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Obesity is the strongest risk factor for endometrial cancer (EC). To inform targeted screening and prevention strategies, we

assessed the impact of obesity and subsequent bariatric surgery-induced weight loss on endometrial morphology and

molecular pathways implicated in endometrial carcinogenesis. Blood and endometrial tissue were obtained from women with

class III–IV obesity (body mass index ≥40 and ≥50 kg/m2, respectively) immediately prior to gastric bypass or sleeve

gastrectomy, and at two and 12 months’ follow up. The endometrium underwent pathological examination and

immunohistochemistry was used to quantify proliferation (Ki-67), oncogenic signaling (PTEN, pAKT, pERK) and hormone

receptor (ER, PR) expression status. Circulating biomarkers of insulin resistance, reproductive function and inflammation were

also measured at each time point. Seventy-two women underwent bariatric surgery. At 12 months, the mean change in total

and excess body weight was −32.7 and −62.8%, respectively. Baseline endometrial biopsies revealed neoplastic change in

10 women (14%): four had EC, six had atypical hyperplasia (AH). After bariatric surgery, most cases of AH resolved (5/6)

without intervention (3/6) or with intrauterine progestin (2/6). Biomarkers of endometrial proliferation (Ki-67), oncogenic

signaling (pAKT) and hormone receptor status (ER, PR) were significantly reduced, with restoration of glandular PTEN

expression, at 2 and 12 months. There were reductions in circulating biomarkers of insulin resistance (HbA1c, HOMA-IR) and

inflammation (hsCRP, IL-6), and increases in reproductive biomarkers (LH, FSH, SHBG). We found an unexpectedly high

prevalence of occult neoplastic changes in the endometrium of women undergoing bariatric surgery. Their spontaneous

reversal and accompanying down-regulation of PI3K-AKT–mTOR signaling with weight loss may have implications for

screening, prevention and treatment of this disease.
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Introduction
Endometrial cancer (EC) is the fourth most common cancer
affecting women in the United Kingdom and its incidence is
rising.1 Obesity is the strongest risk factor for type 1 EC2 and
its precursor lesion, atypical hyperplasia (AH),3 with every
5 kg/m2 increase in body mass index (BMI) conferring a
1.6-fold higher risk of EC. Consequently, women with class
III-IV obesity (BMI ≥40 kg/m2 and ≥50 kg/m2, respectively)
have an almost tenfold higher lifetime risk of EC compared to
women of normal weight,2 with an estimated 40% of all EC
directly attributable to obesity.4 Furthermore, women with
class III-IV obesity who sustain long-term weight loss after
bariatric surgery show enduring reduction in EC risk in both
retrospective studies5,6 and the prospective Swedish Obesity
Subjects study.7 The strength and consistency of the above
relationships suggest that the obesity epidemic and the steep
rise in EC rates are causally linked. Despite these epidemiolog-
ical associations, the mechanisms linking obesity and EC are
incompletely understood, but are likely to include the prolifer-
ative effects of excess estrogen unopposed by progesterone in
noncycling premenopausal and postmenopausal endome-
trium, insulin resistance and the proinflammatory state
observed with excess adiposity.8,9

It is not known whether screening women with class III-IV
obesity for occult endometrial cancer is beneficial or whether
weight loss induces predictable molecular changes in the
endometrium. An explicit understanding of the molecular
‘cause and effect’ of obesity-driven endometrial carcinogenesis
would enable the design of prevention strategies to reduce the
number of women dying from EC. We hypothesized that
women with class III-IV obesity are at high risk of endome-
trial malignancy, and that bariatric surgery-induced weight
loss instigates molecular changes that restore the endome-
trium to a low risk state. In our study, we used bariatric sur-
gery as a model of EC risk reduction to gain insights into the
endometrial response to acute weight loss.

Methods
Study design
This was a prospective cohort study of women undergoing
bariatric surgery by laparoscopic gastric bypass or sleeve gas-
trectomy. We recruited women with a BMI ≥40 kg/m2 under-
going bariatric surgery assessment at a specialist weight
management service in Greater Manchester, United Kingdom.
Women who had a gastric band (two women), gastric balloon

(one woman) or underwent medically supervised dietary calo-
rie restriction instead of bariatric surgery (eight women) were
excluded from the primary analyses. All participants gave
written, informed consent. Approval was obtained from the
North West Research Ethics Committee (12/NW/0050) and
the study was prospectively registered on the UK clinical trial
database (ISRCTN17241389).

