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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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Abstract.
Arterial hypertension (AH) ranks first among diseases of the 

cardiovascular system. The severity of clinical manifestations 
and prognosis in patients with AH is determined not only by the 
level of increased blood pressure (BP) but also by the degree of 
target organ damage.

The aim: to evaluate indicators of daily BP monitoring, 
and structural and functional changes of the left ventricle and 
blood vessels in women with stage II hypertension of different 
reproductive age and to determine their relationship with the 
level of sex hormones.

Material and Methods: The study included 114 women with 
essential arterial hypertension II stage, I-II-degree, chronic heart 
failure 0-I degree of different reproductive age. Ambulatory 
blood pressure monitoring (24-h ABPM), the echocardiological 
examination, determination of the vascular function, and the 
level of sex hormones were performed in patients. 

Results: It was noted that the process of reproductive aging is 
associated with the deterioration of BP parameters in women with 
AH. It was established that the process of reproductive aging of 
women suffering from AH and progressive hypoestrogenemia 
are associated with the deepening of a whole series of 
unfavorable changes in the structural and functional state of the 
heart and blood vessels. In the process of reproductive aging in 
women with AH, not only a decrease in the level of estradiol 
was determined, but also higher numbers of both systolic and 
diastolic BP, which led to a greater load of pressure on the heart 
as a target organ and more pronounced structural and functional 
changes.

Conclusions: The process of reproductive aging is associated 
with the deterioration of BP parameters in women with 
AH. Extinction of reproductive function and progressive 
hypoestrogenemia in women with AH were associated with 
higher BP, increased mass of the myocardium of the left 
ventricular, progression of its diastolic filling disorder and 
deterioration of the vasoregulatory function of blood vessels.

Key words. Hypertension, ambulatory blood pressure 
monitoring, diastolic disfunction, endothelial disfunction, 
menopause, estradiol, follicle-stimulating hormone.
Introduction.

Arterial hypertension (AH) ranks first among diseases of 
the cardiovascular system (CVS). The severity of clinical 
manifestations and prognosis in patients with hypertension is 
determined not only by the level of increased blood pressure 
(BP) but also by the degree of target organ damage [1,2].

Among the leading factors determining the development of 
AH are age and gender [3,4]. The frequency of AH increases 
significantly with age in both women and men. The most 
vulnerable to cardiovascular diseases (CVD) are older and 

elderly women, while AH is found in a significant part of 
postmenopausal women and is the leading factor determining 
cardiovascular morbidity and mortality [5]. Therefore, the 
problems of gender cardiology acquire such importance, 
because the differences in risk factors, clinical manifestations, 
and diagnostic and treatment approaches for men and women 
are the most significant in cardiovascular pathology [6,7].

A climacteric period is a physiological transition period 
during which, against the background of age-related changes, 
involutional processes in the reproductive system dominate, 
which are characterized by the termination of a woman's 
generative and menstrual function due to the genetically 
programmed extinction and termination of ovarian function 
[8,9]. A decrease in the number of functioning follicles leads to 
a decrease in the intensity of estrogen synthesis. 

Age-related changes in a woman's body are manifested not 
only by the involution of her reproductive system but also affect 
almost all physiological and metabolic processes. [10,11]. As 
is well known, the influence of sex hormones on the body in 
general and CVS in particular is realized through genomic 
and non-genomic effects [12]. Nongenomic effects include 
the direct effect of sex hormones on blood vessels and the 
production of vasoregulatory molecules. It is believed that it is 
the deficit of estrogens is the leading pathogenetic factor that 
creates prerequisites for the occurrence of AH, as it leads to 
many pathological processes - decrease in the elasticity of blood 
vessels, increase in the activity of the renin-angiotensin system 
and sensitivity of receptors to angiotensin II, increase in the 
level of endothelin-1, leukotrienes, catecholamines, decrease in 
the ability of the endothelium to relax due to a decrease in the 
production of nitric oxide, prostacyclins, increase in sensitivity 
to salt. AH often develops already in the initial stages of the 
climacteric period but is especially common in menopause and 
post menopause. 

The prognosis of the course of AH depends on the severity and 
speed of development of lesions of the target organs [13].

Significant gender differences were recorded in both the 
structural and functional parameters of the CVS functioning in 
women and men (myocardial mass of the left ventricle (LV), 
peripheral resistance, blood volume, cardiac output, pulse 
BP, vascular elasticity, etc.), as well as in the regulation of 
its function. In postmenopausal women, the frequency of AH 
and hypertrophy of the LV is higher, compared to that in the 
premenopausal period [14].

