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Abstract: About 10–66% of patients with atypical endometrial hyperplasia diagnosed before surgery
(preoperative-AEH) are found to have concurrent endometrial cancer (EC) at definitive hysterectomy,
leading to incomplete primary surgery and delayed adjuvant treatment. This study aims to investigate
the potential risk factors of concurrent EC in preoperative-AEH patients in a clinical setting with
a gynecological pathology review. All patients diagnosed with AEH by endometrial biopsy or
curettage that then underwent definitive hysterectomy from January 2016 to December 2019 in
a tertiary hospital were retrospectively analyzed. All diagnoses were reviewed by gynecological
pathologists. A total of 624 preoperative-AEH patients were included, 30.4% of whom had concurrent
EC. In multivariate analysis, postmenopausal status and CA125 ≥ 35 U/mL significantly correlated
with concurrent EC (OR = 3.57; 95% CI = 1.80–7.06; OR = 2.15; 95% CI = 1.15–4.03). This risk
was remarkably increased in patients with both postmenopausal status and CA125 ≥ 35 U/mL
(OR = 16.20; 95% CI = 1.73–151.44). Notably, concurrent EC seemed to occur more frequently
in women with postmenopausal time ≥ 5 years (OR = 4.04, 95% CI = 1.80–5.85). In addition,
CA125 ≥ 35 U/mL seemed to be an independent risk factor (OR = 5.74; 95% CI = 1.80–18.27) for
concurrent intermediate-high-risk EC. Intermediate-high-risk EC was also more commonly seen in
preoperative-AEH women with postmenopausal time ≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19,
p = 0.027). In conclusion, preoperative-AEH patients with postmenopausal status or elevated level of
CA125 might have a high risk of concurrent EC. Adequate pre-surgical evaluation might be suggested
for such patients.

Keywords: atypical endometrial hyperplasia; endometrial cancer; postmenopausal status; cancer
antigen 125

1. Introduction

Atypical endometrial hyperplasia (AEH), a precancerous lesion of endometrial can-
cer (EC), is a hyperplasic state of the endometrium with nuclear atypia based on patho-
logical findings [1,2]. The standard treatment for AEH is hysterectomy with bilateral
salpingectomy. However, of patients preoperatively diagnosed with AEH (preoperative-
AEH patients) by endometrium biopsy or curettage, about 10–66% were demonstrated
to have co-existing EC at definitive hysterectomy [3–10]. According to National Compre-
hensive Cancer Network (NCCN) guidelines (version 1.2021), for patients with EC found
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by incompletely surgically stage, the risk stratification should be assessed [11]. In this
context, for those patients with high-risk factors, imaging or surgical restaging should
have been recommended, and if necessary, a second surgery was then required to assess
lymph node metastasis to guide adjuvant therapy [11]. Although the sentinel lymph node
(SLN) sampling is widely accepted with fewer adverse events than traditional systematic
lymphadenectomy, it is impossible for preoperative-AEH patients who had undergone hys-
terectomy due to the disruption of the lymphatic channels. Thus, it is clinically important
to identify EC patients who were initially diagnosed with AEH before surgery, to avoid the
risk of second anesthesia and multiple side effects caused by systematic lymphadenectomy.

EC-related risk factors were found, including chronic anovulation, obesity, metabolic
disorders (e.g., diabetes, hypertension), exogenous estrogen exposure, nulliparity, late-onset
menopause, and older age, etc., [12–14]. At present, no consensus had been reached on the
factors predicting concurrent EC in preoperative-AEH patients, or risk stratification for
coexisting EC before hysterectomy [5,10,15,16]. That may be due to the lack of pathological
central review on AEH specimens before surgery, or relatively small sample size (mostly
<200 cases) in published studies. A large (n = 773) retrospective study based on the
Danish Gynecological Cancer Database reported that age and menopause were significantly
correlated with EC risk in preoperative-AEH patients [5]. The author also mentioned that
the findings might not be suitable for clinical use as the study focused on a community
setting where different pathologists assessed the specimens without an expert pathology
review [5]. A recent study analyzed 169 women with complex atypical hyperplasia before
surgery in a tertiary hospital and showed that age and endometrial stripe thickness ≥2 cm
were the strongest predictors of concurrent EC at the time of hysterectomy [15]. Considering
the difficulty in distinguishing AEH and well-differentiated endometrial adenocarcinoma
in surgical pathology, large-scale research with central review by pathological specialists is
needed to better evaluate potential risk factors of EC in preoperative-AEH cases.

In this context, we conducted a retrospective study to investigate which preoperative
factors might be correlated with concurrent EC in a large cohort of preoperative-AEH
patients (n = 624) from a tertiary obstetrics and gynecology hospital with a pathological
central review. The second objective was to assess which preoperative-AEH patients might
be at risk of intermediate-high-risk EC in the final diagnosis as they might need more
clinical assessment.

2. Materials and Methods
2.1. Patient Cohort

A total of 655 consecutive patients diagnosed with AEH preoperatively were retro-
spectively included in this study. All patients underwent definitive hysterectomy in the
Obstetrics and Gynecology Hospital of Fudan University (Ob& Gyn Hospital) from Jan-
uary 2016 to December 2019. The inclusion criteria were patients who (1) were diagnosed
with AEH preoperatively by endometrium biopsy or curettage; 92) underwent definitive
hysterectomy within 1 month after AEH diagnosis; (3) had no other malignant tumors;
(4) received no previous fertility-sparing therapies before hysterectomy; and (5) had avail-
able clinicopathological data. Thirty-one patients were excluded for receiving progestin
treatment before hysterectomy. Therefore, totally 624 women met the criteria and then
were recruited into the study. All the patients diagnosed with endometrial cancer after
definitive surgery were staged according to the International Federation of Gynecology
and Obstetrics (FIGO) 2009 staging system [17]. The study was approved by the Ethics
Committees of the Ob& Gyn Hospital (protocol code 2021-185). All patients had signed
informed consent forms for using their clinicopathological data for research purposes.

2.2. Pathological Diagnosis

All 624 patients were diagnosed with AEH only in Ob& Gyn Hospital through en-
dometrial biopsy by Pipelle or dilation and curettage (D&C) with or without hysteroscopy
(HSC). Final pathological diagnoses were made after definitive hysterectomy. Pathological
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diagnoses were performed according to the World Health Organization (WHO) patho-
logical classification (2014) and were determined by at least two senior gynecological
pathologists only in Ob& Gyn Hospital. If the diagnosis differed, a consultation would be
held in the department of pathology for the final decision.

Patients diagnosed with EC after definitive surgery were classified with low-risk EC
or intermediate-high-risk EC. In this study, low-risk EC was defined as: endometrioid en-
dometrial cancer grade 1–2, myometrial invasion <50% and no other risk factors presented
(which included grade 3, non-endometrioid endometrial cancer, myometrial invasion
≥50%, cervical stromal involvement, extra-uterine involvement or lymph-vascular space
invasion (LVSI)). All other endometrial cancer cases were defined as intermediate-high-risk
EC [11].

2.3. Data Collection

Clinical and pathological data were collected by experienced clinicians, including
age, weight, height, menopausal status, fertility status, medical history, comorbidities
(hypertension and diabetes), ultrasound evaluation and endometrium biopsy methods
(Pipelle or D&C, with or without HSC). Laboratory data including fasting blood glucose
(FBG), fasting insulin (FINS) and serum level of cancer antigen 125 (CA125) were also
recorded. Clinical data were collected before definitive surgery. Pathological reports from
endometrial biopsy and hysterectomy were collected.

Body mass index (BMI) and the homeostasis model assessment-insulin resistance
(HOMA-IR) index were calculated based on following formula: (1) BMI = weight (kg)/height
(m2); (2) HOMA-IR = FBG (mmol/L)× FINS (mU/L)/22.5. Patients with BMI≥ 28 (kg/m2)
were defined as obese [18], whereas patients with HOMA-IR ≥ 2.95 were defined as insulin
resistant, according to previous studies [19,20].

2.4. Statistical Analysis

Statistical analysis was performed by SPSS 25.0 (SPSS, Chicago, IL, USA). The Shapiro-
Wilk test or Kolmogorov–Smirnov test was used as appropriate to ascertain whether
continuous variables had a normal distribution. Homogeneity of variance was analyzed by
Levene’s test. Continuous variables were summarized by medians and interquartile range,
and categorical variables were presented as frequency with percentage. The intra-group
differences of continuous variables were investigated by Student’s t test when normally
distributed, or Mann–Whitney U test when non-normally distributed. Chi-squared test
or Fisher’s exact was used to analyze the difference between categorical variables as
appropriate. Logistic regression models were used for univariate and multivariate statistical
comparisons. Factors found significant in univariate analysis or with clinical importance
were included into multivariate analysis. Adjusted odds ratio (OR) and 95% confidence
intervals (CIs) were estimated with the logistic regression models. A 2-tailed p value of less
than 0.05 was considered statistically significant.

