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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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gaRizianeba, rasac mosdevs sxvadasxva humoruli 
faqtoris aqtivacia da duodenuri aferentacia. 
amasTan, Sereuli sakvebis miRebidan 20-30 wT-Si 
tkivilisadmi mgrZnobelobis daqveiTebaSi erT-

erT savaraudo meqanizmad avtorebi ganixilaven 
Tormetgoja nawlavSi qolecistokininis gamoyo-
fas, rasac, savaraudod, antinocicepciuri gavlena 
aqvs endogenuri opioidebis sinTezis gamo.

FEATURES OF BONE METABOLISM AND THEIR INFLUENCE ON ARTERIAL WALL STIFFNESS IN 
POSTMENOPAUSAL WOMEN WITH CONTROLLED UNCOMPLICATED HYPERTENSION

1Povoroznyuk V., 2Nishkumay O., 2Lazarieva K., 2Lazariev P.

1SI “D.F. Chebotarev Institute of Gerontology NAMS of Ukraine”, Kyiv; 
2O.O. Bogomolets National Medical University, Kyiv, Ukraine

Cardiovascular disease occupies a leading place in the struc-
ture of morbidity and mortality [29]. With the global aging of 
the population, osteoporosis and cardiovascular diseases have 
become a major issue with considerable medical and socioeco-
nomic burdens [13]. Age is an important determinant in the de-
velopment of arterial hypertension (AH), which is largely asso-
ciated with arterial consolidation due to the age-related changes 
and other risk factors [6]. Observational studies have reported 
an association between low serum vitamin D levels and elevated 
risk of cardiovascular disease (CVD), though such studies may 
not prove causation because of possible unmeasured confound-
ing. Some findings concern the patients with osteoporosis who 
frequently suffer from vascular calcification, which was shown 
to predict both cardiovascular morbidity/mortality and osteopo-
rotic fractures. Various common risk factors and mechanisms 
have been suggested to cause both bone loss and vascular calci-
fication, including aging, estrogen deficiency, vitamin D and K 
abnormalities, chronic inflammation, oxidative stress, metabolic 
syndrome [24]. Major breakthroughs in molecular and cellular 
biology of bone metabolism and characterization of knockout 
animals with deletion of bone-related genes have led to the con-
cept that common signaling pathways, transcription factors and 
extracellular matrix interactions may account for both skeletal 
and vascular abnormalities [12]. 

However, there seems to be a current lack of information on 
the nature of bone metabolism in patients with various diseases 
of the cardiovascular system, for example, arterial hypertension 
and arterial wall stiffness.

The aim of this study was to examine the features of bone 
metabolism and their influence on arterial wall stiffness in 
postmenopausal women with a controlled uncomplicated hy-
pertension.

Material and methods. The study involved 44 women (main 
group) with the mean age of 69.04±0.72 years and a postmeno-
pausal duration of 18.4±0.85 years, with uncomplicated arterial 
hypertension (AH) grade 2, and 30 healthy patients (control 
group), their mean age 69.3±1.21 years and postmenopausal du-
ration of 19.4±1.18 years (p>0.05).

Inclusion criteria: females over 65 y.o. with a controlled AH 
of 1-2 grades, according to the office BP morning measurements. 
They took an antihypertensive therapy based on indapamide-re-
tard + amlodipine at a dose of 1.5/5 mg /d or 1.5/10 mg/d with 
target blood pressure levels (<140/90 mm Hg). 

Exclusion criteria: the presence of secondary hypertension; 
previous history of myocardial infarction and/or stroke;  heart 

failure with NYHA above a functional class (FC) II signs of 
stable angina of the III-IV FC; left ventricular ejection frac-
tion (LVEF)<50%; diabetes; congenital heart diseases; periph-
eral vascular disease;  heart rhythm disturbances  (permanent 
and persistent form of atrial fibrillation, frequent extrasystolic 
arrhythmia, ventricular paroxysms or ventricular tachycar-
dia in the medical history, persistent sinus tachycardia); viola-
tion of atrioventricular conduction or sinus bradycardia (heart 
rate<  50 bpm)  or weakness syndrome of the sinus node;  im-
possibility to withdraw previous AHT; obesity with body mass 
index (BMI)>35  kg/m²;  chronic kidney disease with  GFR for 
EPI<60 ml/min/1.73 m2 and any other clinically relevant con-
comitant pathology; hyper- (> 5.5 mmol/L) and hypopotassemia 
(< 3.5 mmol/L ).

