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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; 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. 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 

CD14+CD309+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 

CD14+ CD309+ and CD14+CD309+Tie2+ circulating mono-

nuclear progenitor cells by serum uric acid Quartiles (Q) has 

showed that high Q (Q3 and Q4) of serum uric acid versus 

low Q (Q1 and Q2) associated with increased risk of deple-

tion of both CD14+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. 

Key words: chronic heart failure; serum uric acid; circulating 

mononuclear progenitor cells; predictive value. 

 

 

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+Tie2+ 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. 

D e s i g n  a n d  M e t h o d s 

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 μmol/L; estimated glomerular filtration rate 

(GFR) < 35 ml/min/м2; 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 В-mode regimen and tissue Dop-

pler echocardiography regimen from parasternal, sub-

costal, and apical positions over the short and long axis 

with sensor Р of 5 МHz. 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 (Аm) myo-

cardial velocities were measured in the mitral annulus 

area, followed by calculating velocity of early diastolic 

left ventricular filling (E) to Аm (Е/Аm) ratio and to Em 

(Е/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 -35оС. 

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 CD45, 

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.  
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Double- or triple-positive events were determined us-

ing Boolean principles (‘and’, ‘not’, ‘or’, etc.). Circulat-

ing EPCs are defined as CD34 / VEGFR2 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 (М) and error of mean 

(±m) or 95% confidence interval (CI); median (Ме) and 

interquartile range (IQR). To compare categorical varia-

bles between groups, Chi2 test (χ2) 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/l; 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. 

R e s u l t s  a n d  d i s c u s s i o n 

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 III (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; HbA1c; NT-pro-BNP, lipids level. Com-

pared with SUA quartiles I-III, 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 

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 

Е/Аm ratio (r=-0.566; P=0.001), the Е/Еm 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 (r=-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 Е/Аm ratio (r=0.52; P=0.0024) 

and the Е/Еm ratio (r=0.60; P=0.001). The CD14+ 

CD309+ subpopulation count was associated positively 

with LVEF (r=0.785; P=0.001), the Е/Еm ratio (r=0.52; 

P=0.001), the Е/Аm ratio (r=0.48; P=0.001); and it was 

associated negatively with the NYHA class (r=-0.622; 

P=0.001), T2DM (r= -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 Е/

Еm 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; 
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Patients with CHF 

across all quartiles 

of SUA (n=126) 

Quartile I 

(19.06 - 22.33 

mmol/l) 

Quartile II 

(23.2 - 31.10 

mmol/l) 

Quartile III 

(32.0 - 39.0 

mmol/l) 

Quartile IV

(40.00 - 49.60 

mmol/l) 

P 

value 

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-

lar Risk, % 

23 (16 - 27) 22 (15 - 26) 24 (16 - 30) 23 (17 - 31) 23 (16 - 30) 0.75 

NYHA class I, n 38 (30.2%) 11 (29.0%) 9 (28.1%) 8 (29.6%) 10 (34.4%) 0.42 

NYHA class II, n 48 (38.1%) 14 (36.8%) 12 (37.5%) 10 (37.0%) 12 (41.4%) 0.44 

NYHA class III, n 40 (31.7%) 13 (34.2%) 11 (34.4%) 9 (33.3%) 7 (24.1%) 0.48 

Arterial hyperten-

sion, n (%) 
84 (66.7%) 25 (65.8%) 22 (68.8%) 18 (66.7%) 19 (65.5%) 0.86 

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 

(%) 
12 (9.5%) 3 (7.9%) 3 (9.3%) 2 (7.40%) 4 (13.9%) 

<0.0

1 

Smoking, n (%) 26 (20.6%) 8 (21.0%) 6 (18.8%) 5 (18.5%) 7 (24.1%) 0.42 

Body mass index, 

kg/m2 

24.1 (95% CI 21.6 – 

28.7) 

23.3 (95% CI 

20.1 – 25.1) 

25.0 (95% CI 

20.8 – 27.2) 

24.6 (95% CI 

19.4 – 25.9) 

