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Premenstrual disorders remain one of the most prevalent pathologies in women all over the world. The core disorders —
premenstrual syndrome (PMS) and premenstrual dysphoric disorder — predominate in women of reproductive age. Also,
there are four variants of premenstrual disorders — premenstrual exacerbation, premenstrual disorders due to nonovula-
tory ovarian activity, progestogen-induced premenstrual disorders, premenstrual disorders with absent menstruation.
Recently, the prevalence of any premenstrual disorder is up to 87% in female population.

In this article some mechanisms that are involved in the pathogenesis of PMS are presented. The fluctuations of different hor-
mones (namely, estradiol, progesterone, testosterone, etc.) and not normal response of the central nervous system to such vari-
ations can lead to psychological changes. Serotonin, serotonin transporter, gamma amonibutyric acid are involved in the mecha-
nisms of mood disorders. Genetic factor is studied in different woman’s reproductive diseases. Gene polymorphism of SERT,
COMT, MAOA, BDNF, ESR1 and ESR?2 genes were studied most often in PMS development. One of the subtypes of premenstrual
disorders is premenstrual exacerbation, when clinical manifestations of underlying diseases are expressed more before menstrua-
tion. Special attention is paid to the association of metabolic syndrome, overweight, obesity with premenstrual syndrome. There
is a negative impact of these diseases of the regulation of menstrual cycle processes — early menarche onset, abnormal uterine
bleeding (irregular periods, heavy menstrual bleeding or amenorrhea), hyperandrogenism, low concentration of sex steroid-
binding globulin. It was found that the frequency of PMS in overweight and obese women is almost twice higher than in normal
weight women. Women with metabolic syndrome who suffer from PMS have poor sleep quality, they are more depressive and
anxiety. The most common association of gene between obesity, diabetes mellitus and PMS is related to angiotensin converting
enzyme gene and its I/D polymorphism, however, the results of such relationship are controversial. It is very important the for
different medical professionals to understand the manifestations of premenstrual disorders and prescribe to the patients not only
medicament treatment, but also perform for them psychological support and give recommendations about lifestyle changes.
Keywords: premenstrual syndrome, etiology, pathogenesis, hormones, genes, quality of life, metabolic syndrome, obesity, diabe-
tes mellitus, microbiota.

AKTyanbHi NTUTaHHA MeXaHIi3MIiB PO3BUTKY NepeaMeHCTpyasibHUX po3nagis
I. O. KocTiubka, H. M. )XepaboBa, A. 1. lNaBnsik, B. A. Micbkis, Y. M. flyt4ak, O. B. AHTumuc,
J1. b. baraiiniok, M. M. IBaHiak

[TepenmencTpyanbHi po3maay 3alUIIAIOTECS OFHIEIO 3 HANTIOMIMPEHINTIX TaTOJOTiH y JKiHOK Y BchoMy CBiTi. OCHOBHI Te-
peMEHCTpYaIbHI po3saan — nepeamercrpyanbunii cungpom (IIMC) i nepenmencrpyanbHuii anchopruuHmii po3saj — nepe-
Ba)KAIOTb y KIHOK PEIpOLYKTUBHOTO BiKY. TaKOXX PO3Pi3HAIOTH YOTHUPHU IITUIIN TIEePEIMEHCTPYAIbHUX PO3JIa/liB: MepeMeH-
CTpyaJsIbHE 3aroCTPeHHsI (HOHOBOTO 3aXBOPIOBAHHS, HEOBYJIATOPHUI HepeAMEHCTPYAIbHNIN PO3Jiajl, IIPOrecTepoH-1HyKOBAaHUH
Hepe/IMEHCTPYAJIbHUI PO3JIaJl Ta TepeIMEHCTPYaabHi PO3JIan 3 BiACYTHICTIO MeHcTpyartii. OCcTaHHIM 4acoM TOIIMPEHICTh
Gy/ib-sIKOTO TIEPEIMEHCTPYAILHOIO PO3JIajly CTAHOBUTH 10 87% cepell sKiHOYOI IOy JIsIIii.

