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The associations of dietary total carbohydrates, overall glycemic index, total dietary glycemic load, total sugars,
total starch, and total fiber with endometrial cancer risk were analyzed among 288,428 women in the European
Prospective Investigation into Cancer and Nutrition cohort (1992–2004), including 710 incident cases diagnosed
during a mean 6.4 years of follow-up. Cox proportional hazards models were used to estimate relative risks and
95% confidence intervals. There were no statistically significant associations with endometrial cancer risk for
increasing quartile intakes of any of the exposure variables. However, in continuous models calibrated by using
24-hour recall values, the multivariable relative risks were 1.61 (95% confidence interval: 1.06, 2.45) per 100 g/day
of total carbohydrates, 1.40 (95% confidence interval: 0.99, 1.99) per 50 units/day of total dietary glycemic load,
and 1.36 (95% confidence interval: 1.05, 1.76) per 50 g/day of total sugars. These associations were stronger
among women who had never used postmenopausal hormone therapy compared with ever users (total carbohy-
drates pheterogeneity ¼ 0.04). Data suggest no association of overall glycemic index, total starch, and total fiber with
risk, and a possible modest positive association of total carbohydrates, total dietary glycemic load, and total sugars
with risk, particularly among never users of hormone replacement therapy.

cohort studies; diet; dietary carbohydrates; dietary fiber; endometrial neoplasms; glycemic index; insulin; nutrition
assessment

Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; HRT, hormone replacement therapy.

There is increasing evidence that insulin resistance,
chronic hyperinsulinemia, and diabetes are implicated in
the etiology of endometrial cancer (1–4). Obesity is a major
determinant of hyperinsulinemia (5) and strongly increases
endometrial cancer risk by aromatization of androgens to
estrogens in adipose tissue (1). However, insulin could also
influence risk through direct actions on endometrial tissue as
a mitogenic and antiapoptotic growth factor or indirectly by
increasing bioavailable estrogen and insulin-like growth
factor 1 levels (1–3). Postprandial and average insulin con-
centrations are directly influenced by the type, amount, and
rate of digestion of dietary carbohydrates (6–9). Thus, it has
been speculated that the quantity and quality (i.e., type,
source, component) of dietary carbohydrates could have
a role in endometrial carcinogenesis (10).

Previous studies of the association between dietary car-
bohydrate intake and endometrial cancer risk (11–23), few
of which used a cohort design (11–14), have observed in-
consistent but generally non-statistically significant results.
A common limitation is the large random error associated
with using dietary questionnaires to estimate food and nu-
trient intakes that tends to attenuate relative risk estimates
and make it difficult to detect true associations (24, 25).

Glycemic index and glycemic load reflect the metabolic
effects of dietary carbohydrates (6, 26). The glycemic index
ranks carbohydrate foods based on their postprandial blood
glucose response and hence their effect on blood insulin
levels (6, 8, 27). The glycemic load combines the glycemic
index value and the quantity of carbohydrate to quantify the
overall estimated glycemic effect of a portion of food (26,
27). Four previous studies (10, 11, 13, 28) examined the
association between glycemic index, glycemic load, and
endometrial cancer risk and observed generally null associ-
ations or modest increased risks. There were suggestions

that the associations may differ according to menopausal
status, obesity, physical activity, use of hormone replace-
ment therapy (HRT), and diabetes status (10, 11, 13, 28).

The European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort is well suited to study the influence
of diet on cancer risk because of the large variation in di-
etary patterns across the 10 collaborating western European
countries (29, 30). Additionally, 24-hour recall values col-
lected from a sample of EPIC participants are available that
enable partial correction for dietary measurement errors. To
our knowledge, this is the largest prospective analysis
to examine the association of endometrial cancer risk with
dietary total carbohydrates, glycemic index, and glycemic
load.

MATERIALS AND METHODS

Study cohort

The EPIC study design, study population, and baseline
data collection methods have been described in detail pre-
viously (31, 32), including baseline assessment of habitual
diet (31, 33), lifestyle factors (31), physical activity (34),
anthropometric measures (35), and menopausal status (34).
Briefly, diet and lifestyle data were collected from approx-
imately 370,000 women and 150,000 men aged 20–85 years
enrolled between 1992 and 2000 in 23 centers throughout 10
western European countries (Denmark, France, Germany,
Greece, Italy, Norway, Spain, Sweden, the Netherlands,
and United Kingdom) (31). Participants were mostly re-
cruited from the general population residing in defined geo-
graphic areas (31). Approval for this study was obtained
from the ethical review boards of the International Agency
for Research on Cancer (Lyon, France) and from all local
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recruiting institutions. All participants provided written in-
formed consent.

