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Cardiac Remodeling Biomarkers as Potential Circulating
Markers of Left Ventricular Hypertrophy in Heart Failure with
Preserved Ejection Fraction
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Soluble suppressor of tumorigenicity 2 (sST2), galectin-3, growth differentiation factor (GDF)-15 and
syndecan-1 represent biomarkers of cardiac remodeling, involved in heart failure (HF) progression. We
hypothesize that their plasma concentrations, together with brain natriuretic peptide (BNP), are different in
HF stratified by ejection fraction (EF), demonstrating correlations with echocardiographic parameters that
indicate left ventricular (LV) hypertrophy; LV mass index (LVMI) and posterior wall and septum diameters.
HF patients (n = 77) were classified according to EF: reduced EF < 40% (HFrEF), mid-range EF = 40-49%
(HFmrEF), preserved EF > 50% (HFpEF). We found that plasma concentrations of four cardiac remodeling
biomarkers were highest in HFrEF and lowest in HFpEF, p < 0.001. In HFpEF, remodeling biomarkers
independently correlated with LVMI: sST2 (p = 0. 002), galectin-3 (p < 0.001), GDF-15 (p = 0.011), and
syndecan-1 (p = 0.006), whereas galectin-3 correlated after multivariable adjustments (p = 0.001).
Independent correlates of septum and posterior wall diameters, in HFpEF, were sST2 (p = 0.019; p =
0.026), galectin-3 (p = 0.011; p = 0.009), GDF-15 (p = 0.007; p = 0.001), and syndecan-1 (p = 0.005; p =
0.002). In HFrEF, only sST2, adjusted, correlated with LVMI (p = 0.010), whereas BNP correlated with
LVMI (p = 0.002) and EF (p = 0.001). GDF-15 correlated with diastolic dysfunction in HFpEF (p = 0.046)
and HFrEF (p = 0.024). Cardiac remodeling biomarkers are potential circulating indicators of LV
hypertrophy in HFpEF, which may ensure timely recognition of disease progression among high-risk
patients.
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Introduction

Heart failure (HF) can be a heterogeneous clinical syn-
drome characterized by signs and symptoms caused by
structural and/or functional cardiac abnormalities, resulting
in reduced cardiac output or elevated intracardiac pressures
during stress or rest (Metra and Teerlink 2017). The patho-

physiology of chronic HF includes involvement of six
major axes: neurohormonal activation, inflammation, oxi-
dative stress, cardiomyocyte injury, cardiac remodeling and
renal dysfunction, represented by different biomarkers
(Richards 2018). Cardiac remodeling biomarkers which are
currently supported with relevant evidence regarding their
monitoring and prognostic accuracy in chronic HF include:
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the soluble suppressor of tumorigenicity 2 (sST2), galec-
tin-3, growth differentiation factor (GDF)-15 and syn-
decan-1 (Chow et al. 2017; Carnes and Gordon 2020).
None of them has, however, reached diagnostic potential of
brain natriuretic peptide (BNP).

The suppressor of tumorigenicity 2 (ST2) represents a
member of the interleukin (IL)-1 receptor family and can be
found in two forms: a transmembrane (ST2L) and a soluble
form (sST2) (Bayes-Genis et al. 2015). ST2L functions as
a receptor for interleukin (IL)-33, cytokine secreted from
the cardiac fibroblasts as an answer to myocardial stress, in
order to mitigate cardiac damage and remodeling (Passino
et al. 2015). Moreover, IL33/ST2L signaling has been
demonstrated to be highly cardioprotective by preventing
cardiac apoptosis, fibrosis and hypertrophy development
(Passino et al. 2015). However, soluble ST2 sequesters
IL33/ST2L interaction, by binding to 1L-33, therefore dis-
abling its favorable effects and leading to detrimental car-
diac events, including adverse remodeling (Bayes-Genis et
al. 2015; Passino et al. 2015).

Galectin-3, a f-galactoside-binding lectin, may be
found in epithelial and endothelial cells and is secreted by
active macrophages to the extracellular space, in order to
transform resistant fibroblasts into matrix-producing cells
(Passino et al. 2015). Additionally, healthy myocardium
exhibits a very low galectin-3 expression; however, any
kind of cardiac injury promptly induces its expression
(Suthahar et al. 2018). Nevertheless, its continuous over-
expression eventually leads to adverse cardiac remodeling
(Suthahar et al. 2018).

Growth differentiation factor (GDF)-15 is a stress-
responsive cytokine, belonging to the transforming growth
factor-beta (TGF-f) receptor family and is physiologically
expressed in the placenta and the central nervous system
(Carnes and Gordon 2020). However, in pathological con-
ditions such as hypoxia, ischemia, oxidative stress or
inflammation it may be expressed in various tissues, includ-
ing the heart, where it was shown to exert anti-hypertrophic
properties (Mueller et al. 2015).

Syndecan-1 is a member of the proteoglycan family
included in cell-matrix interactions and its elevated plasma
concentrations may indicate diverse endothelial injury or a
disruption of glycocalyx (Tromp et al. 2014). Consequently,
syndecan-1 is up-regulated in fibrotic areas of the heart and
promptly up-regulated after pressure-overload (Lunde et al.
2016). Nevertheless, syndecan-1 was demonstrated to be
an essential mediator of angiotensin Il-induced cardiac
fibrosis, affecting quantity and quality of the collagen
matrix (Schellings et al. 2010; Lunde et al. 2016).

