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ARTICLE INFO ABSTRACT

Keywords: Background: To determine and compare the demographic characteristics, clinical profile and management of
Clinic profile patients with heart failure with mid-range ejection fraction (HFmrEF) and heart failure with preserved ejection
Epidemif)logy ] ) o ) fraction (HFpEF) in a Turkish cohort.

Heart failure with mid-range ejection fraction Methods: The APOLLON trial (A comPrehensive, ObservationaL registry of heart faiLure with mid-range and

Heart failure with preserved ejection fraction preserved ejection fractiON) is an observational and multicenter study conducted in Turkey. Consecutive pa-

tients admitted to the cardiology clinics who were at least 18 years of age and had HFmrEF or HFpEF were
included (NCT03026114).

Results: The study population included 1065 (mean age of 67.1 + 10.6 years, 54% women) patients from 12
sites in Turkey. Among participants, 246 (23.1%) had HFmrEF and 819 (76.9%) had HFpEF. Compared to
patients with HFpEF, those with HFmrEF were more likely to be male (57.7 vs 42.2%; p < 0.001), had higher N-
terminal pro-B-type natriuretic peptide levels (853 vs 528 pg/ml, p < 0.001), were more likely to have ECG
abnormalities (72.4 vs 53.5%, p < 0.001) and hospitalization history for heart failure (28 vs 18.6%; p = 0.002).
HFmrEF patients were more likely to use B-blockers (69.9 vs 55.2%, p < 0.001), aldosterone receptor an-
tagonists (24 vs 14.7%, p = 0.001), statins (37 vs 23%, p < .001), and loop diuretics (39.8 vs 30.5%,
p = 0.006) compared to patients with HFpEF.

Conclusions: The results of APOLLON study support that the basic characteristics and etiology of HFmrEF are
significantly different from HFpEF. This registry also showed that the patients with HFmrEF and HFpEF were
younger but undertreated in Turkey compared to patients in western countries.

1. Introduction normal left ventricular size to severely reduced LVEF and marked di-
lation of the left ventricle [1]. Although HF was considered to be sy-

The clinical syndrome of heart failure (HF) is associated with a wide nonymous with reduced LVEF < 40% (HFrEF) until early 2000s, recent
spectrum of left ventricular structural and functional abnormalities studies performed in the last two decades have shown that HF with
ranging from preserved left ventricular ejection fraction (LVEF) and preserved ejection fraction (HFpEF), the term used to define patients
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with signs and symptoms of HF with LVEF > 50%, is emerging as the
most common form of HF [2]. Previous European Society of Cardiology
(ESC) guidelines for the diagnosis and treatment of acute and chronic
HF had a grey area identifying patients with a LVEF ranging between 40
and 49% [3], and the recent 2016 guidelines included a new mid-range
group in the classification of HF in order to stimulate research in this
subpopulation of patients [4]. This guideline defined HF with mid-
range ejection fraction (HFmrEF) as the presence of symptoms/signs of
HF, a LVEF between 40 and 49%, elevated levels of natriuretic peptides
and evidence of other cardiac functional or structural alterations such
as left atrial enlargement, left ventricle hypertrophy or diastolic dys-
function [4].

Approximately 1-2% of the adult population in developed countries
has HF, with the prevalence rising to =10% among persons 70 years of
age or older and at least.

half of these patients have HFmrEF or HFpEF [4]. Clinical profile,
presentation, and pathophysiology of HFmrEF and HFpEF are hetero-
geneous [5] and most of the HFpEF and HFmrEF studies have been
conducted in western countries and limited information is available in
other regions of the world.

Previous studies have shown that patients with HFmrEF have a
baseline profile in-between of HFrEF and HFpEF, with some char-
acteristics closer to HFrEF and others to HFpEF. Given the differences in
demography, clinical presentation, etiology and prognosis in the three
groups, some authors suggest that HFmrEF has a phenotype closer to
HFpEF whereas other authors consider it closer to HFrEF [6]. However,
there are no data regarding the epidemiology, clinical features and
causes of HFmrEF or HFpEF in our country. As Turkey is a wide country
with different ethnicities, multicenter studies that emphasize epide-
miologic and clinical features of HFmrEF and HFpEF are needed to
elucidate their pattern in Turkey. Therefore, we performed a compre-
hensive study to determine the epidemiologic profile and clinical fea-
tures of HFmrEF and HFpEF in a Turkish cohort.

2. Methods
2.1. Study design

The APOLLON (A comPrehensive, Observational registry of heart
faiLure with mid-range and preserved ejection fractiON) study is a
cross-sectional, multicenter, and observational study conducted in
HFmrEF and HFpEF patients in Turkey (ClinicalTrials.gov identifier
NCT03026114). Design and rationale of APOLLON trial have been de-
scribed in detail elsewhere [7]. In brief, the APOLLON registry popu-
lation comprised consecutive outpatients with HFmrEF and HFpEF,
presenting to cardiologists in participating Turkish cities, and all data
were collected in a single visit. To ensure inclusion of adequate geo-
graphic diversity, number of patients proportionate to the total popu-
lation of every region were enrolled. State, university, education and
research hospitals were included in order to represent all patients
treated within different health care settings. The study was initiated in
March 31, 2018 and the last patient was enrolled in May 20, 2018. A
total of 1065 patients who presented to the outpatient cardiology
clinics with New York Heart Association class I, II, III, or IV HF sign
and/or symptoms were enrolled in the study at 11 sites across the
country.

