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AHHOTAIIUA

MuoMa MaTKH IIpeJICTaBIIAeT cOO0H caMyIo PaCcIIPOCTPaHEHHYIO 106POKAaYeCTBEHHYI0O MOHOKJIOHAIBHYIO OITyXOJIb y THHE-
KOJIOTHYECKHX [TalMeHTOK. /lTaHHOoe 3a00JIeBaHIe UMEET BBICOKYIO COIMAIBHYIO U 9KOHOMUYECKYIO 3HAUNMOCTD, CHUKAS
Ka4yeCTBO KU3HU, TPYIOCIOCOOHOCTh U PENPOYKTHUBHBIN MTOTEHI[UAJ B *JKEHCKOU MOMYJIAINY, SBJISSICh HAUOO0JIee 4acToi
[IPUYMHOM T'MCTEPIKTOMUY B MUpe. B HacTosiiee BpeMsi IIPOBO/IUTCS IOUCK HOBBIX (DaKTOPOB, BIUSIOUINX HA BOSHUKHO-
BEHUE U POCT MHOMATO3HBIX Y3JI0B. BMecTe ¢ TeM maToreHe3 MHOMBI MAaTKU U ITOJIHBIH CIIEKTP BO3MOXKHBIX IPUYMH Pas3-
JINYHOTO TEYEHUs OIYXOJIEBOTO POCTA OCTAETCSI HEBBISICHEHHBIM. B mmocsieiHMe rofbl Bce OOJIbINE UCCIEA0BAHUNA YKA3hI-
BAIOT HA 3HAYHUMYIO POJIb )KUPOBOH TKAHH U MPOAYIIUPYMBIX €10 aJJUIIOKUHOB B PAa3BUTHH MUOMATO3HBIX y3J10B. OCOOEHHO
B)KHBIM ITIOUCK ITOOOHBIX KOPPEJISIIIUN CTAHOBUTCS B YCJIOBUSAX SIIHUJIEMUN OXKUPEHUS B Pa3BUTHIX cTpaHax. Hacrosimumii
0030p CyMMUPYET JaHHbIE CYIIECTBYIOIINX UCCIIe0BAHNM, IPECTaBIeHHbIX HA IuTaTdopMax PubMed, Scopus, eLIBRARY,
CyberLeninka, B KOTOPBIX H3yJasioch BIUSHUIE OKUPEHUS Ha 00pa30BaHNE HOBBIX U POCT CYIIECTBYIOIINX MUOMATO3HBIX
Y3JI0B.
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The role of obesity in the pathogenesis of uterine leiomyoma
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ABSTRACT

Uterine fibroids are the most common benign monoclonal tumors in gynecological patients. This disease has a high social
and economic significance, as it reduces quality of life, work capacity, and reproductive potential in women, and is the most
common cause of hysterectomy worldwide. Currently, ongoing research is aimed at identifying new factors influencing the
tumorigenesis and growth of fibroid nodules. However, the pathogenesis of uterine fibroids and the full range of causes
underlying the variability in tumor growth remain insufficiently understood. In recent years, increasing evidence has high-
lighted the significant role of adipose tissue and the adipokines it produces in the development of uterine fibroids. The
search for such correlations is particularly relevant in the context of the obesity epidemic in developed countries. In this
context, we reviewed existing studies available on platforms such as PubMed, Scopus, eLIBRARY, and Cyberleninka, which
reflect current understanding of the influence of obesity on the formation and growth of uterine fibroids.
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BBEJAEHHNE

OskupeHue mpecTaBiseT cob0i oHy 13 Haubo-
Jiee 3HAYMMBIX ITPO0OJIEM 3/IpABOOXPAHEHHUS B COBpE-
MeHHOM wmupe. Ilo JaHHBIM Ha 2022 T. OKOJIO
890 MJIH B3POCJIBIX JIIO/IEN B MUPE CTPAJIAI0T OXKHPe-
HHEM, a OoJiee 2,5 MJIpJ UMEIOT U30BITOYHYIO MacCy
TeJIa, YTO COCTABJISET OKOJIO 43 % B3POCJIOTO Hace-
seHusi wiaHeTbl. C 1990 T. pacIpOCTPaHEHHOCTh
OKUpeHus yaBowsack [1, 2]. IIporHossl MOKasbI-
BAIOT, YTO K 2050 T. OoJjiee IOJIOBUHBI B3POCJIOTO
HaceJIEHUs U TPETH JieTeli Oy/IyT UMeTh U30BITOUHYIO
Maccy Teja Wi oxkupeHwe [3, 4]. B Poccum, mmo
pesyJsibTaTaM HAIlMOHAJIBHBIX HCCJIEIOBAHUM, OXKHU-
PEeHMEM CTPaJIaloT JI0 30 % B3POCJIOTO HACEIEHUS, a
JIOJIsI JIWI] ¢ U30BITOYHOM MAaCCOM Tejla COCTaBJISIET
55,5 % [5].

BMmecre ¢ TeM HEYKJIOHHO PacTyT U IIOKa3aTeTu
3abosieBaemMocTd MuoMoi maTku. C 1990 110 2019 T.
1o0ayibHasl CTaHJAPTU3UPOBAaHHAs II0 BO3PaCTy
3a0b0JieBa€MOCTh MHOMOM MAaTK{ YBeJIHMYWJIach Ha
6,87 % — ¢ 225,67 110 241,18 Ha 100 000 HaceJeHUs].
B 2019 r. camast BbICOKasi periOHaIbHAsI CTaHIapTH-
3MPOBaHHAsA 10 BO3pacTy 3a00JIeBaEMOCTh MHUOMOM
MaTKH HaOsoganack B Bocrounoit Erpore (582,03
Ha 100 000 HaceJIeHUs1), CPeAu CTPaH Ha IIePBOM
MecTe okaszasach JlatBus (667,14 Ha 100 000 Hace-
JeHus1), Aagee ciaeAyiorT Poccutickas ®emepanus
(586,64 Ha 100 000 HacesieHUs1) U YKpauHa (578,21
Ha 100 000 Hacenenus) [3].

VuurtbiBasg OOIIYI0 TEHEHIMIO POCTa PacIpo-
CTPAaHEHHOCTH KaK OKUPEHUsI, TAaK 1 MUOMbBI MaTKH,
KCC/IeJOBAaHHE IIaTOTEHETUYECKUX B3aMMOCBI3eH
MEK/IYy STUMH COCTOSHHSIMHU MPHOOPETaeT 0coOyro
akTyasbHOCTb. COBpeMeHHbIe pabOThI BCe Yallle yKa-
3BIBAIOT HA BJIMSTHUE JKUPOBOU TKAHU U aJTUTIOKUHOB
Ha (opMHUpOBaHHWE M POCT MUOMATO3HBIX Y3JIOB.
B Hacrosmmem o0030pe MbI MOIBITAIACH CYMMHUPO-
BaTh UMeEIOIIHECs JaHHBIE O POJIU OKHPEHUS B IIATO-
reHese MUOMBI MaTKH [6].

