
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2025; 169(4):272–280. Original Paper

272

Association of biomarkers of cardiac remodeling, myocardial fibrosis and 
inflammation with parameters of heart function and structure in patients with 

arterial hypertension
Tana Andreasova1, Filip Malek1,2, Zuzana Jiraskova Zakostelska3, Petr Neuzil2, Jana Vranova4

Backround and Aims. Early evaluation of cardiac remodeling may be useful in predicting heart failure in patients with 
arterial hypertension. The identification of biomarkers as useful clinical tools in this regard is ongoing. The aim of this 
study was to evaluate the association of selected cardiac biomarkers levels with parameters of cardiac structure and 
function in patients with arterial hypertension.
Patients and Methods. Included in the study were patients with arterial hypertension with normal left ventricular 
ejection fraction (LV EF) and absence of signs of heart failure. The levels of selected biomarkers: NT-proBNP, sST2, 
Galectin-3, GDF-15, Cystatin C, TIMP-1 and ceruloplasmin were measured and assessed together with other biochemi-
cal and echocardiographic parameters.
Results. A total of 92 patients (61% men) mean age 61.5 years were included. Mean LV EF was 64.7% and mean LV mass 
index was 91.7 g/m2. NT-proBNP level correlated significantly with the parameters of LV diastolic function: velocity 
of E wave (r=0.377, P<0.002), and with E/A ratio, (r=0.455, P<0.0001), with E lat (r=−0.354, P=0.006), E/E’ ratio, r=0.393, 
P<0.002, with ePAP (r=0.390, P=0.014), and with age (r=0.384, P<0.0001). Statistically significant correlations for GDF-15 
were as follows: with age (r=0.426, P<0.0001) and left atrial diameter (LA) (r=0.401, P<0.0001), for Cystatin C there are 
statistically significant correlation with age (r=0.288, P=0.006) and LA (r=0.329, P=0.004). Only sST2 level correlated 
significantly with parameters of cardiac structure: with LV mass (r=0.290, P<0.01) and LV mass index (r=0.307, P=0.012) 
and with posterior wall thickness PW (r=0.380, P<0.001). No other observed variables including Galectin-3 and TIMP-1, 
correlated significantly with age or echocardiographic variables. In a comparison of patients with and without left 
ventricular hypertrophy, statistically significant differences were found only in LA (P<0.0001) and sST2 (P=0.004). In a 
multivariate logistic regression, sST2 and TIMP were independent predictors of left ventricular hypertrophy. 
Conclusion. NT-proBNP level as a biomarker of cardiac remodeling correlated with parameters of LV diastolic function 
in patients with arterial hypertension. Soluble ST2 correlated with parameters of cardiac structure. Biomarkers sST2 
and TIMP-1 were associated with left ventricular hypertrophy.
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AN ASSOCIATION OF CARDIAC BIOMARKERS WITH HEART FUNCTION AND STRUCTURE IN ARTERIAL HYPERTENSION

Biomarker of cardiac remodeling (NT-proBNP) correlated with the parameters of left ventricular diastolic function and biomarkers
involved in myocardial fibrosis (sST2) correlated with parameters of cardiac structure and were associated with left ventricular
hypertrophy (sST2 and TIMP-1).

Andreasova T. et al., doi: 10.5507/bp.2024.036

The aim of the study was to evaluate the association of cardiac biomarkers levels with the parameters of cardiac structure and function in the patients
with arterial hypertension. Patients with arterial hypertension, normal left ventricular ejection fraction and absence of signs of heart failure were
included in the study.

Odds ratios (OR), 95% Confidence Intervals (CI) and significance levels of Wald’s statistic (P)
of differences in predictive values between patients with LVH (n=31) and without LVH (n=47).
Only statistically significant predictors and predictors with P<0.200 are presented.

*Statistically significant predictors are marked in bold.

P95% CIORVariable
Model 1 – Predictive variables: NT-proBNP, GDF-15, Galectin-3, Cystatin C, 
sST2, and TIMP-1

0.041*1.0001–1.00661.0033sST2
0.1610.9999–1.00011.0001TIMP-1

Model 2 – Predictive variables: NT-proBNP, GDF-15, Galectin-3, Cystatin C, sST2, 
and TIMP-1 + age, LV EF, LA, RV, E/A, E/E’, Na, K, urea, creatinine, and eGFR

0.1410.9996–1.00010.9998Cystatin C
0.0860.9992–1.01221.0057sST2
0.0121.0001–1.00021.0001TIMP-1
0.1120.9710–1.32811.1356LA
0.2000.9712–1.14941.0566Age
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INTRODUCTION

Arterial hypertension is one of the main risk factors 
for the development of heart failure1,2. High blood pres-
sure leads to cardiac dysfunction and subsequent heart 
failure through functional and structural changes in both 
cardiomyocytes and the extracellular matrix. Arterial hy-
pertension is also the main cause of left ventricular hy-
pertrophy in the general population3,4. In the early stages, 
diastolic dysfunction of the left ventricle may develop and 
systolic dysfunction is rarely observed. Asymptomatic dia-
stolic left ventricular dysfunction may progress to overt 
heart failure with preserved ejection fraction. Arterial 
hypertension is also important risk factor for ischemic 
heart disease and myocardial infarction with the risk of 
developing left ventricular dysfunction, which may prog-
ress to heart failure with mildy reduced and reduced ejec-
tion fraction. 

The most available imaging tool for the recognition 
of structural and functional cardiac changes is echocar-
diography. In patients with arterial hypertension, echo-
cardiography is sufficiently sensitive for the evaluation 
of left ventricular hypertrophy and functional changes5,6.

Early recognition of the structural and functional 
changes in the heart may also be assessed using biomark-
ers of cardiovascular remodeling. Several biomarkers of 
cardiac remodeling and myocardial fibrosis have been 
tested in the different clinical settings, including patients 
with arterial hypertension with evidence of left ventricu-
lar hypertrophy, arterial hypertension and metabolic 
syndrome, and arterial hypertension and heart failure 
with normal or preserved ejection fraction. For example, 
N-terminal pro-brain natriuretic peptide (NT-proBNP) 
has been tested in the prediction of cardiovascular events 
in patients with hypertension and left ventricular hyper-
trophy, for the screening of left ventricular hypertrophy 
and in the detection of diastolic dysfunction in asymptom-
atic patients7-11. There are futher several novel biomarkers 
of cardiac remodeling and myofibrosis, which have been 
evaluated in arterial hypertension. For example, soluble 
receptor sST2 (soluble supression of tumorigenicity) is 
a member of the interleukin-1 receptor family, which is 
involved in the pathophysiology of cardiac hypertrophy 
and myofibrosis. The levels of sST were studied in pa-
tients with arterial hypertension in association with left 
ventricular hypertrophy and in detection of heart failure 
in patients with arterial hypertension and normal ejection 
fraction12,13. Soluble ST2 levels have been also evaluated 
as a potential marker of left ventricular hypertrophy in 
patients with essential hypertension and those with heart 

