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ABSTRACT

Aim: To study the prognostic value of biomarkers in patients with heart failure of ischemic origin with concomitant atrial fibrillation and diabetes mellitus.
Material and Methods: 398 patients with heart failure (HF) on the background of post-infarction cardiosclerosis (198 women and 200 men) were included in
the study. Patients were divided into 3 groups depending on the HF phenotype: Group | - 167 (42.0%) patients who had reduced LV EF (< 40%); Il group — 133
(33.4%) patients with moderately reduced LV EF (41-49%); Group IIl — 98 (24.6%) patients with preserved LV EF (> 50%).

Results: In HF patients with reduced LVEF, compared to patients who had moderately reduced and preserved FE, IV FK according to NYHA and AF are more
often diagnosed 70.1%, against 53.4% and 38.8%; 2 = 25.57, p = 0.0001); higher one-year mortality (12.0%, against 1.5% and 4.1%), approximately the
same frequency of RH; higher levels of NT-proBNP (by 16.2%, at p = 0.015) and ST-2 (43.0 [38.3 — 47.3] ng/ml, against 41.0 [35.8 — 44.6 ] ng/ml and 41.2
[37.0 — 44.6] ng/ml, with p = 0.004). The NT-proBNP / BNP ratio > 10.17 AU had a higher prognostic value compared to NT-proBNP for PG.

Conclusions: In patients with heart failure of ischemic genesis with concomitant atrial fibrillation and diabetes mellitus, the NT-proBNP /ST-2 ratio >17.12
AU has the greatest prognostic value (Se=85.1%; Sp=80.0%). The frequency of RH in this group reaches 97.6% during the year.
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INTRODUCTION

The average prevalence of HF, according to data from
different countries, ranges from 1.5 to 5.5% [1, 2]. With
age, the prevalence of this pathology progressively
increases, reaching 10% or more among people over
70 years of age [3]. The most common etiological factor
of HF in Europe and the USA today is coronary heart
disease (CHD), which, according to epidemiological
and multicentre clinical studies, is diagnosed in 60-75
% of such patients.

The study of risk markers could expand the possibil-
ities of stratifying the early and separate prognosis of
patients with HF. Biological markers are widely used in
the clinic as a reliable tool for predicting the course of
heart disease and assessing therapeutic effects [4-6].
The development of a standardized strategy for mon-
itoring and intervention in patients with HF requires
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furtherimprovement due to various etiological factors
of HF, its phenotypes, and the presence of comorbid
conditions [7].

AIM

To study the prognostic value of biomarkers in patients
with heart failure of ischemic origin with concomitant
atrial fibrillation and diabetes mellitus.

MATERIALS AND METHODS

The study protocol was approved by the local Eth-
ics and Deontology Committee of lvano-Frankivsk
National Medical University. All research methods
involving patients were performed in accordance
with the ethical standards of the Declaration of
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Helsinki. Patients were enrolled in the study at the
time of hospitalisation in the cardiology depart-
ment due to HF decompensation. We examined
398 patients of the Caucasian race with HF aged
45-65 years (54.3+7.2 years). 226 (56.8%) had per-
manent HF, 102 (25.6%) had concomitant type 2
diabetes mellitus.

Inclusion criteria: signed informed consent, history
of myocardial infarction (MI), verified diagnosis of HF
stage C, NYHA class lI-IV. Exclusion criteria: failure to
sign informed consent, haemodynamically significant
valvular heart disease, HF of other etiologies, thyroid
suppressive treatment, clinical hypothyroidism, thy-
rotoxicosis, inflammatory diseases, decompensation
of diabetes mellitus, CKD stage IV.

Diagnosis and treatment of AF and HF were carried
out according to the clinical protocol for the provision
of medical care to patients with atrial fibrillation and
heart failure approved by the Order of the Ministry of
Health of Ukraine of 03.07.2006 No. 436 and by the
European Society of Cardiology (ESC) Guidelines for
the Diagnosis and Treatment of Acute and Chronic
Heart Failure 2021 [3].

