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Abstract

Endometrial cancer incidence is rising, with 435,000 global cases in 2019. An effective, low
cost primary prevention strategy is required to reduce disease burden. Obesity, insulin resistance
and inflammation contribute to endometrial carcinogenesis and physical activitytargets these
pathways.This study sought to quantify the amount of physical activity required to impact upon
endometrial cancer risk.

Physical activity data from 222,031 female participants with an intact uterus in the UK Biobank
studywere analysed using a multi-variable Cox proportional hazards model. A systematic review
of the literature was performed, searching CENTRAL, Embase and MEDLINE databases up to
19/04/2021. Studies including participants withand without endometrial cancerinvestigating the
effect of physical activity measured in MET-h/week on disease risk were included. Two reviewers
independently selected studies, extracted data and evaluated the risk of bias.

Within the UK Biobank, each 1 MET-h/week increase in total physical activity was associated
with a 0.2% (95%CI 0.1-0.4%, p=0.020) reduction in endometrial cancer risk, equating to a
10.4% reduction if performing 50 MET-h/week or 7 hours of jogging/week. Eleven cohort and

12 case-control studieswere identified in the systematic review, including821,599 participants.
One study reported a non-significant effect of 1 MET-h/week increases in physical activity on
endometrial cancer risk (OR 1.00, 95%CI 0.99-1.00). Eight studies found significant reductions in
disease risk of 15-53%, but only in the mostphysically active individuals.

Physical activity reduces endometrial cancer risk, but the effect size appears small. Regular
vigorous activity should be encouraged to maximise the health benefit observed.
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Introduction

Endometrial cancer accounts for3% of all new cancer cases diagnosed in the UK and 3.5%
of all new cancer cases in the USA (1,2). A woman’s lifetime risk of endometrial cancer

is currently estimated to be 3.1% (3), although for some women their individual risk is
substantially greater than this. Risk factors include increasing age, obesity, insulin resistance
and lifetime oestrogen exposure (4). As a consequence of the increasing prevalence of

these risk factors within the population, endometrial cancer case numbers are rising, with a
doubling in diagnoses in the UK over the last 30 years and a 0.5% increase in age-adjusted
rates year-on-year in the USA (1,2). The increase in disease incidence is not purely limited
to high socio-demographic index (SDI) nations, however, with rising case numbers observed
in nearly all global regions(5). Whilst early presentation with postmenopausal bleeding
means that the majority of cases are diagnosed at an early stage and are potentially

curable with surgery, endometrial cancer deaths are also rising and are projected to become
the 61 most common cause of death in women in the UK by 2035 (6). Treatment for
endometrial cancer is also not without its risks, particularly in an increasingly elderly and
obese population with multiple co-morbid conditions, and in younger women where surgery
will result in loss of fertility.

Strategies aimed at reducing the risk of endometrial cancer are, therefore, urgently required
not only to negate the physical and psychological impact of an endometrial cancer diagnosis
and its treatment, but also to reduce the costs of this disease to national health services.

For primary disease prevention to be effective at a population level, it should not only be
effective, but also inexpensive, accessible and associated with minimal side effects.Physical
activity, by reducing adiposity, improving insulin sensitivity, decreasing serum oestradiol
levels and modulating the immune response, could fulfil these criteria (7—9).Epidemiological
evidence suggests that active individuals could have a 16-25% lower risk of developing
endometrial cancer compared with more sedentary women (10-13). Previously conducted
meta-analyseshave, however, frequently only compared the most with the least physically
active, with limited attempts to establish a dose-response relationship. Indeed, any such
relationship may even be lost once adiposityis adjusted for (12). The close association
between endometrial cancer and obesity may provide some explanation for the significant
heterogeneity in effect size observed between studies, which could be compounded by the
simultaneous analysis of cohort and case-control studies, with the latter at risk of recall

bias. As a result, umbrella reviews of the literature have concluded, on the basis of their
stringent methodological criteria, that there is only ‘probable’ evidence of an association
between physical activity and endometrial cancer prevention (14,15).Before physical activity
can be incorporated into any future endometrial cancer prevention strategies, the optimal
duration and intensity of exercise for cancer risk reduction needs to be determined.(12),

in their meta-analysis in 2020, concluded that there was likely to be a linear relationship
between increasing physical activity and a reduction in endometrial cancer risk, but were
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unable to comment on whether moderate and vigorous activity was more beneficial due to

a small sample size. The authors based their analysis on data from only eight prospective
cohort studies that had contributed to the National Cancer Institute Cohort Consortium, all
of which were conductedin the USA, Europe and Australia. By considering only leisure time
activity, they also failed to consider other domains of physical activity that can contribute
significantly to an individual’s total daily physical activity levels, including transportation
and occupational activity. Subsequent data from the UK Biobank, a large prospective cohort
study of over half a million UK adults, was also suggestive of a linear inverse relationship
between total physical activity levels and endometrial cancer risk (16). The authors here,
however, failed to include almost half of the potential incident endometrial cancer cases
within the dataset in their analysis by excluding individuals with a history of any malignancy
and those with incomplete physical activity data. They alsodid not consider a number of
potential confounding variables including waist circumference and diabetes status and did
not adequately control for women who had undergone a hysterectomy and were, therefore,
no longer at risk of endometrial cancer.