As only 447 of 624 women had CA125 value, the analyses on the correlation between
CA125 and concurrent EC were only performed on these patients.

3. Results

Of 624 patients who met the inclusion criteria, 434 (69.6%) maintained AEH in the final
diagnosis, whereas 190 (30.4%) had co-existing EC, including 160 (25.6%) patients with low-
risk EC and 30 (4.8%) with intermediate-high-risk EC, respectively. Basic characteristics
of the patients were presented in Table 1, Tables S1 and S2. Most of patients with EC
diagnosed by final histopathology (final-EC) were with FIGO stage IA (89.5%), grade 1
(94.0%), myometrial invasion <50% (68.9%), endometrioid histology (96.8%) and absence
of LVSI (94.7%, Table S1). Only 447 women had CA125 value, and they were included in
the analysis of the correlation between CA125 and concurrent EC. The median age in the
final-AEH and final-EC group were 47 and 49 years old. The median BMI, the distribution
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of diabetes and hypertension, and endometrial sampling methods before surgery were
similar between the two groups.

Table 1. Clinical characteristics of patients diagnosed with AEH and EC by final histopathology.

Characteristics Number Total (n = 624) Final-AEH (n = 434) Final-EC (n = 190) p Value b,c

Median (interquartile range)

Age (years old) 624 48 (43–51) 47 (43–51) 49 (44–53) 0.002
BMI (kg/m2) a 621 24.61 (22.45–27.34) 24.61 (22.51–27.34) 24.46 (22.34–27.60) 0.979

Number (%)

BMI (kg/m2) a 621 0.860
<28 489 (78.7%) 341 (78.9%) 148 (78.3%)
≥28 132 (21.3%) 91 (21.1%) 41 (21.7%)

Menopausal
status 624 <0.001

Premenopausal 506 (81.1%) 374 (86.2%) 132 (69.5%)
Postmenopausal 118 (18.9%) 60 (13.8%) 58 (30.5%)

Fertility 624 0.235
Pluripara 597 (95.7%) 418 (96.3%) 179 (94.2%)
Nullipara 27 (4.3%) 16 (3.7%) 11 (5.8%)

Tubal ligation 624 0.335
NO 564 (90.4%) 389 (89.6%) 175 (92.1%)
YES 60 (9.6%) 45 (10.4%) 15 (7.9%)

Diabetes 624 0.447
NO 588 (94.2%) 411 (94.7%) 177 (93.2%)
YES 36 (5.8%) 23 (5.3%) 13 (6.8%)

Hypertension 624 0.081
NO 484 (77.6%) 345 (79.5%) 139 (73.2%)
YES 140 (22.4%) 89 (20.5%) 51 (26.8%)

FBG (mmol/L) 607 0.039
<7.0 580 (95.6%) 409 (96.7%) 171 (92.9%)
≥7.0 27 (4.4%) 14 (3.3%) 13 (7.1%)

HOMA-IR a 246 0.186
<2.95 196 (79.7%) 151 (81.6%) 45 (73.8%)
≥2.95 50 (20.3%) 34 (18.4%) 16 (26.2%)

CA125 (U/mL) a 447 0.033
<35 397 (88.8%) 288 (90.9%) 109 (83.8%)
≥35 50 (11.2%) 29 (9.1%) 21 (16.2%)

Sampling
method 624 0.421

D&C alone 428 (68.6%) 294 (67.7%) 134 (70.5%)
D&C with HSC 189 (30.3%) 133 (30.6%) 56 (29.5%)
Pipelle biopsy 7 (1.1%) 7 (1.6%) 0 (0%)

Data shown were median (interquartile range) or number (%). a All variables were analyzed among 624 patients
except for BMI, FBG, HOMA-IR and CA125. Missing data included 3 cases for BMI, 17 for FBG, 378 for HOMA-IR
and 177 for CA125. b p value: difference between final-AEH group and final-EC group. c Significant difference
p < 0.05. Abbreviations: AEH, atypical endometrial hyperplasia; EC, endometrial cancer; final-AEH, atypical
endometrial hyperplasia diagnosed by final histopathology; final-EC, endometrial cancer diagnosed by final
histopathology; BMI, body mass index; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment-
insulin resistance; CA125, cancer antigen 125; D&C, dilatation and curettage; HSC, hysteroscopy.

Compared with patients maintained AEH in final diagnosis, those with concurrent
EC seemed to be slightly older (p = 0.002), with higher level of FBG (p = 0.039) and CA125
(p = 0.033), and higher percentage of postmenopausal status (p < 0.001, Table 1).

Univariate and multivariate analyses were carried out to investigate possible risk
factors predicting concurrent EC in final histopathology (Table 2). Univariate analysis
showed postmenopausal status and CA125 ≥ 35 U/mL were correlated with concurrent
EC. In multivariate analysis, CA125 level was not included into the model first because only
447 of 624 patients had this information. Multivariate analysis in all 624 patients showed
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postmenopausal status was independently correlated with concurrent EC (OR = 3.17; 95%
CI = 1.85–5.46; p < 0.001), adjusted for age, BMI, diabetes, hypertension and FBG level.
When analyzing 447 patients with available CA125 value, both postmenopausal status (OR
= 3.57; 95% CI = 1.80–7.06; p < 0.001) and CA125 ≥ 35 U/mL (OR = 2.15; 95% CI = 1.15–4.03;
p = 0.017) as well as hypertension (OR = 1.70; 95% CI = 1.00–2.87; p = 0.049) were found to
be independent risk factors for finally diagnosed EC, after adjusting age, BMI, diabetes and
FBG level (Table 2).

Furthermore, we found 3.8% (5/130), 37.7% (49/130) and 58.5% (76/130) of finally di-
agnosed EC patients had “postmenopausal status + CA125 ≥ 35 U/mL” (both risk factors),
“either postmenopausal status or CA125 ≥ 35 U/mL” (either one risk factor) and “pre-
menopausal status + CA125 < 35 U/mL” (no risk factor), compared with 0.3% (1/317),21.8%
(69/317) and 77.9% (185/317) in finally diagnosed AEH patients, respectively (Figure 1).
Preoperative-AEH women with “postmenopausal status + CA125 ≥ 35 U/mL” seemed
to have remarkably increased risk for concurrent EC (OR = 16.20; 95% CI = 1.73–151.44;
p = 0.015). The positive predictive value of “postmenopausal status + CA125 ≥ 35 U/mL”
for concurrent EC was 83.3% (5/6) while the negative predictive value was 71.7% (316/441)
(Table S3).

We then looked at possible risk factors correlated with concurrent intermediate-high-
risk EC in preoperative-AEH patients. Only CA125 ≥ 35 U/mL was found to be the
independent and significant predictor in both uni- and multivariate analyses (OR = 4.54;
95% CI = 1.58–13.04; p = 0.005, OR = 5.74; 95% CI = 1.80–18.27; p = 0.003, Table 3).

We further asked whether longer time after menopause was correlated with a higher
risk of co-existing EC. We divided patients into 4 subgroups: premenopausal, post-
menopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with pre-
menopausal group, the risk of concurrent EC was higher in postmenopausal women but re-
main stable within the first 5 years after menopause (<2 years: OR = 2.87,
95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91,
p = 0.002, Table 4). Nevertheless, this risk continued to increase after 5 years since
menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was
also observed when including CA125 level into the analysis model. The risk of concur-
rent EC in preoperative-AEH patients with postmenopausal time ≥5 years was almost
6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001,
Table 4). Notably, we found the probability to have intermediate-high-risk EC was only
elevated in women with postmenopausal time ≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19,
p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar
result was also found when including CA125 level into the analysis model (OR = 8.06,
95% CI = 1.14–56.83, p = 0.036, Table 5).
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Table 2. Univariate and multivariate analyses of factors predicting concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-
AEH patients b with available serum CA125 value according to logistic regression model.

