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UDK: 616.61-004.6
ATHEROSCLEROTIC NEPHROPATHY

Nazarova N.O. - Ph.D.
Samig‘jonova N.B. - senior teacher
Tashkent Medical Academy. Tashkent, Uzbekistan

Atherosclerosis is considered the major cause of the dramatic increase in cardiovascular
mortality among patients suffering from chronic kidney disease (CKD). Although the close
connection between atherosclerosis and kidney dysfunction is undeniable, factors enhancing CKD-
mediated plaque formation are still not well recognized.

Key words: atherosclerosis, chronic kidney disease, plaque.

ATEPOCKIUIEPOTUYECKAS HE®POITATUA

Ha3zaposa H.O. - Ph.D.
CamurxkonoBa H.b. - crapmuii npenogasareins
Tawxenmckasn meouyunckas akaoemus. Tawkenm, Y30ekucman

Amepocknepos cuumaemcsi OCHOBHOU NPUYUHOU PE3KO20 YBENIUYEHUsL CepPOeYyHO-COCYOUCOT
CMEPMHOCMU CPeOU NAYUEeHMO8, CMPAdAIOUUX XPOHUUecKol boae3nvio noyek (XBII). Xoms mecnas
CBA3b MedHCOY aAmepoCKIepO30M U OUCHYHKYUel NOYeK HeOoCnopumd, (hakmopwl, yCUIugaroujue
obpaszosanue orauex, onocpedosannvix XbBI1, éce ewe HeOOCMamouHo u3yyeHsi.

Knrwoueswvie cnosa: amepockiepos, Xxponuyeckas 001e3Hb noyek, OaAuKdA.

ATEPOCKJVIEPOTUK HE®POIIATUA

Ha3zaposa H.O. - Ph.D.
Camur:konoBa H.b. - karta yxkuTyBun
Towxenm mubodbuém axaoemuscu. Towkenm, Y3bexucmon

Amepocknepos cypynukanu 6yiipak kacaniueu (CbK) bunan ogpuean bemopnap opacuoa opax-
KOH MOMUP YIUMUHUHE KECKUH YCUWUHUHE acocull cababu xucobnanaou. Amepockiepos ea OVipax
ouchyukyusicu ypmacuoazu y3apo OO0MUKIUKHU UHKOp emub oOyimatiouean 6Oyaca-oa, CHK
BOCUMAYUIUSUOA AMEPOCKNEPO3 WAKIIAHUWMUHY KYHAUMUPYSYU OMULIAD XAAU XaM SXWU MAaH
ONUHMA2AH.

Kanum cyznap: amepocknepos, cypynkanu 6yupax xacaiiueu, NuiaKd.

Introduction. The traditional risk fac- tients with CKD compared to normal renal
tors for cardiovascular morbidity and mortality function individuals. In particular, only 23
are not valuable enough when we are talking genes consistently modulated in vascular
about chronic kidney disease (CKD) patients. smooth muscle cells (VSMCs) were downreg-
Thus, we can suggest that some supplementary ulated, and 8 of them were upregulated. Addi-
mechanisms and pathogenic processes can par- tionally, gene expression was not always ac-
ticipate in emerging CKD-related risk factors companied by parallel changes in cellular pro-
[1]. Unfortunately, these specific mechanisms tein content. For example, both the mRNA ex-
are notsufficiently investigated. On the other pression and the protein content of the alpha
hand, very few genes were differentially ex- subunit of the hypoxia-inducible factor 3 in-
pressed in healthy arteries from advanced pa- creased as a consequence of uremia, whereas
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vimentin content increased with a decreased
expression of its MRNA [2].

In patients with CKD, three essential fac-
tors of cardiovascular disease (CVD) risk re-
duction can be noted: (1) accurate diagnosis of
CKD, (2) recognition of the elevated risk of
CVD, and (3) early identification and
modifiable risk factors management [3].

Chronic Kidney Disease (CKD).

