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Although the tight connection of the cardiovascular system and the kidneys is well
known, using of cystatin C (Cys-C) opens new horizons in studying early renal failure
stages. The study aimed to compare the functional status of the kidneys in patients with
hypertension and extrasystole to the level of Cys-C. 156 patients with stage II
hypertension (EH II) were examined. 124 of them had frequent symptomatic extrasystoles
(74 - of supraventricular origin and 50 - ventricular), 32 patients had no arrhythmias,
and were referred to the comparison group. The control group consisted of 30 healthy
people with normal blood pressure (BP). All patients underwent a complete clinical
examination, blood pressure measurement, daily blood pressure monitoring, daily
electrocardiogram monitoring, echocardiography, and determination of renal function
(creatinine, blood electrolytes, serum cystatin C) followed by calculation of glomerular
filtration rate (GFR). The level of Cys-C in patients with hypertension was significantly
higher (p<0.001) compared with healthy individuals. Among patients with arrhythmias,
the highest level of Cys-C was noted in patients with ventricular arrhythmias. The
correlation analysis showed that the level of Cys-C was higher in the presence of
frequent extrasystoles (namely of ventricular origin), smoking, high blood pressure,
increased systolic and pulse blood pressure, the presence of concentric left ventricular
hypertrophy, dyslipidemia, increased creatinine level and decreased GFR. All three EH
II patient groups had significantly lower GFR (calculated by creatinine level) (p<0.001).
The lowest creatinine-based GFR was revealed in patients with ventricular extrasystole.
All patients with EH II had significantly lower Cys-C based GFR than the control group
(p<0.001). Mean Cys-C-based GFR values in patients with extrasystole were significantly
lower than in patients without extrasystole (p<0.03). The analysis of GFR levels depending
on the extrasystole origin was provided. The lowest level of GFR was recorded in
patients with ventricular extrasystole. It was significantly different from the patients with
supraventricular extrasystole (p=0.02). Our findings confirm the opinion of other
researchers that Cys-C is an early marker of renal dysfunction in patients with
hypertension, which is more sensitive than creatinine. Another finding is that ventricular
extrasystole is more hemodynamically and metabolically unfavorable compared to
supraventricular based on clinical and prognostic evaluation.
Keywords: cystatin C, creatinine, glomerular filtration rate, essential hypertension,
supraventricular extrasystole, ventricular extrasystole.
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Introduction
It is currently unknown how various forms of cardiac

arrhythmias, including extrasystoles, affect the state of renal
function in patients with essential hypertension. However,
there is a lot of evidence that risk factors such as obesity,
metabolic syndrome, hypertension, burden of
cardiovascular history, type 2 diabetes, as well as the
activation of inflammation, oxidative stress, and the renin-
angiotensin-aldosterone mechanism are common for atrial

fibrillation and renal dysfunction [4, 17, 20, 24]. A large
number of studies aimed at studying the relationship
between atrial fibrillation and renal dysfunction proved that
not only renal dysfunction is a predictor of arrhythmias, but
also the presence of arrhythmia is associated with an
increased likelihood of further GFR decrease and increase
of albuminuria due to deterioration of systemic and
intrarenal hemodynamics. However, our knowledge about



early markers of renal dysfunction in patients with EH and
concomitant extrasystole is incomplete and requires further
specification [1, 2, 18, 22, 23].

The estimation of GFR is common in clinical practice
for the assessment of the functional status of the kidneys,
but its reduction occurs only when the number of functioning
nephrons decreases, so it cannot serve as an early marker
of kidney damage. This is a prerequisite for searching for
more sensitive diagnostic methods [10, 14, 19].

Cys-C is the earliest and most informative marker of
renal dysfunction, according to the KDIGO 2012 guidelines
[21]. Cys-C is a basic peptide consisting of 122 amino acid
residues with a molecular weight of about 13 kDa. It is an
important extracellular inhibitor of cysteine proteases,
which belong to the second type of cystatin superfamily.
The active and mature form of Cys-C in humans is called
the Cys-C monomer and consists of a single non-
glycosylated polypeptide chain, the individual links of which
are interconnected by disulfide bridges. The Cys-C
monomer is present in almost all body fluids, but the largest
amount is found in cerebrospinal fluid, milk, and semen.
The level of this peptide can also be determined in urine
and saliva [3, 7, 25].

