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Abstract: The role of catestatin (CST) in acutely decompensated heart failure (ADHF) and myocardial
infarction (MI) is poorly elucidated. Due to the implicated role of CST in the regulation of neurohumoral
activity, the goals of the study were to determine CST serum levels among ninety consecutively
enrolled ADHF patients, with respect to the MI history and left ventricular ejection fraction (LVEF)
and to examine its association with clinical, echocardiographic, and laboratory parameters. CST
levels were higher among ADHF patients with MI history, compared to those without (8.94 ± 6.39
vs. 4.90 ± 2.74 ng/mL, p = 0.001). CST serum levels did not differ among patients with reduced,
midrange, and preserved LVEF (7.74 ± 5.64 vs. 5.75 ± 4.19 vs. 5.35 ± 2.77 ng/mL, p = 0.143,
respectively). In the multivariable linear regression analysis, CST independently correlated with
the NYHA class (β = 0.491, p < 0.001), waist-to-hip ratio (WHR) (β = −0.237, p = 0.026), HbA1c
(β = −0.235, p = 0.027), LDL (β = −0.231, p = 0.029), non-HDL cholesterol (β = −0.237, p = 0.026),
hs-cTnI (β = −0.221, p = 0.030), and the admission and resting heart rate (β = −0.201, p = 0.036 and
β = −0.242, p = 0.030), and was in positive association with most echocardiographic parameters.
In conclusion, CST levels were increased in ADHF patients with MI and were overall associated with
a favorable cardiometabolic profile but at the same time reflected advanced symptomatic burden
(CATSTAT-HF ClinicalTrials.gov number, NCT03389386).

Keywords: acute myocardial infarction; biomarkers; catestatin; coronary artery disease; heart
failure; heart failure decompensation; left ventricular ejection fraction; troponin; NT-proBNP; NYHA
functional class

1. Introduction

Acute decompensated heart failure (ADHF) is a complex clinical syndrome associated with high
morbidity, mortality, and healthcare expenditures [1–3]. During the acute decompensation event, a
cascade of multiple cellular pathways is activated and this activity can be quantified by measuring
levels of circulating biomarkers [4]. Decades ago, Viquerat et al. showed that levels of endogenous
norepinephrine and dopamine are elevated in patients with congestive heart failure (HF), compared
to the healthy controls, thus, reflecting an increased sympathetic nervous system (SNS) activity [5].
Importantly, among patients with established HF, activation of the SNS, renin-angiotensin-aldosterone
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system (RAAS), and T-cell-mediated immune response is higher among those with ischemic etiology
of the disease compared to non-ischemic idiopathic dilated cardiomyopathy [6]. Finally, patients with
the ischemic HF also exhibit a higher resting muscle sympathetic nerve activity than patients with
non-ischemic HF [7]. On the other hand, catestatin (CST) is a pleiotropic cardioprotective peptide
that counterbalances the negative effects of SNS by promoting vasodilation [8] and by inhibiting
catecholamine secretion [9,10]. Previous studies have demonstrated that high levels of CST might
reflect increased sympathoadrenal activity [11–13], are associated with increased mortality in HF [14,15],
and are a marker of poor ventricular remodeling after myocardial infarction (MI) [16]. Furthermore,
CST levels were associated with disease severity in HF [17,18] and were similar between patients with
preserved (HFpEF) and reduced (HFrEF) left ventricular ejection fraction (LVEF) phenotypes [17].

Due to the compensatory actions of CST with respect to adverse neurohumoral activation that
is particularly pronounced in ischemic disease, we hypothesized that circulating CST levels would
likely be higher in ADHF patients with a previous MI, compared to those without MI. Moreover, since
CST reflects increased SNS activity, we further hypothesized that CST levels might be higher in ADHF
patients with more reduced LVEF, thus, we expected to see a positive correlation of CST levels with the
functional burden of the disease, as assessed by the New York Heart Association (NYHA) classification.
Finally, since associations of CST with relevant biochemical and echocardiographic markers in ADHF
population are poorly elucidated, our secondary objectives were to investigate the relationship of
CST serum levels with echocardiographic parameters of the left ventricle/left atrium and laboratory
biomarkers that are commonly used in the workup of ADHF patients. While this part of the study
was exploratory in nature, we expected to generally observe beneficial associations of CST with these
parameters, based on the corroborations from previous preclinical/mechanistic studies.

For reasons stated above, we sought to determine and compare the CST serum levels between
patients, with and without, the previous history of MI and across the whole LVEF phenotype spectrum
(HFrEF, HFmrEF, and HFpEF). Secondly, we aimed to investigate the relationship of CST serum levels
with the NYHA functional class, echocardiographic indices of the left ventricle/left atrium, and select
laboratory biomarkers.

2. Materials and Methods

2.1. Study Population

This was a non-randomized clinical cross-sectional study with a prospective follow-up planned in
future analyses. Between January 2018 and February 2019, a total of 118 consecutive patients presenting
with signs and symptoms of heart failure at the emergency department (ED) were considered eligible
for the study inclusion and were hospitalized at the Department of Cardiology.

In this study, we consecutively enrolled HF patients (of both sexes) with the New York Heart
Association (NYHA) functional class II–IV and with a positive history of admission due to HF,
who agreed to participate in the study and signed the informed written consent. The clinical and
physical examination of the patients was undertaken according to the Framingham criteria for HF [19].
Diagnosis of the acute event due to heart failure was mandatorily confirmed as per the current European
Society of Cardiology (ESC) guidelines, for the diagnosis and treatment of acute and chronic heart
failure with the final diagnosis adjudicated and verified by the ESC-certified HF specialist who was
on-site investigator for the study [20]. All patients received standard-of-care HF-directed treatment,
according to their individual clinical status. In order to obtain a well-selected population with clear
and undisputable cardiac etiology of dyspnea, a rigorous exclusion criteria were employed, which
included adults <35 years and >90 years of age, patients with documented or newly-established
severe valvular or pericardial disease, infiltrative or hypertrophic cardiomyopathy, cor pulmonale,
primary pulmonary disease, diabetes mellitus type I, primary renal or hepatic disease, active
malignant or infectious disease, systemic autoimmune disease, hemorrhagic diathesis or significant
coagulopathy, systemic immunological, or an immunosuppressive disorder, or a positive recent history
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of immunosuppressive/cancer chemotherapeutic drug use, positive history of acute coronary syndrome
or stroke within 3 months prior to study enrolment, positive history of excessive alcohol, drug, narcotics
or sedative consumption, and significantly debilitating psychiatric or neurological condition (Figure 1).
Additionally, patients not included in the analysis were those that, at the ED or in-ward admission,
had NT-proBNP levels <300 pg/mL as a ”rule-out“ strategy, while age-adjusted NT-proBNP cut-off

values for the ”rule-in“ of heart failure diagnosis were applied as following—450 pg/mL for age
<50 years, 900 pg/mL for 50–75 years, and 1,800 pg/mL for ≥75 years, based on the data from PRIDE [21]
and International Collaborative of NT-proBNP [22] studies, later validated in the ICON-Reloaded
study [23].