This study, therefore, aims to quantify the amount of total physical activity needed

to significantly impact upon endometrial cancer risk using data from the UK Biobank
study,adjusted for all potential confounding risk factors in the at-risk population. In addition,
it seeks to compare these results with previously published data identified through a
systematic review of the literature. As a secondary objective, it aims to identify the types and
domains of activity associated with the greatest reduction in endometrial cancer risk and the
age at which such activity is most beneficial.

Materials and Methods

UK Biobank study

The UK Biobank is a major national and international health resource, created to
improve the prevention, diagnosis and treatment of serious and life-threatening illnesses,
including cancer(17). The female cohort consists of 273,384 individuals aged between 39
and 71 years, after exclusion of withdrawals from the study. Health, demographic and
anthropometric data were collected using standardised questions posed through computer
terminals and by trained nurses and were supplemented with the donation of biological
samples, including blood, saliva and urine. Cancer diagnoses were ascertained through
linkage to national cancer registries in England, Scotland and Wales. Deaths were
ascertained through linkage to death registries. Complete follow-up was available through to
31st March 2016 for England and Wales and 31st October 2015 for Scotland. Full details
can be found at https://www.ukbiobank.ac.uk.

The study was approved by the North West Multi-Centre Research Ethics Committee
(16/NW/0274), Patient Information Advisory Group (England and Wales) and the
Community Health Index Advisory Group (Scotland). All participants provided written
informed consent. The study was conducted in accordance with the Declaration of Helsinki.

All cancers were recorded within the UK Biobank using either the International
Classification of Diseases 9 or 10 or self-reported data. Identification of endometrial cancer
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cases was performed using all three of these sources. Within the database, each participant
had 9 follow-up time point records for ICD10, 11 follow-up time point records for ICD9 and
9 follow-up points for self-reported cancer status. Cases were characterised as incident or
prevalent using the age when they attended the UK Biobank centre and the age at diagnosis
of endometrial cancer. Cases were regarded as incident if the age of cancer diagnosis was
greater than the age at which they first attended the centreand prevalent if the reverse were
true. If there was a discrepancy between the self-reported age of cancer diagnosis and that
recorded by the cancer registry, the age documented by the cancer registry was used. Only
incident endometrial cancer cases occurring at least two years after recruitment into the UK
Biobank study were considered for this analysis, to minimize the risk of reverse causality.
Female participants were defined as controls if they had no record of endometrial cancer and
had not previously undergone a hysterectomy. Data were censored at date of endometrial
cancer diagnosis, hysterectomy, death or last data collection.

Individuals self-reported their physical activity levels by answering adapted questions from
the validated short International Physical Activity Questionnaire (IPAQ), which covers

the frequency and duration of walking, moderate and vigorous activity. Responses were
considered to be greater than zero if activity was performed for at least 10 minutes

and limited to 180 mins per day, as it was deemed unlikely that individuals would be
undertaking physical activity for longer than this in any one 24 hour period. Time spent
undertaking activities of differing intensity were weighted by the energy expended for each
of these categories using the IPAQ data processing rules and expressed in MET-hours per
week (MET-h/week) (18). A MET-h is a ratio of an individual’s working metabolic rate
compared to a standard resting rate of 1 kcal/kg/hr (defined as quiet sitting for 1 hour).

The Compendium of Physical activities provides a list of specific physical activity types
and their MET values (19). Walking was considered to have a MET value of 3.3, moderate
activity a MET value of 4.0 and vigorous activity a MET value of 8.0. The effect of each
category of variable intensity physical activity on endometrial cancer risk was considered
as a continuous variable expressed in MET-h/week. Total physical activity represented the
summation of each individual category of physical activity intensity and was also considered
as a continuous variable.

Systematic review

The systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guidelines (20).

Data sources and searches—Acomprehensive literature search was conducted using
CENTRAL, Ovid Embase, and Ovid MEDLINE databases. The databases were searched
from date of inception to 19t April 2021. Search terms were “endometrial cancer” and
physical activity” with associated Medical Subject Headings (MeSH). The full search
strategy for each database can be found in Supplementary methods 1.In addition, grey
literature including conference proceedings, internal gynaecological oncology journals,
clinical trial databases and reference lists of included studies were hand searched for eligible
publications.
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Study selection—Studies investigating the effect of physical activity on endometrial
cancer risk as either a primary or secondary outcome were eligible for inclusion. Whilst

all domains of physical activity were considered, including recreational and occupational
activity, sufficient information must have been collected during the study about the type and
duration of physical activity performed to allow MET-h/week to be calculated. No limits
were placed on the age or BMI of study participants. All study designs were included in
order to ensure a comprehensive analysis of the literature. Studies were required to include a
reference population who did not develop endometrial cancer for comparison. Searches were
restricted to English language publications.

