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Postmenopausal women represent a population with a significantly increased risk of developing gynecological neoplasms. Obesity and metabolic
syndrome may contribute to carcinogenesis through complex metabolic and endocrine mechanisms, including insulin resistance, altered sex steroid
metabolism, and increased peripheral estrogen production.

Aim — {0 evaluate the association between obesity, metabolic syndrome components, and hormonal alterations with the development of gyneco-
logic neoplasia in postmenopausal women.

Materials and methods. This study included retrospective and prospective analyses of 306 postmenopausal women with gynecologic tumors.
Metabolic syndrome was assessed using biochemical parameters, abdominal circumference, and arterial blood pressure. In the prospectively as-
sessed cohort, anthropometric measurements and hormonal profiles were additionally evaluated. Imaging studies, tumor marker CA-125, and histo-
logical verification were performed.

Results. Gynecologic neoplasia distribution was as follows: ovarian cancer (31.7%), endometrial hyperplasia (21.2%), endometrial cancer (16.3%), and
uterine leiomyoma (15.4%). Obesity was significantly more prevalent among women with endometrial pathology, reaching 70.0% in endometrial can-
cer and 63.1% in endometrial hyperplasia. The mean body mass index (BMI) was highest in patients with endometrial cancer (32.7+1.0 kg/m?). A strong
association between obesity and endometrial pathology was confirmed. Estrone levels showed a positive correlation with BMI and markers of insu-
lin resistance in the prospectively assessed cohort. Components of metabolic syndrome were significantly more frequent in patients with endometrial
hyperplasia and carcinoma compared with other gynecologic tumors.

Conclusion. Obesity and metabolic syndrome are strongly associated with endometrial hyperplasia and endometrial cancer in postmenopausal
women. Metabolic and endocrine alterations, particularly hyperinsulinemia and increased estrone bioavailability, create a hormonally permissive
environment for endometrial neoplastic transformation. Early metabolic assessment may improve risk stratification and support timely diagnosis.
The study was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent from women was obtained for the study.
The authors declare no conflict of interest.
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Ponb MeTa60nivyHOro CMHAPOMY Ta OXXUPIHHA B PO3BUTKY MHEKOMOriYHUX Heonnasin y XiHoK

y NOoCTMeHonaysi: KNiHi4Hi, FopMOHanbHi Ta AiarHOCTUYHI KOPenaTH
M.A. Garashova, E.M. Aliyeva, L.J. Mammadova, I.A. Sultanova

A3epbaixaHCbKuin MeanyHuiA yHisepcuTeT, M. baky

XKiHKI B nOCTMEHONay3i € NOMYNALIEIO 3 ICTOTHO NIABULLEHVM PUINKOM PO3BUTKY MHEKONOTMIUYHIX HEONNa3ii. OXMPIHHA Ta METabOMIYHIA CUHOPOM
CNPUAIDTE KaHLEeporeHesy 3a A0MNOMOrol0 CKNaAHVX METaBOIYHNX Ta eHAOKPUHHIX MeXaHi3MiB, 30KpemMa IHCYNIHOPE3UCTEHTHOCTI, MOPYLUEeHHS
MeTab0/1i3My CTaTEBMX CTEPOIAIB Ta MOCUIEHO! NEPUMEPNHHOT MTPOAYKLIT €CTPOrEHIB.

Merta — OLiHWTK B38EMO3B ABOK MK OXMPIHHAM, KOMMOHEHTaMV METAOONIYHOrO CHHAPOMY Ta FOPMOHA/bHUMI 3MIHAMK 3 PO3BUTKOM MHEKONOT i HHNX
Heomnnasin y XKIHOK y NoOCTMEHONay3i.

