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Abstract. Based on current literature data, the important potential role of calciprotein particles,
matrixvesicles, and extracellular matrix degradation in cardiovascular calcification mechanisms
in chronic kidney disease (CKD) can be confirmed. The involvement of advanced glycation
end products, insulin resistance, microRNAs, iron metabolism disorders, fluid overload, and
hemodialysis treatment in these processes is discussed. It was concluded that the above potential
mechanisms of ectopic calcification, which are being actively explored, are directly or indirectly
related to endothelial damage/dysfunction and metabolic disturbances in the nitric oxide system.
1t was concluded that further thorough scientific investigations and close collaboration between
clinical and experimental nephrologists are useful to optimize programs for the early detection
of cardiovascular calcification, develop new effective therapeutic strategies, and improve the
prognosis of CKD patients.
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IloTeHujiiHi MexaHi3Mu KapaioBacKyJIapHOI Kajabuu(ikamii y XBopux
Ha XPOHIYHY XBOPOOY HHPOK

TepHOMiIBCHKMIT HaLliIOHAIEHU MeTnuHUM yHiBepcuTeT iMeHi 1. 5. [opbaueBchkoro
MO3 Ykpainu, TepHorrinb, YKkpaiHa

Pe3tome. Vzaeanvnenns oanux aimepamypu 003604510Mb Ha Cb020OHI CMEEPONCYEAMU NPO BANCAUEY NOMEHYIUHY
POAb YHACMUHOK KAAbUIUNPOMEIHy, 6e3UKy1 MampuKcy ma oeepadayii no3aKkAimuHHO20 MAMpUKcy 8 MexaHiamax Kapoi-
08ACKYAAPHOI Kaavyugikayii npu xpoHiuniit xeopoobi nupok (XXH). Huckymyembocs 3aayuenns 00 yux npouecie KiHuesux
npodykmie enikyeawnHs, iHcysinopezucmenmuocmi, mikpoPHK, nopyuwenns memaboaizmy 3aaiza, nepeeanmasicesHs pi-
duHoto ma eemodianiznoeo aikyeants. Iliokpecieno, wio 3a3Ha4ueHi NOMeHyiiHi MexaHiamu eKxmoniyHoi Karvyupikayii,
AKI GKMUBHO 00CAIONCYIOMb, NPAMO YU ONOCEPEOK0BAHO NO8 A3AHI 3 YUIKOOICEHHAM/OUuc@yHKyico eHdomeniro, po3aa-
damu memaoonaizmy 6 cucmemi okcudy azomy. 3pobaeHo 8UCHOBOK NPO OOUIAbHICMb NPOBEOEHHS NOOAAbULUX TDYHMOBHUX
HayKosux docaioxicerb, micHoi cnienpayi gaxieyie KaiHiuHOI ma excnepumenmanbHoi Heghponoeii 3 Memoro onmumizayii
npoepam parHwvoi diaeHocmuKu Kapoio8ackyaapHoi Kkarbyugixauyii, 6npoeadiceHHs HOBUX eeKmUBHUX MePanesmu4HUX

cmpameeiil ma noKpauierHs npoeHosy y xeopux Ha XXH.

KmouoBi ciioBa: xponiuna xeopoba Hupok, kapoiogackyaapra Kasbyu@iKayis, YyacmuHKU Kaibyilinpomeiny, ée-
BUKYAU MampuKcy, eemodiania, eHoomeniaibHa OucQyHKyis.

Introduction. It has been established that car-
diovascular calcification is a critical complication of
chronic kidney disease (CKD), an independent pre-
dictor of general and cardiovascular mortality, and a
component of mineral and bone disorder syndrome
(CKD-MBD). According to modern ideas, in patients
with CKD, the implementation of both traditional and
non-traditional risk factors, associated with a kidney
function decline and dialysis treatment, initiates the
processes of cardiovascular calcification, mainly by ac-
tive mechanisms [1-3]. Many other interesting ways of
formation and progression of cardiovascular calcifica-
tion in CKD are currently widely discussed in scientific
circles, and this review is devoted to their coverage and
analysis.

Calciprotein particles and matrix vesicles. The sci-
entific studies of recent years convincingly show that, in
addition to the traditional mechanisms associated with
endothelial damage/dysfunction and the osteoblastic
transformation of vascular smooth muscle cells, passive
calcification are closely associated with the interaction
of calciprotein particles and matrix vesicles, can play an
important role in the processes of cardiovascular calci-
fication in CKD [1].

Oleksandr Susla
oleksandrsusla@ukr.net

Protein-binding uremic toxins and hyperphospha-
temia initiate the processes of calcification of the me-
dial layer of arteries by active mechanisms, moreover,
these compounds reduce the mineralization of osteo-
blasts and inhibit the release of extraosseous deposits of
calcium and phosphate crystals [1-4]. Several local and
systemic calcification inhibitors, including the Klotho
secretory protein, matrix Gla protein (MGP), osteo-
pontin, osteoprotegerin, fetuin-A, vitamin K, pyro-
phosphate and magnesium counteract the formation of
vascular calcification [5-7]. The calciprotein particles,
specifically, the calciprotein monomer and low-den-
sity lipoprotein particle, are a solid phase of calcium-
phosphate compounds [8]. Interacting with fetuin-A
and MGP, the calciprotein particles acquire, as a rule,
a spherical shape [9]. Such calciprotein particles (pri-
mary forms) can be purified by the liver through the
scavenger receptor A, which is expressed in its endo-
thelial cells [8]. In the case of unregulated or insuffi-
cient fetuin-A or MGP levels, the primary forms of cal-
ciprotein particles are converted into secondary forms
(crystallization nuclei) of the calciprotein particles that
are not excreted by the liver. The primary calciprotein
particles have a rounded shape with a diameter of 60-75
nm, and consist mainly of amorphous calcium phos-
phate, which is represented as a colloid. The secondary
calciprotein particles include calcium hydroxyapatite,
which is formed due to the crystallization of calcium
phosphate, resides in the nucleus, and has a diameter
of 120-150 nm. It is believed [1] that the cystate-like
domain DI of fetuin-A promotes binding to the cal-
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cium phosphate, preventing its growth, aggregation
and precipitation. Compared to the primary forms of
the calciprotein particles, the secondary forms have a
lower content of fetuin-A, a lower surface charge, and
a higher content of the apolipoproteins. Therefore, a
significant number of the secondary calciprotein par-
ticles directly damages the endothelium, deepens the
vascular calcification by attracting (activation of Toll-
like type 4 receptors) the inflammatory cells, in particu-
lar the macrophages, induces the oxidative stress (OS)
and modulates the activity of tumor necrosis factor-

(TNF-a) [10]. Accumulated secondary calciprotein
particles are deposited in the extracellular matrix and
enhance ectopic calcification. It has been shown that
an insufficient level of the serum calcification inhibi-
tors is a predictor of vascular calcification [11]. Yamada
et al. [12] have determined that the dietary restriction
in CKD promotes insufficient formation of the calcifi-
cation inhibitors, which correlates with the more pro-
nounced vascular calcification. In addition, Chen et
al. [11] have proved that the transformation of primary
forms of the calciprotein particles into the secondary
forms is accelerated in patients with CKD, and this
transformation is probably related to the calcification
of arterial media. A post-hoc analysis of a large-scale
EVOLVE study [13] has shown that a shorter conver-
sion time of the calciprotein particles is a predictor of
mortality in CKD patients, who were taking calcimi-
metics. Moreover, the clinical consequences of vascular
calcification in CKD reliably depend on the variability
of primary and secondary forms of calciprotein particles
[14]. In patients, who were treated with haemodialysis
(HD) and who stopped taking calcimimetics for more
than 12 months, had increased concentrations of in-
tact parathyroid hormone (PTH) and crystalline cal-
ciprotein particles in serum [14]. In these individuals,
the annual mortality rate was 19%. It should be noted,
that quantitative change of calciprotein particles is as-
sociated with vascular calcification in patients with
CKD [1]. Based on the above-indicated information,
the transformation of calciprotein particles may play a
critical role in the mechanisms of vascular calcification
in CKD, so further research, according to Hou et al.
[1], should be concerned with the study of the effects of
modulation of their primary forms.

Matrix vesicles must be actively involved in the
processes of vascular calcification in CKD, which is
gradually released after the deposition of secondary
calciprotein particles in the extracellular matrix [15].
Matrix vesicles are a subset of extracellular vesicles
enclosed in a double membrane and consist of
phosphatidylserine and annexin [1, 15]. Various cells
release vesicles into the extracellular environment to
inhibit cellular apoptosis [16]. Vascular hematopoietic
cells, such as endothelial progenitor cells, monocytes,
platelets and red blood cells, release extracellular
vesicles. These extracellular vesicles interact with
endothelial cells and induce endothelial dysfunction
(ED) through the activation of free-radical processes,

the accumulation of intercellular adhesion molecules,
in particular ICAM-1 and other chemokines [1]. In
the medial layer of the arteries, excess phosphates
enter the smooth muscle cells by endocytosis, and the
calcium, which is released with lysosomes, activates
osteogenic expression and secretes matrix vesicles to
the extracellular environment [1]. In patients with
CKD, hyperphosphatemia and extraosseous calcium
penetrate the vascular smooth muscle cells, later induce
the intracellular OS and endothelial reticular stress [17].
The OS increases the release of calcium and phosphate
into the extracellular space through the matrix vesicles.
It is known that in CKD, matrix vesicles contain less
fetuin-A and Gla-rich proteins (GRP) and these vesicles
are closely associated with a high degree of extraosseous
mineralization [1]. In addition, it has been investigated
that the extracellular vesicles in the serum of patients
with CKD are prone to vascular calcification, since
they carry a higher percentage of the markers associated
with the calcification, in particular, the GRP [18].
Since hyperphosphatemia and unregulated calcium
deposition directly activate vascular calcification,
it is necessary to determine the character of further
interventions aimed at the interaction of calciprotein
particles and matrix vesicles, in order to prevent ectopic
calcification in CKD conditions.

