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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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Sedegebis mixedviT gamovlinda, rom pacientebSi 
arteriuli hipertenziiT TGF-β1-Tan yvelaze 
sarwmunod urTierTqmedeben: miokardiumis masa 
(р<0,05), СAVI (р<0,05) da kreatininis done (р<0,05).
dadgenilia TGF-β1-is koncentraciis da sisxl-

ZarRvTa kedlis simyaris mateba pacientebSi ara-
kontrolirebadi arteriuli hipertenziiT, sxva 
jgufebTan SedarebiT. aRmoCenilia urTierTkav-
Siri TGF-β1-is maCveneblebsa da sisxlZarRvTa 
kedlis simyares Soris.

SENSITIVITY TO MECHANICAL PAIN BASED ON SATIETY LEVELS IN WOMEN

Gvasalia T., Kvachadze I., Giorgobiani T.

Tbilisi State Medical University, The Department of Physiology, Georgia

According to the definition of the International Association 
for the Study of Pain, pain is subjective and emotional experi-
ence related to actual or potential tissue damage [24,27]. Pain 
is an important protective mechanism, as unpleasant sensation 
is coupled with urgency to cease irritating factor’s action. Re-
cently, gender-associated differences in perception of pain have 
been a subject of a number of studies and they revealed, that 
women tend to have a higher persensitivity and lower thresh-
old to pain [1-3]. Sex differences are caused by several reasons, 
including biological, psychosocial and cultural factors [25,28]. 
For the studies of individual characteristics of pain perception, 
the system of pain modulation plays an important role; systemic 
research data suggests that inhibitory control of diffuse pain is 
weaker in women compared to men [21], and this is accentuated 
by the effect of sex hormones on central and peripheral nocicep-
tive system [10,11] and specificity of endogenous opioid system 
receptor (Miu- and Kappa-) distribution in males and females 
[19]. In addition, the following psychosocial factors that con-
tribute to increased pain sensitivity in women have been identi-
fied [19]: hypervigilance, higher body awareness, more attentive 
monitoring of bodily signals, higher prevalence of anxiety and 
depression, altering serotonin levels in the body. The idea of 
gender-associated differences in pain perception is supported by 
data from several studies [21,27]. In particular, cerebral activa-
tion induced by noxious stimuli was examined using positron-
emission tomography and results indicated that 50°C thermal 
stimulus was evaluated as painful by more women than men 
(P<0.01) [8].

In the research of nociception characteristics and sex dif-
ferences, the importance of ovarian-menstrual cycle should be 
taken into consideration, as the sex hormones act as neuroactive 
steroids [22]. On the one hand estrogen and progesterone are sig-
nificant for analgesia [7,13], on the other hand – attention should 
be paid to antinociceptive effects of aforementioned hormones. 
One study has revealed that estrogen modulates pain during mi-
graines, temporo-mandibular disorder and arthritis [18].

The recent data have shown that in addition to biological and 
psychosocial mechanisms, individual pain perception can be al-
tered by satiety level as well [30]. Some studies confirm that 
there is a relationship between being fed by sucrose and hyperal-
gesia in animals [11], while others show that ketogenic diet can 
be associated with decreased pain sensitivity to thermal stimuli 
[20]. It can be argued that the effect of satiety level on pain per-
ception is mediated by gastrointestinal hormones and endog-
enous opioids. Pharmacological stimulation of kappa-opioid 
receptors decreases stress and promotes analgesia. Accordingly, 
these changes can be inhibited by applying antagonists. Analysis 
of intraduodenal content postprandially identifies the impact of 