Endometrial sampling and clinical management
Clinical measurements, blood and endometrial samples were
acquired at baseline, 2 and 12 months after bariatric surgery.
At baseline, we recorded the last menstrual period (LMP),
menstrual bleeding pattern, contraceptive use and cervical
cytology history. We defined postmenopausal status as last
menses occurring >1 year before baseline; the remainder were
defined as premenopausal. Height was measured using a stadi-
ometer; weight was measured using electronic scales after
removal of bulky clothing, and BMI was derived (kg/m2). Cer-
vical screening was performed, if indicated, in accordance
with the National Cervical Screening Program. Endometrial
sampling was performed using a Pipelle© (Carefusion, UK) or
MedGyn Endosampler© (MedGyn, IL). We rotated the device
through 360� whilst sampling the full length of the uterine
cavity to obtain a large and representative sample of the endo-
metrium. The premenopausal participants were sampled in
the late proliferative phase where possible, apart from baseline
samples, which were obtained under general anesthesia during
bariatric surgery.

Abnormal cervical cytology was managed according to the
National Cervical Screening Guidelines.10 Women with endo-
metrial pathology were discussed within the regional Gyneco-
logical Oncology Multidisciplinary Team (MDT). Women
with EC were offered total laparoscopic hysterectomy and
bilateral salpingo-oophorectomy followed by adjuvant treat-
ment if indicated. Women with AH had repeat endometrial
sampling at 6–8 weeks. Persistent abnormalities were treated
with 6 months of intrauterine progestin (Mirena coil). All
women with resolved endometrial abnormalities were fol-
lowed by 3- to 6-monthly endometrial surveillance.

Blood biomarker quantification
We measured circulating biomarkers of a) reproductive func-
tion (luteinizing hormone, LH; follicle stimulating hormone,
FSH; sex hormone binding globulin, SHBG; testosterone; free
androgen index, FAI; estradiol; progesterone), b) insulin

What’s new?
Obesity is a major risk factor for endometrial cancer (EC). In this study, the authors found that, in obese women, bariatric

surgery-induced weight loss resulted in significant, beneficial changes in circulating biomarkers of insulin resistance,

inflammation, and reproductive hormones, in endometrial morphology, and in molecular pathways that are implicated in

endometrial carcinogenesis. The latter included changes in Ki-67 expression and activation of the PI3K-AKT-mTOR oncogenic

signaling pathway, including PTEN and pAKT. These results may have important implications for screening, prevention and

treatment of EC.
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resistance (glucose and insulin to derive Homeostasis Model
Assessment: Insulin Resistance, HOMA-IR11; glycosylated
hemoglobin A1c, HbA1c), c) adiposity (adiponectin, leptin)
and d) inflammation (high sensitivity C-reactive protein,
hsCRP; interleukin-6, IL-6) under fasting conditions. With the
exception of adiponectin, leptin, IL-6 and hsCRP, all analytes
were measured using standard automated clinical service pro-
tocols in the hospital Clinical Biochemistry Laboratory. Adi-
ponectin, leptin and IL-6 were measured using a DuoSet
ELISA development kit (R&D Systems, Abingdon, UK).
hsCRP was measured by an in-house antibody sandwich
ELISA technique with antihuman CRP primary antibodies
from Abcam (Cambridge, UK).

Individuals were classified as having diabetes if they
reported a history of this diagnosis, had a fasting glucose
≥7.0 mmol/l or HbA1c ≥ 48 mmol/l12; and were classified as
insulin resistant if HOMA-IR > 2.7.11