25.2 (95% CI 

19.5 – 25.5) 
0.58 

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 

Е/Аm, U 16.6±0.94 16.3±0.82 16.5±0.76 16.5±0.82 17.1±0.72 0.48 

Е/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 / 

m2 

82.3 (95% CI = 68.7 

– 102.6) 

93.5 (95% CI = 

88.3 – 100.3) 

86.1 (95% CI = 

68.3 – 104.1) 

83.5 (95% CI = 

68.3 – 112.6) 

76.2 (95% CI = 

61.1 – 98.3) 
0.045 

HbA1c, % 
6.8 (95% CI=4.1-

9.5) 

6.8 (95% 

CI=3.9-8.9) 

6.9 (95% 

CI=3.5-9.6) 

6.8 (95% CI=3.7

-8.9) 

6.9 (95% 

CI=3.8-9.2) 
0.86 

Fasting glucose, 

mmol/L 

5.20 (95% CI=3.3-

9.7) 

5.11 (95% 

CI=3.2-8.5) 

5.28 (95% 

CI=3.1-8.9) 

5.21 (95% 

CI=3.0-9.5) 

5.17 (95% 

CI=3.2-9.0) 
0.87 

Creatinin, μmol/L 
72.3 (95% CI = 58.7 

– 92.6) 

70.7 (95% CI = 

53.1 – 98.5) 

71.1 (95% CI = 

55.7 – 108.2) 

73.7 (95% CI = 

53.8 – 109.5) 

88.1 (95% CI = 

63.0 – 134.2) 
0.048 

TC, mmol/L 
5.1 (95% CI = 3.9 - 

6.1) 

5.0 (95% CI = 

3.7 - 6.4) 

5.1 (95% CI = 

3.8 - 6.3) 

5.0 (95% CI = 

3.9 - 6.0) 

5.0 (95% CI = 

3.7 - 6.2) 
0.12 

HDL cholesterol, 

mmol/L 

0.91 (95% CI = 0.89 

- 1.12) 

0.95 (95% CI = 

0.92 - 1.14) 

0.94 (95% CI = 

0.88 - 1.12) 

0.91 (95% CI = 

0.86 - 1.13) 

0.90 (95% CI = 

0.83 - 1.10) 
0.12 

LDL cholesterol, 

mmol/L 

3.23 (95% CI = 3.11 

- 4.4) 

2.95 (95% CI = 

2.84 - 4.6) 

3.15 (95% CI = 

2.90 - 4.6) 

3.24 (95% CI = 

3.01 - 4.7) 

3.265 (95% CI 

= 2.98 - 4.64) 
0.64 

NT-pro-BNP, pg/

mL 

1533.6 (95% CI = 

644.5 – 2560.6) 

1263.9 (95% CI 

= 688.2 – 

2120.4) 

1446.2 (95% 

CI = 612.6 – 

2873.5) 

1590.6 (95% CI 

= 622.4 – 

2710.2) 

1873.5 (95% CI 

= 711.2 – 

2790.4) 

0.22 

Table 1. General Characteristics of Study Patients 

N o t e : CI – confidence interval, T2DM - type 2 diabetes mellitus, eGFR – estimated glomerular filtration ratio, TC – total cholester-

ol, HbA1c – 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, Аm - late diastolic myocardial velocity, E – peak velocity 

of early diastolic left ventricular filling. 
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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 (r= -0.272; P=0.046).  

Association between SUA level and biomarkers. 

The univariable linear correlation between SUA and 

CD45+CD34+ MPCs, CD45-CD34+ 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 (r=-0.476; P=0.002), LVEF (r=-

0.42; P=0.001), CD45+CD34+ MPCs (r=-0.388; P= 0.001); 

CD45-CD34+ 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 CD45-CD34+ 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 

Variables 

Patients with CHF 

across all quartiles 

of SUA (n=126) 

Quartile I 

(19.06 - 22.33 

mmol/l) 

Quartile II 

(23.2 - 31.10 

mmol/l) 

Quartile III 

(32.0 - 39.0 

mmol/l) 

Quartile IV

(40.00 - 49.60 

mmol/l) 

P value 

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-

nists, n (%) 
52 (41.3%) 4 (10.5%) 19 (59.4%) 14 (51.9%) 15 (51.7%) <0.05 

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 

Table 2. Baseline Angiographic and Treatment Characteristics of patients with CHF depending quartiles of serum 

uric acid 

N o t e : CI – confidence interval, ACEI – angiotensin-converting enzyme inhibitor, ARBs – angiotensin-2 receptor blockers. 