Questionnaire-survey method was used to assess a nutritional 
status. Furthermore, patients were examined by a general clini-
cal examination, routine laboratory clinical and biochemical 
studies, measurements of office bBP (brachial systolic, diastolic, 
pulse, mean BP (bSBP, bDBP, bPP, mean bBP) using a mechani-
cal tonometer Microlife BP AG1-30. Applantation tonometry 
was performed using the SphygmoCor device AtCor Medical 
(Australia) and Doppler-Echo by the ultrasound diagnostic sys-
tem of the Нitachi ALOKA Medical.

According to the pulse wave analysis by applanation tonome-
try [3], we determined central systolic, diastolic, pulse, and mean 
BP (respectively, cSBP, cDBP, cPP, mean cBP), augmentation 
pressure (AP), augmentation index (AІx), augmentation index, 
normalized for a pulse rate of 75 beats/min (AIx75), amplifi-
cation pressure (PP ampl.), and measured carotid-radial (PVW 
rad.) and carotid-femoral pulse wave velocity (PWV fem.). The 
amplification pressure was calculated as the ratio between bPP 
and cPP (%) [19].

The FRAX-all and FRAX-hip technique was used to calcu-
late the 10-year risk of hip fracture and major osteoporotic frac-
tures (the Ukrainian version was developed under the guidance 
of Prof. Povoroznyuk V.V. at www.sheffield.ac.uk/FRAX/tool.
aspx) [23].

Bone turnover markers in the peripheral blood (procollagen 
type 1 propeptide (P1NP), collagen type 1 cross-linked C-telo-
peptide (β-CTx)), parathyroid hormone (PTH) and vitamin D 
were defined by electrochemiluminescence method Eleksys 
2010 analyzer (Roche Diagnostics, Germany), Cobas test sys-
tems. Levels of ionized calcium, phosphorus in serum (hexoki-
nase method0 were assayed by the automatic biochemical ana-
lyzer Integra 400/800 (“Roche”, Germany).
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Vitamin D status was evaluated according to the latest clas-
sification [21,24], based on which vitamin D deficiency is diag-
nosed at 25 (OH) D in serum below 20 ng/ml, vitamin D defi-
ciency at 25 (OH) D 20-30 ng/ml. A concentration of 25 (OH) 
D in the range of 30–50 ng/ml indicates an optimum level, and 
50–100 ng/ml - a high level.

The bone mineral density (BMD) was examined using the 
“Hologic Discovery” apparatus. The following parameters of 
bone mineral density (BMD, g/cm2) were determined: T score 
of the total body, lumbar spine L1-L4, femoral neck, radial bone. 
To assess the quality of bone tissue (Trabecular Bone Score - 
TBS), the TBS iNsight technique, developed by Med-Imaps 
(Bordeaux, France), was used.

Results and discussion. Within the framework of risk fac-
tor analysis for bone fractures, it was found that the calcium 
content in the actual diet (according to the questionnaires) in the 
main group was on average 245±21 mg/day, and in the control 
group - 268±23 mg/day. Thus, it was significantly reduced in 
both groups compared to the generally accepted norms.

At the time of the inclusion at this stage of the study, the tar-
get levels of blood pressure were reached, that is, the effect of 

elevated blood pressure on bone metabolism was excluded. Pa-
tients with hypertension and control group were compared by 
age, BMI, brachial and central blood pressure (Table 1).

bSBP, bDBP, bPP, mean bBP - brachial systolic, diastolic, 
pulse, mean blood pressure; cSBP, cDBP, cPP, mean cBP - cen-
tral systolic, diastolic, pulse, and mean BP; AP-augmentation 
pressure; AІx-augmentation index; AIx75 - augmentation index, 
normalized for a pulse rate of 75 beats/min; PP ampl.- amplifica-
tion pressure ; PWV rad., PWV fem. - carotid-radial and carotid-
femoral pulse wave velocity.

At the time of inclusion, we revealed a significant increase 
in AP, AIx, AIx75 in the main group by 37.7%, 57.5%, 58.2% 
(Table 1, p<0.001) and a decrease in PPampl. by 20.8% (Table 
1, p<0.001) compared to the control, which reflects the increase 
of the central PP due to the influence of the reflected wave, and 
characterizes the increased stiffness of arteries.

