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ABSTRACT

BACKGROUND: Obesity contributes to endometrial cancer (EC). However, it is not clear whether the distribution of adipose tissue affects
the occurrence of endometrial carcinoma. This study aimed to evaluate the relationship between abdominal adipose tissue distribution and
E@}

METHODS: We designed a case-control study with 115 women with EC and a control group. The total abdominal adipose tissue, visceral
adipose tissue, and subcutaneous adipose tissue were measured by single slice computerized tomography at the level of umbilicus. Univari-
ate and multivariate logistic regression models were used to calculate odds ratios (ORs) for the risk of EC associated with adipose tissue
distribution. Furthermore, we analyzed the correlation between adipose tissue distribution and clinicopathologic features of endometrial
carcinoma.

RESULTS: Multivariate analysis showed that a larger visceral adipose tissue ratio was associated with an increased risk of EC after adjust-
ing for body mass index (BMI) and diabetes (OR=1.046, 95% confidence interval =[1.008-1.079]). The ratio of International Federation of
Obstetrics and Gynecology (FIGO) stage | and type | EC was higher in EC patients with larger visceral adipose tissue (84.5% vs 63.2%,
P=.009; 91.4% vs 75.4%, P=.021). There was a higher positive ratio of progesterone receptor in EC patients with a larger subcutaneous adi-
pose tissue area (91.2% vs 77.6%; P=.044).

CONCLUSIONS: Higher visceral adipose tissue ratio, independent of BMI, was associated with an increased risk of EC. Therefore, this
study demonstrated that women with normal BMI, but abnormal abdominal adipose tissue distribution, have an increased risk for EC.
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Introduction

As 1 of the 3 major female genital organ malignancies, the inci-
dence rates of endometrial cancer (EC) are increasing rapidly
due to various metabolic diseases.! Furthermore, epidemiologic
data show that obesity is most associated with EC. The devel-
opment of 57% of ECs is attributed to obesity.? The underlying
mechanism that explains how obesity promotes EC is complex,
including alterations in adipocyte-derived estrogen signaling,
insulin resistance, inflammatory responses, and adipokines.?
Endometrial cancer has been classified into 2 subtypes accord-
ing to pathologic and hormonal characteristics: type I (low-
grade, estrogen-dependent) and type II (high-grade and
estrogen-independent).* Evidence proves that the occurrence of
type I EC is significantly related to the level of estrogen and
progesterone in women. Obesity is a high estrogen state because

*Yuan Cheng and Zhongyu Wang contributed equally to this article.

adipose tissue makes adrenal androgens aromatize estrogen.
Moreover, estrogen stimulates endometrial hyperplasia, whereas
periodic progesterone and periodic menstrual shedding main-
tain endometrial health during the reproductive period. In post-
menopausal women, natural progesterone deficiency leads to
obesity-driven nonantagonistic estrogen excess, which is the
main theory behind endometrial carcinogenesis.

Body mass index (BMI) and waist circumstance (WC) are
commonly used to define obesity. Research shows that every
5-unit increase in BMI increases the risk of EC by 50%,° and
every 10 cm increase in WC increases this risk by 27%.” However,
it is still unclear whether weight gain or adipose distribution in
women is more important than BMI to determine the associa-
tion between EC risk and obesity. Recent studies have shown
that the measurement of adipose tissue distribution based on
computerized tomography (CT) scans have comparable or bet-
ter predictive value for cancer than BMI measurements.%’
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In CT examinations, total adipose tissue (TAT) is classified
into subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT).10 Research shows greater TAT, VAT, and SAT
areas in patients with pancreatic ductal adeno cancer than the
control group. Furthermore, there is strong evidence that vis-
ceral obesity increases the risk of colorectal, pancreatic, and
gastroesophageal cancer.!’ Two recent studies also found that
VAT scores are an independent predictor of breast cancer in
postmenopausal women.'>13 Renehan et al'* showed that indi-
viduals with high quantities of VAT carry an increased risk of
cardiovascular disease, type 2 diabetes, and developing breast,
colorectal, and esophageal cancer compared with individuals
with less VAT. Mounting evidence suggests that the distribu-
tion of abdominal adipose tissue may be related to the effect of
therapeutic interventions on and prognosis of several types of
cancers, including malignant melanomas,’ colorectal,'¢ and
esophageal cancers.!’

