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Abstract. The paper investigates the effect of age and sex hormones level on cardiovascular risk in women during 
their natural perimenopause. Methods and results. Cross-sectional study with participation of 160 perimenopausal 
women was conducted. All patients underwent cardiovascular risk assessment using SCORE and relative SCORE 
system. Follicle-stimulating hormone, prolactin, estradiol, progesterone, testosterone and aldosterone serum content 
was assessed in the serum. Principle Component Analysis was applied for assessment of effects of age and hormone 
levels on SCORE. It was found out that, besides age, SCORE in perimenopausal women may be considerably 
affected by follicle-stimulating hormone, aldosterone and progesterone levels. Conclusion. Aldosterone, follicle-
stimulating hormone and progesterone levels influence on cardiovascular risk in perimenopausal women. 
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Introduction 

The risk of cardiovascular events is known 
to be greatly increased in postmenopausal women [1, 
2, 3]. At the same time, both reproductive ageing and 
cardiovascular risk are age-related. Isolation of 
individual effects of the latter and assessment of the 
effects of sex hormones homeostasis changes on 
processes occurring in cardiovascular system is rather 
complicated. Thus, SWAN study devoted to 
investigation of changes in risk factors during 
menopause has allowed establishing that only total 
cholesterol, low-density lipoprotein cholesterol 
(LDLC) and apolipoprotein B showed reliable 
changes in a year and during 1 year after the last 
menstruation. Such cardiovascular risk factors as 
blood pressure, glucose, insulin, C reactive protein 
and fibrinogen levels were predominantly related 
with age and not with hormonal changes [4]. In this 
study, only follicle-stimulating hormone level as the 
main marker of woman’s reproductive ageing was 
studied. Menopause effect on  lipid levels is also 
confirmed in the paper by Reddy Kilim S [5].  

Results of studies investigating the relation 
between endogenous sex hormone levels and 
cardiovascular pathology, first of all coronary heart 
disease, are rather contradictory. Thus, no relation 
between estrone levels and the risk of coronary heart 
disease was found [6]. Besides, another study has 
shown the trend to higher mortality rate from 
coronary heart disease in women with lower estrone 
level. Besides, patients with higher estrone level had 

lower body weight, essential hypertension and 
diabetes mellitus were less frequent in them, and 
triglyceride level was lower as well [7]. The study by 
Jeon G.H. has proven lower coronary calcium level 
(coronary artery calcium score) in patients with 
higher estradiol level; this relation was independent 
of age and other risk factors [8]. At the same time, it 
was shown that higher estradiol level in elderly 
women is a coronary heart disease risk factor [9]. The 
study by He H. has established that low 
estradiol/progesterone and estradiol/testosterone 
ratios in women are coronary atherosclerosis 
predictors in them [10]. Positive relation between 
free endogenous testosterone levels and coronary 
heart disease was shown [11, 12]. The study by 
Haring R., et al. has shown positive relation between 
prolactin level and cardiovascular mortality [13]. In 
female patients aged 70 years old, relation between 
cardiovascular pathology and low pregnenolone, 17-
hydroxypregnenolone, and dihydroepiandrosterone 
levels has been found [14]. Lower progesterone 
levels were detected in young women after 
myocardial infarction, leading sedentary lifestyle and 
suffering from obesity [15]. The above papers, as 
well as other studies investigating the role of sex 
steroids in cardiovascular pathology development, 
rarely describe essentiality of age-dependent changes 
data. Effects of one or other hormones may greatly 
vary in different age groups. 
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The goal of this work was establishing the 
effect of age, sex hormones and aldosterone on 
cardiovascular risk in perimenopausal women. 

 
Materials and methods 

Cross-sectional study with participation of 
160 perimenopausal women was conducted. All 
patients were examined by gynecologist for exclusion 
of genital diseases and confirmation of natural 
perimenopause nature. 

Patients with coronary heart disease, cardiac 
failure, severe arterial hypertension (arterial pressure 
180/110 mm Hg), thyroidal hormone producing 
function disorders, gastric and duodenal ulcerative 
disease, diseases limiting the life span to 1 year, 
menopause duration exceeding 5 years, and surgical 
menopause were excluded from the study. Patients 
received no therapy prior to exclusion to the study. 

Total cholesterol, low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein (HDL) 
cholesterol, and triglycerides (TG) were measured by 
enzymatic method using a photometer-analyzer 
Humareader N 2106-1709. 

