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There is a growing interest in the early detection of signs of myocardial dysfunction,
especially in comorbid patients for timely prevention of progression of disease, reducing
the risk of complications, improving their quality of life. The aim of the work was to
optimize the diagnosis of myocardial dysfunction in men, residents of Podillya, taking
into account the plasma concentration of brain natriuretic peptide (BNP) and
polymorphism of the corresponding gene under conditions of comorbidity of essential
hypertension (EH) with left ventricular hypertrophy (LVH) and type 2 diabetes mellitus
(T2D). We examined 211 men: 79 persons without the signs of cardiovascular diseases,
62 patients with EH 2 and chronic heart failure (CHF) 0-I functional classes (FC)
according to NYHA Classification and 70 - with EH 2 combined with T2D and CHF FC
I-II. The examination included the determination of plasma concentration of BNP, the
brain natriuretic peptide gene polymorphism (polymorphic locus T-381C), indices of
doppler-echocardiography. The mathematical processing was performed using the
standard statistical package Statistica 10. During the study, we calculated the primary
statistical indicators, identified differences between groups on statistical grounds,
made correlation and discriminant analysis. Diastolic dysfunction (DD) of the left
ventricle (LV) was diagnosed in 45.16 % of patients in the group with EH 2, and 90 % in
the group of comorbid patients. It was determined that men, residents of Podillya, with
presence and absence of T2D, have dominating T381C genotype of the BNP gene.
Lower plasma concentration of BNP that is peculiar for homozygous T381T genotype,
in comparison with carriers of allele C of BNP gene and the average values of this
biomarker in patients with DD may affect its informativeness in the diagnosis of
myocardial dysfunction and requires a lower level of diagnosis. Appropriate borderline
levels of BNP were determined for early diagnosis of DD in carriers of polymorphic
variants of the BNP gene in men, residents of Podillya, with comorbid course of EH 2
and T2D. It is recommended to determine the genotype of the corresponding gene
(polymorphic locus T-381C) and plasma level of BNP and focus on the calculated
borderline levels of BNP to optimize the diagnosis of myocardial dysfunction in comorbid
patients with EH 2 and T2D. For carriers of the T381T genotype it is >55.57 pg/ml, for
carriers of the C allele (heterozygous T381C and homozygous C381C) of the BNP gene
it is >69.13 pg/ml.
Keywords: essential hypertension, type 2 diabetes mellitus, diastolic dysfunction, the
brain natriuretic peptide gene polymorphism.

Introduction
In today's world, the W orld Health Organization has
identified the prevention and treatment of chronic noncommunicable diseases as a priority project of the second
decade of the XXI century, aimed at improving the quality of
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life of the world's population [12]. Due to the high increase in
prevalence, comorbid conditions need special attention,
including the combined course of essential hypertension
stage 2 (EH 2) and type 2 diabetes (T2D) [20]. Due to the
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synergistic negative effect of hemodynamic stress inherent
in EH and metabolic d isorders inherent in T2D, this
association is the most unfavorable prognostic sign for the
development of congestive heart failure and cardiac death
[11].
It is generally accepted that the early preclinical
manifestation of heart disease in EH and T2D on the
background of LVH is the development of DD, which is
considered as a basis for further formation of CHF with
preserved ejection fraction [17], which is detected by
echocardiography. However, the method is expensive,
sometimes limited in use due to socio-economic and
anatomical factors, and concomitant pathology, including
T2D, is a complicating background in the study, which
causes difficulties in interpreting the data [13].
An additional tool for screening for subclinical ventricular
dysfunction may be the neurohormonal profile of patients.
In order to improve the individual strategy for the prevention
of CHF at the stage of reversible changes in the comorbid
course of EH and T2D, there is an urgent need to involve
additional effective diagnostic biomarkers of myocardial
dysfunction.
It is proved that a number of causes, in addition to LV
dysfunction, can cause wide variability of BNP values and
complicate clinical interpretation in comorbid patients:
hereditary, sex features and metabolic changes [4, 5]. The
latter requires clarification of the diagnostic significance of
the genetic component - allelic polymorphism of the BNP
gene (T-381C) in the analysis of plasma levels of the
biomarker to detect early signs of myocardial dysfunction
under the conditions of comorbidity of EH and T2D.
The aim of the study was to optimize the diagnosis of
myocardial dysfunction taking into account the plasma
concentration of BNP and polymorphism of the
corresponding gene under conditions of EH comorbidity
with LVH and T2D in men living in Podillya regoin.

