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Abstract
Introduction/Purpose: To evaluate the endometrial thickness (ET) as a predictor of endometrial abnormalities in postmenopausal

women and whether consideration of baseline risk factors increases diagnostic accuracy.

Methods: This is a retrospective observational study of postmenopausal women presenting with bleeding or thickened

endometrium (≥4 mm) on ultrasound, between 2003 and 2012. Risk factors for endometrial abnormality were analysed using

logistic regression. Of 301 women, 220 were symptomatic and 81 were asymptomatic. The median ET was 6 mm (IQR 4–9) for
symptomatic women and 9 mm (IQR 6–12) for asymptomatic women.
Results: Abnormal pathology was found in 35 symptomatic (15.9%) and 6 asymptomatic women (7.4%). For each 1 mm increase

in ET, the odds of an abnormal diagnosis increased by 16.3% (95% CI 9.6–23.5) for symptomatic and 19.9% (95% CI 3.1–39.3) for
asymptomatic women. The Youden’s index method identified an ET threshold of ≥7.1mm for symptomatic and ≥14.5mm for

asymptomatic women. In symptomatic women the sensitivity was 88.6% (95% CI 72.3–96.3) and specificity 69.2% (95% CI 61.9–
75.6), while in asymptomatic women the sensitivity was 50.0% (95% CI 13.9–86.1) and specificity was 89.3% (95% CI 79.5–95.0).
The addition of age in the symptomatic women model reduced the sensitivity (82.9% (95% CI 65.7–92.8)) but increased the

specificity (72.4% (95% CI 65.3–78.6)).
Conclusion: ET is a significant predictor of abnormality. In the absence of risk factors, our study suggests that invasive procedures

may be withheld until the ET is ≥7.1 mm with bleeding and ≥14.5 mm in asymptomatic women with no bleeding.
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Introduction
Endometrial cancer is the most common gynaecological cancer
in women in developed countries.1 It presents with post-
menopausal bleeding in >90% of cases.2 The age-standardised

incidence in Australia is 18.1 per 100,000 women with a 5-year
survival rate of approximately 86%.3,4 Menopause is defined
retrospectively as the cessation of periods for 12 months.5

Therefore, we define symptomatic postmenopausal bleeding as
the presence of vaginal bleeding after menopause. Asymp-
tomatic postmenopausal women are defined as those who have
not had bleeding but have had an incidental finding of a thick-
ened endometrium of >5 mm on ultrasound.6 As the risk of
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cancer increases by 64-fold in the presence of postmenopausal
bleeding, it warrants timely diagnostic assessment which should
be safe, simple and as minimally invasive as possible.7,8

Transvaginal sonographic evaluation of the endometrium is the
initial investigation of choice, although histopathology remains
the gold standard.9–11 The decision to proceed with invasive
testing should be made after careful clinical consideration to
avoid complications such as fluid overload and perforation, as
well as consideration of the costs associated with these proce-
dures.9,12–14 It is recommended that biopsy be performed if the
endometrial thickness (ET) is >5 mm in women presenting
with postmenopausal bleeding and >11 mm in those who are
asymptomatic, with no history of postmenopausal bleeding.2,13

In their meta-analysis, Smith-Bindmann calculated a cancer
risk of 6.7% at a cut-off of 11 mm in asymptomatic women
with no history of breast cancer or use of hormone replacement
therapy (HRT). The risk of cancer in symptomatic women
increases from 0.07% at a thickness of <5 mm to 7.3% at a
thickness of >5 mm.15 In addition, at an ET of 5 mm,
transvaginal ultrasound has a sensitivity and specificity of 96%
and 61% respectively in symptomatic women and 77% and
85.8% respectively in asymptomatic women.16,17