J. Clin. Med. 2019, 8, x FOR PEER REVIEW 3 of 18 

 

history of acute coronary syndrome or stroke within 3 months prior to study enrolment, positive 
history of excessive alcohol, drug, narcotics or sedative consumption, and significantly debilitating 
psychiatric or neurological condition (Figure 1). Additionally, patients not included in the analysis 
were those that, at the ED or in-ward admission, had NT-proBNP levels <300 pg/mL as a ”rule-out“ 
strategy, while age-adjusted NT-proBNP cut-off values for the ”rule-in“ of heart failure diagnosis 
were applied as following—450 pg/mL for age <50 years, 900 pg/mL for 50–75 years, and 1,800 pg/mL 
for ≥75 years, based on the data from PRIDE [21] and International Collaborative of NT-proBNP [22] 
studies, later validated in the ICON-Reloaded study [23]. 

 
Figure 1. Flowchart of the CATSTAT-HF study. 

The study protocol was approved by the Ethics Committee of the University Hospital of Split 
(approval no. 2181-147-01/06/M.S.-17-2) and University of Split School of Medicine Ethics Committee. 
All medical procedures were undertaken as in accordance with the Declaration of Helsinki and its 
latest revision in 2013. A study was registered on 3 January 2018 at ClinicalTrials.gov registry before 
the enrolment of the first patient (Serum Catestatin Expression and Cardiometabolic Parameters in 
Patients with Congestive Heart Failure (CATSTAT-HF); ClinicalTrials.gov number NCT03389386). 
  

Figure 1. Flowchart of the CATSTAT-HF study.

The study protocol was approved by the Ethics Committee of the University Hospital of Split
(approval no. 2181-147-01/06/M.S.-17-2) and University of Split School of Medicine Ethics Committee.
All medical procedures were undertaken as in accordance with the Declaration of Helsinki and its
latest revision in 2013. A study was registered on 3 January 2018 at ClinicalTrials.gov registry before
the enrolment of the first patient (Serum Catestatin Expression and Cardiometabolic Parameters in
Patients with Congestive Heart Failure (CATSTAT-HF); ClinicalTrials.gov number NCT03389386).

ClinicalTrials.gov
ClinicalTrials.gov


J. Clin. Med. 2019, 8, 1132 4 of 18

2.2. Data Measurement

All patients were evaluated in the first 24 h of admission and this evaluation consisted of
physical examination, medical history interview (via custom checklist questionnaire), antecubital
venous blood sampling for laboratory analyses, peripheral arterial blood gas sampling, transthoracic
echocardiography (TTE), chest X-ray imaging, and a standard 12-lead electrocardiography (ECG)
recording. All patients were assessed for the medical history, demographic data (age and sex), body
weight and height, body mass index (BMI), body surface area (BSA), waist-to-hip ratio (WHR) and
pharmacotherapy use. Patients were specially assessed for the documented previous history of
myocardial infarction (defined as non-ST segment myocardial infarction-NSTEMI or ST-elevation
myocardial infarction-STEMI and verified by the medical records). For the body weight (kg) and height
(cm) measurements we used a calibrated scale (Seca, Birmingham, UK) and the BMI was calculated by
the body weight (kg) being divided by height-squared (m2). BSA was calculated using the Mosteller
formula [24]. Waist circumference (cm) was measured while standing at the mid-point between the
inferior tip of the ribcage and the superior aspect of the iliac crest, while hip circumference (cm) was
measured at the point providing maximum circumference over the buttocks, using a tape measure.
WHR was calculated by dividing the waist by the hip circumference. Heart rate (HR) at admission was
recorded at the first medical contact in hospital by using a 12-lead ECG machine, while resting HR was
recorded at the bedside when the patients were stable, by using the AliveCor®Kardia mobile device
system (AliveCor Inc., Mountain View, CA, USA) attached to an Apple iPhone (Apple Inc., Cupertino,
CA, USA).

2.3. Definitions

Patients with systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg
or those taking antihypertensive medications were considered to have arterial hypertension [25].
Dyslipidemia was defined as total cholesterol (TC) ≥5.0 mmol/L or low-density lipoprotein cholesterol
(LDL-c) ≥3.0 mmol/L serum levels or current treatment with lipid-lowering agents. Non-high-density
lipoprotein (HDL) cholesterol fraction was calculated by the formula = (total cholesterol − HDL
cholesterol). Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate
(eGFR) <60 mL/min/1.73 m2, calculated by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula [26]. Hyperuricemia was defined as uric acid plasma levels >337 µmol/L for
women and >403 µmol/L for men, as per our institutional laboratory cutoffs. Diabetes mellitus
was defined as plasma glycated hemoglobin (HbA1c) ≥6.5% or fasting plasma glucose ≥7.0 mmol/L,
according to the American Diabetes Association (ADA) guidelines or current treatment with oral
hypoglycemic and/or insulin agents [27]. Obesity was determined by the BMI ≥30 kg/m2 as defined by
the World Health Organization (WHO) criteria. Patients with admission hemoglobin count <119 g/L
for women and <138 g/L for men were considered to have anemia. Smoking was defined as current
or former/past smoking. Left bundle branch block (LBBB) was defined based on the analysis of
the available in-hospital ECG tracings, according to established recommendations [28]. For the
evaluation of HF-related symptom burden, we used a New York Heart Association (NYHA) functional
classification of heart failure, adjudicated by the same on-site principal investigator in collaboration
with the HF-certified cardiology specialist.

2.4. Echocardiography

A transthoracic echocardiography (TTE) examination was performed on the same day as blood
samples were collected. All measurements were taken while patients were at rest and in the left
lateral decubitus position and by following recommendations for cardiac chamber quantification by
echocardiography in adults endorsed by the American Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging (EACVI) [29]. A single on-site cardiology consultant
with an expertise in ultrasonography performed all echocardiographic examinations. Measurements
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included quantification of left ventricle (LV) internal dimensions in diastole (LVEDd, mm), systole
(LVESd, mm) in parasternal long-axis view, and M-mode tracing while LV volumes were measured
in the apical four- and two-chamber views. LV ejection fraction (LVEF) was measured several times
by the 2D biplane method, according to the modified Simpson’s rule and the average value was
recorded [30]. Fractional shortening (FS, %) was derived from linear measurements obtained from 2D
images. Posterior left ventricular wall thickness (LVPWd, mm) and interventricular septal thickness
(IVSd, mm) were measured by the linear method. LV mass was calculated by the linear method
and the Cube formula—LV Mass (g) = 0.8 × 1.04 × [(LVEDd + IVSd + LVPWd)3