Cell phenotypes, % (median; 

IQR) 

CHF patients 

(n=126) 

SUA quartiles 

P value 
Quartile I 

(19.06 - 22.33 

mmol/l) 

Quartile II 

(23.2 - 31.10 

mmol/l) 

Quartile III 

(32.0 - 39.0 

mmol/l) 

Quartile IV

(40.00 - 49.60 

mmol/l) 

CD45+CD34+×10-4, % 
1.282 (1.21 – 

1.528) 

1.77 (1.58 – 

1.93) 

1.72 (1.53 – 

1.91) 

1.45 (1.21 – 

1.68) 

1.05 (0.80 – 

1.17) 
<0.01 

CD45-CD34+×10-4, % 
0.727 (0.54 – 

0.913) 

1.01 (0.91 – 

1.15) 

0.91 (0.81 – 

1.01) 

0.83 (0.72 – 

0.93) 

0.63 (0.33 – 

0.86) 
<0.01 

CD14+CD309+ ×10-4, % 
29.18 (15.00 

– 34.50) 

43.9 (33.7 – 

54.12) 

37.2 (28.8 – 

45.59) 

28.0 (17.48 – 

37.2) 

14.0 (11.1 – 

19.86) 
0.02 

CD14+CD309+Tie2+×10-4, % 
0.67 (0.21 – 

1.10) 

0.86 (0.74 – 

0.98) 

0.82 (0.73 – 

0.92) 

0.67 (0.58 – 

0.76) 

0.37 (0.29 – 

0.56) 
0.01 

Table 3. Concentrations of MPCs in relation to SUA quartiles 
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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. 

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 

Table 4. Cox proportional adjusted Odds Ratios analyses for CD14+CD309+ and CD14+CD309+Tie2+ MPCs by 

SUA Quartiles  

SUA Quartiles 
SUA, mmol/L 

Odds Ratios 95% CI P value 
Mean value 95% CI 

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 44.9 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 44.9 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. 

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  

Area Under the Curve 

Test Result Variables Area Std. Errora Asymptotic Sig.b 
Asymptotic 95% Confidence Interval 

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 

(XO), 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. 
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А.Е. Березин, А.А. Кремзер 

Взаимоотношение между сывороточным 

уровнем мочевой кислоты и концентрацией 

проангиогенных мононуклеарных            

прогениторных клеток у пациентов с       

хронической сердечной недостаточностью 

Мочевая кислота сыворотки рассматривается как 

маркер прогрессирования хронической сердечной 

недостаточности, связанный с сердечно-сосудистым 

ремоделингом. Прогрессирование хронической сер-

дечной недостаточности ассоциируется со снижени-

ем циркулирующих мононуклеарных прогенитор-

ных клеток в периферической крови. Целью данно-
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го исследования было оценить взаимосвязь между 

концентрацией мочевой кислотой сыворотки и цир-

кулирующими мононуклеарными прогениторными 

клетками у больных с хронической сердечной недо-

статочностью ишемического генеза. 

Материалы и методы: В исследование было ретро-

спективно включено 126 пациентов (54 мужчин, 62 

женщины) в возрасте от 48 до 62 лет, с хронической 

сердечной недостаточностью ишемического генеза. 

Диагноз ишемической болезни сердца был верифи-

цирован с помощью контрастно усиленной спираль-

ной компьютерной томографии/ ангиографии. Уро-

вень мочевой кислоты сыворотки измерялся фермен-

тативным методом, уровень NT-pro-BNP был опре-

делен с помощью иммуноферментного анализа. Цир-

кулирующие мононуклеарные прогениторные клет-

ки были определены как CD 34+ клетки методом про-

точной цитометрии. Все биомаркеры были измерены 

в начале исследования. 

