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ABSTRACT

Cardiovascular diseases (CVD) remain the most pressing problem in the healthcare system. Complex interactions 
between changes in the intima – media thickness of arteries and blood components (accumulation of lipids, complex 
carbohydrates, fibrous tissue, calcification, etc.) are involved in the pathogenesis of CVD. Various biomolecules 
play a crucial role in the development and progression of coronary artery calcification, the most common 
calcification inhibitors being osteopontin, osteoprotegerin, sclerostin, fetuin-A, inorganic pyrophosphate, matrix 
Gla protein, fibroblast growth factor 23 (FGF-23), Klotho, bone morphogenetic proteins (BMP), in particular BMP-
7, and the most common activators being leptin, BMP-2, BMP-4, parathyroid hormone, calcitriol, etc. Currently, 
the most studied biomolecules associated with calcium metabolism are osteoprotegerin, osteopontin, osteonectin, 
osteocalcin, and Klotho protein. 

The paper describes in detail the poorly studied effects of calcification inhibitors (sclerostin, fetuin-A, matrix Gla 
protein, FGF-23, inorganic pyrophosphate, BMP-7) and some calcification activators (leptin, BMP-2 and BMP-4, 
parathyroid hormone, and calcitriol).

The aim of this study was to analyze and systematize data on the role of biomolecules in the development and 
progression of vascular calcification in cardiovascular diseases.
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РЕЗЮМЕ

Сердечно-сосудистые заболевания (ССЗ) остаются наиболее актуальной проблемой в системе здравоохра-
нения. В патогенез ССЗ вовлечены сложные взаимодействия между изменениями интима-медиа артерий и 
компонентами крови (накопление липидов, сложных углеводов, фиброзной ткани, кальцификация и др.). 
В развитии и прогрессировании кальцификации коронарных артерий огромную роль играют различные 
биомолекулы, где в качестве ингибиторов кальцификации чаще всего выступают остеопонтин, остеопроте-
герин, склеростин, фетуин-А, неорганический пирофосфат, матриксный Gla-протеин, фактор роста фибро-
бластов 23 (FGF-23), Клото, белки морфогенеза костей (BMP), в частности BMP-7; а активаторов – лептин, 
BMP-2, BMP-4, паратиреоидный гормон, кальцитриол и др. В настоящее время наиболее изученными био-
молекулами, ассоциированными с кальциевым обменом, считаются остеопротегерин, остеопонтин, остео-
нектин, остеокальцин и белок Клото. 

В работе описаны малоизученные эффекты ингибиторов кальцификации (склеростин, фетуин А, матрикс-
ный Gla-протеин, FGF-23, неорганический пирофосфат, BMP-7), а также некоторых активаторов кальци-
фикации (лептин, BMP-2 и BMP-4, паратиреоидный гормон и кальцитриол). 

Цель данного исследования заключается в анализе и систематизации данных о роли биомолекул в разви-
тии и прогрессировании кальцификации сосудов при ССЗ.

Ключевые слова: сердечно-сосудистые заболевания, атеросклероз, биомолекулы, кальцификация сосу-
дов, кровь
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INTRODUCTION

Cardiovascular diseases (CVD) remain the 
most pressing problem in healthcare, despite the 
significant progress in the diagnosis and treatment 
of cardiovascular pathology in last decades [1, 2]. 
The pathogenesis of atherosclerotic CVD involves 
complex interactions between changes in arterial 
intima – media thickness and blood components 
(accumulation of lipids, complex carbohydrates, 
fibrous tissue, calcification, etc.) [3]. For a long time, 
atherosclerosis can be asymptomatic due to a latent 
stage of the disease, which is already accompanied 
by morphologic changes in the coronary arteries. 
However, following atherosclerotic plaque 
(AP) progression, there is gradual stenosis of 
coronary and other arteries, which results in such 
complications as angina pectoris, cerebrovascular 
insufficiency, myocardial infarction (MI), sudden 
cardiacdeath, etc. [4]. 

Currently, at least three histologic types of 
unstable APs are distinguished: 

1) lipid – fibroatheroma with a thin fibrous cap;
2) inflammatory – erosive – with increased 

proteoglycan or inflammation leading to erosion or 
thrombosis;

3) dystrophic – necrotic – with necrosis and / or 
calcification [3].

