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Abstract

Chronic kidney disease and its complications are one of the leading causes of morbidity, disability and mortality
in the world population, due to both the widespread prevalence of arterial hypertension, diabetes mellitus and co-
ronary heart disease, and the increase in life expectancy. In the terminal stage of chronic kidney disease, mortality
from cardiovascular events increases significantly. This review examines the most common risk factors for stroke
in end-stage kidney disease. The role of arterial hypertension, diabetes mellitus, chronic heart failure is discussed,
taking into account common risk factors, hyperactivation of the renin-angiotensin-aldosterone system, the deve-
lopment of oxidative stress, volume overload with an increase in the size of the left atrium and a subsequent increase
in the risk of thrombosis and stroke in patients with end-stage kidney disease on programmed hemodialysis. In
addition, data are presented in the study of the contribution of bone mineral disorders to the occurrence of cerebral
complications in this category of patients. Timely diagnosis of cardiovascular diseases and secondary prevention of
stroke, including adequate antihypertensive, hypoglycemic therapy and correction of heart failure with blockers of
the renin-angiotensin-aldosterone system, as well as the elimination of bone mineral disorders are currently a very
popular approach to improving the quality of life and increased survival in the discussed category of patients.
Understanding the pathogenetic mechanism of stroke in patients with end-stage kidney disease on programmed
hemodialysis, with the study of risk factors in the development of an acute cerebrovascular accident, will help to
develop a strategy for their management.
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Introduction. Chronic kidney disease (CKD) and
its complications represent one of the leading causes
of morbidity, disability, and mortality in populations
worldwide, which is due to both the widespread
prevalence of hypertension (HT), diabetes mellitus
(DM), and coronary heart disease and the increase
in life expectancy of individuals [1].

The consideration of different renal and cardio-
vascular prognoses in CKD led to the subdivision
of stage 3 CKD into 3A [range of glomerular fil-
tration rate (GFR): 59—45 ml/min/1.73 m?] and 3B

(GFR range: 44-30 ml/min/1.73 m?). In stage 3A
CKD, a high cardiovascular risk is recorded with
a moderate CKD progression rate; however, in pa-
tients with stage 3B CKD, the risk of end-stage
renal failure is higher than the risk of fatal cardio-
vascular complications [2].

Cardiovascular events have become the main
cause of death in CKD patients, while damage
and/or decreased renal function are significant car-
diovascular risk factors [1,2]. It has been shown
that death due to cardiovascular complications is
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several times more common in patients with end-
stage CKD [1,2]. Left ventricular hypertrophy,
myocardial infarction, chronic heart failure (CHF),
atrial fibrillation, and cerebral strokes are common
cardiovascular complications in patients with end-
stage CKD [3].

It should be noted that additional (specific) risk
factors for the occurrence of cardiovascular com-
plications appear in end-stage CKD and at the re-
nal replacement therapy stage [4]. Currently, the
role of HT, DM, CHF, and bone mineral disorders
as potential risk factors for stroke in dialysis-de-
pendent patients is being discussed [4,5], that is,
the disease etiology is thought to be multifactorial
[6,7]. In this light, we hope that our analysis of the
literature data on the role and place of risk factors
for stroke in patients with end-stage CKD who re-
ceive programmed hemodialysis (HD) will be use-
ful to solve the issues related to the management of
this group of patients.

Hypertension. A close relationship between in-
creased blood pressure (BP) and end-stage CKD
has been noted by many researchers [1,2]. The as-
sociation of HT, CKD, and stroke is due to the pres-
ence of common risk factors and mechanisms that
are involved in the development of these pathologi-
cal conditions [1]. In end-stage CKD, almost one of
every two patients is diagnosed with HT, which is
often resistant to antihypertensive therapy [3]. The
achievement of the target BP level by the start of
the renal replacement therapy provides a better sur-
vival rate and quality of life with the programmed
HD [8]. HT is recorded in more than half of pa-
tients who have had acute cerebrovascular acci-
dents (ACVA) [9], while antihypertensive therapy
is accompanied by a 19% decrease in the relative
risk of recurrent stroke [10].

A retrospective study by D. Timofte et al. (2020)
in a group of 109 patients with stage 5 CKD at the
start of renal replacement therapy revealed the pre-
sence of HT in 85.32% of patients and a history of
stroke in 13.76% of cases [8]. A high prevalence of
HT was also revealed according to the results of the
cohort study by Y.R.Humudat et al. (2019), in which
the presence of high BP was recorded in 77% of
320 dialysis-dependent patients [11]. Similar results
were obtained by other researchers who reported
that approximately 80% (72%—88%) of patients on
programmed HD have HT [12]. Concurrently, in
10%—15% of patients with end-stage CKD, an in-
tradialysis BP decrease was recorded, which addi-
tionally contributes to the occurrence of stroke [12].

