF’ group. the aetiology was 
considered as the diagnosis at discharge. Dilated car-
diomyopathy was diagnosed as defined as a reduced 
lVeF <40% not attributable to known causes such as 
ischemic, valvular or pacemaker-induced cardiomyopa-
thy, etc.

in adherence to the most recent guidelines,  
patients were treated with GDMt, such as mineralocor-
ticoid receptor antagonists (MRas), beta-blockers, 
angiotensin-converting enzyme inhibitors (acei), 
angiotensin receptor blockers (aRB), and angiotensin 
receptor neprilysin inhibitors (aRNi), and sodium-glucose 
cotransporter-2 (sGlt-2) inhibitors for their medical 
needs [18, 19]. the use of sGlt-2 inhibitors was not a 
common practice in prior cases. Despite this, we have 
seen a significant increase in its use at our hospital fol-
lowing 2020. the drug therapy mentioned above was 
directed by the guidelines and gradually increased 
during each follow-up depending on the patient’s tol-
erance [18–20].

Study outcomes

clinical outcomes were evaluated through the compre-
hensive examination of clinical follow-up data, which 
were meticulously gathered from a variety of sources, 
encompassing both inpatient and outpatient medical 
records. Periodically, the patients visited the outpatient 
clinic. the risk of decompensated heart failure and 
readmission to the hospital determined the timing of 
follow-up as well as the intensity and type of interven-
tion. the time for a repeated echocardiogram was 
based on the clinicians’ judgment. in real clinical 
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practice, this time depended on the symptoms and/or 
signs of worsening hF, the time of the last hospitaliza-
tion due to decompensated heart failure, and the 
patient’s general health and social status (e.g. the cog-
nitive function, patients’ socially isolated, other comor-
bidities etc.). the primary endpoints were on a 
composite of major adverse clinical events (Maces), 
such as all-cause death or hospitalization due to heart 
failure. all-cause mortality was defined as any form of 
death, regardless of its cause. hospitalization due to 
heart failure was defined as any admission for ≥24 h 
with a primary diagnosis of heart failure and worsen-
ing symptoms, objective evidence of the hF situation 
(based on signs or laboratory tests) and augmentation 
of therapy [21]. the secondary endpoints were recur-
rent hFreF. the follow-up period duration was deter-
mined from the time of hFimpeF diagnosis until either 
the final clinical follow-up or the occurrence of time-to-
event endpoints, whichever came first. Patients were 
systematically followed up until april 2023 to assess 
clinical outcomes for prognostic purposes.

Statistical analysis

continuous variables with a normal distribution were 
expressed as mean ± standard deviation (sD), while 
those without a normal distribution were shown as 
median with interquartile range (iQR). categorical vari-
ables were reported as counts and percentages. Group 
comparisons utilized the student’s t-test for normally 
distributed continuous variables, the Mann–Whitney 
U-test for non-normally distributed continuous vari-
ables and the chi-squared test for categorical vari-
ables. Furthermore, a cox proportional hazards model 
was employed to evaluate the effects of GDMt with-
drawal on clinical outcomes over the follow-up period. 
We have considered various confounding factors as 
potential variables for inclusion in multivariable analy-
sis. Variables with a p-value of less than 0.1 in the uni-
variate analysis were considered potential risk factors, 
including age, sex, BMi, current smoking, current drink-
ing, aetiology, hypertension, diabetes mellitus, dyslipi-
daemia, atrial fibrillation, previous stroke, previous 
myocardial infarction and chronic kidney disease, and 
were incorporated into the multivariate cox regression 
analysis, ensuring adherence to the proportional haz-
ards assumption. hazard ratios (hR) and 95% confi-
dence intervals (ci) have been calculated using cox 
proportional hazard models. event-free survival curves 
were determined using the Kaplan–Meier method, and 
variance between the curves was assessed using the 
log-rank test. to mitigate lead-time bias, where individ-
uals with longer survival may have a higher chance of 

lVeF recovery, we set the start of the follow-up period 
at 1 year and reevaluated time-to-event analyses. 
statistical significance was established at a P-value of 
< 0.05 (two-tailed). statistical analyses were performed 
using iBM sPss software (version 23.0 for Windows).

Results

Study population

the flowchart for the selection and exclusion process 
of patients is presented in Figure 1. the study initially 
included 5,137 consecutive patients diagnosed with 
hFreF. Of these, 78 patients were excluded from the 
study as they did not have any information regarding 
their medications, 354 patients with hFreF were 
excluded due to follow-up echocardiography that was 
less than 6 months, and 145 patients were lost to 
follow-up and therefore also excluded from the study. 
therefore, our research involved a final group of 4,560 
participants who met all the necessary criteria.

Clinical characteristics of HFimpEF patients

according to lVeF recovery, at 3.4 years (iQR: 1.8 − 5.9 years) 
medium follow-up, 3289 (72.1%) patients were assigned 
to the hFimpeF group, whereas 1271 (27.9%) showed 
persistent lVeF and were thus categorized under the 
non-hFimpeF group. a comprehensive summary of their 
baseline clinical characteristics is presented in table 1. 
the comparison between these two groups revealed 
that: the hFimpeF group consisted of younger patients 
with more females, had a lower proportion of ischemic 
heart disease, and a higher percentage of patients with 
a history of hypertension, dyslipidaemia and atrial fibril-
lation. additionally, 661 (20.0%), 1119 (34.0%), 967 
(29.4%) and 105 (3.1%) patients were on mono, dual, tri-
ple and quadruple therapy, respectively. the hFimpeF 
group had a higher frequency of beta-blocker use, acei/
aRB/aRNi and sGlt-2 inhibitors. During the follow-up, 
the hFimpeF group exhibited an improvement in echo-
cardiographic parameters, with a smaller left ventricular 
end-diastolic dimension (lVDD), smaller left ventricular 
end-systolic dimension (lVsD) and left atrial diameter 
(laD), as well as a lower proportion of moderate-severe 
mitral regurgitation and higher lVeF when compared to 
the non-hFimpeF group (all p < 0.001).

