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Abstract: implementation of the reproductive function in women of late reproductive age has a number of
features related to gynecological condition and somatic health that can lead to infertility and various obstetric
complications. Hence arterial hypertension is one of important problems. Active approach to identify risk
factors for cardiovascular disease in women of a late reproductive age who are planning a pregnancy is a main
principle for the primary prophylaxis of complications of pregnancy and delivery. This study examines 64
women of a late reproductive period, suffering from grade 1 arterial hypertension, not taking antihypertensive
therapy. The level of estradiol and follicle-stimulating hormone (FSH) was detected in all subjects. Duplex
scanning of the common carotid arteries was used to assess the state of vascular beds. Coefficient of
extensibility (COE) and stiffness index (SI) were used to evaluate the vascular elasticity. Results of comparative
analysis of the parameters of left ventricular diastolic function show the presence of diastolic dysfunction, as
assessed by impairment of active relaxation and increased stiffness of left ventricular myocardium. Diastolic
dysfunction was more pronounced in patients with decreased level of estradiol.
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INTRODUCTION ovarian follicular apparatus. This results in the decrease

Urgency of the problem. Reproductive health of Active approach to identify risk factors for
women of various age groups is one of the most actual cardiovascular disease development in women of a late
problems in obstetric practice. Frequency of infertility in reproductive age who are planning a pregnancy is
couples of reproductive age ranges from 10 to 20% and important for the primary prophylaxis of complications of
tends to increase [1]. The first signs of reproductive pregnancy and delivery [1, 6, 7]. Many studies have
function fading in women can be already detected in 27-28 confirmed the prognostic value of arterial stiffness in the
years, when a statistically significant increase in the level aspect of the development of arterial hypertension (AH)
of basal follicle stimulating hormone (FSH) can be [7]. At the same time the list of arterial abnormalities
observed [1-3]. In recent years among couples there was accompanying hypertension also includes restructuring
an increasing trend of female patients in a late of arteries with violation of the damping function of the
reproductive age (according to the American Association arteries and changing to the afterload of the left ventricle
of Human Reproduction-up to 12.3%) desiring pregnancy and coronary perfusion. Men and women have many
and having children. Female patients from this age group common risk factors (RF) for the development of
have a number of features that hamper and complicate the cardiovascular disease (CVD). But women have an
implementation of reproductive function. Ovarian reserve additional risk factor-fading of ovarian function and
in these patients is usually reduced. According to several development of female sex hormones deficit, especially
authors [4, 5], in women of late reproductive age follicular estrogen, in the late reproductive period [2-4]. Progress
atresia rate has doubled. Perhaps changes to granulosa has been achieved in the study of structural and
cells occurring with age play the main role in the aging of functional  reorganization  of   cardiovascular   system  in

in estradiol and inhibin B production [5].
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women with hypertension in different periods of a lifetime. age of 39.14 ± 2.23 years, having physiological menstrual
The question of the pathogenetic link between estradiol cycle and normal levels of estradiol and FSH. General
level and the nature of structural and functional changes characteristics of patients with hypertension are
to the cardiovascular system in women of the late presented in Table 1. These groups were comparable in
reproductive period has been studied insufficiently [3-5]. age, severity  of  hypertension,  duration of the disease
Study of this issue is of practical interest and allows the and body mass index. Similar treatment was administered
development of recommendations aimed at improving the to the patients during the first week after conduction of
quality of medical examination of women in order to the survey (fixed combination-angiotensin II with
prevent early development of cardiovascular diuretic).
complications. The exclusion criteria were the following: secondary

Aim of the Study: Explore the relationship between heart rhythm disorders, dyslipidemia, clinical
changes in the level of estradiol, follicle-stimulating manifestations of the climacteric syndrome,
hormone, the process of structural adjustment of hemodynamically significant stenosis of the common
cardiovascular system in women of a late reproductive carotid artery (CCA).
age. A control group consisted of 20 healthy women

