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ABSTRACT
The aim: To evaluate the association between estrogen receptor (ESR1) α- Xbal polymorphism with estradiol serum blood level in the patients with premenstrual syndrome.
Materials and methods: 50 women with premenstrual syndrome and 20 controls were examined. The level of estradiol was measured in the blood serum in both phases of
the menstrual cycle by ELISA method. Polymerase chain reaction was used to study ESR1 gene polymorphism (A-351G variant).
Results: The estradiol concentration was similar in two phases of the menstrual cycle between healthy women and patients with premenstrual syndrome. But the more growth
of estradiol in the luteal phase was determined in the persons with premenstrual syndrome. The rate of GG genotype was the largest in women with severe premenstrual
syndrome (χ2=3.52, p=0.06). Also, in the persons with severe premenstrual syndrome who had G allele (GG+AG genotype) the estradiol concentration in the luteal phase of
the menstrual cycle was on 50.00 % (p=0.02) higher compared to carriers of AA genotype. There was no difference in estradiol level between healthy women with GG+AG
genotype and AA genotype.
Conclusions: AG polymorphism of ESR1 gene may be the marker of development of premenstrual syndrome.
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INTRODUCTION

Affecting of women by different symptoms such as psychological (emotional liability, anxiety, irritability etc.) and physical
(oedema, gastrointestinal manifestations, mastalgia, headache,
skin problems etc.) ones in the luteal phase of the menstrual
cycle are usually connected with premenstrual syndrome
(PMS). This syndrome includes medical, psychological and
social problems [1]. The rate of PMS varies in different population groups (12 % of women suffer from PMS in France,
67 % – India, 19 % – Switzerland, 73 % – Spain, 60 % – Brazil,
98 % – Iran [2]) and age (30-75 % of women in reproductive
age [3, 4, 5], 20-81,3 % of girls and adolescents [6, 7, 8], 20-32 %
persons in premenopause [9] have PMS). Also, such dissimilar
frequency of the syndrome depends on the using of different
diagnostic criteria. The most used of them were developed
by American College of Obstetricians and Gynecologists
[10], Royal College of Obstetricians and Gynaecologists [11].
Nowadays the International Society of Premenstrual Disorders
proposed to use new classification and diagnostic standards of
premenstrual disorders [12]. Together with medical problem
of PMS development (complaints of the patients), social factor
of PMS is one of the main features of it. Impairment of quality
of life that manifests by the decrease in daily productivity and
social activity often accompanies such patients [13].
Hormonal disorders especially those which are connected with the female steroid hormones, estrogens and

progesterone, form the main theory of the development
of PMS. Neuromediators such as serotonin, dopamine,
the monoamine oxidase influence on the forming of the
psychological manifestations of this syndrome. Insufficiency of some vitamins (D [14, 15], B1 [16]), microelements (calcium [15], zinc [17]) may have the attribute in
the genesis of this pathology. Substantially the studies of
their effectiveness are based on the positive effect with an
additional intake.
Genetic contribution in the description of the details
of PMS development is based commonly on the results
of the family anamnesis [18]. Nowadays the role of gene
polymorphism is not very clear. The fact is that the presence
of the numerous clinical manifestations is connected with
different pathogenetic development mechanisms related to
dissimilar regulatory systems.
Aim of the study is to evaluate the association between
estrogen receptor (ESR1) α- Xbal polymorphism with
estradiol serum blood level in the patients with premenstrual syndrome.