Inclusion criteria were; patients aged =18 years at the time of en-
rollment who were willing to participate and provide written informed
consent; patients with a LVEF =40% and N-terminal pro-B-type na-
triuretic peptide (NT-proBNP) level > 125 pg/ml; patients with signs
and symptoms of HF. One symptom must be present at the time of
screening and one sign must be present in the last 12 months.

Exclusion criteria were; patients with a LVEF < 40%; patients with
significant chronic pulmonary disease; patients with primary hemody-
namically significant uncorrected valvular.

heart disease; patients with any history of surgically corrected heart
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valve diseases (e.g., mechanical or bioprosthetic heart valves); patients
with myocardial infarction, stroke, or coronary artery bypass graft
surgery in the past 90 days; percutaneous coronary intervention or
pacemaker implantation in the past 30 days; heart transplant recipients;
known infiltrative or hypertrophic obstructive cardiomyopathy or
known pericardial constriction; patients with congenital heart diseases
or cor pulmonale; and pregnants.

2.2. Clinical and laboratory assessment

Participants underwent a detailed medical history, physical ex-
amination, fasting blood draw with subsequent laboratory assessment,
electrocardiography, and transthoracic echocardiography. Patient
characteristics were obtained by a survey recording demographic data,
including age, sex, body mass index, level of education, place of re-
sidence (rural or urban), status of smoking and alcohol use, co-
morbidities, current and previous therapies or interventions to treat HF
and all medications.

Diabetes mellitus was defined as a fasting glucose =126 mg/dL,
random glucose =200mg/dL, or the use of hypoglycaemic medica-
tions. Anemia was defined as haemoglobin < 13 g/dl in men, and <
12 g/dl in women. Blood pressure was taken as the average of two
seated measurements. Body mass index was calculated as weight di-
vided by height? and expressed as kg/m?. Blood samples were obtained
at admission to measure laboratory variables, including NT-proBNP.
The estimated glomerular filtration rate (eGFR) was calculated using
the Modification of Diet in Renal Disease equation (MDRD-4) [8]. Renal
failure was defined as eGFR < 60 ml/min/1.73m? Prior history of
coronary heart disease was ascertained systematically using a combi-
nation of self-report, electrocardiogram, review of all available prior
medical records, and physician contact. Other comorbidities was de-
fined according to review of all available prior medical records, and
physician contact.

All patients were screened by transthoracic echocardiography
during their first admission to the outpatient clinics, and LVEF was
assessed using the conventional apical two- and four-chamber views
and the modified Simpson's method. Patients were grouped based on
their LVEF record into two groups: patients with HFpEF (LVEF =50%)
and patients with HFmrEF (LVEF 40-49%). For the determination of
HFpEF and HFmrEF, at least one additional echocardiographic criterion
including relevant structural heart disease or diastolic dysfunction was
required. Key structural alterations were accepted as a left atrial vo-
lume index (LAVI) > 34 ml/m? or a left ventricular mass index (LVMI)
>115g/m? for males and = 95 g/m? for females. Key diastolic dys-
function criteria were accepted an E/e' = 13 and a mean e’ septal and
lateral wall < 9 cm/s.

The etiology of HF was determined based on the following algo-
rithm: Ischemic, when the patient was diagnosed with ischemic heart
disease; Valvular, when there was moderate valvulopathy with no is-
chemic heart disease; Hypertensive, when there was previous history of
hypertension but no evidence of additional cardiovascular disease;
Atrial fibrillation, when there was any type of atrial fibrillation but no
evidence of additional cardiovascular disease.

The study was approved by the Local Ethics Committee of Mugla
Sitk1 Kogman University. Written informed consent was obtained from
all patients.

2.3. Statistical analyses

Statistics are provided as percentages (%) or as mean with standard
deviations (SD). Baseline continuous variables are presented as
mean * SD or median and interquartile range, depending on the dis-
tribution of the data; categorical data are presented as counts and
percentages. Categorical variables ar compared using the 2 test and
the continuous variables using the t-test or the Mann—-Whitney U test, as
appropriate. Univariate and multiple regression analyses are used to
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Table 1
Patient demographics and characteristics.
Overall (n = 1065) HFmrEF (n = 246) HFpEF (n = 819) p value