Data extraction—Titles and abstracts were collated into Microsoft Excel 2016. Duplicate
publications were removed using Endnote 20. All titles and abstracts were screened
independently by two reviewers (OA and JP). Conflicts were resolved by agreement with a
third reviewer (SK). Those studies identified as meeting the inclusion criteria underwent full
text review and data extraction by two independent reviewers (OA and JP).

Baseline data extracted included study design, selection criteria, number of participants and
endometrial cancer cases, setting, follow-up, demographic data, domain of exercise studied
and risk estimates, such as odds ratios and hazards ratios with corresponding 95%Cls

and the adjustment variables in multivariable analyses. Study authors were contacted for
additional information where this was not provided in the original publication.

A risk of bias (RoB) assessment was undertaken independently by two reviewers (OA
and JP), based on the ROBINS-1 tool (21)(Supplementary methods 1), with discrepancies
resolved through discussion with a third reviewer (SK). The RoB assessment included the
risk of confounding, selection, information, deviation from intended intervention, missing
data, detection and reporting bias.

Statistical analysis

Continuous and categorical variables in the UK Biobank dataset were compared using a
Mann-Whitney U and Chi-square test, respectively. Multiple imputationwas performed to
deal with missing data in the UK Biobank dataset, which was assessed to be missing at
random. The proportion of missing data for each variable is reported in table 1. A Cox
proportional hazardsmodel was used to determine the association between total physical
activity and endometrial cancer risk, using time from baseline assessment as the underlying
time variable.Hazard ratios and corresponding 95% confidence intervals were calculated
after checking the proportional hazards assumption graphically with log-log plots and by
examiningSchoenfoeld’s residuals. A multivariable model was generated, adjusting for
potential confounders of endometrial cancer risk including age (logarithmic), body mass
index (BMI), waist circumference, age at menarche (squared), age at last birth (squared), age
at menopause (<55 years or =55 years), HRT use (current, never/prior), oral contraceptive
pill use (never/use for <5 years, use for =5 years), tamoxifen use (current, never/prior),
type 2 diabetes mellitus (yes, no) and smoking (never, current/prior).Data on family history
of endometrial cancer was, unfortunately, not collected from the UK Biobank cohort.A
family history of bowel cancer in at least one first degree relative has been shown to be

Cancer Prev Res (Phila). Author manuscript; available in PMC 2022 September 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Kitson et al.

Page 6

associated with a statistically significant increase in the risk of endometrial cancer because
of shared genetic (Lynch syndrome) and lifestyle factors (22). A family history of bowel
cancer (none, one or more first degree relatives diagnosed) was, therefore, also included in
the multivariable model. The impact of transformation of predictor variables and restricted
cubic splines on model fit was assessed using themvrs program in Stata. Sensitivity analyses
were undertaken to examine the effect of excluding self-reported endometrial cancer cases
and of imputing missing data.

All analyses were performed using STATA version 14(23). A p value <0.05 was considered
statistically significant.

Public and patient involvement

Results

The research question was developed in collaboration with clinicians, patients and the
general public as part of a James Lind Alliance Priority Setting Partnership, in which

the development of a personalized risk score to reflect an individual’s risk of endometrial
cancer and the identification of prevention strategies were identified as the most important
unanswered research question (24).

UK Biobank

In total, 902 cases and 221,129 controls were eligible for analysis. No incident ICD-9
coded endometrial cancer cases were identified. Eight cases were based on a self-reported
diagnosis of endometrial cancer which could not be verified in the linked cancer registry
data. In total, 5817 and 479 women in the control group died and/or underwent a
hysterectomy during follow-up, respectively.The baseline characteristics of cases and
controls within the UK Biobank are described in table 1. As anticipated, cases were older at
the time of recruitment into the study, had a higher BMI, were more likely to have type 2
diabetes and to have longer periods of endogenousoestrogen exposure (p<0.0001). Women
who did not develop endometrial cancer during follow-up were significantly more physically
active at study recruitment than those subsequently diagnosed with the disease (median
MET-h/week 28.7 (IQR 13.3-55.8) vs. 23.4 (10.6-49.8), p<0.0001). A linear dose-response
relationship between increasing physical activity levels and endometrial cancer risk was
observed.A 1 MET-h/week increase in physical activity was associated with a 0.4% (95%ClI
0.2-0.6, p<0.0005) reduction in endometrial cancer risk, after adjusting for age alone. In

a multivariable analysis taking baseline BMI into account, the effect size was reduced,

with each 1 MET-h/week increase in total physical activity associated with a 0.2% (95%ClI
0.01-0.4, p=0.020) reduction in endometrial cancer risk. This effect equated to a 10.4%
(95%CI 1.7-18.3, p=0.020) decrease in endometrial cancer risk for each additional 50
MET-h/week of physical activity or 7 hours of jogging (assuming jogging is equivalent to
7.0 MET-h)(19). Walking and moderate intensity physical activity were associated with
statistically significant decreases in endometrial cancer risk, with each 1 MET-h/week
increase associated with a decrease in endometrial cancer risk of 0.5% (95%CI 0.1-0.9%,
p=0.027) and0.4% (95%CI 0.1-0.8, p=0.042), respectively. Increasing levels of vigorous
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activity were associated with a smaller, non-significant, reduction in endometrial cancer risk
(HR 0.998, 95%CI 0.994-1.003, p=0.427).

