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Abstract

Obesity is a major risk factor for endometrial cancer, a
relationship thought to be largely explained by the
prevalence of high estrogen levels in obese women.
Obesity is also associated with high levels of insulin, a
known mitogen. However, no prospective studies have
directly assessed whether insulin and/or insulin-like
growth factor-I (IGF-I), a related hormone, are associ-
ated with endometrial cancer while accounting for
estrogen levels. We therefore conducted a case-cohort
study of incident endometrial cancer in the Women•s
Health Initiative Observational Study, a prospective
cohort of 93,676 postmenopausal women. The study
involved all 250 incident cases and a random subcohort
of 465 subjects for comparison. Insulin, total IGF-I,
free IGF-I, IGF-binding protein-3, glucose, and estra-
diol levels were measured in fasting baseline serum
specimens. Cox models were used to estimate associ-
ations with endometrial cancer, particularly endome-
trioid adenocarcinomas, the main histologic type

(n = 205). Our data showed that insulin levels were
positively associated with endometrioid adenocarcino-
ma [hazard ratio contrasting highest versus lowest
quartile (HR q4-q1), 2.33; 95% confidence interval
(95% CI), 1.13-4.82] among women not using hormone
therapy after adjustment for age and estradiol. Free
IGF-I was inversely associated with endometrioid
adenocarcinoma (HR q4-q1, 0.53; 95% CI, 0.31-0.90) after
adjustment for age, hormone therapy use, and estradiol.
Both of these associations were stronger among
overweight/obese women, especially the association
between insulin and endometrioid adenocarcinoma
(HRq4-q1, 4.30; 95% CI, 1.62-11.43). These data indicate
that hyperinsulinemia may represent a risk factor for
endometrioid adenocarcinoma that is independent of
estradiol. Free IGF-I levels were inversely associated
with endometrioid adenocarcinoma, consistent with
prior cross-sectional data. (Cancer Epidemiol Bio-
markers Prev 2008;17(4):921…9)

Introduction

Endometrial cancer is the seventh most common malig-
nancy worldwide (1). In the United States, f 39,080 new
cases are expected during 2007 (2), and because obesity is
a major risk factor for endometrial cancer, the incidence
of these tumors may soon rise due to the epidemic of
obesity in this country. The relationship between obesity
and endometrial cancer, particularly endometrioid
adenocarcinomas, is thought to largely, but not fully, be
explained by the elevated estrogen levels in obese
women (3-5). To better understand the relation of obesity
with endometrial cancer, we sought to identify addi-

tional endocrinologic factors that are common in obese
women and that, independent of estrogen, might be
associated with the risk of endometrial tumors.

Recent hypotheses regarding the obesity…endometrial
cancer relationship have focused particularly on hyper-
insulinemia. Obesity is associated with high levels of
insulin, a known mitogen with antiapoptotic activity, and
endometrial cancer cell lines express high-affinity insulin
receptors (6). Insulin-like growth factor-I (IGF-I), which
shares extensive amino acid sequence homology and
downstream signaling pathways with insulin, has simi-
larly garnered research interest as a potential risk factor
for endometrial cancer, especially because IGF-I has much
stronger mitotic and antiapoptotic activity than insulin
(7, 8). Most IGF-I in circulation is produced by the liver
and circulates bound to IGF-binding proteins (IGFBP),
with 75% bound specifically to IGFBP-3. Only 1% of IGF-I
circulates free (unbound). However, as with estrogen, the
free fraction may be the most biologically active (9).

Epidemiologic data regarding insulin and IGF-I as risk
factors for endometrial cancer are limited, and no
prospective study, to our knowledge, has directly
assessed insulin and IGF-I in relation to endometrial
cancer while accounting for endogenous estrogen levels.
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age-adjusted hazard ratio estimates for the association of
free IGF-I and endometrial cancer between batches
and confirmed that the results did not significantly differ
(P = 0.35).

Statistical Analysis. The baseline characteristics of
cases and the subcohort were compared using the
Wilcoxon rank sum test (for continuous data) or
Pearson•sm2 (for categorical data). Serologic assay results
were expressed as quartiles or tertiles based on the
distribution of values in the subcohort. For those assays
conducted in two separate batches, we determined the
quartiles separately for each batch. This was done to
minimize the possibility that even unrecognized varia-
tions in laboratory results across batches might affect our
findings. Correlations between these serologic data, age,
and body mass index (BMI) were assessed in the
subcohort using Spearman•s correlation coefficient. To
assess the effects of hormone therapy on each of the
measured serologic factors, we determined their mean
values by hormone therapy stratum categorized as (a)
users of combined estrogen and progesterone or (b)
nonusers of estrogen and progesterone and compared

these values using the Wilcoxon rank sum test. Hazard
ratios measuring the associations of our serologic data, as
well as other risk factors, with risk for endometrial cancer
were estimated using multivariable Cox proportional
hazard regression models that used the Self-Prentice
method for robust standard error estimates (to account
for the case-cohort design), with time to event as the
underlying time scale. Our main models were adjusted
for (a) age, categorized as 50-54 (reference), 55-59, 60-64,
65-69, 70-74, or 75-79 years of age; (b) BMI, categorized
as <18.5, 18.5 to <25 (reference), 25.0 to <30, 30 to <34, or
z34 kg/m 2; and (c) hormone therapy use or endogenous
estradiol levels. Estradiol data were assessed in non…
hormone therapy users only because hormone therapy
complicates estradiol measurement. This created four
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users) to be modeled. Reported epidemiologic risk factors
for endometrial cancer (that is, parity, age at first live birth,
age at menopause, oral contraceptive use, physical activity,
smoking, and alcohol consumption) were tested as
potential confounding variables by stepwise inclusion in
these multivariable models, and variables that altered the
hazard ratio by 10% or more were retained in the final
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(University of Wisconsin, Madison, WI) Gloria E. Sarto;
(Wake Forest University School of Medicine, Winston-
Salem, NC) Mara Vitolins; (Wayne State University
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Hendrix.
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