Cys-C is freely filtered through the glomerular
membrane due to its low molecular weight. Due to this, the
level of Cys-C is relatively stable in the systemic circulation.
It is a more sensitive marker of GFR reduction than
creatinine because it could not be affected by factors such
as age, gender, muscle mass, diet, physical activity, and
race. It serves as an effective marker for early detection of
renal failure, even at normal creatinine levels [16, 23].

The study aimed to compare the functional state of the
kidneys in patients with hypertension and extrasystole
based on the level of Cys-C.

Materials and methods
The study involved 156 patients with essential

hypertension stage II (EH II). 124 of them (aged 27 to 75
years) had frequent symptomatic extrasystoles and formed
the main clinical array of the study. 32 patients with EH II, but
without cardiac arrhythmias (aged 32 to 72 years) were the
comparison group. Among patients of the main array, 50
(40.3 %) were males and 74 (59.6 %) - females. The
comparison group included 15 (46.9 %) men and 17
(53.1 %) women. Aside from that, 30 relatively healthy, normal
people were assigned to the control group, which included
16 (53.3 %) men and 14 (46.7 %) women. The statistical
analysis between the main group, comparison and control
groups showed no significant differences (p>0.05) by age
and sex, which indicated their age and sex homogeneity.

74 (59.7 %) of 124 patients with EH II and concomitant
frequent extrasystoles had supraventricular (SVE) and 50
(40.3 %) had ventricular extrasystoles. Their arrhythmic
history ranged from 1 to 27 years and averaged 8.062 ±
0.421 years.

Before participating in the study, all patients signed an

informed consent form in accordance with the Declaration
of Helsinki and the International Code of Medical Ethics.

All patients were examined in a complete,
comprehensive clinical, laboratory, and instrumental
examination, including the assessment of renal function,
aiming to establish the underlying diagnosis and
comorbidities before they entered the study.

Those who agreed to participate in the study were
examined using the following methods: 1) general clinical
and anthropometric examination, measurement of blood
pressure (BP); 2) ECG with12 leads, daily ECG monitoring,
daily blood pressure monitoring, echocardiography; 3)
assessment of the functional state of the kidneys. The
general clinical examination included the analysis of
medical history, the establishment of the main and
concomitant diagnosis, and the assessment of the
inclusion-exclusion criteria. Then, patients were referred
to the appropriate group.

Blood pressure was measured according to the
recommendations of the Ukrainian Society of Cardiology
(2013) using a sphygmomanometer (Microlife,
Switzerland).

Electrocardiography in 12 leads was performed
according to the standard method on an ECG device
"UKARD" (Hungary).

Daily blood pressure monitoring (DBPM) and Holter
ECG monitoring (HM ECG) were performed using the
equipment "DiaCard" (JSC "Solvaig", Ukraine) according
to the standard protocol.

Assessment of the structural and functional state of the
heart was performed using an echocardiograph "My Lab
25" (Italy) in one- and two-dimensional modes with color,
pulse and continuous-wave Doppler.

Assessment of the functional state of the kidneys was
performed using the following tests: 1) the level of blood
electrolytes (potassium and sodium) in mmol/l was
determined by an ion-selective method using an electrolyte
analyzer Easystat (USA); 2) blood creatinine level in μmol/
l using the kinetically modified Jaffa method on a Cobas
6000 analyzer (with 501 modules) using the Roche
Diagnostics test system (Switzerland). It should be noted
that the study included only patients with a creatinine level
which exceeded the reference values - 62-115 μmol/l in
men and 53-97 μmol/l in women); 3) the serum level of
Cys-C (ng/ml) was determined by an enzyme-linked
immunosorbent assay using the "Human Cystatin C" set
(BioVendor, Czech Republic, Lot: E18-091P01); 4) the
glomerular filtration rate in ml/min /1.73 m2 was calculated
according to CKD-EPI formulas using online calculators:
https://boris.bikbov.ru/2013/07/21/kalkulyator-skf-rascheta-
skorosti-klubochkovoy- filtratsii (for creatinine) and https://
medlabdiag.ru/calculators/clearance_cys (for Cys-С).