Currently, there is insufficient evidence to determine
whether transvaginal ultrasonography or endometrial sampling
is the most effective method to rule out cancer as the studies
are not based on individual risk factors.18 Endometrial thick-
ness has a considerable variation in the normal range amongst
postmenopausal women and is modified by patient character-
istics and risk factors, which in turn influence the diagnostic
accuracy of ultrasound.10 The endometrium may be uniformly
thickened (5–11 mm) in about 10–17% of asymptomatic post-
menopausal women or may have focal thickening due to
benign conditions, usually polyps (see Figure 1).9,19 Universal
screening results in a high number of false-positive results and
unnecessary investigations.20–24 Consideration of the presence

of risk factors such as obesity, hypertension and late meno-
pause should be emphasised before proceeding to invasive
diagnostic procedures.13,24

Obesity is a modifiable and independent risk factor, which
is associated with an increased risk of developing endome-
trial cancer as well as related mortality (see Figure 2).25 The
two most important predictors of endometrial cancer are age
and years since menopause.26,27 Furthermore, diabetes is
associated with a two-fold increase in the risk of endometrial
cancer and, in the presence of obesity and hypertension, this
risk increases by a further tenfold.28 Lynch Syndrome is
characterised by an increased risk of bowel, endometrial,
ovarian, renal and urinary tract, hepatobiliary and skin
malignancies.29 The risk of endometrial cancer is substan-
tially increased in the order of 50%, therefore universal
screening is recommended in these women.30,31 Additionally,
in tamoxifen users, the risk of cancer increases 2.4 times and
although routine screening is not recommended, it is advised
that patients be counselled regarding the risks of therapy.32

Analysis from pooled data shows no association between nul-
liparity and risk of cancer (Figure 3).33

The aim of our study was to evaluate the role of ET in pre-
dicting abnormal endometrial histopathology in symptomatic
and asymptomatic postmenopausal women and to assess
whether incorporation of baseline risk factors increases the
diagnostic accuracy of transvaginal ultrasound.

Materials and methods
This was a retrospective observational study conducted at
Redcliffe Hospital, an outer metropolitan hospital in Queens-
land, Australia; over a 10-year period (January 2003–Decem-
ber 2012). The patient records of all postmenopausal women
greater than 50 years of age who had a hysteroscopy for
postmenopausal bleeding or who had an incidental finding
of asymptomatic thickened endometrium (>4 mm) on ultra-
sound were reviewed. Human Research Ethics Committee
approval and a waiver of consent for the purpose of
research under the Public Health Act were obtained from
the Prince Charles Hospital Human Research Ethics Com-
mittee (HREC 13/QPCH/169). The following variables of
interest, which are known risk factors for endometrial carci-
noma, were obtained from the patient’s records: age, ethnic-
ity, years since menopause, diabetes mellitus, hypertension,
polycystic ovarian syndrome, parity, body weight, body mass
index (BMI), symptomatic or asymptomatic presentation,
use of (HRT), anticoagulants and tamoxifen use, ET on
ultrasound, personal or family history of cancer, as well as
the results of histopathology and any procedure-related com-
plications. Histopathology reports were categorised as normal
when diagnosed as: inactive, proliferative, atrophic endome-
trium or benign polyp. Abnormal histology was defined as
the presence of simple or complex hyperplasia, with or with-
out atypia, or endometrial cancer.

Figure 1: Hysteroscopic image demonstrating multiple benign polyps
(arrow) in a female with an endometrial thickening of 7 mm on
transvaginal ultrasound.
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Statistical analysis
The statistical analyses were conducted using SPSS version 22
(IBM Corporation, Armonk, New York). Categorical variables
were examined using Pearson’s chi-squared test with Fisher’s
exact test used when more than 20% of the expected values
were <5. A Student’s t-test or Mann–Whitney U test for skewed
data was used to examine continuous variables. Variables sig-
nificant at the 20% level in univariate analysis were examined
using backward elimination in multivariable logistic regression.
The odds ratio for abnormal diagnosis and 95% confidence
intervals were reported. Youden’s index was used to identify
the ET which maximised both the sensitivity and specificity for
the prediction of endometrial abnormality in symptomatic and
asymptomatic women. Youden’s index was also used to identify
the predicted probability cut-off from a logistic regression
model containing age and ET in symptomatic women. A two-
sided P-value of <0.05 was considered statistically significant.
Area under the curve was reported. Sensitivity, specificity, posi-
tive predictive value and negative predictive value as well as
their 95% confidence intervals were calculated using the online
calculator available at http://vassarstats.net/clin1.html.

