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Objective. To determine the peculiarities of the interrelationship between the cardiovascular remodeling indicators and the state
of bone mineral density (BMD) in women with coronary artery disease (CAD).

Methods. A double open cross-sectional monocentric clinical study in parallel groups involved 115 women in postmenopausal
period with coronary artery disease (CAD): stable exertional angina of II-lll functional class. Depending on the BMD state
they were divided into 3 groups: group 1 — 24 patients with normal BMD; group 2 — 34 patients with osteopenia; group 3 — 44
patients with osteoporosis. The BMD state was assessed with the help of ultrasound densitometry combined with FRAX al-
gorithm. The structural and functional parameters of the heart and blood vessels were determined using the two-dimensional
echocardiography and pulsed-wave Doppler imaging.

Results. It was established that in women with CAD there was a significant decrease in T- and Z-criteria and an increase in
the 10-year risk of developing of osteoporosis fractures, depending on the severity of BMD loss. The presence of postmeno-
pausal osteoporosis in women with coronary artery disease was associated with a significant increase in thickness of the in-
tima-media complex of the right and left common carotid artery (by 14.94 % and 15.56 % respectively), LV PWd (by 9.26 %),
and LV Myocardial stiffness index (by 40.00 %), decreased LV EF (by 8.77 %), development of the LV diastolic dysfunction by
the type of the impaired relaxation (in 80.76 %), formation of predominantly concentric hypertrophy of LV (in 68.18 % of cases)
and an increase in the incidence of LV eccentric hypertrophy compared to patients with normal BMD (11.36 % vs. 4.17 %;
X2=4.267; df = 1; P < 0.05). In women with coronary artery disease and BMD abnormalities, the number of patients with heart
valves calcification was significantly higher: 60.00 % in the group with osteopenia, 77.42 % in the group with osteoporosis in
comparison with 28.58 % in the group with normal BMD; there was an increase in the incidence of calcinosis identification in
two or more heart valves. The existence of a correlative dependence was established between T-and Z-criteria of the radial
bone and LV EF (r = +0.42; P < 0.05), LV ESV (r = +0.61; P < 0.05), between Z-criteria of the radius, the 10-year risk of de-
velopment of fractures of the radial bone and tibia and LAD (r = +0.43; P < 0.05; r = +0.50; P < 0.05 respectively), between
the 10-year risk of the development of the tibial fractures and LVM (r = +0.58; P < 0.05).

Conclusions. Changes in the structural and functional parameters of the heart in women with coronary artery disease prog-
ress depending on the severity of BMD loss, which indicates the interrelationship of bone and cardiovascular remodeling.

B3aeMo3B’A30K NOKa3HUKIB KapAiOBaCKYAIpHOTO peMOAEAIOBAHHA 3i CTaHOM
MiHepaAbHOI LWABHOCTI KICTKOBOI TKAHMHM B XIHOK 3 ilueMiuHol0 XBOpo6oto cepua

H. C. MuxainoBcbKa, . 0. Ctewok

MeTta po60TH — BU3HAUMTW OCOONMBOCTI B3aEMO3B'3KY NOKA3HWKIB KapAioBaCKyNsAPHOrO peMOAENOBaHHS 3i CTaHOM MiHe-
panbHOI LWiNbHOCTI KicTkoBOI TkaHnHM (MLLIKT) y xiHok 3 iuemiyHoto xBopoboto cepus (IXC).

Marepianu Ta meToau. [1o noABINHOIO BigKPUTOrO, MONEPEYHOrO, MOHOLEHTPOBOTO KITiHIYHOMO AOCTIIKEHHS B NapanenbHux
rpynax 3any4unu 115 xiHok y nocTMeHonay3sanbHoMy nepiogi 3 giarHoom IXC: ctabinbHa cteHokapais HanpyxeHHs |11 ®K.
3anexHo Big ctaHy MLKT nauieHTok noginumm Ha 3 rpynu: 1 rpyna — 24 XxBopux i3 HopMansHUMK nokasHukamm MLLKT, 2
rpyna— 34 nauieHTu 3 octeoneHieto, 3 rpyna —44 ocobu 3 octeonopo3om. CtaH MLLKT B1B4MnmM 3a 4ONOMOrOH0 YrbTPa3ByKOBOI
ocTeopeHcuTomMeTpii Ta anroputmy FRAX. CTpyKTypHO-thyHKLiOHambHi NOKa3HWKM CEpLS Ta CyAWH BU3HAYanu 3a JOMOMOrow
[BOBVMIPHOI exokapaiockonii Ta iMnynbCHO-XBUIbOBOI gonneporpadii.