Female sex 577 (54.2) 104 (42.3) 473 (57.8) < 0.001
Age, years 67.09 + 10.59 67.99 + 10.18 66.83 += 10.71 0.132
Smoking 188 (17.7) 59 (24.0) 129 (15.8) 0.004
Alcohol use 46 (4.3) 17 (6.9) 29 (3.5) 0.031
Educational status
Illiterate 302 (28.4) 66 (26.8) 236 (28.8)
Primary 484 (45.4) 112 (45.4) 372 (45.4)
Secondary 124 (11.6) 28 (11.4) 96 (11.7) 0.921
High 109 (10.2) 28 (11.4) 81 (9.9)
University 46 (4.3) 12 (4.9) 34 (4.2)
Place of residence
Rural 323 (30.3) 71 (28.9) 252 (30.8) 0.581
Urban 742 (69.7) 175 (71.1) 567 (69.2)
NYHA
1 229 (21.5) 56 (22.8) 173 (21.1)
I 579 (54.4) 124 (50.4) 455 (55.6) 0.518
111 220 (20.7) 59 (24.0) 161 (19.7)
I\ 323 6 (2.4) 26 (3.2)
Orthopnea 326 (30.6) 87 (35.4) 239 (29.2) 0.070
Paroxysmal nocturnal dyspnea 367 (34.5) 90 (36.6) 277 (33.8) 0.445
Bendopnea 241 (22.6) 64 (26.0) 177 (21.6) 0.164
Palpitation 502 (47.1) 94 (38.2) 408 (49.8) 0.002
Reduced exercise tolerance 879 (82.5) 202 (82.1) 677 (82.7) 0.848
Fatigue, tiredness 678 (63.7) 158 (64.2) 520 (63.5) 0.880
Ankle swelling 352 (33.1) 88 (35.8) 264 (32.2) 0.315
Chest pain 274 (25.7) 73 (29.7) 201 (24.5) 0.114
Syncope 45 (4.2) 9(3.7) 36 (4.4) 0.720
Dizziness 210 (19.7) 48 (19.5) 162 (19.8) 1.000
Body mass index, kg/m? 29.04 + 5.53 28.77 = 4.77 29.12 + 5.74 0.332
Systolic blood pressure, mmHg 133.5 = 20.32 134.29 + 21.00 133.35 = 20.12 0.524
Diastolic blood pressure, mmHg 79.01 * 11.81 80.17 * 12.37 78.65 + 11.62 0.077
Heart rate, bpm 82,73 + 18.11 82.19 * 18.15 82.89 + 18.16 0.593
Jugular vein distention 217 (20.4) 50 (20.3) 167 (20.4) 1.000
Cardiac murmur 498 (46.8) 118 (48.0) 380 (46.4) 0.716
Third heart sound 126 (11.8) 38 (15.4) 88 (10.7) 0.055
Peripheral edema 356 (33.4) 91 (37.0) 265 (32.4) 0.190
Pulmonary crepitations 235 (22.1) 51 (20.7) 184 (22.5) 0.600
Tachypnea 144 (13.5) 31 (12.6) 113 (13.8) 0.672
ECG abnormality 616 (57.8) 178 (72.4) 438 (53.5) < 0.001
Ascites 79 (7.4) 23 (9.3) 56 (6.8) 0.221
Cachexia 35 (3.3) 7 (2.8) 28 (3.49) 0.839
History of hospitalization for HF in the last year 221 (20.8) 69 (28.0) 152 (18.6) 0.002

Data are presented as mean +
the t-test.

standard deviation, or number (%). Categorical variables are compared using the x2 test. Continuous variables are compared using

Abbreviations: HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; NYHA, New York

Heart Association.

calculate odds ratio and 95% confidence interval. The inclusion criteria
for variable selection is p < .10 in multivariable logistic regression
model. Multivariable analysis is performed to find HFpEF and HFmrEF
associated factors. Analyses are performed with SPSS system software
(version 24.0 or higher).

3. Results

A total of 1065 patients (mean age of 67.1 = 10.6 years, 54%
women) were included. Among participants with HF, 819 (76.9%) had
HFpEF and 246 (23.1%) had HFmrEF.

4. Demographic characteristics and comorbidities

Baseline characteristics of the total cohort according to LVEF groups
are presented in Table 1. There were no significant differences in age,
educational status, place of residence, New York Heart Association
functional capacity, heart rate or blood pressure between the two
groups. Prevalence of the signs and symptoms at presentation such as
ortopnea, paroxysmal nocturnal dyspnea, chest pain, syncope, jugular
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vein distention, and peripheral edema were also similar between the
two groups. However, compared to patients with HFpEF, those with
HFmrEF were more likely to be male (57.7 vs 42.2%; p < 0.001), were
more frequent smokers (24 vs 15.8%; p = 0.004), and alcohol users
(6.9 vs 3.5%; p = 0.031).

HFmrEF patients were more likely to have ECG abnormalities (72.4
vs 53.5%, p < 0.001) and history of hospitalization for HF in the last
year (28 vs 18.6%; p = 0.002), but had lower frequency of palpitations
(38.2 vs 49.8%; p = 0.002) compared to patients with HFpEF.