Histopathology and tissue biomarker quantification
Endometrial tissue was formalin-fixed, paraffin embedded, sec-
tioned and stained with hematoxylin and eosin. Morphology
was assessed by a Specialist Gynecological Histopathologist
using the WHO classification system.13,14 Abnormalities were
confirmed by second expert review. Tissue sections (4 μm) were
baked for 30 min at 70 �C. The automated Ventana BenchMark
Ultra IHC Staining Module (Ventana Co., Tucson, AZ) was
used together with the Ultraview 3,30-diaminobenzidine (DAB)
v3 detection system (Ventana Co.). Tissue sections were depar-
affinized and incubated in EZPrep Volume Adjust (Ventana
Co.). A heat-induced antigen retrieval protocol was carried out
using a TRIS–ethylenediamine tetracetic acid (EDTA)–boric
acid pH 8 buffer, Cell Conditioner 1(CC1). The sections were
incubated with ultraviolet inhibitor blocking solution for 4 min,
then with an optimized concentration of antibody (Supporting
Information Table S1). This was followed by incubation with
horseradish peroxidase-linked secondary antibody, DAB chro-
mogen and copper. Counterstain (hematoxylin II) was applied
for 12 min before a 4-min incubation with bluing reagent. Slides
were dehydrated through three steps of 99% IMS and two
changes of Xylene. Sections were coverslipped using ClearVue
Mount XYL (Thermo Scientific). Negative (isotype control) and
positive tissue controls were used for quality assurance.

The Ki-67 score was the proportion of glandular cells
with positive nuclear staining. An overview of the whole
slide allowed three representative fields to be chosen, includ-
ing any abnormal areas, as identified by the study patholo-
gists. The Ki-67 score was determined from >1,000 nuclei
scored in 3 representative high-powered fields (x20); scanty
samples were scored in their entirety.15 ER and PR staining
was assessed by a modified H-score (0–18), the product of
area score (proportion of positively stained tissue, scored
0–6) and intensity of staining score (0 = none, 1 = mild,
2 = moderate, 3 = strong).16 Phosphorylated (p)AKT and
phosphorylated (p)ERK staining was scored using the

percentage of positively stained tissue [H = (3 × % strong
staining) + (2 × % moderate staining) + (% weak staining)]
to account for within tissue heterogeneity. Glandular and
stromal positivity were scored separately for pERK. PTEN
status was scored visually as ‘PTEN null’ if any endometrial
glands not expressing PTEN protein were present, in the
presence of immediately adjacent PTEN positive stroma.
Slides were scored as ‘PTEN positive’ if all endometrial
glands examined expressed PTEN.17

All scoring was performed manually by two independent
scorers who were blinded to time point. Discrepant scores
(>10% or disagreement as to PTEN status) were reviewed and
resolved by consensus agreement. The Interobserver Intraclass
Correlation Coefficients (ICCs) were greater than 0.95
(Cronbach’s alpha for average measures = 0.976 (0.944–0.990)
for Ki-67 scoring). In menstruating women, the time of sam-
pling relative to cycle phase was recognized as a potential con-
founder. Thus, we performed a planned subgroup analysis of
women whose biopsies were taken at within-individual
matched menstrual cycle phases over time; who were not tak-
ing exogenous hormones; and who did not develop endome-
trial pathology during follow-up.

Statistical analyses
The study was powered to observe a 5% reduction in Ki-67
after bariatric surgery.18 Assuming a 50% correlation between
biopsies timed for menstrual cycle phase, a sample size of
51 would have 80% power at α = 0.05 to detect a 5% change
in Ki-67. We enrolled 72 women to allow for 30% attrition
due to protocol violation and loss to follow up.

Statistical analyses were performed using Graphpad Prism
5.0b for Mac (GraphPad Software, San Diego) and SPSS 23.0
for Mac (IBM Corp, Armonk, NY). Descriptive statistics
included mean and standard deviation (SD) for normally dis-
tributed, and median and interquartile range (IQR), for non-
parametric data. Within-individual changes over time were
compared using paired t-test and Wilcoxon signed-rank test
for parametric and nonparametric data, respectively. To
account for multiple testing, a conservative p value of less
than 0�01 indicated statistical significance.

Results
Baseline characteristics
Our study population comprised 72 women with a mean age
of 42 (range 24–65) years (Table 1, Fig. 1); 55 (76%) were pre-
menopausal. The median weight, BMI and excess body weight
at baseline were 134.8 kg, 52.1 kg/m2 and 76.6 kg, respectively.
Overall, 24 (33%) had type 2 diabetes (T2DM), of whom three
were diagnosed after study enrolment (baseline HbA1c levels
≥48 mmol/l), and a further 22 (28%) were insulin resistant
(HOMA-IR > 2.7). Thus, 46 (64%) of the total cohort were
either insulin resistant or had T2DM. Only 22 (31%) women
reported normal menstrual cycles; 33 (46%) had oligomenor-
rhea or amenorrhea and 20 (29%) had heavy menstrual or
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intermenstrual bleeding. Three of the 18 postmenopausal
women reported bleeding, none of whom had histologically
abnormal endometrium.

