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Abstract

Objective This study aims to investigate the prognostic impact of the presence and type of prior hospitalizations in patients
with heart failure with mildly reduced ejection fraction (HFmrEF).

Background Data investigating the prognostic impact of the present and type of previous all-cause hospitalizations in
HFmrEF is limited.

Methods Consecutive patients hospitalized with HFmrEF at a single medical center were retrospectively included from
2016 to 2022. The prognosis of patients with a prior hospitalization < 12 months was compared to patients without. The
primary endpoint was all-cause mortality at 30 months (median follow-up), the key secondary endpoint was heart failure
(HF)-related rehospitalization at 30 months.

Results Two thousand one hundred eighty four patients with HFmrEF were included, 34.8% had a previous hospitaliza-
tion < 12 months (admission to internal medicine and geriatrics: 60.8%, surgical department: 23.5%). The presence of a
previous hospitalization was associated with an increased risk of all-cause mortality (38.6% vs. 27.4%; HR =1.51; 95%
CI 1.30-1.76; p=0.01) and HF-related rehospitalization at 30 months (21.2% vs. 9.1%; HR=2.48; 95% CI 1.96-3.14;
p=0.01), even after multivariable adjustments. However, the department of previous hospitalization (internal medicine
vs. surgical) did not significantly affect the risk of 30-months all-cause mortality (37.1% vs. 43.2%; HR =0.82, 95% CI
0.63-1.08; p=0.16) or HF-related rehospitalization (24.0% vs. 16.8%; HR=1.47, 95% CI 0.98-2.24; p=0.07). Finally, the
type of previous admission (i.e., elective, emergency vs. HF-related admission) (log-rank p =0.29) did not affect the risk of
30-months all-cause mortality.

Conclusion Prior hospitalizations within 12 months were independently associated with impaired long-term mortality in
patients with HFmrEF, irrespective of the department or type of prior admission.
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Introduction

In developed countries, novel evidence-based treatments
have decreased the age-adjusted incidence of heart failure
(HF), however, the overall incidence of HF is continuously
increasing related to an improving life-expectancy [1-5]. In
2016, the European Society of Cardiology (ESC) HF guide-
lines introduced HF with mildly reduced ejection fraction
(i.e., HFmrEF; left ventricular ejection fraction (LVEF)
41-49%) as a new HF subgroup with “intermediate” char-
acteristics compared to HF with preserved (i.e., HFpEF) and
reduced LVEF (i.e., HFrEF) [5-8]. Besides its association
with an overall increased all-cause mortality, HF in general
is a prevalent cause of recurrent hospitalizations. A higher
risk of mortality in patients with more frequent HF readmis-
sions with a 1-year mortality rate of up to 27% in patients
with two HF hospitalizations was specifically observed in
“lower risk” HF inpatients [9]. From this perspective, HF-
related and all-cause readmissions at 30 and 90 days have
increased from 2010 to 2017 within a registry-based study
including over 6,000,000 HF hospitalizations [10]. In line, a
hospitalization < 6 months was shown to be associated with
increased mortality risks in both patients with HFrEF or
HFpEF [11, 12]. Further studies demonstrated notable dif-
ferences in all-cause readmission rates between HFrEF and
HFpEF. For instance, Tay et al. [13] suggested that all-cause
readmissions occurred in 25% of HFrEF patients and 20%
of HFpEF patients, whereas readmissions in HFpEF were
primarily linked to non-HF causes (72%), whereas 45% of
HFrEF readmissions were related to HF. Cheng et al. [14]
indicated that both HFpEF and HFmrEF had lower mortality
and higher all-cause readmission risks than HFrEF, although
these differences did not persist after multivariable adjust-
ment. These findings suggest that patients with HFmrEF,
may benefit from a management focus on non-cardiovascular
comorbidities to reduce all-cause readmissions, which may
be comparable to patients with HFpEF.

When comparing different HF categories, early readmis-
sions in HF may be frequently driven by non-cardiovascu-
lar causes, especially in HFpEF compared to HFrEF [15].
Specifically non-cardiac comorbidities, particularly chronic
kidney disease (CKD), anemia, and pulmonary hyperten-
sion (PH), as primary drivers of non-cardiac rehospitaliza-
tion in HF patients, may deteriorate prognosis by both the
presence and management of these conditions [13]. Despite
the “intermediate” characteristics of patients with HFmrEF,
the burden of non-cardiac comorbidities may be higher in
HFmrEF compared to HFrEF, demanding the need to further
investigate the prognostic value of different types of admis-
sions (cardiac vs. non-cardiac) in this population [16].

Therefore, the aim of the present study was
to investigate the prognostic impact of a prior
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hospitalization < 12 months including a large-scaled reg-
istry of patients hospitalized with HFmrEF. Furthermore,
the prognostic impact of the admission department (i.e.,
internal medicine vs. surgical) and type (i.e., elective vs.
emergency vs. HF-related) of prior hospitalization was
investigated.

Methods
Study patients, design and data collection

For the present study, consecutive patients hospitalized with
HFmrEF were included at a single institution from January
2016 to December 2022 [17]. Utilizing the electronic hospi-
tal information system, we systematically gathered compre-
hensive clinical data pertaining to the index event, includ-
ing baseline characteristics, admission vital signs, medical
history, prior treatments, duration of hospital and intensive
care unit (ICU) stay, laboratory values, and details from non-
invasive or invasive cardiac diagnostics and device therapies
(e.g., echocardiography, coronary angiography, and informa-
tion from cardiac devices).

This study originated from the “Heart Failure with Mildly
Reduced Ejection Fraction Registry” (HARMER), a ret-
rospective single-center registry comprising consecutive
HFmrEF patients admitted to the University Medical Center
Mannheim (UMM), Germany. (clinicaltrials.gov identifier
NCT05603390). The registry was carried out in accordance
to the Declaration of Helsinki and approval from the Medi-
cal Ethics Committee II of the Medical Faculty Mannheim,
University of Heidelberg, Germany (ethical approval code:
2022-818).

Inclusion and exclusion criteria

All individuals aged 18 years or older, hospitalized at a sin-
gle institution with HFmrEF, were retrospectively included
in this study. The diagnosis of HFmrEF were established in
accordance with the “2021 ESC Guidelines for the diagno-
sis and treatment of acute and chronic HF” [18]. Patients
with a LVEF between 41 and 49%, accompanied by clinical
symptoms and/or signs indicative of HF, were included. The
presence of elevated amino-terminal prohormone of brain
natriuretic peptide (NT-proBNP) levels and other indications
of structural heart disease were considered supportive of the
diagnosis, but not mandatory for the diagnosis of HFmrEF.
Transthoracic echocardiography, performed by cardiologists
following current European guidelines [19] during routine
clinical care. Echocardiographic operators were blinded to
the final study analyses. All source data from echocardio-
graphic examinations, including imaging files and reports,
underwent post-hoc reassessment by two independent
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cardiologists for the purposes of this study. Patients below
the age of 18 years were excluded from the study. No addi-
tional exclusion criteria were applied.