Pesynbkratu. Y xiHok 3 IXC cnocTtepiran BiporigHe 3HUxKeHHs T- Ta Z-kpuTepito Ta 36inbLUeHHst 10-piYHOro pranky po3BUTKY
0CTEOMNOPO3HMX NEepenomiB 3anexHo Bif cTyneHs nopylueHs MLLKT. HasiBHICTb nocTMeHonay3ansHOro 0cTeonopo3y B XXIHOK
3 IXC acouirioBaHa 3 BiporigHum 36inbwenHsM KIM npasoi Ta nisoi 3CA (Ha 14,94 % T1a 15,56 % signosigHo), T3CIL (Ha
9,26 %) Ta iHgekcy xopctkocTi miokapaa JILL (Ha 40,00 %), 3HuxeHHsm OB ML (Ha 8,77 %), po3BMTKOM AiacToNiYHOI Anc-
cyHkuii JILLU 3a Tunom nopyLuexHs penakcadii (y 80,76 %), popMyBaHHSIM NEPEBaXHO KOHLEHTPUYHOI rineptpodii JLL (y
68,18 %) Ta 36inbLUEHHAM YacTOTV PO3BUTKY EKCLEHTPUYHOI rinepTpodii N1LL nopiBHAHO 3 XBOPUMI 3 HOPMAIbHUM CTaHOM
MLLKT (11,36 % npotn 4,17 %; x?=4.27; df = 1; p < 0,05). Cepep xiHok 3 IXC i nopyLueHHsmu MLLKT BiporigHo nepeBaxana
KinbKiCTb XBOPMX, SKi MatoTb kanbLyHO3 knanaHis cepus: 60,00 % y rpyni 3 octeoneHieto, 77,42 % y rpyni 3 0CTEONOPO30M
npotn 28,58 % y rpyni 3 HopManbHUMKM nokasHukamu MLLKT; cnocTepiranu 36inbLUEeHHs YacTOTW BUSIBNIEHHS KarnbLMHO3Y 2 i
GinbLue knanaHiB cepus. BcTaHOBUNM HasBHICTb KOPENSALIHOMO B3aEMO3B'A3Ky Mix T- Ta Z- KpUTepieM NPOMEHeBOI KiCTKM Ta
OB JILL (r=+0,42; p <0,05), KCP ML (r = +0,61; p < 0,05), Mixx Z-kpuTepiem npoMeHeBOi KiCTKK, 10-piYHNM PU3NKOM PO3BUTKY
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nepenomis NPOMEHEBOI KICTKM i Benvkorominkosoi kictok Ta JIMg (r = +0,43; p < 0,05; r = +0,50; p < 0,05 BignosigHo), Mix
10-piYHMM pU3MKOM PO3BUTKY NEPENoMiB BeNMKOrominkoaoi kictkv Ta MMJILL (r = +0,58; p < 0,05).

BucHoBkM. 3MiHM CTPYKTYPHO-(YHKLIOHaNBHMX MOKa3HUKIB cepLst B XiHOK 3 IXC nporpecytoTb 3anexHo Bif CTyneHst BUPasHOCTi
nopyLueHb MLLKT, wwo cBig4mTh npo B3aeMO3B’S30K KICTKOBOTO Ta KapAioBaCKyNsipHOro peMofentoBaHHs.

B3aumocBA3b NoKa3aTenel KapAMOBACKYAAPHOTO PeMOAEGAUPOBaHUSA C COCTOAHUEM
MWHEpPaAbHOW NAOTHOCTU KOCTHOM TKaHM Y XXEHLUMH C MLLeMUUYecKoW 6ore3HbIo cepala

H. C. MuxamnnoBckas, U. 0. Cteutok

Llenb pa6oTbl — onpeaenuTb 0COBEHHOCTY B3aUMOCBS3V NoKasaTerelt kapanoBackyrspHOro PeMOLENNPOBaHMS C COCTOSIHUEM
MUHepanbHOW MIOTHOCTW KOCTHOM TkaHn (MIKT) y xeHLumH ¢ niwemmndeckoi onestbto cepaua (MBC).

