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Abstract. Background: Serum uric acid is considered as a marker
of nature progression of chronic heart failure mediated car-
diovascular remodelling. Progression of chronic heart failure
associates with declining of circulating mononuclear progen-
itor cells in the peripheral circulation. The objective of this
study was to evaluate the interrelationship between SUA con-
centrations and proangiogenic MPCs in ischemic chronic
heart failure patients.

Design and Methods: The study population was structured retro-
spectively after determining the coronary artery disease (CAD)
by contrast-enhanced spiral computed tomography angi-
ography in 126 subjects (54 male, 62 women), aged 48 to 62
years, with mild-to-severe ischemic chronic heart failure. Se-
rum uric acid level was measured by enzymatic methods, NT-
pro-BNP level was examined by immunoelectrochemilumines-
ence method. Circulating mononuclear progenitor cells were
determined as CD 34" cells by the flowcytometric technique
using High-Definition Fluorescence Activated Cell Sorter
methodology. All biomarkers were measured at baseline.

Results: Concentrations of serum uric acid were distributed by quar-
tiles (Me; IQR): QI=20.11 (19.06; 22.33) mmol/l; QI[=27.53
(23.2; 31.10) mmol/l; QIII=35.80 (32.0; 39.0) mmol/l; and
Q1V=44.9 (40.00; 49.60) mmol/l. We found an independent im-
pact of serum uric acid on counts of CD14"CD309" circulating
mononuclear progenitor cells (r=-0.388; P=0.001) and
CDI147CD309 Tie2" circulating mononuclear progenitor cells
(r=-0.414; P=0.001), but on CD45"CD34" circulating mono-
nuclear progenitor cells (r=-0.214; P=0.22) and CD45 CD34"*
circulating mononuclear progenitor cells (r=-0.16; P=0.16)
did not. Cox proportional adjusted Odds Ratios analyses for
CDI14* CD309" and CDI14"CD309"Tie2" circulating mono-
nuclear progenitor cells by serum uric acid Quartiles (Q) has
showed that high Q (O3 and Q4) of serum uric acid versus
low Q (Q1 and Q2) associated with increased risk of deple-
tion of both CDI14"CD309" and CD14*CD309"Tie2" circu-
lating mononuclear progenitor cells. The ROC analysis has
been showed that there was the cut-off point for the serum
uric acid level with the best prognostic potential on the risk of
decreasing circulating mononuclear progenitor cells in both
models equal 31.5 mmol/l.

Conclusion: Circulating level of proangiogenic circulating mono-
nuclear progenitor cells is declined progressively depended
on quartiles of serum uric acid level in chronic heart failure
subjects. We suggest that mild elevation of serum uric acid
might be considered as a predictor of lowed proangiogenic
circulating mononuclear progenitor cells in chronic heart
failure patient population.
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Chronic heart failure (CHF) has been remained a
potential fatal complication of any cardiovascular dis-
eases and it is characterized by a systemic inflammatory

response that leads to end organ damage [24]. Serum
uric acid (SUA) has been shown to be an independent
predictor of outcome in the general population and in
patients with CHF, the metabolic syndrome, type 2 dia-
betes mellitus (T2DM), and atherosclerosis, chronic kid-
ney disease [9, 13]. Although sustained hyperuricaemia
is considered as independent adverse factor in CHF-
related mortality [14], a causal role of SUA is not yet to
be established [17]. It has been suggested that there is a
relationship between SUA as a “phenotypical” marker
of metabolic disorders and a tenderness of reparative
processes affected vascular wall and contributed endo-
thelial function. However, less is known about the asso-
ciation between SUA level and circulating mononuclear
progenitor cells (MPCs), which have an effect on angio-
genesis and tissue reparation [24]. Currently it is well es-
tablished that MPCs might be recruited resulting in pro-
inflammatory cytokines production that are suitable for
CHF [11, 26]. Substantially, many studies have demon-
strated that level of MPCs is declined progressively in
the peripheral circulation with increasing severity of
symptomatic CHF [5, 16, 30,]. However, we have been
postulated that depletion numerous and functional disa-
bility of MPCs in circulation may link SUA with inflam-
matory response and outcomes in CHF. Therefore,
CD34" MPC populations are not related to cardiovascu-
lar remodelling or clinical outcome in CHF patients [5,
8]. Recent evidence suggests circulating proangiogenic
CD14'CD309" and CD14"CD309"Tie** MPCs levels are
decreased in patients with stable CHF [3], but an associ-
ation of MPCs level with SUA irrespective to clinically
significant hyperuricemia is still not investigated.

The objective of this study was to evaluate a rela-
tionship between serum uric acid level and circulating
proangiogenic MPCs in patients with ischemic mild-to-
severe CHF.

Designand Methods

Study population. The study population was struc-
tured retrospectively after determining the coronary artery
disease (CAD) by contrast-enhanced spiral computed to-
mography angiography in 126 subjects with symptomatic
ischemic mild-to-severe CHF. Chronic heart failure
(CHF) was diagnosed according to current clinical
guidelines [21]. All patients were Caucasians, have giv-
en their written informed consent for participation in the
study and met the following inclusion criteria: Q-wave
and non-Q-wave MI within 3 months prior to study en-
rolment; severe kidney and liver diseases that may affect
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clinical outcomes; malignancy; creatinin plasma level
above 440 pmol/L; estimated glomerular filtration rate
(GFR) < 35 ml/min/m%; brain injury within 3 months pri-
or to study enrolment; pulmonary edema; tachyarrhyth-
mia; valvular heart disease; thyrotoxicosis; ischemic
stroke; intracranial hemorrhage; acute infections; sur-
gery; trauma; all the ischemic events within 3 previous
months; inflammations within a previous month; neo-
plasm; pregnancy; implanted pacemaker, any disorder
that, according to investigators, might discontinue pa-
tient’s participation in the study; and patient’s refusal to
participate in the study or to give his consent for it.

The study was approved by an institutional review
committee. The investigators followed strictly all the
requirements to clinical trials in conformity with the
World Medical Association Declaration of Helsinki,
1964, Good Clinical Practice provided by International
Conference on Harmonization (GCP-ICH), Council of
Europe Convention for the Protection of. Human Rights
and Dignity of the Human Being in view of using
achievements in biology and medicine, Convention on
Human Rights and Biomedicine, including Additional
Protocol to the Convention on Human Rights and Bio-
medicine, concerning Biomedical Research, and legisla-
tion of Ukraine.

