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premenopausal women
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This study investigated the risk factors for endometrial hyperplasia (EH) and endometrial carcinoma
(EC) in premenopausal women. The goal was to establish a nomogram model to predict the risk of
EH/EC and quantitative standards in clinical practice, which improved the clinical prognosis of EH/

EC patients. Data were collected from premenopausal women with suspected EH/EC who underwent
hysteroscopic endometrial biopsy. Patients (n=1541) were divided into training and validation groups
at a 3:1 ratio. Univariable and multivariable logistic regression analyses were conducted to identify risk
factors for EH/EC and establish a predictive model. The model’s discrimination was evaluated using
the area under the receiver operating characteristic curve (AUC), its calibration was assessed using
calibration plots, and its clinical effectiveness was evaluated using decision curve analysis (DCA). The
optimal score and probability cutoff values were determined to differentiate between low and high-
risk populations, guiding clinical medical practice. BMI, age at menarche, intrauterine device (IUD),
diabetes, polycystic ovary syndrome (PCOS), endometrial thickness (ET), and uterine cavity fluid were
identified as independent risk factors for EH/EC and were incorporated into the predictive nomogram
model. The model demonstrated good discrimination with AUCs of 0.845 and 0.905 in the training and
validation sets, respectively. The calibration plots and DCA showed excellent model calibration and
clinical effectiveness. EH/EC is significantly associated with BMI, age at menarche, IUD use, diabetes,
PCOS, ET, and uterine cavity fluid. The nomogram model can be used to predict the risk of EH/EC in
premenopausal women and facilitate rapid screening.
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Due to factors such as declining fertility rates and increasing obesity rates, the incidence of EC has been
progressively rising, ranking as the second most common gynecologic malignancy worldwide'. EH represents
a critical pathogenic process leading to EC?, particularly endometrial atypical hyperplasia (AH)/endometrioid
intraepithelial neoplasia (EIN), which carries a cancer transformation rate as high as 25-33%>*. Analysis and
classification of EH is not without challenge, as endometrium is a dynamic, multicellular tissue structure,
especially for premenopausal and peri-menopausal women®. Despite the provision of relevant risk factor
recommendations in clinical guidelines or studies®~, there is a lack of specific quantitative standards in clinical
practice, with physicians often relying on their experience-based judgment, which results in taking a more
proactive approach in the diagnosis and treatment of patients presenting with relevant symptoms, including
abnormal uterine bleeding (AUB), vaginal fluid, uterine cavity fluid, and hypogastric pain. However, this
aggressive management has led to unnecessary invasive diagnostic procedures, such as curettage or hysteroscopy,
which inflict physical and psychological harm upon women, resulting in intrauterine adhesions, infertility,
diminished quality of sexual life, and even uterine arteriovenous malformations®'°. Given the higher demands
for fertility and quality of sexual life among premenopausal women, utmost caution should be exercised when
considering invasive procedures involving the uterus.

Hence, the establishment of a predictive model based on pertinent risk factors would better guide clinical
practice. Previous research has employed clinical variables and ultrasound indicators to build predictive
models!!"!7. Nonetheless, these models have predominantly targeted postmenopausal women or revolved
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around AH/EIN and EC, overlooking premenopausal women, and endometrial hyperplasia without atypia.
Moreover, the majority of these models incorporate a restricted set of variables. Thus, a comprehensive system
to assess the probability of pathological changes in the endometrium is warranted, which would facilitate precise
quantification to identify individuals who require invasive procedures. This approach would effectively minimize
the harms resulting from aggressive diagnosis and treatment in premenopausal women, empowering outpatient
physicians to manage premenopausal patients presenting with relevant symptoms promptly and accurately. The
nomogram currently represents a widely applied and effective predictive model'®. Accordingly, we have collected
comprehensive clinical data to construct a nomogram-based risk prediction model, addressing the question of
“Who needs to undergo hysteroscopy with diagnostic curettage?”

