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Introduction: Endometrial cancer rates are rising in parallel with the global obesity epidemic. Our aim was to assess the willingness
of women at greatest risk of obesity-related endometrial cancer to engage with risk-reducing strategies and establish perceived barriers
that may preclude their participation in a randomized controlled trial of primary endometrial cancer prevention.
Materials and Methods: Women attending gynecology, obesity and sleep apnea clinics in Manchester Academic Health Sciences
Centre-affiliated hospitals with obesity classes II (BMI 35–39.9kg/m2) and III (BMI ≥40kg/m2) were invited to participate in a cross-
sectional survey. We asked women about their perceived risk, knowledge of risk factors and willingness to engage with endometrial
cancer risk-reducing interventions.
Results: Seventy-four women with a median age of 51 years (range 22–73) and BMI of 47kg/m2 (range 34–81) took part in the study.
Two-thirds (65.6%) knew that obesity was a risk factor for endometrial cancer but few were able to recall other major risk factors. Just
over half (53.5%) perceived their risk of developing endometrial cancer to be higher than average. Women were prepared to lose
weight (94%), eat healthily (91%), exercise more (87%), take a pill every day (74%) or receive an intra-uterine device (49%) for
primary endometrial cancer prevention. Perceived barriers included cost, forgetting, willpower, finding time, physical fitness, social
anxiety, possible side effects and previous bad experiences.
Conclusion: Women at highest risk of obesity-related endometrial cancer may not always appreciate their susceptibility. However,
willingness to engage in risk-reducing strategies suggests recruitment to a randomized controlled trial for primary endometrial cancer
prevention could be feasible.
Keywords: endometrial cancer, obesity, risk reducing interventions, weight loss, exercise, chemoprevention, levonorgestrel-releasing
intrauterine system, metformin

Introduction
Endometrial cancer is the most common gynecological cancer in the United Kingdom (UK), affecting around 9000
women every year.1 Over the past two decades, the incidence of endometrial cancer has increased, and more women are
now dying of the disease despite improvements in long-term survival rates.2 This is partly because the prevalence of
obesity, defined as a body mass index (BMI) of ≥30 kg/m2, has reached unprecedented levels, with around 29% of all
women and 36% of those in mid to late adulthood in England now classified as obese.3,4 Obesity is the strongest risk
factor for endometrial cancer,5 with every 5kg/m2 increment in BMI associated with a 60% increased risk of the disease.6
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Women with obesity classes II and III (BMI 35–39.9 and ≥40 kg/m2, respectively) are at highest risk, particularly of
Bokhman type I or endometrioid endometrial cancer, the most common histological subtype.7 If obesity rates remain at
current levels, it is predicted that there will be additional 3700 new cases diagnosed and 850 further deaths from the
disease each year in England and Wales by 2030.8

Attempts to understand the biological relationship between obesity and endometrial cancer have concluded that
several influences are at play.9 An excess of endogenous estrogen synthesized from adipose tissue and unopposed by
progesterone in women who are postmenopausal or who have anovulatory menstrual cycles is thought to be the major
driver,7 but insulin resistance10 and a pro-inflammatory microenvironment are other key contributors.11 Advances in our
understanding of endometrial carcinogenesis have prompted the proposal of several risk reducing interventions that may
decrease obesity levels and/or inhibit the tumor-promoting consequences of obesity in the endometrium.12 These include
bariatric surgery and diet-induced weight loss,13,14 exercise programs,15 oral or intrauterine progestins16 and
metformin.17 Such risk reducing interventions may have additional health benefits, including treatment or prevention
of other obesity-related conditions, such as type 2 diabetes mellitus, hypertension and ischemic heart disease, and with
generally low toxicity profiles. Risk reducing interventions have yet to be tested in high quality randomized controlled
trials, but their potential as primary endometrial cancer prevention tools has been suggested by laboratory, biomarker and
epidemiological studies.18 If effective, and appropriately targeted at those with the greatest risk, these interventions could
offer an opportunity to halt current trends in endometrial cancer rates.