Methods for visualization of coronary arteries. Mul-
tispiral computed tomography angiography and/or angi-
ographic study have been carried out to verify the is-
chemic origin of CHF and have been performed for all
patients prior to their inclusion in the study. When ather-
osclerotic lesions of the coronary arteries were verified,
patients were subjected to conventional angiographic
examination provided indications for revascularization
were available. CAD was considered to be diagnosed
upon availability of previous angiographic examinations
carried out not later than 6 months ago provided no new
cardiovascular events occurred for this period, and the
procedure are available for assay. The coronary artery
wall structure was measured by means of contrast spiral
computed tomography angiography [4] on Somatom
Volum Zoom scanner (Siemens, Erlangen, Germany)
with two detector rows when holding patient’s breathe
at the end of breathing in. After preliminary native scan-
ning, non-ionic contrast Omnipak (Amersham Health,
Ireland) was administered for the optimal image of the
coronary arteries. To reconstruct the image, 0.6-mm-
width axial tomographic slices were used.

Echocardiography examination. Transthoracic ul-
trasonic echocardiography was performed according to a
conventional procedure on ACUSON apparatus, SIE-
MENS, Germany, in B-mode regimen and tissue Dop-
pler echocardiography regimen from parasternal, sub-
costal, and apical positions over the short and long axis
with sensor P of 5 MHz. Left ventricular end-diastolic
and end-systolic volumes were measured by modified
Simpson’s planimetric method. Left ventricular ejection
fraction (LVEF) was assessed in compliance with the re-
quirements of American Society of Echocardiography
[25]. Tissue Doppler echocardiography was carried out
in 4-, 3- and 2-chamber projections in each of 16 seg-

ments of the left ventricle and in 4 spots of the mitral
annulus: at the base of posterior septal, lateral, inferior,
and anterior left ventricular walls [23]. Peak systolic
(Sm), early diastolic (Em), and late diastolic (Am) myo-
cardial velocities were measured in the mitral annulus
area, followed by calculating velocity of early diastolic
left ventricular filling (E) to Am (E/Am) ratio and to Em
(E/Em) ratio.

Calculation of glomerular filtration rate. Calcula-
tion of glomerular filtration rate (GFR) was carried out
using MDRD-6 formula [18].

Blood Sampling and Biomarker Measurements.
Venous blood samples were drawn in the fasting state
in the morning (at 7-8 a.m.) at baseline into cooled sili-
cone test tubes to detect serum uric acid, N-terminal pro
-brain natriuretic peptide (NT-pro-BNP), total choles-
terol and cholesterol fractions, any biochemical param-
eters. Samples were processed according to the recom-
mendations of the manufacturer of the analytical tech-
nique used. They were centrifuged upon permanent
cooling at 6,000 rpm for 3 minutes. Then, plasma was
refrigerated immediately to be stored at a temperature
not higher than -35°C.

Serum uric acid level measurement. Serum uric
acid level was measured by enzymatic methods using
chemical analyzer Beckman Synchron LX20. Analytical
Range average for serum uric acid was 0.5-82 mmol / L.

NT-pro-Brain Natriuretic Peptide level measure-
ment. NT-pro-BNP level was measured by immunoelec-
trochemiluminesence method using sets by R&D Sys-
tems (USA) on Elecsys 1010 analyzer (Roche, Mann-
heim, Germany). Calibration of the assay was performed
according to the manufacturer’s recommendations and
values were normalized to a standard curve.

Cholesterol level measurement. Concentrations of
total cholesterol (TC) and high density lipoprotein (HDL)
cholesterol were determined with Dimension Clinical
Chemistry System (Dade Behring Inc, Newark, NJ). Low
density lipoprotein (LDL) cholesterol was calculated us-
ing Friedewald formula [7].

Circulating EPCs. The flow cytometric technique
(FCT) was used for predictable distinguish circulating
cells subsets, which depend on expression of CDA45,
CD34, CD14, Tie-2, and VEGFR2, using High-Defi-
nition Fluorescence Activated Cell Sorter (HD-FACS)
methodology [29] Accordingly, the cells in question were
phenotyped on the basis of their forward scatter charac-
teristic (FSC) and side scatter characteristic (SSC) pro-
files. The cells were directly stained and analyzed for the
phenotypic expression of surface proteins using anti-
human monoclonal antibodies, including anti-CD45 FITS
(BD Biosciences, USA), anti-CD34 FITS (BD Bioscienc-
es, USA), anti-VEGFR-2 known as anti-CD309 (BD Bi-
osciences, USA), anti-Tie2 (BD Biosciences, USA) and
anti-CD14 (BD Biosciences, USA). The fluorescence mi-
nus one technique was used to provide negative controls
and establish positive stain boundaries. After lysis of
erythrocytes with UTILIZE wash solution, the samples
were centrifuged at 200 g for 15 min; then they were wa-
shed twice with PBS and fixed immediately.



Double- or triple-positive events were determined us-
ing Boolean principles (‘and’, ‘not’, ‘or’, etc.). Circulat-
ing EPCs are defined as CD34 / VEGFR?2 positive cells
in lack of CD45 expression. 500,000 events were ana-
lyzed from each tube. For CD14+ populations, coexpres-
sion with Tie-2- and/or VEGFR-2- was determined using
quadrant analysis. Standardized cell counts were present-
ed as a percentage of total white blood cells count, which
were identified as the total number of all CD45" cells.

Statistical Analysis. Statistical analysis of the re-
sults obtained was carried out in SPSS system for Win-
dows, Version 20 (SPSS Inc, Chicago, IL, USA). The
data were presented as mean (M) and error of mean
(£m) or 95% confidence interval (CI); median (Me) and
interquartile range (IQR). To compare categorical varia-
bles between groups, Chi’test (x2) and Fisher F exact
test were used. The circulating NT-pro-BNP and SUA
level in the blood failed to have a normal distribution,
while distribution of the total cholesterol and cholester-
ol fractions had a normal character (estimated by means
of Kolmogorov-Smirnov test) and was not subjected to
any mathematical transformation. Concentrations of
SUA were distributed by quartiles (Me; IQR): QI=20.11
(19.06; 22.33) mmol/I; QII=27.53 (23.2; 31.10) mmol/l;
QIII=35.80 (32.0; 39.0) mmol/l; and QIV=44.9 (40.00;
49.60) mmol/l. Kruskal-Wallis test was used for differ-
ence in medians across quartiles of SUA. The factors,
which could be associated potentially with MPCs de-
clining, were determined by univariate and then multi-
variate regression analysis. Cox proportional multivari-
ate Odds Ratio (OR) and 95% CI were calculated for all
independent predictors of MPCs declining. Receiver
operating characteristic (ROC) curves were configured
to establish cut-off points of SUA level that optimally
predicted decreased MPCs. A calculated difference of
P<0.05 was considered significant.