Results

Patient characteristics

Based on the inclusion and exclusion criteria, a total of 1541 patients who were treated at the Department of
Gynecology in Chongqing Ninth People’s Hospital from January 2016 to June 2023 were enrolled in this study.
In addition, these eligible patients were divided into the training cohort (n=1156) and the validation cohort
(n=385) at a ratio of 3:1. In the training cohort, the age of the patients was 42.65+7.34 years and the mean
BMI was 23.23 (15.24-39.06) kg/m?. Among these patients, the symptoms at consultation were AUB (86.25%),
vaginal fluid (7.61%), uterine cavity fluid (5.71%) and hypogastric pain (13.32%). A total of 624(53.98%)
patients’ histopathologies showed EH/EC, and other patients had proliferative/secretory endometrium. In the
validation cohort, the mean age of the patients was 42.91+7.10 years and the mean BMI was 22.98 (18.03-
38.27) kg/m?. Among these patients, the symptoms at consultation were AUB (84.16%), vaginal fluid (5.19%),
uterine cavity fluid (5.97%) and hypogastric pain (10.65%). A total of 209(54.29%) patients’ histopathologies
showed EH/EC, and other patients had proliferative/secretory endometrium. The results for the medical history,
comorbidities and other data of the patients in the training and validation cohorts are shown in Table 1. There
were no significant differences regarding any variables between the two cohorts (all p > 0.05).

Factors associated with EH/EC

To identify potential risk factors for EH/EC, univariable logistic regression analysis was performed for EH/
EC patients (Table 2). Univariable logistic regression indicated that nine candidate factors namely, BMI, age at
menarche, IUD use, diabetes, hypertension, hyperuricemia, PCOS, ET, and uterine cavity fluid were positively
associated with EH/EC development (p < 0.05). Subsequently, the multivariable logistic regression analysis was
conducted to identify the independent risk factors and evaluate their effect on the development of EH/EC for
patients in the training cohort. Significant independent predictors of EH/EC included BMI (OR=1.401, 95%
CI: 1.328-1.478, p <0.001), age at menarche (OR =0.745, 95% CI: 0.677-0.819, p < 0.001), IUD use (OR=3.012,
95% CI: 2.102-4.317, p<0.001), diabetes (OR=2.542, 95% CI: 1.137-5.685, p=0.023), PCOS (OR=3.784,
95% CI: 1.940-7.379, p<0.001), ET (OR=5.769, 95% CI: 3.894-8.546, p<0.001), and uterine cavity fluid
(OR=3.784, 95% CI: 1.940-7.379, p <0.001). The detailed results of the multivariate logistic regression analysis
are presented in Table 2.

Nomogram development and validation

A nomogram was established to predict a patient’s probability of developing EH/EC based on the seven
independent risk factors: BMI, age at menarche, IUD use, diabetes, PCOS, ET, and uterine cavity fluid. Among
these risk factors, ET and uterine cavity fluid were evaluated using ultrasound. From the nomogram, BMI and
ET had the greatest influence on EH/EC risk, followed by age at menarche, PCOS, uterine cavity fluid, [UD use
diabetes and diabetes. A line is drawn straight upward to the points axis to assign a weighted score to each of
the independent risk factors. The number of points received for each variable value on the point scale are added
together. The total points reflect the sum of the score of each factor, which is then converted to a probability of
EH/EC for a given patient by drawing a line straight down from the total points axis to the EH/EC risk axis.
The highest total score is 180 points, and the scale of the EH/EC probability ranges from 0.1 to 0.99. Therefore,
a larger total point score indicates a greater possibility of developing EH/EC. The nomogram is shown in Fig. 1.
To ensure that model application is simple in clinical practice, we transformed the nomogram into a web-based
calculator. This calculator can be installed on a doctor’s computer for real-time calculation. (https://1i123.shiny
apps.io/DynNomapp/)

The performance of the nomogram was evaluated by discrimination, calibration, and clinical usefulness.
First, we examined the discrimination of the nomogram; the nomogram demonstrated high discrimination
and good prediction accuracy as indicated by the AUC value of 0.845 (95% CI 0.823-0.868) with a significant p
value (p<0.001) in the training cohort as shown in Fig. 2A. In the validation cohort, the AUC value was 0.905
(95% CI0.874-0.935) for the nomogram with a significant p value (p <0.001) as shown in Fig. 2B. Subsequently,
the calibration plot showed a favorable consistency between the predicted and actual probabilities in both the
training and the validation groups, as shown in Fig. 3A and B, which indicated the adequate fit of the nomogram
for predicting EH/EC. To further evaluate the clinical benefit of the nomogram, we conducted DCA, which
showed the great benefit obtained from the application of our nomogram, as shown in Fig. 4A and B.