Materials and methods
We examined 211 men aged 45 to 68 years (mean age
54.87±0.89 years) living in the Podillya region of Ukraine.
All individuals involved gave written informed consent to
participate in the study. Patients underwent a
comprehensive clinical-anamnestic, anthropometric and
laboratory-instrumental examination, based on which they
were diagnosed with EH, LV DD and CHF in accordance
with the recommendations of the European and Ukrainian
Association of Cardiologists for the diagnosis and
treatment of hypertension and CHF [26, 29, 33]. Verification
of the diagnosis of T2D was performed according to WHO
criteria and in accordance with the order of the Ministry of
Health of Ukraine dated 21.12.2012 № 1118 [8, 18].
Patients were divided into 3 groups, which are
representative by age. The control group included 79 men in
whom the results of objective and general clinical
examination revealed no pathological changes in the
circulatory system and endocrine system. The first main
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group included 62 people with EH 2 and CHF not higher
than FC I according to NYHA criteria. The second main group
included 70 men with EH 2 in combination with moderate
T2D. Among them, 58 (82.86 %) were diagnosed with CHF
at level I, and 12 (17.14 %) - at level II FC according to NYHA.
All patients had a preserved LV ejection fraction (EF). The
average duration of EH in the studied patients was 8.23±2.05
years, and T2D - 6.34±3.03 years, respectively. The course
of T2D in 61 people (87.14 %) is controlled.
Mandatory criteria for inclusion into the main groups:
verified diagnosis of EH 2 1-3 degrees, lack of history and
medical records of myocardial infarction, acute
cerebrovascular accident, as well as the presence of
symptoms, anamnestic indications for coronary heart
disease (CHD), the development of which preceded the
emergence of EH. 48 men of the 2nd main group had a
concomitant diagnosis of coronary heart disease in the
form of diffuse cardiosclerosis, which was established 14 years after the main diagnosis of EH 2.
Exclusion criteria: symptomatic nature of hypertension,
the presence of severe CHF (III-IV FC according to NYHA)
with reduced LV EF (<40 %), T1D, decompensation of T2D,
insulin therapy, diabetic nephropathy 4-5 years, chronic
kidney disease non-diabetic origin, liver failure, chronic
obstructive pulmonary disease and bronchial asthma,
acquired heart defects, tumors, diseases of the blood
system, concomitant inflammatory and endocrine
diseases, except T2D.
The concentration o f BNP in b lood p lasma was
determined by ELISA using a standard kit from "Peninsula
Laboratories Inc." (USA). The genomic DNA of the BNP
gene for the determination of alleles of the polymorphic
region (T-381C) was isolated by the phenol-chloroform
method using a kit for isolation of DNA/RNA from blood
serum (NPF "LiTech", Russia) in collaboration with the
Institute of Genetic and Immunological Basis of Pathology
and Pharmacogenetics of Ukrainian Medical Dental
Academy, Poltava (Head of Laboratory - Doctor of Medicine,
Professor Kaidashev I. P.). Echocardiography was
performed to determine the parameters of intracardiac
hemodynamics. The criterion of LV hypertrophy for men
was considered to be LV weight/height2.7>50g/m2.7
according to the recommendations of the European
Association of Cardiologists for the diagnosis and
treatment of hypertension (2018) [33]. Diastolic LV function
was assessed according to current guidelines using
pulsed Doppler echocardiography [14].
Statistical processing of the results of the study was
performed on a personal computer using the standard
statistical package Statistica 10. Calculated primary
statistics, identified differences between groups on
statistical grounds, performed correlation analysis.

Results
For the most part, the development of LV DD is the first
stage of CHF formation in patients with EH, but with
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Table 1. Types of disorders of diastolic heart function in patients from groups of comparison.
TBF by type of relaxation TBF by type of pseudo
normalization disorder DD II degree
DD I degree

Group

Normal transmitral
blood flow (TBF)

Indefinite TBF

Patients with EH 2 (n=62)

43.55% (n=27)
(1)

11.29% (n=7)
(2)

33.87% (n=22)
(3)

9.68% (n=6)
(4)

р2-1<0.05
р4-1<0.05

Patients with EH 2 and T2D (n=70)

-

10.00% (n=7)
(5)

68.57% (n=48)
(6)

21.43% (n=15)
(7)

