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Objective. To determine the indicators of the bone mineral density (BMD) abnormalities in women with coronary artery disease
(CAD) in the post-menopausal period.

Methods. An open cross-sectional study in parallel groups involved 80 women with coronary artery disease (CAD): stable
exertional angina of |-l functional class (mean age 64.59 + 1.02 years). Depending on the degree of BMD they were divided
into 3 groups: group 1 — 19 CAD women with normal BMD; group 2 — 27 CAD women with osteopenia; group 3 — 34 CAD
women with osteoporosis. The control selected group consisted of 11 healthy women of the corresponding age. With the help
of ultrasound densitometry, FRAX algorithm and bone biomarkers levels assessment we investigated structural and functional
state of the bone tissue.

Results. It was acknowledged that in women with CAD in the postmenopausal period, depending on the severity of BMD loss,
there is a significant decrease in the T- and Z-criteria and an increase in the 10-year risk of developing osteoporosis fractures.
The development of postmenopausal osteoporosis (PMOS) combined with CAD was accompanied with an increase in the
level of inflammation, neoangiogenesis and bone remodeling biomarkers (osteoprotegerin, ostecalcin, VEGF-A), which also
have multi-directional correlative interrelationships with the structural and functional indicators of the BMD state (T, Z-criterion,
10-year risk of osteoporosis fractures). ROC-analysis results show the cut-off values at the osteopenia and osteoporosis stage
for osteoprotegerin level equal to 223.76 pg/ml and 224.44 pg/ml; for osteocalcin level — 15.89 ng/ml and 16.71 ng/ml, for
VEGF-A level — 112.52 pg/ml and 123.31 pg/ml correspondingly.

Conclusions. The levels of osteoprotegerin and/or ostecalcine and/or VEGF-A can be used as a screening method for early
diagnosis of BMD loss and stratification of patients in the category of increased risk of osteopenia and osteoporosis.

IHAMKaTOpU NopyLIeHHA cTaHy MiHepaAi3aLii KicTKOBOi TKAHWHHU B XXIHOK
y nocTMeHonay3aAbHOMY NepioAi, AKi XBOpi Ha iluemiuHy XBopoOy cepus

H. C. MuxannoBcbKa, |. 0. Cteutok

MeTa po60oTH — BU3HAUMTY iHAMKATOPY NOPYLUEHHS MiHEPANbHOI LLINBbHOCTI KICTKOBOT TkaHUHW (MLLIKT) y 3iHOK y nocTMeHo-
nay3anbHOMy nepiogi, siki XBopi Ha iemiyHy xBopoby cepus (IXC).

Matepianu Ta meTogum. Y Bigkpute nonepeyHe JOCMiMKEHHs B napanensHux rpynax 3anyyunu 80 xiHok i3 giarHo3om IXC:
creHokapgis Hanpyru -lIl @K (cepepHin Bik — 64,59 * 1,02 poky). 3anexHo Big ctaHy MLLKT xsopux noginunm Ha 3 rpynu:
1—19 xiHoK i3 HopManbHUMK nokaHukamu MLLKT; 2 — 27 xiHok 3 ocTeoneHieto; 3 — 34 iHku 3 0cTeonopo3oM. KoHTporbHa
rpyna — 11 300pOBMX XIHOK BignoBigHOroO Biky. 3a 4OMOMOrOK ynbTpa3BykoBOI 0cTeoAeHcUToMETpil, anroputmy FRAX Ta
OLIiHIOBaHHS PiBHS KICTKOBUX BioMapKepiB BUBHMIM CTPYKTYPHO-hYHKLIOHAMNBHWIA CTaH KICTKOBOI TKaHWHMW.