MATERIALS AND METHODS whose average age was 38.45 ± 4.12 years with normal

single-stage study was carried out on the basis of a chronic diseases affecting the intracardiac hemodynamics.
medical institution. Women were recruited from the All subjects were comparable in age and body mass index.
reception of gynecologist. In accordance with the Duplex scanning of common carotid arteries was
purpose and tasks of the study 64 women were recruited. performed to assess the state of the vascular bed in all
They were in the late reproductive period aged 36-45 female patients included in the study being in the late
years with grade 1 hypertension, not taking reproductive period with hypertension. Duplex scanning
antihypertensive therapy. Verification of hypertension was carried out using an ultrasonic diagnostic machine
was conducted in accordance with the Russian Guidelines General Electric "LOGIQ P5 Expert" (USA, 2010). The
on Prevention, Diagnosis and Treatment of Hypertension mean value equal to half of the sum of systolic and
(2010). The level of estradiol and FSH was measured in all diastolic diameters was studied as well as measuring of
patients. Test was conducted three times to confirm the intima-media thickness (IMT). Coefficient of Extensibility
absolute nature of hypoestrogenism in the follicular phase (COE) and Stiffness Index (SI) were used to estimate the
of a cycle (mean values). Estradiol is one of the most elasticity of common carotid arteries. COE was calculated
biologically active hormones. Its decline begins from 5-8 according to the formula: COE = 2 x D/DBP/D {1 (T *
years before menopause, FSH-is a gonadotropic hormone, kPa)}, where D-diameter of the artery, D-change in
reflecting the functional state of the ovaries. arterial diameter during the cardiac cycle; DBP-pulse

Depending on the level of estradiol and FSH, patients pressure [8]. Stiffness index was calculated according to
with hypertension were divided into several groups. the formula: SI = log (SBP/DBP)//_ D/D), where D-
Group 1 comprised 34 women with hypertension, in the diameter of the artery; D-change in arterial diameter
mean age of 39.11 ± 4.3 years, with physiological during the cardiac cycle [8, 9]. Maximum systolic blood
menstrual cycle and estrogen deficiency (decrease in flow velocity (cm/sec) and resistance index (U) were
estradiol levels and increased level of FSH). Second group assessed using hemodynamic parameters of intravascular
included 30 people with grade 1 hypertension, in the mean blood flow.