To the best of our knowledge, there is no study that
has compared plasma concentrations of these biomarkers in
patients stratified within the category of ejection fraction
according to the current European Society of Cardiology
(ESC) guidelines on heart failure (Ponikowski et al. 2016).

We therefore established new objectives for this study:
first, by reflecting different pathophysiological processes in

the course of HF progression, our hypothesis was that con-
centrations of cardiac remodeling biomarkers (sST2, galec-
tin-3, GDF-15, syndecan-1) and BNP may vary signifi-
cantly according to patients’ classification based on the left
ventricular ejection fraction (LVEF). Second, we sought to
assess the possible correlations of these biomarkers with
relevant clinical, laboratory, and echocardiographic charac-
teristics in the HF subgroups with: reduced, mid-range and
preserved ejection fraction.

Patients and Methods

Study design

This study is designed as a cross-sectional, single-cen-
ter study conducted at the Institute for Treatment and
Rehabilitation “Niska Banja”, Niska Banja, Serbia, from
May to October 2018. All patients, aged > 18 years, previ-
ously diagnosed with chronic heart failure, regardless of
etiology, who had been admitted to the Institute for the pur-
pose of rehabilitation were eligible for inclusion. The diag-
nosis of HF was clinically confirmed according to current
ESC 2016 guidelines (Ponikowski et al. 2016) and required:
symptoms of HF, BNP plasma concentration (> 35 pg/mL)
and relevant structural heart changes (left ventricular mass
index, LVMI > 115 g/m* for males and > 95 g/m*> for
females or left atrial dilation > 40 mm) and/or diastolic
abnormality (E/A ratio < 0.75 or > 1.5).

Informed consent was obtained from all participants
prior to the trial, and the study was approved by both insti-
tutional ethics committees: The Faculty of Medicine, Nis,
University Nis, number 12-10580-2/3 and the Institute for
Treatment and Rehabilitation “Niska Banja”, number
03-4185/1.

Study population

Out of 120 chronic heart failure patients, we selected
77 with complete medical charts, who met the inclusion cri-
teria and were willing to participate in the study. Therefore,
patients with chronic coronary artery disease, myocardial
infarction (with or without ST-elevation), cardiomyopathy
and valvular heart disease as primary causes of heart failure
were classified as a clinical group. Heart failure patients
who had any signs of chronic pulmonary disease, malignan-
cies, diabetes mellitus, neurological disorders, systemic or
infectious diseases or declined to sign “informed consent”
were excluded from the trial.

All patients classified as a clinical group were given
compensated clinical status and received the standard phar-
macological therapy (Ponikowski et al. 2016). Within 24
hours of hospital admission all patients underwent the fol-
lowing: medical history assessment, physical examination,
standard 12-lead electrocardiography, blood sampling and
echocardiography.

According to the obtained LVEF, the major clinical
group (n = 77) was subdivided into three subgroups.
Patients with a validated LVEF > 50% were classified as
HFpEF (n = 25), patients with a LVEF 40-49% were classi-



Cardiac Remodeling Biomarkers in Heart Failure 235

fied as HFmrEF (n = 26), whereas those patients with a
LVEF < 40% (n = 25), represented the HFrEF subgroup
(Ponikowski et al. 2016). The control group (n = 35) con-
sisted of healthy volunteers who were age and gender
matched with the selected patients and were without any
history of coronary artery disease or HF.

Echocardiographic measurements

All participants underwent two-dimensional echocar-
diography, using the commercially available system
(ACUSON-SEQUOIA 256, NY) following the recommen-
dations of the American Society of Echocardiography and
the European Association of Cardiovascular Imaging (Lang
et al. 2015). Left ventricular ejection fraction (LVEF) and
LV dimensions; end-diastolic dimension (EDD) and end-
systolic dimension (ESD), were assessed using the biplane
method (Simpson’s biplane) and the dimensions of the left
atrium and LV mass were provided by M mode imaging.
Doppler-derived mitral valve flow velocity waves (E-wave,
A-wave, E/A ratio) were determined, where the E/A ratio,
as the ratio of the early (E) to late (A) ventricular filling
velocities was regarded as a parameter of diastolic dysfunc-
tion; E/A ratio < 0.75 or > 1.5 (Ponikowski et al. 2016).

The structure and the function of the right heart was
assessed by measuring the dimensions of the right ventricle
(RV), systolic pulmonary artery pressure and the tricuspid
annular plane systolic excursion (TAPSE) in an apical
4-chamber view. The maximum systolic excursion of the
lateral tricuspid annulus was measured by M-mode, with
TAPSE of < 17 mm indicating RV dysfunction (Rudski et
al. 2010).

Echocardiographic parameters of particular interest
were: left ventricular mass index (LVMI) expressed in g/
m’, left ventricular (LV) internal dimensions in systole
(ESD) and diastole (EDD), ventricular septal thickness in
diastole, and LV posterior thickness in diastole, all
expressed in millimeters (mm). LV mass was calculated
according to the formula recommended by the American
Society of Echocardiography and was indexed to the body
surface area (Lang et al. 2015). We therefore used LVMI
> 115 g/m* as the measure of the left ventricular hypertro-
phy for males and > 95 g/m” for females (Ponikowski et al.
2016) and dimensions of the posterior wall > 11 mm, and
the septum > 11 mm.