Patients of the main group, compared with the control group, 
at the time of inclusion in the study, had PWV rad. which was 
higher by 31% and PWV fem. by 32%, respectively (Table 1, all 
p<0.001). In hypertensives, PWV is an independent risk factor 
for cardiovascular death and all causes [30]. 

Table 1. Baseline data of BP and pulse wave indices in two groups of patients
Parameter Main group n=44 Control group n=30

Age, years 69.04±0.72 69.3±1.21

Postmenopausal duration (PD), years 18.4±0.85 19.4±1.18
Duration of AH, years 17.0±0.86 –

BMI, kg/m² 28.9±0.55 27.6±1.11
bSBP, mm hg  123.6±1.95 121.2±1.85 
bDBP, mmHg  78.3±1.28 79.3±1.51 
bPP, mmHg  45.7±1.71 41.8±1.27 

cSBP, mm Hg. 117.1±1.84 113.7±1.73 
cDBP, mmHg  78.6±1.22 79.3±1.51 
cPP, mmHg  38.4±1.53 35.1±1.15 

HR (heart rates), bpm 66.0±1.09 72.7±1.34***
AP, mm Hg  14.5±0.87 9.03±0.59***

Alx, % 34.2±1.12 14.5±1.38***
Alx75, % 30.6±1.15 12.8±1.19***

РРampl, % 120.1±1.79 152.9±2.19***
PWV rad., m/s 10.0±0.28 6.89±0.26***
PWV fem., m/s 11.6±0.37 7.9±0.24***

Statistically relevant difference in the scores between two groups * p<0.05; ** p<0.01; *** p<0.001

Table 2. Baseline data of the examined groups

Parameter Main group
n=44

Control group
n=30

TCh, mmol/l 6.28±0.18 4.6±0.1*
LDL cholesterol, mmol/l 3.83 ±0.17 1.73±0.14*

P1NP, ng/ml 55.12±4.45 58.32±3.24
Total vitamin D, ng/ml 23.21±1.1 29.18±2.12*

β – CTx, ng/ml 0.57±0.03 0.45±0.03*
PTH, ng/ml 67.9±3.75 39.56±1.14*

Са++, mmol/l 1.27±0.02 1.3±0.02
Phosphorus, mmol/l 1.17±0.02 1.10±0.02

* - statistically relevant difference in the scores between two groups p<0.05
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Table 3. Correlation between changes in BP and pulse wave values, 
arterial stiffness and bone metabolism in main group patients

Parameter
r

РРampl. – HR 0.44*
PTH – bPP 0.46*

PTH – PWV fem. -0.44*

PTH - Alx -0.31*

PTH – Alx 75% -0.36*
P1NP- TCh 0.30**
P1NP- LDL 0.37**

Vitamin D - Age -0.42*
Vitamin D - PD -0.37*

Vitamin D – FRAX all -0.4*

PPamp - LDL 0.36*
LDL – Alx 75% -0.36*

LDL - AP 0.31*
* - the correlation is significant at the level of 0.05

Table 4. Baseline data analysis of bone mineral density, FRAX of the examined groups

Parameter Main group
n=44

Control group
n=30

FRAX all, % 5.94±0.44 4.44±0.12*
FRAX hip, % 1.72±0.27 1.13±0.09*

TBS, SD 1.27±0.02 1.30±0.03
BMD (L1-L4), g/sm2 1.07±0.03 1.20±0.03*
T-score L1-L4, SD -0.62±0.27 -0.20±0.24*

BMD femoral neck right, g/sm2 0.84±0.02 0.97±0.03*
T-score femoral neck right, SD -0.84±0.14 -0.23±0.17*
BMD femoral neck left, g/sm2 0.84±0.02 1.02± 0.02*
T-score femoral neck left, SD -0.8±0.15 -0.05± 0.2*

BMD Total body, g/sm2 1.09±0.01 1.15±0.02*
T-score Total Body, SD -0.5±0.16 -0.08±0.23

BMD Radius , g/sm2 0.67±0.01 0.83±0.02*
T- score radius, SD -1.04±0.18 -0.35±0.13*

* - statistically relevant difference in the scores between two groups p<0.05

The analysis of bone metabolism manifested the level of markers 
PINP, ionized calcium, phosphorus which did not differ in the com-
parison groups, whereas a significantly higher level of PTH was ob-
served in patients of the main group, possibly as a result of vitamin 
D deficiency, more pronounced in patients with an AH.