food on a person’s mood and behaviour [26]. When food is pres-
ent in stomach and intestines, several polypeptide hormones are 
released into the lumen and in the blood stream. The nature of 
secreted neurotransmitters depends on autonomic nervous sys-
tem and composition of the food. Protein induces gastrin release 
in the antrum of the stomach, while cholecystokinin release is 
being activated by fat content. The synthesis of insulin depends 
on carbohydrates and is mediated by incretin peptides. Both 
cholecystokinin and insulin induce sleepiness postprandially in 
humans and in animals [12]. The mechanism of this relationship 
is not fully established, but it is proposed that the vagus nerve 
afferentation plays an important role – it transmits the signals 
to hypothalamus, which, in turn, stimulates oxytocin secretion. 
Hypothalamus, particularly ventromedial nucleus, is an impor-
tant structure for pain modulation [6]. Oxytocin is associated 
with sedation and it can also be associated with cholecystoki-
nin-related satiety. These alterations cause general relaxation, 
diminish anxiety and, in turn, decrease sensitivity to pain [15]. 
This idea is confirmed by the experiment on rats, which identi-
fied the influence of oxytocin on decreasing stress and anxiety 
[17]. Studies suggest that after eating, cholecystokinin causes 
different behavioral responses (satiety, tranquilization, seda-
tion), but the exact pathway of pain alteration is not established. 
According to some pharmacological experiments, cholecystoki-
nin worsens pain in humans and in rats [19], while other studies 
indicate to cholecystokinin-mediated analgesia. 

In order to investigate, whether food could reduce pain per-
ception or not, a study has been conducted, which aimed to show 
the gender related difference in pain perception during starva-
tion, primary and secondary satiety states [30]. Although, due to 
limited data, objective relationship between pain and food intake 
could not be established and evaluated [30].

Our study aims to assess pain perception induced by mechani-
cal experimental irritation in women during different satiety lev-
els in follicular phase of ovarian-menstrual cycle.

Material and methods. The sample of the study was com-
prised of volunteer students aged 18-23 (women, mean age 19,5, 
standard deviation 2,9).

The main selection criterium for participants was their health 
state; Those without chronic pain, excess body weight (assessed 
by BMI), cardiovascular, respiratory, endocrine, etc. disorders 
were selected for participation in the study. Prior to the start of 
the study, participants were given information about their rights 
– they could refuse taking part in the study at any stage. Accord-
ingly, written informed consents were obtained from every par-
ticipant. All procedures and protocol of the study are approved 
by Tbilisi State Medical University Biomedical Research Com-
mittee. The study was conducted in compliance with all require-
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ments and regulations of International Pain Association for bio-
medical observation and experiments. 

Ovarian-menstrual cycle of the women participating in the re-
search were evaluated using the questionnaires. All the studies 
were performed in the follicular phase of menstrual cycle (7-11 
days of the cycle).

At the first stage, study was conducted in starvation state 
– after 10-12 hours after the last meal, the second stage – in 
primary, sensory-motor satiety 20-30 minutes after intake of a 
mixed meal.

Every participant has been offered to take standard, mixed 
meal (including proteins, fats, carbohydrates). 

The study was performed in isolated, sound-proof space. The 
proband (subject under observation/study) was placed in a com-
fortable armchair. The duration of the study was approximately 
1-1.5 hours. The height, weight, blood pressure, body mass in-
dex (BMI) and other measurements were registered prior to the 
commencement of study. 

Mechanical pain sensitivity was evaluated using computer-
ized algometer - AlgoMed (Medoc, Ltd, Ramat Yishai, Israel), 
which was delivering mechanical stimuli to the participants; 
Meanwhile, mechanical pressure threshold, mechanical pain 
threshold and pain tolerance threshold were determined. A flat 
probe of algometer (surface area of 1 cm2), was applied to the 
participant’s palm delivering steadily increasing and quantifi-
able pressure at a rate of 30kPa/sec. The quantitative assessment 
of the parameters was automatically performed by pressing the 
remote control button. 

Mechanical stimuli were delivered in the following sequence: 
4 trials of mechanical pressure threshold (MPrTh), 4 trials of 
mechanical pain threshold (MPTh) and 4 trials of pain tolerance 
(MPT). In order to prevent sensitization/habituation of skin re-
ceptors, interstimulus intervals of 30 seconds were maintained. 
To minimize the effects of adaptation, after each episode, po-
sition of algometer was altered. Total area of stimulation was 
about 6x5 cm2.