Serum levels of thyroid-stimulating hormone (TSH)
(normal range - 0.3-4.0 mIU/l), free T3 (T3v) (normal
range - 2.5-5.8 pmol/l), and free T4 (T4v) (normal
range - 10-25 pmol/l) were determined using reagent
kits, blood glucose (normal range - 4-5.5 mmol/l), gly-
cated haemoglobin (normal range - up to 5.6%) were
measured using reagent kits (TSH-ELISA, csT4-ELISA
and cBT3-ELISA, Hema, Ukraine).

To determine the serum level of Galectin-3 (detec-
tionrange (0.156 - 10.0) ng/ml), ST-2 (detection range
(12.5-250.0) ng/ml), BNP (normal range - (30 - 2500)
pg/ml), NT-proBNP (detection range (10 - 35000) pg/
ml), reagent kits were used (“Human Gal3(Galectin-3)
ELISA Kit” (FineTest®),”ST2 Rapid Test” (Aspect-PLUS®),
“BNP Rapid test” (NanoEnTek) and “IF1002" (GP
Getein®), respectively). Enzyme-linked immunosor-
bent assays were performed using a semi-automatic
immunoassay analyzer “Immunochem-2100" (High
technology, USA).

The ratios were calculated: ST-2/Galectin-3 (UL),
NT-proBNP/BNP (UL), NT-proBNP/ST-2 (UL), and
NT-proBNP/Galectin-3 (UL).

The instrumental methods included electrocardi-
ography (ECG), daily ECG monitoring, and echocar-
diography (Echocardiography).

The resting ECG was recorded in 12 standard leads
using an electrocardiograph “Electrocardiograph,
ECG 8820G” (Germany).

Daily ECG monitoring was performed using the
ABPM50 system (England).

Doppler echocardiographic examination was
performed using the ultrasound diagnostic system
“CARIS-PLUS" (Biomedice, Italy). The end-diastolicand
end-systolic dimensions (EDD and ESD, respectively)
of the left ventricle (LV), thickness of the interven-
tricular septum (IVS) and LV posterior wall (LVPW),
diameter of the left atrium (LA), right ventricle (RV)
and other parameters were determined. LV end-di-
astolic volume (EDV), LV end-systolic volume (ESV),
LV end-diastolic index (EDI), LV end-systolic index
(ESI), LV ejection fraction (LVEF), LV myocardial mass
(LVMM) and its index (LVMI) were calculated.

Patients were followed up for 1 year, and the pres-
ence of rehospitalization for HF decompensation
(or intravenous loop diuretics as prescribed by a
cardiologist) was taken into account. Mortality was
taken into account.

At the first stage of the study, all 398 patients were
divided into three groups depending on the pheno-
type of HF:

Group | - 167 (42.0%) patients with reduced LVEF
(LVEF < 40%);

Group Il - 133 (33.4%) patients with moderately
reduced LVEF (LVEF 41 - 49%);

Group Il - 98 (24.6 %) patients with preserved LVEF
(LVEF = 50 %).

Statistical analysis. The analysis of the normality of
the distribution of indicators was performed using
the Shapiro-Wilk test. The data are presented as
median (Me) and interquartile range [8] (the distri-
bution of data differed from normal). Quantitative
indicators were compared using the non-parametric
Mann-Whitney test. If it was necessary to compare
the values of the indicator simultaneously in three or
more groups, nonparametric one-factor Kruskal-Wal-
lace analysis of variance (for k-groups) was used. The
difference among the frequencies of traits in the
groups was assessed by Pearson’s x2 criterion (with
Yates’ correction when the number of traits was less
than 10). The odds ratio (OR) with 95% confidence
interval (Cl) and the reliability of the frequency dis-
tribution were calculated using the x2 test with the
Mantel-Haenszel correction. The difference between
the values was considered statistically significantata
significance level of p < 0.05. ROC analysis was used to
determine the prognostic levels of serum biomarkers
and their correlations. A pairwise comparison of ROC
analysis parameters for different values was per-
formed. Statistical processing was performed using
Statistica for Windows Release 10.0 and MedCalc®
(Statistical Software version 22.020 (MedCalc Soft-
ware Ltd, Ostend, Belgium; https://www.medcalc.org;
2024. SN: CN1TWY-V5Q8-CQZC-MSKR-1THM-GVQ1D).
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Table 1. Features of the course of heart failure in patients with different phenotypes of the disease (n = 398)