Результаты: Концентрации мочевой кислоты сыво-

ротки были распределены по квартилям (Me; IQR): 

QI=20,11 (19,06; 22,33) ммоль/л; QII=27,53 (23,2; 

31,10) ммоль/л; III квартиль = 35,80 (32,0; 39,0) 

ммоль/л; и IV квартиль=44,9 (40,00; 49,60) ммоль/л. 

Мы выявили независимое влияние мочевой кисло-

ты сыворотки на количество CD14+ CD309+ цирку-

лирующих мононуклеарных прогениторных клеток 

(r=-0,388, p = 0,001) и CD14+ CD309+ Tie2+ цирку-

лирующих мононуклеарных прогениторных клеток 

(r=-0,414, p=0,001), и не выявили влияния на CD45+ 

CD34+ циркулирующих мононуклеарных прогени-

торных клеток (r=-0,214, p=0,22) и CD45- CD34+ 

циркулирующих мононуклеарных прогениторных 

клеток (r=-0,16, p=0,16). 

Анализ Cox пропорциональных соотношений для 

CD14+ CD309+ и CD14+ CD309+ Tie2+ циркулирую-

щих мононуклеарных прогениторных клеток по 

квартилям МКС (Q) показал, что высокая Q (Q3 и 

Q4) из мочевой кислоты сыворотки против низкой Q 

(Q1 и Q2), связана с повышенным риском истоще-

ния CD14+ CD309+ и CD14+ CD309+ Tie-2+ циркули-

рующих мононуклеарных прогениторных клеток. 

При использовании ROC анализа было установлено, 

что точка cut-off для концентрации мочевой кислоты 

с наилучшим прогностическим потенциалом, свиде-

тельствующая о снижении уровня циркулирующих 

мононуклеарных прогениторных клеток, равна 31,5 

ммоль/л. 

Вывод: Уровень снижения циркулирующих моно-

нуклеарных прогениторных клеток зависит от квар-

тилей уровня мочевой кислоты сыворотки у пациен-

тов с хронической сердечной недостаточностью. Мы 

предполагаем, что умеренное увеличение уровней 

мочевой кислоты сыворотки может рассматриваться 

как предиктор снижения проангиогенных циркули-

рующих мононуклеарных прогениторных клеток в 

популяции пациентов с хронической сердечной не-

достаточностью. (Арх. клин. эксп. мед. – 2014. –  Т. 

23, № 1. – С. 8-16) 

Ключевые слова: хроническая сердечная недоста-

точность; мочевая кислота сыворотки; циркулирую-

щие мононуклеарные прогениторные клетки; про-

гностическая ценность. 

О.Є. Березін, О.О. Кремзер 

Взаємовідносини між сироватковим рівнем 

сечової кислоти ТА концентрацією           

проангіогенних мононуклеарних               

прогеніторних  клітин у пацієнтів з           

хронічною серцевою недостатністю 

Сечова кислота сироватки розглядається як маркер 

прогресування хронічної серцевої недостатності, 

пов'язаний із серцево-судинним ремоделінгом. Про-

гресування хронічної серцевої недостатності асоці-

юється зі зниженням циркулюючих мононуклеар-

них прогеніторних клітин в периферичній крові. 

Метою даного дослідження було оцінити взаємоз-

в'язок між концентрацією сечової кислоти сироват-

ки і циркулюючих мононуклеарних прогеніторних 

клітин у хворих з хронічноюї серцевою недостатніс-

тю ішемічного ґенезу. 

Матеріали і методи: У дослідження було ретроспек-

тивно включено 126 пацієнтів (54 чоловіків, 62 жін-

ки) віком від 48 до 62 рокі, з хронічної серцевої не-

достатності ішемічного ґенезу. Діагноз ішемічної 

хвороби серця був верифікований за допомогою ко-

нтрастно посиленої спіральної комп'ютерної томо-

графії / ангіографії. Рівень сечової кислоти сироват-

ки вимірювався ферментативним методом, рівень 

NT-pro-BNP був визначений за допомогою імунофе-

рментного аналізу. Циркулюючі мононуклеарні 

прогеніторні клітини були визначені як CD 34+ клі-

тини методом проточної цитометрії. Всі біомаркери 

були виміряні на початку дослідження. 