Circulating biomarkers

Blood sampling was performed on admission, immedi-
ately after informed consent forms were signed and all stan-
dard biochemical measurements were obtained using the
Sysmex XS 1000 apparatus, Europe GmbH. All aliquots
were frozen at —80°C within two hours of the venipuncture
for the purpose of biomarker measurement. Plasma con-
centrations of sST2, galectin-3 and GDF-15 were measured
using Quantikine®; R&D Systems, Inc. Minneapolis, MN,
USA kits. BNP and syndecan-1 were also quantified using
the sandwich enzyme immunoassay technique by Abcam,

ab193694, UK. All measurements were determined accord-
ing to the manufacturer’s instructions.

Statistical analyses

The data are presented as mean + standard deviation,
or as a frequency and as percentages. Differences in demo-
graphic, clinical, biochemical, and echocardiographic
parameters between groups were measured using appropri-
ate tests; Chi-squared test, ANOVA and Kruskal-Wallis test.
The correlation between echocardiographic parameters and
cardiac remodeling biomarkers was estimated using the
Pearson and Spearman correlation coefficient. The multi-
variable linear regression (backward method) model was
used to assess the correlation between echocardiographic
parameters and evaluated biomarkers. The level of signifi-
cance was set at p < 0.05. A complete case-analysis was
performed. All statistical analyses were performed using R
software, version 3.0.3 (R Foundation for Statistical
Computing, Vienna, Austria) (R Core Team 2014).

Results

Baseline patient characteristics

Our study sample included 26 HFpEF, 26 HFmrEF
and 25 HFrEF patients and 35 community-based controls
without HF. The baseline characteristics of HF patients are
outlined in Table 1. Significant differences were obtained
in the following: the presence of coronary artery disease (p
=0.032), being the highest in HFrEF (79.2%), NYHA class
(p < 0.001), hyperlipidemia (p < 0.001), being the most
prevalent in HFpEF patients (100%) compared to HFrEF
(68%) and HFmrEF (96.2%) and hypertension (p = 0.032).
Regarding laboratory data (Table 1), significant differences
were found in blood urea nitrogen (p = 0.014), uric acid
levels (p < 0.001), activity of AST (p = 0.032) and ALT (p
=0.002), and triglycerides (p = 0.027), with the highest val-
ues of all in HFrEF. Current medication was statistically
different between groups as follows: ACEIs (p = 0.021),
amiodarone (p = 0.040), calcium antagonists (p = 0.008),
spironolactone (p < 0.001) and diuretics (p = 0.011) (Table

1.

Biomarkers in clinical group and controls

Compared with the control group, as presented in
Table 2, HF patients had significantly higher concentrations
of all individual biomarkers (p < 0.001). Plasma concentra-
tions of the evaluated biomarkers (BNP, sST2, galectin-3,
GDF-15, and syndecan-1) are provided in Table 2, signaling
a similar profile between the subgroups, being the highest
in the HFrEF subgroup and the lowest in HFpEF (p < 0.001
for all biomarkers respectively). Nevertheless, regarding
plasma concentrations of BNP and cardiac remodeling, bio-
markers HFmrEF showed a complete intermediate profile,
in between HFpEF and HFrEF, as presented in Fig. 1.
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Table 1. Baseline heart failure patients’ characteristics by ejection fraction category.

Parameter HFpEF, n =26 HFmrEF, n =26 HFrEF, n =25 p'
Age, years 63.81+9.15 62+9.53 59.64 +10.73 0.304
Sex

Male, n, % 20 76.9 19 73.1 19 76.0 0.946°

Female, n, % 6 23.1 7 26.9 6 24.0
Weight, kg 85.04 £ 13.55 87.46 £ 17 82.29 +15.48 0.488
BMI, kg/m* 27.73 £3.48 29.58 £4.38 27.31+4.14 0.117
Heart failure causes, n, %
Coronary artery disease 120 46.2 19 73.1 19 79.2 0.032
Myocardial infarction 15 57.7 16 61.5 17 70.8 0.611

STEMI 11 423 15 57.7 13 52.0 0.483

NSTEMI 4 154 1 3.8 4 16.0
Cardiomyopathy 19 73.1 16 61.5 19 79.2 0.376
Valvular heart disease 10 38.5 23.1 12 48.0 0.166
Clinical covariates, n, %
NYHA class

