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We conducted a case-control study nested within the European
Prospective Investigation into Cancer and Nutrition, to examine
the associations between prediagnostic serum concentrations of C-
peptide, insulin-like growth factor binding protein (IGFBP)-1 and
IGFBP-2, and endometrial cancer risk. Among pre- and post-
menopausal women, who were not currently using exogenous hor-
mones, 286 women developed incident endometrial cancer dur-
ing an average 5.1 years follow-up. Using risk set sampling,
555 matched control subjects were selected. In conditional logistic
regression models adjusted for matching factors only, endometrial
cancer risk increased with increasing serum levels of C-peptide
(relative risks (RR) for the top vs. bottom quartile = 2.13 [95%
confidence interval (CI) 1.33-3.41], pirena = 0.001, and decreasing
serum levels of IGFBP-2 (RR for the top vs. bottom quartile = 0.56
[95% CI 0.35-0.90], pirena = 0.03, but was not significantly associ-
ated with IGFBP-1 levels (RR for the top vs. bottom quartile =
0.76 [95% CI 0.47-1.21], ptrena = 0.25). In BMI-adjusted models,
only the C-peptide association remained marginally statistically
significant (RR for the top vs. bottom quartile = 1.56 [95% CI
0.94-2.57], pirena = 0.05 for C-peptide; 0.84 [95% CI 0.50-1.40],
Pirena = 0.74 for IGFBP-2; and 1.08 [95% CI 0.65-1.78], ptrena =
0.86 for IGFBP-1 levels). These associations were stronger among
nonfasting women (<6 hr since last meal; 63% of subjects) but
were not evident among fasting women, although the interactions
were not statistically significant. The C-peptide-risk association
was substantially attenuated after adjustment for free estradiol in
postmenopausal women (RR for the top vs. bottom quartile = 1.28
[95% CI 0.67-2.45], ptrena = 0.42. Our results provide modest sup-
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tion into Cancer and Nutrition; HRT, hormone replacement therapy;
TARC, International Agency for Research on Cancer; IGF-1, insulin-like
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SHBG, serum sex hormone binding globulin; WHR, waist-hip ratio.
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port to the hypothesis that hyperinsulinaemia is a risk factor for
endometrial cancer.
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peptide; prospective

In 2002, endometrial cancer was diagnosed in ~200,000 women
worldwide and 50,000 women died of the disease.! Tt is the 4th
most common cancer in women in western countries, where age-
standardized 1nc1dence rates are 4.5 times higher than in less deve-
loped regions.' Variations in incidence rates by region, over time,
or following migration from low-risk to high-risk countries support
data from epidemiological studies that have shown lrfestyle factors
to be important predictors of endometrial cancer risk.?

Whilst exposure to unopposed estrogens is strongly implicated
in the aetiology of endometrial cancer,” other hormonal factors,
such as those relating to insulin resistance, may also play a role in
the development of this disease. Indeed, excess weight and to a
lesser extent physical inactivity, both of which are key determi-
nants of insulin resistance,>* are estimated to cause at least half of
all endometrial cancer cases in Europe and the USA*” It has been
hypothesized that insulin resistance and the resulting compensa-
tory chronic hyperinsulinaemia could be an important mediator of
their effects on endometrial cancer risk.>* In a recent prospective
case-control study nested within 3 cohorts in New York, northern
Sweden and Milan,® high blood levels of C-peptide, a biomarker
of pancreatrc insulin production, were associated with up to a 4-
fold increase in endometrial cancer risk, even after adjusting for
body mass index (BMI; kg/m?). Two other case-control studies in
the USA” and Finland® also showed an increased risk with increas-
ing circulating C-peptide and insulin levels, respectively. Further-
more, Type 1I diabetes, which is generally associated with hyper-
insulinaemia for many years both before and after disease onset, is
a recognized risk factor for endometrial cancer.”'°