Within the context of EC, VAT has been associated with
several of its risk factors, including hypertension,'® diabetes
mellitus,'” and polycystic ovarian syndrome.? A prospective
epidemiologic risk factor study found that central obesity was
associated with increased risk of female genital organ cancers
in postmenopausal women, independent of their BMI.?! In
addition, the studies by Ye et al?? and Nattenmiiller et al?3 dem-
onstrated that higher VAT was associated with aggressive clini-
cal features in EC, such as lymph node metastasis, extrauterine
diseases, and poor prognosis.

Despite the plethora of research on the association of TAT,
SAT, and VAT with cancer, only a few studies have quantita-
tively explored the relationship between adipose tissue distri-
bution and the risk and pathologic features of patients with
EC.21-23 This study aimed to further evaluate the relationship
between abdominal adipose tissue distribution and EC.

Methods
Study population and data collection

We searched the electronic medical record database of Peking
University People’s Hospital, China, from 2010 to 2019 to
identify all discharged patients with EC. This study was
approved by the Ethics Committee of Peking University
People’s Hospital. The eligibility criteria for EC patients were
as follows: underwent primary surgery treatment (total abdom-
inal hysterectomy and bilateral salpingo-oophorectomy with or
without pelvic and/or para-aortic lymphadenectomy); diagno-
sis of EC confirmed by pathology (mainly the 2009
International Federation of Obstetrics and Gynecology
[FIGO] stage I to IV, Grade 1 to 3, type I endometrioid ade-
nocarcinoma, and type Il nonendometrioid adenocarcinoma);
and availability of pre-operative abdominal CT images. The
exclusion criteria were as follows: having undergone radiother-
apy, chemotherapy, or fertility-preserving treatment prior to
surgery.

Control subjects were selected among women who under-
went routine examination in the hospital. Inclusion criteria of

Subcutaneous adipose tissue
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Figure 1. Cross-sectional abdominal computerized tomography (CT)
image of subcutaneous adipose tissue (red) and visceral adipose tissue
(black) for measurements of abdominal adipose tissue distribution in

endometrial cancer patients.
Arrows indicate the visceral adipose tissue and subcutaneous adipose tissue.

the control group were as follows: (1) menstrual regularity in
premenopausal patients, and no abnormal vaginal bleeding in
postmenopausal patients and (2) imaging examination
(gynecologic ultrasound or CT, magnetic resonance imaging
[MRI]) or pathologic examination did not indicate endome-
trial lesions. Exclusion criteria were as follows: (1) history of
EC or other malignant tumors, (2) have a long history of oral
corticosteroids, and (3) there was a history of abdominal sur-
gery within 1year before abdominal CT examination. None of
them had a history of cancer or corticosteroids use, and all of
them were age-matched to the EC patients. A total of 115
patients with EC and 115 control patients were included in
this study. Information on obesity, diabetes, hypertension, and
family history of cancer were collected from the medical
records of each participant.

Image analyses

The International Diabetes Federation recommended CT and
MRI for the measurement of abdominal SAT and VAT in
2006. Two other studies show that VAT area (as extracted from
a single scan obtained at the level of umbilicus, ie, approxi-
mately the level of L4-L5) was highly correlated with total
VAT volume.1819

Hence, we measured abdominal adipose tissue distribution
(VAT and SAT) using a single cross-sectional CT image of a
5-mm thick slice at the level of umbilicus (Figure 1). We
retrieved abdominal CT scans from the radiology department.
Image] software (http://www.rsb.info.nih.gov/ij/download.
html) was used for the semi-automatic analysis of abdominal
CT images. Measurement thresholds with a lower attenuation
limit of ~-190HU and an upper attenuation limit of -30 HU
were chosen to selectively measure adipose tissue. First, TAT
area at the level of umbilicus was measured. Next, region of
interest (ROI) was drawn along the inner edge of the abdomi-
nal muscles and the spine as the intraperitoneal area. Adipose
tissue area within ROI was defined as abdominal VAT area. By
subtracting VAT from TAT, the SAT area was calculated. The
abdominal VAT proportion (VAT/TAT%) was calculated as
VAT/TAT X 100.
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Table 1. Clinicopathologic characteristics of the case group and control group.