The restructuring of extra- and intracranial ar-
teries due to the persistent increase in BP can be
a leading factor in the pathogenesis of strokes in
end-stage CKD. Microangiopathy of cerebral ves-
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sels aggravates metabolic disorders that develop
during HT, atherosclerosis, and vascular calci-
fication, and increases the risk of asymptomatic
strokes [13]. The results of clinical studies indicate
that ACVA in end-stage CKD often develops in the
presence of increased BP, and is frequently accom-
panied by consciousness disorders and neurologic
impairment [14]. As a rule, areas of cerebral infarc-
tions are formed in this group of patients, and in
most cases, the recovery process is slow and in-
complete. Progressive cognitive impairments have
also been found to be frequent complications of
ACVA in patients on programmed HD, which re-
duces the patients’ adherence to dialysis therapy
and creates certain difficulties for the medical staff
of the dialysis department [15].

Thus, HT and the development of lesions of tar-
get organs, including the vascular wall, are risk
factors for the occurrence of strokes in end-stage
CKD, and appropriate antihypertensive therapy can
reduce the relative risk of ACVA.

Diabetes mellitus. The proportion of diabetic
nephropathy among patients with end-stage CKD
is 23%-39% by the start of the renal replacement
therapy [8,9]. In a retrospective study, S.D.Pande
and J. Morris (2020) showed that among 37 patients
in the pre-dialysis and dialysis stages of CKD,
DM was found in 27 (73%) patients, and ischemic
stroke was observed in 34 (91.8%) patients [16].

In Kyrgyzstan, type 2 DM ranks second as the
cause of end-stage renal failure after HT [17]. The
negative effect of chronic hyperglycemia on the
central nervous system and kidneys is due to the
fact that there is an excessive formation of inter-
mediate and end products of glycation. This leads
to inflammatory processes, damage to the vascular
wall, endothelial dysfunction, and impaired blood
flow in the capillaries [3].

The incidence of stroke among patients with
type 2 DM is 4-7 times higher than in the general
population [18] because all the three structural and
functional levels of the cerebral vascular system
(main arteries of the head, which are the target of
the atherosclerotic process; intracranial perforating
vessels, which become the object of HT; microvas-
culature, where dysmetabolic processes develop)
are accompanied by oxidative stress and endo-
thelial dysfunction under conditions of damage to
the blood-brain barrier [19]. Chronic hyperglyce-
mia accelerates the remodeling of cerebral vessels
as a result of atherosclerosis and increases the risk
of impaired cognitive functions and vascular de-
mentia even before organic damage to the central
nervous system occurs. Moreover, significant risk
factors for Alzheimer’s disease are also noted in
patients with type 2 DM [19].
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In a retrospective assessment of the incidence
of stroke in 195 patients with end-stage CKD of
diabetic etiology on programmed HD, Y.Shinya
et al. (2020) observed the presence of stroke in 41
(21%) patients [20], and the incidence of ACVA per
1,000 patient-years was 53.6. Multivariate analy-
sis demonstrated that CKD of diabetic etiology is
a significant risk factor for stroke (risk ratio, 2.63;
95% confidence interval, 1.08-7.85; p = 0.032) [20].

J.Stamler et al. (1993) established that the re-
lative risk of stroke in patients with type 2 DM is
1.8—6 times higher than that in patients without DM
[21]. In the MRFIT study (The Multiple Risk Fac-
tor Intervention Trial), the risk of death from stroke
among DM patients was 2.8 times higher than in
patients without DM; specifically, the risk of death
from ischemic stroke was 3.8 times higher, and that
from hemorrhagic stroke was 1.5 times higher [21].

Arterial calcification complicating the course of
CKD has been found to be a risk factor for stroke.
It should be noted that in type 2 DM, a lesion of
the tunica media of the arteries is revealed (Mon-
ckeberg’s sclerosis) [22]. Calcification of the tunica
media of the arterial walls in patients with type 2
DM is also associated with distal symmetric neu-
ropathy [23].

End-stage CKD is a recognized risk factor of
prolonged hypoglycemia. It should be noted that
glucose has a toxic effect not only in hypergly-
cemia, but also in hypoglycemic conditions, as
well as with variability in glucose levels [24]. It is
known that, starting from the pre-dialysis stages of
CKD, frequent episodes of hypoglycemia occur in
patients with type 2 DM, and this is accompanied
by an increase in renal and cerebrovascular risks.

The sympathetic nervous system reacts to the de-
velopment of severe hypoglycemia by increasing the
level of catecholamines, which leads to the activa-
tion of platelets and leukocytes and is accompanied
by an increased risk of the destabilization of athero-
sclerotic plaques, including those in the carotid ar-
teries, as well as a disorder of energy metabolism
in the brain. Inflammation and endothelial dysfunc-
tion, as a response to acute hypoglycemia, are sig-
nificant in the development of atherosclerosis [25].

