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156 patients with essential hypertension stage Il were examined, among them 124 had frequent extrasystoles, and 32 did
not have heart rhythm disorders. Another 30 practically healthy individuals entered the control group. All participants of the study
underwent a complete clinical, laboratory, and instrumental examination, including the level of microalbuminuria, electrolytes,
creatinine, and cystatin C with the calculation of the glomerular filtration rate. In patients with hypertension, the level of cystatin
C was significantly higher compared to the control group (p<0.001). In patients with essential hypertension and extrasystoles, the
average level of cystatin C was significantly higher than in patients without extrasystoles (p<0.05). The highest level of cystatin C
was noted in patients with hypertension and ventricular extrasystoles. It was significantly higher compared to patients with
supraventricular extrasystoles (p<0.05), patients without arrhythmias (p<0.001), and practically healthy subjects (p<0.001). In
patients with stage II essential hypertension, the extrasystoles of ventricular origin were associated with an increase in the
frequency of microalbuminuria, the highest level of cystatin C, the decrease in the glomerular filtration rate (both creatinine and
cystatin), and an increase in the number of patients with a glomerular filtration rate of less than 60 ml/min/1.73 m?. The mean
values of the glomerular filtration rate calculated with cystatin C were higher than the corresponding values of the glomerular
filtration rate calculated by creatinine.

Key words: essential arterial hypertension, extrasystole, microalbuminuria, blood electrolytes, creatinine, cystatin C,
glomerular filtration rate.

A.B. IBankoBa, H.B. Ky3bminoBa, C.E. Jlo3uncskuii, I.I. KasizpkoBa, O.M. Kynbunnbka,
FO.JI. HlkapiBcbkuii, B.O. PomanoBa

HNOPYIIEHHA ®YHKIII HUPOK, BU3HAYEHI 3A PIBHAMU KPEATUHIHY
TA IUCTATURY C, Y IAIIEHTIB 3 'TMEPTOHIYHOIO XBOPOBOIO
I YACTOIO EKCTPACUCTOJIIEO

Byio obctexkeno 156 xBopux 3 rinepToHidHOW XBopoboto 11 cTazii, cepen HuX 124 Mayu 4acTy eKCTPacUCTONIO, a 32
HE MaJii NopyuieHb cepresoro purMmy. 1lle 30 npakTHyHO 310pOBHX 0CIO YBIHIUIM IO TPYNH KOHTPOJIO. YCIM BKIIOUCHUM Yy
JOCITi/KEHHsT OYJI0 MPOBEACHO NOBHE KJIiHIKO-JIabOpaTOpHE Ta iHCTPYMEHTAIbHE OOCTEKEHHS, B TOMY YHCIIi BU3HAYCHHS PiBHS
MiKpoanb0yMHYDii, eeKTPOIITiB, KpeaTuHiHy Ta nuctaTiHy C 3 po3paxyHKOM LHIBUAKOCTI KiIyOoKoBOI (inbrparttii. BusineHo, 1o
Yy XBOpHX Ha TillepTOHIYHY XBOpoOy piBeHbs nucTaTuHy C OyB CYTTE€BO BHIIHMH, B TOPiBHAHHI 3 KOHTpOoseM (p<0,001), mpu upomy
[IPY HASIBHOCTI €KCTPACHCTOMII cepeHii BMicT ructatuHy C OyB TOCTOBIpHO BUILMIA, HIXK y nanieHTiB 6e3 excTpacuctoin (p<0,05).
Haiisummii piBens nucratuy C OyB 3adikcoBaHHH y XBOPHX 3 TIIEPTOHIYHOIO XBOPOOOIO 1 MITyHOUKOBOIO €KCTPACKCTOIIEIO, IO
JIOCTOBIPHO BiJIPi3HIIOCH BiJl BIAMOBiAHOTO piBHA nuctaTuHy C y MamieHTIB 3 CyNpaBeHTPHKYILIPHOIO eKcTpacucromiero (p<0,05),
nauieHTiB 6e3 aputmiii (p<0,001) Ta mpaktuyHo 310poBUX 0ci6 (p<0,001). Y xBopux 3 rimeproHiuHOI0 xBopoboro II cranii
LITyHOYKOBHUH BapiaHT €KCTPACUCTOJIT acOLiFOBABCsI 31 30IBILEHHSIM YaCTOTH peecTpalii MikpoanbOyMiHypii, HAaBUIMM piBHEM
uuctatuay C, 3MEHIICHHSIM IIBHIKOCTI KIyOO4YKOBOI (inbTparii (K 3a KpeaTHHIHOM, TaK i 3a IUCTATHHOM) Ta 301IbLICHHIM
KiIbKOCTI MALIEHTIB, 10 MAIOTh IBUAKICTE KIyGouKoBoi (inbrpanii menme 60 mi/xs/1,73 m2. CepenHi 3HaUEHHS LIBMAKOCTI
KiIyOoukoBoi (inbTparii, po3paxoBaHoi 3a nuctatuHoM C, Oy BHIIMMH BiAMOBIZHHX 3HAYECHb IIBUAKOCTI KIyOOYKOBOL
(hinpTpalii, po3paxoBaHOi 3a KPEATHHIHOM.

