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Abstract

Objective: To explore the correlation between abdominal fat and the occurrence risk of endometrial cancer (EC) in patients
with polycystic ovary syndrome (PCOS).

Methods: The clinical information of 120 PCOS patients receiving treatment in our hospital from March 2019 to April 2022
were included in this study. Patients were divided into two groups, endometrial cancer (EC, n=35) and normal group (NM,
n=85). Statistical analysis included t-test, c2-test, and Pearson's correlation coefficient. We analysed the data using logistic re-
gression. The predictive accuracy and discriminative ability of the prediction model were assessed by the area under the receiver
operating characteristic (ROC) curve (AUC) and calibration curves.

Results: The incidence rate of EC in women with PCOS is 10.91% (12/110). Significant differences were found in waist cit-
cumference, hypertension, diabetes, hyperlipidemia, body mass index (BMI), waist-hip ratio (WHR), insulin resistance index
(HOMA-IR), visceral fat area (VFA) oestrogen receptor, progesterone receptor, human epidermal growth factor receptor-2
(HER?2), estradiol (E2), and luteinizing hormone (LH) between the two groups (P<0.05). No statistical difference was found
in age, hip circumference, menopause, use of intrauterine device, progesterone (P) and follicle-stimulating hormone (FSH)
between the groups (P>0.05). Multivariate logistic regression analysis showed that BMI, HOMA-IR, VFA and HER2 were
independent influencing factors of EC in PCOS patients (P<0.05). The AUC of BMI, HOMA-IR, VFA, HER2 were 0.878
(95%CI: 0.810~0.9406), 0.831 (95%CI: 0.751~0.911), 0.816 (95%CIL: 0.704~0.929) and 0.737 (95%CI: 0.634,0.840), respectively.
The model had more diagnostic effectiveness (AUC=0.973).

Conclusions: In PCOS disease, high-level BMI, HOMA-IR, VFA, and positive HER2 show an increased risk in the incidence
of EC. These findings suggest that BMI, HOMA-IR, VFA, and HER2 are potential markers for Risk assessment of EC.
HER2: Human epidermal growth factor receptor-2, E2: estradiol, P: progesterone, LH: Luteinizing hormone, FSH: Folli-
cle-stimulating hormone.
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Introduction ing age 4 The prevalence rate of EC has been increasing

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine diseases, with an incidence of 5%-
15% '. Typical features include ovulation disorders, men-
strual disorders, and polycystic-like changes in the ovaries
?, and these are closely associated with an increased risk of
insulin resistance, endometrial hyperplasia, and carcino-
genesis . Endometrial cancer (EC) is 2 common malig-
nant tumort, which often occurs in women of child-bear-
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in recent years with the increasing obesity. Medium-qual-
ity data statistics show the EC mortality rate will increase
by a further 19% within 20 years >. PCOS is thought to be
linked with an elevated risk of tumors, of which EC has
been the most frequently reported. Risk factors for EC
in PCOS include obesity, ovulation disorders, and insulin
resistance® ". According to the report, PCOS is 2.7 to 3
times more likely to develop EC than normal women .
A meta-analysis '’ indicates that women younger than 54
had a threefold increased risk of EC.

PCOS patients are often associated with obesity, which
is a risk factor for the increased risk of EC ''. Adipose
tissue can synthesize adipokines, biologically active cy-
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tokine peptides that interfere with insulin resistance and
lipolysis pathways, causing metabolic abnormalities and
carcinogenesis in PCOS patients '*. Although it is well
known that obesity is linked with the risk of various dis-
eases and cancers, the correlation between obesity and
EC risk in PCOS patients is still unclear, and only a few
studies have carried out preliminary exploration ', Ab-
dominal visceral fat area (VFA) is closely associated with
EC overall survival '?, However, there are few studies '"
> on the relationship between VFA and EC risk, and the
relevance between EC incidence and VFA in PCOS is
unknown. So, we carried out this study to compare and
analyse abdominal VFA between EC patients and non-
EC patients in PCOS patients, to explore the correlation
between abdominal VFA and EC risk in PCOS patients,
and to supplement a reliable basis of the prevention of
EC in those who diagnose with PCOS.