Several biological mechanisms have been proposed implicating
hyperinsulinaemia in the aetiology of endometrial cancer>#; insulin
itself may act directly on endometrial tissue as a mitogenic and anti-
apoptotic growth factor, or insulin may act indirectly by increasing
circulating levels of free estrogens and androgens through down-
regulation of sex hormone binding globuhn (SHBG) and up-regula-
tion of ovarian sex steroid production.>* Insulin may also increase
IGF-I bioactivity by reducing the circulating and endometrial tissue
levels of 1mu11n-lrke growth factor binding proteins IGFBP)-1 and
IGFBP-2,! although epidemiological evidence of a possible
association of endometrial cancer risk with serum levels of
IGFBP-1°%15"18 and IGFBP-2%® has so far been inconclusive.

To clarify the role of prediagnostic serum C-peptide, IGFBP-1
and IGFBP-2 levels as possible risk factors for endometrial can-
cer, we conducted a case-control study nested within the European
Prospective Investigation into Cancer and Nutrition (EPIC) pro-
spective cohort. We also examined to what extent the associations
between these peptide hormone levels and endometrial cancer risk
are explained by differences in obesity, physical inactivity and
other traditional risk factors, and whether hyperinsulinaemia influ-
ences risk via changes in endogenous sex hormone metabolism.
IGF-1 levels were not measured in our study because circulating
IGF-I levels may not be a good marker of the local expression and
action of IGF-I in the endometrium,® and because IGF-1 has a
complex, non-linear relationship with BMI and energy balance.'
This is the largest prospective study of its kind to date, comprising
286 incident cases of endometrial cancer in pre- and post-meno-
pausal women, and 555 matched controls.

Material and methods
Study population

EPIC recruitment procedures and collection of questionnaire
data, anthropometric measurements and blood samples have been
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previously described in detail.® In brief, extensive standardized
questionnaire data were collected between 1992 and 1998, from
~366,500 women and 153,500 men in 10 western European coun-
tries, of whom about 386,000 also provided a blood sample. The
present study includes endometrial cancer cases occurring after
blood collection, and matched control subjects, from 8 of the 10
participating countries: Denmark, France, Germany, Greece, Italy,
the Netherlands, Spain and the United Kingdom. Norway was not
included in the present study because blood samples had been col-
lected only recently on a subsample of cohort participants, and
only very few cases of endometrial cancer had been diagnosed
when the present study was initiated. Sweden was not included
because a separate study within their cohort had already been
planned.

Data collection

Data on nondietary lifestyle and health factors were collected
via a questionnaire that included menstrual and reproductive his-
tory, current and previous use of oral contraceptives (OC) and
postmenopausal hormone replacement therapy (HRT), history of
previous illness and disorders or surgical operations, lifetime his-
tory of tobacco smoking and alcohol consumption, past-year phys-
ical activity, level of education and brief occupational history.
Height, weight and waist and hip circumferences were measured
according to standardized protocols, in light dressing, except for
part of the Oxford cohort, where height and weight were self-
reported. A summary measure of physical activity, combining rec-
reational and household activity in MET-hr/week, and the defini-
tion of menopausal status, have been previously described in
detail 212 Type of occupational physical activity was measured in
the EPIC questionnaire but could not be transformed into a contin-
uous variable; nevertheless, results of statistical analyses were
similar when we substituted the continuous summary variable
with a categorical variable that included occupational, household
and recreational activity. All baseline questionnaire and follow-up
data were entered into a central database at the International
Agency for Research on Cancer (IARC) in Lyon, France.