р6-5<0.01
р7-6<0.01

-

р6-3<0.01

0,05<р 7-4<0.1

р

additional adverse effects on the myocardium of such a
comorbid disease as T2D, conditions are created for its
accelerated development [28], which was confirmed in the
study: LV DD in the group with EH 2 diagnosed in 43.55 %
of people (n=28), while in the group of comorbid patients in 90 % of people (n=63) (Table 1).
Plasma levels of BNP in men with LV DD in the isolated
course of EH was 82.00±4.01 pg/ml, while in comorbid
with diabetes 2 - 105.99±3.76 pg/ml (p<0.01). Spearman's
rank correlation method was used to identify correlations
between BNP co ncentration and hemodynamic
parameters characterizing myocardial diastolic function in
men with different EH 2 course (Table 2).
According to the obtained results, it was found that in
men with an isolated course of EH 2, the plasma level of
BNP significantly correlates directly with the values of E/A,
E/E' and vice versa - with the values of IVRT and DT. In
comorbid patients with T2D, a direct correlation was also
found between the level of BNP and the E/E' index, whereas
the correlation with the value of DT was inverse. The
presence of correlations between the above indicators may
indicate the possibility of using BNP as a marker for the
assessment of LV DD in patients with different EH courses.
Since it is known that the expression of such a biomarker
as BNP may depend on the genetic characteristics of patients,
requires clarification of the role of allelic polymorphism of
the BNP gene (locus T-381C) in the diagnostic process in
different variants of EH [10, 15]. In both main groups of
patients, as well as in the control group, the distribution of
polymorphic genotypes of the BNP gene corresponded to
the Hardy-W einberg equilibrium. No significant differences
in the distribution of genotype frequencies in the comparison
groups were found, the T381C variant of the BNP gene
dominated (p<0.05). Due to the small number of C381C
homozygotes, for greater accuracy of comparative analysis
in all comparison groups, it was decided to combine
individuals with T381C and C381C genotypes into one group
- carriers of the C allele of the BNP gene (Fig. 1).
In the first main group of patients with DD was found in
50.0 % (n=11) homozygotes T381T and 42.5 % (n=17)
carriers of the C allele, and in the second main group of
comorbid patients with T2D - in 100 % (n=24) and 84.78 %
(n=39), respectively. In order to assess the possible variation
of the plasma level of the biomarker in the carrier of
polymorphic variants of the BNP gene in individuals with
DD, a corresponding comparative analysis was performed
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in the comparison groups. In homozygotes of T381T of the
BNP gene, the plasma level of the biomarker corresponded
to 63.27±6.83 pg/ml in the isolated course of EH and
97.05±6.21 pg/ml in comorbid with T2D (p<0.01), while in
carriers of the C allele, respectively 94.12±1.50 pg/ml and
111.5±4.6 pg/ml (p<0.05).
In both study groups, the plasma levels of the biomarker
in the T381T homozygotes of the BNP gene were significantly
lower than in the C allele carriers (p<0.01). Thus, the lower
plasma concentration of BNP, which is characteristic of
homozygotes T381T, compared with carriers of the C allele
of the BNP gene and the average plasma level of the
biomarker in patients with DD in groups may affect its
informativeness in detecting myocardial dysfunction.
Table 2. Indicators of correlation of BNP plasma level and
hemodynamic parameters of myocardium in men with different
course of EH 2.
Indicator

Patients with EH 2
(n=62)

Patients with EH 2 and
T2D (n=70)

R

p

R

р

Е/А, с.u.

+0.25

<0.05

+0.21

<0.05

IVRT, ms

-0.29

<0.05

-0.15

>0.05

DT, ms

-0.36

<0.01

-0.20

<0.05

Е/Е'

+0.36

<0.01

+0.25

<0.05

Note: R - Spearman's correlation coefficient.