Phenotype of CH
Indicator, With reduced With a moderately With preserved X%
units of measurement LV EJECTION FRACTION reduced LVEF LVEF P
(<40 %) (41 -49 %) (=50 %)
(n=167) (n=133) (n=98)
1 2 3 4 5
Gender: -women, n (%) 80 (47,9) 70 (52,6) 48 (49,0) 0,693;
-men, n (%) 87 (52,1) 63 (47,4) 50(51,0) > 0,05
FCNYHA: 1, n (%) 30 (18,0) 54(40,6) 53 (541) 76,773;
I, n (%) 102 (61,1) 79 (59,4) 45 (45,9) 0.0001
IV, n (%) 35(21,0) 0 0 !
. 4,233;
() r !
Obesity, n (%) 68 (40,7) 39(29,3) 34 (34,7) > 0,05
. 3,388;
Pre-obesity, n (%) 87 (52,1) 81 (60,9) 49 (50,0)
> 0,05
. . 4,621;
Type 2 diabetes mellitus, n (%) 34 (20,4) 37 (27,8) 31(31,6) 005
25,572;
o 572;
AF, 1 (%) 117 (70,1) 71(53,4) 38(38,8) 0,0001
3,194;
0 ,194;
RH, n (%) 67 (40,1) 67 (50,4) 45 (45,9) > 0,05
. 15,851;
o ,851;
Mortality, n (%) 21(12,6) 2(1,5) 440 0,0001
BNP, pg/ml 90,5 [83,4-92,8] 90,5 [80,9 - 90,8] 90,5 [80,5 - 90,8] > 0,05
883,0 760,0 760,0
NT-proBNP, pg/ml [427,5 - 2284,1] [320,0 - 1664,0] [350,0 - 1357,5] 0.015
ST-2, pg/ml 43,0[38,3-47,3] 41,0 [35,8 - 44,6] 41,2 [37,0 - 44,6] 0,004
Galectin-3, pg/ml 1901,3-22] 1,901,5-2,2] 1,901,5-2,7] >0,05
ST-2/ Galectin-3, U 24,3[17,2 -34,5] 21,5[17,7 -30,8] 21,1[15,6 - 30,0] > 0,05
NT-proBNP / BNP, U 9,6 [3,0 - 25,2] 8,7[3,5-18,3] 8,7[4,2-14,3] > 0,05
NT-proBNP / ST-2, U 21,6[6,6 —48,4] 21,2[7,4-37,0] 21,1 15,6 - 32,0] > 0,05
NT-proBNP / 445,8 4428 3449 5005
Galectin-3, U [149,1 - 1158,0] [224,5 - 954,2] [195,9 - 818,6] !
RESULTS specificity - 66.00 %, p < 0.0001), galectin-3 >

The analysis demonstrated that patients with HF with
reduced LVEF, compared with patients with moder-
ately reduced and preserved LVEF, had less frequent
NYHA class Il (18% vs. 40.6% and 54.1%, respectively)
and more frequent class IV (21.0%; c2 = 76.77, p =
0.0001), AF (70.1% vs. 53.4% and 38.8%; c2 = 25.57,
p = 0.0001), as well as higher one-year mortality
(12.0% vs. 1.5% and 4.1%, respectively; c2 = 15.85,
p =0.0001), and approximately the same incidence of
HF; higher levels of NT-proBNP (by 16.2 %, p = 0.015)
and ST-2 (43.0[38.3-47.31 ng/ml, vs. 41.0 [35.8 - 44.6]
ng/mland 41.2[37.0-44.6]1 ng/ml, p=0.004) (Table 1).

The subsequent ROC analysis demonstrated that
the RH for HF decompensation risk among patients
with reduced LVEF increases with serum levels of
NT-proBNP > 843.0 pg/mL (sensitivity - 71.64 %,
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1.30 ng/mL (sensitivity - 94.03 %, specificity - 37.00 %,
p = 0.0001); ratios: ST-2 / Galectin-3 < 16.34 units
(sensitivity - 40.30 %, specificity - 96.00 %, p < 0.0001),
NT-proBNP / BNP > 10.17 units (sensitivity - 71.64
%, specificity - 70.00 %, p < 0.0001) and NT-proBNP
/ ST-2 > 21.61 units (sensitivity - 71.64 %, specificity
-66.00 %, p < 0.0001). ROC analysis did not reveal any
other plausible patterns in the group of HF patients
with reduced LVEF (Table 2).

