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Abstract
Chronic heart failure (CHF) represents a major cause of hospitalization and death.  Recent evidence shows that novel biomarkers such 
as soluble suppression of tumorigenicity (sST2), growth-differentiation factor-15 (GDF-15), soluble urokinase plasminogen activator 

patients.  In this study we examined the effects of Ivabradine that inhibited the hyperpolarization-activated cyclic nucleotide-gated 
channel (HCN channel, also called funny current If), thereby leading to selective heart rate reduction and improved myocardial oxygen 
supply on the cardiac biomarkers sST2, GDF-15, suPAR and H-FABP in 50 CHF patients at the University Hospital of Jena.  Patients 
were divided into three groups based on the etiology of CHF: dilated cardiomyopathy (DCM, n=20), ischemic cardiomyopathy (ICM, 
n=20) and hypertensive cardiomyopathy (HCM, n=10).  The patients were administered Ivabradine (5 mg, bid for 3 months, and 7.5 
mg bid for further 3 months).  Analyses of cardiovascular biomarkers were performed at baseline as well as at 3- and 6-month follow-

P=0.0215), indicating a reduction 
vs 

vs P=0.0151).  suPAR median levels 

reduction in ventricular remodeling and sub-clinical ischemia could be assumed.  However, markers of hemodynamic stress (sST2) and 

necessary to validate the clinical applicability of these novel cardiovascular biomarkers.
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Heart failure (HF) is considered a leading cause of hospital-
ization and death with a prevalence of 1%–2% of the adult 
population in first-world countries[1, 2].  With an increasing 
prevalence in elderly patients, heart failure is responsible for 
a growing rate of morbidity and mortality worldwide, repre-
senting a public health challenge with huge expenses for the 
healthcare system[1-3].

According to current ESC Guidelines, heart failure can be 
divided into three subgroups depending on left ventricular 
ejection fraction: HF with reduced ejection fraction (HFrEF; 
LVEF <40%, “systolic“), HF with mid-range ejection fraction 
(HFmrEF; LVEF 40%–49%) and HF with preserved ejection 

[2, 4].

processes mediated by pro-inflammatory cytokines includ-
ing IL-1, IL, 4, IL-6, IL-18, high-sensitivity C-reactive protein 
(hs-CRP), tumor necrosis factor alpha (TNF-alpha), and FAS 
ligand .  Higher levels of these inflammatory biomarkers 
induce heart muscle remodeling, endothelial dysfunction and 
ventricular fibrosis[6, 7].  The degree of inflammation plays 
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an important role in the progression of heart failure and has 
been reported to correlate with disease severity, resulting in 
increased mortality rates[8].

In recent years, novel biomarkers such as soluble sup-
pression of tumorigenicity (sST2)[9], growth-differentiation 

receptor (suPAR), and heart-type fatty acid binding protein 
(H-FABP) have been shown in several studies to correlate with 
inflammatory and ischemic responses in patients suffering 
from heart failure[10-13].

-
dynamic stress and cardiomyocyte strain. It has two isoforms, 
a membrane-bound receptor (ST2L) with IL-33 as the func-
tional ligand and a soluble form (sST2)[14]

as coronary artery disease and is also involved in the regula-
tion of apoptotic pathways and remodeling .  H-FABP is an 
early marker of myocardial ischemia and cardiomyocyte dam-
age[16]

increase in H-FABP levels in heart failure patients[17].  suPAR is 

(SIRS), malignancies and cardiovascular disease[18, 19].
A high resting heart rate is of highest prognostic relevance 

in heart failure and is associated with rapid disease progres-
sion, resulting in increased rates of morbidity and mortality 
in patients with reduced ejection fraction[20-22].  Ivabradine has 
been evaluated as being one of the most promising new thera-
peutic options for heart rate reduction[20, 22] and specifically 
inhibits the hyperpolarization-activated cyclic nucleotide-
gated funny current channel (If; located in pacemaker cells of 
the sinoatrial node), thereby leading to a reduction in heart 
rate[20, 23].  In comparison to beta-blockers, Ivabradine has no 
effect on myocardial contractility, atrioventricular or ventricu-
lar conduction  and has been proven to reduce cardiovas-
cular mortality and hospitalization due to heart failure[26, 27].