Collection and storage of blood samples

Blood samples were collected according to a standardized pro-
tocol. From each subject, 30 ml of blood was drawn and stored at
5-10°C, protected from light, and transferred to local laboratories
for further processing and aliquoting. An exception was the EPIC-
Oxford centre (UK), where blood samples were collected through
a network of general practitioners and transported to a central lab-
oratory by mail at ambient temperature. The syringes for the prep-
aration of blood plasma contained trisodium citrate as anticoagu-
lant. After centrifugation, blood fractions were aliquoted into 28
plastic straws of 0.5 ml each and stored at —196°C. In Denmark,
blood fractions were aliquoted into 1-ml tubes and stored at
—150°C. The time at last consumption of food or drink was
recorded, and used to define samples as ‘fasting’ (>6 hr since last
food or drink) or ‘nonfasting’ (<6 hr); a 6-hr cut-off was chosen
because plasma msuhn concentrations usually return to baseline
levels within this time,>** and this was also a natural cut-off pornt
within our study distribution (Fig. 1). The majority of women in
this analysis had nonfasting samples (63%; n = 181 cases, 347
matched controls), 32% had fasting samples (n = 90 cases, 179
matched controls) and fasting status was unknown for 5% (n = 15
cases, 29 matched controls).

Follow-up for cancer incidence and vital status

In Denmark, Italy, the Netherlands, the United Kingdom and
Spain, incident cancer cases were identified through record link-
age with regional cancer registries. In Germany, France and Greece,
follow-up was based on a combination of methods, including health
insurance records, cancer and pathology registries, and active fol-
low-up through study subjects and their next-of-kin. Data on vital
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FiGure 1 — The distribution of subjects according to the number of
hours since last food or drink at the time of blood donation.

status in most EPIC study centres were collected from mortality
registries at the regional or national level, in combination with data
collected by active follow-up (Greece). Vital status was known for
98.4% of all EPIC participants as of April 2004. For each EPIC
study centre, closure dates of the study period were defined as the
date of the last complete follow-up for both cancer incidence and
vital status (dates varied between June 1999 and December 2003
between centres). The average duration of follow-up for this analy-
sis was 5.1 years.

Selection of case and control subjects

Case subjects were women who were diagnosed with endome-
trial cancer after the initial blood donation and before the end of
the study period in each study centre. Exclusion criteria for cases
and controls for our study included women who, at the time of
blood donation, were using exogenous hormones (OCs or HRT),
or had a previous diagnosis of cancer (except nonmelanoma skin
cancer), or had had a hysterectomy. We further excluded endome-
trial tumoure of known nonepithelial or nonmalignant morphol-
ogy.”® A total of 135,953 women met these eligibility criteria, of
whom 300 women were diagnosed with endometrial cancer during
the follow-up period. After further exclusion of 14 cases with
insufficient serum in the biological bank, matched control subjects
were identified for 286 cases. In each country, the number of cases
and the average duration of follow-up in years, respectively, was
Denmark: 67, 5.0; Italy 61, 5.0; Spain 42, 5.4; Netherlands 36,
5.4; UK 34, 4.7; Germany 20, 4.5; France 17, 7.6 and Greece 9,
3.0. The cancer diagnosis was confirmed by histology (92%), clin-
ical examination (7%) or self-report, tomography scan, surgery or
autopsy (1%). Detailed tumour morphology was specified for 143
cases (50%), of which 134 cases (94%) were classified as Type I
(generally estrogen-dependent endometrioid adenocarcinomas)
and 9 cases (6%) as Type II (mostly nonestrogen—dependent se-
rous papillary, clear cell or squamous adenocarcinomas).”

For each case subject, up to 2 control subjects were chosen at
random from all cohort members alive and free of cancer (except
nonmelanoma skin cancer) at the time of diagnosis of the index
case. An incidence density sampling protocol for control selection
was used, such that controls could include subjects who became a
case later in time, while each control could also be sampled more
than once. Matching criteria included: study centre, menopausal
status (premenopausal, postmenopausal, unknown), age at blood
collection (*£6 months), time of the day of blood collection
(%1 hr), time between blood draw and last consumption of foods
or drinks (<3, 3-6, >6 hr, unknown) and for premenopausal
women, phase of menstrual cycle.”” Two matched controls were
identified for 269 cases, and 1 matched control for 17 cases (total
of 555 controls).

All participants gave written consent for future analyses of their
blood samples, and the study was approved by the local ethics

committees in the participating countries and the Internal Review
Board of the IARC.