Results and discussion

General characteristics of study patient popula-
tion. Table 1 shows a general characteristic of the pa-
tients included in the study. As one can see from Table 1,
no substantial age and gender differences were found
among persons involved in the study. Patients with CHF
were distributed in NYHA class I, II, and IIT (30.2 %;
38.1 %; and 31.7 % respectively), and they, however,
had hyperlipidaemia (44.4 %), arterial hypertension
(66.7 %), T2DM (36.5 %). Excepted eGFR value and
creatinin level patients with different quartiles of SUA
were similar in Framingham General Cardiovascular
Risk, NYHA classes; proportion of comorbidities inci-
dences; body mass index; hemodynamic performances;
fasting glucose; HbAlc; NT-pro-BNP, lipids level. Com-
pared with SUA quartiles I-1II, patients with QIV SUA
level had higher rate of premature CAD in family anam-
nesis (P<0.05).

Baseline angiographic and treatment characteristics
of patients with CHF are presented in Table 2. Coro-
nary arteries with plaques were determined in 36.5 %;
33.3 %; and 20.2 % for 1 vessel, 2 vessels, 3 and more
vessels respectively. All the CHF patients were in-
formed about coronary angiography, and they were
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treated according to current clinical guidelines with di-
et, lifestyle modification, and drug therapy that includ-
ed ACE inhibitors / ARBs, beta-blockers, mineralocor-
ticoid antagonists, aspirin or other antiagregants, iva-
bradin, diuretics, as well as statins and metformin if
needed. No significant difference between patients relat-
ed to coronary arteries with plaques determined depend-
ing SUA quartiles were found. ACEI/ARBs and aspirin
were given for all patients across SUA quartiles in simi-
lar proportions. Compared with QI SUA cohort, patients
with QII-IV SUA cohorts had a higher prescribing rate
of beta-blockers, mineralocorticoid antagonists diuretics
(P<0.05), but lower prescribing rate of i/f channel block-
er ivabradin, statins (P<0.05).

Determination of serum uric acid level in the study
patient population. For all CHF subjects, the median
level of SUA was 31.00 mmol/l (95 % CI = 22.76 -
41.89 mmol/l). SUA level was categorized into quartiles
(Me; 95 % CI) based upon their distribution among all
patients. No significant difference in SUA between wom-
en and men with CHF (Me =26.40 mmol/l; 95 % CI =
23.51 - 38.70 mmol/l and Me =28.70 mmol/l; 95 % CI =
24.31 - 39.20 mmol/l; P=0.46 respectively) was found.

Circulating MPCs level in the study patient pop-
ulation. Table 3 shows the incidence of various pheno-
types of circulating CD34" MPCs. There was a signifi-
cant change in level of circulating MPCs depended on
quartiles of SUA. Subjects with higher SUA quartile
had significantly lower MPCs counts when compared
with patient with low quartiles.

The authors have found a closely positive association
between CD45°CD34" MPCs count and the LVEF
(r=0.686; P=0.001), and a negative association with the
E/Am ratio (r=-0.566; P=0.001), the E/Em ratio (r=-
0.568; P=0.001), eGFR (r=-0.561; P=0.025), SUA (r=-
0.482; P=0.001), and the NT-pro-BNP level (r=-0.353;
P=0.001). Circulating CD45°CD34" MPCs count was as-
sociated as a negative linear regression with T2DM (r=-
0.614; P=0.001), SUA (1=-0.466; P=0.001), hypertension
(r=-0,240; P=0,026), the NT-pro-BNP level (r=-0.605;
P=0.002), eGFR (r=-0.423; P=0.012), adherence to
smoking (r=-0.222; P=0.040). A positive association was
found between the CD45°CD34" MPCs count and LVEF
(r=0.723; P=0.001), the E/Am ratio (r=0.52; P=0.0024)
and the E/Em ratio (r=0.60; P=0.001). The CDI14"
CD309" subpopulation count was associated positively
with LVEF (r=0.785; P=0.001), the E/Em ratio (r=0.52;
P=0.001), the E/Am ratio (r=0.48; P=0.001); and it was
associated negatively with the NYHA class (r=-0.622;
P=0.001), T2DM (1= -0.521; P=0.001), SUA (r=-0.508;
P=0.001), NT-pro-BNP level (r=-0.362; P=0.001), hy-
pertension (r= -0.320; P=0.005), the total cholesterol lev-
el (r=-0.260; P=0.04), adherence to smoking (r=-0.259;
P=0.042) and patient’s age (r=-0.254; P=0.002). The
CD14'CD309'Tie2" subpopulation count showed a posi-
tive association with LVEF (r=0.639; P=0.001), the E/
Em ratio (r=0.52; P=0.001), eGFR (r= 0.486; P=0.002);
and a negative association with the NYHA class (r=-
0.657; P=0.001), SUA (r=-0.628; P=0.001), T2DM (r=-
0.610; P=0.001), the NT-pro-BNP level (r=-0.373;