Fig. 1. Frequency of distribution of BNP alleles gene in comparison
groups among men, inhabitants of Podillya, (%). Note: * - the
difference is significant (p<0.05) when compared with the C allele
within the group.
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It should be noted that the limit level of BNP 35 pg/ml,
which is recommended to confirm the high probability of
CHF regardless of LV EF [32] showed insufficiently high
specificity (55.32 %) in comorbid patients with T2D, where
BNP levels are probably higher than in isolated cases of EH
course [2]. The identified features led to the calculation of
appropriate informative cut-off levels of BNP for the diagnosis
of LV DD in carriers of different polymorphic variants of the
BNP gene among patients with EH 2 and T2D. For this
purpose, we used the formula of Antamonov M. Yu. [22].
When determining the threshold level of the indicator, and
during the discriminant analysis, sensitivity, specificity,
infallibility, false-negative and false-positive responses were
established according to the proposed methods [35].
In the isolated course of EH, the threshold levels of
informativeness of the studied biomarker for men, residents
of Podillya, carriers of different genotypes of the BNP gene
were presented in previous studies by the Department of
Internal Medicine of the Medical Faculty № 2 National Pirogov
Memorial Medical University, Vinnytsya [23].
In the comorbid course of EH 2 and T2D in men, residents
of Podillya for carriers of genotype T381T threshold level of
informativeness BNP for the detection of LV DD is >55.57
pg/ml (sensitivity - 95.83 %, specificity - 97.87 %, infallibility 97.10 %, infallibility - 97.10 %, false negative response 4.17 %, false-positive response - 2.13 %), while for carriers
of the C allele (heterozygote T-381C and homozygote C381C)
it is >69.13 pg/ml (sensitivity - 89.13 %, specificity - 82.22 %,
infallibility - 85.71 %, false-negative response - 11.11 %,
false positive response - 17.7 8%).

Discussion
T2D has the highest additional negative impact on
short-term and long-term prognosis in patients with both
asymptomatic and clinically pronounced LV dysfunction.
That is why there is a growing interest in the early detection
of signs of myocardial dysfunction, especially in comorbid
patients with T2D in a timely manner to prevent disease
progression, reduce the risk of complications, improve their
quality of life. Since clinical and instrumental manifestations
of comorbid cardiovascular and metabolic pathology
complicate the diagnosis of early stages of CHF, in patients
with T2D list of examinations should rationally include the
definition of valid biomarkers, such as BNP [19, 32], which
was used in this study.
Although the main reason for the increase in the
production of BNP is considered to be the volume overload
of the heart cavities [31], the interpretation of the plasma
concentration of the biomarker takes into account factors
that can change its levels, among which sex [9, 27] and
heredity [7] plays some role. That is why only men living in
the Podillya region were involved in the formed group.
Currently, a promising approach is to further study the
determining role of the polymorphism of the BNP gene,
which participates in the coding of the corresponding
biomarker and to determine the need to take into account
№38, Page 54-60

these genetic features in the diagnostic process in EH,
including comorbid T2D.
Our data are consistent with the results of a study by
Takeishi et al., who examined 2,970 Japanese adults with
CHF and found that, regardless of sex, carriers of the 381C
allele of the BNP gene had a higher plasma biomarker
level, while the T381T genotype was associated with the
lowest in blood plasma [30].
Similar results were obtained by Costello-Boerrigter L. C.
in a mixed cohort of North Americans with EH. Inheritance of
BNP gene genotypes with the presence of the 381C allele
has been shown to be associated with high peptide
concentrations. The authors indicate that refined genotype
points may be useful in the diagnosis of asymptomatic LV
dysfunction, or in compensated chronic LV dysfunction when
some patients fall into the diagnostic gray area [10].
However, in a large, prospective EPIC-Norfolk study
(USA), on a mixed cohort of individuals, researchers did
not find a significant association between the rs198389
genotypes of the BNP gene and the risk of heart failure.
The mean follow-up time was 12.6 years. The results did
not differ significantly in the presence of EH, obesity and
coronary heart disease. According to the authors, a
possible explanation may be that the physiological
activation of the BNP system in conditions of enhanced
mechanical deformation of the heart may block small
genetically determined differences in the levels of BNP. In
addition, it is possible that a slight genetic influence on
certain subtypes of CHF syndrome associated with the
polymorphism of the gene may not affect the risk of
developing general heart failure [24].
However, according to Berezikova E. N. in practically
healthy individuals of the Russian population, carriers of
the genotype C381C gene BNP, the plasma level of NT-pro
BNP (inactive BNP precursor) was significantly higher than
in carriers of the genotype T381T. The T allele and the TT
genotype of the T-381C polymorphic locus of the BNP gene
were associated with a high risk of development, severity
and adverse course of CHF in patients with coronary heart
disease, and the C allele and the CC genotype proved to
be protective factors [3].
In the South Chinese population, it was also found that
the rs198389 polymorphism of the BNP locus may be an
additive additional genetic factor influencing the
progression of LV dysfunction in patients with coronary heart
disease and dyslipidemia [34].
Researchers from Iran have shown that the T-381C
polymorphism in the BNP gene affects the plasma level of
BNP, where the CC genotype and C allele are associated
with higher BNP levels in 70 cardiac patients. There was
no statistically significant difference in the distribution of
genotyping and frequency of alleles between groups of
patients with cardiovascular disease (acute coronary
syndrome, etc.) and a healthy control group [1].
There are isolated studies on the study of BNP gene
polymorphism in patients with cardiovascular disease in
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Ukraine. Pashkova Yu. P. and co-authors found that in the
control group, as well as in men with EH 2-3 and CHF
stage II A, residents of Podillya, the plasma concentration
of BNP is probably lower in homozygotes T381T gene BNP
than in carriers of the C allele associated with higher levels
of systolic blood pressure and diastolic blood pressure,
pronounced eccentric LVH, decreased LV EF. Researchers
suggest that the carrier of the T381T genotype of the BNP
gene is one of the pathogenetic factors in the development
of CHF [23]. It should be noted that patients with T2D were
not included in the study.
Foreign works on the role of BNP gene polymorphism
in patients with T2D is of great interest. Meirhaeghe A. and
co-authors analyzed the relationship between the risk of
developing T2D, plasma BNP concentration and T381C
polymorphism in the French population. Subjects with
genotype CC had lower plasma sugar concentrations,
which was associated with a lower risk of developing T2D
and higher plasma levels of BNP compared with carriers
of the T allele. According to the authors, these data together
indicate that relatively high BNP expression may protect
against T2D [17].
A promising cohort study of the European population
also analyzed the relationship between NT-proBNP levels
in the blood, taking into account the T381C polymorphism
of the corresponding gene and the risk of developing T2D.
The authors combined the results with existing metaanalysis data from 11 studies with control cases and
concluded potential the causal role of the BNP system in
the etiology of T2D [24].

