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Abstract
The purpose of this study was to determine the blood concentration of sST2 and evaluate the correlations between sST2 and the 

clinical, instrumental, and echocardiographic characteristics of patients with CHFrEF (chronic heart failure with reduced ejection 
fraction) and CHFpEF (chronic heart failure with preserved ejection fraction), as well as to evaluate the sST2 informativeness in 
comparison with NT-proBNP.

The study involved 160 patients diagnosed with CHF (86 men and 74 women, mean age of 72.4±8.7 years). According to the 
LVEF value, the patients were divided into two groups: CHFpEF (EF≥50%) was recorded in 69 people, CHFrEF (EF<50%) - in 
91 people. The functional class (FC) of CHF was determined according to the NYHA classification (1994). NT-proBNP and hs-
CRP levels had a stronger positive association with sST2 levels in CHFrEF patients than in CHFpEF patients. The results obtained 
(regardless of the EF) indicated a statistically significant direct correlation between the levels of sST2 and LAVI. The weak direct 
correlation between sST2 and NYHA FC, in contrast to the direct strong correlation between NT-proBNP and sST2, indicates that 
sST2, which is quite important both for determining the current state of the patient and for predicting the course of the disease, 
still cannot be used as a single and universal indicator. In this regard, further comprehensive study of the diagnostic and prognostic 
capabilities of the sST2 and NT-proBNP biomarkers in CHF patients with different EF is required. (International Journal of 
Biomedicine. 2020;10(4):342-346.) 
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Abbreviations 
CHF, chronic heart failure; EF, ejection fraction; CHFrEF, CHF with reduced EF, CHFpEF, CHF with preserved EF; IL1RL1, 
interleukin 1 receptor like 1; LAVI, left atrial volume index; LVMI, left ventricular mass index; LVEF, left ventricular EF; TAPSE, 
tricuspid annular plane systolic excursion; 6MWT, the 6-minute walking test;  E, transmitral early peak velocity; e’, early diastolic 
mitral annulus velocity; NT-proBNP, N-terminal pro-brain natriuretic peptide; hs-CRP, high-sensitivity C-reactive protein.

Introduction
Chronic heart failure (CHF) is a rapidly growing public 

health issue associated with increased morbidity and mortality. 
Modern understanding of the CHF pathogenesis indicates the 
heterogeneity of the processes occurring in the myocardium, 
depending on LVEF.(1-3) In the literature, CHFrEF is discussed 

in detail.(4) Nevertheless, about half of patients with CHF have 
LVEF>50%, which corresponds to CHFpEF, and morbidity 
and mortality rates are comparable for both groups.(5) 

It is believed that endogenous low-level inflammation, 
cellular hypertrophy, and an increase in myocardial stiffness 
(due to extracellular reorganization) are the determining 
processes in the formation of CHFpEF. Essentially, CHFpFV 
is a process of proliferation of connective tissue and disorders 
of cell metabolism.(6) Various pathogenetic cascades imply the 
likelihood that various biologically active substances have 
participated in their implementation. Many biomarkers are 
being actively studied for their use as methods for diagnosing 
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and monitoring the stability of CHF patients.(7) In particular, it 
is NT-proBNP, hs-CRP, and the less studied ST2 protein.

The Il1rl1 gene product, also having the alias ST2, is a 
member of the interleukin 1 receptor superfamily.(8,9) For the 
first time, it has become known as a participant in inflammatory 
and autoimmune reactions.(10) ST2 is defined as the IL-33 
receptor, as it binds to IL-33.(11,12) ST2 has two main isoforms: 
transmembrane or cellular (ST2L) and soluble or circulating 
(sST2) forms.(13,14) In experimental models, the interaction 
between IL-33 and ST2L provided the cardioprotective effects, 
reducing myocardial fibrosis, cardiomyocyte hypertrophy, 
and apoptosis, as well as improving myocardial function. 
sST2 avidly binds to IL-33, competing with ST2L.(14) The 
interaction of sSH2 with IL-33 blocks the IL-33/ST2L system 
and, as a result, eliminates the cardioprotective effects. sST2 is 
considered a decoy receptor.(11) Ultimately, a high level of sST2 
in blood plasma leads to myocardial fibrosis and dysfunction 
of the ventricles of the heart.(15) The main sources of sST2 are 
cardiac fibroblasts and cardiomyocytes in response to stress 
or injury. Recent studies have demonstrated soluble ST2 to 
be a strong predictor of cardiovascular outcomes in both 
chronic and acute heart failure.(14) Consistent with the ADHF 
data, soluble ST2 has been proven to be useful as a prognostic 
marker in chronic HF.(16)