The LV is one of the main target organs in AH. Long-term 
and stable hypertension is a key determinant of LV hypertrophy 
(LVH), which, in turn, is an important prerequisite for its 
function disorders, the development of diastolic dysfunction 
(DD), and heart failure. DD is recognized as a predictor of 
deterioration independent of BP level of prognosis in patients 
with AH [15,16]. 
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BP increase is a consequence of the interaction of complex 
mechanisms, among which the leading role belongs to 
endothelial dysfunction. The results of clinical studies support 
the concept of a causal relationship between ED and the 
development and progression of AH [17].

Research in the field of gender and age medicine belongs to the 
priority problems of modern medical science, because the bulk 
of diseases and the social and material costs caused by them, 
borne by society, fall on the final stage of a person's life.

The aim of the research: to evaluate indicators of daily BP 
monitoring, and structural and functional changes of the left 
ventricle and blood vessels in women with stage II hypertension 
of different reproductive ages and to determine their relationship 
with the level of sex hormones.
Materials and Methods.

The study included 114 women with essential arterial 
hypertension II stage, I-II-degree, chronic heart failure 0-I 
degree, I-II functional class according to NYHA, who did 
not receive regular antihypertensive therapy. The age of the 
examined patients ranged from 32 to 70 years (the average age 
was 55.4±0.68 years). The duration of the disease was from 2 to 
21 years (the average duration was 7.1±0.31 years).

Exclusion criteria were: male gender, symptomatic arterial 
hypertension, hypertension I and III stages, III degree of 
hypertension, concomitant ischemic disease, chronic heart 
failure IIA-III stage and III-IV functional classes according 
to NYHA, permanent form of atrial fibrillation, frequent 
ventricular and supraventricular extrasystole, conduction 
disorders, diabetes, chronic obstructive lung disease, chronic 
diseases of the gastrointestinal tract, kidneys, induced (artificial) 
menopause, presence of contraindications or intolerance to 
angiotensin-converting enzyme inhibitors.

Ambulatory blood pressure monitoring (ABPM), the 
echocardiological examination (EchoCG), determination of the 
vascular function, and the level of sex hormones were performed 
in patients.

In the analysis of the results of ABPM 24-hour mean, daytime 
(awake) mean, night-time (asleep) mean systolic and diastolic 
BP (24-h SBPm, 24-h DBPm, dSBPm, dDBPm, nSBPm, 
nDBPm), the level of night-time SBP, DBP dipping (ndSBP, 
ndDBP), the time index of 24- hour mean, daytime mean, night-
time mean of systolic and diastolic BP (TI 24-h SBPm, TI 24-h 
DBPm, TI dSBPm, TI dDBPm, TI nSBPm, TI nDBPm) were 
assessed.

In the Echo-CG examination the LV end-diastolic and end-
systolic volume index (EDVI, ESVI), the LV end-diastolic 
and end-systolic size index (EDSI, ESSI), the LV ejection 
fraction (LVEF), LV mass index (LVMI), interventricular septal 
thickness (IVS) and the LV posterior wall thickness (PWT), 
relative wall thickness (RWT), the maximum speed of early (E) 
and late (A) diastolic filling of the LV, a diastolic index (E/A) 
were evaluated for determining of the structural and functional 
changes of the left ventricle.

The endothelial function of the vessels was determined by 
the method of Doppler examination of the right brachial artery 
according to the Celermajer-Sorensen technique (endothelium-
dependent vasodilatation − EDVD). The initial diameter of this 

artery and diameter after temporary occlusion in 90 seconds 
were measured. An increase in the diameter of this artery by 
more than 10% was considered normal. The thickness of the 
intima-media complex of the brachial artery (IMT BA) and the 
common carotid artery (IMT CCA) also were measured.

The content of sex hormones in blood serum - estradiol, 
follicle-stimulating hormone (FSH), and luteinizing hormone 
(LH) were determined by the immunoenzymatic method using 
commercial test systems DRG, DAI (USA).

Statistical processing of the research results was carried out in 
«MS Exсel XP» and SPSS-10.0.5 for Windows.

The parametric Student’s t-test was used to assess the 
intergroup difference, Spearman’s correlation analysis for 
determining relationships between indicators, and Fisher’s test 
for comparison of the frequency of changes. The difference was 
considered significant at p<0.05. Results are given as M±m.
Results and Discussion.