failure and preserved ejection fraction together with other 
new biomarkers of cardiac remodeling, e.g.: Galectin-3 
(Gal-3), growth differentiation factor 15 (GDF-15), ma-
trix metalloproteinase-3 (MMP-3) and tissue inhibitor of 
metalloproteinase-1 (TIMP-1) (ref.14,15). Galectin-3 is a 
protein produced by macrophages and as a member of the 
galectin family is involved in fibrotic processes16. Growth 
differentiation factor 15 is a cytokine and its blood con-
centration may change in response to hypoxia, ischemia, 
oxidative stress, myocardial pressure and volume overload 
and inflammation17. Matrix metalloproteinases (MMPs) 
and tissue inhibitor of metalloproteinase-1 (TIMP-1) play 
a role in extracellular matrix remodeling18,19. It has been 
proposed, that inflammation may play a role in the devel-
opment of arterial hypertension and hypertension medi-
ated organ damage20. Several biomarkers of inflammation 
have thus been evaluated in arterial hypertension. For ex-
ample, levels of Cystatin C, a marker of inflammation and 
also a biomarker of kidney function, were associated with 
hypertension in women and were higher in patients with 
uncontrolled hypertension21,22. Ceruloplasmin is a glyco-
protein and acute phase reactant. Its levels were higher in 
patients with hypertension compared to healthy controls, 
including high sensitive C-reactive protein23.

We hypothesised, that concentrations of biomarkers 
of cardiac remodeling, myofibrosis and inflammation may 
be associated with the severity of structural and functional 
impairment in arterial hypertension as assessed by echo-
cardiography, and thus may be useful in the prediction of 
the risk heart failure development in these patients.

PATIENTS AND METHODS 

Consecutive patients with established essential arte-
rial hypertension followed at a tertiary care clinic and 
who had normal left ventricular (LV) ejection fraction 
and absence of signs of heart failure were included in the 
study between 1st January and 30th June 2015. Patients 
with history of heart failure, reduced LV ejection fraction 
and secondary cause of hypertension were not included. 
Blood samples were collected in the morning in fasting 
patients. The level of biomarkers N-terminal pro-brain 
natriuretic peptide (NT-proBNP), soluble supression of 
tumorigenicity (sST2), Galectin-3 (Gal 3), growth differ-
entiation factor 15 (GDF-15), Cystatin C, tissue inhibi-
tor of metalloproteinase-1 (TIMP-1) and ceruloplasmin 
was analyzed, and office blood pressure recordings and 
echocardiographic study were realized on the day of clinic 
visit.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2025; 169(4):272–280.

274

NT-proBNP concentration was measured using by 
a validated, commercially available sandwich electro-
chemiluminescence immuno-assay on Cobas e411 ana-
lyzer (Roche Diagnostics, Mannheim, Germany). The 
concentration of sST2, Gal 3, GDF-15, Cystatin C and 
TIMP-1 in serum was measured by RayBio™ Custom 
Quantibody Array (Raybiotech, Inc., Norcross, GA, 
USA). Cerulopasmin level was measured by turbidimet-
ric immunoassay on AU 400 analyser (Olympus Life and 
Material Science Europa GmbH, Hamburg, Germany). 
Other biochemical parameters including electrolytes, liver 
function tests, parameters of kidney function, lipids, al-
bumin and hemoglobin were measured on the analyser 
Unicel DxC 800 (Beckman Coulter company, Germany).

Echocardiographic study was performed on the clinic 
visit day by a broadband transducer with a transmitting 
frequency from 1.7 to 4.0 MHz on commercially available 
equipment (Vivid 7, GE, USA). The size of cardiac cham-
bers was measured by two dimensional echocardiography. 
The left ventricular mass and relative wall thickness were 
used as parameters of cardiac structure. The left ventricu-
lar mass (LVM) was calculated by standard formula from 
interventricular septal (IVS) thickness in diastole, poste-
rior wall (PW) thickness in diastole and left ventricular 
internal diameter (LVID) in diastole: LVM = 1.04 [(LVID 
+ PW + IVS)3 – LVID3] – 13.6. Left ventricular mass index 
(LVMi) was calculated as LVM divided by patient’s body 
sufrace area (BSA). Relative wall thickness (RWT) was 
calculated by a standard formula: RWT = (IVS + PW)/
LVID. Left ventricular ejection fraction was calculated by 
Simpson’s method 24. Normal values of LVMi in females 
were < 96 g/m2 and < 116 g/m2 in males and normal values 
for RWT were < 0.43 for both genders25.

The left ventricular diastolic function was assessed by 
the pulse wave Doppler (PWD) and by the tissue Doppler 
imaging (TDI). The mitral early filling velocity (E wave) 
and the atrial contraction velocity (A wave) were mea-
sured and E/A ratio was calculated. The mitral annular 
diastolic velocity (E’) was obtained and the mean of septal 
E’ and lateral E’ was calculated, and E/E’ ratio was calcu-
lated26. The estimated systolic pulmonary artery pressure 
(ePAP) was obtained by continuous wave (CW) Doppler 
of tricuspid regurgitation velocity plus estimated right 
atrial pressure (RAP) (ref.27). 

 The study was conducted in the compliance with the 
Declaration of Helsinki. The approval fot the study proto-
col was granted by the Local Board Ethics Committee and 
the informed consent for the study and for the publication 
was obtained from all participants.

STATISTICAL ANALYSIS

All quantitative variables are described as means and 
standard deviations or medians and ranges as appropriate. 
To determine the relationship between novel biomarkers, 
echocardiographic and biochemical parameters and the 
age of patients Pearson’s correlation coefficient and in the 
case of skewed variables the non-parametric Spearman’s 
correlation coefficient was calculated. 

To investigate in detail the novel biomarkers, including 
NT-proBNP, GDF-15, Galectin-3, Cystatin C, sST2, and 
TIMP-1 multivariate regression analysis using the “whole 
model” technique for each individual biomarker sepa-
rately was performed. For dependent variables we used 
demographic (age), echocardiographic (LV EF, LA, RV, 
E/A, E/E’, IVS, PW, RWT, LAi, LVMi), and biochemi-
cal (Na, K, urea, creatinine, ALT, AST, bilirubin, Hgb, 
ceruloplasmin, eGFR). 

Our patients were divided into two groups according 
to the presence of left ventricular hypertrophy (LVH). To 
determine the statistically significant difference between 
patients with and without left ventricular hypertrophy in 
novel biomarkers and biochemical and echocardiographic 
parameters and again the age of patients the parametric 
Student’s t-test or non-parametric Mann-Whitney U-test 
(for non-normally distributed variables) were calculated. 