Marepianu Ta meToaun. Y 10C/IDKEHH OYN10 OXONIEHO PETPOCNEKTNBHIIA Ta NPOCNEKTUBHWIA aHanisn 306 XIHOK y NOCTMEHONay3l 3 MHEKONOTIYHVIMI
nyxaMHamn. MetabonivyHnii CMHAPOM OLHEHO Ha NiAcTasi GIOXIMIYHIX MOKA3HVIKIB, OKPY>KHOCTI Tasii Ta PiBHA apTepianbHOro TUCKY. Y MpOCNEKTUBHIl
rpyni AOAAaTKOBO NPOBOANIV @HTPONOMETPUYHI BUMIPIOBAHHS Ta OLIHKY FOPMOHabHOro npodinto. BukoHaHo MeToan Bidyanisauil, BUSHa4YeHHA
nyxvHHOro Mmapkepa CA-125 1a rictonorivny Bepudikadito aiarHo3y.

PesynbraTtn. PO3noain riiekonorivHmx Heonnasin O0yB TaknmM: pak aeynukiB — 31,/%, rinepnnasia eHaomeTtpiio — 21,2%, pak eHaomeTpito — 16,3%,
Mioma Matku — 15,4%. OXMpiHHSA AOCTOBIPHO YacTille CNoCcTepiranocs B XIHOK i3 naTonorieto eHgomeTpito, gocaraoyuun 70,0% npu paky eHaoMeTpito
18 631% npu rinepnnasii eHgomerpilo. Cepeaniit iHaekc Macy Tina (IMT) 6yB MaKCUMANbHIM Y NBLIEHTOK i3 pakom eHaoMeTpiio (32,7+1,0 kr/v?).
JIOTICTUUHWIA perpeciiHuin aHanis NPOAEMOHCTPYBAB BYPaXEHY aCcoLiaLiio MiX OXMUPIHHAM Ta NatoNorield eHAOMETPI0. Y MPOCNEKTUBHIN rpymni
BUSIBNIEHO NO3UTUBHY KOPENALito piBHS eCTpoHy 3 IMT Ta MapkepamMu iHCYNIHOPEe3MCTEHTHOCTI. KOMMOHEHTV METaBoMIYHOro CUHAPOMY 3HAYHO
HacTile 3yCcTpivanncs B NaUIEHTOK i3 rinepnaasieio 1a pakom eH40METPII0 MOPIBHAHO 3 IHLWNMK THEKONOTIUHMI MYXINHAMN.

BucHoBOK. OX/PiHHSA Ta MeTaboNIuHNIA CUHAPOM TICHO NOB'A3aHI 3 rineprnasietd Ta PakoM eHA0METPIO B XXIHOK Yy NocTMeHonaysi. Metaboniuni Ta
EHAOKPVIHHI NOPYLLEHHS, 30Kpema rinepiHcyniHeMia Ta nigBuLLEeHHSA 6I0A0CTYMHOCTI @CTPOHY, POPMYIOTE FOPMOHa/IbHO CNPUSATIVBE CEPEaOBULLE
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AN HeoNNacT1YHOT TpaHchopMaLlil eHAoMeTPIlo. PaHHA OLiHKa MeTaBoNIYHOrO CTaTyCy MOXE NMOKPALLUMTH CTPATUMIKALIIO PUSKKY Ta CHPHUATH

CBOEYACHIN AlarHOCTUL.

LocnimkeHHa npoBeaeHo BiANOBIAHO A0 NPUHUMNIB [eNbCiHCbKO! Aeknapalil. s nposeaeHHs A0CNIAKEHHS Oy10 OTPUMaHO IH(DOPMOBaHY 3roay

XKIHOK.
ABTOPV 3a9BN4I0Tb NPO BIACYTHICTL KOHMIKTY iIHTepeciB.

KntouoBi cnoBa: noctMeHonaysa, Ok1piHHg, MetaboniuHuiA CUHAPOM, Pak eHAOMETPIO, PaK AEUHUKIB.