All examined patients were divided into 4 groups according to 
reproductive age according to the STRAW classification (Stages 
of Reproductive Aging Workshop) [18,19]. 1-st group (16 
patients) consisted women of late reproductive age (preserved 
ovariomenstrual cycle, a level of FSH >10 mU/ml); 2-nd group 
(27 patients) - women of premenopausal age (menopausal 
transition, variable cycles, the level of FSH >10 mU/ml); 3-nd 
group (30 patients) - women of early postmenopausal age (up to 
4 years since the last menstruation, the level of FSH >40 mU/
ml, the level of estradiol <50 pg/ml) and 4-th group (41 patients) 
- women of late postmenopausal age (more than 4 years since 
the last menstruation, FSH level >40 mU/ml, estradiol level <20 
pg/ml). Additional criteria for the postmenopausal period were 
increased the level of LH more than 20 mU/ml. Thus, the patients 
of 1-st and 2-nd groups were carried to the premenopausal period 
(43 women; the average age was 49,0±0,74 years; duration of 
hypertension 4,22±0,23 years), patients of groups 3 and 4 - to 
the postmenopausal period (71 women; the average age was 
59,1±0.57 years; duration of hypertension 8,78±0,42 years).

As can be seen from Table 1, the patients examined by us of 
different reproductive ages differed significantly in terms of the 
level of sex hormones. The content of estradiol in the blood 
serum of women of late reproductive and premenopausal age 
was comparable and amounted to 58,4±2,97 and 55,1±2,51 pg/
ml. At the same time, the level of estradiol in women in the early 
and late postmenopausal period was, respectively, 3.5 and 4.6 
times lower than that in women in the late reproductive period. 
The level of FSH progressively increased as the reproductive 
aging of the patients progressed. Thus, in premenopausal, early, 
and late postmenopausal women, this hormone's content was 2, 
2.8, and 4 times higher than in women in the late reproductive 
period. Another indication of the development of involutional 
processes in the hypothalamus-pituitary-ovary system is 
a decrease in the ratio of LH/FSH as reproductive aging 
progresses.

When analyzing ABPM indicators, it was noted that the 
process of reproductive aging is associated with the deterioration 
of BP parameters in women with AH (Table 2). In particular, 
24-h SBPm, dSBPm, and nSBPm in postmenopausal women 
were significantly higher than those in premenopausal women. 



162

Periods of reproductive function of women The content of hormones in blood serum
Estradiol, pg/ml FSH, mU/ml LH, mU/ml LH/FSH

1 Late reproductive period, n=16 58,4±2,97 14,4±1,75 7,71±0,87 1,21±0,51

2 Premenopause (menopausal transition), n=27 55,1±2,51 25,8±1,92 9,95±1,14 0,41±0,05
p1,2>0,05 p1,2<0,001 p1,2<0,02 p1,2<0,03

3 Early postmenopause, n=30
17,5±1,53 37,2±2,13 9,9±0,96 0,30±0,04
p1,3<0,001
p2,3<0,001

p1,3<0,001
p2,3<0,001

p1,3<0,01
p2,3>0,05

p1,3<0,02
p2,3>0,05

4 Late postmenopause, n=41

11,6±1,47 39,4±2,83 12,2±1,33 0,43±0,08
p1,4<0,001
p2,4<0,001
p3,4>0,01

p1,4<0,001
p2,4<0,001
p3,4>0,02

p1,4<0,001
p2,4<0,05
p3,4>0,05

p1,4<0,05
p2,4>0,05
p3,4>0,05

Table 1. The content of sex hormones in blood serum of women with hypertension depending on the period of their reproductive function (M±m).

Groups of patients 24-hour mean Daytime mean Night-time mean
SBP DBP SBP DBP SBP DBP

Premenopausal period, n=43 145±1,74 87,6±1,08 149±2,03 89,8±1,40 138±2,37 82,0±1,36
Postmenopausal period, 
n=71

154±1,80 90,5±0,82 157±1,71 92,5±0,84 145±2,68 83,8±1,48
p<0,01 p<0,04 p<0,01 p>0,05 p<0,04 p>0,05

Including women with hypertension:

1 Late reproductive 
period, n=16 143±2,38 86,7±1,51 147±3,15 89,3±2,09 137±4,28 81,8±2,28

2
Premenopause 
(menopausal 
transition), n=27

147±2,38
p1,2>0,05

88,1±1,49
p1,2>0,05

150±2,66
p1,2>0,05

90,0±1,89
p1,2>0,05

137±2,86
p1,2>0,05 82,1±1,72p1,2>0,05

3 Early postmenopause, 
n=30

157±2,50 90,7±1,15 157±2,42 93,3±1,12 145±3,90 83,5±2,18
p1,3<0,01
p2,3<0,05

p1,3<0,04
p2,3>0,05

p1,3<0,02
p2,3<0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

4 Late postmenopause, 
n=41

155±2,54 90,7±1,16 157±2,40 91,9±1,21 147±3,68 84,0±2,02
p1,4<0,01
p2,4<0,04
p3,4>0,05

p1,4<0,05
p2,4>0,05
p3,4>0,05

p1,4<0,02
p2,4<0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

Table 2. Blood pressure level (mm Hg) in women with hypertension depending on the period of their reproductive function (M±m).