In addition, in type 2 DM associated with dia-
betic nephropathy, the hypoglycemic index increas-
es, and at the stage of programmed HD, the state of
severe hypoglycemia is associated with a high risk
of dementia and ACVA [26]. On the other hand,
a high amplitude of daily fluctuations in glycemia
more than doubles the probability of stroke due to
the development of high-grade ventricular arrhyth-
mias [26].

Y.W.Chu et al. (2017), when evaluating in a po-
pulation study the association between hypoglyce-

mia and deaths during programmed HD, recorded
at least one episode of hypoglycemia during the
year before the start of HD in 19.18% of patients,
and the complication severity index was associ-
ated with more frequent episodes of hypoglyce-
mia. Mortality and hypoglycemia severity after
the HD session increased with an increase in the
number of previous hypoglycemic episodes. In pa-
tients with previous episodes of hypoglycemia, the
risk of death was 15% higher than in those who did
not have episodes of hypoglycemia, and the risk of
subsequent severe hypoglycemia increased by 2.3
times [27].

Thus, glycemic control with the maintenance of
the target blood glucose level in patients with end-
stage CKD, receiving programmed HD, will pre-
vent the development of ACVA in this cohort of
patients.

Chronic heart failure. Uncontrolled HT and
anemia represent the leading pathogenetic me-
chanisms of CHF development in patients with
end-stage CKD [28]. An increase in wall thick-
ness and the dilatation of the ventricular cavity of
the heart are accompanied by an increase in atri-
al pressure, which contributes to the development
of atrial fibrillation and associated stroke. In addi-
tion, in the pre-dialysis stages of CKD in CHF, the
renin-angiotensin-aldosterone system is hyperacti-
vated, which leads to sodium and water retention in
the kidneys as a result of angiotensin II [29].

It has been revealed that in CHF, oxidative
stress develops during programmed HD, which is
associated with an increase in the synthesis of ac-
tive oxygen radicals and a decrease in the level of
antioxidants in CKD patients [30]. Some studies
have reported that angiotensin II is able to influ-
ence brain structures through areas that are not
protected by the blood-brain barrier and activate
the sympathetic nervous system [31,32]. The ne-
gative effect of angiotensin II on the cardiovas-
cular system also consists in the acceleration of
cardiomyocyte apoptosis, proliferation of smooth
muscle cells, development of endothelial dysfunc-
tion, as well as profibrotic and proarrhythmic ef-
fects [29], which is confirmed by the presence of
left ventricular hypertrophy in patients at the start
of the programmed HD in 42.20% of cases, as well
as CHF in 37.61%, and atrial fibrillation in 19.27%
of cases [8].

In patients on programmed HD, an increase in
the left atrial cavity due to volume overload ad-
ditionally contributes to the occurrence of stroke.
The narrow cone-shaped form and unevenness of
the inner surface of the left atrial appendage leads
to a high risk of blood clots in patients on pro-
grammed HD.
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International studies have shown that atrial
fibrillation occurs in 20% of CKD patients, and its
frequency correlates with the degree of GFR de-
crease [33]. Such an increase in the frequency of
atrial fibrillation may be associated with both im-
proved diagnosis and the presence of risk factors
for the development of CHF during programmed
HD. According to D.Zimmerman et al. (2012), atri-
al fibrillation is detected in 20% of patients with
end-stage CKD [34].

C.S.Perales et al. (2018) analyzed the clinical
and laboratory data of 2,348 patients with end-
stage CKD on programmed HD. The estimated
sample size was 285 patients. In multivariate ana-
lysis, older age and duration of HD were inde-
pendently associated with the presence of atrial
fibrillation [35].

In a cohort study, H.L.Hsieh et al. (2020) ret-
rospectively evaluated the relationship of atrial
fibrillation and echocardiographic parameters with
the causes of death among 393 HD patients with
end-stage CKD. In this study, by the start of the
renal replacement therapy, 57 (14.5%) patients al-
ready had atrial fibrillation, the mean age was 71
years, and the presence of atrial fibrillation on pro-
grammed HD aggravated significantly the patients’
survival rate [36].

M.Kamijo et al. described a case of stroke and
the successful use of endovascular therapy in pa-
tients with atrial fibrillation who underwent pro-
grammed HD [37].

Y.L.Ding et al. (2020) reported the occurrence
of recurrent stroke in the presence of atrial fibril-
lation in a 54-year-old female patient receiving
HD therapy with the successful use of mechanical
thrombectomy from the lumen of the right middle
cerebral artery [38].