Risk stratification

In the present study, patients with at least one prior hospi-
talization for 12 months of the index hospital admission at
our institution were compared to patients. Ambulatory visits
at our institution were not considered as a prior hospitaliza-
tion. In addition, we examined the prognosis of patients with
a prior hospitalization < 12 months, distinguishing between
those admitted to a department of internal medicine and
those admitted to a surgical department (i.e., general sur-
gery, orthopedics, urology). In patients with multiple prior
hospitalizations within < 12 months, risk stratification was
performed related to the admission department with the clos-
est time interval to the index hospital admission for HFm-
rEF. Further risk stratification was performed according to
the type of prior admission (i.e., prior HF-related admis-
sions, prior elective admissions, and prior emergency admis-
sions not related to HF).

Study endpoints

The primary endpoint of this study was all-cause mortality
during a median follow-up of 30 months. Secondary end-
points included in-hospital all-cause mortality, all-cause
mortality at 12 months, rehospitalization for worsening HF,
cardiac rehospitalization, acute myocardial infarction (AMI),
stroke, coronary revascularization, and major adverse car-
diac and cerebrovascular events (MACCE). All-cause mor-
tality data was collected through the electronic hospital
information system and direct communication with state
resident registration offices (‘bureau of mortality statistics’).
Out of an initial cohort of 2228 patients with HFmrEF, 44
individuals with no evidence during long-term follow-up
were excluded (i.e., lost-to-follow-up rate of 1.97%). HF-
related hospitalization was defined as rehospitalization for
HF with the need for intravenous diuretic therapy. Cardiac
rehospitalization was specified as rehospitalization primarily
attributable to a cardiac condition, including worsening HF,
AMI, coronary revascularization, and symptomatic atrial or
ventricular arrhythmias. MACCE was defined as a compos-
ite endpoint comprising all-cause mortality, coronary revas-
cularization, non-fatal AMI, and non-fatal stroke.

Statistical methods

Quantitative data is expressed as mean =+ standard error
of mean (SEM), median with interquartile range (IQR),
depending on the distribution of the data. Statistical com-
parisons were conducted using the Student’s 7 test for data

exhibiting normal distribution. The Mann—Whitney U test
was employed for nonparametric datasets. Normality of dis-
tribution was assessed through the Kolmogorov—Smirnov
test. Qualitative data is displayed as absolute and relative
frequencies, and their comparisons were performed utilizing
the Chi-square test or Fisher’s exact test, as deemed appro-
priate for the specific analytical context. Kaplan—Meier anal-
yses were performed stratified by the presence or absence
of prior hospitalization < 12 months, as well as stratified by
the department or type of admission of prior hospitaliza-
tion. Univariable hazard ratios (HR) were given together
with 95% confidence intervals. Thereafter multivariable Cox
regression analyses were performed investigating the prog-
nostic impact of prior hospitalization < 12 months in patients
with HFmrEF. For Cox regression models, univariable Cox
regression analyses were performed including characteristics
and comorbidities that were yet demonstrated to affect out-
comes in HF patients. Only parameters with p <0.10 within
univariable Cox regression models were included in multi-
variable Cox regression analyses.

Results of all statistical tests were considered significant
for p<0.05. SPSS (Version 28, IBM, Armonk, New York)
was used for all statistical analyses.

Results
Study population

From 2016 to 2022, 2228 patients with HFmrEF were
hospitalized at our institution. After excluding 44 patients
lost to follow-up, the final study cohort comprised 2184
patients included in the HARMER registry. Of those, 34.8%
(n="748) had experienced at least one prior hospitaliza-
tion < 12 months. Most patients (i.e., 60.8%) (n=455) were
previously admitted to a department of internal medicine
and geriatrics, 23.5% (n=176) to a surgical department (i.e.,
surgery, orthopedics, or urology), 2.3% (n=17) to our neu-
rologic department, and 13.4% (n=100) were admitted to
other departments, respectively (Fig. 1). Patients with prior
hospitalization exhibited a significantly higher prevalence
of cardiovascular comorbidities, including higher rates of
prior coronary artery disease (CAD) (52.9% vs. 34.8%;
p=0.01), arterial hypertension (81.7% vs. 76.0%; p =0.01),
prior AMI (31.6% vs. 19.8%; p=0.01), prior percutaneous
coronary interventions (PCI) (37.7% vs. 23.0%; p=0.01),
prior coronary artery bypass grafting (CABG) (11.9% vs.
8.7%; p=0.02), alongside with higher rates of prior con-
gestive HF (56.7% vs. 22.1%; p=0.01) and decompensated
HF < 12 months (31.8% vs. 0.0%; p=0.01) (Table 1). In
addition, they had higher rates of concomitant CKD (44.9%
vs. 23.9%; p=0.01), peripheral artery disease (17.0% vs.
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Fig. 1 Pie chart illustrating

the distribution of admission
departments regarding prior
hospitalizations < 12 months in
patients with HFmrEF

21%

B no prior hospitalization

® surgical disciplines

m others

8.8%; p=0.01), stroke (18.4% vs. 13.4%; p=0.01), malig-
nancies (23.7% vs. 11.0%; p=0.01) and chronic obstructive
pulmonary disease (COPD) (16.6% vs. 9.7%; p=0.01).

Patients without a prior hospitalization had higher rates of
concomitant acute coronary syndromes during index hospi-
talization, such as ST-segment elevation myocardial infarc-
tion (STEMI) (10.7% vs. 2.9%; p=0.01), non-ST-segment
elevation myocardial infarction NSTEMI) (14.7% vs. 8.4%;
p=0.01) or stroke (17.3% vs. 6.7%; p=0.01).

Table 2 displays data on HF-related characteristics and
procedural data during index hospitalization. Patients with
a prior hospitalization had higher NYHA functional class
(NYHA III 24.9% vs. 15.6%, NYHA IV 12.7% vs. 6.5%;
p=0.01), alongside with higher rates of moderate to severe
tricuspid (20.3% vs. 13.4%; p=0.01), mitral (12.7% vs.
11.6%; p=0.01) and aortic (5.1% vs. 3.2%; p=0.03) regur-
gitation. With regard to baseline laboratory values, patients
with a prior hospitalization had higher creatinine (median
1.19 mg/dL vs. 1.03 mg/dL; p=0.01), C-reactive protein
(CRP) (median 14.7 mg/L vs. 12.7 mg/L; p=0.05) and NT-
proBNP levels (3323 pg/mL vs. 2375 pg/mL; p=0.01), but
lower hemoglobin (median 11.4 mg/dL vs. 12.8 mg/dL;
p=0.01) and white blood cell counts (median 7.86 X 10%/L
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vs. 8.38 x 10%/L; p=0.01) on index hospital admission. Fur-
thermore, patients with a prior hospitalization were more
commonly discharged on aldosterone antagonists (19.5% vs.
11.2%; p=0.01), angiotensin receptor—neprilysin inhibitors
(2.2% vs 0.6%; p=0.01), loop diuretics (62.8% vs. 40.8%;
p=0.01), digitalis (6.4% vs. 4.1%; p=0.02), amiodarone
(4.6% vs. 1.8%; p=0.01), vitamin k antagonists (9.3%
vs. 6.0%; p=0.01 and direct oral anticoagulants (DOAC)
(37.9% vs. 30.0%; p=0.01) compared to patients without
prior hospitalization < 12 months.