Introduction

he postmenopausal period, which may span

30-50 years of a woman’s life, is marked by
profound endocrine transitions that substantially
modify metabolic and hormonal regulation. These
changes create a biological milieu favorable for the
development of gynecologic neoplasia [7]. With
global life expectancy increasing, a growing propor-
tion of women remain in the postmenopausal state
for extended periods, thereby experiencing long-
term exposure to these oncogenic influences [12].

Obesity and metabolic syndrome have emerged as
principal modifiable determinants of gynecologic
cancer risk. According to the World Health Organi-
zation (WHO), the prevalence of obesity in women
exceeds 30% globally and continues to rise sharply
after the age of 60 [12]. Postmenopausal visceral
adiposity intensifies peripheral aromatization of an-
drogens into estrone, the predominant circulating
estrogen in this life stage, thereby enhancing estro-
gen-dependent proliferative signaling [4,5].

Contemporary research highlights several me-
chanistic pathways linking metabolic syndrome to
gynecologic tumorigenesis. Hyperinsulinemia in-
creases insulin-like growth factor 1 (IGF-1) acti-
vity, promoting cellular proliferation and reducing
apoptosis [10,13]. Insulin resistance decreases he-
patic production of sex hormone-binding globulin
(SHBG), leading to increased levels of bioavailable
estradiol [8]. Enhanced aromatase activity in adi-
pose tissue further elevates estrone concentrations,
stimulating estrogen receptor-mediated transcrip-
tional programs associated with tumorigenesis
[5,6]. Additionally, adrenal hyperandrogenism,
present in approximately 38% of postmenopausal
women, provides an additional substrate for peri-
pheral estrogen conversion [7]. Chronic anovula-
tion and relative progesterone deficiency amplify
these effects, resulting in prolonged unopposed es-
trogen exposure [2].

These hormonal and metabolic disturbances gene-
rate conditions conducive to the development of
endometrial hyperplasia, type I endometrial carci-
noma, ovarian epithelial tumors, and continued leio-
myoma growth in postmenopausal women. Recent
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epidemiologic studies confirm that metabolic syn-
drome significantly increases the risk of endometrial
cancer, with the strongest associations observed
among obese postmenopausal women [9,11]. Similar
metabolic patterns have been implicated in ovarian
carcinogenesis, particularly through inflammatory
and IGF-1-mediated pathways [6].

Given the high prevalence of obesity in older
women and its profound biological influence on car-
cinogenic pathways, evaluating the contribution of
metabolic syndrome to the development of gyneco-
logic neoplasia is both clinically relevant and timely.
This study investigates these associations using data
from an extensive cohort of postmenopausal women.

Aim of the study: to investigate the role of meta-
bolic syndrome and obesity in the development of
gynecologic neoplasia in postmenopausal women by
analyzing clinical, biochemical, hormonal, and imag-
ing findings.

Materials and methods of the study

This study included retrospective and prospective
cohorts of postmenopausal women examined and
treated at the Oncology Clinic of Azerbaijan Medi-
cal University. In total, 306 postmenopausal women
with genital tumors of various localizations were
included in the study. The mean age of the patients
was 60.5+0.4 years, ranging from 46 to 83 years. The
mean age at menopause onset was 49.3+0.2 years
(45-58 years), while the mean duration of the post-
menopausal period was 9.8£0.4 years (range:
2-37 years).

Clinical evaluation, anthropometric assessment
(body mass index (BMI) classified according to
WHO standards), hormonal testing (estrone, estra-
diol, testosterone, dehydroepiandrosterone sulfate
(DHEA-S), prolactin, follicle-stimulating hormon
(FSH), luteinizing hormone (LH)), biochemical
profiling (glucose, lipid parameters, insulin levels),
tumor marker CA-125, transvaginal ultrasound, and
magnetic resonance imaging (MRI) were used. Pre-
and postoperative histological confirmation of the
diagnosis was obtained. Special attention was given
to correlations between metabolic indicators (BMI,
insulin resistance, hyperandrogenism) and gyneco-
logic neoplasia.
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Fig 1. Prevalence of gynecologic pathology in postmenopausal women