hypertension; coronary heart disease, diabetes mellitus,

recruited from the reception of gynecologist at the Clinic,

levels of estradiol and FSH, without hypertension and

Table 1: General characteristics of patients with hypertension
Characteristics Group 1 (n = 34) Group 2 (n = 30) P
Age, years 39.11 ± 4.3 39.14 ± 2.23 0.91
Estradiol, pg/mL 0.32 ± 0.06 0.59 ± 0.087 0.003
FSH, IU/ml 13.37 ± 1.35 6.54 ± 0.34 0.004
Systolic BP, mean mmHg 142/1 ± 14.88 143.2 ± 13.78 0.78
Diastolic BP, mean, mmHg 87.21 ± 9.13 87.9 13.4 0.81
Duration of arterial hypertension, years 4.2 ± 1.5 3.8 ± 1.7 0.76
Body mass index, kg/m 28.64 ± 2.5 26.34 ± 2.8 0.212
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Echocardiographic   (echocardiography)   study of Comparative analysis of the diameter of the carotid
the left heart was used to analyze the hemodynamic arteries in the study groups compared to the control
parameters of left heart chambers in all patients included group (Table 2) showed dilatation of the average diameter
in the study. Transthoracic echocardiographic program of carotid arteries, with a greater degree in patients with
was performed using an ultrasonic diagnostic machine hypertension and estrogen deficit. Blood flow velocity in
General Electric "LOGIQ P5 Expert" (USA, 2010). Studies common carotid arteries in patients from groups 1 and 2 is
have  been  performed  with  the  probe  having a lower in comparison to the patients of the control group,
frequency of 3.75 MHz according to standard procedures primarily among patients with hypertension and
recommended by the American Association of hypoestrogenism. Resistance index was higher in patients
Echocardiography [10]. We studied the diastolic filling of with hypertension from group 1 than in patients of the
the left ventricle (LV): peak velocity of early diastolic control group and in patients from group 2. Elastic
filling (E velocity), (m/s); peak velocity of late diastolic properties of the carotid artery wall were decreased: from
filling (A velocity), (m/s); integral of peak velocity of early 41.3 ± 10.8 x 10 /kPa in patients with hypertension and
diastolic filling (E integral), (m); integral of peak velocity normal levels of estradiol down to 36.4 ± 10.8 x 10 /kPa, p
of late diastolic filling (integral A), (m); general integral of = 0.034 in patients with hypertension and decreased levels
transmitral flow (general integral) (units); ratio of the of estradiol. At the same Stiffness Index was higher in
integral of the late diastolic filling to the integral of the comparison with the control group in patients having
early diastolic filling (integral A/E), (units); ratio of the hypertension with estrogen deficiency and without it.
integral of the early diastolic filling to the total integral of The obtained data clearly shows a decrease in
transmitral flow (integral E/general integral) (units); ratio elasticity of the wall of common carotid artery and
of the integral of late diastolic filling to the total integral of increasing of its stiffness in patients with hypertension,
transmitral flow (integral A/general integral) (units); more pronounced in patients with hypertension
Isovolumic Relaxation Time (from the first major accompanying with decreased levels of estradiol and
oscillation related to the 2nd cardiac tone before the increase of FSH.
transmitral flow-(IRT), (ms)). Separate analysis of the Diastole is a complex hemodynamic process
active relaxation (AR) and left ventricular stiffness were influenced by a variety of factors, including the relaxation
used to assess the degree of distortion of diastolic filling and stiffness of left ventricular myocardium, its systolic
parameters. AR phase was assessed by the following function, atrial dimensions and the amount of end-
parameters: peak velocity of early diastolic filling (E diastolic left ventricular pressure. Changing to any of
velocity), (m/s); the integral peak velocity of early these components will lead to an increased resistance of
diastolic filling (integral E), (m); Isovolumic Relaxation the left ventricle during diastole during the filling phase,
Time (IRT), (ms) [10]. i.e. to diastolic dysfunction. In order to study left

RESULTS AND DISCUSSION parameters allowing to assess active relaxation of the left

Table 2 shows analysis of the parameters of certain parameters in study groups indicating
structural and functional state of the vascular bed in inappropriate processes of active relaxation of the left
patients with hypertension depending on the levels of ventricle (Table 3). According to the European guidelines,
hormones. the following parameters are important for assessment of

-3

-3

ventricular diastolic function, we have analyzed

heart and myocardial stiffness. There were changes to

Table 2: Characteristics of structural and functional state of the vascular bed

Characteristics Group 1 (n = 34) Group 2 (n = 30) Control group (n = 20) p 1-2 p 1-3 p 2-3

CCA diameter (mm) 7.12 ± 0.9 6.2 ± 0.34 5.75 ± 0.78 0.03 0.0012 0.00013

TIM (U) 0.78 ± 0.5 0.62 ± 0.4 0.49 ± 0.19 0.04 0.008 0.03

Speed, cm/sec 72.9 ± 6.4 79.8 ± 10.8 96.4 ± 16.2 0.0061 0.0034 0.047

Resistance index (RI) (U) 0.85 ± 0.021 0.76 ± 0.031 0.72 ± 0.024 0.064 0.0031 0.071

COE (U) 32.1 ± 10.7 39.1 ± 8.4 41.3 ± 10.5 0.05 0.0023 0.007

SI (U) 7.3 ± 0.4 6.8 ± 0.8 6.5 ± 0.7 0.09 0.04 0.05
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Table 3: Characteristics of the active relaxation of left ventricular myocardium

Characteristics Group 1 (n = 34) Group 2 (n = 30) Control group (n = 20) p 1-2 p 1-3 p 2-3

Velocity E (m/sec) 0.66 ± 0.81 0.68 ± 0.09 0.82 ± 0.11 0.08 0.0003 0.002

Integral E (m) 0.09 0.021 0.12 ± 0.02 0.15 ± 0.04 0.03 0.04 0.02

Integral E/integral of the total flow (U) 0.53 ± 0.04 0.55 ± 0.09 0.64 ± 0.06 0.12 0.003 0.04