Comparison of comorbid diseases are given in Table 2. Atrial fi-
brillation (38.2 vs 27.6%, p = 0.002) and obstructive sleep apnea (6.7
vs 2.4%, p = 0.011) were more frequent in HFpEF patients compared to
HFmrEF patients. However, compared to patients with HFpEF, those
with HFmrEF were more likely to have chronic kidney disease (17.9 vs
10.7%, p = 0.003), previous myocardial infarction (48 vs 9.6%,
p < 0.001), coronary artery disease (67.9 vs 33.1%, p < 0.001), cor-
onary artery by-pass grafting (30.5 vs 9.8%, p < 0.001), and percuta-
neous coronary intervention (34.6 vs 16.2%, p < 0.001). There were no
significant differences in hypertension, diabetes mellitus, anemia, hy-
perlipidaemia, peripheral artery disease, cerebrovascular accident or
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Table 2
Comorbidities.
Overall HFmrEF HFpEF p value
(n = 1065) (n = 246) (n = 819)
Atrial fibrillation 381 (35.8) 68 (27.6) 313 (38.2) 0.002
Hypertension 811 (76.2) 188 (76.4) 623 (76.1)  0.909
Diabetes mellitus 319 (30.0) 75 (30.5) 244 (29.8) 0.835
Anemia 372 (34.9) 87 (35.4) 285 (34.8) 0.870
Chronic kidney disease 132 (12.4) 44 (17.9) 88 (10.7) 0.003
Dialysis 5(0.5) 3(1.2) 2(0.2) 0.084
Obstructive sleep apnea 61 (5.7) 6 (2.4) 55 (6.7) 0.011
Hyperlipidemia 264 (24.8) 71 (28.9) 193 (23.6) 0.092
Previous myocardial 197 (18.5) 118 (48.0) 79 (9.6) < 0.001
infarction
Coronary artery disease 438 (41.1) 167 (67.9) 271 (33.1) < 0.001
Coronary artery by-pass 155 (14.6) 75 (30.5) 80 (9.8) < 0.001
grafting
Percutaneous coronary 218 (20.5) 85 (34.6) 133 (16.2) < 0.001
intervention
Pacemaker 15 (1.4 3(1.2) 12 (1.5) 1.00
Implantable cardioverter 2(0.2) 2(0.8) 0 (0) 0.053
defibrillator
Cardiac resynchronization 4 (0.4) 1 (0.4) 3(0.4) 1.00
therapy
Peripheral artery disease 28 (2.6) 7 (2.8) 21 (2.6) 0.809
CVA/TIA 70 (6.6) 20 (8.1) 50 (6.1) 0.261
COPD 143 (13.4) 35 (14.2) 108 (13.2)  0.675
Hepatic failure 18 (1.7) 4 (1.6) 14 (1.7) 1.00
Depression 58 (5.7) 14 (5.7) 44 (5.4) 0.847
Malignancy 19 (1.8) 6 (2.4) 13 (1.6) 0.376

Data are presented as number (%). The 2 test is used to compare variables.
Abbreviations: COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
accident; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart
failure with preserved ejection fraction; TIA, transient ischaemic attack.

transient ischaemic attack, chronic obstructive pulmonary disease, hepatic
failure, depression, and malignancy between the two groups.

5. Laboratory parameters

There were some differences according to the laboratory parameters
in patients with HFmrEF and HFpEF (Table 3). Higher NT-proBNP (853
vs 528 pg/ml, p < 0.001), blood urea nitrogen (18 vs 17 mg/dl,
p = 0.002), creatinine (0.9 vs 0.8 mg/dl, p = 0.001), potassium (4.6 vs
4.4 mmol/l, p = 0.004), uric acid (5.8 vs 5.5mg/dl, p = 0.012) and
ferritin (62.7 vs 52 ng/ml, p = 0.029) levels were measured in patients
with HFmrEF than HFpEF.
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6. Echocardiography

Comparison of echocardiographic parameters are presented in
Table 4. Compared to patients with HFpEF, those with HFmrEF had
larger LV end-diastolic (51 vs 47 mm, p < 0.001) and LV end-systolic
(37.5 vs 32mm, p < 0.001) dimensions, higher left atrial volume
index (35 vs 34 ml/m? p = 0.008) and LV mass index (121.7 vs
105.3 g/mz, p < 0.001), but lower LVEF (45 vs 60%, p < 0.001).
There were more patients without mitral regurgitation in the HFpEF
group (33 vs 14.2%, p < 0.001), and HFmrEF patients were more
likely to have mild (57.3 vs 49.5%, p < 0.001), moderate (27.6 vs
17.2%, p < 0.001) or severe (0.8 vs 0.4%, p < 0.001) mitral regur-
gitation compared to patients with HFpEF. There were no significant
differences in other valvular pathologies and diastolic dysfunction
parameters between the two groups.

7. Medication

Comparison of drugs used by HFmrEF and HFpEF patients are given
in Table 5. HFmrEF patients were more likely to use B-blockers (69.9 vs
55.2%, p < 0.001), aldosterone receptor antagonists (24 vs 14.7%,
p = 0.001), ivabradine (4.1 vs 0%, p < 0.001), statins (37 vs 23%,
p < 0.001), loop diuretics (39.8 vs 30.5%, p = 0.006), nitrates (6.9 vs
3.8%, p = 0.038), and antiaggregant drugs (60.6 vs 40.3%, p < 0.001)
compared to patients with HFpEF. However, the use of non-
dihydropyridine calcium channel blockers (12.5 vs 6.5%, p = 0.009), di-
hydropyridine calcium channel blockers (21.9 vs 13.8%, p = 0.006), and
anticoagulant drugs (29.3 vs 22.4%, p = 0.033) were higher in patients
with HFpEF. There were no significant differences in other medications
between the two groups.

8. Etiology of heart failure

Table 6 shows the etiology of heart failure in two groups. Although
ischemia was the most common cause of HF in patients with HFmrEF
(63.4%), atrial fibrillation was the most frequent cause in patients with
HFpEF (31.3%). Ischemia (63.4 vs 21.2%, p < 0.001) was more fre-
quent in patients with HFmrEF compared to patients with HFpEF.
However, there were more frequent atrial fibrillation (31.3 vs 15.9%,
p < 0.001), hypertension (30.0 vs 8.9%, p < .001), and valve diseases
(12.8 vs 6.1%, p < 0.001) in etiology of HF in patients with HFpEF
compared to patients with HFmrEF.