Statistical processing of the study results was
performed using the software ''Statistica'' v. 12.0 (StatSoft)
according to the recommendations for processing medical
and biological research. The results were presented as a
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value of median and quartile with an indication of 25 and
75 percentile, and as a percent (%) - for relative values.
Comparison of relative values (%) was performed using
the criterion χ2. Absolute values were compared by the
Kruskal-Wallis ANOVA test & the Median test. Spearman's
rank correlation analysis was used to determine the
relationship between certain parameters [11].

Results
The method of variation statistics was used to

determine the variation of serum Cys-C level in the general
sample, in patients of different clinical groups and in
practically healthy normotensive individuals (Fig. 1). In
patients with EH, the level of Cys-C was significantly higher
(p<0.001) compared with healthy individuals. The average
value of Cys-C in all patients with EH was 1.162 (1.003;
1.371) mg/l, which was 23.3 % (p<0.001) higher than the
corresponding level in healthy people. In a more detailed
analysis, it was found that the average levels of Cys-C in
patients with EH without arrhythmias were lower than in
patients with EH and extrasystole. Among the patients with
arrhythmias, the highest level of Cys-C was recorded in
patients with frequent VE, which was significantly different
from the corresponding level of Cys-C in patients with SVE
(1.254 (1.101; 1.384) mg/l vs. 1.143 (1.000; 1.384) mg/l,
p<0.05), patients without arrhythmias (1.254 (1.101; 1.384)
mg/l vs. 1.011 (0.857; 1.237) mg/ml, p<0.001) and healthy
individuals (1.254 (1.101; 1.384) mg/l vs. 0.892 (0.631;
1.043) mg/l, respectively, p<0.001).

The significance of intergroup differences in the level of
Cys-C serum calculated by Kruskal-Wallis ANOVA test &
Median test is shown in table 1.

In addition, we performed a Spearman Rank Order
Correlation between Cys-C levels and various clinical,
instrumental, and laboratory parameters (Table 2).

The results of Spearman's rank correlation analysis
showed (see Table 2) that the serum Cys-C level
demonstrated significant direct correlations with the

presence of frequent extrasystoles, regardless of their
origin (r=0.29), with the presence of a ventricular
extrasystole (r=0.38), high (III) degree of EH (r=0.31),
smoking (r=0.26), mean night SBP and PBP (r=0.24 and
r=0.34), rate of early rise of SBP (r=0.27), LVMI (r=0.31),
relative myocardial wall thickness (r=0.28), presence of
concentric LV hypertrophy (r=0.30), total number of VE

Fig. 1. Serum Cys-C level (in mg/l) in different clinical groups of
patients.

Groups 1 2 3 4 5

1 <0.001 <0.05 <0.001 <0.001

2 <0.001 <0.01 >0.05 >0.05

3 <0.05 <0.01 <0.05 <0.001

4 <0.001 >0.05 <0.05 <0.05

5 <0.001 >0.05 <0.001 <0.05

Table 1. Differences in serum Cys-C levels between different
clinical groups of patients.

Notes: 1 - healthy individuals (n=30); 2 - all patients with EH
(n=156); 3 - patients with EH without arrhythmia (n=32); 4 - patients
with EH with SVE (n=74); 5 - patients with EH with VE (n=50).

Clinical, instrumental and laboratory
parameters Spearmen R p-value

Presence of frequent extrasystole, points
(1 - yes, 0 - no) 0.288 0.0003

Presence of frequent VE, points (1 - yes,
0 - no) 0.381 0.0001

Sex (1 - male, 0 - female) -0.229 0.0041

High grade (III) EH, points (1 - yes, 0 - no) 0.312 0.0001

Smoking (1 - yes, 0 - no) 0.264 0.0009

SBPn, mm Hg (by ABPM data) 0.242 0.0221

PBP, mm Hg (by ABPM data) 0.344 0.0001

SBP ERV, mm Hg (by ABPM data) 0.266 0.0100

LVMI, g/m2 (by EchoCG) 0.307 0.0007

RWT (by EchoCG) 0.284 0.0012

Concentric LV hypertrophy by Ganau,
points (1 - yes, 0 - no) (by EchoCG) 0.299 0.0013

Number of VE (by ECG HM) 0.425 0.0001

Presence of paired VE, (1 - yes, 0 - no)
(by ECG HM) 0.511 0.0001

Number of paired VE (by ECG HM) 0.402 0.0001

LDL-C, mmol/l 0.271 0.0003

AR, units 0.174 0.0222

Creatinine, mcmol/l 0.627 0.0001

GFR by CKD-EPI, ml/min/1.73 m2 0.632 0.0001

Table 2. Significant associative correlations of Cys-C level with
various c linical-instrumental and laboratory parameters
(Spearman's rank order correlations).