Degradation of extracellular matrix. 1t is believed
[5, 19] that the degradation of the extracellular matrix,
its rigidity, the connection of the extracellular matrix
with competent cells, affect the cellular response in
the process of vascular calcification. Data are provided
[20] that lysosomal proteases — catepsins — are actively
involved in the degradation of the extracellular matrix,
play a crucial role in various conditions that include
such large biological systems as autoimmune diseases,
heart recovery, cardiomyopathy, heart valve disease
and atherosclerosis. Inhibition of cathepsin S can be
an important tool to reduce cardiovascular risk, reduce
inflammation activity and the formation of cardiovascular
calcification in patients with CKD [20]. Moreover,
the extracellular matrix can determine the signaling,
mediator, and regulatory mechanisms of phenotypic cell
transformationin CKD [19]. Increasingthe stiffness ofthe
extracellular matrix promotes osteogenic differentiation
of mesenchymal stem cells, with the cytoskeleton playing
an integrating role in this process [19]. The interaction
of extracellular vesicles with abnormal collagen leads
to the appearance of microcalcifications in the cover
of the atherosclerotic plaque [15]. The matrix vesicles,
just as the calcified extracellular vesicles, become the
nucleus of calcification in the extracellular space of the
tissues of the cardiovascular system [15]. Typically, the
collagen degradation contributes to the accumulation of
calcified extracellular vesicles in damaged cells [5, 15,
16]. Research on the synergistic effect of extracellular
vesicles and matrix vesicles on the mechanisms of
vascular calcification and bone mineralization is in an
active phase [1], their solution will obviously be able to
form the basis for the development of new therapeutic
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strategies within the framework of the CKD-MBD. It
is also interesting the matrix vesicles, regardless of their
origin, reach the vessel matrix as circulating nuclear
complexes and the formation of hydroxyapatite crystals
in these vesicles is clearly associated with the balance of
procalcifying factors and inhibitory agents [16].

Advanced glycation end product accumulation
and insulin resistance. Of considerable interest today
is the study of the pathogenetic role of advanced
glycation end products (AGEs) and insulin resistance
(IR) in the mechanisms of cardiovascular calcification
in CKD [21-25]. The metabolic factors, primarily
hyperglycaemia, are assigned a leading (inducing)
role in the development of chronic micro- and
macrovascular lesions [26] with further deepening of
ED and progression of cardiovascular complications.
Enhanced production of reactive oxygen species (ROS)
by competent cells [27] in violation of carbohydrate
metabolism is considered the main stage in the
formation of cardiovascular diseases. According to the
Brownlee theory [28], hyperglycaemia triggers a whole
cascade of biochemical transformations that lead to
damage in the vascular wall — the polyol pathway of
glucose transformation into sorbitol and protein kinase
C is activated, AGEs are formed, and free radical
processes are intensified. Since glucose metabolism by
a polyol mechanism occurs mainly in those organs and
tissues that do not require the presence of insulin to
move glucose into cells (nerve endings, retinal vessels,
periocytes, renal interstitium cells and, importantly, the
vascular endothelium), sorbitol accumulates in them
due to this, which is an osmotically active substance
[29]. This, in turn, causes the insufficient formation of
antioxidants glutathione and tocopherol, preventing the
generation of nitric oxide (NO) (due to the depletion
of NADPH coenzyme). In diabetes mellitus (DM),
activation of protein kinase C increases the permeability
of the vascular wall, accelerates the processes of fibrosis
and sclerosis of tissues, activates lipid peroxidation,
and disrupts intraorgan hemodynamics. The excess
formation of AGEs in long-term hyperglycaemia
changes the structure and metabolism of the main
proteins of the body (collagen, myelin, etc.). Scientists
emphasize [27] that, the accumulation of glycated
collagen in the myocardium can contribute to its
increased stiffness. It is important, that AGEs are quite
stable molecules, that accumulate in tissues and vessel
walls[29]. The glycation of collagen canlead tostructural
deficiencies, consisting in deterioration of collagen
cross-linking, increased matrix and tissue stiffness,
inhibition of matrix transformations, disruption of cell-
matrix interaction, as well as reduction of collagen fibril
slip [30]. In addition to the structural changes, glycated
proteins can be ligands for the multiligand receptor to
AGEs (RAGE) [3, 25].

The spectrum of pathological effects of AGEs
is broad: 1) by binding to the proteins of the basal
membrane of blood vessels, they change its configuration
and increase the permeability to proteins and other

components of plasma; 2) reduce the activity of the
metabolism enzymes of the basal membrane of blood
vessels, which leads to its thickening; 3) interacting
with the receptors of macrophages and endothelium of
blood vessels AGEs, increase the synthesis of cytokines
(TNF-a, interleukin-1 (IL-1), growth factors), which,
in turn, activate the processes of cell proliferation/
hyperplasia (fibroblasts, smooth muscle, endothelial,
etc.); 4) activate platelet aggregation [3, 22, 31]. In
addition, AGEs affect lipid metabolism by promoting
the oxidation of low-density lipoprotein cholesterol
(LDL cholesterol) and other atherogenic lipoproteins.
It is proved [29] that in patients with DM, AGEs are
involved in the development of arterial hypertension,
and its manifestation, violates the adequate sensitivity
of the vessel wall to the influence of vasodilator
substances, in particular NO. The formation of AGEs
is irreversible, which explains the progression of
micro- and macrovascular complications, even under
conditions of sufficient compensation for carbohydrate
metabolism [31].

AGE:s, as generally recognized uremic toxins, are
actively involved in the development of dysfunction
of vascular smooth muscle cells, transforming their
contractile phenotype to a secretory one [3]. The
accumulation of AGEs is an integral mechanism of
abnormal proliferation, migration, aging, apoptosis and
calcification of smooth muscle cellsin CKD [3]. Indeed,
the interaction between AGEs and RAGE induces in
vitro proliferation of rat vascular smooth muscle cells,
as a function of time and dosage, by increasing the ROS
production [32], followed by activation of the kappa
B (NF-xf) nuclear transcription factor system and
the MAPK protein kinase pathway [3]. In addition,
vascular smooth muscle cell proliferation is inhibited
in homozygous RAGE-null mice compared to the
wild-type animals [33]. In mice of the C57BL/6 line,
the blockade of ligand binding to RAGE (through the
introduction of soluble RAGE) is accompanied by a
decrease in the proliferation of vascular smooth muscle
cells [33]. Interestingly, the circulating levels of soluble
RAGE in CKD are reduced in patients with aortic
valve calcifying stenosis and vascular calcification
[25]. In obese rats on the DM model, blocking the
RAGE/ligand interaction inhibited the proliferation
of vascular smooth muscle cells and the formation of
neointima after arterial balloon injury [3]. In mice,
ApoE-/- RAGE activation is closely related to aortic
calcification in diabetes [34]. In this way, the AGE-
RAGE axis can affect smooth muscle cell proliferation
in vascular uraemia. Activation of RAGE with AGEs
causes migration of smooth muscle vascular cells of
rats, humans, and rabbits [3] and is associated with
high expression of matrix metalloproteins-2 and -9. In
addition, the induction of endoplasmic reticulum stress
through RAGE activation plays a key role in vascular
smooth muscle cell apoptosis [35].

Recently, Belmokhtar et al. [25] have shown that
enhanced rage signaling is a key (modulation of the
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sodium-phosphate cotransporter PiT-1) mechanism
for arterial media calcification in experimental animals
in CKD. RAGE activation inhibits gene expression of
smooth muscle cells by inhibiting the transactivating
function of myocardin and is accompanied by the
osteogenic differentiation of smooth muscle elements
of the vascular wall [36]. In addition, in vitro results
indicate that the induction of NADPH-oxidase by AGEs
is involved in RAGE-dependent vascular calcification
[3]. In experiments on mice, ApoE-/- RAGE-induced
NADP-H-oxidase contributed to the progression of
atherosclerosis, intima calcification and the artery
media [3]. In rats with DM, AGEs inhibitors prevented
the development of vascular -calcification [37].
Moreover, under these conditions, the acceleration of
diabetes-associated vascular calcification processes was
also prevented by antioxidants. The use of high cut-off-
dialysis membranes, characterized by high clearance
of removal of inflammatory mediators and AGEs is
important and it can reduce dysfunction of vascular
smooth muscle cells, and thus, slow the progression of
vascular remodeling in HD patients [21, 38].

The following factors are important in the
mechanisms of IR formation in CKD: 1) anemia;
2) PTH; 3) 1.25 (OH)2 D3 (calcitriol); 4) protein-
or ketoacid analogues; 5) guanidine substrates; 6)
exercise; 7) acidemia; 8) dyslipidemia; 9) chronic
inflammation (adipocytokine, adiponectin); 10) renin-
angiotensin-aldosterone system (RAAS); 11) fibroblast
growth factor-23 (FGF-23); 12) ghrelin; 13) uremic
toxins [23]. IR occurs in the early stages of CKD, it is
observed in 90% of patients with type 2 DM [31]. The
degradation of insulin receptor substrate 1 (IRS-1) —
substrate-1 to the insulin receptor has been proven to be
a key molecular mechanism of IR in CKD [39]. High
levels of insulin in the blood promotes the proliferation
of vascular smooth muscle cells, increases the activity
of the sympathetic nervous system, activates the RAAS,
increases the sodium retention in the renal tubules [23,
39]. IR is a trigger for the disorders of carbohydrate
(induction of hyperglycaemia) and lipid (increase in
the content of triacylglycerols (TG), LDL cholesterol,
decrease in high-density lipoprotein cholesterol)
metabolism, hemodynamic disorders, hemostasis
disorders, development of hyperglycaemia [29, 40].