9. Associated factors with HFmrEF and HFpEF

The univariate analysis of the associated factors with HFmrEF and

Table 3
Laboratory parameters.
Overall (n = 1065) HFmrEF (n = 246) HFpEF (n = 819) p value

NT-proBNP, pg/ml 620 (270-1172) 853 (420-1612) 528 (248-974) < 0.001
Fasting blood glucose, mg/dl 105 (94-128) 104 (93-132) 106 (94-127) 0.554
BUN, mg/dl 17 (13.6-22.7) 18 (14.7-25) 17 (13-22) 0.002
Serum Creatinine, mg/dl 0.88 (0.70-1.07) 0.9 (0.8-1.1) 0.8 (0.7-1.0) 0.001
Serum Sodium, mmol/1 140 (138-142) 141 (139-142) 140 (138-142) 0.247
Serum Potassium, mmol/1 4.5 (4.2-4.8) 4.6 (4.2-4.9) 4.4 (4.1-4.8) 0.004
Serum Calcium, mg/dl 9.2 (8.9-9.6) 9.2 (8.9-9.5) 9.2 (8.9-9.6) 0.814
Uric acid, mg/dl 5.6 (4.7-6.8) 5.8 (5.0-7.0) 5.5 (4.6-6.7) 0.012
Haemoglobin, g/dl 13.0 (11.8-14.3) 13.2 (11.8-14.5) 13.0 (11.8-14.2) 0.159
Leukocyte, x10°/pl 7.8 (6.6-9.3) 7.8 (6.8-9.4) 7.8 (6.6-9.2) 0.354
C-reactive protein, mg/dl 3.4 (1.8-7.0) 3.0 (1.8-6.9) 3.5 (1.8-7.0) 0.518
Ferritin, ng/ml 55.0 (26.8-94.8) 62.7 (31.0-101.1) 52.0 (26.1-93.0) 0.029
TSH, pIU/ml 1.4 (0.9-2.3) 1.4 (0.9-2.6) 1.4 (0.9-2.3) 0.675

Data are presented as median and interquartile range. Mann-Whitney U test is used to compare variables.