O KNPEHHE KAK ®AKTOP PHICKA
MUWOMBI MATKHA

CyILIEeCTBYIOT JIOKa3aTeJIbCTBA, IIO/ATBEPIK/IA0-
II[He 3HAYUMOCTh OKUPEHUSI JJIs1 PETTPOYKTHBHOTO
310poBbsA keHITUH. CooOIaerci O HECKOJIbKUX
MeXaHU3Max ero BIUSHUA, OUH U3 KOTOPHIX Mpe-
cTaBJiAeT coO0H DH/IOKPUHHYIO PEAKIIHIO, IIPH KOTO-
poii o6pazoBaHme N30BITOYHON JKHPOBOU TKAHU YBe-
JINYUBAET TpeBpallleHre TUPKYJIUPYIOIIUX aHJIPO-
TeHOB B acTporeHbl. Ilpeamosaraercs, dYTO
MOBBIIIIEHHOE TPe0Opa3oBaHKe HAAIIOUYEUYHUKOBBIX
aH/IPOTEHOB B ACTPOTEHBI JKUPOBOH TKAHBIO CIIOCOO-
CTBYeT BO3HUKHOBEHHIO U POCTY MHOMATO3HBIX

INTRODUCTION

Obesity is one of the most significant public health
problems in the modern world. As of 2022, approxi-
mately 890 mln adults worldwide were obese, and
more than 2,5 bln were overweight, which is equal to
approximately 43% of the global adult population.
Since 1990, the prevalence of obesity has doubled
[1, 2]. As per estimates, by 2050, more than a half of
the adult population and a third of children will be
overweight or obese [3, 4]. In Russia, according to
national studies, up to 30% of the adult population
suffers from obesity, and the proportion of over-
weight individuals is 55,5% [5].

At the same time, the incidence rates of uterine
fibroids (leiomyomas) are also increasing steadily.
From 1990 to 2019, the global age-standardized inci-
dence rate of uterine fibroids increased by 6,87%,
from 225,67 to 241,18 per 100 000. In 2019, the
highest regional age-standardized incidence rate of
uterine fibroids was observed in Eastern Europe
(582,03 per 100,000), with Latvia ranking first
among the countries (667,14 per 100 000), followed
by the Russian Federation (586,64 per 100 000 pop-
ulation) and Ukraine (578,21 per 100 000 popula-
tion) [3].

Given a common increase in prevalence of both
obesity and uterine fibroids, research into the patho-
genetic relationships between these conditions is
particularly relevant. Recent studies increasingly
point to the influence of adipose tissue and adipo-
kines on the formation and growth of myoma nod-
ules. In this review, we attempt to summarize the
available data on the role of obesity in the pathogen-
esis of uterine fibroids [6].

OBESITY AS A RISK FACTOR
FOR UTERINE FIBROIDS

There is evidence supporting the importance of
obesity for women’s reproductive health. Several
mechanisms of its influence have been reported,
one of which is an endocrine response in which the
formation of excess adipose tissue increases the
conversion of circulating androgens to estrogens. It
is suggested that increased conversion of adrenal
androgens to estrogens by adipose tissue contrib-
utes to the development and growth of uterine myo-
mas [7]. As an endocrine organ, adipose tissue is
responsible for the peripheral conversion of circu-
lating androgens to estrogens. Uterine myomas,
characterized by increased smooth muscle cell pro-
liferation and extracellular matrix hyperproduction
were subject to a strong influence of estrogen and
progesterone and have increased sensitivity to sex
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y3J10B [7]. Kak 9HIOKPUHHBIN OpraH, 3JKUPOBasi TKAHb
OoTBeuaeT 3a nepudepruueckoe IMpeodpa3oBaHUE
OUPKYJIUPYIONIUX aHAPOTEHOB B 3CTPOTeHbl. Muo-
MAaTO3HBIE Y3JIbI, XapaKTepU3YIOU[HUecs ITOBBIIIEH-
HOU mposiudeparyeil rjiaiIkOMbIIIEYHBIX KJIETOK U
THIEPIPOAYKIINEN BHEKJIETOYHOTO MAaTPHUKCA, KaK
HU3BECTHO, I0JIBEPKEHBl 3HAUUTETHPHOMY BIIMSTHHIO
ACTPOTEHA U MPOTECTEPOHA U UMEIOT MOBBIIIEHHYIO
YYBCTBUTEJIBHOCTH K IIOJIOBBIM CTEPOUTHBIM TOPMO-
HaMm. Takum oOpaszoMm, yBeJImYeHUe JKUPOBON TKaHHU
B OpPTaHU3Me MOJKeT MPUBECTU K TUIEPIPOAYKIINH
SCTpPOreHa ¢ ycuJeHHOM mposaudepanueid KJIETOK
MHOMEI [8].

JIpyroii MexaHu3M MPEII0JIaraeT, UTO OKUPEHHE
¢ OospIlell BEpPOSITHOCTHIO CHIKAET BBIPAOOTKY
[IeYeHbI0 IVI00YJINHA, CBA3BIBAIOIIETO II0JIOBBIE TOP-
moubl (I'CIITY), 4TO IPUBOAUT K OBBIIIIEHUIO YPOBHSI
nepudepruyecKuxX HeCBA3aHHBIX 3cTporeHoB. Cies10-
BaTeJIbHO, IUPKYJIUPYIONINE 3CTPOTEHBI MOTYT CTH-
MYJIIPOBATh IpoJindepaInio KJIETOK MHOMATO3HbIX
y3Js10B. KpoMe TOro, OBBIIIIEHHBIH OMOCHHTES XOJIe-
CTEPUHA y KEHINWH ¢ WU30BITOYHOU MacCoOH Tesa
MOXKET CHOCOOCTBOBATh BHIPAOOTKE 3CTpOreHa U
IIPOTECTEPOHA, a 3aTEM BBI3BIBATh POCT U IpoJude-
palyo MUIOMAaTO3HbBIX K1eToK [9]. Coobimaercs, 4To
CUMBACTaTUH, WHTUOUTOD 3-TUAPOKCH-3-METUII-
ryrapui-KoA-penykrassl, okasbiBaeT auddepen-
[IMPOBaHHOE BJIMSHME Ha KJIETKH MHOMBI U MUOMe-
TpUS B KOHI[EHTPAIUAX, PETYJIAPHO JIOCTUTAEMbIX
KJIMHUYECKH, BKJIIOYAs paspylleHue BHEKJIETOU-
HOTO MAaTpUKCAa MUOMBI U HHAYKIHIO allONTOTHYe-
CKMX MeXaHu3MOB [7, 9]. TpeTuii mOTEeHIIMATHHBII
MEXaHU3M IIpeJIlojiaraeT acCOIUAIUI0  MEXIY
cexperueyl auIIOKMHOB U BOCHAJIUTEIbHBIX IIUTO-
KHHOB W YpPEe3MepPHBIM HAKOIUIEHHEM >KUPOBOM
TKaHU B OPTraHU3ME.