Optimal threshold of the nomogram

Individualized scores for each patient were accurately calculated according the nomogram. Therefore, we used
an optimal cutoff value that maximized “(sensitivity + specificity)-1” in the receiver operating characteristic
(ROC) curve. According to the optimal cutoff value of the nomogram, two groups were identified: a low-risk
EH/EC group (score<76.411 points, EH/EC probability < 0.548) and a high-risk EH/EC group (score>76.411
points, EH/EC probability > 0.548). An EH/EC probability of 0.548 corresponded to the optimal threshold of
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Characteristic Training cohort (n=1156) | Validation cohort (n=385) | P value
Age, year 42.65+7.34 4291+7.10 0.542
BMI, kg/m? 23.23 (15.24-39.06) 22.98 (18.03-38.27) 0.851
Symptom

AUB 997 (86.25%) 324 (84.16%) 0.310
Vaginal fluid 88 (7.61%) 20 (5.19%) 0.108
Uterine cavity fluid 66 (5.71%) 23 (5.97%) 0.847
Hypogastric pain 154 (13.32%) 41 (10.65%) 0.172
Histopathology 0.917
Proliferative/secretory endometrium | 532 (46.02%) 176 (45.71%)
Simple/complex/atypia EH and EC 624 (53.98%) 209 (54.29%)

Perimenopause 0.738
Yes 125 (((10.81%) 44 (11.43%)

No 1031 (89.19%) 341 (88.57%)

Menarche 13 (10-19) 13 ((10-19) 0.383
Parity 1(0-6) 1(0-5) 0.757
1UD 0.390
Yes 249 (21.54%) 75 (19.48%)

No 907 (78.46%) 310 (80.52%)

Tatrogenic factors 0.437
Yes 29 (2.51%) 7 (1.82%)

No 1127 (97.49%) 378 (98.18%)

Smoking 0.299
Yes 17 (1.47%) 3(0.78%)

No 1139 (98.53%) 382 (99.22%)

Comorbidity

Diabetes 59 (5.10%) 26 (6.75%) 0.219
Hypertension 77 (6.66%) 35 (9.09%) 0.112
HLP 76 (6.57%) 19 (4.94%) 0.247
Hyperuricemia 16 (1.38%) 5(1.30%) 0.9
Hypercholesteremia 25 (2.16%) 7 (1.82%) 0.681
Hyperthyroidism 12 (1.04%) 5(1.30%) 0.672
Hypothyroidism 15 (1.30%) 4 (1.04%) 0.69
PCOS 34 (2.94%) 14 (3.64%) 0.496
Hyperprolactinemia 14 (1.21%) 3(0.78%) 0.482
ET 0.87+0.43 0.85+0.44 0.76

Table 1. Clinical characteristics of patients. BMI body mass index, AUB abnormal uterine bleeding, EH
endometrial hyperplasia, EC endometrial cancer, IUD intrauterine device, HLP hyperlipidaemia, PCOS
polycystic ovary syndrome, ET endometrial thickness.

the nomogram in terms of clinical utility with an overall diagnostic accuracy of 83.40%. At this threshold, in the
training cohort, the sensitivity and specificity of the nomogram were 0.758(95% CI: 0.724, 0.792) and 0.801(95%
CI: 0.767, 0.835), respectively, while in the validation cohort, the sensitivity and specificity of the nomogram
were 0.837(95% CI: 0.787, 0.887) and 0.847(95% CI: 0.793, 0.900), respectively.