The weaknesses of the NT-proBNP diagnostic 
capabilities, namely that its representativeness depends on 
some comorbid conditions of patients (impaired renal function, 
anemia, COPD, obesity), encourages scientists to search for a 
more stable diagnostic marker for patients with a different EF 
of CHF. Despite the fact that separate studies have already 
been conducted (7,15,17) to assess the relationship of sST2 with 
other characteristics of CHF patients with different LVEF, the 
results obtained are contradictory. 

The purpose of this study was to determine the blood 
concentration of sST2 and evaluate the correlations between 
sST2 and the clinical, instrumental, and echocardiographic 
characteristics of patients with CHFrEF and CHFpEF, as well 
as to evaluate the sST2 informativeness in comparison with 
NT-proBNP.

Materials and Methods
The study involved 160 patients diagnosed with CHF (86 

men and 74 women, mean age of 72.4±8.7 years), included in 
the regional register of CHF patients in the Voronezh region. 
All subjects gave informed consent to participate in the study. 
According to the LVEF value, the patients were divided into 
two groups: CHFpEF (EF≥50%) was recorded in 69 people, 
CHFrEF (EF<50%) - in 91 people. The diagnosis of CHF 
was established according to 2016 ESC Guidelines for the 
diagnosis and treatment of acute and chronic heart failure.(1) 

The functional class (FC) of CHF was determined according 
to the NYHA classification (1994), based on the results of 
the 6MWT. The non-inclusion criteria were the presence 
of bronchopulmonary diseases(including asthma, COPD), 
chronic kidney disease(3b stages and higher), diabetes mellitus 
or taking hypoglycemic drugs, permanent atrial fibrillation, 
anemia, diseases of musculoskeletal system (coxarthrosis, 

gonarthrosis, etc., reducing motor activity), obesity (2-3 
classes) and other severe somatic pathologies.

Eight weeks after inclusion in the study (patients 
were examined weekly by the investigator-cardiologist to 
monitor the stability of the state/course of CHF), participants 
underwent a standard examination, which included clinical, 
laboratory and instrumental research methods. For the purpose 
of an objective assessment of exercise tolerance, a complex of 
cardiorespiratory analysis was used, designed for functional 
medical tests, which allows dynamic determination of blood 
oxygen saturation, heart rate, respiratory rate and the distance 
in 6MWT (6MWT-D). 

The serum levels of NT-proBNP, sST2, and hs-CRP 
were determined using an automatic analyzer IMMULITE 
2000 (Siemens Diagnostics, USA) and quantitative ELISA 
kits: NT-proBNP - using the Biomedica human NT-proBNP 
Sandwich ELISA kit (Austria), sST2 - using the Presage ST2 
assay kit (Critical Diagnostics, USA), and hs-CRP - using the 
SRB-IFA-BEST highly sensitive kit (Vector-Best, Russia). 

Comprehensive two-dimensional and Doppler 
echocardiography were performed using an EPIQ5 
ultrasound system (Phillips, USA)  equipped with S5-1 Pure-
Wave Cardiac Transducer. LV end-systolic and end-diastolic 
volume and left ventricular ejection fraction (LVEF) were 
calculated by the biplane Simpson method.(18) Early transmitral 
inflow velocity (E) and early diastolic mitral annular velocity 
(e’) were determined, and an E/e’ ratio was acquired. LAVI 
and TAPSE were also evaluated.

All data was evaluated with STATGRAPHICS Plus 
5.1 Median (Me) and interquartile range (IQR; 25th to 75th 
percentiles) were calculated. Mann–Whitney U test was used 
for group comparisons. Group comparisons with respect to 
categorical variables were performed using chi-square tests 
or, alternatively, Fisher’s exact test when expected cell counts 
were less than 5. Spearman’s correlations were used to assess 
the relationship between NT-proBNP, sST2, hs-CRP levels 
with echo parameters. A probability value of P<0.05 was 
considered statistically significant.

