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Abstract— The aim of the study: to investigate whether an elevated level of osteoprotegerin (OPG) predicts imbal-
ance between different phenotypes of circulating endothelial (EPCs) and mononuclear (MPCs) progenitor cells in pa-
tients with MetS. Methods: Forty-seven patients with MetS and 35 healthy volunteers were prospectively evolved in 
the study 47 between February 2013 and November 2013. We enrolled MetS subjects without known CV disease in-
cluding angina pectoris, asymptomatic atherosclerosis (negative contrast-enhanced multispiral tomography angiogra-
phy). MetS was diagnosed based on the National Cholesterol Education Program Adult Treatment Panel III criteria. 
All patients have given their informed written consent for participation in the study. Results: The mean serum level 
of OPG was significantly higher among entire MetS patients’ cohort compared to the healthy volunteers (1142 ± 186 
pg/mL in MetS group vs. 245 ± 75 pg/mL in control group; p < 0.001). Patients with MetS were divided into two 
subgroups depended on serum level of OPG using mean value as cutoff point. Subjects with OPG level < 1142 
pg/mL and ≥ 1142 pg/mL were included in cohorts with lower (n=18) and higher (n=29) OPG level, respectively. 
Multivariate regression analysis adjusted age, sex and BMI has shown that OPD related negatively with numbers of 
CD14+/CD309+ cells (r = -0.505, P = 0.001), CD14/CD309/Tie2+ (= -0.510, P = 0.001), CD45-/CD34+ 
cells (r = -0.298, P = 0.001), triglycerides (r = -0.22, P = 0.001), hs-CRP (r = -0.24, P = 0.001), dyslipidemia (r 
= -0.301, P = 0.001), LDL cholesterol (r = -0.288, P = 0.002), soluble receptor activator of nuclear factor kappa-B 
ligand (r = -0.303, P = 0.001), serum uric acid (r = -0.218, P < 0.001), and positively related with galectin-3 (r 
=0.41, P = 0.001), HOMA-IR (r = 0.306, P = 0.001), The MetS Z score at +1.0 SD (r =0.262, P = 0.001), Fra-
mingham risk score (r = 0.254, P = 0.001). In multivariate logistic regression analysis we found that OPG, dyslipi-
demia, galectin-3, and HOMA-IR were independent predictors for depletion in numerous of circulating EPCs and 
MPCs alone, as well as combined variable: EPCs and MPCs. The comparison of predictive models based on several 
biomarkers including dyslipidemia, galectin-3, and HOMA-IR has shown a lack of advantages of these models versus 
predictive model constructed on OPG alone. Conclusion: We found the elevated OPG level in MetS patients with-
out known CV disease predicted declined numerous of both EPCs and MPCs beyond traditional CV risk factors 
 
Keywords— Metabolic syndrome; osteoprotegerin; endothelial-derived progenitor cells, mononuclear-derived 
progenitor cells 
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INTRODUCTION 

Metabolic syndrome (MetS) is defined as cluster of 

multiple metabolic and cardiovascular (CV) abnor-

malities included abdominal obesity, high-normal 

blood pressure, dyslipidaemia, and impaired fasting 

glucose tolerance (Grundy et al., 2005; Grundy et al., 

2004), that exhibits has a growing prevalence world-

wide (Scholze et al., 2010; Tocci et al., 2015). Recent 

clinical and observational studies have revealed that 

MetS closely associates with progression to type 2 di-

abetes mellitus (T2DM) in non-diabetics, asymptomat-

ic atherosclerosis, vascular calcification, increased 

stiffness of peripheral and central arteries, low-grade 

inflammation, and prothrombotic state (Cicero et al., 

2007; Lee et al., 2015; Rhee et al., 2014; Rhee et al., 

2013). Moreover, MetS was found as predictor of CV 

disease development, CV mortality, and sudden car-

diac death (Baumgartner et al., 2012; Kurl et al., 2016). 

In the general clinical practice CV risk assessment is 

mostly based on risk charts, such as Framingham risk 

score and Systemic Coronary Risk Estimation (Volpe 

et al., 2012). These models are able to estimate the im-

pact of CV and metabolic risk factors, but could not 

exactly assess individual CV risk profile in MetS indi-

viduals. In this context, novel biomarkers reflected 

several faces of pathogenesis of MetS might improve 

the discriminative value of contemporary charts 

(Sattar et al., 2003). The clinical advantages regarding 

adding the evaluation of simple organ damage mark-

ers to risk charts in CV risk prediction might be in 

deep documented. Indeed, patients with MetS pre-

sented impaired endothelial function already at early 

stage of the disease (Walczak et al., 2015), and bio-

marker of endothelial dysfunction and vascular re-

modeling could improve discriminative value of tradi-

tional model. 

Osteoprotegerin (OPG) is a secreted multi functional 

glycoprotein belonging to the tumor necrosis factor 

(TNF) receptor super family and secreted by activated 

mononuclear cells (Vitovski et al., 2007). OPG acts as a 

decoy receptor for receptor activator of nuclear factor 

kappa-B ligand (RANKL) and TNF-related apoptosis-

inducing ligand, which plays an important regulatory 

role in the CV system (Jono et al., 2002). It has been in 

progress documented that OPG might link low-grade 

inflammation, endothelial dysfunction, atherosclerosis 

and vascular calcification (Van Campenhout and 

Golledge, 2009). Elevated level of OPG was recently 

found in patients with MetS and T2DM (Pérez de 

Ciriza et al., 2015). There is a large body of evidence 

regarding predictive role of OPG in asymptomatic 

atherosclerosis, CV disease and events, and CV mor-

tality (Morisawa et al., 2015; Niu et al., 2015; Venuraju 

et al., 2010). However, the exact molecular mechan-

isms mediated OPG / RANK / RANKL axis and vascu-

lar complications in MetS have not yet elucidated. 