Pe3ynkraTtu. Y xiHok, XxBopux Ha IXC, y noctMeHonay3sasnbHOMYy nepioi 3anexHo Big CTyneHs BUpaxeHocTi nopyLieHs MLLUKT
crocTepiranu BiporigHe 3HWXeHHs T- Ta Z-kpuTepiiB i 36inbLueHHs 10-piyHOro puanKy poO3BUTKY OCTEONOPO3HKX NEPENOMIB.
PosButok noctmeHonaysansHoro octeonopoay (NMMOIT) Ha Tni IXC cynposomkyBaBcs niasuLLeHHsM piBHs BiomMapkepis 3ana-
NEHHS1, HEO@HrIOreHe3y Ta KICTKOBOrO peMOZENOBaHHS (0CTEONPOTErepUHy, ocTekanbLmHy, BEPP-A), y4acTb sikux y npouecax
KICTKOBOTO pEMOZENOBaHHS NiATBEPAKYBaNach HasIBHICTIO KOPENSLIIHMX B3aEMO3B A3KIB i3 NokasHMKamm, Lo BinbreatoTb
CTPYKTYPHO-(yHKLiOHamnbHWIA cTaH KicTok (T-, Z-kpuTepii, 10-pivyHMIA pU3MK PO3BUTKY OCTEONOPO3HUX Nepenomis). 3a gono-
moroto ROC-aHanisy BU3HaYeHO KpUTWYHI TOUKM piBHSA BioMapkepiB KICTKOBOTO peMOAENOBaHHS OO PO3BUTKY OCTEONEHIi
Ta 0CTeonopoay, AKi ANs PiBHS OCTEONPOTErepuHy cTaHoBunmn 223,76 nr/mn 1a 224,44 nr/mn, Ans piBHA OCTeoKanbLMHY —
15,89 Hr/mn 1a 16,71 Hr/mn, ana pisHs BEOP-A — 112,52 nr/mn Ta 123,31 nr/mn BignosigHo.

BucHoBku. BusHaueHi 3a fonomoroto ROC-aHanisy piBHi octeonpoTerepuHy Ta/abo octekanbLmHy Ta/abo BEPP-A MoxyTb
OyTV BUKOPUCTaHI ANt paHHBLOI AjarHOCTUKM MOPYLIEHb CTPYKTYPU KICTKOBOT TKaHMHU Ta cTpaTudikaLii XBopux y kateropito
MiABULLEHOTO PU3NKY PO3BUTKY OCTEOMEHIT Ta OCTEONOPO3Y.

WHAMKaTOpbI HapyLLEHUA COCTOAHUA MUHEPaAU3aLMHU KOCTHOW TKaHM Y XKEHLLUH
B NOCTMEHONay3aAbHOM NepHoAE, CTPaAaIOLMX ULLEeMUYECKON 60ne3HbIO cepala

H. C. Muxannosckas, W. 0. Cteutok

Llenb pa6oTbl — onpeaenuTb MHANKATOPbI HAPYLIEHUSI MUHEPATTbHOM NIOTHOCTH KOCTHOM TkaHu (MITKT) y XeHLLMH B NOCT-
MeHonay3anbLHOM nepuoje, CTpagalolwmnx emmyeckon bonesHbto cepaua

Matepuanb! v meTofbl. B oTkpbITOE NonepeyHoe nccrnefoBaHWe B NapasnnenbHbix rpynnax BruMmm 80 XeHLWUH ¢ an-
arHo3om UBC: cteHokapams Hanpskerust 1=l OK (cpegHuin BospacT — 64,59 + 1,02 roga). B 3aBMCUMOCTM OT COCTOSIHUS
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MUHEparbHOW MIIOTHOCTW KOCcTHOM TkaHu (MIKT) Bce BonbHble pageneHsbl Ha 3 rpynnbl: 1 — 19 XeHLWMH HopManbHbIMU
nokasatenamm MIKT; 2 — 27 xeHLwuH ¢ ocTeoneHuen; 3 — 34 XeHLLMHbI C 0CTEONOopPo30M. KOHTPOMbHYIO rpynny COCTaBumn
11 30,0POBbIX KEHLLMH COOTBETCTBYOLLIEr0 Bo3pacTa. C NOMOLLbI0 METOAa YNbTPa3ByKoBOM OCTEOAEHCUTOMETPUM, anropuTMa
FRAX 1 oLeHKM YPOBHS KOCTHBIX B1IOMapKepOB NCCNEA0BAHO CTPYKTYPHO-(YHKLIMOHANBHOE COCTOSIHIE KOCTHOW TKaHW.

