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A B S T R A C T   

Endometrial cancer is the most common gynaecological malignancy in Australia. Epidemiological studies have 
widely documented the association of endometrial cancer with modifiable lifestyle risk factors, most notably 
obesity. However, preventative strategies for endometrial cancer have not been well reported. The objective of 
this systematic review was to identify interventions targeted towards modifiable lifestyle risk factors that may 
reduce the risk of endometrial cancer. Literature published in the past ten years (January 2010 – January 2021) 
was retrieved from PubMed, Embase and Web of Science literature databases. Of 593 studies potentially eligible, 
41 were assessed in full-text, and nine studies were included in the systematic review and synthesis without meta- 
analysis following the SWiM guidelines. The included studies were highly heterogenous with respect to the type 
of interventions implemented and the outcomes measured. We identified that diet and physical activity in
terventions, surgical weight loss interventions, and hormonal interventions were associated with changes in 
endometrial cancer biomarkers including circulating hormones and tissue markers. We identified a reduction in 
endometrial proliferation following lifestyle intervention as measured by the ki-67 proliferation index. 
Furthermore we identified an increase in adiponectin (a circulating biomarker of adiposity) following lifestyle 
intervention and a reduction in circulating insulin levels following lifestyle intervention. This review highlighted 
that the area of endometrial cancer prevention research is in its infancy and that further investigation of diet and 
physical activity interventions, surgical weight loss interventions, and hormonal interventions should be un
dertaken due to promising preliminary evidence.   

1. Introduction 

Endometrial cancer is the most common gynaecological malignancy 
and the fifth most common cancer among Australian women (Australia 
2012). Globally the incidence of endometrial cancer is increasing, with 
the highest rates of change occurring in developed countries (Lortet- 
Tieulent et al. 2018). Overall, women with endometrial cancer have a 
good chance of survival, with an 85% five-year survival rate for stage 1 
disease. However, survival is poor for women with recurrent or late- 
stage disease. Women with stage-IV endometrial cancer have only a 
15–25% chance of survival (Amant et al. 2005). Furthermore, endo
metrial cancer survivors are at higher risk of death due to all-cause 
mortality, and particularly death due to cardiovascular disease when 
compared to the general population. This is likely due to the develop
ment of endometrial cancer being caused by obesity and metabolic 

syndrome (Lees et al. 2021). 
The link between obesity and the development of endometrial cancer 

is striking. Both type 1 (endometrioid) and type 2 (non-endometrioid) 
endometrial cancers have been associated with obesity (McCullough 
et al. 2008); however, obesity is most strongly associated with type 1 
(endometrioid) endometrial cancers. Type 1 endometrial cancer ac
counts for up to 80–90% of cases (Yasin, Taylor, and Ayakannu 2021). 
For every 5 kg/m2 increase in BMI there is a 1.6 fold increased risk of 
endometrial cancer and in comparison to women with a normal BMI, 
women with class III obesity (BMI ≥ 40 kg/m2) have a five-fold increase 
in lifetime risk of EC (Crosbie et al. 2010). The prevalence of overweight 
and obesity among Australians aged 18 and over has increased from 
57% in 1995 to 67% in 2017–18, with one in three Australians currently 
classified as overweight or obese (Welfare, 2021). It has been estimated 
that overweight and obesity will account for over 40% of the 
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endometrial cancer burden and over 12,000 of the endometrial cancers 
diagnosed in the next decade in Australia (Laaksonen et al. 2019). 

Besides maintaining a healthy weight or losing weight, a number of 
other modifiable lifestyle factors including the ever use of hormonal 
contraceptives and increased levels of physical activity have been 
associated with lower risk of endometrial cancer in large epidemiolog
ical studies (Collaborative Group on Epidemiological Studies on Endo
metrial 2015; Maliniak et al. 2021). In addition, the use of menopausal 
hormonal therapy (MHT) has been associated with both an increase and 
a decrease in endometrial cancer risk depending on the hormonal 
preparation prescribed (Brinton and Felix 2014). Given the strong 
epidemiological evidence in the existing literature that endometrial 
cancer risk is associated with several modifiable lifestyle risk factors, the 
current systematic review aimed to identify if health and lifestyle in
terventions can be effective in the prevention of endometrial cancer. 

