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Abstract

This article analyzes the literature data concerning the origin and progression of cerebrovascular and cardiac diseases
in renal dysfunction. Cardiovascular diseases and chronic kidney disease have common “traditional” risk factors, while
the growth of patients with renal impairment population currently occurs mainly due to secondary renal damage on
the background of socially important diseases such as obesity, hypertension, atherosclerosis, type 2 diabetes mellitus,
ischemic heart disease, and chronic heart failure. The presented data of scientific researches show the direct correlation
between the decrease of the renal function and the increased risk of cardio- and cerebrovascular diseases and death,
irrespective of other risk factors. Obesity and associated biological substrates are independent risk factors for persistent
impairment of renal function. An increase in the body mass index causes both direct damage to the kidneys due to
the disrupted synthesis of cytokines with nephrotoxic action by adipose tissue, and indirect damage by inducing the
development of type 2 diabetes mellitus and hypertension, which are the most frequent risk factors for chronic kidney
disease and cardiovascular diseases. The data are presented on the role of endothelial dysfunction in impaired renal
function, which contributes to the formation of atherosclerosis, and the increase in the severity of the atherosclerotic
process contributes to an increase in the severity of renal failure. Literature data on the place of the heart rate are also
presented. The increase in the heart rate can lead to atherosclerotic induration of the arteries, which is associated
increase in pulse wave velocity a violation of the mechanisms of autoregulation of the blood flow in the brain and
kidneys.
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diabetes mellitus; GFR — glomerular filtration rate; CVD — cardiovascular diseases; CVC — cardiovascular complications;
CIMT — carotid intima-media thickness; LVEF — left ventricular ejection fraction; AF — atrial fibrillation; RF — risk
factors; CKD — chronic kidney disease; CG — chronic glomerulonephritis; HECGM — Holter ECG monitoring; Ch —
cholesterol; CeVD — cerebrovascular diseases; HR — heart rate

The onset and progression of cerebrovascular and
cardiac diseases in renal dysfunction are becom-
ing relevant due to the widespread prevalence of
chronic kidney disease (CKD), in particular chronic
glomerulonephritis (CG). Recent studies have
found that even a mild decrease in renal function
is associated with an increase in the risk of cardio-
and cerebrovascular diseases (CeVD) and death,
regardless of other risk factors (RF) [1, 2]. Cardio-
vascular diseases (CVD) and CKD have common
“traditional” RF, while the growth of the population
of patients with renal impairment currently occurs
mainly due to secondary kidney damage in the
context of socially significant diseases: obesity [3, 4],
hypertension [5, 6], atherosclerosis [ 7, 8], type 2 dia-
betes mellitus (DM) [9, 10], ischemic heart disease
(IHD) [11, 12], and chronic heart failure [13, 14].
CVD prevalence in a population of patients with
renal dysfunction is 64% higher than in individuals
with normal renal function [15]. An independent
inverse relationship was shown between glomeru-
lar filtration rate (GFR) < 60 ml/min / 1.73 m? and
increased risk of death, cardiovascular complica-
tions (CVC), and hospitalization. The overall preva-
lence of CKD among obese people is 3.94% (3.62%
among men and 4.25% among women), with a
tendency to increase with age [16]. At the same
time, the researchers confirmed that a history of
hypertension, DM, myocardial infarction (MI) and
cerebral stroke (CS) among the participants was
associated with a higher risk of developing renal
dysfunction, regardless of gender. Obesity and the
associated biological substrates are independent
RF of persistent deterioration of renal function: a
10% increase in body mass index (BMI) leads to
an increase in the probability of 1.27-fold GFR
decline [17]. In recent years, the incidence of glo-
merulopathy associated with obesity has practically
increased 10-fold [18]. M. C. Foster et al. (2011)
showed an association of albuminuria among men
with an increase in visceral adipose tissue measured
by computed tomography [19]. Most research-
ers agree that an increase in BMI causes direct
kidney injury due to impaired synthesis of various

nephrotoxic cytokines by adipose tissue, and also
causes indirect kidney injury due to the induction
of the development of type 2 DM and hypertension,
which are the most frequent RF of CKD and CVD
[18, 20]. Potential mechanisms of damage to both
cardiovascular and renal systems in obesity are also
realized through the effects of adipokines, primar-
ily leptin, on the myocardium, the vessel wall and
kidney tissue, with the development of generalized
endothelial dysfunction [21, 22].