Cervical screening was overdue in 36 (50%) women, and
was performed opportunistically. Negative cytology was found
in 31 women (86%), 2 (6%) had high risk HPV negative bor-
derline cytology and one woman had HSIL with suspicion for
invasion and subsequently underwent radical trachelectomy

and laparoscopic bilateral pelvic lymphadenectomy for a stage
1b1 squamous cell carcinoma of the cervix.

Bariatric surgery and weight changes
In total, 53 women had a laparoscopic gastric bypass (74%)
and 19 had a laparoscopic sleeve gastrectomy (26%). At
12 months, mean change in total and excess body weight was
−32.7 and −62.8%, respectively (Table 2).

Endometrial pathology changes
Of the 72 women, 10 (14%) had an endometrial abnormality at
baseline; four had EC and six had AH (Table 3). All women
with EC underwent hysterectomy. Women with and without
endometrial pathology were of similar age (42.6 vs. 42.9 years)
and BMI (53 vs. 52 kg/m2). Of the 10 women with endometrial
pathology, eight were premenopausal and eight had known or
undiagnosed T2DM or insulin resistance (HOMA-IR > 2.7).

Of the six women with AH, resolution occurred in three
women within 2 months of bariatric surgery after weight loss
of between 9 and 22% of their total body weight, and in two
other women within 6 months with intrauterine progestin. In
four of the six, resolution of AH was accompanied by restora-
tion of normal menstrual cycles. No recurrence of AH has
been detected in the five women whose endometrium was
managed nonsurgically at up to 4 years of follow up. Another
woman had squamous metaplasia on her first biopsy. Her
subsequent outpatient hysteroscopy and biopsy were normal,
as was her repeat biopsy 2 months later. Her 12-month
biopsy, however, showed grade 1 endometrioid EC and she
was treated by hysterectomy. A further case of squamous
metaplasia was detected on the 12-month biopsy of a woman
with previously normal histology at baseline and 2 months,
which normalized spontaneously after further weight loss.

Changes in endometrial tissue biomarkers
Baseline Ki-67 varied with menopausal status, endometrial mor-
phology and menstrual cycle phase. In histologically normal
endometrium, Ki-67 scores were lower in postmenopausal
[median: 5 (interquartile range, IQR: 1, 13)%] than premeno-
pausal women [median: 30 (IQR: 9, 44)%]. As expected, higher
Ki-67 scores were seen in both EC and AH compared to normal
endometrium [median: 36 (IQR: 21, 48)% vs. 23 (IQR: 5, 43)%
p = 0.17]. Ki-67 scores were higher in the proliferative [median:
33 (IQR: 15, 43)%] than secretory menstrual cycle phase
[median: 20 (IQR: 4, 52)%]. There was no significant correlation
between baseline Ki-67 and BMI or index of insulin resistance.

Compared to baseline, median Ki-67 score was 15.1%
lower at 2 months (p = 0.009) and 15.8% lower at 12 months
after bariatric surgery (p = 0.034) (Fig. 2a and b). Analysis of
a subgroup of women who had follow-up samples matched
for menstrual cycle phase showed significant reductions in Ki-
67 scores. The median Ki-67 score was 29.3%, 18.4% and
12.3% at baseline, 2 and 12 months, respectively, and the
mean difference in Ki-67 was −11.24% (95% CI -20.67, −1.81;

Table 1. Baseline characteristics of study participants

All
participants

(n = 72)

Cycle-matched
participants

(n = 25)

Mean age (SD), years 42 (11.5) 44 (9.3)

White British 66 (91.7) 24 (96)

Asian 3 0

Black 2 0

Other 1 1

Median BMI (IQR), kg/m2 52.1
(46.8–56.9)

54.6
(46.8–59.7)

Median weight (IQR), kg 134.8
(117.0–152.6)

143.3
(124.4–169.4)

Median Waist Hip
Circumference Ratio (IQR)

0.87
(0.79–0.92)

0.9
(0.82–0.92)