THE AIM

The aim was to evaluate the association between estrogen
receptor (ESR1) α- Xbal polymorphism with estradiol serum
blood level in the patients with premenstrual syndrome.
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MATERIALS AND METHODS

50 women in reproductive age with PMS formed the basic
group, 25 of them had mild form of the syndrome (I subgroup), 25 – severe one (II subgroup). The diagnosis of PMS
was put according to the recommendations of the Order
No 676 of the Ministry of Health of Ukraine [19]. Mild PMS
is the presence of 3-4 symptoms in the luteal phase of the
menstrual cycle in 2-10 days before menstruation, 1-2 of them
are the most pronounced; severe PMS is the presence of 5-12
symptoms in the luteal phase of the menstrual cycle in 3-14
days before menstruation, 3-4 of them are most pronounced.
20 women in reproductive age without PMS were controls.
Inclusion criteria: reproductive age (18-44 years), regular
menstrual cycles, the presence of PMS, written consent of
the patient. Exclusion criteria: pregnancy, lactation, disorders
of menstrual cycle, focal lesions of breast, abnormal uterine
bleeding of unknown etiology, acute inflammation of pelvic
organs, tumors of uterus and ovaries of unknown etiology, endometrial hyperplasia, genital endometriosis, severe somatic
pathology in the history, organic pathology of central nervous
system, mental illness, hormonal tumors, diabetes mellitus,
adrenal diseases, thyroid pathology, malignant tumors in the
present or in anamnesis, premenstrual dysphoric disorder,
women who took psychotropic medications or hormonal
therapy within the last 3 months. The clіnіcal study was carried
out in Ivano-Frankivsk Clinical Maternity Hospital (Ukraine).
The level of estradiol was determined on the 5th-7th and
18th-22d days of the menstrual cycle by ELISA method. The
polymorphism of the gene was studied in the Department
of Medical Genetics, Shupyk National Medical Academy of Postgraduate Education (Kyiv) in the peripheral
blood, which was collected into tubes with ethylenediaminetetraacetic acid in amount of 2.7 ml. Deoxyribonucleic acid was extracted using commercial set “ДНКсорб-В” (Central Research Institute of Epidemiology, Russia) according to the instruction. Then polymerase chain
reaction was done by “Fermentas” reagents (Lithuania) in
the thermocycler «FlexCycler» (Analytik Jena, Germany).
Restriction fragment length polymorphism was performed
for study A-351G variant of ESR1 gene. The amplification
products of the A-351G fragments were hydrolytically
digested using the restriction endonuclease Xbal. The
results of the restriction fragment length polymorphism
were taken into account by conducting the electrophoresis
of the resulting fragments in 2 % agarose gel (Fermentas
agarose) with the addition of ethidium bromide and subsequent visualization using the Vitran computer system.
The statistical data were calculated in program Statistica
6.0. We used descriptive statistics (arithmetic mean value,
average standard error), nonparametric statistics – Wilcoxon and Mann-Whitney tests; criterion χ2 (Yates corrected
Chi-square), odds ratio (OR), confidence interval (CI).