It has suggested that OPG might act via suppression 

of endogenous repair system activity, in particularly, 

included both endothelial and mononuclear progeni-

tor cells with angiopoetic capacities (Berezin, 2014; 

Tousoulis et al., 2013). Indeed, in MetS patients acti-

vated T cells and mononuclears are undergo various 

metabolic changes affected their growth, differentia-

tion, and proliferation (Palmer et al., 2015). In fact, 

several intracellular signaling systems, i.e. PI3K/Akt, 

mTOR, HIF1α, p70S6K and Bcl-6, interplaying in in-

flammation and in the regulation of glucose metabol-

ism, could mediate a development of angiopoetic pro-

genitor cells’ dysfunction in several dysmetabolic 

states including MetS (Berezin AE, 2015a, b; Kim et al., 

2013). Therefore, circulating endothelial progenitor 

cells (EPCs) were surrogate marker of subclinical athe-

rosclerosis in general population, while mononuclear 

progenitor cells (MPCs) were found a predictor of co-

ronary artery disease in dysmetabolic patients 

(Hofbauer and Schoppet, 2004; Kim et al., 2013). All 

these findings are kept an assumption that worsening 

ability of EPCs and MPCs to restore tissue injury 

might clue to link OPG and target organ damage in 

MetS and diabetes. 

The aim of the study: to investigate whether an ele-

vated level of OPG might predict imbalance between 

different phenotypes of circulating endothelial and 

mononuclear progenitor cells in MetS patients. 

 

 

METHODS 

The study evolved 47 patients with MetS and 35 

healthy volunteers who were examined in three our 

centers between February 2013 and November 2013. 

We enrolled dysmetabolic disorder subjects without 

known CV disease including angina pectoris, asymp-

tomatic atherosclerosis (negative contrast-enhanced 

multispiral tomography angiography), as well as 

known type 2 diabetes mellitus (T2DM). All patients 

have given their informed written consent for partici-

pation in the study. 
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MetS was diagnosed based on the National Cholester-

ol Education Program Adult Treatment Panel III crite-

ria (Health, 2001). Patients were enrolled in the MetS 

cohort when at least three of the following compo-

nents were defined: waist circumference ≥90 cm or ≥80 

cm in men and women respectively; high density li-

poprotein (HDL) cholesterol <1.03 mmol/L or <1.3 

mmol/L in men and women respectively; triglycerides 

≥1.7 mmol/L; blood pressure ≥130/85 mmHg or cur-

rent exposure of antihypertensive drugs; fasting 

plasma glucose ≥5.6 mmol/L. 

When T2DM was diagnosed with revised criteria (gly-

cated hemoglobin [HbA1c] ≥6.5%; fasting plasma glu-

cose ≥7 mmol/L; 2-h plasma glucose ≥11.1 mmol/L 

during an oral glucose tolerance test; a random plas-

ma glucose ≥11.1 mmol/L; exposure of insulin or oral 

antidiabetic drugs; a previous diagnosis of T2DM) 

provided by American Diabetes Association, subjects 

were not considered a candidate for this study.  

Current smoking was defined as consumption of one 

cigarette daily for three months. Anthropometric mea-

surements (body mass, waist circumference, weight, 

and waist-to-hip ratio) were made using standard 

procedures. 

Methods for visualization of coronary arteries 

Contrast-enhanced multispiral computed tomography 

angiography was performed for all the patients with 

dysmetabolic disorder prior to their inclusion in the 

study on Optima СТ660 scanner (GE Healthcare, 

USA) using non-ionic contrast “Omnipaque” (Amer-

sham Health, Ireland) (Bluemke et al., 2008). Asymp-

tomatic atherosclerosis was defined as stenosis of pla-

que at least in one coronary artery > 50%, aortic root 

calcification, and / or coronary calcification quantified 

using Agatston scoring (Schuhbaeck et al., 2015). 

Echocardiography and Doppler imaging 

Transthoracic B-mode echocardiography and Tissue 

Doppler Imaging were performed according to a con-

ventional procedure on ACUSON scanner (SIEMENS, 

Germany) using phased probe with modulated fre-

quency of 2.5-5 МHz. Left ventricular end-diastolic 

and end-systolic volumes, and LVEF were measured 

by modified Simpson’s method (Rodgers et al., 2000). 

LV mass was estimated using formula recommended 

American Society of Echocardiography’s Guidelines 

and Standards Committee and the Chamber Quantifi-

cation Writing Group (Lang et al., 2005). LV hypertro-

phy (LVH) was defined as a LV mass / body surface 

area (BSA) ≥ 96 g/m2, for women, and ≥ 116 g/m2, for 

men (Mancia et al., 2013). 

Cardiovascular Risk Calculation  

A 10-year cardiovascular risk for study patients was 

calculated using the Framingham General Cardiovas-

cular Risk Score (2008) (Preiss and Kristensen, 2015) 

by on-line calculator. 

MetS Z-score Calculation 

The MetS Z score was calculated using the online cal-

culator (http://mets.health-outcomes-

policy.ufl.edu/calculator/). The scores are standar-

dized to reflect Z-scores, with a mean set to 0 and a 

range from negative infinity to positive infinity based 

on the number of standard deviations from the mean, 

and can easily be translated to percentiles that allow 

for a representation of one’s MetS severity relative to 

the population taking into consideration that MetS 

was identified accordingly NHANES criteria (DeBoer 

et al., 2015). These score represents a means of estimat-

ing MetS severity in a way that corresponds to long-

term disease risk. 