Vascular calcification is a part of atherosclerotic 
process; at the same time, the degree of mineralization 
can reflect the severity of AP [5]. Calcium deposition 
in coronary arteries reduces vasodilatory effects and 
changes the stability of AP [6]. Several authors have 
demonstrated that a fairly common mechanism of 
AP instability is the formation of a calcified nodule 
consisting of calcified plates similar to bone spicules 
that surround the area of fibrosis [7]. Nevertheless, 
the relationship between arterial calcification and 
the risk of plaque rupture is still controversial.

Various biomolecules play an essential role in 
the development and progression of coronary artery 
calcification (CAC), the most common inhibitors of 
calcification being osteopontin [8], osteoprotegerin 
[9], sclerostin [9], fetuin-A [10], inorganic 
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pyrophosphate [11, 12], matrix Gla protein [13], 
fibroblast growth factor 23 (FGF-23) [14, 15], 
Klotho [16], bone morphogenetic proteins (BMP), 
in particular BMP-7 [17], and the most common 
activators being leptin [18], BMP-2 and BMP-4 
[19, 20], parathyroid hormone [21], calcitriol [22], 
and others.

Currently, the most studied molecules associated 
with vascular calcification are considered to 
be osteoprotegerin, osteopontin, osteonectin, 
osteocalcin, and Klotho protein. Therefore, this 
review will consider the less studied ones.

MATERIALS AND METHODS 
 References for this article were searched in 

PubMed and eLIBRARY.RU databases using 
the following keyword combinations: “sclerostin 
and CVD”, “fetuin-A and CVD”, “matrix Gla 
protein and CVD”, “fibroblast growth factor 23 
and CVD”, “inorganic pyrophosphate and CVD”, 
“bone morphogenetic protein 2 and CVD”, “bone 
morphogenetic protein 4 and CVD”, “bone 
morphogenetic protein 7 and CVD”, “leptin 
and CVD”, “parathyroid hormone and CVD”, 
“calcitriol and CVD” in Russian and English. A 
total of 563 full-text articles for the period 2013–
2025 were retrieved. Eighty-one articles were 
selected for review, containing information on the 
association of the above biomolecules with CVD, 
in particular, with coronary heart disease and 
coronary atherosclerosis.

CALCIFICATION INHIBITORS
Sclerostin

Sclerostin is a secreted glycoprotein that is 
expressed predominantly in osteocytes, but also in 
other tissues and organs, such as vascular smooth 
muscle cells (VSMCs) [23], and contains three 
distinct domains. It was found that sclerostin inhibits 
bone formation via the Wnt/β-catenin signaling 
pathway [24, 25].

A number of studies have shown an association 
between serum sclerostin levels and the incidence 
of CVD and / or cardiovascular mortality. In 
particular, W. He et al. found that higher serum 
sclerostin levels were associated with a better 3-year 
prognosis after percutaneous coronary intervention 
in elderly patients with stable coronary heart 

disease (CHD) [26]. Moreover, serum sclerostin is 
an independent prognostic parameter for predicting 
adverse cardiovascular and cerebrovascular events, 
MI, and all-cause mortality. In a prospective study, 
C.Y. Yang et al. [27] found an inverse relationship 
between serum sclerostin levels and aortic 
calcification in patients on long-term hemodialysis. 
The authors suggested that higher sclerostin levels 
led to fewer cardiovascular events (hazard ratio 
0.982 for every 1 pmol / l of sclerostin increase). In 
a study on mice [28], it was shown that sclerostin 
can play a protective role, contributing to the 
maintenance of structural and functional integrity 
of the aorta by suppressing inflammation and 
degradation of extracellular matrix, which in turn 
prevents the development of aortic aneurysm and 
atherosclerosis. At the same time, a prospective 
population-based study by G. Klingenschmid et 
al. [29] revealed no association between serum 
sclerostin levels and cardiovascular events, such 
as stroke. Similarly, in the meta-analysis by  
M. Kanbay et al. [30], serum sclerostin levels were 
not associated with cardiovascular and all-cause 
mortality.

Fetuin-A
Fetuin-A is a serum protein with a molecular 

mass of 48 kDa synthesized by liver cells. Fetuin-A 
is thought to be involved in the regulation of bone 
and vascular calcification through the formation of 
stable colloidal mineral – protein complexes called 
calciprotein particles. Removal of these particles 
and, consequently, excess minerals from the 
circulation prevents local accumulation of minerals 
and calcification of soft tissues [31, 32]. 