I 220 84.6 26.9 2 8.0 <0.001

II 4 154 18 62.9 20.0

11 0 0.0 3.8 10 40.0

v 0 0.0 0 0.0 8 32.0
Current smoking 13 50 11 423 13 52 0.763
Family history 19 73.1 12 46.2 17 68 0.106
Hyperlipidemia 26" 100 257 96.2 17 68 <0.001
Obesity 17 65.4 19 73.1 12 48.0 0.169
Hypertension 23 88.5 26" 100 22 88 0.044
Anemia 2 7.7 3 11.5 3 12 0.851
Depression 15.4 2 7.7 6 24 0.265
Previous interventions, n, %
PCI 12 46.2 13 50.0 10 41.7 0.840
PMI 0 0.0 23.1 12 48.0 0.111
CABG 154 7 26.9 5 20.8 0.592
Hemodynamics, mm/Hg
Systolic blood pressure 129.62 £22.27 130.43 +14.22 123.21 +£13.69 0.253
Diastolic blood pressure 78.85 + 8.04 80.43 + 8.78 76.61 £9.13 0.290
Mean arterial BP 95.69 +12.22 97.17£9.5 92.14+10.13 0.226
Pulse pressure 50.77 £ 16.41 50+ 11.48 46.61 = 8.72 0.437
Laboratory values
RBC (10"%/L) 4.75+£0.57 4.85+0.59 4.68 +0.59 0.614
Hemoglobin, g/L 136.35+11.37 141.96 = 14.34 140.18 = 17.64 0.396
WBC (10°/L) 12.55 + 6.88 8.14+1.96 745+1.8 0.392?
CRP, mg/L 0.46 +£2.35 0.52£2.5 3+£7.02 0.122*
Fibrinogen, g/L 3.7+0.62 3.75+0.93 3.98 +0.88 0.556
BUN, mmol/L 6.2 £ 1.65° 6.61 £2.65 9.8+7.24 0.014°
Creatinine, pmol/L 100.09 + 24.45 100.54 +20.26 120.75 £ 63.42 0.217*
eGFR, mL/min/1.73m? 64.7+£15.22 62.38 £12.63 58.28 £18.11 0.665”
Acidum uricum, mmol/L 320.18 + 89.46™° 39526 + 66.97° 468.68 + 143.68 <0.001*
Na, mmol/L 141.69 +2.59 141.22 +3.74 142.43 +3.45 0.415
K, mmol/L 4.53+0.44 4.55+0.37 4.58 £0.48 0.937
ALT, U/L 23.3 £ 14.45" 30.27 £ 14.32 36.29 £42.26 0.032?
AST, U/L 20.61 + 7.79*° 27.15+10.38 37.18 +41.74 0.002?
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Triglycerides, mmol/L 1.49+£0.77°
Total cholesterol, mmol/L 4.6+1.53
LDL, mmol/L 295+1.21
HDL, mmol/L 1.03+£0.24
Current medication, n, %

ARB 1 3.8
ACEI 21* 80.8
Amiodarone 6* 23.1
p-blockers 25 96.2
Calcium antagonist 9¢ 34.6
Spironolactone 6*° 23.1
Diuretics 17¢ 65.4
Statins 25 96.2

1.64+0.58 1.97 £ 0.79 0.027°
4.92 +1.49 4.84+1.12 0.480?
3.06 +1.32 3.03+0.97 0.788>
0.97+£0.13 1.08 £ 0.29 0.755*
1 3.8 2 8.0 0.757°
22 84.6 25 100 0.021°
8 30.8 14 56.0 0.040°
24 92.3 25 100 0.250°
8 30.8 1 4.0 0.008°
19 73.1 24 96 <0.001°
19 73.1 24 96 0.011°
25 96.2 25 100 0.450°

Continuous variables are expressed as mean + standard deviation.

HFpEEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-ranged ejection
fraction; HFTEF, heart failure with reduced ejection fraction; BMI, body mass index; STEMI, ST-elevation
myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; NYHA, New York
Heart Association; PCI, percutaneous coronary intervention; PMI, pacemaker implantation, CABG, coro-
nary artery bypass graft; BP, blood pressure; RBC, red blood cells; WBC, white blood cells; CRP, C-reactive
protein; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate: AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; LDL, low density lipoprotein; HDL, high density lipoprotein; ARB,
angiotensin II receptor blocker; ACEI, angiotensin-converting enzyme inhibitor.

TANOVA, *Kruskal-Wallis test, *Hi-kvadrat test, *p < 0.05 vs. HFrEF, *p < 0.05 vs. HFmrEF.

Table 2. Baseline biomarker concentrations.

Biomarkers HFpEF, n =26 HFmrEF, n =26 HFrEF, n =25 Control group p'

BNP (pg/mL) 92.02 + 18.91%"¢ 153.87 +£26.84* 284.65 +206.38¢ 14.86 +7.22 <0.001
sST2 (ng/mL) 26.08 +7.93 ¢ 29.23 +£8.32*¢ 37.57 +£10.13¢ 16.06 +3.78 <0.001
Galectin-3 (ng/mL) 22.32 +4.89%0* 26.39 +£4.99*¢ 30.05 £ 4.56° 17.11+1.29 <0.001
GDF-15 (pg/mL) 1,493.16 £ 421.45%  1,672.95 +394.84*¢ 2,115.64 + 640.71° 542.69 +48.22 <0.001
Syndecan-1 (ng/mL) 56.56 + 16.76*¢ 67.73 £12.26* 78.5 +8.41° 13.01 +3.80 <0.001

Continuous variables are expressed as mean + standard deviation.

HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-ranged ejection fraction; HFrEF, heart
failure with reduced ejection fraction; BNP, brain natriuretic peptide; sST2, soluble source of tumorigenicity 2; GDF-15,

growth differentiation factor 15.

'Kruskal-Wallis test, *p < 0.05 vs. HFrEF, p < 0.05 vs. HFmrEF, p < 0.001 vs. control group.