Prognostic impact of prior hospitalizations
in patients with HFmrEF

At 30 months, the risk of all-cause mortality was signifi-
cantly higher in patients with at least one prior hospitali-
zation < 12 months before index hospitalization (38.6%
vs. 27.4%; HR=1.51; 95% CI 1.30-1.76; p=0.01; log-
rank p=0.01) (Table 3, Fig. 2, left panel). In line, the risk
of all-cause mortality at 12 months was already increased
in patients with a prior hospitalization (27.3% vs. 18.2%;
HR=1.57;95% CI 1.30-1.89; p=0.01). A prior hospital-
ization was furthermore associated with an increased risk
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Table 1 Baseline characteristics No prior hospitalization Prior hospitalization p value

(n=1436) (n=1748)
Age, median (IQR) 76 (63-83) 75 (66-82) 0.80
Male sex, n (%) 920 (64.1) 490 (65.5) 0.50
Body mass index, kg/mz, median (IQR) 26.8 (24.1-30.8) 26.1 (23.4-30.7) 0.08
SBP, mmHg, median (IQR) 144 (128-166) 140 (120-160) 0.01
DBP, mmHg, median (IQR) 80 (70-91) 74 (65-87) 0.01
Heart rate, bpm, median (IQR) 80 (69-96) 80 (68-94) 0.13
Medical history, n (%)
Coronary artery disease 500 (34.8) 396 (52.9) 0.01
Prior myocardial infarction 285 (19.8) 236 (31.6) 0.01
Prior PCI 330 (23.0) 282 (37.7) 0.01
Prior CABG 125 8.7) 89 (11.9) 0.02
Prior valvular surgery 52 3.6) 44 5.9 0.01
Congestive heart failure 317 (22.1) 424 (56.7) 0.01
Decompensated heart failure < 12 months 0 0.0) 238 (31.8) 0.01
Prior ICD 22 (1.5) 20 2.7 0.07
Prior sICD 3 0.2) 6 (0.8) 0.04
Prior CRT-D 16 (1.1) 16 2.1) 0.06
Prior Pacemaker 108 (7.5) 92 (12.3) 0.01
Chronic kidney disease 343 (23.9) 336 (44.9) 0.01
Peripheral artery disease 126 (8.8) 127 (17.0) 0.01
Stroke 193 (13.4) 138 (18.4) 0.01
Liver cirrhosis 28 (1.9) 19 2.9) 0.37
Malignancy 158 (11.0) 177 23.7) 0.01
COPD 139 9.7) 124 (16.6) 0.01
Cardiovascular risk factors, n (%)
Arterial hypertension 1091 (76.0) 611 (81.7) 0.01
Diabetes mellitus 512 (35.7) 287 (38.4) 0.21
Hyperlipidemia 429 (29.9) 233 31.1) 0.54
Smoking 515 (35.9) 281 (37.6) 0.43
Current 291 (20.3) 115 (15.4) 0.01
Former 224 (15.6) 166 (22.2) 0.01
Family history 140 9.7) 61 8.2) 0.22
Comorbidities at index hospitalization, n (%)
Acute coronary syndrome
Unstable angina 64 4.5) 35 4.7) 0.81
STEMI 154 (10.7) 22 2.9) 0.01
NSTEMI 211 14.7) 63 (8.4) 0.01
Acute decompensated heart failure 261 (18.2) 223 (29.8) 0.01
Cardiogenic shock 36 2.5) 17 2.3) 0.74
Atrial fibrillation 542 (37.7) 374 (50.0) 0.01
Cardiopulmonary resuscitation 37 (2.6) 16 2.1) 0.53
Out-of-hospital 17 (1.2) 5 0.7) 0.25
In-hospital 20 (1.4) 11 (1.5) 0.88
Stroke 248 17.3) 50 6.7) 0.01
Medication on admission, n (%)
ACE-inhibitor 482 (33.6) 293 (39.2) 0.01
ARB 309 (21.5) 180 (24.1) 0.18
Beta-blocker 714 (49.7) 520 (69.5) 0.01
Aldosterone antagonist 98 (6.8) 108 (14.4) 0.01
ARNI 4 0.3) 15 (2.0) 0.01
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Table 1 (continued)

No prior hospitalization Prior hospitalization p value

(n=1436) (n=1748)
SGLT2-inhibitor 24 (1.7) 21 (2.8) 0.08
Loop diuretics 407 (28.3) 414 (55.3) 0.01
Statin 570 (39.7) 415 (55.5) 0.01
ASA 454 (31.6) 281 (37.6) 0.01
P2Y12-inhibitor 86 6.0) 125 (16.7) 0.01
DOAC 270 (18.8) 250 (33.4) 0.01
Vitamin K antagonist 109 (7.6) 76 (10.2) 0.04

Bold type indicates statistical significance

ACE angiotensin-converting enzyme; ARB angiotensin receptor blocker; ARNI angiotensin receptor nepri-
lysin inhibitor; ASA acetylsalicylic acid; CABG coronary artery bypass grafting; CKD chronic kidney dis-
ease; COPD chronic obstructive pulmonary disease; CRT-D cardiac resynchronization therapy with defi-
brillator; DBP diastolic blood pressure; DOAC directly acting oral anticoagulant; /QR interquartile range;
(N)STEMI non-ST-segment elevation myocardial infarction; SBP systolic blood pressure; SGLT2 sodium
glucose linked transporter 2; (s) ICD (subcutaneous) implantable cardioverter defibrillator

Level of significance p <0.05

of HF-related rehospitalization at 12 (16.6% vs. 6.1%;
HR =2.86; 95% CI 2.17-3.79; p=0.01) and 30 months
(21.2% vs.9.1%; HR =2.48; 95% C1 1.96-3.14; p=0.01;
log-rank p=0.01) (Table 3, Fig. 2, right panel). In line,
a higher proportion of patients with a prior hospitaliza-
tion experienced cardiac rehospitalizations at 30 months
(HR=1.93;95% CI 1.61-2.31; p=0.01), alongside with
higher rates of AMI at 30 months (HR =2.50; 95% CI
1.53-4.10; p=0.01). Finally, the risk of MACCE at
30 months was increased in patients with at least one
prior hospitalization (HR =1.53; 95% CI 1.34-1.76;
p=0.01).