In a study by L.E. Laugsand et al. [33], an 
increase in serum fetuin-A concentration was 
associated with a lower risk of CVD among 
participants without type 2 diabetes, while a 
reverse trend was observed among participants 
with type 2 diabetes. In a prospective cohort 
study, N. Kubota et al. concluded that despite 
the ability of fetuin-A to inhibit ectopic calcium 
deposition, its low serum level probably had no 
significant effect on the progression of aortic  
stenosis [34].

Another prospective study by M. Krajnc et 
al. found that serum fetuin-A may be inversely 
associated with the progression of CAC in patients 
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with type 2 diabetes [10]. In a one-stage cohort 
study by A.T. Makhieva et al., involving 84 
patients with stage 5 chronic kidney disease (CKD), 
decreased blood levels of fetuin-A contributed to 
an increased risk of heart valve and aortic wall 
calcification both alone and in combination with 
decreased Klotho protein levels [35]. 

In addition, the work by L.B. Drygina et al. 
presented data on the relationship of fetuin-A 
levels with markers of endothelial dysfunction 
and the presence of atherosclerosis with vascular 
calcification [32]. Moreover, it was found that in 
individuals with very high calcium score (more than 
400 Agatston units), the level of fetuin-A in serum 
was significantly lower than in patients with high 
calcium score (100–400 units) [36].    

Matrix Gla Protein
Matrix gamma-carboxyglutamic acid protein 

(Gla protein, MGP) is a vitamin K-dependent 
mineral-binding protein with a molecular weight 
of 15 kDa, present in bone, cartilage, and vascular 
smooth muscles [37]. The biological activity of 
MGP depends on vitamin K, a cofactor for the 
enzyme gamma-glutamyl carboxylase, which 
converts inactive uncarboxylated MGP to active 
carboxylated MGP [38]. MGP also serves as an 
inhibitor of BMPs, in particular BMP-2. It is 
proposed that decreased MGP activity leads to 
unimpeded expression of BMP-2, which leads 
to osteochondrogenic differentiation of vascular 
smooth muscle cells and, subsequently, to vascular 
calcification. [39].

There are conflicting data on the role of MGP in 
patients with atherosclerosis. It is suggested that only 
the functional form of MGP (post-translationally 
modified, including carboxylated Gla residues and 
phosphorylated serine hydroxyl groups) has the 
ability to inhibit vascular calcification. However, 
low levels of this functional MGP are associated with 
increased vascular calcification in certain patient 
groups. At the same time, various non-functional 
fractions of MGP may serve as potential markers of 
CVD risk, correlating with cardiovascular mortality 
and the severity of vascular calcification.

Biologically inactive dephospho-uncarboxylated 
MGP (dp-ucMGP) in the study by O. Mayer Jr. 
et al. was described as a potential biomarker for 
predicting mortality in patients with heart failure 

and aortic stenosis. Over a mean follow-up period 
of 2,050 days (5.6 years), patients with plasma dp-
ucMGP ≥ 977 pmol / l had a higher risk of five-year 
all-cause and cardiovascular mortality [40]. The 
study by R. Capoulade et al. showed that the total 
dpMGP level was associated with a faster rate of 
aortic stenosis progression (r = 0.24; p = 0.008) in 
patients under 57 years [41]. 

In a multicenter study by A. A. Berlot et al., 
a positive association was found between the 
inactive form of matrix Gla protein, dp-ucMGP, 
and the progression of coronary artery calcification, 
ascending (ATAС), and descending thoracic aorta 
(DTAС) calcification. For each standard deviation 
(SD, 178 pmol / l) in the increase in plasma dp-
ucMGP, CAC increased by 3.44 Agatston units 
per year (AU / year) (95% confidence interval 
(CI): 1.68–5.21), p < 0.001), ATAC increased by 
0.63 AU / year (95% CI: 0.27–0.98), p = 0.001), 
and DTAC increased by 8.61 AU / year (95% CI: 
4.55–12.67), p < 0.001) [42].