Echocardiographic parameters in clinical group and
controls

Regarding echocardiographic parameters, statistically
significant differences were obtained in ESD (p < 0.001),
EDD (p < 0.001), LVMI (p = 0.001), LVM (p = 0.001),
interventricular septum diameter (p = 0.013), posterior wall
diameter (p = 0.013), left atrium diameter (p < 0.001), dia-
stolic dysfunction parameter, E/A (p = 0.018), TAPSE (p <
0.001), right ventricle diameter (p = 0.002) and systolic
pressure of right ventricle (p = 0.018). The results of clini-
cal and control group are presented in Table 3.

Clinical, laboratory and biomarker correlates of LVMI
stratified by EF category

Univariable and multivariable (shown in brackets)
analyses of clinical, laboratory and each biomarker corre-
lates of LVMI are presented in Table 4 and its legends. In
HFpEF patients statistically significant independent corre-

lates of higher LVMI are as follows: older age (B =1.372,
=0.461, p = 0.021), higher body mass index (B =-3.887, S
=-0.499, p=0.011), higher plasma creatinine (B = 1.011, g
= 0.535, p = 0.006), lower glomerular filtration rate esti-
mated by the Cocroft-Gault equation (B = —0.851, f =
0.200, p < 0.001) and by modification of diet in renal dis-
ease (MDRD) equation (B =-1.144, f =-0.470, p = 0.018)
and elevated plasma concentration of biomarkers: sST2 (B
=3.329, = 0.590, p = 0.002), galectin-3 (B =4.215, p =
0.661, p < 0.001), GDF-15 (B = 0.042, p = 0.502, p =
0.011) and syndecan-1 (B = 0.938, f = 0.531, p = 0.006).
In multivariable analysis, after adjustment for age, BMI,
sST2, galectin-3, GDF-15, and syndecan-1, correlates of
LVMI in HFpEF were older age (B = 1.041, f=0.349, p =
0.025) and elevated galectin-3 levels (B = 3.799, = 0.595,
p <0.001).

The same multivariable analysis evidenced that sST2
concentration correlated with LVMI in HFrEF (B = 3.237,
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Fig. 1. Cardiac remodeling biomarkers by ejection fraction category.

The graph shows mean mean + standard deviation.

HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-ranged ejection fraction; HFrEF,
heart failure with reduced ejection fraction; ST2, source of tumorigenicity 2; Gal-3, galectin 3; GDF-15, growth differ-

entiation factor 15; Syn-1, syndecan 1.

£ =0.632, p=10.010), as shown in the legends to Table 4.
However, BNP concentrations did not show any significant
correlation with LVMI in HFpEF patients. Moreover, in
patients with HFrEF a significant independent correlate of
higher LVMI was an increased plasma concentration of
BNP (B = 1.049, = 0.594, p = 0.002). There were no
interactions of LVMI with any of the evaluated parameters
in HFmrEF patients. All data are shown in Table 4.

Biomarker correlates of echocardiographic parameters
stratified by EF category

Biomarker correlates of echocardiographic parameters
stratified by EF category are presented in Table 5. We
assessed EF, E/A, EDD, ESD, diameters of septum, poste-
rior wall and left atrium. In HFpEF patients cardiac remod-
eling biomarkers strongly correlated with the diameters of
the posterior wall and the septum. The observed correla-
tions of the septum were: sST2 (r = 0.466, p = 0.019),
galectin-3 (r = 0.501, p = 0.011), GDF-15 (r = 0.524, p =
0.007) and syndecan-1 (r = 0.548, p = 0.005), while correla-
tions of posterior wall were: sST2 (r = 0.446, p = 0.026),
galectin-3 (r = 0.513, p = 0.009), GDF-15 (r = 0.603, p =
0.001) and syndecan-1 (r = 0.595, p = 0.002), respectively.
Moreover, plasma BNP in HFpEF demonstrated correla-
tions with diameters of the septum, the posterior wall and
left atrium, but with no degree of statistical significance. In
HFrEF patients plasma BNP strongly correlated with EF (r
=-0.606, p = 0.001), with EDD (r = 0.522, p = 0.007) and
ESD (r = 0.447, p = 0.025). Finally, the biomarker that
demonstrated significant correlations with diastolic dys-

function in both groups of HF was GDF-15, being associ-
ated with E/A (r = —0.387, p = 0.046) in HFpEF and (r =
—0.449, p = 0.024) in HFrEF.

To the same extent, as previously documented, in
HFmrEF patients no significant correlations were demon-
strated between echocardiographic parameters and evalu-
ated biomarkers.

Discussion

The current study provides several clinically relevant
findings: (i) plasma concentrations of all evaluated bio-
markers were highest in HFrEF, and lowest in HFpEF; (ii)
HFmrEF demonstrated an independent and intermediate
biochemical and echocardiographical profile; (iii) plasma
concentrations of cardiac remodeling biomarkers indepen-
dently correlated with echocardiographic parameters of left
ventricular hypertrophy in HFpEF, but not in HFrEF and
HFmrEF; (iv) HFmrEF showed no statistically significant
difference between the observed clinical and echocardio-
graphic parameters and concentrations of biomarkers; (v)
plasma BNP concentration strongly and independently cor-
related with LVMI, ejection fraction, end-diastolic and end-
systolic dimensions in HFrEF; (vi) plasma sST2 concentra-
tion, adjusted for age, sex and comorbidities also correlated
with LVMI in HFrEF; and (vii) GDF-15 demonstrated cor-
relation with the diastolic dysfunction parameter (E/A) in
both HFpEF and HFrEF.