VARIABLE

Age at reference (years)

Menopausal status
Pre-/peri-menopausal
Postmenopausal

Body mass index (kg/m?)

Normal/underweight (<25)

Overweight (25-30)
Obese (>30)

Waist-to-hip ratio
>0.8

<0.8
Type Il diabetes
Yes
No
Hypertension
Yes
No

*P < 0.05.

Statistical analysis

In this study, SPSS 20.0 (SPSS Inc, Chicago, IL, USA) was
used for statistical analysis. The quantitative data of normal
distribution were described by mean value * SD, and #test was
used for comparison between groups. The quantitative data of
abnormal distribution were described by median (range), and
the Mann-Whitney U test was used for comparison between
groups. Qualitative data were described by n (n/N%), and the
chi-square test was used for comparison between groups.
Univariate analysis was used to calculate odds ratios (ORs) and
the corresponding 95% confidence intervals (Cls) for the risk
of EC associated with adipose tissue distribution. Multivariate
stepwise logistic regression models were used for adjusting the
BMI and diabetes variables as confounding factors to further
clarify the independent risk role of VAT and EC. All P values
reported were 2-sided, and the level of statistical significance
was set at P<<.05.

Results
Patients

The clinicopathological characteristics of participants in the
case (n=115) and control groups (n=115) are summarized in
Table 1. At baseline, the 2 groups were matched by age and
menopausal status. The average age of participants in the case

CASES (N=115) CONTROLS (N=115) P VALUE
55+9 57+8 133
1.000
32 (27.8%) 32 (27.8%)
83 (72.7%) 83 (72.7%)
011*
51 (44.3%) 69 (60.0%)
48 (41.7%) 41 (35.7%)
16 (14.0%) 5 (4.3%)
175
49 (42.6%) 39 (33.9%)
66 (57.4%) 76 (66.1%)
.003*
31 (27.0%) 13 (11.3%)
84 (73.0%) 102 (88.7%)
175

49 (42.6%) 39 (33.9%)

66 (57.4%) 76 (66.1%)

and control groups was 55%9 and 57 %8, respectively
(P>.05).In both groups, the proportion of premenopausal and
postmenopausal women was the same, ie, 27.8% and 72.2%,
respectively. However, case group participants had a higher
BMI than control group participants (25.8+3.8 s
24.5 = 3.0kg/m?, respectively; P<.05), and they were more
likely to have type II diabetes (27% vs 11.3%, respectively;
P<.05).

Associations between abdominal adipose
tissue distribution and patients with E C

We examined the associations between abdominal adipose tis-
sue distribution and patients with EC (Table 2). The data
showed that VAT and VAT/TAT% were significantly higher in
the case than the control group (P<.05). However, the distri-
bution of TAT and SAT did not differ significantly by group.

Risk of EC based on abdominal adipose

tissue distribution

In the univariate logistic regression model, increase in both VAT
and VAT/TAT% was statistically significantly and positively asso-
ciated with EC prevalence (VAT, OR=1.010; 95% CI=[1.003-
1.017]; VAT/TAT%, OR =1.035; 95% CI =[1.001-1.069]).
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Table 2. Characteristics of abdominal adipose tissue distribution of the patient with endometrial cancer.

EC (N=115) CONTROL (N=115) P VALUEA
TAT (cm2) 367.06 (156.23, 754.65) 354.16 (182.95, 648.95) .098
VAT (cm?) 134.71 (64.50, 282.75) 118.15 (42.42, 254.40) .005*
SAT (cm?) 238.48 (64.84, 550.22) 227.81 (97.54, 479.91) 350
VAT/TAT (%) 36 (24, 71) 34 (16, 55) 047"

Abbreviations: SAT, subcutaneous adipose tissue area; TAT, total adipose tissue; VAT, visceral adipose tissue; VAT/TAT%, abdominal visceral adipose tissue proportion.