Groups of patients
Time index of
24-hour mean

Time index of
daytime mean Time index of night-time mean

SBP DBP SBP DBP SBP DBP
Premenopausal period, n=43 60,7±2,87 49,0±2,49 58,1±3,08 49,8±3,17 67,5±3,88 47,6±3,9
Postmenopausal period, 
n=71

68,4±1,88 51,5±1,79 67,5±2,22 49,2±2,04 72,6±2,73 52,7±2,98
p<0,04 p>0,05 p<0,02 p>0,05 p>0,05 p>0,05

Including women with hypertension:

1 Late reproductive period, 
n=16 57,3±4,60 48,3±4,05 56,3±4,68 53,1±6,09 61,9±6,94 44,1±6,90

2
Premenopause 
(menopausal transition), 
n=27

62,6±3,68 
p1,2>0,05

49,4±3,20
p1,2>0,05

59,1±4,10
p1,2>0,05

47,9±3,57
p1,2>0,05

70,8±4,59
p1,2>0,05

49,6±4,75
p1,2>0,05

3 Early postmenopause, 
n=30

68,8±3,00 52,5±2,33 68,8±3,56 49,4±2,98 73,4±4,24 53,2±4,67
p1,3<0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3<0,04
p2,3<0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

4 Late postmenopause, 
n=41

68,2±2,43 50,7±2,60 66,7±2,87 49,0±2,81 72,0±3,61 52,3±3,92
p1,4<0,04
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

p1,4<0,05
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

Table 3. Time indexes (%) of 24-h mean, daytime mean, night-time mean of systolic and diastolic BP in women with hypertension depending on 
the period of their reproductive function (M±m).
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If in late reproductive and premenopausal age, only a trend 
towards an increase in SBP levels was observed, then in early 
and late postmenopause 24-h SBPm was significantly (by 9 
and 8%) higher than that in persons of late reproductive age. 
At the same time, the relationship between the reproductive 
age of the patients and levels of DBP were significantly lower. 
Thus, 24-h DATm, dDBPm, and nDBPm in patients of pre- 
and postmenopausal age probably did not differ. A significant 
increase in 24-hDBPm was registered only in patients in early 
and late postmenopause compared to that in patients in the late 
reproductive period. 

When analyzing the relevant time indices that characterize the 
duration of the load by pressure on the target organs, it was noted 
that in the process of reproductive aging, higher BP numbers 
are accompanied by an increase in the level of these indicators 
(Table 3). At the same time, probable changes were recorded only 
concerning TI SBP. In particular, in postmenopausal women, 
TI 24-h SBPm, and TI nSBPm were 11 and 7% higher than in 
premenopausal women. In patients in early postmenopause, TI 
24-h SBPm was also probably higher than in women in the late 
reproductive period. It should be noted that TI 24-h DBPm, TI 
dDBPm, and TI nDBPm practically did not differ in pre- and 
postmenopausal women.

Despite the dependence of SBP parameters on reproductive 
age, we found no significant differences between the groups of 
the examined women regarding the daily profile of SBP. The 
main share of pre- and postmenopausal patients was made up 
of patients with the physiological daily profile "dipper" (51,1 
and 47,9%, respectively). Pathological daily profiles associated 
with more pronounced target organ damage and higher risk of 
cardiovascular complications were also comparable in both 
groups. Thus, the share of persons with the "non-dipper" profile 
among premenopausal and postmenopausal women was 32,6 
and 33,8%, respectively. The profile of BP "night-peaker" 
was registered in 16,3 and 18,3% of pre- and postmenopausal 
women, respectively.

The influence of estrogens on blood pressure has been 
demonstrated in other works. Thus, an increase in peripheral 

resistance and blood pressure was recorded in women with 
surgical menopause. These indicators decreased after the 
prescribing of replacement therapy [7]. According to other 
data, the low level of estrogens in postmenopausal women is 
closely associated with the value of the increase in BP and rapid 
progression of AH. Increase of the vasoconstrictor molecules 
production, such as endothelin, angiotensin II, pressor 
catecholamines is the trigger mechanism for the development of 
hypertension in postmenopause [20].