Calculation of glomerular filtration rate 

Glomerular filtration rate (GFR) was calculated with 

CKD-EPI formula (Levey et al., 2009). 

Measurement of circulating biomarkers  

To determine circulating biomarkers, blood samples 

were collected at baseline in the morning (at 7-8 a.m.) 

into cooled silicone test tubes wherein 2 mL of 5% Tri-

lon B solution were added. Then they were centri-

fuged upon permanent cooling at 6,000 rpm for 3 mi-

nutes. Plasma was collected and refrigerated imme-

diately to be stored at a temperature -70оС. Serum os-

teoprotegerin (OPG), Receptor activator of nuclear 

factor kappa-B ligand (RANKL), and adiponectin 

were measured by high-sensitive enzyme-linked im-

munosorbent assays using commercial kits (R&D Sys-

tems GmbH, Wiesbaden-Nordenstadt, Germany) ac-

cording to the manufacturer's recommendations. The 

inter-assay coefficients of variation were as follows: 

OPG: 8.2%, Receptor activator of nuclear factor kappa-

B ligand: 7.0%; adiponectin: 5%. 

High-sensitive C-reactive protein (hs-CRP) was meas-

ured by commercially available standard kit (R&D 

Systems GmbH, Wiesbaden-Nordenstadt, Germany). 

The intra-assay and inter-assay coefficients of varia-

tion were <5%. 
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Fasting insulin level was measured by a double-

antibody sandwich immunoassay (Elecsys 1010 ana-

lyzer, F. Hoffmann-La Roche Diagnostics, Mannheim, 

Germany). The intra-assay and inter-assay coefficients 

of variation were <5%. The lower detection limit of 

insulin level was 1.39 pmol/L. 

Insulin resistance was assessed by the homeostasis 

model assessment for insulin resistance (HOMA-

IR)(Matthews et al., 1985) using the following formula: 

HOMA-IR (mmol/L × μU/mL) = fasting glucose 

(mmol/L) × fasting insulin (μU/mL) / 22.5 

IR was arbitrarily defined as a homeostasis model as-

sessment-IR index (HOMA-IR) value above the 75th 

percentile of normal glucose tolerance equal 2.45 

mmol/L × μU/mL. 

Hemoglobin A1c (HbA1c) were determined by high-

pressure liquid chromatography method. Concentra-

tions of total cholesterol (TC), cholesterol of high-

density lipoproteins (HDL-C), triglycerides (TG), and 

low-density lipoproteins (LDL-C) were measured by 

direct enzymatic method (Roche P800 analyzer, Basel, 

Switzerland).  

Blood sampling for measurement of circulating en-

dothelial progenitor cells and mononuclear progeni-

tor cells 

Blood samples were received from peripheral vein in 

blood collection tubes. Each sample contains 75 μL 

into 1mL PBS containing 5 μM EDTA (10 μL of 0.5 M 

stock). To prevent clotting samples were mixed im-

mediately. Peripheral blood mononuclear cells were 

removed using density gradient centrifugation with 

Ficoll-Paque (Miltenyi Biotec Inc., Germany). After 

layer 35 mL of diluted cell suspension over 15 mL of 

Ficoll-Paque in a 50 mL conical tube all blood samples 

with anticoagulants (EDTA) have centrifuged at 400×g 

for 30–40 minutes at 20°C in a swinging-bucket rotor 

without brake. The upper layer leaving the mononuc-

lear cell layer was aspirated to prevent a contamina-

tion of samples before measurement of real EPCs. 

RBCs from samples were removed from the samples 

using the classic LYSE-WASH protocol. Cells were 

washed 2-3x with FACS buffer (PBS supplemented 

with either 1% BSA or 5% FBS and containing 0.05% 

NaNO3). Fifty μL FACS buffer per each analysis on a 

single sample was suspended the pellet from the final 

wash. Then 50 μL of cell suspension to 10 μL of anti-

body solution were added and immediately mixed. 

After incubation for 30 minutes on ice cells 2-3x with 

FACS buffer was washed and suspended in 200-300 

μL FACS buffer for analysis. The samples were centri-

fuged at 200× g for 15 min; then they were washed 

twice with PBS and fixed immediately. 

Determination of circulating EPCs 

For further analysis, endothelial derived and mono-

nuclear progenitor cells were re-suspended in 100 μl 

of a fluorescence-activated cell-sorting buffer contain-

ing phosphate-buffered saline, 0.1 percent bovineal-

bumin, and aprotinin (20 μL /mL). The flow cytome-

tric technique (FCT) was used for predictably distin-

guishing circulating cell subsets, which depend on 

expression of CD45, CD34, CD14, Tie-2, and VEGFR2, 

using High-Definition Fluorescence Activated Cell 

Sorter (HD-FACS) methodology (Tung et al., 2004). 

Accordingly, the cells were labeled on the basis of 

their forward scatter characteristic (FSC) and side scat-

ter characteristic (SSC) profiles. The cells were directly 

stained and analyzed for phenotypic expression of 

surface proteins using anti-human monoclonal anti-

bodies, including anti-CD45 FITS (BD Biosciences, San 

Jose, CA, USA), anti-CD34 FITS (BD Biosciences), anti-

VEGFR-2 known as anti-CD309 (BD Biosciences), anti-

Tie2 (BD Biosciences) and anti-CD14 (BD Biosciences). 

The fluorescence minus one technique was used to 

provide negative controls and establish positive stain 

boundaries. Double- or triple-positive events were 

determined using Boolean principles (“and”, “not”, 

“or”, etc.). IgG2a–FITC–PE antibody (Becton Dickin-

son) served as a negative control. 