Due to the low resistance of the cerebral and renal
arterial blood vessels, these organs in hyperten-
sion are subjected to hemodynamic stress due to a
deeper penetration of the accelerated pulse wave.
Therefore, hypertension contributes to a signifi-
cant acceleration of the development and progres-
sion of atherosclerotic lesions of the main arteries
of the brain and kidneys [23, 24]. In turn, a tense
hemodynamic situation in case of elevated BP
leads to the fact that the formation of atheroscle-
rotic plaque (AP) can be complicated by its destabi-
lization due to the loss of integrity of the plaque cap
and the appearance of ulcerations of the plaque
surface with parietal thrombus formation, as well
as the development of hemorrhage into the plaque
with an increase in its volume and obstruction of
the lumen of the vessel that feeds the brain and
kidneys [25]. Unstable AP can cause the develop-
ment of cardiocerebral events and the progres-
sion of ischemic CKD, especially in elderly persons
(26, 27].

An increase in BMI can often be accompanied by
an increase in BP associated with the activation of
sympathetic tone caused by the development of
insulin resistance and atherogenic dyslipidemia
[28]. Absolutely, these changes lead to progres-
sion of renal dysfunction and CVD. The presence
of white matter hyperintensities and silent cerebral
infarction is accompanied by an elevated risk of CS,
cognitive impairment and dementia [29, 30-32].
Magnetic resonance imaging (MRI) performed on
patients with hypertension and without obvious
CVDs showed that silent cerebrovascular lesions
are even more common (44%) than subclinical
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cardiac and kidney damage (21% and 26%, respec-
tively), and are often found in the absence of signs
of damage to other organs [33]. In addition, typical
for hypertension asymptomatic small deep brain
infarcts, leukoaraiosis, atrophic changes in the
form of dilation of the subarachnoid spaces and the
brain ventricular system, are also a morphological
substrate of vascular cognitive impairment.

The role of hypertension in the prognosis of cere-
brovascular and cardiac complications in patients
with CKD can hardly be overestimated. Timely
and adequate correction of hypertension reliably
postpones the onset of dialysis-dependent stage of
renal dysfunction. According to some researchers,
the frequency of hypertension is up to 40% at stage
1-2 of CKD, that is close to the frequency of hyper-
tension in the general population [34, 35]. Diastolic
dysfunction and/or left ventricular hypertrophy
(LVH) developing in hypertension causes overload
and dilation of the left atrium (LA), distension of
ostia of pulmonary veins, which is a morphological
prerequisite for the onset of cardiac arrhythmias, in
particular, atrial fibrillation (AF) [36, 37]. On the
one hand, high group ectopic electrical activity of
the myocardium is a predictor of AF, and on the
other hand, it is a predictor of the development of
the LV geometry impairment [37, 38]. According
to P. Kirchhof et al. (2016), in CKD, the risk of AF
development is 2.5% at the 1st and 2nd stages of
the disease, and the probability of AF is increased to
68% if GFR is < 60 ml/min [38]. In another study
by J. P. Piccini et al. (2013), a further decline in
GFR (< 58 ml/min) by 5 ml/min was found to be
accompanied by an increase in the development
of CS by 9% [39]. It has been established that an
increase in the risk of CS in AF is inversely related
to the rate of decline in GFR [40], the progression
of the disease, the development of the dialysis-
dependent stage of CKD in the presence of AF
[41], and an increased risk of MI [42]. It is impor-
tant to note that timely, rational antihypertensive
therapy reduces the relative risk of recurrent CS
by 19% and coronary events by 20-25% [43, 44].
An ultrasound examination of the carotid arteries
with measurement of carotid intima-media thick-
ness (CIMT) and the assessment of the presence of
plaques allows us to predict both cerebrovascular
diseases (CeVD) and THD, regardless of traditional
cardiovascular RF [45, 46].