These data suggest that the role of the BNP gene
polymorphism and possibly the associated plasma level
of the biomarker in the diagnosis of both DD and CHF in
various clinical situations remains debatable to this day. It
is considered expedient to continue research in this
direction, which can provide additional potential during the
use of BNP for diagnostic purposes in screening
examinations and in expert cases.

Conclusions
1. The diagnostic value of BNP in patients with EH and
comorbid T2D is higher taking into account the
polymorphism of the gene encoding the expression of this
biomarker. In order to improve diagnostic strategies for
assessing cardiovascular risk and predicting the
development of DD in comorbid patients with EH and T2D,
it is recommended to determine the genotype of the
corresponding gene (polymorphic locus T381C) together
with the plasma level of BNP.
2. In case of EH 2 in combination with T2D and carriers
of the T381T genotype, the threshold level of BNP is
>55.57 pg/ml (sensitivity - 95.83 %, specificity - 97.87 %,
infallibility - 97.10 %, false-negative response - 4.17 %,
false-positive response - 2.13 %) allows to detect LV DD,
while for carriers of the C allele (heterozygote T-381C and
homozygote C381C of the BNP gene) it is >69.13 pg/ml
(sensitivity - 89.13 %, specificity - 82.22 %, infallibility 85.71 %, false-negative response - 11.11 %, false positive
response - 17.78 %).

References
[1] Al-Ibrahimi, A. S., Al-Gazally, M. E., & Alshok, M. M. (2016).
Effect of natriuretic peptides (BNP) gene T-381C polymorphism
on the levels of BNP and NT-proBNP in patients with
cardiovascular disease. International Journal of PharmTech
Research, 9(12), 223-229.
[2] Antoniuk, Ya. O., Humeniuk, A. F., Pashkova, Yu. P., Sakovych,
O. O., & Zhebel, V. M. (2020). Діагностична цінність визначення мозкового натрійуретичного пептиду за коморбідного перебігу гіпертонічної хвороби та цукрового діабету
2 типу в чоловіків [The diagnostic value of brain natriuretic
peptide in men with comorbid essential arterial hypertension
and type 2 diabetes mellitus]. Запорожский медицинский
журнал - Zaporozhye medical journal, 22(5), 627-636. doi:
10.14739/2310-1210.2020.5.214729
[3] Berezikova, E. N., Mayanskaya, S. D., Garaeva, L. A., Shilov, S.
N., Efremov, A. V., Teplyakov, A. T., … & Torim, Y. Y. (2013).
Полиморфизм гена мозгового натрийуретического пептида у больных с хронической сердечной недостаточностью [Brain natriuretic peptide gene polymorphism in patients
with congestive heart failure]. Казанский медицинский журнал - Kazan Medical Journal, 94(4), 433-438. doi: 10.17816/
kmj1944
[4] Berezin, A. E. (2017). Современная стратегия использования биологических маркеров в диагностике и стратификации пациентов с острой и хронической сердечной недостаточностью [A modern strategy for the use of biological
markers in the diagnosis and stratification of patients with