IRT (ms) 106.2 ± 6.71 102.6 ± 7.8 65.31 ± 4.56 0.03 0.0007 0.001

Table 4: Characteristics of left ventricular myocardium stiffness

Characteristics Group 1 (n = 34) Group 2(N = 30) Comparison group (N = 20) p 1-2 p 1-3 p 2-3

Velocity A (m/sec) 0.69 ± 0.17 0.63 ± 0.13 0.61 ± 0.13 0.09 0.12 0.78

Integral A (M) 0.081 ± 0.02 0.091 ± 0.01 0.082 ± 0.01 0.04 0.08 0.81

Integral A/ integral E (U) 0.88 ± 0.31 0.76 ± 0.67 0.70 ± 0.18 0.04 0.0013 0.08

Integral A/common integral flow (U) 0.45 ± 0.04 0.47 ± 0.09 0.39 ± 0.07 0.003 0.004 0.004

Deceleration time of the flow (time E) 123.3 12.8 147.3 23.97 178.76 ± 19.21 0.001 0.0003 0.002

End-diastolic pressure (mmHg) 16.4 ± 5.4 14.21 ± 3.67 10.87 ± 3.12 0.04 0.0001 0.006

EDWSLF (dyne/cm ) 21.2 ± 4.01 14.22 +5.67 10.11 ± 3.45 0.0013 0.001 0.0072

the left ventricular diastolic function: velocity of early of processes of active relaxation of left ventricular
diastolic filling of the left ventricle, indirectly indicating a myocardium regardless of the level of estradiol and FSH.
differential pressure in the left ventricle and Isovolumic The values of IRT were different in patients with
Relaxation Time, reflecting the degree of left ventricular decreased levels of estradiol and increased level of FSH
relaxation. than those in patients with its normal content. This

Analysis of characteristics testified an impairment of indicates a diastolic dysfunction and significant
an active relaxation phase in patients with hypertension impairment of an active relaxation of the left ventricle
regardless of the level of estradiol and FSH. This is also similar to rigid type of diastolic dysfunction (106.2 ± 6.71
indicated by a significant decrease in comparison to the and 102.6 ± 7.8 respectively).
control indicator, velocity of early diastolic filling Basic and derivative characteristics in Table 4
(velocity E) from 0.82 ± 0.11 in the control group down to represent stiffness of the myocardium of the left ventricle
0.68 ± 0.09 in patients with hypertension and normal levels and were significantly different in patients with various
of estradiol and down to 0.66 ± 0.81 in patients with levels of estradiol and FSH if compared to such values
estrogen deficiency, as well as an integral peak velocity of from the control group and testified a decrease of left
the early filling of the left ventricle, which values were ventricular myocardial elasticity and increase of its
significantly decreased if compared to the control ones in stiffness in patients with hypertension in both groups.
patients with normal level of estradiol and FSH as well as The value of slowing down the flow (time E)-an
with decreased level of estradiol and increased level of indicator of the elasticity of the left ventricular
FSH. myocardium-reduced from 178.76 ± 19.21 in healthy

