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Purpose: Uterine cancer is the second most prevalent cancer of the female genital tract, 
with 90% of it being of endometrial origin. The aim of this research was to create and 
validate a risk-scoring model using patients’ clinical variables in predicting premalignant and 
malignant lesions of the uterine endometrium among premenopausal women with abnormal 
uterine bleeding (AUB).
Methods: This is a retrospective cohort study conducted at a tertiary hospital of Southern 
India for a period of 5 years from July 2014 to August 2019, including women aged ≤55 
years who had AUB and underwent endometrial biopsy. The incidence of atypical endome-
trial hyperplasia (AEH) and endometrial cancer (EC) was determined, and clinical and 
demographic variables were compared among cases (AEH/EC) and controls (no AEH/EC) 
using simple logistic regression. A risk-scoring model was derived and validated with a split- 
sample internal validation method.
Results: A total of 472 premenopausal women presenting with AUB were included in the 
study. There were 20 women (4.2%) with AEH and eight (1.7%) with EC. We found 
a statistically significant positive correlation of an anovulatory pattern of bleeding (odds 
ratio [OR]=3.4; p=0.009), age ≥45 years (OR=1.12; p=0.01), body mass index (BMI) 
≥30 kg/m2 (OR=2.46; p=0.04) and diabetes mellitus (OR=3.00; p=0.02) with a higher risk 
of AEH/EC diagnosis upon histopathological examination of endometrial biopsy 
specimens of the study population. A risk-scoring model (PAD30) was created using these 
variables to predict premalignant and malignant endometrial lesions. The best cutoff score 
derived by the receiver operating characteristics (ROC) curve, of ≥5, had a sensitivity of 
85.7% and specificity of 87.6% with an area under the curve (AUC) of 0.84 (95% CI 
0.75–0.93; p=0.04). With a positive likelihood ratio of 6.91, our prediction model increases 
the post-test probability of AEH/EC to 30.6% from 6% of the pre-test probability.
Conclusion: The proposed model demonstrated a moderate diagnostic accuracy in predict-
ing premalignant and malignant lesions of the uterine endometrium among symptomatic 
premenopausal women.
Keywords: premenopause, uterine cancer, malignancy, hyperplasia, risk model

Introduction
Uterine cancer is the second most prevalent cancer of the female genital tract, after 
cervical cancer.1 About 90% of uterine cancers are of endometrial origin.2 

Endometrial hyperplasia is identified as a precursor to endometrial carcinoma, 

Correspondence: Sujatha Bagepalli 
Srinivas  
Department of Obstetrics and 
Gynecology, Kasturba Medical College, 
Manipal Academy of Higher Education, 
Manipal 576104, Karnataka, India  
Tel +91 8660778169  
Fax + 91-820-2571927  
Email bssujata@gmail.com

submit your manuscript | www.dovepress.com International Journal of Women’s Health 2020:12 883–891                                                 883

http://doi.org/10.2147/IJWH.S268169 

DovePress © 2020 Bagepalli Srinivas et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress. 
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By 

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly 
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-6095-5114
http://orcid.org/0000-0002-7942-2382
mailto:bssujata@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


especially with nuclear atypia.3 The risk of progression of 
endometrial hyperplasia without atypia is <1–5% com-
pared to 8–28% with the presence of nuclear atypia, and 
nearly 40% of cases diagnosed with atypical endometrial 
hyperplasia were known to have endometrial carcinoma in 
the hysterectomy specimen.4,5

The WHO 2014 classification of endometrial hyperpla-
sia is more likely to identify precancerous lesions com-
pared to the older classification of 1994. It has been 
designed to use modified pathological criteria for diagnos-
ing premalignant lesions.4

In recent years, the incidence of endometrial cancer has 
been steadily increasing, along with an increased preva-
lence of obesity and lifestyle-related problems such as 
increasing incidences of nulliparity and infertility.6,7 

Studies have clearly identified nulliparity, obesity, increas-
ing age, diabetes and late-onset menopause as risk factors 
for endometrial cancer.8–11

About 90% of patients with endometrial hyperplasia or 
endometrial carcinoma have abnormal uterine bleeding 
(AUB) as the predominant symptom.12 However, in most 
cases the aetiology of AUB in premenopausal women 
could be a structural cause, such as leiomyoma, adeno-
myosis, or endometrial or cervical polyps.