Discussion

AUB, vaginal fluid, uterine cavity fluid, and hypogastric pain represent the key symptoms of EH'. Nevertheless,
EH is observed in only approximately 10% of symptomatic premenopausal women?’. Blindly subjecting all
symptomatic patients to invasive procedures is unwarranted and may lead to unnecessary harm, including
infertility, increased miscarriage risk810, Therefore, we have developed an effective, quantitative, and intuitive
disease prediction model to help gynecologists make accurate clinical decisions in symptomatic premenopausal
women.

Initially, we conducted an analysis of clinical practice guidelines and diverse risk models related to diagnosis
and treatment. Our study evaluated 20 clinical indicators to analyze the risk factors for EH/EC. The results
identified seven independent risk factors: BMI, age at menarche, IUD use, diabetes, PCOS, ET, and uterine cavity
fluid.

Obesity, is an independent risk factor for EH/EC, and EH/EC risk increases with increasing BMI levels.
Michelle et al.?! investigated the risk factors for AH and EC in premenopausal women, revealing obesity as a
significant independent risk factor, particularly women with a BMI > 30 kg/m?, have four times higher likelihood
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Endometrial hyperplasia
Univariate Multivariate

Variables OR (95% CI) Pvalue | OR (95% CI) Pvalue
Age 1.014 (0.998-1.030) 0.085

BMI 1.436 (1.366-1.509) | <0.001 | 1.401 (1.328-1.478) | <0.001
AUB

No Ref

Yes 0.976 (0.698-1.365) 0.887

Menarche 0.721 (0.666-0.780) | <0.001 | 0.745 (0.677-0.819) | <0.001
Perimenopause

No Ref

Yes 1.179 (0.810-1.716) 0.39

Parity 1.084 (0.911-1.291) 0.363

1UD

No Ref

Yes 2.147 (1.596-2.889) | <0.001 | 3.012(2.102-4.317) | <0.001
Tatrogenic factors

No Ref

Yes 0.512 (0.240-1.095) 0.084

Smoking

No Ref

Yes 2.067 (0.723-5.904) 0.175

Diabetes

No Ref

Yes 3.530 (1.852-6.727) | <0.001 | 2.542(1.137-5.685) | 0.023
Hypertension

No Ref

Yes 1.965 (1.195-3.229) 0.008 | 1.252(0.657-2.386) | 0.494
HLP

No Ref

Yes 1.594 (0.982-2.588) 0.059

Hyperuricemia

No Ref

Yes 3.752 (1.063-13.237) | 0.04 1.716 (0.325-9.053) | 0.524
Hypercholesteremia

No Ref

Yes 2.228 (0.923-5.375) 0.075

Hyperthyroidism

No Ref

Yes 1.714 (0.513-5.725) 0.381

Hypothyroidism

No Ref

Yes 0.742 (0.268-2.063) 0.569

PCOS

No Ref

Yes 2.582 (1.468-4.539) 0.001 |3.784(1.940-7.379) | <0.001
Hyperprolactinemia

No Ref

Yes 0.851 (0.297-2.442) 0.764
ET 5.434 (3.897-7.577) | <0.001 | 5.769 (3.894-8.546) | <0.001
Uterine cavity fluid

No Ref

Yes 2.582 (1.468-4.539) 0.001 | 3.784 (1.940-7.379) | <0.001

Table 2. Analysis of risk factors for endometrial hyperplasia. OR odd ritio, CI confidence interval, BMI body
mass index, AUB abnormal uterine bleeding, IUD intrauterine device, HLP hyperlipidaemia, PCOS polycystic
ovary syndrome, ET endometrial thickness. Significant values are in bold with italics.
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Fig. 1. Nomogram prediction model for the risk of developing endometrial hyperplasia and endometrial
cancer. Endometrial hyperplasia nomogram prediction models were developed in this retrospective analysis,
including BMI, menarche, IUD use, diabetes, PCOS, ET and hydrocele. BMI: body mass index, PCOS:
polycystic ovary syndrome, IUD: intrauterine device, EH: endometrial hyperplasia, EC: endometrial cancer; 0
and 1 in IUD, Diabetes, PCOS and Uterine cavity fluid is no and yes.