Notes: VE - ventricular extrasystole, EH - essential hypertension,
SBPn - mean night systolic blood pressure, PBPn - mean night
pulse blood pressure, SBP ERV - Systolic blood pressure early
rise velocity, LVMI - left venricular mass index, RWT - relative wall
thickness, EchoCG - echocardiography, ECG HM - ECG Holter
monitoring, LDL-C - low density lipoprotein cholesterol, АR -
atherogenic ratio, GFR - glomerular filtration rate.
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(r=0.43), the presence of paired VE (r=0.51), total number of
paired VE (r=0.40), LDL cholesterol (r=0.27), atherogenic
rate (r=0.17), creatinine (r=0.63) and glomerular filtration rate
by CKD-EPI (r=0.63). At the same time, a significant inverse
correlation was found between the level of Cys-C and the
male sex (r= -0.23).

To assess the functional state of the kidneys, we
determined the level of cystatin C and calculated GFR by the
level of Cys-C (adapted formula CKD-EPI) in addition to
routine determination of electrolytes, creatinine and
calculation of GFR by the formula CKD-EPI (online

calculator), (Table 3) [ 5, 13].
Analysis of the data showed that the average creatinine

level in patients with extrasystole did not exceed the reference
values and differed significantly only compared with healthy
individuals (85.02 μmol/l in patients with SVE and 89.33
μmol/l in patients with VE versus 70.08 μmol/l, p<0.05).
Patients with extrasystole had higher sodium levels than
patients without extrasystole (142.3 mmol/l in patients with
SVE and 141.1 mmol/l in patients with VE versus 139.2
mmol/l, p<0.05). The level of sodium in patients of the control
group was 140.4 mmol/l, and had no significant difference

Functional parameters of kidneys
Patients without

extrasystole
Patients with EH

and SVE
Patients with EH and

VE р
Group 1 (n=32) Group 2 (n=74) Group 3 (n=50)

Creatinine, mcmol/l 74.24
(58.37; 97.13)

85.02
(78.34; 92.11)*

89.33
(82.01; 94.07)*

р1-2>0.05
р1-3>0.05
р2-3>0.05

Potassium, mmol/l 4.333
(4.09; 4.52)

4.209
(4.001; 4.333)

4.175
(4.022; 4.300)

р1-2>0.05
р1-3>0.05
р2-3>0.05

Natrium, mmol/l 139.2
(138.1; 141.4)

142.3
(138.3; 145.4)

141.1
(139.0; 145.3)

р1-2<0.05
р1-3<0.05
р2-3>0.05

(K/Na)*100 3.091
(2.864; 3.262)

2.922
(2.802; 3.083)*

2.922
(2.831; 3.052)*

р1-2<0.05
р1-3<0.05
р2-3>0.05

GFR by CKD-EPI, ml/min/1.73 m2 64.02
(42.17; 87.08)***

53.25
(46.34; 67.09)***

50.12
(44.24; 60.05)***

р1-2>0.05
р1-3<0.05
р2-3>0.05

GFR < 90 ml/min/1.73 m2 26 (81.3 %) 72 (97.3 %) 49 (98.0 %)
р1-2<0.01
р1-3<0.01
р2-3>0.05

GFR < 60 ml/min/1.73 m2 13 (40.6 %) 47 (63.5 %) 37 (74.0 %)
р1-2<0.05
р1-3<0.01
р2-3>0.05

GFR < 45 ml/min/1.73 m2 9 (28.1 %) 15 (20.3 %) 15 (30.0 %)
р1-2>0.05
р1-3>0.05
р2-3>0.05