AUB can be broadly classified depending on the bleed-
ing pattern as ovulatory or anovulatory bleeding. 
Anovulatory bleeding refers to irregular or infrequent per-
iods with heavy or light menstrual bleeding, whereas the 
ovulatory bleeding pattern has regular cycles with normal 
or increased duration of bleeding.13,14 Chronic anovulation 
due to prolonged unopposed oestrogen stimulation of the 
endometrium is strongly associated with endometrial 
hyperplasia/endometrial carcinoma.14

Risk stratification of endometrial cancer in postmeno-
pausal women is based on symptoms (postmenopausal 
bleeding) and transvaginal sonographic estimation of 
endometrial thickness (≥5 mm). Symptomatic postmeno-
pausal women with endometrial thickness of ≤5 mm are 
said to have lower endometrial cancer risk (1%). However, 
there is no consensus on what the normal endometrial 
thickness is in premenopausal women or in patients on 
hormone therapy, apart from the predictive performance of 
a thick endometrium, which shows conflicting results in 
the literature.15 Moreover, risk stratification using endo-
metrial thickness in premenopausal women with AUB is 
difficult, leading to the use of other clinical variables.

The evidence on premenopausal AUB and the risk of 
endometrial cancer remains uncertain and varies. Most of 

the guidelines suggest an age cut-off above which the 
patients are at risk of endometrial cancer. This is 40 
years in some and 45 years in others.16,17 All guidelines 
recommend biopsy based on several risk factors, such as 
obesity or polycystic ovary syndrome. The UK National 
Institute for Health and Care Excellence (NICE) guide-
lines recommend only biopsy when conventional medical 
management fails. However, other guidelines recommend 
direct biopsy in high-risk patients with AUB.17,18

The results of large systematic reviews showing lower 
risk of atypical endometrial hyperplasia (AEH) or endo-
metrial cancer (EC) in premenopausal women with AUB 
have been questionable. To determine which premenopau-
sal women are at higher risk of premalignant (AEH) and 
malignant lesions of the uterine endometrium (EC), we 
sought to form a risk-scoring model using clinical 
characteristics.

Participants and Methods
This retrospective cohort study was conducted at a tertiary 
care hospital after obtaining clearance from Kasturba 
Medical College and Kasturba Hospital Institutional 
Ethics Committee (IEC: 597/2019), and included women 
aged ≤55 years who had undergone endometrial biopsy 
between June 2014 and August 2019. Patients’ consent to 
review their medical records was not required by the 
Institutional Review Board as the study was based only 
on the review of their files. Patient data confidentiality was 
maintained, and the study was compliant with the 
Declaration of Helsinki. Women were included if they 
had a history of AUB diagnosed by the clinician and had 
not attained menopause (amenorrhea ≥12 months or serum 
follicle-stimulating hormone levels of ≥40 IU/L). The 
flowchart of participants is shown in Figure 1.

Participants were identified from hospital operation 
database registers and day-care procedure records, includ-
ing both inpatient and outpatient records. Clinical, demo-
graphic and ultrasound data were collected from discharge 
summary sheets by directly linking with the hospital’s 
electronic medical records. The following information 
was collected: age, parity, BMI, age of menarche, men-
strual history, use of current hormonal drugs, medical 
history (hypertension, diabetes, and familial cancers such 
as breast cancer and colorectal cancer) and family history 
(breast, endometrium and colon cancers). Furthermore, 
a recent transvaginal ultrasound report was recorded.