VY mift cTarTi omcano MexaHi3Mu, siki 6epyTh yuacth y matoreresi [IMC. KosmBanms pisHrx TOPMOHIB (30KpeMa ecTpaIiosy,
IIPOTeCTEPOHY, TeCTOCTEPOHY Ta iH.) i HEeHOpPMaJIbHa Peakllisl 1eHTPaJbHOI HEPBOBOI CUCTEMH Ha TaKi KOJIMBAHHS MOXKYTH IIPH-
3BECTH JIO NICUXOJIOrTUHNX 3MiH. CepPOTOHIH, TPAHCIIOPTED CEPOTOHIHY, FTAMMA-aMOHIMAC/ISIHA KICJIOTa OePyTh y4acTh y MeXaHi3Max
poanaziB HacTpoio. [eneTnunnii hakTop BUBUEHO TP PI3HNX 3aXBOPIOBAHHIX PEMPOAYKTUBHOI crcTeMu *Kinku. Hattuacrime mo-
caipryBam nosimopdiam redis SERT, COMT, MAOA, BDNF, ESR1 ta ESR2 nipu possutky [IMC. OznHuM i3 migTuriiB nepeamMen-
CTPYaJIbHUX PO3JIAJIIB € Tepe/MeHCTpyalibHe 3arocTpeHHsl (JOHOBOTO 3aXBOPIOBAHHS, KOJIU TIepejl MEHCTPYAILEI0 Bi/I3BHAYAIOTBCS
GBI BUpaskeHi KIHIYHI TIPOSIBA OCHOBHOTO 3axBopioBaHs. OcoOMMBY yBary NMPUJIJIEHO acoriarii MeTaboiuHOrO CHHAPOMY,
Ha/IMIpHOI Bary, OXKHUPIHHA 3 MepeIMeHCTPYATIbHUM CUHAPOMOM. BcTaHOB/IEHO HeraTWBHUI BIIMB IIMX 3aXBOPIOBAaHb HA pery-
JISITIIIO TIPOIIECiB MEHCTPYAJIBHOTO TIMKJTY — PAHHE HACTAHHST MeHApXe, aHOMAJIbHI MATKOBI KPOBOTedi (HeperysipHi MeHCTpYallii,
PpsicHI MeHCTpyasibHi KpoBoTedi abo ameHopest), rillepaH/IporeHist, HU3bKa KOHIIEHTpAIlis TJI00YJIiHY, 110 3B’3y€ CTaTeBi CTEPOI/IN.
Busisreno, 1o yacrora [IMC y :kiHOK i3 3aiiBOIO Baroko ta OKUPIHHAM Maiike B/IBIUil BUIIA, HI3K Y JKiHOK i3 HOPMaJIbHOIO BAroio.
JKiHKM 3 MeTabOIYHIM CHHIPOMOM, SIKi cTpaaaioTh Ha [IMC, MatoTh He3aM0BiIbHY SKICTh CHY, BOHH OLJIBII AETPECUBHI Ta TPH-
BoskHi. HalinonmpeHinioro acojiariero Mixx oxkupintsm, iykposum aiaberom i [IMC € reH aHTiOTEH3UHIIEPETBOPIOBAILHOTO (hep-
MEHTy Ta iforo nosiimopdismom I/D, npore pesy/sraTi BUBYEHHS TAKOTO 3B'S3KY € CylepewmBUMUA. MenyHuM npariiBHIKaM
PI3HUX CIIeliaIbHOCTEN /Iy’Ke BaKJINBO PO3YMITH ITPOSBU MEPEAMEHCTPYAIbHUX PO3JIAIB i IPU3HAYATH TIAIIIEHTKAM He TIIbKN
Me/IMKaMeHTO3He JIIKYBaHHS, a 1 3/[IIICHIOBATH TICUXOJIOTIYHA CYTIPOBIJ] Ta HAJIaBaTH PEKOMEHIAII] TI0/I0 3MiHN cnoc06y SKUTTSL.
Knmouosi cnosa: nepeomencmpyanviuil cunopom, emionozis, namozenes, 20pMOoHIL, 2eHIL, SKICTb HCUMMSt, MEMAaOOLIuHULL CUHOPOM,
odcupinis, uyxkposuil diabem, mikpobioma.
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Premenstrual disorders are characterised by somatic
and psychological symptoms of varying severity that
occur during the luteal phase of the menstrual cycle and
dissapear during menstruation [1]. The core types of pre-
menstrual disorders are premenstrual syndrome (PMS)
and premenstrual dysphoric disorder (PMDD) [2]. Be-
sides PMS and PMDD, there are some other variants
of premenstrual disorders — premenstrual exacerbation,
premenstrual disorders due to nonovulatory ovarian ac-
tivity, progestogen-induced premenstrual disorders, pre-
menstrual disorders with absent menstruation [2].