Abbreviations: BUN, blood urea nitrogen; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; NT-proBNP,
N-terminal pro B-type natriuretic peptide; TSH, thyrotropin stimulating hormone.
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Table 4 Table 5
Two-dimensional transthoracic echocardiographic and doppler data. Medications.
Overall HFmrEF HFpEF p value Overall HFmrEF HFpEF p value
(n = 1065) (n = 246) (n = 819) (n = 1065) (n = 246) (n = 819)
LVEF, % 57 (50-60) 45 (40-45) 60 (55-63) < 0.001 Angiotensin-converting 354 (33.2) 89 (36.2) 265 (32.4) 0.264
€/, cm/sn 7 (6-8) 7 (6-8.1) 7 (6-8) 0.663 enzyme inhibitor
E/e’ 9.3 (7.8-12.0) 9.4 (7.7-12.0) 9.2 (7.8-12.0) 0.833 Angiotensin receptor 292 (27.4) 64 (26.0) 228 (27.8) 0.574
. . . blocker
LV diastolic dysfunction Beta-blocker 624 (58.6)  172(69.9) 452(55.2) < 0.001
None 141 (13.2) 37 (15.0) 104 (12.7) 0.658 .
Aldosterone antagonists 179 (16.8) 59 (24.0) 120 (14.7)  0.001
Grade 1 285 (26.8) 60 (24.4) 225 (27.5) Ivabradine 10 (0.9) 10 (4.1) 0 (0) < 0.001
Grade 2 408 (38.3) 97 (39.4) 311 (38.0) Amiodarone 20 (1.9) 6 (2.4) 14 (1L.7) 0.430
Grade 3 231 (21.7) 52 (21.1) 179 (21.9)
LVED dimension, ~ 48 (45-52) 51 (47-55.2) 47 <0.001 Propafenone 303 1049 20.2) 0.546
mm ? ) (44.0-51.0) : Nondihydropyridine 118 (11.1) 16 (6.5) 102 (12.5) 0.009
e calcium blockers
LVES dimension, 32 (29-37) 37.5 32 < 0.001 . s .
mm (32.0-43.0) (28.0-35.0) Dlhytjz(;i};lsdme calcium 213 (20.0) 34 (13.8) 179 (21.9) 0.006
WA 1(:lri:enslon, 11 10-13) 11 (10.0-12.2) 2110 0130 0.522 Digoxin 68 (6.4) 18 (7.3) 50 (6.1) 0.495
. . e Statin 279 (26.2) 91 (37.0) 188 (23.0) < 0.001
vavrzrglmens“’“’ 11{10-12 11 (10.0-11.0) 2110 0-12.0) 0.874 Loop diuretic 348 327) 98 (39.8) 250 (30.5)  0.006
2 : : Thiazide 318 (29.9) 78 (31.7) 240 (29.3) 0.470
LAVI, ml/m 34 (29-41) 35 (30.0-43.0) ?;9 0400 0.008 Isosorbide 48 (4.5) 17 (6.9) 31 (3.8) 0.038
LA enlargement 524 (49.2) 132 (53.7) 392 (47.9) 0.111 Antiaggregant 479 (45.0) 149 (60.6) 330 (40.3) - < 0.001
LVMI, g/m? 109.5 121.7 105.3 < 0.001 Anticoagulant 295 (27.7) 55 (22.4) 240 (29.3) 0.033
(90.3-129.5)  (103.6-138.2)  (89.1-125.4) N‘m?;;r;’:;la:s:; drug 7807:3) £B63 55(67) 0.164
v C}?;;:;‘:C‘;hy 611 (57.4) 169 (68.7) 442 (54.0) < 0.001 Oral antihyperglysemic 246 (23.1)  57(23.2) 189 (23.1) 0.976
PAPs, mmHg 29 (15-35) 30 (15.0-36.0)  28.1 0.330 Insulin 878.2) 26(106) 61 (7:4) 0.117
15.0-35.0 . .
¢ ) Data are presented as number (%). The 2 test is used to compare variables.
Mitral regurgitation Abbreviations: HFmrEF, heart failure with mid-range ejection fraction; HFpEF,
None 305 (28.6) 35 (14.2) 270 (33.0) < 0.001 heart failure with preserved ejection fraction.
Mild 546 (51.3) 141 (57.3) 405 (49.5)
Moderate 209 (19.6) 68 (27.6) 141 (17.2)
Severe 5(0.5) 2(0.8) 3(0.4) Table 6
§ . Etiology of heart failure.
Mitral stenosis
None 1028 (96.5) 240 (97.6) 788 (96.2) 0.440 Overall HFmrEF HFpEF p value
Mild 25 (2.3) 5 (2.0) 20 (2.4 (n = 1065) (n = 246) (n = 819)
Moderate 12 (1.1) 1(0.4) 11 (1.3)
Aortic stenosis Ischemic 330 (31.0) 156 (63.4) 174 (21.2) < 0.001
Atrial fibrillati 295 (27.7 39 (15.9 256 (31.3
None 1030 (96.7) 234 (95.1) 796 (97.2) 0.278 ria’ tbritation (27.7) (15.9) (31.3)
Mild 23 (2.2) 8(3.3) 15 (L.8) Hypertension 268 (25.2) 22 (8.9) 246 (30.0)
! ’ ’ . Valve disease 120 (11.3) 15 (6.1) 105 (12.8)
Moderate 12 (1.1) 4 (1.6) 8 (1.0) Other 52 (4.9) 14 (5.7) 38 (4.6)
Aortic regurgitation
None 807 (75.8) 181 (73.6) 626 (76.4) 0.468 Data are presented as number (%). The 2 test is used to compare variables.
Mild 227 (21.3) 59 (24.0) 168 (20.5) Abbreviations: HFmrEF, heart failure with mid-range ejection fraction; HFpEF,
Moderate 31 (2.9) 6 (2.4) 25 (3.1 heart failure with preserved ejection fraction.
Tricuspid regurgitation
None 386 (36.2) 86 (35.0) 300 (36.6) 0.336 95% CI 1.659-3.621, p < 0.001) were associated with HFmrEF. The
Mild 446 (41.9) 111 (45.1) 335 (40.9) :
use of aldosterone receptor antagonists (OR 1.744, 95% CI
Moderate 196 (18.4) 38 (15.4) 158 (19.3) _ P 1 8 . d ( h ’ 0
Severe 37 (3.5) 11 (4.5) 26 (3.2) 1.131-2.690, p = 0.012) was also associated with HFmrEF. However,

Data are presented as median and interquartile range or number (%).
Categorical variables are compared using the 2 test. Continuous variables are
compared using the Mann-Whitney U test.

Abbreviations: IVS, interventricular septum; HFmrEF, heart failure with mid-
range ejection fraction; HFpEF, heart failure with preserved ejection fraction;
LA, left atrium; LAVI, left atrial volume index; LV, left ventricle; LVED, left
ventricular end-diastolic; LVEF, Left ventricle ejection fraction; LVES, left
ventricular end-systolic; LVMI, left ventricular mass index; LVPW, left ven-
tricular posterior wall; PAPs, pulmonary artery systolic pressure.

HFpEF are shown in Fig. 1. Multivariable logistic regression analysis for
the likelihood of having HFmrEF and HFpEF are shown in Table 7. After
multivariable adjustment; presence of coronary artery disease (adjusted
odds ratio [OR] 3.222, 95% confidence interval [CI] 2.136-4.861,
p < 0.001), mitral regurgitation (OR 3.188, 95% CI 2.021-5.029,
p < 0.001), chronic kidney disease (OR 1.345, 95% CI 1.124-2.313,
p = 0.021), absence of atrial fibrillation (OR 2.045, 95% CI
1.180-3.545, p = 0.011), alcohol use (OR 2.287, 95% CI 1.080-4.843,
p = 0.031), having higher NT-proBNP levels (OR 2.681, 95% CI
1.730-4.157, p < 0.001) and having abnormalities on ECG (OR 2.451,
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female sex (OR 1.555, 95% CI 1.124-2.150, p = 0.008), presence of
atrial fibrillation (OR 1.468, 95% CI 1.051-2.051, p = 0.024), ob-
structive sleep apnea (OR 3.237, 95% CI 1.357-7.723, p = 0.008) and
use of calcium channel blockers (OR 1.843, 95% CI 1.282-2.649,
p = 0.001) were associated with HFpEF.

Among all clinical and laboratory parameters; coronary artery dis-
ease had the highest odds ratio for HFmrEF and obstructive sleep apnea
had the highest odds ratio for HFpEF (Fig. 2).