of developing EH/EC compared to normal-weight women. A study®? proposed that the increased estrogen
aromatization in the fat cells of individuals with a higher BMI might contribute to this phenomenon. Additionally,
there might be a decrease in serum progesterone and sex hormone-binding globulin levels, possibly involving
the cytokines associated with obesity. Both early menarche and high BMI are considered risk factors, likely
due to estrogens pivotal role in EH/EC development. Approximately 7% of women of childbearing age suffer
from PCOS, the most common endocrine disorder in this population?3. Multiple studies?*?> have indicated that
PCOS is a risk factor for EC, with PCOS patients having a three to four times higher risk than women without
PCOS. EH is considered a precursor to EC, and PCOS is also closely associated with EH. In PCOS, chronic
anovulation leads to prolonged estrogen exposure without the counterbalance of progesterone, stimulating
the endometrium and increasing the risk of EH and possibly EC*. Moreover, PCOS is closely linked to an
imbalance in local endometrial oxidative stress, resulting in poor endometrial receptivity and an elevated risk
of EH/EC¥. Long-term studies have established a connection between diabetes and various cancers, including
EC?8. Diabetes increases the risk of EH by up to five times®’, and may be associated with insulin resistance and
hyperinsulinemia stimulating cell proliferation, although the exact mechanisms remain unclear?®. The ITUDs
utilized in this study were metallic contraceptive rings, and the principle is based on foreign objects acting to
prevent fertilized eggs from implanting, concurrently, they induce persistent inflammatory stimulation to the
endometrium. Research findings substantiate that IUD use represents a risk factor for chronic endometritis and
may additionally contribute to EH. In light of its accessibility and cost-effectiveness, transvaginal ultrasound
(TVUS) is recommended as the primary examination for patients with AUB, following clinical guidelines®~’.
For postmenopausal women with AUB, an ET greater than 4 mm is a well-established high-risk factor for EH
and EC*'. However, a consensus on the ET threshold for premenopausal women has not been reached. Kumari
et al.>2 proposed that women in the perimenopausal phase with an ET > 10.5 mm should undergo endometrial
biopsy due to an increased risk of endometrial lesions. Giannella et al.>* identified an ET > 11 mm as a risk factor
for endometrial thickening in premenopausal women. Cong et al.*%, through the pathology-based analysis of
patients with sonographic endometrial echo abnormalities, indicated that an ET>7 mm is a risk factor for
endometrial lesions. Nevertheless, the measurement of ET is influenced by multiple factors and offers limited
added value in these cases. For these women, other features such as grayscale ultrasound morphology and
Doppler patterns may be more discriminative®>. However, ET measurement is still the best choice!®3¢. Uterine
cavity fluid had not been hitherto considered a contributing risk factor. Our center’s observations have disclosed
a correlative relationship between uterine cavity fluid and EH, consequently warranting its inclusion as a
variable in this investigation. Subsequent analysis has unequivocally established uterine cavity fluid as a risk
factor, corroborating our initial clinical suppositions. A study showed a significant increase in the proportion of
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Fig. 2. (A) ROC curves of the nomogram for predicting EH/EC in the training cohort. (B) ROC curves of the
nomogram for predicting EH/EC in the validation cohort.

macrophages in tissue samples from women with EH?’, which may be related to the increase and accumulation
of fluid in the uterine cavity. Interestingly, a study found that uterine fluid cleared significantly more slowly after
mating in dogs with EH than in healthy dogs®. The specific mechanism is not yet clear.