Univariate Analysis Multivariate Analysis without Available CA125 f Multivariate Analysis with Available CA125 g

Characteristics No.
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Diabetes: Yes vs. No 624 1.31 (0.65–2.65) 0.448 Diabetes: Yes vs. No 624 0.71 (0.29–1.74) 0.452 Diabetes: Yes vs. No 447 1.02 (0.35–2.94) 0.975 
Hypertension: Yes vs. No 624 1.42 (0.96–2.11) 0.082 Hypertension: Yes vs. No 624 1.27 (0.81–1.98) 0.302 Hypertension: Yes vs. No 447 1.70 (1.00–2.87) 0.049 
Menopausal status: Post vs. Pre 624 2.74 (1.81–4.14) <0.001 Menopausal status: Post vs. Pre 624 3.17 (1.85–5.46) <0.001 Menopausal status: Post vs. Pre 447 3.57 (1.80–7.06) <0.001 
CA125 (U/ml): ≥35 vs. <35 447 1.91 (1.05–3.50) 0.035   / / CA125 (U/ml): ≥35 vs. <35 447 2.15 (1.15–4.03) 0.017 
FBG (mmol/L): ≥7.0 vs. <7.0 607 2.22 (1.02–4.82) 0.044 FBG (mmol/L): ≥7.0 vs. <7.0 607 2.29 (0.88–5.98) 0.090 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.06 (0.65–6.58) 0.221 
HOMA-IR: ≥2.95 vs. <2.95 246 1.58 (0.80–3.12) 0.189   / /   / / 
Sampling method:            
D&C alone: Yes vs. No 624 1.14 (0.79–1.65) 0.491   / /   / / 
D&C with HSC: Yes vs. No 624 0.95 (0.65–1.37) 0.769   / /   / / 
Pipelle biopsy: Yes vs. No 624 0.00 (0.00) 0.999   / /   / / 

Final diagnosis   Final diagnosis 
  Final diagnosis   

  ← AEH                   EC →     ← AEH                   EC →     ← AEH                   EC →   

a In total of 624 patients with available data. b In total of 447 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, 
hypertension and FBG level. d OR adjusted for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this 
analysis for only 447 of 624 preoperative-AEH patients had available serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients 
with available serum CA125 value. Abbreviations: AEH, atypical endometrial hyperplasia; EC, endometrial cancer; OR, odds ratio; CI, confidence interval; BMI, 
body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation and 
curettage; HSC, hysteroscopy. 

Adjusted OR d (95% CI) p e

Age (years): 624 1.03 (1.01–1.06) 0.007 Age (years): 624 0.99 (0.96–1.02) 0.574 Age (years): 447 0.98 (0.94–1.02) 0.275
BMI (kg/m2): ≥28 vs. <28 621 1.04 (0.69–1.57) 0.860 BMI (kg/m2): ≥28 vs. <28 621 0.97 (0.61–1.52) 0.879 BMI (kg/m2): ≥28 vs. <28 446 0.86 (0.49–1.49) 0.582
Fertility: Nullipara vs. Pluripara 624 1.61 (0.73–3.53) 0.239 / / / /
Tubal ligation: Yes vs. No 624 0.74 (0.40–1.37) 0.336 / / / /
Diabetes: Yes vs. No 624 1.31 (0.65–2.65) 0.448 Diabetes: Yes vs. No 624 0.71 (0.29–1.74) 0.452 Diabetes: Yes vs. No 447 1.02 (0.35–2.94) 0.975
Hypertension: Yes vs. No 624 1.42 (0.96–2.11) 0.082 Hypertension: Yes vs. No 624 1.27 (0.81–1.98) 0.302 Hypertension: Yes vs. No 447 1.70 (1.00–2.87) 0.049
Menopausal status: Post vs. Pre 624 2.74 (1.81–4.14) <0.001 Menopausal status: Post vs. Pre 624 3.17 (1.85–5.46) <0.001 Menopausal status: Post vs. Pre 447 3.57 (1.80–7.06) <0.001
CA125 (U/ml): ≥35 vs. <35 447 1.91 (1.05–3.50) 0.035 / / CA125 (U/ml): ≥35 vs. <35 447 2.15 (1.15–4.03) 0.017
FBG (mmol/L): ≥7.0 vs. <7.0 607 2.22 (1.02–4.82) 0.044 FBG (mmol/L): ≥7.0 vs. <7.0 607 2.29 (0.88–5.98) 0.090 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.06 (0.65–6.58) 0.221
HOMA-IR: ≥2.95 vs. <2.95 246 1.58 (0.80–3.12) 0.189 / / / /
Sampling method:
D&C alone: Yes vs. No 624 1.14 (0.79–1.65) 0.491 / / / /
D&C with HSC: Yes vs. No 624 0.95 (0.65–1.37) 0.769 / / / /
Pipelle biopsy: Yes vs. No 624 0.00 (0.00) 0.999 / / / /

Final diagnosis Final diagnosis Final diagnosis
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FBG (mmol/L) 607    0.039 
<7.0  580 (95.6%) 409 (96.7%) 171 (92.9%)  
≥7.0  27 (4.4%) 14 (3.3%) 13 (7.1%)  

HOMA-IR a 246    0.186 
<2.95  196 (79.7%) 151 (81.6%) 45 (73.8%)  
≥2.95  50 (20.3%) 34 (18.4%) 16 (26.2%)  

CA125 (U/mL) a 447    0.033 
<35  397 (88.8%) 288 (90.9%) 109 (83.8%)  
≥35  50 (11.2%) 29 (9.1%) 21 (16.2%)  

Sampling method 624    0.421 
D&C alone  428 (68.6%) 294 (67.7%) 134 (70.5%)  

D&C with HSC  189 (30.3%) 133 (30.6%) 56 (29.5%)  
Pipelle biopsy  7 (1.1%) 7 (1.6%) 0 (0%)  

Data shown were median (interquartile range) or number (%). a All variables were analyzed among 624 patients except for BMI, 
FBG, HOMA-IR and CA125. Missing data included 3 cases for BMI, 17 for FBG, 378 for HOMA-IR and 177 for CA125. b p value: 
difference between final-AEH group and final-EC group. c Significant difference p < 0.05. Abbreviations: AEH, atypical endometrial 
hyperplasia; EC, endometrial cancer; final-AEH, atypical endometrial hyperplasia diagnosed by final histopathology; final-EC, endo-
metrial cancer diagnosed by final histopathology; BMI, body mass index; FBG, fasting blood glucose; HOMA-IR, homeostasis model 
assessment-insulin resistance; CA125, cancer antigen 125; D&C, dilatation and curettage; HSC, hysteroscopy. 

Table 2. Univariate and multivariate analyses of factors predicting concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH 
patients b with available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years):  624 1.03 (1.01-1.06) 0.007 Age (years):  624 0.99 (0.96-1.02) 0.574 Age (years):  447 0.98 (0.94-1.02) 0.275 
BMI (kg/m²): ≥ 28 vs < 28 621 1.04 (0.69-1.57) 0.860 BMI (kg/m²): ≥ 28 vs < 28 621 0.97 (0.61-1.52) 0.879 BMI (kg/m²): ≥ 28 vs < 28 446 0.86 (0.49-1.49) 0.582 
Fertility: Nullipara vs Pluripara 624 1.61 (0.73-3.53) 0.239   / /   / / 
Tubal ligation: Yes vs No 624 0.74 (0.40-1.37) 0.336   / /   / / 
Diabetes: Yes vs No 624 1.31 (0.65-2.65) 0.448 Diabetes: Yes vs No 624 0.71 (0.29-1.74) 0.452 Diabetes: Yes vs No 447 1.02 (0.35-2.94) 0.975 
Hypertension: Yes vs No 624 1.42 (0.96-2.11) 0.082 Hypertension: Yes vs No 624 1.27 (0.81-1.98) 0.302 Hypertension: Yes vs No 447 1.70 (1.00-2.87) 0.049 
Menopausal status: Post vs Pre 624 2.74 (1.81-4.14) < 0.001 Menopausal status: Post vs Pre 624 3.17 (1.85-5.46) < 0.001 Menopausal status: Post vs Pre 447 3.57 (1.80-7.06) < 0.001 
CA125 (U/ml): ≥ 35 vs < 35 447 1.91 (1.05-3.50) 0.035   / / CA125 (U/ml): ≥ 35 vs < 35 447 2.15 (1.15-4.03) 0.017 
FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.22 (1.02-4.82) 0.044 FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.29 (0.88-5.98) 0.090 FBG (mmol/L): ≥ 7.0 vs < 7.0 435 2.06 (0.65-6.58) 0.221 
HOMA-IR: ≥ 2.95 vs < 2.95 246 1.58 (0.80-3.12) 0.189   / /   / / 
Sampling method:            
D&C alone: Yes vs No 624 1.14 (0.79-1.65) 0.491   / /   / / 
D&C with HSC: Yes vs No 624 0.95 (0.65-1.37) 0.769   / /   / / 
Pipelle biopsy: Yes vs No 624 0.00 (0.00) 0.999   / /   / / 

Final diagnosis   Final diagnosis
  Final diagnosis   

  ← AEH               EC →     ← AEH                   EC →     ← AEH                   EC →   

a In total of 624 patients with available data. b In total of 447 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension 
and FBG level. d OR adjusted for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis for only 447 of 624 
preoperative-AEH patients had available serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients with available serum CA125 value. 
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FBG (mmol/L) 607    0.039 
<7.0  580 (95.6%) 409 (96.7%) 171 (92.9%)  
≥7.0  27 (4.4%) 14 (3.3%) 13 (7.1%)  

HOMA-IR a 246    0.186 
<2.95  196 (79.7%) 151 (81.6%) 45 (73.8%)  
≥2.95  50 (20.3%) 34 (18.4%) 16 (26.2%)  

CA125 (U/mL) a 447    0.033 
<35  397 (88.8%) 288 (90.9%) 109 (83.8%)  
≥35  50 (11.2%) 29 (9.1%) 21 (16.2%)  

Sampling method 624    0.421 
D&C alone  428 (68.6%) 294 (67.7%) 134 (70.5%)  

D&C with HSC  189 (30.3%) 133 (30.6%) 56 (29.5%)  
Pipelle biopsy  7 (1.1%) 7 (1.6%) 0 (0%)  

Data shown were median (interquartile range) or number (%). a All variables were analyzed among 624 patients except for BMI, 
FBG, HOMA-IR and CA125. Missing data included 3 cases for BMI, 17 for FBG, 378 for HOMA-IR and 177 for CA125. b p value: 
difference between final-AEH group and final-EC group. c Significant difference p < 0.05. Abbreviations: AEH, atypical endometrial 
hyperplasia; EC, endometrial cancer; final-AEH, atypical endometrial hyperplasia diagnosed by final histopathology; final-EC, endo-
metrial cancer diagnosed by final histopathology; BMI, body mass index; FBG, fasting blood glucose; HOMA-IR, homeostasis model 
assessment-insulin resistance; CA125, cancer antigen 125; D&C, dilatation and curettage; HSC, hysteroscopy. 