The results of a prospective cohort population
study by M. Wakasugi et al. (2020) involving 247
patients on programmed HD without cardiovas-
cular disease, where 43 patients developed cardio-
vascular complications over a 4-year period, are
noteworthy [39].

The role of circulating ANGPTL-2 (angiopoie-
tin-related protein-2) levels and its relationship with
the risk of mortality in patients undergoing pro-
grammed HD are currently being discussed [40].
Thus, it was revealed that the ANGPTL-2 level
can serve as a marker of premature aging progres-
sion and the subsequent risk of mortality in patients
with uremia [40]. Previous studies have also demon-
strated that ANGPTL-2 levels are usually elevated
in stroke, which is associated with severe brain da-
mage [41]. In this regard, according to the resear-
chers, a decrease in the level of ANGPTL-2 may be
a useful neuroprotective strategy in stroke [41].
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Thus, the treatment of CHF with the prevention
of left atrial cavity enlargement and the blood clots
appearance, as well as the neuroprotective therapy
with a decrease in circulating ANGPTL-2, may be-
come the most important aspect in preventing the
development of ACVA in patients receiving pro-
grammed HD.

Mineral metabolism disorders. The criti-
cal value of the calculated GFR at which disor-
ders in phosphorus-calcium metabolism begin to be
recorded is considered as 50 ml/min/1.73 m? [1,2].
Mineral bone disorders are widespread among dia-
lysis-dependent patients, occurring in approximate-
ly 80% of cases [42]. An increase in the level of
blood phosphorus in patients undergoing pro-
grammed HD is associated with an increase in the
incidence of CHF and mortality [36].

M.Kitamura et al. (2020) analyzed data from
patients with end-stage CKD undergoing pro-
grammed HD. The results of multiple linear re-
gression analysis showed that a decrease in serum
calcium levels is significantly associated with an
increase in BP in the group of patients with hemor-
rhagic stroke [43].

C.Thongprayoon et al. (2020) investigated the
relationship between calcium phosphate (CaP) in-
take and mortality in hospitalized patients [44].
Thus, among the 14,772 patients included in their
study, there were 8% of patients with stroke, 9% of
patients with CHF, 21% of patients with ischemic
heart disease, and 24% of patients with DM. The
highest mortality risk was recorded in hospitalized
patients with CaP values of 45 mg?*dL? or higher
in both CKD and non-CKD patients. As noted by
the researchers, high CaP levels on admission were
independently associated with an increased risk of
in-hospital mortality, and a CaP value of 45 mg?/dL?
or higher was associated with the highest risk of
in-hospital mortality in both CKD and non-CKD
patients. In the subgroup of patients with CaP levels
of 45 mg?/dL? or higher, GFR was significantly
lower, and serum phosphorus was higher [44].

The pathogenetic mechanism of the occurrence
of mineral and bone disorders includes vitamin D
deficiency, decreased calcium absorption from the
gastrointestinal tract, increased phosphorus blood
level, alteration in the functions of the calcium-sen-
sitive and vitamin D receptors of the parathyroid
glands, increased synthesis of parathyroid hormone,
increased levels of fibroblast growth factor-23,
and vascular and soft tissue calcification [45].

Fibroblast growth factor-23 is synthesized by
osteocytes in response to an increase in the blood
phosphorus level. Serum phosphorus concentra-
tions at the initial stages of CKD due to a com-
pensatory increase in the level of fibroblast growth
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factor-23 remain within the normal range for a long
time, leading to hyperphosphatemia only at the on-
set of the pre-dialysis stage of CKD [45], which
stimulates the hypersecretion of fibroblast growth
factor-23 and parathyroid hormone, and the proli-
feration of the parathyroid glands [44,45], ultimate-
ly leading to the development of resistance of the
bone skeleton to parathyroid hormone [44].

Vascular calcification as an outcome of im-
paired mineral metabolism is closely associated
with increased bone resorption and adynamic
bone remodeling, but often precedes bone changes
[44]. An increase in the concentration of fibroblast
growth factor-23 is an independent predictor of mi-
tral valve calcification and thickening of the carotid
intima-media complex in CKD patients [46].

According to K.L.Nowak et al., patients with
end-stage CKD who undergo programmed HD
have increased levels of parathyroid hormones and
vitamin D deficiency [42].

X.You et al. assessed the effect of parathyroid hor-
mone and vitamin D supplementation on stroke risk
in a cohort study of 980 patients on ambulatory peri-
toneal dialysis [47]. The primary endpoint was de-
fined as the first episode of stroke, and the combined
endpoint included death or transfer to HD during
follow-up. The final analysis included 757 patients,
where the mean follow-up period was 54.7 months.
The median stroke rate among the study participants
was 18.9 (interquartile range 15.7-22.1) per 1000
person-years. A significant nonlinear correlation
was also found between baseline intact parathyroid
hormone levels and the risk of stroke; and vita-
min D supplementation reduced the risk of ACVA
in patients on ambulatory peritoneal dialysis [47].