The formation of insulin sensitivity disorders
precedes (15 years or more) the development of type
2 DM, so it can be a predictor of this disease [23,
29]. In the experimental research [41], a defect in the
insulin-stimulated glucose intake was demonstrated
due to a decrease in the translocation of glucose
transporters, in particular the GIluT-4, which is
responsible for the insulin-stimulated glucose uptake by
the muscles, including cardiomyocytes. This condition
is accompanied by ATP deficiency, and hypoxia of
tissues, which arise because the necessary amount of
glucose is unable to be transported in the mitochondria
due to a defect in its transporters. It is believed [29]
that one of the triggering mechanisms of the IR is the

increased expression of TNF-a, which reduces the
activity of insulin receptor tyrosine kinase and tyrosine
phosphorylation of IRS-1; under these conditions,
GIluT-4 remains intact. In addition, in the development
of IR syndrome, a reduced number of the receptors
to insulin is also important, due to the direct activity
of TNF-a at the level of fat and muscle tissues [39].
There are hypotheses about the genetic predisposition
to IR [31], about the involvement of mediators such
as leptin, adiponectin, resistin, free fatty acids and TG
in the formation of insulin sensitivity disorders [23,
29, 31, 41]. The important thing is that IR indirectly
inhibits the production and/or bioavailability of NO,
and contributes to the impaired endothelial function
and activation of vasoconstrictor agents [23].

The notion of mechanisms for the development
of ED in the context of the IR still remains debatable.
Some researchers indicate that ED is a consequence
of the influence of factors characterizing IR, namely:
hyperglycaemia,  hyperinsulinemia, dyslipidemia,
arterial hypertension [42], others prove that endothelial
damage/dysfunction is the cause of insulin sensitivity
disorders [31]. There is also a suggestion that ED
and IR are closely associated conditions, in which
there is a decrease in insulin-mediated endothelial-
dependent vasodilation [40, 42]. ED is considered an
integrated IR syndrome, contributes to its deepening,
increased vascular reactivity and leads to cardiovascular
complications [43].

It is noted, that in the presence of type 2
DM, hyperglycaemia and AGEs accumulation are
highlighted as the major factors causing the endothelial
damage/dysfunction [22, 23, 40]. The OS caused
by excessive production or insufficient utilization of
ROS [26], as a result of prolonged hyperglycaemia, in
addition to oxidative modification of lipids, proteins
and nucleic acids, induces an impaired expression of
endothelial NO synthase (eNOS), thus reducing the
production and bioavailability of NO [23, 40, 44]. The
accumulation of AGEs causes disruption of the barrier
function of the vascular wall, increases the expression
of adhesive molecules, stimulates the formation of
ROS, an inducible NO synthase that blocks eNOS
and reduces the bioavailability of NO, leading to the
deepening of ED [22, 29]. AGEs can directly inhibit
antioxidant enzymes [27], which enhances free-radical
processes. By interacting with appropriate monocyte
and macrophage receptors, AGEs induce the expression
of pro-inflammatory cytokines by these cells, which are
important factors in the activation of the inflammation
processes and the development of atherosclerotic
damage [3, 25].

It is important that TNF-o activates transcriptional
pathways, enhancing the OS and inflammation, reduces
the level of GluT-4 proteins — insulin-regulated glucose
transporters, which are mainly found in adipocytes,
skeletal muscle and myocardium [41], which ultimately
contributes to the occurrence of IR and ED. In addition,
TNF-o is a chemoattractant of macrophages and
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Langerhans cells, a stimulant of angiogenesis, a potential
activator of monocytes, adhesion molecules, enhances
phagocytosis, the production of ROS, stimulates
the production of proteins of the acute phase of
inflammation [24]. The pro-inflammatory mediators, in
particular TNF-a, promote cell degeneration, damage
the endothelium, initiate inflammatory processes in the
walls of arterial vessels and their calcification [5, 6, 20,
22, 24, 45-47]. It has been proven, that the multipotent
cytokine TNF-o in CKD patients, affecting the
endothelium, enhances the expression of cell adhesion
molecules on it, significantly reduces the formation of
basal NO and induces apoptosis and differentiation of
endothelial cells [3, 24, 40, 48].

It is worth noting that the uremic toxins, in
particular asymmetric dimethylarginine, in patients
with CKD stage 5D, are significantly associated with
the diabetic nephropathy and cardiovascular diseases
[3,29, 49], and can adversely affect the reduction in the
number and dysfunction of endothelial progenitor cells,
induce endothelial cell aging, promote neoangiogenesis
and vascular calcification [3, 4, 6, 24, 40, 50]. Under
the influence of provoking factors, microvascular
inflammation of the endotheliocytes occurs, and
the bioavailability of NO decreases, including in
cardiomyocytes, which leads to their hypertrophy, the
development of interstitial fibrosis [22, 29].

Disorders of iron metabolism. In recent years,
the problem of the relationship between impaired iron
metabolism and cardiovascular calcification in CKD
has been widely discussed in scientific circles. Neven
et al. [51] believe that iron plays an important role in
numerous cellular processes and the mechanisms of
ectopic calcification in chronic renal dysfunction. It
has been shown that in patients with non-dialysis stage
CKD, the regulatory protein hepsidin correlates closely
with such markers of bone and mineral metabolism
as intact PTH, phosphate and 25 (OH) D (calcidiol)
[52]. In non-dialysis patients, 16 weeks of iron citrate
administration, in addition to improving the iron
balance in the body, led to a likely decrease in the serum
content of phosphate and FGF-23 [53]. In another
study [54], the use of iron oxyhydroxide complex as
a new non-calcium-containing phosphate binder in
patients with CKD stage 5D who received chronic HD,
contributed to the effective reduction of phosphate
content, an increase in Klotho morphogenetic protein
concentrations and a decrease in C-reactive protein
concentration. It is important that the administration
of iron oxyhydroxide improves (by increasing T, ) serum
calcification propensity and reduces the incidence of
cardiovascular complications in HD patients [55]. The
efficacy and safety of iron-based phosphate binding
agents in CKD-MBD has also been demonstrated in
other clinical interventions [56, 57]. It has recently
been found that iron citrate, affecting inflammatory
mechanisms, growth factors and adhesive molecules,
prevents the development of myocardial fibrosis and
cardiac hypertrophy in rats with CKD [58].

The direct effects of iron on the cardiovascular
calcification processes have been demonstrated in
vitro [59, 60] and in vivo [61, 62]. It was found that the
increased expression and ferritin heavy chain ferritin
pheroxidase activity prevents vascular calcification by
inhibiting the osteoblast transformation of vascular
smooth muscle cells [60]. In addition, the inhibition
of vascular calcification of iron is also due to the
prevention of apoptosis and increased autophagy
[63]. These data indicate that the iron has a protective
effect on calcium deposition in the vascular wall
under phosphate excess. Moreover, in conditions
of phosphate-induced vascular calcification, the
phosphate binders containing iron completely prevent
its progression [59]. It is experimentally proven [61]
that excess iron prevents the activation of PiT-1 and
the development of vascular calcification in CKD.

Studies by Ciceri et al. [59] have shown that iron
citrate is able to influence the modification of the
muscle component of the extracellular matrix, as an
important mechanism of arterial stiffness and vascular
calcification under conditions of CKD. Therapeutic
doses of iron, in addition to blocking the formation
of the osteochondrogenic phenotype of vascular
smooth muscle cells and the additional deposition of
acidic glycoproteins, can protect the aortic wall from
the progression of fibrosis, restructuring of fibrils,
blocking the intensive thickening of collagen fibrils
caused by hyperphosphatemia. Interestingly, iron can
also help improve the elastic structure of blood vessels
by protecting the aortic wall from the progression of
elastolysis, thus preventing it [2].

On the other hand, excess free iron, which is toxic,
can lead to the generation of ROS, the development
of OS, inflammation, ED, ectopic calcification
and cardiovascular disease [51, 62]. Iron impairs
osteoblastic differentiation and cell mineralization. The
use of L-histidine, in addition to its active participation
in haematopoiesis, is promising in terms of weakening
free radical processes in the treatment of anemia in
CKD [62].

microRNAs. Today, there is more and more
scientific data [64-68] on the important role of
microRNAs in the mechanisms of cardiovascular
calcification in CKD. The results of these
experimental and clinical studies have shown that
microRNAs are a factor in the regulation of vascular
calcification, an active participant in the processes of
inflammation, ED, arterial stiffness and remodeling.
In vitro studies indicate [65, 69] that microRNAs
are critical for endothelial cell gene expression and
function; microRNAs are found in atherosclerosis,
cardiac hypertrophy, hypertension, coronary artery
disease, DM, and inflammatory diseases. MicroRNAs
control the endothelial cell senescence, angiogenesis,
and vascular inflammation [69], and therefore can
be targeted for therapeutic interventions on the
endothelial functional activity, inflammation, and
vascular remodelling.

74 LLIkona Hedpoaora

YKPAIHCbKUIN XYPHOA HEPPROAOTTT TO Aianidy N24 (76) 2022



Ukrainian Journal of Nephrology and Dialysis, 4 (76)’2022

Nephrology School

Hemodialysis treatment. An important compo-
nent of accelerating the processes of athero- and ar-
teriosclerotic damage, cardiovascular calcification
is considered to be the possible interventional effect
of various methods of renal replacement therapy, in
particular HD, on the mechanisms of inflammation,
0S, endothelial damage/dysfunction [21, 38, 70-73].
Shifts in acid-base homeostasis and water-electrolyte
disturbances associated with HD treatment may induce
cardiovascular calcification in patients with CKD stage
5D. Seras et al. [74] note that the competitive combina-
tion of calcium load, progressive alkalinisation of blood
during the HD session, hyperphosphatemia in combi-
nation with hypomagnesemia is a “perfect storm” for
the formation of vascular calcification in HD patients.
The advantages in removing uremic toxins of expanded
HD,, using dialysis membranes with middle cut-off and
high cut-off points over high-flow, low-flow HD or he-
modiafiltration, were presented [21, 38, 75, 76]. In ad-
dition, it has recently been established that high cut-off
HD reduces the serum procalcifying activity in patients
treated with HD [77].