Table 1. General Characteristics of Study Patients

Patients with CHF Quartile I Quartile II Quartile III Quartile IV
across all quartiles (19.06 - 22.33 (23.2-31.10 (32.0-39.0 (40.00 - 49.60 |
value
of SUA (n=126) mmol/l) mmol/l) mmol/l) mmol/I)
Age, years 58.34+9.60 57.70+6.10 57.40+6.76 60.30+4.20 62.60£6.22 0.42
Male, n (%) 74 (58.7%) 17 (44.7%) 21 (65.6%) 18 (66.7%) 18 (62.0%) 0.28
Framingham Gen-
eral Cardiovascu- 23 (16 - 27) 22 (15 - 26) 24 (16 - 30) 23 (17-31) 23 (16 - 30) 0.75
lar Risk, %
NYHA class I, n 38 (30.2%) 11 (29.0%) 9 (28.1%) 8 (29.6%) 10 (34.4%) 0.42
NYHA class I, n 48 (38.1%) 14 (36.8%) 12 (37.5%) 10 (37.0%) 12 (41.4%) 0.44
NYHA class IIL, n 40 (31.7%) 13 (34.2%) 11 (34.4%) 9 (33.3%) 7 (24.1%) 0.48
Arterial hyperten-
84 (66.7%) 25 (65.8%) 22 (68.8%) 18 (66.7%) 19 (65.5%) 0.86
sion, n (%)
Hyperlipidaemia, 56 (44.4%) 17 (44.7%) 15 (46.9%) 12 (44.4%) 12 (41.3%) 0.79
T2DM, n (%) 46 (36.5%) 14 (36.8%) 12 (37.5%) 10 (37.0%) 10 (34.5%) 0.80
Premature CAD, n <0.0
%) 12 (9.5%) 3 (7.9%) 3 (9.3%) 2 (7.40%) 4 (13.9%) |
0
Smoking, n (%) 26 (20.6%) 8 (21.0%) 6 (18.8%) 5 (18.5%) 7 (24.1%) 0.42
Body mass index, 24.1 (95% CI21.6—  23.3(95% CI 25.0 (95% CI 24.6 (95% CI1 25.2(95% CI 0.58
kg/m? 28.7) 20.1 —25.1) 20.8-27.2) 19.4-25.9) 19.5-25.5) '
Mean systolic BP, 130.90+8.41 127.30+5.98 133.80+6.12 129.20+6.34 128.10+4.93 0.44
Heart rate, beat 70.52+3.34 68.56+5.11 70.44+5.68 71.36+4.66 70.16£5.12 0.52
LV EF, % 43.80+0.77 44.10+0.94 43.50+0.97 43.60+0.79 43.10+0.85 0.28
E/Am, U 16.6+0.94 16.3£0.82 16.5+0.76 16.5+0.82 17.1£0.72 0.48
E/Em, U 16.6+1.00 16.2+0.89 16.6£0.72 17.2+0.55 17.0+0.56 0.46
eGFR, ml/min/ 823 (95% CI=68.7 93.5(95%CI= 86.1 (95%CI= 83.5(95%CI=  76.2 (95% CI= 0.045
m? —-102.6) 88.3 -100.3) 68.3 - 104.1) 68.3 - 112.6) 61.1-98.3) '
6.8 (95% CI=4.1- 6.8 (95% 6.9 (95% 6.8 (95% CI=3.7 6.9 (95%
HbAlc, % 0.86
9.5) CI=3.9-8.9) CI=3.5-9.6) -8.9) CI=3.8-9.2)
Fasting glucose, 5.20 (95% CI=3.3- 5.11 (95% 5.28 (95% 5.21 (95% 5.17 (95% 0.87
mmol/L 9.7) CI=3.2-8.5) CI=3.1-8.9) CI=3.0-9.5) CI=3.2-9.0) '
723 (95% CI=58.7 70.7(95%CIl= 71.1(95%CIl= 73.7(95%CI=  88.1 (95% CI =
Creatinin, umol/L 48
—92.6) 53.1-98.5) 55.7-108.2) 53.8-109.5) 63.0-134.2)
5.1(95%CI=3.9 - 5.0(95% ClI = 5.1 (95% Cl= 5.0(95% ClI = 5.0(95% CI=
TC, mmol/L 12
6.1) 3.7-6.4) 3.8-6.3) 3.9-6.0) 3.7-6.2)
HDL cholesterol, 0.91 (95% CI=0.89 0.95(95%CI= 0.94 (95% CI= 091 (95%CI=  0.90 (95% CI = .
mmol/L - 1.12) 0.92 - 1.14) 0.88 - 1.12) 0.86 - 1.13) 0.83 - 1.10) .
LDL cholesterol,  3.23 (95% CI=3.11 2.95(95%CI= 3.15(95%CI= 324 (95%CI=  3.265(95% CI
mmol/L -4.4) 2.84 -4.6) 2.90 - 4.6) 3.01-4.7) =2.98-4.64)
1263.9 (95% CI 1446.2 (95% 1590.6 (95% CI  1873.5 (95% CI
NT-pro-BNP, pg/ 1533.6 (95% CI =
=688.2 — CI=612.6— =622.4— =711.2 - 0.22
mL 644.5 — 2560.6)
2120.4) 2873.5) 2710.2) 2790.4)

Note: CI- confidence interval, T2DM - type 2 diabetes mellitus, eGFR — estimated glomerular filtration ratio, TC — total cholester-
ol, HbAlc — glycated haemoglobin, LDL — low-density cholesterol, HDL — high-density cholesterol, BP — blood pressure, LV EF — left
ventricular ejection fraction, U — unit, Em - early diastolic myocardial velocity, Am - late diastolic myocardial velocity, E — peak velocity
of early diastolic left ventricular filling.
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Table 2. Baseline Angiographic and Treatment Characteristics of patients with CHF depending quartiles of serum

uric acid
Patients with CHF Quartile I Quartile 11 Quartile I1I Quartile IV
Variables across all quartiles  (19.06-22.33  (23.2-31.10  (32.0-39.0  (40.00-49.60 P value
of SUA (n=126) mmol/l) mmol/l) mmol/l) mmol/l)
Coronary arteries with plaques determined
1 vessel, n (%) 46 (36.5%) 12 (31.6%) 13 (40.6%) 11 (40.7%) 10 (34.5%) 0.66
2 vessels, n (%) 42 (33.3%) 13 (34.2%) 10 (31.3%) 9 (33.3%) 10 (34.5%) 0.72
3 vessels and more, n (%) 38 (30.2%) 13 (34.2%) 9 (28.1%) 7 (25.9%) 9 (31.0%) 0.73
Medications

ACEI/ARBS, n (%) 126 (100%) 38 (100%) 32 (100%) 27 (100%) 29 (100%) 0.52
Aspirin, n (%) 98 (77.8%) 31 (81.6%) 25 (65.8%) 22 (81.5%) 20 (69.0%) 0.54
Other antiagregants, n (%) 6 (4.8%) 2 (5.2%) 1 (3.1%) 1 (3.7%) 2 (6.9%) 0.86
Beta-blockers, n (%) 104 (82.5%) 16 (42.1%) 32 (100%) 27 (100%) 29 (100%) <0.05
Ivabradin, n (%) 37 (29.4%) 22 (57.9%) 12 (37.5%) 2 (7.4%) 1 (3.4%) <0.05

Mineralocorticoid antago-
52 (41.3%) 4 (10.5%) 19 (59.4%) 14 (51.9%) 15 (51.7%) <0.05

nists, n (%)

Diuretics, n (%) 106 (84.1%) 19 (50.0%) 25 (78.1%) 27 (100%) 29 (100%) <0.05
Statins, n (%) 94 (74.6%) 33 (86.8%) 28 (87.5%) 22 (81.5%) 11 (37.9%) <0.05
Metformin, n (%) 41 (32.5%) 9 (23.7%) 11 (34.3%) 12 (44.4%) 9 (31.0%) 0.054

N o te: CI- confidence interval, ACEI — angiotensin-converting enzyme inhibitor, ARBs — angiotensin-2 receptor blockers.

