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Abstract  

Background: Postmenopausal bleeding (PMB) is a clinically important symptom associated with a significant risk of 

endometrial malignancy. Although transvaginal ultrasonography (TVUS) is widely used for initial evaluation, its 

limited specificity highlights the need for additional biomarkers to improve diagnostic accuracy. This study aimed to 

evaluate the association between serum estradiol levels, endometrial thickness, and histopathological characteristics in 

postmenopausal women with PMB and confirmed endometrial malignancy. 

Methods: This retrospective cross-sectional study included 55 postmenopausal women with abnormal uterine bleeding 

and histopathologically confirmed endometrial cancer. Clinical, demographic, laboratory, hormonal, imaging, and 

pathological data were extracted from medical records. Serum estradiol levels were categorized as ≤54 pg/mL and >54 

pg/mL. Endometrial thickness was assessed by transvaginal ultrasonography and classified as <4 mm or ≥4 mm. 

Statistical analysis was performed using SPSS version 26, and a p-value <0.05 was considered significant. 

Results: The majority of patients were aged 60–69 years and obese. Most cases were endometrioid adenocarcinoma 

grade 1. No significant associations were observed between serum estradiol levels and age, BMI, age at menopause, 

interval between menopause and diagnosis, or histopathological subtype. However, a significant association was found 

between serum estradiol levels and endometrial thickness (P = 0.022), with all patients in the elevated estradiol group 

demonstrating an endometrial thickness ≥4 mm. 

Conclusion: Serum estradiol levels were significantly associated with endometrial thickness but not with demographic 

or tumor-related characteristics. These findings suggest that estradiol may serve as a complementary biomarker 
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alongside ultrasonographic evaluation in the risk stratification of postmenopausal women with abnormal uterine 

bleeding. 

Implications for Patient Care: Combining serum estradiol assessment with transvaginal ultrasonography may 

improve risk stratification in postmenopausal women with abnormal uterine bleeding. This approach can help identify 

higher-risk patients for endometrial pathology, guide appropriate use of biopsy, and support conservative management 

in low-risk cases, enhancing individualized clinical decision-making. 

Keywords: Postmenopausal bleeding; Endometrial cancer; Serum estradiol; Endometrial thickness; Transvaginal 

ultrasonography 

 

 
 

Graphical Abstract. Integrating Serum Estradiol and Endometrial Thickness for Risk Stratification in Postmenopausal Bleeding 

Associated with Endometrial Malignancy. Combined assessment of serum estradiol and endometrial thickness may enhance early detection and 

clinical risk stratification in postmenopausal bleeding associated with endometrial malignancy. 

 

Introduction 

Postmenopausal bleeding (PMB) remains one of 

the most clinically significant presentations in 

gynecologic practice, as it is associated with a 

substantial risk of endometrial carcinoma and 

premalignant endometrial lesions (1). 

Endometrial cancer represents the most common 

gynecologic malignancy in developed countries, 

and its global incidence continues to rise in 

parallel with increasing obesity and population 
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aging (2). Although most cases are ultimately 

attributable to benign etiologies, the prevalence 

of endometrial malignancy among women 

presenting with PMB is sufficiently high to 

require timely and accurate diagnostic evaluation 

(1, 3). 

Transvaginal ultrasonography (TVUS), 

particularly the assessment of endometrial 

thickness (ET), is widely used as the first-line 

diagnostic modality in the evaluation of PMB (4). 

Despite its clinical utility and high sensitivity, ET-

based triage demonstrates limited specificity, 

resulting in a considerable number of 

unnecessary invasive procedures, including 

endometrial biopsy (5, 6). Moreover, reliance on 

imaging findings alone may inadequately capture 

the underlying biological heterogeneity of 

endometrial pathology (7, 8). Consequently, there 

is an ongoing need for complementary 

biomarkers capable of improving diagnostic 

stratification and supporting more individualized 

clinical decision-making (9, 10). 