Clinical characteristics of transient and persistent 
HFimpEF patients

Over the course of a median follow-up period  
of 2.3 years (iQR: 0.8-4.6 years) following hFimpeF 
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diagnosis, it was discovered that in patients with 
hFimpeF, recovered lVeF was transient in 941 (28.6%) 
patients, whilst it was observed to be persistent 
hFimpeF in 2348 (71.4%) patients. clinical characteris-
tics of hFimpeF patients stratified by transient and 
persistent hFimpeF can be seen in table 2. additionally, 
it was determined that in transient hFimpeF, the 
median duration from time of hFimpeF to the decline 
of lVeF to less than 40% was 11.0 months (iQR: 
2.7-27.2 months), and the mean reduction in lVeF was 
found to be 15.5 ± 8.9%.

Predictive factors of recurrent HFrEF in HFimpEF

to investigate the factors that predict recurrent hFreF 
in patients with hFimpeF, we conducted a univariable 
and multivariable cox proportional hazard analysis 
(table 3). Univariate analysis showed that males, cur-
rent smoking, current drinking, a history of ischemic 
heart disease, chronic kidney disease, larger laD/
lVDD/lVsD, lower lVeF at baseline and all echocardio-
graphic parameters at hFimpeF diagnosis were associ-
ated with higher risk. in contrast, the use of MRa, 
acei/aRB/aRNi, beta-blocker and sGlt-2 inhibitors was 
associated with lower risk of recurrent hFreF in 
hFimpeF patients. When the multivariable analysis was 
performed, the history of ischemic heart disease and 
chronic kidney disease was associated with a higher 

risk of recurrent hFreF. in comparison, the use of 
GDMt was associated with a lower risk of it in hFimpeF 
patients. specifically, the use of acei/aRB/aRNi resulted 
in an hR of 0.72 (95% ci: 0.62 − 0.83, p < 0.001), while 
the use of beta-blockers led to an hR of 0.34 (95% ci: 
0.29 − 0.40, p < 0.001). in addition, sGlt-2 inhibitors 
were associated with the low risk of recurrent hFreF 
significantly, with an hR of 0.41 (95% ci: 0.21 − 0.79, 
p = 0.008).

Predictive factors of MACEs in HFimpEF

a detailed overview of the baseline clinical character-
istics of the participants stratified by Maces was pre-
sented in supplement table 1. We conducted 
multivariate cox proportional hazard analyses to inves-
tigate potential risk factors for Maces in hFimpeF 
patients (supplement table 2). Results from the univar-
iate analysis revealed that age, smoking, drinking, isch-
emic heart disease, dilated cardiomyopathy, a history 
of hypertension, diabetes mellitus, chronic kidney dis-
ease, larger laD/lVDD at hFreF diagnosis, lower lVeF, 
larger laD/lVDD/lVsD and their change values were 
all associated with increased risk of Maces in hFimpeF 
patients. Moreover, in the multivariable analysis, we 
also found that age, a history of hypertension, diabe-
tes mellitus, larger laD and change value of lVeF were 
significantly associated with an increased risk of Maces 

Figure 1. flow diagram.
Abbreviations: Hfref, heart failure with reduced ejection fraction; Hfimpef, heart failure with improved ejection fraction.
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in hFimpeF patients. additionally, the use of 
beta-blocker resulted in an hR of 0.51 (95% ci: 
0.46 − 0.55, p < 0.001), and the use of acei/aRB/aRNi 
led to an hR of 0.63 (95% ci: 0.58 − 0.69, p < 0.001) was 
significantly associated with increased risk of Maces.

GDMT discontinuation rates and its Effect on 
clinical outcomes

high discontinuation rates after hFimpeF diagnosis 
were common regardless of pharmacological class 

(Figure 2). the proportion of patients who were on 
GMDt during the diagnosis of hFimpeF and discontin-
ued these agents later was 70.4%, 53.2%, 59.8%, and 
63.8% for MRa, beta-blockers, acei/aRB/aRNi and 
sGlt-2 inhibitors respectively. as presented in table 4, 
for both beta-blockers and acei/aRB/aRNi, as well as 
sGlt-2 inhibitors, there was a higher likelihood of 
hFreF recurrence and a greater incidence of Maces 
events observed in the population who never used or 
discontinued the medication. however, with regard to 
MRas, the difference was less evident. then we 

Table 1. Baseline characteristics of the study population and stratified by Hfimpef and non-Hfimpef.
overall