Comparison of ROC analysis data was carried out at
the next stage of work. The value of the NT-proBNP/
BNP ratio has a higher prognostic value for RH in pa-
tients with reduced LVEF compared with NT-proBNP
(0.707 versus 0.692, respectively; p =0.0164) (Table 3).
The analysis does not reveal any other plausible
patterns (see Table 3).
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Table 2. Predictive value of serum biomarker levels and their correlations in patients with HF with different disease phenotypes for readmission

during the year (ROC analysis)

Phenotype of patients with HF (n = 398)

. Indicator, With reduced With a moderately reduced With preserved
units of measurement LVEF (< 40 %) LVEF (41 - 49 %) LVEF (= 50 %)
(n=167) (n=133) (n=68)
1 2 3 4
BNP, pg/ml
dividing point
(cut-off value) >92,8 > 86,18 > 94,6

area under the curve
(AUC [95 % CI])

0,517 [0,439 - 0,595]

0,615[0,526 - 0,698]

0,506 [0,404 - 0,609]

sensitivity, %. 88,06 49,25 88,89
specificity, %. 27,00 74,24 20,75
P > 0,05 0,019 > 0,05
NT-proBNP, pg/ml
dividing point
(cut-off value) >843,0 >320,0 > 1456

area under the curve
(AUC[95 % CI])

0,692[0,616 -0,761]

0,560 [0,472 - 0,646]

0,532[0,428 - 0,633]

sensitivity, %. 71,64 79,10 91,11
specificity, %. 66,00 36,36 30,19
P < 0,0001 > 0,05 > 0,05
ST-2, ng/ml
dividing point
(cut-off value) > 48,58 > 43,04 > 29,23

area under the curve
(AUC[95 % CI])

0,500 [0,422 - 0,578]

0,561[0,473 - 0,647]

0,521 [0,418 - 0,623]

sensitivity, %. 22,39 41,79 95,56
specificity, %. 86,00 78,79 16,98
P > 0,05 > 0,05 > 0,05
Galectin-3, ng/ml
dividing point
(cut-off value) > 1,30 >2,17 >2,15

area under the curve
(AUC[95 % CI])

0,666 [0,589 - 0,737]

0,612[0,524 - 0,695]

0,662 [0,560 - 0,755]

sensitivity, %. 94,03 44,78 57,78
specificity, %. 37,00 95,45 88,68
P 0,0001 0,0261 0,0047
ST-2/Galectin-3, U
dividing point
(cut-off value) < 16,34 <17,58 <17,95

area under the curve
(AUC[95 % CI])

0,678[0,601 - 0,748]

0,588 [0,500 - 0,673]

0,644 [0,540 - 0,738]

sensitivity, %. 40,30 37,31 55,56
specificity, %. 96,00 92,42 83,02
P < 0,0001 > 0,05 0,0126
NT-proBNP / BNP, U
dividing point
(cut-off value) >10,17 >10,17 <18,20

area under the curve
(AUC [95% CI1)
sensitivity, %.
specificity, %.
P

0,707 [0,631 -0,774]
71,64
70,00
< 0,0001

0,577 [0,489 - 0,663]
50,75
66,67
> 0,05

0,519[0,416 - 0,621]
91,11
30,19
> 0,05
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Table 2. Cont.