Endothelial dysfunction is already present in the
early stages of CKD [47]. As CKD and endothelial
dysfunction progress renal impairment contribute
to the formation of atherosclerosis, an increase in
the severity of the atherosclerotic process contrib-
utes to an increase in the severity of renal failure.
At the same time, activation of inflammation pro-
cesses and endothelial dysfunction occur concur-
rently with a decrease in GFR, an additional labo-
ratory manifestation of which can be an increased
CRP level in plasma. Higher concentrations of
CRP are associated with accelerated loss of renal
function on the one hand, and progression of
endothelial dysfunction on the other hand [48].
Activation of inflammation occurs in parallel with
the enhancement of the mechanisms of apopto-
sis with the underlying CKD [49]. APs are often
detected in the carotid arteries when CIMT value
is normal [50, 51]. The appearance of APs and an
increase in CIMT were obtained in the study by
O. V. Piyankina et al. among the patients with CKD
at the predialysis stage of the disease [52]. More-
over, an in vivo study of the APs structure revealed
its increased vulnerability in case of renal dysfunc-
tion [53].

Heart rate (HR) is a specific marker of life expec-
tancy, reflecting the state of metabolism in the
body [54]. Slowing the heart rate improves the
balance between myocardial oxygen supply and
demand in patients with IHD and significantly
reduces the risk of cardiovascular complications
and death. Increased HR is one of the predictors
of hypertension and kidney hemodynamic stress
development [55]. In the Framingham Heart
Study, the overall mortality and mortality from
CVD in people with hypertension almost doubled
with an increase in HR for every 40 beats per min,
regardless of additional RF [56]. At the same time,
an increase in heart rate at rest can be a marker of
imbalance of the autonomic nervous system, i.e.
suppression of vagal activity or increasing sympa-
thetic activity [57]. High HR increases the risk of
AP damage due to hydrodynamic disorders, which
underlies the development of acute cardiovascular
and nephrocerebral events [58]. The mechanism of
anti-atherosclerotic action of low HR is probably
due to a positive effect on arterial stiffness. In con-
trast, the increase in HR can lead to atherosclerotic
induration of the arteries, which is associated with
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an increase in pulse wave velocity. Certainly, auto-
regulation of blood flow in the brain and kidneys is
disturbed due to non-uniform elasticity, the pres-
ence of multiple arterial branches and low resis-
tance of blood vessels.

The negative effect of an increase in HR is real-
ized by several mechanisms, including an increase
in myocardial oxygen consumption, a decrease
in coronary blood flow during the diastole, an
increased fibrillation threshold, stimulation of ath-
erogenesis and AP ruptures, and possibly a reduc-
tion in renal blood flow (especially in the elderly
patients). Conversely, HR reduction in myocardial
ischemia reduces myocardial oxygen demand, pro-
longs the diastole, increases the blood supply to the
damaged myocardial areas (in particular, the sub-
endocardium), prevents AP rupture, has a benefi-
cial effect on the ischemic myocardium and sup-
ports the contractile function of the heart, thereby
inhibiting GFR decline. According to Copie et al.
[59], HR assessed during Holter ECG monitoring
(HECGM) has a prognostic value even higher than
LVEF, which is usually used as a prognostic index.
K. H. Bonaa et al. (1992) studied the relationship
between HR and levels of cholesterol (Ch) and its
fractions in plasma in more than 19,000 women
and men of young and middle age [60]. Correla-
tion of heart rate with the severity of coronary ath-
erosclerosis was found in people who had myocar-
dial infarction at a young age [61]. In this study,
the increase in HR at rest by 5 beats per min cor-
responded to the progression of the lesion from
0.21 to 0.27 points [62]. Thus, summing up the
data of literature analysis, we note that a compre-
hensive clinical and instrumental examination is
necessary in case of renal dysfunction in order to
identify potential RF of nephrocerebral and cardio-
vascular disorders to prevent serious cardiovascular
and renal complications.

Conclusion

The complex integrative relationship of RF of
nephrocerebral and cardiovascular disorders in
renal dysfunction gives us grounds for further sci-
entific research, which is of undoubted importance
for improving the effectiveness of preventive mea-
sures, as well as improving the prognosis of disease
and life in this category of patients.
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