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Please cite the Report as follows:
World Cancer Research Fund / American Institute for Cancer Research. Continuous Update Project
Report. Food, Nutrition, Physical Activity, and the Prevention of Endometrial Cancer. 2013.
Available at http://www.dietandcancerreport.org.
This report provides an updated version of section 7.12 Endometrium from the Second Expert
Report: Food, Nutrition, Physical Activity and the Prevention of Cancer: a Global Perspective. This
section has been updated based on Panel discussions in June 2013 on the Continuous Update
Project Endometrial Cancer Systematic Literature review (SLR), prepared by the research team at
Imperial College London, UK in 2012 (see acknowledgements). The SLR included research papers
published until 31st December 2012. For further details please see the full 2012 Continuous
Update Project Endometrial Cancer SLR (www.dietandcancerreport.org).
To keep the evidence current and updated into the future, WCRF/AICR is undertaking the
Continuous Update Project (CUP), in collaboration with Imperial College London. The project is an
ongoing review of food, nutrition, physical activity, body fatness, and cancer research. The CUP
builds upon the foundations of the WCRF/AICR Second Expert Report (SER) [1].
The Continuous Update Project provides a comprehensive and up to date depiction of scientific
developments on the relationship between food, nutrition, physical activity, body fatness and
cancer. It also provides an impartial analysis and interpretation of the data as a basis for reviewing
and where necessary revising WCRF/AICR's Recommendations for Cancer Prevention based on the
Second Expert Report [1].
In the same way that the Second Expert Report was informed by a process of SLRs, the Continuous
Update Project systematically reviews the science. The updates to the SLRs are being conducted
by a team of scientists at Imperial College London in liaison with the original SLR centres.
WCRF/AICR has convened a panel of experts (the Continuous Update Project Panel (see
acknowledgements)) consisting of leading scientists in the field, who consider the updated
evidence from systematic literature reviews and draw conclusions.
Once all the cancers have been updated in the CUP database in 2015, the Panel will formally
review the WCRF/AICR Recommendations for Cancer Prevention, and any changes will be
communicated through the WCRF global network science, health information and communications
programmes in 2017. From 2015 the CUP database will be continuously updated with new
evidence for each cancer. Prior to 2017 the Panel will revise one or more Recommendations only
if they agree there is strong evidence for a change.
Instead of periodically repeating the extensive task of conducting multiple systematic literature
reviews that cover a long period of time, the continuous review process is based on a live system of
scientific data. The database is updated on an ongoing basis from which, at any point in time, the
most current review of scientific data (including meta-analyses where appropriate) can be
performed.
Periodically WCRF/AICR will produce updated SLRs, peer reviewed by scientists, which will outline
the scientific developments in the field of food, nutrition, physical activity, body weight and cancer.
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FOOD, NUTRITION, PHYSICAL ACTIVITY AND
ENDOMETRIAL CANCER 2013
DECREASES RISK
Convincing
Probable

Physical activity2

FOOD, NUTRITION, P
ENDOMETRIAL CANC

DECREA

INCREASES RISK
Body fatness1

Convincing

Glycaemic load

Probable

Physical a
Coffee3

Coffee

3

Limited suggestive
Limited no conclusion

Sedentary habits4

Adult attained height5
Cereals (grains) and their products; fruits; vegetables;
pulses (legumes); soya and soya products; red meat;
processed meat; poultry; fish; eggs; milk and dairy
products; dietary fibre; total fat; animal fat; saturated
fatty acids; cholesterol; tea; glycaemic index; protein;
retinol; beta-carotene; folate; vitamin C; vitamin E;
multivitamins; alcohol; acrylamide; dietary pattern; and
lactation

1 The Panel interpreted BMI (including BM
weight gain as interrelated aspects of b
2 Physical activity of all types: occupation
3 The effect is found in both caffeinated

Substantial
effect unlikely
1 The Panel interpreted BMI (including BMI at age 18-25 years), measures of abdominal girth, and adult
weight gain as interrelated aspects of body fatness as well as fat distribution
2 Physical activity of all types: occupational, household, transport and recreational
3 The effect is found in both caffeinated and decaffeinated coffee and cannot be attributed to caffeine
4 Sedentary habits as marked by sitting time
5 Adult attained height is unlikely to modify the risk of cancer. It is a marker for genetic, environmental,
hormonal, and also nutritional factors affecting growth during the period from preconception to
completion of linear growth

Overall, the Panel notes the strength of the evidence that body fatness and
glycaem ic load are a cause of endom etrial cancer, and that physical activity and
coffee protect against endom etrial cancer.
	
  
The Panel judges as follows:
The evidence that body fatness (which the Panel interprets to be reflected by body
m ass index (BM I), m easures of abdom inal girth and adult weight gain) is a cause
of endom etrial cancer is convincing. Glycaemic load is probably a cause of
endom etrial cancer, and physical activity and coffee both probably protect against
this cancer.
The evidence suggesting that sedentary habits (marked by sitting time) and adult
attained height are causes of endom etrial cancer is lim ited. Evidence for red meat
and non-starchy vegetables is less consistent and is no longer suggestive of an
association for either exposure, so no conclusions could be drawn.
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1. Trends, incidence, and survival
The endometrium is the lining of the uterus. It is subject to a process of cyclical change during the
fertile years of a woman’s life. The majority of cancers that occur in the body of the uterus (womb)
are endometrial cancers, mostly adenocarcinomas [2].
Endometrial cancer is the sixth most common cancer in women worldwide (and the twelfth most
common cancer overall) [3]. Around 290,000 new cases were recorded in 2008, accounting for
nearly 5 per cent of all new cases of cancer in women (2 per cent overall).
It is mainly a disease of high-income countries, where the highest incidence of endometrial cancer
is in North America, and Central and Eastern Europe; and the lowest incidence in Middle and
Western Africa [3]. Age-adjusted rates of endometrial cancer are increasing in countries
undergoing transition from low- to high-income economies; although there is no clear, overall trend
in high-income countries. Around the world, age-adjusted incidence rates range from around 15
per 100 000 women in North America and parts of Europe, to less than 5 per 100 000 in most of
Africa and Asia [3]. In the USA, rates are higher in white women than among those from other
ethnic groups, although mortality rates are higher in black women [4, 5]. Risk increases with age,
with most cases diagnosed after menopause.
Endometrial cancer often produces symptoms at relatively early stages, so the disease is generally
diagnosed early. The overall 5-year survival rate is relatively high, although it is lower in middlethan in high-income countries [6, 7]. For example in the US, the 5-year relative survival rate (which
compares the 5-year survival of people with the cancer to the survival of others the same age who
don't have cancer) for all endometrial cancer cases is about 69% [8].
Endometrial cancer accounts just under 1 per cent of all cancer deaths (2 per cent of cancer
deaths in women) [3]. Also see box 7.1.1.
Box 1 Cancer incidence and survival
The cancer incidence rates and figures given here are those reported by cancer registries, now established
in many countries. These registries record cases of cancer that have been diagnosed. However, many
cases of cancer are not identified or recorded: some countries do not have cancer registries; regions of
some countries have few or no records; records in countries suffering war or other disruption are bound to
be incomplete; and some people with cancer do not consult a physician. Altogether, this means that the
actual incidence of cancer is higher than the figures given here. The cancer survival rates given here and
elsewhere are usually overall global averages. Survival rates are generally higher in high-income countries
and other parts of the world where there are established services for screening and early detection of
cancer and well established treatment facilities. Survival also is often a function of the stage at which a
cancer is detected and diagnosed. The symptoms of some internal cancers are often evident only at a late
stage, which accounts for relatively low survival rates. In this context, ‘survival’ means that the person with
diagnosed cancer has not died 5 years after diagnosis.

2. Pathogenesis
Type 1 endometrial tumours are oestrogen driven, account for around 80 per cent of endometrial
cancers, and have a favourable prognosis [9]. They follow a clear development pathway, starting
with endometrial hyperplasia (an increase in the number of cells), and are relatively well
differentiated. Type 2 tumours are less common, accounting for around 10 per cent of
endometrial cancers. Most are associated with endometrial atrophy (wasting), tend to
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metastasise, and have a less favourable prognosis.
Many cases of endometrial cancers are reported in women who have no recognised risk factors
— such as those that might disrupt endocrine (hormone) processes [2]. Some studies have
shown that polycystic ovary syndrome and insulin insensitivity (or resistance), which are both
components of metabolic syndrome, may play a role in the pathogenesis of endometrial cancer,
perhaps through hormonal disruption [10]. The tumour-suppressor gene PTEN is also involved in
the development of endometrial cancers [9]. Also see also box 2.2 on page 35 of the Second
Expert Report.