Analyzing the data of the Echo-CG study, it was established 
that the majority of patients had concentric LV hypertrophy 
(CLVH). In the premenopause period, 11,5% of patients had 
normal LV geometry. The process of reproductive aging, a longer 
hypertensive history, and higher BP levels were associated 
with an increase in the frequency of development of CLVH in 
this category of patients. Thus, CLVH was found in 46,2% of 
premenopausal women and 68,3% of postmenopausal women.

According to the results Mishchenko and co-authors, in most 
of the patients with AH examined by them, a physiological daily 
BP profile was recorded, a smaller share was made up of non-
dipper patients, and up to 14% of patients had a "night-peaker" 
profile. There were signs of LV remodeling found in all patients, 
and, moreover, having a concentric nature. CLVH was observed 
in 56 to 95,14% of patients, and concentric remodeling was 
determined in others, which can be due to a long course of 
AH with a significant increase in BP. Indicators characterizing 
LVH were higher and statistically more significant in the group 
of patients with higher numbers of BP. In the same group of 
patients, a more pronounced violation of LV diastolic filling 
was observed in the form of slow relaxation, which indicates 
increased stiffness of the myocardium and a greater contribution 
of LA to LV filling. It was also noted that in some patients with 
AH and normal LV geometry increased parameters of stiffness 
of the myocardium and violation of its diastolic filling occurred 
even before the development of echocardiographic signs of 
LVH [21].

A higher frequency of CLVH in postmenopausal women 
was also demonstrated in other studies [22]. It is believed that 

Groups of patients ESSI, 
sm

EDSI, 
sm

ESVI,
ml/m2

EDVI,
ml/m2 LVEF, %

Premenopausal period, n=43 1,67±0,06 2,57±0,05 22,55±1,96 61,73±2,92 63,2±0,91

Postmenopausal period, n=71 1,62±0,04 2,48±0,04 20,97±1,35 57,14±2,36 62,7±0,57
p<0,04 p>0,05 p>0,05 p<0,04 p>0,05

Including women with hypertension:

1 Late reproductive period, n=16 1,71±0,07 2,60±0,09 24,03±2,41 63,72±2,75 62,2±1,31

2 Premenopause (menopausal 
transition), n=27

1,65±0,08 2,54±0,06 21,94±0,91 60,26±1,62 63,6±1,24
p1,2>0,05 p1,2>0,05 p1,2>0,05 p1,2>0,05 p1,2>0,05

3 Early postmenopause, n=30
1,58±0,06 2,46±0,06 19,9±1,76 56,57±1,51 65,0±1,13
p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

p1,3>0,05
p2,3>0,05

4 Late postmenopause, n=41

1,64±0,06 2,47±0,06 21,24±2,0 55,77±1,42 63,0±0,96
p1,4<0,01
p2,4>0,05
p3,4>0,05

p1,4<0,02
p2,4>0,05
p3,4>0,05

p1,4<0,02
p2,4>0,05
p3,4>0,05

p1,4<0,02
p2,4>0,05
p3,4>0,05

p1,4>0,05
p2,4>0,05
p3,4>0,05

Table 4. Indicators of the left ventricular end- systolic, end-diastolic sizes, volumes, and systolic function in women with hypertension depending 
on the period of their reproductive function (M±m).
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different types of LV geometry are accompanied by certain 
hemodynamic disturbances (increased peripheral resistance in 
concentric and increased cardiac output in eccentric LVH) and 
have excellent prognostic significance. In many works, it was 
shown that the greatest number of cardiovascular complications 
is observed in CLVH [23].

When analyzing the structural and functional indicators of LV 
in our patients, their relationship with both the BP level and the 
reproductive age of the patients was established. Thus, in women 
of postmenopausal age, the indicators of EDSI and EDVI were 
probably lower than in persons of premenopausal age, and ESSI 
and ESVI showed a tendency to decrease (Table 4). It should be 
noted that the linear and volumetric indicators of LV estimated 
by us in women of premenopausal and early postmenopausal 
age showed only a tendency to decrease, compared to those in 
persons of the reproductive period, and only in late menopause 
they probably decreased. Indicators of LV systolic function (EF) 
in women of pre- and postmenopausal age practically did not 
differ.

A stronger connection was established concerning indicators 
of the thickness and mass of the LV myocardium (Table 5). 
Thus, LVPWTd and IVSd in postmenopausal women were, 
respectively, 7,1 and 7,2% higher than in premenopausal women. 
LVMMI in postmenopausal women was significantly (6.8%) 
higher than in premenopausal women. It should be noted that 
there was a trend towards an increase in the thickness and mass 
of the myocardium even in premenopause, and their significant 
increase, compared to those in women of the reproductive 
period, was recorded both in late and early postmenopause. 
RWT of the LV significantly increased as the reproductive age 
of the patients increased.