Key to the success of any intervention is engagement from those likely to benefit. According to models of health
behavior, knowledge of risk factors and perceived personal risk, alongside beliefs about the ability to change that risk, are
important factors that influence a person’s capability and motivation to change their behavior.19 Previous work has shown
that public awareness of the link between obesity and endometrial cancer risk is low,20,21 but no studies have asked
women whether they are interested in reducing their endometrial cancer risk and what interventions would be acceptable
to them. The aim of this study was to assess the willingness of women at greatest risk of obesity-related endometrial
cancer to engage in risk-reducing strategies and to establish any barriers that may prevent their participation in
a randomized controlled trial of primary prevention.

Methods
Study Participants
Women attending gynecology, obesity and sleep apnea clinics in Manchester Academic Health Sciences Centre-affiliated
hospitals with obesity classes II and III (BMI ≥35kg/m2 and ≥40kg/m2) were invited to participate in this cross-sectional
survey. Demographic variables (age, ethnicity) and medical history (diabetes, treated hypertension, hypercholesterolemia,
obstructive sleep apnea) were recorded. Women who had previously had a hysterectomy were excluded from the study.
Height was measured using a stadiometer; weight was measured using electronic scales after removal of bulky clothing,
and BMI derived (kg/m2). BMI was classified according to the World Health Organisation (WHO) as obesity class
I (BMI 30–34.9), class II (BMI 35–39.9) and class III (BMI ≥ 40). Waist (midpoint between lower margin of last
palpable rib and top of the iliac crest, as defined by WHO, and measured with a tape measure) and hip circumference
(widest portion of the buttocks) were recorded to the nearest 1 cm, and waist-to-hip ratio calculated. Blood pressure was
recorded by a sphygmomanometer using a large cuff. Postcodes were used to determine socioeconomic status according
to the deciles of the English Index of Multiple Deprivation 2015, with 1 the most deprived and 10 the least deprived
decile.

Method of Approach
Women were approached in the waiting room prior to routine gynecology, obesity and sleep apnea clinic appointments by
a member of the study team. They were provided with a participant information sheet, which gave background
information about endometrial cancer, in particular its rising prevalence and the need for evidence-based primary
prevention strategies. Those who agreed to participate signed a study consent form before self-completing a paper
questionnaire. The questionnaire contained six items designed to assess women’s personal perception of risk, knowledge
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of endometrial cancer risk factors and willingness to engage with weight loss, exercise programs, oral medications and
intrauterine devices for the purposes of primary endometrial cancer prevention. The six items were based on published
questionnaire studies by Dillard et al22 and Stubbings et al23 that assessed cancer risk prediction and willingness to
engage in risk-reducing interventions but were not specific to endometrial cancer. Question 1 asked women to indicate,
“Compared to others of the same sex and age, my chances of getting womb cancer are” “much below average”, “below
average”, “average”, “above average” or “much above average”, derived from Dillard et al.22 Question 2, “What things
do you think affect a woman’s chance of developing womb cancer?” allowed women to write free text in the box below,
and question 3 “There is not much I can do to lower my chances of getting womb cancer” followed by “strongly
disagree”, “disagree”, “not sure”, “agree” and “strongly agree”, were both derived from Stubbings et al.23 Question 4 “If
it would lower my chances of getting womb cancer I would be willing to … ” followed by “take a pill every day”, “have
a coil fitted”, “lose weight”, “exercise more”, “eat more healthily” and choices “strongly disagree”, “disagree”, “not
sure”, “agree” and “strongly agree”. Question 5 “Are there any reasons you wouldn’t want to do the following, or
wouldn’t be able to do the following, to lower your chances of getting womb cancer?” with free text boxes next to each
of the following “take a pill every day”, “have a coil fitted”, “lose weight”, “exercise more”, “eat more healthily”.
Question 6 asked, “There are some things that can increase a woman's chance of developing womb cancer. How much do
you agree that each of these can increase the chance of developing womb cancer?” followed by “not having children”,
“having gone through the menopause”, “being overweight”, “being over 50 years old”, “having a close relative with
womb cancer”, “having diabetes”, “doing less than 30 minutes of moderate physical activity 5 times a week” and the
following choices “strongly disagree”, “disagree”, “not sure”, “agree” and “strongly agree”, adapted from Stubbings
et al.23

Statistical Analysis
Data were analyzed using the statistical software package IBM Statistical Package for Social Sciences (SPSS) Version
24.0. Descriptive statistics included mean and standard deviation (SD) for normally distributed, and median and
interquartile range (IQR), for non-parametric data. Free text responses were grouped into themes and scored.