2. Methods 

We conducted a systematic review and synthesis without meta- 
analysis (SWiM) on the utility of lifestyle interventions in endometrial 
cancer prevention. Our review was conducted according to PRISMA 
guidelines and SWiM guidelines (Moher et al. 2009; Campbell et al. 
2020). The review was registered with The International Prospective 
Register of Systematic Reviews; PROSPERO (CRD42021240103). The 
PROSPERO database is an international register of systematic review 
protocols in the area of health and social sciences that aims to increase 
the transparency and to minimise reporting bias of systematic reviews 
(Page, Shamseer, and Tricco 2018). 

2.1. Search strategy and inclusion criteria 

Studies were identified through a systematic review of recent pub
lished literature available on PubMed, Embase and Web of Science 
literature databases. The search was restricted to articles published in 
the English language between 1st January 2010 and 31st January 2021. 
The following search terms were used to identify relevant literature 
within each database: (“endometrial cancer” or “endometrial hyper
plasia” or “endometrial neoplasm” or “uterine cancer”) and (“Reduce 
risk” or “prevent” or “risk reduction”) and (intervention or program* or 
“lifestyle” or “treat” or “therapy”). The search terms were adjusted and 
combined within each database’s search builder. Full search terms for 
each database are available in Supplementary table 1. In addition to this 
search, forwards and backwards citation tracking was performed, and 
the reference list of articles were scanned for any additional articles 
potentially eligible. 

Original articles (randomised controlled trial and observational 
studies) investigating the association of endometrial cancer risk with 
lifestyle interventions were included. Lifestyle is a generic term that for 
this review was defined to include any interventions encompassing 
weight management, physical activity levels, diet and nutritional intake, 
the use and never use of hormonal contraceptives or menopausal hor
monal therapy, and alcohol and smoking status. We included only 
human studies that reported on endometrial cancer risk reduction or 
surrogate markers of endometrial cancer risk reduction. Surrogate 
markers of endometrial cancer included tissue markers such as estrogen 
and progesterone hormone receptor expression and the Ki-67 index as 
well as circulating blood markers including insulin, estradiol and pro
gesterone. Studies reporting on women with a pre-existing diagnosis of 
endometrial cancer or endometrial hyperplasia with atypia or women 
currently or previously treated with tamoxifen were excluded. 

2.2. Data extraction and quality assessment 

Two reviewers (DR, SS) independently assessed title and abstracts of 
individual studies for inclusion and extracted data for further analysis 
from those selected for full text review. Any conflicting opinions were 

resolved through discussion by consensus agreement with a third author 
(MJ). Data were extracted with use of Covidence software (version 2, 
Veritas Health Innovation, Melbourne, VIC, Australia). The following 
information was extracted from each article: author, publication year, 
study design, setting, number of participants, age, menopausal status, 
BMI, nulliparity, type of intervention, duration of intervention and 
follow up, incidence of endometrial cancer, changes in tissue markers 
associated with endometrial cancer risk, change in circulating blood 
markers associated with endometrial cancer risk, change in weight and 
BMI. The same reviewers independently evaluated the risk of bias for 
each study using the Newcastle-Ottawa Scale. Using this scale studies 
were classified as low, medium-, and high-quality based on selection, 
comparability and outcome assessments (The Newcastle Ottawa Scale 
for assessing the quality of nonrandomised studies in meta-analyses, 
2019). Any conflicts were resolved with consensus through discussion 
with two authors (DR, SS). 