Quantitative and qualitative data were analyzed us-
ing standard methods of medical statistics. Variational,
correlation, analyses of variance (ANOVA), discrimi-
nant, and Receiver Operating Characteristic (ROC)
analyses were performed. Descriptive statistics in-
cluded mean (M), standard deviation (SD), standard
error of the mean (SEM), 95% confidence interval
(95% CI), odds ratio (OR), and minimum and maxi-

mum values. Statistical analyses were conducted using
Microsoft Excel 2013 and SPSS 26 programs.

The study was conducted in accordance with the
principles of the Declaration of Helsinki. The study
protocol was approved by the Local Ethics Commit-
tee of Azerbaijan Medical University. Written in-
formed consent was obtained from all participants
prior to enrollment in the study.

Table 1
Hormone indicators in patients with genital neoplasms in the postmenopausal period
Hormones Genital tumors M m min max
Myoma 671.8 2786 2354 1190
Endometrial hyperplasia 802.9 1917 427 2229
Prl Endometrial cancer 4673 851 310 602
Ovarian cancer 5601 104.6 2885 908.9
Benign ovarian tumors 5816 2727 161.8 1093
Myoma 121.2 229 n3 3097
Endometrial hyperplasia 121.8 225 15.67 5458
DHEA-S Endometrial cancer 92.9 247 254 348.9
Ovarian cancer 1316 206 40.53 360.7
Benign ovarian tumors 118.9 18.2 58.68 232.2
Myoma 1006 1.3 40.23 170.21
Endometrial hyperplasia 122.2 8.2 40.2 200.9
= Endometrial cancer 116.6 137 4424 191.22
Ovarian cancer 910 134 309 1981
Benign ovarian tumors 102.9 151 4816 180.91

Notes: Prl — prolactin; El-Estrone, DHEA-S — dehydroepiandesterone sulfate
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Fig 2. BMl indicators in patients with genital tumors in the postmenopausal period

Results of the study and discussion

Among the examined postmenopausal women,
metabolic syndrome and obesity were identified as
major contributing factors to gynecologic neoplasia.
Obesity was the leading cause of hyperandrogenism
in 40.0% of cases. The distribution of gynecologic
neoplasia included: ovarian cancer in 97 (31.7%) pa-
tients, endometrial hyperplasia in 65 (21.2%), endo-
metrial cancer in 50 (16.3%), leiomyoma in
47 (15.4%), and cervical cancer in 13 (4.2%) of the
examined. (Fig 1)

Endometrial thickness averaged 24.9+27 mm in
women with endometrial cancer, establishing it as a
critical diagnostic marker. A strong association was
found between obesity and advanced-stage ovarian
cancer; 64 (66.0%) patients were diagnosed at stage
IT1. Hyperinsulinemia and reduced SHBG were
common findings, leading to elevated biologically
active estrogens. Women with endometrial hyper-
plasia frequently exhibited insulin resistance, elevat-
ed estrone, and low progesterone levels.

These conditions were significantly more frequent
in women with obesity, insulin resistance, and meta-
bolic syndrome.

The findings of the present study indicate that
excess body weight represents one of the major risk
factors for the development of genital neoplasms.

Assessment of the BMI revealed that in patients
with ovarian cancer, the mean BMI was
28.7+0.6 kg/m?, and obesity of varying severity was
observed in 31 (32.0%) of patients. In patients with
endometrial cancer, the mean BMI was
32.7+1.0 kg/m?, and the prevalence of obesity in
this group reached 70.0%.

All the examined patients were divided into
groups according to the localization and histological
type of the tumors. Mean BMI differed significantly
across diagnostic groups (ANOVA, p<0.001). Pa-
tients with endometrial cancer demonstrated the
highest BMI values (32.7£1.0 kg/m?), followed by
women with endometrial hyperplasia
(31.9+0.8 kg/m?), compared with ovarian cancer
(28.7£0.6 kg/m?) and leiomyoma (29.5+0.9 kg/m?).