58

acute and chronic heart failure]. Серцева недостатність
та коморбідні стани - Sertseva nedostatnist ta komorbidni
stany, 3, 12-23.
[5] Berezin, A. E., & Berezin, A. A. (2020). Circulating Cardiac
Biomarkers in Diabetes Mellitus: A New Dawn for Risk
Stratification - A Narrative Review. Diabetes Therapy, 11(6),
1271-1291. doi: 10.1007/s13300-020-00835-9
[6] Bilovol, O. M., Bobronnikova, L. R., & Al-Trawneh, O. V. (2017).
Патогенетические особенности сочетанного течения
артериальной гипертензии и сахарного диабета 2 типа
[Pathogenetic features of the combined course of arterial
hypertension and diabetes mellitus 2 type]. Східноєвропейський журнал внутрішньої та сімейної медицини Shidnoevropejskij Zurnal Vnutrisnoi Ta Simejnoi Medicini,
1, 4-9. doi: 10.15407/internalmed2017.01.004
[7] Cecelja, M., & Chowienczyk, P. (2016). Molecular Mechanisms
of Arterial Stiffening. Pulse, 4(1), 43-48. doi: 10.1159/
000446399
[8] Cefalu, W. T., Bakris, G., Blonde, L., Andrew J. M., D'Alessio, D.,
Golden, S. H., … & Wong, T. Y. (2016). Standards of medical
care in diabetes - 2016. Diabetes Care, 39(1), 1-109.
[9] Clerico, A., Masotti, S., Musetti, V., & Passino, C. (2019).
Pathophysiological mechanisms determining sex differences
in circulating levels of cardiac natriuretic peptides and cardiac
troponins. Journal Of Laboratory And Precision Medicine, 4,
8-8. doi: 10.21037/jlpm.2019.01.03
[10] Costello-Boerrigter, L. C., Boerrigter, G., Ameenuddin, S.,

ISSN 1861-031Х EISSN 2616-6208

Biomedical and Biosocial Anthropology

Antoniuk Ya. O., Gumeniuk A. F., Sakovych O. O., Zhebel V. M.