Haubosee m3ydeHHBIMU B KOHTEKCTE BIIMSHUSI
Ha pa3BUTHE MHOMBI MATKH AJUMOKUHAMU SIBJISI-
IOTCS JIEITUH, aIUTIOHEKTHH, Pe3UCTHH, OMEHTUH U
TNFa (dakxTop Hekpo3a omyxosu o). Posb psjia aau-
IIOKWHOB B Pa3BUTUHM MUOMBI HEsCHA WJIH BOOOIIE
Hen3BecTHA. [loHWMAas, YTO W30OBITOK >KUPOBOM
TKaHU SIBJISIETCS OHUM U3 (PaKTOPOB pUCKA Pa3BU-
THUSI MUOMBI MAaTKU, MBI MOKEM OKHJIaTh, UTO aJ[U-
IIOKWHBI MOTYT CIIOCOOCTBOBATh BO3HUKHOBEHUIO U
POCTY MHOMATO3HBIX y3JI0B [10].

JlenTuH — 5T0 60K, 0OBIYHO HA3bIBAEMBIH TOP-
MOHOM chITOCTH. OH UTPAET BAXKHYIO POJIb B PETYJISI-
U SHEePreTHYeCcKUX IPOIEeCCOB, BKJIIOUAS YBEIU-
YyeHHe TOTPeOJIeHUsI SHEPTUU U YMEHbBIIIEHUE YyB-
CTBA TOJIOZIA 34 CUET CIIOCOOHOCTH IIPEO0JI0JIEBATH
reMartosHIedaTnuecku 6apbep, MHrHOUpys ceKpe-
nuio Helpomentuaa Y W menTtuza Aryta [11, 12].
Kpowme Toro, jienTHH aKTUBUPYET IPOOIHOMETIAHO-

steroid hormones. Thus, an increase in adipose tis-
sue in the body can lead to hyperproduction of
estrogen with increased proliferation of myoma
cells [8].

Another mechanism suggests that obesity is more
likely to reduce hepatic production of sex hormone-
binding globulins (SHBGs), leading to increased lev-
els of peripheral unbound estrogens. Consequently,
circulating estrogens may stimulate uterine fibroid
cell proliferation. Furthermore, increased choles-
terol biosynthesis in overweight women may pro-
mote estrogen and progesterone production and
then induce fibroid cell growth and proliferation [9].
Simvastatin, a 3-hydroxy-3-methyl-glutaryl-CoA
reductase inhibitor, has been reported to have differ-
ential effects on fibroid and myometrial cells at con-
centrations achieved in a routine clinical practice,
including destruction of the fibroid extracellular
matrix and induction of apoptotic mechanisms [7, 9].
A third potential mechanism suggests an association
between the secretion of adipokines and inflamma-
tory cytokines and excessive accumulation of
body fat.

The adipokines most studied in their influence on
the development of uterine fibroids are leptin, adipo-
nectin, resistin, omentin, and TNFa (tumor necrosis
factor a). The role of some adipokines in the develop-
ment of fibroids is unclear or unknown. Given that
excess of adipose tissue is a risk factor for the deve-
lopment of uterine fibroids, we can expect that adi-
pokines may contribute to occurrence and growth of
myoma nodules [10].

Leptin is a protein commonly referred to as the
satiety hormone. It plays an important role in regu-
lating energy processes, including increasing energy
intake and reducing hunger due to its ability to
cross the blood-brain barrier, inhibiting the secre-
tion of neuropeptide Y and agouti-related peptide
[11, 12]. In addition, leptin activates pro-
opiomelanocortin (POMC), which causes a decrease
in appetite [13], and can also affect tumor cells by
inducing inflammation, oxidative stress, inhibiting
apoptosis, and regulating angiogenesis and immune
response [14]. Three studies have examined changes
in the leptin expression in patients with uterine
fibroids compared to healthy women. Joo et al.
found no significant difference between the expres-
sion of leptin and visfatin in uterine myomas and
normal myometrium [15]. However, Markowska et
al. demonstrated that the expression of leptin and
its receptor genes occurred in uterine myomas and
the surrounding myometrium, in contrast to the
myometrium of healthy women [16]. This indicates
a potential role of leptin in the development of myo-
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koptuH (ITOMK), uTO BBI3BIBAET CHUKEHUE arlIie-
tiTa [13], 2 TaK)Ke MOKET BJIMATH HA OIyXOJIEBbHIE
KJIETKH, BBI3bIBAs BOCIAJEHUE, OKHCIUTEIbHBIH
cTpece, MHTHOUPYS aIloNTO3 WU PETYJINPYS aHTHO-
reHe3 U UMMYHHBIN OTBeT [14]. Tpu ucciemoBanus
M3y4yajad U3MeHEeHHs DKCIPECCHH JIEITHHA Y Tallu-
€HTOK ¢ MUOMOK MAaTK{ B CDAaBHEHHUHU CO 3/I0POBBIMH
skeHIuHaMu. B.S. Joo et al. He 0GHAPYKUIU 3HAYHN-
TeJIbHON Pa3HUIBl MEXY SKCIIPECCHel JIeNTHHA U
BuchaTHHA B MUOMATO3HBIX y3J1aX U HOPMaJIbHOM
sHporeaun Matku [15]. Onnako A. Markowska et al.
MIPOJIEMOHCTPUPOBAJIM, YTO SKCIIPECCHUs JIEITUHA U
€ro perenTOPHbIX TeHOB MMeJla MECTO B MHOMATO3-
HBIX y3J1aX U OKPY?KAIOIIEM UX MHOMETPUH, B OTJIH-
Yre OT MHOMETPHs 3I0POBBIX JKEHIIUH [16]. DTO
VKa3bIBaeT Ha MOTEHITHATIBHYIO POJIb JIETITHHA B pas3-
putun MuoMbl. D. Ribatti et al. BEIABMIN T0JIOKMK-
TEJIbHYI0 KOPPEJISAIUI0 MEXKIY KOJIHMYECTBOM TPHII-
Ta30I0JIOKUTEIPHBIX M JIENTHH-TIOJIOKUTETHHBIX
MAaCTOIIMTOB M AaHTHOT€HE30M B MMHOMATO3HOM
TkaHu [17]. IIoBbIIIIEHHbIE IJIOTHOCTH KAMUJUISIPOB U
VPOBEHD TPUITA30II0JIOKUTETHBIX U JIEITHH-II0JI0-
JKUTEJIbHBIX TYUYHBIX KJIETOK OTMEYAJIHCh B TKAHIX
MHOMBI TI0 CPAaBHEHUIO CO 3/I0POBOI TKAaHBIO. ['HUCTO-
JIOTHYECKOE UCCIIeIOBAaHNE MUOMBI TIOKA3aJI0 IITHPO-
KO€ paclpocTpaHeHHe TYYHBIX KJIETOK B y3JaX H
WHTEPCTUITUAIBHON CTPOME, TOT/Ia KaK 00Jiee BhICO-
KHe KOHIIEHTpAIluU uX HaOJII0anuch B 00JaCTH
KPOBEHOCHBIX cocy/10oB. Hainure MMMyHOpPEaKTHB-
HOTO JIENITHHA KaK B HOPMAJIbHOM MUOMETPHUH, TaK U
B CTEHKaX KPOBEHOCHBIX COCY/IOB OBLJIO BBISBJIIEHO C
KCITOJIb30BAHHEM HUMMYHOTHCTOXUMUYECKUX METO-
JIOB, Yero He HaOIOZaIoch B KOHTPOJIbHBIX
obpasrax. Boitee paHHUE HCCIIeIOBAaHUSA
M.R. Sierra-Honigmann et al. u D. Ribatti et al.
MMOKa3aJIx, YTO HAKOIJIEHUE TYYHBIX KJIETOK CBA3aHO
¢ yCWJIEeHHEM aHTHOreHe3a IIpU MHOMe MAaTKH [18,
19]. JlenTuH 1 TPUINTA3a, HAXO/SAIIMECS B TPaHyJIax
TYYHBIX KJIETOK, TAK)KE€ MOTYT BJIUSTH Ha yCUJIEHHE
aHTHOTeHe3a IMPH MHUOME MAaTKH. KOHIleHTparus
JIENITHHA B CHIBOPOTKE KPOBU JKEHINWH C MHOMOMU
MAaTK{d U 370POBBIX JKEHIIUH HU3Mepsjiach B JIBYX
Pa3HBIX HCCJIEIOBAHUSX, KOTOPbIE MPUIILUIH K pas-
JuuHbBIM BeIBosiaM. B.S. Dingiloglu et al. He o6Hapy-
JKIJTH CYIIIECTBEHHBIX PA3JIMYHUI B YPOBHSX JIENITHHA
B CBIBOPOTKE MEXKJly I'DYHIIONH ¢ MHUOMON MAaTKU U
TPYIIION 37I0POBBIX JKEHIUH [20]. OHAKO KOHIIEH-
Tpanusi JIENTHHA CHIKAIACh C YBEJIMUEHUEM y3JI0B.