Table 2. Univariate and multivariate analyses of factors predicting concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH 
patients b with available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years):  624 1.03 (1.01-1.06) 0.007 Age (years):  624 0.99 (0.96-1.02) 0.574 Age (years):  447 0.98 (0.94-1.02) 0.275 
BMI (kg/m²): ≥ 28 vs < 28 621 1.04 (0.69-1.57) 0.860 BMI (kg/m²): ≥ 28 vs < 28 621 0.97 (0.61-1.52) 0.879 BMI (kg/m²): ≥ 28 vs < 28 446 0.86 (0.49-1.49) 0.582 
Fertility: Nullipara vs Pluripara 624 1.61 (0.73-3.53) 0.239   / /   / / 
Tubal ligation: Yes vs No 624 0.74 (0.40-1.37) 0.336   / /   / / 
Diabetes: Yes vs No 624 1.31 (0.65-2.65) 0.448 Diabetes: Yes vs No 624 0.71 (0.29-1.74) 0.452 Diabetes: Yes vs No 447 1.02 (0.35-2.94) 0.975 
Hypertension: Yes vs No 624 1.42 (0.96-2.11) 0.082 Hypertension: Yes vs No 624 1.27 (0.81-1.98) 0.302 Hypertension: Yes vs No 447 1.70 (1.00-2.87) 0.049 
Menopausal status: Post vs Pre 624 2.74 (1.81-4.14) < 0.001 Menopausal status: Post vs Pre 624 3.17 (1.85-5.46) < 0.001 Menopausal status: Post vs Pre 447 3.57 (1.80-7.06) < 0.001 
CA125 (U/ml): ≥ 35 vs < 35 447 1.91 (1.05-3.50) 0.035   / / CA125 (U/ml): ≥ 35 vs < 35 447 2.15 (1.15-4.03) 0.017 
FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.22 (1.02-4.82) 0.044 FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.29 (0.88-5.98) 0.090 FBG (mmol/L): ≥ 7.0 vs < 7.0 435 2.06 (0.65-6.58) 0.221 
HOMA-IR: ≥ 2.95 vs < 2.95 246 1.58 (0.80-3.12) 0.189   / /   / / 
Sampling method:            
D&C alone: Yes vs No 624 1.14 (0.79-1.65) 0.491   / /   / / 
D&C with HSC: Yes vs No 624 0.95 (0.65-1.37) 0.769   / /   / / 
Pipelle biopsy: Yes vs No 624 0.00 (0.00) 0.999   / /   / / 

Final diagnosis   Final diagnosis
  Final diagnosis   

  ← AEH               EC →     ← AEH                   EC →     ← AEH                   EC →   

a In total of 624 patients with available data. b In total of 447 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension 
and FBG level. d OR adjusted for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis for only 447 of 624 
preoperative-AEH patients had available serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients with available serum CA125 value. 
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FBG (mmol/L) 607    0.039 
<7.0  580 (95.6%) 409 (96.7%) 171 (92.9%)  
≥7.0  27 (4.4%) 14 (3.3%) 13 (7.1%)  

HOMA-IR a 246    0.186 
<2.95  196 (79.7%) 151 (81.6%) 45 (73.8%)  
≥2.95  50 (20.3%) 34 (18.4%) 16 (26.2%)  

CA125 (U/mL) a 447    0.033 
<35  397 (88.8%) 288 (90.9%) 109 (83.8%)  
≥35  50 (11.2%) 29 (9.1%) 21 (16.2%)  

Sampling method 624    0.421 
D&C alone  428 (68.6%) 294 (67.7%) 134 (70.5%)  

D&C with HSC  189 (30.3%) 133 (30.6%) 56 (29.5%)  
Pipelle biopsy  7 (1.1%) 7 (1.6%) 0 (0%)  

Data shown were median (interquartile range) or number (%). a All variables were analyzed among 624 patients except for BMI, 
FBG, HOMA-IR and CA125. Missing data included 3 cases for BMI, 17 for FBG, 378 for HOMA-IR and 177 for CA125. b p value: 
difference between final-AEH group and final-EC group. c Significant difference p < 0.05. Abbreviations: AEH, atypical endometrial 
hyperplasia; EC, endometrial cancer; final-AEH, atypical endometrial hyperplasia diagnosed by final histopathology; final-EC, endo-
metrial cancer diagnosed by final histopathology; BMI, body mass index; FBG, fasting blood glucose; HOMA-IR, homeostasis model 
assessment-insulin resistance; CA125, cancer antigen 125; D&C, dilatation and curettage; HSC, hysteroscopy. 

Table 2. Univariate and multivariate analyses of factors predicting concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH 
patients b with available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years):  624 1.03 (1.01-1.06) 0.007 Age (years):  624 0.99 (0.96-1.02) 0.574 Age (years):  447 0.98 (0.94-1.02) 0.275 
BMI (kg/m²): ≥ 28 vs < 28 621 1.04 (0.69-1.57) 0.860 BMI (kg/m²): ≥ 28 vs < 28 621 0.97 (0.61-1.52) 0.879 BMI (kg/m²): ≥ 28 vs < 28 446 0.86 (0.49-1.49) 0.582 
Fertility: Nullipara vs Pluripara 624 1.61 (0.73-3.53) 0.239   / /   / / 
Tubal ligation: Yes vs No 624 0.74 (0.40-1.37) 0.336   / /   / / 
Diabetes: Yes vs No 624 1.31 (0.65-2.65) 0.448 Diabetes: Yes vs No 624 0.71 (0.29-1.74) 0.452 Diabetes: Yes vs No 447 1.02 (0.35-2.94) 0.975 
Hypertension: Yes vs No 624 1.42 (0.96-2.11) 0.082 Hypertension: Yes vs No 624 1.27 (0.81-1.98) 0.302 Hypertension: Yes vs No 447 1.70 (1.00-2.87) 0.049 
Menopausal status: Post vs Pre 624 2.74 (1.81-4.14) < 0.001 Menopausal status: Post vs Pre 624 3.17 (1.85-5.46) < 0.001 Menopausal status: Post vs Pre 447 3.57 (1.80-7.06) < 0.001 
CA125 (U/ml): ≥ 35 vs < 35 447 1.91 (1.05-3.50) 0.035   / / CA125 (U/ml): ≥ 35 vs < 35 447 2.15 (1.15-4.03) 0.017 
FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.22 (1.02-4.82) 0.044 FBG (mmol/L): ≥ 7.0 vs < 7.0 607 2.29 (0.88-5.98) 0.090 FBG (mmol/L): ≥ 7.0 vs < 7.0 435 2.06 (0.65-6.58) 0.221 
HOMA-IR: ≥ 2.95 vs < 2.95 246 1.58 (0.80-3.12) 0.189   / /   / / 
Sampling method:            
D&C alone: Yes vs No 624 1.14 (0.79-1.65) 0.491   / /   / / 
D&C with HSC: Yes vs No 624 0.95 (0.65-1.37) 0.769   / /   / / 
Pipelle biopsy: Yes vs No 624 0.00 (0.00) 0.999   / /   / / 

Final diagnosis   Final diagnosis
  Final diagnosis   

  ← AEH               EC →     ← AEH                   EC →     ← AEH                   EC →   

a In total of 624 patients with available data. b In total of 447 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension 
and FBG level. d OR adjusted for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis for only 447 of 624 
preoperative-AEH patients had available serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients with available serum CA125 value. 

a In total of 624 patients with available data. b In total of 447 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension and FBG level.
d OR adjusted for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis for only 447 of 624 preoperative-AEH patients
had available serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients with available serum CA125 value. Abbreviations: AEH, atypical endometrial
hyperplasia; EC, endometrial cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis
model assessment—insulin resistance; D&C, dilatation and curettage; HSC, hysteroscopy.