(n = 4560)
non-Hfimpef

(n = 1271, 27.9%)
Hfimpef

(n = 3289, 72.1%) P value

Age, years 63.4  ±  13.8 65.2  ±  13.2 62.8  ±  14 <0.001
Male, n (%) 3313 (72.7%) 981 (77.2%) 2332 (70.9%) <0.001
BMi, kg/m2 23.7  ±  3.6 23.2  ±  3.3 23.9  ±  3.6 <0.001
current smoking, n (%) 2019 (44.3%) 574 (45.2%) 1445 (43.9%) 0.465
current drinking, n (%) 1526 (33.5%) 410 (32.3%) 1116 (33.9%) 0.294
nYHA class iii-iV 1163 (25.5%) 345 (27.1%) 818 (24.9%) 0.114
nT-proBnP 1545 (491–4486) 3317 (1544–8444) 1141 (374–3377) <0.001
Aetiology, n (%)
 ischemic heart disease 2103 (46.1%) 622 (48.9%) 1481 (45%) 0.019
 dilated cardiomyopathy 1008 (20.5%) 333 (26.2%) 675 (20.5%) <0.001
 others 1449 (31.8%) 316 (24.9%) 1133 (34.4%) <0.001
 Hypertensive 409 (9.0%) 95 (7.5%) 314 (9.5%) 0.028
 Valvular 362 (7.9%) 82 (6.5%) 280 (8.5%) 0.021
 Tachy-mediated cardiomyopathy 298 (6.5%) 75 (5.9%) 223 (6.8%) 0.281
 Takotsubo cardiomyopathy 19 (0.4%) 4 (0.3%) 15 (0.5%) 0.506
 Postpartum cardiomyopathy 6 (0.1%) 0 (0.0%) 6 (0.2%) 0.195
 Alcohol 50 (1.1%) 13 (1.0%) 37 (1.1%) 0.766
 Unknown cause 305 (6.7%) 47 (3.7%) 258 (7.8%) <0.001
Comorbidities, n (%)
 Hypertension 2142 (47%) 544 (42.8%) 1598 (48.6%) <0.001
 diabetes mellitus 951 (20.9%) 244 (19.2%) 707 (21.5%) 0.088
 dyslipidaemia 1432 (31.4%) 370 (29.1%) 1062 (32.3%) 0.039
 Atrial fibrillation 864 (18.9%) 163 (12.8%) 701 (21.3%) <0.001
 Previous stroke 341 (7.5%) 88 (6.9%) 253 (7.7%) 0.414
 Previous myocardial infarction 917 (20.1%) 266 (20.9%) 651 (19.8%) 0.387
 chronic kidney disease* 1036 (22.7%) 290 (22.8%) 746 (22.7%) 0.937
 lBBB 248 (5.4%) 60 (4.7%) 188 (5.7%) 0.184
Cardiac interventional therapy, n (%)
 cardiac resynchronization therapy 667 (14.6%) 175 (13.8%) 492 (15.0%) 0.308
 cRT-d placement 270 (5.9%) 61 (4.8%) 209 (6.4%) 0.046
 coronary revascularization 983 (21.6%) 290 (22.8%) 693 (21.1%) 0.198
 Af/Afl ablation 222 (4.9%) 63 (5.0%) 159 (4.8%) 0.863
 Valvular interventions 300 (6.6%) 0 (0%) 300 (9.1%) <0.001
GDMT following HFrEF diagnosis, n (%)
 MRA 3512 (77.0%) 955 (75.1%) 2557 (77.7%) 0.065
 Beta-blocker 3539 (77.6%) 890 (70.0%) 2649 (80.5%) <0.001
 Acei/ARB/ARni 3565 (78.2%) 867 (68.2%) 2698 (82.0%) <0.001
 sGlT-2 inhibitors 284 (6.2%) 44 (3.5%) 240 (7.3%) <0.001
Baseline echo at HFrEF diagnosis
 lVef, % 32.8  ±  5.4 31.7  ±  6.0 33.3  ±  5.1 <0.001
 lAd, mm 47.2  ±  7.3 48.1  ±  6.9 46.9  ±  7.3 <0.001
 lVedd, mm 61.3  ±  8.5 64.6  ±  8.4 60  ±  8.3 <0.001
 lVsdd, mm 50.7  ±  8.8 54.3  ±  8.9 49.3  ±  8.4 <0.001
 Moderate-severe MR 237 (5.2%) 75 (5.9%) 162 (4.9%) 0.181
Following echo after HFimpEF diagnosis
 lVef, % 43.7  ±  10.9 30.6  ±  6.1 48.8  ±  7.6 <0.001
 lAd, mm 46.4  ±  7.8 49.8  ±  7.9 45.1  ±  7.3 <0.001
 lVdd, mm 59.5  ±  9.1 66.4  ±  8.9 56.9  ±  7.7 <0.001
 lVsd, mm 46.2  ±  10.5 56.3  ±  9.5 42.3  ±  8.1 <0.001
 Moderate-severe MR 214 (4.7%) 152 (12.0%) 62 (1.9%) <0.001

Abbreviations: Acei: angiotensin-converting enzyme inhibitor; ARBs: angiotensin receptor blocker; ARni: angiotensin receptor neprilysin inhibitor; BMi: 
body mass index; sGlT-2: glucagon-like peptide-2; Hfref, heart failure with reduced ejection fraction; Hfimpef, heart failure with improved ejection frac-
tion; lAd: left atrial diameter; lVsd: left ventricular end systolic diameter; lVdd: left ventricular end-diastolic dimension; lVef: left ventricular ejection 
fraction; MR: mitral regurgitation; MRA: mineralocorticoid receptor antagonist;.
*eGfR <60 ml/min/1.73 m2.
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Table 2. Baseline characteristics of Hfimpef patients stratified by persistent and transient Hfimpef.
overall Hfimpef

(n = 3289)
Persistent Hfimpef
(n = 2348, 71.4%)