Fluid overload. Interesting and promising are the
studies on the association of hydration status with the

Calciprotein . .
particles

Degradation of

cardiovascular calcification, general and cardiovascular
mortality in patients with non-dialysis and dialysis-
dependent stages of CKD [78-83]. Specifically, Park
et al. [81] noted that the excess extracellular fluid was
likely and independently associated with coronary
calcification in the dialysis patients. In a study by
Mitsides et al. [82] it has been determined that the
extracellular hyperhydration in HD patients is clearly
associated with low-energy inflammation and ED
markers, with elevated levels of cell adhesion molecules
VCAM-1, IL-6, thrombomodulin, and reduced serum
leptin levels reported in the group of individuals with
extracellular fluid expansion. Moreover, in 2021, it had
been proven, that vascular endothelial growth factor D
is a new biomarker of fluid overload in dialysis patients
and is characterized by the unique diagnostic and
prognostic capabilities [83]. It is believed that adequate
control of the body’s water sectors in the conditions of
the CKD stage 5D can be one of the tools for a favorable
prognosis in this category of patients.

Figure 1 provides a schematic view of the potential
impact of new pathogenetic mechanisms on the
processes of cardiovascular calcification in patients
with CKD.

CKD-MBD-
related factors

Inflammation

Oxidative stress

extracellular matrix

U

Endothelial
damage/
dysfunction

CARDIOVASCULAR CALCIFICATION

111
11
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Fig 1. The potential mechanisms of cardiovascular calcification in CKD.

Notes:

AGEs — advanced glycation end products, IR — insulin resistance, HD — hemodialysis, FO — fluid overload.
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Conclusions. Thus, the scientific data presented
in this article demonstrate once again the extreme
complexity, multifaceted nature, and multifactoriality
of the processes of cardiovascular calcification in
CKD, with most of the pathogenetic and triggering
mechanisms of this phenomenon currently under
active investigation being directly or indirectly related
to endothelial damage/dysfunction and metabolic
disturbances in the system NO. The potential
pathogenetic role of the interaction of calciprotein
particles with matrix vesicles, extracellular matrix
degradation, accumulation of AGEs, IR, microRNAs,
HD treatment, hyperhydration in the mechanisms of
development and progression of ectopic calcification
in patients with CKD requires further scientific
investigation, close collaboration between experts
in experimental and clinical nephrology, which will
ultimately allow the development of programs for
early detection of this damage to the cardiovascular
system, the development and implementation of new

References:

effective therapeutic strategies, and the stratification of
cardiovascular risk.

Conlflict of interest statement. The authors declare
no competing interest.

Funding. The authors have not received funding
for this work.

Authors contribution:

0. Susla: concept of the paper, literature search,
data analysis, manuscript writing and submission,
supervision;

O. Bushtynska: literature search, data analysis,
preparation of the manuscript for printing;

1. Yakubyshyna: literature search, data analysis,
literary editing of the manuscript;

L. Logoyda: literature search, data analysis;

K. Symbko: literature search, design of the text of
the work;

1. Mysula: concept of the paper, formulation of
conclusions.

1. Hou YC, Lu CL, Zheng CM, Chen RM, Lin YF, 8. Herrmann M, Schfer C, Heiss A, Grber S,
Liu WC, et al. Emerging role of vitamins D and K Kinkeldey A, B scher A, et al. Clearance of fetuin-
in modulating uremic vascular calcification: The A — containing calciprotein particles is mediated by
aspect of passive calcification. Nutrients. 2019; scavenger receptor-A. Circ Res. 2012;111(5):575-
11(1):152. doi:10.3390/nul11010152. 84. doi:10.1161/CIRCRESAHA.111.261479.

2. Cozzolino M Ciceri P} Galassi A} Mangano M} 9. Pasch A, Farese S, Gr ber S, WaldJ, Richtering VV,
Carugo S, Capelli I, et al. The Key Role of Phosphate Floege J, et al. Nanoparticle-based test measures
on Vascular Calcification. Toxins (Basel). overall propensity for calcification in serum. J Am
2019;11(4):213. doi:10.3390/toxins11040213. Soc Nephrol. 2012;23(10):1744-52. doi:10.1681/

3. Hnaut L, Mary A, Chillon JM, Kamel S, Massy ZA. ASN.2012030240.

The Impact of Uremic Toxins on Vascular 10. Aghagolzadeh P, Bachtler M, Bijarnia R, Jackson C,
Smooth Muscle Cell Function. Toxins (Basel). Smith ER, Odermatt A, et al. Calcification of vas-
2018:10(6):218. doi: 10.3390/toxins10060218. cular smooth muscle cells is induced by secondary

) ) calciprotein particles and enhanced by tumor ne-

4. Moradi  H, Sica DA, Kalantar-Zadeh K. crosis factor-o. Atherosclerosis. 2016;251:404-14.
Cardiovascular  burden associated ~with ure- doi:10.1016/j.atherosclerosis.2016.05.044.
mic toxins in patients with chronic kid- ) ) )
ney disease. Am J Nephrol. 2013:38(2):136- 11. Chen W, Anokhina V, Dieudonne G, Abrqmowztz
48. doi:10.1159/000351758. MK, Kashyap R, Yan C, et al. Patients with ad-

vanced chronic kidney disease and vascular calcifi-

5. Schlieper G, Schurgers L, Brandenburg 'V, cation have a large hydrodynamic radius of second-
Reutelingsperger C, Floege J. Vascular calcification ary calciprotein particles. Nephrol Dial Transplant.
in chronic kidney disease: an update. Nephrol Dial 2019;34(6):992-1000. doi:10.1093/ndt /gfy117.
gfrjtlnlslplant. 2016;31(1):31-9. doiz 10.1093/ndt/ 12. Yamada S, Tokumoto M, Tsuruya K, Tatsumoto N,

’ Noguchi H, Kitazono T, et al. Fetuin-A decrease in-

6. Susla OB, Gozhenko Al, Bergier J, Mysula IR, duced by a low-protein diet enhances vascular cal-
Shved M1, Lykhodid OM. Calcification of heart and cification in uremic rats with hyperphosphatemia.
vessels in chronic kidney disease: problems of eti- Am J Physiol Renal Physiol. 2015;309(8):F744-54.
ology and pathogenesis. Fiziol. Zh. 2017;63(5):80- doi:10.1152/ajprenal.00017.2015.

93. doi:10.15407/£263.05.080. 13. Pasch A, Block GA, Bachtler M, Smith ER, Jahnen-

7. Disthabanchong S, Srisuwarn P. Mechanisms Dechent W, Arampatzis S, et al. Blood Calcification
of Vascular Calcification in Kidney Disease. Propensity, Cardiovascular Events, and Survival in
Adv Chronic Kidney Dis. 2019;26(6):417-26. Patients Receiving Hemodialysis in the EVOLVE
doi:10.1053/j.ackd.2019.08.014. Trial. Clin J Am Soc Nephrol. 2017;12(2):315-322.

doi:10.2215/CJN.04720416.

76 LLIkona Hedpoaora YKPAIHCbKUIN XYPHOA HEPPROAOTTT TO Aianidy N24 (76) 2022


https://www.mdpi.com/2072-6643/11/1/152
https://www.mdpi.com/2072-6643/11/1/152
https://www.mdpi.com/2072-6643/11/1/152
https://www.mdpi.com/2072-6643/11/1/152
https://www.mdpi.com/2072-6643/11/1/152
https://www.mdpi.com/2072-6651/11/4/213
https://www.mdpi.com/2072-6651/11/4/213
https://www.mdpi.com/2072-6651/11/4/213
https://www.mdpi.com/2072-6651/11/4/213
https://www.mdpi.com/2072-6651/10/6/218
https://www.mdpi.com/2072-6651/10/6/218
https://www.mdpi.com/2072-6651/10/6/218
https://www.mdpi.com/2072-6651/10/6/218
https://www.karger.com/Article/Fulltext/351758
https://www.karger.com/Article/Fulltext/351758
https://www.karger.com/Article/Fulltext/351758
https://www.karger.com/Article/Fulltext/351758
https://www.karger.com/Article/Fulltext/351758
https://academic.oup.com/ndt/article/31/1/31/2459964
https://academic.oup.com/ndt/article/31/1/31/2459964
https://academic.oup.com/ndt/article/31/1/31/2459964
https://academic.oup.com/ndt/article/31/1/31/2459964
https://academic.oup.com/ndt/article/31/1/31/2459964
https://expertus.akademiabialska.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fsel%2Fpar%2F&FST=data.fst&FDT=data02.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1&mask=2&F_00=09&V_00=calcification+
https://expertus.akademiabialska.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fsel%2Fpar%2F&FST=data.fst&FDT=data02.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1&mask=2&F_00=09&V_00=calcification+
https://expertus.akademiabialska.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fsel%2Fpar%2F&FST=data.fst&FDT=data02.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1&mask=2&F_00=09&V_00=calcification+
https://expertus.akademiabialska.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fsel%2Fpar%2F&FST=data.fst&FDT=data02.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1&mask=2&F_00=09&V_00=calcification+
https://expertus.akademiabialska.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fsel%2Fpar%2F&FST=data.fst&FDT=data02.fdt&ekran=ISO&lnkmsk=2&cond=AND&sort=-1&mask=2&F_00=09&V_00=calcification+
https://www.ackdjournal.org/article/S1548-5595(19)30154-5/fulltext
https://www.ackdjournal.org/article/S1548-5595(19)30154-5/fulltext
https://www.ackdjournal.org/article/S1548-5595(19)30154-5/fulltext
https://www.ackdjournal.org/article/S1548-5595(19)30154-5/fulltext
https://www.ackdjournal.org/article/S1548-5595(19)30154-5/fulltext
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.111.261479
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.111.261479
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.111.261479
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.111.261479
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.111.261479
https://jasn.asnjournals.org/content/23/10/1744
https://jasn.asnjournals.org/content/23/10/1744
https://jasn.asnjournals.org/content/23/10/1744
https://jasn.asnjournals.org/content/23/10/1744
https://jasn.asnjournals.org/content/23/10/1744
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)30221-0/fulltext
https://academic.oup.com/ndt/article/34/6/992/4996711
https://academic.oup.com/ndt/article/34/6/992/4996711
https://academic.oup.com/ndt/article/34/6/992/4996711
https://academic.oup.com/ndt/article/34/6/992/4996711
https://academic.oup.com/ndt/article/34/6/992/4996711
https://academic.oup.com/ndt/article/34/6/992/4996711
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://journals.physiology.org/doi/full/10.1152/ajprenal.00017.2015
https://cjasn.asnjournals.org/content/12/2/315
https://cjasn.asnjournals.org/content/12/2/315
https://cjasn.asnjournals.org/content/12/2/315
https://cjasn.asnjournals.org/content/12/2/315
https://cjasn.asnjournals.org/content/12/2/315
https://cjasn.asnjournals.org/content/12/2/315

Ukrainian Journal of Nephrology and Dialysis, 4 (76)’2022

Nephrology School

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ruderman I, Smith ER, Toussaint ND, Hewitson TD,
Holt SG. Longitudinal changes in bone and min-
eral metabolism after cessation of cinacalcet in
dialysis patients with secondary hyperparathyroid-
ism. BMC Nephrol. 2018;19(1):113. doi:10.1186/
$12882-018-0910-9.