Results and Discussion
The median of NT-proBNP level for patients with 

CHFrEF was 1804(608-4908) ng/L, which significantly 
exceeded its value in patients with CHFpEF - 980(301-2677) 
ng/L (P<0.001). The sST2 level was also higher in patients 
with CHFrEF and amounted to 37(21-56) ng/ml, while for the 
group of patients with CHFpEF this indicator was 21(15-35) 
ng/ml (P<0.001). sST2 levels in both groups increased with 
increasing NYHA FC.

In the HFpEF group, the average levels of LAVI 
and LVMI were 43(37–53) ml/m2 and 115(95–143) g/m2, 
respectively. In the HFrEF group, the average levels of LAVI 
and LVMI were 48(40–73) ml/m2 and 146(127–184) g/m2, 
respectively. A higher level of sST2 in patients with HFrEF, 
in combination with more pronounced hypertrophy and 
myocardial remodeling as described above, indicates that the 
induction of sST2 is caused by the mechanical overload of 
cardiomyocytes. Consequently, an increase in the level of this 
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biomarker may reflect myocardial stress, the architectonics 
changes in the heart during the development of CHF and 
fibrosis.

With regard to the level of hs-CRP, as a biomarker of 
endogenous inflammatory processes, its value was 3.4(1.2-
8.1) mg/L in patients with CHFpEF, while in patients with 
CHFrEF it was statistically significantly less - 2.9(1.6-5.4) 
mg/L (P<0.001).

The correlation analysis of the sST2 levels and other 
variables in the study groups produced the following results: 
NT-proBNP and hs-CRP levels had a stronger positive 
association with sST2 levels in CHFrEF patients (r=0.53, 
P<0.001 and r=0.48, P<0.001, respectively) than in CHFpEF 
patients (r=0.40, P<0.001 and r=0.29, P<0.001, respectively). 
This is consistent with the theory of heterogeneity of 
pathological processes in the myocardium in patients with 
different EF.(1) 

We found a weak correlation between sST2 and NYHA 
FC in both groups, and the strength of the correlation slightly 
increased with an increase in the severity of CHF: FC II (r=0.23 
[P=0.007] in CHFrEF; r=0.21 [P=0.003] in CHFpEF); FC III 
(r=0.25 [P=0.004] in CHFrEF; r=0.24 [P<0.001] in CHFpEF); 
FC IV (r=0.28 [P<0.001] in CHFrEF; r=0.26 [P=0.006] in 
CHFpEF).

The results obtained (regardless of the EF) indicated a 
statistically significant direct correlation between the levels 
of sST2 and LAVI (r=0.45 [P<0.001] in CHFpEF; r=0.37 
[P<0.001] in CHFrEF), the dysfunction of which can be a 
marker of the severity of CHF.(19)

The study did not reveal a relationship between sST2 
levels and LV filling pressure, calculated as E/e’ (r=0.09 
[P=0.06] in CHFpEF; r=0.11 [P=0.07] in CHFrEF) or LVMI 
(r=0.16 [P<0.043] in CHFpEF; r=0.08 [P=0.6] in CHFrEF).

In the group of patients with CHFpEF, an inverse 
correlation was observed between the sST2 level and 
6MWT-D (r=-0.69, P=0.007) and LVEF (r=-0.26, P<0.001). 
In the group of patients with CHFrEF, the level of sST2 also 
showed an inverse correlation with LVEF (r=-0.43, P<0.001) 
and 6MWT-D (r=- 0.52, P=0.008) (Table 1).

Correlation analysis of the sST2 and NT-proBNP 
levels with functional, laboratory, instrumental parameters of 
patients with CHFpEF and CHFrEF revealed the strengths and 
weaknesses of both biomarkers. The study found a moderate 
correlation between sST2 levels and LAVI. In turn, LAVI is 
the most representative echo indicator for detecting CHF in 
patients with preserved EF, reflecting the prognosis of the 
disease.