Ethical Approval
All women gave written, informed consent to participate in this study. Approval was obtained from the North West
Research Ethics Committee (12/NW/0050) on 23 January 2012, and the study was conducted in accordance with the
Declaration of Helsinki.

Results
Seventy-four women with a median age of 51 years (range 22–73) and BMI of 47 kg/m2 (range 34–81) took part in the study
(Table 1). Two thirds (65.6%) knew that obesity is a risk factor for endometrial cancer but few were able to recall other major
risk factors, including those related to age, reproductive factors or genetic predisposition (Tables 2 and 3). Approximately
one-fifth of participants incorrectly stated that alcohol (11.5%) and/or smoking (18%) increases endometrial cancer risk, and
more than a quarter incorrectly reported that factors associated with sexual behavior, including number of partners (14.8%),
history of sexually transmitted infection (4.9%), and failure to use a condom (14.8%), were important risk factors. Just over
half of the women (53.5%) believed that their personal endometrial cancer risk was higher than average (Table 4). Women
were prepared to lose weight (94%), eat healthily (91%), exercise more (87%), take a pill every day (74%) or receive an
intra-uterine device (49%) for primary endometrial cancer prevention. Perceived barriers included willpower, finding time,
poor general health, possible side effects and previous bad experiences (Table 5).

Discussion
In this study, the majority of women with obesity classes II and III knew obesity was a risk factor for endometrial cancer,
but just over half perceived themselves to be at higher risk. This discrepancy may be due to a lack of self-awareness.
Most women stated that they would try to change their weight management behaviors, take tablets and/or receive an
intra-uterine device to reduce their risk of cancer. Willingness to engage in risk-reducing interventions was inversely
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Table 1 Study Population Characteristics

Age* (Years) 51 (46, 56)

White British, n (%) 69 (93%)

Socioeconomic status* (decile) 3 (1, 6)

Weight* (kg) 125 (111, 143)

BMI* (kg/m2) 47 (43, 51)

Waist:hip ratio* 0.88 (0.82, 0.91)

Co-morbidities, n (%)

Hypertension 25 (34%)

Type 2 diabetes mellitus 29 (39%)

Osteoarthritis 23 (31%)

Depression/ anxiety 19 (26%)

Hypercholesterolemia 16 (22%)

Asthma/ COPD 15 (20%)

Sleep apnea 14 (19%)

Previous hysterectomy, n (%) 0 (0%)

History of atypical hyperplasia, n (%) 0 (0%)

History of endometrial cancer, n (%) 0 (0%)

Note: *Data presented as median (interquartile range).
Abbreviations: n, number; kg, kilograms; COPD, chronic obstructive pulmonary
disease.

Table 2 Recall of Endometrial Cancer Risk Factors

What Things Do You Think Affect a Woman’s Chance of Developing Womb Cancer?

Genetic Family history 20 (32.8%)

Obesity Obesity 40 (65.6%)
Lifestyle 6 (9.8%)

Diet 5 (8.2%)

Exercise 7 (11.5%)
Diabetes 2 (3.3%)

Reproductive Pregnancy/children 8 (13.1%)
Hormone levels 5 (8.2%)

Birth control pills 2 (3.3%)

Other Age 4 (6.7%)

Post-menopause 2 (3.3%)
Regular smear 4 (6.7%)

Sexual behavior 7 (11.5%)

History of sexually transmitted infections 3 (4.9%)
Promiscuity 9 (14.8%)

Alcohol 7 (11.5%)

Smoking 11 (18.0%)

Note: Free text responses, from n = 61 Participants.
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proportional to their invasiveness. Perceived barriers included concerns about compliance, side effects and previous bad
experiences. These data suggest that a primary endometrial cancer prevention trial that aims to reduce obesity and/or
prevents its endometrial consequences could be acceptable, but would need to consider strategies to overcome some of
these challenges.