ATUTIOHEKTHH — 3TO 0eJIOK, BBHIpAabATHIBAEMBIH
JKUPOBOU TKAHBIO, KOTOPBIH BJIUSET HA SHEPreTHYe-
CKHe TIpPoliecchl B opranusMe. Ero KoHIleHTpanus B
KPOBOTOKE OTPHUIIATEILHO KOPPETUPYET C UHIEKCOM
maccbl Tesia (IMT), ypoBHEM TPUIJIUIIEPUIOB H
WHCYJINHA U TIOJIOKUTEJIBHO — C JIUIOMPOTEUJAMH

mas. Ribatti et al. found a positive correlation
between the count of tryptase- and leptin-positive
mast cells and angiogenesis in myomatous tissue
[17]. Increased capillary density and levels of trypt-
ase- and leptin-positive mast cells were noted in
uterine myomas compared to healthy tissues. His-
tological examination of myomas showed an abun-
dance of mast cells in the nodes and interstitial
stroma, while higher concentrations were observed
in the area of blood vessels. The presence of immu-
noreactive leptin in both normal myometrium and
blood vessel walls was detected using immunohis-
tochemical methods, which was not observed in
control samples. Earlier studies by Sierra-Honig-
mann et al. and Ribatti et al. showed that mast cell
accumulation is associated with increased angio-
genesis in uterine fibroids [18, 19]. Leptin and
tryptase, which are located in mast cell granules,
may also influence the increased angiogenesis in
uterine fibroids. Serum leptin concentrations in
women with uterine fibroids and healthy women
were measured in two different studies, which came
to different conclusions. Dingiloglu et al. did not
find significant differences in serum leptin levels
between the group with uterine fibroids and the
group of healthy women [20]. However, leptin con-
centrations decreased with increasing myoma size.

Adiponectin is a protein produced by adipose
tissue that influences energy processes in the body.
Its blood concentration negatively correlates with
body mass index (BMI), triglyceride and insulin
levels, and positively — with high-density lipopro-
tein [21, 22]. Adiponectin increases insulin sensitiv-
ity and has an anti-inflammatory effect by inhibit-
ing TNFa [23] or activating anti-inflammatory
interleukins [21]. Depending on its form, adiponec-
tin binds to one of its receptors, Adipo R1 or
Adipo R2. Full-length adiponectin, which binds to
the Adipo R2 receptor, is the most common form of
this protein in the body. Globular adiponectin,
which binds to Adipo Ri, is a less common form.
Wakabayashi et al. confirmed the expression of
Adipo R1 and AdipoR 2 in uterine myoma cells and
investigated the antiproliferative effect of full-
length adiponectin in rat myoma cell culture [24].
Adiponectin had the potential to inhibit myoma
proliferation. The authors suggested that adiponec-
tin inhibits the development of myoma except in
certain conditions, such as metabolic syndrome, in
which plasma adiponectin concentrations are
reduced, as is its inhibitory effect on myoma tissue,
leading to accelerated nodule growth [25].