NT-proBNP / ST-2, U
dividing point
(cut-off value)

area under the curve
(AUC 95 % CI])

> 21,61

0,693 (0,618 -0,762]

> 12,38 <3286

0,538 [0,449 - 0,624] 0,530[0,426 - 0,631]

sensitivity, %. 71,64 68,66 88,89
specificity, %. 66,00 43,94 30,19
P < 0,0001 > 0,05 > 0,05
NT-proBNP / Galectin-3, U
dividing point
(cut-off value) > 170,60 > 133,27 <733,97

area under the curve

(AUC [95 % CI]) 0,570 (0,491 - 0,646]

sensitivity, %. 89,55
specificity, %. 36,00
P > 0,05

0,530[0,442 - 0,617] 0,597 [0,493 - 0,695]

88,06 86,67
25,76 39,62
> 0,05 > 0,05

The risk of RH in patients with moderately reduced
LV EF increased with a serum level of BNP > 86.18 pg/
mL (sensitivity - 49.25%, specificity - 74.24%, p =0.019),
galectin-3>2.17 ng/mL (sensitivity - 44.78%, specificity
-95.45%, p=0.0261) (see Table 2). ROC analysis did not
reveal any other plausible patterns in the group of HF
patients with moderately reduced LVEF. A comparison
of the areas under the ROC curves of BNP and galectin-3
levels did not reveal a difference in the prognostic value
of RH in patients with moderately reduced LV EF (z =
0,04; p > 0,05) (Table 4).

In the group of patients with preserved LV EF, the risk of
RH increases with a serum level of galectin-3 > 2.15 ng/
ml (sensitivity - 57.78 %, specificity - 88.68 %, p = 0.0047)
and the ratio of ST-2/Galectin-3 < 17.95 units (sensitivi-
ty - 55.56 %, specificity - 83.02 %, p = 0.0126) (see Table
2). A comparison of the areas under the ROC curves of
galectin-3 level and ST-2/Galectin-3 ratio did not reveal a
difference in the prognostic value of RH in patients with
preserved LV EF (z=0,84; p > 0,05) (Table 5).

DISCUSSION

In the ValHeFT therapeutic trial (Valsartan Heart Failure
Trial), BNP and NT-proBNP remained independent
predictors of overall death, cardiovascular death, and
emergency hospitalization in HF patients with reduced
LVEF after adjustment for age, sex, comorbidities, and
biochemical parameters [8]. In the I-PRESERVE study,
an increase in circulating NT-proBNP in HF patients
with preserved LVEF was a predictor of fatal clinical
outcomes and rehospitalization [8]. Another study
also demonstrated that plasma BNP >100 pg/mL and
NT-proBNP >600 pg/mL were independent predictors
of LV diastolic dysfunction [9]. In AF and DM, the
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concentrations of the above biomarkers increase
dramatically [8]. In AF, these changes are associated
with more severe ischemia and biomechanical
myocardial stress [8]. In diabetes mellitus, a decrease
in glomerular filtration rate (GFR) and enzymatic
degradation by neprilysin, as well as biomechanical
myocardial stress and volume overload are likely to be
important [8]. Previous preclinical and clinical studies
have demonstrated the central role of galectin-3
in the progression of extracellular remodeling
and extracellular matrix accumulation, which
promotes fibrosis and impaired global myocardial
contractility and relaxation, accompanied by increased
arrhythmogenic activity and dilatation of the heart
cavities [1, 10-16]. Increased expression of galectin-3 is
detected in acute/acutely decompensated and chronic
HF regardless of its phenotype and etiology [17]. In HF,
the concentration of galectin-3 in the peripheral blood
correlates positively with the level of NT-proBNP and
negatively with GFR [10].

Although the expression of galectin-3 increases in
proportion to the severity of HF, the diagnostic value
of NTpro-BNP was better than that of galectin-3 [18].
On the contrary, the prognostic value of GH in the
progression of HF for galectin-3 was higher than that
of NT-pro-BNP [18]. Other authors have noted that the
combination of NTpro-BNP and galectin-3 in patients
with HF more accurately reflects the risk of fatal events
than each of these biomarkers alone [19]. In patients
with a positive response to HF treatment, no significant
dynamics of galectin-3 in the blood was found, whereas
the concentration of NT-pro-BNP significantly decreased
[19]. Compared to other biological markers, including
BNP, galectin-3, and growth/differentiation factor-15,
ST2is characterized by the lowest biological variability
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Table 3. Comparison of the prognostic value of serum levels of biomarkers and their correlations in patients with HF with reduced LV ejection fraction,

relative to re-hospitalization (ROC curves)

Indicator, units of measurement Area under the curve (AUC)