Table 3. Univariate and multivariate analyses of factors related to concurrently intermediate-high-risk EC in 190 final-EC patients a and in 130 final-EC patients b

with available serum CA125 value according to logistic regression model.

Univariate Analysis Multivariate Analysis without Available CA125 f Multivariate analysis with available CA125 g

Characteristics No.
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Table 3. Univariate and multivariate analyses of factors related to concurrently intermediate-high-risk EC in 190 final-EC patients a and in 130 final-EC patients b 
with available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate Analysis without Available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years): 190 1.05 (0.99–1.10) 0.096 Age (years): 190 1.01 (0.93–1.08) 0.884 Age (years): 130 0.97 (0.89–1.06) 0.530 
BMI (kg/m²): ≥28 vs. <28 189 0.35 (0.10–1.23) 0.103 BMI (kg/m²): ≥28 vs. <28 189 0.31 (0.08–1.17) 0.084   / / 
Fertility: Nullipara vs. Pluripara 190 0 (0) 0.999   / /   / / 
Tubal ligation: Yes vs. No 190 0.36 (0.05–2.84) 0.332   / /   / / 
Diabetes: Yes vs. No 190 1.67 (0.43–6.45) 0.460 Diabetes: Yes vs. No 190 3.30 (0.40–27.21) 0.267 Diabetes: Yes vs. No 130 1.66 (0.17–16.38) 0.664 
Hypertension: Yes vs. No 190 1.45 (0.63–3.36) 0.384 Hypertension: Yes vs. No 190 1.20 (0.43–3.34) 0.733 Hypertension: Yes vs. No 130 1.90 (0.61–5.99) 0.270 
Menopausal status: Post vs. Pre 190 1.95 (0.88–4.35) 0.101 Menopausal status: Post vs. Pre 190 1.86 (0.62–5.56) 0.265 Menopausal status: Post vs. Pre 130 2.83 (0.62–12.96) 0.180 
CA125 (U/mL): ≥35 vs. <35 130 4.54 (1.58–13.04) 0.005   / / CA125 (U/ml): ≥35 vs. <35 130 5.74 (1.80–18.27) 0.003 
FBG (mmol/L): ≥7.0 vs. <7.0 184 0.97 (0.20–4.62) 0.969 FBG (mmol/L): ≥7.0 vs. <7.0 184 0.41 (0.04–4.13) 0.448 FBG (mmol/L): ≥7.0 vs. <7.0 127 0.49 (0.04–5.98) 0.580 
HOMA-IR: ≥2.95 vs. <2.95 61 2.17 (0.52–8.97) 0.286   / /   / / 
Sampling method: D&C with HSC vs. D&C alone 190 1.24 (0.54–2.85) 0.614   / /   / / 

Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, 
hypertension, menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. 
Notes: f CA125 was not included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 
190 final-EC patients with available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; 
OR, odds ratio; CI, confidence interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assess-
ment—insulin resistance; D&C, dilatation and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer 
grade 1–2, myometrial invasion < 50% and no other risk factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion 
≥ 50%, cervical stromal involvement, extra-uterine involvement or lymph-vascular space invasion). All other endometrial cancer cases were defined as interme-
diate-high-risk EC. 

Table 4. Multivariate logistic analysis models on the correlation between menopausal statuses (premenopausal status, postmenopausal time <2 years, ≥2–<5 years 
and ≥5 years) and concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH patients b with available serum CA125 
value. 

Multivariate Analysis without Available CA125 f Multivariate Analysis with Available CA125 g 
Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years): 624 0.99 (0.95–1.02) 0.423 Age (years): 447 0.97 (0.93–1.01) 0.121 
BMI (kg/m²): ≥28 vs. <28 621 0.95 (0.60–1.50) 0.813 BMI (kg/m²): ≥ 28 vs. < 28 446 0.82 (0.47–1.43) 0.484 
Diabetes: Yes vs. No 624 0.71 (0.29–1.75) 0.451 Diabetes: Yes vs. No 447 0.97 (0.33–2.85) 0.957 
Hypertension: Yes vs. No 624 1.26 (0.81–1.98) 0.307 Hypertension: Yes vs. No 447 1.72 (1.01–2.92) 0.046 
Menopause time (years): 624   Menopause time (years): 447   

<2 years vs. No  2.87 (1.20–6.84) 0.018 <2 years vs. No  2.19 (0.60–8.03) 0.238 
≥2–< 5 years vs. No  2.95 (1.47–5.91) 0.002 ≥2–<5 years vs. No  3.13 (1.36–7.21) 0.007 
≥5 years vs. No  4.04 (1.80–9.06) 0.001 ≥5 years vs. No  6.35 (2.37–17.03) <0.001 

    CA125 (U/ml): ≥35 vs. <35 447 2.12 (1.13–3.98) 0.020 
FBG (mmol/L): ≥7.0 vs. <7.0 607 2.23 (0.85–5.85) 0.104 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.10 (0.65–6.75) 0.214 
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BMI (kg/m²): ≥28 vs. <28 189 0.35 (0.10–1.23) 0.103 BMI (kg/m²): ≥28 vs. <28 189 0.31 (0.08–1.17) 0.084   / / 
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Hypertension: Yes vs. No 190 1.45 (0.63–3.36) 0.384 Hypertension: Yes vs. No 190 1.20 (0.43–3.34) 0.733 Hypertension: Yes vs. No 130 1.90 (0.61–5.99) 0.270 
Menopausal status: Post vs. Pre 190 1.95 (0.88–4.35) 0.101 Menopausal status: Post vs. Pre 190 1.86 (0.62–5.56) 0.265 Menopausal status: Post vs. Pre 130 2.83 (0.62–12.96) 0.180 
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Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  
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OR, odds ratio; CI, confidence interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assess-
ment—insulin resistance; D&C, dilatation and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer 
grade 1–2, myometrial invasion < 50% and no other risk factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion 
≥ 50%, cervical stromal involvement, extra-uterine involvement or lymph-vascular space invasion). All other endometrial cancer cases were defined as interme-
diate-high-risk EC. 

Table 4. Multivariate logistic analysis models on the correlation between menopausal statuses (premenopausal status, postmenopausal time <2 years, ≥2–<5 years 
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FBG (mmol/L): ≥7.0 vs. <7.0 607 2.23 (0.85–5.85) 0.104 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.10 (0.65–6.75) 0.214 
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Age (years): 190 1.05 (0.99–1.10) 0.096 Age (years): 190 1.01 (0.93–1.08) 0.884 Age (years): 130 0.97 (0.89–1.06) 0.530
BMI (kg/m2): ≥28 vs. <28 189 0.35 (0.10–1.23) 0.103 BMI (kg/m2): ≥28 vs. <28 189 0.31 (0.08–1.17) 0.084 / /
Fertility: Nullipara vs. Pluripara 190 0 (0) 0.999 / / / /
Tubal ligation: Yes vs. No 190 0.36 (0.05–2.84) 0.332 / / / /
Diabetes: Yes vs. No 190 1.67 (0.43–6.45) 0.460 Diabetes: Yes vs. No 190 3.30 (0.40–27.21) 0.267 Diabetes: Yes vs. No 130 1.66 (0.17–16.38) 0.664
Hypertension: Yes vs. No 190 1.45 (0.63–3.36) 0.384 Hypertension: Yes vs. No 190 1.20 (0.43–3.34) 0.733 Hypertension: Yes vs. No 130 1.90 (0.61–5.99) 0.270
Menopausal status: Post vs. Pre 190 1.95 (0.88–4.35) 0.101 Menopausal status: Post vs. Pre 190 1.86 (0.62–5.56) 0.265 Menopausal status: Post vs. Pre 130 2.83 (0.62–12.96) 0.180
CA125 (U/mL): ≥35 vs. <35 130 4.54 (1.58–13.04) 0.005 / / CA125 (U/ml): ≥35 vs. <35 130 5.74 (1.80–18.27) 0.003
FBG (mmol/L): ≥7.0 vs. <7.0 184 0.97 (0.20–4.62) 0.969 FBG (mmol/L): ≥7.0 vs. <7.0 184 0.41 (0.04–4.13) 0.448 FBG (mmol/L): ≥7.0 vs. <7.0 127 0.49 (0.04–5.98) 0.580
HOMA-IR: ≥2.95 vs. <2.95 61 2.17 (0.52–8.97) 0.286 / / / /
Sampling method: D&C with 190 1.24 (0.54–2.85) 0.614 / / / /
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CA125 (U/ml): ≥ 35 vs < 35 130 4.54 (1.58-13.04)0.005 / / CA125 (U/ml): ≥ 35 vs < 35 130 5.74 (1.80-18.27) 0.003
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HSC vs. D&C alone           Final diagnosis Final diagnosis Final diagnosis 
← low-risk EC   intermediate-high-risk EC → ← low-risk EC   intermediate-high-risk EC → ← low-risk EC   intermediate-high-risk EC → 

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 
menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not
included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 
available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 
interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 
and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 
factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 
lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC.