MaTtepuanbl n metoabl. B ABOMHOE, OTKPLITOE, NONEPEYHOE, MOHOLIEHTPOBOE KIMHUYECKOE UCCefoBaHWe B napan-
nenbHbIX rpynnax BKMto4eHbl 115 XeHLWMH B NOCTMEHonay3anbHoM nepuoae ¢ auarHosom WBC: crabunbHas cTeHo-
kapaus HanpskeHust II-111 ®K. B 3aBucumoctu ot coctosiHus MIKT nauneHTok nogenunu Ha 3 rpynnsl: 1 rpynna — 24
60nbHbIX C HopManbHbIMK Nokasatensmu MIKT, 2 rpynna — 34 naumeHTKU ¢ ocTeoneHnen, 3 rpynna — 44 XeHLWmHbI ¢
octeonopo3om. CoctosHne MIKT n3yyanu npy NOMOLLM ynbTPa3BykOBOW OCTEOAEHCUMTOMETPUK 1 anroputma FRAX.
CTpyKTYpHO-(PYHKLMOHaNbHbIE NOKa3aTenu cepaua U cocyaoB ONPeAensnm ¢ NOMOLLbIO ABYMEPHON 3X0KapAMOCKONMn
1 UMNYIbCHO-BOITHOBOW Aonnneporpadum.

Pesynktathl. Y xeHwuH ¢ MBC Habniogann goctoBepHoe cHikeHne T- u Z-kputepusi 1 yBenuyenne 10-neTHero pucka
pa3BUTUS OCTEOMOPO3HBIX NEPENOMOB B 3aBUCMMOCTM OT CTeneHn Hapylenuidi MIMKT. Hanuune noctmeHonay3sanbHoro
ocreonopo3sa y xeHwwH ¢ IBC accounmposaHo ¢ goctoBepHbiM yeenuyeHnem KM npaeoii n nesot OCA (Ha 14,94 % u
15,56 % cootsetcTBEHHO), T3CITXK (Ha 9,26 %) u nHaekca xectkocTv Muokapaa JIXK (Ha 40,00 %), cHuxernem ®B XK (Ha
8,77 %), passuTem amactonunyeckon ancyHkumm JHK no tuny Hapylwenus penakcauun (y 80,76 %), hopmmpoBaHnem
NPerMyLLECTBEHHO KOHLEHTprYeckom runeptpodumn JIXK (y 68,18 %) n yBenuyeHnem 4actoTbl pasBuTUS AKCLEHTPUYECKON
runeptpocbuu JTK no cpaBHeHWto ¢ 6onbHbIMM ¢ HopManbHbIM cocTosiHueM MIKT (11,36 % npotve 4,17 %; x?= 4,27; df = 1;
p <0,05). Cpean xeHwwmH ¢ UBC n HapyweHusmu MIKT goctoBepHo npeobrnagano KonniecTso 6oMbHbIX, UMEHOLLMX Karlb-
umMHO3 knanaHoB cepaua: 60,00 % B rpynne ¢ octeoneHuei, 77,42 % B rpynne ¢ octeonopo3om npotus 28,58 % B rpynne
C HopMarnbHbIMK nokasatensmu MIKT; Habntoganu yBenuyeHne YactoTbl 06HapyKeHns KanbLmHo3a 2 1 bonee knanaHoB
cepaua. YCTaHOBMNEHO Hanmyme KOppensLnoHHON B3aMMOCBA3N Mexay T- u Z-kputeprem nyyveBon koctu n ®B JTK (r = +0,42;
p <0,05), KCP XK (r = +0,61; p < 0,05), mexay Z-kputepnem ny4eBoit Koctu, 10-NETHAM PUCKOM pa3BUTUS NEPENOMOB Ny-
yeBoWn, bonbLuebepuiosoit kocTen n J1Mg (r = +0,43; p < 0,05; r = +0,50; p < 0,05 cooTBETCTBEHHO), Mexay 10-NeTHUM pUCKOM
pa3suTus nepenomoB GonbLuebeptiosoit koctn n MMIILW (r = +0,58; p < 0,05).

BbiBoAbl. VI3MeHeHnst CTPYKTYPHO-(PYHKLIMOHANbHBIX NokasaTenen cepaua y xeHwuH ¢ MBC nporpeccupytoT B 3aBUCMMO-
CTW OT CTEMNEHM BbIPAKEHHOCTW HapyLLeHnid MIKT, 4To cBMAETENbCTBYET O B3aMMOCBSA3M KOCTHOTO U KapayoBacKynsipHOro
pEMOENMpPoBaHuUS.

Besides, in the menopause period, a decrease in
bone mineral density with the further development of
systemic osteoporosis is observed, which is characterized
by negative changes of microarchitectonics and increased
bone fragility and the increased risk of osteoporosis frac-
tures [5,6]. In Ukraine, osteoporosis is observedin 13.4 %
of female and in 2.9 % of male population. With age,
the proportion of patients with osteoporosis increases up
t022.0 % in men and up to 53.0 % in women [7]. Accord-
ing to other national data, the prevalence of osteoporosis
among the adult population of Ukraine is about 20-39 %
in women and 9-23 % in men (depending on the region
of residence), with a high risk of fractures — up to 10.7%
[7]. According to dual-energy X-ray densitometry, 11 %
of women in Ukraine have osteoporosis at the femoral
neck level, 20 % and 24 % respectively - in the spinal
column and forearm area. According to the International
Osteoporosis Foundation, the number of Ukrainian

Introduction

According to the World Health Organization (WHO),
among the elderly people all over the world women pre-
dominate: their proportion at the age of 60 years and older
is 54 %, at the age of 75 years and older — almost 60 %,
and at the age of 90 years and older - about 70 %. Today,
the proportion of elderly women is constantly increasing,
which requires studying the health state of women in
the postmenopausal period [1].