Endometrial carcinogenesis is strongly 

influenced by hormonal exposure, particularly 

estrogenic stimulation (11, 12). Estradiol, the 

most biologically active endogenous estrogen, 

plays a central role in endometrial proliferation 

through estrogen receptor-mediated signaling 

pathways (13). Estrogen-driven activation of 

proliferative and anti-apoptotic pathways has 

been recognized as a central mechanism in 

endometrial tumor initiation and progression 

(11). Persistent or dysregulated estrogen 

exposure has been implicated in the development 

of endometrial hyperplasia and carcinoma (14, 

15). However, despite the biologically plausible 

role of estradiol in endometrial carcinogenesis, its 

translational utility as a clinically actionable 

biomarker in PMB evaluation remains poorly 

defined, with existing evidence limited by 

heterogeneous study populations, variable 

hormonal assays, and inconsistent diagnostic 

thresholds (16-18). Importantly, current 

diagnostic approaches for PMB primarily rely on 

anatomical and imaging-based parameters 

without adequately incorporating systemic 

hormonal status, despite the well-recognized 

biological role of estrogen in endometrial 

pathophysiology (3).  

This disconnects between biological mechanisms 

and routine clinical assessment highlights an 

important unmet need in precision-based 

gynecologic diagnostics. Integrating hormonal 

biomarkers into conventional diagnostic 

pathways may improve patient selection for 

invasive evaluation and potentially reduce 

unnecessary procedures in lower-risk patients. 

Accordingly, the present study aimed to evaluate 

the association between serum estradiol levels, 

endometrial thickness, and histopathological 

characteristics in postmenopausal women with 

PMB and confirmed endometrial malignancy, 

with the goal of exploring the potential role of 

estradiol as a complementary biomarker for 

diagnostic risk stratification and individualized 

clinical management. 

 

Methods 

Study Design and Setting 

This retrospective cross-sectional study was 

conducted as a medical record review in 

gynecology outpatient clinics affiliated with 

Lorestan University of Medical Sciences, 

Khorramabad, Iran, between 2023 and 2024. 

Ethical approval was obtained from the Ethics 

Committee of Lorestan University of Medical 

Sciences (Approval No: 

IR.LUMS.REC.1404.156). The study was 

conducted in accordance with the Declaration of 

Helsinki. All patient data were anonymized prior 

to analysis to ensure confidentiality. The 

reporting of this study followed the Strengthening 

the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines. 

 

Study Population 

The study population consisted of 

postmenopausal women presenting with 
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abnormal uterine bleeding who were 

subsequently diagnosed with endometrial 

malignancy based on histopathological 

examination during the study period. 

Postmenopausal status was defined as the 

absence of menstruation for at least 12 

consecutive months. 

 

Sampling Method 

A census (total population) sampling method was 

used, and all eligible cases meeting the inclusion 

criteria within the study period were included. 

This approach was applied to minimize selection 

bias and ensure complete inclusion of available 

eligible medical records. 

 

Data Collection 

This study was based on retrospective review of 

patients’ medical records. Data were extracted 

from hospital files using a standardized data 

extraction form developed by the researchers. 

Clinical, demographic, laboratory, hormonal 

(including serum estradiol levels), imaging, and 

histopathological data were obtained from 

existing documented records without any 

additional patient contact or new laboratory 

measurements. Data extraction was performed by 

trained researchers. Records with incomplete or 

unclear documentation were excluded to ensure 

data accuracy and consistency. 

 

Study Variables 

- Independent Variables 

Independent variables included age, body mass 

index (BMI), age at menopause, and serum 

estradiol levels. Serum estradiol levels were 

categorized based on laboratory-specific 

reference ranges (<54 pg/mL and ≥54 pg/mL), in 

accordance with assay-dependent variability 

reported in clinical laboratory practice. 

- Dependent Variables 

Outcome variables included endometrial 

thickness and histopathological subtype of 

endometrial malignancy. Endometrial thickness 

was categorized as <4 mm or ≥4 mm based on 

transvaginal ultrasonography findings, using the 

threshold recommended by the American College 

of Obstetricians and Gynecologists (ACOG 

Committee Opinion No. 734) (4).  

Ultrasonographic Assessment 

Transvaginal ultrasonography (TVUS) was 

performed as part of routine diagnostic evaluation 

for postmenopausal bleeding. Endometrial 

thickness was measured in the sagittal plane at the 

maximal double-layer thickness of the 

endometrial echo complex by experienced 

radiologists or gynecologists, following 

standardized institutional protocols. To reduce 

interobserver variability, all measurements were 

obtained according to routine standardized 

imaging procedures applied in the participating 

centers. 