After multivariable adjustment for important baseline
characteristics and comorbidities (Table 4), the pres-
ence of at least one prior hospitalization < 12 months
p was independently associated with an increased risk
of 30-months all-cause mortality (HR = 1.22; 95% CI
1.03 - 1.45; p = 0.02). Further significant predictors of
30-month all-cause mortality included age (HR =1.42;
95% CI 1.32-1.53; p=0.01), the presence of CKD
(HR=1.59; 95% CI 1.35-1.88; p=0.01), acute decom-
pensated heart failure (ADHF) (HR =1.36; 95% CI
1.11-1.67; p=0.01) and right ventricular dysfunction
(HR=1.39;95% CI 1.17-1.66; p=0.01). In line, the pres-
ence of concomitant CKD (HR =1.55;95% CI 1.19-2.02;
p=0.01), prior congestive HF (HR=1.58; 95% CI
1.20-2.07; p=0.01), diabetes mellitus (HR =1.36; 95%
CI 1.06-1.73; p=0.02), ADHF (HR=1.45; 95% CI
1.07-1.96; p=0.02), atrial fibrillation (HR =1.75; 95%
CI 1.34-2.28; p=0.01), and the presence of a prior hos-
pitalization < 12 months (HR =1.55; 95% CI 1.20-2.01;
p=0.01) predicted the risk of HF-related rehospitaliza-
tion at 30 months.
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Prognostic impact of the admission department
of prior hospitalizations

Patients with a previous admission to a surgical department
were not statistically significant associated with a higher
risk of 30-months all-cause mortality (43.2% vs. 37.1%;
HR =0.82; 95% CI 0.63-1.08; p=0.16; log-rank p =0.16)
(Fig. 3, left panel). Compared to patients admitted to an
internal medicine department, a previous hospitalization was
associated with numerically higher rates of rehospitalization
for worsening HF, although this association did not reach
statistical significance (16.8% vs. 24.0%; HR=1.47; 95% CI
0.98-2.24; p=0.07; Log-rank p=0.07) (Fig. 3, right panel).
The department of admission in patients with prior hospitali-
zation was not associated with the risk of HF-related rehos-
pitalization after multivariable adjustment (HR =0.89; 95%
CI0.65-1.22; p=0.47) (Table 4).

Prognostic impact of the type of prior
hospitalization

Finally, the type of prior hospitalization (i.e., elective, emer-
gency non-HF or HF-related) was not significantly associ-
ated with the risk of 30-months all-cause mortality (log-
rank p=0.29) (emergency: HR=1.36; 95% CI 0.93-1.98;
p=0.12; HF-related: HR =1.27; 95% CI 0.85-1.90; p=0.24;
elective =reference group) (Fig. 4, left panel). However,
patients with a prior hospitalization for HF had an increased
risk of HF-related rehospitalization rates at 30 months (log-
rank p=0.01) (emergency: HR=1.34; 95% CI 0.75-2.37,
p=0.32; HF-related: HR =2.24; 95% C1 1.26-3.98; p=0.01;
elective =reference group) (Fig. 4, right panel). After mul-
tivariable adjustment, the type of prior hospitalization (i.e.,
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Table 2 Heart failure-related and procedural data
No prior hospitalization Prior hospitalization (n="748) p value
(n=1436)
Heart failure etiology, n (%)
Ischemic cardiomyopathy 823 (57.3) 435 (58.2) 0.01
Non-ischemic cardiomyopathy 80 (5.6) 69 (9.2)
Hypertensive cardiomyopathy 127 (8.8) 51(6.8)
Congenital heart disease 2(0.1) 2(0.3)
Valvular heart disease 49 (3.4) 47 (6.3)
Tachycardia associated 66 (4.6) 24 (3.2)
Tachymyopathy 23 (1.6) 15 (2.0)
Pacemaker-induced cardiomyopathy 12 (0.8) 7(0.9)
Unknown 254 (17.7) 98 (13.1)
NYHA functional class, n (%)
il 1118 (77.9) 467 (62.4) 0.01
11 224 (15.6) 186 (24.9)
v 94 (6.5) 95 (12.7)
Echocardiographic data
LVEF, %, median (IQR) 45 (45-47) 45 (45-47) 0.72
1VSd, median (IQR) 12 (10-13) 12 (11-13) 0.35
LVEDD, mm, median (IQR) 49 (44-53) 49 (44-54) 0.21
TAPSE, mm, median (IQR) 20 (17-23) 20 (17-23) 0.08
LA diameter, mm, median (IQR) 41 (36-47) 43 (38-49) 0.01
LA surface, cm?, median (IQR) 21 (17-25) 23 (19-27) 0.01
E/A, median IQR) 0.8 (0.6-1.2) 0.8 (0.7-1.2) 0.14
E/E’, median (IQR) 9.0 (6.5-13.5) 10.0 (6.3-14.3) 0.42
Diastolic dysfunction, n (%) 1045 (72.8) 529 (70.7) 0.31
Moderate—severe aortic stenosis, n (%) 141 (9.8) 73 (9.8) 0.97
Moderate—severe aortic regurgitation, n (%) 46 (3.2) 38 (5.1) 0.03
Moderate—severe mitral regurgitation, n (%) 167 (11.6) 95 (12.7) 0.47
Moderate—severe tricuspid regurgitation, n (%) 192 (13.4) 152 (20.3) 0.01
Coronary angiography, n (%) 652 (45.4) 248 (33.2) 0.01
No evidence of coronary artery disease 127 (19.5) 48 (19.4) 0.30
1-vessel disease 128 (19.6) 38 (15.3)
2-vessel disease 142 (21.8) 50 (20.2)
3-vessel disease 255(39.1) 112 (45.2)
CABG 42 (6.4) 31 (12.5) 0.01
Chronic total occlusion 81 (12.4) 32 (12.9) 0.85
PCL n (%) 367 (56.3) 114 (46.0) 0.01
Sent to CABG, n (%) 39 (6.0) 12 (4.8) 0.51
Baseline laboratory values, median (IQR)
Potassium, mmol/L 3.9 (3.6-4.2) 3.9(3.64.2) 0.59
Sodium, mmol/L 139 (137-141) 139 (137-141) 0.33
Creatinine, mg/dL 1.03 (0.84-1.33) 1.19 (0.93-1.76) 0.01
eGFR, mL/min/1.73 m? 69 (50-89) 57 (36-79) 0.01
Hemoglobin, g/dL 12.8 (10.9-14.2) 11.4 (9.7-13.2) 0.01
WBC count, x 10°/L 8.38 (6.67-10.21) 7.86 (6.15-9.86) 0.01
Platelet count, x 10°/L 225 (180-282) 230 (176-294) 0.43
HbAlc, % 5.9 (5.5-6.8) 5.9 (5.5-6.8) 0.78
LDL-cholesterol, mg/dL 102 (77-129) 90 (67-117) 0.01
HDL-cholesterol, mg/dL. 42 (34-52) 42 (34-52) 0.80
C-reactive protein, mg/L 12.7 (3.0-43.3) 14.7 (4.3-46.0) 0.05
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Table 2 (continued)

No prior hospitalization Prior hospitalization (n=748) p value

(n=1436)
NT-pro BNP, pg/mL 2375 (802-5680) 3323 (1544-7919) 0.01
Cardiac troponin I, pg/L 0.03 (0.02-0.25) 0.03 (0.02-0.12) 0.07

Medication at discharge, n (%)