Results

Study population
A total of 637 records for patients 50 years of age or older were
reviewed and characterised into two groups: symptomatic
women with bleeding, and asymptomatic women with no
bleeding and an incidental finding of a thickened endometrium
of >4 mm on ultrasound. Three hundred and thirty-six patients
were excluded due to premenopausal dysfunctional uterine
bleeding or previous history of uterine or cervical cancer. Of

the 301 postmenopausal women meeting the inclusion criteria,
220 were symptomatic and 81 were asymptomatic.
Ninety-seven percent of women in this study were Cau-

casian, the mean age at presentation was 62.8 years (SD 9.3)
and 7.5% of women were nulliparous. Twenty-one percent of
women had a history of HRT use and 6.3% had used tamox-
ifen. Table 1 shows that the median ET in symptomatic
women was 6 mm (IQR 4–9) and in asymptomatic women,
9 mm (IQR 6–12).
Endometrial thickness, age, parity and weight (BMI, family

history of cancer, use of HRT, use of anticoagulants, diabetes,
hypertension and years of menopause) were considered possi-
ble predictors of an abnormal endometrial diagnosis during
univariate analysis for symptomatic women and were further
screened using logistic regression. ET and use of anticoagulants
were identified as possible predictors of an abnormal diagnosis
during univariate analysis for asymptomatic women. Anticoag-
ulants were not used in those with an abnormal result and so
only ET was used as a predictor in the logistic regression for
this group. The final models for both set of women are shown
in Table 2.
Endometrial thickness was an important predictor of

endometrial abnormality in both symptomatic and asymp-
tomatic women. For each 1 mm increase in ET, the odds of
having an abnormal diagnosis increased by 16.3% (95% CI 9.6–
23.5) for symptomatic women and by 19.9% (95% CI 3.1–39.3)
for asymptomatic women. Age was also identified as an impor-
tant predictor in symptomatic women with the odds of having
an abnormal diagnosis increasing by 10.0% (95% CI 5.1–15.2)
with each year.
The Youden’s index method was used to identify an ET

threshold of ≥7.1 mm for symptomatic patients, which

Figure 2: Transvaginal ultrasound and hysteroscopic images for a 52-year-old patient, not on hormone replacement therapy, with postmenopausal
bleeding and an 11 mm thickened endometrium. Histology confirmed a benign active endometrium.
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correctly identified 31/35 abnormal and incorrectly identified
57/185 normal endometrial pathology, resulting in a sensitivity
of 88.6% (95% CI 72.3–96.3) and specificity of 69.2% (95% CI
61.9–75.6), as shown in Table 3. In contrast, using a predicted
probability cut-off of 0.117 after additionally adjusting for age,
correctly identified 29/35 abnormal and 51/185 cases with nor-
mal endometrial pathology, resulting in a sensitivity of 82.9%
(95% CI 65.7–92.8) and specificity of 72.4% (95% CI 65.3–
78.6). A cut-off of ≥14.5 mm was identified using the Youden’s
index method for asymptomatic women correctly identifying 3/
6 abnormal cases and incorrectly identifying 8/75 normal cases
of endometrial pathology, resulting in a sensitivity of 50.0%
(95% CI 13.9–86.1) and specificity of 89.3% (95% CI 79.5–
95.0).