Inclusion and Exclusion Criteria 

Inclusion criteria were postmenopausal status, 

presentation with abnormal uterine bleeding, 

histopathologically confirmed endometrial 

malignancy, and availability of complete clinical 

and laboratory records. Exclusion criteria 

included history of other malignancies, use of 

hormonal therapy within the previous 6 months, 

prior gynecologic surgery related to malignancy, 

hematologic or coagulation disorders, and 

incomplete medical records. Patients receiving 

exogenous estrogen therapy were excluded to 

minimize potential confounding effects on serum 

estradiol levels and endometrial characteristics. 

 

Statistical Analysis 

Statistical analyses were performed using SPSS 

software version 26 (IBM Corp., Armonk, NY, 

USA). Continuous variables were presented as 

mean ± standard deviation (SD), and categorical 

variables as frequency and percentage. Normality 

of data distribution was assessed using the 

Shapiro–Wilk test. Group comparisons for 

continuous variables were performed using the 

independent-samples t-test or one-way analysis 

of variance (ANOVA) for normally distributed 



 Serum Estradiol and Endometrial Thickness as Complementary Biomarkers in Postmenopausal Bleeding 

Nexus of Integrated Clinical Science Journal. 2026, 003 5 
 

data, and non-parametric tests when appropriate. 

Associations between categorical variables were 

analyzed using the chi-square test or Fisher’s 

exact test. A two-sided p-value <0.05 was 

considered statistically significant. Effect sizes 

and 95% confidence intervals were reported 

where applicable to improve interpretation of 

clinical relevance. Given the retrospective design 

and exploratory nature of the study, findings were 

interpreted cautiously and considered hypothesis-

generating. 

 

Results 

1. Baseline Characteristics of the Study 

Population 

A total of 55 postmenopausal women with 

abnormal uterine bleeding and 

histopathologically confirmed endometrial 

malignancy were included in the study.  The 

majority of patients were aged 60–69 years 

(40.0%), followed by 50–59 years (25.5%), 40–

49 years (23.6%), and 70–79 years (10.9%).  

Most patients were obese (54.5%), while 34.5% 

were overweight, 9.1% had normal weight, and 

1.8% were underweight.  

More than half of the patients (54.5%) had 

menopause at ≤49 years. The interval between 

menopause and cancer diagnosis was ≥9 years in 

52.7% of cases. Serum estradiol levels were ≤54 

pg/mL in 69.1% of patients. Endometrial 

thickness was ≥4 mm in 81.8% of cases. 

Regarding histopathological findings, Grade 1 

endometrioid adenocarcinoma was the most 

common subtype (78.2%), followed by Grade 3 

(12.7%), Grade 2 (3.6%), clear cell carcinoma 

(3.6%), and squamous cell carcinoma (1.8%). 

 

Variable Category n % 

Age (years) 

40–49 13 23.6 

50–59 14 25.5 

60–69 22 40.0 

70–79 6 10.9 

BMI 

Underweight 1 1.8 

Normal 5 9.1 

Overweight 19 34.5 

Obese 30 54.5 

Age at Menopause 
≤49 years 30 54.5 

>49 years 25 45.5 

Serum Estradiol Level 
≤54 (normal) 38 69.1 

>54 (abnormal) 17 30.9 

Interval From Menopause to Diagnosis 
<9 years 26 47.3 

≥9 years 29 52.7 

Endometrial Thickness 
<4 mm 10 18.2 

≥4 mm 45 81.8 

Pathological Type 

Endometrioid adenocarcinoma (Grade 1) 43 78.2 

Endometrioid adenocarcinoma (Grade 2) 2 3.6 

Endometrioid adenocarcinoma (Grade 3) 7 12.7 

Clear cell carcinoma 2 3.6 

Squamous cell carcinoma 1 1.8 

Table 1. Baseline demographic, clinical, and pathological characteristics of postmenopausal women diagnosed with endometrial 

malignancy and presenting with abnormal uterine bleeding. 
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2. Association Between Serum Estradiol 

Levels and Clinical, Demographic, and 

Pathological Characteristics 

The association between serum estradiol levels 

and clinical, demographic, and pathological  

variables are presented in Table 2. No statistically 

significant associations were found between 

serum estradiol levels and age (P = 0.866), BMI 

(P = 0.710), age at menopause (P = 0.386), 

interval between menopause and diagnosis (P = 

0.143), or histopathological subtype (P = 0.632). 