A total of 288,428 women were included in the present
analysis after a priori exclusion of 19,246 with prevalent
cancer (other than nonmelanoma skin cancer), 34,972 who
reported a hysterectomy at enrollment, 4,158 for whom
follow-up data were incomplete, 33 with in situ or nonepi-
thelial incident endometrial cancers, and 6,104 who were in
the top or bottom 1 percent of the distribution of the ratio of
reported total energy intake to estimated energy requirement
(36). All women from Greece (n ¼ 13,748) were also ex-
cluded because of lack of access to data on the carbohydrate
content of questionnaire food items, which prevented esti-
mation of glycemic index and glycemic load.

Dietary measurement

Usual diet during the previous 12 months was assessed
with country-specific, validated (33) dietary assessment in-
struments (31). Food frequency questionnaires were used in
all centers, and some centers combined questionnaires with
food records (United Kingdom) or a 7-day menu book
(Malmö, Sweden) (31). Intakes (in grams per day) of total
carbohydrate, sugars, starch, and fiber (including resistant
starch) were estimated from the dietary instruments by
using country-specific food composition tables, which were
standardized to a certain extent across countries to allow
calibration at the nutrient level. To improve comparability
of dietary data across centers and to partially correct for
dietary measurement error arising from center-specific bias
and random and systematic within-person errors (24, 37),
a second dietary measurement was taken from an 8 percent
stratified random sample (a total of 36,900 participants) of
the cohort by using a standardized, computer-assisted,
24-hour dietary recall method (38). A single 24-hour recall
among a sufficiently large sample provides a good estimate
of mean intakes of foods and nutrients at a population
level (39).

A glycemic index database was compiled whereby pub-
lished glycemic index values (26, 40, 41) were assigned to
carbohydrate-providing food items to reflect their blood glu-
cose response (detailed in the supplementary material posted
on the Journal’s website (http://aje.oupjournals.org/)).
Total dietary glycemic load was calculated by multiplying
the digestible carbohydrate content of a given food item
(g/100 g) by the quantity of that food item consumed per
day and its glycemic index value and then summing the
values for all food items reported (26). The overall glycemic
index was calculated by dividing the total dietary glycemic
load by the daily total dietary carbohydrate intake. The
overall glycemic index reflects the average quality of carbo-
hydrates consumed, whereas the total dietary glycemic load
reflects both the average quantity and the quality of carbo-
hydrates (26).

Follow-up for cancer incidence and mortality

Methods for follow-up for cancer incidence and vital sta-
tus in each EPIC country have been described in detail T
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elsewhere (31). Vital status was known for 98.4 percent of
EPIC participants at the end of April 2004. Endometrial
cancers were classified by using the International Classifi-
cation of Diseases for Oncology, second edition (code C54).
There were 710 eligible incident endometrial cancer cases
identified by the end of censoring periods ending between
December 1999 and March 2004 in the EPIC centers. Can-
cer diagnosis was microscopically verified for 89.3 percent
of cases and by clinical examination for 8.5 percent; the
remaining 2.2 percent were verified by self-report, tomog-
raphy scan, surgery, autopsy, or death certificate. Morphol-
ogy was specified for 239 (34 percent) cases, of which 229
cases (96 percent) were classified as type I and 10 cases
(4 percent) as type II (42).

Statistical methods

Age- and center-adjusted Pearson’s partial correlation co-
efficients were estimated to assess the correlations between
nutrient intakes. Dietary exposure intakes were analyzed as
both continuous and categorical variables. We used Cox
proportional hazards models to calculate hazard ratios as
estimates of relative risks and 95 percent confidence inter-
vals. Age was used as the underlying time variable, with
entry and exit time defined as the subject’s age at recruit-
ment and age at endometrial cancer diagnosis or censoring
date, respectively. Quartile cutpoints were based on study-
wide energy-adjusted nutrient intake distributions, com-
puted as the residuals from a linear regression of nutrient

TABLE 2. Baseline demographic and lifestyle characteristics

of 288,428 women* according to endometrial cancer status at

the end of the follow-up period, European Prospective

Investigation into Cancer and Nutrition, 1992–2004

Baseline demographic
and lifestyle characteristicsy

Incident endometrial
cancer cases
(n ¼ 710)

Noncases
(n ¼ 287,718)

Age (years) at recruitment 54.1 (8.7) 49.9 (11.6)