2.3. Synthesis of extracted data 

Endometrial cancer prevention research is in its infancy and only a 
limited number of studies were identified as eligible for inclusion in the 
review. There was considerable diversity among the included studies 
with respect to the populations studied, the type of intervention studied, 
and the outcomes that were reported. This diversity in research methods 
precluded meta-analysis and statistical pooling of effect estimates. As 
such, a SWiM analysis was performed. Following data extraction, studies 
were grouped according to intervention type and outcomes measured 
for synthesis. For each outcome included in the synthesis the direction of 
effect was used as a standardised metric for synthesis of results. Where 
available, the reported P value was included for interest and visual
isation of results but this was not included in the synthesis to determine 
an overall trend (see Table 2 and Table 3). To determine an overall 
trend, vote counting was performed according to the Cochrane Hand
book for Systematic Reviews of Interventions (Cochrane Handbook for 
Systematic Reviews of Interventions, 2021). Vote counting was per
formed based on the direction of effect observed in each study with the 
number of interventions demonstrating a positive effect on endometrial 
cancer markers being compared to the number of interventions showing 
a negative or no effect. As described in the Cochrane Handbook for 
Systematic Reviews of Interventions, statistical significance was not 
included in the synthesis of results. 

3. Results 

3.1. Included studies 

A total of 593 abstracts were identified for primary screening and 
following title and abstract screening, 41 potentially relevant articles 
were identified for full-text review and comparison against inclusion 
and exclusion criteria. Of these studies, 32 were excluded (27 due to 
unrelated study design, 3 due to reporting of unrelated outcomes, 1 due 
to unrelated intervention, and 1 due to unrelated patient population). A 
total of 9 studies met the criteria for inclusion in our systematic review. 
This is detailed further in the PRISMA flow diagram (Fig. 1). Overall, 
five studies were judged to be at low risk of bias and four studies were 
judged to be at a moderate risk of bias. Using the Newcastle-Ottawa 
Scale the median quality score for included studies was 7 out of 9 
(range 4–8). This can be visualised in Supplementary Table 2. 

3.2. Participants 

The majority of included studies (7 of the 9 studies) specifically 
recruited women with obesity due to the strong association between 
endometrial cancer and obesity (Linkov et al. 2014; Linkov et al. 2012; 
Linkov et al. 2017; MacKintosh et al. 2019; Argenta et al. 2014; Yates 
et al. 2018). Lu et al recruited women between the ages of 25 and 50 
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with Lynch syndrome (defined by having a known mutation in MLH1, 
MSH2, or MSH6) a known high-risk population for endometrial cancer. 
Manson et al., (2013) recruited post-menopausal women without prior 
hysterectomy for inclusion in their study. Other characteristics of the 9 
included studies are outlined in Table 1. Four were randomised clinical 
trials (Linkov et al. 2012; Yates et al. 2018; Manson et al. 2013; Lu et al. 
2013), one was a feasibility study (Derbyshire et al. 2021), and four 
were prospective cohort studies (Argenta et al. 2014; Linkov et al. 2014; 
Linkov et al. 2017; MacKintosh et al. 2019). Seven of the nine studies 
were conducted in the United States of America (Linkov et al. 2014; 
Linkov et al. 2017; Argenta et al. 2014; Linkov et al. 2012; Manson et al. 
2013; Lu et al. 2013; Yates et al. 2018) and two were conducted in the 
United Kingdom (MacKintosh et al. 2019; Derbyshire et al. 2021). 

3.3. Interventions 

There was considerable diversity among the included studies with 
respect to the type of intervention performed. 

Behavioural interventions: Two studies reported on behavioural in
terventions. Yates et al., (2018) performed a 16-week study to examine 

the effect of a physical activity and diet intervention on circulating and 
tissue biomarkers. Participants recorded daily calorie intake and step 
counts for the duration of the intervention. Linkov et al., (2012) reported 
on a 12-month behavioural intervention including diet and physical 
activity changes. The primary outcome of this study was to investigate 
the effect of weight loss in obese women on circulating biomarkers. 

Pharmaceutical interventions: Three studies reported on pharmaceu
tical interventions. Manson et al., (2013) performed a randomized 
control trial on post-menopausal women to examine the effects of 
menopausal hormone therapy. Participants received either menopausal 
hormone therapy (conjugated equine estrogen + medroxyprogesterone 
acetate) or placebo. Lu et al., (2013) investigated hormonal contracep
tion in women with Lynch syndrome and its effect on endometrial 
proliferation. Women were randomized to receive a progestin- 
containing oral contraceptive or depo-medroxyprogesterone acetate. 
Derbyshire et al., (2021) investigated the effects of progesterone 
releasing intrauterine device in obese women on biomarkers of endo
metrial cancer. 