KniouoBi cioBa: eceHIianbHa apTepianbHa TiNEpPTEH3is, €KCTPACUCTOMNIS, MIKPOadbOyMiHYpis, €IeKTPOIITH KPOBI,
KpeaTuHiH, nuctatul C, MBUIKICTH KIIyOOUKOBOi (iybTparii.

The study is a fragment of the research project “Metabolic risk factors, cardiovascular remodeling and functional status
of the kidneys in patients with cardiovascular disease. Possibilities of pharmacological correction”, state registration
No. 0119U101849.

The close cooperation between the cardiovascular system and the kidneys is well known. It is
multifaceted and based on a feedback type. In this context, the kidney can act both as a target organ and
an active part of systemic metabolic and vascular pathological processes. Malfunction of any link leads to
activation of the renin-angiotensin-aldosterone system and sympathetic hyperactivation, development of
endothelial dysfunction, and chronic systemic inflammation. Thus, a complex pathogenetic circle is closed,
leading to the progression of heart and kidney dysfunction, myocardial and vascular wall remodeling, and
increased morbidity and mortality. This pathophysiological condition in modern medicine is called the
cardiorenal continuum [3, 6, 8].

In this context, the glomerular filtration rate (GFR) is of great importance, and a decrease in it
should be considered an independent risk factor for the development and progression of cardiovascular
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disease and an increase in cardiovascular mortality. A series of large population-based studies have shown
that even an initial decline in renal function, when serum creatinine levels are within the reference range
or slightly elevated, is accompanied by a huge increase in cardiovascular morbidity and mortality [1, 4, 5].
The results of numerous studies have confirmed that impaired kidneys’ functional state in patients with
hypertension is associated with a worsening of the cardiovascular prognosis [2, 12, 13]. Such data
prompted researchers to identify and study in detail earlier markers of renal dysfunction, such as
microalbuminuria (MAU) and cystatin C (CysC).

The ESH and ESC in their appendices to the guidelines for the treatment of arterial hypertension
(AH) consider MAU as the most convenient, simple, and inexpensive marker of target organ damage and
a risk factor for CV morbidity and mortality. MAU is the recommended test for all patients with
hypertension. Its presence in patients with hypertension indicates a high risk of CV complications and
requires appropriate approaches to hypertension therapy [10].

CysC is being actively studied as an early and most informative marker of renal dysfunction. Many
studies have revealed a link between an increase in serum CysC and a decrease in GFR, calculated on its
basis, and the incidence of cardiovascular events. It has been proven that this indicator is a more sensitive
indicator of GFR decline than creatinine because it is not affected by such factors as age, gender, muscle
mass, diet, physical activity, and race. At the same time, it serves as an effective marker for the early
detection of renal failure even with a normal creatinine level [2, 3, 7, 9, 14].

The purpose of the study was to evaluate functional renal impairment in patients with hypertension
and frequent extrasystoles by creatinine and cystatin C levels.

Materials and methods. The study included 124 patients with essential arterial hypertension (EH)
of stage Il and frequent symptomatic extrasystoles aged 27 to 75 (mean 58.2+0.9) years, who formed the
main clinical population of the study. Among them, 74 patients had supraventricular (SVE) and 50
ventricular (VE) variants of this arrhythmia. In addition, we examined 32 patients with stage II EH without
any cardiac arrhythmias (according to the Holter electrocardiogram monitoring (HM ECG)) aged 32 to 72
(mean 55.9+1.7) years, who formed the comparison group contrary to the main clinical population. We
also examined 30 patients without cardiovascular and renal pathology, mean age of 53.1+0.3 years, who
were included in the control group. In terms of the average age of patients and the percentage of men and
women, the main group, the comparison group, and the control group had no significant differences
(p>0.05), which indicated the age and gender homogeneity of the study participants.

