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Introduction 

Abnormal uterine bleeding (AUB) is defined as uterine bleed-
ing that is abnormal in duration or timing. It affects 14-25% 
of women of reproductive age [1,2]. Most of the causes 
of AUB are benign; however, it is also the most common 
symptom of endometrial hyperplasia (EH) and endometrial 
carcinoma (EC). Although the incidence of endometrial 
cancer increases after menopause, 10% of it occurs before 
menopause [3]. Atypical EH is associated with a concurrent 
carcinoma in up to 50% of cases [4], along with the risk of 
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Objective
To determine the incidence of endometrial hyperplasia and endometrial cancer (EH/EC) in low-risk premenopausal 
women with abnormal uterine bleeding (AUB) undergoing endometrial biopsy and to build a predictive model that 
includes clinical variables for predicting EH/EC in these women.

Methods
This retrospective study was conducted between January 2015 and March 2020. All premenopausal women aged  
<55 years with AUB who underwent endometrial sampling during a specified time period were included. Data 
regarding baseline characteristics, sonographic findings, and histological reports were collected from patient record 
sheets. 

Results
During the specified time period, 1,089 premenopausal women underwent endometrial biopsy for AUB. Complete 
data analysis was done for 1,084 women. Of the endometrial samples, 95.3% revealed benign pathology, whereas 
4.7% of the samples had major endometrial pathology EH/EC. On step-wise logistic regression analysis, intermenstrual 
bleeding (IMB) (OR, 3.15), body mass index (BMI) >25 kg/m2 (odds ratio [OR], 4.4705), age >40 years (OR, 1.14), 
endometrial thickness (ET) >13 mm (OR, 2.59), and hypothyroidism (OR, 1.35) were significantly associated with EH/
EC. Considering the pretest probability for an EH/EC of 4.7%, this prediction model with a likelihood ratio of 14.2% 
demonstrated a post-test probability of 41% in the presence of the above-mentioned variables.

Conclusion
The risk of EH/EC was lower in low-risk premenopausal women with AUB. However, premenopausal women with IMB 
aged >40 years, hypothyroidism, BMI >25 kg/m2, and thickened endometrium (ET >13 mm) are at high risk of EH/EC; 
therefore, endometrial biopsy should be considered early in their management plan.
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neoplastic progression of 12.5% in the following 10 years 
[5]; hence, it is managed similarly to EC with hysterectomy. 
Guidance on the performance of endometrial biopsy in post-
menopausal bleeding is clear, whereas evidence on its utili-
zation in premenopausal women with AUB is inconclusive. 
To overcome this, many clinical variables such as nulliparity, 
obesity, diabetes, hypertension, tamoxifen therapy, and infer-
tility have been considered to assess the risk of endometrial 
cancer in this age group. Based on these risk factors, the 
Society of Obstetricians and Gynecologists of Canada (SOGC) 
recommends endometrial biopsy in women aged over 40 
years or in younger women in the presence of risk factors 
for endometrial cancer [6], whereas the American College 
of Obstetricians and Gynecologists (ACOG) recommends 
endometrial sampling in women aged >45 years or earlier in 
the presence of risk factors [7]. Most of these guidelines are 
based on studies of the Western female population. Given 
the racial variation between Western and Asian females, risk 
factors would also be different. Therefore, we need separate 
risk stratification for them. Although most endometrial cases 
are preceded by AUB, the incidence of EC is only 1-2% in 
premenopausal women with AUB. This indicates that a large 
number of women do not necessarily undergo endometrial 
biopsy to rule out cancer. Therefore, careful selection of pa-
tients by estimating absolute risk will avoid unnecessary sam-
pling as well as false-positive cases. In this regard, to define 
women at risk of EH/EC, this study aimed to estimate the risk 
of significant endometrial pathology and create a predictive 
model based on clinical variables such as age, body mass 
index (BMI), menstrual pattern, and transvaginal sonography 
findings in these populations.

Materials and methods

This retrospective cohort study was conducted after obtain-
ing approval from the Institutional Ethical Committee (AIIMS/
Pat/IEC/2020-635) from January 2015 to March 2020 in 
the Department Of Obstetrics And Gynecology at the All 
India Institute of Medical Science, Patna. AUB was defined 
by symptoms such as heavy menstrual bleeding if pictorial 
blood assessment chart (PBAC) score >100 (PBAC, method 
quantifying menstrual blood loss by recording the number 
of tampons or towels used and the degree to which they 
are stained with blood), intermenstrual bleeding (occurring 

between well-defined cyclical menses), postcoital bleeding 
(PCB), or irregular menses (when the cycle-to-cycle variation 
is >20 days within one 90-day reference period). 