In their study, A.Talebi et al. (2020) showed
significantly high levels of uric acid and low levels
of vitamin D in blood among patients with ische-
mic stroke. Phosphorus level was not a significant
predictor of ischemic stroke [48]. The authors ex-
plained these data by the fact that the study in-
volved patients without severe renal dysfunction.
Meanwhile, back in 2007, a group of researchers
led by R.Dhingra published the results of a pro-
spective follow-up of the Framingham Offspring
Study, which showed an increase in the risk of
cardiovascular events (including stroke) by 1.31
times (95% confidence interval; 1.05-1.63) with
a 1 mg/dL increase in phosphorus level [49].

In the publication by H.Onder and G.Arslan
(2020), the potential role of parathyroid hormone
in the development of subclinical and clinical vas-
cular diseases of the brain was noted [50]. The
clinical and demographic data of 158 patients with
ischemic stroke were retrospectively assessed using
a computerized system. In 31 (19.6%) patients, an

increased level of parathyroid hormone was shown.
Moreover, a high level of this hormone was signifi-
cantly more often noted in stroke associated with
extracranial atherosclerosis. Notably, logistic re-
gression analysis also confirmed that high parathy-
roid hormone levels represent a significant variable
in determining stroke associated with an extracra-
nial subtype of atherosclerosis (p = 0.024).

Y. Takashi et al. (2020) analyzed the parame-
ters of bone mineral disorders in 119 patients with
infection, systemic inflammation, atherosclerosis,
and cardiac events who underwent programmed
HD. The level of fibroblast growth factor-23 in
blood serum was independently associated with
the concentration of calcium (f = 0.276; p < 0.001)
and phosphorus (B = 0.689; p < 0.001) in the blood
serum [51]. However, the level of fibroblast growth
factor-23 in the blood was not associated with the
parameters of cardiac dysfunction, atherosclerosis,
infection, or systemic inflammation [51].

Thus, patients with end-stage CKD undergo-
ing programmed HD need to control the phospho-
rus-calcium metabolism in order to prevent the
development of strokes and extraosseous calcifica-
tion, in particular of cerebral vessels.

Conclusion. Recently, there has been an active
discussion about cardiovascular events and stroke
in patients with end-stage CKD who are under-
going programmed HD. The study of stroke risk
factors in patients with end-stage CKD requires
further development. The timely diagnosis of car-
diovascular diseases and the secondary prevention
of ACVA, including adequate antihypertensive and
hypoglycemic therapy, as well as the correction of
heart failure using renin-angiotensin-aldosterone
system blockers and the elimination of bone mi-
neral disorders remain to date a highly sought ap-
proach in the improvement of the quality of life and
survival rate indices of this category of patients.

Author contributions. I.T.M. was the study supervi-
sor, conceived the research idea, performed the gene-
ralization of the study results, and formulated the con-
clusions; K.A.A. performed the review of publications
and wrote the text of the manuscript for the sections
“HT” and “DM”; VV.F. edited and revised the manu-
script; Zh.A .M. wrote the text of the manuscript for the
sections “DM” and “Disorders of mineral metabolism™;
F.A.Yu. was involved in the collection and systemati-
zation of the data on stroke; Z.R.R. was involved in the
collection and systematization of the data on stroke;
A LS. wrote the text of the manuscript for the sections
“CHF” and “Disorders of mineral metabolism.”
Funding. The study had no external funding.

Conflict of interest. The authors declare no conflict of
interest.

50f7



Review Article

REFERENCES

1. Moiseev V.C., Mukhin N.A., Kobalava Zh.D. et al.
Cardiovascular risk and chronic kidney disease: cardio-
and nephroprotection strategies. Klinicheskaya Nefrolo-
giya. 2014; (2): 4-29. (In Russ.)

2. Smirnov AV., Shilov E.M., Dobronravov V.A. et al.
National guidelines. Chronic kidney disease: basic principles
of screening, diagnosis, prevention and treatment approa-
ches. Nephrology (Saint-Petersburg). 2012; 16 (1): 89—
115. (In Russ.) DOI: 10.24884/1561-6274-2012-16-1-89-115.

3. Arnson Y., Hoshen M., Berliner-Sendrey A. et al.
Risk of stroke, bleeding, and death in patients with non-
valvular atrial fibrillation and chronic kidney disease. Car-
diology. 2020; 145 (3): 178-186. DOI: 10.1159/000504877.

4. Ahmadmehrabi S., Tang W.H.W. Hemodialysis-
induced cardiovascular disease. Semin. Dialysis. 2018;
31 (3): 258-267. DOI: 10.1111/sdi.12694.