To evaluate the discriminating power of each individ-
ual biomarker separately between patients with and with-
out LVH Receiver operating characteristic curve (ROC) 
analysis was performed. 

Lastly, to evaluate the effect of individual clinical, 
biochemical, echocardiographic factors as well as novel 
biomarkers on developing LVH, a multivariate logistic 
regression model for the two groups (patients with LVH 
vs. without LVH) was constructed. Candidate predictor 
variables included in the logistic regression model were 
as follows: novel biomarkers (NT-proBNP, GDF-15, 
Galectin-3, Cystatin C, sST2, and TIMP-1), demographic 
(age), biochemical (Na, K, urea, creatinine, ALT, AST, 
bilirubin, Hgb, ceruloplasmin, eGFR). The echocardio-
graphic parameters which were used to divide the patients 
into two groups were excluded from the analysis.

Statistica version 14.0.0.15 (TIBCO Software Inc., CA 
USA) and IBM SPSS Statistics version 29.0.0.0 (IBM 
Corporation, IL USA) were used for statistical analysis. 
A p-value less than 0.05 was considered to be statistically 
significant.

RESULTS

A total number of 92 patients, 56 males (61%) and 
36 females (39%) mean age 61.5 years met the criteria 
for the study. All patients were treated for arterial hy-
pertension and the subjects had significant commorbidi-
ties: 73% patients had dyslipidaemia, 29% of subjects had 
diabetes mellitus and 15% had history of ischemic heart 
disease. Patients’ characteristics are shown in the Table 1. 
The mean number of drugs for the treatment of arterial 
hypertension was 2.34. The most commonly prescribed 
antihypertensive drugs were betablockers and thiazide 
diuretics in 52 (57%) patients, angiotensin converting 
enzyme inhibitors were used by 42 (46%) patients, an-
giotensin receptor blockers were prescribed in 43 (47%) 
subjects, calcium channel blockers were used by 42 (46%) 
patients and spironolactone was prescribed in 16 (17%) 
of patients. Other medications included acetylosalicylic 
acid (32%), a statin (64%), oral antidiabetics (21%), and 
alopurinol (14%). The mean LV EF was 64.7%, mean LV 
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Table 1. Laboratory and Echocardiographic parameters – means and standard deviations (SD), 
medians and ranges (Min – Max) of patients, n=92, males 56 (61%), females 36 (39%).

Parameter Mean ± SD Median (Min–Max)

Laboratory parameters

Na [mmol/L] 138.4 ± 2.26 138 (132–144)
K [mmol/L] 4.1 ± 0.47 4.1 (3.0–5.6)
urea [mmol/L] 5.1 ± 1.68 4.9 (1.9–10.3)
creatinine [μmol/L] 86.2 ± 24.36 80 (45–204)
eGFR [ml/sec] 1.2 ± 0.29 1.1 (0.5–2.0)
urea [μmol/L] 352.1 ± 68.5 353 (156–517)
bilirubin [μmol/L] 13.4 ± 5.47 12.2 (3.4–31.9)
ALT* [μkat/L] 0.6 ± 0.35 0.5 (0.2–2.4)
AST* [μkat/L] 0.4 ± 0.22 0.3 (0.1–1.5)
chol-total [mmol/L] 4.8 ± 1.19 4.8 (2.4–8.2)
HDL-chol [mmol/L] 1.3 ± 0.4 1.2 (0.6–3.7)
LDL-chol [mmol/L] 2.8 ± 0.99 2.8 (0.9–5.5)
TG [mmol/L] 1.7 ± 1.02 1.5 (0.3–6.1)
TP [g/L] 72.4 ± 6.08 73.0 (28.6–85.0)
albumin [g/L] 42.8 ± 1.60 43.5 (40.0–44.0)
Hgb [g/L] 145.5 ± 11.27 146.0 (124.0–171.0)
glucose [mmol/L] 6.4 ± 1.46 6.0 (3.9–12.0)
GDF-15* [ng/L] 1608.1 ± 1351 1133.6 (433.7–8478.0)
Galectin-3* [ng/L] 1689.4 ± 2323 503.1 (19.2–9903.0)
Cystatin C [ng/L] 18802.6 ± 5717 17283.6 (9046.9–32866.3)
sST2 [ng/L] 298.9 ± 178 258.3 (41.4–817.7)
TIMP-1 [μg/L] 299456.0 ± 106527 276400.1 (140685.8–589331.0)
NT-proBNP* [pg/mL] 20.9 ± 7.78 11.0 (1.0–197.0)

Echocardiographic parameters

LV EF* [%] 64.7 ± 5.3 65 (45–75)
EDD [mm] 49.2 ± 4.2 49 (40–58)
ESD [mm] 32.8 ± 4.4 33 (25–45)
LA [mm] 38.9 ± 6.2 38 (29–73)
RV [mm] 27.4 ± 3.1 28 (21–35)
E [cm/sec] 67.1 ± 16.5 65 (38–117)
A [cm/sec] 65.5 ± 17.6 63 (3–116)
E/A 1.1 ± 0.46 1.0 (0.5–3.1)
E sept [cm/sec] 10.6 ± 2.3 11 (7–17)
E lat [cm/sec] 10.9 ± 2.5 11 (5–17)
E/E’ 7.1 ± 3.5 6.3 (2.8–21.6)
ACT RVOT [ms] 119.1 ± 17.7 116 (83–160)
ePAP [mmHg] 15.3 ± 2.4 15 (11–20)
IVS [mm] 10.7 ± 1.63 11 (7–15)
PW [mm] 9.8 ± 1.29 10 (7–13)
LVM [g] 189.9 ± 52.2 184 (113–357)
LVMi [g/m²] 91.7 ± 15.8 90.8 (15.8–154.1)
RWT 0.4 ± 0.05 0.4 (0.3–0.5)
LAi [mm/m²] 19 ± 2.7 18.8 (14.3–31.1)

*Variables that do not fulfill conditions of a normal distribution were marked with an asterisk.
Laboratory parameters: Na, sodium; K, potassium; eGFR, estimated glomerular filtration rate; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; chol, total cholesterol; HDL-chol, high density lipoprotein 
cholesterol; LDL-chol, low density lipoprotein cholesterol; TG, triglycerides; TP, total protein; Hgb, hemoglobin; 
GDF-15, growth differentiation factor; sST2, soluble receptor “suppression of tumorigenicity 2”; TIMP-1, tissue type 
inhibitor of matrix metalloproteinases; NT-proBNP, N-terminal pro-brain natriuretic peptide; Cp, ceruloplasmin.
Echocardiographic parameters: LV EF, left ventricle ejection fraction; EDD, enddiastolic diameter of left ventricle; 
ESD, endsystolic diameter of left ventricle; LA, left atrial diameter; RV, right ventricle diameter; E, velocity of 
flow at early transmitral diastolic filling of left ventricle; A, velocity of flow at atrial contraction; E/E’, E velocity 
divided by the mean velocity of mitral annulus as assessed by tissue Doppler imaging; ACT RVOT, acceleration 
time at right ventricular output tract; ePAP, estimated systolic pulmonary artery pressure; IVS, interventricular 
septum thickness; PW, posterior wall thickness; LVM, left ventricular mass; LVMi, left ventricular mass index; 
RWT, relative wall thickness; Lai, left atrial index.
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mass was 189.9 g, LV mass index was 91.7 g/m2, the mean 
RWT was 0.40 and E/A and E/E’ ratios were 1.1 and 7.1 
respectively. 