With respect to menstrual history, the age of menarche, 
frequency of menstrual cycle, regularity of menses 
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(regular/irregular), mean duration of flow and history of 
intermenstrual bleeding were noted. The menstrual 
abnormalities were grouped into two types, namely ovula-
tory and anovulatory bleeding patterns. Anovulatory 
bleeding is defined as irregular or infrequent periods with 
heavy or light menstrual bleeding, whereas the ovulatory 
bleeding pattern has regular cycles with normal or 
increased duration of bleeding.

Details of the method of endometrial sampling, 
findings at sampling and histopathology examination 
(HPE) report were collected. If more than one biopsy 
was taken from the same participant, then the one with 
the most serious diagnosis was included as the final result. 
Primary results were the histological diagnosis of endo-
metrial biopsy of the premalignant lesion (AEH) and 
malignant lesion (EC) of the uterine endometrium, as 
stated by the HPE report. Based on the presence of 
AEH/EC, the participants were categorised as cases 
(AEH/EC) and controls (no AEH/EC).

Statistical Analysis
The overall incidence of AEH and EC in the study parti-
cipants was determined as numbers and percentages. 
Clinical and demographic variables among cases (AEH/ 
EC) and controls (no AEH/EC) were compared using 
simple logistic regression. The chi-squared test, Fisher’s 

exact test and Mann–Whitney U-test were performed 
where appropriate to evaluate the categorical and contin-
uous variables. Odds ratio (ORs) and 95% CIs were esti-
mated for each of these variables obtained. A p-value of 
<0.05 was considered as statistically significant in all 
cases. Multivariate logistic regression analysis was per-
formed to assess the independent association between 
each variable (selecting only patient characteristics) and 
the outcome (women with histology showing AEH or EC).

According to the predictive OR of every variable 
acquired in the multivariate analysis, a score was assigned 
and a risk-scoring model was built to predict AEH/EC among 
the study participants. ROC curve analysis was accomplished 
to evaluate the optimal cut-off score for the same. The 
sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), positive likelihood ratio (LR+) 
and negative likelihood ratio (LR−) were obtained for each 
score. The prevalence of AEH/EC in the study participants 
was considered as the pre-test probability; the post-test prob-
ability of AEH/EC was calculated by a series of equations.19

To validate the risk-scoring model, we used a split- 
sample internal validation method.20–22 The study popula-
tion was divided into two groups, maintaining equal 
numbers of cases with AEH/EC in each group. The risk- 
scoring model was first developed in one group (training 
group) and later checked with the other group (validation 
group). The stepwise regression model of the training 
group was evaluated to determine whether it produced 
the same subset of predictors produced by the regression 
model of the whole group of study participants.20 The 
coefficient of determination (R2) between the training 
and validation groups was compared. If the shrinkage 
was ≤2%, validation was considered significant.23 

Multiple regression analysis was used to find the R2 

between the two groups. The final prediction model was 
derived from the complete derivation sample.20 The R2 of 
the training and validation samples was attained by multi-
ple regression analysis.

Results
A total of 472 women were included in the study and were 
used in the analysis (Figure 1). Of these, 189 women 
(40%) underwent pipelle, 226 (48%) had sharp endome-
trial curettage, nine (2%) had both and 47 (10%) under-
went hysteroscopic endometrial biopsy, as the method of 
endometrial sampling.

Histological examination revealed eight women (1.7%) 
with EC, 20 (4.23%) with AEH, 48 (10.16%) with simple 

Figure 1 Flowchart of participants.
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hyperplasia without atypia, 87 (18.4%) with endometrial 
polyp, 51 (10.8%) with pill endometrium (decidualised 
stroma with widely dispersed atrophic glands due to pro-
longed exposure to progesterone), 107 (22.6%) with dis-
ordered proliferative endometrium, 135 (28.6%) with 
normal secretory endometrium and 16 (3.3%) with 
atrophic or inactive endometrium.