RESULTS

There was no significant difference in the average age of
persons in the control (27.16±1.09 years) and the basic
groups (29.42±0.84 years). Gynecological pathology was
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typical as for healthy women (21 (84.0 %)) as for patients
with PMS (46 (92.0 %)). In anamnesis 42 persons with
PMS (84.0 %) and 15 control women (60.0 %) suffered
from the inflammatory processes of the appendages
(χ2=4.03, р=0.045; OR=3.50, 95% СІ 1.16-10.52, p=0.03),
23 (46.0 %) and 11 (44.0 %) women respectively – from
the inflammatory diseases of low genital tract, 5 (10.0 %)
and 3 (12.0 %) persons had ovarian cysts, 15 (30.0 %) and
7 (28.0 %) – disorders of menstrual cycle, 1 (2.0 %) and
1 (4.0 %) – infertility. The first premenstrual symptoms
occurred in the analogous period in women with mild
(22.88±0.99 years) and severe PMS (23.04±1.12 years).
There was no statistical difference in the levels of estradiol in blood serum in two phases of the menstrual cycle
between controls and women with PMS (table 1). The
concentration of estradiol increased in the luteal phase
compared to the follicular one in all groups of women. But
we found that the more growth of estradiol amount in the
luteal phase compared to the follicular phase was in the
patients with PMS than in healthy individuals. Thus, the
rise of this hormone between two menstrual phases was
on 45.83 % in control group (p=0.002) and on 56.52 %
(p=0.01) in the basic group (59.09 % – I subgroup
(p<0.001), 58.33 % – II subgroup (p<0.001)).
The distribution of the AG polymorphism of ESR1 gene
demonstrated that the majority of the persons in the basic
(40.00 %) and control (60.00 %) groups were the carriers
of AG genotype (table 2). GG genotype was found in 4.4
times more often in the patients with PMS than in controls
(χ2=1.83, p=0.18, OR=5.36, 95 % CI=0.64-44.62, p=0.17).
But in the II subgroup the individuals with AA genotype
(44.00 %) slightly predominated above persons with other
genotypes (GG and AG) in this group. However, in the II
subgroup the number of women with GG genotype was
the largest compared to other groups and the frequency of
patients with GG genotype was in 6.4 times more often
than in control group (χ2=3.52, p=0.06, OR=8.94, 95 %
CI=1.01-79.05, p=0.049).
The study of the concentration of estradiol in relationship
with genotype demonstrated that the levels of this hormone
in the women with GG genotype in the basic group in two
phases of the menstrual cycle were higher than in women
with GG genotype in the control group but the data are
not statistically significant because only one control person
had GG genotype (table 3). A particularly pronounced
tendency for the increased estradiol levels in women with
the GG genotype was observed in the individuals with the
severe form of PMS compared to controls. The persons in
the II subgroup in the follicular phase had the increased
estradiol level on 35.00 % (p=0.09) higher, in the luteal
phase – on 50.00 % (p=0.04) than the individuals with AA
genotype in this subgroup.
In healthy women the estradiol level in the luteal phase
of the menstrual cycle was similar in the carriers of G allele
(GG + AG genotypes) compared to the carriers of only A
allele (AA genotype) (table 4). In contrast, in the patients
with PMS who are carriers of GG and AG genotypes there
was a tendency in the luteal phase for an increased concen-
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Table I. The level of estradiol in two phases of the menstrual cycle in women with premenstrual syndrome and controls, nmol/l
Group

Follicular phase

Luteal phase

Control group, n=20

0.24±0.02

0.35±0.04*

Basic group (total PMS), n=50

0.23±0.01

0.36±0.02*

I subgroup (mild PMS), n=25

0.22±0.02

0.35±0.03*

II subgroup (severe PMS), n=25

0.24±0.02

0.38±0.03*

Note: * – significance of difference of indicators between follicular and luteal phases (p<0.05)
Table II. Distribution of genotypes of AG polymorphism ESR1 gene in women with premenstrual syndrome and controls
Group

GG genotype

AG genotype

AA genotype

Abs

%

Abs

%

Abs

%

Control group, n=20

1

5.00

12

60.00

7

35.00

Basic group (total PMS), n=50

11

22.00

20

40.00

19

38.00

I subgroup (mild PMS), n=25

2

12.00

14

56.00

8

32.00

II subgroup (severe PMS), n=25

8

32.00

6

24.00

11

44.00

Table III. The level of estradiol in two phases of the menstrual cycle depending on AG polymorphism ESR1 gene in women with premenstrual syndrome
and controls, nmol/l
Group

Menstrual phase

GG genotype

AG genotype

AA genotype

Control group, n=20

Follicular
Luteal

0.11
0.21

0.25±0.03
0.38±0.06

0.24±0.03
0.34±0.07

Basic group (total PMS), n=50

Follicular
Luteal

0.24±0.03
0.39±0.05

0.23±0.01
0.40±0.04

0.22±0.02
0.31±0.03

I subgroup (mild PMS), n=25

Follicular
Luteal

0.17±0.01
0.25±0.02

0.22±0.01
0.38±0.05

0.24±0.04
0.33±0.06

II subgroup (severe PMS), n=25

Follicular
Luteal

0.27±0.03
0.45±0.06

0.27±0.03
0.45±0.08

0.20±0.01
0.30±0.03

Table IV. Estradiol level in blood serum in the luteal phase of the menstrual cycle depending on AG polymorphism ESR1 gene in women with premenstrual
syndrome and controls
Group