Women with obesity had a significantly higher
likelihood of developing endometrial hyperplasia
and endometrial cancer compared with non-obese
patients (OR=3.8—4.0, p<0.01).

In patients with endometrial hyperplasia, the
average BMI was 31.9+0.8 kg/m?, and obesity was
identified in 63.1% of patients. A similar situation
was observed in postmenopausal patients with pro-
gressive growth of uterine fibroids. The mean BMI
was 29.5+0.9 kg/m?, ranging from 19 to 44 kg/m?,
while the prevalence of obesity was 36.2% (Fig. 2).
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Fig. 3. Pathophysiological links between metabolic syndrome and gynecologic neoplasia in postmenopausal women. Obesity
and visceral adiposity promote insulin resistance and hyperinsulinemia, resulting in decreased SHBG levels and increased bio-
availability of estrogens. Enhanced aromatase activity in adipose tissue and adrenal androgen excess lead to elevated estrone
levels. These metabolic and endocrine alterations stimulate endometrial proliferation and contribute to the development of
endometrial hyperplasia, endometrial cancer, and progression of ovarian cancer

Concurrently, patients with endometrial and
ovarian cancers exhibited hormonal imbalance mani-
fested by elevated estrone and DHEA-S levels
against a background of reduced estradiol and tes-
tosterone concentrations, indicating the contribu-
tion of dyshormonal changes to the pathogenesis of
endometrial neoplasms (Table 1).

Elevated BMI may promote tumorigenesis
through obesity-induced endocrine alterations,
which create a hormonally permissive environment
for endometrial neoplastic transformation.

Correlation analysis revealed a significant positive
association between BMI and Estrone levels (r=0.42,
p<0.01). Reduced SHBG levels were associated
with increased bioavailable estrogen fractions, par-
ticularly in women with endometrial hyperplasia
and carcinoma. (Fig 3)

The findings of this study confirm that metabolic
syndrome is a key driver of gynecologic neoplasia in
postmenopausal women. The metabolic-endocrine
axis, consisting of hyperinsulinemia, estrone domi-
nance, and adrenal androgen excess, creates a sus-
tained proliferative environment that promotes ma-
lignant transformation.
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Recent literature from 2020 to 2025 supports
these findings. A series of updated systematic re-
views demonstrated that metabolic syndrome sig-
nificantly increases the risk of endometrial carcino-
ma, with pooled ORs ranging from 1.37 to 2.0
[9,11]. B. Park et al. (2022) further noted that this
association is strongest in obese postmenopausal
women. This reinforces the combined oncogenic ef-
fect of adiposity and metabolic dysfunction. These
reports align with our observation that endometrial
hyperplasia and carcinoma were markedly more
prevalent in women exhibiting obesity and insulin
resistance.

Additionally. J.P. Fernandes et al. (2022) report-
ed a high prevalence of metabolic syndrome —
61% — among patients with endometrial cancer,
particularly among those with elevated inflamma-
tory markers. This finding corresponds to our data
showing that chronic low-grade inflammation, in-
sulin resistance, and disrupted sex steroid balance
were frequent among women with endometrial pa-
thology [3].

Recent mechanistic analyses also highlight the
central role of hyperinsulinemia. B.K. Subedi et al.
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(2025) and X. Zhang et al. (2023) demonstrated that
elevated insulin suppresses SHBG, thereby enhanc-
ing the bioavailability of estrogens and amplifying
IGF-1-mediated proliferative signaling [10,13].
I.M. Ordeanu et al. (2025) expanded on this mecha-
nism, emphasizing that hyperinsulinemia dramati-
cally alters the endocrine environment in postmeno-
pausal women [8]. These observations mirror our
findings that women with endometrial hyperplasia
and carcinoma often exhibit reduced SHBG and in-
creased estrone levels.