Menopausal statusz

Premenopausal 16.0 38.3

Perimenopausal 19.5 18.5

Postmenopausal 64.5 43.2

Reproductive factors

Age (years) at
menarche 12.8 (1.5) 13.0 (2.0)

Age (years) at
menopause§ 50.6 (4.3) 49.3 (6.1)

Nulliparous 16.2 16.0

Exogenous hormone use

Ever used hormone
replacement therapy§ 48.2 44.8

Ever used oral
contraceptives 41.8 62.4

Anthropometric factors

Height (cm) 162.2 (6.0) 162.0 (8.0)

Body mass index{ 26.4 (4.0) 25.2 (5.3)

Obese (body mass
index �30) 20.3 11.0

Smoking status

Never smoker 63.2 55.6

Former smoker 20.6 24.0

Current smoker 16.2 20.4

Total physical activity

Inactive 15.9 17.3

Moderately inactive 41.2 38.4

Moderately active 37.1 36.8

Active 5.9 7.5

Self-reported diabetes 3.5 2.0

Self-reported hypertension 26.2 17.3

Table continues

TABLE 2. Continued

Baseline demographic
and lifestyle characteristicsy

Incident endometrial
cancer cases
(n ¼ 710)

Noncases
(n ¼ 287,718)

Highest educational level

None or primary school 29.6 24.4

Secondary or technical
or professional school 50.7 50.7

University 19.6 25.0

Dietary intake#

Total energy intake
(kcal/day) 1,884.5 (220.9) 1,903.9 (204.1)

Total carbohydrate
(g/day) 206.5 (29.7) 210.2 (30.3)

Overall glycemic
index 55.6 (2.1) 55.5 (2.1)

Total dietary
glycemic load 115.6 (18.5) 117.4 (18.7)

Total sugar
(g/day) 98.6 (19.1) 100.4 (19.4)

Total starch
(g/day) 104.4 (19.0) 106.6 (19.8)

Total fiber
(g/day) 20.3 (3.9) 20.3 (3.9)

Saturated fats
(g/day) 30.7 (7.3) 30.5 (6.8)

Monounsaturated
fats (g/day) 26.9 (5.1) 27.6 (5.4)

Polyunsaturated
fats (g/day) 11.2 (2.1) 12.2 (2.7)

* Unknown values were excluded from the calculations: age at

menarche, 5.7%; parity, 6.8%; oral contraceptive therapy, 4.9%;

smoking status, 2.3%; physical activity, 17.1%; diabetes, 4.3%; hyper-

tension, 16.1%; educational level, 4.1%; and, in postmenopausal

women, hormone replacement therapy, 7.5%; and age at meno-

pause, 27.2%.

y Continuous variables are presented as mean (standard de-

viation), adjusted by age and center (except age, which was adjusted

by center only). Categorical variables are presented as percentages.

zExcludes three cases and 836 noncases with bilateral ovariectomy.

§ Among postmenopausal women only.

{ Weight (kg)/height (m)2.

# Calibrated mean daily dietary intakes were obtained by re-

gression of the 24-hour diet recall values on the main dietary

questionnaires.
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intake on total energy intake (24, 43) with additional adjust-
ment for country. Trend tests were estimated on integer
scores (1–4) applied to the quartiles and were entered as
a continuous term in the regression models.

All Cox models were stratified by study center to control
for differences in questionnaire design and follow-up pro-
cedures, and by age at recruitment in 1-year categories. All
models were also adjusted for total energy intake by using
the residual method (24, 43) to control partly for the error in
nutrient intake (44–46) and because we were primarily in-
terested in dietary composition rather than absolute intake
(43, 44). The multivariable models were additionally ad-
justed for body mass index (kg/m2, continuous), height
(cm, continuous; representing lean body mass (43)), and
total physical activity level (inactive, moderately inactive,
moderately active, active, unknown), to control for other
determinants of energy balance (43, 45, 47), and for ciga-
rette smoking status (never, former, current, unknown) be-
cause it was associated with nutrient intake and its inclusion
in the models influenced the risk estimates. Using body
mass index squared, log(body mass index), or sqrt(body

mass index) as potentially nonlinear confounders did not
further influence the associations. Other potential confound-
ers examined, but not included in the final models because
their inclusion had little influence on the risk estimates,
were age at menarche, menopausal status, age at meno-
pause, number of full-term pregnancies, age at birth of last
child, ever use of HRT, ever use of oral contraceptives, self-
reported presence of hypertension or diabetes, and education.