In addition, there is increasing evidence 
suggesting that multiple single nucleotide 
polymorphisms in the MGP gene may significantly 
influence susceptibility to vascular calcification and 
atherosclerosis. A meta-analysis by K. Sheng et al., 
including 23 case-control studies, demonstrated 
a significant association between the rs1800801 
polymorphism in the MGP gene and vascular 
calcification, especially in the Caucasian popu- 
lation [43].

Fibroblast Growth Factor 23 (FGF-23)
Fibroblast growth factor 23 (FGF-23) is a 30-kDa 

hormone secreted by osteocytes and osteoblasts. It 
affects fibroblast growth factor receptors type 1–4 
(FGFR1–4) and acts with the Klotho protein as a 
co-receptor in the kidneys, heart, intestines, and 
parathyroid gland [14, 15]. The role of FGF-23 
in the development of CVD and calcification of 
atherosclerotic plaques is not completely clear.

In a prospective study by P. L. Lutsey et al., 
involving 15,792 men and women (aged 45–64 
years), high serum FGF-23 levels were associated 
with an increased risk of CHD, heart failure, and 
cardiovascular mortality. However, at FGF-23 
levels < 40 pg / ml, no association between FGF-
23 and cardiovascular risk was noted, and at > 40 
pg / ml, a positive association was observed. After 
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demographic adjustments, individuals in the group 
with the highest FGF-23 (≥ 58.8 pg / ml) had a 
higher risk of CHD (adjusted hazard ratio, 95% CI: 
1.40–1.94, p = 0.02) compared to those with FGF-
23 < 40 pg / ml [44].

The Multinational Study of Atherosclerosis 
(MESA) was conducted to evaluate the association 
of serum FGF-23 with major subclinical and clinical 
CVD events in 6,546 individuals aged 45–85 years. 
Exclusion criteria for this study were MI, angina, 
stroke, transient ischemic attack, heart failure, atrial 
fibrillation, nitroglycerin consumption, angioplasty, 
coronary artery bypass grafting, valve replacement, 
pacemaker or defibrillator placement, and any 
cardiac or arterial surgery. Participants with serum 
FGF-23 concentrations in the upper quartile (46.4–
223 pg / ml) were found to have CAC (as determined 
by computed tomography (CT)) more often than 
those with FGF-23 levels in the lower quartile  
(< 30.5 pg / ml) (95% CI: 1.09–1.46) [45].

 In a cross-sectional study by M.N. Turan 
et al., high plasma intact FGF-23 levels were 
an independent predictor of severe CAC, after 
adjustment for age, gender, diabetes, time on 
dialysis, and intima – media thickness [46]. A 
prospective cohort study of 204 outpatients found 
a positive association between plasma FGF-23 
levels and plaque calcification. In men, FGF-23 
was associated with an increase in the proportion 
of fat in plaques, while in women, it was associated 
with increased calcium content in these formations 
[47]. However, not all studies showed that the level 
of FGF-23 was reliably associated with arterial 
calcification. Thus, in the study by Y. Takashi Y., 
the simple regression analysis showed that the 
serum level of FGF23 was not associated with the 
aortic calcification index [48]. 

Pyrophosphates
Inorganic pyrophosphate (PPi) is one of the 

strongest inhibitors of hydroxyapatite formation, 
which leads to its ectopic deposition in the vascular 
wall, and, consequently, to the development of 
vascular calcification in soft tissues. Normally, 
PPi is expressed in the walls of blood vessels. 
Vascular calcification is associated with a decrease 
in PPi concentration and an increase in phosphate 
(Pi) levels. Mutations in the ABCC6 gene (ATP-
BINDING CASSETTE, SUBFAMILY C, MEMBER 

6), encoding the ABCC6 transporter protein, 
which regulates the release of ATP from the liver 
into the blood, lead to a decrease in PPi levels. In 
addition to ABC proteins, PPi levels are regulated 
primarily by two enzymes: tissue-nonspecific 
alkaline phosphatase (TNAP), which converts 
PPi into two molecules of inorganic phosphate 
(Pi), and ectonucleotide pyrophosphatase / 
phosphodiesterase 1 (ENPP-1), which breaks down 
circulating adenosine triphosphate (ATP) into 
adenosine monophosphate (AMP) and PPi [49–51].

PPi deficiency can lead to vascular and soft 
tissue calcification, while excessive PPi elevation 
can cause premature loss of deciduous teeth, 
osteomalacia, stress fractures, etc. [52]. A study by 
D. Dedinszki et al. showed that orally administered 
PPi can suppress connective tissue calcification 
in mice modeling pseudoxanthoma elasticum and 
generalized arterial calcification [11]. 