Mahoney, D. W., Slusser, J. P., Heublein, D. M., … Burnett, J. C.
(2011). The Effect of the Brain-Type Natriuretic Peptide SingleNucleotide Polymorphism rs198389 on Test Characteristics of
Common Assays. Mayo Clinic Proceedings, 86(3), 210-218.
doi: 10.4065/mcp.2010.0708
[11] Dunlay, S. M., Givertz, M. M., Aguilar, D., Allen, L. A., Chan, M.,
Desai, A. S., … & PiÑa, I. L. (2019). Type 2 Diabetes Mellitus
and Heart Failure, A Scientific Statement From the American
Heart Association and Heart Failure Society of America.
Journal of Cardiac Failure, 25(8), 584-619. doi: 10.1016/
j.cardfail.2019.05.007
[12] Estel, C., & Conti, C. R. (2016). Global Burden of Cardiovascular
Disease. Cardiovascular Innovations and Applications, 1(4),
369-377. doi: 10.15212/cvia.2016.0029
[13] Grigorescu, E. D., Lacatusu, C. M., Floria, M., Mihai, B. M.,
Cretu, I., & Sorodoc, L. (2019). Left Ventricular Diastolic
Dysfunction in Type 2 Diabetes - Progress and Perspectives.
Diagnostics, 9(3), 121. doi: 10.3390/diagnostics9030121
[14] Kovalenko, V. M., Sychov, O. S., Dolzhenko, M. M., Ivaniv, Yu.
A., Deiak, S. I., Potashev, S. V., & Nosenko, N. M. (2016).
Рекомендації з ехокардіографічної оцінки діастолічної
функції лівого шлуночка [Recommendations for
echocardiographic evaluation of left ventricular diastolic
function]. Рекомендації робочої групи з функціональної діагностики Асоціації кардіологів України та Всеукраїнської
асоціації фахівців з ехокардіографії, Київ - The
recommendations of the working group of functional
diagnostics Association's of Cardiologists of Ukraine and the
Ukrainian Association of Echocardiography, Kyiv.
[15] Lanfear, D. E. (2008). Genetic variation in the natriuretic peptide
system and heart failure. Heart Failure Reviews, 15(3), 219228. doi: 10.1007/s10741-008-9113-y
[16] Marwick, T. H., Ritchie, R., Shaw, J. E., & Kaye, D. (2018).
Implications of Underlying Mechanisms for the Recognition
and Management of Diabetic Cardiomyopathy. Journal of the
American College of Cardiology, 71(3), 339-351. doi: 10.1016/
j.jacc.2017.11.019
[17] Meirhaeghe, A., Sandhu, M. S., McCarthy, M. I., de Groote, P.,
Cottel, D., Arveiler, D., … & Amouyel, P. (2007). Association
between the T-381C polymorphism of the brain natriuretic
peptide gene and risk of type 2 diabetes in human populations.
Human Molecular Genetics, 16(11), 1343-1350. doi: 10.1093/
hmg/ddm084
[18] Ministry of Health of Ukraine (2012). Уніфікований клінічний
протокол первинної та вторинної (спеціалізованої) медичної допомоги: цукровий діабет 2 типу [Unified clinical
protocol of primary and secondary (specialized) medical care
"Type 2 diabetes mellitus"]. Наказ МОЗ № 1118 від 21.12.2012
- Order of the Ministry of Health 21.12.2012 № 1118.
[19] Mueller, C., McDonald, K., de Boer, R. A., Maisel, A., Cleland, J.
G. F., Kozhuharov, N., … & Januzzi, J. L. (2019). Heart Failure
Association of the European Society of Cardiology practical
guidance on the use of natriuretic peptide concentrations.
European Journal of Heart Failure, 21(6), 715-731. doi:
10.1002/ejhf.1494
[20] Nicholson, K., Makovski, T. T., Griffith, L. E., Raina, P., Stranges,
S., & van den Akker, M. (2019). Multimorbidity and comorbidity
revisited: refining the concepts for international health
research. Journal of Clinical Epidemiology, 105, 142-146.
doi: 10.1016/j.jclinepi.2018.09.008
[21] Oganov, R. G., Denisov, I. N., Simanenkov, V. I., Bakulin, I. G.,
Bakulina, N. V., Boldueva, S. A., … & Shalnova, S. A. (2017).
Коморбидная патология в клинической практике. Клини-