Data depicted are in the format of: median (range).
aP values were derived using the Mann-Whitney U test.
*P < 0.05.

Table 3. Multivariate analysis of risk factors for endometrial cancer.

UNIVARIATE

OR [95% Cl]

BMI (kg/m?) 1.115 [1.030-1.207]

Type Il diabetes 2.896 [1.425-5.884]
Hypertension 1.447 [0.848-2.469]
SAT 1.000 [1.000-1.000]

VAT/TAT (%) 1.035[1.001-1.069]

MULTIVARIATE
P VALUE OR [95% ClI] P VALUE
.007* 1.120 [1.031-1.215] .007*
.003* 2.698 [1.301-5.597] .008”
176
.306
.041* 1.046 [1.008-1.079] .017*

Abbreviations: BMI, body mass index; TAT, total adipose tissue; VAT, visceral adipose tissue; VAT/TAT%, abdominal visceral adipose tissue proportion.

*P < 0.05.

Table 3 shows the OR of the prevalence of EC based on
abdominal adipose tissue distribution after adjustments for
BMI and diabetes. After these adjustments, the multivariate-
adjusted ORs [95% CI] for the VAT/TAT% was 1.046
[1.008-1.079].

Abdominal adipose tissue distribution and
clinicopathologic features in patients with EC

We dichotomized all patients with EC into 2 groups based on
the median value of VAT (Table 4). The proportion of FIGO
stage I and type I EC was higher in EC patients with a larger
VAT area (84.5 % vs 63.2%, P=.009; 91.4% vs 75.4%, P=.021).
Thereafter, we dichotomized all patients with EC into 2
groups based on the median value of SAT (Table 5). There was
a higher positive ratio of progesterone receptors (PRs) in EC
patients with a larger SAT area (91.2 % vs 77.6%; P=.044).

Discussion

This study revealed a positive relationship between abdominal
VAT ratio and EC in Chinese women. Compared with the
control group, the area and the proportion of abdominal VAT
in the case group significantly increased. Furthermore, this
association between EC and abdominal VAT ratio persisted
after adjusting for BMI and diabetes. These results are consist-
ent with prior research, which showed that central obesity was
a risk factor for female genital organ cancers in postmenopau-
sal women, independent of their BMI.2! However, this cited

study focuses on the impact of overall adipose tissue distribu-
tion on the risk of EC based on measurements using whole-
body dual-energy X-ray absorptiometry scanners. Meanwhile,
this study explored the impact of abdominal adipose tissue dis-
tribution related to central obesity on the risk of EC using
abdominal CT images.

Our findings also hint for some potential mechanism that
explains the relationship between VAT and EC. Insulin resist-
ance is an important factor that supports the association
between visceral obesity and EC,?* and the correlation between
VAT and insulin resistance is well established in the litera-
ture.>>2¢ In addition, adipose tissue is an important endocrine
organ, meaning that it can secrete adipokines, including adi-
ponectin, leptin, resistin, and visfatin. Adiponectin is a protec-
tive factor of EC and is mainly secreted by SAT,?” although the
increase in VAT ratios leads to a decrease in serum adiponectin
levels.?® Another study found that plasma levels of interleukin-8
are strongly associated with VAT in patients with EC.%
Interleukin-8 can promote angiogenesis and mitogenesis by
binding to the chemokine receptors CXCR1 and CXCR2.
However, researchers have yet to identify acceptable levels of
VAT, as well as the thresholds above which VAT begins to det-
rimentally affect metabolic and inflammatory processes, ulti-
mately inducing tumor progression.

Recently, some studies have found that the relationship
between estrogen and VAT is controversial. One study showed
that VAT contributed more to estradiol production than SAT.3
Another research demonstrated that total TAT, VAT, and SAT



Cheng et al

Table 4. Visceral adipose tissue and clinicopathologic features in endometrial cancer patients.