Hormone assays

All hormone assays were performed at the laboratory of the
Hormones and Cancer Group at the IARC, Lyon, France, by labo-
ratory staff blinded to the case-control status of the study subjects.
The serum samples of each matched case-control set were ana-
lyzed with sets from the same centre, within the same batch (i.e.,
using the same immunoassay kit) on the same day.

IGFBP-2 concentrations were measured by radioimmunoassay,
and IGFBP-1 by immunoradiometric assays, from Diagnostic Sys-
tem Laboratories (Webster, TX). C-peptide concentrations were
measured by immunoradiometric assay by Immunotech (Mar-
seille, France). Three additional sera were inserted randomly in
each batch as a quality control measure. The intrabatch coeffi-
cients of variation (CV) were 2.6% for a C-peptide concentration
of 0.50 nmol/l, 4.6% for an IGFBP-1 concentration of 1.86 nmol/l,
and 4.7% for an IGFBP-2 concentration of 25.6 nmol/l. Interbatch
CVs were 11.3% for C-peptide, 24.2% for IGFBP-1 and 11.0% for
IGFBP-2. Some measurements were unable to be obtained for C-pep-
tide (1 case), IGFBP-1 (1 case) and IGFBP-2 (4 cases, 10 controls).

Endogenous sex steroid hormone levels (testosterone, androste-
nedione, dehydroepiandrosterone sulphate (DHEAS), estrone, es-
tradiol, SHBG) were measured, using regrodumble and valid tech-
niques, as described in detail elsewhere,” and are to be examined
in a separate paper. Levels of circulating estradiol were only
measured in postmenopausal women because, in premenopausal
women, chronic hyperinsulinaemia has little effect on estrogen
levels, which are regulated through negative feedback of estradiol
on the pituitary secretion of FSH, and because estradiol levels
vary markedly through a woman’s menstrual cycle, thus making
interindividual differences difficult to measure accurately.” Serum
concentrations of free testosterone and free estradiol, unbound to
SHBG or albumin, were calculated from the absolute concentra-
tions of each of the steroids and SHBG, using a method that has
been validated in postmenopausal women.

Statistical analyses

Circulating levels of peptide and sex steroid hormones were
log-transformed to normalize their distributions. Differences in
baseline characteristics and the geometric mean peptide levels
between cases and controls (using the average of the 2 matched
controls) were compared, using the paired r-test for continuous
variables and the chi-square test for categorical variables. Pear-
son’s partial correlation coefficients, adjusted for age at blood col-
lection, laboratory batch and case-control status, were calculated
to assess the correlations between levels of C-peptide, IGFBP-1
and IGFBP-2, anthropometric measures, physical activity and en-
dogenous sex steroid hormone levels. Analysis of variance was
used to examine the contribution of age, laboratory batch, country,
fasting status, menopausal status, BMI and physical activity level
on the between-subject variation in peptide levels.

Conditional logistic regression models were used to estimate
relative risks (RR) and 95% confidence intervals (CI) for the asso-
ciations between serum peptide levels and endometrial cancer
risk. The prospective design and use of incidence density sampling
for selecting controls in our study permitted the direct estimation
of the RR rather than the odds ratio.*® Quartile cut-points for C-
peptide, IGFBP-1 and IGFBP-2 were based on the distribution of
each variable in control subjects only and for all centres com-
bined. Likelihood ratio tests using medians for each quartile cate-
gory were used to assess linear trends in RR.

Multivariate logistic regression was used to examine the effects
of potential confounders other than those controlled for by match-
ing, including BMI (kg/m?; as a continuous variable), waist cir-
cumference (cm; quartiles: <76, 7682, 83-91, >92), waist-hip
ratio (quartiles: <0.76, 0.76-0.80, 0.81-0.84, >0.85), age at men-
arche (<12, 12, 13, 14, >15, missing), age at menopause
(<44, 44-47, 48-50, 51-52, 53-54, >55, missing), parity (nulli-
parous, 1 or more, missing), age at birth of last child (nulliparous,
<25, 25-29, 30-34, >35, missing), OC use (never, past, missing),
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TABLE I — BASELINE DEMOGRAPHIC AND LIFESTYLE CHARACTERISTICS FOR WOMEN WHO DEVELOPED ENDOMETRIAL
CANCER (CASES) AND CONTROL SUBJECTS