All women aged <55 years who presented with AUB and 
had undergone endometrial biopsy during the specified time 
period were included in the study. Endometrial biopsy was 
performed by the aspiration method using Karman’s cannula 
as an outpatient department procedure.

Post-menopausal women (amenorrhea for >1 year), wom-
en with a history of diabetes, hypertension, infertility, chronic 
anovulation, tamoxifen use, or family history of uterine, ovar-
ian, breast, and colon cancer were excluded from the study.

Participants were identified from the laboratory database 
and clinical and demographic variables such as age, BMI, 

Table 1. Characteristics of study population (n=1,084)

Variables Value

Age (yr) 

≤40 385 (35.5)

>40 699 (64.5)

Menstrual cycle phase

Proliferative phase 278 (25.6)

Secretory phase 542 (74.4)

Parity 

≤1 101 (9.3)

>1 983 (90.7)

Body mass index (kg/m2)

≤25 552 (50.9)

>25 532 (49.1)

Hypothyroidism 57 (5.2)

Endometrial thickness (median, mm) 9.4

Menstrual pattern

PCB 16 (1.4)

HMB 941 (86.8)

IMB 127 (11.7)

Hormone use 44 (4)

Histology

EC 20 (1.8)

AEH 31 (2.8)

Benign pathology 1,033 (95.29)

Values are presented as number (%).
PCB, postcoital bleeding; HMB, heavy menstrual bleeding; IMB, 
intermenstrual bleeding; EC, endometrial carcinoma; AEH, atypical 
endometrial hyperplasia.
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parity, menstrual history, medical history (smoking, diabetes, 
hypothyroidism, bleeding disorder, breast cancer, colorectal 
cancer, self-reported use of hormone therapy), infertility  
(>12 months), and family history (breast, colorectal, or en-
dometrial cancer), recent investigations (hemoglobin, pelvic 
ultrasound scan), and histopathology report data were col-
lected from the patient’s record sheet.

Significant endometrial pathology included EH with atypia 
and EC. The histological diagnosis of EH with or without 
atypia was based on the WHO 2014 classification [8].

1. Statistical analysis
Qualitative data were expressed as numbers and percent-
ages. The Kolmogorov-Smirnov test was used to test for nor-
mality. Stepwise logistic regression analysis was performed 
to identify variables that were significantly associated with 
endometrial pathology EH/EC. Stepwise logistic regression 
analysis was performed with an entry and exit P-value of 
0.3/0.5. Results were expressed as odds ratio with 95% 
confidence intervals. The predicted probabilities of step-wise 
logistic analysis were used to form receiver operating char-
acteristic (ROC) curves and to calculate sensitivity, specificity, 
negative predictive value, positive predictive value, and posi-

tive and negative likelihood ratios. The chi-square test was 
used to compare the association of more than one risk factor 
with significant endometrial pathology and non-significant 
endometrial pathology. Statistical significance was set at 
P<0.05. All statistical analyses were performed using Med-
Calc Statistical software version 19.2.6 (MedCalc Software 
bvba, Ostend, Belgium).

Results 

A total of 1,089 premenopausal women underwent endo-
metrial biopsy for AUB during the specified time period. Data 
for five women were incomplete, so the final analysis was 
performed for 1,084 women. The baseline characteristics 
of the study population are summarized in Table 1. Of the 
women, 9.1% were nulliparous, and 90% were multipa-
rous. Hypothyroidism was present in 57 women (5.2%). The 
median endometrial thickness in the studied population was  
9.4 mm. Heavy menstrual bleeding was reported by 941 
(86.8%) women, whereas intermenstrual bleeding (IMB) was 
noted in 127 (11.7%) and PCB in 16 (1.4%). 

Most of the endometrial samples (95.3%) had benign pa-

Table 2. Step-wise logistic regression analysis of the variables for predicting significant endometrial pathology

Variables Odds ratio 95% CI P-value

Age (cut off at >40 years) 1.14 0.99-1.20 <0.0001

BMI (cut off at >25 kg/m2) 4.40 1.51-14.36 0.0072

Endometrial thickness (cut off at >13 mm) 2.59 1.78-3.77 0.0001

Hormone use 0.09 0.004-2.11 0.135

Hypothyroidism 1.35 0.64-1.94 0.001

Menstrual pattern (IMB) 3.15 1.90-5.23 0.004

Parity (<1) 0.03 0.003-0.34 0.14

CI, class interval; BMI, body mass index; IMB, intermenstrual bleeding.

