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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–III 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 %; 
χ2 = 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.

Взаємозв’язок показників кардіоваскулярного ремоделювання зі станом  
мінеральної щільності кісткової тканини в жінок з ішемічною хворобою серця

Н. С. Михайловська, І. О. Стецюк

Мета роботи – визначити особливості взаємозв’язку показників кардіоваскулярного ремоделювання зі станом міне-
ральної щільності кісткової тканини (МЩКТ) у жінок з ішемічною хворобою серця (ІХС).

Матеріали та методи. До подвійного відкритого, поперечного, моноцентрового клінічного дослідження в паралельних 
групах залучили 115 жінок у постменопаузальному періоді з діагнозом ІХС: стабільна стенокардія напруження ІІ–ІІІ ФК. 
Залежно від стану МЩКТ пацієнток поділили на 3 групи: 1 група – 24 хворих із нормальними показниками МЩКТ, 2 
група – 34 пацієнти з остеопенією, 3 група – 44 особи з остеопорозом. Стан МЩКТ вивчили за допомогою ультразвукової 
остеоденситометрії та алгоритму FRAX. Структурно-функціональні показники серця та судин визначали за допомогою 
двовимірної ехокардіоскопії та імпульсно-хвильової доплерографії.

Результати. У жінок з ІХС спостерігали вірогідне зниження Т- та Z-критерію та збільшення 10-річного ризику розвитку 
остеопорозних переломів залежно від ступеня порушень МЩКТ. Наявність постменопаузального остеопорозу в жінок 
з ІХС асоційована з вірогідним збільшенням КІМ правої та лівої ЗСА (на 14,94 % та 15,56 % відповідно), ТЗСЛШ (на 
9,26 %) та індексу жорсткості міокарда ЛШ (на 40,00 %), зниженням ФВ ЛШ (на 8,77 %), розвитком діастолічної дис-
функції ЛШ за типом порушення релаксації (у 80,76 %), формуванням переважно концентричної гіпертрофії ЛШ (у 
68,18 %) та збільшенням частоти розвитку ексцентричної гіпертрофії ЛШ порівняно з хворими з нормальним станом 
МЩКТ (11,36 % проти 4,17 %; χ2 = 4.27; df = 1; p < 0,05). Серед жінок з ІХС і порушеннями МЩКТ вірогідно переважала 
кількість хворих, які мають кальциноз клапанів серця: 60,00 % у групі з остеопенією, 77,42 % у групі з остеопорозом 
проти 28,58 % у групі з нормальними показниками МЩКТ; спостерігали збільшення частоти виявлення кальцинозу 2 і 
більше клапанів серця. Встановили наявність кореляційного взаємозв’язку між Т- та Z- критерієм променевої кістки та 
ФВ ЛШ (r = +0,42; р < 0,05), КСР ЛШ (r = +0,61; р < 0,05), між Z-критерієм променевої кістки, 10-річним ризиком розвитку 
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переломів променевої кістки й великогомілкової кісток та ЛПд (r = +0,43; р < 0,05; r = +0,50; р < 0,05 відповідно), між 
10-річним ризиком розвитку переломів великогомілкової кістки та ММЛШ (r = +0,58; р < 0,05).

Висновки. Зміни структурно-функціональних показників серця в жінок з ІХС прогресують залежно від ступеня виразності 
порушень МЩКТ, що свідчить про взаємозв’язок кісткового та кардіоваскулярного ремоделювання.

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].

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 observed in 13.4 % 
of female and in 2.9 % of male population. With age, 
the proportion of patients with osteoporosis increases up 
to 22.0 % 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 
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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Взаимосвязь показателей кардиоваскулярного ремоделирования с состоянием 
минеральной плотности костной ткани у женщин с ишемической болезнью сердца

Н. С. Михайловская, И. О. Стецюк
Цель работы – определить особенности взаимосвязи показателей кардиоваскулярного ремоделирования с состоянием 
минеральной плотности костной ткани (МПКТ) у женщин с ишемической болезнью сердца (ИБС).

Материалы и методы. В двойное, открытое, поперечное, моноцентровое клиническое исследование в парал-
лельных группах включены 115 женщин в постменопаузальном периоде с диагнозом ИБС: стабильная стено-
кардия напряжения II–III ФК. В зависимости от состояния МПКТ пациенток поделили на 3 группы: 1 группа – 24 
больных с нормальными показателями МПКТ, 2 группа – 34 пациентки с остеопенией, 3 группа – 44 женщины с 
остеопорозом. Состояние МПКТ изучали при помощи ультразвуковой остеоденситометрии и алгоритма FRAX. 
Структурно-функциональные показатели сердца и сосудов определяли с помощью двумерной эхокардиоскопии 
и импульсно-волновой допплерографии.