Transient Hfimpef
(n = 941, 28.6%) P value

Age, years 62.8  ±  14.0 62.7  ±  14.3 63  ±  13.2 0.574
Male, n (%) 2332 (70.9%) 1612 (68.7%) 720 (76.5%) <0.001
BMi, kg/m2 23.9  ±  3.6 23.9  ±  3.7 23.9  ±  3.5 0.653
current smoking, n (%) 1445 (43.9%) 967 (41.2%) 478 (50.8%) <0.001
current drinking, n (%) 1116 (33.9%) 749 (31.9%) 367 (39%) <0.001
nT-proBnP 1141 (374-3377) 933 (305-2944) 1579 (624-4695) <0.001
nYHA class 818 (24.9%) 588 (25%) 230 (24.4%) 0.719
Aetiology, n (%)
 ischemic heart disease 1481 (45%) 997 (42.5%) 484 (51.4%) <0.001
 dilated cardiomyopathy 675 (20.5%) 464 (19.8%) 211 (22.4%) 0.094
 others 1133 (34.4%) 887 (37.8%) 246 (26.1%) <0.001
 Hypertensive 314 (9.5%) 257 (10.9%) 57 (6.1%) <0.001
 Valvular 280 (8.5%) 180 (7.7%) 100 (10.6%) 0.006
 Alcohol 223 (6.8%) 169 (7.2%) 54 (5.7%) 0.133
 Tachy-mediated cardiomyopathy 15 (0.5%) 14 (0.6%) 1 (0.1%) 0.059
 Takotsubo cardiomyopathy 6 (0.2%) 5 (0.2%) 1 (0.1%) 0.517
 Postpartum cardiomyopathy 37 (1.1%) 28 (1.2%) 9 (1.0%) 0.562
 Unknown cause 258 (7.8%) 234 (10%) 24 (2.6%) <0.001
Comorbidities, n (%)
 Hypertension 1598 (48.6%) 1159 (49.4%) 439 (46.7%) 0.165
 diabetes mellitus 707 (21.5%) 506 (21.6%) 201 (21.4%) 0.925
 dyslipidaemia 1062 (32.3%) 762 (32.5%) 300 (31.9%) 0.773
 Atrial fibrillation 701 (21.3%) 530 (22.6%) 171 (18.2%) 0.005
 Previous stroke 253 (7.7%) 190 (8.1%) 63 (6.7%) 0.192
 Previous myocardial infarction 651 (19.8%) 428 (18.2%) 223 (23.7%) <0.001
 chronic kidney disease* 746 (22.7%) 473 (20.1%) 273 (29.0%) <0.001
  lBBB 188 (5.7%) 138 (5.9%) 50 (5.3%) 0.529
Cardiac interventional therapy, n (%)
 cardiac resynchronization therapy 492 (15%) 327 (14%) 165 (18%) 0.009
 cRT-d placement 209 (6.4%) 149 (6.3%) 60 (6.4%) 0.974
 coronary revascularization 693 (21%) 474 (20%) 219 (23%) 0.050
 Af/Afl ablation 159 (4.8%) 103 (4.4%) 56 (6.0%) 0.059
 Valvular interventions 300 (9.1%) 229 (9.8%) 71 (7.5%) 0.047
GDMT before HFrEF diagnosis, n (%)
 MRA 2557 (77.7%) 1781 (75.9%) 776 (82.5%) <0.001
 Beta-blocker 2649 (80.5%) 1890 (80.5%) 759 (80.7%) 0.961
 Acei/ARB/ARni 2698 (82.0%) 1875 (79.9%) 823 (87.5%) <0.001
 sGlT-2 inhibitors 240 (7.3%) 125 (5.3%) 115 (12.2%) <0.001
GMDT following HFimpEF diagnosis, n 

(%)
 MRA 794 (24.1%) 543 (23.1%) 251 (26.7%) 0.034
 Beta-blocker 1314 (40.0%) 1088 (46.3%) 226 (24%) <0.001
 Acei/ARB/ARni 1133 (34.4%) 851 (36.2%) 282 (30%) 0.001
 sGlT-2 inhibitors 113 (3.4%) 104 (4.4%) 9 (1.0%) <0.001
Baseline echo at intial HFrEF diagnosis
 lVef, % 33.3  ±  5.1 33.4  ±  5.1 32.8  ±  5.0 0.001
 lAd, mm 46.9  ±  7.3 46.7  ±  7.2 47.4  ±  7.6 0.015
 lVdd, mm 60  ±  8.3 59.4  ±  8.1 61.7  ±  8.4 <0.001
 lVsd, mm 49.3  ±  8.4 48.7  ±  8.2 50.9  ±  8.7 <0.001
 Moderate-severe MR 162 (4.9%) 129 (5.5%) 33 (3.5%) 0.016
Baseline echo at HFimpEF diagnosis
 lVef, % 48.8  ±  7.6 50.1  ±  7.9 45.5  ±  5.8 <0.001
 lAd, mm 45.1  ±  7.3 44.7  ±  7.3 46.3  ±  7.1 <0.001
 lVdd, mm 56.9  ±  7.7 55.4  ±  7.1 60.5  ±  7.8 <0.001
 lVsd, mm 42.3  ±  8.1 40.7  ±  7.4 46.6  ±  8.2 <0.001
 Moderate-severe MR 62 (1.9%) 42 (1.8%) 20 (2.1%) 0.570
 δlVef**, % 15.5  ±  8.9 16.7  ±  9.2 12.7  ±  7.3 <0.001
 δlAd**, mm −1.7  ±  5.7 −2.0  ±  5.8 −1.0  ±  5.4 <0.001
 δlVdd**, mm −3.1  ±  6.8 −4.0  ±  6.9 −1.1  ±  6.1 <0.001
 δlVsd**, mm −6.9  ±  8.1 −8.0  ±  8.1 −4.0  ±  7.4 <0.001
Following echo after HFimpEF diagnosis
 lVef, % 48.7  ±  12.4 54.6  ±  9.0 33.9  ±  4.8 <0.001
 lAd, mm 45.9  ±  7.9 45.0  ±  7.7 48.3  ±  7.8 <0.001
 lVdd, mm 56.0  ±  8.4 53.6  ±  7.2 62.2  ±  7.9 <0.001
 lVsd, mm 41.7  ±  9.8 38.0  ±  7.78 51.3±  8.1 <0.001
 Moderate-severe MR 151 (4.6%) 62 (2.6%) 89 (9.5%) <0.001

Abbreviations: Acei: angiotensin-converting enzyme inhibitor; ARBs: angiotensin receptor blocker; ARni: angiotensin receptor neprilysin inhibitor; BMi: 
body mass index; GdMT: guideline-directed medical therapy; sGlT-2: sodium-glucose cotransporter-2; Hfref: heart failure with reduced ejection fraction; 
Hfimpef: heart failure with improved ejection fraction; MRA: mineralocorticoid receptor antagonist;.
*eGfR <60 ml/min/1.73 m2.
**change value of echo parameter between Hfref diagnosis and Hfimpef diagnosis.
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Table 3. cox regression analyses for predictors of recurrent Hfref in Hfimpef patients.
Univariate analysis Multivariable analysis