FIGO stage
I (%)
Il and above (%)
Histology
Endometrioid (%)
Nonendometrioid (%)
Histologic grade
Grade 1 (%)
Grade 2 (%)
Grade 3 (%)
Deep myometrial invasion (=50%)
<1/2
=1/2
LN metastasis (n=106)
Negative
Positive
Lymphovascular invasion (n=111)
Negative
Positive
ER
Negative
Positive
PR
Negative
Positive

Ki-67

VAT < 134.71 (N=57) VAT >134.71 (N=58) P VALUE
.009*
36 (63.2) 49 (84.5)
21 (36.8) 9 (15.5)
021
43 (75.4) 53 (91.4)
14 (24.6) 5 (8.6)
079
22 (38.6) 25 (43.1)
14 (24.6) 22 (37.1)
21(36.8) 11 (19.0)
788
42 (73.7) 44 (75.9)
15 (26.3) 14 (24.1)
120
43 (82.7) 50 (92.6)
9 (17.3) 4(7.4)
235
40 (72.7) 46 (82.1)
15 (27.3) 10 (17.9)
521
7 (12.3) 5 (8.6)
50 (87.7) 53 (91.4)
286
11 (19.3) 7 (12.1)
46 (80.7) 51 (87.9)
0.40+0.24 0.40+0.20 925

Abbreviations: ER, estrogen receptor; FIGO, International Federation of Obstetrics and Gynecology; LN, lymph node; PR, progesterone receptor; VAT: visceral adipose tissue.

*P < 0.05.

were all related to plasma levels of estrone and estradiol, but
not with VAT ratios.>® Among the 115 cases of EC in this
study, the differences in clinicopathologic features between the
patients with high SAT lied in increased PR expression. This is
consistent with another research by Mauland et al3?: by analyz-
ing the distribution of abdominal adipose tissue in 170 patients
with EC, these researchers found that an increase in abdominal
SAT volume was related to positive PR expression.

However, this study has some limitations. As a retrospective
case-control study, we selected noncancer women rather than
completely healthy women as controls, because the data of

physical examination for normal women in our clinical center
are limited. In addition, we only monitored the weight and CT
scanning results of these women during their hospitalization.
However, the weight change and fat distribution of women
before cancer were not monitored, which may affect the out-
come, resulting in unavoidable offsets. Furthermore, as this
study included only cases with CT scan results, the number of
cases was limited, and this may have caused some selection bias.
Moreover, we dichotomized the sample by the median VAT/
TAT% value. For that, the lack of an appropriate and scientifi-
cally validated threshold may have hindered our ability to
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Table 5. Subcutaneous adipose tissue and clinicopathologic features in endometrial cancer patients.

SAT <238.48 (N=58)

FIGO stage

| (%) 41 (70.1)

Il and above (%) 17 (29.3)
Histology

Endometrioid (%) 45 (77.6)

Nonendometrioid (%) 13 (22.4)
Histologic grade

Grade 1 (%) 21 (36.2)

Grade 2 (%) 17 (29.3)

Grade 3 (%) 20 (34.5)
Deep myometrial invasion (=50%)

<1/2 43 (74.1)

=1/2 15 (25.9)
LN metastasis (n=106)

Negative 46 (83.6)

Positive 9 (16.4)
Lymphovascular invasion (n=111)

Negative 40 (72.7)

Positive 15 (27.3)
ER

Negative 8(13.8)

Positive 50 (86.2)
PR

Negative 13 (22.4)

Positive 45 (77.6)
Ki-67 0.43+0.25

SAT >238.48 (N=57) P VALUE
427
44 (77.2)
13 (22.8)
.086
51 (89.5)
6 (10.5)
.268
26 (45.6)
19 (33.3)
12 (21.1)
872
43 (75.4)
14 (24.6)
181
47 (92.2)
4(7.8)
.235
46 (82.1)
10 (17.9)
.235
4 (7.0)
53 (93.0)
.044*
5 (8.8)
52 (91.2)
0.37+0.18 138

Abbreviations: ER, estrogen receptor; FIGO, International Federation of Obstetrics and Gynecology; LN, lymph node; PR, progesterone receptor; VAT: visceral adipose tissue.