All patients underwent a comprehensive clinical, instrumental, and laboratory examination, which
included: 1) general clinical and anthropometric examination, blood pressure measurement; 2) ECG in 12
standard leads; 3) HM ECG; 4) echocardiography in M-, B-, and D-mode; 5) assessment of the functional
state of the kidneys (presence and level of MAU, blood electrolytes, cystatin C and creatinine levels with
GFR calculation).

The statistical processing of the study results was carried out using the software StatSoft Statistic
v. 12.0. The results were presented in the form of median and interquartile range with the indication of the
25th and 75th percentiles and in the form of percentages (%), which reflected the frequency of the
parameter in the sample. Comparison of relative values (%) was performed using the y’ criterion, and
quantitative values of independent samples - using the Kruskal-Wallis criterion.

Results of the study and their discussion. To assess the functional state of the kidneys, in addition
to the routine electrolytes levels, creatinine, and calculation of GFR using the CKD- EPI formula, we also
revealed the presence and the level of MAU, CysC level, and calculated GFR by cystatin C (adapted CKD-
EPI formula, online calculators https://www.mdcalc.com/calc/3939/ckd-epi-equations-glomerular-
filtration-rate-gfr (Table 1).

The analysis of the data showed that the mean creatinine level in patients with extrasystole did not
exceed the reference values and significantly differed only from the control group (85 pmol/l in patients
with SVE and 89 pmol/l in patients with VE vs. 70 pmol/l, p<0.04). Patients with extrasystoles had higher
sodium levels than patients without extrasystoles (142 mmol/l in patients with SLE and 141 mmol/l in
patients with EH vs. 139 mmol/l, p<0.04). The sodium level in patients of the control group was 140
mmol/l, which had no significant difference between the hypertensive patients in total and the comparison
group. The index (potassium/sodium)*100 in patients with extrasystole was significantly lower than in
patients without arrhythmia (2.92 vs. 3.09, p<0.04) and patients without CV and renal pathology (2.92 vs.
3.08, p=0.04). The largest number of patients with microalbuminuria was recorded in the group of patients
with EH and VE, which had significant statistical differences compared to the patients with EH and SVE
(52.0 % vs. 32.4 %, p=0.03), patients with EH without arrhythmias (52.0 % vs. 25.0 %, p=0.02), and the
control group (52.0 % vs. 20 %, p<0.01). The mean level of microalbuminuria in patients with EH without
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extrasystoles was significantly higher than the level of MAU in patients of the control group (280 mg/ml
vs. 120 mg/ml, p<0.05). The GFR (calculated by creatinine) in all 3 groups of patients with EH was
significantly lower compared with relatively healthy individuals (64 ml/min/1.73 m® in patients without
extrasystoles, 53 ml/min/1.73 m? in patients with SVE and 50 ml/min/1.73 m? in patients with EH vs. 91
ml/min/1.73 m? respectively, p<0.001) (Fig. 1).

The lowest eGFR was recorded in patients with VE, which was significantly different from patients
without extrasystoles (50 vs. 64 ml/min/1.73 m?, p=0.04). The distribution of patients by eGFR showed
that 98.0 % of patients with VE and 97.3 % of patients with SVE had eGFR less than 90 ml/min/1.73 m?,
which was significantly different from patients without arrhythmias, who were 81.3 % (p<0.008). Another
74.0 % of patients with EH and 63.5 % of patients with SVE had a GFR of less than 60 ml/min/1.73 m?,
which was statistically different from patients without extrasystoles (40.6 %, p<0.03). 28.1 % of patients
in the comparison group, 20.3 % of patients with EH and SVE, and 30.0 % of patients with EH and VE
had a GFR of less than 45 ml/min/1.73 m?, without a significant difference between them.