The syndrome of a chronicle change in
the structure or function of one or both kid-
neys, which subsequently affects the health, is
known as chronic kidney disease (CKD) [4].
Tumors, cysts, malformations, and atrophy,
which are noticeable during visualization, are
examples of structural abnormalities. Despite
this, in children, edema, hypertension, changes
in the volume or quality of urine, as well as
growth retardation may be signs of alteration
of kidney function. Usually, such changes can
be detected by increased levels of creatinine,
cystatin C, or urea nitrogen in the blood serum.
Kidney fibrosis is one of the common patho-
logical manifestations of CKD regardless of
the initiating stroke or disease [5].

According to The Kidney Disease Im-
proving Global Outcomes (KDIGO) initiative,
if any structure or function violations of the
kidneys persist for more than 3 months, the pa-
tient can be called a CKD patient [6]. KDIGO
presents a severity categorization that de-
scribes the different stages of CKD based on
glomerular filtration rate (GFR; either esti-
mated (eGFR) or measured (MGFR)) and albu-
minuria degree. GFR is an established marker
of excretory kidney function, and albuminuria,
inturn, is an indicator of a violation of the renal
barrier (damage to the glomeruli). Both GFR
and albuminuria are used to classify CKD and
have been declared reliable predictors of long-
term chronic kidney disease outcomes [7].

Since the kidney consists of numerous
independent functional and anatomical “units”
(nephrons), GFR can be expressed by the equa-
tion: GFR (total) = GFR (single nephron) the
number of nephrons, taking into account that
the GFR (single nephron) represents the filter-
ing potential of specific nephrons [8]. This par-
ticular equation means that if the number of
nephrons is lower, the total GFR does not seem
to change as long as the remaining nephrons
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can elevate their contribution. However, total
GFR volume lowering means an essential loss
of nephrons, while the remaining nephrons can
function at the maximum possible GFR (single
nephron) [9].

Thus, CKD represents a loss of the num-
ber of nephrons. In addition, the KDIGO cate-
gories describe the risk of developing renal
failure, e.g., end-stage renal failure (ESRD),
which requires renal replacement therapy (per-
itoneal dialysis, hemodialysis, or kidney trans-
plantation), and several other unfavorable con-
sequences, such as the risk of cardio-vascular
disease (CVD), acute kidney injury (AKI), in-
fection, hospitalization, and death. The
KDIGO categorization has confirmed its effec-
tiveness in making decisions on patient man-
agement, but contradictions still exist [6].

Although the classification of CKD se-
verity by GFR and albuminuria is very valua-
ble, the detection of risk factors for CKD plays
an important role in the best management and
is recommended by current guidelines [10].
Multiple complications, such as anemia, meta-
bolic acidosis (decreased acid excretion by the
kidneys), and cardiovascular diseases, are
linked with chronic kidney disease and cause
difficulties in patient management [11]. Renal
functional reserve (RFR) is the ability of the
kidney to enhance the glomerular filtration rate
in response to physiological or pathological
stimuli or conditions. RFR in clinical practice
is determined as the difference between peak
‘stress’ GFR induced by the test and the base-
line GFR. When hyperfiltration occurs, RFR
may be fully or partially used to achieve nor-
mal or supranormal renal function [12]. Classic
markers of renal functions (i.e., GFR) can
maintain normal ranges up to 50% nephron
loss, in contrast to the RFR test, which can rep-
resent a sensitive and early way to assess the
functional decline in the kidney. Thus, a reduc-
tion in RFR may represent the equivalent of re-
nal frailty or susceptibility to insults [13].