− LVEDd3] + 0.6.
Left ventricular mass index (LVMI) was calculated by dividing LV mass with body surface area
(BSA) and expressed in g/m2. Left-ventricular remodeling was assessed by calculating relative wall
thickness (RWT) that allowed for the further classification of the LV mass increase as either concentric
hypertrophy (RWT > 0.42) or eccentric hypertrophy (RWT ≤ 0.42), while RWT was calculated by the
formula RWT = (2 × LVPWd)/LVEDd. Left atrium (LA, mm) size quantification was performed in
the parasternal long-axis view, perpendicular to the aortic root long axis at the end of the LV systole,
while aortic root (Ao, mm) measurements were obtained in the parasternal long-axis view. LA/Ao
represents the ratio of LA internal diameter and diameter of Ao. Echocardiographic parameters were
used to aid in the diagnosis of HFpEF and to be considered for the HFpEF diagnosis, patients had to
have symptoms and signs of HF, LVEF ≥50% and elevated natriuretic peptides further accompanied
with relevant structural or functional heart alterations, as assessed by echocardiography. Structural
abnormalities included left-ventricular hypertrophy, left atrial enlargement, or left ventricular mass
index (LVMI) ≥115 g/m2 for men and ≥95 g/m2 for women. Significant functional alterations were
considered if the ratio of the peak early mitral inflow velocity over the early diastolic mitral annular
velocity (E/e’) ≥13 cm/s and mean early diastolic myocardial relaxation velocities (e’ septal and lateral
wall) were <9 cm/s. Doppler estimation of pulmonary artery systolic pressure (PASP) >35 mmHg
was also used to aid in the diagnosis. Where necessary, to unmask diastolic dysfunction and alter
pseudonormal filling into impaired relaxation, a Valsalva maneuver was performed in patients.

All images were acquired using the Vivid 9 ultrasound system (GE Medical Systems, Milwaukee,
WI, USA) and stored/analyzed on the Echo PAC workstation (EchoPac PC, version 112; GE Medical
Systems, Milwaukee, WI, USA).

2.5. Laboratory Analyses

Blood was drawn after patients fasted from the antecubital vein by using a polyethylene butterfly
needle and was stored into two vials, one with a clot activator (BD Vacutainer®CAT-Clot Activator
Tube, 2.0 mL) and other containing anticoagulant K3 EDTA (BD Vacutainer®K3E 3.5 mg, 2.0 mL). These
samples were then immediately transferred to the Department of Medical Laboratory Diagnostics,
where they were further processed according to good laboratory practice. From one of the vials, blood
was centrifuged (20 min at 2,000 rpm at 4 ◦C) and the obtained sera were divided into two aliquots
and stored at a temperature of −80 ◦C, until analysis. All blood samples were analyzed in the same
certified institutional biochemical laboratory, by using the standard laboratory procedures.

Catestatin levels in serum were determined by an enzyme-linked immunosorbent assay (ELISA),
by using a commercially-available diagnostic kit (EK-053-27CE, EIA kit, Phoenix Pharmaceuticals Inc.,
Burlingame, CA, USA). According to the manufacturer’s instruction, the kit measurement range was
0–100 ng/mL. Reported sensitivity for catestatin was 0.05 ng/mL with a linear range of 0.05–0.92 ng/mL.
Cross-reactivity with endogenous human catestatin peptide for this assay kit was 100% with the
intra-assay and inter-assay coefficient of variability being <10% and <15%, respectively. High-sensitivity
cardiac troponin I (hs-cTnI) concentrations were determined by using Abbot Diagnostics hs-cTnI assay
(Abbott ARCHITECT ci16200 analyzer, Abbott, Chicago, IL, USA) with the upper limit of 99th percentile
being 34.2 ng/L for men and 15.6 ng/L for women. The N-terminal (1–76) pro brain natriuretic peptide
(NT-proBNP) concentrations were determined using Eclesys®Cobas e601 NT-proBNP assay via the
electrochemiluminescense (ECLIA) method (Roche Diagnostics, Manheim, Germany). Hemoglobin
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A1c (HbA1c) levels were measured by using high-performance liquid chromatography (HPLC) (Tosoh
G8, Tosoh Bioscience, Tokyo, Japan). Electrolyte levels were determined by the potentiometric
method, while C-reactive protein (CRP) was determined by the immunoturbidimetric method on the
Architect c16200 system (Abbott, Chicago, IL, USA). Complete blood count and differential blood
count were determined by using standard flow-cytometry-based hematologic analyses (ADVIA 2120i,
Siemens Healthcare, Erlangen, Germany). Fasting glucose, total cholesterol, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), triglycerides, blood urea nitrogen
(BUN), creatinine, D-dimer, and uric acid concentrations were analyzed through the standard laboratory
methods (ARCHITECT ci16200, Abbott, Chicago, IL, USA).

2.6. Statistical Analysis

Data were analyzed using SPSS Statistics for Windows®(version 25.0, IBM, Armonk, NY, USA)
and Prism 6 for Windows®(version 6.01, GraphPad, La Jolla, CA, USA). Data were presented as mean
± standard deviation (SD) or median (interquartile range) based on the variable distribution normality
or number (N) with percentage (%), within the particular category of interest. Normality of distribution
for continuous variables was assessed with the Kolmogorov-Smirnov test. For differences between
groups, an independent samples t-test was used for continuous variables with normal distribution,
while the Mann–Whitney U test was used for continuous variables with non-normal distribution.
The chi-squared (χ2) test was used to determine differences between groups in terms of categorical
variables, while the Fisher Exact test was employed in cases where a group of interest had <5 cases.
For comparisons of continuous variables among >2 groups of interest, a one-way ANOVA was used
with a post-hoc Tukey test. Finally, a multivariable linear regression analysis with forward algorithm
was applied to determine significant and independent correlates of the catestatin serum level, which
was defined as a dependent continuous variable. This linear regression model was weighted by sex,
previous history of MI, and covariate-adjusted for age, BMI, eGFR, arterial systolic blood pressure, and
LVEF. To further minimize the chance of overfitting, separate multivariable linear regression analyses
were undertaken for each variable of interest. In these analyses, univariate beta coefficient and its
respective significance value was reported for every evaluated variable, while the unstandardized
coefficient (B) with standard error (SE), standardized coefficient (β), t-statistics, and their associated
p-value were reported only for those variables that retained significance in the multivariable model.
A two-tailed p-value <0.05 was considered to be statistically significant.

3. Results

3.1. Patients’ Baseline Characteristics

Out of 118 consecutive patients that presented with acute dyspnea, a total of 90 patients were
included in the final analysis, after applying the study exclusion criteria (Figure 1).