Nutrient intakes including total energy intake were cali-
brated by using a multivariable fixed-effects linear model in
which 24-hour recall values were regressed on the main
dietary questionnaire values for the calibration study partic-
ipants (refer to the supplementary online material for further
details). The calibration model was used to compute indi-
vidual predicted values for each of the dietary exposures
of interest. Cox regression models were run by using the
predicted (calibrated) values on a continuous scale, for
all main models. The standard error of the deattenuated
coefficient was estimated with bootstrap sampling to take
into account the uncertainty related to measurement error
correction (48).

TABLE 3. Relative risk estimates and 95% confidence intervals for endometrial cancer, by quartiles* of

energy-adjusted total carbohydrates, glycemic index, glycemic load, and other carbohydrate components,

European Prospective Investigation into Cancer and Nutrition, 1992–2004

Dietary variable and quartile
No. of
cases

No. of
person-years

Adjusted for age, center,
and total energy intake

Multivariabley
adjusted

RRz 95% CIz RR 95% CI

Total carbohydrates (g/day)

Quartile 1 162 472,011 1.00 1.00

Quartile 2 176 447,659 1.16 0.94, 1.44 1.17 0.94, 1.45

Quartile 3 182 449,894 1.17 0.95, 1.46 1.18 0.95, 1.47

Quartile 4 190 473,431 1.13 0.91, 1.39 1.16 0.93, 1.43

ptrend 0.29 0.20

Uncalibrated (per 100 g/day) 1.16 0.94, 1.44 1.20 0.97, 1.50

Calibrated (per 100 g/day) 1.48 0.99, 2.22 1.61 1.06, 2.45

Glycemic index

Quartile 1 182 471,723 1.00 1.00

Quartile 2 185 447,953 1.16 0.95, 1.43 1.17 0.95, 1.44

Quartile 3 168 450,978 1.07 0.87, 1.33 1.08 0.88, 1.34

Quartile 4 175 472,341 1.03 0.83, 1.27 1.04 0.84, 1.28

ptrend 0.97 0.90

Uncalibrated (per 5 units/day) 1.01 0.91, 1.11 1.01 0.92, 1.12

Calibrated (per 5 units/day) 1.01 0.81, 1.27 1.03 0.82, 1.30

Glycemic load

Quartile 1 180 477,786 1.00 1.00

Quartile 2 163 445,897 1.01 0.81, 1.25 1.01 0.82, 1.26

Quartile 3 167 444,498 1.04 0.84, 1.29 1.05 0.85, 1.31

Quartile 4 200 474,813 1.12 0.92, 1.38 1.15 0.94, 1.41

ptrend 0.24 0.16

Uncalibrated (per 50 units/day) 1.11 0.94, 1.30 1.14 0.96, 1.34

Calibrated (per 50 units/day) 1.32 0.94, 1.85 1.40 0.99, 1.99

Table continues
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We used multivariate nutrient density models (24, 49) to
evaluate the possible confounding effects of other macro-
nutrients. We estimated the effect of a 5 percent increase in
the percentage of energy from carbohydrates relative to an
identical decrease in the percentage of energy from another
macronutrient, enabling us to compare isocaloric diets.
Additionally, we examined macronutrient composition by
using the energy decomposition (partition) method (24)
(refer to the supplementary online material).

On the basis of previous reports of possible effect modi-
fication, we examined heterogeneity of risk estimates ac-
cording to body mass index (<25, 25–<30, �30 kg/m2),
waist-hip ratio (<0.78, �0.78 cm), menopausal status
(premenopausal, perimenopausal, postmenopausal), total
physical activity level (inactive þ moderately inactive,
moderately active þ active), use of HRT by postmenopausal
women (never/ever used), use of oral contraceptives (never/
ever used), self-reported diabetes (yes/no), and country. Chi-
square tests were used to calculate the deviations of beta
coefficients obtained from continuous uncalibrated models in

each of the subgroups relative to the overall beta coefficients.
All analyses were performed by using SAS software (version
9.1; SAS Institute, Inc., Cary, North Carolina), and statistical
significance was inferred at two-sided p <0.05.