Median parity (IQR) 2 (0–2) 2 (1–3)

Menopausal status, n (%)

Premenopausal 55 (76.4) 20 (80)

Postmenopausal 17 (23.6) 5 (20)

Menstrual cycle, n (%)

Amenorrhoeic 30 (41.7) 4 (16)

Regular 23 (31.9) 7 (28)

Irregular 19 (26.4) 9 (36)

Abnormal bleeding, n (%)

HMB 17 (23.6) 5 (20)

IMB 3 1

PMB 3 0

PCB 3 0

Exogenous hormones, n (%)

HRT 3 (4.2) 0

Progestins 9 (12.5) 0

PCOS 13 (18.1) 7 (28)

Yes 24 (33.3) 8 (32)

No 48 (66.6) 17 (68)

Metformin 20 (27.8) 7 (28)

Insulin 7 (9.7) 4 (16)

Other1 8 (11.1) 0

IQR interquartile range; SD standard deviation. Values in parentheses are
percentages unless otherwise specified. Percentages not shown if numer-
ator less than 5.
*HMB Heavy Menstrual Bleeding, IMB Intermenstrual Bleeding, PMB Post-
menopausal Bleeding; §Progestin contraceptive (progesterone-only pill,
injectable);
1Other medications (liraglutide, glibenclamide, gliclazide).
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p = 0.0028) and − 17.79% (95% CI -34.42, −1.17; p = 0.016)
at 2 and 12 months post bariatric surgery, respectively (Fig. 2c
and d).

Compared to baseline, glandular phosphorylated AKT
(pAKT) was 15% lower at 2 months (p = 0.03) and 11.7%
lower at 12 months (p = 0.002) after bariatric surgery. Global
ER and PR expression were lower after bariatric surgery
[ER mean difference in H-score at 2 months −1.5 (95% CI -3,
0.1), p = 0.025 and at 12 months −2.3 (95% CI -4, −0.3),
p = 0.04; PR mean difference in H-score at 2 months −1.4
(95% CI -3, 0.2), p = 0.031 and at 12 months −3.5 (95% CI
-5.8, −1.1), p = 0.004)]. There was no change in pERK expres-
sion over time.

In total, 12/72 (24%) baseline biopsies were glandular
PTEN null, including 7/10 of the women with baseline endo-
metrial abnormalities, of whom 6/7 regained glandular PTEN
expression as their endometrial abnormalities resolved
(Table 3). Five women (8%) with histologically normal endo-
metrium were PTEN null at baseline and 4/5 were PTEN pos-
itive by 2 or 12 months, whilst four women went from PTEN
positive to PTEN null over the same time period, including
both women who developed endometrial abnormalities during
follow up. Loss of PTEN expression coincided with develop-
ment of their endometrial neoplastic lesions.

Changes in circulating biomarkers
As expected, there were significant reductions in circulat-
ing biomarkers of insulin resistance (HbA1c, HOMA-IR)
and inflammation (hsCRP, IL-6), and significant increases
in LH, FSH, and SHBG at two and 12 months after the

considerable weight loss resulting from bariatric surgery
(Table 4).

Discussion
Main findings
This prospective study found a high prevalence of endometrial
pathology in women with class III-IV obesity selected for gastric
bypass or sleeve gastrectomy at a regional specialist weight man-
agement service. Bariatric surgery resulted not only in signifi-
cant weight loss amounting to a 20% fall in BMI, and 63%
excess body weight loss, but also consequent serial improve-
ments in circulating biomarkers of insulin resistance, reproduc-
tive function and inflammation, and perhaps most striking of
all, sustained resolution of AH. This latter finding provides
compelling evidence for a causal relationship between obesity
and endometrial neoplasia, with implications not only for its
treatment but also for the detection of molecular intermediary
biomarkers of risk. We observed reductions in endometrial Ki-
67, pAKT, hormone receptors and restoration of glandular
PTEN expression with weight loss, both in the whole cohort
and the subgroup of women matched for menstrual cycle phase.