Surgical interventions: Four studies reported on surgical interventions, 
each looking at the influence of bariatric surgery on biomarkers of 

Fig. 1. PRISMA flowchart of included studies.  
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endometrial cancer (MacKintosh et al. 2019; Linkov et al. 2017; Linkov 
et al. 2014; Argenta et al. 2014). Linkov et al., (2014) and Argenta et al., 
(2014) investigated the effects of Rou-en-Y bariatric surgery induced 
weight loss on endometrial proliferation. Linkov et al., (2017) explored 
all types of bariatric surgery-induced weight loss in relation to change in 
circulating biomarkers. Mackintosh et al., (2019) investigated changes 
in circulating and tissue biomarkers from the weight loss achieved by 
laparoscopic gastric bypass and sleeve gastrectomy. 

3.4. Recruitment and attrition 

Several studies reported on the recruitment process and in particular 
difficulties with recruitment and attrition during the intervention 
period; this occurred in both behavioural and pharmaceutical in
terventions. Lu et al., (2013) reported screening 700 women over a six- 
year period in order to identify 51 women for inclusion in their study. 
Reasons for exclusion included no consent for endometrial biopsies and 
no consent to hormonal therapy. Yates et al., (2018) reported 
approaching 576 women in order to identify 52 women eligible to 
attend for baseline assessment and inclusion in the study. Reasons for 

Table 1 
Study characteristics.  

Author, year Study type Population Participant characteristics Total 
N 

Intervention Duration of 
intervention 

Outcomes 
reported 

Age Baseline 
BMI 

Menopausal 
status 

Behavioural intervention 
Linkov, 2012  

United 
States of 
America 

Randomised 
intervention 
trial 

Hospital 
outpatient 
setting 
Pittsburgh, 
USA 

Mean (SD) 
45.76 (6.58) 
years 

Mean (SD) 
38.06 
(9.76)  

89 Weight loss through an 
intensive diet and physical 
activity program 

12 months Circulating 
biomarkers 

Yates, 2018  

United 
States of 
America  

Randomised 
intervention 
trial 

Community 
and hospital 
outpatient 
setting 
Texas, USA 

Mean (SD) 
57.5 (4.4) 
years 

Mean (SD) 
39.1 (5.7) 

All women 
(100%) post- 
menopausal 

37 Physical activity 
intervention 
Comparative group with 
physical activity +
therapeutic intervention 
(metformin)* 

16 weeks 
Follow up at 
12 months 

Tissue 
biomarkers 
Circulating 
biomarkers 

Drug/therapeutic intervention 
Manson, 

2013  

United 
States of 
America  

Randomised 
control trial 

Multi-national 
setting 

Treatment 
group mean 
(SD) 63.2 
(7.1) 
Placebo 
mean (SD) 
63.3 (7) 

Treatment 
group 
median 
27.5  

Placebo 
median 
27.5 

All women 
(100%) post- 
menopausal 

16 
608 

Menopausal hormone 
therapy (conjugated equine 
estrogen +
medroxyprogesterone 
acetate) vs placebo 