There was equal representation of sexes, with a slight predominance of women (N = 47, 52.2%)
and the mean age of the population being 70.3 ± 10.2 years. The majority of patients were in the NYHA
III functional class (62.2%), followed by NYHA IV (21.1%), while 15 (16.7%) were in the NYHA II class.
Less than half of the patients (N = 40, 44.4%) had suffered MI in the past, 37 (41.1%) were diabetics, 34
(37.8%) were present or former smokers, while 84 (93.3%) had arterial hypertension. Atrial fibrillation
was documented in 55.6% of patients, while more than half of the patients (51.1%) were in the CKD
stage 3 or higher. Furthermore, 36 (40%) patients had at least one HF-related hospitalization during
the previous year. Most of the patients had HFrEF phenotype (N = 39, 43.4%), followed by HFpEF
(N = 31, 34.4%), while 20 (22.2%) had a midrange LVEF. Baseline characteristics of the patient cohort
are available in Table 1.



J. Clin. Med. 2019, 8, 1132 7 of 18

Table 1. Baseline data and pharmacotherapy of the enrolled cohort stratified by the positive history of
myocardial infarction.

VARIABLE Total Cohort
N = 90

ADHF without MI
N = 50

ADHF with MI
N = 40 p-Value *

Demographics and clinical profile

Age, years 70.3 ± 10.2 69.8 ± 10.8 70.9 ± 9.6 0.610
Female sex 47 (52.2) 33 (66.0) 14 (35.0) 0.003
Body mass index, kg/m2 30.2 ± 4.2 30.8 ± 4.4 29.6 ± 3.9 0.182
Body surface area, m2 2.02 ± 0.18 2.02 ± 0.19 2.03 ± 0.17 0.792
Waist-to-hip ratio 0.98 ± 0.08 0.97 ± 0.09 0.99 ± 0.06 0.095
Systolic blood pressure, mmHg 137 ± 28 134 ± 23 140 ± 32 0.285
Diastolic blood pressure, mmHg 80 ± 13 79 ± 12 82 ± 14 0.279
Heart rate at admission, beats/min 95 ± 31 94 ± 28 96 ± 35 0.726
Heart rate at rest, beats/min 88 ± 26 90 ± 28 84 ± 22 0.300
HF-related hospitalization event in a
previous year 36 (40.0) 15 (30.0) 21 (52.5) 0.030

Pacemaker/ICD/CRT device 13 (14.4) 3 (6.0) 10 (25.0) 0.011
Left bundle branch block 35 (38.9) 19 (38.0) 16 (40.0) 0.847
NYHA functional class 3.0 ± 0.62 2.9 ± 0.53 3.2 ± 0.69 0.031
CKD stage 2.6 ± 0.9 2.3 ± 1.0 2.9 ± 0.8 0.004
LVEF ≤35%, biplane Simpson 37 (41.1) 16 (32.0) 20 (50.0) 0.083
SaO2 <90% at admission 34 (37.8) 18 (36.0) 10 (40.0) 0.777

Comorbidities and concomitant clinical conditions

Diabetes mellitus 37 (41.1) 17 (34.0) 20 (50.0) 0.125
Anemia 36 (40.0) 12 (24.0) 14 (35.0) 0.253
Obesity 38 (42.2) 25 (55.6) 13 (35.1) 0.065
Hyperuricemia 75 (83.3) 40 (83.3) 35 (87.5) 0.193
Dyslipidemia 60 (66.6) 33 (66.6) 27 (67.5) 0.743
Chronic obstructive pulmonary disease 21 (23.3) 14 (28.0) 7 (17.5) 0.242
Chronic kidney disease 46 (51.1) 21 (42.0) 25 (62.5) 0.053
Arterial hypertension 84 (93.3) 45 (90.0) 39 (97.5) 0.156
Atrial fibrillation 50 (55.6) 28 (56.0) 22 (55.0) 0.924
Peripheral artery disease 19 (21.1) 9 (18.0) 10 (25.0) 0.419
Smoker, present or former 34 (37.8) 14 (28.0) 20 (50.0) 0.032
History of stroke or transient ischemic
attack 7 (7.8) 4 (8.0) 3 (7.5) 0.930

Pharmacotherapy

ACE inhibitor or ARB 70 (77.8) 41 (82.0) 29 (72.5) 0.245
Sacubitril-valsartan 24 (26.7) 11 (22.0) 13 (32.5) 0.154
β-blocker 81 (90.0) 43 (86.0) 38 (95.0) 0.235
Ca2+ channel blocker 13 (14.4) 9 (18.0) 4 (10.0) 0.305
MRA 42 (46.7) 24 (48.0) 18 (45.0) 0.953
Diuretics 82 (91.1) 45 (90.0) 37 (92.5) 0.274
Digoxin 18 (20.0) 9 (18.0) 9 (22.5) 0.554
Aspirin 35 (38.9) 13 (26.0) 22 (55.0) 0.005
Warfarin 23 (25.6) 14 (28.0) 9 (22.5) 0.617
NOAC 22 (24.4) 13 (26.0) 9 (22.5) 0.821
Statin 33 (36.7) 14 (28.0) 19 (47.5) 0.035

Values are mean ± SD or N (%); * an independent samples t-test or Chi-squared test or Fisher Exact test were used
for comparisons between two groups of interest, as appropriate. Abbreviations: ACE—angiotensin-converting
enzyme; ARB—angiotensin receptor blocker; CKD—chronic kidney disease; CRT—cardiac resynchronization
therapy; HF—heart failure; ICD—implantable cardioverter defibrillator; LVEF—left ventricular ejection fraction;
MI—myocardial infarction; MRA—mineralocorticoid receptor antagonist; NOAC—novel oral anticoagulant;
NYHA—New York Heart Association; SaO2—peripheral arterial oxygen saturation. Bold: statistical
significance <0.05.

3.2. ADHF Patients with a History of MI and Those Without

Patients with a history of MI (MI+) tended to be males and smokers; they had more advanced
kidney diseases and functional disease burden (as assessed by the NYHA classification), more
HF-related hospitalizations in the previous year and more pacemaker/ICD/resynchronization devices
implanted, compared to patients without any history of MI (MI–) (Table 1).
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Regarding pharmacotherapy use prior to hospital discharge, a higher use of aspirin and statins
was recorded among MI+ patients, compared to those without a history of MI. Among all patients, the
coverage of guideline-directed medical therapy was 77.8% for angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs), 90% for beta-blockers, 26.7% for sacubitril-valsartan,
while mineralocorticoid receptor antagonists were used in 46.7% of all patients. Diuretics were
used by the vast majority of patients (91.1%), whereas half of the patients were on anticoagulation
medications (Table 1).