Bakhshian Nik A, Hutcheson JD, Aikawa F.
Extracellular ~ Vesicles As  Mediators  of
Cardiovascular Calcification. Front Cardiovasc
Med. 2017;4:78. doi:10.3389/fcvm.2017.00078.

Zazzeroni L, Faggioli G, Pasquinelli G. Mechanisms
of Arterial Calcification: The Role of Matrix
Vesicles. EurJ Vasc Endovasc Surg. 2018;55(3):425-
432. doi:10.1016/j.ejvs.2017.12.009.

Leopold JA. Vascular calcification: Mechanisms of
vascular smooth muscle cell calcification. Trends
Cardiovasc Med. 2015;25(4):267-74. doi:10.1016/j.
tcm.2014.10.021.

Viegas CSB, Santos L, Macedo AL, Matos AA,
Silva AP, Neves PL, et al. Chronic kidney dis-
ease circulating calciprotein particles and extra-
cellular vesicles promote vascular calcification:
A role for GRP (Gla-rich protein). Arterioscler
Thromb Vasc Biol. 2018;38:575-87. doi:10.1161/
ATVBAHA.117.310578.

D, Lino M, Bendeck MP. Cell-Matrix
Interactions and Matricrine Signaling in the
Pathogenesis of Vascular Calcification. Front
Cardiovasc  Med. 2018;5:174.  doi:10.3389/
fcvm.2018.00174.

Sena BF, Figueiredo JL, Aikawa E. Cathepsin S
As an Inhibitor of Cardiovascular Inflammation
and Calcification in Chronic Kidney Disease.
Front Cardiovasc Med. 2018;4:88. doi:10.3389/
fcvm.2017.00088.

Ngai

Prusskiy FO. Cardiovascular complications in he-
modialysis patients: current approaches to pro-
long and improve quality of patients’ life. Ukr J
Nephrol Dial. 2019;3(63):53-61. doi:10.31450/
ukrjnd.3(63).2019.08.

Vila Cuenca M, Hordijk PL, Vervioet MG. Most ex-
posed: the endothelium in chronic kidney disease.
Nephrol Dial Transplant. 2020;35(9):1478-87.
doi:10.1093/ndt/gfz055.

Kobayashi S. Cardiovascular Eventsin Hemodialysis
Patients: Challengingagainst Vascular Calcification.
Ann Vasc Dis. 2017;10(1):1-7. doi:10.3400/avd.
ra.17-00006.

Kooman JP, Dekker MJ, Usvyat LA, Kotanko P, van
der Sande FM, Schalkwijk CG, et al. Inflammation
and premature aging in advanced chronic kid-
ney disease. Am J Physiol Renal Physiol.
2017;313(4):F938-F950. doi:10.1152/ajpre-
nal.00256.2017.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Belmokhtar K, Ortillon J, Jaisson S, Massy ZA,
Boulagnon Rombi C, Doué M, et al. Receptor for
advanced glycation end products: a key molecule
in the genesis of chronic kidney disease vascu-
lar calcification and a potential modulator of so-
dium phosphate co-transporter PIT-1 expression.
Nephrol Dial Transplant. 2019;34(12):2018-30.
doi:10.1093/ndt/gfz012.

Fiorentino TV, Prioletta A, Zuo P, Folli F.
Hyperglycemia-induced oxidative stress and its role
in diabetes mellitus related cardiovascular diseases.
Curr Pharm Des. 2013;19(32):5695-703. doi:10.21
74/1381612811319320005.

Deluyker D, Evens L, Bito V. Advanced glycation
end products (AGEs) and cardiovascular dysfunc-
tion: focus on high molecular weight AGEs. Amino
Acids. 2017;49(9):1535-1541. doi: 10.1007/s00726-
017-2464-8.

Brownlee M. The pathobiology of diabetic com-
plications: a wunifying mechanism. Diabetes.
2005;54(6):1615-25. doi:10.2337/diabe-
tes.54.6.1615.

Litovkina ZI. Kliniko-patohenetychni osoblyvosti
remodelyuvannya sertsya ta yoho korektsiya u kh-
vorykh na diabetychnu nefropatiyu, yaki likuyut’sya
hemodializom [dysertatsiia]. Ternopil: Ministerstvo
okhorony zdorov’ya Ukrayiny, Ternopil’s’kyy
natsional’nyy medychnyy universytet imeni I. Ya.
Horbachevs’koho MOZ Ukrayiny; 2021. 270 s. [In
Ukrainian].

Kyyak YH, Kyyak HY, Barnett OY. Specifics of
diabetic cardiomyopathy in the cases of concomi-
tant cardiovascular disease: clinical and ultrastruc-
tural examinations. IEJ. 2016;5(77):33-8. doi:
10.22141/2224-0721.5.77.2016.78751.

Dedov 11, Shestakova MV. Sakharnyy diabet: os-
tryye i khronicheskiye oslozhneniya. M.: OOO
“Izdatel’stvo “MIA”;2012.480 s. [In Russian].

Yuan X, Zhang Z, Gong K, Zhao P, Qin J, Liu N.
Inhibition of reactive oxygen species/extracellular
signal-regulated kinases pathway by pioglitazone
attenuates advanced glycation end products-in-
duced proliferation of vascular smooth muscle
cells in rats. Biol Pharm Bull. 2011;34(5):618-23.
doi:10.1248/bpb.34.618.

Sakaguchi T, Yan SF, Yan SD, Belov D, Rong LL,
Sousa M, et al. Central role of RAGE-dependent
neointimal expansion in arterial restenosis. J Clin
Invest. 2003;111(7):959-72. doi:10.1172/JCI17115.

Wang Z, Jiang Y, Liu N, Ren L, Zhu Y, An Y,
et al Advanced glycation end-product N -
carboxymethyl-Lysine accelerates progres-
sion of atherosclerotic calcification in diabetes.
Atherosclerosis. 2012;221(2):387-96. doi:10.1016/j.
atherosclerosis.2012.01.019.

YKPQIHCBKNM XXYPHAA HEPPOAOTI Ta Alanizy N4 (76) 2022

LLikona Hedpoaora 77


https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-018-0910-9
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00078/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00078/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00078/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00078/full
https://www.ejves.com/article/S1078-5884(17)30734-7/fulltext
https://www.ejves.com/article/S1078-5884(17)30734-7/fulltext
https://www.ejves.com/article/S1078-5884(17)30734-7/fulltext
https://www.ejves.com/article/S1078-5884(17)30734-7/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S1050173814001996?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050173814001996?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050173814001996?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1050173814001996?via%3Dihub
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.117.310578
https://www.frontiersin.org/articles/10.3389/fcvm.2018.00174/full
https://www.frontiersin.org/articles/10.3389/fcvm.2018.00174/full
https://www.frontiersin.org/articles/10.3389/fcvm.2018.00174/full
https://www.frontiersin.org/articles/10.3389/fcvm.2018.00174/full
https://www.frontiersin.org/articles/10.3389/fcvm.2018.00174/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00088/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00088/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00088/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00088/full
https://www.frontiersin.org/articles/10.3389/fcvm.2017.00088/full
https://ukrjnd.com.ua/index.php/journal/article/view/353/269
https://ukrjnd.com.ua/index.php/journal/article/view/353/269
https://ukrjnd.com.ua/index.php/journal/article/view/353/269
https://ukrjnd.com.ua/index.php/journal/article/view/353/269
https://ukrjnd.com.ua/index.php/journal/article/view/353/269
https://academic.oup.com/ndt/article/35/9/1478/5432726
https://academic.oup.com/ndt/article/35/9/1478/5432726
https://academic.oup.com/ndt/article/35/9/1478/5432726
https://academic.oup.com/ndt/article/35/9/1478/5432726
https://www.jstage.jst.go.jp/article/avd/10/1/10_ra.17-00006/_article
https://www.jstage.jst.go.jp/article/avd/10/1/10_ra.17-00006/_article
https://www.jstage.jst.go.jp/article/avd/10/1/10_ra.17-00006/_article
https://www.jstage.jst.go.jp/article/avd/10/1/10_ra.17-00006/_article
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://journals.physiology.org/doi/full/10.1152/ajprenal.00256.2017
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
https://academic.oup.com/ndt/article/34/12/2018/5333173
http://www.eurekaselect.com/article/55343
http://www.eurekaselect.com/article/55343
http://www.eurekaselect.com/article/55343
http://www.eurekaselect.com/article/55343
http://www.eurekaselect.com/article/55343
https://link.springer.com/article/10.1007/s00726-017-2464-8
https://link.springer.com/article/10.1007/s00726-017-2464-8
https://link.springer.com/article/10.1007/s00726-017-2464-8
https://link.springer.com/article/10.1007/s00726-017-2464-8
https://link.springer.com/article/10.1007/s00726-017-2464-8
https://diabetesjournals.org/diabetes/article/54/6/1615/14015/The-Pathobiology-of-Diabetic-ComplicationsA
https://diabetesjournals.org/diabetes/article/54/6/1615/14015/The-Pathobiology-of-Diabetic-ComplicationsA
https://diabetesjournals.org/diabetes/article/54/6/1615/14015/The-Pathobiology-of-Diabetic-ComplicationsA
https://diabetesjournals.org/diabetes/article/54/6/1615/14015/The-Pathobiology-of-Diabetic-ComplicationsA
https://iej.zaslavsky.com.ua/index.php/journal/article/view/533
https://iej.zaslavsky.com.ua/index.php/journal/article/view/533
https://iej.zaslavsky.com.ua/index.php/journal/article/view/533
https://iej.zaslavsky.com.ua/index.php/journal/article/view/533
https://iej.zaslavsky.com.ua/index.php/journal/article/view/533
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://pubmed.ncbi.nlm.nih.gov/21532147/
https://www.jci.org/articles/view/17115
https://www.jci.org/articles/view/17115
https://www.jci.org/articles/view/17115
https://www.jci.org/articles/view/17115
https://pubmed.ncbi.nlm.nih.gov/22305260/
https://pubmed.ncbi.nlm.nih.gov/22305260/
https://pubmed.ncbi.nlm.nih.gov/22305260/
https://pubmed.ncbi.nlm.nih.gov/22305260/
https://pubmed.ncbi.nlm.nih.gov/22305260/
https://pubmed.ncbi.nlm.nih.gov/22305260/

Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 4 (76)’2022

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Koike S, Yano S, Tanaka S, Sheikh AM, Nagai A,
Sugimoto T. Advanced Glycation End-Products
Induce Apoptosis of Vascular Smooth Muscle Cells:
A Mechanism for Vascular Calcification. Int J Mol
Sci. 2016;17(9):1567. doi:10.3390/ijms17091567.