Cys-C, mg/l 1.011
(0.857; 1.237)*

1.143
(1.000; 1.384)**

1.254
(1.101; 1.384)***

р1-2<0.05
р1-3<0.001
р2-3<0.05

GFR by Cys-C, ml/min/1.73 m2 74.12
(55.01; 94.21)***

63.11
(51.07; 74.23)***

54.17
(48.05; 65.22)***

p1-2<0.05
p1-3<0.01
p2-3<0.05

GFR < 90 ml/min/1.73 m2 23 (71.9 %) 68 (91.9 %) 48 (96.0 %)
p1-2<0,01
p1-3<0.01
p2-3>0.05

GFR < 60 ml/min/1.73 m2 10 (31.3 %) 31 (41.9 %) 32 (64.0 %)
р1-2>0.05
р1-3<0.01
 р2-3<0.05

GFR < 45 ml/min/1.73 m2 2 (6.3 %) 11 (14.9 %) 8 (16.0 %)
р1-2>0.05
р1-3>0.05
р2-3>0.05

Table 3. Functional status of the kidneys in patients with hypertension and different origin of extrasystole (median (25.0th percentl;
75.0th percentl), or n (%)).

Notes: intergroup significance of absolute differences calculated by Kruskal-Wallis ANOVA test & Median test and percentages - by
criterion χ2; GFR - glomerular filtration rate; signs *, ** or *** indicate the significance of the difference compared with the control group
(n = 30), at levels of <0.05, <0.01 and <0.001, respectively.
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compared with patients in the clinical array and the
comparison group. The rate (K/Na)*100 in patients with
extrasystole was significantly lower than in patients without
arrhythmia (2.922 vs. 3.091 p<0.05) and practically healthy
individuals (2.922 vs. 3.082, p<0.05). GFR (creatinine-based)
in all 3 groups of patients with EH was significantly lower
than in healthy individuals (64.02 ml/min/1.73 m2 in patients
without extrasystole, 53.25 ml/min/1.73 m2 in patients with
SVE and 50.12 ml/min/1.73 m2 in patients with SE against
91.12 ml/min/1.73 m2, respectively, p<0.001). The lowest
GFR (calculated by creatinine) was revealed in patients with
VE. It differed significantly from patients without extrasystoles
(50.12 vs. 64.02 ml/min/1.73 m2, p<0.05). The distribution of
patients by GFR showed that 98.0 % of patients with VE and
97.3 % of patients with SVE had a GFR of less than 90 ml/
min/1.73 m2, which was significantly different from patients
without arrhythmias (81.3 %; p<0.01). The level of GFR of
less than 60 ml/min/1.73 m2 was found in 74.0 % of patients
with VE and in 63.5 % of patients with SVE. It was statistically
different from patients without extrasystole (40.6 %, p<0.05).
The level of GFR of less than 45 ml/min /1.73 m2 was
determined in 28.1 % of patients in the comparison group,
in 20.3 % of patients with EH and SVE, and in 30.0 % of
patients with EH and VE. There were no statistically significant
differences between groups. The mean level of Cys-C in
patients with frequent extrasystoles was significantly higher
compared with patients without arrhythmias (p<0.05) and
healthy individuals (p<0.01) (see Fig. 1). At the same time,
the highest level of Cys-C was noted in patients with a VE,
which was significantly different from patients with SVE
(1.254 vs. 1.143 mg/l, p<0.05) and patients without
extrasystole (1,011 mg/l, p<0.001). It was noted that the
average values of GFR calculated by Cys-C were higher
than the corresponding values of GFR calculated by
creatinine. GFR by Cys-C in all patients with EH was
significantly lower than in the control group (74.12 ml/min/
1.73 m2 in patients without extrasystole, 63.11 ml/min/1.73
m2 in patients with SVE and 54.17 ml/min/1.73 m2 in patients
with VE against 94.08 ml/min/1.73 m2, respectively, p<0.001).
Mean GFR values calculated by Cys-C in patients with
extrasystole were significantly lower than in patients without
extrasystole (54.17 ml/min/1.73 m2 in patients with VE and
63.11 ml/min/1.73 m2 in patients with SVE versus 74.12 ml/
min/1.73 m2, p<0.05). Analysis of GFR levels depending on
the place of extrasystole's origin showed the lowest GFR
level in patients with VE. It differed significantly from patients
with SVE (54.17 vs. 63.11 ml/min/1.73 m2, p <0.05). GFR of
less than 90 ml/min/1.73 m2 was met in 96.0 % of patients
with VE and in 91.9 % of those with SVE, while in the
comparison group it was significantly rarer (71.9 %; p<0.01).
The highest percentage of patients with GFR of less than 60
ml/min/1.73 m2 was found in patients with frequent VE, and
it differed significantly from patients with SVE and without
arrhythmias (64.0 % vs. 41.9 % and vs. 31.3 %, p<0.05). A
GFR of less than 45 ml/min/1.73 m2 was met in 6.3 % of
patients in the comparison group, in 14.9 % of patients with