PMS is characterized by physical, behavior and psy-
chological manifestations that occur not due to the organic
diseases or underlying psychiatric pathologies. Symptoms
recur regularly during the luteal phase of each menstrual
cycle and dissolve or significantly regress by the end of
menstruation. The main PMS psychological manifesta-
tions include mood changes, filling of anxiety, depression,
emotional lability, changes in appetite, etc. Among physi-
cal symptoms are breast tenderness, fluid retention, oede-
ma, headache, changes in skin, hair, etc. Some studies indi-
cate that PMS symptoms have almost 80% of women [3].
According to the literature search which was performed
by P. Das and S. Jungari, in Google Scholar, PubMed,
JSTOR, Scopus and Sci Direct databases for the period
2000-2022, the prevalence of any menstrual disorders in
female population account from 3 to 87% [4]. There is a
significant widespread of PMS, which increases from 1990
till 2019 year and estimates from 652.5 million till 956.0
million persons, respectively, that is the rise by 46.5% [5].
The premenstrual symptoms rate (40-71% of women) is
on the second place after dysmenorrhea incidence (46—-76%
of females). While the results of D. Dwivedi et al. notify
the first rank for PMS prevalence (41.63%) compared to
dysmenorrhea (28.29%) [6]. As to the distribution be-
tween physical and psycho-emotional symptoms frequen-
cy, according to C. Franco-Antonio et al. study, which
was performed in women 19-23 years old, the physical
manifestations (92.7%) prevailed over the emotional signs
(55.6%) [7]. Regarding the age period, it was found the
most frequency of PMS among females 20—-29 years old
(46.7%), less rate was established in women 30-39 years
old (38.3%) and 40-49 years (15.0%) [8]. In women aged
20-29 years and 40—49 years psychological signs of anxi-
ety/tension predominated, in 30—39 years old females the
most spread psychological symptoms were irritability and
anger. Commonly, PMS is positively related to stress, sleep
disorders, depression, eating problems, and in the contrary,
sleep disturbance, strength of menstrual pain influence on
intensity of PMS manifestations [9]. The kind of working
activity also impact on the presence and intensity of pre-
menstrual symptoms. The rate of PMS is more in working
women who have higher educational qualification, work
position, career occupation and sexual activity compared
to women with lower quality of life [10].

There is also a great social and economic impact of
PMS on woman'’s life [3, 11]. Premenstrual disorders worth
the daily activity of women (p = 0.039), relationship with
family (p = 0.001) and other persons (p = 0.002) [12]. Ac-
cording to the results of the standardized World Health
Organization Quality of Life (WHOQOL-BREF) ques-
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tionnaire in young women with PMS the lowest quality
of life score was assessed to mental health (p = 0.006),
the highest score — to social relationship (p = 0.002) [13].
The evidences suggest the PMS and PMDD role in the
perinatal depression development, as during pregnancy, as
well in postpartum period [14-16]. The main diagnosis
tool for PMS is the using of different daily questionnaires
for fixations of symptoms.