A statistically significant association was 

observed between serum estradiol levels and 

endometrial thickness (P = 0.022). All patients 

with elevated estradiol levels had an endometrial 

thickness of ≥4 mm, whereas in the normal 

estradiol group, 73.7% had a thickness ≥4 mm 

and 26.3% had a thickness <4 mm.

Variable Category 

Estradiol levels 
P-

value Normal (≤54) 

n (%) 

Abnormal (>54) 

n (%) 

Age (years) 

40–49 10 (26.3) 3 (17.6) 

0.866 
50–59 10 (26.3) 4 (23.5) 

60–69 14 (36.8) 8 (47.1) 

70–79 4 (10.5) 2 (11.8) 

BMI 

Underweight 1 (2.6) 0 (0.0) 

0.710 
Normal 4 (10.5) 1 (5.9) 

Overweight 14 (36.8) 5 (29.4) 

Obese 19 (50.0) 11 (64.7) 

Age at Menopause 
≤49 years 19 (50.0) 11 (64.7) 

0.386 
>49 years 19 (50.0) 6 (35.3) 

Interval  

Menopause–Diagnosis 

<9 years 15 (39.5) 11 (64.7) 
0.143 

≥9 years 23 (60.5) 6 (35.3) 

Pathological Type 

Endometrioid G1 28 (73.7) 15 (88.2) 

0.632 

Endometrioid G2 2 (5.3) 0 (0.0) 

Endometrioid G3 5 (13.2) 2 (11.8) 

Clear cell carcinoma 2 (5.3) 0 (0.0) 

Squamous cell 

carcinoma 
1 (2.6) 0 (0.0) 

Endometrial Thickness 
<4 mm 10 (26.3) 0 (0.0) 

0.022 
≥4 mm 28 (73.7) 17 (100.0) 

Table 2. Association between serum estradiol levels and demographic, clinical, and pathological characteristics. 

 

DISCUSSION  

 

 

In this retrospective cross-sectional study, we 

evaluated the association between serum 
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estradiol levels and demographic, clinical, and 

pathological characteristics in postmenopausal 

women with endometrial malignancy presenting 

with abnormal uterine bleeding. The main finding 

was a significant association between elevated 

estradiol levels and increased endometrial 

thickness, while no significant associations were 

observed with most demographic or 

histopathological variables. Overall, our findings 

suggest that serum estradiol may be more closely 

related to endometrial structural changes than to 

demographic or tumor-related characteristics in 

this population. The predominance of patients in 

the 60–69-year age group is consistent with 

epidemiological evidence showing that 

endometrial cancer incidence increases with age 

due to cumulative hormonal exposure and 

metabolic alterations. However, no association 

was observed between age and estradiol levels, 

supporting the concept that postmenopausal 

estrogen is mainly driven by peripheral 

aromatization rather than chronological aging 

(19, 20). This suggests that postmenopausal 

estrogen levels are influenced more by metabolic 

factors than by age itself. 

Obesity was highly prevalent in our cohort. 

Although not statistically significant, higher 

estradiol levels were more frequent in obese 

patients. This finding is biologically plausible, as 

adipose tissue is the main site of estrogen 

production after menopause via aromatase 

activity (21, 22). Obesity is a well-established 

risk factor for endometrial cancer (23). Large 

epidemiological studies have shown a dose–

response relationship between BMI and 

endometrial cancer risk (24). In our study, the 

lack of statistical significance may reflect the 

relatively small sample size and limited statistical 

power. 

No association was found between age at 

menopause and estradiol levels. Available 

evidence suggests that reproductive lifespan may 

have a limited influence on postmenopausal 

estradiol levels, whereas non-reproductive 

factors, including metabolic and genetic 

influences, appear to contribute more 

substantially to interindividual variability (25, 

26). Similarly, the interval between menopause 

and diagnosis was not significantly associated 

with estradiol levels. However, shorter intervals 

were more frequent in the high-estradiol group, 

suggesting a possible role of sustained estrogen 

exposure in earlier tumor development (27, 28). 