In terms of laboratory data, MI+ patients had higher serum creatinine (139.8 ± 70.4 vs.
99.9 ± 42.0 mmol/L, p = 0.001) and lower eGFR (49.2 ± 21.7 vs. 63.8 ± 25.7 mL/min/1.73 m2, p = 0.005)
values, compared to the MI– group. Biomarker values of NT-proBNP and hs-cTnI were significantly
higher among MI+ than MI– patients (5,227 (3,079–12,004) versus 2,286 (1,110–5,976) pg/mL, p = 0.008
and 35.8 (19.3–84.2) versus 16.0 (10.0–27.3) ng/L, p = 0.001, respectively). Furthermore, the average
glycated hemoglobin value was significantly higher among MI+ compared to MI– patients (6.97 ± 1.50
vs. 6.33 ± 0.94%, p = 0.017, respectively). Finally, MI+ patients had lower concentrations of total
cholesterol (4.1 ± 1.3 vs. 4.7 ± 1.3 mmol/L, p = 0.030) and its HDL and LDL fractions [0.9 (0.8–1.1) versus
1.0 (0.9–1.2) mmol/L, p = 0.023 and 2.4 ±1.1 vs. 2.9 ± 1.1 mmol/L, p = 0.029, respectively) compared to
the MI– patients (Table 2).

Table 2. Laboratory data of the enrolled cohort stratified by the history of myocardial infarction.

Variable Total Cohort
N = 90

ADHF without
Prior MI
N = 50

ADHF with
Prior MI
N = 40

p-Value *

Laboratory values

Sodium, mmol/L 138.9 ± 3.7 139.0 ± 4.1 138.7 ± 3.2 0.725
Potassium, mmol/L 4.2 ± 0.4 4.1 ± 0.4 4.2 ± 0.5 0.252
Creatinine, µmol/L 117.6 ± 59.5 99.9 ± 42.0 139.8 ± 70.4 0.001
BUN, mmol/L 4.9 ± 2.6 4.5 ± 2.5 5.4 ± 2.8 0.132
eGFR, mL/min/1.73 m2 57.3 ± 24.9 63.8 ± 25.7 49.2 ± 21.7 0.005
Uric acid, µmol/L 535 ± 165 511 ± 179 565 ± 143 0.130
Albumin, g/L 38.7 ± 4.1 38.6 ± 4.1 38.8 ± 4.2 0.849
Total proteins, g/L 68.2 ± 7.2 67.5 ± 7.8 69.0 ± 6.3 0.314
Hemoglobin, g/L 133.4 ± 19.2 134.1 ± 18.7 132.6 ± 19.9 0.706
WBC count, ×109/L 8.08 ± 2.59 7.73 ± 2.49 8.51 ± 2.66 0.156
Erythrocytes, ×1012/L 4.48 ± 0.69 4.46 ± 0.69 4.51 ± 0.71 0.775
Thrombocytes, ×109/L 214 ± 60 217 ± 61 209 ± 58 0.522
Lymphocytes, ×109/L 1.50 ± 1.35 1.49 ± 0.70 1.50 ± 0.68 0.970
Neutrophils, ×109/L 5.64 ± 2.18 5.41 ± 2.11 5.92 ± 2.24 0.278
Fasting glucose, mmol/L 8.2 ± 3.0 7.7 ± 2.6 8.8 ± 3.4 0.091
HbA1c, % 6.61 ± 1.26 6.33 ± 0.94 6.97 ± 1.50 0.017
NT-proBNP, pg/mL 3586 (1361–7787) 2286 (1110–5976) 5277 (3079–12004) 0.008
hs-cTnI, ng/L 22.9 (11.6–49.0) 16.0 (10.0–27.3) 35.8 (19.3–84.2) 0.001
CRP, mg/L 8.4 (4.9–20.5) 7.9 (4.7–17.7) 11.5 (6.6–30.6) 0.110
D-dimer, mg/L 1.62 ± 1.35 1.55 ± 1.33 1.72 ± 1.40 0.718
Triglycerides, mmol/L 1.56 ± 0.64 1.51 ± 0.64 1.61 ± 0.65 0.471
Total cholesterol, mmol/L 4.4 ± 1.3 4.7 ± 1.3 4.1 ± 1.3 0.030
HDL cholesterol, mmol/L 1.0 (0.8–1.2) 1.0 (0.9–1.2) 0.9 (0.8–1.1) 0.023
LDL cholesterol, mmol/L 2.7 ± 1.1 2.9 ± 1.1 2.4 ± 1.1 0.029

Values are mean ± SD or median (interquartile range); * Based on the variable distribution, an independent samples
t-test or Mann–Whitney U test were used for the group comparisons, as appropriate. Abbreviations: BUN–blood
urea nitrogen; CRP–C-reactive protein; eGFR–estimated glomerular filtration rate by chronic kidney disease
epidemiology collaboration (CKD–EPI) formula; HDL–high-density lipoprotein; HbA1c–glycated hemoglobin;
hs-cTnI–high sensitivity cardiac troponin I; LDL–low-density lipoprotein; NTproBNP—N-terminal pro B-type
natriuretic peptide; WBC–white blood cells count. Bold: statistical significance <0.05.
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No significant differences between two groups stratified by MI history were observed with
regards to the echocardiographic parameters, while the mean LVEF in the total ADHF sample was
43.4 ± 16.4 percent (Table 3).

Table 3. Echocardiographic parameters of the total cohort and data stratified by the history of
myocardial infarction.

Variable Total Cohort
N = 90

ADHF without
Prior MI
N = 50

ADHF with
Prior MI
N = 40

p-Value *

LVEF, biplane Simpson, % 43.4 ± 16.4 46.3 ± 15.8 39.9 ± 16.6 0.066
LV mass, g 254.4 ± 95.7 250.2 ± 93.9 258.5 ± 97.5 0.686
LVMI, g/m2 119.0 ± 47.3 117.3 ± 46.5 120.7 ± 48.1 0.744
LV EDd, mm 57.9 ± 9.4 56.9 ± 8.5 58.9 ± 10.4 0.322
LV ESd, mm 42.6 ± 12.1 40.9 ± 11.3 44.6 ± 12.9 0.152
IVSd, mm 11 (10–13) 11 (10–13.5) 11 (10–12) 0.405
LV PWd, mm 10.9 ± 2.0 11.0 ± 1.9 10.9 ± 2.1 0.734
FS, % 27.3 ± 11.5 28.4 ± 11.4 25.9 ± 11.6 0.326
LV EDV, mL/m2 ** 85.2 ± 32.3 80.4 ± 26.4 91.1 ± 38.0 0.142
LV ESV, mL/m2 ** 45.0 ± 29.7 40.0 ± 25.4 51.3 ± 33.6 0.096
LA diameter, mm 49.9 ± 8.9 49.5 ± 9.7 50.3 ± 7.7 0.685
Aortic root diameter, mm 33.8 ± 5.1 33.3 ± 5.3 34.5 ± 4.9 0.295
LA/Ao ratio 1.49 ± 0.28 1.49 ± 0.31 1.48 ± 0.24 0.757

Values are mean ± SD or median (interquartile range); * Based on variable distribution, an independent samples
t-test or the Mann–Whitney U test were used for group comparisons, as appropriate; ** Indexed to body
surface area. Abbreviations: Ao—aortic root diameter; BSA—body surface area; EDd—end-diastolic diameter;
EDV—end-diastolic volume; ESd—end-systolic diameter; ESV—end-systolic volume; FS—fractional shortening;
IVSd—interventricular septum diameter; LA—left atrium; LV—left ventricle; LVEF—left ventricular ejection fraction;
LVMI—left ventricular mass index; PWd—posterior wall diameter.