Suga T, Iso T, Shimizu T, Tanaka T, Yamagishi S,
Takeuchi M, et al. Activation of receptor for ad-
vanced glycation end products induces osteo-
genic differentiation of vascular smooth muscle
cells. J Atheroscler Thromb. 2011;18(8):670-83.
doi:10.5551/jat.7120.

Brodeur MR, Bouvet C, Bouchard S, Moreau S,
Leblond J, Deblois D, et al. Reduction of advanced-
glycation end products levels and inhibition of
RAGE signaling decreases rat vascular calcification
induced by diabetes. PLoS One. 2014;9(1):e85922.
doi:10.1371/journal.pone.0085922.

Aleksieieva N. Advantages of expanded hemodi-
alysis (HDx) over standard hemodialysis. Ukr J
Nephrol Dial. 2019;4(64):56-61. doi:10.31450/
ukrjnd.4(64).2019.08.

Thomas SS, Zhang L, Mitch WE. Molecular mecha-
nisms of insulin resistance in chronic kidney disease.
Kidney Int. 2015;88(6):1233-39.  doi:10.1038/
ki.2015.305.

Gozhenko Al, Kuznetsova HS, Kuznetsova KS,
Byts TN, Susla AB. Endothelial dysfunction in the
pathogenesis of diabetes complications The mes-
sage 1. Endothelial dysfunction: etiology, patho-
genesis and diagnostic methods. Endokrynologia.
2017;22(2):171-81.

Kikhtiak O. Insulinochutlyvi tkanyny ta markery
insulinorezystentnosti za tsukrovoho diabetu 2-ho
typu. Klinichna endokrynolohiia ta endokrynna
khirurhiia. 2010;2:58-3. [In Ukrainian].

Cleland SJ, Petrie JR, Small M, Elliott HL,
Connell JM. Insulin action is associated with en-
dothelial function in hypertension and type 2
diabetes. Hypertension. 2000;35(1 Pt 2):507-11.
doi:10.1161/01.hyp.35.1.507.

Katerenchuk I, Zhdan V. Optymizatsiia korektsii
endotelialnoi dysfunktsii u patsiientiv z metaboli-
chnym syndromom u praktytsi simeinoho likaria.
Zdobutky klinichnoi ta eksperymentalnoi medyt-
syny. 2014;1:39-43. [In Ukrainian].

Zhao MM, Xu MJ, Cai Y, Zhao G, Guan Y, Kong W,
et al. Mitochondrial reactive oxygen species pro-
mote p65 nuclear translocation mediating high-
phosphate-induced vascular calcification in vi-
tro and in vivo. Kidney Int. 2011;79(10):1071-9.
doi:10.1038/ki.2011.18.

Litovkina ZI, Susla OB. Cardiovascular features
of chronic inflammation and endothelial dys-
function in patients with diabetic nephropa-
thy on programmed hemodialysis. Journal of

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Education, Health and Sport. 2020;10(10):144-57.
doi:10.12775/JEHS.2020.10.10.013.

Benz K, Hilgers K-F, Daniel C, Amann K. Vascular
calcification in chronic kidney disease: The role of
inflammation. Int J of Nephrol. 2018;2018: Article
1D 4310379. doi:10.1155/2018/4310379.

Susla O, Litovkina Z, Mysula I, Gozhenko A. Tumor
necrosis factor alpha and magnesium are linked to
cardiac valve calcification in diabetic hemodialysis
patients. Nephrol Dial Transplant. 2021;36(Suppl
1):1420. doi:10.1093 /ndt/gfab097.0021.

Lai J, Akindavyi G, Fu Q, Li ZL, Wang HM, Wen
LH. Research Progress on the Relationship between
Coronary Artery Calcification and Chronic Renal
Failure. Chin Med J (Engl). 2018;131(5):608-14.
doi:10.4103/0366-6999.226066.

Avci E, Cakir E, Cevher SC, Yaman H, Agilli M, Bilgi
C. Determination of oxidative stress and cellular in-
flammation in patients with diabetic nephropathy
and non-diabetic nephropathy being administered
hemodialysis treatment due to chronic renal failure.
Ren Fail. 2014;36(5):767-73. do0i:10.3109/088602
2X.2014.890841.

Rattazzi M, Bertacco E, Del Vecchio A, Puato M,
Faggin E, Pauletto P. Aortic valve calcification in
chronic kidney disease. Nephrol Dial Transplant.
2013;28(12):2968-76. doi:10.1093/ndt/gft310.

Neven E, De Schutter TM, Behets GJ, Gupta A,
D’Haese PC. Iron and vascular calcification. Is there
a link? Nephrol Dial Transplant. 2011;26(4):1137-
45. doi:10.1093/ndt/gfq858.

Min HK, Sung SA, Oh YK, Kim YH, Chung W, Park
SK, et al. Hepcidin, iron indices and bone mineral
metabolism in non-dialysis chronic kidney dis-
ease. Nephrol Dial Transplant. 2020;35(1):147-54.
doi:10.1093/ndt/gfy235.

Block GA, Pergola PE, Fishbane S, Martins JG,
LeWinter RD, Uhlig K, et al. Effect of ferric citrate
on serum phosphate and fibroblast growth factor 23
among patients with nondialysis-dependent chronic
kidney disease: path analyses. Nephrol Dial Transplant.
2019;34(7):1115-24. doi:10.1093/ndt/gfy318.

Shutov E, Kotlyarova G, Lysenko K, Ryabinskaya G,
Lashutin S. The efficacy and safety of the sucro-
ferric oxyhydxide in hemodialysis patients: re-
sults of a prospective randomized controlled trial.
Nephrol Dial Transplant. 2020;35(Suppl 3):iii1731.
doi:10.1093/ndt/gfaal42.P1411.

Thiem U, Soellradl I, Robl B, Watorek E, Blum S,
Dumfarth A, et al. The effect of phosphate binder
therapy with sucroferric oxyhydroxide on calci-
fication propensity in chronic haemodialysis pa-
tients: a randomized, controlled, crossover trial.
Clin Kidney J. 2020;14(2):631-8. doi:10.1093/ckj/
sfaal54.

78

LLIkona Hedpoaora

YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianizy N4 (76) 2022


https://www.mdpi.com/1422-0067/17/9/1567
https://www.mdpi.com/1422-0067/17/9/1567
https://www.mdpi.com/1422-0067/17/9/1567
https://www.mdpi.com/1422-0067/17/9/1567
https://www.mdpi.com/1422-0067/17/9/1567
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://pubmed.ncbi.nlm.nih.gov/21512281/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085922
https://ukrjnd.com.ua/index.php/journal/article/view/373
https://ukrjnd.com.ua/index.php/journal/article/view/373
https://ukrjnd.com.ua/index.php/journal/article/view/373
https://ukrjnd.com.ua/index.php/journal/article/view/373
https://pubmed.ncbi.nlm.nih.gov/26444029/
https://pubmed.ncbi.nlm.nih.gov/26444029/
https://pubmed.ncbi.nlm.nih.gov/26444029/
https://pubmed.ncbi.nlm.nih.gov/26444029/
https://www.ahajournals.org/doi/full/10.1161/01.HYP.35.1.507
https://www.ahajournals.org/doi/full/10.1161/01.HYP.35.1.507
https://www.ahajournals.org/doi/full/10.1161/01.HYP.35.1.507
https://www.ahajournals.org/doi/full/10.1161/01.HYP.35.1.507
https://www.ahajournals.org/doi/full/10.1161/01.HYP.35.1.507
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://pubmed.ncbi.nlm.nih.gov/21368742/
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://apcz.umk.pl/JEHS/article/view/JEHS.2020.10.10.013
https://www.hindawi.com/journals/ijn/2018/4310379/
https://www.hindawi.com/journals/ijn/2018/4310379/
https://www.hindawi.com/journals/ijn/2018/4310379/
https://www.hindawi.com/journals/ijn/2018/4310379/
https://academic.oup.com/ndt/article/36/Supplement_1/gfab097.0021/6289093
https://academic.oup.com/ndt/article/36/Supplement_1/gfab097.0021/6289093
https://academic.oup.com/ndt/article/36/Supplement_1/gfab097.0021/6289093
https://academic.oup.com/ndt/article/36/Supplement_1/gfab097.0021/6289093
https://academic.oup.com/ndt/article/36/Supplement_1/gfab097.0021/6289093
https://journals.lww.com/cmj/Fulltext/2018/03050/Research_Progress_on_the_Relationship_between.17.aspx
https://journals.lww.com/cmj/Fulltext/2018/03050/Research_Progress_on_the_Relationship_between.17.aspx
https://journals.lww.com/cmj/Fulltext/2018/03050/Research_Progress_on_the_Relationship_between.17.aspx
https://journals.lww.com/cmj/Fulltext/2018/03050/Research_Progress_on_the_Relationship_between.17.aspx
https://journals.lww.com/cmj/Fulltext/2018/03050/Research_Progress_on_the_Relationship_between.17.aspx
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://www.tandfonline.com/doi/full/10.3109/0886022X.2014.890841
https://academic.oup.com/ndt/article/28/12/2968/1832832
https://academic.oup.com/ndt/article/28/12/2968/1832832
https://academic.oup.com/ndt/article/28/12/2968/1832832
https://academic.oup.com/ndt/article/28/12/2968/1832832
https://academic.oup.com/ndt/article/26/4/1137/1884318
https://academic.oup.com/ndt/article/26/4/1137/1884318
https://academic.oup.com/ndt/article/26/4/1137/1884318
https://academic.oup.com/ndt/article/26/4/1137/1884318
https://academic.oup.com/ndt/article/35/1/147/5057655
https://academic.oup.com/ndt/article/35/1/147/5057655
https://academic.oup.com/ndt/article/35/1/147/5057655
https://academic.oup.com/ndt/article/35/1/147/5057655
https://academic.oup.com/ndt/article/35/1/147/5057655
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/34/7/1115/5149799
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1411/5852941
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757
https://academic.oup.com/ckj/article/14/2/631/5941757