RESULTS

During a mean 6.4 years and 1,842,995 person-years of
follow-up, 710 incident endometrial cancer cases were di-
agnosed among 288,428 women (table 1). Women who de-
veloped endometrial cancer during follow-up were, at
baseline, more likely to be older, be obese, be never smok-
ers, have diabetes, and have different patterns of exogenous
hormone use compared with women who did not develop
cancer, but they had similar dietary intake and physical
activity levels (table 2). When the dietary questionnaire var-
iables were categorized into quartiles, the mean values in the
fourth quartiles were two- to threefold higher than those in
the first quartiles, except for glycemic index, where the

TABLE 3. Continued

Dietary variable and quartile
No. of
cases

No. of
person-years

Adjusted for age, center,
and total energy intake

Multivariabley
adjusted

RRz 95% CIz RR 95% CI

Total sugars (g/day)

Quartile 1 156 465,307 1.00 1.00

Quartile 2 168 455,771 1.01 0.80, 1.25 1.01 0.81, 1.27

Quartile 3 173 456,231 0.98 0.78, 1.22 1.00 0.80, 1.24

Quartile 4 213 465,686 1.16 0.94, 1.43 1.20 0.97, 1.48

ptrend 0.19 0.10

Uncalibrated (per 50 g/day) 1.11 0.98, 1.27 1.14 1.00, 1.30

Calibrated (per 50 g/day) 1.30 1.01, 1.68 1.36 1.05, 1.76

Total starch (g/day)

Quartile 1 207 479,758 1.00 1.00

Quartile 2 162 447,479 0.87 0.70, 1.07 0.87 0.70, 1.07

Quartile 3 172 442,780 0.96 0.78, 1.18 0.95 0.77, 1.18

Quartile 4 169 472,978 0.90 0.73, 1.11 0.90 0.73, 1.11

ptrend 0.49 0.48

Uncalibrated (per 50 g/day) 0.98 0.86, 1.11 0.98 0.87, 1.11

Calibrated (per 50 g/day) 1.04 0.74, 1.45 1.04 0.74, 1.47

Total fiber (g/day)

Quartile 1 156 464,761 1.00 1.00

Quartile 2 180 452,886 1.12 0.91, 1.40 1.11 0.90, 1.39

Quartile 3 173 452,904 1.05 0.84, 1.31 1.04 0.83, 1.29

Quartile 4 201 472,443 1.05 0.84, 1.31 1.13 0.91, 1.40

ptrend 0.32 0.41

Uncalibrated (per 10 g/day) 1.09 0.96, 1.23 1.08 0.95, 1.22

Calibrated (per 10 g/day) 1.24 0.97, 1.58 1.27 0.99, 1.63

* Quartile cutpoints were based on study-wide energy-adjusted nutrient intake distributions, computed as the

residuals from a linear regression of nutrient intake on total energy intake with additional adjustment for country.

y Stratified by age and center and adjusted for total energy intake (residual method), body mass index, height,

physical activity level, and smoking status.

zRR, relative risk; CI, confidence interval.

RR 95% Cl
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TABLE 4. Multivariable* relative risk estimates and 95% confidence intervals for endometrial cancer, by quartilesy of energy-adjusted total carbohydrates and total sugars,

according to body mass index, menopausal status, and use of exogenous hormones, European Prospective Investigation into Cancer and Nutrition, 1992–2004

Subgroup
No. of cases per
quartile (1, 2, 3, 4)

RRz and 95% CIz for quartiles

ptrend§

Continuous units{

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Uncalibrated Calibrated

RR RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Total carbohydrates

Body mass index#

<25 86, 87, 89, 103 1.00 1.12 0.83, 1.52 1.12 0.83, 1.52 1.07 0.80, 1.43 0.69 1.19 0.89, 1.60 1.70 1.00, 2.90

25–<30 40, 52, 59, 50 1.00 1.36 0.89, 2.07 1.46 0.97, 2.21 1.29 0.84, 1.98 0.23 1.32 0.86, 2.02 1.77 0.78, 4.00

�30 36, 37, 34, 37 1.00 1.05 0.66, 1.68 1.01 0.62, 1.63 1.21 0.76, 1.93 0.49 1.01 0.60, 1.71 1.01 0.42, 2.43

Menopausal status
at baseline**

Premenopausal 31, 33, 27, 22 1.00 1.41 0.86, 2.32 1.17 0.69, 1.99 0.85 0.49, 1.47 0.51 0.94 0.57, 1.57 1.01 0.32, 3.19

Perimenopausal 35, 31, 37, 35 1.00 0.98 0.60, 1.61 1.16 0.72, 1.88 1.06 0.66, 1.72 0.67 1.16 0.70, 1.90 1.66 0.69, 3.99

Postmenopausal 96, 111, 116, 133 1.00 1.16 0.88, 1.53 1.16 0.88, 1.53 1.26 0.96, 1.65 0.12 1.31 0.99, 1.73 1.73 1.03, 2.89

Ever use of HRTz
among
postmenopausal
womenyy

Ever used 50, 46, 53, 51 1.00 1.01 0.67, 1.51 1.15 0.77, 1.70 1.00 0.67, 1.49 0.84 1.02 0.68, 1.54 1.18 0.55, 2.52