From an inflammatory perspective, the concept
of «metabolic inflammation» has been increasingly
recognized in oncology. A. Da Cunha Junior et al.
(2025) demonstrated that obesity-associated cyto-
kines and altered adipokines promote angiogenesis,
extracellular matrix remodeling, and epithelial —
mesenchymal transition — mechanisms that may
accelerate tumor progression. This aligns with our
results indicating that metabolic syndrome and obe-
sity were strongly associated with endometrial and
ovarian tumor development. B.H. Harris et al.
(2022) further emphasized that up to 40% of can-
cers in high-income countries are now linked to obe-
sity, reinforcing the global relevance of these mecha-
nisms [1,4].

In the context of ovarian cancer, recent reviews
have underscored the importance of adipocyte-tu-
mor interactions, showing that insulin resistance,
chronic inflammation, and IGF-1 pathways contri-
bute to tumor progression and chemoresistance [6].
Although our study did not assess molecular mar-
kers, the predominance of advanced-stage (IIT)
ovarian cancer in metabolically compromised
women is consistent with these mechanistic insights.

Collectively, the agreement between our findings
and contemporary research supports the modern
concept of «metabolically driven gynecologic car-
cinogenesis». The clustering of obesity, insulin resis-
tance, estrone excess, reduced SHBG, and chronic
inflammation in women with gynecologic neoplasia
strongly reinforces the need for integrating metabo-
lic assessment into gynecologic oncology practice.

Metabolic syndrome and obesity exert profound
influence on the development and progression of gy-
necologic neoplasia in postmenopausal women.
Through mechanisms involving hyperinsulinemia,
increased estrone production, chronic inflammation,
and hormonal imbalance, metabolic disturbances
significantly elevate the risk of endometrial hyper-
plasia, carcinoma, ovarian cancer, and leiomyoma
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growth. Comprehensive metabolic assessment and
targeted lifestyle or pharmacological interventions
may reduce cancer risk and improve diagnostic ac-
curacy.

This study has several limitations that should be
acknowledged. First, the retrospective component
of the study did not include a complete hormonal
profile or anthropometric measurements such as
BMI. Therefore, assessment of metabolic status in
these patients was based primarily on biochemical
parameters, including fasting blood glucose, lipid
profile, abdominal circumference, and arterial blood
pressure. Although these parameters are integral
components of metabolic syndrome, the absence of
detailed hormonal and BMI data limits the ability to
fully characterize endocrine and metabolic interac-
tions in the retrospective cohort.

Second, the study was conducted at a single ter-
tiary oncology center, which may limit the genera-
lizability of the findings. Finally, molecular markers
of insulin signaling, inflammation, and estrogen
receptor activity were not assessed. Future multi-
center studies incorporating comprehensive meta-
bolic, hormonal, and molecular profiling are war-
ranted to further elucidate the mechanistic links
between metabolic syndrome and gynecologic neo-
plasia.

Conclusion

Obesity and metabolic syndrome significantly in-
crease the risk of endometrial hyperplasia, endome-
trial cancer, ovarian cancer, and progression of myo-
ma in postmenopausal women.

According to the results of the study, it was con-
firmed that:

* 40.0% of women with hyperandrogenism had
obesity as the primary cause.

* Hyperinsulinemia reduced SHBG — free estra-
diol increased.

* Elevated androgens (testosterone, DHEA-S)
were common in obese women.

» Combination of obesity + hyperinsulinemia —
strongest predictor of endometrial hyperplasia and
carcinoma.

Given the high prevalence of metabolic disorders
in aging women, early metabolic and hormonal
screening is critical for prevention and timely diag-
nosis of gynecologic neoplasia.

The authors declare no conflict of interest

Funding. The study was conducted without ex-
ternal financial support.
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