Circulating EPCs were defined as CD34/CD309 posi-

tive cells with lack of CD45 expression. CD14 is com-

mon antigen for mononuclears and endothelial cells, 

while CD309 antigen is represented in endothelial 

cells. For mononuclear progenitor CD14+ cells’ popu-

lations, co-expression with Tie-2− and/or VEGFR-2− 

was determined using quadrant analysis. Cell fluores-

cence was measured immediately after staining, and 

data were analyzed with the use of Cell Quest soft-

ware (FACS Calibur, Becton Dickinson). Units of all 

measured components are absolute cell counts ob-

tained after the measurement of 500,000 events. The 

Fluorescence Minus One Control (FMO control) was 

used to properly interpret flow cytometry data. Figure 

1 represents a sample of FACS results for CD45-

/CD34+, СD309+/antiTie2-, CD14+/СD309+, 

СD14+/antiTie2- EPCs. FMO controls for 

CD14+/СD309+ is reported Figure 2. 
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Figure 1. A sample of HD-FACS results for CD45-/CD34+ (Fig. 1A), СD309+/antiTie2-, CD14+/СD309+, СD14+/antiTie2- (Fig.1B) 

progenitor cells. Note: Circulating EPCs were defined as CD34/CD309 positive cells with lack of CD45 expression. MPCs are de-

fined as CD14 positive cells with lack of CD45 expression. For mononuclear progenitor CD14+ cells’ populations, co-expression with 

Tie-2− and/or VEGFR-2− was determined using quadrant analysis. Abbreviations: EPCs, endothelial progenitor cells; MPCs, mono-

nuclear progenitor cells; High-Definition Fluorescence Activated Cell Sorter; FSC, forward scatter characteristic; SSC, side scatter 

characteristic. 

 

 
Figure 2. A sample of FMO controls for determination of CD14+/СD309+ EPCs.  

Abbreviations: FMO, The Fluorescence Minus One Control 

 

 

Statistical Analysis 

Statistical analysis of the results obtained was per-

formed in SPSS system for Windows, Version 22 (SPSS 

Inc, Chicago, IL, USA). The data were presented as 

mean (М) and standard deviation (±SD) or 95% confi-

dence interval (CI); as well as median (Ме) and 25%-

75% interquartile range (IQR). To compare the main 

parameters of patient cohorts, two-tailed Student t-test 

or Mann–Wilk U-test were used. To compare categori-

cal variables between groups, Chi2 test (χ2) and Fisher 

F exact test were used. Predictors of EPCs in patients 

were examined in multivariable regression analysis. 

C-statistics, integrated discrimination indices (IDI) 

and net-reclassification improvement (NRI) were uti-

lized for prediction performance analyses. A two-

tailed probability value of <0.05 was considered as 

significant. 
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RESULTS 

The mean serum level of OPG was significantly higher 

among entire MetS patients’ cohort compared to the 

healthy volunteers (1142 ± 186 pg/mL in MetS group 

vs. 245 ± 75 pg/mL in control group; p < 0.001). Pa-

tients with MetS were divided into two subgroups 

depended on serum level of OPG using mean value as 

cutoff point (Figure 3). Subjects with OPG level < 1142 

pg/mL and ≥ 1142 pg/mL were included in cohorts 

with lower (n=18) and higher (n=29) OPG level, re-

spectively. There was not a significant difference be-

tween healthy volunteers and entire MetS cohort in 

age, sex, and adherence to smoke. MetS subjects exhi-

bited higher BMI, WHR, Framingham risk score, 

HOMA-IR, The MetS Z score average, LVH presenta-

tion, blood pressure, and heart rate. We did not find 

sufficient differences between MetS subgroups with 

lower and higher serum OPG level in demographics, 

cardiovascular risk factors, and hemodynamic per-

formances, apart from the heart rate that exibited low-

er value in individuals with circulating OPG < 1142 

pg/mL compared with those who had OPG level ≥ 

1142 pg/mL. Therefore, insulin resistance (IR) has de-

termined frequently in lower OPG subgroup vs higher 

OPG subgroup (P=0.04). 

 

 

Figure 3. The serum levels of OPG in healthy volunteers 

and MetS patients. Abbreviations: OPG, osteoprotegerin; 

MetS, metabolic syndrome. 

 

 

As shown in Table 1, healthy volunteers and MetS 

individuals from entire cohort had similar level of 

GFR, hemoglobin, creatinine, uric acid, and NT-pro-

BNP. We expectedly found increased level of fasting 

glucose, HbA1c, total cholesterol, LDL cholesterol, 

triglycerides, hs-CRP, and galectin-3, sRANKL, adi-

ponectin, as well as lowered concentration of HDL 

cholesterol in entire MetS cohort compared with 

healthy volunteers. No difference was seen in GFR, 

hemoglobin, fasting glucose, HbA1c, creatinine, total 

cholesterol, NT-pro-BNP, hs-CRP between both MetS 

subgroups (Table 2). The MetS patients with higher 

OPG level had higher levels of uric acid, LDL choles-

terol, triglycerides, galectin-3, and lower concentra-

tions of HDL cholesterol. 

Healthy volunteers had increased level of both EPCs 

and MPCs in comparison with entire cohort of MetS 

patients (P=0.001 for all cases). Furthermore, CD45-

CD34+, CD14+CD309+, CD14+СD309+ Tie-2+ cells exhi-

bited significantly higher circulating concentrations in 

MetS patients with lower OPG level compared with 

individuals with higher OPG level. 