Never used 38, 52, 50, 75 1.00 1.34 0.88, 2.05 1.18 0.77, 1.82 1.70 1.14, 2.53 0.02 1.87 1.25, 2.80 3.09 1.48, 6.43

Ever use of oral
contraceptives
among all
womenzz

Ever used 72, 76, 67, 65 1.00 1.26 0.91, 1.74 1.19 0.84, 1.66 1.07 0.76, 1.50 0.77 1.15 0.82, 1.62 1.48 0.80, 2.75

Never used 88, 86, 104, 112 1.00 1.01 0.75, 1.36 1.18 0.88, 1.58 1.18 0.89, 1.57 0.15 1.25 0.93, 1.68 1.66 0.94, 2.92

Total sugars

Body mass index#

<25 75, 88, 84, 118 1.00 1.08 0.79, 1.48 0.98 0.72, 1.35 1.25 0.93, 1.68 0.19 1.24 1.04, 1.48 1.72 1.25, 2.37

25–<30 46, 49, 59, 47 1.00 0.97 0.64, 1.46 1.09 0.73, 1.62 0.91 0.60, 1.37 0.80 0.99 0.76, 1.27 0.98 0.58, 1.66

�30 35, 31, 30, 48 1.00 0.84 0.51, 1.38 0.86 0.52, 1.42 1.48 0.95, 2.32 0.07 1.11 0.82, 1.49 1.26 0.77, 2.05

Menopausal status
at baseline**

Premenopausal 33, 26, 26, 28 1.00 1.00 0.59, 1.69 1.06 0.62, 1.79 1.14 0.68, 1.91 0.60 1.06 0.78, 1.44 1.08 0.54, 2.16

Perimenopausal 40, 33, 24, 41 1.00 0.74 0.46, 1.18 0.56 0.33, 0.93 1.06 0.68, 1.66 0.98 1.15 0.85, 1.57 1.52 0.87, 2.64

Postmenopausal 82, 108, 122, 144 1.00 1.14 0.85, 1.53 1.19 0.89, 1.58 1.31 1.00, 1.73 0.05 1.17 1.00, 1.38 1.41 1.02, 1.94

Ever use of HRT
among
postmenopausal
womenyy

Ever used 42, 40, 57, 61 1.00 0.84 0.54, 1.31 1.14 0.76, 1.72 1.13 0.76, 1.68 0.28 1.07 0.83, 1.37 1.22 0.76, 1.95

Never used 35, 52, 54, 74 1.00 1.38 0.89, 2.13 1.32 0.86, 2.04 1.60 1.07, 2.41 0.04 1.37 1.10, 1.72 1.87 1.18, 2.96
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difference in means was only 10 glycemic index units (data
not shown).

Total energy intake was strongly correlated with carbo-
hydrate intake (r ¼ 0.86) and total dietary glycemic load
(r ¼ 0.84) but weakly correlated with overall glycemic index
(r¼ 0.11) (data not shown). After adjustment for total energy
intake in addition to age and center, the following correla-
tions were observed: total carbohydrate intake with total
dietary glycemic load (r ¼ 0.93), overall glycemic index
(r ¼ 0.17), and total fats (r ¼ �0.71); and overall glycemic
index with total dietary glycemic load (r ¼ 0.51), total
starch (r ¼ 0.66), total sugars (r ¼ �0.44), and total fiber
(r ¼ 0.00).

We found no statistically significant associations or dose-
response trends with endometrial cancer risk for increasing
quartile intakes of any of the nutrient exposure variables
(table 3). However, when total carbohydrates, total dietary
glycemic load, total sugars, and total fiber were analyzed
with continuous scales, the associations for these dietary
factors were marginally statistically significant, and the point
estimates more than doubled when calibrated data were used
to partially control for measurement error (table 3). Addi-
tional adjustment for total dietary fiber did not appreciably
alter the relative risk estimates, but the fiber-risk association
was partly attenuated after adjustment for total carbohydrates
(data not shown), suggesting no independent association of
total fiber with risk. There was no association between over-
all glycemic index or total starch intake and risk, and neither
adjustment for potential confounders nor calibration appre-
ciably affected these relative risk estimates (table 3).