Median 
duration of 
treatment 5.6 
years 
Follow up 13 
years 

Endometrial 
cancer 
incidence 

Lu, 2013  

United 
States of 
America  

Randomised 
intervention 
trial 

Hospital 
outpatient 
setting  

Women with 
Lynch 
syndrome 

OCP group 
mean 38.0 
Depo group 
mean 36.8 

OCP group 
mean 26.2 
Depo group 
mean 28.4  

51 Hormonal contraception: 
oral contraceptive vs Depo- 
provera 

3–4 months Tissue 
biomarkers 

Derbyshire, 
2021  

United 
Kingdom 

Feasibility 
study 

Hospital 
outpatient 
setting. 
Manchester, 
UK 

Median 54 Median 47 64% of women 
post 
menopausal 

25 Hormonal intrauterine 
device (Mirena) 

8–11 months Tissue 
biomarkers 
Circulating 
biomarkers 

Surgical intervention 
Argenta, 

2014  

United 
States of 
America  

Prospective 
cohort study 

Hospital 
outpatient 
setting 
Pittsburgh, 
USA 

Median 39 Median 46 17% of women 
post 
menopausal 

59 Bariatric surgery (Roux-en- 
Y gastric bypass) 

12 month 
follow up 

Tissue 
biomarkers 

Linkov, 2014  

United 
States of 
America  

Prospective 
cohort study 

Hospital 
outpatient 
setting 
Pittsburgh, 
USA 

Mean 
(range) 42 
(22–62) 

Mean 
(range) 
46.8 
(36–64.3) 

17% of women 
post 
menopausal 

59 Bariatric surgery (Roux-en- 
Y gastric bypass) 

12 month 
follow up 

Tissue 
biomarkers 

Linkov, 2017  

United 
States of 
America  

Prospective 
cohort study 

Hospital 
outpatient 
setting 
Pittsburgh, 
USA 

Mean (SD) 
43.88 
(11.66) 

Mean (SD) 
45.52 
(6.19)  

107 Bariatric surgery (Roux-en- 
Y gastric bypass, 
laparoscopic adjustable 
gastric banding, or sleeve 
gastrectomy) 

6 month 
follow up 

Circulating 
biomarkers 

Mackintosh, 
2019  

United 
Kingdom 

Prospective 
cohort study 

Hospital 
outpatient 
setting 
Manchester, 
UK 

Mean 
(range) 42 
(24–65) 

Median 
52.1 

24% of women 
were post 
menopausal 

72 Bariatric surgery 
(laparoscopic gastric 
bypass or sleeve 
gastrectomy) 

12 month 
follow up 

Tissue 
biomarkers 
Circulating 
biomarkers  
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slow recruitment were not reported. Mackintosh et al., (2019) screened 
248 women, 72 of which presented for baseline assessment, and only 28 
presented for follow up assessment on completion of the study. Common 
reasons reported for withdrawal from the study included women 
declining ‘hassle’ of follow up and declining painful procedures such as 
endometrial biopsy. 

4. Outcomes measured 

4.1. Reduction in the incidence of endometrial cancer 

Only one study reported on the overall incidence of endometrial cancer 
following a preventive intervention. Manson et al., (2013) demonstrated 
that in post-menopausal women the use of menopausal hormonal therapy 
(conjugated equine estrogen and medroxyprogesterone acetate) for a 
median duration of 5.6 years resulted in a reduced risk of endometrial 
cancer when compared to placebo (Hazard ratio (HR) = 0.58; 95% Con
fidence Interval (CI) = 0.40–0.80; p = 0.007). However, there were also 
health risks associated with menopausal hormonal therapy in the trial, 
including increased risk of cardiovascular disease (HR 1.13, 95% CI =

1.02–1.25), stroke (HR = 1.37, 95% CI = 1.07–1.76), and venous 
thromboembolism (HR = 1.98, 95% CI = 1.36–2.87), and the authors 
concluded that these outweighed the benefits. 

4.2. Tissue and blood biomarkers 

Five studies reported on hormonal and proliferative tissue bio
markers including Ki-67 proliferation index, estrogen receptor H-score, 
and progesterone receptor H-score (Yates et al. 2018; Lu et al. 2013; 
Derbyshire et al. 2021; Argenta et al. 2014; MacKintosh et al. 2019; 
Linkov et al. 2017). One additional study reported on tissue markers of 
immune function (Linkov et al. 2014) .Five studies reported on circu
lating biomarkers of endometrial cancer risk (Linkov et al. 2012; Yates 
et al. 2018; Derbyshire et al. 2021; Linkov et al. 2017; MacKintosh and 
Crosbie 2018). Circulating biomarkers commonly reported in the 
included studies could be divided into groups of markers of adiposity 
(adiponectin and leptin), markers of insulin resistance (insulin, glucose, 
and glycated haemoglobin), and markers of reproductive function 
(follicular stimulating hormone, luteinising hormone, sex hormone 
binding globulin, and estradiol). 