5. Kelly D.M., Rothwell P.M. Prevention and treatment
of stroke in patients with chronic kidney disease: an over-
view of evidence and current guidelines. Kidney Intern.
2020; 97 (2): 266—278. DOI: 10.1016/j.kint.2019.09.024.

6. Shamkina A.R., Galeeva S.S. Cardiovascular events
and mortality in the long term in young patients with acute
disorders of cerebral circulation. Kazan Medical Journal.
2020; 101 (1): 58—66. (In Russ.) DOI: 10.17816/KMJ2020-58.

7. Mirsaeva G.K., Khakimova R.A., Timershina I.R.
Thrombocyte hemostasis disorders in patients with arteri-
al hypertension at different terms after survived hemorrha-
gic stroke. Kazan Medical Journal. 2015; 96 (5): 722-727.
(In Russ.) DOI: 10.17750/KMJ2015-722.

8. Timofte D., Dragos D., Balcangiu-Stroescu A.E.
et al. Characteristics of patients at initiation of renal re-
placement therapy — experience of a hemodialysis cen-
ter. Experim. Therap. Med. 2020; 20 (1): 103-108. DOI:
10.3892/etm.2020.8608.

9. Fudashkin A.A., Sabirov I.S. The state of the arterial
wall stiffness in patients with hypertension, ischemic stroke
complicated. Bulletin of the Dagestan State Medical Acade-
my. 2013; 3 (8): 29-31. (In Russ.)

10. The European Stroke Organization (ESO) Executive
Committee; ESO Writing Committee. Guidelines for ma-
nagement of ischaemic stroke and transient ischaemic at-
tacks 2008. Cerebrovasc. Dis. 2008; 25 (5): 457-507. DOI:
10.1159/000131083.

11. Humudat Y.R., Al-Naseri S.K., Al-Fatlawy Y.F.
Assessment of inflammation, comorbidity and demo-
graphic factors in patients with kidney disease in Bagh-
dad. Iraqi J. Sci. 2019; 60 (11): 2418-2425. DOI: 10.24996/
ijs.2019.60.11.12.

12. Bucharles S.G.E., Wallbach K.K., Moraes T.P.D., Pe-
coits-Filho R. Hypertension in patients on dialysis: diagnosis,
mechanisms, and management. Brazilian J. Nephrol. 2019;
41 (3): 400—411. DOI: 10.1590/2175-8239-jbn-2018-0155.

13. Sabirov 1.S., Murkamilov L.T., Fomin V.V. Dyslipi-
demic hypertension: possibilities of combination of statins
and ezetimib (literature review). Herald of KRSU. 2020;
20 (5): 59—69. (In Russ.)

14. Banshodani M., Kawanishi H., Moriishi M. et al.
Association between dialysis modality and cardiovascular
diseases: A comparison between peritoneal dialysis and he-
modialysis. Blood Purification. 2020; 49 (3): 302-309. DOI:
10.1159/000504040.

15. Drew D.A., Tighiouart H., Rollins J. et al. Evaluation
of screening tests for cognitive impairment in patients recei-
ving maintenance hemodialysis. J. Am. Society of Nephrol.
2020; 31 (4): 855-864. DOI: 10.1681/ASN.2019100988.

6 of 7

16. Pande S.D., Morris J. Influence of chronic kidney
disease and haemodialysis on stroke outcome. Singapore
Med. J. 2020. DOI: 10.11622/smedj.2020044.

17. Murkamilov L.T. The prevalence, clinical and func-
tional characteristics of chronic kidney disease in residents
of urban and rural areas in the Kyrgyz Republic. Clinical
nephrology. 2013; (4): 28-34. (In Russ.) DOI: 10.18565/
nephrology.2019.4.05-10.

18. Gudkova V.V., Usanova E.V., Stakhovskaya L.V.
Diabetes mellitus and stroke: from pathophisiology to
therapeutic management. Lechebnoe delo. 2013; (4): 83—89.
(In Russ.)

19. Verbovoy A.F., Pashentseva A.V., Verbovaya N.I. Dia-
betic macroangiopathy. Therapeutic Archive. 2019; 91 (10):
139-143. (In Russ.) DOI: 10.26442/00403660.2019.10.000109.

20. Shinya Y., Miyawaki S., Kumagai I. et al. Risk fac-
tors and outcomes of cerebral stroke in end-stage renal di-
sease patients receiving hemodialysis. J. Stroke and Cere-
brovasc. Dis. 2020; 29 (4): 104 657. DOI: 10.1016/j.jstroke
cerebrovasdis.2020.104657.

21. Stamler J., Vaccaro O., Neaton J.D. et al. Diabe-
tes, other risk factors, and 12-yr cardiovascular mortality
for men screened in the Multiple Risk Factor Intervention
Trial. Diabetes Care. 1993; 16: 434—444. DOI: 10.2337/dia
care.16.2.434.