Результати: Концентрації сечової кислоти сироватки 

були розподілені за квартилями (Me; IQR): QI=20,11 

(19,06; 22,33) ммоль/л; QII=27,53 (23,2; 31,10) ммоль/

л; III квартиль=35,80 (32,0; 39,0) ммоль/л; і IV квар-

тиль=44,9 (40,00; 49,60) ммоль/л. Ми виявили незале-

жне вплив МКС на кількість CD14+ CD309+ цирку-

люючих мононуклеарних прогеніторних клітин (r=-

0,388 , p=0,001 ) і CD14+ CD309+ Tie2+ циркулюючих 

мононуклеарних прогеніторних клітин (r=-0,414, p= 

0,001), і не виявили впливу на CD45+ CD34+ цирку-

люючих мононуклеарних прогеніторних клітин r=-

0,214, p=0,22) і CD45- CD34+ циркулюючих мононук-

леарних прогеніторних клітин (r=-0,16, p=0,16) . 

Аналіз Cox пропорційних співвідношень для CD14+ 

CD309+ та CD14+ CD309+ Tie2+ циркулюючих моно-

нуклеарних прогеніторних клітин по квартилях сечо-

вої кислоти сироватки (Q) показав, що висока Q (Q3 

і Q4 ) з сечовою кислотою сироватки проти низької 

Q (Q1 і Q2), пов'язана з підвищеним ризиком висна-

ження як CD14+ CD309+ та CD14+ CD309+ Tie2+ цир-

кулюючих мононуклеарних прогеніторних клітин. 

При використанні ROC аналізу було встановлено, 

що точка cut-off для концентрації сечової кислоти 

сироватки з найкращим прогностичним потенціа-

лом, що свідчить про зниження рівня циркулюючих 

мононуклеарних прогеніторних клітин, дорівнює 

31,5 ммоль/л. 

Висновок: Рівень зниження циркулюючих мононук-

леарних прогеніторних клітин залежить від кварти-

лей рівня сечової кислоти сироватки у пацієнтів з 

хронічною серцевою недостатністю. Ми припускає-



16 

 

мо, що помірне збільшення рівнів сечової кислоти 

сироватки може розглядатися як предиктор знижен-

ня проангіогенних циркулюючих мононуклеарних 

прогеніторних клітин у популяції пацієнтів з хроніч-

ною серцевою недостатністю. (Арх. клін. експ. мед. – 

2014. – Т. 23, № 1. 8–16 С.) 

Ключові слова: хронічна серцева недостатність; 

сечова кислота сироватки; циркулюючі мононукле-

арні прогеніторні клітини; прогностична цінність. 
 
 

REFERENCES 

1. Alcaíno H. The role of uric acid in heart failure / Alcaíno H., 

Greig D., Castro P. et al. // Rev Med Chil. – 2011. – Vol. 139

(4). – P. 505-515. 

2. Amin A. Serum uric acid levels correlate with filling pressures 

in systolic heart failure / Amin A., Vakilian F., Maleki M. // 

Congest Heart Fail. – 2011. – Vol. 17(2). – P.80-84. 

3. Bakogiannis C. Circulating endothelial progenitor cells as bi-

omarkers for prediction of cardiovascular outcomes / Bakogi-

annis C., Tousoulis D., Androulakis E. et al. // Curr Med 

Chem. – 2012. – Vol. 19(16). – P. 2597-604. 

4. Bluemke D.A. Noninvasive coronary artery imaging: magnetic 

resonance angiography and multidetector computed tomography 

angiography: a scientific statement from the American Heart 

Association Committee on Cardiovascular Imaging and Inter-

vention of the Council on Cardiovascular Radiology and Inter-

vention, and the Councils on Clinical Cardiology and Cardio-

vascular Disease in the Young. / Bluemke D.A., Achenbach S., 

Budoff M. et al. // Circulation. - 2008. – Vol. 118. – P. 586–606. 