In this study, we aimed to investigate the pharmacodynamic 
effects of Ivabradine on four novel cardiovascular biomarkers 
(namely, the suppression of tumorigenicity (sST2), growth-

-
minogen activator receptor (suPAR), and heart-type fatty acid 
binding protein (H-FABP)) in patients suffering from ischemic 

hypertensive cardiomyopathy (HCM).

of patients was conducted at the HF outpatient clinic at the 
University Hospital Jena, Germany.  All patients included 
in our study had stable CHF for over 1 year and were under 
optimal medical therapy.  Moreover, informed consent was 
obtained from all patients participating in the study.  The 
study protocol was approved by the local ethics committee 

Helsinki” (1964).
The inclusion criteria were as follows: (i) age >18 years; (ii) 

-
-

tensive stable CHF >12 months; and (vi) standard heart failure 
therapy with beta-blockers, ACE-inhibitors, and aldosterone-
receptor antagonists (NYHA III-IV) at adequate dosages.

Exclusion criteria were chosen based on potential interfer-

cardiac decompensation (<3 months); (ii) recent acute coro-
nary syndrome (<3 months); (iii) acute or chronic infections; 
(iv) malignancies; (v) autoimmune diseases; (vi) hyperthyroid-
ism; (vii) medication with immunosuppressive agents; and 
(viii) unknown etiology of CHF.

The included patients were divided into three subgroups 

-

of hypertension); and (3) hypertensive cardiomyopathy (HCM; 

-
nosed in 20 patients and HCM was diagnosed in 10 patients.

The total duration of the study was 6 months.  Following 
the baseline visit, two follow-ups were performed at 3 and 6 
months at the outpatient clinic, and adverse events, clinical 
course of heart failure and vital parameters as well as bio-
marker levels were evaluated.  Furthermore, laboratory sam-
ples were drawn and analyzed.  All laboratory values were 
obtained from the standard in-hospital laboratory.  Biomarker 
levels were obtained using ELISA (see Laboratory analysis).

study due to following side effects: dizziness/nausea, 4; CHF 
worsening, 4; eczema, 4; headache/stomach pain, 1; weakness, 
1; noncompliance, 1; pacemaker implantation, 1; and diarrhea, 1.

At the baseline visit, Ivabradine was started on a dosage of 

patients with a heart rate below 60 bpm, a dosage of 2×
per day was maintained.  After the 6-month follow-up, the 
study was ended.

Laboratory analysis
Standard clinical laboratory parameters were measured and 

Hospital Jena).  The measurements included brain natriuretic 
peptide (BNP; pg/mL), interleukin 6 (IL-6; ng/L), C-reactive 
protein (CRP, mg/L), troponin I (TNI; μg/L), creatinine 
(mg/dL), urea (mg/dL), sodium (mg/dL) and hemoglobin 

and H-FABP were quantified using a commercially avail-

in accordance with the instructions supplied by the manufac-
turer at baseline and at 3- and 6-month follow-ups.

In brief, serum samples and standard proteins were added 
to multiwell plates (Nunc Maxisorp plates, VWR International, 
Austria) that were coated with the respective capture anti-
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body, and the plates were incubated for two hours.  The plates 
were then washed with washing buffer (Tween 20, Sigma 
Aldrich, USA and phosphate-buffered saline solution).  Then, 
a biotin-labeled antibody was added to each well, and the 
plate was incubated for another two hours.  The ELISA plates 
were washed once again, and a streptavidin-labeled horse-
radish peroxidase solution was added.  After adding tetra-
methylbenzidine (TMB; Sigma Aldrich, USA) a color reaction 
was achieved and was then stopped by H2SO4.  The optical 

(iMark Microplate Absorbance Reader, Bio-Rad Laborato-
ries, Austria).  Intra-assay precision and inter-assay precision 

H-FABP: 0.3%–4.7%, 1.3%–17.4%, respectively.

Statistical analysis
All statistical analyses were performed using GraphPad-Prism 
software (GraphPad Software, La Jolla, CA, USA) and SPSS 
(22.0, SPSS Inc, USA).  Normally distributed parameters were 
assessed using the Kolmogorov-Smirnov test and are presented 
as the mean±standard error of the mean; all other values are 
shown as median±interquartile range in the figures and as 
median±minimum and maximum in the tables.  Means were 
compared between groups using Student`s t-test or the Mann-
U test.  Changes in biomarker levels over the follow-up period 
were compared using the Wilcoxon matched-pairs test.  Corre-
lation analysis was assessed using Spearman’s rank correlation 

value of P

Baseline characteristics
The effects of Ivabradine treatment on vital parameters have 
been previously described by Rohm et al[28].  The study design 
and the time points of clinical follow-ups and biomarker 
analyses of the present study are shown in Figure 1.  Baseline 
characteristics are shown in Table 1.  Patients suffering ICM 
received diuretic therapy less often than patients suffering 

P=0.08) and were affected more frequently 
by syncope (P
NYHA stage and cardiovascular risk factors between the three 
groups at baseline.  After 6 months of Ivabradine treatment, 
symptom improvement was seen, as shown by a decrease in 

P<0.001); 
in addition, for the subgroups, a trend towards a lower NYHA 

P=0.12), 
P=0.06), and from 3.0 to 2.0 in 

HCM patients (P=0.06).