Table 2 
Effect and direction of effect of interventions on tissue biomarkers of endometrial cancer risk.   

Risk of bias Intervention Mean change in BMI (kg/m2) post intervention Tissue markers 

Ki-67% ER 
H-Score 

PR H-Score 

Behavioural interventions 
Yates, 2018 Low Physical activity − 3.15 

p = 0.140 
↓ 
p = 0.216   

Drug/therapeutic interventions 

Lu, 2013 

Low Oral contraceptive Not assessed ↓ 
p < 0.001   

Low Depo-MPA Not assessed ↓ 
p < 0.001   

Derbyshire, 2021 Moderate Mirena IUD − 0.5 ↓  ↔  ↓  

Surgical interventions 
Argenta, 2014 Moderate Bariatric surgery Not recorded Median weight loss post surgery 41 kg ↓ 

p = 0.59 
↓ ↓ 

Mackintosh 2018 Moderate Bariatric surgery − 18.76 
p < 0.0001 

↓ 
p = 0.034 

↓ 
p = 0.04 

↓ 
p = 0.004 

Vote counting* 5/5 
decrease  

2/3 
decrease 

3/3 decrease  

Table 3 
Effect and direction of effect of interventions on circulating biomarkers of endometrial cancer risk.     

Risk of 
bias   

Intervention 

Mean change 
in BMI (kg/ 
m2) 
post 
intervention 

Markers of adiposity Markers of insulin resistance Markers of reproductive function 

Adiponectin Leptin Insulin Glucose HbA1C FSH LH SHBG Estradiol 

Behavioural interventions 
Linkov 2012 Low Physical 

activity +
diet 

− 4.95 
p < 0.01 

↑ 
p < 0.01         

Yates, 2018 Low Physical 
activity 

− 3.15 
p = 0.140 

↑ 
p = 0.324 

↓ 
p =
0.379 

↓ 
p =
0.018 

↓ 
p =
0.541 

↑ 
p =
0.115 

↔ 
p =
0.912   

↔ 
p =
0.925 

Drug/therapeutic interventions 
Derbyshire, 

2021 
Moderate Mirena IUD − 0.5 ↓  ↑  ↓  ↔  ↑  ↑  ↑  ↓  ↔  

Surgical interventions 
Linkov, 2017 Low Bariatric 

surgery 
− 11.03 
p < 0.01 

↑ 
p < 0.01  

↓ 
p < 0.01       

Mackintosh, 
2018 

Moderate Bariatric 
surgery  − 18.76 

p < 0.0001 

↑ 
p < 0.0001 

↓ 
p <
0.0001 

↓ 
p <
0.0001 

↓ 
p <
0.0001 

↓ 
p <
0.0001 

↑ 
p =
0.0005 

↑ 
p =
0.0051 

↓ 
p <
0.001 

↑ 
p = 0.55 

Vote counting* 4/5 
increase 

2/3 
decrease 

4/4 
decrease 

2/3 
decrease 

2/3 
increase 

2/3 
increase 

2/2 
increase 

2/2 
decrease 

2/3 
increase  
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4.3. Tissue biomarkers 

There was evidence that lifestyle interventions had an effect on tissue 
markers of endometrial cancer, in particular the ki-67 proliferation 
index, with five of five studies reporting a decrease in endometrial 
proliferation following the intervention. This direction of effect was 
consistent across the behavioural, drug/therapeutic, and surgical in
terventions. Two of these five studies were judged to be at a low risk of 
bias. Lu et al., (2013) demonstrated that the use of either the COCP or 
Depo-MPA for up to four months in women with Lynch syndrome was 
associated with a significant post intervention decrease in the Ki-67 
index compared to baseline. Furthermore, Yates et al., (2018) demon
strated that a 16-week physical activity and diet intervention was 
associated with a trend towards reduced endometrial proliferation 
compared to baseline at completion of the intervention. 