NT-proBNP has been shown to be an effective biomarker 
not only for diagnosis but also for prognostic evaluation 
both for patients with CHFrEF and CHFpEF.(10,20-25) The 
increased NT-proBNP levels in CHFrEF and HFpEF should 
be taken as a marker for increased risk of adverse outcomes. 
However, the predominance of NT-proBNP, as well as sST2 
values   in patients with CHFrEF, suggests a greater severity 
of the myocardial remodeling in CHFrEF, confirmed by the 
results of echocardiography. The data obtained in this study 
are consistent with the data of other authors on the increased 
production of NT-proBNP and sST2 in mechanically 
overloaded cardiomyocytes, which reflects myocardial stress, 
ventricular remodeling and fibrosis.(26) 

For 6MWT-D and LVEF, moderate correlations with 
both biomarkers were also statistically significant. Therefore, 
the sST2 level, reflecting exercise tolerance and myocardial 
contractility, can be used as a diagnostic and prognostic marker, 
like LVEF, especially in situations when it is impossible to 
perform functional tests and instrumental studies.

Table 1.

 Correlations between sST2 and other variables in patients with CHFpEF and CHFrEF 

Variables

sST2 NT-proBNP

CHFpEF CHFrEF CHFpEF CHFrEF

r P r P r P r P

NT-proBNP 0.53 <0.001 0.40 <0.001

hs-CRP 0.48 <0.001 0.29 <0.001 0.29 0.007 0.19 0.009

NYHA FC II 0.23 0.007 0.21 0.003 0.22 <0.001 0.32 0.005

NYHA FC III 0.25 0.004 0.24 <0.001 0.26 0.005 0.39 <0.001

NYHA FC IV 0.28 <0.001 0.26 0.006 0.29 <0.001 0.43 <0.001

E/e’ 0.09 0.06 0.11 0.07 0.22 0.043 0.17 0.020

LAVI 0.45 <0.001 0.37 <0.001 0.32 0.008 0.07 0.564

LVMI 0.16 0.043 0.08 0.6 0.13 <0.001 0.28 <0.001

LVEF -0.26 <0.001 -0.43 <0.001 -0.17 <0.001 0.28 0.046

TAPSE -0.62 0.002 -0.45 0.004 -0.36 <0.001 -0.24 <0.001

6MWT D -0.69 0.007 -0.52 0.008 -0.44 0.003 -0.49 <0.001
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Stronger correlations between sST2 and NT-proBNP 
with hs-CRP in CHFpEF (as compared to CHFrEF) indicate 
the importance of the contribution of subclinical inflammation 
to the formation of fibrosis, myocardial remodeling, and, 
consequently, to the course of CHF. Further accumulation 
of facts indicating the role of inflammatory processes in the 
development of CHF may lead to a change in therapeutic 
approaches in the management of patients with preserved and 
reduced LVEF.

This study has not revealed a statistically significant 
correlation between sST2 levels and LV filling pressure. 
These results are consistent with current research, which also 
demonstrated the absence of an association between ST2 
levels and parameters of LV diastolic function or LV geometry 
measured by echocardiography.(27)

The weak direct correlation between sST2 and NYHA 
FC, in contrast to the direct strong correlation between 
NT-proBNP and sST2, indicates that sST2, which is quite 
important both for determining the current state of the patient 
and for predicting the course of the disease, still cannot be 
used as a single and universal indicator. In this regard, 
further comprehensive study of the diagnostic and prognostic 
capabilities of the sST2 and NT-proBNP biomarkers in CHF 
patients with different EF is required.

In conclusion, the success of using NT-proBNP both in 
practical medicine (as a reference for the diagnosis of CHF) 
and in scientific research is limited by many factors that can 
affect its level. Active studies in this direction have made it 
possible to identify biomarkers that can deliver additional 
diagnostic and prognostic information about the patient’s 
condition. Additional information about the likelihood of 
adverse outcomes can be obtained from the determination 
of hs-CRP. Thus, its increase (simultaneously with an 
increase in NT-proBNP) indicates an inflammatory process 
in the myocardium, which reflects myocardial remodeling. 
Moreover, it differs from changes in the heart during its 
hypertrophy and ischemia.

The analysis of sST2 levels allows us to conclude 
that the prospects are promising for its implementation in 
the diagnosis and prognosis of CHF since it is a marker of 
myocardial stress and ventricular remodeling and fibrosis.
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