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 
into 4 subgroups: premenopausal, postmenopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premeno-
pausal group, the risk of concurrent EC was higher in postmenopausal women but remain stable within the first 5 years after meno-
pause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 
this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was 
also observed when including CA125 level into the analysis model. The risk of concurrent EC in preoperative-AEH patients with
postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001,
Table 4). Notably, we found the probability to have intermediate-high-risk EC was only elevated in women with postmenopausal time 
≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar
result was also found when including CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 
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Fertility: Nullipara vs Pluripara 190 0 (0) 0.999   / /   / / 

Tubal ligation: Yes vs No 190 0.36 (0.05-2.84) 0.332   / /   / / 
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Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 

menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not 

included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 

available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 

interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 

and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 

factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 

lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC. 

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 
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Tubal ligation: Yes vs No 190 0.36 (0.05-2.84) 0.332   / /   / / 
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Menopausal status: Post vs Pre 190 1.95 (0.88-4.35) 0.101 Menopausal status: Post vs Pre 190 1.86 (0.62-5.56) 0.265 Menopausal status: Post vs Pre 130 2.83 (0.62-12.96) 0.180 

CA125 (U/ml): ≥ 35 vs < 35 130 4.54 (1.58-13.04) 0.005   / / CA125 (U/ml): ≥ 35 vs < 35 130 5.74 (1.80-18.27) 0.003 

FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.97 (0.20-4.62) 0.969 FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.41 (0.04-4.13) 0.448 FBG (mmol/L): ≥ 7.0 vs < 7.0 127 0.49 (0.04-5.98) 0.580 

HOMA-IR: ≥ 2.95 vs < 2.95 61 2.17 (0.52-8.97) 0.286   / /   / / 

Sampling method: D&C with HSC vs D&C alone 190 1.24 (0.54-2.85) 0.614   / /   / / 

Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 

menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not 

included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 

available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 

interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 

and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 

factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 

lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC. 

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 

into 4 subgroups: premenopausal, postmenopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premeno-

pausal group, the risk of concurrent EC was higher in postmenopausal women but remain stable within the first 5 years after meno-

pause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 

this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was 

also observed when including CA125 level into the analysis model. The risk of concurrent EC in preoperative-AEH patients with 

postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001, 

Table 4). Notably, we found the probability to have intermediate-high-risk EC was only elevated in women with postmenopausal time 

≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar 

result was also found when including CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 
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Table 3. Univariate and multivariate analyses of factors related to concurrently intermediate-high-risk EC in 190 final-EC patients a and in 130 final-EC patients b with 

available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 

Age (years): 190 1.05 (0.99-1.10) 0.096 Age (years): 190 1.01 (0.93-1.08) 0.884 Age (years): 130 0.97 (0.89-1.06) 0.530 

BMI (kg/m²): ≥ 28 vs < 28 189 0.35 (0.10-1.23) 0.103 BMI (kg/m²): ≥ 28 vs < 28 189 0.31 (0.08-1.17) 0.084   / / 

Fertility: Nullipara vs Pluripara 190 0 (0) 0.999   / /   / / 

Tubal ligation: Yes vs No 190 0.36 (0.05-2.84) 0.332   / /   / / 

Diabetes: Yes vs No 190 1.67 (0.43-6.45) 0.460 Diabetes: Yes vs No 190 3.30 (0.40-27.21) 0.267 Diabetes: Yes vs No 130 1.66 (0.17-16.38) 0.664 

Hypertension: Yes vs No 190 1.45 (0.63-3.36) 0.384 Hypertension: Yes vs No 190 1.20 (0.43-3.34) 0.733 Hypertension: Yes vs No 130 1.90 (0.61-5.99) 0.270 

Menopausal status: Post vs Pre 190 1.95 (0.88-4.35) 0.101 Menopausal status: Post vs Pre 190 1.86 (0.62-5.56) 0.265 Menopausal status: Post vs Pre 130 2.83 (0.62-12.96) 0.180 

CA125 (U/ml): ≥ 35 vs < 35 130 4.54 (1.58-13.04) 0.005   / / CA125 (U/ml): ≥ 35 vs < 35 130 5.74 (1.80-18.27) 0.003 

FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.97 (0.20-4.62) 0.969 FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.41 (0.04-4.13) 0.448 FBG (mmol/L): ≥ 7.0 vs < 7.0 127 0.49 (0.04-5.98) 0.580 

HOMA-IR: ≥ 2.95 vs < 2.95 61 2.17 (0.52-8.97) 0.286   / /   / / 

Sampling method: D&C with HSC vs D&C alone 190 1.24 (0.54-2.85) 0.614   / /   / / 

Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 

menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not 

included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 

available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 

interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 

and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 

factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 

lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC. 

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 

into 4 subgroups: premenopausal, postmenopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premeno-

pausal group, the risk of concurrent EC was higher in postmenopausal women but remain stable within the first 5 years after meno-

pause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 

this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was 

also observed when including CA125 level into the analysis model. The risk of concurrent EC in preoperative-AEH patients with 

postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001, 

Table 4). Notably, we found the probability to have intermediate-high-risk EC was only elevated in women with postmenopausal time 

≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar 

result was also found when including CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, menopausal
status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis
for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with available serum CA125 value. Abbreviations: EC,
endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence interval; BMI, body mass index; CA125, cancer antigen 125; FBG,
fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as:
endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial
invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC.
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Figure 1. The distribution of final-AEH and final-EC patients diagnosed postoperatively in 3 sub-
groups according to menopausal status and CA125 value preoperatively. Notes: According to men-
opause status and serum of CA125 level, patients were divided into three subgroups: “premeno-
pausal status + CA125 <3 5 U/mL”, “either postmenopausal status or CA125 ≥ 35 U/mL” and “post-
menopausal status + CA125 ≥ 35 U/mL”. Abbreviations: final-AEH, atypical endometrial hyper-
plasia diagnosed by final histopathology; final-EC, endometrial cancer diagnosed by final histo-
pathology; CA125, cancer antigen 125. 

We then looked at possible risk factors correlated with concurrent intermediate-high-
risk EC in preoperative-AEH patients. Only CA125 ≥ 35 U/mL was found to be the inde-
pendent and significant predictor in both uni- and multivariate analyses (OR = 4.54; 95% 
CI = 1.58–13.04; p = 0.005, OR = 5.74; 95% CI = 1.80–18.27; p = 0.003, Table 3).  

We further asked whether longer time after menopause was correlated with a higher 
risk of co-existing EC. We divided patients into 4 subgroups: premenopausal, postmeno-
pausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premenopau-
sal group, the risk of concurrent EC was higher in postmenopausal women but remain 
stable within the first 5 years after menopause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p 
= 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 
this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–
5.85, p = 0.001, Table 4). A similar result was also observed when including CA125 level 
into the analysis model. The risk of concurrent EC in preoperative-AEH patients with 
postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal 
group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001, Table 4). Notably, we found the proba-
bility to have intermediate-high-risk EC was only elevated in women with postmenopau-
sal time ≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk 
among the other three groups (Table 5). Similar result was also found when including 
CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 
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Figure 1. The distribution of final-AEH and final-EC patients diagnosed postoperatively in 3 sub-
groups according to menopausal status and CA125 value preoperatively. Notes: According to
menopause status and serum of CA125 level, patients were divided into three subgroups: “pre-
menopausal status + CA125 <3 5 U/mL”, “either postmenopausal status or CA125 ≥ 35 U/mL”
and “postmenopausal status + CA125 ≥ 35 U/mL”. Abbreviations: final-AEH, atypical endometrial
hyperplasia diagnosed by final histopathology; final-EC, endometrial cancer diagnosed by final
histopathology; CA125, cancer antigen 125.
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Table 4. Multivariate logistic analysis models on the correlation between menopausal statuses (premenopausal status, postmenopausal time <2 years, ≥2–<5 years
and ≥5 years) and concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH patients b with available serum CA125
value.

Multivariate Analysis without Available CA125 f Multivariate Analysis with Available CA125 g

Characteristics No.
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grade 1–2, myometrial invasion < 50% and no other risk factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion 
≥ 50%, cervical stromal involvement, extra-uterine involvement or lymph-vascular space invasion). All other endometrial cancer cases were defined as interme-
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and ≥5 years) and concurrent EC in final histopathology for 624 preoperative-AEH patients a and 447 preoperative-AEH patients b with available serum CA125 
value. 