Note the increase of the resorption marker activity in the main 
group, which was reflected by a likely increase in the marker 
β-CTx. This suggests the need for choosing osteoporosis treat-
ment tactics. 

The average level of vitamin D in patients with AH was lower 
by 20.7% compared to the healthy women. Vitamin D deficiency 
was found in 21 (47.7%) patients of the main group, deficiency 
- in 16 (36.4%), normal level - in 7 (15.9%), whereas in the con-
trol group, vitamin D deficiency was found in 6 (20.0%), insuf-
ficiency - in 4 (13.3%) patients. Secondary hyperparathyroidism 
was determined in the patients in the main group with vitamin 

D deficiency. Thus, patients with hypertension suffer a second-
ary hyperparathyroidism against the background of vitamin D 
deficiency, which may explain the additional negative effect on 
the alterations in blood vessel stiffness [5,18]. 

To evaluate the relationship between arterial stiffness, phos-
phorus-calcium metabolism, vitamin D, we conducted the 
Spearman correlation analysis. We found statistically significant 
correlations between the PWV fem. and the level of PTH, the 
PTH and the Alx, the PTH and the Alx 75%, the LDL level and 
Alx 75% (Table 3).

The main group results indicate the presence of hypercholester-
olemia, a more pronounced deficiency of vitamin D, secondary hy-
perparathyroidism and accelerated bone tissue metabolism. 

BMD disorders were found in 33 (75%) patients of the main 
group, 25 (56.8%) of them being women had osteopenia and 
8 (18.2%) - osteoporosis. In the control group, BMD disorders 
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Table 5. Correlation among pulse wave values, arterial stiffness and BMD in main group

 Parameter cPP,
mmHg

АР,
mmHg

Alx, 
%

Alx75, 
%

РРampl,
%

PWV rad, 
m/s

PWV fem,
m/s

FRAX all, % 0.39* 0.32* 0.36* 0.37 –0.44* 0.29 0.12
TBS, SD –0.42 0.12 0.10 0.19 0.32* 0.30 0.22
BMD (L1-L4), g/sm2 0.26 0.01 –0.20 –0.18 0.19 0.14 0.3*
T-score L1-L4, SD –0.18 –0.18 –0.57 * –0.13 0.28 0.02 0.24
BMD femoral neck right, g/sm2 0.02 –0.02 0.11 0.30 0.21 0.14 0.22
T-score femoral neck right, SD –0.18 –0.35 –0.27 –0.22 –0.09 0.15 –0.03
BMD femoral neck left, g/m2 –0.04 –0.11 0.02 0.36* 0.31 0.33 0.10
T-score femoral neck left, SD –0.27 –0.16 –0.10 –0.27 0.01 0.03 –0.11
BMD Total body, g/sm2 0.08 –0.09 –0.41* –0.36* 0.12 0.24 0.14
T-score Total Body, SD –0.26 –0.19 –0.10* –0.12 0.18 –0.12 0.05
BMD Radius , g/sm2 0.23 0.26 -0.32 -0.32 -0.37* 0.15 0.12
T- score radius, SD –0.29 –0.25 –0.30 –0.21 –0.04 –0.23 –0.13

* - the correlation is significant at the level of 0.05

were found in 11 (36.7%) women: osteopenia in 7 (23.3%), os-
teoporosis in 4 (13.3%) (Table 3). 

 Average FRAX-all and FRAX-hip of the main group were 
significantly higher compared to the control group. This is ex-
plained by the presence of fractures in the anamnesis of 9 wom-
en (20.4%), included in the main group. Patients in the control 
group had no history of fractures.

Patients of the main group had a decrease in BMD at all the 
skeletal sites in (Table 4), compared with women without hyper-
tension. The TBS bone quality index did not differ in the com-
parison groups.

To evaluate the relationship between arterial stiffness and 
BMD we conducted a Spearman correlation analysis (Table 5). 

As revaled by the findings, the value of BMD total body, BMD 
radius, BMD femoral neck left, TBS, FRAX all were significantly 
decreased and associated with the increased parameters of applana-
tion tonometry, in particular АР, АІх, АІх 75 (Table 5).

Correlation analysis in the control group did not reveal a sig-
nificant correlation between the elastic-elastic properties of the 
arteries and the BMD indices.