3. Other established causes
(Also see chapters 2.4 and 7.1.3.1, Second Expert Report)
Life events. Not bearing children increases the risk of endometrial cancer [11]. The reverse
also applies: bearing children reduces the risk of, and may be seen as protective against,
endometrial cancer [9, 10, 12, 13]. There is also substantial evidence that, as with breast and
ovarian cancer, late natural menopause increases the risk of endometrial cancer [13]. The
reverse also applies: early menopause reduces the risk of, and may be seen as protective
against, this cancer [14].
M edication. Oral contraceptives, which contain either a combination of oestrogen and
progesterone, or progesterone only, protect against this cancer [13, 14]. Oestrogen-only hormone
replacement therapy is a cause of this cancer and is normally only prescribed to women who
have had a hysterectomy [13, 15]. Tamoxifen, a hormonal therapy used for breast cancer, can
also cause endometrial cancer [16].

4. Interpretation of the evidence
4.1 General
For general considerations that may affect interpretation of the evidence, see chapters 3.3 and
3.5, and boxes 3.1, 3.2, 3.6 and 3.7 in the Second Expert Report.
‘Relative risk’ (RR) is used in this report to denote ratio measures of effect, including ‘risk ratios’,
‘rate ratios’, ‘hazard ratios’, and ‘odds ratios’.

4.2 Specific
Considerations specific to cancer of the endometrium include:
Patterns. Because endometrial cancer is hormone related, factors that modify risk might have
different effects at different times of life.
Confounding. High-quality cohort studies exclude women who have had hysterectomies from
‘at-risk’ populations.
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5. Methodology
To ensure consistency with evidence collected and analysed for the Second Expert Report, much
of the methodology for the Continuous Update Project remains unchanged from that used
previously. However, based upon the experience of conducting the systematic literature reviews
for the Second Expert Report, some modifications to the methodology were made. The literature
search was restricted to Medline and included only randomised controlled trials, cohort and casecontrol studies. Due to the large number of cohort studies, analysis and interpretation of casecontrol studies was not included in the Continuous Update Project SLR.
The number of studies showing separate results for pre- and post-menopausal women was low
and analyses stratified by menopausal status could not be conducted other than for BMI.
Studies reporting mean difference as a measure of association are not included in the 2012
Continuous Update Project SLR, as relative risks estimated from the mean differences are not
adjusted for possible confounders, and thus not comparable to adjusted relative risks from other
studies.
The CUP Endometrial Cancer SLR included studies published up to 31st December 2012. For
more information on methodology see the full CUP Endometrial Cancer SLR 2012.

5.1 Mechanistic evidence
Where relevant, mechanistic reviews previously conducted for the SER are included in this report
(more details can be found in chapters 2, 4 and 6 of the SER). These reviews have not been
updated, but will be updated as part of a systematic review for the CUP of the mechanistic
evidence for the CUP (see below). Where an exposure presented in this report was previously
judged as ‘limited-no conclusion’ or was not discussed for the SER (and therefore was no review
of the mechanisms), a brief summary of possible mechanisms for that particular exposure is
given. This comprises the following exposures:
•
•
•

Glycaemic load
Coffee
Sedentary habits (sitting time)

Work is under way to develop a method for systematically reviewing animal, human and other
experimental studies, and will be used to conduct reviews of mechanisms for all cancer sites (see
www.dietandcancerreport.org for further information). A full review of the mechanistic evidence
for endometrial cancer will form part of this larger review.

6. Evidence and judgements
There were 159 endometrial cancer articles included in the CUP analyses, including 91 new
articles identified in the CUP updated search.
This report includes an updated description of the epidemiological evidence, the Panel’s
conclusions, and a comparison with the conclusions from the SER. It also includes a brief
description of potential mechanisms for each exposure.
For information on the criteria for grading the epidemiological evidence see Appendix 1 in this
report. References to studies added as part of the CUP have been included; for details of
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references to other studies see the SER. Summary estimates from dose-response meta-analyses
were regarded as non-significant if the 95% confidence interval included 1.0.

6.1 Glycaemic load
(Also see CUP Endometrial Cancer SLR 2012: Sections 5.1 and 5.1.6)
The evidence for glycaemic load1 and total carbohydrate is presented in the following section,
and is followed by an overall conclusion that incorporates both these exposures.
Glycaem ic load
The CUP identified four new papers (from four cohort studies) [17-20] giving a total of six studies
(including studies from the SER). All studies reported an increased risk for the highest
comparison group compared to the lowest, one of which was statistically significant.
All six studies (four new) were included in the dose-response meta-analysis for glycaemic load
and endometrial cancer (n=3869). No meta-analysis was conducted in the SER. The CUP analysis
showed a 15% increased risk per 50 units per day, and this was statistically significant (RR 1.15
(95% CI 1.06-1.25)) (see CUP 2012 Figure 35). No heterogeneity was observed.
Results from three other published meta-analyses of cohort studies were similar to the results of
the CUP analysis, all finding a significant positive association when comparing the highest
comparison group to the lowest [21-23]. One of the published meta-analyses also reported a
significant positive association per 50 units [23].
Carbohydrate
The CUP identified three new papers (from three cohort studies) [17, 18, 20] giving a total of five
studies (including studies from the SER). Overall, the CUP found four of five studies reported an
increased risk for the highest intake group compared to the lowest, one of which was borderline
statistically significant. The other study reported a non-significant inverse association.
All five studies (three new) were included in the dose-response meta-analysis for carbohydrate
and endometrial cancer (n=2629). The CUP analysis was conducted per 100 grams carbohydrate
intake per day (corrected for energy intake). Overall, the CUP analysis showed an 18% increased
risk per 100g per day, and this was statistically significant (RR 1.18 (95% CI 1.02-1.37)), with no
heterogeneity observed (see CUP 2012 Figure 27). All studies included in the meta-analysis
adjusted for both energy intake and body mass index (BMI) as potential confounding factors,
except one study that only adjusted for energy intake and not BMI. In the SER, there was no clear
association from the meta-analysis (RR 1.03 (95% CI 097-1.10)) per 15% energy intake for
carbohydrate. The SER Panel judged the evidence to be limited, and no conclusion was possible.
M echanisms
Note: A full review of mechanisms for this exposure will form part of a larger review of
mechanisms (see 5.1 in this report).
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  ‘Glycaemic

load’ is the glycaemic index of a food multiplied by the number of grams of carbohydrate in
the serving of food
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There are several potential underlying mechanisms for a positive association of glycaemic load
(and carbohydrate) with endometrial cancer. Long-term consumption of a high glycaemic load
diet results in hyperinsulinemia, which in turn increases the bioavailability of insulin-like growth
factor 1 (IGF-1) and directly promotes cell growth, reduces cell death and stimulates cell division
in endometrial cancer cell lines [23, 24]. Insulin and IGF-1 are also powerful negative regulators
of sex hormone-binding globulin synthesis in vitro and may therefore stimulate endometrial
cancer [23]. High glycemic load diets may also influence the risk of endometrial cancer by
increasing oxidative stress [23].
CUP Panel’s conclusion:
More studies were available for the CUP analyses and the evidence was generally consistent. A
significant positive association was observed for glycaemic load and for total carbohydrate
independently. Results from several published meta-analyses on glycaemic load were also
consistent with the CUP result.
The Panel noted issues with regard to characterising carbohydrate-related exposures and given
their complex nature, the difficulty in interpreting these. The Panel considered the primary
exposure with an observed effect to be ‘glycaemic load’, with the evidence for ‘total
carbohydrate’ as supporting evidence for this effect. The Panel also noted that the evidence for
carbohydrate is derived largely from developed countries where a large proportion of
carbohydrate is in the form of sugars and highly processed foods. The CUP Panel concluded:
There is a substantial amount of generally consistent evidence from cohort studies, and there
is evidence of biological plausibility. Glycaemic load is probably a cause of endometrial cancer.