Multivariate Analysis without Available CA125 f Multivariate Analysis with Available CA125 g 
Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 
Age (years): 624 0.99 (0.95–1.02) 0.423 Age (years): 447 0.97 (0.93–1.01) 0.121 
BMI (kg/m²): ≥28 vs. <28 621 0.95 (0.60–1.50) 0.813 BMI (kg/m²): ≥ 28 vs. < 28 446 0.82 (0.47–1.43) 0.484 
Diabetes: Yes vs. No 624 0.71 (0.29–1.75) 0.451 Diabetes: Yes vs. No 447 0.97 (0.33–2.85) 0.957 
Hypertension: Yes vs. No 624 1.26 (0.81–1.98) 0.307 Hypertension: Yes vs. No 447 1.72 (1.01–2.92) 0.046 
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    CA125 (U/ml): ≥35 vs. <35 447 2.12 (1.13–3.98) 0.020 
FBG (mmol/L): ≥7.0 vs. <7.0 607 2.23 (0.85–5.85) 0.104 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.10 (0.65–6.75) 0.214 

Final diagnosis   Final diagnosis   
  ← AEH                                    EC →     ← AEH                                     EC →   

Adjusted OR c (95% CI) p e Characteristics No.
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Menopause time (years): 624 Menopause time (years): 447

<2 years vs. No 2.87 (1.20–6.84) 0.018 <2 years vs. No 2.19 (0.60–8.03) 0.238
≥2–< 5 years vs. No 2.95 (1.47–5.91) 0.002 ≥2–<5 years vs. No 3.13 (1.36–7.21) 0.007
≥5 years vs. No 4.04 (1.80–9.06) 0.001 ≥5 years vs. No 6.35 (2.37–17.03) <0.001

CA125 (U/ml): ≥35 vs. <35 447 2.12 (1.13–3.98) 0.020
FBG (mmol/L): ≥7.0 vs. <7.0 607 2.23 (0.85–5.85) 0.104 FBG (mmol/L): ≥7.0 vs. <7.0 435 2.10 (0.65–6.75) 0.214

Final diagnosis Final diagnosis

← AEH EC→ ← AEH EC→

a In all 624 preoperative-AEH patients. b In 447 preoperative-AEH patients with available serum CA125 value. c Adjusted for age, BMI, diabetes, hypertension and FBG level. d Adjusted
for age, BMI, diabetes and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this analysis for only 447 of 624 preoperative-AEH patients had available
serum CA125 value. g This analysis was performed in 447 of 624 preoperative-AEH patients with available serum CA125 value. Abbreviations: AEH, atypical endometrial hyperplasia;
EC, endometrial cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose.
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Table 5. Multivariate logistic analysis models on the correlation between menopausal statuses (premenopausal status, postmenopausal time <2 years, ≥2–<5 years
and ≥5 years) and concurrent intermediate-high-risk EC in all 190 finally diagnosed EC patients a and in 130 finally diagnosed EC patients b with available serum
CA125 value.

Multivariate Analysis without Available CA125 f Multivariate Analysis with Available CA125 g

Characteristics No.
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Table 3. Univariate and multivariate analyses of factors related to concurrently intermediate-high-risk EC in 190 final-EC patients a and in 130 final-EC patients b with 

available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 

Age (years): 190 1.05 (0.99-1.10) 0.096 Age (years): 190 1.01 (0.93-1.08) 0.884 Age (years): 130 0.97 (0.89-1.06) 0.530 

BMI (kg/m²): ≥ 28 vs < 28 189 0.35 (0.10-1.23) 0.103 BMI (kg/m²): ≥ 28 vs < 28 189 0.31 (0.08-1.17) 0.084   / / 

Fertility: Nullipara vs Pluripara 190 0 (0) 0.999   / /   / / 

Tubal ligation: Yes vs No 190 0.36 (0.05-2.84) 0.332   / /   / / 

Diabetes: Yes vs No 190 1.67 (0.43-6.45) 0.460 Diabetes: Yes vs No 190 3.30 (0.40-27.21) 0.267 Diabetes: Yes vs No 130 1.66 (0.17-16.38) 0.664 

Hypertension: Yes vs No 190 1.45 (0.63-3.36) 0.384 Hypertension: Yes vs No 190 1.20 (0.43-3.34) 0.733 Hypertension: Yes vs No 130 1.90 (0.61-5.99) 0.270 

Menopausal status: Post vs Pre 190 1.95 (0.88-4.35) 0.101 Menopausal status: Post vs Pre 190 1.86 (0.62-5.56) 0.265 Menopausal status: Post vs Pre 130 2.83 (0.62-12.96) 0.180 

CA125 (U/ml): ≥ 35 vs < 35 130 4.54 (1.58-13.04) 0.005   / / CA125 (U/ml): ≥ 35 vs < 35 130 5.74 (1.80-18.27) 0.003 

FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.97 (0.20-4.62) 0.969 FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.41 (0.04-4.13) 0.448 FBG (mmol/L): ≥ 7.0 vs < 7.0 127 0.49 (0.04-5.98) 0.580 

HOMA-IR: ≥ 2.95 vs < 2.95 61 2.17 (0.52-8.97) 0.286   / /   / / 

Sampling method: D&C with HSC vs D&C alone 190 1.24 (0.54-2.85) 0.614   / /   / / 

Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 

menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not 

included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 

available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 

interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 

and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 

factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 

lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC. 

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 

into 4 subgroups: premenopausal, postmenopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premeno-

pausal group, the risk of concurrent EC was higher in postmenopausal women but remain stable within the first 5 years after meno-

pause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 

this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was 

also observed when including CA125 level into the analysis model. The risk of concurrent EC in preoperative-AEH patients with 

postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001, 

Table 4). Notably, we found the probability to have intermediate-high-risk EC was only elevated in women with postmenopausal time 

≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar 

result was also found when including CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 
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Table 3. Univariate and multivariate analyses of factors related to concurrently intermediate-high-risk EC in 190 final-EC patients a and in 130 final-EC patients b with 

available serum CA125 value according to logistic regression model. 

Univariate Analysis Multivariate analysis without available CA125 f Multivariate analysis with available CA125 g 
Characteristics No. 

 

OR (95% CI) p e Characteristics No. 

 

Adjusted OR c (95% CI) p e Characteristics No. 

 

Adjusted OR d (95% CI) p e 

Age (years): 190 1.05 (0.99-1.10) 0.096 Age (years): 190 1.01 (0.93-1.08) 0.884 Age (years): 130 0.97 (0.89-1.06) 0.530 

BMI (kg/m²): ≥ 28 vs < 28 189 0.35 (0.10-1.23) 0.103 BMI (kg/m²): ≥ 28 vs < 28 189 0.31 (0.08-1.17) 0.084   / / 

Fertility: Nullipara vs Pluripara 190 0 (0) 0.999   / /   / / 

Tubal ligation: Yes vs No 190 0.36 (0.05-2.84) 0.332   / /   / / 

Diabetes: Yes vs No 190 1.67 (0.43-6.45) 0.460 Diabetes: Yes vs No 190 3.30 (0.40-27.21) 0.267 Diabetes: Yes vs No 130 1.66 (0.17-16.38) 0.664 

Hypertension: Yes vs No 190 1.45 (0.63-3.36) 0.384 Hypertension: Yes vs No 190 1.20 (0.43-3.34) 0.733 Hypertension: Yes vs No 130 1.90 (0.61-5.99) 0.270 

Menopausal status: Post vs Pre 190 1.95 (0.88-4.35) 0.101 Menopausal status: Post vs Pre 190 1.86 (0.62-5.56) 0.265 Menopausal status: Post vs Pre 130 2.83 (0.62-12.96) 0.180 

CA125 (U/ml): ≥ 35 vs < 35 130 4.54 (1.58-13.04) 0.005   / / CA125 (U/ml): ≥ 35 vs < 35 130 5.74 (1.80-18.27) 0.003 

FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.97 (0.20-4.62) 0.969 FBG (mmol/L): ≥ 7.0 vs < 7.0 184 0.41 (0.04-4.13) 0.448 FBG (mmol/L): ≥ 7.0 vs < 7.0 127 0.49 (0.04-5.98) 0.580 

HOMA-IR: ≥ 2.95 vs < 2.95 61 2.17 (0.52-8.97) 0.286   / /   / / 

Sampling method: D&C with HSC vs D&C alone 190 1.24 (0.54-2.85) 0.614   / /   / / 

Final diagnosis   Final diagnosis   Final diagnosis   

 ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →   ← low-risk EC   intermediate-high-risk EC →  

a In total of 190 patients with available data. b In total of 130 patients who had serum CA125 value with available data. c OR adjusted for age, BMI, diabetes, hypertension, 

menopausal status and FBG level. d OR adjusted for age, diabetes, hypertension, menopausal status and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not 

included into this analysis for only 130 of 190 final-EC patients had available serum CA125 value. g This analysis was performed in 130 of 190 final-EC patients with 

available serum CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence 

interval; BMI, body mass index; CA125, cancer antigen 125; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment—insulin resistance; D&C, dilatation 

and curettage; HSC, hysteroscopy. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion < 50% and no other risk 

factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥ 50%, cervical stromal involvement, extra-uterine involvement or 

lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC. 