To the best of our knowledge this is the first study that
employed cardiac remodeling biomarkers in order to eluci-
date their correlations with echocardiographic parameters
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Table 3. Baseline echocardiographic characteristics

Parameter HFpEF, n =26 HFmrEF, n =26 HFrEF, n =25 Control group, n =35 p
LVEF (%) 53.64 £ 3.71*¢ 40.69 + 2.98*¢ 25.20 +5.30° 64.60 +2.17 <0.001
ESD (mm) 35.5+3.06" 36.78 +2.94*° 48.77 £ 8.6° 31.80 +2.07 <0.001
EDD (mm) 52.31 £ 4.68%>¢ 55.65 +5.05*° 63.96 £ 6.03° 49.80 +2.82 <0.001
LVMI (g/m?) 114.85+£27.01*¢  118.85 +24.98*¢ 155.64 + 51.94¢ 84.00 +9.92 0.001
LVM (g) 229.73 £50.21*  234.88 £51.03*¢  302.44 +97.09° 172.30 +25.79 0.001
IV septum (mm) 12.00 + 1.59¢ 11.20 +1.27 11.00 + 1.43 10.50 + 1.31 0.013
Posterior wall (mm) 10.52 + 1.04° 9.93+0.97 9.14 +1.81 9.25+0.82 0.013
Left atrium (mm) 42.42 + 5780 44.26 + 4.88*° 47.16 +4.3° 37.95+2.72 <0.001
Aortic root (mm) 345+4.83 34.63+4.1 34.45 +3.37 34.40 +£2.72 0.919
E/A 0.76 + 0.14° 0.83 £0.19° 0.87+£0.27° 1.01+£0.30 0.018
Aortic regurgitation

mild 4 154 3 11.5 7 28.0 0 0.0 0.264%¢

moderate 2 7.7 7.7 0 0.0 0 0.0

severe 0 0.0 0 0.0 1 4.0 0 0.0
Mitral regurgitation

mild 16 61.5 15 57.7 9 36.0 2 20.0 0.079*¢

moderate 3 11.5 7 26.9 8 32.0 0 0.0

severe 3 11.5 4 15.4 7 28.0 0 0.0
Tricuspid regurgitation

mild 18 69.2 19 73.1 15 60.0 4 40.0 0.285

moderate 5 19.2 4 15.4 8 32.0 0 0.0

severe 1 3.8 3 11.5 2 8.0 0 0.0
TAPSE (mm) 22.84 + 4.2 21.83 +£4.10* 18.34 +£2.33° 27.30 +£3.27 <0.001°
Right ventricle (mm) 22.38 £2.06" 2222 +£2.59° 24.18 £2.70° 21.00+1.83 0.002*
SPRV (mm/Hg) 31.96 £10.5 323+8.92 36.54+11.9° 24.80 + 6.34 0.018

Continuous variables are expressed as mean + standard deviation.
HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-ranged ejection fraction; HFrEF,
heart failure with reduced ejection fraction; LVEF, left ventricle ejection fraction; ESD, end-systolic dimension; EDD,
end-diastolic dimension; LVMI, left ventricular mass index; LVM, left ventricle mass; IV, interventricular septum;
TAPSE, tricuspid annular plane systolic excursion; SPRYV, systolic pressure of right ventricle.
'Kruskal-Wallis test, 2Chi-squared test, ’ANOVA, ?p < 0.05 vs. HFrEF, *p < 0.05 vs. HFmrEF, ¢p < 0.05 vs. control group,
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dcontrol group was not included in the comparison.

of left ventricular hypertrophy in three subtypes of chronic
heart failure patients, HFpEF, HFmrEF and HFrEF.
Moreover, there is insufficient evidence for their involve-
ment in clinical practice (Ponikowski et al. 2016), and our
results indicate that there may be some advantage in
employing these markers, particularly in HFpEF.

Cardiac remodeling is an expected phenomenon in the
clinical course of HF, predominantly resulting from intersti-
tial fibrosis and left ventricular hypertrophy, leading to
aggravation of cardiac dysfunction (Heusch et al. 2014).
Left ventricular hypertrophy, together with increased left
ventricular mass (LVM), represents an independent predic-
tor of cardiovascular morbidity and premature death, in
population studies, including chronic heart failure (Drazner
et al. 2004; Kishi et al. 2014; Heinzel et al. 2015).