The univariate linear regression analysis between 

OPG and absolute numerous of EPCs and MPCs with 

immune phenotypes CD45-/CD34+ CD14/CD309+ and 

CD14/CD309/Tie2+, cardiovascular risk factors, he-

modynamic performances, and other biomarkers was 

performed. Serum OPG level inversely related with 

absolute numbers of CD14+/CD309+ cells (r = -0.512, P 

= 0.001), CD14/CD309/Tie2+ (= -0.509, P = 0.001), 

CD45-/CD34+ cells (r = -0.422, P = 0.001), BMI (r = -

0.34, P = 0.001), male sex (r = -0.31, P = 0.001), triglyce-

rides (r = -0.28, P = 0.001), hs-CRP (r = -0.318, P = 

0.001), dyslipidemia (r = -0.313, P = 0.001), LDL choles-

terol (r = -0.311, P = 0.002), soluble receptor activator of 

nuclear factor kappa-B ligand (r = -0.312, P = 0.001), 

serum uric acid (r = -0.305, P < 0.001), adiponectin (r = -

0.292, P = 0.001), eGFR (r = -0.288, P = 0.001), creatinine 

(r = -0.287, P = 0.001), age (r = -0.275, P = 0.001), smok-

ing (r = -0.212, P = 0.001), and positively related with 

galectin-3 (r =0.442, P = 0.001), HOMA-IR (r = 0.315, P 

= 0.001), The MetS Z score at +1.0 SD (r =0.312, P = 

0.001), Framingham risk score (r = 0.304, P = 0.001), 

LVH (r =0.306, P = 0.001). 

Multivariate regression analysis adjusted age, sex and 

BMI has shown that OPD related negatively with 

numbers of CD14+/CD309+ cells (r = -0.505, P = 0.001), 

CD14/CD309/Tie2+ (= -0.510, P = 0.001), CD45-/CD34+ 

cells (r = -0.298, P = 0.001), triglycerides (r = -0.22, P = 

0.001), hs-CRP (r = -0.24, P = 0.001), dyslipidemia (r = -

0.301, P = 0.001), LDL cholesterol (r = -0.288, P = 0.002), 

soluble receptor activator of nuclear factor kappa-B 

ligand (r = -0.303, P = 0.001), serum uric acid (r = -

0.218, P < 0.001), and positively related with galectin-3 
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(r =0.41, P = 0.001), HOMA-IR (r = 0.306, P = 0.001), The 

MetS Z score at +1.0 SD (r =0.262, P = 0.001), Framing-

ham risk score (r = 0.254, P = 0.001). 

When we excluded from this analysis dyslipidemia, 

no relation of OPG with CD45-/CD34+ cells (r = -0.18, 

P = 0.36), The MetS Z score at +1.0 SD (r = 0.122, P = 

0.22), Framingham risk score (r = 0.14, P = 0.16), serum 

uric acid (r = -0.15, P = 0.12) was seen, whereas associa-

tion between OPG and numbers of CD14+/CD309+ 

cells (r = -0.42, P = 0.001), CD14/CD309/Tie2+ (r = -0.44, 

P = 0.001), soluble receptor activator of nuclear factor 

kappa-B ligand (r = -0.24, P = 0.001), and positively 

related with galectin-3 (r =0.41, P = 0.001), HOMA-IR 

(r = 0.306, P = 0.001). 

In multivariate logistic regression analysis, we found 

that OPG, dyslipidemia, galectin-3, and HOMA-IR 

were independent predictors for depletion in numer-

ous of circulating EPCs and MPCs alone, as well as 

combined variable: EPCs and MPCs (Table 3). The 

comparison of predictive models based on several 

biomarkers including dyslipidemia, galectin-3, and 

HOMA-IR has shown a lack of advantages of these 

models versus predictive model constructed on OPG 

alone (Table 4). 

 

 

Table 1. The characteristics of participants in the study 

 

Variables 

Healthy 

volunteers 

(n=35) 

Entire MetS 

group (n=47) 

P value between healthy 

volunteers and entire 

MetS cohort 

Subjects with 

lower OPG 

(n=18) 

Subjects with 

higher OPG 

(n=29) 

P value between 

MetS subgroups 

Age, years  54.85±5.20 56.13±6.40 0.84 54.81±6.72 57.40±6.60 0.72 

Male, n (%) 18 (51.4%) 25 (53.2%) 0.94 10 (55.6%) 15 (51.7%) 0.92 

Hypertension, n (%) - 44 (93.6%) - 15 (83.3%) 29 (100.0%) 0.80 

Dyslipidemia, n (%) - 47 (100.0%) - 18 (100.0%) 29 (100.0%) 1.00 

Obesity, n (%) 
- 

47 (100.0%) 
- 

18 (100.0%) 29 (100.0%) 
1.00 

IR, n (%) - 41 (87.2%) 0.001 14 (77.8%) 27 (93.1%) 0.04 

HOMA-IR, mmol/L 

× μU/mL 

1.13 (0.98-

1.24) 

3.45 (3.22-3.78) 0.001 
3.32 (3.17-3.45) 3.51 (3.20-3.81) 0.01 

Adherence to 

smoke, n (%) 

9 (25.7%) 
12 (25.5%) 

0.88 
4 (22.2%) 8 (27.6%) 

0.82 

BMI, kg/m2 
22.3 (20.1 – 

23.5) 

27.5 (25.2 – 

32.9) 
0.001 27.3 (25.6 – 32.2) 27.9 (26.1 – 33.5) 0.89 

WHR, units 
0.85 (0.82 – 

0.87) 

