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ABSTRACT

Chronic kidney disease (CKD) is a global problem of modern medicine. The neurological complications
arising from this disease are an integral part of this condition because the kidneys and the brain have a
similar anatomical structure of the vessels and a similar physiological structure of the processes occurring
in them. Cognitive disorders (CD) that occur in CKD accompany almost every patient, regardless of the
stage of the disease, and affect the psychological and social quality of life of patients. According to the
literature, there are a number of substances called biomarkers, by determining which we can identify
emerging neurological complications in the early stages of CKD. In our work, we used a new biomarker of
renal function, cystatin C, which is characterized by free glomerular filtration and is not subject to tubular
secretion. Its level in the blood serum of patients does not depend on the age, gender, muscle mass,

ethnicity, diet, physical activity and bad habits of the patient.
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INTRODUCTION

Chronic kidney disease (CKD) is damage to the
kidneys or a decrease in their function, recorded
for 3 months or more, regardless of the initial
diagnosis [1] The term "Chronic kidney disease"
was introduced into the International
Classification of Diseases of the 10th revision in
2007 and replaced the term "Chronic renal
failure". According to world data, the global
prevalence of CKD in the general population
averages 14.4% [2, 5], which is comparable to
such socially significant diseases as hypertension,
coronary heart disease, diabetes mellitus, and
obesity [ 3, 5]. The neurological complications
arising from this disease are an integral part of
this condition, because the kidneys and the brain
have a similar anatomical structure of the vessels
and a similar physiological structure of the
processes occurring in them. It is believed that
cerebrovascular diseases among patients with
CKD occur at least 2 times more often than in the
general population and potentially determine the

cardiovascular prognosis and the risk of

developing cognitive impairment (CI) in patients
with CKD, both in the pre-dialysis and dialysis
period [4,6-8]. According to the National Kidney
Foundation USA, the incidence of cerebrovascular
complications in predialysis patients is 65% and
reaches 90% in patients undergoing program
hemodialysis. [9,10] According to a systematic
review and meta-analysis by T. Etgen et al. in
2012, CKD is an independent somatic risk factor
for the development of CI [11]. Cognitive
disorders (CD) that occur in CKD accompany
almost every patient, regardless of the stage of the
disease, and affect the psychological and social
quality of life of patients. Previously, the severity
of CKD was defined by the level of decrease in
glomerular filtration rate (GFR). Modern
formulas for calculating GFR based on the level of
serum creatinine give errors. In 2012, KDIGO
(Kidney Disease Improving Outcomes) experts
recommended the use of Cystatin C as an
additional method for determining the filtration

function of the kidneys in addition to creatinine to
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improve the accuracy of GFR estimates. Using the
biomarker of kidney damage cystatin C, we can
identify neurological complications in the early

stages of CKD.

First isolated in 1961 and formally identified as a
cysteine protease inhibitor in 1984, cystatin C
(CysC) is a soluble, basic, non-glycosylated
cysteine protease inhibitor found in nearly all
mammalian tissues (27). CysC is found in seminal
plasma (~3.7 pm) (28), cerebrospinal fluid (1-5
um) (29, 30) and blood plasma (0.2-1 um) (30)
Detectable levels of the peptide are detected in

saliva and urine [11-18].

The aim of our study was: To study the features of
CRin patients with CKD depending on the stage of
the disease and the effect of the biomarker of

kidney damage cystatin C on it.
MATERIALS AND METHODS

Under our supervision, there were 100 patients

According to the ICD Classification 10 (N18), all

patients are divided into 3 groups:

1. pre-dialysis patients (N18.1 N18.2 N18.3
N18.4) - 28 patients (28%). The mean age was
56.1+12.1

T::)‘;Z‘:lln g\ WorldCat’ M MENDELEY Publisher: Frontline Journals

2. Patients on planned hemodialysis (N18.5) - 30
patients (30%). The mean age was 53.1+13.3

3. Patients after kidney transplantation (Z294.0) -
43 patients (43%). The mean age was
34.84+9.3

The criterion for exclusion from the study was the
presence of thyroid diseases that can affect the

level of serum cystatin C.