More precise prediction of all-cause
mortality and fatal/non-fatal CVD was
achieved by the calculation of GFR on the base
of cystatin C. EGFRcys and albuminuria are
independent risk factors for fatal/non-fatal
CVD and should be considered in cardiovascu-
lar risk prediction to advise primary preventa-
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tive treatment decisions [ 12]. Together with
urine albumin—creatinine ratio, which is the
marker of albuminuria, eGFRcys was used to
create heat maps for the prediction of all-cause
mortality, composite fatal/non-fatal cardiovas-
cular disease (CVD), fatal CVD, and end-stage
kidney disease. Measuring serum cystatin C is
the test that should be used, and eGFRcys can
be beneficial for CKD diagnosis and CVD pre-
diction. This can allow the thus making of im-
portant clinical decisions around the imple-
mentation of CVD risk-lowering therapies in
addition to conventional CVD risk factor cal-
culators [11].

Cardiovascular Risk in CKD The main
causes of cardiovascular morbidity and mortal-
ity do not have the same predictive significance
in patients with CKD, especially with progres-
sive CKD, as in the general population [3].
This indicates that additional pathogenic pro-
cesses are possible, which could be reflected in
emerging risk factors associated with CKD.

Cardiovascular Diseases.

The high frequency of cardiovascular
diseases in CKD patients may be related to a
fairly high prevalence of hypertension,
dyslipidemia, hyperuricemia, glucose metabo-
lism disorders, obesity, systemic inflamma-
tion, and oxidative stress. People with CKD
aged from 25 to 34 years have at least 100
times higher risk of mortality from cardiovas-
cular diseases in contrast to the general popu-
lation [13].

Cardiovascular changes associated with
CKD are similar to the accelerated aging pro-
cess related to a shortening of telomere length.
The underlying mechanisms of accelerated cal-
cification of blood vessels and the heart found
in the CCD and ESRD are not sufficiently in-
vestigated. In the early stages of CKD (CKD
G1-G2), atherosclerotic processes dominate
(e.g., invasion of macrophages, plaque for-
mation, and thickening of the arterial wall)
[10]. During the development of CKD, inflam-
matory factors and calcification of media con-
tribute to the degeneration of the vascular wall.
The various factors involved cause changes in
the profile of risk factors and have different ef-
fects on outcomes during CKD. Hypertrophy
of the left ventricle is also possible (either con-
centric (in the case of arterial hypertension) or
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eccentric (in the case of hypervolemia and ane-
mia)), as well as dilation, which results in sys-
tolic and diastolic dysfunction. It was demon-
strated that the cause of left ventricular hyper-
trophy in CKD is early and prolonged induc-
tion of fibroblast growth factor 23 (FGF23).

In patients with CKD who have not
started renal replacement therapy, the risk of
cardiovascular events is as high as in people
with diagnosed coronary artery disease. Insulin
resistance, high blood pressure, vascular cal-
cification, inflammation, and a decrease in pro-
tein-energy levels increase risks. Myocardial
stunning is a phenomenon in which transient
episodes of ischemia are observed. These epi-
sodes can be a result of hemodialysis, which
has a direct adverse effect on the heart. Unlike
the general population, patients with low GFR
or patients on hemodialysis have increased
mortality due to adverse cardiovascular events.
Thus, CVD risk factors should be intensively
managed at all stages.

The determination of atherosclerosis is
the main question. Earlier, it was described as
a hypothetical atherosclerotic event such as
myocardial infarction. This definition has a
significant disadvantage since during the ses-
sions of peri-hemodialysis, arrhythmia.