Cases Controls p-value'
Total number of subjects 286 555
Menopausal status
Premenopausal (n, 19%) 55 107
Postmenopausal (n, 67%) 192 374
Unknown (n, 13%) 39 74
Age at blood collection 56.9 (45.4-67.9) 56.9 (45.0-68.3)
Age at diagnosis 59.9 (47.0-71.0) -
Years between blood collection and diagnosis 3.0 (0.0-6.0) -
Anthropometric measures
Height (cm) 160.4 (149.7-171.0) 160.5 (149.5-171.7) 0.77
Weight (kg% 72.1 (53.5-97.9) 68.0 (51.0-88.6) <0.0001
BMI (kg/m”~) 28.1 (20.9-37.9) 26.5 (20.2-34.8) <0.0001
Waist (cm) 86.6 (67.2-112.0) 83.0 (67.5-104.0) <0.0001
Hip (cm) 105.7(90.3-126.0) 102.6 (89.5-120.0) <0.0001
WHR 0.82 (0.72-0.93) 0.81 (0.70-0.93) 0.05
Obese (% BMI > 30 kg/m?) 325 18.2 <0.0001
Age at menarche 13.1 (11.0-15.0) 13.3 (11.0-16.0) 0.10
Age at first pregnancy 24.5 (18.0-31.0) 25.1 (19.0-34.0) 0.18
Age at birth of last child 29.3 (21.0-37.0) 30.3 (23.0-38.0) 0.02
Nulliparous (%) 19.0 9.9 0.0002
Number of pregnancies in parous women 2.3 (1.04.0) 2.4 (1.0-5.0) 0.27
Age at menopause 51.2 (45.0-56.0) 49.7 (41.0-55.0) 0.0004
Previous oral contraceptive use (%) 33.7 42.9 0.01
Previous hormone replacement therapy use (%) 20.3 15.0 0.06
Self-reported diabetes (%) 3.6 3.9 0.80
Completed secondary school or equivalent (%) 60.4 54.9 0.14
Smoking status (%)
Never smoker 66.3 59.9 0.19
Ex smoker 18.3 22.0
Current smoker 15.4 18.0
Household and recreational physical activity2 97.6 (24.5-190.6) 106.3 (30.0-198.6) 0.01

BMI, body mass index; WHR, waist-hip ratio. Data are presented as means (5th-95th percentiles) or percentages. Missing values are

excluded from calculations.

Calculated using paired #-tests for continuous variables and chi-square tests for categorical variables.—*Calculated as MET-hr/week.

HRT use (never, past, missing), hypertension (yes, no, missing),
diabetes (yes, no, missing), smoking (never, past, current, miss-
ing), physical activity level (MET-hours/week in quartiles:
<61.5, 61.5-96.9, 97.0-141.9, >142.0) and education (completed
secondary school: yes, no, missing). Other than measures of adi-
posity, none of these variables appreciably altered the RR of the
associations between peptide levels and endometrial cancer risk,
and their inclusion decreased the precision of the risk estimates,
therefore we present only the ‘crude’ (adjustment for matching
variables only) and BMI-adjusted values in this article.

In addition, we examined whether serum sex hormone levels
potentially mediated the association between hyperinsulinaemia
and endometrial cancer risk by including free estradiol (in post-
menopausal women), SHBG and free testosterone as continuous
variables in the crude regression model.

Chi-square tests were used to examine heterogeneity of endo-
metrial cancer risk estimates associated with a doubling of C-pep-
tide, IGFBP-1 or IGFBP-2 levels among subgroups. The sub-
groups examined included country, menopausal status, age at can-
cer diagnosis (<55, >55 years), previous HRT use, BMI, fasting
status (<6 hr, >6 hr since last meal), physical activity level,
smoking status and lag time between blood donation and diagnosis
(<2 years, >2 years). All statistical tests were 2-tailed, and p-val-
ues < 0.05 were considered statistically significant. All statistical
analyses were performed using the SAS software package, version
9.1 (SAS Institute, Cary, NC).