Many epidemiological studies have shown that a low BMD 
and atherosclerosis appear to be related. However, their corre-
lation is not completely clear after a full adjustment of shared 
confounders of atherosclerosis and bone metabolism [28]. 

Osteoporosis and vitamin D deficiency cause the impairments 
of bone density, strength and microarchitecture in older patients 
and increased risk of fragility fractures, and cause a significant 
morbidity and mortality [28].

Certain studies showed that vitamin D supplementation was 
not associated with reduced risks of MACE, myocardial infarc-
tion, stroke, cardiovascular mortality, or all cases of mortality. 
Additional trials of a higher-dose vitamin D supplementation, 
perhaps targeting members of older age groups and focusing on 
the CVD endpoints, such as heart failure, are of interest [4]. 

It was revealed in the studies [16] of older adults that vitamin 
D deficiency is associated with myocardial infarction and mor-
tality. PTH excess is associated with heart failure. Vitamin D 
and PTH might influence cardiovascular risk through divergent 
pathways [10].

One of the studies [11] showed that in the older, predominantly 
postmenopausal South African women, BP, large artery stiffness 
and IMT were associated with calciotropic hormones and bone 

resorption, indicating a predisposition to arterial calcification. It 
is known that recombinant osteoprotegerin is a bioactive protein 
intended for use in the cell culture applications. Osteoproteger-
in is an osteoblast-secreted decoy receptor that functions as a 
negative regulator of bone resorption. This protein specifically 
binds itself to its ligand, osteoprotegerin ligand, both of which 
are key extracellular regulators of osteoclast development. Stud-
ies of the mouse counterparts also suggest that this protein and 
its ligand play a role in lymph-node organogenesis and vascular 
calcification [26]. 

The study [17] confirmed an association between arterial stiff-
ness and BMD in women. The other recent studies [20] showed a 
significant correlation between a vascular calcification and BMD. 

There is a lack of data on the above-mentioned association 
in patients with CVD, namely with AH, for the possibility of 
substantiating common pathogenetic mechanisms between the 
development of osteoporosis and calcification of vessels, the 
role of secondary hyperparathyroidism. 

Researchers have shown [7] that the arterial stiffness, as as-
sessed by PWV, independently increased both with BP and with 
PTH, but BP remains the main driver of arterial stiffening. 

Regarding the association between osteoporosis and athero-
sclerosis, the study [25] showed that the low BMD is associated 
with coronary atherosclerosis in the healthy postmenopausal 
women, independent of age and cardiovascular risk factors. 
Postmenopausal women with a decreased BMD may have a 
higher risk of developing coronary atherosclerosis. 

The correlations we observed between PTH and PWVfem 
in women may indicate a possible relationship between media 
calcification (arteriosclerosis) and aortic atherosclerosis with the 
development of osteoporosis. This mechanism may be related to 
a violation of vitamin D. It is known that vitamin D deficiency 
is an important risk factor for the development of not only meta-
bolic bone disease, but also of hypertension, obesity, diabetes, 
and its additional intake may significantly reduce the incidence 
of cardiovascular complications [5]. 