Results and discussion. At the first stage of the research, dur-
ing the studies of sensitivity to the mechanical pain, it was iden-
tified that threshold of mechanical pressure is higher for primary, 
sensory-motor satiety than for physiological satiety. The difference 
between these two satiety levels was also demonstrated while test-
ing mechanical pain threshold, where threshold for primary satiety 
equaled 350±2,6 kPa and for starvation level - 297±1,98 kPa. More 
significant results were present after analyzing individual resistance 
threshold to mechanical pain, particularly, a measured value dur-
ing primary satiety made up 610±3,9 kPa and during physiological 
starvation 459±2,9kPa (Table). 

According to this data, the cause of diminished pain sensitiv-
ity during primary satiety should be alterations of gastrointesti-
nal tract that take place after food ingestion: Mechano- and che-
moreceptors of initial segments in digestive system, particularly 
in stomach and in duodenum get irritated; that is followed by 
activation of several humoral factors and duodenal afferentation. 

In 20-30 minutes after a mixed meal intake, pain sensitivity 
decreases; This is supposed to happen due to cholecystokinin 

release in duodenum. Cholecystokinin has some antinociceptive 
properties, it modulates neural system by endogenous opioid 
synthesis. This hypothesis is relevant to findings of the experi-
ment on rats, where phenylquionone-induced seizures were ex-
tenuated by central and peripheral administration of cholecys-
tokinin [29].

Besides the effects of cholecystokinin, satiety level influ-
ence on pain perception depends on cerebral level of sero-
tonin [16]. Serotonin weakens nociceptive afferentation and 
is involved in morphine-like analgesia. It is proposed that 
impact of serotonin depends on the transport of amino acid 
tryptophan. Diets that are enriched with carbohydrates dimin-
ish pain sensitivity, induce calmness and sedation, the mecha-
nism of which is thought to be insulin release – it stimulates 
taking up of neutral amino acids (including tryptophan). 
Even though this idea is expressed according to the study on 
animals [30], but the therapeutical role of tryptophan is also 
shown in humans. According to these studies, tryptophan rise 
in blood plasma is detected, but this change is not as signifi-
cant to affect serotonin level in the brain. 

The reliability of performed study is strengthened by evaluat-
ing mechanical pain by computerized algometer, where quanti-
tative assessment of the parameters was automatically managed 
by pressing the remote control button. This type of assessing 
system is much more objective, than evaluating pain subjec-
tively by verbal and qualitative tools. As for limitations of the 
study, individual characteristics of metabolism should be taken 
into consideration. In particular, food digestion and various sub-
stance release in response to meals (therefore, their effect on 
nociception) is not happening in exactly identical time periods 
for different individuals and therefore, correlation between pain 
perception and time after last food intake cannot be seen as a 
completely reliable factor. 

For further research of satiety level influence on pain percep-
tion, it is recommended to analyze different types of experimen-
tal pain thresholds and resistance thresholds to pain. Measures 
of individual pain perception should be evaluated not only dur-
ing starvation and primary satiety, but also during metabolic 
satiety as well. In addition, psychophysiological characteristics 
(different types of aggression) are desired to be taken into con-
sideration as it will fill the gaps in our general knowledge about 
the phenomenon of pain and will also help us improve pain man-
agement resources. All of the above can be a subject for follow-
ing studies and publications. 
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SUMMARY

SENSITIVITY TO MECHANICAL PAIN BASED ON SA-
TIETY LEVELS IN WOMEN

Gvasalia T., Kvachadze I., Giorgobiani T.

Tbilisi State Medical University, The Department of Physiology, 
Georgia

The recent data have shown that in addition to biological and 
psychosocial mechanisms, individual pain perception can be al-
tered by satiety level as well. Some studies confirm that there is 
a relationship between being fed by sucrose and hyperalgesia 
in animals, while others show that ketogenic diet can be associ-
ated with decreased pain sensitivity to thermal stimuli. It can 
be argued that the effect of satiety level on pain perception is 
mediated by gastrointestinal hormones and endogenous opioids. 
Pharmacological stimulation of kappa-opioid receptors decreas-
es stress and promotes analgesia. Accordingly, these changes 
can be inhibited by applying antagonists.

Our study aims to assess pain perception induced by mechani-
cal experimental irritation in women during different satiety lev-
els in follicular phase of ovarian-menstrual cycle.