Soluble ST2 and galectin-3 are proven biomarkers of
cardiac remodeling (Sharma et al. 2004; Bayes-Genis et al.
2015) and according to our results, both indicated strong
correlations with LV hypertrophy parameters, further con-
firming their possible role in HF progression. The majority

of published data favor the utility of sST2 and galectin-3
measurements in HF patients with EF > 50%, even suggest-
ing a possible identification of subgroups of patients who
may have the best response to anti-fibrotic therapy (D’Elia
et al. 2015). Elevated plasma concentration of sST2 was
demonstrated to be associated with parameters which indi-
cate disease severity in patients with EF > 50% (Zile et al.
2016). It was also determined that, regardless of EF, sST2
was an independent predictor of mortality in the HF group
(Manzano-Fernandez et al. 2011) and associated with dia-
stolic dysfunction (Wang et al. 2013). Based on our find-
ings, plasma levels of sST2 correlated with LV hypertrophy
parameters, but not with diastolic dysfunction in HFpEF
patients. However, after multivariable adjustments, sST2
also significantly correlated with increased LVMI in HFrEF.
Our findings, therefore, expand the potential purpose of
sST2 determination, beyond being useful in only HFpEF
assessment.

We also established strong correlations of plasma
GDF-15 and syndecan-1 concentrations with LV hypertro-
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Table 4. Clinical, laboratory and biomarker correlates of LVMI by ejection fraction category.

Parameter HFpEF HFmrEF HFrEF
B B p B B p B B p

Age* 1.372 0.461 0.021 -0.214 -0.081 0.694 0.472 0.098  0.640
Sex -5.544  -0.088 0.677 4286 -0.078  0.706 —5.447  -0.046 0.828
BMI (kg/m?) -3.887  -0.499 0.011 -1.038 —0.188  0.358 —4.167 0303  0.140
Coronary artery disease -17.077  -0.316 0.124 -11.549 -0.209 0305 25221 -0.200 0.348
Hypertension (mmHg) -13.394  -0.161 0.442 -12.909  -0.082  0.695
Creatinine (pmol/L) 1.011 0.535 0.006 -0.202 -0.135 0.510 -0.202 0243 0.242
eGFR by Cocroft-Gault (mL/min/1.73m?) —0.851 0.200 <0.001 -0.006 —0.005  0.980 -0.192  -0.083  0.692
eGFR by MDRD (mL/min/1.73m?) -1.144  -0.470 0.018 0.200 0.108  0.600 0.723 0.200  0.339
BNP (pg/mL) 0.277 0.191 0.359 0.165 0.177  0.386 0.149 0.594  0.002
sST2* (ng/mL) 3.329 0.590 0.002 -0.247 -0.082  0.690 1.262 0.246  0.235
Galectin-3* (ng/mL) 4215 0.661 <0.001 0.527 0.105  0.609 1.736 0.152  0.467
GDEF-15 (pg/mL) 0.042 0.502 0.011  -0.012 -0.189  0.355 0.009 0.113  0.590
Syndecan-1 (ng/mL) 0.938 0.531 0.006 0.201 0.099  0.632 1.587 0.257 0215

Multivariable regression analyses (backward method): age in HFpEF (B = 1.041, = 0.349, p = 0.025); sST2 in HFrEF (B =3.237, f =
0.632, p =0.010); galectin-3: in HFpEF (B =3.799, = 0.595, p < 0.001), p < 0.05.

B, unstandardized regression coefficient; f, standardized regression coefficient; LVMI, left ventricular mass index; BMI, body mass
index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; MDRD, the modification of diet in renal disease; BNP,
brain natriuretic peptide; sST2, soluble source of tumorigenicity 2; GDF-15, growth differentiation factor 15.

*Multivariable models adjusted for: age, BMI, sST2, galectin-3, GDF-15 and syndecan 1.

Table 5. Biomarker correlates of echocardiographic parameters by ejection fraction category.

EF category/biomarkers BNP (pg/mL) sST2 (ng/mL) Gal-3 (ng/mL) GDF-15 (pg/mL) Syn-1 (ng/mL)
HFpEF r P r p r p r p r P
EF (%) —0.067 0.752 0.003 0.989 0.090 0.68 0.158 0.450 0.255 0.219
E/A 0.041 0.846 0.273 0.186 0.234 0.260  -0.387* 0.046 0.251 0.227
EDD (mm) —0.155 0.460 0.093 0.658 0.210 0.313 —0.063 0.764 —0.039 0.854
ESD (mm) 0.003 0.987 0.198 0.343 0.206 0.323 0.101 0.631 0.047 0.824
Septum (mm) 0.361 0.076 0.466* 0.019 0.501* 0.011 0.524%* 0.007  0.548** 0.005
Posterior wall (mm) 0.393 0.052 0.446* 0.026  0.513** 0.009  0.603%** 0.001 0.595%* 0.002
Left atrium (mm) 0.353 0.083 0.316 0.124 0.345 0.091 0.282 0.171 0.255 0.218
HFmrEF
EF (%) -0.267 0.187 —-0.012 0.953 0.152 0.459 0.037 0.858 0.160 0.436
E/A 0.048 0.817 —0.129 0.530 —0.236 0.246 —0.183 0.370 -0.210 0.302
EDD (mm) —0.025 0.905 0.010 0.962 —0.025 0.904 —0.046 0.822 0.040 0.847
ESD (mm) 0.068 0.741 0.055 0.791 —0.005 0.982 0.007 0.974 0.002 0.993
Septum (mm) 0.054 0.795 —0.001 0.995 0.095 0.646 —0.062 0.764 0.023 0912
Posterior wall (mm) 0.189 0.355 0.078 0.703 0.211 0.301 <0.001 0.999 0.109 0.596
Left atrium (mm) 0.109 0.595 0.349 0.081 0.368 0.064 0.261 0.199 0.315 0.117
HFrEF
EF (%) —0.606 0.001 —0.135 0.519 —0.172 0.412 0.088 0.676 0.025 0.905
E/A —-0.202 0.334 —-0.332 0.105 —-0.322 0.116  —0.449* 0.024 —-0.239 0.250
EDD (mm) 0.522%* 0.007 0.185 0.376 0.078 0.709 —0.021 0.922 0.284 0.169
ESD (mm) 0.447* 0.025 0.064 0.763 —0.013 0.949 —0.076 0.718 0.044 0.835
Septum (mm) 0.320 0.119 0.077 0.715 —-0.077 0.715 —0.059 0.780 0.239 0.250
Posterior wall (mm) 0.280 0.176 0.093 0.658 —0.016 0.938 —0.001 0.996 0.175 0.402
Left atrium (mm) 0.194 0.352 —0.101 0.630 —0.178 0.395 —0.335 0.101 —0.058 0.782