NT-proBNP, pg/ml

0,692[0,616-0,761]

Galectin-3, ng/ml

0,666 [0,589 - 0,737

NT-proBNP, pg/ml

0,692[0,616-0,761

ST-2/Galectin-3, U

0,678 (0,601 - 0,748

NT-proBNP, pg/ml

0,692[0,616-0,761

NT-proBNP / BNP, U

0,707 [0,631-0,774

NT-proBNP, pg/ml

0,692[0,616-0,761

NT-proBNP/ST-2, U

0,693 (0,618 -0,762

Galectin-3, ng/ml

0,666 [0,589 - 0,737

ST-2/Galectin-3, U

0,678[0,601 - 0,748

Galectin-3, ng/ml

NT-proBNP / BNP, U

0,707 [0,631 -0,774

Galectin-3, ng/ml

0,666 [0,589 - 0,737

NT-proBNP/ST-2, U

0,693 (0,618 -0,762

ST-2/Galectin-3, U

0,678 (0,601 - 0,748

NT-proBNP / BNP, U

0,707 [0,631-0,774

ST-2/Galectin-3, U

0,678 (0,601 - 0,748

NT-proBNP/ST-2, U 0,693 (0,618 -0,762

NT-proBNP / BNP, U 0,707[0,631-0,774

Difference in area z P
0,025 [0,084 - 0,135] 0,45 > 0,05
0,014 [0,094 - 0,122] 0,25 > 0,05
0,015[0,003 - 0,027] 2,40 0,0164
0,002 [0,010-0,013] 0,32 > 0,05
0,011 [0,024 - 0,064] 0,63 > 0,05
0,040 [0,070 - 0,150] 0,72 > 0,05
0,027 [0,082 - 0,137] 0,49 > 0,05
0,029 [0,080 - 0,137] 0,52 > 0,05
0,016 [0,091 - 0,123] 0,29 >0,05
0,013 [0,004 - 0,030] 1,54 > 0,05

]
]
]
]
]
]
]
]
]
0,666 [0,589 - 0,737]
]
]
]
]
]
]
]
]
]

NT-proBNP/ST-2, U 0,693 (0,618 -0,762

Table 4. Comparison of the prognostic value of serum levels of biomarkers in patients with HF with moderately reduced LV EF, relative to re-hospital-

ization (ROC curves)

Indicator, units of measurement Area under the curve (AUC)

Difference in area z P

BNP, pg/ml 0,615 [0,526 — 0,698]

Galectin-3, ng/m 0,612 [0,524 - 0,695]

0,002 (0,121 -0,126] 0,04 > 0,05

Table 5. Comparison of the prognostic value of serum biomarker levels and their correlations in patients with HF with preserved LV EF, relative to

re-hospitalization (ROC curves)

Indicator, units of measurement Area under the curve (AUC)

Difference in area z P

Galectin-3, ng/m 0,662 [0,560 - 0,755]

ST-2/Galectin-3, U 0,644 [0,540 - 0,738]

0,019 0,025 - 0,063] 0,84 > 0,05

[20]. The content of sST2 above 35 ng/mL retains its
prognostic value for total death, cardiovascular death,
and the risk of hospitalization due to HF, regardless of
the etiology and phenotype of HF and CHF [20].

2.
CONCLUSIONS
1. In patients with heart failure with reduced left ven-
tricular ejection fraction, compared with patients
with moderately reduced and preserved left
ventricular ejection fraction, are more likely to be
diagnosed with NYHA class IV and atrial fibrillation;

higher one-year mortality. Approximately the same
incidence of re-hospitalization; higher levels of NT-
proBNP and ST-2. The ratio of NT-proBNP/BNP >
10.17 units has a higher prognostic value compared
to NT-proBNP for re-hospitalization.

The risk of re-hospitalization in patients with
moderately reduced left ventricular ejection fraction
is equally increased at levels of BNP > 86.18 pg/mL
and galectin-3 > 2.17 ng/mL. With preserved left
ventricular ejection fraction, the risk of re-hospital-
ization increases with galectin-3 levels > 2.15 ng/mL
or an ST-2/Galectin-3 ratio < 17.95 units.
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