Sensitivity analysis showed no effect of excluding self-reported endometrial cancer cases
(HR 0.998, 95%CI 0.996-0.999, p=0.023). Whilst the effect size was unchanged when only
un-imputed data was considered, the result was no longer statistically significant (HR 0.998,
95%CI 0.996-1.001, p=0.161).

Systematic review

Study selection and characteristics—Database and hand searching initially identified
3954 articles, of which3871 were excluded due to duplicate publications (n=409) or
irrelevance (n=3462). Of the 83 full text articles reviewed, 23 met the eligibility criteria

for this review and were included, including 12 case-control studies and 11 cohort studies
(figure 1)(25-47). A detailed summary of the characteristics of the included studies is shown
in table 2.

A total of 821,599participants were included in this review, including 10,445endometrial
cancer cases, with the age of participants ranging from 18 to >84 years. The included studies
were conductedin a wide range of geographical locations, including USA, Canada, Mexico,
UK, Norway, Sweden, Poland, The Netherlands, Europeand China. Cohort studies frequently
recruited women from the general population, with the exception of those studies focusing
on health professionals (28,30) and teachers (29). (44)conducted a study ofworld-class
professional Norwegian athletes and compared their incidence of cancer with that of the
general population. Data were collected by self-administered questionnaire in 14 studies
and by interview in the remaining nine.None of the studies measured physical activity
objectively, instead relying on patient recall. The studies considered a range of domains

of physical activity including recreational, occupational, household activity and physical
activity for transportation, either singularly or in combination as “total physical activity’.
Whilst the majority of studies asked participants to report the number of hours of each
activity performed in a specific time period, (27) and (31) also collected data on sleep
duration to allow the calculation of total MET-h of activity in a 24 hour period. As a

result, the median and total reported MET-h/week varied dramatically between studies,
with the most active individuals in the study by (31)undertaking more than 46 MET-h/day.
Reported physical activity levelswere also influenced by whether studies considered all
intensities of physical activity undertaken or solely reported on moderate and vigorous
activity (25,29,34,37,40). Endometrial cancer risk estimates were based on long-term
physical activity levels in seven studies(25,29,30,33,36,39,41), with the others considering
short term snap shots of activity only. With the exception of the study by (43), all studies
provided adjusted estimates of endometrial cancer risk. The majority of studies adjusted for
many of the most important endometrial cancer risk factors, including age, BMI, parity, age
at menarche and menopause, oral contraceptive pill and hormone replacement therapy use
and family history of endometrial and/or colorectal cancer. Fourteen studies also reported
estimates of endometrial cancer risk without BMI adjustment (25-28,30-35,38,42,44,47)
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Primary outcome—A summary of the results of the 23 included studies is provided in
table 3. Only one study published data on the effect of 1 MET-h/week on endometrial cancer
risk, finding a non-significant odds ratio of 1.00 (95%CI 0.99-1.00) (33). The authors of the
remaining 22 studies were contacted for this information but either did not reply (n=10) or
were unfortunately unable to access the original study data for re-analysis (n=12). For this
reason, alongside the significant variability in study design, a meta-analysis could not be
performed.

Of the 11 cohort studies appraised, five found a statistically significant reduction in
endometrial cancer risk with increasing physical activity, withrisk estimates ranging from
0.54-0.85(26,28,29,34,46). These risk estimates were based on performing 10.5 hours of
total physical activity or five hours of moderate and vigorous activity each week compared
with individuals performing less than 30 minutes of total physical activity each day or

no moderate or vigorous activity.Whilst the risk estimates were reducedin each of these
studies following BMI adjustment, the range remained the same, althoughonly three
studies demonstrated statistically significant effects of physical activity on endometrial
cancer risk in multivariable analyses (25, 30, 42).Five of the 12 case-control studies

also found statistically significant reductions in endometrial cancer risk with increasing
physical activity levels in both age-adjusted and multivariable analyses(25,35,36,39,45).
BMI-unadjusted odds ratios ranged from 0.46-0.65, when comparing those in the most
active with those in the least active groups, with slightly higher odds ratios observed
following BMI adjustment (0.47-0.71). The greatest reduction in endometrial cancer risk
was seen in the study by (45), where =38 MET-h/week or 5 hours of vigorous physical
activity each week was associated with a 53% (95%CI 14-74%) reduction in endometrial
cancer risk compared with women undertaking <29 MET-h/week or 3.5 hours of vigorous
activity each week, after adjusting for age, anovulatory index, smoking, menopausal status,
hypertension, diabetes and BMI.Theremaining studies found no statistically significant
effect of increasing physical activity levels on endometrial cancer risk, with the exception of
the study by (40), which failed to report the effect of physical activity on endometrial cancer
risk, despite collecting the relevant data.