3.3. CST Serum Levels Stratified by the History of MI and Across Different LVEF Phenotypes

When stratified by the history of myocardial infarction, MI+ patients had two-fold higher serum
CST levels compared to MI– patients (8.94 ± 6.39 vs. 4.90 ± 2.74 ng/mL, p = 0.001) (Figure 2).
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CST serum levels did not significantly differ between the three LVEF phenotypes (p = 0.143).
Patients in the HFrEF group exhibited the highest catestatin levels (7.74 ± 5.64 ng/mL), followed by the
HFmrEF (5.75 ± 4.19 ng/mL) and HFpEF (5.35 ± 2.77 ng/mL) groups (Figure 3).
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Figure 3. CST serum levels according to the left ventricular ejection fraction, stratified into three
groups—heart failure with reduced ejection fraction (HFrEF), heart failure with midrange ejection
fraction (HFmrEF), and heart failure with preserved ejection fraction (HFpEF).

3.4. Associations of Serum CST Levels with Clinical and Laboratory Parameters

In multivariable linear regression analysis performed among the total patient sample, CST serum
levels positively correlated with the NYHA functional class (β = 0.491, p < 0.001). Furthermore, CST
levels were in inverse correlation with WHR (β = −0.237, p = 0.026), HbA1c (β = −0.235, p = 0.027), LDL
(β = −0.231, p = 0.029), non-HDL cholesterol (β = −0.237, p = 0.026), and hs-cTnI (β = −0.221, p = 0.030)
concentrations. Finally, heart rate, both at admission and measured at rest, negatively correlated with
the CST serum level (β = −0.201, p = 0.036 and β = −0.242, p = 0.030, respectively) (Table 4). Each
variable was tested in a multivariable linear regression model adjusted for covariates, with following
univariate β estimates and p-values—age (β = −0.122, p = 0.320), BMI (β = −0.098, p = 0.801), eGFR
(β = −0.109, p = 0.374), systolic blood pressure (β = 0.162, p = 0.412), LVEF (β = 0.311, p = 0.015), female
sex (β = 0.249, p = 0.039), and previous history of MI (β = 0.378, p < 0.001).
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Table 4. Univariate beta estimates and results from multivariable linear regression showing associations
of serum CST levels (ng/mL) with the clinical and laboratory parameters of interest.

Variable Univariate β p-Value * B SE β t p-Value **

NYHA class 0.533 <0.001 0.361 0.082 0.491 4.257 <0.001
WHR −0.335 0.012 −1.360 0.615 −0.237 −2.231 0.026
Heart rate at admission, bpm −0.164 0.125 −0.933 0.418 −0.201 −1.960 0.036
Heart rate at rest, bpm −0.189 0.098 −0.951 0.451 −0.242 −2.177 0.030
Total cholesterol, mmol/L −0.108 0.268
Triglycerides, mmol/L −0.201 0.101
HDL-c, mmol/L −0.082 0.508
LDL-c, mmol/L −0.272 0.019 −0.089 0.040 −0.231 −2.123 0.029
Non-HDL cholesterol, mmol/L −0.281 0.014 −0.094 0.045 −0.237 −2.298 0.026
NT-proBNP, pg/mL −0.193 0.074
hs-cTnI, ng/L −0.260 0.015 −0.080 0.111 −0.221 −0.799 0.030
CRP, mg/L 0.147 0.490
D-dimer, mg/L −0.094 0.770
Glucose, fasting, mmol/L −0.165 0.159
HbA1c, % −0.264 0.023 −0.085 0.039 −0.235 −1.248 0.027

* Statistical significance for univariate beta estimate; ** Multivariable linear regression model when testing each
variable was separately adjusted for age, body mass index, estimated glomerular filtration rate, systolic blood pressure,
left ventricular ejection fraction, and weighted by sex and the history of myocardial infarction. Abbreviations:
CRP-C—reactive protein; HDL—high-density lipoprotein; HbA1c—glycated hemoglobin; hs-cTnI—high sensitivity
cardiac troponin I; LDL—low-density lipoprotein; NT-proBNP—N-terminal pro B-type natriuretic peptide;
NYHA—New York Heart Association; WHR—Waist-to-Hip Ratio. Bold: statistical significance <0.05.

3.5. Associations of Serum CST Levels with Echocardiographic Parameters

CST serum levels were in positive correlation with LVEF (β = 0.271, p = 0.022) and fractional
shortening (β = 0.255, p = 0.029), while an inverse relationship was observed with respect to the left
ventricular mass (β = −0.249, p = 0.031), left ventricular mass index (β = −0.237, p = 0.015), left ventricular
end-diastolic (β = −0.341, p = 0.001) and end-systolic (β = −0.311, p = 0.005) diameters. Furthermore, left
ventricular end-diastolic and end-systolic volumes, indexed to BSA, were in a negative correlation with
the CST serum levels (β = −0.324, p = 0.002 and β = −0.328, p = 0.002, respectively). Finally, diameter of
the left atrium inversely correlated with the CST serum levels (β = −0.255, p = 0.021) (Table 5).

Table 5. Univariate beta estimates and results from multivariable linear regression showing associations
of serum CST levels (ng/mL), with echocardiographic parameters.

Variable Univariate β p-Value * B SE β t p-Value **

LVEF, % 0.323 0.010 0.700 0.299 0.271 2.350 0.022
LV mass, g −0.312 0.019 −0.001 0.001 −0.249 −2.185 0.031
LVMI, g/m2

−0.301 0.022 −0.002 0.001 −0.237 −2.488 0.015
LV EDd, mm −0.463 <0.001 −0.020 0.005 −0.341 −3.203 0.001
LV ESd, mm −0.411 <0.001 −0.013 0.004 −0.311 −2.762 0.005
IVSd, mm 0.181 0.139
LV PWd, mm −0.165 0.180
LV EDV, indexed to BSA, mL/m2

−0.375 <0.001 −0.002 0.001 −0.324 −3.211 0.002
LV ESV, indexed to BSA, mL/m2

−0.349 <0.001 −0.003 0.001 −0.328 −3.157 0.002
LA diameter, mm −0.297 0.010 −0.012 0.005 −0.262 −2.415 0.019
Aortic root diameter, mm −0.070 0.574
LA/Ao ratio −0.032 0.795
LAEDV, mL −0.171 0.251
LAVI, mL/m2