Menopause is an inalienable natural biological
process which occurs in women of the average age
of 50, and which is established after 12 months of
nonpathological amenorrhea and characterized with a
progressing deficiency of sex hormones [2]. Recently, it
was considered that the natural level of sex hormones in
women renders a cardioprotective effect. However, over
the last decade, the views on the development of proba-

ble cardiovascular complications in women, especially in
the postmenopausal period, have significantly changed
[3]. Since the onset of menopause, which accelerates
the development of dyslipidaemia, insulin resistance
and obesity, the incidence of coronary artery disease in
the female population significantly increases, equating,
and in future even exceeding such in men [4].

54 ISSN 2306-8027  http://pat.zsmu.edu.ua

women in postmenopausal period with osteoporosis and
osteopenia is equal to 7 million (28 % of the total number
of women) [7].

Today, in the older age groups, the combination of
CAD with bone marrow pathology, in particular osteo-
porosis, is recognized more frequently [8]. A close inter-
rrelationship between BMD indices and cardiovascular
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diseases risk has been proven [9,10]. In osteoporosis,
as in atherosclerosis, the similar processes occur: key
proteins of bone metabolism (in particular, osteocalcin,
osteoprotegerin, bone morphogenic protein, matrix Gla
protein, osteonectin, osteopontin, etc.) are detected in
the components of the vascular matrix, and under the pro-
gression of atherosclerotic lesion of the heart and blood
vessels, the concentration of some of them significantly
increases [11-13]. Modern scientific data also provide
the evidence of their participation in the development of
cardiovascular remodeling [12].

Therefore, it is important to investigate the interrela-
tionship between cardiovascular and bone remodeling
in women with coronary artery disease, associated with
postmenopausal osteoporosis in order to find common
determinants of development and progression, as well
as to develop differentiated approaches to diagnosing
and treatment of this comorbidity.

Objective

To determine the peculiarities of the interrelationship
between the cardiovascular remodeling indicators and
the BMD state in women with CAD.

Materials and methods

Adouble open cross-sectional monocentric clinical study
in parallel groups involved 115 women in the postmeno-
pausal period with CAD: stable exertional angina of II-1I
functional class. Depending on the BMD state, all patients
were divided into 3 groups: group 1 — 24 patients with
normal BMD (T-criterion is more than -1 SD); group 2 — 34
patients with osteopenia (T-criterion is from -1 SD to -2.5
SD); group 3 — 44 patients with osteoporosis (T-criterion
is less than -2.5 SD).

Criteria for the patient to be included into the study
were the following: presence of verified (documented)
stable exertional angina of II-Ill FC; the duration of
the postmenopausal period in women for more than 5
years, informed consent of the patient. The exclusion
criteria: diseases inducing the development of secondary
osteoporosis; severe arterial hypertension, severe chronic
somatic pathology; cancer, mental disorders and systemic
diseases; alcohol abuse, drug addiction.

Angina pectoris was diagnosed according to the clas-
sification of the Canadian Association of Cardiologists.
The BMD state was assessed according to WHO criteria
(1994). The degree of BMD loss was evaluated according
to the T-criterion (the standard deviations’ value — SD from
the mean values of the «peak bone mass») using the ul-
trasonic osteodensitometry method on the Omnisense
7000 apparatus with sensors for the phalanx of the fin-
ger, the radial and tibia bones. The FRAX algorithm was
used to assess the 10-year risk of osteoporotic fractures
development.

Two-dimensional echocardiography and pulse-wave
dopplerography were performed at the Esaote MyLab 50
Xvision ultrasound scanner under the generally accepted
practice according to ASE/EAE recommendations (2011).
The following parameters were determined (sm): the size
of the left atrium (LA-AP) and the aorta (Ao), the size
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of the right atrium (RAD) and the right ventricle (RVD),
the end-diastolic (EDD, sm), and the end-systolic sizes
(ESD, sm) of the left ventricle (LV), the posterior wall
thickness (LV PWd, sm), the interventricular septum
thickness (IVSd). The end-diastolic volume (LV EDV,
ml), end-systolic volume (LV ESV, ml) were calculated by
the Simpson method (1991), the left ventricular ejection
fraction (LV EF, %), the mass of the myocardium of the LV
(LVM, g) were determined. Taking into account the indi-
vidual constitutional features of patients, in determining
the myocardial mass index (LVMI, g/m?), the indexing of
the value to the surface area of the body was used. The
myocardial stiffness index of the LV (LV Myocardial stiff-
ness index, mm Hg/ml), (%) was determined according
to E. I. Chazov (1992).