HR (95% ci) P-value HR (95% ci) P-value

Male 1.47 (1.26–1.70) <0.001
current smoking 1.41 (1.24–1.60) <0.001
current drinking 1.28 (1.12–1.46) <0.001
ischemic heart disease 1.44 (1.27–1.64) <0.001 1.55 (1.34–1.79) <0.001
other Aetiology 0.86 (0.82–0.90) <0.001
Atrial fibrillation 0.84 (0.72–1.00) 0.044
Previous myocardial infarction 1.42 (1.22–1.65) <0.001
chronic kidney disease* 1.51 (1.31–1.74) <0.001 1.36 (1.17–1.58) <0.001
GDMT following HFimpEF diagnosis**
 MRA 0.81 (0.70–0.94) 0.005
 Beta-blocker 0.29 (0.25–0.34) <0.001 0.34 (0.29–0.40) <0.001
 Acei/ARB/ARni 0.53 (0.46–0.61) <0.001 0.75 (0.64–0.87) <0.001
 sGlT-2 inhibitors 0.27 (0.14–0.52) <0.001 0.38 (0.19–0.77) 0.007
Baseline echo at HFrEF diagnosis
 lVef, per 1% 0.99 (0.97–1.00) 0.018
 lAd, per 1 mm 1.01 (1.00–1.02) 0.009
 lVdd, per 1 mm 1.03 (1.02–1.03) <0.001 1.04 (1.02–1.07) <0.001
 lVsd, per 1 mm 1.03 (1.02–1.03) <0.001
 Moderate-severe MR 0.88 (0.62–1.25) 0.486
Follow-up echo at HFimpEF diagnosis
 lVef, per 1% 0.91 (0.90–0.92) <0.001 0.94 (0.93–0.96) <0.001
 lAd, per 1 mm 1.03 (1.02–1.03) <0.001
 lVdd, per 1 mm 1.07 (1.06–1.08) <0.001
 lVsd, per 1 mm 1.08 (1.07–1.09) <0.001 1.02 (1.00–1.05) 0.046
 δlVef*** 0.95 (0.94–0.96) <0.001
 δlAd*** 1.03 (1.01–1.04) <0.001
 δlVdd*** 1.06 (1.05–1.07) <0.001
 δlVsd*** 1.05 (1.05–1.06) <0.001

Abbreviations: Acei: angiotensin-converting enzyme inhibitor; ARBs: angiotensin receptor blocker; ARni: angiotensin receptor neprilysin inhibitor; sGlT-2: 
sodium-glucose cotransporter-2; Hfref: heart failure with reduced ejection fraction; Hfimpef: heart failure with improved ejection fraction; lAd: left atrial 
diameter; lVsd: left ventricular end systolic diameter; lVdd: left ventricular end-diastolic dimension; lVef: left ventricular ejection fraction; MR: mitral 
regurgitation; MRA: mineralocorticoid receptor antagonist;.
*eGfR <60 ml/min/1.73 m2;.
**Those who never used GdMT were included.
***change value of echo parameter between Hfref diagnosis and Hfimpef diagnosis.

Figure 2. Utilization of GMdT in patients with Hfimpef following their diagnosis.
Abbreviations: Acei, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor blocker; ARni, angiotensin receptor neprilysin inhibitor; GMdT, 
guideline-directed medical therapy; Hfimpef, heart failure with improved ejection fraction; MAces, major adverse clinical events; MRA, mineralocorticoid 
receptor antagonists; sGlT-2, glucagon-like peptide-2.
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conducted an additional Kaplan-Meier analysis to 
assess the clinical outcomes of hFimpeF patients with 
GDMt withdrawal compared to those without GDMt 
withdrawal. the Kaplan–Meier survival curves for 
all-cause mortality and hospitalization due to heart 
failure are shown in Figure s3, respectively. the inci-
dence of all-cause death or hF hospitalization, was sig-
nificantly lower in the group with GDMt use compared 
to those without use regardless of pharmacological 
class. Moreover, supplement Figure 1 presents displays 
the Kaplan–Meier curves used to assess the cumulative 
impact of non-use of GDMt drugs across different 
categories.

Sensitivity analysis excluding 1-year events

it is possible that lead-time bias could affect the out-
comes of patients with hFimpeF since they may have 
survived long enough for their lVeF to improve before 
being included in the study. to minimize this bias, we 
decided to limit follow-up to one year and conduct 
repeated time-to-event analyses. after excluding 
patients who died or had no follow-up beyond one 
year (n = 1227), the final cohort consisted of 2062 
patients. as shown in supplement Figure 2, it can be 
inferred with certainty that patients with hFimpeF 
who persist in taking beta-blockers, acei/aRB/aRNi 
medicines, or sGlt-2 inhibitors experience a notable 
reduction in the risk of Maces compared to those who 
discontinue medication (all p < 0.001). however, indi-
viduals who continue using MRa medication exhibit 
no significant difference in the likelihood of Maces 

when compared to those who choose to discontinue 
(p = 0.066).

Effect of GDMT discontinuation on clinical 
outcomes stratified by the underlying cause

We conducted an additional subgroup analysis based 
on the aetiology of the condition, distinguishing 
between ischemic and non-ischemic causes 
(supplement Figure 3). Our findings presented in table 
5 indicate that patients with ischemic heart disease 
who continue beta-blocker or acei/aRB/aRNi medica-
tion are at reduced risk of Maces compared to those 
who discontinue medication. specifically, hR for 
beta-blockers was 0.20 (95% ci 0.16 − 0.25, p < 0.001), 
for acei/aRB/aRNi it was 0.54 (95% ci 0.44 − 0.67, 
p < 0.001), and for sGlt-2 inhibitors, it was 0.24 (95% ci 
0.08 − 0.76, p = 0.015). however, patients who contin-
ued with MRa medication faced a comparable risk of 
Maces compared to those who stopped (hR 2.21; 95% 
ci 1.13 − 4.32). even in patients with dilated cardiomy-
opathy, a similar pattern was observed (beta-blocker: 
hR 2.49, 95% ci 2.19 − 2.84, p < 0.001; acei/aRB/aRNi: 
hR 0.69, 95% ci 0.49 − 0.96, p = 0.029; and sGlt-2 inhib-
itors: hR 0.16, 95% ci, 0.02 − 1.15, p = 0.069).