Few previous studies have explored women’s understanding of the relationship between obesity and endometrial
cancer risk. Two studies from the USA found 58% of 1545 women from the general population20 and 52% of 231
gynecology clinic attendees,21 respectively, were not aware that obesity increases the risk of endometrial cancer.
Participant BMI did not impact awareness in either study. Other studies have focused their investigation on endometrial
cancer patients, with similar findings.24–26 There is generally a lack of knowledge about the risk factors associated with
endometrial cancer even in those who have been diagnosed and treated for the disease. A recent study from the UK found
that among a nationally representative sample of 3293 adults, only 21.5% were aware of the association between body
weight and endometrial cancer.27 Our study suggests higher levels of awareness (two thirds stated this risk factor without
prompting), which may reflect the fact that our sample was made up of women with obesity attending gynecology,
obesity and sleep apnea clinics. Nonetheless, there is still scope for improvement, and particularly for increasing
awareness of personal risk as a consequence of excess weight. Attempts to increase awareness must be non-
stigmatizing and supportive, and accompanied by advice on strategies for risk reduction to ensure they are beneficial
and avoid harm.

Table 3 Recognition of Endometrial Cancer Risk Factors

How Much Do You Agree That Each of These Can Increase the Chance of Developing Womb Cancer?

Strongly
Disagree

Disagree Not
Sure

Agree Strongly
Agree

Being over 50 years old 2.9% 8.8% 32.4% 36.8% 19.1%

Having gone through the menopause 4.3% 7.2% 52.2% 29.0% 7.2%

Not having children 11.9% 20.9% 53.7% 9.0% 4.5%

Having diabetes 1.4% 5.8% 60.9% 21.7% 10.1%

Having a close relative with womb cancer 1.4% 7.2% 20.3% 44.9% 26.1%

Being overweight 2.8% 4.2% 18.3% 39.4% 35.2%

Doing less than 30 minutes of moderate physical activity 5 times
a week

– 14.5% 50.7% 24.6% 10.1%

Table 4 Perceived Personal Risk and Opportunities to Reduce Risk of Endometrial Cancer

Much Below
Average

Below
Average

Average Above
Average

Much Above
Average

Compared to others of same sex and age, my chances of
getting womb cancer are:

4.2% 1.4% 40.8% 35.2% 18.3%

Strongly
Disagree

Disagree Not
Sure

Agree Strongly
Agree

There is not much I can do to lower my chances of getting
womb cancer

25.4% 26.8% 46.5% 1.4% –
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To our knowledge, this is the first study to ask women at greatest risk of obesity-related endometrial cancer whether
they would be willing to lose weight, change their diet, exercise more, take tablets and/or have an intrauterine device
fitted for endometrial protection. We also asked women to articulate any perceived barriers to uptake and compliance
with these interventions. Women were almost unanimously (94%) in favor of losing weight for the purposes of
endometrial cancer risk reduction, but 43% admitted that weight loss is difficult to sustain in the long term. Whilst
generally still amenable, only 91% women were keen to adopt a healthy diet in order to achieve this goal, noting that
maintenance, portion size and costs were significant barriers. Eighty-seven percent of women were prepared to exercise
more, citing poor mobility, poor general health, lack of time, lack of willpower and social embarrassment as major
reasons. Around three-quarters were willing to take a pill every day, although nearly half noted that side effects,
forgetting and/or general dislike of taking pills were barriers. Only half the women we asked would consider having
an intra-uterine device for endometrial protection; difficulties with insertion (invasive, painful, bleeding), worry about
side effects and previous bad experiences were the main reasons.