6.2 Coffee
(Also see CUP Endometrial Cancer SLR 2012: Sections 3.6.1 and 3.6.1.1)
The evidence for coffee and decaffeinated coffee is presented in the following section, and is
followed by an overall conclusion that incorporates both these exposures.
Coffee
The CUP identified six new papers (from six cohort studies) [25-30], giving a total of eight studies
(including studies from the SER). All eight studies reported a decreased risk for the highest intake
group compared to the lowest, four of which were statistically significant.
Seven studies (six new) were included in the dose-response meta-analysis for coffee and
endometrial cancer (n=3571), and the CUP analysis was conducted per one cup per day. No
meta-analysis was conducted in the SER. Overall, the CUP analysis showed a 7% decreased risk
per one cup per day, and this was statistically significant (RR 0.93 (95% CI 0.91-0.96)) (see CUP
2012 Figure 14). There was little evidence of heterogeneity (I2= 10%), which was due to
differences in the size of the effect. There was no evidence of publication bias with Egger’s test
(p=0.39), but visual inspection of the funnel plot suggested that a small study [26] reported an
inverse association much stronger than the association reported by other studies (see CUP 2012
Figure 15).
Two other published meta-analyses of cohort studies found a statistically significant decreased
risk of endometrial cancer when comparing the highest coffee drinkers to the lowest [31, 32],
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and one of these studies also reported a significant decreased risk per one cup per day [32].
Another published meta-analysis of cohort studies reported non-significant inverse associations
for the highest versus lowest categories and per one cup per day [33].
Decaffeinated coffee
The CUP identified three new papers (from three cohort studies) [28-30]. No studies were
identified in the SER. All three studies reported a non-significant decreased risk for the highest
intake group compared to the lowest.
All three studies were included in the dose-response meta-analysis for decaffeinated coffee and
endometrial cancer (n=2585), and the CUP analysis was conducted per one cup per day. Overall,
the analysis showed an 8% decreased risk per one cup per day, and this was statistically
significant (RR 0.92 (95% CI 0.87-0.97)) (see CUP 2012 Figure 18). There was no evidence of
heterogeneity.
No other published meta-analyses of cohort studies reporting on decaffeinated coffee and
endometrial cancer risk were identified.
M echanisms
Note: A full review of mechanisms for this exposure will form part of a larger review of
mechanisms (see 5.1 in this report).
Several biological mechanisms have been suggested to explain the inverse relationship of coffee
drinking with endometrial cancer development. Several bioactive components, including
chlorogenic acid, have strong antioxidant properties that can prevent oxidative DNA damage,
improve insulin sensitivity and inhibit glucose absorption in the intestine [32].
Hyperinsulinemia has been positively associated with endometrial cancer development and
endometrial cancer cell lines express high affinity insulin receptors, consistent with there being a
direct biologic effect of insulin on the growth of endometrial cancer cells [29]. Coffee
consumption has been demonstrated to improve insulin sensitivity and both caffeinated and
decaffeinated coffee are associated with reduced insulin levels, particularly among overweight
women [29].
Hyperinsulinemia may also impact on endometrial cancer development through indirect
mechanisms, for example, through up-regulation of free, or bioavailable, insulin-like growth factor
1 (IGF-I), or through suppression of sex hormone binding globulin (SHBG), which elevates
oestradiol bioactivity. Coffee drinking has been associated with higher SHBG levels, which reduce
endometrial cancer risk through decreased oestradiol exposure [29, 32]. In addition, caffeine
and some bioactive compounds in coffee seem to up-regulate hepatic expression of CYP1A2 and
CYP3A4 which leads to increase in clearance of oestradiol overall, or even stimulate synthesis of
oestrogen metabolites that may inhibit oestradiol-mediated carcinogenesis on endometrial cells
[29].
Finally, high coffee consumption (including decaffeinated coffee) has been associated with lower
circulating levels of C-peptide and higher levels of adiponectin [32].
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CUP Panel’s conclusion
More studies were available for the CUP to allow meta-analyses. A significant inverse association
was observed for both coffee and decaffeinated coffee intake. Little heterogeneity was observed
for coffee and this was due to differences in the size of the effect (no heterogeneity was observed
for decaffeinated coffee). The findings for coffee were also consistent with results from other
published meta-analyses. In the SER, the Panel judged the evidence as too limited to draw a
conclusion. The CUP Panel concluded:
There is a substantial amount of epidemiological evidence, which is consistent, and there is a
dose-response relationship. There is evidence for biological plausibility. Coffee probably
protects against endometrial cancer.

6.3 Physical activity
(Also see CUP Endometrial Cancer SLR 2012: Section 6)
The evidence for recreational physical activity, occupational physical activity, and walking/biking
(mainly for transportation) is presented below, and is followed by an overall conclusion that
incorporates all these exposures. Dose-response meta-analyses were not possible for these
exposures due to differences in assessing physical activity across studies.
Recreational physical activity
The CUP identified six new papers (from six cohort studies) [34-39], giving a total of nine studies
(including studies from the SER). The CUP found eight of the nine studies showed a decreased
risk of endometrial cancer when comparing the highest versus the lowest levels of activity, three
of which were significant, and the other study showed a non-significant increased risk (see CUP
2012 Figure 70). In general, adjustment for BMI in all studies made no difference to the direction
of the effect or the statistical significance.
Occupational physical activity
The CUP identified two new papers (from two cohort studies) [35, 38], giving a total of five
studies (including studies from the SER). All five studies reported a decreased risk of endometrial
cancer when comparing the highest versus lowest levels of activity, three of which were
statistically significant (see CUP 2012 Figure 68).
W alking/biking (mainly for transportation)
The CUP identified four new papers (from four cohort studies) [35, 37-39], giving a total of five
studies (including studies from the SER). The CUP found three of the five studies showed a
decreased risk of endometrial cancer when comparing the highest versus the lowest levels of
activity, one of which was significant, and two studies reported a non-significant increased risk
(see CUP 2012 Figure 73).
M echanisms
Note: This is taken from Chapters 2 and 6 of the SER. An updated review of mechanisms for this
exposure will form part of a larger review of mechanisms (see 5.1 in this report)
Sustained moderate physical activity raises the metabolic rate and increases maximal oxygen
uptake [40]. In the long term, regular periods of such activity increase the body’s metabolic
efficiency and capacity (the amount of work that it can perform), as well as reducing circulating
insulin levels and insulin resistance [41].
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Physical activity is hypothesised to decrease endometrial cancer risk because it reduces serum
levels of oestradiol and increases levels of sex hormone binding globulin (SHBG), the binding
protein for oestradiol. These effects of physical activity may be mediated through prevention of
weight gain [42]. More generally, effects on oestrogen metabolism may at least in part operate
directly, or through decreasing body fat stores [43].
Hyperinsulinaemia also promotes endometrial carcinogenesis by stimulating endometrial cell
growth directly, or indirectly by increasing insulin-like growth factor (IGF)-1 levels within the
endometrium and decreasing levels of its binding proteins [44].
CUP Panel’s conclusion:
More studies were available for the CUP and nearly all of the cohort studies reported a decreased
risk of endometrial cancer with increased physical activity. Although dose-response metaanalyses were not possible due to the wide variety in measures used, comparisons of high with
low activity levels showed a consistent association with decreased risk. The CUP Panel
concluded:
There is generally consistent evidence showing lower risk of cancer of the endometrium with
higher levels of physical activity and there is strong evidence of mechanisms operating in
humans. Physical activity probably protects against endometrial cancer.