Secondary outcome—No studies reported the effect of different types of physical
activity on the risk of endometrial cancer in continuous MET-h/week. Eighteen of the

23 included studies undertook at least one analysis to determine whether the domain or
intensity of physical activity performed impacted upon endometrial cancer risk (25,27—
39,41,42,46,47). Four of the 10 studies that assessed vigorous or moderate and vigorous
activity together found a statistically significant reduction in endometrial cancer risk for

the most active compared with the least active group (25,29,34,36). Endometrial cancer
risk reductions ranged from 23-36% in those undertaking between three and eight hours

of vigorous activity per week compared with women who never or rarely undertook
physical activity of this intensity. Two studies noted a decrease in endometrial cancer risk in
association with increasing levels of light physical activity only, with up to a 40% reduction
in endometrial cancer risk for women undertaking more than 3.7 hours of walking each
week compared with those performing no physical activity(33,38).
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Two studies found a statistically significant reduction in endometrial cancer risk in

women undertaking regular recreational activity, with risk reductions of 36-46% for

women performing at least 90 minutes of recreational activity each day or 16.9 MET-h/
week compared with those performing minimal recreational activity (33,46). (39)found a
statistically significant decrease in endometrial cancer risk in women walking daily for
transportation for more than one hour (OR 0.64, 95%CI 0.47-0.87, p-trend<0.01) and in
those performing more than three hours of household chores each day (OR 0.62, 95%Cl
0.46-0.85, p-trend<0.01). No other statistically significant relationships between domain or
intensity of physical activity and endometrial cancer riskwere noted in the remaining studies.

Eleven studies investigated the effect of either long term physical activity or physical activity
levels at different points in a woman’s lifetime on endometrial cancer risk (27,29,30,33-
36,39,41,42,47). The findings were inconsistent, with three studies finding increased benefit
with sustained high physical activity levels (12,36,42) and the others noting no demonstrable
difference (27,29,30,33-35,41,47).

Risk of bias in included studies—The risk of bias summary and assessment for each
individual study is shown in figure 2. Overall, the 11 cohort studies were considered at
moderate risk of bias whilst the 12 case-control studies were considered at high risk of bias,
predominately due to the risk of recall bias in a number of studies.

Of the included studies, 18were considered to be at low risk of selection bias as participants
were selected from the general population and physical activity levels were assessed

after participant recruitment(25-36,38,42,43,45-47). (44)assessed cancer risk in Norwegian
world-class athletes, thereby placing this study at high risk of selection bias. (40)restricted
their inclusion criteria to obese women and compared their physical activity levels with
women undergoing a hysterectomy for benign indications and whose activity levels may
have been affected by their underlying pathology. The study by (12) was deemed to be

at unclear risk of selection bias as there was a 12% lower response rate from controls

than cases, which may have impacted upon the results observed. A further study was also
assessed to be at unclear risk of selection bias due to the identification of controls from lists
of driving license holders, who may have been less physically active than women without a
driving license and who relied on walking or bicycling for transportation (41).

Eleven studies were deemed at unclear risk of performance bias as they did not report
whether study personnel were blinded to endometrial cancer diagnosis at the time of
participant interview (25,33,35-39,41,43,45,47). This was because of the potential risk of
recall bias and influence in interviews of lifestyle factors on cancer diagnosis.

Only one study was considered at high risk of detection bias as endometrial cancer
diagnoses were based on patient report only (43). All other studies were considered at low
risk due to endometrial cancer case ascertainment through cancer registries and histological
confirmation.
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None of the included studies published their protocols prospectively. Seven studies were
considered to be at unclear or high risk of reporting bias as they failed to report all data
collected (26,38,40,42,43,45,46).

Threestudies were considered at low risk of information bias as data were collectedusing
questionnaires whose reliability had been checked through comparison with other well
described questionnaires or within the same individuals over time and had been validated
against objective measurements of physical activity using accerolometers(25,26,38). Four
further studies were also considered at low risk of information bias as the questionnaires
used had been shown to be reliable although their validity had not been assessed (29-31,33).
This decision was taken based on the relatively modest correlation between all subjective
assessments of physical activity tested and accelerometer-measured activity levels.Nine
studies were deemed to be at unclear risk of information bias as the questionnaires used

did not appear to have been assessed for reliability and had not been validated (26-31,34—
37,40-42,46). Whilst there is a risk of recall error in case-control studies, which, by their
nature, require participants to retrospectively recall information whilst being aware of their
outcome status, such studies were not considered at increased risk of information bias if

a broad range of data on potential endometrial cancer risk factors were collected at the

time of interview and/or the study authors utilised techniques to minimize the possibility

of systemic over or under-reporting of physical activity levels.Seven studies in total were
assessed to be at high risk of information bias (32,39,40,43-45,47). Three studies used
non-validated questionnaires whose reliability had not been assessed and did not attempt

to mitigate the risk of biased recall of physical activity levels (43,45,47). The study by