Ukrainian Journal of Nephrology and Dialysis, 4 (76)’2022

Nephrology School

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

Ketteler M, Sprague SM, Covic AC, Rastogi A,
Spinowitz B, Rakov V, et al. Effects of sucroferric
oxyhydroxide and sevelamer carbonate on chron-
ic kidney disease-mineral bone disorder param-
eters in dialysis patients. Nephrol Dial Transplant.
2019;34(7):1163-70. doi:10.1093/ndt/gfy127.

Sampson M, Faria N, Powell JJ, PEACH study in-
vestigators. Efficacy and safety of PT20, an iron-
based phosphate binder, for the treatment of hy-
perphosphataemia: a randomized, double-blind,
placebo-controlled, dose-ranging, Phase IIb
study in patients with haemodialysis-dependent
chronic kidney disease. Nephrol Dial Transplant.
2021;36(8):1399-1407. doi:10.1093/ndt/gfaal 16.

Goto M, Suematsu Y, Nunes ACF, Jing W, Khazaeli M,
Lau WL, et al. Ferric Citrate Attenuates Cardiac
Hypertrophy and Fibrosisin a Rat Model of Chronic
Kidney Disease. Iran J Kidney Dis. 2019;13(2):98-
104. Available from: https://pubmed.ncbi.nlm.nih.
2ov/30988246/.

Ciceri P, Elli F, Braidotti P, Falleni M, Tosi D,
Bulfamante G, et al. Iron citrate reduces high phos-
phate-induced vascular calcification by inhibit-
ing apoptosis. Atherosclerosis. 2016;254:93-101.
doi:10.1016/j.atherosclerosis.2016.09.071.

Becs G, Zarjou A, Agarwal A, Kovics KE, Becs A,
Nyitrai M, et al. Pharmacological induction of ferri-
tin prevents osteoblastic transformation of smooth
muscle cells. J Cell Mol Med. 2016;20(2):217-30.
doi:10.1111/jcmm.12682.

Seto T, Hamada C, Tomino Y. Suppressive effects of
iron overloading on vascular calcification in uremic
rats. J Nephrol. 2014;27(2):135-42. doi:10.1007/
$40620-014-0046-3.

Vera-Aviles M, Vantana FE, Kardinasari E, Koh NL,
Latunde-Dada GO. Protective Role of Histidine
Supplementation Against Oxidative Stress Damage
in the Management of Anemia of Chronic Kidney
Disease. Pharmaceuticals (Basel). 2018;11(4):111.
do0i:10.3390/ph11040111.

Ciceri P, Falleni M, Tosi D, Martinelli C,
Cozzolino MG. Iron citrate blocks the progression of
calcium deposition by reverting apoptosis and au-
tophagy. Nephrol Dial Transplant. 2020;35 (Suppl
3):iii1706. doi:10.1093/ndt/gfaal142.P1387.

Kétszeri M, Kirsch A, Frauscher B, Moschovaki-
Filippidou F, Mooslechner AA, Kirsch AH, et al.
MicroRNA-142-3p improves vascular relax-
ation in uremia. Atherosclerosis. 2019;280:28-36.
doi:10.1016/j.atherosclerosis.2018.11.024.

Kuosmanen SM, Sihvola V, Kansanen E,
Kaikkonen MU, Levonen AL. MicroRNAs medi-
ate the senescence-associated decline of NRF2
in endothelial cells. Redox Biol. 2018;18:77-83.
doi:10.1016/j.redox.2018.06.007.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Diising P, Zietzer A, Goody PR, Hosen MR, Kurts C,
Nickenig G, et al. Vascular pathologies in chronic
kidney disease: pathophysiological mechanisms
and novel therapeutic approaches. J Mol Med
(Berl). 2021;99(3):335-348. doi:10.1007/s00109-
021-02037-7.

Liu S, Zhang N. Narrative review of exosomes: nov-
el players in vascular calcification of chronic kidney
disease. Ann Palliat Med. 2021;10(12):13002-8.
doi:10.21037/apm-20-910.

Wang SS, Wang C, Chen H. MicroRNAs are criti-
cal in regulating smooth muscle cell mineralization
and apoptosis during vascular calcification. J Cell
Mol Med. 2020;24(23):13564-72. doi:10.1111/
jemm.16005.

Staszel T, Zapata B, Polus A, Sadakierska-Chudy A,
Kie¢-Wilk B, Stepien E, et al. A. Role of microR-
NAs in endothelial cell pathophysiology. Pol Arch
Med Wewn. 2011;121(10):361-6. Available from:
https://pubmed.ncbi.nlm.nih.gov/21946298/.

Bellien J, Freguin-Bouilland C, Joannides R,
Hanoy M, Rémy-Jouet I, Monteil C, et al. High-
efficiency on-line haemodiafiltration improves
conduit artery endothelial function compared
with high-flux haemodialysis in end-stage re-
nal disease patients. Nephrol Dial Transplant.
2014;29(2):414—22. doi:10.1093/ndt/gft448.

Susla AB, Mysula IR, Gozhenko Al. The effect of
hemodialysis on endothelial dysfunction in pa-
tients with end-stage renal disease. Klin Med.
2017;95(10):935-9. doi:10.18821/0023-2149-2017-
95-10-935-939.

Varan HI, Dursun B, Dursun E, Ozben T,
Suleymanlar G. Acute effects of hemodialysis on
oxidative stress parameters in chronic uremic pa-
tients: comparison of two dialysis membranes. Int J
Nephrol Renovasc Dis. 2010;3: 39-45. doi:10.2147/
ijnrd.s6598.

Khaira A, Mahajan S, Kumar A, Saraya A,
Tiwari SC, Prakash, S, et al. Endothelial function
and oxidative stress in chronic kidney disease of
varying severity and effect of acute hemodialysis.
Ren Fail. 2011;33(4):411-7. doi:10.3109/088602
2X.2011.568138.

Seras M, de Franciscoa ALM, Piiiera C, Gundin S,
Garcia-Unzueta M, Kislikova M, et al. Haemodialysis
session: the perfect storm for vascular calcification.
Nefrologia. 2015;35(5):448-56. doi:10.1016/j.ne-
fr0.2015.06.015.

Belmouaz M, Bauwens M, Hauet T, Bossard V,
Jamet P, Joly F, et al. Comparison of the removal
of uraemic toxins with medium cut-off and high-
flux dialysers: a randomized clinical trial. Nephrol
Dial Transplant. 2020;35(2):328-35. doi:10.1093/
ndt/gfz189.

YKPQIHCBKNM XXYPHAA HEPPOAOTI Ta Alanizy N4 (76) 2022

LLikona Hedpoaora 79


https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/34/7/1163/5017393
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://academic.oup.com/ndt/article/36/8/1399/5870136
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://pubmed.ncbi.nlm.nih.gov/30988246/
https://www.atherosclerosis-journal.com/article/S0021-9150(16)31402-2/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)31402-2/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)31402-2/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)31402-2/fulltext
https://www.atherosclerosis-journal.com/article/S0021-9150(16)31402-2/fulltext
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.12682
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.12682
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.12682
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.12682
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.12682
https://link.springer.com/article/10.1007/s40620-014-0046-3
https://link.springer.com/article/10.1007/s40620-014-0046-3
https://link.springer.com/article/10.1007/s40620-014-0046-3
https://link.springer.com/article/10.1007/s40620-014-0046-3
https://www.mdpi.com/1424-8247/11/4/111
https://www.mdpi.com/1424-8247/11/4/111
https://www.mdpi.com/1424-8247/11/4/111
https://www.mdpi.com/1424-8247/11/4/111
https://www.mdpi.com/1424-8247/11/4/111
https://www.mdpi.com/1424-8247/11/4/111
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1387/5852719
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1387/5852719
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1387/5852719
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1387/5852719
https://academic.oup.com/ndt/article/35/Supplement_3/gfaa142.P1387/5852719
https://www.sciencedirect.com/science/article/pii/S0021915018314795
https://www.sciencedirect.com/science/article/pii/S0021915018314795
https://www.sciencedirect.com/science/article/pii/S0021915018314795
https://www.sciencedirect.com/science/article/pii/S0021915018314795
https://www.sciencedirect.com/science/article/pii/S0021915018314795
https://www.sciencedirect.com/science/article/pii/S2213231718303902
https://www.sciencedirect.com/science/article/pii/S2213231718303902
https://www.sciencedirect.com/science/article/pii/S2213231718303902
https://www.sciencedirect.com/science/article/pii/S2213231718303902
https://www.sciencedirect.com/science/article/pii/S2213231718303902
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://link.springer.com/article/10.1007/s00109-021-02037-7
https://pubmed.ncbi.nlm.nih.gov/33894737/
https://pubmed.ncbi.nlm.nih.gov/33894737/
https://pubmed.ncbi.nlm.nih.gov/33894737/
https://pubmed.ncbi.nlm.nih.gov/33894737/
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.16005
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.16005
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.16005
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.16005
https://onlinelibrary.wiley.com/doi/10.1111/jcmm.16005
https://pubmed.ncbi.nlm.nih.gov/21946298/
https://pubmed.ncbi.nlm.nih.gov/21946298/
https://pubmed.ncbi.nlm.nih.gov/21946298/
https://pubmed.ncbi.nlm.nih.gov/21946298/
https://pubmed.ncbi.nlm.nih.gov/21946298/
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://academic.oup.com/ndt/article/29/2/414/1914598
https://www.researchgate.net/publication/346796293_The_effect_of_hemodialys_on_endothelial_dysfunction_in_patients_with_end-stage_renal_disease
https://www.researchgate.net/publication/346796293_The_effect_of_hemodialys_on_endothelial_dysfunction_in_patients_with_end-stage_renal_disease
https://www.researchgate.net/publication/346796293_The_effect_of_hemodialys_on_endothelial_dysfunction_in_patients_with_end-stage_renal_disease
https://www.researchgate.net/publication/346796293_The_effect_of_hemodialys_on_endothelial_dysfunction_in_patients_with_end-stage_renal_disease
https://www.researchgate.net/publication/346796293_The_effect_of_hemodialys_on_endothelial_dysfunction_in_patients_with_end-stage_renal_disease
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://pubmed.ncbi.nlm.nih.gov/21694927/
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://www.tandfonline.com/doi/full/10.3109/0886022X.2011.568138
https://pubmed.ncbi.nlm.nih.gov/26306970/
https://pubmed.ncbi.nlm.nih.gov/26306970/
https://pubmed.ncbi.nlm.nih.gov/26306970/
https://pubmed.ncbi.nlm.nih.gov/26306970/
https://pubmed.ncbi.nlm.nih.gov/26306970/
https://academic.oup.com/ndt/article/35/2/328/5580323
https://academic.oup.com/ndt/article/35/2/328/5580323
https://academic.oup.com/ndt/article/35/2/328/5580323
https://academic.oup.com/ndt/article/35/2/328/5580323
https://academic.oup.com/ndt/article/35/2/328/5580323
https://academic.oup.com/ndt/article/35/2/328/5580323

Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 4 (76)’2022

76.

77.

78.

79.

80.

Cozzolino M, Magagnoli L, Ciceri P, Conte F,
Galassi A. Effects of a medium cut-off (Theranova®)
dialyser on haemodialysis patients: a prospective,
cross-over study. Clin Kidney J. 2021;4(1):382-
89. doi:10.1093/ckj/sfz155.

Zickler D, Willy K, Girndt M, Fiedler R, Martus P,
Storr M, et al. High cut-off dialysis in chronic hae-
modialysis patients reduces serum procalcific activ-
ity. Nephrol Dial Transplant. 2016;31(10):1706-12.
doi:10.1093/ndt/gfw293.

Siriopol D, Siriopol M, Stuard S, Voroneanu L,
Wabel P, Moissl U, et al. An analysis of the impact of
fluid overload and fluid depletion for all-cause and
cardiovascular mortality. Nephrol Dial Transplant.
2019;34(8):1385-93. doi:10.1093/ndt/gfy396.

Dekker MJ, Marcelli D, Canaud BJ, Carioni P,
Wang Y, Grassmann A, MONDO Initiative. Impact
of fluid status and inflammation and their interac-
tion on survival: a study in an international hemodi-
alysis patient cohort. Kidney Int. 2017;91(5):1214-
23. doi:10.1016/j.kint.2016.12.008.

Chazot C, Deleuze S, Fadel B, Hebibi H, Jean G,
Levannier M, et al. Is high-volume post-dilution
haemodiafiltration associated with risk of fluid

81.

82.

83.

volume imbalance? A national multicentre cross-
sectional cohort study. Nephrol Dial Transplant.
2019;34(12):2089-95. doi:10.1093/ndt/gfz141.

Park S, Lee CJ, Jhee JH, Yun HR, Kim H, Jung SY,
et al. Extracellular Fluid Excess Is Significantly
Associated With Coronary Artery Calcification
in Patients With Chronic Kidney Disease. J] Am
Heart Assoc. 2018;7(13):e008935. doi:10.1161/
JAHA.118.008935.

Mitsides N, Cornelis T, Broers NJH, Diederen NMP,
Brenchley P, van der Sande FM, et al. Extracellular
overhydration linked with endothelial dysfunc-
tion in the context of inflammation in haemodi-
alysis dependent chronic kidney disease. PLoS
One. 2017;12(8):e0183281. doi:10.1371/journal.
pone.0183281.

von Moos S, Segerer S, Davenport A, Sadoune M,
Gerritsen K, Pottecher J, et al. Vascular endothelial
growth factor D is a biomarker of fluid overload in
haemodialysis patients. Nephrol Dial Transplant.
2021;36(3):529-36. doi:10.1093/ndt/gfz281.

80

LLIkona Hedpoaora

YKPQIHCBKNM XKYPHOA HEPPOAOTIT T pianizy N4 (76) 2022


https://academic.oup.com/ckj/article/14/1/382/5621471
https://academic.oup.com/ckj/article/14/1/382/5621471
https://academic.oup.com/ckj/article/14/1/382/5621471
https://academic.oup.com/ckj/article/14/1/382/5621471
https://academic.oup.com/ckj/article/14/1/382/5621471
https://academic.oup.com/ndt/article/31/10/1706/2912920
https://academic.oup.com/ndt/article/31/10/1706/2912920
https://academic.oup.com/ndt/article/31/10/1706/2912920
https://academic.oup.com/ndt/article/31/10/1706/2912920
https://academic.oup.com/ndt/article/31/10/1706/2912920
https://academic.oup.com/ndt/article/34/8/1385/5280822
https://academic.oup.com/ndt/article/34/8/1385/5280822
https://academic.oup.com/ndt/article/34/8/1385/5280822
https://academic.oup.com/ndt/article/34/8/1385/5280822
https://academic.oup.com/ndt/article/34/8/1385/5280822
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://www.kidney-international.org/article/S0085-2538(16)30710-4/fulltext
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://academic.oup.com/ndt/article/34/12/2089/5556401
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://www.ahajournals.org/doi/10.1161/JAHA.118.008935
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183281
https://academic.oup.com/ndt/article/36/3/529/5700449
https://academic.oup.com/ndt/article/36/3/529/5700449
https://academic.oup.com/ndt/article/36/3/529/5700449
https://academic.oup.com/ndt/article/36/3/529/5700449
https://academic.oup.com/ndt/article/36/3/529/5700449

	_Hlk83155410
	_Hlk118954479
	_Hlk118953005
	_Hlk118953041
	_Hlk118359681
	_Hlk118362141
	_Hlk118404236
	_Hlk90185277
	_Hlk118522080
	_Hlk92426402
	_Hlk118692397
	_Hlk118522029
	_Hlk118522128
	_Hlk92335455
	_Hlk92427099
	_Hlk118620701
	_Hlk118606867
	_Hlk118907678
	_Hlk118693571
	_Hlk118738892
	_Hlk118700520
	_Hlk118954691
	_Hlk120338569
	_Hlk120338888
	_Hlk105149146
	_Hlk119162243
	_Hlk85278847
	_Hlk85278888
	_Hlk85278909
	_Hlk80975386
	_Hlk85278957
	_Hlk119243333
	_Hlk84345008
	_Hlk119145360
	_Hlk115870785
	_Hlk82267131
	_Hlk82264156
	_Hlk84077998
	_Hlk82274563
	_Hlk85279603
	_Hlk119166723
	_Hlk85279762
	_Hlk105322966
	_Hlk115441040
	_Hlk115522249
	_Hlk120730923
	М. О. Колесник, Н. І. Козлюк, О. О. Разважаєва
	Національному реєстру «Національний реєстр хворих на хронічну 
хворобу нирок та пацієнтів з гострим пошкодженням нирок»
	20 років: надбання та перспективи

	Десай А., Беннікал М., Бангарі G., Джанакі М., Манджунат Р.
	Неправильно розташовані діалізні катетери: серія випадків

	А. Аль-Зобаї1, Р. Аал Тома2, Ф. Аль-Валі1
	Ефективність та безпечність перкутанної нефролітотомії в лікуванні сечокам’яної хвороби у дітей дошкільного віку

	І.М. Шіфріс, І.О. Дудар
	Предиктори серцево-судинних захворювань у хворих на хронічну хворобу нирок VД стадії, які лікуються методом перитонеального діалізу: проспективне лонгітудинальне когортне дослідження

	Дріянська В.Є., Лавренчук О.В., Багдасарова І.В., Фоміна С.П., Холод В.В., Непомнящий В.М. 
	Рівень про- та протизапальних  цитокінів в крові дітей після гострого пошкодження нирок на різних етапах спостереження

	А. Рисєв, І. Поперечний, Д. Черняну, В. Філонов, С. Піанковський, А. Хіжина
	Клінічні наслідки та фактори ризику COVID-19 у повністю 
вакцинованих пацієнтів, які лікуються методом гемодіалізу: 
одноцентрове проспективне дослідження

	Т.В. Овсієнко 1,2, М.В. Бондар 1, О.А. Лоскутов 1
	Оцінка антиноцицептивної ефективності різновидів мультимодальної малоопіоїдної анестезії при проведенні лапароскопічних оперативних втручань на нирках

	В.Є. Дріянська1, І.О. Дудар1, І.М. Шіфріс1, Т.В. Порошина1,2, В.С. Савченко1,2, Г.Є. Кононова2
	Особливості сироваткових рівнів судинного фактору росту і рецепторів 
до нього у пацієнтів з хронічною хворобою нирок VД стадії

	О. Б. Сусла, О. В. Буштинська, І. Г. Якубишина, Л. С. Логойда, К. Г. Симко, І. Р. Мисула
	Потенційні механізми кардіоваскулярної кальцифікації у хворих 
на хронічну хворобу нирок

	Н. Степанова, Л. Снісар, О. Бурдейна
	Перитонеальний діаліз та перитонеальний фіброз: молекулярні механізми, фактори ризику та перспектива профілактики