6.4 Sedentary habits
(Also see CUP Endometrial Cancer SLR 2012: Section 6.2)
The CUP identified three new papers (from three cohort studies) on sitting time [36, 42, 45]. No
studies were identified in the SER. The CUP found all three studies showed a statistically
significant increased risk of endometrial cancer when comparing the highest versus the lowest
levels of sitting time (see CUP 2012 Figure 77). After adjustment for BMI, all studies still reported
an increased risk of endometrial cancer although only one was significant.
M echanisms
Note: A full review of mechanisms for this exposure will form part of a larger review of
mechanisms (see 5.1 in this report).
Spending excessive amounts of time sitting is associated with increased risk of insulin resistance
[46, 47], which increases the risk of endometrial cancer. Sitting time may also be linked to
endometrial cancer risk through insulin-related mechanisms via low levels of energy expenditure
[48], as well as via weight gain [49], which are both associated with sitting time.
CUP Panel’s conclusion:
The CUP Panel considered sitting time to be a marker of sedentary habits. Although doseresponse meta-analysis was not possible, comparisons of high with low sitting time showed a
consistent association with increased risk. However, the effect was attenuated in two of the
studies after adjustment for BMI, and the possibility of confounding cannot be excluded. The CUP
Panel therefore concluded:
The evidence is limited and the possibility of confounding cannot be excluded. The evidence
suggesting that sedentary habits (marked by sitting time) are a cause of endometrial cancer is
limited.
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6.5 Body fatness
(Also see CUP Endometrial Cancer SLR 2011: Sections 8.1.1, 8.2.2 and 8.2.3)
The Panel interpreted body mass index (BMI) (including BMI at age 18-25 years), measures of
abdominal girth, and adult weight gain as indicating interrelated aspects of body fatness and fat
distribution. Anthropometric measures are imperfect and cannot distinguish reliably between
lean and fat, between total and abdominal fat, or between visceral and subcutaneous fat.
Increases in body weight during adulthood depend on accumulation of fat more than lean tissue,
and therefore any change may better reflect fatness than adult weight itself.
The evidence for BMI, BMI at age 18-25 years, weight gain (including increase in BMI), waist
circumference and waist-to-hip ratio is presented below, and is followed by an overall conclusion
that incorporates all these exposures.
Body m ass index (BM I)
The CUP identified 24 new papers (from 18 cohort studies) [37, 50-72] giving a total of 34
studies (including studies from the SER). Overall, the CUP found 28 studies (27 risk estimates)
(including one study on mortality) reported an increased risk for the highest BMI groups
compared to the lowest. Only two of these were not statistically significant. Reasons for excluding
the other studies can be found in section 8.1.1 (Table 112) of the CUP 2012 SLR.
Twenty six studies (25 risk estimates) were included in the dose-response meta-analysis for BMI
and endometrial cancer (n=18717). Overall, the CUP analysis found a 50% increased risk of
endometrial cancer per 5 BMI units (RR 1.50 (95% CI: 1.42-1.59)) (see CUP 2012 Figure 79).
There was evidence of high heterogeneity (I2 = 86%) but this was due to differences in the size of
the effect and not the direction. All studies reported in the direction of an increased risk. The
result is consistent with the SER finding, which also reported a significant positive association
(RR 1.52 (95% CI: 1.48-1.57)) per 5 BMI units (15 studies, n=3484).
In subgroup analysis for the CUP by menopausal status, a significant increased risk was observed
for both pre and postmenopausal women (RRs 1.41 (95% CI: 1.37-1.45) and 1.54 (1.39-1.71)
respectively) (see CUP 2012 Figure 80). Additional subgroup analysis by hormone replacement
therapy (HRT) use, showed a significant increased risk for both those who used HRT and those
who had never used HRT, although the effect was stronger in those who had never used HRT
(see CUP 2012 Figure 81).
There was evidence of a non-linear dose-response relationship with a steeper increase in risk at
higher BMI levels (see CUP 2012 Figure 84). For further details of the non-linear dose response
analysis, see section 8.1.1 in the CUP 2012 SLR.
Results from two other published meta-analyses of cohort studies are consistent with the CUP
finding, both reporting a significant increased risk of endometrial cancer per 5 BMI units [73, 74].
Body m ass index (BM I) at age 18 -25 years
The CUP identified five new papers (from five cohort studies) [53, 59, 67, 68, 72], giving a total
of eight studies (including studies from the SER). All eight studies reported an increased risk of
endometrial cancer when comparing the highest BMI groups to the lowest, four of which were
statistically significant and one of which was borderline significant.
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Seven studies were included in the CUP dose-response meta-analysis for BMI at age 18-25 years
and endometrial cancer (n=3476). Overall, the CUP analysis found a 42% increased risk of
endometrial cancer per 5 BMI units (RR 1.42 (95% CI: 1.22-1.66)) (see CUP 2012 Figure 87).
There was evidence of high heterogeneity (I2 = 79%) but this was due to differences in the size of
the effect and not the direction. All studies reported in the direction of an increased risk. The
result is consistent with the SER finding, which also reported a significant positive association
(RR 1.31 (95% CI: 1.12-1.54)) (3 studies, n=466). Four of the studies reported attenuation of the
association when further adjusted for current BMI, but only two of these could be included in a
dose-response analysis, yielding a summary RR of 1.02 (95% CI: 0.94-1.11, I2=0%) per 5 BMI
units.
W eight change
The CUP identified four new papers on weight change [53, 54, 67, 68], giving a total of five
studies (including studies from the SER). All five studies reported an increased risk of
endometrial cancer for the highest versus the lowest categories, four of which were significant.
All five studies were included in the CUP dose-response meta-analysis for weight change and
endometrial cancer (n=1971). Overall, the CUP analysis found a 16% increased risk of
endometrial cancer per 5kg gain in weight between early adulthood and baseline (RR 1.16 (95%
CI: 1.10-1.22)) (see CUP 2012 Figure 93). There was evidence of high heterogeneity (I2 = 66%)
but this appeared to be due to differences in the size of the effect and not the direction. All
studies reported in the direction of an increased risk. No meta-analysis was conducted in the
SER.
W aist circum ference
The CUP identified three new papers (from 3 cohort studies) [37, 54, 67], giving a total of four
studies (including studies from the SER). All four studies reported an increased risk of
endometrial cancer when comparing the highest versus lowest groups for waist circumference,
three of which were statistically significant. No meta-analysis was conducted in the SER as only
one cohort study was identified.
All four studies were included in the CUP dose-response meta-analysis for waist circumference
and endometrial cancer (n=1641). The meta-analysis showed a 13% statistically significant
increased risk per 5cm (RR 1.13 (95% CI 1.08-1.18)) with evidence of high heterogeneity (I2 =
71%) due to differences in the size of the effect but not the direction (see CUP 2012 Figure 96).
There was evidence of a non-linear dose-response relationship with a steeper increase in risk at
higher waist circumference, but this was driven by a limited number of observations (see CUP
2012 Figure 98). For further details of the non-linear dose response analysis, see section 8.2.1
in the CUP 2012 SLR.
W aist-to-hip ratio
The CUP identified four new papers (from four cohort studies) [37, 54, 67, 69], giving a total of
five studies (including studies from the SER). All five studies reported an increased risk of
endometrial cancer when comparing the highest versus lowest groups for waist-to-hip ratio, four
of which were statistically significant.
All five studies were included in the CUP dose-response meta-analysis for waist-to-hip ratio and
endometrial cancer (n=2330). The meta-analysis showed a 21% statistically significant increased
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risk of endometrial cancer per 0.1 units (RR 1.21 (95% CI 1.13-1.29)) with no evidence of
heterogeneity (see CUP 2012 Figure 101). No meta-analysis was conducted in the SER as only
one cohort study was identified.
M echanisms
Note: This is taken from Chapters 2 and 6 of the SER. An updated review of mechanisms for this
exposure will form part of a larger review of mechanisms (see 5.1 in this report).
Obesity influences the levels of a number of hormones and growth factors [75]. Insulin and leptin
are all elevated in obese people, and can promote the growth of cancer cells. In addition, insulin
resistance is increased, in particular by abdominal fatness, and the pancreas compensates by
increasing insulin production. This hyperinsulinaemia increases the risk of cancers of the colon
and endometrium, and possibly of the pancreas and kidney [76].
Sex steroid hormones, including oestrogens, androgens, and progesterone, are likely to play a
role in obesity and cancer. Adipose tissue is the main site of oestrogen synthesis in
postmenopausal women [76] due to aromatase activity in subcutaneous fat, which increases the
conversion of androgen to oestrogen [77]. Increased levels of oestrogens are strongly associated
with risk of endometrial and postmenopausal breast cancers [44, 78], and may impact on other
cancers.
Obesity is associated with a low-grade chronic inflammatory state. Obese adipose tissue is
characterised with macrophage infiltration and these macrophages are an important source of
inflammation in this tissue [79]. The adipocyte (fat cell) produces pro-inflammatory factors, and
obese individuals have elevated concentrations of circulating tumour necrosis factor (TNF)-alpha
interleukin (IL)-6, and C-reactive protein, compared with lean people [80], as well as of leptin,
which also functions as an inflammatory cytokine [81]. Such chronic inflammation can promote
cancer development.
CUP Panel’s conclusion:
Overall the evidence from the CUP for an association between body fatness (which the CUP Panel
interprets to be reflected by BMI (including at age 18-25 years), measures of abdominal girth and
weight gain) was stronger, with more studies available than the SER, and all studies reporting an
increased risk. The evidence for abdominal fatness and weight gain was less robust than that
where BMI was used as the measure of body fatness, but supported the evidence for an
association between overall body fatness and endometrial cancer risk. The CUP Panel concluded:
Body fatness is reflected by BMI (including at age 18-25 years), measures of abdominal girth,
and adult weight gain. There is ample evidence for an association between various measures
of body fatness and endometrial cancer. The evidence is generally consistent, and there is a
dose-response relationship. There is evidence for plausible mechanisms that operate in
humans. The evidence that greater body fatness, including abdominal fatness and adult
weight gain, is a cause of endometrial cancer is convincing.
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6.6 Adult attained height
(Also see CUP Endometrial Cancer SLR 2012: Sections 8.3.1)
The CUP identified seven new papers (from eight cohort studies) [52, 54, 56, 68, 82-84], giving a
total of thirteen cohort studies (including studies from the SER). Overall, the CUP found six of nine
studies (eight estimates) on endometrial cancer incidence showed an increased risk when
comparing the highest versus lowest categories, three of which were significant. The other three
studies (2 estimates) reported a non-significant decreased risk. Two other studies were excluded
because they did not report highest versus lowest analyses, one did not report a risk estimate,
and another included participants were patients with breast cancer.
Ten studies were included in the dose-response meta-analyses for adult attained height and
endometrial cancer (n=17732). Overall, the CUP analysis found a 7% statistically significant
increased risk of endometrial cancer per 5cm (RR 1.07 (95% CI 1.03-1.11)) with evidence of high
heterogeneity (I2=69) (see CUP 2012 Figure 106). In the SER, a dose-response meta-analysis of
fewer studies (4 studies) showed a non-significant increased risk of endometrial cancer per
10cm (RR 1.17 (95% CI: 0.96-.42)), and additional meta-analysis of eleven case-control studies
showed a borderline significant increased risk per 10cm (RR 1.10 (95% CI: 1.00-1.21)).
M echanisms
Note: This is taken from Chapters 2 and 6 of the SER. An updated review of mechanisms for this
exposure will form part of a larger review of mechanisms (see 5.1 in this report).
Factors that lead to greater adult attained height, or their consequences, are a cause of a
number of cancers. Adult height is related to the rate of growth during fetal life and childhood.
The number of cell divisions in fetal life and childhood, health and nutrition status in childhood,
and age of sexual maturity can alter the hormonal microenvironment, and affect circulating levels
of growth factors, insulin, and oestrogens. Taller people have undergone more cell divisions
stimulated by IGF-1 and pituitary-derived growth hormone [85], and there is therefore more
potential for error during DNA replication, which increases the likelihood of cancer development.
CUP Panel’s conclusion:
More evidence was available for the CUP analysis and the evidence was generally consistent.
Overall a significant positive association was observed between height and endometrial cancer
risk, and the direction of the effect was consistent with the result from the SER. However, there
was evidence of high heterogeneity and the mechanistic data is speculative. The Panel noted the
need for better characterisation and interpretation of measures, of growth, development and
maturation. The CUP Panel concluded:
Although there is generally consistent evidence from prospective epidemiological data, the
mechanistic evidence is speculative. The evidence suggesting that greater adult attained
height, or the factors that lead to it, are a cause of endometrial cancer is limited. The causal
factor is unlikely to be tallness itself, but factors that promote linear growth in childhood.
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6.7 Other
Other exposures were evaluated. However, data were either of too low quality, too inconsistent,
or the number of studies too few to allow conclusions to be reached. This list of exposures judged
as ‘Limited-no conclusion’ is summarised in the matrix on page 5.
The evidence for two exposures previously judged as ‘limited-suggestive’ in the SER, non-starchy
vegetables and red meat, was less consistent and the Panel could not draw any conclusions on
the updated evidence.
Evidence for the following exposures previously judged as ‘limited-no conclusion’ in the SER,
remain unchanged after updating the analyses with new data identified in the CUP: fruits; dietary
fibre; total fat; alcohol and dietary pattern.
The following exposures, also previously too limited to draw conclusions in the SER and not
updated as part of the CUP, remain ‘limited-no conclusion’: Cereals (grains) and their products;
pulses (legumes); soya and soya products; poultry; fish; eggs; milk and dairy products; protein;
animal fat; saturated fatty acids; cholesterol; retinol; beta-carotene; vitamin C; vitamin E; and
lactation.
In addition, evidence for the following new exposures, for which no judgement was made in the
SER, is too limited to draw any conclusions: Processed meat; tea; glycaemic index; folate;
multivitamins; and acrylamide.