Behavior changes in women with PMS can be related
to the fluctuations of hormonal levels, genetic predisposi-
tion [3]. Hypothalamic-pituitary-ovarian (HPO) axis is
considered one of the main pathogenetic factors in the
disorders of female reproductive organs. The changes in
the HPO axis function are related to the mood distur-
bances in female organism. Not normal response of the
central nervous system on the variations of neuroactive
steroids hormones that occur during the menstrual cycle
usually leads to mood problems [17, 18]. Ovarian steroids
hormones, estrogen and progesterone vary in different pe-
riods of woman'’s life, as well there are fluctuations of their
concentration in different phases of the menstrual cycle.
These changes of the hormonal levels influence throw the
limbic system on the brans functioning. Numerous re-
searches found the influence of sex steroids hormones on
brain activity, including the mood system [19]. The more
considerable elevation of serum blood estradiol concentra-
tion was determined in women with severe PMS in the
luteal phase of the menstrual cycle compared to the fol-
licle phase. There is more expressed estradiol increasing in
such patients than in healthy individuals [20]. As to the
progesterone, its increasing in the luteal phase compared
to the follicle phase of the menstrual cycle was less than in
healthy women [21, 22]. The results of S. Hashemi et al.
indicate higher prolactin, triglyceride amount in PMS
women compared to controls, while levels of testosterone,
high density lipoprotein and 17-hydroxyprogesterone are
decreased [23]. On another side, it was determined that,
women with PMDD - the severe form of premenstrual
syndrome — commonly have lower estrogen concentration
in the luteal phase of menstrual cycle and women with
depression seem to be related to lower testosterone and
dehydroepiandrosterone sulfate concentrations [24].

The influence of genetic factors for in premenstru-
al disorders development is not fully studied [17, 25].
Gene polymorphism of SERT, COMT, MAOA, BDNF,
ESR1 and ESR2 genes were studied most often. The re-
sults demonstrated not very convinced evidence [25].
The methodology using machine learning algorithms on
the rat models was developed [26]. This model helps to
determine the pathogenetic mechanisms for the mood
changes (anxiety and depression) in rats using ribonu-
cleic acid sequencing and subsequent quantitative poly-
merase chain reaction. 17 main genes were established
for such changes. Different pathologies of female repro-
ductive organs are related to genetic predisposition. The
researches demonstrated the role of ESR7 polymorphism
(PP + Pp genotype) in the dysmenorrhea development
in Korean adolescents, while there was no significant dif-
ference in the glutathione S-transferase mu 1 (GSTMY),
glutathione S-transferase theta 1 (GSTT7), glutathione
S-transferase pi 1 (GSTP7) gens in persons with and
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without dysmenorrhea [27]. Also, an association of ESR7
gene polymorphism was determined with polycystic ova-
ry syndrome. G allele careers for polycystic ovary syn-
drome development odds ratio (OR) = 1.92 (95%), confi-
dence interval (CI) = (1.300-2.859), relative risk = 1.38
(1.130-1.691) p-value < 0.001 [28]. At the same time
Pvull-rs2234693 C > T gene polymorphism of ESR7 gene
has no connection with an increased risk of polycystic
ovary syndrome [28]. The results of other research indi-
cate the role of rs2234693 ESR1 gene not only in hormonal
changes in the polycystic ovary syndrome, but more sig-
nificant in the metabolic disorders, that occur in women
with polycystic ovary syndrome [29]. The evidences sug-
gest that some variants of single nucleotide polymorphisms
of ESRT and ESR2 genes can be diagnosis prediction the
biomarkers of the polycystic ovary syndrome [30]. The as-
sociation of different female reproductive pathologies and
PROGINS gene polymorphism was revealed. The studies
inform about the improved predisposition of PROGINS in
women with polycystic ovary syndrome [31]. The results
of meta-analysis of 25,405 controls and 19,253 female re-
productive cancer cases demonstrated that progesterone
receptor gene Alu insertion and the V660L polymorphism
contained in the PROGINS polymorphism can be asses-
sor reason for female reproductive cancer [32]. There is a
relation of PROGINS gene polymorphism in breast can-
cer [33, 34], fibromyalgia syndrome [35], and no associa-
tion with uterine fibroids [36, 37].