Table 3. Statistics of the variables for predicting EH/EC pathology

Variables Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI) LR- (95% CI)

Age (>40 years) 82.35 (69.1-91.6) 49.66 (46.6-52.8) 1.64 (1.4-1.9) 0.36 (0.2-0.6)

BMI (>25 kg/m2) 62.75 (48.1-75.9) 52.02 (48.9-55.1) 1.31 (1.0-1.6) 0.72 (0.5-1.0)

Endometrial thickness (>13 mm) 88.24 (76.1-95.6) 98.07 (97.0-98.8) 45.79 (29.3-71.5) 0.12 (0.06-0.3)

Hypothyroidism 64.71 (50.1-77.6) 57.30 (54.1-68.2) 23.99 (15.8-36.4) 0.36 (0.3-0.5)

Menstrual pattern (IMB) 82.35 (69.1-91.6) 90.17 (88.2-91.9) 8.38 (6.7-10.5) 0.20 (0.1-0.4)

EH/EC, endometrial hyperplasia and endometrial cancer; CI, class interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; BMI, 
body mass index; IMB, intermenstrual bleeding.
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thology on HPE. Thirty-one (2.8%) endometrial samples were 
diagnosed with EH with atypia, and twenty (1.84%) were 
diagnosed with endometrial cancer on histology combined 
with 4.7% of significant endometrial pathology.

On step-wise logistic regression analysis, IMB (odds ratio 
[OR]=3.15), BMI >25 kg/m2 (OR=4.4705), and hypothyroidism 
(OR=1.3) were significantly associated with EH/EC (Table 2).  
Predictive probabilities of stepwise logistic regression were 
used to create the ROC curve. On ROC curve analysis, the 
best age cut-off value was >40 years and endometrial thick-
ness cut-off value was >13 mm for predicting significant en-
dometrial pathology. The variables that were not included in 
the predictive model were hormone use, parity, and menstru-
al cycle phase. Table 3 summarizes the predictive probabilities 
of the different variables for the EH/EC. Predictive probabili-
ties of the logistic regression analysis were used to create a 
full ROC curve and calculate the sensitivity, specificity, positive 
and negative predictive values, and positive and negative like-
lihood ratios of the predictive model. The estimated AUC was 
0.971 (95% class interval, 0.959-0.980) (P<0.0001) (Fig. 1).  
At the best cut-off value, the positive likelihood ratio was 

14.2 at 0.2 negative likelihood ratio resulting in a post-test 
probability of 41% at a pre-test probability of 4.7%. The 
presence of one or more risk factors was more common in 
the EH/EC group than in the benign group (Table 4).

Discussion 

Approximately 50% of women affected with AUB are in the 
40-50 years age group [9]. The most common cause of AUB 
in this age group was benign. In the present study, benign 
endometrial pathology was noted in most women (95%). 
The reported incidence of major endometrial pathology (EH/
EC) in premenopausal women with AUB is wide, ranging 
from 5% to 14% [10,11]. This might be due to differences 
in the studied populations (high risk and low risk). Our study 
suggested a 4.7% prevalence rate of significant endometrial 
pathology in low-risk women with AUB. This was similar to 
the previously reported prevalence among low-risk women 
[11,12]. Although the incidence of EC is low in these wom-
en, the risk of progression of non-atypical and atypical EH 
to endometrial cancer is 10% and 40%, respectively, which 
is quite significant [5]. In addition, one-third of women with 
atypical hyperplasia have concurrent carcinoma [13]. Hence, 
careful patient selection to diagnose and treat significant en-
dometrial pathology is very important.

Age is the independent variable to decide on endometrial 
biopsy in premenopausal women with AUB. SOGC suggests 
that endometrial biopsy should be performed in women 
aged over 40 years, whereas ACOG has set the age cut-off 
to 45 years [6,7]. Wise et al. [9] and Giannella et al. [11] re-
ported no correlation between age and EC [9]. To add to this 
ongoing debate on age cut-off, we, on full ROC curve analy-
sis, found >40 years as the best age cut-off. In a systemic 
review on the risk of endometrial cancer in premenopausal 

Table 4. Presence of risk factors in women with and without EH/EC

Risk factors (age, BMI, parity, menstrual pattern  
hypothyroidism, and thickened ET)

Women with EH/EC Women without EH/EC P-value

1 risk factor 0 235 (22.7) <0.0001

2 risk factor 2 (3.9) 19 (1.8) <0.0001

3 risk factor 14 (27.4) 11 (1.1) <0.0001

>3 risk factor 35(68.6) 0 <0.0001

Values are presented as number (%).
EH/EC, endometrial hyperplasia and endometrial cancer; BMI, body mass index; ET, endometrial thickness.