7. Comparison with the Second Expert Report
Overall, the evidence from the additional cohort studies identified in the CUP was consistent with
those reviewed as part of the SER for exposures graded convincing or probable. The CUP Panel
grouped several individual anthropometric exposures to reflect ‘body fatness’ (BMI, measures of
abdominal girth and adult weight gain), where previously these exposures were judged
individually in the SER.
The evidence that non-starchy vegetables protect against endometrial cancer was weak, and the
evidence that red meat is a cause of endometrial cancer was also weak. More cohort studies
were available for these exposures for the CUP analyses, but the evidence failed to demonstrate
significant associations and was no longer suggestive of an association with endometrial cancer.
Previous conclusions for these exposures were based on meta-analyses of case-control data.
Overall, the Panel concluded the evidence for non-starchy vegetables and red meat was too
limited and inconsistent to allow a conclusion to be reached (see CUP Endometrial Cancer SLR
2012: Sections 2.2.2 and 2.5.1.3).
More data for additional exposures were available for inclusion in the CUP analyses. New
exposures for which the Panel could make a judgement with regard to risk of endometrial cancer,
included processed meat, coffee, tea, glycaemic load, glycaemic index, folate, multivitamins,
acrylamide, and sitting time. The Panel considered the evidence for glycaemic load was strong
enough to conclude that it probably causes endometrial cancer, and for coffee that it probably
protects against this cancer. For sitting time (which the Panel considered to be a marker of
sedentary habits) there was limited evidence suggesting that it is a cause of endometrial cancer.
For all the other new exposures, the evidence was limited and no conclusion was possible.
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8. Conclusions
The CUP Panel will review the evidence relating to endometrial cancer again after 2015 once the
CUP database is being continuously updated for all cancers. The Recommendations for Cancer
Prevention will be reviewed in 2017 when the Panel has reviewed the conclusions for the other
cancers.
The Continuous Update Project Panel concluded:
The evidence that greater body fatness (reflected by BM I, m easures of abdom inal
girth and adult weight gain) is a cause of endom etrial cancer is convincing.
Glycaem ic load is probably a cause of endom etrial cancer, and physical activity
and coffee both probably protect against this cancer.
The evidence suggesting that sedentary habits (m arked by sitting tim e) and adult
attained height are causes of endom etrial cancer is limited. For height, the
causal factor is unlikely to be tallness itself, but factors that promote linear
growth in childhood.
Evidence for non-starchy vegetables and red m eat was no longer suggestive of an
association and was too lim ited to draw a conclusion.