Pesynbrathbl. Y xeHlwmH, ctpagatolmx MBC, B nocTMeHonay3arnbHOM Neproae B 3aBUCUMOCTU OT CTENEHW BblpaXEHHO-
€T HapyweHun MIMKT oTMeyeHO [OCTOBEPHOE CHIDKEHWE T- u Z-kpuTepueB W yBenuyeHne 10-neTHero pucka passutus
OCTEONOPO3HbIX MepenomoB. Pa3suTe noctmeHonaysansHoro octeonoposa (MMOIM) Ha doHe MBC conposoxaanoch
MoBbILLUEHNEM YPOBHSI GMOMapKepoB BOCNAmneHUsi, HEOaHrMoreHes3a 1 KOCTHOrO PEMOLENMPOBaHUS (OCTeonpoTerepuHa,
ocTekanbLyHa, BEDP-A), yyacTtie KoTopbIX B MpoLieccax KOCTHOrO PEMOAENMPOBaHNS NOATBEPKAAETCS HaMMYMeM Koppe-
NAUMOHHBIX B3aMMOCBSI3EM C NoKasaTensmu, OTpaxaroLLMMU CTPYKTYPHO-PYHKLMOHANBHOE COCTOSHUE KOCTHOM TKaHu (T-,
Z-kputepum, 10-neTHUIA puck pa3BUTMSt OCTEONOPO3HbIX NepenomoB). Mpu nomowwm ROC-aHanu3a onpeaeneHs! Kputnieckue
TOYKM YPOBHEN 6MOMapKepoB KOCTHOMO PEMOAENMPOBaHMS AN Pa3BUTUS OCTEONEHUN 1 OCTEONOPO3a, KOTOPbIE 4115 YPOBHS
oCTeonpoTerepuHa coctaBunm 223,76 nr/mn n 224,44 nr/mn, ons ypoBHs octeokanbumHa — 15,89 Hr/mn n 16,71 Hr/mn, ans
ypoBHsi BEOP-A — 112,52 nr/mn v 123,31 nr/mn cOOTBETCTBEHHO.

BobiBogbl. OnpegenenHble npu nomowwy ROC-aHann3a ypoBHU ocTeonpoTerepuHa uiunu octekanbuuHa n/vnu BEOP-A
MOryT BbITb UCNONb30BaHbI B KAYECTBE CKPUHWHIOBOMO METOAA PaHHeW AMarHOCTVKW HapyLLIEHMUIA CTPYKTYPbl KOCTHON TKaHM

n CTpaTI/I(*)VIKaLlI/II/I GOnbHbIX B KaTeroputo noBbILLEHHOro pucka pas3BuTua 0OCTeoneHnn n ocTteonoposa.

Introduction

Coronary artery disease takes the leading place among
the diseases of the circulatory system [1,2]: in Europe,
its share is about 38% in the structure of prevalence and
19.5% in the structure of total mortality [3,4]. In Ukraine
the CAD prevalence in the adults is 12.2 %, and in individ-
uals over the age of 55 this figure increases up t0 12.9 %
[5]. Despite the achievements of modern medicine, the
CAD mortality in Ukraine remains rather high —651.8 per
100 thousand population, which makes 68.9% of all the
diseases of circulatory system [6,7].

In recent years simultaneously with coronary artery
disease the problem of osteoporosis has got a special
medical and social significance, which is due to the
increasing prevalence of this disease due to the aging
of the population, the lack of timely detection, prevention
and significant impact on the quality of patients’ life [8].
The importance of this pathology is also due to its dire
consequences — non-traumatic spine and tubular bone
fractures, influencing the increase in the disability and
mortality of aged patients [8—10].

The development of osteoporosis is based on the
processes of pathological bone remodeling, associated
with enhanced resorption of mature bone tissue and
decreased activity of new bone structures synthesis
[11]. It's well known, that remodeling of bone tissue is a
dynamic process possessing certain age characteristics.
In particular, in women in the first 5-10 years after the
menopause onset, the loss of bone mass dramatically
increases, and hereinafter (up to 65-70 years) the bone
mass decreases on average per 0.3-0.5 % annually [12].
That is why postmenopausal osteoporosis (PMOS), in
which the bone mineral density changes are associated
with the onset of menopause is one of the most common
forms of this pathology [12].