A significant decrease in serum adiponectin lev-
els was found in women with uterine myoma and
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BBICOKOH IJIOTHOCTH [21, 22]. AJUIIOHEKTHH I1OBbI-
IIAeT YyBCTBUTEIBHOCTD K MHCYJIMHY U OKa3bIBaeT
MIPOTUBOBOCHAJIUTEILHOE JIECTBUE, HWHTHOUDYS
TNFa [23] wiu akTUBUPYSA MPOTHBOBOCIIAJIUTEIIb-
HbIe UHTEPJIEUKUHBI [21]. AZTUIIOHEKTHUH, B 3aBUCH-
MOCTH OT (POPMBI, CBSI3BIBAETCS C OJTHUM U3 CBOUX
penentopoB — Adipo R1 wiu Adipo R2. ITosmHOpas-
MEpPHBIN aJINNIOHEKTHUH, KOTOPBIA CBSA3BIBAETCS C
peuienitopom Adipo R2, siByisieTcst Haubosiee pacmpo-
cTpaHeHHOH (opMoil 3Toro 6Gejka B OpPraHU3ME.
I'7100yIIpHBIH Ke aIUTTOHEKTHH, KOTOPBIU CBS3bIBa-
etcs ¢ Adipo R1, — meHee pactpocTpaHeHHas popma.
A. Wakabayashi et al. moaTBepAUIN 3KCIIPECCUIO
Adipo R1 u AdipoR 2 B KyleTKax MHOMbBI MaTKH U
HceeloBaIi aHTUIPosindepaTUBHBIN 3G deKT 1Mo-
HOPa3MeEPHOro AAUIMOHEKTUHA B KYJIBType MHOMa-
TO3HBIX KJIETOK KPBICHI [24]. ATUIIOHEKTHH 001811
MIOTEHITUAJIOM K WHTUOUPOBAHUIO TpoJindepannu
MHOMBI. ABTOPBI IIPE/IITOIOKIIIH, UTO aJUITOHEKTHH
TOPMO3UT Pa3BUTHE MUOMBI 32 UCKJIIOUEHUEM HEKO-
TOPBIX COCTOSTHUH, TAKUX KaK MeTa00JIMUeCKUH CUH-
ZIPOM, TP KOTOPOM KOHIIEHTPAIUs aIUIIOHEKTHHA
B IIJIa3Me CHIDKAaeTCs, KaK U ero MHTHOHpyIolee
JIefiCTBHE Ha TKAHU MUOMBI, UTO IIPUBO/TUT K YCKOPe-
HUIO POCTa y3JI0B [25].

3HAUUTEJIbHOE CHUKEHE YPOBHS aJUITOHEKTHHA
B CBIBOPOTKE KPOBU OBLJIO 0OHAPYKEHO Y *KEHIIHIH C
MHOMOH MATK{ M 370POBBIX JKEHIIUH B JPYTOM
HCeIeoBaHUM [23]. ABTODBI IPEATIONIOKIIIA BO3-
MOXKHYIO POJIb aJUIIOHEKTHHA B PA3BUTHUU MHOMBI,
peanu3yeMylo Yepe3 MHCYJIMH- WIH 3CTPOTeH-3aBU-
CUMBIH IyTU. B MHCY/IMH-3aBUCUMOM IIyTH WHCYJIU-
Homo/100HbIH dakTop pocta 1 (IGF-1) Biuser Ha pocT
MHOMBI [26, 27], a ero OMOAKTUBHOCTh 3aBUCHUT OT
beika, ceasbiBamoliero IGF1 (IGFBP-1) [28]. IGFBP-1
peryyiupyercsi WHCYJIMHOM: IOBBIIIEHHAs KOHIIEH-
Tpanus WHCYJINHA B KPOBOTOKE CIOCOOCTBYET CHU-
skeHU0 KoHIeHTpanuu IGFBP-1 B ceiBopoTke [29,
30]. CHmKeHHe KOHIIEHTPallUM aJUIOHEKTHHA
BBI3BIBAJIO YMEHBIIIEHUE YYBCTBUTEIHHOCTH K MHCY-
JIMHYy Y TOBBINIIEHNE KOHIIEHTPAIIUN HHCYJINHA B
CBIBOPOTKe [31, 32]. B acTporeH-3aBUCHUMOM IIyTH
WHCYJIUH perynupyeT BoipaboTky I'CII: moBsImieH-
Has PEe3UCTEHTHOCTh K HHCYJIMHY BBI3BIBAET IOZA-
BieHue skcrnpeccuu I'CIIT, yto, B cBOIO o4epejp,
MOXKET TPHUBECTH K YBEJIMYEHUIO KOHIIEHTPAIINH
OMOAKTHUBHOTO 3CTPOTEHA U, CJIeJI0BATENIHHO, K POCTY
MHOMATO3HbBIX y3710B [33]. o 3TOl mpuunHe BaXK-
HOCTb BCTPOTEH-3aBUCUMOTO IIyTH MOXKET OKa3aThCs
CYIIIECTBEHHOH, HO KakK peryJisiTopHble mytd E2/ERa,
tak 1 IGF-1/IGF-1R (perenTop uHCYTMHOIOA0OHOTO
(dakTopa pocra) TeCHO CBA3aHBI B KJIETKAX MHOMBI.
ITepexpecTHBIE TTOMEXU MEXKAY 3CTPOT€H- U HHCY-
JIMH-3aBUCUMBIMU IYTAMHU JEJIAI0T 00a 5TUX IIyTH

healthy women in another study [23]. The authors
suggested a possible role of adiponectin in the
development of myoma, realized through insulin-
or estrogen-dependent signaling pathways. In the
insulin-dependent pathway, insulin-like growth
factor 1 (IGF-1) influences myoma growth [26, 27],
and its bioactivity depends on IGF1-binding pro-
tein (IGFBP-1) [28]. IGFBP-1 is regulated by insu-
lin: increased insulin concentrations lead to a
decrease in serum IGFBP-1 levels [29, 30].
Decreased adiponectin concentrations resulted in
a decrease in insulin sensitivity and an increase in
serum insulin values [31, 32]. In the estrogen-
dependent pathway, insulin regulates SHBGs pro-
duction: increased insulin resistance causes SHBG
downexpression, which, in turn, can lead to
increased bioactive estrogen concentrations and,
consequently, to myoma nodule growth [33]. For
this reason, the importance of the estrogen-depen-
dent signaling pathway may be significant, but
both the E2/ERa and IGF-1/IGF-1R (insulin-like
growth factor receptor) regulatory pathways are
closely linked in fibroid cells. The crosstalk between
the estrogen- and insulin-dependent signaling
pathways makes both pathways very important in
further research on the role of adiponectin in the
development of uterine fibroids [34]. The impact of
these pathways could be minimized by reducing
the percentage of body fat, as well as by inhibiting
both pathways at different stages. Research is
ongoing into the treatment of uterine fibroids by
inhibiting the IGF-1 pathway [35]. A deeper under-
standing of this complex interplay may provide
many potential therapeutic targets, including adi-
ponectin itself.