When assessing the functional state of the LV, it was noted that 
more pronounced structural changes of the LV were associated 
with a significant deterioration of the processes of its relaxation 
and diastolic filling. Thus, in postmenopausal women, the ratio 
of the amplitudes of the speed of early and late transmitral E/A 
flows was 12% lower than in women in the pre-menopause 
period. It was also found that the tendency to the deterioration 
of diastolic LV filling is determined even among women of 

premenopausal age as they move from the late reproductive 
to the premenopausal period. This trend increased in the 
postmenopausal period, as evidenced by the likely worsening of 
LV diastolic filling in women of late reproductive age compared 
to patients of early postmenopausal age.

Thus, the data obtained by us proved that the leading factor in 
the formation of LVH is the hemodynamic load with increased 
BP. Thus, in the process of reproductive aging in women with 
AH, not only a decrease in the level of estradiol was determined, 
but also higher numbers of both systolic and diastolic BP, which 
led to a greater load of pressure on the heart as a target organ and 
more pronounced structural and functional changes.

Numerous studies have proven that LVH is a significant factor 
that determines the prognosis of CVD and mortality, including 
sudden death. An increase in LVMMI of more than 116 g/m2 
increases the risk of cardiovascular complications by 3-4 times 
compared to individuals with LVMMI of less than 75 g/m2 
regardless of the presence of AH. An increase in the thickness 
of the LV wall in patients with AH by 1 mm can be associated 
with an almost 7-fold increase in the risk of death.

It has been studied that with age and changes in the 
reproductive system of women with AH, structural changes 
appear in the vessel wall, which is characterized by a significant 
increase in their thickness (Table 6). Thus, in patients of 
postmenopausal age, the thickness of IMC BA and IMC 
CCA was 19 and 15%, respectively, in comparison with those 
in patients of premenopausal age. It should be noted that a 
significant increase in IMC BA was registered even among 
women of premenopausal age during the transition from the 
late reproductive to the premenopausal period. In women in late 
postmenopause, the value of IMC BA was 44, 29 and 24% higher 
than that in women of late reproductive, premenopausal, and early 
postmenopausal age, respectively. A probable increase in IMC 
CCA was recorded in patients of early postmenopausal age. In 
women of late postmenopausal age, the value of the IMC CCA 
was 27, 18, and 12% higher, than in women of late reproductive, 
premenopausal, and early postmenopausal age, respectively.

When assessing the functional state of blood vessels, it was 
noted that the process of reproductive aging of women suffering 

Groups of patients PWT, mm IVS, mm LVMI, g/m2 RWT Е/А
Premenopausal period, n=43 1,16±0,02 1,17±0,01 137±3,01 0,47±0,01 0,99±0,03

Postmenopausal period, n=71 1,27±0,01 1,23±0,01 143±2,60 0,50±0,01 0,86±0,03
p<0,001 p<0,001 p<0,01 p<0,001 p<0,001

Including women with hypertension:

1 Late reproductive period, 
n=16 1,13±0,02 1,15±0,02 134±4,54 0,45±0,01 1,05±0,04

2 Premenopause (menopausal 
transition), n=27

1,18±0,02
p1,2>0,05

1,18±0,02
p1,2>0,05

139±4,0
p1,2>0,05

0,48±0,01
p1,2<0,05

0,96±0,04
p1,2>0,05

3 Early postmenopause, n=30
1,24±0,03 1,23±0,02 145±3,42 0,51±0,01 0,87±0,04
p1,3<0,01
p2,3>0,05

p1,3<0,01
p2,3>0,05

p1,3<0,05
p2,3>0,05

p1,3<0,01
p2,3>0,05

p1,3<0,01
p2,3>0,05

4 Late postmenopause, n=41

1,22±0,01 1,24±0,01 142±3,14 0,52±0,01 0,82±0,04
p1,4<0,001
p2,4<0,001
p3,4<0,02

p1,4<0,001
p2,4<0,001
p3,4>0,05

p1,4<0,01
p2,4<0,04
p3,4>0,05

p1,4<0,001
p2,4<0,001
p3,4<0,01

p1,4<0,001
p2,4<0,05
p3,4>0,05

Table 5. Indicators of the thickness and mass of the myocardium of the LV in women with hypertension depending on the period of their reproductive 
function (M±m).
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from AH is associated with the deterioration of vascular 
functions of the brachial artery. Thus, in postmenopausal 
patients, the indicator of EDVD BA after 90 seconds after 
hyperemia was reliably 24% lower than that in postmenopausal 
women. It should be noted that the tendency to deterioration of 
EF was found even in women of premenopausal age. In patients 
of early and late postmenopausal age, the index of EDVD BA 
after 90 seconds was, respectively, 27 and 36% lower than that 
in patients of late reproductive age.