In this pertinent investigation, age, smoking, alcohol consumption, hypertension, and certain metabolic
disorders were examined as potential risk factors. Our study, which focused on premenopausal patients,
revealed a relatively low proportion of elderly women. Notably, menopausal status emerged as a more suitable
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Fig. 3. (A) The calibration curves of the nomogram prediction model in the training cohort. (B) The
calibration curves of the nomogram prediction model in the validation cohort.

risk indicator than age®. Consequently, age alone does not represent an absolute risk factor. Some studies have
elucidated a mechanistic association between the antiestrogenic effects of smoking’ and reduced risk of EC
among smokers*!~#3, Alcohol has been shown to have a J-shaped association with EC risk*%. However, cultural
disparities and other factors contribute to a comparatively low prevalence of smoking and alcohol consumption
among Chinese women. The study’s statistical analysis was limited by the small sample size, resulting in no
statistically significant differences. While hypertension and certain metabolic disorders have been identified as
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Fig. 4. (A) Decision curve analysis of the nomogram prediction model in the training cohort. (B) Decision
curve analysis of the nomogram prediction model in the validation cohort.

risk factors in numerous studies'®*°, their impact may be confounded by factors such as obesity and diabetes,
thereby restricting their individual risk contributions. Moreover, our study’s findings indicate that hypertension
does not operate as an independent risk factor.

Clinical prediction models are statistical models based on disease characteristics that predict the likelihood of
specific events occurring in relevant populations. Currently, most clinical prediction models focus on predicting
EC in postmenopausal women3#4%47, and there is a lack of an authoritative risk assessment model for EH in
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premenopausal women, and no consensus has been reached. Srinivas et al.'” developed a predictive scoring

model for premenopausal women with AH/EC. The model includes four variables: an age > 45 years, anovulatory
bleeding, a BMI > 30 kg/mz, and diabetes, achieving an AUC of 0.848. Giannella et al.? established a clinical
prediction model for EH/EC in symptomatic premenopausal women, incorporating three independent risk
factors: a BMI > 30 kg/m?, diabetes, and an ET > 11 mm, with an AUC of 0.854. Jha et al.*® developed a model for
predicting EH/EC in premenopausal women (aged < 55 years) presenting with AUB. Their model incorporated
variables such as an age > 40 years, a BMI > 25 kg/m?, an ET > 13 mm, hypothyroidism, and menstrual pattern
(intermenstrual bleeding), achieving an AUC of 0.971. Although these studies provide reference points for EH/
EC prediction models for premenopausal women, their limitations include only focusing on AUB patients and
limited including of factors. In our preliminary research, we combined risk factors mentioned in guidelines
and various predictive models to identify 20 variables and indices. We integrated seven independent risk
factors (BMI, age at menarche, IUD use, diabetes, PCOS, ET, and uterine cavity fluid) into the model using a
nomogram, a predictive model widely utilized for the rapid calculation of a patient’s disease risk and prognosis
in clinical practice. Kuai et al.** developed a clinical prediction model for EH/EC in young women (age <40
years), incorporating variables such as BMI, PCOS, infertility, anemia, menstruation, bleeding description, and
ET, achieving AUCs of 0.899, 0.867, and 0.956 for EH/EC, EH, and AH/EC, respectively. Our results are similar,
but we expanded the model to include premenopausal women over 40 years of age, making it applicable to
a broader population. After constructing the model, we evaluated its discrimination, calibration, and clinical
usefulness, obtaining favorable results. Additionally, we validated the model using an independent validation set,
yielding satisfactory outcomes. These findings demonstrated that the model can accurately predict EH/EC risk
in clinical practice, providing gynecologists with decision-making support.

In clinical settings, patients with scores below 76.411 can be considered low-risk individuals, receiving
primarily noninvasive diagnostic and therapeutic interventions to address their symptoms, meet their fertility
demands, and avoid declining sexual health due to complications. For high-risk patients with scores above
76.411, invasive procedures are necessary to diagnose EH/EC promptly, reducing misdiagnosis and treatment
delays, safeguarding the reproductive health of young women.

There are some limitations to our study. This was a retrospective single-center study. The nomogram requires
validation in other medical centers. We plan to perform external validation using data from other institutions
and design prospective studies for further verification. During participant selection, the inclusion or exclusion
of individuals with missing medical record data may introduce bias. In this study, we opted to exclude such
individuals, leading to potential biases. Moreover, cultural and racial disparities between the East and West
resulted in factors such as smoking and alcohol consumption not being included as criteria in the nomogram.
Hence, certain limitations exist when applying the model. Last, due to cost considerations, this study did not
incorporate laboratory or imaging examinations. In the future, if costs decrease or guidelines recommend it, the
inclusion of such data could enhance the nomogram’s accuracy.