Menopause is not only a proven risk factor for the
reduction of bone mineral density (BMD), but also for the
progression of cardiovascular diseases. At present, the
relationship between osteoporosis (OS) and coronary
artery disease in women in the postmenopausal period
has been proven [12]. The results of scientific studies
convincingly indicate that in osteoporosis, as in athero-
sclerosis, the similar processes occur, and bone and
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vascular tissues have a number of common morphological
and molecular properties [13]. It has been established
that some key proteins of bone metabolism are involved
in the pathogenesis of atherosclerosis: osteocalcin, bone
morphogenic protein, matrix Gla-protein, osteonectin,
sialoprotein, osteopontin and others may be detected in
the components of vascular matrix, and in the atheroscle-
rosis progression, the concentration of some of them may
significantly increase [13,14]. In particular, osteoprotegerin
violates the process of osteoclastogenesis and reduces
the activity of bone resorption [11], it also acts as an
inhibitor of ectopic calcification in patients with coronary
artery disease [11,14,15]; osteocalcin is an osteoblast
activator, however its elevated level is also detected in
atherosclerotic plaques [14,16]; vasculoendothelial growth
factor A (VEGF-A) is a marker of neoangiogenesis [17],
although numerous studies confirm its role in activating
osteoclostogenesis and subsequent resorption of bone
tissue [18,19]. The clinical and pathogenetic role of the
identified biomarkers is multidirectional and may vary sig-
nificantly depending on their concentration in the human
body, therefore their participation in the processes of bone
remodeling at PMOS requires further study.

Objective

To determine the indicators of the bone mineral density
abnormalities in women with coronary artery disease in
the post-menopausal period.

Materials and methods

The open cross-sectional study in parallel groups involved
80 women with CAD: stable exertional angina of Il
functional class (FC) (mean age 64.59 + 1.02 years,
mean duration of the postmenopausal period 16.70
+ 3.35 years).

The diagnosis of CAD and the functional class of
stable exertional angina was based on a comprehensive
analysis of complaints, data from physical examination,
results of laboratory and instrumental studies, in accor-
dance with the National Standards (Order of the Ministry of
Health of Ukraine No. 436 dated 03.07.2006, Order of the
Ministry of Health of Ukraine No. 152 dated 02.03.2016).
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Table 1. BMD state in women with coronary artery disease in the postmenopausal

period, (M £ m)

Indicator, CAD (n=19) CAD + osteopenia | CAD + osteoporosis
units of measurement (n=27) (n=34)

T-criterion phalanx,SD
T- criterion radius, SD
T- criterion tibia, SD

Z- criterion phalanx, SD
Z- criterion radius, SD
Z- criterion tibia, SD
Fracture risk (phalanx), %
Fracture risk (radius), %
Fracture risk (tibia), %

-0.19+£0.17 -1.32£0.18"* -2.20 £0.19***
-0.38+£0.29 -1.69 £ 0.16*** -3.10 £0.22***
0.15+0.18 -0.67 £0.22** -1.50 £0.32"**
1.46 £ 0.24 0.35 £0.20"* -0.18 £ 0.20***
1.25+0.39 -0.09£0.17* -1.22 £0.26**
1.85+0.34 0.86 +0.23** -0.10 £ 0.33***
4.25+0.59 9.06 + 1.00*** 2112 £1.89"*
7.36+0.9 12.47 £ 0.89** 26.79 + 2.36™

10.8 £ 0.69 12.00£0.79 17.35 £1.62**

* %% %% the probability of indexes difference if compared to the patients with CAD and normal BMD
state (P < 0.05; P <0.01; P <0.001).
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Depending on the BMD state, all the patients were
divided into 3 groups: group 1 — 19 CAD women with
normal BMD (T-criterion is more than 1 SD; mean age
64.24 + 2.12 years); group 2 — 27 CAD women with
osteopenia (T-criterion is from -1 SD to -2.5 SD; mean
age 65.22 + 1.52 years); group 3 — 34 CAD women with
osteoporosis (T-criterion is less than -2.5 SD; mean age
69.39 £ 1.62 years). The groups were comparable by age,
duration of the underlying disease, duration of the post-
menopausal period, body mass index (BMI), and the na-
ture of concomitant pathology. The control selected group
involved 11 healthy women of the corresponding age.

The research was conducted on the basis of the Car-
diology Department and “Health” diagnostic center of the
educational and scientific medical center “The University
Clinic of Zaporizhzhia State Medical University” (director
—MD, PhD, DSc, Professor V. I. Krivenko).

Criteria for the patient to be included into the study
were the following: informed consent of the patient, pre-
sence of verified (documented) stable exertional angina
of lI-l1l FC; the duration of the postmenopausal period in
women for more than 5 years.