A total of 28 women (6%) who had AEH or EC were 
cases and the remaining 444 (94%) with other endometrial 
pathology were controls. There were no patients with 
a history of breast cancer or colorectal cancer. Patient 
characteristics demonstrated no differences with respect 
to age at menarche, parity, hypertension, current hormonal 
therapy or and breast cancer history. Conversely, signifi-
cant differences were present with regard to age ≥45 years 
(p=0.001), history of diabetes (p=0.001), BMI (p=0.01), 
anovulatory bleeding patterns (p=0.003), endometrial 
thickness ≥12 mm (p=0.001), family history of breast 
cancer (p=0.001) and family history of colon cancer 
(p=0.001) using univariate analysis (Table 1).

A multivariate logistic regression model was used to 
define the best predictors of AEH/EC. It indicated that 
patient’s age ≥45 years (OR=1.1, 95% CI 1.0–1.2), BMI 
≥30 kg/m2 (OR=2.46, 95% CI 1.02–5.94, anovulatory 
pattern of bleeding (OR=3.4 CI, 1.27–8.94) and presence 
of diabetes (OR=3.00, 95% CI 1.28–7.61) increased the 
risk of AEH/EC when corrected for other characteristics 
(Table 2). Since there were only a few cases with a family 
history of breast cancer (n=3) and colon cancer (n=1), they 
were not included in the multivariate analysis despite 
being significant on the univariate analysis.

A split-sampling internal validation method was pre-
formed, and it was observed that the same predictors of the 
whole study population were produced after stepwise 
regression of the training group. The coefficient of deter-
mination (R) was obtained for the training and validation 
samples using multiple regression analysis. The shrinkage 
between the two groups (R2 – R2) was 0.023 (≤2%), which 
meant that the validation was successful.

According to the predictive OR of every variable 
attained in the multivariate analysis, a score was assigned 
for every significant predictive factor: age ≥45 years=1; 
anovulatory pattern of bleeding=3; presence of diabetes=3; 
BMI ≥30 kg/m2=2. A risk-scoring model called PAD30 
was built. The total PAD30 score was evaluated by adding 
the scores for every clinical characteristic. The maximum 
and minimum scores were 9 and 0, respectively.

Subsequently, an ROC curve was built associated with 
the risk-scoring model. The area under the curve was 
0.848 (95% CI 0.75–0.93; p<0.048) (Figure 2). For every 
score, the sensitivity, specificity, PPV, NPV, LR+ and LR− 
were reported (Table 3). At the best cut-off value (score 
≥5), sensitivity and specificity were 85.7% and 87.6%, 
respectively; the PPV and NPV were 30.6% and 98.9%, 
respectively; LR+ was 6.91 (with a pre-test probability of 
6% and post-test probability of 30.6%); and LR− was 0.16 
(with a pre-test probability of 6% and post-test probability 
of 1.03%). A score ≥5 demonstrated a reasonable capacity 
to discriminate between women with premalignant/malig-
nant lesions (AEH/EC) and those without the disease (no 
AEH/EC).

Discussion
The key risk factors for the progression of AEH/EC in 
premenopausal women with AUB identified in our 
study and included in our risk-scoring model were: 
age ≥45 years, anovulatory pattern of bleeding, pre-
sence of diabetes mellitus and BMI ≥30 kg/m2. 
Among these risk factors, anovulatory pattern of bleed-
ing and presence of diabetes mellitus were considered 
stronger predictors for AEH/EC compared to age ≥45 
years and BMI ≥30 kg/m2 (or obesity), and thus, were 
awarded a higher weighting in our risk-scoring model. 
We proposed using a PAD30 score ≥5 as the cut-off for 
the identification of women at high risk of AEH/EC. 
The newly proposed model showed good sensitivity 
and specificity of 85.7% and 87.6%, respectively, 
when tested on the control sample. The PPV and 
NPV for the model were determined to be 30.6% and 
98.9%, respectively, with an LR+ of 6.91 (a pre-test 
probability of 6% and post-test probability of 30.6%) 
and LR− of 0.16 (a pre-test probability of 11.5% and 
post-test probability of 1.03%). These values indicate 
that the proposed model can reliably be used to iden-
tify premenopausal women with AUB who are at high 
risk of AEH/EC even in primary care settings, without 
the need for laboratory/imaging examination. This will 
help in avoiding unnecessary sampling/biopsy in this 
population and could save a lot of resources. Thus, the 
risk model is a win–win approach for both patients and 
healthcare providers.