Characteristics and incidence of recurrent HFrEF 
in super-improved HFimpEF patients

in a group of 4,560 people diagnosed with hFreF, 
2,108 (46.2%) individuals achieved super-improved 
hFimpeF. supplement table 3 comprehensively 

Table 4. clinical outcomes of the study population and stratified by GdMT medication.
Recurrent Hfref MAces All-cause death HHf

All subject 941 (28.6%) 1027 (31.2%) 193 (5.9%) 942 (28.6%)
MRA
 continuous use 235 (31.0%) 244 (32.2%) 43 (5.7%) 225 (29.7%)
 newly use at Hfimpef diagnosis 16 (43.2%) 11 (29.7%) 3 (8.1%) 10 (27.0%)
 discontinuation at Hfimpef diagnosis 541 (30.1%) 610 (33.9%) 118 (6.6%) 561 (31.2%)
 continuous non-use 149 (21.4%) 162 (23.3%) 29 (4.2%) 146 (21.0%)
Beta-blocker
 continuous use 216 (17.4%) 174 (14.0%) 50 (4.0%) 140 (11.3%)
 newly use at Hfimpef diagnosis 10 (13.7%) 9 (12.3%) 3 (4.1%) 8 (11.0%)
 discontinuation at Hfimpef diagnosis 543 (38.6%) 643 (45.7%) 50 (4.0%) 610 (43.3%)
 continuous non-use 172 (30.3%) 201 (35.4%) 95 (6.7%) 184 (32.5%)
ACEI/ARB/ARNI
 continuous use 278 (25.6%) 263 (24.3%) 50 (4.6%) 235 (21.7%)
 newly use at Hfimpef diagnosis 4 (8.2%) 7 (14.3%) 4 (8.2%) 6 (12.2%)
 discontinuation at Hfimpef diagnosis 545 (33.8%) 610 (37.8%) 113 (7.0%) 566 (35.1%)
 continuous non-use 114 (21.0%) 147 (27.1%) 26 (4.8%) 135 (24.9%)
SGLT-2 inhibitors
 continuous use 8 (17.4%) 6 (6.9%) 5 (5.7%) 1 (1.1%)
 newly use at Hfimpef diagnosis 1 (3.8%) 3 (11.5%) 1 (3.8%) 2 (7.7%)
 discontinuation at Hfimpef diagnosis 107 (69.9%) 88 (57.5%) 9 (5.9%) 85 (55.6%)
 continuous non-use 825 (27.3%) 930 (30.8%) 178 (5.9%) 854 (28.3%)

Abbreviations: Acei: angiotensin converting enzyme inhibitor; ARBs: angiotensin receptor blocker; ARni: angiotensin receptor neprilysin inhibitor; sGlT-2: 
sodium-glucose cotransporter-2; Hfref: heart failure with reduced ejection fraction; Hfimpef: heart failure with improved ejection fraction; HHf: hospital-
ization due to heart failure; MRA: mineralocorticoid receptor antagonist.

https://doi.org/10.1080/07853890.2024.2442535
https://doi.org/10.1080/07853890.2024.2442535
https://doi.org/10.1080/07853890.2024.2442535
https://doi.org/10.1080/07853890.2024.2442535
https://doi.org/10.1080/07853890.2024.2442535
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summarizes the participants’ baseline clinical charac-
teristics, categorized into super-improved hFimpeF and 
non-super-improved hFimpeF groups. a comparative 
analysis between these two groups reveals that the 
cohort with super-improved hFimpeF comprises pri-
marily younger patients, with a higher number of 
females and a lower prevalence of ischemic heart dis-
ease. additionally, the super-improved group received 
more frequent treatment with beta-blockers, acei/
aRB/aRNi, and sGlt-2 inhibitor therapies. Of 2,108 
individuals who achieved super-improved hFimpeF, 
245 (11.6%) individuals subsequently experienced 
recurrent hFreF. the baseline clinical characteristics of 
patients with super-improved hFimpeF, stratified by 
recurrent hFreF and non-recurrent hFreF, are presented 
in supplement table 4.

Discussion

there are various causes and phenotypes of hFimpeF 
may have different clinical outcomes and repercus-
sions from the withdrawing GDMt. the present study 
collected new evidence from a sizable cohort of 
hFimpeF patients with longitudinal reassessment data 
in contemporary times. this study’s critical findings 
reveal that:

1. although approximately 70% of the population 
with hFreF experienced hFimpeF throughout 

the observation period, around 30% of patients 
with hFimpeF also experienced recurrent hFreF.

2. after being diagnosed with hFimpeF, a high 
discontinuation rate for GDMt was observed, 
ranging from approximately 50-70%, with a 
higher incidence of adverse outcomes.

3. For patients with hFimpeF who have either isch-
emic or non-ischemic etiology, it is imperative to 
maintain long-term usage of GDMt medication.

Prevalence of HFimpEF

in retrospective investigations, it was found that the 
incidence of lVeF improvement varied from 10% to 
57% [3, 9, 22–25]. additionally, it was discovered that 
once the root reversible causes were eliminated, there 
is a chance for up to 40% to 50% [26–29]. in our study, 
the prevalence of hFimpeF was much higher than cited 
in the literature. several reasons may explain this situa-
tion. Firstly, due to the retrospective nature and design 
of the study, any patient who died or did not undergo 
a second echocardiogram was excluded. Mortality and 
the proportion of patients without echocardiogram at 
follow-up are not negligible even in a 6-month 
follow-up period in studies of heart failure, while mor-
tality is greater in hFreF [30–32]. secondly, the majority 
of the published studies included patients with chronic 
hFreF, while most of the patients included in our study 
belonged to the hospital cohort group and were diag-
nosed with hFreF during an episode of acute heart fail-
ure [14, 33]. some interventions can positively impact 
reverse remodelling of the left ventricle of the patients. 
Furthermore, it is known that the incidence of hFimpeF 
decreased in relation to time since diagnosis of hFreF 
[34]. thirdly, our study population had a lower mean 
age than most of the previous studies, and younger 
age is a predictor of improvement in left ventricular 
ejection fraction [35, 36]. Fourthly, prior reported stud-
ies have assessed lV response at specific time points 
such as 1-years. in our study, the timing of the left ven-
tricular reaction to therapeutic interventions has yet to 
be definitively determined. For hFimpeF diagnosis, fol-
lowing echocardiography was only limited at least 
6 months apart, but not limited to the last following 
echocardiography time. so, a late reverse remodeling 
could contribute to the higher proportion of hFimpeF 
[37]. interestingly, given the results of a study in which 
they included patients with a new diagnosis of hFreF 
and severely reduced eF (24 ± 7%) who they followed 
closely, the proportion of patients with the early and 
late recovery of eF might be higher than reported until 
to this day [38]. Fifth, our population with hFreF had 
higher baseline eF than that reported in previous 

Table 5. cox regression analyses for predictors of MAces in 
Hfimpef patients stratified by underlying aetiology.