Strengths and limitations
There were three key strengths to our study. First, we success-
fully assessed baseline prevalence of endometrial pathology in
women with class III-IV obesity undergoing bariatric surgery.
Previous studies have been limited in this regard by small
sample size/high technical failure rates, lower average BMI, a
high proportion of women on combined hormonal contracep-
tion, and women excluded because of abnormal bleeding. We

Figure 1. Accrual and retention of participants
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were successful in achieving endometrial sampling at 2 and
12 months follow up without anesthesia, whereas other studies
have found this to be clinically impossible for a significant
minority of women. Second, we successfully controlled for
menstrual cycle phase in most follow-up samples, which
impacts blood (hormone) and tissue (Ki-67, proliferation
pathways, hormone receptor status) biomarkers more than

does obesity and weight loss, and found that our hypothesis of
reduced Ki-67 after bariatric surgery was upheld. Third, serial
follow-up sampling at two and 12 months distinguished the
more immediate metabolic consequences of bariatric surgery
from longer-term loss of adiposity.

A limitation of our work was the small sample size, and the
lack of a weight-stable BMI matched control group. The

Figure 2. The effect of weight loss on Ki-67 expression in the endometrium. Compared with baseline, at 2 months a lower Ki-67 was observed
in 29/41 (71%) women (range −1.3% to −60.3%); the remaining 11 (34%) showed static or higher Ki-67 levels (range 2.5% to 49.6%).
Women whose Ki-67 increased during follow up (n = 11) either developed an abnormal endometrium (n = 3), underwent sampling during a
different phase of the menstrual cycle (n = 2), or established regular menstruation after >6 months of amenorrhea (n = 2). Four cases were
unexplained. (a) Ki-67 scores in the bariatric surgery cohort at baseline and 2 months (−15.1% at 2 months, p = 0.009), and (b) at baseline
and 12 months (−15.8% at 12 months, p = 0.034); (c) Ki-67 scores in the menstrual cycle controlled bariatric surgery subgroup at baseline
and 2 months (−11.24% at 2 months, p = 0.0028), and (d) at baseline and 12 months (−17.79% at 12 months, p = 0.016).

Table 2. Weight change after bariatric surgery

Baseline (T0) 2 months (T1) 12 months (T2)

Mean difference (95% CI)

T1 vs. T0 T2 vs. T0

n 72 41 28

Mean weight (SD), kg 144.4 (24.4) 122.8 (23.3) 97.7 (22.6) −21.8 (−24.8 to −18.7)
p < 0.0001

−47.2 (−53.3 to −41.1)
p < 0.0001

Mean BMI (SD), kg/m2 53.6 (7.7) 45.6 (7.3) 36.1 (7.2) −8.21 (−9.3 to −7.1)
p < 0.0001

−18.76 (−20.8 to −16.7)
p < 0.0001

Mean change in total
body weight (SD), %

−15.2 (5.9) −32.7 (9.9)

Mean change in excess
body weight (SD), %

−20.6 (37.4) −62.8 (20.3)

Mean change in BMI (SD), kg/m2 −8.1 (3.4) −18.8 (4.6)

SD: standard deviation. CI: confidence interval.
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comparatively high rates of loss to follow-up were not unex-
pected, in part reflecting discomfort associated with the biopsy
procedure, but despite this attrition the per protocol analysis was
sufficiently powered to show a significant Ki-67 reduction. The
women who followed a medically supervised low calorie diet
(n = 8) failed to achieve or maintain weight loss at 12 months
and were excluded from the primary analyses; however, we
observed no significant changes over time in their circulating or
tissue biomarkers of endometrial cancer risk (data not shown).
The prevalence of endometrial pathology in our study may be
greater than that in the general obese population because our
participants had presented for bariatric surgery and subsequently
met stringent UK eligibility criteria, meaning there was a high
prevalence of diabetes and high median BMI. We chose the late
proliferative phase (day 12) for endometrial sampling to avoid
reliance on ovulation (which was highly variable in our cohort),
however, we could not always control for cycle phase due to
irregular periods and the date chosen for bariatric surgery.

In the context of what is known, several comments can be
made. Previous studies19–21 found rates and severity of endome-
trial pathology lower than ours, probably because in these other
studies, progestin therapy was frequent, women with abnormal
bleeding were excluded and failed or inadequate biopsies were
common. Our participants were more obese and insulin resis-
tant than women in previously reported cohorts,22 which may
be causally important.23,24 The high prevalence of insulin resis-
tance /T2DM in EC patients is well established.25,26 Elevated cir-
culating insulin and insulin-like growth factor (IGF)-I are
thought to drive endometrial proliferation through PI3K-AKT–
mTOR pathway activation.9 In our study, bariatric surgery pre-
cipitated changes in systemic metabolic parameters,

inflammatory markers and reproductive hormone profiles,
which mirrored published work,21,27,28 however the role of these
systemic changes in mediating tissue effects remains unclear.