ACE-inhibitor 725 (52.1) 333 (46.4) 0.01
ARB 320 (23.0) 179 (25.0) 0.31
Beta-blocker 1066 (76.6) 569 (79.4) 0.15
Aldosterone antagonist 156 (11.2) 140 (19.5) 0.01
ARNI 9 (0.6) 16 (2.2) 0.01
SGLT2-inhibitor 59 (4.2) 25 (3.5) 0.40
Loop diuretics 568 (40.8) 450 (62.8) 0.01
Statin 974 (70.0) 468 (65.3) 0.03
Digitalis 57 (4.1) 46 (6.4) 0.02
Amiodarone 25(1.8) 33 (4.6) 0.01
ASA 748 (53.7) 315 (43.9) 0.01
P2Y12-inhibitor 465 (33.4) 203 (28.3) 0.02
DOAC 418 (30.0) 272 (37.9) 0.01
Vitamin k antagonist 83 (6.0) 67 (9.3) 0.01

Bold type indicates statistical significance

ACE angiotensin-converting enzyme; ARB angiotensin receptor blocker; ARNI angiotensin receptor neprilysin inhibitor; ASA acetylsalicylic acid;
CABG coronary artery bypass grafting; DOAC directly acting oral anticoagulant; eGFR estimated glomerular filtration rate; HbAlc glycated
hemoglobin; HDL high-density lipoprotein; /QR interquartile range; /VSd interventricular septal end diastole; LA left atrial; LDL low-density
lipoprotein; LVEDD left ventricular end-diastolic diameter; LVEF left ventricular ejection fraction; NT-pro BNP aminoterminal pro-B-type
natriuretic peptide; NYHA New York Heart Association; PCI percutaneous coronary intervention; TAPSE tricuspid annular plane systolic excur-

sion; WBC white blood cells
Level of significance p <0.05

HF-related, emergency non-HF-related) was not associated
with the risk of HF-related rehospitalization in patients with
HFmrEF (HR =0.97; 95% CI 0.66-1.44; p =0.89) (Table 4).

Discussion

The aim of the present study was to investigate the prognos-
tic impact of a prior hospitalization < 12 months in a large
cohort of consecutive patients hospitalized with HFmrEF.
Patients with a prior hospitalization presented with a higher
burden of cardiovascular and non-cardiovascular comorbidi-
ties. A prior hospitalization was independently associated
with an increased risk of long-term all-cause mortality and
HF-related rehospitalization. Furthermore, a prior hospitali-
zation was associated with higher rates of AMI, coronary
revascularization and MACCE at 30 months. However, the
risk of long-term all-cause mortality in patients with prior
hospitalizations was not significantly affected by the depart-
ment of previous hospital admission, as well as by the type
of prior hospitalization (i.e., elective, emergency non-HF
or HF-related).

@ Springer

Previous studies investigating the prognosis of HF
patients have reported heterogenous estimates of mortal-
ity and rehospitalization rates for HFpEF and HFrEF [11,
20-32]. Whereas some studies suggested a similar risk
of all-cause mortality in HF patients regardless of LVEF
[20-22, 26, 32], others suggested a lower risk of all-cause
mortality in HFpEF compared to HFrEF patients [23-25,
29-31]. This inconsistency may rely on pre-selected inclu-
sion criteria, such as the inclusion of inpatients or out-
patients, as well as on the inclusion of acute vs. chronic
HF [20-32]. The CHARM analysis demonstrated an
inverse relationship between time from HF hospitaliza-
tion to trial randomization with regard to cardiovascular
death or HF-related hospitalization for both HFpEF and
HFrEF. Although prior HF hospitalizations increased the
risks similarly across the EF spectrum, patients with low
LVEEF consistently exhibited higher event rates compared
to those with HFpEF [12]. The trend of declining event
rates including death and HF-realted rehospitalization in
cardiovascular trials over time may relate to the imple-
mentation of proven interventions in clinical care, neces-
sitating larger patient numbers to detect significant dif-
ferences [33-35]. Bello et al. suggested that a recent HF
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Table 3 Follow-up data, primary and secondary endpoints

No prior hospitaliza-  Prior hospitalization HR 95% CI p value
tion (n=1436) (n=1748)
Primary endpoint, n (%)

All-cause mortality, at 30 months 394 (27.4) 289 (38.6) 1.51 (1.30-1.76) 0.01
Secondary endpoints, n (%)

All-cause mortality, in-hospital 44 (3.1) 31 4.1) 0.73* (0.46-1.17)* 0.19*
Cardiac mortality, in-hospital 15 (1.0) 9(1.2) 0.87* (0.38-2.0)* 0.74%*
Non-cardiac mortality, in-hospital 29 (2.0) 22 (2.9) 0.68* (0.39-1.19)* 0.18%*

All-cause mortality, at 12 months 262 (18.2) 204 (27.3) 1.57 (1.30-1.89) 0.01

Heart-failure related rehospitalization, at 12 months 85 (6.1) 119 (16.6) 2.86 (2.17-3.79) 0.01

Heart-failure related rehospitalization, at 30 months 127 (9.1) 152 (21.2) 2.48 (1.96-3.14) 0.01

Cardiac rehospitalization, at 30 months 241 (17.3) 221 (30.8) 1.93 (1.61-2.31) 0.01

Coronary revascularization, at 30 months 83 (6.0) 59 (8.2) 1.38 (0.99-1.93) 0.06

Acute myocardial infarction, at 30 months 28 (2.0) 36 (5.0) 2.50 (1.53-4.10) 0.01

Stroke, at 30 months 34 (2.4) 23 (3.2) 1.30 (0.76-2.20) 0.34

MACCE, at 30 months 487 (33.9) 354 (47.3) 1.53 (1.34-1.76) 0.01
Follow-up data, median (IQR)

Hospitalization time, days 8 (5-14) 9 (5-17) - - 0.05

ICU time, days 0(0-1) 0 (0-0) - - 0.01

Follow-up time, days 946 (431-1709) 796 (286-1506) - - 0.01

Bold type indicates statistical significance
CI confidence interval; HR hazard ratio; ICU intensive care unit; MACCE major adverse cardiac and cerebrovascular events
Level of significance p <0.05

*An odds ratio with the corresponding 95% CI and p-value was provided for the endpoints of in-hospital mortality, accounting for the variance
in hospitalization time

All-cause mortality | Heart failure-related rehospitalization |
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No prior hospitalization Prior hospitalization Heart failure-related No prior hospitalization Prior hospitalization
o| All-cause mortality, n (%) (n = 1436; 66%) (n = 748; 34%) 0 hospitalizati o (n = 1392; 66%) (n = 717; 34%)
394 (27.4) 289 (38.6) rehospitalization, n (%) 127 (9.1) 152 (21.2)
0 6 12 18 24 30 0 6 12 18 24 30
Survival time (months) Time to event (months)
Patients at risk: Patients at risk:
No prior hospitalization 1436 1244 1120 995 873 758 No prior hospitalization 1392 1334 1246 1138 1019 924
Prior hospitalization 748 609 526 459 400 337 Prior hospitalization 717 642 578 522 474 424