SVE, and in 16.0 % of patients with VE. The differences
between them were non-significant (see Table 3).

Discussion
The tight connection between the cardiovascular

system and the kidneys is well known. Their relationships
are multifaceted and work as a kind of feedback. In this
context, the kidney can play a role of target organ, but also
take an active part in the formation of systemic metabolic
and vascular pathological processes. Dysfunction of any
link leads to activation of the renin-angiotensin-aldosterone
system and sympathetic hyperactivation, the development
of endothelial dysfunction and chronic systemic
inflammation. Thus, a complex pathogenic cycle is closed,
leading to the progression of heart and kidney dysfunction,
remodeling of the myocardium and vascular wall, increased
morbidity and mortality. This pathophysiological
mechanism in modern medicine is called the cardiorenal
continuum [7, 8, 9].

In this context, GFR plays an important role. Its reduction
should be considered as an independent risk factor for the
progression of cardiovascular pathology and
cardiovascular mortality [2, 12]. A series of large population-
based studies have shown that even an initial decrease in
renal function with serum creatinine levels within normal
limits or slightly elevated, is accompanied by a tremendous
increase in cardiovascular morbidity and mortality [13, 14,
16]. A lot of studies have confirmed that the deterioration of
the functional state of the kidneys in patients with
hypertension is associated with a poor cardiovascular
prognosis [15, 21, 22, 23]. Such conclusions prompted
researchers to identify and study in detail early markers of
renal dysfunction, in particular Cys-C.

We determined and compared the average level of Cys-
C in patients with stage II EH without cardiac arrhythmias,
in patients with EH and frequent extrasystoles, taking into
account their supraventricular or ventricular origin. We did
a detailed analysis of the relationship between serum Cys-
C levels and different clinical and instrumental and
laboratory parameters in this cohort of patients, as well as
a comparative assessment of the functional status of the
kidneys based on Cys-C and creatinine serum levels. The
average level of Cys-C in patients with EH II was
significantly higher than in healthy individuals (p<0.001).
Mean Cys-C levels in patients with EH and extrasystoles
were higher than in patients with EH but without arrhythmias
(p<0.05). The level of Cys-C was the highest in patients
with frequent VE among all patients with arrhythmias. It
was significantly different from the corresponding level of
Cys-C in patients with SVE (p<0.05), patients without
arrhythmias (p<0.001), and healthy people (p<0.001). EH
and extrasystole (especially the ventricular) are known
contributors to heart remodeling and dysfunction. It is
known that heart remodeling is accompanied by certain
inflammatory changes (apoptosis, atrial fibrosis, disorders
of calcium transfer and regulation of connexin, etc.) [2, 4, 6].
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Cys-C is frequently referred to as an inflammatory marker
because it is produced during inflammation by cells
containing the nucleus [2, 6], which may explain why the
level of this peptide is higher in patients with hypertension
and extrasystole.

Spriman's correlation analysis revealed an association
between Cys-C levels and the following parameters: the
presence of frequent extrasystoles (in particular VE and
paired VE), frequency of VE per 1 hour, the total number of
paired VE, smoking, high grade of blood pressure, elevated
means of night SBP and PBP, early SBP rise, LVMI, RWT,
presence of LV concentric hypertrophy, increased LDL and
atherogenic ratio, increased creatinine and decreased GFR.
It suggests the existence of common pathophysiological
mechanisms between increasing levels of Cys-C, known
risk factors, and cardiovascular diseases. Our data confirms
the point of view that Cys-C is currently the "gold standard"
and prognostic marker that determines kidney function [3,
19, 21] and simultaneously serves as an additional indicator
of cardiovascular risk.