The key link in these processes is probably the disruption of 
the formation of the active metabolite of vitamin D, since the 
target organs for hypertension, diabetes are kidneys, and their 
lesion reduces the synthesis of 1α-hydroxylase - an enzyme 
through which 25-hydroxycholecalciferol (25 (OH) D3, calcidi-
ol) in the kidneys is converted to the active form of vitamin D3-
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1,25 by dihydroxycholecalciferol (1,25 (OH) 2D3, calcitriol - D-
hormone) [25]. Due to the hypovitaminosis of the D-hormone, 
hypocalcemia develops, which in turn leads to the development 
of secondary hyperparathyroidism, increasing the rate of bone 
tissue resorption, results in the development of OP and enhances 
calcium exit from the depot, increases its absorption in the intes-
tine, and flow into the intestine. Alkaline phosphatase exchange 
is central in this process as a molecular marker of vascular cal-
cification [22]. The production of endothelial cell vesicle ma-
trix, which regulates mineralization in vascular intimacy and the 
media, stimulates smooth muscle cells (MMCs) [1]. Other cell 
types (eg. microvascular pericytes and adventitial fibroblasts) 
have the ability to generate a mineralized matrix and stimulate 
osteoblasts to differentiate, resulting in an increased calcifica-
tion [22]. Arterial calcification may occur in the intimacy and 
media. Proinflammatory mediators cause an increase in LDL 
cholesterol concentration due to osteogenic differentiation of 
MMCs. Media calcification is associated with an advanced age, 
diabetes and chronic kidney disease, contributes to arterial stiff-
ness, which increases the risk of adverse cardiovascular events 
[15]. In our study, we also obtained data on the deficiency of 
vitamin D, secondary hyperparathyroidism in patients with an 
uncomplicated hypertension, which may explain the mechanism 
of increase in the level of bone tissue resorption marker. Corre-
lation between arterial stiffness (AP, AIx, AIx75) and BMD may 
indicate an association of media calcification, i.e. arteriosclero-
sis, and aortic atherosclerosis with development of OP [15]. In 
our opinion, the explanation for this phenomenon may be a dis-
order of vitamin D metabolism in the elderly women with hyper-
tension, which we found in the study. It is known that vitamin D 
deficiency is an important risk factor for the development of not 
only metabolic bone disease, but also hypertension, obesity, dia-
betes, and its supplemental intake may significantly reduce the 
frequency of cardiovascular events [5]. We found statistically 
significant correlations between the PWVfem. and PTH levels. 
The value of BMD total body, BMD radius, BMD femoral neck 
left, TBS, FRAX-all were significantly decreased and associated 
with the increased parameters of applanation tonometry, in par-
ticular АР, АІх, АІх 75 . This probably indicates an association 
between vitamin D metabolism disorders due to the secondary 
hyperparathyroidism, progression of arterial rigidity and calci-
fication of elastic fibers in women postmenopausal women with 
a controlled uncomplicated hypertension [2]. Correlations be-
tween total cholesterol (TCh), low density lipoprotein (LDL), 
and P1NP levels indicate the likelihood of hypercholesterolemia 
among bone turnover markers activity in the elderly patients 
with an uncomplicated hypertension.

Conclusions. The data obtained from the study of the param-
eters of applanation tonometry and the structural and functional 
state of bone tissue in patients with an uncomplicated hyper-
tension, aged 69±3.30 years reveals the possibility of joint 
pathogenetic mechanisms of development the atherocalcinosis, 
increased vascular stiffness, developing osteoporosis. These 
processes were associated with the reduced level of 25(OH) 
D, hypercholesterolemia, secondary hyperparathyroidism, and 
determine the necessary selection of therapy for correcting the 
revealed disorders.
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SUMMARY

FEATURES OF BONE METABOLISM AND THEIR IN-
FLUENCE ON ARTERIAL WALL STIFFNESS IN POST-
MENOPAUSAL WOMEN WITH CONTROLLED UN-
COMPLICATED HYPERTENSION

1Povoroznyuk V., 2Nishkumay O., 2Lazarieva K., 2Lazariev P.

1SI “D.F. Chebotarev Institute of Gerontology NAMS of 
Ukraine”, Kyiv; 2O.O. Bogomolets National Medical Univer-
sity, Kyiv, Ukraine

The aim of this study was to investigate the features of bone 
metabolism and their influence on the arterial wall stiffness in 
postmenopausal women with a controlled uncomplicated arte-
rial hypertension (AH). 

The study involved 44 women (main group) with the mean 
age of 69.04±0.72 years and a postmenopausal duration of 
18.4±0.85 years, suffering from an AH grade 2, and 30 healthy 
patients (control group), their mean age being 69.3±1.21 years, 
postmenopausal duration 19.4±1.18 years (p>0.05). All pa-
tients underwent general clinical and laboratory examination 
with determination of lipid level in blood. Pulse wave analysis 
(SphygmoCor) parameters , Bone mineral density (BMD) were 
assessed. The levels of 25(OH) D, parathyroid hormone, pro-
peptide procollagen of type 1 aminoterminal (P1NP), b-isom-
erized C-terminal telopeptides (b-CTx), ionized calcium and 
phosphorus in serum were assessed. 

The data obtained from the study of the parameters of appla-
nation tonometry and the structural and functional state of bone 
tissue in patients with an uncomplicated hypertension at the age 
of 69±3.30 years manifest the likelihood of joint pathogenetic 
mechanisms of developing atherocalcinosis, increased vascular 
stiffness and impending osteoporosis. 

Keywords: hypertension, arterial stiffness, osteoporosis.