In order to assess the transmitral diastolic blood flow,
the maximal velocity of the early (Ve, sm/sec) and late
(Va, sm/sec) LV filling, their correlation (Ve/Va, units),
the time of isovolumic relaxation of the LV (IVRT, ms)
and the deceleration time of early diastolic filling (DT,
ms) were determined. Evaluation of the types of LV
remodeling was carried out according to the A. Ganau et
al. classification (1992).

Quantitative and qualitative characteristics of the state
of the intima-media complex (IMC) of the common carotid
arteries (CCA) were evaluated under the ultrasound
visualization in B-mode. An increase in the thickness of
IMC greater than 0.9 mm was considered as a marker of
atherosclerotic vascular damage.

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.

Statistical data processing was carried out by
using the method of variation statistics with the help
of software package “Statistica 13.0". (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J), under the generally ac-
cepted practice. The pattern of the distribution of the stud-
ied variables was assessed using the Shapiro-Wilk’s
criterion. Quantitative characteristics were represented
as M £+ m (arithmetic mean * standard error of arithmetic
mean) or Me (Q,;; Q,;) (median, 25 and 75 distribution
quartiles) depending on the type of data distribution. Un-
der the normal distribution, the validity of the differences
was estimated using the Student’s t-criterion; under
the distribution different from normal, Mann-Whitney’s
non-parametric U-criterion was used. The assessment
of the interrelationship between pairs of independent
indexes, expressed in quantitative scale, was performed
by calculating Pearson rank correlation coefficients (under
the normal distribution) and Spearman rank correlation
coefficients (under the distribution different from normal).
Comparison of groups on a qualitative basis, as well as
in the study of the frequency of detection of indicators,
was carried out using the criterion x? with the analysis of
conjugation tables. Differences were considered statisti-
cally significant at P < 0.05.
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Results

The results of the assessment of the BMD state and
the 10-year risk of osteoporotic fractures development
in women with coronary artery disease in the postmeno-
pausal period are presented in Table 1.

The presence of osteopenia or osteoporosis in

Table 1. BMD state in women with coronary artery disease in the postmenopausal
period (M £ m)

Indicator, units CAD (n=24) CAD + osteopenia CAD + osteoporosis
of measurement (n=34) (n = 44)

T-criterion phalanx,SD -0.17 £ 0.21 -1.39 £ 0.20*** -2.17 £ 0.224*

T-criterion radius, SD  -0.31 £ 0.26 -1.73 £ 0.16*** -3.15 £ 0.20***
T-criterion tibia, SD 0.13+0.21 -0.78 £ 0.26*** -1.43 £0.31%**
Z-criterion phalanx, SD  1.49 + 0.24 0.35 + 0.20*** -0.16 £ 0.21***
Z-criterion radius, SD 118 £ 0.33 -0.01+£0.19%** -1.13 £0.23***
Z-criterion tibia, SD 1.49+0.21 0.69 £ 0.31* 0.25 £ 0.32***
Fracture risk 424 +£0.70 9.56 + 1.20*** 18.31 £ 2.53***
(phalanx), %

Fracture risk 6.38 £ 0.96 12.68 £ 0.94** 32.48 + 3.70**
(radius), %

Fracture risk (tibia), % 10.81 +1.10 12.18+0.75 18.22 + 1.58***

* %% *%%: 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).

Table 2. Structural and functional parameters of heart and vessels in women
with coronary artery disease in the postmenopausal period, depending on the degree
of BMD loss, M £ m; Me (Q,; Q)

257

Indicator, units CAD CAD + osteopenia CAD + osteoporosis
of measurement (n=24) (n=34) (n=44)

IMC thickness 0.87 +0.03 0.92+0.03 1.00 + 0.02*

of the right CCA, mm

IMC thickness 0.90 +0.03 0.96 +0.03 1.04 £ 0.03*

of the left CCA, mm

Ao, sm 2.10(1.9; 2.6) 2.10(1.9; 2.6) 2.10 (1.90; 2.40)

LA-AP, sm 4.10 (3.70; 4.40) 3.95 (3.60; 4.30) 3.90 (3.60; 4.30)