0.99 (0.95 – 

1.08) 
0.001 0.99 (0.95 – 1.10) 1.01 (0.96 – 1.09) 0.96 

Framingham risk 

score 

2.55± 1.05 8.12 ± 2.88 0.001 
8.12 ± 2.75 8.13 ± 2.52 0.94 

The MetS Z score at 

+1.0 SD 

- 16 (34.0%) 
0.001 5 (27.8%) 11 (37.9%) 0.14 

The MetS Z score at 

+0.75 SD 

- 31 (66.0%) 0.001 
13 (72.2%) 18 (62.1%) 0.12 

Systolic BP, mm Hg 121±4 133±9 0.01 130±7 135±6 0.88 

Diastolic BP, mm 

Hg 
68±4 77±6 0.01 76±5 78±5 0.88 

Heart rate, beat per 

min. 
64.25±4.12 72.35±6.95 0.01 66.70±5.24 76.20±5.11 0.012 

LVEF, %  
67.2 (61.9 – 

72.8) 

59.6 (50.8 – 

65.1) 
0.01 60.50 (53.1 – 65.5) 58.9 (53.9 – 68.4) 0.86 

LVH, % - 41 (87.2%) 0.001 15 (83.3%) 26 (89.7%) 0.85 
 

Notes: Data are expressed as mean (M) and standard deviation (±SD), median (Me) and interquartile range (IQR), numerous (n) and frequencies (%). Abbreviations: T2DM - Type two diabetes mellitus, 

LVEF – left ventricular ejection fraction; LVH – LV hypertrophy; HOMA-IR, homeostatic model assessment of insulin resistance index; IR, insulin resistance. 
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Table 2. The biomarkers in the patient study population 

 

Variables 

Healthy vol-

unteers 

(n=35) 

Entire MetS 

group (n=47) 

P value between healthy 

volunteers and entire MetS 

cohort 

Subjects with 

lower OPG 

(n=18) 

Subjects with 

higher OPG 

(n=29) 

Variables 

GFR, mL/ min/1.73 

m2 

112.4 (102.2 – 

123.4) 

107.3 (98.7 – 

114.1) 
0.14 

109.6 (103.5–

112.8) 
105.7 (99.1–109.6) 0. 46 

Hemoglobin, g/L  
138.3 (129.8 – 

151.2) 

135.4 (128.5 – 

142.1) 
0.92 

138.2 (125.2 – 

144.1) 

134.1 (124.5 – 

141.9) 
0.48 

Fasting glucose, 

mmol/L  

4.24 (3.6-4.9) 
5.47 (4.2-6.1) 

0.01 
4.95 (4.2-6.0) 5.52 (4.4-6.3) 0.28 

HbA1c, % 4.78 (4.2-5.15) 6.1 (5.9-6.3) 0.01 6.0 (5.8-6.3) 6.1 (5.9-6.4) 0.22 

Creatinine, μmol/L  
65.4 (58.2 – 

81.2) 

70.5 (58.7 – 

85.7) 
0.44 67.8 (59.0 – 84.5) 72.1 (65.9–86.1) 0.72 

Total cholesterol, 

mmol/L 

4.56 (3.25 – 

4.88) 
5.6 (4.7 – 6.5) 0.01 5.5 (4.6-6.5) 5.8 (4.8 – 6.7) 0.62 

HDL Cholesterol, 

mmol/L  

1.03 (0.98 – 

1.08) 

0.92 (0.88 – 

1.13) 
0.01 0.93 (0.90–0.98) 0.90 (0.83 – 1.03) 0.042 

LDL Cholesterol, 

mmol/L 

2.77 (2.33 – 

3.10) 

3.63 (3.21 – 

3.70) 
0.001 3.50 (3.10–3.96) 3.71 (3.50–4.20) 0.05 

TG, mmol/L 
1.67 (1.31 – 

1.94) 

2.31 (2.13 – 

2.59) 
0.001 2.35 (2.14 – 2.65) 2.60 (2.28 – 2.90) 0.01 

Serum uric acid, 

μmol/L 

295 (210 – 367) 345 (253 – 

420) 

0.06 311 (206 – 369) 357 (253 – 412) 0.01 

NT-pro-BNP, pg/mL 
33.1 (18.3 – 

63.6) 

54.3 (28.5 – 

82.8) 
0.14 44.5 (23.4 – 65.2) 59.8 (27.5 – 86.2) 0.12 

hs-CRP, mg/L 3.27 (0 – 5.33) 
7.10 (6.25-

8.20) 
0.001 7.05 (6.09-8.03) 7.14 (6.22-8.32) 0.46 

Galectin-3, μg/L 
4.36 (0.98 – 

9.37) 

10.50 (1.37 – 

19.25)1 

0.001 8.11 (1.05 – 

15.44)1 

13.12 (3.15 – 

20.80)1 

0.01 

sRANKL, pg / mL 
13.20 (9.11-

15.32) 

24.10 (14.70-

36.91) 

0.001 23.10 (14.60-

36.40) 

25.10 (15.80-

37.10) 

0.46 

Adiponectin, mg / L 
9.36 (7.13-

12.40) 

12.75 (9.75-

17.80) 

0.001 12.15 (9.67-16.90) 13.82 (10.55-

17.50) 

0.88 

CD45-CD34+, cells 

/μL 

0.092 (0.076–

0.108) 

0.060 (0.055–

0.066) 

0.001 0.064 (0.058–

0.069) 

0.056 (0.052–

0.064) 

0.014 

CD14+CD309+, cells 

/μL 

0.426 (0.370–

0.574) 

0.335 (0.257–

0.418) 
0.001 

0.358 (0.285–

0.420) 

0.295 (0.232–

0.366) 
0.001 

CD14+СD309+ Tie-2+, 

cells/μL 

0.0465 

(0.0253–

0.0710) 