Exclusion criteria: endocrine pathology (hypogona-
dism, diabetes, hyperparathyroidism, thyrotoxicosis, acro-
megaly, hyperprolactinemia, hypercorticism) and diseases
inducing the development of secondary osteoporosis;
severe chronic somatic pathology; cancer and systemic
diseases; mental disorders; alcohol abuse, drug addiction.

All the patients were followed by a clinical examination
—a collection of complaints and anamnesis data, physical
examination. To assess the degree of the BMD state
changes, the ultrasonic osteodensitometry method on the
Omnisense 7000 apparatus with sensors for the phalanx
of the finger, the radial and tibia bone was applied. Diag-
nosis of osteoporosis was performed according to WHO
criteria. The degree of BMD state changes was evaluated
according to the T-criterion (the magnitude of the standard
deviations — SD from the mean values of the “peak bone
mass”): the decrease in BMD up to -1 SD was regarded
as normal rate, from -1 to -2.5 SD — as osteopenia, more
than -2.5 SD — osteoporosis. This method as a screening
method in diagnostics of BMD disorders was chosen due
toits convenience and simplicity. The FRAX algorithm was
used to assess the 10-year risk of osteoporotic fractures
development. On the basis of Medical and Laboratory
Training Center ZSMU (Director — MD, PhD, DSc Profes-
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sor A. Abramov) using ELISA method on enzyme-linked
immunosorbent analyzer “SIRIO S” (Italy) the levels of
osteocalcin (a set of reagents by Bender MedSystems
GmbH, Austria), osteoprotegerin (set of reagents by Im-
mudiagnostic systems limited, England), VEGF-A (eBio-
science, An Affymetrix Company, USA) were measured.

In the following study the principles of bioethics
were respected: the main provisions of the European
Convention on Human Rights and Biomedicine (from
04.04.1997), GCP (1996), Helsinki Declaration of the
World Medical Association on the Ethical Principles of
Human Medical Scientific Research (1964-2000) and
the Ministry of Health of Ukraine Order No. 281 dated
back to 01.11.2000. The study protocol was approved by
the Ethics Committee of the Zaporizhzhia State Medical
University, Ukraine.

Statistical data processing was carried out by
using the method of variation statistics with the help
of software package Statistica 10.0. (StatSoft Inc., Ne
AXXR712D833214FANS), under the generally accepted
practice. The nature of the distribution of the studied
variables was assessed using the Shapiro-Wilk test.
Quantitative characteristics were represented as M + m
(arithmetic mean + standard error of arithmetic mean) or
Me (Q25; Q75) (median, 25 and 75 distribution quartiles)
depending on the type of the distribution. Under normal
distribution, the validity of the differences was estimated
using the Student’s t-criterion; in the distribution different
from normal, Mann-Whitney non-parametric U-test was
used. Assessment of the interrelationship between pairs
of independent indexes, expressed in quantitative scale,
was performed by calculating Pearson rank correlation
coefficients (in normal distribution) and Spearman’s
rank correlation coefficients (in the distribution different
from normal). To assess the diagnostic significance, the
ROC-analysis (Receiver Operating Characteristic) with a
construction of the characteristic curves of the sensitivity
and specificity of the investigated features dependence
and the calculation of the area under the working char-
acteristic curve (AUC) was used. To determine the risk
of developing BMD disorders, calculations of relative risk
was performed in patients with increased level of the bone
remodeling biomarkers compared with patients with nor-
mal indices by constructing four-fold tables. Differences
were considered statistically significant at P < 0.05.

Results

The results of the assessment of the BMD state, obtained
by ultrasound osteodensitometry in women with coro-
nary artery disease in the postmenopausal period, are
presented in Table 1.

It was acknowledged that in women with CAD in the
postmenopausal period, depending on the severity of
BMD loss, a significant decrease in the T- and Z-crite-
ria and an increase in the 10-year risk of osteoporosis
fractures development were observed, thus confirming
the presence of osteopenia or osteoporosis in the cor-
responding group.