22. Almeida Y.E., Fessel M.R., do Carmo L.S. et al. Ex-
cessive cholecalciferol supplementation increases kidney
dysfunction associated with intrarenal artery calcification
in obese insulin-resistant mice. Sci. Rep. 2020; 10 (1): 1-12.
DOI: 10.1038/541598-019-55501-3.

23. Decroli E., Manaf A., Syahbuddin S. et al. The cor-
relation between malondialdehyde and nerve growth fac-
tor serum level with diabetic peripheral neuropathy score.
Open Access Macedonian J. Med. Sci. 2019; 7 (1): 103-106.
DOI: 10.3889/0amjms.2019.029.

24. Shestakova M.V. Diabetes mellitus and chronic kid-
ney disease: modern diagnostics and treatment. Vestnik
Rossiiskoi akademii medetsinskikh nauk. 2012; (1): 45-49.
(In Russ.) DOI: 10.15690/vramn.v67i1.109.

25. Vorozhtsova I.N., Budnikova O.V., Afanasyev S.A.,
Kondratieva D.S. Influence of type 2 diabetes on the myo-
cardium of patients with ischemic heart disease. The Sibe-
rian Journal of Clinical and Experimental Medicine. 2018;
33 (1): 14-20. (In Russ.) DOI: 10.29001/2073-8552-2018-33-
1-14-20.

26. Stewart R., Liolitsa D. Type 2 diabetes mellitus,
cognitive impairment and dementia. Diabetic Med. 1999;
16 (2): 93—112. DOI: 10.1046/j.1464-5491.1999.00027 x.

27. Chu Y.W., Lin H.M., Wang J.J. et al. Epidemiology
and outcomes of hypoglycemia in patients with advanced
diabetic kidney disease on dialysis: a national cohort study.
PLoS One. 2017; 12 (3): e0174601. DOI: 10.1371/journal.
pone.0174601.

28. House A.A., Wanner C., Sarnak M.J. et al. Heart
failure in chronic kidney disease: conclusions from a Kid-
ney Disease: Improving Global Outcomes (KDIGO) Con-
troversies Conference. Kidney Intern. 2019; 95 (6): 1304—
1317. DOL: 10.1016/j.kint.2019.02.022.

29. Drawz P., Hostetter T.H., Rosenberg M.E. Slowing
progression of chronic kidney disease. In: Chronic Renal
Disease. Academic Press. 2020; 937-959. DOI: 10.1016/
B978-0-12-815876-0.00057-7.

30. Liakopoulos V., Roumeliotis S., Zarogiannis S.
et al. Oxidative stress in hemodialysis: Causative mecha-
nisms, clinical implications, and possible therapeutic in-
terventions. Semin. in Dialysis. 2019; 32 (1): 58-71. DOI:
10.1111/sdi.12745.


https://doi.org/10.24884/1561-6274-2012-16-1-89-115#_blank
https://www.elibrary.ru/author_items.asp?authorid=847740

Kazan Medical Journal 2020, vol. 101, no. 6

31. Klimov L.O., Ryazanova M.A., Fedoseeva L.A.,
Markel A.L. Effects of brain renin- angiotensin system in-
hibition in ISIAH rats with inherited stress-induced arte-
rial hypertension. Vavilov journal of genetics and breeding.
2017; 21 (6): 735—741. (In Russ.) DOI: 10.18699/VJ17.29-0.

32. Tsoi L.G., Nazirov D.I., Mirzalieva G., Sabirov L.S.
Increased activity of the sympathetic nervous system in
chronic heart failure in elderly patients. Herald of KRSU.
2018; 18 (6): 102—104. (In Russ.)

33. Baber U., Howard V.J., Halperin J.L. et al. Associa-
tion of chronic kidney disease with atrial fibrillation among
adults in the United States: REasons for Geographic and
Racial Differences in Stroke (REGARDS) Study. Circ. Ar-
rhythm. Electrophysiol. 2011; 4 (1): 26-32. DOI: 10.1161/
CIRCEP.110.957100.

34. Zimmerman D., Sood M.M., Rigatto C. et al. Sys-
tematic review and meta-analysis of incidence, prevalence
and outcomes of atrial fibrillation in patients on dialysis.
Nephrol. Dialysis Transplantation. 2012; 27 (10): 3816—
3822. DOI: 10.1093/ndt/gfs416.

35. Perales C.S., Sanchez T.\V., Bravo D.S. et al. Atrial
fibrillation in patients on haemodialysis in Andalusia.
Prevalence, clinical profile and therapeutic management.
Nefrologia (English Edition). 2018; 38 (3): 286—296. DOI:
10.1016/j.nefroe.2017.09.010.