	
  

19

Acknowledgements
Panel M em bers
CHAIR - Alan Jackson CBE MD FRCP FRCPath FRCPCH FAfN
University of Southampton
Southampton, UK
Elisa Bandera MD PhD
Rutgers Cancer Institute of New Jersey
New Brunswick, NJ, USA
Steven Clinton MD PhD
The Ohio State University
Columbus, OH, USA
Edward Giovannucci MD ScD
Harvard School of Public Health
Boston, MA, USA
Stephen Hursting PhD MPH
University of Texas
Austin, TX, USA
Michael Leitzmann MD DrPH
Regensberg University
Regensberg, Germany
Anne McTiernan MD PhD
Fred Hutchinson Cancer Research Center
Seattle, WA, USA
Hilary Powers PhD RNutr
University of Sheffield
Sheffield, UK
Inger Thune MD
Oslo University Hospital and University of TromsØ
Norway
Ricardo Uauy MD PhD
Instituto de NutriciÓn y TechnologÍa de los Alimentos
Santiago, Chile
Observers
Elio Riboli MD ScM MPH
Imperial College London
London, UK
Isabelle Romieu MD MPH ScD
International Agency for Research on Cancer
Lyon, France

	
  

20

Research team
Teresa Norat PhD
Principal Investigator
Imperial College London
London, UK
Dagfinn Aune
Research Associate
Imperial College London
London, UK
Deborah Navarro-Rosenblatt
Research Associate
Imperial College London
London, UK
Snieguole Vingeliene
Research Associate
Imperial College London
London, UK
Leila Abar
Research Associate
Imperial College London
London, UK
Statistical Advisor
Darren Greenwood PhD
Senior Lecturer in Biostatistics
University of Leeds
Leeds, UK
W CRF Executive
Kate Allen PhD
Executive Director, Science & Public Affairs
WCRF International
Deirdre McGinley-Gieser
Senior Vice President for Programs
AICR
Secretariat
HEAD - Rachel Thompson PhD RNutr
Head of Research Interpretation
WCRF International
Susan Higginbotham PhD RD
Director for Research
AICR
Rachel Marklew RNutr
Science Programme Manager (Communications)
WCRF International
	
  

21

Giota Mitrou PhD
Head of Research Funding and Science Activities
WCRF International
Martin Wiseman FRCP FRCPath FAJN
Medical and Scientific Adviser
WCRF International

	
  

22

References
1.

World Cancer Research Fund / American Institute for Cancer Research. Food, Nutrition,
Physical Activity, and the Prevention of Cancer: a Global Perspective; Washington DC:
AICR, 2007.

2.

Kufe D, Pollock R, Weichselbaum R et al. Holland Frei Cancer Medicine. 6 ed. Hamilton,
Ontario: BC Decker. 2003.

3.

Ferlay J, Shin HR, Bray F et al. GLOBOCAN 2008, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10 [Internet]. Lyon, France: International Agency for
Research on Cancer; 2010. Available from: http://globocan.iarc.fr 2010.

4.

Hicks ML, Phillips JL, Parham G et al. The National Cancer Data Base report on
endometrial carcinoma in African-American women. Cancer, 1998; 83: 2629-37.

5.

Jemal A, Clegg LX, Ward E et al. Annual report to the nation on the status of cancer,
1975-2001, with a special feature regarding survival. Cancer, 2004; 101: 3-27.

6.

Pecorelli S, 23rd FIGO Annual Report on the Results of Treatment in Gynaecological
Cancer. 1998: Martin Dunitz.

7.

Parkin DM, Bray F, Ferlay J et al. Global cancer statistics, 2002. CA Cancer J Clin, 2005;
55: 74-108.

8.

American Cancer Society. Survival rates for endometrial cancer. 2013 [cited 2013 25
July 2013]; Available from:
http://www.cancer.org/cancer/endometrialcancer/overviewguide/endometrial--uterine-cancer-overview-survival-rates

9.

Amant F, Moerman P, Neven P et al. Endometrial cancer. Lancet, 2005; 366: 491-505.

10.

Hardiman P, Pillay OC, and Atiomo W. Polycystic ovary syndrome and endometrial
carcinoma. Lancet, 2003; 361: 1810-2.

11.

Lochen ML and Lund E. Childbearing and mortality from cancer of the corpus uteri. Acta
Obstetricia et Gynaecologica Scandinavica, 1997; 76: 373-7.

12.

Rieck G and Fiander A. The effect of lifestyle factors on gynaecological cancer. Best
practice & research. Clinical obstetrics & gynaecology, 2006; 20: 227-51.

13.

Cramer DW. The epidemiology of endometrial and ovarian cancer. Hematology/oncology
clinics of North America, 2012; 26: 1-12.

14.

IARC Hormonal Contraception and Post-menopausal Hormonal Therapy. 1999.

15.

IARC Post-menopausal oestrogen therapy. 1999.

16.

Fisher B, Costantino JP, Wickerham DL et al. Tamoxifen for prevention of breast cancer:
report of the National Surgical Adjuvant Breast and Bowel Project P-1 Study. J Natl
Cancer Inst, 1998; 90: 1371-88.

17.

Cust AE, Slimani N, Kaaks R et al. Dietary carbohydrates, glycemic index, glycemic load,
and endometrial cancer risk within the European Prospective Investigation into Cancer
and Nutrition cohort. Am J Epidemiol, 2007; 166: 912-23.

18.

Larsson SC, Friberg E, and Wolk A. Carbohydrate intake, glycemic index and glycemic load
in relation to risk of endometrial cancer: A prospective study of Swedish women. Int J
Cancer, 2007; 120: 1103-7.

19.

George SM, Mayne ST, Leitzmann MF et al. Dietary glycemic index, glycemic load, and
risk of cancer: a prospective cohort study. Am J Epidemiol, 2009; 169: 462-72.

20.

Cui X, Rosner B, Willett WC et al. Dietary fat, fiber, and carbohydrate intake in relation to
risk of endometrial cancer. Cancer Epidemiol Biomarkers Prev, 2011; 20: 978-89.

	
  

23

21.

Gnagnarella P, Gandini S, La VC et al. Glycemic index, glycemic load, and cancer risk: a
meta-analysis. Am J Clin Nutr, 2008; 87: 1793-801.

22.

Galeone C, Augustin LS, Filomeno M et al. Dietary glycaemic index, glycaemic load, and
the risk of endometrial cancer: a case-control study and meta-analysis. Eur J Cancer Prev,
2012; 22: 38-45.

23.

Nagle CM, Olsen CM, Ibiebele TI et al. Glycemic index, glycemic load and endometrial
cancer risk: results from the Australian National Endometrial Cancer study and an
updated systematic review and meta-analysis. Eur J Nutr, 2013; 52 705-15.

24.

Mulholland HG, Murray LJ, Cardwell CR et al. Dietary glycaemic index, glycaemic load and
endometrial and ovarian cancer risk: a systematic review and meta-analysis. Br J Cancer,
2008; 99: 434-41.

25.

Nilsson LM, Johansson I, Lenner P et al. Consumption of filtered and boiled coffee and
the risk of incident cancer: a prospective cohort study. Cancer Causes Control, 2010; 21:
1533-44.

26.

Shimazu T, Inoue M, Sasazuki S et al. Coffee consumption and risk of endometrial
cancer: a prospective study in Japan. Int J Cancer, 2008; 123: 2406-10.

27.

Friberg E, Orsini N, Mantzoros CS et al. Coffee drinking and risk of endometrial cancer--a
population-based cohort study. Int J Cancer, 2009; 125: 2413-7.

28.

Giri A, Sturgeon SR, Luisi N et al. Caffeinated Coffee, Decaffeinated Coffee and
Endometrial Cancer Risk: A Prospective Cohort Study among US Postmenopausal
Women. Nutrients, 2011; 3: 937-50.

29.

Gunter MJ, Schaub JA, Xue X et al. A prospective investigation of coffee drinking and
endometrial cancer incidence. Int J Cancer, 2012; 131: E530-6.

30.

Je Y, Hankinson SE, Tworoger SS et al. A prospective cohort study of coffee consumption
and risk of endometrial cancer over a 26-year follow-up. Cancer Epidemiol Biomarkers
Prev, 2011; 20: 2487-95.

31.

Yu X, Bao Z, Zou J et al. Coffee consumption and risk of cancers: a meta-analysis of
cohort studies. BMC Cancer, 2011; 11: 96.

32.

Je Y and Giovannucci E. Coffee consumption and risk of endometrial cancer: findings
from a large up-to-date meta-analysis. Int J Cancer, 2012; 131: 1700-10.

33.

Bravi F, Scotti L, Bosetti C et al. Coffee drinking and endometrial cancer risk: a
metaanalysis of observational studies. Am J Obstet Gynecol, 2009; 200: 130-5.

34.

Schouten LJ, Goldbohm RA, and van den Brandt PA. Anthropometry, physical activity, and
endometrial cancer risk: results from the Netherlands cohort study. Int J Gynecol Cancer,
2006; 16 Suppl 2: 492.

35.

Friedenreich C, Cust A, Lahmann PH et al. Physical activity and risk of endometrial
cancer: the European prospective investigation into cancer and nutrition. Int J Cancer,
2007; 121: 347-55.

36.

Patel AV, Feigelson HS, Talbot JT et al. The role of body weight in the relationship between
physical activity and endometrial cancer: results from a large cohort of US women. Int J
Cancer, 2008; 123: 1877-82.