In, symptomatic women, if a cut-off of 4 mm was used,
which is commonly utilized in the literature, there would have
been no false negatives but there would have been an 80% false
positive rate. While a cut-off of 7.1 mm has a 3% false negative
rate it has a 65% false positive rate, sparing significantly more
women from more invasive tests. There were 185 (84.1%)
women in the symptomatic group with normal pathology. Of
these, 134 were found to have atrophy, 49 had polyps and two
had warfarin-induced bleeding. There were 35 (15.9%) women
in the symptomatic group with an abnormal ET. Of these
women, 24 had endometrial carcinoma, five had simple hyper-
plasia, four had complex hyperplasia with atypia, one had cervi-
cal cancer and there was one case of leiomyosarcoma. There
were 75 (92.6%) women in the asymptomatic group with

Figure 3: Transvaginal ultrasound and hysteroscopy findings for a 61-year-old postmenopausal female not on hormone replacement therapy with
a history of bleeding of one month. Risk factors include Type II diabetes, hypertension and hypercholesterolaemia. Endometrium was significantly
thickened at 5 cm and highly vascular on ultrasound. Histology showed endometrial adenocarcinoma(arrow).
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normal findings on histopathology; 39 were found to have atro-
phy and 36 had polyps. For the asymptomatic women, six
(7.4%) had an abnormal endometrial pathology. Of these, three
had simple hyperplasia, two had endometrial carcinoma and
one had simple hyperplasia with atypia.

Discussion
In this study, we evaluated whether considering the presence of
potential risk factors for endometrial cancer increased the diag-
nostic accuracy of transvaginal ultrasound. We hypothesised
that the combination of risk factors along with ET measure-
ment from ultrasound would increase the sensitivity and speci-
ficity to detect endometrial abnormality. ET was found to be a
significant predictor of endometrial pathology. In the presence

of endometrial pathology, the median thickness was high in
both symptomatic and asymptomatic groups. This measure-
ment was 12 mm (IQR 8–19 mm) in the symptomartic group
and 13 mm (IQR 7–24 mm) in the asymptomatic group, sug-
gesting a direct association with endometrial abnormality, as
noted by previous studies.7,10,34–37

In the symptomatic group, a cut-off of 7.1 mm to detect
endometrial abnormality gave a sensitivity of 88.6% and speci-
ficity of 69.2%. This cut-off, although higher than what is typi-
cally recommended, is consistent with the study of Mateaos
et al.,38 who suggest that endometrial sampling should be
avoided if ET is ≤6 mm. In our study, no abnormal pathology
was identified at a cut-off of <4 mm, which is similar to previ-
ously published literature.7,39,40 A cut-off of 7.1 mm for symp-
tomatic women would have missed four abnormal cases but
spared 128 of the 185 normal cases from undergoing an inva-
sive procedure. When age was also taken into consideration, six
cases with an abnormality would have been missed, however,
134 cases with no pathology would have been spared a hys-
teroscopy. This suggests that invasive procedures can poten-
tially be deferred if the ET is <4 mm.12,13,15,38,39 Additionally,
in the symptomatic group, age of presentation and years since
menopause were significant predictors at the univariate level
but were not found to be significant with multivariable mod-
elling. These factors have been previously identified in studies
by Bruchim, Tsuda and Salman et al.27,41,42 In the asymp-
tomatic group, a cut of 14.5 mm to detect endometrial pathol-
ogy had a sensitivity of 50.0% and a specificity of 89.3%. Similar
findings were published by Soha Siam at a cut-off of 12 mm.43

Risk factors such as obesity, diabetes, hypertension, tamox-
ifen and polycystic ovary syndrome are currently being used to
determine whether invasive biopsies should be taken.44 How-
ever, our study did not identify these risk factors at the univari-
ate level. Weight and BMI, where available, were higher in

Table 3: Diagnostic summary for each cut-off in symptomatic and asymptomatic women

Parameter Symptomatic women Asymptomatic women

Endometrium thickness only with
cut-off of ≥7.1 mm

Endometrial thickness and age with a predicted
probability cut-off ≥0.117

Endometrium thickness only with
cut-off ≥14.5 mm

Value (95% CI) Value (95% CI) Value (95% CI)

AUC 0.825 (0.758–0.891) 0.841 (0.770–0.911) 0.722 (0.494–0.950)

Sensitivity
(%)

88.6 (72.3–96.3) 82.9 (65.7–92.8) 50.0 (13.9–86.1)

Specificity
(%)

69.2 (61.9–75.6) 72.4 (65.3–78.6) 89.3 (79.5–95.0)

PPV (%) 35.2 (25.5–46.2) 36.3 (26.0–47.8) 27.3 (7.3–60.7)

NPV (%) 97.0 (91.9–99.0) 95.7 (90.5–98.2) 95.7 (87.2–98.9)

AUC, Area under the curve; PPV, Positive Predictive Value; NPV, Negative Predictive Value.