5. Fadini G.P. Circulating progenitor cell count for cardiovascular 

risk stratification: a pooled analysis / Fadini G.P., Maruyama S., 

Ozaki T. et al. // PLoS ONE. – 2010. –Vol. 5. – P. e11488. 

6. Filippatos G.S. Hyperuricaemia, chronic kidney disease, and 

outcomes in heart failure: potential mechanistic insights from 

epidemiological data / Filippatos G.S., Ahmed M.I., Gladden 

J.D. et al. // Eur Heart J. – 2011. – Vol. 32(6). – P. 712-720. 

7. Friedewald W.T. Estimation of the concentration of low-density 

lipoprotein cholesterol in plasma, without use of the preparative 

ultracentrifuge / Friedewald W.T., Levy R.I., Fredrickson D.S.// 

Clin Chem. – 1972. – Vol. 18(6). –P. 499-502. 

8. Fritzenwanger M. Differential number of cd34+, cd133+ and 

cd34+/cd133+ cells in peripheral blood of patients with conges-

tive heart failure / Fritzenwanger M, Lorenz F, Jung C. et al. // 

Eur. J. Med. Res. – 2009. – Vol. 14. – P. 113–117. 

9. Gustafsson D. The pathophysiology of hyperuricaemia and its 

possible relationship to cardiovascular disease, morbidity and 

mortality / Gustafsson D., Unwin R. // BMC Nephrol. – 2013. – 

Vol. 14. – P. 164. 

10. Hartupee J. Positioning of Inflammatory Biomarkers in the 

Heart Failure Landscape / Hartupee J., Mann D.L. // J. Cardio-

vasc. Transl. Res. – 2013. – Vol. 6(4). – P. 485-492. 

11. Hill J.M. Circulating endothelial progenitor cells, vascular 

function, and cardiovascular risk / Hill J.M., Zalos G., Halcox 

J.P. et al. // N. Engl. J. Med. – 2003. – Vol. 348. – P. 593–600. 

12. Hsieh M.C. Significant correlation between left ventricular 

systolic and diastolic dysfunction and decreased glomerular fil-

tration rate / Hsieh M.C., Su H.M., Wang S.Y. et al. // Ren 

Fail. – 2011. – Vol. 33(10). – P. 977-982.  

13. Huang H. Uric acid and risk of heart failure: a systematic re-

view and meta-analysis / Huang H., Huang B., Li Y. et al. // 

Eur. J. Heart Fail. – 2013. – Vol. 16 (1). – P. 15-24. 

14. Jeemon P. Does uric acid qualify as an independent risk fac-

tor for cardiovascular mortality? / Jeemon P., Prabhakaran D. //

Clin Sci (Lond). – 2013. – Vol. 124(4). – P. 255-257. 

15. Kim H. Uric Acid as prognostic marker in advanced nonis-

chemic dilated cardiomyopathy: comparison with N-terminal 

pro B-type natriuretic peptide level / Kim H., Shin H.W., Son J. 

et al. // Congest Heart Fail. – 2010. – Vol. 16(4). – P. 153-158. 

16. Kissel C.K. Selective functional exhaustion of hematopoietic 

progenitor cells in the bone marrow of patients with postinfarc-

tion heart failure / Kissel C.K., Lehmann R., Assmus B. et al. // 

J. Am. Coll. Cardiol. – 2007. – Vol. 49. – P. 2341–2349 

17. Kuo C.F. Significance of serum uric acid levels on the risk of all-

cause and cardiovascular mortality / Kuo C.F., See L.C., Yu K.H. et 

al. // Rheumatology (Oxford). – 2013. – Vol. 52(1). – P. 127-134. 

18. Levey A.S. A New Equation to Estimate Glomerular Filtration 

Rate / Levey A.S., Stevens L.A., Schmid C.H. et al. for the 

CKD-EPI (Chronic Kidney Disease Epidemiology Collabora-

tion) // Ann Intern Med. – 2009. – Vol. 150(9). – P. 604-612. 