36. Hsieh H.L., Hsu S.C., Cheng H.S. et al. The in-
fluence of atrial fibrillation on the mortality of incident
ESRD patients undergoing maintenance hemodialysis.
PloS One. 2020; 15 (1): ¢0228405. DOI: 10.1371/journal.
pone.0228405.

37. Kamijo M., Hayashi W., Otsuka E. et al. Endovas-
cular therapy for hemodialysis patients with atrial fibrilla-
tion and cerebral thromboembolism: A case series. Intern.
J. Artificial Organs. 2020; 43 (3): 150—156. DOI: 10.1177/
0391398819882018.

38. Ding Y.L., Niu J.L., Fan J.X., Liu Y. Repeated me-
chanical thrombectomy for acute ischemic stroke in a dia-
lysis patient: A case report and literature review. Hemodia-
lysis Intern. 2020; 24 (1): E13—E19. DOI: 10.1111/hdi.12811.

39. Wakasugi M., Nagai M., Yokota S. et al. The associ-
ation between earlobe creases and cardiovascular events in
Japanese hemodialysis patients: A prospective cohort study.
Intern. Med. 2020; 59 (7): 927-932. DOI: 10.2169/internal-
medicine.3943-19.

40. Morinaga J., Kakuma T., Fukami H. et al. Circula-
ting angiopoietin-like protein 2 levels and mortality risk in
patients receiving maintenance hemodialysis: a prospec-
tive cohort study. Nephrol. Dialysis Transplantation. 2020;
35 (5): 854-860. DOI: 10.1093/ndt/gfz236.

41. Amadatsu T., Morinaga J., Kawano T. et al. Macro-
phage-derived angiopoietin-like protein 2 exacerbates brain
damage by accelerating acute inflammation after ische-
mia-reperfusion. PloS One. 2016; 11 (11): e0166285. DOI:
10.1371/journal. pone.0166285.

42. Nowak K.L., Chonchol M. Management of mine-
ral and bone disorders in chronic kidney disease. Chro-
nic renal disease. Academic Press. 2020; 1013—-1033. DOI:
10.1016/B978-0-12-815876-0.00062-0.

43. Kitamura M., Tateishi Y., Sato S. et al. Lower serum
calcium and pre-onset blood pressure elevation in cerebral
hemorrhage patients undergoing hemodialysis. Clin. Expe-
rim. Nephrol. 2020; 24: 465-473. DOI: 10.1007/s10157-
020-01846-3.

44. Thongprayoon C., Cheungpasitporn W., Mao M.A.,
Erickson S.B. Calcium-phosphate product and its impact
on mortality in hospitalized patients. Nephrology. 2020;
25 (1): 22-28. DOT: 10.1111/nep.13603.

45. Mokrysheva N.G., Maganeva 1.S. Mineral-bone dis-
orders in patients with chronic kidney disease and diabetes
mellitus: the real possibilities of cardio and nephroprotec-
tion. Meditsinskiy sovet. 2018; (4): 60—65. (In Russ.) DOI:
10.21518/2079-701X-2018-4-60-65.

46. Silva A.P., Gundlach K., Biichel J. et al. Low mag-
nesium levels and FGF-23 dysregulation predict mitral
valve calcification as well as intima media thickness in pre-
dialysis diabetic patients. /nt. J. Endocrinol. 2015; 2015:
308190. DOI: 10.1155/2015/308190.

47. You X., Zhou Y., Zhang J. et al. Effects of parathy-
roid hormone and vitamin D supplementation on stroke
among patients receiving peritoneal dialysis. BMC Nephrol.
2020; 21 (1): 1-10. DOI: 10.1186/s12882-020-01817-6.

48. Talebi A., Amirabadizadeh A., Nakhace S. et al.
Cerebrovascular disease: how serum phosphorus, vita-
min D, and uric acid levels contribute to the ischemic stroke.
BMC Neurol. 2020; 20 (1): 1-5. DOI: 10.1186/s12883-020-
01686-4.

49. Dhingra R., Sullivan L.M., Fox C.S. et al. Relations
of serum phosphorus and calcium levels to the incidence of
cardiovascular disease in the community. Arch. Intern. Med.
2007; 167 (9): 879-885. DOI: 10.1001/archinte.167.9.879.

50. Onder H., Arslan G. The association between hy-
perparathyroidism and ischemic stroke subtypes. J. Neurol.
Res. 2020; 10 (1): 7-12. DOI: 10.14740/jnr564.

51. Takashi Y., Wakino S., Minakuchi H. et al. Circula-
ting FGF23 is not associated with cardiac dysfunction,
atherosclerosis, infection or inflammation in hemodialysis
patients. J. Bone and Mineral Metabol. 2020; 38 (1): 70-77.
DOI: 10.1007/s00774-019-01027-7.

7 of 7