The data we obtained proved that progressive hypoestrogenemia 
in women with AH is associated with increased arterial 
remodeling phenomena, as evidenced by an increase in the 
thickness of the IMC BA and CCA in postmenopausal patients 
compared to that in premenopausal patients.

Thus, it was established that the process of reproductive aging 
of women suffering from AH is associated with the deepening 
of a whole series of unfavorable changes in the structural and 
functional state of the heart and blood vessels. It is possible 
that to a certain extent, the deterioration of the condition of the 
heart and blood vessels is due not only to the increase in the 
reproductive age of the patients examined by us but also to an 
increase in the duration of AH.

When conducting a correlation analysis, it was found that in 
premenopausal women, the levels of 24-h SBPm and dSBPm 
were weakly inversely correlated with the level of estradiol 
(r=-0.27, -0.26), but they did not correlate with the levels of 
FSH and LH in blood serum. In women of postmenopausal 
age, the level of estradiol showed a higher probability inverse 
than the modulus correlations with the levels of 24-h SBPm, 

dSBPm, and nSBPm (r=-0.38, -0.31, -0.36, respectively) and 
dDBPm (r=-0.28). Also, in this group, there were weak probable 
connections between the level of SBP and the level of FSH in 
blood serum (Table 7).

We obtained additional confirmation of the connection between 
the level of sex hormones and indicators of the structural and 
functional state of the heart when conducting a correlation 
analysis. An inverse probable correlation was established 
between the level of estradiol in blood serum and IVSd, LVMMI 
(r=-0.29, -0.41, respectively) in premenopausal women. The 
level of estradiol revealed a direct probable correlation with 
the E/A ratio (r=0.34). However, no reliable correlations were 
registered between indicators of the structural and functional 
state of the heart in postmenopausal women and the levels of 
FSH and LH.

In postmenopausal women, we noted an increased correlation 
between the level of estradiol in blood serum and IVSd, LVMMI, 
E/A ratio (r=-0.33, -0.48, 0.44, respectively). In addition, there 
were weak, but probable correlations between LVMMI, E/A 
ratio, and serum FSH level (r=0.28, -0.20, respectively).

In premenopausal women, weak probable correlations were 
determined between the level of estradiol and IMC BA, IMC 
CCA, EDVD BA for 90 seconds. (r=-0.30, -0.32, and 0.34, 
respectively). In postmenopausal women, there was an increase 
in correlations between the level of estradiol and IMC BA, 
IMC CCA, EDVD BA for 90 seconds. (r=-0.38, -0.38, and 0.40, 
respectively). In postmenopausal women, there were also weak 
probable relationships between the level of SBP, the value of IMC 
BA, IMC CCA, EDVD DA, and the level of FSH in blood serum.

Groups of patients IMT BA, mm EDVD, % IMT CCA, mm
Premenopausal period, n=43 0,326±0,01 10,5±0,63 0,748±0,02

Postmenopausal period, n=71 0,399±0,017 7,81±0,57 0,888±0,022
p<0,005 p<0,02 p<0,005

Including women with hypertension:
1 Late reproductive period, n=16 0,298±0,013 11,7±0,69 0,709±0,029

2 Premenopause (menopausal transition)
n=27

0,341±0,013 9,84±0,89 0,770±0,026
p1,2<0,04 p1,2>0,05 p1,2>0,05

3 Early postmenopause,
n=30

0,352±0,013 8,59±0,76 0,828±0,032
p1,3<0,01
p2,3>0,05

p1,3<0,01
p2,3>0,05

p1,3<0,02
p2,3>0,05

4 Late postmenopause,
n=41

0,452±0,031 7,28±0,75 0,930±0,032
p1,4<0,01
p2,4<0,01
p3,4<0,01

p1,4<0,01
p2,4<0,04
p3,4>0,05

p1,4<0,01
p2,4<0,01
p3,4<0,04

Table 6. The intima-media thickness of the brachial artery, of the common carotid artery and the indicator of the endothelial function in women 
with hypertension depending on the period of their reproductive function (M±m).