TNFa is actively involved in inflammatory
response. It can activate intracellular pathways that
induce oxidative stress and trigger the acute phase of
inflammatory response, which, in turn, leads to cell
degradation. Moreover, TNFa stimulates phagocyto-
sis, causes fever, and increases the expression of
adhesion molecules [36, 37]. In studies on the effect
of TNFa on uterine fibroids, the authors suggest var-
ious mechanisms of action of this adipokine. Actinin
Ais a protein of the TNF[ family produced by macro-
phages and playing an important role in the regula-
tion of immunity. Protic et al. observed an overex-
pression of actinin A on co-incubation with TNFa
[38]. These results indicate that actinin A inhibits
the production of macrophage anti-inflammatory
markers and thereby increases their proinflamma-
tory effects [18]. It is also known that actinin A can
induce myofibroblastic transformation, for example,
in the liver, lungs or heart [39]. Furthermore, previ-
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OUeHb BAXKHBIMU B JAJbHEUIIUX WCC/IEIOBAHUAX
POJIY 3JTUIIOHEKTHHA B PA3BUTHH MHOMBI MaTKH [34].
BiusiHMe 3THX MyTed MOXKHO ObLIIO ObI MUHUMU3H-
pOBaTh IMyTeM YMEHBIIIEHU IIPOIIEHTA KUPA B Opra-
HH3ME, a TAK)KE ITyTeM WHTHOUPOBAHUS OOOUX ITyTEH
B pa3nuHbIX (pazax. I[IpoiomkaoTesa necyieoBaHus
I10 JIEUEHHUIO MUOMBI MAaTKH C IOMOIIBI0 MHTUOMPO-
Banus nytu IGF-1 [35]. Bosee rimybokoe moHuMaHue
ATOTO CJIOXKHOTO B3aMMO/IENCTBUSA MOXKET IIPEIOCTA-
BUTb MHOKECTBO TOTEHI[UAIBHBIX TEPATIEBTHUECKIX
LeJIeH, BKJIoJasi caM afiuIOHEKTHH.

TNFa akTHBHO y4YacTByeT B BOCIQIUTEIbHOU
peakruu. OH MOXKET aKTUBUPOBATh BHYTPHUKJIETOU-
HBIE IIyTH, KOTOpPble WHAYIUPYIOT OKUCIUTETHHBIHN
CTpece, a TakKe 3allycKaTh OCTPYyIO (pa3y BocHaIu-
TeJIbHOHN PeaKINH, UYTO, B CBOIO OUepeb, IPUBOJUT K
Jerpaganuu kietok. bosiee toro, TNFa crtumynu-
pyeT ¢aroiuTos, BI3bIBAET JTUXOPAJKY U YBETUUU-
BaeT 9KCIIPECCUI0 MOJIEKYJI, OTBETCTBEHHBIX 32 aJire-
3uio [36, 37]. B ucciemosanuax mo Biausauio TNFa
Ha MHOMY MaTKH aBTOPBI IIPE/IIIOJIAaTal0T Pa3InYHbIE
MEXaHU3MbI JIEWCTBUS D5TOTO AJUIOKHHA. AKTH-
HUH A — 6estok cemetictBa TNF[, BeipabaThIBaeMblit
MakpodaraMuu ¥ UTPAIONIUHA BaXKHYIO POJIb B PETy-
asanun umMynnaTera. O. Protic et al. mabGironmanu
MIOBBIIIEHHYIO SKCIIPECCUI0 aKTUHUHA A DU KOWH-
kybanuu TNFa [38]. 9Tu pe3ysibraThl yKa3bIBaIOT Ha
TO, UYTO AKTUHHUH A MHTHOUPYET BHIPAOOTKY MAaKpO-
(parasbHBIX MTPOTHUBOBOCHATIUTEIBHBIX MapKepPOB U
TEM CaMbIM YBEJIUYHBAET UX MPOBOCIAJIUTE/IbHBIE
addextpr [18]. Takike W3BECTHO, YTO AKTUHUH A
MOXKET BBI3bIBAaTh MHOGUOPOOIIACTUUECKYIO TPaHC-
dopmanuio, Hampumep, B IeYEHHU, JIETKUX WJIH
ceparie [39]. Kpome Toro, mpeasiIylnye uccaeaoBa-
HUS IOKA3aJIH, UTO aKTUHUH A cTUMYJTUpYyeT Gubdpo3
B JIeOMHOMAaxX 3a CYET yBEJIWUYEHHSA SKCIIPECCUH
0eJIKOB BHEKJIETOUHOTO MaTpuKca [40]. Pe3yibpraTet
HUCCIe0BaHUA ITOKaszanu, 4yTo TNFa yBesrnuyusaer
BBIPAaOOTKY aKTHHUHA A Makpodaramu, 4To, B CBOIO
ouepezib, MOXKET UTPATh POJIb B TATOT€HE3€ MUOMBL.
M. Wolanska et al. orienunu sxcpeccuto reia TNFa
u perentopoB TNF-R1, koropele obecneunBaroT
nuToToKcuueckoe AerictBrue TNFa Ha omyxoseBbie
ki1eTkd. OHU OOHAPYKUIU 00Jiee BBICOKYIO KOHIIEH-
Tparuio TNFa B 310poBOM MHOMETpPUU IO CpaBHe-
HUIO ¢ MHOMATO3HBIMH Y3JIaAMU U TOATBEPAUIN C
[IOMOIIIBIO AHTUTEJI, UTO JIOKAJIN30BAHHBIN B TKAHAX
TNFa saBisgerca SHAOTeHHbIM. Takske ObLIO ITOKa-
3aHO, uTO O0JIBIIIEE KOJTHUECTBO perentopoB TNF-R1
IIPHCYTCTBOBAJIO B MBIIIIAX MATKH, YeEM B JIEHOMUO-
Max [41]. Tlony4yeHHBIE pe3yJIbTAaThl CBH/IETENb-
CTBYIOT 0 TOM, uTO TNFa 1 ero penentopsl BIUAIOT
Ha POCT MUOMATO3HBIX y3JI0B. OTHAKO PE3YJIBTATHI,
kacarornuecs koHieHTpanuu TNFa B chIBOpoTKe y

ous studies have shown that actinin A stimulates
fibrosis in leiomyomas via the overexpression of
extracellular matrix proteins [40]. The results of the
study indicate that TNFa increases actinin A produc-
tion by macrophages, which, in turn, may play a role
in the pathogenesis of myomas. Wolanska et al.
assessed the expression of the TNFa gene and TNF-
R1 receptors, which provide the cytotoxic effect of
TNFa on tumor cells. They found a higher concen-
tration of TNFa in the healthy myometrium com-
pared to uterine fibroids and confirmed using anti-
bodies that TNFa localized in tissues is endogenous.
It was also shown that more TNF-R1 receptors were
in the uterine muscles than in leiomyomas [41]. The
results obtained indicate that TNFa and its receptors
influence the growth of uterine fibroids. However,
the results regarding serum TNFa concentrations in
women with myomas and healthy women are not
always convincing. Protic et al. showed that women
with uterine myomas had decreased serum TNFa
levels compared to the reference values of TNFa of
68,70 + 19,39 pg/ml [38]. However, in a study of Cie-
biera et al., the TNFa concentration in the group of
women with clinically symptomatic myomas was sig-
nificantly elevated compared to the control
group [42]. Furthermore, Sikorski et al. found a
slightly higher serum TNFa concentration in women
with myomas [43]. These discrepancies can be
explained by the study of Ciebiera et al., who showed
that serum TNFa concentrations vary depending on
size and location of leiomyomas and have a positive
correlation only with subserosal nodules. In cases of
intramural and submucosal myomas, the difference
is statistically insignificant. Moreover, differences in
the selection of study groups or different study meth-
odologies may lead to different results [42]. The dif-
ferences between studies indicate that methods may
be imprecise, which necessitates further research
that will clearly demonstrate the origin of TNFa in
myoma cells.