The incidence of AEH/EC reported in our study (ie, 
6%) is higher than the results reported by other 
researchers11 and in a systematic review of the 
literature.24 This is because we conducted this study at 
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Table 1 Univariate Analysis of Demographic and Clinical Characteristics Associated with Atypical Endometrial Hyperplasia and/or 
Endometrial Cancer (AEH/EC)

Risk Factors Women with AEH/EC Women Without AEH/EC OR (95% CI) p Value

(n=28) (6%) (n=444) (94%)

Age (years)* 45 (40–49) 41 (37–45) 1.12 (1.02–1.21) 0.001a

Age at menarche (years)* 12 (10–14) 11 (11–13) 1.2 (0.4–1.8) 0.29a

Duration of AUB (months)* 12 (6–18) 6 (4–12) 1.3 (0.3–1.2) 0.01a

Endometrial thickness (mm)* 12 (9–16) 8 (6–10) 2.1 (1.4–2.45) 0.001a

BMI (kg/m2)*

<30 17 (60.7%) 385 (86.7%) 1.00 0.001b

≥30 11 (39.3%) 59 (13.3%) 4.22 (1.88–9.45)

Parity

Multiparity 22 (82.2%) 376 (79%) 1.00 0.8b

Nulliparity 6 (17%) 68 (21.15%) 2.11 (0.63–3.24)

Current hormonal therapy

No 22 (78.6%) 315 (70.9%) 1.00 0.3b

Yes 6 (21.4%) 129 (29.1%) 0.9 (0.45–1.75)

Menstrual cycle regularity

Regular 8 (28.6%) 204 (45.9%) 1.00 0.08b

Irregular 20 (71.4%) 240 (54.1%) 1.58 (0.78–3.21)

Duration of menstrual cycle

<7 days 7 (25%) 78 (25%) 1.00

7–14 days 14 (50%) 307 (69.1%) 0.55 (0.18–1.65) 0.07c

>14 days 7 (25%) 59 (13.3%) 1.37 (0.58–3.25)

Intermenstrual bleeding

No 24 (85.7%) 390 (87.8%) 1.00 0.53b

Yes 4 (14.3%) 54 (12.2%) 0.64 (0.28–1.48)

Frequency of menstrual cycle

More frequent (once in <21 days) 7 (25%) 78 (25%) 0.55 (0.18–1.65)

Normal frequency (once in 21–35 days) 14 (50%) 307 (69.1%) 1.00 0.08c

Less frequent (once in >35 days) 7 (25%) 59 (13.3%) 1.37 (0.58–3.25)

Bleeding pattern*

Ovulatory bleeding 6 (21.4%) 235 (52.9%) 1.00 0.003b

Anovulatory bleeding 22 (78.6%) 209 (47.1%) 4.12 (1.64–10.36)

Diabetes*

No 19 (67.9%) 402 (90.5%) 1.00 0.001b

Yes 9 (32.1%) 42 (9.5%) 4.53 (1.92–10.65)

Hypertension

No 23 (82.6%) 337 (77.1%) 1.00 0.2b

Yes 5 (21.4%) 106 (23.9%) 0.54 (0.19–1.57)

Family history of breast cancer*

No 26 (92.8%) 471 (99.8%) 1.00 0.001b

Yes 2 (7.14%) 1 (0.2%) 2.111 (0.72–6.18)

Family history of colon cancer*

No 27 (97.5%) 444 (100%) – 0.001b

Yes 1 (3.5%) 0 (0)