10. Discussion

APOLLON is a multicenter study first to provide data on the de-
mographic and clinical characteristics and medication profile of pa-
tients with HFmrEF and HFpEF in our country. Our study have shown
that nearly one-fourth of the patients with signs and symptoms of HF,
LVEF =40% and increased natriuretic peptide levels had HFmrEF.
APOLLON study also revealed that the patients with HFmrEF and
HFpEF are younger than the patients in western countries.

HFpEF, which currently represents approximately 50% of HF cases,
is common and associated with high morbidity and mortality [9].
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Fig. 1. Forest plots of unadjusted odds ratios for heart failure with preserved ejection fraction vs. heart failure with mid-range ejection fraction. Baseline char-
acteristics and comorbid features (A), medications and laboratory data (B). ACEi, angiotensin-converting enzyme inhibitor; ARBs, angiotensin receptor blockers;
HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Table 7
Associated factors for heart failure with mid-range ejection fraction and pre-
served ejection fraction.

For HFmrEF

Odds Ratio 95% CI p value
Alcohol use 2.287 1.080-4.843 0.031
ECG abnormality 2.451 1.659-3.621 < 0.001
Coronary artery disease 3.222 2.136-4.861 < 0.001
Mitral regurgitation 3.188 2.021-5.029 < 0.001
Absence of atrial fibrillation 2.045 1.180-3.545 0.011
Chronic kidney disease 1.345 1.124-2.313 0.021
NT-proBNP, > 300 pg/ml 2.681 1.730-4.157 < 0.001
Aldosterone antagonists 1.744 1.131-2.690 0.012
For HFpEF

Odds Ratio 95% CI p value
Female sex 1.555 1.124-2.150 0.008
Atrial fibrillation 1.468 1.051-2.051 0.024
Obstructive sleep apnea 3.237 1.357-7.723 0.008
Lower serum ferritin 1.000 0.998-1.002 0.840
Calcium channel blockers 1.843 1.282-2.649 0.001

Multivariable logistic regression analysis is used to obtain the odds ratios.
Abbreviations: CI, confidence interval; HFmrEF, heart failure with mid-range
ejection fraction; HFpEF, heart failure with preserved ejection fraction, NT-
proBNP, N-terminal pro B-type natriuretic peptide.

Previous studies have shown that patients with HFpEF are pre-
dominantly elderly, more likely to be female, and have a high pre-
valence of comorbidities such as hypertension, coronary artery disease,
diabetes mellitus, atrial.

fibrillation, obesity, anemia, and chronic kidney disease [10-12].
Although the morbidity and mortality associated with HFpEF is similar
to HFrEF [13] and survival in HFrEF has significantly improved over
the past decades, prognosis of patients with HFpEF has not shown any
significant change within the same time period despite the use of si-
milar drugs [14].

A new category of HF, heart failure with borderline ejection fraction
was defined in 2016 ESC guidelines as the presence of the typical
symptoms of HF and a LVEF of 40% to 49% [4]. Although HFmrEF is
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less well studied compared with HFpEF and HFrEF, its prevalence is
thought to be between from 13 to 24% of the HF population [15,16].
The HFmrEF patient profile is similar in certain features typically seen
in HFrEF with other features found in HFpEF [17,18]. The ESC HF
Long-Term (ESC-HF-LT) Registry have revealed that HFmrEF group
resembled the HFrEF group in some features, including age, gender and
ischemic etiology, but had less left ventricular and atrial dilation [19].
Ischemic heart diseases appears to be a common etiology in HFmrEF,
occurring in > 40% of the population in several other cohorts [15,20]
which resembles to HFrEF and higher than the HFpEF. However, pre-
valence of atrial fibrillation was estimated to be 60%, intermediate
between HFpEF (65%) and HFrEF (53%) [21]. Prevalence of atrial fi-
brillation was 27.6% in HFmrEF and 38.2% in HFpEF patients in our
study. We also showed that patients with HFmrEF were more likely to
have coronary artery disease (67.9 vs 33.1%) compared to patients with
HFpEF. Results of our study revealed that that clinical manifestations of
HFpEF are the same as those for HFmrEF. Subjects with HFpEF had a
similar symptomatic profile compared with subjects with HFmrEF in
respect to edema, paroxysmal nocturnal dyspnea, third heart sound,
jugular venous distention, pulmonary rales, heart rate, and prevalence
of New York Heart Association class III or IV symptoms, fatigue, ele-
vated jugular venous pressure, and pulmonary rales. However, HFpEF
patients were more likely to have palpitations compared to patients
with HFmrEF, which may be explained by the higher prevalence atrial
fibrillation in HFpEF patients.