Only three studies reported on estrogen and progesterone hormone 
receptor expression pre and post lifestyle interventions. Each of these 
studies were judged to be at a moderate risk of bias and no definitive 
direction of effect for endometrial hormone receptor expression pattern 
was observed in response to lifestyle interventions. Linkov et al., (2014) 
was the only study in the current review to report on tissue markers of 
immune function, including expression of CD20, CD43 and PTEN re
ceptor biomarkers following bariatric surgery. Reduced expression of 
CD20 was observed following bariatric surgery; however, no significant 
changes in other immune marker expression was observed. 

4.4. Circulating biomarkers 

There was evidence that lifestyle interventions had an effect on 
circulating biomarkers of potential endometrial cancer risk. The most 
consistent effects were seen for adiponectin and insulin; markers of 
adiposity and insulin resistance, respectively. Four of five studies 
demonstrated higher adiponectin levels following an intervention when 
compared to baseline. All studies reporting on behavioural and surgical 
interventions demonstrated a trend towards increased adiponectin 
levels post intervention. Three of the five studies were judged to be at a 
low risk of bias and each of these demonstrated an increase in adipo
nectin with intervention. There was only one study judged to be low risk 
that reported on the effect of an intervention on leptin levels, another 
biomarker for adiposity. This study demonstrated a significant reduction 
in leptin levels post bariatric surgery (Table 3). 

Four out of four studies reported lower insulin levels following the 
intervention when compared to baseline, the direction of effect was 
consistent among behavioural, drug/therapeutic, and surgical in
terventions. Only three studies included markers of reproductive func
tion as biomarkers for endometrial cancer development, with results 
conflicting with respect to the direction of effect (Table 3). The present 
synthesis did not demonstrate a direction of effect of lifestyle in
terventions on biomarkers of reproductive function and endometrial 
cancer risk including follicular stimulating hormone, luteinising hor
mone, sex hormone binding globulin, and estradiol. 

5. Discussion 

This review summarises clinically relevant lifestyle interventions to 
prevent the development of endometrial cancer. We identified only few 
studies devoted to the prevention of endometrial cancer, and these 
studies used a variety of intervention types including diet/physical ac
tivity interventions, surgical interventions (bariatric surgery), and hor
monal interventions. Using a SWIM approach summarise the existing 
evidence, notably this review demonstrated positive effects of lifestyle 
interventions on endometrial proliferation as measured by the Ki-67 
index and on circulating biomarkers of adiposity and insulin resis
tance (adiponectin and insulin, respectively) that have been shown to 
play a role in endometrial cancer risk (Soliman et al. 2006; Shevra, 
Ghosh, and Kumar 2015). The reviewed studies did not report any 

negative effects of lifestyle interventions on tissue or circulating bio
markers of endometrial cancer, but many reported difficulties in 
recruiting and retaining participants. 

The Ki-67 proliferation index is a commonly used tissue marker of 
cell proliferation. Ki-67 is readily detected by immunohistochemistry 
and Ki-67 expression is considered to be on a continuum where 10% 
increase in Ki-67 expression is equal to cancer-specific survival hazard 
ratio of 1.31 (Kitson et al. 2017). In addition, studies have demonstrated 
that increased Ki-67 expression is seen in patients presenting with 
atypical endometrial hyperplasia and endometrial carcinoma when 
compared to normal endometrium (Shevra, Ghosh, and Kumar 2015). 
We observed a consistent decrease in five out of five studies that 
measured endometrial proliferation across all types of lifestyle in
terventions in this review. Larger and longer studies would be required 
to assess whether such declines in Ki-67 would translate in reduced 
incidence of endometrial cancer. 