P=0.001), a low-density lipoprotein cholesterol (r=-
0.354; P=0.001), the total cholesterol level (r=-0.258;
P=0.043), adherence to smoking (r=-0.285; P=0.042),
body mass index (1= -0.272; P=0.046).

Association between SUA level and biomarkers.
The univariable linear correlation between SUA and
CD45'CD34" MPCs, CD45CD34" MPCs, CD14"
CD309" MPCs, CD14'CD309'Tie2" MPCs, NT-pro-
BNP concentration, NYHA class, LVEF, T2DM, eGFR
was evaluated. A significant positive relationship was
found between SUA level and NYHA class (r=0.612;
P=0.001); T2DM (r=0.462; P=0.001), NT-pro-BNP
(r=0.612; P=0.001), diuretics (r = 0.37, P<0.01), body
mass index (r=0.34, P<0.05), hyperlipidaemia (r= 0.32,
P<0.05), age (r=0.30, P<0.01), male sex (r= 0.29,
P<0.05), and inverse association was obtained between
SUA level with eGFR (=-0.476; P=0.002), LVEF (r=-
0.42; P=0.001), CD45'CD34" MPCs (r=-0.388; P=0.001);
CD45CD34" MPCs (r=-0.41; P=0.001); CD14'CD309"
MPCs (r=-0.397; P=0.001); CD14"CD309 Tie2" MPCs
(r=-0.442; P=0.001). We did not find a significant asso-
ciation with the other biomarkers examined. Multivaria-
ble linear regression analyses were performed for

CD34 " phenotypes of MPCs, adjusted for eGFR, BMI,
LVEF, NYHA, diuretics, and T2DM. We found an inde-
pendent impact of SUA on counts of CD14'CD309"
MPCs (r=-0.388; P=0.001) and CD14" CD309 Tie2"
MPCs (r=-0.414; P=0.001), but on CD45"CD34" MPCs
(r=-0.214; P=0.22) and CD45CD34" MPCs (r=-0.16;
P=0.16) did not.

Cox proportional adjusted Odds Ratios analyses for
CD14°CD309" and CD14'CD309'Tie2” MPCs by SUA
Quartiles (Q) has showed that high Q (Q3 and Q4) of
SUA versus low Q (Q1 and Q2) associated with in-
creased risk of depletion of both CD14°CD309" and
CD14°CD309 'Tie2" MPCs (Table 4).

The predictive value of SUA level with respect to
the MPCs with phenotypes CD14"CD309" and CD14"
CD309'Tie2" in the patients with CHF was performed
using ROC-analysis, the results of which are presented
in Fig. 1. The findings suggest a high predictive power
of SUA in the both models for declining of CD14"
CD309" and CD14°CD309'Tie2” MPCs in CHF pa-
tients. The estimated AUCs (area under curves) were
0.631 (sensitivity=63.9%; specificity=56.2%) and 0.687
(sensitivity=72.2%; specificity=52.9%) respectively. In

Table 3. Concentrations of MPCs in relation to SUA quartiles

SUA quartiles
Cell phenotypes, % (median; ~ CHF patients Quartile I Quartile 11 Quartile 1T Quartile IV
IQR) (n=126) (19.06 - 22.33 (23.2-31.10  (32.0-39.0  (40.00 - 49.60 P value
mmol/l) mmol/l) mmol/l) mmol/l)
. s 1.282 (1.21 - 1.77 (1.58 — 1.72 (1.53 - 1.45(1.21 - 1.05 (0.80 —
CD45°CD34"x10™, % <0.01
1.528) 1.93) 1.91) 1.68) 1.17)
4 0.727 (0.54 — 1.01 (0.91 - 091(0.81-  0.83(0.72— 0.63 (0.33 -
CD45CD34™x10™, % <0.01
0.913) 1.15) 1.01) 0.93) 0.86)
. . . 29.18 (15.00 43.9 (33.7 - 372 (288— 28.0(17.48—  14.0(11.1 -
CD147CD309" x10™, % 0.02
—34.50) 54.12) 45.59) 37.2) 19.86)
. o4 0.67 (0.21 — 0.86 (0.74 — 0.82(0.73 - 0.67 (0.58 — 0.37 (0.29 —
CD14°CD309 Tie” x10™, % 0.01
1.10) 0.98) 0.92) 0.76) 0.56)
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Table 4. Cox proportional adjusted Odds Ratios analyses for CD14'CD309" and CD14'CD309 Tie2" MPCs by

SUA Quartiles
SUA Quartiles Moan ValerA’ mmol/L 95% CI Odds Ratios 95% CI P value
For CD14"CD309" MPCs
Q1 20.11 19.06 - 22.33 1.0 - -
Q2 27.53 23.2-31.10 1.02 0.88-1.11 0.24
Q3 35.80 32.0-39.0 1.18 1.06-1.29 0.001
Q4 449 40.00 - 49.60 1.24 1.12-1.46 0.002
For CD14"CD309 Tie2" MPCs
Q1 20.11 19.06 - 22.33 1.0 - -
Q2 27.53 23.2-31.10 1.08 1.00-1.20 0.054
Q3 35.80 32.0-39.0 1.22 1.11-1.34 0.001
Q4 449 40.00 - 49.60 1.38 1.20-1.55 0.001

N o t e : All the respective biomarker-models are adjusted for eGFR, BMI, LVEF, NYHA, diuretics, and T2DM.

this case, the cut-off point for the SUA level that had the
best prognostic potential on the risk of decreasing MPCs
in both models was 31.5 mmol/L. Thus, these data sug-
gest that for the CHF patient elevation of SUA might be
considered as a predictor of lowed proangiogenic MPCs.

Previously reports have been predominantly elucidat-
ed a relationship between cardiovascular outcomes and
documented hyperuricemia in patients with acute and
chronic heart failure [13, 19, 20]. The effects of SUA on
all-cause mortality at different SUA cut-offs in CHF pa-
tient population was evaluated using meta-regression.
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Figure 1: The predictive power of SUA in the both models
for declining of CD14"CD309" and CD14"CD309'Tie2* MPCs
in CHF patients. Results of the Receive Operation Characteristic
analysis