GG+AG genotype

AA genotype

Control group, n=20

0.36±0.06

0.34±0.07

Basic group (total PMS), n=50

0.40±0.03

0.31±0.03

I subgroup (mild PMS), n=25

0.36±0.04

0.33±0.06

II subgroup (severe PMS), n=25

0.45±0.05

0.30±0.03

tration of estradiol in the blood on 29.03 % compared with
individuals with AA genotype. A significant difference in
hormone concentration between the carriers of the G allele
and carriers of only A allele was found in the persons with
the severe form of PMS – by 50.00 % (p=0.02).

DISCUSSION

It is known that the psychological manifestations are
typical for patients with PMS. They include increased
anger level [20], neuroticism [21], depression [22] and
other affective disorders [23]. Commonly such symptoms
are connected with the hormonal processes. Estrogens
and progesterone hormones are produced in the ovaries
and brains, so, they affect as neurosteroids. That is why
estradiol may contribute to the formation of affective dis-

orders [22]. The greater role in the pathogenesis of PMS is
usually associated with metabolites of progesterone (allopregnanolone) and its influence on gamma-aminobutyric
acid receptors, so it has the meaning in the mood and
affective processes [24]. Ordinarily, there is no statistical
significance in the level of estradiol and progesterone in
blood serum during the menstrual cycle between patients
with PMS and healthy women [24]. Today there is the
opinion that the hypersensitivity of the organisms to the
female steroid hormones may explain the reaction of organisms to their changes during the menstrual cycle on
the background of normal hormonal concentration [25].
Itsekson AM et al. found the positive correlation between
skin sensitivity to progesterone and estrogens and PMS
and the authors proposed desensitization procedure to
relive the severity of clinical manifestation of the syn2583
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drome [26]. Besides this, the cytokine factors can lead
to different mood problems [27]. Thus, it was found that
IL-1β, IL-6, IL-8 and IL-10 have correlative connections
with mood states and stress hormones in female soccer
players with PMS [28, 29].
In this study we found no difference in estradiol concentrations in two phases of the menstrual cycle between
control persons and women with PMS that corresponds
with the results of other scientists [24, 30]. But the increase
of this hormone in the luteal phase was more significant in
patients with PMS especially with severe form compared
to healthy individuals. The more rate of GG carriers was
determined in the group of severe PMS persons (32.0
% versus 5.0 % of controls). Besides this our results also
confirm that the persons with G allele (GG+AG genotype)
of have the increase of estradiol level in the luteal phase of
the menstrual cycle compared to the individuals only with
A allele (AA genotype). Also in women with severe PMS
this difference was statistically significant. Withal, there
was no difference in estradiol amount in the luteal phase
of the menstrual cycle between the healthy women with
G allele and the healthy individuals with only A allele. Yen
JY et al. studied the estrogen level, emotional symptoms in
the women with the most severe form of PMS – premenstrual dysphoric disorder [27]. The scientists determined
the association between estrogen and increase anxiety. It is
worth to mention that such association and dysfunctional
emotional regulation existed only among the G carriers of
ESR α-Xbal polymorphism.

CONCLUSIONS

In patients with premenstrual syndrome, especially in persons with the severe form, the estradiol level is increased
significantly more in the luteal phase compared to the
follicular one than in healthy women. The rate of individuals with GG genotype is higher in women with severe
premenstrual syndrome. The estradiol level in the luteal
phase of the menstrual cycle is increased in the persons
with severe premenstrual syndrome who are the carriers
of G allele compared to the carriers of A allele. Thus, AG
polymorphism of ESR1 gene may be the marker of development of premenstrual syndrome.
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