Methods

Patients

A total of 120 women with PCOS who receive treatment
in our hospital (March 2019 - April 2022) were included
in this study. According to EC diagnostic criteria, all par-
ticipants were separated into the endometrial cancer (EC,
n=35) and the normal group (NM, n=85). There are 63
patients with normal endometrium, 14 patients with sim-
ple positive hyperplastic endometrium, and 8 with atypi-
cal hyperplastic endometrium in the NM group.
Inclusion criteria: (1) All patients were primary PCOS
by definite pathological diagnosis; (2) No hormone ther-
apy in the past three months; (3) The treatment coopera-
tion of the patient was good.

Exclusion criteria: (1) Patients with cardiopulmonary
function, liver, and kidney function impairment; (2) Pa-
tients accompanied by hyperthyroidism, hypothyroid-
ism, and other endocrine diseases; (3) Patients with hor-
mone-related tumors or other severe malignant tumors;
(4) Patients with incomplete clinical data. The patients
and their relatives were aware and agree and signed in-
formed consent. The local medical ethics committee has
reviewed and approved the study.

Baseline data
Baseline data included age, the circumference of the
waist and hip, waist-to-hip ratio (WHR), body mass index
(BMI), age at menarche, menopause, and the history of
hypertension, diabetes, hyperlipidemia, and use of intra-
uterine device.
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Laboratory tests

Venous blood was collected in the morning under a fast-
ing state to determine fasting blood glucose (FPG) and
fasting insulin (FINS). The homeostasis model of HO-
MA-IR, which is the insulin resistance index, is calcu-
lated based on FPG and FINS. Visceral fat area (VFA)
was measured with an Omron visceral fat (Omrondual
scan HDS-2000) measuring device. Oestrogen receptor,
and progesterone receptor status was routinely measured
using the Allred scoring system 25. HER2 status was
evaluated using immunohistochemistry (IHC). The sex-
ual hormone includes estradiol (E2), progesterone (P),
luteinizing hormone (LLH), and Follicle-stimulating hor-
mone (FSH).

Statistical analysis

Statistical analysis was conducted by SPSS version 23
software. The continuous variables were displayed as
mean * standard deviation. Count variables were repre-
sented by n (%). The t-test and »” test were performed
to evaluate the difference between EC and NM groups
in clinical characteristics. The correlation between demo-
graphic and clinical characteristics was assessed by Pear-
son's correlation coefficient. The risk factors of EC in
PCOS were analysed by logistic regression. Univariate
logistic analysis was used to screen out the variables with
differences, and then the variables selected were included
in the regression model. Receiver operating characteristic
curve (ROC) was used to evaluate the prediction sensitiv-
ity and specificity of the model. It was performed with
the function of ROC analysis in the SPSS. ROC reflects
the correlation between sensitivity and specificity. The
prediction accuracy was represented by the area under
curve (AUC), which was calculated by the function of
ROC analysis in the SPSS/span>. It is generally believed
that 0.5 <AUC=0.7 suggests poor prediction ability, 0.7
<AUC=0.9 implies better predictive ability, and AUC>
0.9 indicates high predictive value. P <0.05 was regarded
as a significant difference.

Results

The clinical features of the EC (n = 35) and NM groups
(n = 85) are outlined in Table 1. The incidence rate of
EC in women with PCOS is 10.91% (12/110). Significant
differences were found in the proportions of hyperten-
sion, diabetes, hyperlipidemia, BMI, WHR, HOMA-IR,
VFA, oestrogen receptor, progesterone receptor, HER2,
E2, and LH between the two groups (P<0.05). The mean
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BMI in EC and NM were 26.12 = 1.67 and 22.88 * 2.34,
respectively. Of the 35 patients of EC, 21 (60.00%) had
a history of hypertension, and 23 (65.71%) patients with
diabetes. The proportion of patients with hyperlipid-
emia was much higher than the NM group (62.86% vs
35.29%). No significant difference was found in age,
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waist circumference, hip circumference, menopause, use
of intrauterine device, P and FSH between the groups
(P>0.05). The Pearson’s correlation coefficient of BMI
with waist circumference, hip circumference, waist-hip
ratio, and VFA is shown in Table 2. The VFA was sig-
nificantly positive-related waist circumference, and BMI.