There was a linear association between SUA after 7 mg/
dL and mortality [27]. Arguing against a pure protective
role of SUA in cardiovascular disease [1], we found that
levels of SUA remained independently associated with
lowed proangiogenic MPCs after adjusting for parame-
ters with known impact on concentrations of MPCs.
Moreover, even tendency to increase of SUA in CHF pa-
tient population associated with progressively declining
proangiogenic MPCs, which have a tremendous tissue
repair capacity. Probably, these findings might be taken
into consideration to be explaining controversial role of
SUA in CHF evolution and outcomes. Really, significant
association between high SUA level and BMI, diuretic
use, some biomarkers, such as NT-pro-BNP, as wells as
with hemodynamic performances (E/Ea and LVEF) even
beyond declining eGFR was frequently noted in recent
investigations [12, 27]. Amin A, Vakilian F, Maleki M.
(2011) [2] reported that mild elevated SUA levels in pa-
tients with systolic CHF is associated with impaired clin-
ical and hemodynamic profile and might be used as a
noninvasive indicator of elevated left ventricular filling
pressures. Misra D, Zhu Y, Zhang Y, Choi HK (2011)
have been evaluated the independent impact of CHF sta-
tus (compensation or decompensation) on SUA levels
among men with high cardiovascular risk profile [22].
Investigators found that mild elevated SUA associated
with increased risk of CHF decompensation (OR=1.67;
95 % CI 1.21 to 2.32). Although hyperuricemia predomi-
nantly affects men, in our study we have not received a
confirmation of differences in SUA between men and
women with CHF. Noted, that there was not a document-
ed hyperuricaemia (SUA>6 mg/dL for women and >8
mg/dL for men) especially required treatment in patients
enrolled in the study. However, the interpretation of
SUA levels for individual CHF patients may be confus-
ing, but even small increased SUA levels at symptomatic

Area Under the Curve
. a . e b Asymptotic 95% Confidence Interval
Test Result Variables Area Std. Error Asymptotic Sig. LowerBound Upper Bound
CD14'CD309" 0.631 0.047 0.017 0.540 0.722
CD14°CD309 Tie2" 0.687 0.046 0.001 0.598 0.776

The test result variables: CD14'CD309", CD14"CD309"Tie2" has at least one tie between the positive actual state group and the
negative actual state group.
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5
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CHF might be discussed as a marker of endothelial dys-
function and, probably, as an indicator of tissue repair
disorders. Current evidence suggests that SUA could be
a marker of oxidative damage in several settings distin-
guished CHF, such as overweight, obesity, diuretic use.
We confirmed a slight linear association SUA with BMI
and diuretic use, but direct effect of BMI and diuretic
use on number of circulating MPCs was not found. It has
predisposed that SUA may realize their capacity for
modulating tissue damage through other mechanisms ir-
respective SUA clearance. Therefore, it is not clear
whether this increase in SUA levels may be a counter-
regulatory process or a pathophysiological detrimental
factor. Because SUA is a product of xanthine oxidase
(XO0), apoptosis and tissue hypoxia that are suitable for
CHF lead to increased purine catabolism, which, in turn,
increases XO activity and subsequently SUA levels [28].
Indeed, has a significant association with poor outcomes
in CHF patients without CKD but not in those with CKD
[6, 15, 32], suggesting that hyperuricaemia may predict
poor outcomes when it is primarily a marker of increased
XO activity, but not when it is primarily due to impaired
renal excretion of uric acid [32]. In controversy of data
presented by Filippatos GS et al (2011) [6], no associa-
tion between SUA and BMI was found in our study. Di-
uretics, widely used to treat CHF, increase SUA by stim-
ulating the reabsorption of sodium and urate in the proxi-
mal tubule. Although we obtained an association be-
tween SUA and diuretics administration, the direct ef-
fect of diuretics in depletion of MPCs in patient study
population was not determined. Additionally, increased
SUA might also associated with coronary artery disease
and with its risk factors, such as obesity, hypertension,
hypertriglyceridemia, dyslipidaemia and T2DM, and
worsen renal function. Multivariable linear regression
analyses that was performed for CD34 " phenotypes of
MPCs with adjustment for eGFR, LVEF, NYHA, diu-
retics, and T2DM, has been showed an independent im-
pact of SUA on counts of CD14°CD309" MPCs and
CD14'CD309'Tie2” MPCs. We suggest that tissue is-
chemia determines an increase in XO, which leads to an
increase in SUA levels, and mediates suppression of re-
cruitment, mobbing, differentiation and functional status
of MPCs through Akt/STAT/MAP-kinase mechanisms,
that is reflection of chronic inflammatory, oxidative
stress and, probably, catabolic state suitable for CHF
[28, 31]. Finally, significant confounder impacting SUA
levels on population of proangiogenic MPCs with in-
volving several pathogenetic mechanisms are predis-
posed. It is possible to address to new investigations
whether relationships between SUA and proangiogenic
MPCs are multidimensional, or if they can be associated
with clinical outcomes.

Conclusion. Circulating level of proangiogenic MPCs
is declined progressively depended on quartiles of SUA
level in CHF subjects. We suggest that mild elevation of
SUA (>31.5 mmol/L) might be considered as a predictor
of lowed proangiogenic MPCs in CHF patient population.

Abbreviations:
BMI: Body Mass Index; CAD: Coronary Artery Dis-
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ease; T2DM: Type two Diabetes Mellitus; eGFR: Esti-
mated glomerular filtration rate; HbAlc: Glycated hemo-
globin; CHF: Chronic Heart Failure; LVEF: Left Ventric-
ular Ejection Fraction; SUA: serum uric acid; MPCs —
mononuclear progenitor cells; LDL: low-density choles-
terol, HDL: high-density cholesterol.
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B3aumooTHOIIIEHNE MEKTY CHIBOPOTOYHBIM
YPOBHEM MO4Y€BOH KUCJIOTHI M KOHLIEHTpaluen
NMPOAHTUOT€HHBIX MOHOHYKJI€APHBIX
NMPOreHUTOPHBIX KJIETOK Y NAIMEHTOB C
XPOHHYECKOI cep/ieYHol HeJOCTATOYHOCTHIO

MoueBass KUCIIOTa CHIBOPOTKH paccMaTpHBaeTCsl Kak
MapKep MPOrPEeCCHPOBAHMS XPOHUUIECKOH CepAedHON
HEOCTaTOYHOCTH, CBSI3aHHBIN C CEPlIeYHO-COCYIUCTHIM
pemoaenunrom. IlporpeccupoBaniie XpoHUUECKOH cep-
JEYHOH HEJOCTaTOYHOCTH aCCOLMUPYETCS CO CHIKEHH-
€M IUPKYJUPYIOIIMX MOHOHYKJIEAPHBIX IPOT€HUTOP-
HBIX KJIETOK B mepudepuueckor kposu. Llenpro ganHO-



IO HCCIEJOBaHUS OBUIO OLEHUTH B3aHMOCBSI3b MEXKAY
KOHLEHTpallueil MoueBOil KUCIO0TOH CHIBOPOTKHU U LIUP-
KYJIUPYIOIIUMH MOHOHYKJIEAPHBIMU MPOT'€HUTOPHBIMU
KJIETKaMU y OOJIbHBIX ¢ XPOHUYECKOH cepJeYHON HeJlo-
CTaTOYHOCTBIO MIIEMUYECKOT0 I'eHe3a.