The study by W. Gu et al. aimed to investigate 
the effects of adenosine disodium triphosphate 
(ADTP) and sodium alendronate (AL) as exogenous 
sources of PPi on atheromatous calcification in 
mice. The results showed that ADTP and AL, 
when administered intraperitoneally daily at a 
dose of 0.6 and 1.2 mg / kg / day for 2 months, 
reduced atheromatous calcification in mice by 
increasing serum PPi levels [53]. In a study by 
K.A. Lomashvili et al., it was shown that mice 
lacking the ENPP1 enzyme (Enpp1−/-) had reduced 
plasma PPi levels, which could subsequently cause 
spontaneous aortic calcification [12]. A number of 
studies on aortic valve calcification models showed 
that PPi significantly reduced calcium accumulation 
in aortic cusps and rings [54–56].

Bone Morphogenetic Proteins
BMPs belong to the transforming growth 

factor β (TGFβ) superfamily and regulate cellular 
differentiation and tissue mineralization [17]. 
Currently, at least 33 ligands have been identified 
in the TGFβ protein family, of which more than 20 
belong to the BMP superfamily [57].

BMP-7 is expressed in the collecting ducts 
of the kidneys, lungs, and heart. BMP-7 is a 
pleiotropic growth factor and plays a critical role 
in the development of various tissues and organs. It 
supports many physiological processes, such as bone 
development, fracture healing, and brown adipose 
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tissue differentiation in the body. Decreased BMP-
7 expression is associated with various diseases, 
including osteoporosis, CVD, and diabetes [58]. 

In the context of CVD, BMP-7 has attracted 
the attention of researchers due to its ability 
to participate in processes associated with 
atherosclerosis. It can modulate inflammatory 
responses and promote vascular wall remodeling, 
which potentially reduces the progression of 
atherosclerosis. [59]. A study by D. Merino et 
al. showed an inverse correlation between blood 
BMP-7 levels and cardiac hypertrophy, as well as 
diastolic dysfunction [60]. In a study by X. Yu et 
al., it was found that serum BMP-7 concentrations 
were significantly reduced in patients with CHD 
[61]. A study in mice showed that intravenous 
administration of BMP-7 at a dose of 200 μg 
/ kg inhibited the formation of atherosclerotic 
plaques [62]. In a study by P. Urbina et al., it was 
shown that in laboratory mice with prediabetic 
cardiomyopathy, administration of BMP-7 at a dose 
of 200 μg / kg for 3 days significantly improved 
cardiac function, as evidenced by an increase in the 
shortening fraction and ejection fraction compared 
to the control group that did not receive BMP-7  
(p < 0.05) [63].

CALCIFICATION ACTIVATORS
Leptin

Leptin is a hormone secreted mainly by adipose 
tissue. It regulates energy balance and body weight 
through a negative feedback mechanism [64, 
65]. Leptin affects vascular calcification through 
activation of smooth muscle cell proliferation and 
production of proinflammatory cytokines [18].

Many studies have shown that hyperleptinemia is 
closely associated with CVD. Thus, a meta-analysis 
by V. A. Myasoedova et al., including 10 studies 
involving 2,360 patients, indicated a potential link 
between elevated blood leptin levels and severe 
aortic stenosis [66].

In a study by P. Szulc et al., involving 548 men 
aged 50–85 years, high serum leptin levels (> 8.93 
ng / ml) were associated with greater severity and 
rapid progression of abdominal aortic calcification, 
resulting in higher cardiovascular risk [18] and also 
increased the risk of developing CHD [67].

In a study by Y. Liu et al., the median serum leptin 

level was higher in 200 patients with aortic valve 
calcification than in 197 controls (20.07 vs. 9.03 
ng / ml; p < 0.01). In the same study, patients with 
aortic valve calcification had a higher proportion of 
advanced CHD (88.50 vs. 68.00%) (p < 0.01) than 
patients without calcification [68].

 N. Roy et al. found that higher leptin levels 
were associated with progression of coronary 
atherosclerosis in patients on hemodialysis. 
However, lower leptin levels were associated with 
all-cause mortality [69]. A meta-analysis including 
13 epidemiological studies involving 4,257 patients 
with CVD showed that high blood leptin levels 
were not independently associated with CHD [70].