Conclusion

EH/EC is significantly associated with BMI, age at menarche, IUD use, diabetes, PCOS, ET, and uterine cavity
fluid. The nomogram model can be used to predict the risk of EH/EC in premenopausal women and facilitate
rapid screening.

Methods

Study population

We conducted a retrospective study at the Department of Gynecology in Chongqing Ninth People’s Hospital,
selecting patients who underwent hysteroscopy with diagnostic curettage from January 2016 to June 2023. The
study was approved by the ethics committee board of Chongging Ninth People’s Hospital [2023 K(IRB)014]
and exempted patients from informed consent, and adhered to the principles of the Declaration of Helsinki.
The inclusion criteria were as follows: (a) patients who subsequently underwent hysteroscopy with diagnostic
curettage in premenopausal period; and (b) patients with complete electronic medical records (including data
on the following variables). The exclusion criteria were as follows: (a) postmenopausal patients; (b) patients who
underwent hysteroscopy with diagnostic curettage due to high bleeding volume or emergency situations; (c)
patients taking medications affecting coagulation; (d) patients with Mirena intrauterine devices; and (e) patients
with severe liver and kidney function damage, autoimmune diseases, and thrombotic and hemorrhagic diseases.

Cohort definition and recoded variable
Patients were divided into the training cohort (#=1156) and the validation cohort (#=385) at a ratio of 3:1. The
training cohort, consisting of 1156 patients, was utilized to screen variables and construct the nomogram. The
validation cohort, comprising 385 patients, served as an independent dataset for internal validation.

Based on previous articles and expert discussions, the following variables were extracted from each patient’s
electronic medical records:

(1) Basic characteristics: age, BMI, and symptoms (AUB, vaginal fluid, uterine cavity fluid, and hypogastric
pain).

(2) Medical history: menopause status, age at menarche, parity, IUD use, iatrogenic factors (such as long-term
use of estrogen without progesterone antagonism or tamoxifen), and smoking status.

(3) Comorbidities: diabetes, hypertension, hyperlipidemia (HLP), hyperuricemia, hyperthyroidism, hypothy-
roidism, PCOS, and hyperprolactinemia.

(4) Other data: Histopathology results and ultrasonic examination findings (ET and the presence of uterine
cavity fluid).
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*The IUDs utilized in this study were metallic contraceptive rings.

Statistical analysis

Categorical variables are presented as numbers and percentages (%), while continuous variables are expressed as
the mean =+ standard deviation (SD) if they followed a normal distribution; otherwise, they are presented as the
median (range). To compare differences between the training and validation cohorts, two-sample t tests were
used for normally distributed continuous variables, and Wilcoxon rank-sum tests were used for nonnormally
distributed continuous variables. Chi-square or Fisher’s exact tests were applied for categorical variables.

Univariable logistic regression analysis was performed to assess the association of each factor with EH/EC
within all clinicopathological parameters. Variables showing significant differences (p <0.05) in the univariate
analysis were included in a multivariable logistic analysis. Independent risk factors (P < 0.05), identified from the
multivariate analysis, were incorporated into the nomogram.

The performance of the nomogram was evaluated in terms of discrimination, calibration, and clinical
usefulness. Discrimination was quantified using the AUC, where values of 0.5 and 1.0 indicate no discrimination
and complete discrimination, respectively. Calibration was assessed through calibration plots, which visualize
the agreement between the nomogram-based predictions and the actual observed EH/EC probabilities in both
the training and validation cohorts. DCA was used to evaluate clinical effectiveness by measuring standardized
net benefits at different threshold probabilities. These analyses assess the model’s ability to predict outcomes
based on a set of risk parameters.

Statistical analyses were conducted using SPSS statistical software, version 23.0 (SPSS Inc.), and R Studio, with
the rms, pROC, ggplot2, and ggDCA packages. All tests were two-sided, and a p value <0.05 was considered
statistically significant, unless otherwise indicated.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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