Adjusted HR (95% ci) P-value

ischemic heart disease
 MRA 1.13 (0.92 − 1.40) 0.237
 Beta-blocker 0.20 (0.16 − 0.25) <0.001
 Acei/ARB/ARni 0.54 (0.44 − 0.67) <0.001
 sGlT-2 inhibitors 0.24 (0.08 − 0.76) 0.015
dilated cardiomyopathy
 MRA 1.32 (0.94 − 1.85) 0.106
 Beta-blocker 0.21 (0.15 − 0.31) <0.001
 Acei/ARB/ARni 0.69 (0.49–0.96) 0.029
 sGlT-2 inhibitors 0.16 (0.02 − 1.15) 0.069
other aetiology
 MRA 1.11 (0.85 − 1.45) 0.463
 Beta-blocker 0.21 (0.16 − 0.29) <0.001
 Acei/ARB/ARni 0.64 (0.5 − 0.82) 0.001
 sGlT-2 inhibitors 1.14 (0.47 − 2.77) 0.781

Abbreviations: Acei: angiotensin-converting enzyme inhibitor; ARBs: 
angiotensin receptor blocker; ARni: angiotensin receptor neprilysin inhibi-
tor; GdMT: guideline-directed medical therapy; sGlT-2: glucagon-like 
peptide-2; Hfref: heart failure with reduced ejection fraction; Hfimpef: 
heart failure with improved ejection fraction; lAd: left atrial diameter; 
lVsd: left ventricular end systolic diameter; lVdd: left ventricular 
end-diastolic dimension; lVef: left ventricular ejection fraction; MAces: 
major adverse clinical events; MR: mitral regurgitation; MRA: mineralocor-
ticoid receptor antagonist;.
Adjusted for age, sex, BMi, current smoking, current drinking, aetiology, 
hypertension, diabetes mellitus, dyslipidaemia, atrial fibrillation, previous 
stroke, previous myocardial infarction and chronic kidney disease.
P-value for interaction of MRA, Beta-blocker, Acei/ARB/ARni, sGlT-2 inhib-
itors were 0.99, 0.53, 0.17, 0.05.

https://doi.org/10.1080/07853890.2024.2442535
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studies and higher eF is a predictor of hFimpreF [32, 
39]. however, despite our efforts to minimize selection 
bias, it cannot be excluded, mainly due to the retro-
spective nature of the study.

this is because the timing of the left ventricular reac-
tion to therapeutic interventions has yet to be defini-
tively determined. Prior reported studies have also 
assessed lV response at specific time points such as 
1-years. For example, Manca et  al. enrolled 800 consec-
utive NicM patients with baseline lVeF ≤ 40% enrolled 
in the trieste the overall cohort), with a median time to 
improve lVeF of 13 (iQR 7–25) months. We also found 
that around 50% of patients with hFreF experienced 
improved lVeF at first-year follow-up. however, extended 
tracking of lVeF over an extended period of observa-
tion has rarely been reported. We opted not to limit the 

response time for lVeF and observed the patients 
throughout the clinical follow-up period. additionally, 
Manca et  al. found that recurrent hFreF was observed 
in around 40% of improved lVeF patients [25]. We also 
discovered that around 30% of patients with hFimpeF 
experienced recurring hFreF. even patients with 
super-improved hFimpeF have a risk for recurrent hFreF.

Clinical characteristics and predictors of 
HFimpEF

in our population, patients with hFreF and afterward 
improved lVeF (hFimpeF) were younger, with a higher 
prevalence of female sex, lower prevalence of ischemic 
heart disease, and better neurohormonal and echocar-
diographic profile than those without improved lVeF. 

Figure 3. Kaplan-Meier event-free survival curve in patients with Hfimpef according to MRA (1 A-1d), beta-blockers (2 A-2d), 
Acei/ARB/ARni (3 A-3d) and sGlT-2 inhibitors (4 A-4d) use status following their diagnosis: (A) recurrent Hfref; (B) MAces; (c) HHf 
and (d) All-cause death.
Abbreviations: Acei, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; ARni, angiotensin receptor-neprilysin inhibitors; Hfref, 
heart failure with reduced ejection fraction; Hfimpef, heart failure with improved ejection fraction; HHf, hospitalization due to heart failure; MAces, major 
adverse clinical events; MRA, mineralocorticoid receptor antagonists; sGlT-2, glucagon-like peptide-2; GMdT, guideline-directed medical therapy.
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these results are consistent with most of the previous 
studies [3, 8, 40]. symptoms (the NYha profile) did not 
differ, while published results in the literature are con-
flicting [8, 41, 42]. a recently published meta-analysis 
showed that the female gender is associated with an 
increased chance of lVeF improvement by 50% [43]. 
Regarding therapy, the group of improved lVeF 
received more frequent GtMD following the diagnosis 
of hFreF. From interventional therapies, only cRt-D 
placement and valvular interventions were associated 
with lVeF improvement. these parameters and better 
renal function may also play a role in the maintenance 
of lVeF improvement. Previous studies have proved 
the remodelling effects of cRt-D placement [44, 45]. 
Finally, it is quite difficult from data retrieved from ret-
rospective studies to explain the association of chronic 
kidney disease with heart remodelling and the course 
of heart failure and to clarify if the primary injury was 
in the heart, the kidney or in both systems [46].