The average creatinine level in patients with EH and
extrasystole was significantly higher when compared to
healthy individuals. The presence of frequent extrasystoles
in patients with stage II EH was associated with an increased
cystatin C and serum sodium level, a decrease in the K/Na
ratio, and a decrease in the GFR determined by Cys-C. In
addition, all patients were ranged depending on the meaning
of GFR, because a number of meta-analyses have identified
a critical level of GFR associated with the increase in
cardiovascular risk and overall mortality, which is
approximately equal to 75 ml/min/1.73 m2 [3, 12, 13, 15, 16].
In addition, all patients were ranged depending on the
meaning of GFR, taking into account that some meta-
analyses identified a critical level of GFR approximately equal
to 75 ml/min/1.73 m2, which was associated with an increase
in cardiovascular risk and overall mortality [3, 12, 13, 15, 16].
In patients with stage II EH, the presence of a VE was
associated with the highest level of Cys-С, a decrease in
GFR (both creatinine and cystatin-С based), and an increase
in the number of patients with Cys-C based GFR of less
than 60 ml/min/1.73 m2. The mean GFR values calculated
by Cys-C were higher than the corresponding values of GFR
calculated by creatinine. It is known that Cys-C today is used
as a more accurate and sensitive marker of renal dysfunction
than creatinine [12, 15].

Our study suggests that patients with stage II EH had a
decrease in GFR compared with healthy individuals. In turn,
the lowest GFR (both creatinine and Cys-C based) was found
in patients with stage II EH and frequent VE. Some authors
have described more severe hemodynamic and metabolic
disorders in the case of ventricular extrasystole. It might be
a suitable explanation of our results, but it needs further

study. [1, 4, 20].
In the future, it is advisable to provide a deeper

investigation of the Cys-C properties in patients with
hypertension and various comorbid conditions, and other
cardiovascular diseases. The implementation of diagnostic
methods based on this marker requires re-equipment of
laboratories, training of laboratory personnel and physicians
to calculate Cys-C-based GFR, but it may improve the
diagnosis and stratification of cardiovascular risk in our
country.

Conclusions
1. The level of Cys-C was significantly higher in patients

with EH, compared to the control (p<0.001), while in the
presence of extrasystole, the mean level of Cys-C was
significantly higher than in patients without extrasystoles
(p<0.05). The highest level of Cys-C was found in patients
with EH and VE. It differed significantly from the corresponding
level of Cys-C in patients with SVE (p<0.05), patients without
arrhythmias (p<0.001), and healthy persons (p<0.001).

2. Spearman's correlation analysis revealed a direct
relationship between Cys-C levels and frequent extrasystole,
in particular of ventricular origin (presence of frequent VE,
frequency of VE per 1 h, presence of paired VE, and the total
number of paired VE per day), known cardiovascular risk
factors, such as smoking and a high degree of hypertension,
some indicators of DBPM (mean night SBP, PBP, early SBP
rise), concentric LV hypertrophy, LVMI and RWT, metabolic
risk factors (LDL cholesterol, AR) and indicators of renal
function (creatinine and GFR). These results prove the ability
to use Cys-C as a prognostic marker of renal dysfunction
and increased cardiovascular risk in patients with
hypertension.

3. In patients with stage II EH, the presence of frequent
extrasystoles is associated with an increase in Cys-C,
sodium, decreased potassium to sodium ratio, decreased
renal filtration function, as determined by Cys-C-based GFR,
and an increase in the number of patients with GFR of less
than 90 (for creatinine and Cys-C-based) and less than 60
ml/min/1.73 m2 (for creatinine-based). In patients with stage
II EH, the presence of VE is associated with the highest level
of Cys-C, a decrease in GFR (both creatinine- and Cys-C-
based) and an increase in the number of patients with Cys-
C-based GFR of less than 60 ml/min/1.73 m2.

4. In patients with stage II EH there is a decrease in GFR,
compared with healthy individuals. The lowest GFR (both
creatinine- and Cys-C-based) was reported in patients with
stage II EH and frequent VE. It allows to consider extrasystole
of the ventricular origin as more hemodynamically and
metabolically unfavorable than supraventricular and to use
it as an important clinical marker of metabolic disorders.
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