We further asked whether longer time after menopause was correlated with a higher risk of co-existing EC. We divided patients 

into 4 subgroups: premenopausal, postmenopausal time < 2 years, ≥2–<5 years, and ≥5 years (Figure S1). Compared with premeno-

pausal group, the risk of concurrent EC was higher in postmenopausal women but remain stable within the first 5 years after meno-

pause (<2 years: OR = 2.87, 95% CI = 1.20–6.84, p = 0.018; and ≥2–<5 years: OR = 2.95, 95% CI = 1.47–5.91, p = 0.002, Table 4). Nevertheless, 

this risk continued to increase after 5 years since menopause (OR = 4.04, 95% CI = 1.80–5.85, p = 0.001, Table 4). A similar result was 

also observed when including CA125 level into the analysis model. The risk of concurrent EC in preoperative-AEH patients with 

postmenopausal time ≥5 years was almost 6-fold higher than that in premenopausal group (OR = 6.35, 95% CI = 2.37–17.03, p < 0.001, 

Table 4). Notably, we found the probability to have intermediate-high-risk EC was only elevated in women with postmenopausal time 

≥ 5 years (OR = 5.52, 95% CI = 1.21–25.19, p = 0.027), with no difference in this risk among the other three groups (Table 5). Similar 

result was also found when including CA125 level into the analysis model (OR = 8.06, 95% CI = 1.14–56.83, p = 0.036, Table 5). 

a In all 190 preoperative-AEH patients finally diagnosed with EC. b In 130 preoperative-AEH patients finally diagnosed with EC who had available serum CA125 value. c adjusted for
age, BMI, diabetes, hypertension and FBG level. d adjusted for age, diabetes, hypertension and FBG level. e Significant difference p < 0.05. Notes: f CA125 was not included into this
analysis for only 130 of 190 finally diagnosed EC patients had available CA125 value. g This analysis was performed in 130 of 190 finally diagnosed EC patients with available serum
CA125 value. Abbreviations: EC, endometrial cancer; final-EC, endometrial cancer diagnosed by final histopathology; OR, odds ratio; CI, confidence interval; BMI, body mass index;
CA125, cancer antigen 125; FBG, fasting blood glucose. Low-risk EC postoperatively was defined as: endometrioid endometrial cancer grade 1–2, myometrial invasion <50% and no
other risk factors presented (which included grade 3, non-endometrioid endometrial cancer, myometrial invasion ≥50%, cervical stromal involvement, extra-uterine involvement or
lymph-vascular space invasion). All other endometrial cancer cases were defined as intermediate-high-risk EC.
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4. Discussion

The present study investigated the potential risk factors of concurrent EC in a large
amount (n = 624) of preoperative-AEH patients. In a clinical setting with an expert
pathological review, postmenopausal status and CA125 ≥ 35 U/mL were both indepen-
dent and strong predictors. Particularly, the risk for concurrent EC was remarkably in-
creased in preoperative-AEH patients with the combination of postmenopausal status and
CA125≥ 35 U/mL (OR = 16.20; 95% CI = 1.73–151.44). Notably, among all postmenopausal
AEH women, the risk of concurrent EC seemed to be further increased after 5 years since
menopause.

Despite several correlational research, no consensus has been currently reached on
risk factors of final-diagnosed EC in preoperative-AEH women [5,10,15,16]. Compared
with previous findings, we conducted a large-scale study in a tertiary hospital with good
quality of pathology review to more accurately analyze the predictors of concurrent EC,
in order to help screen high-risk patients for more appropriate clinical assessment and
surgical strategy.

All the specimens in our study were reviewed by gynecological pathologists in a single
tertiary hospital to ensure the consistency and high quality of the diagnosis. That might
be the reason why relatively fewer preoperative-AEH patients (30.4%) in our study had
concurrent EC, compared with 40–60% in most published articles [5,8,21]. The distinction
between AEH and well-differentiated EC is difficult in pathology. First, the application of
different histologic criteria (WHO 2014 or Endometrial Intraepithelial Neoplasia criteria)
and various thresholds could lead to different pathological diagnoses [1,22,23]. Second, it
is hard to differentiate the histologic features of muscular invasion that was an important
part to diagnose EC [23]. In addition, technical issues and subjectivity could influence the
diagnosis, including insufficient clinical data, inadequate sampling, unsuitable fixation
and insufficient staining quality [1,2,22]. The pathologists in our obstetrics and gynecology
hospital were experienced in evaluating endometrium tissues, which might reduce the bias
in diagnosis when evaluating the risk factor of concurrent EC.

We reported the significant correlation between menopause and concurrent EC of
preoperative-AEH patients in a clinical setting. Similar findings had been presented in a
large community-based study including 773 preoperative-AEH women from the Danish
Gynecological Cancer Database (DGCD) [5]. It showed that 80% of postmenopausal women
had an almost 3-fold higher risk of final diagnosed EC compared with the premenopausal
group [5]. The researcher also explained that it was a “real-world” study and might not
be suitable for clinical evaluation, as it lacked hospital-based information and the surgical
specimens were assessed by different pathologists without expert pathology review [5].
Our study further supported the predictive value of postmenopausal status on concurrent
EC in a tertiary hospital with gynecological pathology review. Additionally, among all post-
menopausal women diagnosed with AEH before surgery, we found those with menopause
time > 5 years had the highest risk of concurrent EC, which might provide more practical
information for clinical decision making.

Except for menopause, CA125 ≥ 35 U/mL was also found as a predictor for both
concurrent EC and intermediate-high-risk EC in our study. As a glycoprotein originat-
ing from the coelomic epithelium including endometrium, CA125 level was observed
physiologically lower when healthy women come to menopause because of the atrophic
endometrium or concomitant low gonadal steroid levels [24,25]. Conversely, in cancerous
endometrium, CA125 levels could increase even when the patients were postmenopausal
because endometrial tumor cells could directly promote the synthesis of CA125 [25,26]. In
addition, aromatic androgens increased in EC cells could be converted to estrogens and then
caused an increased level of CA125 [25,27]. In this study, we defined CA125 ≥ 35 U/mL as
a cut-off value, because it has been widely accepted in most medical centers by chemilumi-
nescent immunoassay with detection standard “0–35 U/mL” [28–30]. Sood et al. found
that CA125 was one of the most powerful predictors of overall survival in EC patients, and
those EC women with CA125≥ 35 U/mL had a significantly worse 5-year survival rate [31].
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Consistent with previous findings, CA125 ≥ 35 U/mL seemed to be a good predictor for
concurrent EC in our study, nonetheless, further verifications in prospective studies are
still needed.

Our findings are of clinical significance because they could facilitate the pre-surgical
evaluation and decision making for preoperative-AEH patients. Even with the pathologi-
cal central review, there were still 30.4% of preoperative-AEH women in our study with
concurrent EC, including 4.8% with intermediate-high-risk EC. In this situation, those pa-
tients with undiagnosed EC, particularly with the intermediate-high-risk EC, could benefit
from pre-surgical pelvic magnetic resonance imaging (MRI) evaluation and comprehensive
staging surgery. According to our results, preoperative-AEH patients with either predictor
(menopause and CA125 ≥ 35 U/mL) may need adequate pre-surgical assessment due to
the much-increased cancer risk and potential unfavorable prognosis. Additionally, both
predictive markers (postmenopausal status and CA125 ≥ 35 U/mL) are easy to measure;
therefore, it could be involved in clinical routine assessment for AEH women diagnosed
before surgery.

The study was with some limitations. First, it was a retrospective study conducted
in a single tertiary hospital. In addition, only 447 out of 624 patients had serum CA125
value which was a major limitation. Nevertheless, whether including or excluding the
CA125 value into multivariate analyses, postmenopausal status remained significant in
predicting concurrent EC. When including the CA125 value into the analysis model, the
sample size was still large (n = 447) to conclude convincing results that patients with
CA125 ≥35 U/mL might be more likely to progress from AEH to EC in the final diagnosis.
The wide confidence intervals of “postmenopausal status + CA125 ≥ 35 U/mL” may be
due to the small number of samples. Thus, further prospective studies on predictive value
of these markers are needed.

In conclusion, for preoperative-AEH women with postmenopausal status or serum
CA125 ≥35 U/mL, expert pathological review and comprehensive pre-surgical assessment
in tertiary centers might be suggested. Further verifications on these markers in prospective
studies are required to provide optimal clinical-decisions and patient-management in the
future.
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concurrent EC in final histopathology of 447 preoperative-AEH patients with available serum CA125
value. Figure S1: The distribution of final-EC and final-AEH patients diagnosed postoperatively in
4 subgroups according to menopause years (premenopausal status, postmenopausal time <2 years,
≥2–<5 years and ≥5 years).
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