The level of biomarkers of bone remodeling in women
with CAD in the postmenopausal period is presented in
Table 2.
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Table 2. Levels of bone remodeling biomarkers in postmenopausal women with coronary artery disease, depending on the degree of BMD loss,
Me (Q,,; Q,;)

Indicator, units of measurement | Control selected group (n=11) | CAD (n=19) CAD + osteopenia (n =27) CAD + osteoporosis (n = 34)

Osteocalcin, ng/ml 14.24 (12.54; 17.12) 15.66 (12.75; 18.04) 16.55 (9.95; 25.51) # 17.02 (14.30; 30.26) #*
Osteoprotegerin, pg/ml 216.85 (170.58; 231.35) 221.69 (213.40; 232.74) 227.9 (196.82; 241.02) # 231.01 (204.42; 247.24) #
VEGF-A, pg/ml 119.74 (102.66; 321.86) 119.84 (77.05; 225.21) 190.19 (96.76; 243.54) # 253.04 (103.32; 379.56) **

#: the probability of indexes difference if compared to the control selected group (P < 0.05); *, **, ***: the probability of indexes difference if compared to the patients with

CAD and normal BMD state (P < 0.05; P < 0.01; P < 0.001).

In women with CAD, in parallel with the decrease in
BMD state, a significant increase in the bone remodeling
biomarkers level was observed: an increase in osteocalcin
level by 16.22 % and by 5.68 % in the CAD and osteo-
penia group, by 19.52 % and by 8.68 % in the group of
women with coronary artery disease and osteoporosis
correspondingly if compared to the control selected group
(P < 0.05) and the group of women with coronary artery
disease and normal BMD state (P < 0.05). The level of
osteoprotegerin also increased if compared to the control
selected group: by 5.10 % in the group of women with
coronary artery disease and osteopenia, by 6.53 % in the
group of women with coronary artery disease and oste-
oporosis (P < 0.05). This biomarker trended to increase
in women with coronary artery disease and osteoporosis
compared with women with coronary artery disease and
normal BMD state.

An increase in the VEGF-A level was observed: 1.9
times higher in the group of women with coronary artery
disease and osteopenia, 1.5 times higher in the group of
women with coronary artery disease and osteoporosis if
compared to the control selected group and patients with
CAD and normal BMD respectively (P < 0.05).

Under the conduction of the correlation analysis in
the group of women with coronary artery disease and
osteoporosis, a direct correlative dependence between
the level of osteoprotegerin and the 10-year risk of fracture
of the radial bone (r = +0.46; P < 0.01), between the level
of osteocalcin and the risk of fracture of the tibia (r = +0.40;
P < 0.05) was discovered; the inverse correlative depen-
dence between the level of VEGF-A and the T-criterion
of the radial bone (r =-0.57; P < 0.05), between the level
of osteoprotegerin and the T-criterion of the radial bone
(r=-0.63; P <0.01), T-criterion tibia (r = -0.52; P < 0.01),
Z-criterion radius (r = -0.62; P < 0.01), Z-criterion tibia
(r=-0.51; P <0.01) was found out.

In the group of women with coronary artery disease
and osteopenia, the inverse correlative dependence
between the level of osteoprotegerin and the T-criterion
of phalanx was discovered (r = -0.46; P < 0.05); a direct
correlative dependence between the level of osteocalcin
and the risk of fractures of the radial bone (r = + 0.47;
P < 0.05) was discovered.

In order to determine the optimal threshold values of
bone remodeling biomarkers as indicators of BMD disor-
ders at different stages, the ROC analysis was conducted
and the critical value of osteoprotegerin level equal to
223.76 pg/ml (Se = 70.0 %, Sp =71.4 %, AUC = 0.787,
95 % Cl 0.637-0.896) was found out, which indicates
the onset of development of BMD loss at the osteopenia
stage. Also the critical value of the osteoprotegerin level
for osteoporosis was found out to be equal to 224.44 pg/m
(Se = 67.6 %, Sp = 68.9 %, AUC = 0.762, 95 % CI
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0.619-0.872). The ROC-curves of the osteoprotegerin
level at the stage of osteopenia and osteoporosis are
presented in Fig. 1 (A, B).

For the osteocalcin level, the corresponding critical
values were 15.89 ng/ml (Se = 83.3 %, Sp=81.0 %; AUC
= 0.875; 95 % CI 0.742-0.955) and 16.71 ng/ml (Se =
65.6 %, Sp=77.8 %,AUC =0.844, 95 % CI0.713-0.931).

The ROC-curves of the osteocalcin level at the stage
of osteopenia and osteoporosis are presented in Fig. 2
(A, B).