LV EDD, sm 4.91(4.75; 5.15) 5.00 (4.80; 5.20) 4.80 (4.60; 5.00)

LV EDV, ml 115.00 (98.00; 115.00 (104.00; 126.00) 117.00 (99.00;
121.00) 122.00)

LV ESD, sm 3.00 (2.97; 3.20) 3.04 (2.80; 3.40) 2.99 (2.20; 4.70)

LV ESV, ml 43.50 (36.00; 47.00)  47.00 (39.00; 52.00)  50.00 (45.00; 60.00)*

LV Myocardial stiffness 0.10 (0.10; 0.13)
index, mm Hg /ml

0.12 (0.07; 0.14) 0.14* (0.13; 0.18)

IVSd, sm 1.11 (1.06; 1.23) 112 (1.01; 1.18) 1.14 (1.10; 1.20)
LV PWd, sm 1.08 (1.02; 1.18) 1.15 (1.03; 1.20) 1.18 (1.10; 1.20)*
LV EF, % 62.00 (57.50; 63.00)  58.00 (54.00; 62.00)  57.00 (49.00; 61.00)*
LVM, g 216.00 217.00 222.00

(194.00; 227.00) (170.00; 242.00) (198.00; 250.00)
LVMI, g/m? 107.50 113.00 112.00

(87.00; 115.00) (96.00; 130.00) (106.00; 129.00)
RVD, sm 3.00 (2.40; 3.30) 2.70 (2.60; 3.10) 2.80 (2.50; 3.10)
RAD, sm 4.40 (3.85:4.40) 4.00 (3.70; 4.30) 410 (3.70; 4.30)

*, %% *%%: 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).

Table 3. Indices of transmitral blood flow in CAD women, depending on the degree
of BMD loss (M + m)

Indicator, units CAD (n = 24) CAD + osteopenia CAD + osteoporosis
of measurement (n=34) (n=44)

Ve/Va 0.94 +0.06 0.87 £0.04 0.83 £0.04
IVRT, ms 76.71 £ 3.07 78.94 £2.72 80.57 £ 1.90
DT, ms 160.00 £ 8.28 188.53 + 8.14* 193.64 + 6.38"

*, %% %%*: 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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the corresponding group was verified by a significant de-
crease in T- and Z-criteria and an increase in the 10-year
risk of osteoporosis fractures development.

The peculiarities of cardiovascular remodeling in
women with coronary artery disease, depending on
the degree of BMD loss are presented in Table 2.

In the CAD and osteopenia group the mean value
of the IMC thickness of the left and right CCA tended
to increase, while in the CAD and osteoporosis group
it significantly exceeded the corresponding indices in
the CAD and normal BMD group by 14.94 % and by
15.56 % (P < 0.05). At the same time, in women with
CAD and postmenopausal osteoporosis, a larger number
of patients showed the increase in the IMC thickness:
88.33% vs. 30.00% in the group of women with normal
BMD (x2 = 6.42; df = 1; P < 0.05).

The structural and functional parameters of the heart

in women with CAD and osteopenia did not demon-
strate a significant difference, if compared to the women
with normal BMD, but LV ESV, LVMI, LV PWd parame-
ters tended to increase, and LV EF tended to decrease
if compared to the women with normal BMD. In women
with CAD, combined with postmenopausal osteoporosis,
there was a tendency to the increase in LV EDV, the IVSd
thickness and the LVMI, and a significant increase in
the LV PWd by 9.26 % and in the LV ESV by 14.94 %
(P < 0.05), which indicates a greater degree of LVH in
this category of patients. In patients with postmenopausal
osteoporosis, an incease in the LV Myocardial stiffness
index by 40.00 % was observed, if compared to the CAD
and normal BMD group (P < 0.05). In patients with CAD,
combined with postmenopausal osteoporosis, in contrast
to the CAD and normal BMD group, the LV EF significantly
decreased by 8.77 % (P < 0.05).

Distribution of types of LV geometric model in wo-
men with CAD, depending on the degree of BMD loss is
presented in Fig. 1.

It has been established that the most prognostically
unfavorable type of cardiac remodeling,which is the LV
eccentric hypertrophy, was observed in 11.36 % patients
in the CAD and osteoporosis group, the proportion of con-
centric hypertrophy was 68.18%, concentric remodeling
occurred in 13.63 %; 6.82 % of patients had a normal LV
geometry. In the group of patients with coronary artery
disease and osteopenia, eccentric hypertrophy was es-
timated in 8.82% of patients, concentric hypertrophy —
64.71 %, concentric remodeling — in 11.76 %, normal
geometry —in 14.71 % of patients. In the group of patients
with coronary heart disease without BMD disorders ec-
centric hypertrophy was found only in 4.17 % of patients,
LV concentric hypertrophy — in 70.83 % of patients, while
concentric remodeling was registered in 12.50 %, and
the normal LV geometry was in 12.50 % of cases.