Table 1
Functional state of the kidneys in patients with hypertension and different variants of extrasystole
Patients with EH Patients with EH Patients with EH
i k'dParamfeterf. Lst without extrasystoles | and frequent SVE and frequent VE P
tl ? t
ot the fadneys funictiona state Group 1 (n=32) Group 2 (n=74) Group 3 (n=50)
Creatinine, pmol/l 74 (58; 97) 85 (78; 92)* 89 (82; 94)* ns
Potassium, mmol/l 4.3 (4.0;4.5) 4.20 (4.00; 4.33) 4.17 (4.02; 4.30) ns
Sodium, mmol/l . . . P1-2=0.03
139 (138; 141) 142 (138; 145) 141 (139; 145) P1.3-0.04
A —— o=
(Potassium/Sodium)*100 3.09 (2.86; 3.26) 2.92 (2.80;3.08)* | 2.92(2.83;3.05)* E}é:g'gg‘
Presence of MAU, number (%) o 0/ % 0/ Nk P1-3=0.02
8 (25.0 %) 24 (32.4 %) 26 (52.0 %) 2.3-0.03
MAU in mg/ml 280 (105; 330)* 160 (120; 255) 135 (100; 210) ns
GFR by creatinine, ml/min/1.73 m? 64 (42; 87)%** 53 (46; 67)*** 50 (44; 60)*** P1-3=0.04
. > ——
GFR <90 ml/min/1.73 m 26 (81.3 %) 72 (97.3 %) 49 (98.0 %) E}_gzg’ggg
GFR < 60 ml/min/1.73 m? . . . P1-2=0.03
13 (40.6 %) 47 (63.5 %) 37 (74.0 %) P1.3-0.003
GFR <45 ml/min/1.73 m? 9 (28.1 %) 15 (20.3 %) 15 (30.0 %) ns
Cystatin C, mg/1 . . P1-2=0.02
1.01 (0.85; 1.23)* }ég)&lﬂ;oo’ }'gg)ﬂ;}ko’ P1-3=0.001
' ' P2-3=0.04
GFR by cystatin C, ml/min/1.73m? P1-2=0.03
74 (55; 94)*** 63 (51; T4)*** 54 (48; 65)*** P1-3=0.002
P2-3=0.02
. > ——
GFR <90 ml/min/1.73 m 23 (71.9 %) 68 (91.9 %) 48 (96.0 %) g}_gzg’ggg
GFR < 60 ml/min/1.73 m? . . . P1-3=0.004
10 (31.3 %) 31 (41.9 %) 32 (64.0 %) P2.30.02
GFR <45 ml/min/1.73 m 2 (6.3 %) 11 (14.9 %) 8 (16.0 %) ns

Notes: 1. ns — not significant, p>0.05; 2. MAU — microalbuminuria; GFR — glomerular filtration rate; 3. Intergroup difference
significance of absolute values was calculated by the Kruskal-Wallis ANOVA test & Median test, and percentages — by the y*test; 4. The
sign “*” indicates the significance of the difference between the comparison and the control group (n=30), p<0.05; “**” — p<0.01 and
cskk

—p<0.001.

The mean level of CysC in patients with frequent extrasystoles was significantly higher compared
with patients without arrhythmias (p<0.02) and relatively healthy individuals (p<0.01). At the same time,
the highest level of CysC was recorded in patients with a ventricular variant of extrasystole, which was
significantly different from patients with a supraventricular variant (1.25 vs. 1.14 mg/1, p=0.04) and patients
without extrasystoles (1.25 vs. 1.01 mg/l, p=0.001). It should be noted that the mean values of GFR
calculated by CysC were higher than the corresponding values of GFR calculated by creatinine, but without
significant differences between them (Fig. 2).

The GFR by CysC in all patients with EH was significantly lower than in the control group
(relatively healthy individuals) (74 ml/min/1.73 m? in patients without extrasystole, 63 ml/min/1.73 m* in
patients with SVE and 54 ml/min/1.73 m? in patients with EH vs. 94 ml/min/1.73 m? respectively,
p<0.001). The mean GFR by CysC in patients with extrasystole was significantly lower than in patients
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without extrasystole (54 ml/min/1.73 m? in patients with VE and 63 ml/min/1.73 m? in patients with SVE
vs. 74 ml/min/1.73 m?, p<0.03). Analysis of the level of GFR depending on the topical variant of
extrasystole revealed that the lowest level of GFR was recorded in patients with VE, which was
significantly different from patients with SVE (54 vs. 63 ml/min/1.73 m?, p=0.02). The distribution of
patients depending on the level of GFR showed that 96.0% of patients with VE and 91.9 % of patients with
SVE had a GFR of less than 90 ml/min/1.73 m?, while the number of patients in the comparison group in
this category was significantly lower (71.9 %, p<0.007). The highest percentage of patients with a GFR
less than 60 ml/min/1.73 m* was recorded in the group of patients with frequent VE, which was
significantly different from patients with SVE and patients without arrhythmias (64.0 % vs. 41.9 % and
31.3 %, p<0.02). Another 6.3 % of patients in the comparison group, 14.9 % of patients with SVE, and
16.0 % of patients with VE had a GFR of less than 45 ml/min/1.73 m?, without significant differences
between them.