Heart rate analysis
An overall heart rate reduction was observed from 79.7±2.6 
beats per minute (bpm) to 64.4±4.0 bpm after 6 months 
(P<0.001).  The lowest heart rates at follow-up were found in 

P<0.01 for all sub-
groups).  The effects of Ivabradine treatment on NYHA stage, 
heart rate, ejection fraction (EF) and BNP levels are shown in 
Supplementary Figure S1.

Biomarker levels – baseline values and at 3-month follow-up
In the per-protocol-analysis (n=33), the baseline levels of bio-

groups.  At the 3-month follow-up, a general trend toward 

was observed; however, no significant differences were 
observed compared to baseline levels.  Furthermore, there 
were no significant differences in biomarker levels between 

Biomarker levels – 6-month follow-up
At the six-month follow-up, the median concentration of 

vs
μg/mL; P

-

cohort (from 2.1 to 1.6 ng/mL, P

suPAR levels were significantly elevated at the 6-month 
follow-up (from 2137 to 3178 pg/mL, P=0.009), and there were 
no significant differences between the groups with differing 

-

Figure 1.  Study design and time points of clinical follow-ups and 
biomarker analyses.
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HCM patients.
For BNP, IL-6 and hsCRP, no significant differences were 

found at the 6-month follow-up compared to baseline values.  
BNP levels were 113 pg/mL at baseline and 132 pg/mL after 
6 months, IL-6 levels were 4.0 ng/L at baseline and 3.7 ng/L 
after 6 months, and hsCRP levels were 4.2 mg/L at the start of 
the study and 3.2 mg/L after completion (P P=0.61 and 
P

r=0.46, 
P
sST2 or suPAR with BNP, IL-6 or hsCRP.

Intention to treat analysis
A similar response was evident in the intention to treat analy-
sis (total n

P=0.0231).  H-FABP concentrations decreased only in trend 
(from 2.2 to 1.9 ng/mL, P=0.21).  suPAR levels increased over 

P
P=0.87) 

(Figure 3).

Correlation analysis of biomarkers and risk factors
Concerning cardiovascular risk factors, all four biomarkers 
were tested for their association with smoking, angina pecto-

-
tion between smoking and sST2 levels was observed (P=0.04).  

Besides, no correlations between mentioned cardiovascular 
risk factors and biomarker levels were evident.

A high resting heart rate is of highest prognostic relevance in 
heart failure patients and is associated with increased morbid-
ity and mortality in patients with reduced ejection fraction[20-22].  
Myocardial oxygen consumption and energy demand increase 
due to higher resting heart rates while myocardial perfu-
sion decreases due to a shortening of diastole, resulting in a 
decrease in oxygen supply despite the increased myocardial 
strain[29, 30].  The consequences are a rapid disease progression 

and, consequently, NYHA functional class.  Therefore, in 
recent years, numerous studies have examined new pharma-
cological treatments for heart rate reduction, with Ivabradine 
being one of the most promising new therapeutic options.  In 

-
bidity and mortality was shown in heart failure patients[26, 31].  
While these effects have mainly been attributed to a reduction 
in heart rate and an improvement in cardiac output and oxy-
gen consumption, more recent studies have proposed addi-

-
tory and ischemic processes[28, 32].  According to Sargento et al, 
the NT-pro BNP reduction triggered by short-term Ivabradine 
treatment is correlated closely with the heart rate reduction 
in patients suffering from systolic heart failure[33]; however, 
Ordu et al reported no correlation between heart rate variation 

Figure 2. A).  GDF-15 and H-FABP 
B, C).  suPAR concentrations increased over the follow-up period (D).
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and NT-pro BNP[34].  The role of biomarkers in treating heart 
failure patients has been the subject of intensive investigations 
in recent years, representing a new possibility for prognosis 
and the evaluation of therapy success.  In particular, sST2 has 
entered clinical practice and has been included in the current 
heart failure guidelines of the AHA .  Therefore, we aimed 
to investigate the correlation of Ivabradine treatment in heart 