Notes: Values are expressed as median and interquartile range (IQR). aTwo-sampled Wilcoxon rank sum test (Mann–Whitney U-test), bchi-squared test, cFisher’s exact test. 
Anovulatory bleeding includes irregular or infrequent cycles with prolonged bleeding (>7 days); ovulatory bleeding includes regular cycles with heavy bleeding. *Statistically 
significant findings. 
Abbreviations: AUB, abnormal uterine bleeding; BMI, body mass index; OR, odds ratio; CI, confidence interval.
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a tertiary hospital, which deals with most of the referred 
cases from the primary healthcare centres. Thus, the cur-
rent study participants were already at a higher risk of 
developing AEH/EC and a higher incidence could thus 
be justified. We found a statistically significant positive 
correlation of anovulatory pattern of bleeding and the 
presence of diabetes mellitus with a higher risk of AEH/ 
EC development/diagnosis in the study participants. The 
results are in line with the results reported by other 
researchers.25,26 Based on our results, we considered age 
as a predictor of AEH/EC risk in the study population; 
however, similar results were not obtained by all the pre-
vious analyses carried out to explore this association. 
Some researchers reported no association while others 
reported a statistically significant positive correlation 
between age and the risk of AEH/EC.25–27 Iram et al28 

reported that the risk of AEH/EC is higher in women with 
an age of >45 years. However, a history of irregular 
menstrual bleeding itself is an indication to investigate 
women, regardless of their age. Obesity or higher BMI 
was another risk factor for the development of AEH/EC 
identified in the current study. This is consistent with most 
of the previously reported results by other 
researchers.14,25,29,30

The endometrial thickness is another risk factor for the 
development of AEH/EC, as reported by several 
researchers.29–34 However, the relevance of this risk factor 
in premenopausal women remains debatable because of 
a continuous change in the endometrial thickness in this 
population owing to periodic menstrual phases. In the 
present study, we included only patient clinical character-
istics (excluding transvaginal sonographic assessment of 
endometrial thickness) to build a risk-scoring model, thus 
we did not include thick endometrium in the model. 
Similarly, some other risk factors reported by other 
researchers were not included in our risk model based on 
their non-significance observed in our study, for example, 
reproductive history, parity, hypertension, hormone use 
and smoking.35

The requirement of endometrial biopsy in premenopau-
sal women with AUB is not clearly indicated by different 
guidelines. Some guidelines recommend endometrial 
biopsy in women with age >40 years and in all women 
with comorbidities.16,35 However, the NICE guidelines 
recommend endometrial biopsy only after the failure of 
medical treatment for AUB.17 In addition, coherent recom-
mendations are not available in the literature regarding the 
requirement for endometrial biopsy in this population.25–28 

The current study, however, provides a risk model as 
a reliable tool to distinguish clearly the high-risk indivi-
duals who require endometrial biopsy or further investiga-
tions. Based on the previous various recommendations and 
present study results, we propose a management pathway 
for premenopausal women with abnormal uterine bleeding 
(Figure 3)

The risk model (PAD30) proposed in the current 
study was successfully validated using internal refer-
ence standards, and desirable sensitivity, specificity, 
PPV, NPV, LR+ and LR− values were obtained. 
Subjects with missing data were not included in the 
study, and both univariate and multivariate analyses 
were conducted to determine important risk factors 
which only included patient characteristics. Those 
requiring laboratory/imaging analysis were excluded. 

Table 2 Multivariate Regression Analysis Showing Clinical 
Characteristics for Prediction of AEH/EC

Variables OR 95% CI Criterion p Value

Age 1.12 1.02–1.21 ≥45 years 0.01

Anovulatory pattern of 

bleeding

3.4 1.27–8.94 – 0.009

BMI ≥30 kg/m2 2.46 1.02–5.94 0.04

Diabetes = yes 3.00 1.28–7.61 0.02

Note: Using stepwise regression analysis, variables not included in the model: 
duration of AUB, endometrial thickness, family history of breast carcinoma, family 
history of colon cancer, which showed significant association in univariate analysis. 
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index.