Therefore, in patients with CAD, combined with
postmenopausal osteoporosis, the significantly larger
number of patients had an eccentric hypertrophy of LV
if compared to the patients with normal BMD (x? = 4.27;
df =1; P <0.05).

Indices of transmitral blood flow in women in the post-
menopausal period with CAD, depending on the degree
of BMD loss are presented in Table 3.

Regarding the indices of transmitral blood flow in
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women with CAD and BMD disorders, the Ve/Va ratio
tended to decrease and isovolumic relaxation time of LV
lengthening was observed if compared to the patients with
CAD and normal BMD, which indicated an impairment
of the lusitropic function of the heart. The DT in patients
with bone structure changes was significantly longer
than the same index in the group of patients with CAD
without BMD loss: by 17.83 % - in the group with CAD
and osteopenia, by 21.03 % - in the group with CAD and
osteoporosis (P < 0.05).

In women with CAD, an increase in the incidence
of LV diastolic dysfunction was observed, depending on
the degree of BMD loss (Fig. 2).

As it was shown in Fig. 2, the diastolic dysfunction
of the left ventricle, was observed more frequently with
the progression of BMD loss: in 80.76 % of women with
CAD and osteoporosis (x? = 5.96; df = 1; P < 0.05); in
74.07 % of CAD and osteopenia patients (x? = 3.87;
df =1; P <0.05) versus 42.86 % of patients with normal
bone turnover rate. No significant difference was ob-
served between the groups considering the type of dia-
stolic dysfunction: in all groups of patients the prevalence
of diastolic dysfunction of impaired relaxation type was
observed (in 100.00 % — in the group of CAD patients,
in 96.30 % —in the group of patients with coronary artery
disease with osteopenia, in 96.15 % in the group of
patients with coronary artery disease with osteoporosis).

In order to investigate the pecularities of cardiovas-
cular remodeling in patients with coronary artery disease,
the presence or absence of calcinosis of the valves
of the heart and large vessels was determined, which
suggests an increase in the incidence of ectopic calcifi-
cation in patients with coronary artery disease with BMD
disorders (Fig. 3).

As it was shown in Fig. 3, in the groups with BMD
disorders, the number of patients with calcinosis of
the valves of the heart and large vessels was significantly
higher: 60.00 % in the group with osteopenia (x? = 3.77;
df = 1; P <0.05); 77.42% in the group with osteoporosis
(2 =9.79; df = 1; P < 0.05) versus 28.58 % in the group
with normal BMD. Under the progression of BMD, an
increase in the number of patients with coronary artery
disease, with two or more valves calcinosis was observed,
which was maximal in the group with osteoporosis:
45.16 % (x? = 6.10; df = 1; P < 0.05) versus 21.43 % in
group with normal BMD.

Under the conduction of the correlation analysis
in the group of women with coronary heart disease
and osteoporosis, a direct correlative interdependence
between the T-and Z-criterion of the radial bone and
the LV EF (r = +0.42; P < 0.05), between the 10-year
risk of fracture of the phalanx and the RAD (r = +0.50;
P < 0.05), between the Z-criterion of the radial bone
and the LV ESD (r= +0.61; P < 0.05), between the 10-
year risk of fracture of the radial and tibia bone and
the LA-AP (r = +0.43; P < 0.05; r = +0.50; P < 0.05
correspondingly), the LVM (r = +0.58; P < 0.05) was
discovered. In the group of women with coronary
artery disease and osteopenia, a direct correlative
dependence between the Z-criterion of the radial
bone and the LV ESV (r = +0.61; P < 0.05), the LV
EDV (r = +0.63, P < 0.05), between the Z-criterion
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Fig. 1. Distribution of types of LV geometric model in women with CAD, depending on the degree
of BMD loss.

*:the probability of indexes difference if compared to the patients with CAD and normal BMD state,
according to the 2 criterion (P < 0.05).
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Fig. 2. Frequency of LV diastolic dysfunction in women with coronary artery disease, depending
on the degree of BMD loss according to the echocardiography data.

*:the probability of indexes difference if compared to the patients with CAD and normal BMD state,
according to the x? criterion (P < 0.05).
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Fig. 3. Frequency of registration of calcinosis of the valves of the heart and large vessels
in women with coronary artery disease, depending on the degree of BMD loss according to
the echocardiography data.