*P < 0.05.

provide more useful correlations between VAT and markers of

EC.

Implications

This study clinically demonstrated that women with normal
BMI but abnormal abdominal adipose tissue distribution
should be instructed on the greater risk of EC to which they
may be exposed.

Conclusions
Our findings demonstrated that abdominal VAT ratio was
independently associated with the risk of EC in Chinese

women. Further prospective studies with larger sample sizes are
required to understand the causal relationship between abdom-
inal adipose tissue distribution and EC prevalence.

Acknowledgments
The authors thank Huixin Liu for her guidance on statistics.

Author Contributions

YC completed data processing, article writing, proofreading,
and revision. ZW completed data collection, data processing,
and first draft writing. XJ mainly provided imaging data. RZ
was mainly involved in article ideas and data guidance. JW was



Cheng et al

mainly involved in article design, supervision, and revision of

article. All authors read and approved the final.

Ethical Approval and Consent to Participate

This study was approved by the Ethics Committee of Peking
University People’s Hospital. The ethics approval ID is 2019
PHBO031-031-01, and approval date is March 19, 2019. All

patients signed a written informed consent form and agreed

that the clinical data could be used scientifically in relevant

research.

ORCID iD

Yuan Cheng

https://orcid.org/0000-0002-4476-7241

REFERENCES

1.

10.

11.

12.

13.

Makker V, MacKay H, Ray-Coquard I, et al. Endometrial cancer. Nat Rev Dis
Primers. 2021;7:88.

Lu KH, Broaddus RR.
2020;383:2053-2064.

Yang X, Wang J. The role of metabolic syndrome in endometrial cancer: a review.
Front Oncol. 2019;9:744.

Bokhman JV. Two pathogenetic types of endometrial carcinoma. Gynecol Oncol.
1983;15:10-17.

Crosbie EJ, Kitson SJ, McAlpine JN, et al. Endometrial cancer. Lancet.
2022;399:1412-1428.

Bhaskaran K, Douglas I, Forbes H, et al. Body-mass index and risk of 22 specific
cancers: a population-based cohort study of 5.24 million UK adults. Lancet.
2014;384:755-765.

Aune D, Navarro Rosenblatt DA, Chan DS, et al. Anthropometric factors and
endometrial cancer risk: a systematic review and dose-response meta-analysis of
prospective studies. 4nn Oncol. 2015;26:1635-1648.

Zeng Q, Wang L, Dong S, et al. CT-derived abdominal adiposity: distributions
and better predictive ability than BMI in a nationwide study of 59,429 adults in
China. Metabolism. 2021;115:154456.

Lee H, Park HE, Yoon JW, et al. Clinical significance of body fat distribution in
coronary artery calcification progression in Korean population. Diabetes Metab ].
2021;45:219-230.

Giindogdu E, Emekli E, Kebap¢ M. Relationship among CT-based abdominal
adipose tissue areas and pancreatic ductal adenocancerin male. Aging Male.
2020;23:1455-1459.

Silveira EA, Kliemann N, Noll M, Sarrafzadegan N, de Oliveira C. Visceral
obesity and incident cancer and cardiovascular disease: an integrative review of
the epidemiological evidence. Obes Rev. 2021;22:¢13088.

Le Marchand L, Wilkens LR, Castelfranco AM, et al. Circulating biomarker
score for visceral fat and risks of incident colorectal and postmenopausal breast
cancer: the multiethnic cohort adiposity phenotype study. Cancer Epidemiol Bio-
markers Prev. 2020;29:966-973.

Iyengar NM, Arthur R, Manson JE, et al. Association of body fat and risk of

breast cancer in postmenopausal women with normal body mass index: a

Endometrial  cancer.

N Engl ] Med.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

secondary analysis of a randomized clinical trial and observational study. JAMA
Oncol. 2019;5:155-163.

Renehan AG, Zwahlen M, Egger M. Adiposity and cancer risk: new mechanis-
tic insights from epidemiology. Naz Rev Cancer. 2015;15:484-498.