The sample of the study was comprised of volunteer students 
aged 18-23 (women, mean age 19,5±2,9). 

Ovarian-menstrual cycle of the women participating in the re-
search were evaluated using the questionnaires. All the studies 
were performed in the follicular phase of menstrual cycle (7-11 
days of the cycle).

At the first stage, study was conducted in starvation state – af-
ter 10-12 hours after the last meal, the second stage – in primary, 
sensory-motor satiety 20-30 minutes after a mixed meal intake. 
Every participant has been offered a standard, mixed meal (in-
cluding proteins, fats, carbohydrates). 

Mechanical pain sensitivity was evaluated using computer-
ized algometer - AlgoMed (Medoc, Ltd, Ramat Yishai, Israel), 
which was delivering mechanical stimuli to the participants; 
Meanwhile, mechanical pressure threshold, mechanical pain 
threshold and pain tolerance threshold were determined. 

According to this data, the reason of relatively diminished 
pain perception during primary satiety should be alterations 
of gastrointestinal tract that take place after food ingestion: 
Mechano- and chemoreceptors of initial segments in digestive 
system, particularly in stomach and in duodenum get irritated; 
that is followed by activation of several humoral factors and 
duodenal afferentation. In addition, by some authors duodenal 
release of cholecystokinin is believed to be hypothetical cause 
of decreased pain sensitivity after 20-30 minutes from the last 
mixed meal and is thought to have antinociceptive effect on en-
dogenous opioid system. 
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РЕЗЮМЕ

ПОКАЗАТЕЛИ МЕХАНИЧЕСКОЙ БОЛЕВОЙ ЧУВ-
СТВИТЕЛЬНОСТИ В УСЛОВИЯХ РАЗЛИЧНОГО ПИ-
ЩЕВОГО СТАТУСА У ЖЕНЩИН

Гвасалия Т.М., Квачадзе И.Д., Гиоргобиани Т.Н.

Тбилисский государственный медицинский университет, 
департамент физиологии, Грузия

Данные последних исследований показали, что, помимо 
биологических и психосоциальных механизмов, на степень 
индивидуального восприятия боли влияет также и пищевой 
статус организма. Исследования подтверждают существо-
вание взаимосвязи между кормлением животных сахарозой 
и гипералгезией, а в других показано, что кетогенная диета 
может быть связана со снижением болевой чувствительно-
сти к тепловым раздражителям. Утверждается, что влияние 
уровня насыщения на восприятие боли опосредуется желу-
дочно-кишечными гормонами и эндогенными опиоидами. 
Фармакологическая стимуляция каппа-опиоидных рецепто-
ров снижает стресс и способствует обезболиванию. 

Целью исследования являлась оценка уровня восприятия 
боли, вызванной механическим экспериментальным раздра-
жением у женщин в условиях различных пищевых статусов 
в фолликулярной фазе овариально-менструального цикла.

Субьектами исследования явились студентки-доброволь-
цы в возрасте 18-23 лет (средний возраст 19,5±2,9 г.).

Фазы овариально-менструального цикла (ОМЦ) женщин, 
участвовавших в исследовании, определялись на основе ан-
кетных данных. Все исследования проводились в фоллику-
лярной фазе ОМЦ (7-11 день ОМЦ).

На первом этапе исследование проводилось в состоянии 
физиологического голода - спустя 10-12 часов после послед-
него приема пищи, натощак; на втором этапе - в состоянии 
первичного сенсомоторного насыщения т.е. спустя 20-30 
минут после приема смешанной пищи. Каждому участ-
нику предложено стандартное питание, включая белки, 
жиры, углеводы. Механическую болевую чувствительность 
оценивали с помощью компьютеризированного альгоме-
тра - AlgoMed (Medoc, Ltd, Израиль), который доставляет 
механические стимулы участникам; определялись пороги 
механического давления, механической боли и болевой то-
лерантности.