(40) utilized a questionnaire designed to quantify fitness levels and which has not been
assessed for use in determining physical activity levels. The questionnaire used by (32)had
previously been shown to satisfactorily rank participants in terms of their activity levels, but
information about duration and frequency of some activity types were lacking with a risk

of measurement error in other domains. (39)reported occupational activity based on job title
only and (44)used next-of-kin in 416 instances to quantify physical activity levels as the
subjects themselves were deceased.

All but one study wasconsidered at low risk of confounding bias as they had adjusted for at
least one variable in their analysis (43).

Discussion

In this study we assessed the impact of physical activity levels on endometrial cancer

risk in a primary analysis of participants of the UK Biobank and through a systematic
review of the literature.Data from the UK Biobank revealed a statistically significant
reduction in endometrial cancer risk with each 1 MET-h/week increase in total physical
activity. Only one previously published study, by(33), was identified through the systematic
review to have reported on the impact of a 1 MET-h/week increase in physical activity

on endometrial cancer risk, finding no significant effect of increasing lifetime physical
activity. Tenof the cohort and case-control studies reviewed found a statistically significant
reduction in endometrial cancer risk but only in the group of most active individuals,

who wereundertaking regular vigorous physical activity for at least five hours each week,
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equating to approximately 40 MET-hours/week. Whilst only eight of these studies retained
statistically significant results following BMI adjustment, suggesting some obscuring of the
true impact of physical activity on endometrial cancer prevention, the overall range of effect
size remained unchanged. Vigorous and sustained physical activity over an individual’s
lifetime may be associated with a greater reduction in endometrial risk, although study
findings were inconsistent. These results suggest that large amounts of physical activitymay
be neededfor an individual’s endometrial cancer risk to be reducedsignificantly. Currently,
there is limited evidence on which to base firm recommendations about the type and
amount of physical activity associated with the greatest reduction in endometrial cancer risk.
More robust studies aimed at quantifying the impact of physical activity in MET-h/week

on endometrial cancer risk are required to standardise findings and allow for inter-study
comparisons.

The World Health Organisation (WHO) and US Physical Activity Guidelines Advisory
committee recently concluded that there was moderate to high-certainty evidence that

high physical activity levels were associated with a reduction in endometrial cancer risk,
based on their appraisal of a number of systematic reviews and meta-analyses that have
been conductedon the topic to date (48,49). The largest of these meta-analyses found

that compared with individuals who undertook ‘low’ levels of physical activity, those that
participated in ‘high’ levels had a 20% lower risk of endometrial cancer (RR 0.80, 95% CI
0.75 - 0.85)(10). This meta-analysis was conducted, however, by pooling the results of 33
studies that had variably defined ‘high’ and ‘low’ physical activity levels and incorporated
different types and intensities of physical activity. There also appeared to be a disparity
between the level of cancer risk reduction observed between cohort and case-control
studies, with only a 16% reduction found in the more methodologically robust cohort
studies.Neither the WHO nor the US Physical Activity Guidelines Advisory committee
were able to comment on the nature of any dose-response relationship between physical
activity and endometrial cancer risk or advise on the optimal type and intensity of activity
to be undertaken, which this study aimed to address.(50) had previously suggested that a 3
MET-h/week increase in leisure time activity could be associated with a non-significant 2%
(95%CI 0-5%) reduction in endometrial cancer risk based on their review of three cohort
and three case-control studies, which are also included in this review (25,28,32,33,39,42).
The authors found moderate heterogeneity between studies, a likely reflection of differences
in study design and approach to calculation of physical activity levels, and had usedmodelled
risk estimates based on limited reported data, with the inherent inaccuracies associated with
this statistical approach (51). (12)alsoattempted to address the question of the dose-response
relationship between increasing physical activity levels and endometrial cancer risk and
found, as in this study, that the association was approximately linear. Unlike in this study,
however, they noted, that the relationship was no longer statistically significant after BMI
was taken into account (HR 1.02, 95%CI 0.91-1.14). This may reflect the fact that total
physical activity levels were considered in the present study compared with only leisure-time
activity in the earlier meta-analysis.