Grignol VP, Smith AD, Shlapak D, Zhang X, Del Campo SM, Carson WE.
Increased visceral to subcutaneous fat ratio is associated with decreased overall
survival in patients with metastatic melanoma receiving anti-angiogenic therapy.
Surg Oncol. 2015;24:353-358.

Clark W, Siegel EM, Chen YA, et al. Quantitative measures of visceral adiposity
and body mass index in predicting rectal cancer outcomes after neoadjuvant
chemoradiation. J Am Coll Surg. 2013;216:1070-1081.

Okamura A, Watanabe M, Mine S, et al. Clinical impact of abdominal fat dis-
tribution on prognosis after esophagectomy for esophageal squamous cell carci-
noma. Ann Surg Oncol. 2016;23:1387-1394.

Kim HJ, Kwon H, Jeong SM, et al. Effects of abdominal visceral fat compared
with those of subcutaneous fat on the association between PM10 and hyperten-
sion in Korean men: a cross-sectional study. Sci Rep. 2019;9:5951.

Benevides F'T, Araujo Junior E, Maia CSC, Montenegro Junior RM, Carvalho
FHC. Ultrasound evaluation of subcutaneous and visceral abdominal fat as a
predictor of gestational diabetes mellitus: a systematic review. J Matern Fetal
Neonatal Med. 2022;35:2216-2226.

Katuzna M, Czlapka-Matyasik M, Bykowska-Derda A, et al. Indirect predictors
of visceral adipose tissue in women with polycystic ovary syndrome: a compari-
son of methods. Nutrients. 2021;13:2494.

Staunstrup LM, Nielsen HB, Pedersen BK, et al. Cancer risk in relation to body
fat distribution, evaluated by DXA-scans, in postmenopausal women-the Pro-
spective Epidemiological Risk Factor (PERF) study. Sci Rep. 2019;9:5379.

Ye S, Wen H, Jiang Z, et al. The effect of visceral obesity on clinicopathological
features in patients with endometrial cancer: a retrospective analysis of 200 Chi-
nese patients. BMC Cancer. 2016;16:209.

Nattenmiiller J, Rom J, Buckner T, et al. Visceral abdominal fat measured by
computer tomography as a prognostic factor for gynecological malignancies?
Oncotarget. 2018;9:16330-16342.

Hernandez AV, Pasupuleti V, Benites-Zapata VA, et al. Insulin resistance and
endometrial cancer risk: a systematic review and meta-analysis. Eur J Cancer.
2015;51:2747-2758.

Wium C, Eggesbo HB, Ueland T, et al. Adipose tissue distribution in relation to
insulin sensitivity and inflammation in Pakistani and Norwegian subjects with
type 2 diabetes. Scand J Clin Lab Invest. 2014;74:700-707.

Capurso C, Capurso A. From excess adiposity to insulin resistance: the role of
free fatty acids. Vascul Pharmacol. 2012;57:91-97.

Li X, Lindquist S, Angsten G, Yi ], Olsson T, Hernell O. Adiponectin and per-
oxisome proliferator-activated receptor gamma expression in subcutaneous and
omental adipose tissue in children. Acta Paediatr. 2008;97:630-635.

Okauchi Y, Kishida K, Funahashi T, et al. Changes in serum adiponectin con-
centrations correlate with changes in BMI, waist circumference, and estimated
visceral fat area in middle-aged general population. Diabetes Care. 2009;32:¢122.
Ciortea R, Mihu D, Mihu CM. Association between visceral fat, IL-8 and endo-
metrial cancer. Anticancer Res. 2014;34:379-384.

Tangen IL, Fasmer KE, Konings GF, et al. Blood steroids are associated with
prognosis and fat
2019;152:46-52.
Forsse D, Tangen IL, Fasmer KE, et al. Blood steroid levels predict survival in
endometrial cancer and reflect tumor estrogen signaling. Gyneco/ Oncol.
2020;156:400-406.

Mauland KK, Eng &, Ytre-Hauge S, et al. High visceral fat ratio is associated
with poor outcome in endometrial cancer. Oncotarget. 2017;8:105184-105195.

distribution in endometrial cancer. Gynecol Oncol.


https://orcid.org/0000-0002-4476-7241