The patients were divided into two groups according 
to the presence of left ventricular hypertrophy. Left ven-
tricular hypertrophy (LVH) was defined by LVMi > 95 g/
m2 in females or > 115 g/m2 in males and RWT > 0.42 for 
both genders. The number in the first group – patients 
with LVH (n=31) and for the second group – patients 
without LVH (n=47), 14 patients were not classified. The 
unclassified patients did not meet both criteria for LVH 
(LVMi and RWT), only one of them (LVMi or RWT).

Comparison of patients with and without LVH
The differences in all normally distributed observed 

variables (Na, K, urea, creatinine, eGFR, urea, bilirubin, 
chol-total, HDL-chol, LDL-chol, TG, TP, albumin, glu-
cose, Cystatin C, sST2, TIMP-1, Cp, EDD, ASD, LA, RV, 
E, A, E/A, E sept, E lat, E/E’, ACT RVOT, ePAP, IVS, 
PW, LVM, LVMi, RWT and LAi) between the patients 
with and without LVH were compared using an indepen-
dent sample t-test. Statistically significant differences were 
found only in LA (P<0.0001) and sST2 (P=0.004). For 
non-normally distributed variables (ALT, AST, GDF-15, 
Galectin-3, NT-proBNP and LV EF) the nonparametric 
Mann-Whitney U-test was calculated. For none of these 
variables was any statistically significant difference found.

Correlation of novel biomarkers with echocardiographic 
and biochemical parameters and age of patients 

Correlation coefficients at significant level 0.05 for 
our sample size, i.e., for our 92 patients, that yield 80% 
power must be greater than or equal to 0.288, so only 
those correlation coefficients, that are greater than this 
value, are really statistically significant (Spearman correla-
tion coefficients r are marked with asterisk).

Using this criterion NT-proBNP levels correlated sig-
nificantly with the parameters of LV diastolic function: ve-
locity of E wave (r*=0.377, P<0.002), and with E/A ratio, 
(r*=0.455, P<0.0001), with E lat (r*=−0.354, P=0.006), 
E/E’ ratio, r*=0.393, P<0.002, with ePAP (r*=0.390, 
P=0.014), and with age (r*=0.384, P<0.0001). Statistically 
significant correlations for GDF-15 were as follows: with 
age (r*=0.426, P<0.0001) and LA (r*=0.401, P<0.0001), 
for Cystatin C they are statistically significant correlation 
with age (r=0.288, P=0.006) and LA (r=0.329, P=0.004). 
Only sST2 level correlated significantly with parameters 
of cardiac structure: with LV mass (r=0.290, P<0.01) and 
LV mass index (r=0.307, P=0.012) and with posterior wall 
thickness PW (r=0.380, P<0.001). No other observed vari-
ables, or Galectin-3 or TIMP-1, correlated significantly 
with age or echocardiographic variables. 

 The statistically significant correlations with bio-
chemical parameters are as follows: NT-proBNP with urea 
(r*=0.352, P=0.001), creatinine (r*=0.384, P<0.0001), 
Hgb (r*=−0.355, P=0.001) and eGFR (r*=−0.415, 
P<0.0001); GDF-15 with K (r*=0.390, P<0.0001), 
with creatinine (r*=0.343, P=0.001), Hgb (r*=−0.330, 
P=0.002), and with TG (r*=0.301, P=0.009); Cystatin 

C with urea (r=0.343, P=0.001), creatinine (r=0.390, 
P<0.0001), and eGFR (r=−0.423, P<0.0001); sST2 with 
ALT (r*=0.326, P=0.002) and AST (r*=0.363, P=0.001); 
TIMP-1 with K (r=0.314, P=0.003); no statistically sig-
nificant correlation between Galectin-3 and some of the 
biochemical parameters was found.

Estimation of discriminating power of novel biomarkers
The Receiver operating characteristic (ROC) curve 

analysis was used to estimate the discriminating power 
between two groups of patients (with and without LVH) 
for each novel biomarker separately. The areas under the 
ROC curve with 95% CI were calculated. Accuracy of 
novel biomarkers discriminating power is rated using the 
traditional academic point system28. 

The results are as follows: NT-proBNP (AUC 0.588, CI 
0.445 – 0.725, Accuracy: FAIL), GDF-15 (AUC 0.575, CI 
0.445 – 0.706, Accuracy: FAIL), Galectin-3 (AUC 0.532, 
CI 0.400 – 0.664, Accuracy: FAIL), Cystatin C (AUC 
0.504, CI 0.361 – 0.627, Accuracy: FAIL), sST2 (AUC 
0.606, CI 0.475 – 0.738, Accuracy: POOR) and TIMP-1 
(AUC 0.649, CI 0.524 – 0.774, Accuracy: POOR). As 
the discriminating power to distinguish between our two 
groups of patients of all biomarkers FAIL or are POOR, 
no sensitivity, specificity, positive and negative predictive 
values were estimated.

Estimation of significant biochemical and echocardio-
graphic parameters influencing novel biomarkers

We successively used all novel biomarkers (NT-
proBNP, GDF-15, Gelactin-3, cystatin C, sST2, and 
TIMP-1) as output variables to develop individual regres-
sion models. As input variables all predictive variables 
listed in section STATISTICAL ANALYSIS were used; 
“whole model” technique was performed. Models for NT-
proBNP, GDF-15, Cystatin C and sST2 were significant 
and adequately interpolated the data (all P<0.05). The 
coefficients of determination (R2) and significant param-
eters as well as their unstandardized (B) and standardized 
coefficients (Beta) for all models are shown in Table 2. 

Logistic regression
In order to evaluate the effect of individual predictive 

factors of developing left ventricular hypertrophy, in the 
last part of our study two multivariate logistic regression 
models for two respondent groups – patients with LVH 
vs. the group of patients without LVH were developed. 
1.	 Patients with LVH vs. Patients without LVH: only 

novel biomarkers – NT-proBNP, GDF-15, Galectin-3, 
Cystatin C, sST2, and TIMP-1 were used as predictive 
variables.