19. Málek F. Uric acid, allopurinol therapy, and mortality in pa-

tients with acute heart failure-results of the Acute HEart FAil-

ure Database registry / Málek F., Ošťádal P., Pařenica J. et al. // 

J. Crit. Care. – 2012. – Vol. 27(6). - P. 737.e11-24. 

20. Manzano L. Predictors of clinical outcomes in elderly patients with 

heart failure / Manzano L., Babalis D., Roughton M. et al; SENIORS 

Investigators // Eur. J. Heart Fail. – 2011. – Vol. 13(5). – P. 528-536. 

21. McMurray J.J.V. ESC Guidelines for the diagnosis and treat-

ment of acute and chronic heart failure 2012 / McMurray 

J.J.V., Adamopoulos S., Anker S.D. et al. // Eur. Heart J. – 

2012. – Vol. 33. – P. 1787–1847 

22. Misra D. The independent impact of congestive heart failure 

status and diuretic use on serum uric acid among men with a 

high cardiovascular risk profile: a prospective longitudinal 

study / Misra D., Zhu Y., Zhang Y., Choi H.K. // Semin Arthri-

tis Rheum. – 2011. – Vol. 41(3). – P. 471-476. 

23. Pellerin D. Tissue Doppler, strain, and strain rate echocardi-

ography for the assessment of left and right systolic ventricular 

function / Pellerin D., Sharma R., Elliott P., Veyrat C. // Heart. – 

2003. - Vol. 89 (90003). – P. iii9-17. 

24. Rehman J. Peripheral blood “endothelial progenitor cells” are 

derived from monocyte/macrophages and secrete angiogenic 

growth factors / Rehman J., Li J., Orschell C.M., March K.L. // 

Circulation. – 2003. – Vol. 107. – P. 1164–1169. 

25. Schiller N.B. Recommendations for quantitation of the left 

ventricle by two-dimensional echocardiography. American So-

ciety of Echocardiography Committee on Standards, Subcom-

mittee on Quantitation of Two-Dimensional Echocardiograms / 

Schiller N.B., Shah P.M., Crawford M. et al. // J. Am. Soc. 

Echocardiogr. – 1989. – Vol. 2. – P. 358–367. 

26. Schmidt-Lucke C. Reduced number of circulating endothelial 

progenitor cells predicts future cardiovascular events: proof of 

concept for the clinical importance of endogenous vascular re-

pair / Schmidt-Lucke C., Roёssig L., Fichtlscherer S. et al. // 

Circulation. – 2005. – Vol. 111. – P. 2981–2987. 

27. Tamariz L. Uric acid as a predictor of all-cause mortality in 

heart failure: a meta-analysis / Tamariz L., Harzand A., Palacio 

A. et al. // Congest Heart Fail. – 2011. – Vol. 17(1). – P. 25-30. 

28. Trachtenberg B.H. Biomarkers of oxidative stress in heart 

failure / Trachtenberg B.H., Hare J.M. // Heart Fail Clin. – 

2009. – Vol. 5(4). – P. 561-577. 

29. Tung J.W. New approaches to fluorescence compensation and 

visualization of FACS data / Tung J.W., Parks D.R., Moore 

W.A. et al. // Clin Immunol. – 2004. – Vol. 110(3). – P. 277-283. 

30. Valgimigli M. CD34+ and endothelial progenitor cells in pa-

tients with various degrees of congestive heart failure / Valgimi-

gli M., Rigolin G. M., Fucili A. et al. // Circulation. -2004. – 

Vol. 110. – P. 1209–1212. 

31. Waring W.S. Effect of local hyperuricemia on endothelial 

function in the human forearm vascular bed / Waring W.S., 

Webb D.J., Maxwell S.R.J. // Br. J. Clin. Pharmacol. – 2000. – 

Vol. 49. – P. 511 

32. Wu A.H. Uric acid level and allopurinol use as risk markers of 

mortality and morbidity in systolic heart failure / Wu A.H., 

Ghali J.K., Neuberg G.W. et al. // Am. Heart J. – 2010. – Vol. 

b 160(5). – P. 928-933. 

Надійшла до редакції: 14.04.2014   