100

100 o

53 50 %# 60 @

3. EH with SVE
(n=74)

4. EH with VE
(n=50)

2. EH without
arrhythmias (n=32)

1. Control group
2. EH without (n=30)

arrhythmia (n=32)

3. EH with SVE
(n=74)

4. EH with VE
(n=50)

1. Cotrol group
(n=30)

Fig. 1. GFR by creatinine (in ml/min/1.73 m2) in different
clinical groups of patients. Notes (hereinafter): * — the
significance of the difference compared to EH without

Fig. 2. GFR by Cystatin C (in ml/min/1.73 m2) in different
clinical groups of patients. Note: @ — p=0.02 compared to patients
with EH and SVE.

arrthythmias p<0.04; # — the significance of the difference
compared to the control group p<0.001.

Hypertension and extrasystole (especially of ventricular origin) are known to lead to cardiac
remodeling and dysfunction. It is known that cardiac remodeling is accompanied by certain inflammatory
changes (apoptosis, atrial fibrosis, impaired calcium transport, and regulation of connexin, etc.). CysC is
often referred to as an inflammatory marker because it is produced during inflammation by cells containing
a nucleus [9, 11], which can explain the increase in the level of this peptide in patients with hypertension
and extrasystole.

Our findings are consistent with the statement that CysC is currently the “gold standard” and
prognostic marker for renal function [3, 6]. They allow us to consider an increased CysC level as an
additional marker of increased cardiovascular risk. In patients with EH and extrasystole, the mean
creatinine level (the study included patients whose creatinine level did not exceed the reference values 62—
115 pmol/l in men and 53-97 pumol/l in women) was significantly higher only compared to healthy
individuals. In patients with stage II EH, the presence of frequent extrasystoles was associated with
increased levels of cystatin C, sodium, decreased potassium-to-sodium ratio, and decreased renal filtration
function, as determined by the GFR (eGFR). In addition, we divided all patients according to the value of
GFR, because several meta-analyses have identified a critical level of GFR at which the risk of
cardiovascular and overall mortality begins to increase, which is approximately 75 ml/min/1.73 m*[1, 5,
7]. In patients with stage II EH and frequent extrasystoles, there was an increase in the number of patients
with a GFR of less than 90 (by creatinine and CysC) and less than 60 ml/min/1.73 m* (by creatinine). In
patients with stage II EH, the presence of ventricular extrasystoles is associated with the highest level of
cystatin C, a decrease in GFR (both by creatinine and cystatin), and an increase in the number of patients
with microalbuminuria and GFR less than 60 ml/min/1.73 m? (by CysC). The mean values of GFR
calculated by CysC were higher than the corresponding values of GFR calculated by creatinine. It is known
that CysC is currently used as a more accurate and more sensitive marker of renal dysfunction than
creatinine [1, 6, 14].

According to our study, patients with stage II EH showed a decrease in GFR compared with
healthy subjects, and the lowest GFR (both creatinine and cystatin C) was recorded in patients with stage
I EH and frequent VE, which can be explained, by the literature data, through the more severe
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hemodynamic and metabolic disorders in ventricular extrasystolic arrhythmia but this issue requires
further study [4, 5, 11].

7 A

1. It was determined that in patients with stage II EH, the serum level of CysC was significantly
higher (by 23.3 %) than in controls (1.16 (1.00; 1.37) vs. 0.89 (0.63; 1.04) mg/L, p<0.0001). The highest
level of CysC was recorded in patients with VE, which was 45.3 % (p<0.0001) higher than the
corresponding level in the control group, 23.8 % (p<0.001) higher in patients with stage II EH without
arrhythmias, and 9.6 % (p<0.05) higher in patients with SVE.

2. Patients with stage II EH showed a significant decrease in GFR compared with controls
(p<0.001), and in patients with stage Il EH and VE, the GFR (both by creatinine and by CysC) was not
only the lowest but also less than 60 ml/min/1.73 m? (50 (44; 60) and 54 (48; 65) ml/min/1.73 m?).
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