An alternative functional approach may
define atherosclerosis as events that can be
avoided with the assistance of statin therapy.
This definition focuses on clinically significant
episodes that indicate a causal relationship as
the response to targeted interventions is stud-
ied [13]. To determine the effect of atheroscle-
rosis in CKD, randomized clinical trials
(RCTs) targeting pro-atherosclerosis factors,
in particular, high LDL cholesterol (low-den-
sity lipoproteins), are needed [12]. However,
this approach has been tested, and the trials
keep the same doubts. These doubts are related
to the question of whether the failure of such
tests indicates different pathogenesis of cardi-
ovascular disease in CKD or the existence of a
point-of-no-return. The morphological defini-
tion of subclinical atherosclerosis can also be
used. It is based on an elevation in the thick-
ness of intima media (IMT), on the presence of
plagues during ultrasound examination of the
carotid arteries and femur or computed tomog-
raphy, confirming coronary calcification [14].
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Difficulties with this definition include ele-
vated IMT unrelated to atherosclerosis (as re-
ported, for example, for Fabry’s disease), cor-
onary calcification unrelated to atherosclerosis,
and decreased clinical significance to event-
based definitions. A significant amount of im-
aging data was received due to the evaluation
of coronary calcification using computed to-
mography. Even though these studies imply a
higher burden on atherosclerosis in patients
with CKD in the general population, autopsy
studies report that in developing CKD, cal-
cification sites could be located in the media
layer, which is not typical for atherosclerosis
in the general population. These autopsy re-
ports coincide with the widespread use of cal-
cium-based phosphate binders and high doses
of calcitriol. It is necessary to conduct large
population studies comparing CKD with pa-
tients who do not suffer from CKD to assess
the relative prevalence of atherosclerosis in
CKD using morphological determination. The
advantage of this definition is that for clinical
trials of measures aimed at combating athero-
sclerosis, it is possible to select patients who
have already developed atherosclerosis, while
the current approach assumes the appointment
of measures aimed at combating atherosclero-
sis based on risk indicators for the population.
The current approach could result in the ap-
pointment of measures aimed at the therapy of
atherosclerosis to those patients who do not
suffer from this disease. Therefore, the result
of this intervention will not benefit. At the level
of clinical trials, modern approaches may hin-
der the ability to quantify the actual benefits of
drugs that persistently lead to manifestations of
atherosclerosis in people suffering from this
inflammatory disease. Since the major problem
of atherosclerosis associated with CKD is the
insufficiency of RCTs with positive results, it
was decided to focus on atherosclerosis, which
is defined as the presence of plaques as a po-
tential approach to eliminating existing limita-
tion.

Pathogenesis of Atherosclerosis.

Under normal conditions, endothelial
cells of the arterial wall resist leukocyte adhe-
sion and aggregation. When the endothelium is
damaged due to cigarette smoking or hyperten-
sion, LDL molecules infiltrate the arterial wall
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and are oxidized by intima enzymes. The con-
sequences of this process are activation of en-
dothelial cells and elevated regulation of sev-
eral types of leukocyte adhesion molecules
[14]. These molecules give leukocytes along
the vascular surface the opportunity to adhere
to the activation site. It was revealed that the
vascular cell adhesion molecule-1 (VCAM-1)
is of key importance in this process. Mono-
cytes and lymphocytes most often bind to
VCAM.

After fixation, chemokines produced in
the underlying intima promote the migration of
these cells through the intraendothelial junc-
tions and into the subendothelial space. Nowa-
days, the chemoattractant cytokine monocyte
chemoattractant protein-1 is recognized as a
key factor that favors the migration of mono-
cytes. It interacts with the C-C chemokine re-
ceptor type 2

Conclusions.

It was shown that in the general popula-
tion with preserved kidney function, cardio-
vascular diseases are best prevented by mini-
mizing the risk of atherosclerosis. In end-stage
renal failure and chronic kidney disease, the
atherosclerotic plaque turns out to be a smaller
element of the overall burden of CVD. The
main components of cardiovascular diseases in
patients with CKD are extensive calcification
of blood vessels and plaques, as well as endo-
thelial dysfunction. This has a curious and un-
usual connection with the uremic environment
since transplantation lowers the observed
MACE compared to patients on hemodialysis
or peritoneal dialysis. The approach to this
type of atherosclerotic cardiovascular disease
was complex, and the currently available treat-
ment methods have not resulted in a significant
decrease in ASCVD in individuals with
chronic kidney disease, except statins in pa-
tients with CKD before dialysis. Nowadays,
the presented data force us to raise questions
about the expediency of revascularization of
coronary arteries in people with CKD and
CAD.
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