Molecular biomarkers of endometrial cancer risk
Besides occult AH and EC in a proportion of our participants at
baseline, class III-IV obesity was associated with high Ki-67, high
pAKT and loss of PTEN expression in phenotypically normal
glands. This pro-proliferative milieu sets the scene for mutational
events that instigate endometrial carcinogenesis.29 Further, the
combined expression profile of these endometrial biomarkers pro-
vides a putativemolecular signature that denotes the ‘at risk’ endo-
metrium, and thus an opportunity for targeted screening, risk
reducing interventions and primary prevention of EC. In women
with endometrial abnormalities, glandular PTEN loss was com-
mon at baseline but restoration of PTEN expression accompanied
resolution of AH. In women with morphologically normal endo-
metrium, PTEN null glands at baseline seldom persisted through
weight loss, suggesting that bariatric surgery may be effective at
clearing these latent endometrial precursor lesions. Thus, glandu-
lar PTEN loss may be a reversible feature of early endometrial car-
cinogenesis and its restoration may indicate the transition to low
risk endometrium.30 The clearance of PTEN null glands has been
described in women treated with intrauterine progestin,30 but not
after weight loss in obese women. PTEN expression was inversely
correlated to pAKT expression, consistent with previous work.31

Clinical implications
Standard management of postmenopausal AH is hysterectomy
because not only is there a risk of coexisting EC, but also the
risk of progression to EC over 10 years is around 20%.32–34

Table 4. Changes in markers of insulin resistance, adiposity, inflammation and reproductive function at 2 and 12 months after bariatric

surgery

T0 (n = 72)
T1 vs. T0 (n = 41) T2 vs. T0 (n = 27)

Baseline mean
values (SD) Mean difference (95% CI) p Value Mean difference (95% CI) p Value

Glucose, mmol/L 7.4 (2.8) −2.4 (−3.6, −1.3) 0.0003 −3.3 (−4.2, −2.2) <0.0001

Insulin, mU/L 17.3 (13.1) −6.7 (−11.8, −1.6) 0.02 −12.4 (−18.6, −6.1) <0.0001

HOMA-IR 6.6 (7) −4.5 (−7.4, −1.5) 0.0032 −6.8 (−10.0, −3.6) <0.0001

HbA1c, mmol/mol 47.7 (19.9) −10.5 (−16.0, −4.9) <0.0001 −11.3 (−17.9, −4.7) <0.0001

Adiponectin, mg/L 1.7 (1.7) 0.47 (0.17, 1.1) <0.0001 1.3 (0.97, 1.7) <0.0001

Leptin, ng/mL 56.3 (27.1) −8.1 (−13.2, −2.9) 0.001 −25.3 (−34.0, −16.6) <0.0001

hsCRP, mg/L 7.4 (6.3) −0.05 (−1.7, −1.6) 0.35 −4.3 (−6.3, −2.3) <0.0001

IL-6, pg/ml 6 (6.9) −1.5 (−6.8, −3.8) <0.0001 −5.7 (−8.9, −2.6) <0.0001

Estradiol, pmol/L 273 (218) 76.8 (−15, 168) 0.15 9.7 (−14.1, 161) 0.55

Progesterone, ng/ml 5.8 (6.9) −1.5 (−5.5, 2.6) 0.011 1.5 (−3.8, 6.9) 0.53

Testosterone, nmol/L 1 (0.4) −0.2 (−0,4, 0.0) 0.06 −0.3 (−0.8, 0.4) 0.003

SHBG, nmol/L 31.4 (22.1) 26.7 (17.5, 35.9) <0.0001 44.0 (30.5, 57.5) <0.0001

FAI 4.1 (3.2) −1.9 (−2.9, −0.9) 0.0002 −2.1 (−3.2, −1.1) 0.0010

LH, IU/L 8.6 (7) 6.4 (2.1, 10.8) 0.015 5.2 (1.4, 9.0) 0.0051

FSH, IU/L 10.1 (12.1) 5.6 (1.4, 9.8) 0.0008 8.8 (2.9, 14.8) 0.0005

SD: standard deviation. CI: confidence interval.
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With rising rates of AH observed among young women, there
is a need for fertility sparing treatment. Weight loss is associ-
ated with a reduced risk of EC in epidemiological studies35,36