2.	 Patients with LVH vs. Patients without LVH: to the 
novel biomarkers, using “the best model” technique, 
the next predictive variables were added: age, LV EF, 
LA, RV, E/A, E/E’, Na, K, urea, creatinine, and eGFR.
The basic logistic regression characteristics of both 

models, which are summarized in Table 3, shows that 
the first model is not statistically significant, both models 
interpolate data adequately, the classification ability of the 
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Table 2. Multivariate linear regression analysis of demographic (age), echocardiographic (LV EF, LA, RV, E/a, E/e’, IVS, PW, 
RWT, LAi, LVMi), and biochemical (Na, K, Urea, Creatinine, Bilirubin, Hemoglobin, eGFR) parameters associated with novel 

biomarkers in hypertension patients (n=92). Only statistically significant parameters are shown. 

Model B SE Beta coefficient t P

Dependent variable: NT-proBNP, R2 = 0.766, P=0.0085
Age 0.509 0.243 0.409 2.098 0.043
E/A 16.054 5.330 0.481 3.012 0.005
Dependent variable: GDF-15, R2 = 0.874, P=0.0016
IVS 373.36 159.00 0.557 2.348 0.027
LVMi −25.16 11.58 −0.533 2.172 0.039
Hgb −41.02 15.19 −0.365 −2.700 0.012
Dependent variable: Cystatin C, R2 = 0.793, P<0.0001
LA 277.45 96.39 0.3235 2.8783 0.063
E/E’ −593.11 205.11 −0.3422 −2.8917 0.006
Creatinine 93.75 32.44 0.4260 2.8803 0.006
Dependent variable: sST2, R2 = 0.779, P=0.0018
Creatinine 2.56 1.058 0.418 2.417 0.021
AST 299.58 97.065 0.441 3.086 0.004

R2 expresses the percentage variation of the matrix of the dependent variable explained by the independent variables.
Beta coefficient expresses the relative contribution of each independent variable in the prediction of the dependent variable; P represents the 
statistical significance of each independent variable.
sST2, soluble receptor “suppression of tumorigenicity 2”; GDF-15, growth differentiation factor; TIMP1, tissue type inhibitor of matrix metal-
loproteinases; LV EF, left ventricle ejection fraction; LA, left atrial diameter; RV, right ventricle diameter; E/E’, E velocity divided by the mean 
velocity of mitral annulus as assessed by tissue Doppler imaging; E/A, E velocity divided by the velocity of flow at atrial contraction; LVMi, left 
ventricular mass index; Lai, left atrial index.

first models is only 64.8%, while the second model is up 
to 83.0%. The discrimination power measured using ROC 
analysis was FAIR [x1] for the first model and GOOD 
for the second model. The regression coefficients with 
P-value less or equal 0.200 for both models are presented 
in Table 4. 

Interpretation of regression coefficients 
PATIENTS WITH LVH vs. PATIENTS WITHOUT LVH
Model 1: predictive input variables – only novel biomark-
ers: NT-proBNP, GDF-15, Gelactin-3, Cystatin C, sST2, 
and TIMP-1 (first part of Table 4):

The chance of developing LVH increased in the fol-
lowing cases: sST2 (OR 1.0033; CI 1.0001–1.0066) 
–  1.0  ng/L increase in sST2 increases the patient’s 
chance of developing LVH by 0.33%; TIMP-1 (OR 1.0001; 
CI 0.9999–1.0001) – 1.0 µg/L increase in TIMP-1 increas-
es the patient’s chance of developing LVH by 0.01%.

Model 2: predictive input variables – NT-proBNP, GDF-
15, Gelactin-3, Cystatin C, sST2, and TIMP-1 + age, LV 
EF, LA, RV, E/A, E/E’, Na, K, urea, creatinine, and eGFR 
(second part of Table 4):

The chance of developing LVH increased in the fol-
lowing cases: Cystatin C (OR 0.9998; CI 0.9996–1.0001) 
– 1.0 ng/L increase in Cystatin C decreases the patient’s 
chance of developing LVH by 0.02%; sST2 (OR 1.0057; 
CI 0.9992–1.0122) – 1.0 ng/L increase in sST2 increases 
the patient’s chance of developing LVH by 0.57%; TIMP-1 
(OR 1.0001; CI 1.0001–1.0002) – 1.0 µg/L increase in 
TIMP-1 increases the patient’s chance of developing LVH 
by 0.01%; LA (OR 1.1356; CI 0.9710–1.3281) – 1.0 mm 
increase in LA increases the patient’s chance of develop-

ing LVH by 13.56%; and Age (OR 1.0566; CI 0.9712–
1.1494) – if the patient gets 1 year older the chance of the 
patient developing LVH increases by 5.66%. 

DISCUSSION

There are several important findings in our study. 
First, NT-proBNP level was not significantly higher in 
patients with arterial hypertension and left ventricular 
hypertrophy compared to subjects without LVH. And, NT-
proBNP level did not correlate with LV mass index and 
relative wall thickness. Our findings are comparable with 
the results of the study published by Yasumoto et al.10. 
Yasumoto et al. showed, that atrial natriuretic peptide 
(ANP), but not B-natriuretic peptide (BNP) correlated 
significantly with LV mass index as assessed by echocar-
diography in untreated patients with arterial hypertension. 

Our findings differ from those of Hildebrandt et al.11. 
The authors have shown, that NT-proBNP correlated with 
LV mass index as assessed by magnetic resonance imaging 
in the patients with arterial hypertension and electrocar-
diographic LV hypertrophy and preserved left ventricular 
ejection fraction. The explanation of that different result 
may be the difference of the patients population investi-
gated in our study and in the study by Hildebrandt. First, 
we included unselected consecutive patients with arterial 
hypertension regardless the evidence of LV hypertrophy 
and the identification of LV hypertrophy was one of the 
study results. In the study of Hildebrandt, only patients 
with evidence of LV hypertrophy were included. Another 
explanation may be the level of NT-proBNP in our study. 
All but one patients in our study had NT-proBNP level in 
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Table 3. Overview of logistic regression models and results of statistical evaluation criteria.