Table 1: Clinicopathological characteristics

Variable EC(n=35) NM(n=85) t/yy P

Age (years) 45.71£6.92  47.88%7.69 1.443  0.152
Waist citcumference (cm)  81.57£5.21  78.92%4.59 -2.761  0.070
Hip circumference (cm) 103.10£3.42  102.65+0.54  -0.776  0.443
Menopause 15(42.86%)  49(57.65%) 2179 0.140
Menarche age (years) 13.17£1.21  12.95%0.97 -1.025  0.308
Hypertension 21(60.00%)  32(37.65%) 5.023  0.025
Diabetes 23(65.71%)  38(44.71%) 4.378  0.036
Hypetlipidemia 22(62.86%)  30(35.29%) 7.670  0.006
BMI (kg/m’) 26.1211.67  22.88%2.34 -8.507  <€0.001
WHR 0.79%0.05 0.77%0.05 -2.449  0.016
HOMA-IR (mmol/T.) 2.36%0.17 2.1140.21 -6.303  <<0.001
VFA (cm’) 98.11£21.18  78.63%£6.70 -5.333  <0.001
Use of intrauterine device  19(54.29%)  42(49.41) 0.081  0.776
Oestrogen receptor 25(71.43%)  22(25.88) 19.716  <<0.001
Progesterone receptor 26(74.29%)  25(29.41%) 18.634 <<0.001
HER2 24(68.57%)  18(21.18%) 22.440  <<0.001
E2(pmol/L) 98.86£37.53 128.97£50.96 3.578  0.001
P(nmol/L) 2.65%0.31 2.74%0.30 1412 0.161
LH(U/L) 36.86£6.05  33.51%3.15 -3.102  0.003
FSH(U/L) 25.03111.14 26.82+11.92  0.785  0.447

BMI: body mass index, VFA: visceral fat area, HER2: Human epidermal growth factor receptor-2,
E2: estradiol, P: progesterone, LH: Luteinizing hormone, FSH: Follicle-stimulating hormone.

Table 2: Correlation between BMI, waist circumference, hip
circumference, and VFA in patients with PCOS

Waist Hip BMI  WHR VFA
circumference circumference

Waist circumference (cm) 1

Hip circumference (cm)  0.203* 1

BMI (kg/m’) 0.074 0.010 1

WHR 0..952%¢ -0.106 0.075 1

VFA (cm’) 0.170 0.236** 0.345%<  0.101 1

* Denotes P<0.05, ** denotes P<0.001.
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The logistic regression model was constructed and the tor, HER2, E2, and LH showed statistical differences
assignment of variables was shown in Table 3. Firstly, re-  (P<0.05). Age, waist circumference, hip circumference,
gression analysis was carried out for each variable, and menopause, use of intrauterine device, P and FSH were

the results are shown in Table 4. Waist circumference, not significantly correlated with EC in this study popula-

hypertension, diabetes, hyperlipidemia, BMI, HOMA-IR,
WHR, VFA oestrogen receptor, progesterone recep-

tion (P>0.05).

Table 3: The assignment of variables

Variable

Assignment

Age
Waist circumference

Hip circumference

Continuous variables
Continuous variables

Continuous variables

Menopause No=0, Yes=1
Menarche age Continuous variables
Hypertension No=0, Yes=1
Diabetes No=0, Yes=1
Hyperlipidemia No=0, Yes=1
BMI Continuous variables
WHR Continuous variables
HOMA-IR Continuous variables
VFA Continuous variables

Use of intrauterine device

No=0, Yes=1

Oestrogen receptor

Negative=0, Positive=1

Progesterone receptor

Negative=0, Positive=1

HER2 Negative=0, Positive=1
E2 Continuous variables
P Continuous variables
LH Continuous variables
FSH Continuous variables

Table 4: Univariate logistic regression analysis

Variable B SE Wal P OR (95%CI)