Participant physcians were asked an open-ended question about the
etiology of HF in our study. Ischemic heart diseases were the most
common cause of HF in patients with HFmrEF (63.4%) followed by the
atrial fibrillation (15.9%). Atrial fibrillation was the most frequent
cause of HF in patients with HFpEF (31.3%) followed by hypertension
(30%). There is much overlap between comorbidities, and a direct
causal relationship between one and the other and HFpEF or HFmrEF
has not been established. Although hypertension is a comorbidity in
most of the HFpEF patients, the reason of HF may be ischemic heart
diseases or valvular diseases. For example; Abebe and colleagues ret-
rospectively assessed medical transcript of 311 patients who had been
admitted with a diagnosis of HF [22]. From the study group, 164 pa-
tients had HFpEF and the remaining participants had HFrEF. Of the
HFpEF patients 34% had hypertension but hypertension had been re-
ported as the cause of HF only in %20 of the HFpEF patients. In our
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Fig. 2. Associated factors with heart failure with mid-range ejection fraction (A) and heart failure with preserved ejection fraction (B). HFmrEF, heart failure with
mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

study population, nearly 76% of the HFpEF and HFmrEF patients had
hypertension but the attending physicians had reported hypertension as
the cause of HF in 30% of the HFpEF patients and 8.9% of the HFmrEF
patients.

Another interesting finding of our study was the prevalence of
valvular heart disease as a comorbidity and cause of HF. As shown in
Table 4, the only significantly different form of valve disease was mitral
regurgitation in HFmrEF and HFpEF patients. HFmrEF patients had
more likely to have mitral regurgitation and they also had increased
severity of mitral regurgitation compared to patients with HFpEF.
However, there were more frequent valve diseases (12.8 vs 6.1%,
p < 0.001) in etiology of HF in patients with HFpEF compared to
patients with HFmrEF. This discrepancy may be explained by higher
prevalence of the ischemic mitral regurgitaion in patients with HFmrEF;
they had more and severe mitral regurgitation but the valvular disease
was not the reason of HF in most of the patients.

Role of biomarkers in HFmrEF is not well established but recent
studies suggest that their prognostic impact may be weakened in
HFmrEF compared with HFrEF [23]. Tromp et al. recently analysed a
biomarker profile for patients with acute decompensated.

HF. They found that the biomarker profile in patients with acute
HFrEF was mainly related to cardiac stretch, that acute HFpEF was
related to inflammation, and that patients with acute HFmrEF showed
an intermediate biomarker profile between those of HFrEF and HFpEF
[24].

In our study; higher NT-proBNP, blood urea nitrogen, creatinine,
potassium, and uric acid levels may be explained with lower LVEF and
increased prevalance of chronic renal diseases in HFmrEF patients
compared to patients with HFpEF. Serum levels of the C-reactive pro-
tein is a sensitive indicator of inflammation and strongly associated
with future risk of coronary heart disease [25]. However, our study did
not reveal any differences in C-reactive protein levels between the two
groups, although coronary artery disease was more prominent in
HFmrEF.

One of the most important results of our study is younger age of
both HFmrEF and HFpEF patients compared with developed countries.
In our study, the mean age of the patients was 67 years (range 31-95)
whereas in the Swedish Heart Failure Registry the mean age of the
patients was 75 years (range 17-103 years) [26]. OPTIMIZE-HF registry
was enrolled patients with =18 years of age and found that the mean
age of the patients was 74.3 years in HFmrEF and 75.6 years in with
HFpEF [27].

Mortality and morbidity in HFmrEF appear to be in between HFrEF
and HFpEF. In OPTIMIZE-HF study, the mortality rates were 3.9% for
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patients with HFrEF, 3.0% for HFmrEF, and 2.9% for HFpEF [28]. Data
from GWTG-HF trial also found that patients with HFmrEF had 30-day
mortality rates (8.2%) that were intermediate between those in the
HFpEF (8.5%) and HFrEF (9.5%) groups [17]. However, whether pa-
tients with HFmrEF may benefit from targeted therapies known to be
beneficial in patients with HFrEF, is unknown [27]. The central feature
of therapy in patients with HFpEF and HFmrEF is managing co-
morbidities and risk factors. The medical management of these patients
include neurohormonal blockade with beta-adrenergic receptor
blockers and inhibitors of the renin-angiotensin-aldosterone system.
Diuretic therapy is also recommended to help alleviate symptoms in
patients with congestion [29,30]. However, APOLLON study revealed
angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, beta blockers, aldosterone antagonists, diuretics and statins
are underused by clinicians to treat HF in real-world practice compared
to developed world. For example, 84% of the HFmrEF patients and 72%
of the HFpEF patients were treated with angiotensin receptor blockers
or angiotensin-converting enzyme inhibitors in the Swedish Heart
Failure Registry [26]. Whereas, 62.2% of the HFmrEF patients and
60.2% of the HFpEF patients were treated with these drugs in our study,
respectively.

11. Limitations

The main limitations of the study are its observational nature and
lack of follow-up data. We assessed the associations between baseline
characteristics and baseline LVEF group, but we cannot demonstrate
causality. The limitation of the “clinician-judged HF” diagnosis in the.

APOLLON Registry is also acknowledged. Our study results can not
answer whether HFmrEF is a different disease than the HFpEF or it is a
different stage of the same disease, as we did not include patients with
HFrEF in APOLLON study.

12. Conclusions

Although APOLLON study is an observational study without in-
formation on prognosis, the results of this study provide a real-world
analysis of a large unselected population of HF patients with mid-range
and preserved left ventricular function. The main etiology of HFmrEF
was coronary artery disease, whereas the main etiology of HFpEF was
atrial fibrillation and hypertension in Turkey. Our study revealed that
HFmrEF and HFpEF is now occurring increasingly in younger age
groups but treated less aggressively in Turkey when compared with
western countries. The current study data underscore the necessity of
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large prospective studies evaluating HFmrEF and HFpEF in Turkey.
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