Marepuanbl ¥ MeToAbl: B uccienoBanue ObLIO peTpo-
CIIEKTUBHO BKJIFOUCHO 126 manueHTtoB (54 myxuuH, 62
JKEHIIMHBI) B Bo3pacTe oT 48 10 62 niet, ¢ XpOHUYECKOH
CepACYHON HEIOCTaTOYHOCThIO HIIEMHUYECKOrO IeHesa.
Juarso3 umemudeckoil 6one3Hu cepaua Obl1 Bepuu-
LIMPOBaH C MOMOIIbI0 KOHTPACTHO YCHJICHHON CIIMpalib-
HOIl KOMIIbIOTEpHOH ToMorpaduu/ anruorpaduu. Ypo-
BEHb MOUYEBOH KHCIIOTHI CHIBOPOTKH U3MEPSUICS (hepMeH-
TaTHBHBIM MeTO/IOM, YpoBeHb NT-pro-BNP Obu1 ompe-
JieJIeH ¢ IOMOIIBI0 UMMYHOGEpMEHTHOTO aHanu3a. Llup-
KyJIUpYIOLIEe MOHOHYKJIEApHBIC NPOTCHUTOPHBIE KIIET-
K1 ObLTH onpeseneHn! kak CD 34" kiieTku MeTo1oM mpo-
TOYHO# nuToMeTpuH. Bece GHOMapKephl ObLTH U3MEPEHBI
B HauaJle UCCIICIOBaHUsL.

Pesynbratel: KoHneHTpanun Mo4eBoOd KHUCIOTHI CHIBO-
POTKH ObLIH pacrpenenensl no kBapTuiaaM (Me; IQR):
QI=20,11 (19,06; 22,33) mmons/m; QII=27,53 (23,2,
31,10) mmons/i; 1T kBaptuns = 35,80 (32,0; 39,0)
Mmow/it; 1 IV kBapTiie=44,9 (40,00; 49,60) MMoJIB/II.
Mb! BBIIBIIM HE3aBHCHUMOE BIIUSIHUE MOUYEBOH KHUCIO-
THI CHIBOPOTKH Ha kommdectso CD14" CD309" mupxy-
JUPYIOIUX MOHOHYKJICAPHBIX MPOr€HUTOPHBIX KIETOK
(r=-0,388, p = 0,001) w CD14" CD309" Tie2" mmpky-
JUPYIOIUX MOHOHYKJICAPHBIX MPOr€HUTOPHBIX KIETOK
(r=-0,414, p=0,001), u He BeIABIIHN BIMAHAS Ha CD45"
CD34" mupKyIupyOmUX MOHOHYKIEAPHBIX MPOTEHH-
TopHEIX KineTok (r=-0,214, p=0,22) nu CD45 CD34"
LUPKYJIUPYIOUIMX MOHOHYKJICAPHBIX IPOr€HUTOPHBIX
xierok (r=-0,16, p=0,16).

Anamu3 Cox MHpONOPIUOHAIBHBIX COOTHOLIEHUM st
CDI14" CD309" u CD14" CD309" Tie2" mupkymupyro-
IIUX MOHOHYKJICAPHBIX IPOI€HUTOPHBIX KJIETOK IO
kBaptwsim MKC (Q) mokazan, uro Beicokas Q (Q3 u
Q4) 13 MOUEBOIl KUCIIOTHI CBIBOPOTKU NMIPOTUB HU3KOH Q
(Q1 m Q2), cBs3aHa ¢ MOBBIIIEHHBIM PUCKOM HCTOIIE-
mus CD14" CD309" u CD14™ CD309" Tie-2" nupkysu-
PYIOIINX MOHOHYKJIEAPHBIX IIPOr€HUTOPHBIX KIIETOK.
ITpu ucnons3zoBannu ROC ananm3a ObIJIO YCTAHOBIICHO,
910 TOYKa cut-off [T KOHIEHTPAIIMY MOYEBON KHCIIOTHI
C HAaWJIy4IIUM IPOTHOCTUYECKUM MOTEHIIMAJIOM, CBHUJIE-
TEJILCTBYIOIAs] O CHIDKCHUHM YPOBHS LUPKYJIUPYIOIIUX
MOHOHYKJICApHBIX NPOT€HUTOPHBIX KIETOK, paBHa 31,5
MMOJIB/JI.

BoiBoa: YpOBeHb CHIKEHUS LUPKYJIHPYIOLIIMX MOHO-
HYKJI€apHBIX MPOTEHUTOPHBIX KIETOK 3aBUCHUT OT KBap-
TUIEH YPOBHS MOYEBOW KHCIIOTHI CHIBOPOTKHU Yy MAIHEH-
TOB C XPOHUYECKOH ceplIedHOI HeJ0CTaTOYHOCThI0. MBI
IPEeAIoNaracM, YTo yMEPEHHOE YBEJIUYEHUE YpPOBHEU
MOUEBOM KUCIJIOTBHI CBIBOPOTKH MOYKET pacCMaTpHBAThLCS
KaK IPEAUKTOp CHIDKEHHUS MPOAHIMOTEHHBIX LUPKYJIH-
PYIOUIMX MOHOHYKJIEAapHbIX IPOT€HUTOPHBIX KJIETOK B
HNOMYJIALUY MalMEeHTOB C XPOHUYECKOU CepleyHOl He-
JOCTaTOYHOCTHIO. (ApX. KiuH. 3Kkcm. med. — 2014. — T.
23, Ne 1. - C. 8-16)

KiroueBble cioBa: XpoHMYEcKas cepAedHas HeJoCTa-
TOYHOCTB; MOYEBasi KUCJIOTA CBIBOPOTKU; LUPKYIUPYIO-
1I1€ MOHOHYKJIEapHbI€ NPOr€HUTOPHbIE KJIETKH; IpO-
THOCTHYECKAs LIEHHOCTb.