Age (years) -0.039 0.028 2.05 0.152 0.961(0.911,1.015)
Waist circumference 0.116 0.044 6.872 0.009 1.123(1.030,1.225)
Hip circumference 0.13 0.111 1.375 0.241 1.139(0.917,1.415)
Menopause -0.596 0.406 2.155 0.142 0.551(0.249,1.221)
Menarche age 0.203 0.198 1.049 0.306 1.225(0.831,1.800)
Hypertension 0.91 0.411 4.895 0.027 2.484(1.109,5.563)
Diabetes 0.863 0.418 4.272 0.039 2.371(1.046,5.374)
Hyperlipidemia 1.132 0.417 7.372 0.007 3.103(1.370,7.025)
BMI 0.797 0.157 25.784  <0.001  2.218(1.631,3.017)
WHR 0.11 0.047 5.568 0.018 1.117(1.019,1.224)
HOMA-IR 0.669 0.138 23.466  <0.001  1.952(1.489,2.559)
VEFA 0.116 0.025 22.337  <0.001  1.123(1.070,1.178)
Use of intrauterine device 0.195 0.403 0.235 0.628 1.216(0.552,2.677)
Oestrogen receptor 1.968 0.449 19.245 <0.001  7.159(2.971,17.250)
Progesterone receptor 1.936 0.454 18.180  <0.001 6.933(2.847,16.885)
HER2 2.094 0.451 21.604 <0.001  8.121(3.358,19.642)
E2 -0.016 0.006 8.079 0.004 0.984(0.973,0.995)
P -0.948 0.676 1.965 0.161 0.388(0.103,1.459)
LH 0.179 0.051 12.298  <0.001  1.196(1.082,1.322)
FSH -0.013 0.017 0.588 0.443 0.987(0.954,1.021)
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According to the results of univariate regression analysis
and clinical experience, waist circumference, hypertension,
diabetes, hyperlipidemia, BMI, WHR, HOMA-IR,VFA,
use of intrauterine device, oestrogen receptor, progester-
one receptor, HER2, E2, and LH were included in the

multivariate regression model. As shown in Table 5, the
independent risk factors for EC in PCOS contained BMI,
HOMA-IR,VFA and HER2 (P<0.05). The goodness of
fit test of Hosmer-Lemeshow showed that X?=2.293,

P=0.971.

Table 5: Multivariate logistic regression analysis

Variable 8 SE Wald P OR(95%C)
gﬁ;tcmumf@fe“e 0457 0459 0991 0319 0.633(0.257,1.557)
Hypertension 1172 1173 0998 0318 3.227(0.324,32.156)
Diabetes 0181 1488 0015 0903 0.835(0.045,15.438)
Hypetlipidemia 1653 154 1153 0283 5.225(0.256,106.828)
BMI (ke/m?) 1438 0564 65 0011 4.213(1.39512.729)
WHR 58244 46651 1559 0212 1.972E+25(0,1.009E+65)
HOMA-IR (mmol/L) 6.814 3207 4514 0034 910.703(1.695489190.279)
VFA (cm?) 0.102 0038 7309 0007 1.108(1.028,1.193)

Use ofintrauterine——_y 29 500 1835 0176 0.181(0.015,2.149)
device

Oestrogen receptor 0591 1.097 029 059  1.805(0.21,15.514)
Progesterone 1831 1471 155 0213 0.16(0.009,2.864)
receptor

HER?2 2976 1217 5986 0014 19.614(1.807,212.841)
F2 0023 0016 2089 0.148 0.977(0.946,1.008)

LH 0.123  0.134 0847 0357 1.131(0.87,1.47)
Intercept 72428 23429 9557 0002 -

ROC was performed base on a new model constructed
by the above independent risk factors (Logistic mod-
el=-46.420+0.922BMI+6.209*HOMA-IR+0.087*V-
FA+2.566*HER2). The AUC of BMI, HOMA-IR, VFA,
HER2 were 0.878 (95%CI: 0.810~0.946), 0.831 (95%CI:
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0.751~0.911), 0.816 (95%CI: 0.704~0.929) and 0.737
(95%CI: 0.634,0.840), respectively. The AUC of logistic
model was 0.973 (95%CI: 0.950~0.997) (Figure 1 and Ta-
ble 6).
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Figure 1: ROC curve of BMI, HOMA-IR and VFA in predicting EC in patients with PCOS.
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Table 6: ROC characteristics of BMI, HOMA-IR, VFA and
HER2 in predicting EC in patients with PCOS

Test result L I 0

variable Cutoff AUC P Sensitivity ~ Specificity ~ 95%CI

BMI (kg/m?) 24.575 0.878 <0.001  0.886 0.824 (0.810,0.9406)
HOMA-

IR (mmol/I) 2285 0.831 <0.001  0.800 0.812 (0.751,0.911)
VFA (cm?) 86.35 0.816 <0.001 0.743 0.941 (0.704,0.929)
HER2 - 0.737  <0.001  0.686 0.788 (0.634,0.840)
BMI+HOMA-

IRAVEA+HER2 0336 0973 <0.001 0914 0.929 (0.950,0.997)