We also demonstrated a consistent decrease in circulating insulin 
levels following four out of four lifestyle interventions. Insulin is known 
to promote cell proliferation by activating the Ras/MAPK and PI3K/AKT 
pathways and also lead to an increase in circulating estrogen and 
endometrial proliferation (Mu et al. 2012). Furthermore, women with 
diabetes have a significantly increased risk of developing endometrial 
cancer when compared to the general population (Saed et al. 2019). This 
increased risk may be due to increased rates of overweight and obesity 
among the diabetic population, or in part be due to the effects of insulin 
therapy or insulin resistance influencing levels of circulating insulin 
(Soliman et al. 2006). We observed an increase in four of five studies in 
circulating adiponectin levels following lifestyle intervention. More 
significant increases were seen with increased weight loss, particularly 
following surgical interventions. Adiponectin levels have been shown to 
be decreased in people with obesity and with type 2 diabetes, each of 
which are independent risk factors for endometrial cancer (Linkov et al. 
2012). Adiponectin has anti-inflammatory properties and higher levels 
of circulating adiponectin has been shown to be correlated with a 
reduced risk of endometrial cancer (Barb, Pazaitou-Panayiotou, and 
Mantzoros 2006; Zeng et al. 2015; Cust et al. 2007). Adiponectin levels 
have been shown to be higher in individuals with a lower body mass 
(Turer et al. 2011). 

Strengths of this review include its focus on healthcare interventions 
for the prevention of endometrial cancer, and use of a pragmatic SWIM 
approach to summarise the emerging evidence for a number of poten
tially useful strategies to reduce endometrial cancer incidence over the 
past decade. Our review was limited by the low number of studies 
available in the existing literature regarding lifestyle interventions for 
endometrial cancer prevention. This does appear to be an evolving area 
of research and we identified several ongoing clinical trials of lifestyle 
interventions for the prevention of endometrial cancer through searches 
of international clinical trials registries. For example, researchers at the 
University of Utah have registered the TIMESPAN trial (time restricted 
eating among native Hawaiian / Pacific Islander women at risk of 
endometrial cancer (ClinicalTrials.gov identifier NCT number 
NCT04763902). Furthermore, researchers at the University of Man
chester have registered a trial investigating the prevention of breast and 
endometrial cancer using total dietary replacement (ISRCTN 15358157, 
https://doi.org/10.1186/ISRCTN15358157). Further descriptions of 
these ongoing trials are available in supplementary table 3. 

We identified several possible challenges in the implementation of 
preventative interventions for endometrial cancer. A large sample size 
and prolonged duration of follow up is required in order to include 
endometrial cancer incidence as a primary outcome. As such, surrogate 
tissue and circulating markers of endometrial cancer pathogenesis have 
been used, but the relevance of impact on these intermediary outcomes 
still needs to be conclusively proven. Several studies reported difficulty 
with patient recruitment and attrition; in these studies, large numbers of 
women were approached in order to often only achieve a small sample of 
participants to undergo the intervention. Common reasons reported for 
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participant attrition included reluctance to attend for painful proced
ures, in particular endometrial sampling, and reluctance to attend follow 
up due to time commitment. In order to maximise the uptake and ben
efits of future intervention for the prevention of endometrial cancer, 
more convenient markers as surrogate measures for endometrial cancer 
risk should be considered. In particular, the use of blood markers that 
negate the need for painful endometrial biopsies may improve partici
pation rates in intervention studies. Recently Njoku et al., (2021) have 
reported accurate endometrial cancer detection through plasma bio
markers glycerophospholipids and hydroxybutyrates. To allow for 
shorter follow up and continued progression of research in endometrial 
cancer prevention the identification of biomarkers and risk prediction 
tools for endometrial cancer would be beneficial. This is an important 
area of ongoing research. 

6. Conclusions 

Here we have described potentially beneficial effects on tissue and 
circulating blood biomarkers that may be associated with the develop
ment of endometrial cancer following lifestyle interventions. These in
terventions were diverse and included diet and physical activity 
programs, the use of hormonal contraceptives or menopausal hormone 
therapy, and surgical weight loss. Given the increasing incidence of 
endometrial cancer and the strong association of endometrial cancer 
with modifiable risk factors including obesity it is critical to continue 
research into endometrial cancer prevention. Further research into 
possible biomarkers of endometrial cancer would aid in greater accep
tance and participation of women in prevention trials. 
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