In isocaloric multivariable nutrient density models (data
not shown in tables), increasing the energy intake from total
carbohydrates by 5 percent was associated with a marginally
statistically significant increased risk when offset by a 5 percent
decrease in the percentage of energy from total fats (relative
risk ¼ 1.07, 95 percent confidence interval: 1.00, 1.15),
polyunsaturated fats (relative risk ¼ 1.18, 95 percent con-
fidence interval: 0.97, 1.44), and, to a lesser extent, mono-
unsaturated fats (relative risk ¼ 1.08, 95 percent confidence
interval: 0.90, 1.29). However, there was no association
when increased energy from carbohydrates was offset by
an identical decrease in energy intake from saturated fats,
protein, or alcohol.

In subgroup analyses (table 4), the associations between
total carbohydrates, total sugars, and risk were stronger
among postmenopausal women who had never used HRT
compared with ever users (pheterogeneity ¼ 0.04 for total carbo-
hydrates, pheterogeneity ¼ 0.14 for total sugars). Among women
who had never used HRT, there were statistically significant
dose-response trends with increasing quartiles and use of
continuous measures. The risk estimates appeared slightly
stronger among postmenopausal women than among pre-
menopausal women, but the tests for heterogeneity were not
statistically significant. When stratified by body mass index
subgroups, the calibrated continuous models suggested a
possibly stronger association among normal-weight women,
but this finding was not reflected in the quartile risk estimates.
Similarly, risk estimates for total carbohydrates and total sug-
ars appeared higher for women with a waist-hip ratio below
the median versus above the median, but there was no
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significant heterogeneity (pheterogeneity ¼ 0.10 and pheterogeneity

¼ 0.31, respectively; data not shown in tables). There was no
evidence that use of oral contraceptives, physical activity, or
diabetes modified the associations, nor was there any evidence
of heterogeneity of risk estimates across countries. The sub-
group results for total dietary glycemic load were very similar
to those for total carbohydrates. The association between
overall glycemic index and risk did not differ by any of the
subgroup factors examined (pheterogeneity > 0.10 for all com-
parisons). The relative risk estimates did not meaningfully
change in sensitivity analyses that excluded women with less
than 1 year of follow-up, women with self-reported diabetes,
or in analyses restricted to cases with known type I tumors.

We also examined the associations between main
carbohydrate-providing food groups (29) and endometrial
cancer risk (supplementary online table 1). None of the asso-
ciations was statistically significant, although therewas a mar-
ginally significant positive trend for potatoes (ptrend ¼ 0.06).

DISCUSSION

Overall, no significant association with endometrial can-
cer risk was observed for quartile intakes of any of the
exposure variables. However, when continuous estimates
were used, there was a suggestion of a modest increased
risk associated with dietary carbohydrates, particularly total
sugars, which was further supported by the calibrated esti-
mates. Our results also indicate that HRT may modify the
carbohydrate-risk association.

Most previous studies (11, 13, 14, 17–19) observed a null
association between dietary carbohydrate intake and endo-
metrial cancer, whereas other studies have suggested positive
(12, 15, 16) or inverse (20–23) associations. We found that
total sugars, but not total starch, might increase risk. Studies
in animals and humans have found that diets high in sugars,
particularly fructose and sucrose, increase insulin concentra-
tions to a larger extent than starch-rich diets and are associ-
ated with insulin resistance (50, 51). Other epidemiologic
studies have found no convincing association of total sugars
(13, 52) or total starch (22) with endometrial cancer. Studies
that examined dietary fiber intake have generally reported
possible inverse (16, 18, 21, 22) or null (12, 19, 53) associ-
ations. It is possible that the association may differ according
to different fiber fractions such as soluble and insoluble fiber;
however, these data were not available in our study.

Although glycemic load, by definition, is a product of
carbohydrate quantity and quality, it was correlated much
more strongly with total carbohydrates than with overall
glycemic index in this study. As such, the risk estimates
for total dietary glycemic load were very similar to those
for total carbohydrates. Similar correlations were reported
in a recent study (54), in which the authors suggested that
the narrow range of observed glycemic index values could
partly explain the low correlation between glycemic load
and glycemic index, and the lack of association between
glycemic index and risk. Four previous studies (10, 11,
13, 28) examined the association between glycemic load,
glycemic index, and endometrial cancer. Consistent with
our results, these studies generally observed a weak positive

association between total dietary glycemic load and risk.
For glycemic index, two studies (11, 28) observed no asso-
ciation between overall glycemic index and risk, and two
studies (10, 13) reported positive associations.