Model: Patients with LVH (n=31) vs. patients without LVH (n=47)

Predictive variables: NT-proBNP, GDF-15, Gelactin-3, 
Cystatin C, sST2, and TIMP-1

NT-proBNP, GDF-15, Gelactin-3, 
Cystatin C, sST2, and TIMP-1 + age, 
LV EF, LA, RV, E/A, E/E’, Na, K, 
urea, creatinine, and eGFR

Omnibus test – 2LL* 0.146 0.046
Hosmer-Lemeshow test for goodness of fit** 0.583 0.628
Nagelkerke R2*** 0.169 0.529
% of correctly classified 64.8 83.0
AUC† 0.704 0.887
Sensitivity†† 43.33% 80.00%
Specificity††† 80.48% 85.71%

*Omnibus test – 2LL of model coefficients gives an indication of whether the model with the independent variables fits the data better than the 
baseline model (“intercept only” model). If the test was significant the “final model” fits better than the baseline model.
**Hosmer-Lemeshow test compares the actual result for each respondent with the outcome predicted with the model. If this test was non-significant 
the observed and expected counts should be similar and the model fits the data.
***Nagelkerke R2 indicates the improvement in fit of the model with predictors over the baseline model (0–0.1 poor improvement, 0.1–0.3 modest 
improvement, 0.3–0.5 moderate and more than 0.5 strong improvement).
†AUC (Area under the ROC curve) is a measure of the accuracy of the model, which depends on how well the model separates the groups being 
tested.
††Sensitivity is the power to identify positives.
†††Specificity is the power to identify negatives.

Table 4. Odds ratios (OR), 95% Confidence Intervals (CI) and significance levels of Wald’s statistic (P) of differences in predic-
tive values between patients with LVH (n=31) and without LVH (n=47). Only statistically significant predictors and predictors 

with P<0.200 are presented.

Variable OR 95% CI P

Model 1 – Predictive variables:  
NT-proBNP, GDF-15, Gelactin-3, Cystatin C, sST2, and TIMP-1
sST2 1.0033 1.0001–1.0066 0.041*
TIMP-1 1.0001 0.9999–1.0001 0.161
Model 2 – Predictive variables:  
NT-proBNP, GDF-15, Gelactin-3, Cystatin C, sST2, and TIMP-1 + age, LV EF, LA, RV, E/A, E/E’, Na, K, urea, creatinine, 
and eGFR
Cystatin C 0.9998 0.9996–1.0001 0.141
sST2 1.0057 0.9992–1.0122 0.086
TIMP-1 1.0001 1.0001–1.0002 0.012
LA 1.1356 0.9710–1.3281 0.112
Age 1.0566 0.9712–1.1494 0.200

*Statistically significant predictors are marked in bold.

normal range (< 125 pg/mL) and the mean NT-proBNP 
was in normal range both in patients with and without 
LV hypertrophy. 

In the presence of LV hypertrophy, natriuretic pep-
tides are strongly predictive for cardiovascular events. It 
has been shown in the study by Hildebrand and also in 
the study by Olsen7. In the study by Olsen and co-authors, 
NT-proBNP concentration above median was associated 
with increased risk of cardiovascular events including 
cardiovascular death, myocardial infarction, and stroke, 
especialy in patients without diabetes and cardiovascular 
disease. The association of biomarker levels with the risk 
of cardiovascular events was not objective of our study.

NT-proBNP is probably not optimal biomarker for the 
detection of left ventricular hypertrophy in the general 
population. It has been shown by Vasan and co-authors, 
that natriuretic peptides were not optimal in the screen-
ing of LV hypertrophy and LV systolic dysfunction in the 
community-based prospective study8. Unlike the study by 
Vasan, another research published by Coutinho et al. have 
shown that higher concentrations of natriuretic peptides 
were associated with left ventricular mass index in black 
siblings of hypertensive subjects29. 

Another finding in our study is, that NT-proBNP level 
correlates with the parameters of LV diastolic function: 
E/A ratio as assessed by Pulsed Wave Doppler echocar-
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diography (PWD), and E/E’ ratio as assessed by PWD 
and tissue Doppler imaging. Our study confirmes the re-
sults of the recent study published by Dhungana et al.9. 
The objective of study of Dhungana was the association 
of NT-proBNP with LV diastolic function in the patients 
with arterial hypertension. The authors have shown, 
that NT-proBNP levels were significantly higher in the 
patients with arterial hypertension compared to healthy 
controls, and there were significant correlations between 
NT-proBNP and LV diastolic function parameters as as-
sessed by echocardiography. NT-proBNP concentrations 
were significantly higher in all grades of diastolic dysfunc-
tion as defined by E/E’ ratio in the patients with arterial 
hypertension. 

The association of B-natriuretic peptide BNP (as 
measured by plasma NT-proBNP) with the parameters 
of diastolic dysfunction may be explained by its role in 
the pathophysiology of cardiac dysfunction and heart 
failure. The BNP production is stimulated mainly by an 
increased wall stress in cardiomyocytes, and by the ef-
fectors of activated renin-angiotensin-aldosteron system 
(RAAS) – angiotensin II and aldosteron. BNP promotes 
diuresis, natriuresis and vasodilatation and this hormonal 
system is compensatory to increased RAAS activity in the 
circulation and tissues. Thus BNP (and NT-proBNP) is 
considered to be an optimal biomarker of heart failure29,30. 
We have shown in our study in concert to other findings, 
that NT-proBNP may be a good biomarker of diastolic 
dysfunction in arterial hypertension. 

The second important finding of our study is that 
biomarker of myocardial remodeling and fibrosis sST2 
is associated with the presence of LV hypertrophy in the 
patients with arterial hypertension. The mean sST2 level 
is significantly higher in the patients with LV hypertrophy 
and correlates with the echocardiographic parameters of 
LV hypertrophy (interventricular septal thickness, pos-
terior wall thickness, LV mass and LV mass index and 
relative wall thickness). Our results have been confirmed 
by a recent study published by Wei and co-authors12. The 
authors showed, that sST2 levels were significantly higher 
in patients with arterial hypertension and LV hypertro-
phy compared to patients without LV hypertrophy, and 
sST2 levels correlated significantly with LV mass index. 
In another study, sST2 was used for the detection of heart 
failure in subjects with arterial hypertension and normal 
LV ejection fraction13,14. Soluble ST2 had additional role 
when assessed together with NT-proBNP in the diagnosis 
of heart failure with normal ejection fraction in hyper-
tensive subjects, but was not better in the evaluation of 
diastolic dysfunction than NT-proBNP.

The association of sST2 with the LV hypertrophy 
has not been yet completely explained. Soluble ST2 is 
a receptor for interleukin-33 (IL-33) and is expressed in 
the situations associated with mechanical stress of the 
cardiomyocytes. It has been shown, that sST2 decreased 
the cardioprotective effect of IL-33 with consequent in-
creased extent of myocardial damage after myocardial 
infarction and promoted myocardial fibrosis, apoptosis, 
inflammation and cardiac remodeling32. The role of sST2 

in aterial hypertension is a subject of ongoing investiga-
tions. Soluble ST2 levels correlated with the systolic blood 
pressure and with the use of antihypertensiv drugs in the 
Framingham Heart Study33. The association of sST2 with 
cardiac geometry may be explained by its role in the pro-
inflammatory status. This hypothesis was the objective of 
study published by Celic et al.34. The authors have shown, 
that soluble ST2 concentrations were independently asso-
ciated with LV mass index in the patients with metabolic 
syndrome (94% of subjects had arterial hypertension). 