0.032 (0.025–

0.040) 
0.001 

0.039 (0.028-

0.051) 

0.026 (0.021-

0.031) 
0.001 

 

Note: The values correspond to medians and IQR of 25%–75%. Statistical comparisons are made using Mann-Whitney test with significance levels of <0.05 (for 2-tailed). Abbreviations: GFR – glomeru-

lar filtration rate; BMP – brain natriuretic peptide; HbA1c – glycated hemoglobin, HDL - high-density lipoprotein; LDL - Low-density lipoprotein, sRANKL – serumreceptor activator of NF-κB ligand 
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Table 3. The independent predictors of depletion in numerous of circulating EPCs and MPCs. The results of age-, gender-, and 

BMI-adjusted multivariate logistic regression analysis 

Factors CD45-/CD34+ EPCs CD14+CD309+MPCs CD14+CD309+Tie2+MPCs Combined variable: EPCs and 

MPCs 

OR (95% 

CI) 

P Val-

ue 

OR (95% CI) P Val-

ue 

OR (95% CI) P Val-

ue 

OR (95% CI) P Value

OPG per 125.5 pg / mL 1.08 (1.04–

1.13) 

0.001 1.14 (1.08–

1.21) 

0.001 1.12 (1.08–

1.18) 

0.001 1.14 (1.04–1.22) 0.001 

Dyslipidemia (present vs ab-

sent ) 

1.02 (1.01–

1.05) 

0.012 1.04 (1.02–

1.07) 

0.001 1.02 (0.98–

1.05) 

0.24 1.03 (1.00–1.05) 0.016 

SUA per 4.5 mmol/L 1.04 (0.96–

1.06) 

0.26 1.02 (1.01–

1.04) 

0.34 1.05 (0.96–

1.10) 

0.12 1.03 (1.00–1.06) 0.058 

hs-CRPper4.50 mg/L 1.05 (1.00–

1.12) 

0.02 1.03 (1.00–

1.04) 

0.062 1.04 (1.00–

1.07) 

0.05 1.05 (1.00–1.11) 0.12 

Galectin-3 per 5.5 μg/L 1.06 (1.01–

1.10) 

0.001 1.10 (1.02–

1.16) 

0.001 1.12 (1.05–

1.18) 

0.001 1.10 (1.04–1.17) 0.001 

LDL cholesterol 1.02 (1.00–

1.05) 

0.044 1.03 (1.00–

1.07) 

0.038 1.01 (0.92–

1.08) 

0.56 1.02 (0.96–1.04) 0.34 

TG per 0.65 mmol/L 1.03 (1.00–

1.05) 

0.012 1.02 (0.98–

1.04) 

0.22 1.01 (0.98–

1.10) 

0.001 1.02 (0.99–1.05) 0.43 

sRANKL per 12.5 pg / mL 1.02 (0.99–

1.04) 

0.44 1.03 (0.98–

1.07) 

0.40 1.02 (0.99–

1.04) 

0.32 1.02 (0.96–1.07) 0.52 

Adiponectin, per 9.5 mg/L 1.02 (0.99–

1.04) 

0.22 1.02 (0.99–

1.04) 

0.32 1.01 (0.98–

1.05) 

0.54 1.01 (0.96–1.06) 0.44 

HOMA-IR per 0.65 mmol/L × 

μU/mL 

1.04 (1.00–

1.06) 

0.001 1.04 (1.00–

1.06) 

0.001 1.06 (1.02–

1.07) 

0.001 1.03 (1.00–1.06) 0.001 

The MetS Z score per +0.5 SD 1.04 (1.00–

1.07) 

0.046 1.05 (1.01–

1.08) 

0.044 1.02 (1.00–

1.03) 

0.16 1.03 (1.00–1.06) 0.052 

Framingham risk score per 1.0 

unit 

1.02 (1.01–

1.04) 

0.022 1.03 (1.01–

1.04) 

0.046 1.01 (0.92–

1.05) 

0.36 1.01 (0.97–1.05) 0.24 

 

Abbreviations: CI, confidence interval; IQR, inter quartile range; BMI, Body mass index; EPCs, endothelial progenitor cells; TG, triglycerides; LDL, low density lipoprotein; hs-

CRP, high sensitive C reactive protein, sRANKL – serumreceptor activator of NF-κB ligand; SUA, serum uric acid. 

 

Table 4. Statistics for model fit and improvement with the addition of on the prediction of combined dependent variable (de-

creased EMPs and MPCs) in MetS patients 

Predictive Models 

Depended variable: decreased EMPs and MPCs 

AUC NRI IDI 

M (95% CI) P value M (95% CI) P value M (95% CI) P value

Based Model  OPG 0.68 (0.64 – 0.72) - Reference - Reference  

Based Model + dyslipidemia 0.70 (0.64 – 0.78) 0.26 0.32 0.18 0.056 0.44 

Based Model + galectin-3 0.71 (0.66 – 0.77) 0.18 0.41 0.12 0.060 0.32 

Based Model + HOMA-IR 0.69 (0.61 – 0.75) 0.44 0.36 0.15 0.054 0.38 

 

Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; NRI, net reclassification index; IDI, integrated discrimination index; HOMA-IR, homeostatic model assessment of insulin 

resistance index; OPG, osteoprotegerin; MetS, metabolic syndrome; EMPCs, endothelial progenitor cells; MPCs, mononuclear progenitor cells. 
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DISCUSSION 

The results of our study have shown the higher pre-

dictive value of elevated OPG level in depletion of 

circulating EPCs and MPCs in MetS patients without 

known T2DM, CV disease and beyond traditional CV 

risk factors. Recent studies have been elucidated that 

OPG exhibits strongly association with incident of CV 

disease and CV mortality in diabetics (Gordin et al., 

2013; Lieb et al., 2010; Pérez de Ciriza et al., 2015). Al-

though OPG showed significant higher levels in 

T2DM patients with MetS than those without MetS 

(Ahmed et al., 2015), OPG might be implicated in the 

pathogenesis of MetS in individuals without T2DM. 