Fig.2 Kaplan—Meier analyses investigating the outcomes of patients with and without a prior hospitalization < 12 months in HFmrEF regarding
the risk of all-cause mortality (left panel) and HF-related rehospitalization (right panel) at 30 months

hospitalization can identify high-risk patients in patients Our findings for the HFmrEF cohort are in line with
with HFpEF, being associated with similar risk of death or  those reported for HFrEF and HFpEF. Patients with HFm-
HF-related rehospitalization compared to HFrEF patients ~ rEF hospitalized in the past 12 months were associated
without prior hospitalization [12]. with impaired prognosis, akin to the elevated event rates
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Table 4 Multivariable Cox regression analyses with regard to 30-month all-cause mortality and heart failure-related re-hospitalization within the
entire study cohort

Variables All-cause mortality

Univariable Multivariable

HR 95% CI p value HR 95% CI p value
Age (per decade increase) 1.62 1.51-1.74 0.01 1.42 1.32-1.53 0.01
Male sex 0.93 0.80-1.09 0.37 - - -
Prior congestive heart failure 1.55 1.33-1.80 0.01 1.08 0.91-1.29 0.39
Chronic kidney disease 2.52 2.17-2.93 0.01 1.59 1.35-1.88 0.01
Diabetes mellitus 1.28 1.10-1.49 0.01 1.04 0.89-1.22 0.59
Acute myocardial infarction 0.62 0.50-0.77 0.01 1.01 0.80-1.29 0.91
Acute decompensated heart failure 2.27 1.94-2.66 0.01 1.36 1.11-1.67 0.01
Atrial fibrillation 1.86 1.60-2.16 0.01 1.12 0.95-1.32 0.19
Ischemic cardiomyopathy 0.79 0.68-0.91 0.01 0.72 0.61-0.86 0.01
LVEF (per 1% increase) 0.97 0.94-1.01 0.12 - - -
Diastolic dysfunction 0.93 0.79-1.10 0.37 - - -
NYHA functional class 1.35 1.26-1.45 0.01 1.03 0.94-1.12 0.58
Right ventricular dysfunction* 1.86 1.57-2.20 0.01 1.39 1.17-1.66 0.01
Moderate—severe aortic stenosis 1.96 1.59-2.41 0.01 1.24 1.00-1.54 0.05
Moderate—severe mitral regurgitation 1.83 1.50-2.22 0.01 1.16 0.94-1.42 0.16
Prior hospitalization < 12months 1.51 1.30-1.76 0.01 1.22 1.03-1.45 0.02
Prior internal medicine vs. surgical admission 0.82 0.63-1.08 0.16 - - -
Prior heart failure-related admission 1.27 0.85-1.90 0.24 - - -
Prior emergency admission 1.36 0.93-1.98 0.12 - - -
Prior elective admission (reference group)
Variables Heart failure-related re-hospitalization

Univariable Multivariable

HR 95% CI p value HR 95% CI p value
Age (per decade increase) 1.35 1.22-1.48 0.01 1.02 091-1.14 0.76
Male sex 0.76 0.60-0.97 0.03 0.83 0.65-1.06 0.14
Prior congestive heart failure 297 2.34-3.78 0.01 1.58 1.20-2.07 0.01
Chronic kidney disease 297 2.34-3.76 0.01 1.55 1.19-2.02 0.01
Diabetes mellitus 1.70 1.34-2.14 0.01 1.36 1.06-1.73 0.02
Acute myocardial infarction 0.55 0.39-0.78 0.01 0.79 0.54-1.15 0.22
Acute decompensated heart failure 3.25 2.57-4.12 0.01 1.45 1.07-1.96 0.02
Atrial fibrillation 2.59 2.03-3.30 0.01 1.75 1.34-2.28 0.01
Ischemic cardiomyopathy 1.35 1.06-1.73 0.02 1.38 1.06-1.81 0.02
LVEF (per 1% increase) 1.02 0.96-1.08 0.55 - - -
Diastolic dysfunction 0.98 0.76-1.28 0.89 - - -
NYHA functional class 1.74 1.56-1.93 0.01 1.24 1.07-1.42 0.01
Right ventricular dysfunction* 1.70 1.30-2.20 0.01 1.05 0.80-1.39 0.71
Moderate—severe aortic stenosis 2.06 1.51-2.82 0.01 1.60 1.15-2.23 0.01
Moderate—severe mitral regurgitation 2.06 1.54-2.77 0.01 1.47 1.09-1.99 0.01
Prior hospitalization < 12months 2.48 1.96-3.14 0.01 1.55 1.20-2.01 0.01
Prior internal medicine vs. surgical admission 1.47 0.98-2.24 0.07 0.89 0.65-1.22 0.47
Prior heart failure-related admission 2.24 1.26-3.98 0.01 0.97 0.66-1.44 0.89
Prior emergency admission 1.34 0.75-2.37 0.32 - - -
Prior elective admission (reference group)

Multivariable risk prediction models were in addition performed with regard to the prognostic impact of the department and type of prior hospi-
tal admission

Bold type indicates statistical significance

ADHF acute decompensated heart failure; CI confidence interval, CKD chronic kidney disease; DM diabetes mellitus; HR hazard ratio; LVEF
left ventricular ejection fraction; NYHA New York Heart Association; TAPSE tricuspid annular plane systolic excursion
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Table 4 (continued)

Level of significance p <0.05
*Right ventricular dysfunction was defined as TAPSE < 17 mm
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0 6 12 18 24 30 0 6 12 18 24 30
Survival time (months) Time to event (months)
Patients at risk: Patients at risk:
Internal medicine 455 377 325 286 253 218 Internal medicine 438 388 346 314 287 259
Surgical 176 141 118 104 89 7 Surgical 167 152 140 130 115 102

Fig.3 Kaplan—Meier analyses investigating the outcomes of patients
with prior hospitalization in HFmrEF stratified by a prior admission
to a department of internal medicine or surgical department with

observed in HFrEF. This observation aligns with recent
studies [7, 8, 16, 36, 37], which indicate that HFmrEF
and HFrEF share clinical characteristics and therapeutic
responses including response to HF-related pharmacother-
apies [38]. In addition, HFmrEF patients exhibited a high
burden of comorbidities and severe illness, paralleling the
profile of HFpEF patients with recent hospitalizations [39,
40]. These findings underscore the intermediate position
of HFmrEF. But integrating later published data such as
those from Malik et al. must consider that the “preserved”
LVEF group in the CHARM-programme by Swedberg
et al. [41] was defined as an LVEF > 40%. Today, this
definition encompasses the HFmrEF cohort which may
explain the observed similarities in recent hospitalizations
between the HFpEF and HFmrEF cohorts.