The current study, as well as providing an up to date review of the literature on the effect
of physical activity on endometrial cancer risk, also presents novel data from the UK
Biobank, a large biomedical resource containing detailed demographic and anthropometric
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information on over 250,000 women with linkage to the national cancer registry. Multiple
imputation was utilised to deal with the modest amount of missing physical activity

data and sensitivity analyses performed to determine the impact of this on the results
observed. Appropriate statistical analysis techniques, including cubic spline analysis, were
also employed to investigate the dose-response relationship between physical activity and
endometrial cancer risk. Whilst thephysical activity levels studied here were self-reported,
they were determined using a widely utilised questionnaire, validated against objectively
measured physical activity levels as determined by an accelerometer (52,53). Although the
correlation between self-reported and accelerometer measured physical activity levels is
relatively modest with all surveys in current use, self-reported data do allow the accurate
ranking of individuals within a population and hence the determination of a dose-response
relationship, which was the focus of this study. Thus whilst the use of self-reported physical
activity levels may have underestimated effects on disease risk, these data were used

in preference to those based on accelerator-measured physical activity as accelerometers
were worn by only 80,000 participants in the UK Biobank study and had shorter follow-

up duration. The UK Biobank, like many cohort studies, has been shown to include a
preferentially healthy population, of lower BMI and with fewer co-morbidities than the
general population (54). The disease-exposure relationships observed in this analysis are in
keeping with those previously published in the literature and along with the heterogeneity in
physical activity levels observed within the cohort means that the findings reported here are
generalizable to other populations.

The systematic review was conducted in accordance with the gold-standard methodology
proposed by The Cochrane Collaboration and included a wide and systematic search of the
literature to identify eligible studies, including hand searching of the grey literature and no
limitations on publication or study type, with the exception of language. The risk of bias

in the review process was minimised by having two authors independently screening titles,
abstracts and full texts, with consensus reached in the presence of a third assessor in the case
of disagreements. In addition, two authors worked independently to extract the data and to
assess the risk of bias of included studies.

Alimitation of this study is the fact that it was not possible to complete a dose-response
assessment of the effect of physical activity on endometrial cancer risk across more of the
studies identified in the systematic review. Despite making contact, many study authors
were unable to accessthe primary data due to the length of time since completion of

their studies. The significant differences between studies in the methodology employed to
calculate MET-h/week of physical activity, including the types of physical activity assessed
and whether this incorporated all activity within a 24-hour period including sleep, would
anyway have meant that any meta-analysis would have had to combine smaller numbers of
similarly conducted studies only. It was also not possible to assess the most beneficial type
or intensity of physical activity or the age at which it has maximal impact on endometrial
cancer risk for the same reasons. Norandomised controlled trials have been performed to
investigate the effect of physical activity on endometrial cancer risk and are unlikely to
ever be undertaken given that in excess of 35,000 high-risk women would potentially need
to be recruited and followed up for 5 years for any benefit to be observed according to
calculations performed using similar data for breast cancer prevention(55). Any conclusions
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about the effect of physical activity on endometrial cancer riskwill, therefore, continue to
be basedon observational data only. Whilst this review included 23 studies and over 10,000
endometrial cancer cases, there were concerns about the moderate to high risk of bias in
included studies and inconsistency in reported results, which reduces the level of certainty
around the evidence.

This study, like previous meta-analyses, has considered the impact of physical activity on
endometrial cancer risk in isolation, without taking into account its important preventive
effect on weight gain and the development of obesity and the potential value it may add

to a dietary intervention as part of a weight loss strategy. This has not been possible as

the majority of included primary studies have collected data on physical activity and BMI
at study entry only, which has usually been in mid-life, and have not documented long

term changes in physical activity and BMI levels. When this has been explored within the
NIH-AARP Diet and Health study using mediation analysis, it appears that the majority
(56-63%) of the benefit from increased physical activity in preventing endometrial cancer is
mediated through a reduction inthe risk of obesity (56). Encouragingly, the authors of that
study were also able to demonstrate that previously inactive individuals gained a substantial
benefit from increasing their physical activity levels in mid-life, suggesting that it is never
too late to take up physical activity. This study did, however, rely on retrospectively recalled
physical activity and BMI data and included only 1468 endometrial cancer cases, resulting
in wide confidence intervals.

Any future studies of physical activity and endometrial cancer risk need to take the effect
of physical activity on BMI into account and should, ideally,be prospectively conducted
using standardised methodology to allow for pooling of results and a meaningful meta-
analysis. Theyshould incorporate objective measurement of physical activity levels using
accelerometers to reduce the risk of information bias. Categorisation of data should be
avoided, wherever possible, to maximize information gathering. Studies should focus on
the effects of different types of physical activity on endometrial cancer risk and the age at
which such activity has maximal beneficial effect. Until more evidence is available, women
of all ages should continue to be encouraged to undertake 150 minutes of moderate to
vigorous physical activity each week for its broader health benefits in line with World Health
Organisation recommendations(49).