РЕЗЮМЕ 

ОСОБЕННОСТИ КОСТНОГО МЕТАБОЛИЗМА И 
ЕГО ВЛИЯНИЕ НА ЖЕСТКОСТЬ АРТЕРИАЛЬНОЙ 
СТЕНКИ У ЖЕНЩИН В ПОСТМЕНОПАУЗЕ С КОН-
ТРОЛИРУЕМОЙ АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИЕЙ 

1Поворознюк В.В., 2Нишкумай О.И., 2Лазарева К.П., 
2Лазарев П.А.

1ГУ «Институт геронтологии им. Д.Ф. Чеботарева НАМН 
Украины», Киев; 2Национальный медицинский университет 
им.А.А. Богомольца, Киев, Украина

Цель исследования - изучить особенности метаболизма 
костной ткани и его влияние на жесткость артериальной 
стенки у женщин в постменопаузе с контролируемой неос-
ложненной артериальной гипертензией. 

В исследовании приняли участие 44 женщины (основная 
группа), средний возраст - 69,04±0,72 года, длительность 
постменопаузы 18,4±0,85 г., с артериальной гипертензией 
(АГ) 2 степени. Группу сравнения составили 30 здоровых 
женщин, средний возраст - 69,±1,21 г., длительность пост-
менопаузы 19,4±1,18 г. (p>0,05). Исследуемым проведено 
общеклиническое и лабораторное обследование с опре-
делением уровня липидов в крови. Оценены параметры 
пульсовой волны (SphygmoCor), минеральная плотность 
костной ткани, уровни 25 (OH) D, паратиреоидного гормо-
на, пропептида проколлагена аминотерминального типа 1, 
b-изомеризованных С-концевых телопептидов, ионизиро-
ванного кальция и фосфора в сыворотке крови.

Данные, полученные при изучении параметров аппла-
национной тонометрии и структурно-функционального 
состояния костной ткани у пациентов с неосложненной 
АГ в возрасте 69±3,30 г., свидетельствуют о вероятности 
совместных патогенетических механизмах развития атеро-
кальциноза, повышения жесткости сосудов и развития остео-
пороза.

reziume

Zvlovani metabolizmis Taviseburebebi da moq-
medeba arteriuli kedlis simtkiceze menopauzis 
asakis qalebSi kontrolirebuli arteriuli hip-
ertenziiT

1v.povorozniuki, 2o.niSkumai, 2k.lazareva, 2p.lazarevi

1d.Cebotariovis saxelobis gerontologiis in-
stituti, kievi; 2a.bogomolecis sax. erovnuli 
universiteti, kievi, ukraina

kvlevis mizans warmoadgenda Zvlovani qsovi-
lis Taviseburebebis da maTi gavlenis Sefaseba 
arteriuli kedlis simtkiceze menopauzis asakis 
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qalebSi kontrolirebuli gaurTulebeli arte-
riuli hipertenziiT.
kvlevaSi monawileoba miiRo 44  qalma (ZiriTa-

di jgufi) arteriuli hipertenziis II  xaris-
xiT, saSualo asaki - 69,04±0,72 w., menopauzis xan-
grZlivoba - 18,4±0,85 w. Sedarebis jgufi Seadgina 
30 janmrTelma qalma, saSualo asaki – 69±1,21 w., 
menopauzis xangrZlivoba - 19,4±1,18 w. (p>0,05). pa-
cientebs Cautarda zogadi klinikuri da lab-
oratoriuli kvleva lipidebis donis gansaz-
RvriT sisxlSi. Sefasebulia pulsuri talRis 

parametrebi (SphygmoCor), Zvlovani qsovilis min-
eraluri simkvrive, 25 (OH) D-is, para-Tiroiduli 
hormonis, tipi 1 aminoterminaluri prokola-
genis propeptidis, b-izomerizebuli С–telo-
peptidebis, ionizebuli kalciumis da fosforis 
done sisxlis SratSi.
parametrebis SeswavliT miRebuli monacemebi 

miuTiTebs aTerokalcinozis, arteriuli kedlis 
simtkicis momatebis da osteoporozis erTobli-
vi paTogenezuri meqanizmebis arsebobis SesaZle-
blobis Sesaxeb.

CHARACTERISTICS OF DRUG RESISTANT TUBERCULOSIS IN GEORGIA (2015-2020) 

1,2Solomonia N., 1,2Vacharadze K., 3Mgvdeladze G.