Furthermore, the management of HF patients by cardi-
ologists vs internists may significantly affect patients’ out-
comes. Cardiologists tend to treat younger, predominantly
male patients with more severe cardiac dysfunction, spe-
cifically HFrEF, accompanied by lower burden with comor-
bidities, adhering more closely to HF guidelines such as
the use of angiotensin-converting enzyme (ACE)-inhibitors
and beta-blockers, resulting in lower 9-month and 6-month
cardiac-related mortality rates [42—44]. Conversely, intern-
ists manage older, often female patients with a higher bur-
den of comorbidities including hypertension, diabetes,
COPD, previous stroke/transient ischemic attack, pulmonary

regard to the risk of all-cause mortality (left panel) and HF-related
rehospitalization (right panel) at 30 months

congestion, and peripheral edema, which adversely impacts
prognosis [42, 45]. High-volume hospitals and those with
greater cardiology involvement show better outcomes,
including lower 30-day mortality, readmission rates, and
hospitalization costs, emphasizing the importance of spe-
cialist experience [46]. While cardiologist care is associated
with higher costs and resource use, it results in improved
adherence to guidelines and reduced mortality and morbid-
ity [44, 47]. Despite similar readmission and short-term
mortality rates across specialties, the increased comorbid-
ity burden managed by internists poses a significant prog-
nostic challenge, necessitating tailored care strategies [48,
49]. However, those studies did not investigate the risk of
all-cause mortality stratified by the departments of prior
hospital admission. Within the present study however, the
prognosis of patients previously admitted to an internal or
surgical department did not significantly differ. This may be
in line with an overall high burden of non-cardiovascular
comorbidities among patients with a previous hospitaliza-
tion, as demonstrated within the present study (i.e., CKD:
44.9%, malignancy: 23.7%, COPD: 16.6%).

This finding aligns with previous studies highlighting
that the management of non-cardiac comorbidities, such as
diabetes, renal disease, and obesity, significantly impacts
patient outcomes in HF across different EF groups. The
study by Lindberg et al. [50] demonstrated that specialty
care is associated with better survival rates, particularly
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Fig.4 Kaplan—Meier analyses investigating the outcomes of patients with the prior hospitalization in HFmrEF stratified by the type of prior
admission with regard to the risk of all-cause mortality (left panel) and HF-related rehospitalization (right panel)

for patients with HFrEF or borderline ejection fraction
(HFbEF), research by Mentz et al. [51] emphasized the det-
rimental effects of comorbidities on both HFrEF and HFpEF
patient outcomes, underlining the complexity of managing
HF in the presence of multiple chronic conditions.

Study limitations

Given the retrospective and single-center nature of the study,
measured and unmeasured confounding factors may still be
present, even after multivariable adjustments. This may limit
the generalizability of the findings. In addition, HF-related
and cardiac rehospitalizations were only assessed at our
institution, which may not fully capture the overall rehospi-
talization rates. Data on patients' perfusion status and fluid
management were not included in the study. Information
regarding causes of death occurring beyond the index hos-
pitalization was also unavailable.

Conclusions

This study suggests that a prior hospitalization < 12 months
is common in HFmrEF and significantly impacts long-term
prognosis. Patients with a prior hospitalization exhibited
a higher burden of cardiovascular and non-cardiovascular
comorbidities. However, the admission department and
type of prior hospitalization (i.e., elective, emergency or
HF-related) did not significantly affect the risk of long-
term all-cause mortality. The study therefore highlights the

@ Springer

importance to consider prior hospitalizations as an important
independent risk factor in patients with HFmrEF.

Funding Open Access funding enabled and organized by Projekt
DEAL. This manuscript did not receive any funding.

Declarations

Conflict of interest The authors declare that they do not have any con-
flict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Conrad N et al (2019) Temporal trends and patterns in mortal-
ity after incident heart failure: a longitudinal analysis of 86,000
individuals. JAMA Cardiol 4(11):1102-1111

2. Dunlay SM, Roger VL (2014) Understanding the epidemic
of heart failure: past, present, and future. Curr Heart Fail Rep
11(4):404-415

3. Roth GA et al (2015) Demographic and epidemiologic drivers of
global cardiovascular mortality. N Engl J Med 372(14):1333-1341

4. Savarese G, Lund LH (2017) Global public health burden of heart
failure. Card Fail Rev 3(1):7-11


http://creativecommons.org/licenses/by/4.0/

Clinical Research in Cardiology (2025) 114:651-664

663

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Task Force M et al (2022) ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure: developed by the task
force for the diagnosis and treatment of acute and chronic heart
failure of the European Society of Cardiology (ESC). With the
special contribution of the Heart Failure Association (HFA) of
the ESC. Eur J Heart Fail 24(1):4-131

Heidenreich PA et al (2022) 2022 AHA/ACC/HFSA Guideline for
the management of heart failure: a report of the American College
of Cardiology/American Heart Association Joint Committee on
Clinical Practice Guidelines. Circulation 145(18):e895-e1032
Bozkurt B et al (2021) Universal definition and classification of
heart failure: a report of the Heart Failure Society of America,
Heart Failure Association of the European Society of Cardiology,
Japanese Heart Failure Society and Writing Committee of the
Universal Definition of Heart Failure: endorsed by the Canadian
Heart Failure Society, Heart Failure Association of India, Cardiac
Society of Australia and New Zealand, and Chinese Heart Failure
Association. Eur J Heart Fail 23(3):352-380

Lam CSP et al (2020) Time to rename the middle child of heart
failure: heart failure with mildly reduced ejection fraction. Eur
Heart J 41(25):2353-2355

Kommuri NV, Koelling TM, Hummel SL (2012) The impact of
prior heart failure hospitalizations on long-term mortality differs
by baseline risk of death. Am J Med 125(2):209 €9-209 el5
Khan MS et al (2021) Trends in 30- and 90-day readmission rates
for heart failure. Circ Heart Fail 14(4):e008335

Malik A et al (2020) Prior heart failure hospitalization and out-
comes in patients with heart failure with preserved and reduced
ejection fraction. Am J Med 133(1):84-94

Bello NA et al (2014) Influence of previous heart failure hospi-
talization on cardiovascular events in patients with reduced and
preserved ejection fraction. Circ Heart Fail 7(4):590-595

Tay WT et al (2021) Readmissions, death and its associated pre-
dictors in heart failure with preserved versus reduced ejection
fraction. J] Am Heart Assoc 10(22):e021414

Cheng RK et al (2014) Outcomes in patients with heart failure
with preserved, borderline, and reduced ejection fraction in the
medicare population. Am Heart J 168(5):721-730

Goyal P et al (2018) Causes and temporal patterns of 30-day read-
mission among older adults hospitalized with heart failure with
preserved or reduced ejection fraction. ] Am Heart Assoc. https://
doi.org/10.1161/JAHA.117.007785

. Chioncel O et al (2017) Epidemiology and one-year outcomes in

patients with chronic heart failure and preserved, mid-range and
reduced ejection fraction: an analysis of the ESC heart failure
long-term registry. Eur J Heart Fail 19(12):1574-1585

Schupp T et al (2024) Prevalence and prognosis of aortic valve
diseases in patients hospitalized with heart failure with mildly
reduced ejection fraction. Eur J Heart Fail. https://doi.org/10.
1002/ejht.3337