Follicle-stimulating hormone (FSH) serum 
content was tested by enzyme-linked immunoassay 
using a set of reagents Gonadotropin IFA-FSH from 
Alkor Bio Company LLC. PROGESTERONE-IFA 
from KHEMA LLC was used for progesterone test, 
PROLACTIN-IFA from KHEMA LLC was used for 
prolactin test, and TESTOSTERONE-IFA from 
KHEMA LLC was used for testosterone test. 
Estradiol was tested using Estradiol ELISA kit from 
DRG Instruments GmbH. Plasma aldosterone content 
was tested using a set of reagents Aldosteron ELISA 
from DRG International Inc. Semi-automatic 
immunoenzyme analyzer Іmmunochem-2100 was 
used for the test. 

Cardiovascular risk was calculated for all 
patients using SCORE and relative SCORE system. 

The study protocol was approved by local 
ethics commission of L.T. Malaya National Institute 
of Therapy of Ukraine. The aim of the study was 
explained to all patients and informed consent was 
signed before any study related procedures.  

SPSS 21 for Windows PC software was 
used for statistical data processing. Principle 
component factor analysis was used to identify 
hormonal and age influence on SCORE. Variables 
with the strongest lоаdings on the most significant 
principal component were selected.  
 
Results 

Table 1 shows characteristics of examined 
population of women.  
 

Table 1. Baseline characteristics of studied 
population 
Characteristic  
Age, years, Median [25%-75%] 51,5 [47,0 – 

59,0] 
Body mass index, kg/m2, Median 
[25%-75%] 

28,0 [25,8 – 
31,6] 

Age of menopause, years, 
Median [25%-75%] 

50,0 [47,5 – 
52,7] 

Systolic blood pressure, mm Hg, 
Median [25%-75%] 

72,0 [62,5 – 
80,5] 

Diastolic blood pressure, mm Hg, 
Median [25%-75%] 

130,0 [110,0 – 
142,0] 

Heart rate, beats per minutes, 
Median [25%-75%] 

80 [70,0 – 90,0] 

Ejection fraction, %, Median 
[25%-75%] 

63,0 [58,7 – 
66,0] 

Total Cholesterol, mmol/l, 
Median [25%-75%] 

5,23[4,52-5,81] 

Triglycerides, mmol/l, Median 
[25%-75%] 

1,21[0,89-1,71] 

LDL Cholesterol, mmol/l, 
Median [25%-75%] 

3,16[2,45-3,64] 

HDL Cholesterol, mmol/l, 
Median [25%-75%] 

1,26[1,07-1,52] 

Prolactin, mmol/l, Median [25%-
75%] 

208,03[160,65-
286,76] 

Testosterone, mmol/l, Median 
[25%-75%] 

0,48 [0,33-0,69] 

Progesterone, nmol/l, Median 
[25%-75%] 

3,46 [2,52-4,37] 

Estradiol, pg/ml, Median [25%-
75%] 

50,85 [33,84-
123,66] 

FSH IU/l, Median [25%-75%] 33,15 [10,03 – 
62,9] 

Aldosterone, pg/ml, Median 
[25%-75%] 

171,1[142,65-
343,62] 

Smoking, n (%) 35 (21,9%) 
Diabetes mellitus, n (%) 35 (21,9%) 
Hypertension, n (%) 104,9 (65,6%) 
Heart failure,  
I functional class,   NYHA, n (%) 
II functional class,  NYHA, n (%) 
III functional class, NYHA, n (%) 

 
33 (20,6%) 
51 (31,87%) 
12 (7,5%) 

Hot flashes, n (%) 94 (58,8%) 
 
Majority of the women in the study has low 

to moderate cardiovascular risk. Median SCORE was 
1%; the minimal value for the whole group was 0 
points, and the maximal one was 5 points. Besides, 
relative SCORE parameter was calculated; its median 
for the whole group was 2%, the minimal value was 0 
points, and the maximal value was 7 points (Fig. 1 а, 
b). 
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Fig 1. SCORE (а) and relative SCORE values (б) 
in studied population. 

 
The following necessary steps were 

performed in order to test the power and statistical 
value of relations between the experimental variables 
“Age”, “Hormones”, and dependent variables 
“Absolute SCORE” and “Relative SCORE”: 

1. Pearson correlation matrices were plotted 
for groups of variables enabling to reduce “Age” 
group of variables and age group classification “Age 
group” to one most significant variable “Age group”, 
and keep using only this variable in the future. 
Analysis of correlation matrices for other variable 
groups does not allow drawing similar conclusions 
(Table 2).  

2. In order to separate significant variables 
in “Hormones” group Principal Component Analysis 
(PCA) was applied. We shall consequently build 
РСА models of effects of “Hormones” group on 
variables of “SCORE” groups with reduction of non-
significant variables from “Hormones” group: 

a. all 6 variables from “Hormones” group 
are used, and hormonal contribution into PCA model 
factors is tabulated (Tab. 3); 

 

Table 2. Correlation matrix of variables included 
in factor analysis (n=160 females) 

 
*p < 0,05 

 
Table 3. Coefficient and variables of factors 

 
Factors loading in bold type are > 0,5 

The most significant factors are recognized, 
and we can reduce “Hormones” group on the account 
of prolactin and estradiol. 

b. reduced group of 4 hormones is used, and 
hormonal contribution into PCA model factors is 
tabulated. 