−0.233 0.101
Fractional shortening, % 0.292 0.021 0.011 0.003 0.255 2.198 0.029

* Statistical significance for univariate beta estimate; ** Multivariable linear regression model when testing each
variable separately was adjusted for age, body mass index, estimated glomerular filtration rate, systolic blood
pressure, and weighted by sex and the history of myocardial infarction; Abbreviations: Ao—aortic root diameter;
BSA—body surface area; EDd—end-diastolic diameter; EDV—end-diastolic volume; ESd—end-systolic diameter;
ESV—end-systolic volume; IVSd—interventricular septum diameter; LA—left atrium; LV—left ventricle; LVEF—left
ventricular ejection fraction; LVMI—left ventricular mass index; PWd—posterior wall diameter. Bold: statistical
significance <0.05.
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Finally, in terms of LV remodeling assessed by the value of relative wall thickness (RWT) derived
from echocardiographic measurements, more than half of the patients (N = 47, 52.2%) had eccentric
hypertrophy while one-quarter (N = 23, 25.8%) had concentric hypertrophy. Less than one-quarter of
patients had normal left ventricular geometry (N = 20, 22.4%) (Figure 4).J. Clin. Med. 2019, 8, x FOR PEER REVIEW 12 of 18 
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4. Discussion

We report that, among ADHF patients, serum catestatin levels were higher by two-fold among
individuals that previously had AMI, while no significant differences in catestatin serum levels were
observed among the different HF phenotypes stratified by LVEF (HFrEF versus HFmrEF versus
HFpEF). Furthermore, the catestatin serum levels positively correlated with the NYHA functional
class, independent of other covariates, while they were in negative correlation with WHR, LDL, and
non-HDL cholesterol, hs-cTnI, glycated hemoglobin, and heart rate (both at admission and at rest).
Finally, the catestatin serum levels correlated favorably with most of the relevant structural and
functional echocardiographic parameters of the left ventricle (LV), such as LVEF, fractional shortening,
LV volumes and diameters, LV mass and mass index, as well as the size of the left atrium.

We hypothesized that, due to the elevated neurohumoral and SNS activation in patients with
heart failure and ischemic heart disease [5–7,31], serum CST levels would likely be higher among
patients that previously suffered AMI, compared to those that did not. Importantly, circulating CST
levels closely paralleled norepinephrine levels in different myocardial ischemia states, among patients
with CAD [32]. Furthermore, since catecholamines are co-stored and co-released with a group of acidic
secretory proteins (such as ChgA), from the storage vesicles in adrenal chromaffin cells and adrenergic
neurons [33,34], it is plausible that CST levels might closely relate to the catecholaminergic “milieu“ in
the HF setting. As we hypothesized, our HF AMI+ cohort had more than two-fold higher levels of
circulating catestatin, compared to the AMI– patients. This finding is comparable to another study of
Liu et al. showing that plasma CST concentrations were significantly higher among HF patients with
ischemic versus non-ischemic etiology of the disease, however, this finding was limited to patients in
the NYHA III or IV class, and only HFpEF and HFrEF patients without a frank definition of ischemic
disease [17].

Catestatin is a part of a complex neurohumoral feedback system and is most likely secreted
peripherally as a counter-regulatory peptide attenuating excess catecholamine and SNS activity. Thus,
higher levels of this peptide in peripheral blood might indirectly reflect increased neurohumoral
burden and dysfunctional baroreflex control. However, precise pathophysiologic significance of the
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elevated CST levels in HF remains unknown [17,35]. Interestingly, this difference in catestatin serum
levels between the AMI+ and AMI– cohort was persistent in our study, regardless of the baseline
systolic blood pressure and guideline-directed pharmacotherapy targeting neurohumoral activation
pathways, since both groups were similar in that regard. By measuring the circulating catestatin
among similar HF patient groups (in terms of baseline characteristics and medication intake), it might
be possible to quantify any “residual“ neurohumoral activity that could be additionally targeted by
uptitration or introduction of additional neurohumoral disease-modifying drugs that might be used in
HF. This could be relevant for hard clinical outcomes, since high circulating catestatin levels measured
during index admission of CHF patients, independently predicted post-discharge all-cause death (HR
1.84, 95% CI 1.02–3.32) and cardiac death (OR 2.41 95% CI 1.26–4.62), while these effects were even
stronger if the natriuretic peptide levels were high [14]. However, this finding must be cautiously
interpreted, as it was based on a single-center study that enrolled 200 patients, thus, signaling that
more studies with larger enrollment are required in order to further determine the prognostic value of
CST as a biomarker implicated in HF.

Even more, CST measurement in combination with other disease biomarkers such as NT-proBNP
might give additional prognostic information in the HF population [14]. Interestingly, in a study by
Liu et al., plasma CST levels did not significantly decrease and remained high after treatment and
alleviation of the HF-related symptoms, while BNP plasma levels were significantly reduced [17].
This finding might suggest that residual catecholaminergic and SNS activity is preserved in these
patients, despite therapeutic intervention and subsequent short-term improvement of symptoms and
reduction of the circulating natriuretic peptides. It might also suggest that CST is a chronic, rather than
acute-response biomarker of neurohumoral activity in HF. Finally, multimarker strategies accumulating
independent information from a battery of biomarkers in terms of risk stratification in ADHF and CHF
are recommended nowadays, since each biomarker provides insight into different aspects of the HF
pathophysiology [36,37].

In the present study, ADHF patients within the whole spectrum of LVEF were included and,
to our knowledge, this is the first study that reported on CST levels in patients with “midrange“
LVEF. Although CST levels did not significantly differ between the three LVEF phenotypes, there is a
clear trend towards HFrEF patients having higher CST levels, while statistical significance was not
reached most likely due to the limited sample size. Additionally, circulating CST levels were highest
in the NYHA IV, followed by NYHA III, and were lowest in the NYHA II subgroup. This finding
was supported by a study of Liu et al. showing that plasma CST concentrations gradually increased
among CHF patients from NYHA I to IV class and no difference in CST concentrations was observed
between the HFrEF and HFpEF patients [17]. However, one study showed that the catestatin levels
decreased gradually from stage A to C of HF, when using the American Heart Association (AHA)
and American College of Cardiology (ACC) classification of HF [18]. In accordance with the previous
study by Liu et al, our findings might suggest that CST is a marker of advanced HF and its circulating
levels are dependent on a constellation of factors beyond the ejection fraction. Since the NYHA class
is consistently associated with hospitalizations and mortality in HF [38–40], our finding is of further
relevance because higher plasma CST levels measured at index hospitalization were independently
associated to increased risk of all-cause and cardiac death among CHF patients, during the median
follow-up of 52.5 months [14].