This pattern may indicate a potential trend toward 

earlier disease manifestation in patients with 

higher estrogen exposure, although this requires 

confirmation in larger studies. Importantly, a 

significant association was observed between 

estradiol levels and endometrial thickness. All 

patients with elevated estradiol had endometrial 

thickness ≥4 mm, while thinner endometrium 

was observed mainly in the normal estradiol 

group. This supports the proliferative effect of 

estrogen on the endometrium via receptor-

mediated signaling pathways (29). This finding is 

consistent with clinical guidelines that 

recommend a 4 mm cutoff in postmenopausal 

bleeding evaluation due to its high negative 

predictive value for malignancy (4). From a 

clinical perspective, estradiol may serve as a 

complementary biomarker alongside transvaginal 

ultrasonography in risk stratification of 

postmenopausal bleeding patients. This 

combined approach may improve early 

identification of patients requiring further 

invasive evaluation such as biopsy. Such an 

approach could potentially enhance clinical 

decision-making by improving the identification 

of patients who may benefit from further invasive 

diagnostic procedures, such as endometrial 

biopsy. 

 

Novelty 

To our knowledge, this study is among the few to 

evaluate the combined association of serum 

estradiol and endometrial thickness in 

histologically confirmed endometrial 

malignancy. Unlike previous studies focusing 
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mainly on BMI or reproductive factors, our work 

integrates hormonal and imaging parameters, 

offering a more comprehensive clinical 

perspective. This integrated approach may 

provide additional insight into the interplay 

between systemic hormonal status and structural 

endometrial changes in postmenopausal women. 

 

Limitations 

This study has several limitations. The 

retrospective design may introduce selection bias. 

The small sample size reduces statistical power. 

A single-center setting limits generalizability. 

Additionally, metabolic and endocrine 

confounders such as insulin resistance and 

androgen levels were not assessed. Therefore, 

residual confounding cannot be excluded. 

 

Future Directions 

Future prospective multicenter studies with larger 

cohorts are needed to validate these findings. 

Longitudinal studies could clarify temporal 

hormonal changes in endometrial carcinogenesis. 

Predictive models integrating hormonal and 

imaging biomarkers may improve early detection 

strategies. In addition, incorporating metabolic 

and endocrine profiles may further enhance risk 

stratification models. 

 

Conclusion 

In conclusion, while serum estradiol levels were 

not significantly associated with most 

demographic and pathological variables, a 

significant relationship was observed with 

endometrial thickness, highlighting the potential 

role of estradiol as a biologically and clinically 

relevant marker in postmenopausal endometrial 

pathology. These findings suggest that serum 

estradiol, particularly when interpreted alongside 

transvaginal ultrasonography, may have potential 

utility in the clinical evaluation of 

postmenopausal women with abnormal uterine 

bleeding. 

 

Implications for Patient Care  

This study highlights important clinical 

considerations for the evaluation and 

management of postmenopausal women with 

abnormal uterine bleeding. The observed 

correlation between elevated serum estradiol 

levels and increased endometrial thickness 

suggests that hormonal profiling could serve as a 

valuable adjunct to transvaginal ultrasonography 

in routine diagnostic workup. Integrating serum 

estradiol assessment with imaging findings may 

enhance early identification of patients at higher 

risk for clinically significant endometrial 

pathology, improving diagnostic precision 

beyond structural evaluation alone. 

From a clinical decision-making perspective, this 

combined approach can support risk stratification 

strategies. Patients exhibiting both elevated 

estradiol levels and increased endometrial 

thickness may represent a subgroup warranting 

earlier consideration of invasive diagnostic 

procedures, such as endometrial sampling. 

Conversely, patients with normal hormonal and 

ultrasonographic findings may be candidates for 

conservative management, potentially reducing 

unnecessary interventions. 

Notably, the lack of significant associations 

between serum estradiol levels and most 

demographic or histopathological variables 

indicates that estradiol may act as a marker of 

endometrial activity rather than a surrogate for 

baseline patient characteristics. This reinforces its 

potential utility as a complementary biomarker in 

personalized risk assessment. In the context of 

precision medicine, incorporating hormonal 

biomarkers such as estradiol into diagnostic 

algorithms may improve individualized care, 

facilitate earlier detection of clinically relevant 

endometrial changes, and optimize healthcare 

resource utilization. These findings provide a 

rationale for further prospective studies to 

validate serum estradiol as part of evidence-based 

protocols for postmenopausal bleeding, ideally 

within larger, multicenter cohorts. 
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