We have shown that TIMP-1 – a potential biomarker 
of extracellular matrix remodeling – is associated with 
the presence of left ventricular hypertrophy. There is a 
limited information on the role of matrix metalloprotein-
ases (MMPs) and tissue inhibitor of metalloproteinases 
(TIMPs) in arterial hypertension35. In the Framingham 
Offspring Study, higher TIMP-1 levels were associated 
with higher risk of having hypertension36. In a study by 
Tan and co-authors, higher TIMP-1 and also MMP-9 were 
associated with increased large artery stifness in hyper-
tensive patients37. Our findings are comparable to results 
of a study published by Ahmed. Higher TIMP-1 and also 
MMP-9 levels were associated with left ventricular hy-
pertrophy38.

In our study we failed to show any association of 
other biomarker of cardiac remodeling, myofibrosis and 
inflammation with the parameters of cardiac structure 
and function in the patients with arterial hypertension, 
normal LVEF and absence of heart failure symptoms. We 
did not find any association of Cystatin-C, biomarker of 
inflammation and kidney function, and ceruloplasmin 
with the parameters of cardiac structure and function in 
the patients with arterial hypertension.

CONCLUSION

We conclude that the NT-proBNP level as a biomarker 
of cardiac remodelling correlates with the parameters of 
LV diastolic function in patients with arterial hyperten-
sion and normal LV EF and absence of heart failure signs. 
Of other biomarkers, the sST2 level as a marker of myocar-
dial fibrosis and inflammation correlates with parameters 
of cardiac structure. Biomarkers ST2 and TIMP-1 are as-
sociated with the presence of left ventricular hypertrophy. 

Acknowledgement: Supported by Institutional Research 
Grant MH-CZ DRO NNH 00023884 IG150505 and 
IG160502.
Author contributions: TA, FM, PN, JV: contributed to 
the study design; TA, FM, ZZ, JV: contributed to the 
data collection, analysis and interpretation; TA, FM, JV 
created the draft of the manuscript; ZZ, PN revised the 
manuscript. All authors approved the final draft of the 
manuscript.
Conflict of interest statement: The authors state that there 
are no conflicts of interest regarding the publication of 
this article.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2025; 169(4):272–280.

280

REFERENCES

	 1.	 Levy D, Larson MG, Martin G, Vasan RS, Kannel WB, Ho KK. The 
progression from hypertension to congestive heart failure. JAMA 
1996;275:1557-62.

	 2.	 He J, Ogden LG, Bazzano LA, Vupputuri S, Loria C, Whelton PK. Risk 
factors for congetive heart failure in US men and women: NHANES 
I epidemiologic follow-up study. Arch Intern Med 2001;161:996. 

	 3.	 McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history 
of congestive heart failure: the Framingham Heart Study. N Engl J 
Med 1971;285:1441-6.

	 4.	 Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology of heart fail-
ure: the Framingham study. J Am Coll Cardiol 1993;22:6A-13A.

	 5.	 Gaasch WH, Zile MR. Left ventricular structural remodeling in health 
and disease: with special emphasis on volume, mass, and geometry. 
J Am Coll Cardiol 2011;58:1733-40.

	 6.	 Ganau A, Deveraux RB, Roman MJ, de Simone G, Pickering TG, Saba 
PS, Vargiu P, Simongini I, Laragh JH. Patterns of left ventricular hy-
pertrophy and geometric remodeling in essential hypertension. J 
Am Coll Cardiol 1992;19:1550-8.

	 7.	 Olsen MH, Wachtell K, Tuxen C, Fossum E, Bang LE, Hall C, Ibsen H, 
Rokkedal J, Devereux RB, Hildebrandt P. N-terminal pro-brain natri-
uretic peptide predicts cardiovascular events in patients with hyper-
tension and left ventricular hypertrophy: a LIFE study. J Hypertens 
2004;22:1597-604.

	 8.	 Vasan RS, Benjamin EJ, Larson MG, Leip EP, Wang TJ, Wilson PW, Levy 
D. Plasma Natriuretic Peptides for Community Screening for Left 
Ventricular Hypertrophy and Systolic Dysfunction. The Framingham 
Heart Study. JAMA 2002;288:1252-9.

	 9.	 Dhungana SP, Karki P, Lamsal M. Utility of N-terminal pro-brain na-
triuretic peptide in detecting diastolic dysfunction in asymptom-
atic hypertensive patients: comparison with echocardiography. J 
Cardiovasc Thorac Res 2019;11(1):14-18.

10.	 Yasumoto K, Takata M, Ueno H, Tomita S, Tomoda F, Inoue H. Relation 
of Plasma Brain and Atrial Natriuretic Peptides to Left Ventricular 
Geometric Patterns in Essential Hypertension. Am J Hypertension 
1999;12:921-4.

11.	 Hildebrandt P, Boesen M, Olsen M, Wachtell K, Groenning B. 
N-terminal pro brain natriuretic peptide in arterial hypertension – 
a marker for left ventricular dimsensions and prognosis. Eur J Heart 
Fail 2004;6:313-17.

12.	 Wei P, Liu L, Wang X, Zong B, Liu X, Zhang M, Fu Q, Wang L, Cao B. 
Expression of soluble ST2 in patientswith essential hypertension 
and its relationship with left ventricular hypertrophy. ESC Heart Fail 
2023;10(1):303-10. doi: 10.1002/ehf2.14147

13.	 Wang Y, Yu Ch-Ch, Chiu FCh,Tsai ChT, Lai LP, Hwang JJ, Lin JL. 
Soluble ST2 as a Biomarker for Detecting Stable Heart Failure With 
a Normal Ejection Fraction in Hypertensive Patients. J Cardiac Fail 
2013;19:163-8.

14.	 AbouEzzeddine OF, McKie PM, Dunlay SM, Stevens SR, Felker GM, 
Borlaug BA, Chen HH, Tracy RT, Braunwald E, Redfield MM. Soluble 
ST2 in Heart Failure With Preserved Ejection Fraction. J Am Heart 
Assoc 2017;6:e004382. doi: 10.1161/JAHA.116.004382

15.	 Mitic VT, Sojanovic DR, Deljanin Ilic MZ, Stojanovic MM, Petrovic 
DB, Ignjatovic AM, Stefanovic NZ, Kocic GM, Bojanic VV. Cardiac 
Remodeling Biomarkers as Potential Circulating Markers of Left 
Ventricular Hypertrophy in Heart Failure with Preserved Ejection 
Fraction. Tohoku J Exp 2020;250:233-42.