37.

Conroy MB, Sattelmair JR, Cook NR et al. Physical activity, adiposity, and risk of
endometrial cancer. Cancer Causes Control, 2009; 20: 1107-15.

38.

Friberg E, Mantzoros CS, and Wolk A. Physical activity and risk of endometrial cancer: a
population-based prospective cohort study. Cancer Epidemiol Biomarkers Prev, 2006;
15: 2136-40.

39.

Gierach GL, Chang SC, Brinton LA et al. Physical activity, sedentary behavior, and
endometrial cancer risk in the NIH-AARP Diet and Health Study. Int J Cancer, 2009; 124:

	
  

24

2139-47.
40.

Westerterp KR. Physical activity and physical activity induced energy expenditure in
humans: measurement, determinants, and effects. Frontiers in physiology, 2013; 4: 90.

41.

McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev Cancer, 2008; 8:
205-11.

42.

Moore SC, Gierach GL, Schatzkin A et al. Physical activity, sedentary behaviours, and the
prevention of endometrial cancer. Br J Cancer, 2010; 103: 933-8.

43.

Friedenreich CM, Neilson HK, Woolcott CG et al. Mediators and moderators of the effects
of a year-long exercise intervention on endogenous sex hormones in postmenopausal
women. Cancer Causes Control, 2011; 22: 1365-73.

44.

Kaaks R, Lukanova A, and Kurzer MS. Obesity, endogenous hormones, and endometrial
cancer risk: a synthetic review. Cancer Epidemiol Biomarkers Prev, 2002; 11: 1531-43.

45.

Friberg E, Mantzoros CS, and Wolk A. Physical activity and risk of endometrial cancer: a
population-based prospective cohort study. Cancer Epidemiol.Biomarkers Prev., 2006;
15: 2136-40.

46.

Healy GN, Wijndaele K, Dunstan DW et al. Objectively measured sedentary time, physical
activity, and metabolic risk: the Australian Diabetes, Obesity and Lifestyle Study
(AusDiab). Diabetes Care, 2008; 31: 369-71.

47.

Helmerhorst HJ, Wijndaele K, Brage S et al. Objectively measured sedentary time may
predict insulin resistance independent of moderate- and vigorous-intensity physical
activity. Diabetes Care, 2009; 58: 1776-9.

48.

Owen N, Bauman A, and Brown W. Too much sitting: a novel and important predictor of
chronic disease risk? . Br J Sports Med, 2009; 43: 81-3.

49.

Blanck HM, McCullough ML, Patel AV et al. Sedentary behavior, recreational physical
activity, and 7-year weight gain among postmenopausal U.S. women. Obesity (Silver
Spring), 2007; 15: 1578-88.

50.

Khan M, Mori M, Sakauchi F et al. Risk of endometrial cancer mortality by ever-use of sex
hormones and other factors in Japan. Asian Pac J Cancer Prev, 2006; 7: 260-6.

51.

Yamazawa K, Miyazawa Y, Suzuki M et al. Tamoxifen and the risk of endometrial cancer
in Japanese women with breast cancer. Surg Today, 2006; 36: 41-6.

52.

Bjorge T, Engeland A, Tretli S et al. Body size in relation to cancer of the uterine corpus in
1 million Norwegian women. Int J Cancer, 2007; 120: 378-83.

53.

Chang SC, Lacey JV, Jr., Brinton LA et al. Lifetime weight history and endometrial cancer
risk by type of menopausal hormone use in the NIH-AARP diet and health study. Cancer
Epidemiol Biomarkers Prev, 2007; 16: 723-30.

54.

Friedenreich C, Cust A, Lahmann PH et al. Anthropometric factors and risk of endometrial
cancer: the European prospective investigation into cancer and nutrition. Cancer Causes
Control, 2007; 18: 399-413.

55.

Lof M, Sandin S, Hilakivi-Clarke L et al. Birth weight in relation to endometrial and breast
cancer risks in Swedish women. Br J Cancer, 2007; 96: 134-6.

56.

Lundqvist E, Kaprio J, Verkasalo PK et al. Co-twin control and cohort analyses of body
mass index and height in relation to breast, prostate, ovarian, corpus uteri, colon and
rectal cancer among Swedish and Finnish twins. Int J Cancer, 2007; 121: 810-8.

57.

Reeves GK, Pirie K, Beral V et al. Cancer incidence and mortality in relation to body mass
index in the Million Women Study: cohort study. BMJ, 2007; 335: 1134.

58.

Lindemann K, Vatten LJ, Ellstrom-Engh M et al. Body mass, diabetes and smoking, and
endometrial cancer risk: a follow-up study. Br J Cancer, 2008; 98: 1582-5.

	
  

25

59.

McCullough ML, Patel AV, Patel R et al. Body mass and endometrial cancer risk by
hormone replacement therapy and cancer subtype. Cancer Epidemiol Biomarkers Prev,
2008; 17: 73-9.

60.

Setiawan VW, Pike MC, Kolonel LN et al. Racial/ethnic differences in endometrial cancer
risk: the multiethnic cohort study. Am J Epidemiol, 2007; 165: 262-70.

61.

Song YM, Sung J, and Ha M. Obesity and risk of cancer in postmenopausal Korean
women. J Clin Oncol, 2008; 26: 3395-402.

62.

Epstein E, Lindqvist PG, and Olsson H. A population-based cohort study on the use of
hormone treatment and endometrial cancer in southern Sweden. Int J Cancer, 2009;
125: 421-5.

63.

Lindemann K, Vatten LJ, Ellstrom-Engh M et al. Serum lipids and endometrial cancer risk:
results from the HUNT-II study. Int J Cancer, 2009; 124: 2938-41.

64.

Lindemann K, Vatten LJ, Ellstrom-Engh M et al. The impact of BMI on subgroups of
uterine cancer. Br J Cancer, 2009; 101: 534-6.

65.

Dossus L, Rinaldi S, Becker S et al. Obesity, inflammatory markers, and endometrial
cancer risk: a prospective case-control study. Endocr Relat Cancer, 2010; 17: 1007-19.

66.

Allen NE, Tsilidis KK, Key TJ et al. Menopausal hormone therapy and risk of endometrial
carcinoma among postmenopausal women in the European Prospective Investigation
Into Cancer and Nutrition. Am J Epidemiol, 2010; 172: 1394-403.

67.

Canchola AJ, Chang ET, Bernstein L et al. Body size and the risk of endometrial cancer by
hormone therapy use in postmenopausal women in the California Teachers Study cohort.
Cancer Causes Control, 2010; 21: 1407-16.

68.

Park SL, Goodman MT, Zhang ZF et al. Body size, adult BMI gain and endometrial cancer
risk: the multiethnic cohort. Int J Cancer, 2010; 126: 490-9.

69.

Reeves KW, Carter GC, Rodabough RJ et al. Obesity in relation to endometrial cancer risk
and disease characteristics in the Women's Health Initiative. Gynecol Oncol, 2011; 121:
376-82.

70.

Ollberding NJ, Lim U, Wilkens LR et al. Legume, soy, tofu, and isoflavone intake and
endometrial cancer risk in postmenopausal women in the multiethnic cohort study. J Natl
Cancer Inst, 2012; 104: 67-76.

71.

Yang HP, Wentzensen N, Trabert B et al. Endometrial Cancer Risk Factors by 2 Main
Histologic Subtypes: The NIH-AARP Diet and Health Study. Am J Epidemiol, 2013; 177:
142-51.

72.

Yang TY, Cairns BJ, Allen N et al. Postmenopausal endometrial cancer risk and body size
in early life and middle age: prospective cohort study. Br J Cancer, 2012; 107: 169-75.

73.

Renehan AG, Tyson M, Egger M et al. Body-mass index and incidence of cancer: a
systematic review and meta-analysis of prospective observational studies. Lancet, 2008;
371: 569-78.

74.

Crosbie EJ, Zwahlen M, Kitchener HC et al. Body mass index, hormone replacement
therapy, and endometrial cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers
Prev, 2010; 19: 3119-30.

75.

Hursting SD, Lavigne JA, Berrigan D et al. Calorie restriction, aging, and cancer
prevention: mechanisms of action and applicability to humans. Annu Rev Med, 2003; 54:
131-52.

76.

Calle EE and Kaaks R. Overweight, obesity and cancer: epidemiological evidence and
proposed mechanisms. Nat Rev Cancer, 2004; 4: 579-91.