*:the probability of indexes difference if compared to the patients with CAD and normal BMD state,
according to the 2 criterion (P < 0.05).

of the tibia and the diameter of the aorta (r = +0.46;
P <0.05), the inverse correlative dependence between
the LVM and T-criterion of the tibia (r =-0.75; P < 0.05),
the Z-criterion of the radial bone (r = -0.64; P < 0.05),
the Z-criterion of the tibia (r = -0.73; P < 0.05) was
found out.

Thus, the obtained data confirm the relationship be-
tween the BMD state and the indicators of cardiovascular
remodeling in women with CAD.
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Discussion

In our study, in the group with CAD and postmenopausal
osteoporosis, an increase in the IMC thickness was
observed, a tendency to an increase in the LV EDV,
the IVSd thickness and the LVMI, and a significantly higher
thickness of the LV PWd and the LV ESV if compared
to the patients with normal BMD was discovered, which
indicates a greater degree of left ventricular hypertrophy,
which leads to a significant increase in the LV Myocardial
stiffness index. It should be noted that in women with CAD
in the postmenopausal period in the structure of LV myo-
cardial remodeling concentric hypertrophy was dominating,
however, in the presence of concomitant postmenopausal
osteoporosis, the frequency of development of eccentric
hypertrophy of the myocardium as a predictor of disadaptive
remodeling increases. The obtained data confirm the re-
sults of the research by Tsarenok S. Yu. (2017), who noted
that the presence of osteoporosis in postmenopausal CAD
patients is associated with an increase in the parameters
of structural and geometric remodeling of the heart with
predominance of the remodeling by the type of concentric
LV hypertrophy [14].

In women with CAD, in parallel with the decrease
in BMD state, grade 1 diastolic dysfunction of the left
ventricle was more common, which was verified by
the Ve/Va ratio tendency to decrease and LV isovulumic
relaxation time slowdown lengthening, the significant DT
increase if compared to the patients with CAD and normal
BMD state. The data obtained coincide with the results
of Wang R. et al. (2016) [15]. Thus, in the Wang’s study,
BMD loss was identified as an independent predictor
of LV diastolic dysfunction, which can be explained by
the effect of chronic inflammation with the hyperproduction
of cytokines, growth factors, prostanoids, nitric oxide, and
the development of oxidative stress in the combination
with the endothelial dysfunction [15].

In the groups with BMD disorders, the number of
patients who had calcinosis of two or more valves was
significantly higher, and it was maximal in the group with
osteoporosis. The studies of other authors also showed
a link between calcification of the valves of the heart,
coronary and peripheral arteries, and a decrease in BMD
[13,16-18], which can be explained by excessive activa-
tion of specific proteins (osteoprotegerin, osteocalcin),
which leads not only to bone mineralization abnormalities,
but also to the formation of ectopic calcification.

Thus, the obtained results confirm the existing
scientific data on the presence of general pathogenetic
mechanisms between the interruption of osteogenesis,
the progression of cardiovascular remodeling and the de-
velopment of heart valve calcinosis in women with CAD
in the postmenopausal period.

Conclusions

1. The development of postmenopausal osteoporosis
in women with CAD is associated with a likely increase in
the IMC of the left and right CCA (by 14.94 % and 15.56 %
respectively), in the LV PWd (by 9.26 %), and in the LV
Myocardial stiffness index (by 40 %), with a decrease in
the LV EF (by 8.77 %). In women with CAD and osteo-
penia there was a similar directivity of cardioghemody-
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namic disorders, which have not reached the statistical
significance level.

2. In women with CAD and postmenopausal oste-
oporosis, in the structure of LV myocardial remodeling
concentric hypertrophy (68.18 %) and grade | diastolic
dysfunction (80.76 %) were dominating, however, the in-
crease of incidence of eccentric LV hypertrophy was
observed if compared to the patients with normal BMD
(11.36 % vs. 4.17 %; P < 0.05).

3. In women with CAD and BMD disorders, a sig-
nificantly higher number of patients with calcinosis of
heart valves was observed: 60.00 % in the group with
osteopenia, 77.42 % with osteoporosis compared with
28.58 % in the group with normal BMD; an increase in
the incidence of calcinosis in two or more heart valves
was also discovered.

4. The peculiarities of changes in the structural and
functional parameters of the heart in women with CAD
depend on the degree of BMD disorders, which indicates
the presence of a interrrelationship between bone and
cardiovascular remodeling and is confirmed by the cor-
responding data of the correlation analysis.

Prospects for further research: to assess the dy-
namics of cardiovascular remodeling indicators in women
with CAD and postmenopausal osteoporosis under
the influence of complex treatment is the prospect of
further research.
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