The ROC-curves of the VEGF-A level at the stage
of osteopenia and osteoporosis are presented in Fig. 3
(A, B).

According to the ROC-analysis results, the critical
value of VEGF-A level in osteopenia identification was
equal to 112.52 pg/ml (Se = 88.9 %, Sp = 82.4 %; AUC
=0.952; 95 % Cl 0.842-0.994), in osteoporosis identifi-
cation - 123.31 pg/ml (Se = 85.7 %, Sp = 94.3 %, AUC
=0.964, 95 % CI 0.869-0.996). That is, the VEGF-A
level is the most sensitive indicator, which represents the
possibility of BMD disorders development, beginning with
the osteopenic stage, when clinical manifestations of the
disease are absent.

Subsequently, the analysis of relative risk was
performed and it was found out that the increase in the
osteoprotegerin level is associated with the 1.6 times
increase of osteopenia development risk (RR = 1.626;
95 % CI 1.014-2.607; P < 0.05) and 1.9 times increase
of osteoporosis development risk (RR = 1.941; 95 % Cl
1.134-3.322; P < 0.05). For osteocalcin, the related risk
was 1.8 (RR = 1.750; 95% CI 1.014-3.019; P < 0.05) and
1.7 times (RR = 1.729; 95 % Cl 1.052-2.841; P < 0.05),
and for VEGF-A-2.2 (RR =2.167; 95 % CI 1.109-4.235;
P < 0.05) and 1.6 (RR = 1.556; 95 % CI 1.008-2.401;
P < 0.05) times correspondingly.

Discussion

In our study, an increase in the level of osteocalcin was
found, which according to literature data, may indicate a
violation of its inclusion in the normal structure of bone
tissue, compensatory activation of osteoblasts on the
background of decreased BMD and its participation in
the process ectopic calcification of the heart and blood
vessels [12,16].

The increase of the osteoprotegerin level can be ex-
plained by the participation in the process of osteoclasto-
genesis inhibition and bone tissue resorption, as well as
its compensatory enhancement to perform a protective
role in the development of vascular calcification, which
confirms the opinion of other authors [11,15].

It's generally known that VEGF-Ais not only a regula-
tor of neoanogeogenesis and a stimulator of blood supply
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to bone and cartilage tissues [17,18], but also acts as the
osteoclastogenesis stimulator [19].

The VEGF-Alevel changes revealed in our study may
be explained by the fact that in the conditions of the devel-
opment of chronic tissue hypoxia in CAD there is an over-
expression of the VEGF-A level [20], which leads to the
malfunction of the normal molecular mechanisms of the
ossification development, activation of osteoclastogenesis
with the subsequent stimulation of osteoclast-mediated
bone resorption [19].

According to scientific data, there is a close relation-
ship between processes of osteogenesis, cardiovascular
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diseases development and progression of endothelial
dysfunction [11,13,14,18,20]. This point of view is also
confirmed by our correlation analysis results. The results
of ROC analysis indicate the expediency of determining
the concentration of any of the above-mentioned bio-
markers and/or their combination as a screening marker
for BMD loss and determining the degree of its severity.

Thus, the obtained data confirm the general patho-
genetic bases of development of BMD disorders, the
growth of levels of bone remodeling biomarkers and the
progression of endothelial dysfunction in postmenopausal
women with CAD.
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Conclusions

1. The development of PMOS combined with CAD is
accompanied with an increase in the level of inflamma-
tion, neoangiogenesis and bone remodeling biomarkers
(osteoprotegerin, ostecalcin, VEGF-A).

2. The presence of multi-directional correlative
interrelationships between the level of osteoprotegerin,
osteocalcin, VEGF-A with the structural and functional
indicators of the BMD state (T, Z-criterion, 10-year risk
of osteoporosis fractures) suggests the participation of
these biomarkers in the processes of bone remodeling.

3. The levels of osteoprotegerin and/or ostecalcine
and/or VEGF-A determined by the ROC analysis can
be used as a screening method for early diagnosis of
BMD loss and stratification of patients in the category
of increased risk of osteopenia and osteoporosis deve-
lopment.

Prospects for further research: to assess the
impact of basic CAD therapy (with the addition of drugs
that affect the state of bone mineralization state) on the
reduction of the osteoporotic fractures risk.
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