Indeed, OPG has been involved in the process that 

causes vascular stiffness, endothelial dysfunction, and 

worsening endothelial reparation (Morisawa et al., 

2015; Niu et al., 2015).  

In MetS increased visceral adipose tissue (VAT), dys-

lipidemia and inflammation are considered an addi-

tive risk factors contributed in CV complications 

through development of endothelial dysfunction, 

atherosclerosis, and vascular calcification. Indeed, 

VAT may act as a paracrine tissue mediating up-

regulation of adipocytokines (i.e adiponectin, leptin, 

vistafin), modulating inflammation that leads to insu-

lin resistance and as a result to target-organ damage 

(Luna-Luna et al., 2015). Moreover, VAT was identi-

fied as a potential source of OPG secretion (de Ciriza 

et al., 2014; Pérez de Ciriza et al., 2015). However, 

OPG plays a key role in progression of vasculopathy, 

asymptomatic atherosclerosis, and ectopic calcification 

in MetS acting as messenger of inflammatory and pro-

liferative responses. It has been suggested that OPG 

might effect on subclinical disease and near-term CV 

events through suppression of repair ability of endo-

thelium. Recently we have reported that patients with 

T2DM and MetS may be distinguished by predomi-

nantly appearing phenotypes of circulating endotheli-

al-derived microparticles and progenitor cells asso-

ciated with pro-inflammatory cytokine over-

production (Berezin AE, 2015a, b). Although recent 

clinical studies have elucidated a closed association of 

serum OPG level with traditional (dyslipidemia, 

hypertension, obesity) and nontraditional (increased 

carotid-femoral pulse wave velocity, intima-media 

thickness, coronary artery calcification, hs-CRP, inter-

leukin-6, adiponectin) CV risk factors (Ishiyama et al., 

2009; Moreno et al., 2013; Nascimento et al., 2014), the 

relationship between OPG and angiogenic EPCs / 

MPCs remains to be yet not fully elucidated. Probably, 

OPG/RANK/sRANKL triad seems to be critical to the 

development of vascular reparation due to several 

mechanisms included inflammation and oxidative 

stress. Although a weak relation between OPG and hs-

CRP, adiponectin was found, OPG was associated 

with greater decreased EPCs and MPCs odds. We did 

not exclude that OPG might act as transcriptional reg-

ulator via progenitor intracellular signal systems 

(extracellular signal-regulated kinase; c-Jun 

N-terminal kinase; focal adhesion kinase / p38 / mito-

gen-activated protein kinase signaling pathway) de-

termined suppression of EPCs and MPCs ability to 

mobilization, differentiation, and proliferation (Lee 

and Lorenzo, 2002). Furthermore, OPG could induce 

IR in progenitor cell subsets and thereby to limits their 

ability to proliferative response (Acosta et al., 2015). 

Consequently, OPG could have an impact on im-

paired adipogenic capacity in progenitor cells and 

contributes in endiothelium damage. Overall, the ex-

act impact of OPG on the mechanisms controlling 

progenitor cell homeostasis is poorly understood and 

required more investigations. 

Recently, OPG was considered as a regulatory mole-

cule with increased levels in the early stages of T2DM 

and atherosclerosis, and was also associated with IR. 

In this study we suggested that OPG as early inde-

pendent predictor of depletion in angiopoetic endo-

thelial and mononuclear progenitor cells might be 

useful for risk stratification of the MetS patients 

beyond CV risk factors. Moreover, scales of MetS se-

verity and CV risk were not improved when serum 

OPG was added in the regression analysis that indi-

cates the ability of this biomarker to reflect the contri-

bution in other CV risk modulators. We also showed 

the clinical usefulness of implement of both scales in 

MetS at low CV risk when there was no known CV 

disease. Based on compelling evidences regarding the 

role of endothelial cell regeneration in from progenitor 

cells (Singh et al., 2016) and the role of IR as CV risk 

factor (Patel et al., 2016) we suggested that forming 

impaired phenotype affected angiopoetic progenitor 

cell subsets under possible influence of up-regulated 

OPG might be explain the role of OPG in vasculopa-

thy among low CV risk MetS individuals. These find-

ings probably open the perspective to use of serum 

OPG measurement as predictive biomarkers, whereas 

the discriminative capacity of OPG in this patient 

population requires to be more elucidated in further 

investigations. 
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CONCLUSIONS 

Serum osteoprotegerin level was an independent pre-

dictor of depletion in angiopoetic EPCs and MPCs 

beyond classic CV risk factors in MetS patients with-

out known CV disease. 

 

Study limitations 

This study has some limitations. The first limitation 

affects the methods of isolation and determination of 

EMPs and EPCs. Although HD-FACS methodology is 

widely used, this method is not standardized. How-

ever, we used The Fluorescence Minus One Control 

methodology to improve the quality of data interpre-

tation. Therefore, there are some overlaps between 

centrifugation velocity and further determination of 

EMPs that might reflect some obstacles for results’ 

interpretation. The next limitation is small cohort of 

patients included in the study. Further investigations 

with a greater cohort of patients explained the role of 

OPG in prediction of decreased progenitor cell subsets 

is required. The authors suppose that these restrictions 

might have no significant impact on the study data 

interpretation. 
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