EF, ejection fraction; BNP, brain natriuretic peptide; sST2, soluble source of tumorigenicity 2; Gal-3, galectin 3; GDF-15, growth differ-
entiation factor 15; Syn-1, syndecan 1; HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mid-ranged
ejection fraction; HFTEF, heart failure with reduced ejection fraction; EDD, end-diastolic dimension; ESD, end-systolic dimension.
r-correlation coefficient; *p < 0.05, **p < 0.01.
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phy parameters; in HFpEF, to the same extent as galectin-3
and sST2. At the same time, an increased plasma concen-
tration of GDF-15 significantly correlated with diastolic
dysfunction (E/A) in two subtypes of heart failure: HFpEF
and HFrEF. GDF-15, widely regarded as a marker of
inflammation, has already been verified as a promising
marker of diastolic dysfunction in HFpEF (Santhanakrishnan
et al. 2012; Meluzin and Tomandi 2015). Our results are in
line with these findings, manifesting their correlations with
the parameters of LV hypertrophy, most probably in the
context of chronic inflammation. Moreover, cut-off values
for GDF-15 revealed a high sensitivity and specificity for
the diagnosis of HFpEF (Stahrenberg et al. 2010;
Santhanakrishnan et al. 2012). Our findings may give pri-
ority to this biomarker in the assessment of diastolic dys-
function, due to its strong correlation with E/A (test for dia-
stolic performance of the heart), regardless of EF.

The plasma concentration of syndecan-1 showed simi-
lar results to the previously discussed biomarkers, also in
EF > 50%. It was documented that its plasma concentration
correlated with remodeling markers, sST2 and galectin-3,
and that it independently correlated with clinical outcomes
in HFpEF, but not HFrEF (Lei et al. 2012). The increase of
syndecan-1 concentration in conditions such as ischemia
and reperfusion may be considered protective (Reitsma et
al. 2007). In chronic states, HF for instance, it rather
reflects profibrotic processes and LV hypertrophy. Whether
this elevation is of clinical significance relating to patients
who presented with a higher risk of cardiac remodeling,
predominantly in the HFpEF group, is yet to be established.
Our findings give priority to syndecan-1 measurement pri-
marily in HFpEF patients (EF > 50%).

Brain natriuretic peptide is currently used in the
assessment of HF; however, its exact role in pathophysiol-
ogy or phenotyping of HFpEF patients has not been suffi-
ciently clarified (D’Elia et al. 2015). Our findings do not
significantly contribute to that body of knowledge, since we
did not prove the correlation of BNP and echocardiography
parameters in HFpEF patients. This result is most probably
due to the fact that BNP reflects increased wall stress,
which exists in HFrEF, but does not indicate structural
changes, documented in HFpEF (D’Elia et al. 2015). It
may be that the measurement of BNP in HFpEF should be
performed along with echocardiography and clinical assess-
ment, in order to enhance the accuracy of results.

In conclusion, we document higher levels of cardiac
remodeling biomarkers (sST2, galectin-3, GDF-15, and
syndecan-1) and BNP in patients diagnosed with HF,
whereas all of the evaluated plasma concentrations show a
similar profile, the highest being in HFrEF patients and the
lowest in HFpEF.

Higher plasma concentrations of all cardiac remodel-
ing biomarkers were demonstrated to be independent and
significantly correlated with LV hypertrophy parameters,
left ventricular mass index (LVMI), and the diameters of
the septum and the posterior wall in HFpEF, whereas

plasma BNP concentrations were strongly and indepen-
dently correlated with LVMI, ejection fraction, end-dia-
stolic and end-systolic dimensions in HFrEF. GDF-15
demonstrated significant correlations with diastolic dys-
function in both HFpEF and HFrEF. The HFmrEF sub-
group showed no statistical significance between observed
clinical and echocardiographic parameters and concentra-
tions of biomarkers, therefore the usefulness of these mark-
ers in HFmrEF patients is yet to be confirmed.

There is a logical need for the identification of circu-
lating biomarkers for left ventricular hypertrophy monitor-
ing, thereby allowing the timely identification of patients
that are at high risk of disease progression. These results
suggest a prominent role for cardiac remodeling biomarkers
to fulfill when it comes to HFpEF; however, additional
research in the larger group of patients is warranted.
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