The insights gained from this study are important for the design of a primary endometrial cancer prevention trial,
which would aim to recruit a similar cohort of women.8 Limitations include the small sample size and recruitment from
a single center, which hinders extrapolation of our findings to other healthcare settings. We did not record the number or
demographics of women that declined study participation, nor did we document their reasons for declining. This hinders
an assessment of selection bias. The lack of racial and ethnic diversity in our study population precludes any insight into
the willingness of non-White British women to engage in risk-reducing interventions and the barriers they may
experience. Approaching women attending healthcare settings where weight loss is expected/recommended may also
confer selection bias. We adapted established questionnaire items for this study but formal validation was not performed
beforehand. This limits the reliability of our findings. We did not ask women whether they would be willing to be

Table 5 Willingness to Engage in Endometrial Cancer Risk-Reducing Interventions and Perceived Barriers

If It Would Lower My Chances of Getting Womb Cancer I Would Be Willing to

Strongly
Disagree

Disagree Not
Sure

Agree Strongly
Agree

Barriers

Lose weight – 1.5% 4.4% 33.8% 60.3% None (51.4%)
Difficult to sustain (42.9%)

Eat more healthily – 1.4% 7.2% 27.5% 63.8% None (68.8%)
Portion control (9.4%)

Cost (3.1%)
Difficult to sustain (12.5%)

Exercise more – 1.5% 11.9% 35.8% 50.7% None (52.6%)
Time (7.9%)

Social embarrassment (15.8%)
Difficult to sustain (18.4%)

Health concerns (26.4%)

Take a pill
every day

4.6% 3.1% 18.5% 24.6% 49.2% None (46.9%)
Side effects (15.6%)

Too many pills (6.3%)
Forgetting (9.4%)

Have a coil fitted 4.5% 10.4% 35.8% 19.4% 29.9% None (30.8%)
Too old (7.7%)

Invasive (2.6%)
Pain, bleeding, infection (41.0%)

Previous experience (28.2%)
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randomized to different interventions nor did we detail the personal commitment, invasive procedures and long-term
surveillance that a prevention trial would require. Thus, although high-risk women seem willing to engage in risk-
reducing interventions, we do not know whether they would participate in a trial to establish the efficacy of these
interventions.

The rising global incidence of obesity-related endometrial cancer is a major concern that demands innovative
solutions.28 Substantial and sustained weight loss achieved through bariatric surgery not only reduces endometrial cancer
risk but also has considerable benefits for cardiovascular and metabolic health, mobility and quality of life.13,29,30 Whilst
providing a life-saving treatment for the most severe cases of obesity, bariatric surgery cannot be regarded as a viable
public health strategy for cancer prevention given the large at-risk population, associated complications and high costs.
Weight loss achieved through dietary intervention may be equally beneficial for endometrial health and total diet
replacement programs demonstrate high success rates and durable responses when delivered alongside high-quality
psychological support.31–33 Long-term maintenance remains a significant challenge though, and the majority of indivi-
duals participating in weight loss programs will gradually regain weight loss, with estimates that only 20% of participants
are successful over the longer term.34 This has led to the development of interventions focused on weight loss
maintenance. However to date, the success of these programs has been modest.35 Nonetheless, studies indicate an
appreciable reduction in breast cancer risk if as little as 2.5 kg of the weight lost is kept off long term.36 Comparable
studies of endometrial cancer are not yet available, although data from the Women’s Health Initiative demonstrated that
intentional weight loss of ≥5% over 3 years was associated with lower endometrial cancer risk over the subsequent 11
years, particularly among women with obesity. To date, the Look AHEAD trial is the only randomized controlled trial to
explore the incidence of obesity-related cancers following a behavioral intervention. The intervention lowered the
incidence of obesity-related cancers by 16% in adults with overweight or obesity and type 2 diabetes. However, this
effect was non-significant, likely due to a lack of power.37,38