Conclusions

There is a paucity of high quality evidence to determine the dose-response relationship
between physical activity and endometrial cancer risk. The available data indicate a weak
inverse linear relationship, withfrequent prolonged periods of physical activity associated
with greatest endometrial cancer riskreduction. Regular vigorous physical activity is
encouraged to maximise the health benefit observed, in line with WHO recommendations.
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Prevention relevance statement

Effective, low cost primary prevention strategies are urgently needed to tackle the rapid
global increase in endometrial cancer. We sought to quantify the effect of physical
activity on endometrial cancer risk, noting a linear inverse relationship influenced by
BMI. The most beneficial type and amount of activity remains unclear.
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3942 records identified
through database

12 additional records
identified through

searching

other sources

Figure 1.

l |

409 duplicates removed

|

3545 records screened

Page 19

|

83 full-text articles

3462 records excluded

assessed for eligibility

\ 4

23 studies included in
qualitative review: 12
case-control, 11 cohort
studies

60 full-text articles excluded:

26 insufficient data collected to
calculate MET-h

14 systematic reviews

6 conference proceedings with
no relevant abstract

4 duplicate reports of the same

study

6 studies using population-
level data rather than
individual participant data

2 wrong intervention
1 wrong outcome

1 non-English publication

Flow diagram of study selection. Of the 3954 records identified through a systematic search
of the literature, 83 full text articles were assessed for eligibility, of which 23 were included
in the qualitative analysis.
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Figure 2.
Risk of bias summary a) per individual study b) per domain. a) Cohort studies were

considered to be at moderate risk of bias overall whilst case-control studies were generally
considered at high risk of bias due to the potential for recall bias. b) At least one study was
considered to be at high risk of bias in all of the domains considered, with the exception of
performance bias.
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Table 1

Demographic and baseline characteristic data for endometrial cancer cases and controls in the UK Biobank
cohort, including proportion of missing data. Results given as median (IQR) or n (%).

Characteristic Endometrial cancer cases (n=902) | Controls(n=221,129)
Ageat recruitment, years 61 (55-65) 56 (49-62)
Duration of follow-up, years 4.1(2.6-5.7) 7.2 (6.4-7.7)
BMI, kg/m?

<25.0 204 (22.6) 92048 (41.6)
25.0-29.9 300 (33.3) 79448 (35.9)
30.0-34.9 190 (21.1) 32373 (14.6)
35.0-39.9 106 (11.8) 11092 (5.0)
240.0 94 (10.4) 4983 (2.3)
Missing 8(0.9) 1185 (0.5)
Ethnicity

White 848 (94.0) 207755 (94.0)
Black or Black British 8(0.9) 3651 (1.7)
Mixed 4(0.4) 1591 (0.7)
Indian 14 (1.6) 2514 (1.1)
Pakistani 2(0.2) 634 (0.3)
Bangladeshi 0(0.0) 62 (0.03)
Chinese 4(0.4) 879 (0.4)
Other Asian 3(0.3) 724 (0.3)
Other ethnic background 14 (1.6) 2192 (1.0)
Missing 5 (0.6) 1127 (0.5)

Family history of colorectal cancer

Yes 117 (13.0) 23037 (10.4)
No 785 (87.0) 198092 (89.6)
Smoking

Never 586 (65.0) 132288 (59.8)
Current/previous 310 (34.4) 87599 (39.6)
Missing 6(0.7) 1242 (0.6)
Waist circumference, cm 90 (81-101) 82 (75-91)
Missing 4(0.4) 904 (0.4)
Age at menarche, years

<12 233 (25.8) 40685 (18.4)
>12 605 (67.1) 160601 (72.6)
Missing 64 (7.1) 19843 (9.0)

Age at menopause, years

Pre-menopausal at study entry 146 (16.2) 72740 (32.9)
<55 568 (63.0) 126502 (57.2)
>55 188 (20.8) 21887 (9.9)
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Characteristic Endometrial cancer cases (n=902) | Controls(n=221,129)
Ageat last birth, years 27 (18-31) 29 (23-33)
Missing 6(0.7) 1345 (0.6)
HRT use

Never/prior use 790 (87.6) 198695 (89.9)
Current use 62 (6.9) 12303 (5.6)
Missing 50 (5.5) 10131 (4.6)
Oral contraceptive pill use

<5 years or never use 465 (51.6) 79849 (36.1)
5 years 354 (39.3) 121244 (54.8)
Missing 83(9.2) 20036 (9.1)
Tamoxifen use

Current 15(1.7) 1320 (0.6)
Never/prior use 887 (98.3) 219809 (99.4)
Type 2 diabetes

Yes 73(8.1) 5587 (2.5)

No 825 (91.5) 214517 (97.0)
Missing 4(0.4) 1025 (0.5)
Walking M ET-h/week 8.3 (4.4-23.1) 11.6 (5.5-23.1)
Missing 211 (23.4) 48782 (22.1)
M oder ate activity MET-h/week 7.0 (1.3-18.7) 8.0 (2.0-20.0)
Missing 211 (23.4) 48782 (22.1)
Vigorous M ET-h/week 2.0 (0.0-10.7) 2.7 (0.0-12.0)
Missing 211 (23.4) 48782 (22.1)
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