and our results demonstrate for the first time that bariatric
surgery is capable of not only reversing AH but also sustain-
ing normal morphology. AH lesions detected at baseline in
three of six women had resolved at 6–8 weeks postbaseline
sampling, and had not relapsed out to 4 years. Two further
women responded to intrauterine progestin and remained
disease-free out to 4 years. The mechanisms of EC risk reduc-
tion after bariatric surgery may be two-fold: early acute meta-
bolic changes with improved insulin sensitivity, followed by
enduring hormonal changes due to loss of adiposity. In our
study, however, there were no significant changes in serum
estradiol or progesterone levels, raising uncertainty as to their
role in AH resolution. Recurrence of AH is common after ces-
sation of progestin therapy.37,38 However, risk modification
through sustained improvements in insulin resistance and
reduction of BMI may reduce the risk of relapse.39,40

A Ki-67 drop was observed at 2 months postbariatric sur-
gery that was sustained at 12 months. This drop in Ki-67 was
observed in most women with endometrial pathology who
underwent repeat sampling, and coincided with disease regres-
sion. By contrast, a Ki-67 rise was observed in participants
who developed EC or showed progressive disease on repeat
sampling (Table 3). Ki-67 is a known prognostic biomarker in
EC.41–43 We hypothesize that a falling Ki-67 is associated with
reduced EC risk, and that women who do not demonstrate a
Ki-67 drop might be best served by longer-term surveillance.

The high prevalence of endometrial pathology in our study
cohort suggests that women referred for bariatric surgery should
undergo both cervical and endometrial screening. Because
screening by endometrial biopsy is technically challenging in
the outpatient setting (7% failure rate in the current study),
there is now a clear need for effective noninvasive screening
tests for EC, and studies to address this are underway.

In the UK, current clinical practice guidelines do not con-
sider risk factors when determining which women with abnor-
mal bleeding should be referred for investigation.
Retrospective data demonstrates that obesity is more predic-
tive of endometrial abnormality than age.44 Our study sug-
gests that abnormal bleeding in premenopausal women with
class III-IV obesity should be taken seriously as a ‘red flag’
symptom for cancer and investigated appropriately.

Our study emphasizes the potential for nonsurgical treatment
strategies, specifically bariatric surgery-induced weight loss and
hormone therapy, for women with AH/EC, since hysterectomy is
not without risk and renders premenopausal women infertile.
Intrauterine progestin shows significant promise in this regard45

but response is variable.46 The additional benefit of weight loss
achieved through dietary intervention in obese women with
AH/EC treated with intrauterine progestin is being assessed in
the ANZGOG feMMe study.47 Our data support the notion that
AH is reversible and that its subsequent course may be influenced

by obesity and weight loss. Bariatric surgery alone or in combina-
tion with intrauterine progestin is an attractive treatment option
for obese women with AH that warrants further study.

In conclusion, our study has demonstrated that occult
endometrial abnormalities are common in women with class
III-IV obesity undergoing bariatric surgery. Furthermore, the
acute and profound weight loss that occurs after bariatric sur-
gery exerts highly significant changes in the endometrium.
Not only is weight loss associated with resolution of AH, but
the molecular changes that ensue even in morphological nor-
mal endometrium herald the transition from high to low risk
endometrium. In the context of the current global obesity cri-
sis and consequent emerging epidemic of EC,48,49 this may
have important implications for the screening, prevention and
treatment of EC. The high Ki-67-high pAKT-PTEN null
molecular signature in phenotypically normal endometrium
may identify a woman as at high risk of future EC and thus
suitable for targeted screening and primary prevention strate-
gies. The success of these strategies may in turn be judged
against the persistence or clearance of the molecular signature.
Accurate risk prediction combined with development of clini-
cally effective risk reducing interventions is fundamental to
reversing the upward trajectory of new diagnoses and corre-
sponding deaths from EC in those parts of the world where
obesity is the major health challenge facing women today.
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