16.	 Sharma UC, Pokharel S, van Brakel TJ, van Berlo JH, Cleutjens JPM, 
Schroen B, André S, Crijns HJGM, Gabius HJ, Maessen J, Pinto YM. 
Galectin-3 marks activated macrophages in failure-prone hyper-
trophied hearts and contributes to cardiac dysfunction Circulation 
2004;110(19):3121-8.

17.	 Kempf T, Eden M, Strelau J, Naguib M, Willenbockel C, Tongers J, 
Heineke J, Kotlarz D, Xu J, Molkentin JD, Niessen HW, Drexler H, 
Wollert KC. The transforming growth factor beta superfamily mem-
ber growth-differentiation factor-15 protects the heart from isch-
emia/reperfusion injury. Circ Res 2006;98:351-60.

18.	 Spinale FG. Matrix Metalloproteinases. Regulation and dysregulation 
in the failing heart. Circ Res 2002;90:520-30.

19.	 George J, Patal S, Wexler D, Roth A, Sheps D, Keren G. Circulating ma-
trix metalloproteinase-2 but not matrix metalloproteinase-3, matrix 
metalloproteinase-9, or tissue inhibitor of metalloproteinase-1 pre-
dicts outcome in patients with congestive heart failure. Am Heart 
J 2005;150:484-7.

20.	 Patrick DM, Van Beusecum JP, Kirabo A. The role of inflammation in 
hypertension: novel concepts. Curr Opin Physiol 2021;19:92-8.

21.	 Shankar A, Teppala S. Relationship between serum cystatin C and 
hypertension among US adults without clinically recognized chronic 
kidney disease. J Am Soc Hypertens 2011;5(5):378-84.

22.	 Omaygenc OM, Ozcan OU, Caakal B, Karaca O. Cystatin C and un-
controlled hypertension. Anatol J Cardiol 2020;24:309-15.

23.	 Manzura M, Jayashree G. High sensitive C-reactive protein and 
ceruloplasmin in hypertension. Ind J Bas and Appl Med Res 
2015;4(2):305-9.

24.	 Lang RM, Badano LP, Mor-Avi V, Afialo J, Armstrong A, Ernande L. 
Recommendtions for cardiac chamber quantification by echo-
cardiography in adults: an update from American Society of 
Echocardipgraphy and the European Association of Cardiovascular 
Imaging. Eur Heart J Cardiovasc Imaging 2015;16:233-70.

25.	 Echocardiograhic Normal Ranges Meta-Analysis of the Left Heart 
Collaboration. Ethnic-Specific Normative Reference Values for 
Echocardiographic LA and LV Size, LV Mass, and Systolic Function: 
The Echo-NoRMAL Study. JACC Cardiovasc Imaging 2015;8:656-65. 
doi: 10.1016/j.jcmg.2015.02.014

26.	 Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, 
Edvardsen T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P, 
Marino P, Oh JK, Popescu BA, Waggoner AD. Recommendations 
for the Evaluation of Left Ventricular Diastolic Function by 
Echocardiography: An Update from the American Society of 
Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr 2016;29:277-314.

27.	 Parasuraman S, Walker S, Loudon BL, Gollop ND, Wilson AM, Lowery 
C, Frenneaux MP. Assessment of pulmonary artery pressure by echo-
cardiography - A comprehensive review. Int J Cardiol Heart Vasc 
2016;12:45-51. doi: 10.1016/j.ijcha.2016.05.011

28.	 Fangyu LI, Hua HE. Assessing the Accuracy of Diagnostic Tests. 
Shanghai Arch Psychiatry 2018;30(3):207-12. doi: 10.11919/j.
issn.1002-0829.218052

29.	 Coutinho TC, Al-Omari M, Mosley TH, Kullo IJ. Biomarkes of left 
ventricular hypertrophy and remodeling in blacks. Hypertension 
2011;58(5):920-5.

30.	 Braunwald E. Biomarkers in heart failure. New Engl J Med 
2008;358:2148-59.

31.	 Tang W, Francis GS, Morrow DA, Newby LK, Cannon CP, Jesse RL, 
Storrow AB, Wu AHB. National Academy of Clinical Biochemistry 
Laboratory Medicine Practice Guidelines: clinical utilization of car-
diac biomarker testing in heart failure. Circulation 2007;116:e99-
e109.

32.	 Ciccone MM, Cortese F, Gesualdo M, Riccardi R, Di Nunzio D, Moncelli 
M, Iacoviello M, Scicchitano P. A Novel Cardiac Biomarker: ST2: A 
Review. Molecules 2013;18:15314-328.

33.	 Coglianese EE, Larson MG, Vasa RS, Ho JE, Ghorbani A, McCabe EL, 
Cheng S, Fradley MG, Kretschman D, Gao W, O´Connor G, Wang TJ, 
Januzzi JL. Distribution and clinical correlates of the interleukin 
receptor family member sST2 in the framingham heart study. Clin 
Chem 2012;58:1673-81.

34.	 Celic V, Majstorovic A, Pencic-Popovic B, Sljivic A, Lopez-Andres N, 
Roy I, Escribano E, Beunza M, Melero A, Floridi F, Magrini L, Marino 
R, Salerno G, Cardelli P, Di Somma S. Soluble ST2 Levels and Left 
Ventricular Structure and Function in Patients With Metabolic 
Syndrome. Ann Lab Med 2016;36:542-9.

35.	 Hopps E, Presti R, Caimi G. Matrix Metalloproteases in Arterial 
Hypertension and their Trend after Antihypertensive Treatment. 
Kidney Blood Press Res 2017;42:347-57.

36.	 Dhingra R, Pencina MJ, Schrader P, Wang TJ, Levy D, Pencina K, 
Siwik DA, Colucci WS, Benjamin EJ, Vasan RS. Relations of Matrix 
Remodeling Biomarkers to Blood Pressure Progression and Incidence 
of Hypertension in the Community. Circulation 2009;119:1101-7.

37.	 Tan J, Hua Q, Xing X, Wen J, Liu R, Yang Z. Impact of the metallopro-
teinase-9/tissue inhibitor of metalloproteinase-1 system on large 
arterial stiffness in patients with essential hypertension. Hypertens 
Res 2007;30:959-63.

38.	 Ahmed SH, Clark LL, Pennington WR, Webb CS, Bonnema DD, 
Leonardi AH, McClure CD, Spinale FG, Zile MR. Matrix metallopro-
teinases/tissue inhibitors of metalloproteinases: relationship be-
tween changes in proteolytic determinants of matrix composition 
and structural, functional, and clinical manifestations of hyperten-
sive heart disease. Circulation 2006;113:2089-96.