The role of serotonin transporter gene seems to be
one of the first genes to be studied in premenstrual dys-
phoric disorder pathogenesis. Some researchers reject the
influence of serotonin-transporter-linked promoter region
(5-HTTLPR), in particular, the gene that codes for the
serotonin transporter, rs25531 promoter polymorphism, in
PMDD [38]. The studies found that genes from the gam-
ma-aminobutyric acid (GABA) pathway — steroid-5-alpha-
reductase, alpha polypeptide 1 (SRD5A7) and gamma-am-
inobutyric acid receptor subunit alpha-4 (GABRA4) — can
protect against severe premenstrual symptoms [39]. In par-
ticular, the researchers determined that the cytosine/cyto-
sine (C/C) genotype for the SRD5A7 SNP, rs501999 can
defend against the severe premenstrual symptoms. Allo-
pregnanolone (Allo) — a metabolite of progesterone — is
a positive GABA, receptor modulating steroid and has
strong effects. There is a relationship between high Allo
concentration and increased bad mood, disorders of memo-
ry and increased food intake in some human individuals
and pathologies such as PMDD, hepatic encephalopathy
and polycystic ovarian syndrome [40].

The study of different of estrogen gene receptor ESR7
polymorphisms in women with PMS was performed. GG
genotype of A-351G polymorphic variant of gene estrogen
receptor ESRT is associated with severe PMS symptoms
(OR 11.39, 95% CI 1.29-98.89, p = 0.03) and related
to persons with mainly edematous manifestations be-
fore/during menstruation (OR 9.33, 95% CI 1.05-82.78,
p = 0.04) [41, 42]. High serum blood estradiol growth in
the luteal phase of menstrual cycle is more pronounced in
women with severe PMS who are carriers of G allele of
ESR17 gene than in carriers of A allele [20]. At the same
time T-397C polymorphic variant of estrogen receptor
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gene ESR71 was not revealed as a marker for PMS course
and development [43]. The frequency of TT, TC and CC
alleles was statistically similar in premenstrual syndrome
and healthy women. T1T1 genotype of PROGINS gene
was related to a lower blood serum progesterone level in
the luteal phase of the menstrual cycle in PMS women
compared to the healthy women but no association was
revealed between T1T2 genotype and reduced proges-
terone concentration in the luteal phase by PMS com-
pared to healthy women [21, 22].

As it was mentioned, one of the forms of premenstrual
disorders is premenstrual exacerbation. It is a condition
when clinical manifestations are underlying psychological,
somatic or medical pathology and significantly worsen be-
fore menstruation [2]. Such basic and underlying diseases
can be diabetes mellitus, depression, epilepsy, bronchial
asthma, migraine, etc. These patients experience symp-
toms, which are characterized their underlying disease
throughout the menstrual cycle. Thus, a special attention
should be paid to women with metabolic disorders, diabe-
tes mellitus, obesity. There is a negative influence of obe-
sity on the processes of menstrual cycle — early menarche
onset, abnormal uterine bleeding (irregular periods,
heavy menstrual bleeding or amenorrhea), hyperandro-
genism, low concentration of sex steroid-binding globu-
lin (SSBG) [44—47]. Tt was found the morphological and
functional changes in different organs and systems, which
are caused by diabetes mellitus [48—52]. It is known the
impact of obesity, diabetes mellitus on the formation of
cancer of female reproductive organs [53, 54]. Women with
obesity are associated with premenstrual disorders (PMS
and PMDD), polycystic ovary syndrome [55, 56]. Visceral
adiposity, especially in women with central fat accumula-
tion, can support PMS development [57]. Menstrual disor-
ders, in particular, premenstrual syndrome, are typical for
women with overweight and obesity [58]. The frequency
of PMS among women with overweight (32.0%) and obe-
sity I-1T (32.5%) is significantly higher than in women
with normal body weight index (BMT) (13.3%) [58]. The
similar results were received by D. Dwivedi et at. [6].
The researchers found that rate of PMS in overweight
(45.40%) and obese (51.28%) women is almost twice
higher than in normal weight women (26.17%). This
study also informs that underweight persons have the
highest frequency of PMS — 82.98%. However, the results
of M. Mizgier et al. demonstrate that women with normal
body mass index (BMI < 25 kg/m?) have PMS two times
more than women with high BMI > 25 kg/m? [59].