77.

Westley RL and May FE. A twenty-first century cancer epidemic caused by obesity: the
involvement of insulin, diabetes, and insulin-like growth factors. International journal of

	
  

26

endocrinology, 2013; 2013: 632461.
78.

Key T, Appleby P, Barnes I et al. Endogenous sex hormones and breast cancer in
postmenopausal women: reanalysis of nine prospective studies. J Natl Cancer Inst 2002;
94: 606-16.

79.

Wellen KE and Hotamisligil GS. Obesity-induced inflammatory changes in adipose tissue.
The Journal of clinical investigation, 2003; 112: 1785-8.

80.

Rexrode KM, Pradhan A, Manson JE et al. Relationship of total and abdominal adiposity
with CRP and IL-6 in women. Ann Epidemiol, 2003; 13: 674-82.

81.

Loffreda S, Yang SQ, Lin HZ et al. Leptin regulates proinflammatory immune responses.
Faseb J, 1998; 12: 57-65.

82.

Sung J, Song YM, Lawlor DA et al. Height and site-specific cancer risk: A cohort study of a
korean adult population. Am J Epidemiol, 2009; 170: 53-64.

83.

Green J, Cairns BJ, Casabonne D et al. Height and cancer incidence in the Million Women
Study: prospective cohort, and meta-analysis of prospective studies of height and total
cancer risk. Lancet Oncol, 2011; 12: 785-94.

84.

Kabat GC, Heo M, Kamensky V et al. Adult height in relation to risk of cancer in a cohort
of Canadian women. Int J Cancer, 2013; 132: 1125-32.

85.

Le Roith D, Bondy C, Yakar S et al. The somatomedin hypothesis: 2001. Endocr Rev,
2001; 22: 53-74.

	
  
	
  
	
  
	
  
	
  
	
  

	
  

27

Appendix 1 Criteria for grading evidence
(Taken from Chapter 3 of the Second Expert Report)
This box lists the criteria finally agreed by the Panel that were necessary to support the
judgements shown in the matrices. The grades shown here are ‘convincing’, ‘probable’, ‘limited —
suggestive’, ‘limited — no conclusion’, and ‘substantial effect on risk unlikely’. In effect, the
criteria define these terms.
Convincing
These criteria are for evidence strong enough to support a judgement of a convincing causal
relationship, which justifies goals and recommendations designed to reduce the incidence of
cancer. A convincing relationship should be robust enough to be highly unlikely to be modified in
the foreseeable future as new evidence accumulates.
All of the following were generally required:
•
•
•
•

•

•

Evidence from more than one study type.
Evidence from at least two independent cohort studies.
No substantial unexplained heterogeneity within or between study types or in different
populations relating to the presence or absence of an association, or direction of effect.
Good quality studies to exclude with confidence the possibility that the observed
association results from random or systematic error, including confounding,
measurement error, and selection bias.
Presence of a plausible biological gradient (‘dose response’) in the association. Such a
gradient need not be linear or even in the same direction across the different levels of
exposure, so long as this can be explained plausibly.
Strong and plausible experimental evidence, either from human studies or relevant
animal models, that typical human exposures can lead to relevant cancer outcomes.

Probable
These criteria are for evidence strong enough to support a judgement of a probable causal
relationship, which would generally justify goals and recommendations designed to reduce the
incidence of cancer.
All the following were generally required:
•
•
•

•

Evidence from at least two independent cohort studies, or at least five case control
studies.
No substantial unexplained heterogeneity between or within study types in the presence
or absence of an association, or direction of effect.
Good quality studies to exclude with confidence the possibility that the observed
association results from random or systematic error, including confounding,
measurement error, and selection bias.
Evidence for biological plausibility.

Limited — suggestive
These criteria are for evidence that is too limited to permit a probable or convincing causal
judgement, but where there is evidence suggestive of a direction of effect. The evidence may
have methodological flaws, or be limited in amount, but shows a generally consistent direction of
effect. This almost always does not justify recommendations designed to reduce the incidence of
cancer. Any exceptions to this require special explicit justification.
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All the following were generally required:
•
•
•

Evidence from at least two independent cohort studies or at least five case control
studies.
The direction of effect is generally consistent though some unexplained heterogeneity
may be present.
Evidence for biological plausibility.

Limited — no conclusion
Evidence is so limited that no firm conclusion can be made. This category represents an entry
level, and is intended to allow any exposure for which there are sufficient data to warrant Panel
consideration, but where insufficient evidence exists to permit a more definitive grading. This
does not necessarily mean a limited quantity of evidence. A body of evidence for a particular
exposure might be graded ‘limited — no conclusion’ for a number of reasons. The evidence might
be limited by the amount of evidence in terms of the number of studies available, by
inconsistency of direction of effect, by poor quality of studies (for example, lack of adjustment for
known confounders), or by any combination of these factors.
When an exposure is graded ‘limited — no conclusion’, this does not necessarily indicate that the
Panel has judged that there is evidence of no relationship. With further good quality research,
any exposure graded in this way might in the future be shown to increase or decrease the risk of
cancer. Where there is sufficient evidence to give confidence that an exposure is unlikely to have
an effect on cancer risk, this exposure will be judged ‘substantial effect on risk unlikely’.
There are also many exposures for which there is such limited evidence that no judgement is
possible. In these cases, evidence is recorded in the full CUP SLRs on the Diet and Cancer Report
website (www.dietandcancerreport.org). However, such evidence is usually not included in the
summaries.
Substantial effect on risk unlikely
Evidence is strong enough to support a judgement that a particular food, nutrition, or physical
activity exposure is unlikely to have a substantial causal relation to a cancer outcome. The
evidence should be robust enough to be unlikely to be modified in the foreseeable future as new
evidence accumulates.
All of the following were generally required:
•
•
•
•
•

•
•

Evidence from more than one study type.
Evidence from at least two independent cohort studies.
Summary estimate of effect close to 1.0 for comparison of high versus low exposure
categories.
No substantial unexplained heterogeneity within or between study types or in different
populations.
Good quality studies to exclude, with confidence, the possibility that the absence of an
observed association results from random or systematic error, including inadequate
power, imprecision or error in exposure measurement, inadequate range of exposure,
confounding, and selection bias.
Absence of a demonstrable biological gradient (‘dose response’).
Absence of strong and plausible experimental evidence, either from human studies or
relevant animal models, that typical human exposures lead to relevant cancer outcomes.

Factors that might misleadingly imply an absence of effect include imprecision of the exposure
assessment, an insufficient range of exposure in the study population, and inadequate statistical
power. Defects in these and other study design attributes might lead to a false conclusion of no
effect.
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The presence of a plausible, relevant biological mechanism does not necessarily rule out a
judgement of ‘substantial effect on risk unlikely’. But the presence of robust evidence from
appropriate animal models or in humans that a specific mechanism exists, or that typical
exposures can lead to cancer outcomes, argues against such a judgement.
Because of the uncertainty inherent in concluding that an exposure has no effect on risk, the
criteria used to judge an exposure ‘substantial effect on risk unlikely’ are roughly equivalent to
the criteria used with at least a ‘probable’ level of confidence. Conclusions of ‘substantial effect
on risk unlikely’ with a lower confidence than this would not be helpful, and could overlap with
judgements of ‘limited — suggestive’ or ‘limited — no conclusion’.
Special upgrading factors
These are factors that form part of the assessment of the evidence that, when present, can
upgrade the judgement reached. So an exposure that might be deemed a ‘limited — suggestive’
causal factor in the absence, say, of a biological gradient, might be upgraded to ‘probable’ in its
presence. The application of these factors (listed below) requires judgement, and the way in
which these judgements affect the final conclusion in the matrix are stated.
•

•
•
•
•

Presence of a plausible biological gradient (‘dose response’) in the association. Such a
gradient need not be linear or even in the same direction across the different levels of
exposure, so long as this can be explained plausibly.
A particularly large summary effect size (an odds ratio or relative risk of 2.0 or more,
depending on the unit of exposure) after appropriate control for confounders.
Evidence from randomised trials in humans.
Evidence from appropriately controlled experiments demonstrating one or more plausible
and specific mechanisms actually operating in humans.
Robust and reproducible evidence from experimental studies in appropriate animal
models showing that typical human exposures can lead to relevant cancer outcomes
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