Indicators of BP,
mm Hg

Premenopausal period, n=43 Postmenopausal period, n=71
Estradiol, FSH LH Estradiol FSH LH

24-h SBPm -0,27* 0,04 0,15 -0,38** 0,29* 0,15
24-h dBPm -0,13 -0,02 0,13 -0,19 0,07 0,11
dSBPm -0,26* 0,09 0,10 -0,31* 0,25* 0,16
dDBPm -0,10 0,02 0,08 -0,28* 0,15 0,10
nSBPm -0,19 -0,03 0,01 -0,36** 0,25 0,09
nDBPm -0,06 -0,10 0,02 -0,18 0,16 0,08

Table 7. Correlation coefficients between BP indicators and the level of sex hormones in pre- and postmenopausal women with AH.

Note: * - p<0,05; ** - p<0,001



166

According to the literature, ED was observed in 40% of 
patients with isolated AH and in all patients with CHF with 
preserved LVEF. A parallelism was established between the 
increase in stiffness of the aorta and the deterioration of EDVD 
(r=-0.2; p<0.05) and the thickening of the IMC, which is the 
basis of the deterioration of the elastic characteristics of the 
aorta. A correlation was also found between the duration of AH 
and impaired vascular endothelial function (r=-0.26; p<0.05). 
The increase of LVMMI and IVSd occurred in parallel with the 
deterioration of EF, as evidenced by established correlations 
between EDVD and LVMMI (r=-0.25; р<0.05) and IVSd (r=-
0.35; р<0.01) [24].

Data from the literature also indicate the existence of a close 
relationship between the level of sex hormones and the state 
of blood vessels in postmenopausal women. It was recently 
demonstrated that a low level of estrogens in blood plasma is 
associated with thickening of the intima-media of carotid arteries 
and vascular remodeling reaches its maximum expression in late 
postmenopause. The level of endothelin-1 in the blood plasma 
of postmenopausal women increases significantly compared to 
the state before menopause, which is a consequence of estrogen 
deficiency, because the natural effect of this hormone is to 
inhibit the formation of endothelin. Production of nitric oxide 
by vessels decreases and endothelium-dependent vasodilation 
of vessels is suppressed in the postmenopausal period, while the 
use of estrogens improves endothelial function in hypertensive 
postmenopausal women [25,26].

The data presented by us are also consistent with the results 
of several experimental studies that demonstrated the possible 
involvement of sex hormones in the regulation of vascular 
and myocardial remodeling processes. Fredette NC et al. and 
Somani YB et al. established that estrogens have a vasodilating 
effect, which is due to an increase in the bioactivity of nitric 
oxide and the induction of synthase expression of nitric oxide, 
by increasing the synthesis of prostacyclin, by modulating 
the activity of the endothelium-dependent hyperpolarizing 
factor. Sex hormones take part in the regulation of vascular 
and myocardial remodeling processes, inhibiting the mitogenic 
effects of many growth cytokines, in particular transforming 
and epidermal growth factors, fibroblast growth factor [27,28].

Thus, the data obtained by us indicate that progressive 
hypoestrogenemia, which occurs in the process of reproductive 
aging of a woman, is associated with many prognostically 
undesirable structural and functional changes in the heart and 
blood vessels. Revealing the pathogenetic mechanisms of 
the adverse effect of hypoestrogenemia on the cardiovascular 
condition will allow us to optimize the existing approaches to 
the pharmacotherapy of AH in women.
Conclusion.

1. It was noted that the process of reproductive aging is associated 
with the deterioration of BP parameters in women with AH. In 
particular, 24-h SBPm, dSBPm, and nSBPm in postmenopausal 
women were significantly higher than those in premenopausal 
women. The relationship between the reproductive age of the 
patients and levels of DBP was significantly lower. A significant 
increase in 24-hDBPm was registered only in patients in early 
and late postmenopause compared to that in patients in the late 

reproductive period.
2. It was established that the process of reproductive aging of 

women suffering from AH was associated with the deepening 
of a whole series of unfavorable changes in the structural and 
functional state of the heart and blood vessels.

3. Extinction of reproductive function and progressive 
hypoestrogenemia in women with AH were associated with 
higher BP, increased mass of the myocardium of the left 
ventricular, progression of its diastolic filling disorder and 
deterioration of the vasoregulatory function of blood vessels. 
More significant relationship between these indicators and 
the low level of estradiol in blood serum was determined in 
postmenopausal women in comparison with the premenopausal 
patients.

4. Determination of the level of estradiol in blood serum in 
women with AH may be recommended to optimize a choice of 
diagnostic and therapeutic tactics.
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