Adipose tissue is currently recognized not only as
a reservoir for energy but also as an immune organ.
In the context of obesity caused by hyperalimenta-
tion and/or decreased physical activity, the develop-
ment of insulin resistance is believed to be initiated
by inflammatory processes in adipose tissue [44].
Adipokines and inflammatory cytokines are known
to activate key signaling pathways associated with
inflammation, proliferation, autophagy, and mitosis,
and subsequently induce the development of uterine
fibroids [45]. The development and progression of
fibroids also depends on growth factors, and the
abundance of fibrous connective tissue and extracel-
lular matrix components are among fibroid’s impor-
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JKEeHIIWH ¢ MHUOMOH U 37I0POBBIX »KEHIIUH, HE BCET/IA
neybenurenbubl. O. Protic et al. moxasamu, uto y
JKEHIIMH ¢ MUOMOH MaTKH HabJII0[]aIoCch CHUKEHTE
ypoBHA TNFa B CBIBOPOTKE IO CPaBHEHUIO C KOH-
TposibHbIM 3HaueHueM TNFa, cocrasistomum 68,70
+ 19,39 nr/miua [38]. OpgHako B mccaemoBaHuu M.
Ciebiera et al. kounentpanus TNFa B rpymme xeH-
IMUH C CUMIITOMHON MHOMOH ObLyia 3HAYUTEIHLHO
MIOBBIIIIEHA TI0 CPABHEHUIO C KOHTPOJIBHOU TPYIIION
[42]. Kpome Toro, R. Sikorski et al. BwiABUIH
HECKOJIBKO 0OoJiee BBICOKYIO KoHIeHTpanuio TNFa B
CBIBOPOTKE Y JKEHIIIUH C MHOMOM [43]. 9TH pacxox-
JIEHUSI MOXKHO OOBSICHUTD HA OCHOBE HCCJIEIOBAHMUS
Ciebiera et al., koTopble TOKa3aJIx, YTO KOHI[EHTPA-
nust TNFa B chIBOPOTKe BapbUPYETCsI B 3aBUCUMOCTH
OT pa3dMepa U PaCIOJIOKEeHNS JEHOMIOM U TIOJIOXKHU-
TEJIbHO KOPPEJIUPYET TOJIBKO /IS CyOCEPO3HBIX
y3JI0B. B cityuasx MHTpaMypaIbHBIX U CyOMYKO3HbIX
MHOM pasHHUIIA CTATUCTHYECKH He3HaumMma. bosee
TOTO, Pa3JINYHs B BEIOOPE HCCIIe0BATETbCKUX TPYIIIT
WIK pa3Has METOAOJIOTHs WCCIETOBAHUSA MOTYT
IIPUBECTHU K Pa3HbIM pesysbraram [42]. [Ipomemon-
CTPUPOBAHHbBIE PA3INYUA MEXKIY HCCIETOBAHUIMUI
VKa3bIBAIOT HA TO, YTO METOJ(bI MOTYT OBITh HETOU-
HBIMH, YTO JIeJIaeT He0OX0IUMBIM IIPOBEZEHIE JATTh-
HEUIIUX KCCIEOBAaHUH, KOTOPHIE YETKO IMOKAXKYT
npoucxoxaenne TNFa B kieTkax MUOMBIL.

KupoBas TKaHb B HACTOsIIIIeE BpeMs ITPHU3HAHA HE
TOJIBKO Pe3epByapoOM SHEPTHH, HO ¥ UIMMYHHBIM Opra-
HOM. B KOHTEKCTe O’KUpPEHNs, BHI3BAHHOTO TIOBBIIIIEH-
HBIM NOTpeOJIeHNeM TTUIIY U/ VI CHIDKeHUeM (QUu3u-
YeCKON aKTUBHOCTH, CUUTAETCs, UYTO Pa3BUTHE HHCY-
JIMHOPE3UCTEHTHOCTH WHUIUUPYETCsI  IIPOIECCAMU
BOCITJIEHUSI B *KUPOBOU TKaHU [44]. V3BecTHO, 4TO
AJIUIIOKUHBI U BOCHAJIUTEIbHbIE IIUTOKIUHBI aKTUBHU-
PYIOT KJIIOU€eBbIe ITyTH, CBS3aHHBIE C BOCIIAJIEHHEM,
nposiudepanyeli, ayrodarrueil © MUTO30M, U BIOCJIE/ -
CTBUU WHYIIUPYIOT Pa3BUTHE MHOMBI MAaTKH [45].
Pa3BuTHE U IPOrpeccCHpOBaHUE MHOMBI TaKKe 3aBU-
cuT oT GaKTOPOB pocTa, MprueM oowire GUOPO3HOH
COETMHUTEIPHON TKAaHU U KOMIIOHEHTOB BHEKJIETOU-
HOTO MaTpPUKCA fBJISIETCS OHON M3 BAYKHBIX €€ 0CO-
6ennocreit. CemMelcTBO TpaHCHOPMUPYIOMIIX (PaKTO-
poB pocra (TGF), kak ofuH 13 BaXKHEUIIIUX PETYJIATO-
poB mporieccoB (pubpo3a, MOKET CIOCOOCTBOBATDH
00pa3oBaHUI0O MHOMATO3HOU TKAaHH dYepe3 IIyTH
SMAD, PI3K/Akt/mTOR, Ras/Raf/MEK/ERK u nyth
KUHAa3bI (POKATILHOM are3u [46].

Bo3mokHO, YTO TOCPEACTBOM JIIOOOTO M3 DTHUX
OMOJIOTHYECKUX MEXaHU3MOB OKUPEHHE MOKET ObITh
CBSI3aHO C YBEJIMUYEHUEM YaCTOThl BO3HUKHOBEHUS
MHOMbBI MaTKH [47]. BbLJIO MpOBeEHO HECKOJIBKO
SIUJEMUOJIOTUYECKUX UCCIIE0OBAHNM [T U3YUEHUs
CBSI3U OKUPEHUS C PUCKOM MHOMBI y JKEHIIUH B IIpe-

tant features. The transforming growth factor (TGF)
family, as one of the most important regulators of
fibrosis, can promote the formation of myoma tissue
through the SMAD, PI3K/Akt/mTOR, Ras/Raf/
MEK/ERK, and focal adhesion kinase signaling
pathways [46].