 
Table 4. Coefficient and variables of factors after 
reduction of prolactin and estradiol 

 
Factors loading in bold type are > 0,5 

The most significant factors are recognized, 
and we can reduce “Hormones” group on the account 
of testosterone. 

c. reduced group of 3 hormones is used, and 
hormonal contribution into PCA model factors is 
tabulated. 

 
Table 5. Coefficients and variables of factors after 
reduction of testosterone 

Hormones Factor 1 Factor 2 Factor 3 

Aldosterone -0.271528 0.963726 -0.067736 

Progesterone 0.588427 0.263048 0.809859 

FSH -0.598387 -0.178636 0.827115 

Factors loading in bold type are > 0,5 
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Further reduction of the group is impossible, 

and we keep aldosterone, progesterone, and FSH for 
further analysis. 

3. Finally, in order to evaluate the power of 
the remaining factors, we plot a joint 3-factor PCA 
model with age consideration: 

 
 

Table 6. Coefficients and variables of 3-factores 
model including age group 

 Factor 1 Factor 2 Factor 3 

Aldosterone -0.438747 0.805223 0.181882 

Progesterone 0.627581 0.435327 -0.644391 

FSH -0.673157 -0.339277 -0.512215 

Age group -0.721478 0.205551 -0.193223 

Factors loading in bold type are > 0,5 
 
 
It can be seen that Factor 1 is mostly 

represented by “age group” parameter and hormones 
progesterone, FSH; Factor 2 is greatly formed due to 
hormone aldosterone; Factor 3 is represented by 
hormones progesterone and FSH. 

The rate of influence of individual hormones 
may be clearly seen from the example of SCORE 
dependency from “age group” and progesterone. 

It can be clearly seen that high progesterone 
level exerts much higher effect on SCORE than 
affiliation to one or another age group. At the same 
time, relation, unlike the effect of “age group” 
variable, has pronounced non-linear nature, which 
becomes more and more apparent with age increase. 
Moreover, for older age group, optimal progesterone 
level may be specified, deviation from which may 
significantly increase SCORE value. 

Thus, the factors were detected, which, 
besides age, may have significant impact on 
cardiovascular risk level in perimenopausal women. 
Such parameters include follicle-stimulating 
hormone, aldosterone and progesterone levels. 

FSH effect on cardiovascular risk factors 
was previously shown in some experimental works. 
Thus, in women with maintained menstrual function, 
higher FSH was associated with formation of 
unfavorable lipid profile. In patients with FSH level 
exceeding 7 IU/l, total cholesterol (TC) and low-
density lipoprotein cholesterol (LDLC) levels on 
menstrual cycle day 3 were reliably higher than those 
in patients with FSH not exceeding 7 IU/l [16]. 
Positive relation was detected between FSH level and 
intima media thickness (IMT) in perimenopausal 
patients; at the same time, no relation between IMT 
and estradiol and testosterone levels was established 

[17]. Relation between FSH level and adventitia 
diameter was found in a large-scale SWAN study, 
which was maintained after data normalizing by 
estradiol level [18]. 

 
 

 

 
Fig. 2 Age and progesterone level effect on 
SCORE parameter (PG - progesteron) 
 
 

Negative aldosterone effect on 
cardiovascular system is well described in literature 
[19, 20].  

Information about progesterone 
cardiovascular effects are rather limited compared to 
the data on endogenous estrogens effects. Available 
studies mostly describe the effects of various 
exogenous progestins within the formulation of 
hormonal replacement therapy. Nevertheless, 
paranephric synthesis of this hormone, besides the 
ovarian one, is known to exist; this one can 
theoretically be activated in the conditions of FSH 
relative hyperproduction. Besides, great similarity 
between progesterone receptors and mineral 
corticoidal and glucocorticoidal receptors has been 
established [21]. Progesterone has been known to 
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possess both glucocorticoidal activity and anti-
mineral corticoidal activity [22, 23]. It should be 
mentioned that progesterone anti-mineral corticoidal 
activity is manifested only provided its level 
conforms to the cycle luteal phase or its level during 
pregnancy [23]. In our study, progesterone levels are 
quite low, conforming either to postmenopausal state 
or cycle follicular phase. 

 
Conclusion 

Aldosterone, follicle-stimulating hormone 
and progesterone levels affect SCORE level in 
perimenopausal women. 
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