The associations between total carbohydrates, total sug-
ars, total dietary glycemic load, and endometrial cancer risk
were modified by HRT use, such that risk was increased for
never users but not ever users. The underlying mechanisms
are unclear, although it is possible that exogenous estrogens
in HRT preparations modify circulating hormone levels to
such an extent that dietary factors have little additional ef-
fect. Two previous studies (13, 28) did not observe statisti-
cally significant heterogeneity between glycemic load and
risk according to HRT use. Kasum et al. (55) observed an
inverse association between intake of whole grains and risk
among never users but not ever users.

Contrary to our results, Silvera et al. (13) reported a pos-
sibly stronger association between glycemic load, glycemic
index, and risk for women who were premenopausal at base-
line; however, there was no significant heterogeneity, and
many of those women would have experienced menopause
during the mean 16-year study follow-up. Our study also mea-
sured only baseline menopausal status, but mean follow-up
was shorter (6.4 years) and so would be less affected by
changes in menopausal status. Although previous studies
have reported possibly stronger associations between
overall glycemic index or total dietary glycemic load and
endometrial cancer risk for women who are overweight or
obese (10, 11, 13), inactive (11, 13), or nondiabetic (28), we
did not find clear evidence for effect modification by these
factors.

Under isocaloric conditions, increasing the proportion of
carbohydrates in the diet increased risk only when carbohy-
drates replaced energy from total fats, monounsaturated
fats, and polyunsaturated fats, but not energy from saturated
fats, protein, or alcohol. There is evidence from other stud-
ies (7, 8, 40, 56, 57) that the amount and type of dietary fat
can modify the glycemic and insulinemic response to a car-
bohydrate food, and that insulin sensitivity may be im-
proved by monounsaturated fats but worsened by saturated
fats (58, 59). Future studies should consider exploring fur-
ther the associations of dietary patterns with risk.

The main mechanisms by which carbohydrate-rich foods
and their glycemic index could influence endometrial cancer
risk relate to the development or exacerbation of insulin re-
sistance, chronic hyperinsulinemia, hyperglycemia, obesity,
or diabetes (1, 6, 8, 27, 60). The type and amount of carbo-
hydrates directly influence the glycemic and insulinemic
response (6–8, 50), and some evidence suggests that slowly
absorbed, low glycemic index foods improve insulin sensi-
tivity through their maintenance of relatively low plasma
fatty acid levels (6, 8, 27). Furthermore, dietary interven-
tions that modify carbohydrate and fat intake and overall
glycemic index have been shown to significantly alter pep-
tide and sex steroid hormone levels (61, 62).

A major strength of this study is its large, prospective
cohort design; the wide variation in consumption of carbo-
hydrate-rich foods between EPIC countries (29); and infor-
mation on many potential confounders. Our study also has
several limitations common to observational dietary studies.
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Estimating food and nutrient intakes by questionnaires is
associated with large random error that tends to attenuate
relative risk estimates (24, 25). It is also probable that dif-
ferential systematic error was present because of under-
reporting of intake within specific population subgroups of
women, such as obese women (36). Because total energy
and many nutrients have correlated errors, adjustment for
total energy is thought to partly remove some errors in es-
timated nutrient intakes (44, 45).

The calibration method used to correct for dietary mea-
surement errors may not completely account for measure-
ment error because of likely correlated errors between the
24-hour recalls and the dietary questionnaires (25, 46).
Thus, the relative risk estimates observed in this study
may be underestimates of the true association. On the other
hand, some caution is needed when interpreting these cali-
brated estimates, particularly because of several statistically
marginal associations and some associations that were seen
with only the calibrated estimates. Measurement error
correction will generally always strengthen associations
away from the null because of imperfect associations be-
tween the dietary questionnaires and the 24-hour recall data.
Calibrated estimates are thought to give a more precise
point estimate but not a more precise estimate of statistical
significance.

Diet and other covariates were measured at baseline only;
thus, we were unable to adjust for possible changes in ex-
posures, including diet and exogenous hormones, which may
have occurred during follow-up. Some limitations also affect
the estimation and interpretation of glycemic index and
glycemic load. Reference glycemic index values have been
determined primarily by using US and Australian foods;
however, botanical variation, processing, and cooking
methods, which have a significant impact on glycemic index
(9, 26, 40), may differ in European countries. Glycemic
index values have been determined for only a limited num-
ber of foods, and the methods used to assign glycemic index
values to food items can differ between studies. It has also
been suggested that glycemic index and glycemic load may
not always adequately reflect the glycemic or insulinemic
response to food when used in the context of a usual diet
(56, 57, 63).

In conclusion, our data suggest no association of overall
glycemic index, total starch, and total fiber with risk, and
a possible modest positive association of total carbohy-
drates, total dietary glycemic load, and total sugars with
risk, particularly among never users of HRT.
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