BMP-2 and BMP-4
BMP-2 and BMP-4 affect VSMCs through 

transcription proteins (Msx2, Cbfa1), as a result 
of which muscle cells lose their contractile 
function and, like osteoblasts, synthesize alkaline 
phosphatase, bone sialoprotein, type I collagen, and 
osteocalcin [71]. Thus, BMP-2 and BMP-4 stimulate 
osteogenic differentiation of VSMCs, thereby 
promoting calcification and the development of 
atherosclerosis [19].

In the study by M. Scimeca et al., the multivariate 
analysis showed significant associations between 
increased BMP-2 expression and the presence of 
unstable plaques, as well as a significant positive 
relationship between hypertriglyceridemia and 
BMP-4 expression [20].

In the study by M. Zhang et al., involving 124 
patients with type 2 diabetes, it was found that 
plaque volume index and plaque calcium density 
were positively correlated with BMP-2 in blood 
plasma (p = 0.035 and p = 0.0025, respectively) 
[72].

N. Wang et al., examining 204 patients with 
hypertension, found that plasma BMP-4 levels were 
significantly higher in the group with high cardio-
ankle vascular index (CAVI) than in the group with 
low CAVI [38.51 (31.79–50.83) pg / ml vs. 31.15 
(29.38–32.37) pg / ml; p < 0.001]. CAVI was used 
to determine the state of arterial stiffness [73].

Parathyroid Hormone
Parathyroid hormone (PTH) is a hormone 

synthesized by the parathyroid glands that increases 
the concentration of calcium in the blood due to its 
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release from bone tissue. In addition, PTH activates 
the renin – angiotensin – aldosterone system, which 
results in an increase in renin levels and, ultimately, 
in an increase in blood pressure [74].

There are studies on the relationship between 
PTH and vascular calcification [21]. A group of 
authors [75] showed that an increase in PTH levels 
in blood plasma was associated with an increase 
in the prevalence of atherosclerosis, assessed by 
magnetic resonance angiography, and mortality 
from atherosclerotic lesions of peripheral and large 
vessels in two independent cohorts with a total of 
1,304 patients.

It was also found that PTH had a synergistic effect 
on calcification in combination with phosphate. In a 
study conducted by S. Fernández-Villabrille et al. 
on rats, it was found that the highest calcium content 
in the aorta was observed in animals with elevated 
serum phosphate levels, which was accompanied by 
a significant increase in PTH concentrations [76].

Calcitriol
Calcitriol [1,25(OH)2D] is an active form 

of vitamin D3 (cholecalciferol), which plays an 
important role in the regulation of calcium and 
phosphorus metabolism. Calcitriol precursors 
include calcidiol (25-hydroxyvitamin D [25(OH)
D]), low circulating concentrations of which are 
commonly used to define vitamin D deficiency [77].

There are conflicting data on the role of calcidiol 
(25-hydroxyvitamin D [25(OH)D]) in vascular 
calcification and its association with CVD incidence 
and mortality. In the study by C. Robinson-Cohen 
et al., lower serum 25(OH)D concentrations were 
associated with an increased risk of CHD among 
participants who were Caucasian or Chinese, but 
not African American or Hispanic [78]. 

In a study of 11,022 patients (mean age 54.3 ± 
17.2 years), Caucasians with 25(OH)D values < 20 
ng / ml had higher all-cause mortality than those 
whose 25(OH)D was 20–50 ng / ml [79]. 

Other studies suggest an inverse J-shaped 
relationship between serum 25(OH)D and all-
cause mortality [80]. In a study by C.T. Sempos et 
al., involving 15,099 individuals aged ≥ 20 years, 
women were found to have an increased risk of death 
when blood 25(OH)D concentrations ranged from 
100 to 119 nmol / l, whereas for men, the increased 
risk occurred at values ≥ 120 nmol / l [81].

CONCLUSION
Understanding and more detailed study of 

biomolecules involved in the development and 
progression of vascular calcification in patients 
with CVD is a promising area of   research. Data on 
the relationships of various molecules associated 
with calcium metabolism with lipid and lipoprotein 
indices and / or inflammatory biomarkers of CVD 
may be of interest for obtaining new data clarifying 
and complementing the mechanisms of development 
of CVD and its complications.
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