Reduction of the above-noted indicators was volunteers down to 147.3 ± 23.97 in patients with normal
accompanied by a significant increase of Isovolumic levels of estradiol and down to 123.3 ± 12.8 in patients
Relaxation Time values in the studied groups (from 65.31 with estrogen deficiency. Ratio: integral A/general integral
± 4.56 ms in the control group to 102.6 ± 7.8 ms in patients of transmitral flow reflecting an active contribution of
with normal levels of estradiol and FSH and 106.2 ± 6.71 atrial filling to the left ventricle filling was increased both
ms in patients with decreased serum estradiol and in patients with normal levels of estradiol and FSH and in
increased level of FSH accordingly). Changes caused by patients with estrogen deficiency if compared to the
hypertension were accompanied by reduction of the ratio: control group (0.47 ± 0.09 in women with normal levels of
integral of the velocity of early diastolic filling (velocity estradiol, 0.45 ± 0.04 in patients with hypoestrogenism
E)/general integral of transmitral flow-from 0.64 ± 0.06 in and 0.39 ± 0.07 in the control group respectively, p <0.05).
patients without hypertension to 0.55 ± 0.09 in patients There were differences in end-diastolic wall stress of the
with normal hormone balance and down to 0.53 ± 0.04 in left ventricle (EDWSLF), which reflects the stress of left
patients with decreased level of estradiol. Our data ventricular wall at the end of diastole and testifies to
indicates that patients with hypertension have a violation significant reduction of left ventricular myocardial
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elasticity. When analyzing left ventricular myocardial 2. Salehi, R,  M.  Motemavele  and  M.  Goldust,  2013.
stiffness between hypertensive patients, it was found that Risk Factors of Coronary Artery Disease in Women.
women with a decrease in estradiol and increase in FSH Pak J Biol Sci, Vol. 16(4): 195-197
level had significantly higher values of the integral A, 3. Pastore, L.M., A.M. Rossi and A.L. Tucker, 2013.
ratio of the integral A/E, EDWSLF at the background of Process Improvements and Shared Medical
low values of deceleration time (time E), which reflects the Appointments for Cardiovascular Disease Prevention
greater degree of stiffness of the left myocardial ventricle in Women. J Am Assoc Nurse Pract., 2013 Sep 19.
in patients of this category than in patients with doi: 10.1002/2327-6924.12071. 
hypertension without estrogen deficiency. 4. Stramba-Badiale, M., K.M. Fox and S.G. Priori, 2006.

Thus, the results of a comparative analysis of the Cardiovascular Diseases in Women: a Statement from
parameters of LV diastolic function in patients with the Policy Conference of the European Society of
hypertension indicate the presence of diastolic Cardiology. Eur. Heart. Journal, V., 27(8): 994-1005.
dysfunction as disturbance of an active relaxation and 5. Saha,     K.R.,    M.M.   Rahman,   A.R.  Paul,  S.  Das,
increased stiffness of left ventricular myocardium S. Haque, W. Jafrin and A.R. Mia, 2013. Changes in
regardless of the level of estradiol and FSH. Diastolic Lipid Profile of Postmenopausal Women.
dysfunction was more pronounced in patients with Mymensingh Med Journal, 22(4): 706-711. 
reduced level of estradiol and increased level of FSH. 6. Bertoli, D., 1998. Prevalence of Echocardiographic

CONCLUSIONS Patients. Does it Depend on the Diagnostic Criteria

Duplex scanning of the common carotid arteries in J. Eur. Heart, 19: 418-421.
women with hypertension demonstrates dilatation of 7. Kawasaki, T., 1987. Noninvasive Measurement of the
CCA lumen, decreased blood flow on the background Age Related Changes in Stiffness of Major Branches
of estrogen deficiency. This indicates more of     the     Human     Arteries.    Eds.,   T.  Kawasaki,
significant changes to the vascular wall in S.    Sasayama,    S.   Yagi,   et   al.   Cardiovasc  Res.,
hypertensive patients compared to hypertensive 21:    678-687.      P.M.      Kearney,      M.    Whelton,
patients having normal levels of estradiol. K. Reynolds, et al., 2005. Global Burden of
In women with hypertension without impairment of Hypertension: Analysis of Worldwide Data. Lancet,
hormonal levels diastolic dysfunction accompanied 365: 217-233.
by impaired relaxation phase and increased 8. Peneman,  R.S.,  1986.  Cardiovascular  Applications
myocardial stiffness of the left heart chambers was of     Multi-Gate   Pulsed   Doppler   System.   Eds.,
less pronounced than in patients with R.S. Peneman, T. van Merode, P. Hick, et al.
hypoestrogenism. Ultrasound Med. Biol., 12: 465-471.

While performing studies in women with et     al.,    2003.    ACC/AHA/ASE    2003   guideline
hypertension at the age of 36-45 years, it is necessary to update for the clinical application of
pay attention to the reduction of estradiol and increase in echocardiography-summary article: a report of the
FSH level as a risk factor for progression of hypertension. American College of Cardiology/American Heart
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