0.€. bepesin, 0.0. Kpemsep

B3aemoBiZHOCHHM MiXk CHPOBATKOBHMM piBHEM
ce4oBoi KHCI0TH TA KOHIEHTPAaIli€
NMPOAHTiIOTeHHUX MOHOHYKJIEAPHHUX
NMPOreHiTOPHUX KJITHH Y NAIi€HTIB 3
XPOHIYHOIO CepLEBOI0 HEOCTATHICTIO

CedoBa KUCIIOTa CUPOBATKH PO3IIISIAETHCS SIK MapKep
MPOTPECYBaHHSI XPOHIYHOI CEpIeBOl HEIOCTATHOCTI,
HOB'I3aHUM 13 CepLeBO-CyIUHHUM peMojieiHroM. Ipo-
rpecyBaHHS XPOHIYHOI CepIeBOi HETOCTATHOCTI acolli-
IOETBCS 31 3HIKEHHSM [UPKYIIOIOYHNX MOHOHYKJIeap-
HUX TPOTCHITOPHUX KJIITHH B TNepU(EepHUHIi KPOBI.
MeTol0 aHOTO AOCTIPKEHHS OYy/lI0 OLIHUTU B3a€EMO3-
B'S30K MK KOHIICHTPAIIi€I0 CEYOBOT KHCIOTH CHPOBAT-
KA 1 IUPKYIIOIYAX MOHOHYKIICAPHUX MPOTE€HITOPHUX
KJIITHH Y XBOPUX 3 XPOHIYHOOT CEPIICBOIO HEIOCTATHIC-
TIO IIEMIYHOTO TeHE3Y.

Marepianu i MeToau: Y AOCHiKEHHS 0YJI0 peTpOCIeK-
THBHO BKJIIOYeHO 126 marfieHTiB (54 40JIOBIKiB, 62 KiH-
KH) BIKOM Bij 48 10 62 poki, 3 XpOHIYHOT CEpIIEBOi He-
JIOCTaTHOCTI ilIeMi4yHOro reHe3y. JliarHos irmemiuHol
XBOpOOU cepiist OyB Bepr(ikOBaHUH 3a JOIOMOTOO KO-
HTPAcTHO NOCUJICHOI CHipajbHOI KOMI'IOTEPHOI TOMO-
rpadii / anriorpadii. PiBeHb c€40BOi KHCIIOTH CHPOBAT-
KA BHUMIpIoBaBci ()EpPMEHTATHBHUM METOJIOM, PiBEHb
NT-pro-BNP 6yB Bu3HaueHHit 32 JOMOMOTO0 iMyHO(De-
pMeHTHoro aHamizy. llupkymrooui MOHOHYKIeapHi
TpOTeHiTOpHi KiiTnHEY Oymy Br3HaveHi sk CD 34" xi-
THHHU METOJIOM IPOTOYHOI 1iuToMeTpii. Bei 6Giomapkepu
Oy/ BUMIPSIHI Ha TIOYATKY JOCITIPKCHHSL.

Pesynbratu: KoHueHTpanii ce4oBOi KUCIOTH CUPOBATKH
Oynu posnoziieHi 3a kapTwisimu (Me; IQR): QI=20,11
(19,06; 22,33) mmons/m; QII=27,53 (23,2; 31,10) Mmmois/
; 1T xBapTunes=35,80 (32,0; 39,0) mmons/x; i IV kBap-
Ti=44,9 (40,00; 49,60) Mmostb/1. My BUSIBUIIN He3alte-
xue B MKC Ha kinbkicts CD14” CD309" uupky-
JIFOI0YNX MOHOHYKJIEAPHHUX MPOTEHITOPHUX KIITHH (1=-
0,388, p=0,001 ) i CD14" CD309" Tie2" mupkymoo4nx
MOHOHYKJICAPHHX IPOTeHITOpHUX KiiTuH (r=-0,414, p=
0,001), i ne BusBuM BBy Ha CD45" CD34" mupky-
JIFOIOYMX MOHOHYKJICApPHHX IPOTCHITOPHUX KIITHH I=-
0,214, p=0,22) i CD45 CD34" nupKymo0unx MOHOHYK-
JieapHUX MPOoreHiTopHuX KiiTuH (=-0,16, p=0,16) .
Ananiz Cox npornopuiiHux crisigHomens s CD14"
CD309" ta CD14" CD309" Tie2" nupKy:I010uMX MOHO-
HYKJIEAPHUX MPOTCHITOPHUX KIITHH MO KBAPTHISIX CEYO-
Boi kucnoTH cuposatku (Q) nmokaszas, mo Bucoka Q (Q3
i Q4 ) 3 ce40BOIO KUCTIOTOIO CHPOBATKH IPOTH HU3BKOT
Q (Q1 1 Q2), noB's13aHa 3 MiIBUILEHUM PU3UKOM BHCHA-
xenns sk CD14" CD309" ta CD14™ CD309" Tie2" uup-
KYJIOIOYHX MOHOHYKJICAPHUX MPOTSHITOPHUX KIIITHH.
IMpu Bukopucranni ROC anHanizy Oyno BCTaHOBIJICHO,
mo Touka cut-off s koHHeHTpauii ce4oBOi KHUCIOTH
CHPOBaTKM 3 HAaHKpaIlUM HPOTHOCTHYHHMM IIOTEHIlia-
JIOM, IO CBiYUTh MPO 3HWKEHHS PIBHS HUPKYIIOFOYHX
MOHOHYKJICADHUX MPOTCHITOPHUX KIITHH, JOPIBHIOE
31,5 MMoOIIB/II.

BucHoBOK: PiBeHb 3HMKEHHS UPKYIIIOI0YNX MOHOHYK-
JICAPHUX MPOTCHITOPHUX KIIITHH 3aJ€XKUTh BiJl KBapTH-
JIei piBHSA CEYOBOT KHMCJIOTH CHPOBATKH Y MAIIEHTIB 3
XPOHIUHOIO CEPLEBOI0 HEJOCTATHICTIO. MU Ipumyckae-

15



MO, IO MOMipHE 301UJIbIICHHS PiBHIB CEUYOBOI KHCIOTH
CHPOBATK{ MOKE€ PO3TJISIATHCS SIK IPEAUKTOP 3HIDKCH-
HSl TIPOAHTIOTEHHUX IMPKYIIOIYNX MOHOHYKIICAPHUX
MPOTCHITOPHHUX KIIITHH Yy MOMYJIAII] MAIlIEHTIB 3 XPOHIY-
HOIO CEPLIEBOIO HEJJOCTATHICTIO. (ApX. KIIH. €KCII. MEJl. —
2014.—-T.23,Ne 1.8-16 C.)

KaouoBi cioBa: XpoHiuHa cepueBa HeIOCTaTHICTH;
ceyoBa KHCJIOTa CHPOBATKH; IUPKYIIOI0Yi MOHOHYKJIE-
apHi IPOreHITOPHI KIIITUHY; IPOTHOCTUYHA IIIHHICTb.
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