It is possible that obesity may be associated
with an increasing incidence of uterine fibroids
through any of these biological mechanisms [47].
Several epidemiological studies have been per-
formed to examine the association of obesity with
the risk of fibroids in premenopausal women, with
conflicting results: one of them reported a strong
positive association between obesity and risk of
fibroids, while others showed only a weak associa-
tion [48-50]. In 2021, a meta-analysis of the lit-
erature on this topic over the recent years (22 arti-
cles, 24 studies, 325 899 participants and 19 593
cases) was published. The meta-analysis showed a
positive, albeit nonlinear, association between
obesity rates and the prevalence/risk of uterine
fibroids (odds ratio 1,19; 95% confidence interval
1,09-1,29, p = 0,00) [51].

CONCLUSION

Obesity and uterine fibroids are two global health
problems whose prevalence continues to rise. Epide-
miological data indicate that by 2050, more than a
half of the world’s adult population will be over-
weight or obese, posing significant risks to women’s
reproductive health. Simultaneously, the incidence
of uterine fibroids is increasing, particularly in
regions with a high prevalence of obesity, such as
Eastern Europe. Despite the accumulated data,
unanswered questions remain that require further
research. In particular, large-scale clinical and
molecular studies are needed to clarify the role of
individual adipokines and cytokines in the pathogen-
esis of uterine fibroids. Furthermore, exploring the
potential of targeted therapies for metabolic distur-
bances associated with obesity to reduce the risk of
developing and progressing uterine fibroids appears
promising.

Thus, obesity is a significant modifiable risk fac-
tor for uterine fibroids, and its effects are realized
through a complex interaction of hormonal, meta-
bolic, and inflammatory mechanisms. Prevention
and treatment of obesity may be an important com-
ponent in reducing the incidence of uterine fibroids
and improving women’s reproductive health.
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MeHoIIay3e, pe3yIbTaThl KOTOPhIX OKA3JIUCh IPOTH-
BOPEUYHBBIMH: B HEKOTOPBIX M3 HHUX COOOIIATIOCH O
CHJIbHOU ITOJIOXKUTEJIBHOH CBA3ZH MEXKAY 0XKUPEHUEM
U PUCKOM MHOMBI, B TO BpeMs KaK B JAPYTHX ObLaa
MOKa3aHa JIMIIE cj1abast ¢Bs3b [48—50]. B 2021 1. 6611
OIyOJIMKOBAaH MeTa-aHaJINU3 JIUTEPATYPHI HA BTY TEMY
3a MOCJIeTHUE TOZIbI, B X0/le KOTOPOTO OBLIO U3YUYeHO
22 CTaThH, IIPEJICTABJISIBIIUX 24 UCCIEI0BAHUA, KOTO-
phle BKJIIOYAIH 325 899 YIYaCTHUKOB U 19 593 CJTydasl.
AHayn3 1oKazaJl MoJI0KUTEIbHYI0, XOTS U HeJIMHEeH-
HyI0, CB3b MEXIY IIOKa3aTeJIsIMU OKHPEHUs U
pacmpocTpaHeHHOCThIO/ PUCKOM BO3HUKHOBEHUs
MHOMBI (OTHOIIIEHHE IIIAHCOB 1,19; 95% TOBEPUTEIb-
HBIA UHTEpPBAI 1,09—1,29, p = 0,00) [51].

3AK/IOYEHUE

OxypeHHe U MHOMa MATKU IPEZCTABIIAIOT cOO0M
JiBe TyI00asIbHbIE TTPOOJIEMBI 37IPAaBOOXPAHEHNUsI, pac-
MIPOCTPAaHEHHOCTh KOTOPBHIX MPOJOKAET HEYKJIOHHO
pactu. Kak MOKa3bIBAIOT SIIUIEMUOIOTHUYECKUE TaH-
HEBIE, K 2050 rofiy 00JIee ITO0JIOBUHBI B3POCJIOTO HaceIe-
HUS TJIAHETHI Oy/IeT UMETh M30BITOUHYI0 MAaccy Tesa
WIA OKUPEHHUE, YTO CO3[IAeT 3HAYUTEIbHBbIE PUCKHU
JULSL PENPOYKTUBHOTO 3/I0POBbs 2KeHIUH. OTHOBpe-
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MEHHO OTMevaeTcs YyBeJIndeHHe 3a00s1eBaeMOCTH
MHOMOK MaTKH, 0COOEHHO B PETHMOHAX C BBICOKOU pac-
IIPOCTPAaHEHHOCTHIO O’KUPEHMSI, TAKUX Kak BocTouHast
Espona. HecMOTps Ha HakOIUIEHHBbIE JJAHHBIE, OCTa-
IOTCSI HEPEIIEHHBIE BOIIPOCHI, TPEOYIOIIHE JlaTbHEN-
IIMX UCCIe0OBaHUM. B yacTHOCTH, HEOOXOAMMBI 00JIEe
MacirTabHble KIMHUYECKUE U MOJIEKYJIIPHBIE HCCITe-
JIOBAHUS JIs1 YTOUHEHUS POJIU OT/IEIBHBIX a[UIIOKU-
HOB U ITUTOKHHOB B IaToreHe3e MUOMbL. Kpome Toro,
[IEPCIIEKTUBHBIM  HANPAaBJIEHUEM IPEACTABIISETCS
W3ydeHWEe BO3MOXKHOCTEH TapreTHOH  Teparuw,
HAIlPaBJIEHHOM Ha KOPPEKIHMI0 MeTab0IHMUeCcKuX
HapPYIIEHUH ITPY O3KUPEHUH C IEJTbI0 CHIDKEHUS PHUCKA
Pa3BUTHA U IPOTPECCHPOBAHIA MUOMBI MATKH.
Takum 06pa3oM, OKUpPEHHe SIBJISETCS 3HAUM-
MBIM MoAu(UIUPYeMbIM (HAKTOPOM PHUCKA MHOMBI
MATKH, a €ro BJINSHHE PeIn3yeTcs Yepes3 CI0KHOe
B3aMMO/IENICTBIE TOPMOHAJIbHBIX, MEeTa00INUEeCKUX
U BOCHAJIUTEIBHBIX MeXaHU3MOB. [IpodumakTuka u
JleyeHUe OKHPEHUs MOTYT CTaTh Ba’KHBIM KOMIIO-
HEHTOM B CHUIKEHHMH 3a00J1eBa€MOCTH MHOMOU H
VJIyUIIIeHUH PEIPOIyKTUBHOTO 37I0POBbsI *KEHIIUH.

KoHduKT HHTEpEeCcoB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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