McDonagh TA et al (2021) 2021 ESC guidelines for the diagno-
sis and treatment of acute and chronic heart failure. Eur Heart J
42(36):3599-3726

Popescu BA et al (2009) European association of echocardi-
ography recommendations for training, competence, and qual-
ity improvement in echocardiography. Eur J Echocardiogr
10(8):893-905

Berry C et al (2005) Heart failure with preserved left ventricular
systolic function: a hospital cohort study. Heart 91(7):907-913
Fonarow GC et al (2007) Characteristics, treatments, and out-
comes of patients with preserved systolic function hospitalized
for heart failure: a report from the OPTIMIZE-HF Registry. ] Am
Coll Cardiol 50(8):768-777

Kirk V et al (2004) N-terminal proBNP and mortality in hospital-
ised patients with heart failure and preserved vs. reduced systolic

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

function: data from the prospective Copenhagen Hospital Heart
Failure Study (CHHF). Eur J Heart Fail 6(3):335-341
Varadarajan P, Pai RG (2003) Prognosis of congestive heart fail-
ure in patients with normal versus reduced ejection fractions:
results from a cohort of 2,258 hospitalized patients. J Card Fail
9(2):107-112

Lenzen MJ et al (2004) Difterences between patients with a pre-
served and a depressed left ventricular function: a report from the
EuroHeart Failure Survey. Eur Heart J 25(14):1214-1220
McCullough PA et al (2005) Outcomes and prognostic factors of
systolic as compared with diastolic heart failure in urban America.
Congest Heart Fail 11(1):6-11

Bursi F et al (2006) Systolic and diastolic heart failure in the com-
munity. JAMA 296(18):2209-2216

Levy D et al (2002) Long-term trends in the incidence of and
survival with heart failure. N Engl J Med 347(18):1397-1402
Roger VL et al (2004) Trends in heart failure incidence and sur-
vival in a community-based population. JAMA 292(3):344-350
Vasan RS et al (1999) Congestive heart failure in subjects with
normal versus reduced left ventricular ejection fraction: preva-
lence and mortality in a population-based cohort. ] Am Coll Car-
diol 33(7):1948-1955

Gottdiener JS et al (2002) Outcome of congestive heart failure in
elderly persons: influence of left ventricular systolic function. The
cardiovascular health study. Ann Intern Med 137(8):631-639
Curtis JP et al (2003) The association of left ventricular ejection
fraction, mortality, and cause of death in stable outpatients with
heart failure. ] Am Coll Cardiol 42(4):736-742

Gotsman I et al (2012) Heart failure and preserved left ventricular
function: long term clinical outcome. PLoS ONE 7(7):e41022
Antman EM (2001) Clinical trials in cardiovascular medicine.
Circulation 103(21):E101-E104

Collins R, MacMahon S (2001) Reliable assessment of the effects
of treatment on mortality and major morbidity, I: clinical trials.
Lancet 357(9253):373-380

Gheorghiade M et al (2005) Acute heart failure syndromes:
current state and framework for future research. Circulation
112(25):3958-3968

Savarese G et al (2022) Heart failure with mid-range or mildly
reduced ejection fraction. Nat Rev Cardiol 19(2):100-116

Lund LH (2018) Heart failure with mid-range ejection fraction:
lessons from CHARM. Card Fail Rev 4(2):70-72

Schupp T et al (2024) Effect of heart failure pharmacotherapies in
patients with heart failure with mildly reduced ejection fraction.
Eur J Prev Cardiol 31(11):1347-1360. https://doi.org/10.1093/
eurjpc/zwael21

van Heerebeek L, Paulus WJ (2016) Understanding heart failure
with preserved ejection fraction: where are we today? Neth Heart
J24(4):227-236

Deichl A, Wachter R, Edelmann F (2022) Comorbidities in heart
failure with preserved ejection fraction. Herz 47(4):301-307
Swedberg K et al (1999) Candesartan in heart failure—assess-
ment of reduction in mortality and morbidity (CHARM): ration-
ale and design. Charm-Programme Investigators. J Card Fail
5(3):276-282

Alvarez-Garcia J et al (2017) Prognostic impact of physician spe-
cialty on the prognosis of outpatients with heart failure: propensity
matched analysis of the REDINSCOR and RICA registries. Rev
Esp Cardiol (Engl Ed) 70(5):347-354

Ansari M et al (2003) Cardiology participation improves outcomes
in patients with new-onset heart failure in the outpatient setting.
J Am Coll Cardiol 41(1):62-68

Uthamalingam S et al (2015) Outcomes of patients with acute
decompensated heart failure managed by cardiologists versus
noncardiologists. Am J Cardiol 115(4):466-471

@ Springer


https://doi.org/10.1161/JAHA.117.007785
https://doi.org/10.1161/JAHA.117.007785
https://doi.org/10.1002/ejhf.3337
https://doi.org/10.1002/ejhf.3337
https://doi.org/10.1093/eurjpc/zwae121
https://doi.org/10.1093/eurjpc/zwae121

664

Clinical Research in Cardiology (2025) 114:651-664

45.

46.

47.

48.

Jankowska EA et al (2014) Comparison of clinical profile and
management of outpatients with heart failure with reduced left
ventricular ejection fraction treated by general practitioners and
cardiologists in contemporary Poland: the results from the DATA-
HELP registry. Int J Cardiol 176(3):852-858

Joynt KE, Orav EJ, Jha AK (2013) Physician volume, specialty,
and outcomes of care for patients with heart failure. Circ Heart
Fail 6(5):890-897

Auerbach AD et al (2000) Resource use and survival of patients
hospitalized with congestive heart failure: differences in care by
specialty of the attending physician. SUPPORT Investigators.
Study to understand prognoses and preferences for outcomes and
risks of treatments. Ann Intern Med 132(3):191-200

Philbin EF, Jenkins PL (2000) Differences between patients with
heart failure treated by cardiologists, internists, family physicians,

@ Springer

49.

50.

51.

and other physicians: analysis of a large, statewide database. Am
Heart J 139(3):491-496

Kondo T et al (2018) Specialty-related differences in the acute-
phase treatment and prognosis in patients with acute heart failure
- insights from REALITY-AHF. Circ J 83(1):174-181

Lindberg F et al (2022) Patient profile and outcomes associated
with follow-up in specialty vs. primary care in heart failure. ESC
Heart Fail 9(2):822-833

Mentz RJ et al (2014) Noncardiac comorbidities in heart failure
with reduced versus preserved ejection fraction. ] Am Coll Car-
diol 64(21):2281-2293



	Prior hospitalizations as a predictor of prognosis in heart failure with mildly reduced ejection fraction
	Abstract
	Objective 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study patients, design and data collection
	Inclusion and exclusion criteria
	Risk stratification
	Study endpoints
	Statistical methods

	Results
	Study population
	Prognostic impact of prior hospitalizations in patients with HFmrEF
	Prognostic impact of the admission department of prior hospitalizations
	Prognostic impact of the type of prior hospitalization

	Discussion
	Study limitations
	Conclusions
	References