Discussion

Previous studies “*? have shown that PCOS prompts the
prevalence rate of EC, as obesity, was recognized as one
of the risk factors for EC. Current studies on the effect
of visceral obesity on EC have focused on the prognosis
of EC patients '*", but the relationship between EC risk
and EC risk is still unclear. PCOS patients are usually as-
sociated with obesity and insulin resistance, and excessive
fat leads to chronic estrogen exposure or lack of proges-
terone, which in turn leads to endometrial hyperplasia and
increases EC risk . The high expression of insulin-like
growth factor (IGF) in endometrial tissues promotes en-
dometrial hyperplasia and leads to the growth and prolif-
eration of endometrial cancer cells . Therefore, patients
with PCOS are at high risk for EC. Celik et al. ' reported
that VA may be an important marker for predicting the
prognosis of EC, but its diagnostic effectiveness in pre-
dicting the incidence of EC in PCOS patients needs to be
further explored.

Our study indicated that the risk factors for endometri-
al cancer in PCOS patients were BMI, HOMA-IR, VFA,
and HER2. Obesity is characterized by weight gain and
large accumulation of fat, and its related measurement in-
dicators include waist circumference, hip circumference,
WHR, BMI, VFA, etc. VFA is a common indicator to
measure visceral obesity. Previous studies have demon-
strated that high-level VFA leads to an increased risk of
various diseases, such as hypertension, diabetes, hyperlip-
idemia, etc **?! and increase the incidence of EC*. The
accumulation of fat in PCOS patients promotes the syn-
thesis and secretion of large amounts of estrone, which
in turn increases the risk of endometrial cancer . Wiwat-
panit et al. ** researched the mechanism related to the risk
of PCOS and EC by establishing stent-free multicellular
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endometrial organoids and found that excessive andro-
gens promoted cell proliferation in endometrial organ-

oids. Ferreira et al. °

suggested that abnormal endometri-
al cell proliferation was caused by a lack of estrogen and
progesterone withdrawal, and fat accumulation promotes
hormonal dysregulation was observed in PCOS. These
studies revealed that the association between PCOS and
EC is well explained by the association of both diseases

with obesity.

In this study, the BMI of the EC group was in the over-
weight range, and the VFA of the EC group was sig-
nificantly higher than that of the NM group, suggesting
that a high-level VFA is a common characteristic of EC
in PCOS patients. Freuer et al. ** identified the forma-
tion and development of EC are affected by fat content,
and about 50% of patients with PCOS are overweight
or obese, and most of them are characterized by exces-
sive accumulation of abdominal fat *. Abdominal fat
improves the risk of diabetes by inhibiting insulin pro-
duction by B cells. And adipocytokines produced by ab-
dominal fat itself, such as leptin and adiponectin, disturb
the insulin signaling pathway and cause insulin resistance
. HOMA-IR reflects the degtee of insulin in the patient,
with higher values suggesting higher levels of insulin re-
sistance. Here, we found that HOMA-IR was significantly
higher in the EC than in the NM, suggesting that the high-
er the degree of insulin resistance, the higher the risk of
EC in PCOS patients. There appears to be a higher inci-
dence in patients with obesity and high-level HOMA-IR.
The prevalence of metabolic syndrome in women with
PCOS is associated with obesity, and being overweight or
obese increases the risk of metabolic syndrome*. HER2
has been shown to strongly promote carcinogenesis. The
main mechanism of HER2 activation in cancers is the
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amplification of the HER2 gene, which results in HER2
protein overexpression.

There are several study limitations in our work. First, we
did not analyse the changes in body weight and fat dis-
tribution, which may be relevant to the formation and
development of EC. Second, this study is a single-cen-
ter retrospective analysis with small sample size. The
conclusion is may be not representative. A multi-center
and large-scale assist to the establishment of the model
and getting more valuable evidence-based evidence. The
mechanism of visceral fat for EC in patients with PCOS
should be made clear by more information and research.

In conclusion, for PCOS patients, improving the pre-
dictive precision of EC and implementing personalized
prevention programs are important measures to prevent
the occurrence of the disease. Enhancing the prognosis
of patients and reducing the economic burden of pa-
tients will be an important question for future investiga-
tion. This study implied that BMI, HOMA-IR, VFA, and
HER2 were independent risk factors for EC in PCOS pa-
tients, and patients with high VFA levels showed a higher
risk of EC. This model can be used to screen out pa-
tients with a high risk of EC in PCOS as eatly as possible,
and take preventive measures in time. The relationship
between PCOS and endometrial cancer is complex, and
large-scale studies or pooled analyses should be carried
out to reveal the association between them.
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