Can any or all of GDMT be discontinued in 
patients with HFimpEF?

hFimpeF among patients may fluctuate considerably 
because of variations in crucial clinical characteristics 
and disparities in follow-up periods. Optimal medical 
therapy positively influences the lVeF in hFreF patients, 
partially or completely. according to current expert 
consensus, it is not recommended to withdraw GDMt 
in patients with hFimpeF [6]. Our data indicated that 
50–70% of patients did not continue to use GDMt, 
with 40-70% experiencing hFimpeF recurrence. there 
are several reasons for the discontinued use of GMDt 
with hFimpeF. Firstly, there is no clear conclusion on 
whether GMDt should be continued in such cases. 
secondly, patients may find it difficult to comply with 
long-term use of the drug after symptom improve-
ment. lastly, drug discontinuation may be necessary 
due to adverse reactions or changes in clinical needs. 
Moreover, discontinuation of GDMt was associated 
with a higher risk of adverse events. it is worth noting 
that no patient can be excluded from the risk of recur-
rent hFimpeF and the risk is greater after discontinua-
tion of GDMt even in patients with a lVeF above 50% 
during follow-up periods.

two theories attempt to explain the apparent ther-
apeutic advantage of continued GDMt [6]. One con-
cept worth mentioning is that a considerable number 
of multi-molecules that underwent dysregulation 
during the process of ventricular remodelling continue 
to remain dysregulated in the heart that underwent 
reverse remodeling, despite experiencing significant 
improvements in both shape and function [47, 48]. 

thus, those patients are more likely to suffer from 
recurring myocyte injury and have a reduced ability to 
recover lVeF in subsequent episodes. additionally, 
probably, the majority of patients currently diagnosed 
with heart failure with mid-range ejection fraction in 
contemporary clinical settings are suffering from the 
recovery process, which is not the end of their recov-
ery. thus, the 2020 scientific expert Panel on hFimpeF 
has expressed the view that in cases where there is 
uncertainty concerning the decision of whether to 
continue GDMt, it would be more advisable to con-
tinue administering medications [6].

Is it advisable to discontinue GDMT medication 
depending on the underlying aetiology of patients 
with HFimpEF?

although some interventions can positively impact 
reversing remodelling and restoring lVeF in heart fail-
ure patients, the benefits are typically limited to a car-
diac remission rather than a complete cure. Patients 
with hFimpeF may continue to experience sustained 
neurohormonal activation metabolic syndrome and 
chronic systemic inflammation, which can leave them 
vulnerable to hF recurrence and other negative cardio-
vascular events [11, 49–51]. this question necessitates 
an evaluation of the underlying etiology, which 
prompted us to conduct a supplementary subgroup 
analysis based on this factor. the results revealed con-
sistent findings among ischemic hFimpeF patients and 
those with dilated cardiomyopathy. however, our data 
should be extrapolated with caution to hFimpeF of all 
underlying aetiology of hFimpeF. Other aetiology pop-
ulations are diverse, with various underlying causes 
leading to heart failure, which include acute myocardi-
tis, alcoholic cardiomyopathy, perinatal cardiomyopa-
thy, tachycardiomyopathy, drug-induced cardiomyopathy 
and hyperthyroidism-associated cardiomyopathies. in 
cases where these underlying causes are identified and 
addressed, patients may achieve near-complete recov-
ery from the pathophysiology of heart failure [26, 52]. 
the vast number of individuals involved in the research 
and our cautious approach have made it challenging to 
pinpoint a particular disease origin of hFimpeF. the 
tReD-hF trial (therapy withdrawal in Recovered Dilated 
cardiomyopathy trial) aimed to explore the impact of 
phased withdrawal of heart failure medications in 
patients with dilated cardiomyopathy and hFimpeF 
[50]. this open-label, pilot, randomized trial enrolled a 
total of 51 participants, with 25 assigned to the treat-
ment withdrawal group and 26 to the continued treat-
ment group. During the following 6 months, there were 
three reported instances of serious adverse events in 
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the treatment withdrawal group. this led to the conclu-
sion that patients who were considered to have recov-
ered from dilated cardiomyopathy experienced a 
relapse upon withdrawal of GMDt.

Future research endeavours could concentrate on 
pinpointing specific patient groups with sustained res-
toration of myocardial function, allowing for safe dis-
continuation of certain medications in the long term 
or the need for continued use of only select medica-
tions. according to the consensus previously estab-
lished, if you are unsure whether the potential hazard 
has been resolved, it is recommended that you pro-
ceed with the GDMt treatment.

Study limitations

Our study report included a few limitations that require 
acknowledgment. Firstly, the research was conducted 
retrospectively at a single centre; therefore, it may not 
be possible to avoid selection bias. secondly, we 
acknowledge that there is a possibility of bias due to 
lead time or survival, as we required eligible patients 
to undergo two echocardiograms at least six months 
apart, and the diagnosis of heart failure may not have 
been based on the first echocardiogram obtained at 
the time of diagnosis. thirdly, it was a challenge to 
determine the duration of heart failure before enroll-
ment, as the patient’s diagnosis could have been made 
at hospitals outside our affiliation, where records are 
not connected to ours. Fourth, heart failure hospital-
ization rates may have been underestimated due to 
the use of electronic medical records, which may have 
failed to capture hospitalizations of patients admitted 
to hospitals outside our institution. Fifth, residual con-
founding and confounding by indication limit the 
interpretability of the results since the reasons for 
drug continuation/new initiation/discontinuation are 
unclear. the effect size of continued GDMt use vs 
withdrawal appears very high and, along with the 
directionality of the treatment effect of MRa, suggests 
that there may be confounding. sixth, the number of 
patients on sGlt2i therapy is so small it is difficult to 
draw confirmed conclusions. lastly, most of the partic-
ipants in this study are asian, and future studies on 
the clinical outcomes of hFimpeF need to be further 
established in other ethnic groups.

Conclusions

hFimpeF is a prevalent condition observed throughout 
clinical follow-ups. however, recurrent hFreF is also a 
frequent occurrence among patients with hFimpeF. 

Prevalent discontinuation of GDMt medications may 
contribute significantly to recurrent hFreF, placing 
patients at a higher risk for poor prognosis.
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