Physical activity is an important part of most behavioral weight management interventions but also has an indepen-
dent effect on endometrial cancer risk. Regular exercise reduces endometrial cancer risk by 20–30%, with even greater
benefits seen with high-intensity workouts of longer duration.15 The successful incorporation of physical activity into an
already busy daily routine is a major barrier and poor cardiovascular fitness, mobility issues and social embarrassment
are additional obstacles that must be overcome. Interventions should draw on a growing body of evidence for successful
strategies in similar populations. For example, goal setting and self-monitoring, as well as the use of a person-centered
and autonomy supportive counseling approach, have been identified as important for sustained dietary and physical
activity changes in adults affected by overweight and obesity.39

Pharmacological intervention may appeal to women who have struggled to lose weight through diet and exercise, as it
removes some of the psychological barriers to making long-term behavioral changes. Metformin, an insulin-sensitizing
drug used in the treatment and prevention of type 2 diabetes mellitus, may reduce endometrial cancer risk and even
cancer-related deaths17 through systemic changes in glucose metabolism and direct inhibition of pro-proliferative PI3K-
Akt-mTOR signaling in the endometrium.40 Metformin has also shown promise in the treatment of endometrial
hyperplasia, a precursor lesion of obesity-related endometrial cancer, alone or in combination with progestins.41,42

A significant challenge is that many women with obesity class II/III are already on metformin; indeed, a randomized
feasibility study comparing behavior change, metformin treatment and a combination of the two for endometrial
protection in women with obesity failed to find sufficient numbers of women who were both eligible and interested in
participating.43 The glucagon-like peptide-1 receptor agonist (GLP-1RA) class of incretin-based anti-diabetes therapies
has beneficial pleiotropic effects on the diverse metabolic defects seen in insulin resistance states.44 Emerging data
suggest that exenatide45 and liraglutide46 induce autophagy of endometrial cancer cells through PI3K-Akt-mTOR
signaling inhibition. Liraglutide is approved for type 2 diabetes (up to 1.8 mg) and obesity (up to 3.0 mg).47 These
agents could provide a novel endometrial cancer prevention strategy through direct effects on cancer cell death and
indirect effects of weight reduction and amelioration of insulin resistance.

Five years or more of exposure to the combined oral contraceptive pill reduce the risk of endometrial cancer by 50%,
with durable protection out to 30 years post-treatment,48 although the risks outweigh the benefits in obese women with
multiple cardiovascular risk factors.49 A meta-analysis of cohort and case-control studies demonstrated a 56% reduction
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in endometrial cancer risk with 3 or more years of bisphosphonate use,50 a viable chemopreventive strategy in women
with obesity and associated co-morbidities. The levonorgestrel-releasing intrauterine system (LNG-IUS) is associated
with a 54% reduction in endometrial cancer risk, which increases to 75% if treatment is prolonged.51 It has also shown
promise in the treatment of endometrial hyperplasia52 and early stage, low grade endometrial cancers,53,54 through
endometrial decidualization, down-regulation of oncogenic signaling and triggering of senescence and apoptosis.55

Disadvantages of its use for endometrial protection are mostly related to the invasiveness of its insertion, but the low
frequency of systemic side effects is beneficial for long-term compliance. A feasibility study of the LNG-IUS for
endometrial protection in women with class II/III obesity reported an uptake of approximately 50%, no failed insertions
in the outpatient setting and no adverse effects triggering withdrawal in a predominantly post-menopausal cohort.56

A primary endometrial cancer prevention trial faces many design challenges including type of study, population,
sample size, trial intervention(s), primary endpoint and duration.8 There are also considerable cost implications,
particularly if multiple interventions are to be trialed and endometrial cancer is the primary endpoint. The current
study provides an indication that women with class II/III obesity, whilst not always appreciating their increased risk of
endometrial cancer, would nevertheless be interested in behavioral and/or pharmacological interventions to reduce their
risk, despite recognizing potential downsides and challenges. More sophisticated risk calculators that incorporate obesity,
metabolic, reproductive and genetic factors are now needed to select high-risk women for trial participation in order to
maximize the benefits and minimize the harms of risk-reducing interventions.8,57–59

In conclusion, the current study shows that women at greatest risk of obesity-related endometrial cancer may not
always recognize their risk, but a willingness to engage in evidence-based risk-reducing interventions offers a potential
strategy for primary prevention.
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