Table 2: Logistic regression models predicting an abnormal diagnosis
in symptomatic and asymptomatic women

Model Variables Odds ratio
(95% CI)

p
value

Symptomatic women model

Univariate
model

Endometrium
thickness

1.163 (1.096–
1.235)

<0.001

Adjusted
model

Endometrium
thickness

1.158 (1.086–
1.234)

<0.001

Age 1.100 (1.051–
1.152)

<0.001

Asymptomatic women model

Univariate
model

Endometrium
thickness

1.199 (1.031–
1.393)

0.018

ª 2022 The Authors. Australasian Journal of Ultrasound in Medicine published by
John Wiley & Sons Australia, Ltd on behalf of Australasian Society for Ultrasound in Medicine.

AJUM November 2022 25 (4) 191

Evaluation of Endometrial Thickness

 22050140, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajum

.12311 by E
ddie K

oiki M
abo L

ibrary, W
iley O

nline L
ibrary on [26/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



patients with abnormal pathology, however these differences
were not statistically significant. This might be secondary to
incomplete reporting of the variable of BMI in almost 50% of
our patient records (120/220 and 40/81) and a small sample
size. Reproductive factors and HRT were not associated with an
abnormal finding, which is consistent with one study suggesting
that nulliparity and HRT use had no hormone-dependent
increase in the risk for cancer, but at odds with a recent review
which purports an increase in the risk of endometrial cancer
with hormone therapy.35,37,45 The major and minor complica-
tion risks with hysteroscopy were 0.5% and 3.7% in this study,
which was similar to those cited by Lev-Sagie.46 Although the
complication rate is low, it is still very important to consider
the individual clinical criteria to avoid unnecessary anxiety,
pain and complications and to improve the cost-effectiveness of
investigations.13,47 Even though transvaginal endometrial evalu-
ation is the primary investigation of choice to predict endome-
trial pathology in postmenopausal women, its sensitivity is still
controversial as it is highly variable amongst women. This
study demonstrates that ET is significantly more important
than any of the other baseline risk factors examined for both
symptomatic and asymptomatic women. Adjusting for age did
not significantly improve sensitivity and specificity in symp-
tomatic women. The authors suggest that the proposed model
for asymptomatic women be used with caution due to the small
number of cases with an abnormal diagnosis in this dataset.

Limitations
As this was a retrospective study, there may have been unmea-
sured variables that influenced the outcome. There were a small
number of abnormal findings in the study sample, and this is
reflected in the width of the confidence intervals. As majority of
the patients included in the study were Caucasian, the findings
may not be applicable to more ethnically diverse populations.
We did not have BMI recorded in a significant number of med-
ical records. We also excluded cases with an ET of <4 mm in
asymptomatic women, as the pre-test probability for cancer is
low in this patient population. Conclusions regarding the cut-
off of ET in asymptomatic women should only be considered as
a guide for the development of future studies. Prospective and
multicentric studies are needed to evaluate ultrasound measure-
ments of ET and to further evaluate the role of risk factors in
the detection of endometrial cancer.

Conclusion
Endometrial thickness is a significant predictor of endometrial
abnormality in both symptomatic and asymptomatic post-
menopausal women. Of all the risk factors examined, only age
was found to be an important predictor of endometrial abnor-
mality in the symptomatic group, although the sensitivity was
reduced. The authors suggest that in the absence of risk factors
or compelling reasons to offer invasive investigations, such pro-
cedures may be withheld for postmenopausal women until the

ET is ≥7.1 mm when presenting with bleeding and potentially
≥14.5 mm in asymptomatic patients. Further research is
required in the setting of risk factors.
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