Fig. 1. Receiver operating characteristics curve of the predictive 
model. The estimated area under the curve was 0.971 (95% class 
interval, 0.959-0.980) at P<0.0001. BMI, body mass index.
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women, Pennant et al. [14] reported an increase in the risk 
for women aged >40 years compared to those aged <40 
years.

A higher BMI has been associated with an increased risk of 
EH or cancer. A recent study from New Zealand on the asso-
ciation of BMI with endometrial cancer reported that obese 
women (BMI >30 kg/m2) are four times more likely to have 
EH/EC compared to normal weight women [9]. The Asian 
population has a lower mean BMI but a greater tendency 
toward abdominal adiposity than the non-Asian popula-
tion. Furthermore, Asian women have a higher percentage 
of body fat at low BMI compared to age-specific non-Asian 
women, which also reflects the increased risk of chronic 
diseases (e.g., diabetes mellitus, cardiovascular, hyperten-
sion) [15]. In this study, women with BMI >25 kg/m2 were 
4.4 times more likely to develop EH/EC compared to women 
with BMI <25 kg/m2. This is in accordance with previous lit-
erature [9,11,16]. 

Recently, hypothyroidism has been linked to EC. Although 
the direct relationship between EC and hypothyroidism re-
mains to be elucidated, it has been postulated to influence 
the disease either by interfering with risk factors such as in-
fertility, polycystic ovary syndrome, and metabolic syndrome 
or by directly acting on thyroid-related receptors of the en-
dometrium [17]. The present study showed an association 
between hypothyroidism and EH/EC, with an adjusted OR of 
1.3.

Endometrial thickness had reproduced greater predictabil-
ity for EC in postmenopausal women, but in premenopausal 
women due to periodic changes in the thickness in various 
phases of the endometrial cycle, its predictability is poor; 
hence, the best cut-off value for performing endometrial bi-
opsy is debatable. Few studies have recommended endome-
trial biopsy at endometrial thickness (ET) >8 mm as the risk 
of EH/EC increases [18], whereas few studies have shown a 
strong association at ET >11 mm [9,11]. In the current study, 
a strong association was observed for ET >13 mm. In the 
present study, women with an IMB pattern had been shown 
to a 3.1 times higher risk of having EH/EC compared to other 
menstrual patterns. Gawron et al. [19] also reported that 
IMB increases the chance by 4.1 times for the diagnosis of 
EC. In this study, it was observed that women with significant 
endometrial pathology had the simultaneous presence of 
multiple risk factors.

The prediction model including age >40 years, BMI  

>25 kg/m2, hypothyroidism, and menstrual pattern showed 
good diagnostic accuracy with an AUC of 0.962, a posi-
tive likelihood ratio of 7.9, and a negative likelihood ratio 
of 0.67. When endometrial thickness (>13 mm) was taken 
into account, the positive likelihood ratio increases to 14.2 
at a negative likelihood ratio of 0.2. Considering the disease 
prevalence of 4.7%, the presence of these risk factors would 
elevate the risk of the disease to 41%, whereas the absence 
of the above-mentioned risk factors would reduce the dis-
ease risk to 2.5%. The findings of this study suggest that the 
prevalence of significant endometrial pathology in low-risk 
premenopausal women with AUB is less, but simultaneously 
emphasizes that the presence of the above-mentioned vari-
ables puts them at higher risk of harboring the disease and 
hence should be considered for endometrial biopsy.

1. Limitation and strength of the study
The main limitation of this study is its retrospective nature; 
therefore, data were collected from the medical record sheet 
of the patients. There may be unmeasured confounders not 
included in the analysis, which could influence the study 
results. The prevalence was low; therefore, it might not rep-
resent the true prevalence of the disease. Histopathology 
was not reviewed for the purpose of the study, but this adds 
strength to the study by making the results more generaliz-
able. The major strengths of the study are the large sample 
size, all clinical variables included in the study were measur-
able, and all patients underwent histological examination as 
a reference value. However, there should be a prospective 
study in a community setting to estimate the true incidence 
of significant endometrial pathology in women with AUB.

2. Conclusion 
In low-risk premenopausal women with AUB, the presence 
of clinical variables such as age >40 years, BMI >25 kg/m2, 
hypothyroidism, IMB, and ET >13 mm increased the risk for 
EH/EC. Hence, these women should be evaluated using en-
dometrial biopsy.
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