All patients underwent a standard neurological
examination (collection of complaints, anamnesis
of the disease, life, examination of neurostatus,
and a scale for assessing cognitive functions
according to the SAGE (Self-administered
Gerocognitive Examination) scale was used,
aimed at identifying mild and moderate
impairments to memory and thinking. The choice
of this test is due to the higher specificity and
sensitivity of the study compared to the more
popular MMSE questionnaire (SAGE specificity
95% versus 90% MMSE sensitivity 79% versus
71% MMSE), as well as the minimum possibility
ofa doctor's subjective influence on the test result
from the patient, which made it possible to more
objectively detect even the initial manifestations
of Cl in the examined patients [14]. a dimensional
figure and a watch, an assessment of the patient's

vocabulary, building a sequence, and a task for
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transforming phi gurus. The test result >20 points
was assessed as normal; 17-19 points — mild CI;
15-16 points — the presence of moderate CI; less
than 14 points - the presence of dementia. As well

as the determination of the biomarker of kidney

Patients did not statistically differ among
themselves in terms of the level of education of
patients but differed in age and professional
employment due to younger patients after kidney

transplantation. Table 1 shows the main statistics

damage Cystatin C by enzyme immunoassay. depending on the stage of the disease.

REesuLts
Table 1.
Pre-dialysis period CKD Hemodialysis Patients after
C1,C2,C3a, C3b, C4 program transplantation
Index n=28 C5 n=43
n=30
Arithmetic mean 17,071 16,233 17,721
Standard 1,215 1,569 1,221
deviation
Median 17 16 18
No CR 0 1(3,33%) 3 (7%)
Simple CR 18 (64,2%) 9 (30%) 33(76,7%)
Moderate CR 10 (35,7%) 18 (60%) 7 (16,2%)
Dementia 0 2 (6,6%) 0
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Figure 1 Frequency and severity of CR in patients with CKD depending on the stage

In the objective assessment of cognitive functions
on the SAGE scale in the group of patients who do
not receive hemodialysis (n=23), 18 patients
(64.2%) had mild CI, 10 patients (35.7%) had
moderate CI, none of them received scores
corresponding to dementia. from patients. In the
group of patients receiving program hemodialysis
(n=30), 1 patient had no CR, his scores
corresponded to the normative data, 9 (30%)
patients had mild CR, 18 (60%) patients had
moderate CR and 2 (6, 6%) of patients had signs
of dementia. In the group of patients after kidney
transplantation (n=43), the indicators of the

cognitive scale were better, here 3 (7%) patients

had no cognitive disorders, 33 (76.6%) patients
had mild CR and 7 (16.2%) had moderate CR. The
data obtained indicate that cognitive impairment
is observed in all patients with CKD, regardless of
the stage of the disease, but lower scores on the
cognitive scale are observed in patients who are
on hemodialysis, and according to our data,
64.2% of patients with CKD who do not receive
hemodialysis have CR mild, which can be
identified at an early stage and prevent further

progression of cognitive dysfunction.

According to our data, none of the patients found

it difficult to name the date and location, i.e.
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orientation in time and space is preserved in all
patients. The greatest difficulties were caused by
calculations, sequence building, and tests of
drawing a clock and a three-dimensional figure.
All patients under our supervision underwent
determination of the level of cystatin C in the
blood serum by enzyme immunoassay. Levels of

cystatin C depending on the stage of the disease:

' INDEXING -g’} WorldCat” M (YEINIDJURAY Publisher: Frontline Journals

The average value of the level of cystatin C in the
group of patients at the pre-dialysis stage of CKD
was 2.31 = 0.97, in the group of patients receiving
program hemodialysis this value was higher,
which indicates the progression of a decrease in
renal function-3,94+1.97, in the group of patients
who underwent kidney transplantation with an

average value of Cystatin C was 2.53+1.45.

Mean value of cystatin levels c depending on the stage (ref.
value 0.40-1.20 mg/I)

2.53

3.94

after transplantion M scheduled hemodialysis B without dialysis
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The relationship between two quantitative traits
was carried out using the nonparametric
Spearman correlation coefficient. The selected
critical significance level was 5% (0.05), which is

generally accepted in biomedical research.