1Tbilisi State Medical University; 2National Center for Tuberculosis and Lung Disease, Tbilisi; 
3N1 Primary Healthcare Center, Kutaisi, Georgia

In 2019, an estimated 10 million people fell ill with tubercu-
losis (TB) worldwide (5.6 million men, 3.2 million women and 
1.2 million children). A total of 1.4 million people died from 
TB in 2019 (including 208 000 people with HIV). Worldwide, 
TB is one of the top 10 causes of death and the leading cause from 
a single infectious agent (above HIV/AIDS). Multidrug-resistant 
TB (MDR-TB) remains a public health crisis and a health security 
threat. A global total of 206 030 people with multidrug- or rifampi-
cin-resistant TB (MDR/RR-TB) were detected and notified in 2019, 
a 10% increase from 186 883 in 2018. Worldwide, only 57% of 
MDR-TB patients are currently successfully treated [1,2]. 

According to the World Health Organization (WHO), in 2018, 
the total number of notified TB Cases in Georgia was 2 590 (in-
cidence – 65 cases per 100 000 population). 

MDR-TB was diagnosed in 12% of new, and in 31% of previ-
ously treated cases. The treatment outcome was defined as suc-
cessful in 65% of MDR/RR-TB and in 56% of XDR-TB cases 
started on second-line treatment in 2016 (cohorts – 339 and 55, 
respectively) [3]. 

For three decades, drug-resistant tuberculosis (TB) has posed 
grave challenges to patients, communities and global TB control 
efforts. Treatment of multidrug-resistant (MDR)-TB and exten-
sively drug-resistant (XDR)-TB was relied on medications that 
are less potent and more toxic than first-line TB therapy, which 
is used for treatment of drug susceptible TB. Consequently, pro-
longed drug-resistant TB treatment was associated with frequent 
and severe side-effects. This led to the high rate of unfavorable 
treatment outcomes. Fortunately, in recent years TB world glob-
ally has several key innovations that, together, have brought us 
to a tipping point in revolutionizing the care of patients with 
MDR- and XDR-TB. In 2012, bedaquiline, the first new TB 
medication in more than 40 years, was approved by the US Food 
and Drug Administration (FDA). Approximately 6 months later, 
delamanid, in yet another new drug class, was approved by the 
European Medicines Agency [4]. Since 2019, based on WHO’s 
recommendations toxic injectable agents (Kanamycin and Cap-
reomycin) are removed from the DR-TB regimens and patients 
has the access to the shorter fully oral regimens [5-6]. From 

2020, the new treatment regimen with next new drug - Preto-
manid is recommended for treatment of XDR-TB patients [6].

Georgia as the part of TB world has always had access to the 
all previously and newly recommended treatment regimens and 
today, at the stage of transition from old to new DR-TB treat-
ment, it’s important to compare general characteristics of dif-
ferent DR-TB cohorts and to assess possibility to raise the ef-
fectiveness of DR-TB treatment in the future. 

Material and methods. A retrospective cohort study was 
conducted with individual data of >18 years old DR-TB patients 
from 2015 -2020 cohorts, whose treatment outcome was defined 
until August 2020.

Considering the inclusion criteria, 1581 DR-TB patients 
(n=503[2015 cohort] + n=387[2016 cohort] + n=345[2017 co-
hort] + n=229[2018 cohort] + n=113[2019 cohort] + n=4[2020 
cohort]), with known treatment outcomes were selected as study 
participants. 

The study was conducted at the National Center for Tubercu-
losis and Lung Disease as a part of the Georgian National TB 
Programme. During the study period the treatment of DR-TB 
patients was provided based on latest WHO’s recommendations 
and in different cohorts the different combinations of old, re-
purposed or new II line drugs with different duration was used. 

Data variables were collected in relation to study objectives 
and included socio-demographic characteristics, laboratory 
data, data about susceptibility to the anti-TB drugs, treatment 
regimens and treatment outcomes. 

Treatment was defined as successful in case of “Cured” and 
“Completed” treatment. “Failure”, “Default”, “Not Evaluated” 
and “Death” was defined as unsuccessful outcomes. 
The data collected were analyzed by using of EasyStat (https://
easystat.app). A descriptive analysis was performed for socio-
demographic, behavioral and clinical characteristics. Bivariate 
and multivariate logistic regression analysis was used to mea-
sure the link between these characteristics and treatment out-
comes. Odds ratios and their 95% confidence intervals were 
calculated. All the variables significant at p<0.05 in the bivariate 
analysis were included in the adjusted model.