Результаты. У женщин с ИБС наблюдали достоверное снижение Т- и Z-критерия и увеличение 10-летнего риска 
развития остеопорозных переломов в зависимости от степени нарушений МПКТ. Наличие постменопаузального 
остеопороза у женщин с ИБС ассоциировано с достоверным увеличением КИМ правой и левой ОСА (на 14,94 % и 
15,56 % соответственно), ТЗСЛЖ (на 9,26 %) и индекса жесткости миокарда ЛЖ (на 40,00 %), снижением ФВ ЛЖ (на 
8,77 %), развитием диастолической дисфункции ЛЖ по типу нарушения релаксации (у 80,76 %), формированием 
преимущественно концентрической гипертрофии ЛЖ (у 68,18 %) и увеличением частоты развития эксцентрической 
гипертрофии ЛЖ по сравнению с больными с нормальным состоянием МПКТ (11,36 % против 4,17 %; χ2 = 4,27; df = 1; 
p < 0,05). Среди женщин с ИБС и нарушениями МПКТ достоверно преобладало количество больных, имеющих каль-
циноз клапанов сердца: 60,00 % в группе с остеопенией, 77,42 % в группе с остеопорозом против 28,58 % в группе 
с нормальными показателями МПКТ; наблюдали увеличение частоты обнаружения кальциноза 2 и более клапанов 
сердца. Установлено наличие корреляционной взаимосвязи между Т- и Z-критерием лучевой кости и ФВ ЛЖ (r = +0,42; 
р < 0,05), КСР ЛЖ (r = +0,61; р < 0,05), между Z-критерием лучевой кости, 10-летним риском развития переломов лу-
чевой, большеберцовой костей и ЛПд (r = +0,43; р < 0,05; r = +0,50; р < 0,05 соответственно), между 10-летним риском 
развития переломов большеберцовой кости и ММЛШ (r = +0,58; р < 0,05).

Выводы. Изменения структурно-функциональных показателей сердца у женщин с ИБС прогрессируют в зависимо-
сти от степени выраженности нарушений МПКТ, что свидетельствует о взаимосвязи костного и кардиоваскулярного 
ремоделирования.

Оригінальні дослідження
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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
A double open cross-sectional monocentric clinical study 
in parallel groups involved 115 women in the postmeno-
pausal period with CAD: stable exertional angina of II–III 
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–III 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 

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/m2), 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., 
№ 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 (Q25; Q75) (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 χ² with the analysis of 
conjugation tables. Differences were considered statisti-
cally significant at P < 0.05.

Original research



56 Патологія. Том 16, № 1(45), січень – квітень 2019 р.ISSN 2306-8027    http://pat.zsmu.edu.ua

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 

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 (χ2 = 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 – in 
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 (χ2 = 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 

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

Indicator, units  
of measurement

CAD (n = 24) CAD + osteopenia 
(n = 34)

CAD + osteo porosis 
(n = 44)

Т-criterion phalanx,SD -0.17 ± 0.21 -1.39 ± 0.20*** -2.17 ± 0.22***
Т-criterion radius, SD -0.31 ± 0.26 -1.73 ± 0.16*** -3.15 ± 0.20***
Т-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 1.18 ± 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 
(phalanx), %

4.24 ± 0.70 9.56 ± 1.20*** 18.31 ± 2.53***

Fracture risk 
(radius), %

6.38 ± 0.96 12.68 ± 0.94*** 32.48 ± 3.70***

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 (Р < 0.05; Р < 0.01; Р < 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, М ± m; Me (Q25; Q75)

Indicator, units  
of measurement

CAD  
(n = 24)

CAD + osteopenia 
(n = 34)

CAD + osteoporosis 
(n = 44)

IMC thickness  
of the right CCA, mm

0.87 ± 0.03 0.92 ± 0.03 1.00 ± 0.02*

IMC thickness  
of the left CCA, mm

0.90 ± 0.03 0.96 ± 0.03 1.04 ± 0.03*

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; 

121.00)
115.00 (104.00; 126.00) 117.00 (99.00; 

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 stiff ness 
index, mm Hg /ml

0.10 (0.10; 0.13) 0.12 (0.07; 0.14) 0.14* (0.13; 0.18)

IVSd, sm 1.11 (1.06; 1.23) 1.12 (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  

(194.00; 227.00)
217.00  
(170.00; 242.00)

222.00  
(198.00; 250.00)

LVMI, g/m2 107.50  
(87.00; 115.00)

113.00  
(96.00; 130.00)

112.00  
(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) 4.10 (3.70; 4.30)

*, **, ***: the probability of indexes difference if compared to the patients with CAD and normal 
BMD state (Р < 0.05; Р < 0.01; Р < 0.001).

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

Indicator, units 
of measurement

CAD (n = 24) CAD + osteopenia 
(n = 34)

CAD + osteoporosis 
(n = 44)

Vе/Vа 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 (Р < 0,05; Р < 0,01; Р < 0,001).
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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 (χ2 = 5.96; df = 1; P < 0.05); in 
74.07 % of CAD and osteopenia patients (χ2 = 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 (χ2 = 3.77; 
df = 1; P < 0.05); 77.42% in the group with osteoporosis 
(χ2 = 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 % (χ2 = 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 

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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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 χ2 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 χ2 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 χ2 criterion (P < 0.05).
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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-

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 I 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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