H-FABP).
In our study population, there were no significant differ-

ences in NYHA stage and cardiovascular risk factors between 

our analysis showed that Ivabradine treatment led to a sig-

regardless of disease etiology[20].
Baseline levels of biomarkers showed no significant dif-

ferences between the three groups, indicating etiology-

and H-FABP were evident.  Biomarker levels even tended to 
be higher after 3 months of Ivabradine treatment.  However, 
considering the time necessary for cardioprotective alterations 
and response, a period of three months may be too short to 

-

observed between the three HF groups after three months.  
Hence, the susceptibility for Ivabradine-induced changes in 

and HCM patients.
After six months of Ivabradine treatment, significant 

-
dioprotective effect occurs through anti-inflammatory and 
anti-oxidative effects[36]

-
cial effect of Ivabradine in addition to its bradycardic effect in 
CHF could be assumed[37, 38].

In contrast, H-FABP represents an ischemic marker that 
is susceptible to very early ischemic myocardial damage[39].  
A decrease in H-FABP levels is considered a marker for 
improved myocardial perfusion and reduced subclinical 
myocardial ischemia[39].  However, H-FABP downregulation 
can be mainly attributed to the heart rate-reducing effect of 
Ivabradine.  Oxygen consumption is reduced by a decrease in 
heart rate, while myocardial perfusion is increased through 
prolonged diastole, thus optimizing myocardial blood supply.  

at the six-month follow-up in our study.  sST2 is a marker of 
hemodynamic stress and inflammation as well as myocar-
dial strain[40].  As hemodynamic stress and myocardial strain 
are improved by Ivabradine treatment due to its heart rate-
reducing effects, a decrease of sST2 levels was expected.  

Figure 3. A B), but 
H-FABP levels decreased marginally (C).  suPAR concentrations increased after 6 months (D).
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Additionally, previous studies also described an inhibiting 
effect of Ivabradine on the secretion of pro-inflammatory 
cytokines such as IL-6 and TNF-alpha, which trigger the secre-

effect of Ivabradine[28].  However, the absence of the progres-
sion of sST2 levels observed in our study indicates that at least 
a mild anti-inflammatory effect occurred, most likely due to 
Ivabradine treatment.  Furthermore, levels of sST2 decreased 
after 6 months when compared to those at the 3-month follow-
up, suggesting a stronger effect of Ivabradine on sST2 levels in 
long term treatment.

Levels of suPAR were increased after 3 months, reaching 
statistical significance at the 6-month follow-up.  suPAR is 
involved in various processes, such as tissue remodeling, 
wound healing, and the development of cancer and metasta-
sis[13, 19].  Levels of suPAR are often elevated in these processes 
and mainly facilitate proteolysis.  Therefore, in CHF-patients, a 
correlation between suPAR upregulation and cardiac remodel-

levels after six months are primarily interpreted as a marker 
of ongoing cardiac remodeling and disease progression in our 
study population.  Interestingly, ICM patients showed the 

strongest correlation with elevated suPAR levels, again sug-
gesting an involvement in cardiac remodeling.  Furthermore, 
it appears that the secretion of suPAR is not influenced by 
Ivabradine treatment.  However, due to our relatively short 
treatment window and the chronic and complex processes 
involved in cardiac remodeling, it is possible that suPAR lev-
els may have shown a late response to bradycardic treatment 
that was not observable by our study.

This study was conducted as a retrospective and single-center 
study.  Furthermore, the number of patients in our study 
population was quite small, resulting in a reduced statistical 
power.  There were only two follow-ups, covering 6 months 
of therapy; this period is relatively short considering the time 
necessary for cardioprotective alterations and biomarker 
response.  Moreover, the study was not double-blinded, which 

their symptoms.

and the absence of an increase in sST2 levels.  Considering 
the pathophysiology of CHF, this result is highly relevant 
for future therapy.  Moreover, we observed an impact of 
Ivabradine on subclinical ischemia in HF as represented by a 
decrease in H-FABP levels.  However, suPAR levels remained 
high in our study, most likely indicating ongoing cardiac 
remodeling even 6 months after Ivabradine therapy.  There-
fore, we conclude that Ivabradine has an anti-inflammatory 
and anti-ischemic potential in short-term use in addition to its 
bradycardic effects, thereby targeting different pathophysi-
ological mechanisms in CHF.  Nevertheless, more prospective 
studies are needed to further evaluate the effect of Ivabradine 

remodeling, especially for long-term treatment.

Supplementary information is available on the website of Acta 
Pharmacologica Sinica.
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