Figure 2 Receiver operating characteristics curve for the risk-scoring model 
PAD30, with an area under the curve (AUC) of 0.848 (95% CI 0.75–0.93; p<0.048).
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Thus, the proposed risk model can unarguably be con-
sidered a better model for AEH/EC risk assessment in 
primary healthcare settings compared to previously 
reported risk models.30 A systematic review compared 
the previously reported risk models and highlighted 
several limitations of these risk models.35,36

Applications and Drawbacks of the 
Current Study
The present study is the first of its kind to introduce 
a reliable risk-scoring model for predicting premalignant 
and malignant lesions of the uterine endometrium 
among symptomatic premenopausal women using only 
patient characteristics, without incorporating laboratory/ 
imaging examination findings. The capability to offer 
risk assessment without the necessity for any laboratory 
and imaging examinations would permit such an assess-
ment to be accomplished in a primary care setting. 
However, the current study does have certain limita-
tions. First, it was a retrospective analysis and the 
results were not validated using a prospective sample 

and no external reference was used. Secondly, no 
genetic, epigenetic or biomarker indicators were 
included in our risk-model development, which could 
have furnished better accuracy. However, considering 
the objective of implementing the riskmodel in 
a primary care setting, this limitation can be overlooked 
easily. Finally, the proposed riskmodel could not be 
validated for geographically and temporally different 
populations.

Conclusion
The proposed risk-scoring model demonstrated a moderate 
diagnostic accuracy in predicting premalignant and malig-
nant lesions of the uterine endometrium among sympto-
matic premenopausal women. These data would allow the 
clinician to decide the management approach for preme-
nopausal women with AUB. In future, advanced investi-
gation is essential to externally confirm the predictive 
model established in high-risk populations (with a family 
history of breast and colorectal cancer) to evaluate its 
clinical relevance.

Table 3 Sensitivity, Specificity, PPV, NPV, LR+, LR−, Pre- and Post-Test Probability for Each Score of Our Risk-Scoring Model

Cut-Off 
Score

Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR− Pre-Test 
Probability (%)

Post-Test 
Probability (%)

≥0 100 0 6 – – – 6 0

≥1 100 33.1 8.7 100 – 0 6 0

≥2 100 44.4 10.2 100 – 0 6 0
≥3 96.4 46.6 10.3 99.5 – 0.07 6 0.4

≥4 92.9 78.2 21.3 99.4 – 0.09 6 0.5

≥5 85.7 87.6 30.6 98.9 – 0.16 6 1.03
≥6 82.1 91.9 39.2 98.7 – 0.19 6 1.22

≥7 64.3 96.6 54.6 97.6 – 0.36 6 2.3
≥8 53.6 98.2 65.5 97.07 – 0.47 6 2.92

≥9 25 98.6 53.2 95.36 – 0.76 6 4.6

>9 0 100 – 94 – 1 6 6
– – – – – – – –– –

≥0 100 0 6 – 1 – 6 6

≥1 100 33.1 8.7 100 1.49 – 6 8.7
≥2 100 44.4 10.2 100 1.79 – 6 10.2

≥3 96.4 46.6 10.3 99.5 1.80 – 6 10.3

≥4 92.9 78.2 21.3 99.4 4.26 – 6 21.3
≥5 85.7 87.6 30.6 98.9 6.91 – 6 30.6
≥6 82.1 91.9 39.2 98.7 10.13 – 6 39.2

≥7 64.3 96.6 54.6 97.6 18.91 – 6 54.6
≥8 53.6 98.2 65.5 97.07 29.77 – 6 65.5

≥9 25 98.6 53.2 95.36 17.85 – 6 53.2

>9 0 100 – 94 – – 6 0

Note: Values highlighted in bold indicate the intersection of the sensitivity and specificity curves against the cut-off mentioned.
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