Согласно полученным данным, механизм относитель-
но слабого восприятия боли в условиях первичного на-
сыщения должен основываться на изменениях в желу-
дочно-кишечном тракте, происходящих после приема 
пищи: раздражение механо- и хеморецепторов начальных 
сегментов пищеварительной системы, особенно - желуд-
ка и двенадцатиперстной кишки, с последующей акти-
вацией определённых гуморальных факторов и дуоде-
нальной афферентации. Некоторые авторы считают, что 
выброс холецистокинина в двенадцатиперстную кишку, 
гипотетически, может являться причиной снижения бо-
левой чувствительности спустя 20–30 минут после при-
ема пищи, оказывая антиноцицептивное действие через 
синтез эндогенных опиоидов.

reziume
 
meqanikuri tkivilis mgrZnobelobis maCveneblebi 
sxvadasxva kvebiTi statusis pirobebSi qalebSi

T. gvasalia, i.kvaWaZe, T.giorgobiani

Tbilisis saxelmwifo samedicino universiteti, 
fiziologiis departamenti

bolo wlebSi Catarebuli kvlevebis safuZvel-
ze ikveTeba mosazreba, rom, biologiuri da fsiqo-
socialuri meqanizmebis garda, individis mier 
tkivilis aRqmaze SesaZloa gavlenas axdendes 
organizmis kvebiTi statusi. sxvadasxva monace-
mebis Tanaxmad, cxovelebSi saqaroziT kveba da-
kavSirebulia hiperalgeziasTan, rogorc fazuri, 
aseve tonuri gamRizianeblis mimarT; meore mxriv, 
ketogenuri kveba SesaZloa asocirdebodes Ter-
muli gamRizianebliT aRmocenebuli tkivilis 
SemcirebasTan. savaraudoa, rom kvebiTi statusis 
gavlena tkivilis mgrZnobelobaze emyareba saWm-
lis momnelebeli hormonebis da endogenuri opi-
oidebis moqmedebas organizmSi. kapa-opioiduri 
receptorebis farmakologiuri stimulacia amci-
rebs stress, xels uwyobs analgezias.
winamdebare kvleva miznad isaxavs meqanikuri 

eqsperimentuli gamRizianebliT ganpirobebuli 
tkivilis SegrZnebis Sefasebas qalebSi ovariul-
menstrualuri ciklis folikulur fazaSi sxva-
dasxva kvebiTi statusis dros. 
kvlevis samizne jgufi warmodgenili iyo 18-23 

wlis asakis moxalise studentebiT (qalebi, sa-
Sualo asaki - 19,5±2,9 weli).
kvlevaSi CarTuli qalebis ovariul-menstru-

aluri cikli (omc) Sefasda anketirebiT/gamo-
kiTxviT. yvela qalis kvleva Catarda omc-s fo-
likulur fazaSi (omc-s me-7-11 dRe).
kvleva pirvel etapze Catarda uzmod, fiziolo-

giuri SimSilis mdgomareobaSi - sakvebis miRe-
bidan 10-12 saaTis Semdeg, meore ki - Sereuli 
sakvebis miRebidan 20-30 wuTis Semdeg, anu 
pirveladi,sensorul-motoruli maZRrobis mdgo-
mareobaSi. yvela probandisaTvis SeTavazebuli 
iyo standartuli, Sereuli sakvebi - cilebis, cxi-
mebis, naxSirwylebis SemcvelobiT.
meqanikuri tkivilis mgrZnobelobis Sefaseba 

ganxorcielda programulad kontrolirebadi 
xelsawyoTi AlgoMed (Medoc, Ltd, Israel), romlis 
meSveobiT subieqtebs miewodebodaT meqanikuri 
stimulebi; paralelurad aRiricxeboda meqani-
kuri mgrZnobelobis zRurbli, tkivilis zRur-
bli da tkivilisadmi mdgradobis zRurbli 
(tolerantoba).
kvlevis Sedegebi iZleva safuZvels hipoTe-

zisaTvis, rom pirveladi maZRrobis mdgomareo-
baSi tkivilisadmi mgrZnobelobis SedarebiT 
daqveiTebas safuZvlad udevs saWmlis momnele-
bel traqtSi sakvebis moxvedris Sedegad gan-
viTarebuli cvlilebebi: gastrointestinuri 
sistemis sawyisi segmentebis, kuWisa da Tormet-
goja nawlavis meqano- da qemoreceptorebis 
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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).