№38, Page 54-60

ческие рекомендации [Comorbidities in practice. Clinical
guidelines]. Кардиоваскулярная терапия и профилактика
- Cardiovascular Therapy and Prevention, 16(6), 5-56. doi:
10.15829/1728-8800-2017-6-5-56
[22] Pashkova, Yu. P., Zhebel, N. V., Antomonov, M. Yu., Sakovych,
O. O., Starzhynska, O. L., Zhebel, V. M., … & Syvak, V. H.
(2016). Спосіб прогнозування ризику розвитку хронічної
серцевої недостатності на тлі гіпертонічної хвороби у
чоловіків 40-60 років [Method for predicting risk of chronic
heart failure against hypertension in men of 40-60 years].
Патент UA 112123 Україна - Ukraine Patent UA 112123.
[23] Pashkova, І. P., Zhebel, V. M., Palahniuk, H. O., Sakovych, O.
O., Starzhynska, O. L., Gumenyuk, A. F., … & Zhebel, N. V.
(2015). The BNP gene polymorphism as a regulator of brain
natriuretic peptide plasma level in men with uncomplicated
essential hypertension and left ventricular hypertrophy.
Biological Markers and Guided Therapy, 2, 13-23. doi:
10.12988/bmgt.2015.5101
[24] Pfister, R., Luben, R. N., Khaw, K. T., & Wareham, N. J. (2013).
Common genetic variants of the natriuretic peptide gene locus
are not associated with heart failure risk in participants in the
EPIC-Norfolk study. European Journal of Heart Failure, 15(6),
624-627. doi: 10.1093/eurjhf/hft007
[25] Pfister, R., Sharp, S., Luben, R., Welsh, P., Barroso, I., Salomaa,
V., … & Wareham, N. J. (2011). Mendelian Randomization
Study of B-Type Natriuretic Peptide and Type 2 Diabetes:
Evidence of Causal Association from Population Studies. PLoS
Medicine, 8(10), e1001112. doi: 10.1371/journal.pmed.1001112
[26] Ponikowski, P., Voors, A. A., Anker, S. D., Bueno, H., Cleland,
J. G. F., Coats, A. J. S., … & van der Meer, P. (2016). 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure. European Heart Journal, 37(27), 2129-2200.
doi: 10.1093/eurheartj/ehw128
[27] Redfield, M. M., Rodeheffer, R. J., Jacobsen, S. J., Mahoney,
D. W., Bailey, K. R., & Burnett, J. C. (2002). Plasma brain
natriuretic peptide concentration: impact of age and gender.
Journal of the American College of Cardiology, 40(5), 976982. doi: 10.1016/s0735-1097(02)02059-4
[28] Romano, S., Di Mauro, M., Fratini, S., Guarracini, L., Guarracini,
F., Poccia, G., & Penco, M. (2010). Early diagnosis of left
ventricular diastolic dysfunction in diabetic patients: a possible
role for natriuretic peptides. Cardiovascular Diabetology, 9(1),
89. doi: 10.1186/1475-2840-9-89
[29] Seferovic, P. M., Ponikowski, P., Anker, S. D., Bauersachs, J.,
Chioncel, O., Cleland, J. G. F., … & Coats, A. J. S. (2019).
Clinical practice update on heart failure 2019: pharmacotherapy,
procedures, devices and patient management. An expert
consensus meeting report of the Heart Failure Association of
the European Society of Cardiology. European Journal of
Heart Failure, 21(10), 1169-1186. doi: 10.1002/ejhf.1531
[30] Takeishi, Y., Toriyama, S., Takabatake, N., Shibata, Y., Konta,
T., Emi, M., … & Kubota, I. (2007). Linkage disequilibrium
analyses of natriuretic peptide precursor B locus reveal risk
haplotype conferring high plasma BNP levels. Biochemical
and Biophysical Research Communications, 362(2), 480484. doi: 10.1016/j.bbrc.2007.08.028
[31] Tanase, D. M., Radu, S., Al Shurbaji, S., Baroi, G. L., Florida
Costea, C., Turliuc, M. D., … & Floria, M. (2019). Natriuretic
Peptides in Heart Failure with Preserved Left Ventricular Ejection
Fraction: From Molecular Evidences to Clinical Implications.
International Journal of Molecular Sciences, 20(11), 2629.
doi: 10.3390/ijms20112629
[32] Voronkov, L. G., Berezin, O. E., Zharinova, V. Yu., Zhebel, V.

59

The role of the brain natriuretic peptide gene polymorphism in the diagnostic use of the biomarker in myocardial...

M., Koval, O. A., Rudyk, Yu. S., … & Tseluiko, V. Y. (2019).
Біологічні маркери та їх застосування при серцевій недостатності. Консенсус Всеукраїнської асоціації кардіологів
України, Всеукраїнської асоціації фахівців із серцевої недостатності та Української асоціації фахівців з невідкладної кардіології [Biological markers and their use in heart failure.
Consensus of Ukrainian Association of Cardiology, Ukrainian
Heart Failure Association and Ukrainian Association on Acute
Cardiovascular Care]. Український кардіологічний журнал
- Ukrainskyi kardiolohichnyi zhurnal, 26(2), 11-22. doi:
10.31928/1608-635X-2019.2.1122
[33] Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi,
M., Burnier, M., … & Brady, A. (2018). 2018 ESC/ESH Guidelines

60

for the management of arterial hypertension. European Heart
Journal, 39(33), 3021-3104. doi: 10.1093/eurheartj/ehy339
[34] Wu, Z., Xu, M., Sheng, H., Lou, Y., Su, X., Chen, Y., … & Jin, W.
(2014). Association of natriuretic peptide polymorphisms with
left ventricular dysfunction in southern Han Chinese coronary
artery disease patients. International Journal of Clinical and
Experimental Pathology, 7(10), 7148-7157. PMID: 25400811
[35] Yunkerov, V.I., & Grigoriev, S. G. (2002). Математико-статистическая обработка данных медицинских исследований [Mathematical and statistical processing of medical
research data]. СПб: ВМедА - St. Petersburg: Voenno-med.
akad.

ISSN 1861-031Х EISSN 2616-6208

Biomedical and Biosocial Anthropology