The role of metabolic disorders in PMS syndrome is
confirmed by other studies [47, 60]. P. Sharifan et al.
determined that the excessive use of monounsaturated
fatty acid and young age are more risk factor for severe
PMS (p = 0.041, OR = 23.789, 95% CI for OR: 1.138 and
497.294) while riboflavin intake decrease the severity of
the pathology [47]. Women with metabolic syndrome
who suffer from PMS have poor sleep quality, they are
more depressive and anxiety compared to PMS persons
without metabolic syndrome (p < 0.001) [60]. According
to the results of linear regression every one unit of PMS
score increase the likelihood of metabolic syndrome
growth on 12% (p = 0.033) [23].
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The studies reveled the connection of diabetes mellitus
as a risk factor for PMS (p < 0.001) [61]. The presence of
PMS may strengthen the mechanisms of menstrual cycle
regulation on insulin sensitivity [62]. Other researches in-
form that glucose and insulin resistance concentrations are
less in PMS women in two phases of menstrual cycle than in
healthy subjects [63]. The most common association of gene
between obesity, diabetes mellitus and PMS is related to an-
giotensin converting enzyme (ACE) gene and its I/D poly-
morphism. It is known that angiotensin-converting enzyme
is involved in the processes of regulation of blood pressure,
adipocyte growth, lipids homeostasis. There is a relation-
ship of ACE gene I/D polymorphism with body mass index,
overweight, obesity, waist circumference, dyslipidemia [64],
diabetes mellitus [65, 66]. On the other side, there is insig-
nificant relation of ID polymorphism in Chinese patients
with diabetes mellitus type 2 [67]. Also, E E Pirozzi et al.
did not find any association between 2 type diabetes melli-
tus, obesity, and angiotensin-converting enzyme gene inser-
tion/deletion (I/D) [68], and the results of D. E Lelis et al.
demonstrated no relationship between overweight, obesity
and ACE gene polymorphisms [69]. The increased risk of
severe PMS has the women with DD genotype ACE gene
(OR = 3.43,95% CI 1.02-11.47, p = 0.045) [70].

Additionally, it is known about the association be-
tween obesity, diabetes mellitus and gut microbiota
changes [71]. Also, the association of microbiota changes
and some other hormonal gynecological diseases was de-
termined [56, 72, 73]. As to the relation of microbiota
features with PMS it was found a difference in beta di-
versity for the gut microbiota between PMS women and
controls [74]. The researchers determined reduction of Ex-
tibacter, Butyricicoccus, Megasphaera, and Parabacteroides
and increase in Anaerotaenia in women with PMS. Also,
the results of other study demonstrate that the abun-
dances of Collinsella, Bifidobacterium, and Blautia were
significantly higher compared woman without PMS [75].
Namely, abundance of Collinsella increased almost 4.5

times relative to controls. The group of researchers Y. Yao
et al. revealed that among 119 kinds of gut microbiota
and 4 kinds of clinical phenotypes only Escherichia/Shi-
gella (p = 0.00032, positive false discovery rate = 0.0382,
OR = 1.004, 95% CI = 1.002—1.006) is associated with
menstrual disorders [76]. According to some studies a
positive effect on premenstrual manifestations treatment
was observed using different supplements and medications
which influence on gut microbiota [77, 78].

Not only gynecologists but also general physicians meet
in their practice with PMS patients. Mostly, general phy-
sicians have good experience for premenstrual syndrome
treatment. They give lifestyle advices, psychological care
for such patients and prescribe oral contraceptives. The
study of E. L. Funnell et al. demonstrated that among
339 women with PMS who visited doctor for the medi-
cal help, almost half of them (44.25%) reported that their
symptoms were not taken seriously by doctors, and most
patients were not recommended about lifestyle changes,
receiving recommendations of non-formal sources of help;
according to survey’s results, better results of medical
help were connected when healthcare professionals taking
symptoms seriously, and give recommendations about life-
style changes [79]. But, sometimes more training programs
for better diagnosis and professional medical care for pa-
tients with PMS are necessary [80]. Additionally, the in-
formation about the PMS symptoms should be given as
early as possible, even to the adolescents [11].

Thus, premenstrual syndrome remains the relevant
medical and social problem. In recent years new mecha-
nisms of its development were determined. The associa-
tion of premenstrual disorders with metabolic conditions
extremely impact of each other course and lead to more
severe manifestations. It is very important the for different
medical professionals to understand the manifestations of
premenstrual disorders and prescribe to the patients not
only medicament treatment, but also perform psychological
support and give recommendations about lifestyle changes.
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