Importantly, our study showed that serum CST levels positively correlated with LVEF and fraction
shortening. Higher catestatin levels were associated with smaller LV volumes and dimensions, as
well as decreased LV mass and LA size. These are novel findings suggesting the cardioprotective
association of catestatin with structural and functional properties of left ventricle and dimensions
of the left atrium. Previous studies in which similar positive associations were observed were only
reported in the rat model of AMI [41] and in patients with AMI [16], but not in the ADHF setting.
One study conducted in the setting of AMI failed to demonstrate the relationship between catestatin
and LVEF [42]. Furthermore, patients with essential hypertension and left ventricular hypertrophy, as
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determined by echocardiography, had a significantly lower catestatin-to-norepinephrine ratio [43],
while mice with ablated ChgA gene showed increased LV mass and LV cavity dimensions. This
suggests that deficiency of the prohormone ChgA and its downstream products such as catestatin are
responsible for the loss of endogenous “brake“ on adrenergic activity and mediation of pathologic
LV remodeling [44]. Unlike our findings, Liu et al. did not find LVEF as an independent correlate of
plasma CST levels in their CHF cohort but rather reported the NYHA class, ischemic etiology of the
cardiomyopathy, and eGFR as independent predictors of CST levels [17].

We further expanded on these findings since our multivariable regression analysis showed that
independent negative predictors of CST serum levels were HbA1c, LDL and non-HDL cholesterol
fractions, hs-cTnI, WHR, and HR (both at admission and at rest). These are novel findings in the
context of HF and can be related to some reports on the role of CST in other diseases. Of note, catestatin
suppressed hepatic glucose production and was associated with improved insulin sensitivity in mice
with diet-induced obesity [45], while it also induced glucose uptake and GLUT4 trafficking in adult
rat cardiomyocytes, thus, likely improving cardiac energetics [46]. One study performed among
obese children and adolescents found that catestatin negatively correlated with the homeostatic model
assessment of insulin resistance (HOMA-IR) and its levels were significantly reduced in obese subjects,
compared to the control group [47]. CST also improved peripheral leptin sensitivity and promoted
lipolysis and fatty acid oxidation in a preclinical model [48], thus, confirming its antiobesic effect [49].
These data altogether suggest that CST is associated with improved systemic glycemia and metabolic
profile and these inferences are concordant to our findings in the ADHF population, since we observed
negative associations of glycated hemoglobin and WHR with serum CST concentrations.

In terms of catestatin and lipid metabolism, no comparable data are available for the HF
population. In a study among untreated hypertensive patients, catestatin levels correlated positively
with HDL-cholesterol levels but no associations were observed with respect to the total cholesterol or
other cholesterol fractions [50], while CST correlated negatively with HDL cholesterol among obstructive
sleep apnea patients [11]. Similarly, catestatin significantly retarded aortic atherosclerotic lesions with
declined lipoprotein-induced foam cell formation in a preclinical experiment [51], while its levels were
inversely associated with the severity of atherosclerosis, among patients with CAD [52]. These data
suggest that CST is associated with an improved lipid profile and likely exerts antiatherosclerotic
effects, thus, partially explaining the negative associations of LDL and non-HDL cholesterol fractions
with the CST levels, as observed in this study.

Relationship of CST with cardiac troponin, a hallmark biomarker of myocardial injury, has not
been previously described, especially not in the HF setting. Our study revealed a weak but significant
and independent inverse association of hs-cTnI concentrations with CST. Increased troponin levels
in HF are common and can occur due to many mechanisms other than myocardial ischemia, such as
elevated filling pressures, increased wall stress, tachycardias, arrhythmias, anemia, hypotension, and
increased cardiomyocyte membrane permeability, causing a leak of cardiac troponin from the cytosolic
pool into circulation [53]. Furthermore, pathologic processes in HF that occur on a cellular level, such
as cardiomyocyte apoptosis, dysfunctional autophagy, and chronic breakdown of contractile apparatus,
can result in a rise of circulating troponin levels, particularly those detected with high-sensitivity
assays [53,54]. Since CST was associated with improved structural and functional echocardiographic
parameters and lower left ventricular mass in our study, it is plausible that these effects might attenuate
the extent of myocardial injury during the acute HF decompensation. However, it remains unknown
whether this relationship is of chronic or acute nature and what are the dynamics of circulating troponin
and CST during the natural course of HF.

Finally, CST serum levels were independently and inversely related to HR, both at admission and
bedside rest. Previously, CST was characterized as an endocrine modulator of cardiac inotropism and
lusitropism, by exhibiting cardiosuppressive effects on basal cardiac function and antagonistic action
on beta-adrenergic positive inotropism and endothelin-1-mediated vasoconstriction, especially under
stressed conditions [55–57]. Likewise, a study performed in mice showed that CST has a profound
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effect on autonomic function as its administration improved HR variability and decreased tachycardia
by 10% in a ChgA knockout mice model, while wildtype mice had significantly lower HR at baseline
compared to a ChgA knockout [58]. Our findings seem to support these preclinical observations, since
patients with higher CST levels were more likely to have a generally lower HR.

There are several limitations to this study. This is a single-center clinical report with the
cross-sectional design and no follow-up, therefore, we lack data on CST dynamics at various time-points
and no causal inferences could be made due to the possibility of interference of non-measured
confounders. Thus, enrolment of a larger number of patients might be required to generalize these
results and to ascertain the potential relationship of CST with other relevant parameters of interest.
Due to the lack of mechanistic insights, associations of CST with the measured parameters cannot
be verified through a direct pathophysiological link, thereby, requiring further elucidation in future
mechanistic preclinical and translational studies. Furthermore, direct measurements of circulating or
urinary catecholamines or SNS activity parameters have not been performed in this study, therefore,
we could not quantify catecholamine burden or sympathetic “excess“ in our ADHF cohort. Finally, we
lack data on specific pulmonary function parameters and lifestyle-related parameters as these were not
prespecified and measured in our study design.

5. Conclusions

Results of this study are novel for this population and suggest that the role of CST in HF is complex
and multidimensional. On the one hand, higher CST levels are associated with beneficial metabolic
and cardioprotective effects and, on the other, high CST levels reflect higher disease severity and most
likely parallel increased neurohumoral activity that might translate to adverse outcomes during the
natural course of disease. These findings could have clinical impact in the sense that CST could serve
as a chronic marker of increased or residual sympathetic activation and could potentially be measured
alongside established HF biomarkers, such as natriuretic peptides in the identification of HF patients
with advanced disease burden and an increased risk of post-discharge mortality. Furthermore, future
treatments developed to target neurohumoral pathways and to attenuate sympathetic nervous system
activity in HF might translate to changes in circulating CST levels, thus, making them appropriate for
the measurement of response to HF-directed therapy. Finally, further mechanistic studies and larger
clinical studies with follow-up powered for relevant clinical endpoints are required to confirm the
findings obtained in this study.
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