When analyzing indicators of cognitive function
and the level of cystatin C in the serum of patients
with CKD, statistically significant relationships

were identified.

An inverse correlation relationship of moderate

strength (r = -0.58*%, P=0.0009) was found
Predialysis stage of CKD
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Cystatin C

between the SAGE scores and the level of cystatin
C in the group of patients who did not receive
hemodialysis. = A  statistically  significant
relationship was also found between these
indicators in the group of patients who are on
planned hemodialysis (r = -0.77***, P<0.0001). In
the group of patients who underwent kidney
transplantation, the correlation was even (r = -
0.47*** P=0.0014). These data indicate that the
higher the level of cystatin C in the blood serum,

the lower the score on the cognitive scale.

Programmed hemodialysis
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Figure 2 Variance chart. Correlation relationship between the level of cystatin C and the SAGE

scale

DiscussioN

As a result of using the SAGE scale, CRs were
detected in almost all patients with CKD,
regardless of the stage of the disease. Patients
who are at the pre-dialysis stage of CKD in 64.2%
of cases had mild CR; 35.7% moderate CR, signs of
dementia were not detected in this group of
patients. With the progression of renal pathology
and the duration of the disease, the frequency of
CR progressed so in the group of patients who are
on planned hemodialysis, these figures are much
higher (mild CR was detected in 30% of cases,
60% moderate, and 2 patients (6.6%) showed
signs of dementia). Data on the high prevalence of

CI in patients with CKD are also consistent with

previously performed works by foreign authors.
Thus, the first systematic review and meta-
analysis by T. Etgen et al. (2012) suggested a
relationship between the presence of CKD and the
development of CI and confirmed the hypothesis
that CKD is an independent somatic risk factor for
the development of CI [12]. As a result of the
meta-analysis carried out, the authors concluded
that there was a decrease in cognitive functions in
patients with CKD compared with patients
without renal pathology (OR 1.65; 95% CI 1.32-
2.05; p<0.001 ) [12]. These data indicate that
timely early diagnosis of neurological disorders,
namely cognitive impairment, will help to avoid
further cerebrovascular complications. The role

of cystatin C as a risk factor for cerebral
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complications was shown by N. Hashimoto et al.
[30], in which researchers, having studied
echocardiogram data in patients with stable and
non-sustained atrial fibrillation, found that a
calculated analysis using plasma cystatin C may
predict cerebral disorders at the pre-dialysis
stage of CKD. In an epidemiological study, higher
cystatin C levels were associated with poorer
performance on the Mini-Mental Status
Assessment (MMSE) and the Digit Symbol
Substitution Test [33]. According to the results of
magnetic resonance imaging of the brain, an
increase in the level of cystatin C is associated
with an increased risk of lacunar infarcts and
damage to the white matter of the brain [34, 35].
Our work also revealed statistically significant
correlations between the level of cystatin C in the
serum of patients and the scale of cognitive
dysfunction, these data indicate that at elevated
concentrations of cystatin C, the cognitive

function of patients worsens.
CoNcLusIons

1. The data obtained indicate that cognitive
impairment is observed in all patients with
CKD, regardless of the stage of the disease, but

lower scores on the cognitive scale are

observed in patients who are on hemodialysis
(18 (60%))

2. Also, 64.2% of patients in the pre-dialysis
stage of CKD have mild CR, which can be
detected at an early stage and prevent further
progression of cognitive dysfunction.

3. Kidney transplantation partially restores
kidney function and alleviates many uremic
symptoms, including cognitive functions of
patients (mild CR in 33 (76.7%), moderate CR
in 7 (16.2%)), at the same time,
immunosuppressive therapy, as well as other
psychological and social factors, can affect the
cognitive functions of patients.

4. When analyzing  cognitive  function

parameters and serum cystatin C levels in

patients with CKD, statistically significant
relationships were found in all three groups of
patients. These data indicate that the higher
the level of cystatin C in the blood serum, the

more pronounced the pathological process in

the kidneys and, accordingly, in the brain.
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