Results

Baseline characteristics of the study participants are shown in
Table I. Compared to control subjects, endometrial cancer cases
were more likely to be obese, nulliparous, finish child-bearing at a

younger age, and have a later age at menopause. Cases also more
often reported a lower physical activity level (MET-hours/week),
and to have never used OCs. There were no significant differences
between cases and controls in height, age at menarche, age at first
full-term pregnancy, number of pregnancies, prevalence of self-
reported diabetes, past or current smoking habits, or previous use
of HRT. There were greater differences in measures of adiposity
between cases and controls among postmenopausal women (%
obese = 34.9% vs. 19.8%, respectively, p < 0.0001) than among
premenopausal women (% obese = 23.6% vs. 15.0%, respec-
tively, p = 0.17). The distribution of subjects by fasting status is
shown in Figure 1.

Serum C-peptide levels were positively correlated with meas-
ures of adiposity in both fasting and nonfasting samples, as deter-
mined by Pearson’s partial correlation coefficients adjusted for
age at blood collection, laboratory batch and case-control status
(Table II). This correlation was observed most strongly with BMI
and waist circumference, and to a lesser extent with waist-hip ra-
tio. In addition, C-peptide was positively correlated with free es-
tradiol (postmenopausal women) and free testosterone, and nega-
tively correlated with IGFBP-1, IGFBP-2 and SHBG. Correlations
were generally weaker in nonfasting samples than in fasting sam-
ples (Table II), but did not differ according to menopausal status
or physical activity level (data not shown). Serum levels of C-pep-
tide, IGFBP-1 or IGFBP-2 were not correlated with androstene-
dione, DHEAS (data not shown) or questionnaire measurement of
physical activity.

After adjustment for age, laboratory batch and country, the per-
centage of between-subject variation accounted for by fasting sta-
tus was 11% for C-peptide levels, 5% for IGFBP-1 levels, and 2%
for IGFBP-2 levels; BMI accounted for 16, 13 and 17% of the var-
iation in C-peptide, IGFBP-1 and IGFBP-2 levels, respectively.
Menopausal status, physical activity and age predicted less than
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TABLE II - PEARSON PARTIAL CORRELATION COEFFICIENTS' AND 95% CONFIDENCE INTERVALS BETWEEN SERUM LEVELS OF C-PEPTIDE, IGFBP-1 AND IGFBP-2, SEX HORMONES AND

ANTHROPOMETRIC MEASURES, IN FASTING AND NON-FASTING SAMPLES

IGFBP-2

IGFBP-1

C-peptide

Nonfasting Fasting Nonfasting Fasting Nonfasting

—0.43 (—0.50, —0.36)
—0.36 (—0.43, —0.28)

Fasting
—0.62 (—0.69, —0.54)
—0.58 (—0.65, —0.49)

0.45 (0.38, 0.52)
—0.35(—0.43, —0.28)

—0.39 (—0.46, —0.31)
—0.31 (—0.38, —0.23)

0.60 (0.51, 0.67)
—0.43 (—0.53, —0.33)

—0.37 (—0.47, —0.26)
—0.22 (—0.33, —0.10)
—0.08 (—0.20, 0.04)

IGFBP-2

IGFBP-1
BMI

—0.43 (—0.50, —0.35)
—0.47 (—0.54, —0.40)
—0.40 (—0.47, —0.33)
0.06 (—0.02, 0.15)
0.65 (0.60, 0.70)
—0.10 (=0.19, —0.02)
—0.41 (—0.48, —0.33)
—0.28 (—0.37, —0.18)
—0.50 (—0.58, —0.42)

0.58 (0.49, 0.65)
—0.16 (—0.28, —0.04)

—0.46 (—0.55, —0.36)
—0.45 (—0.54, —0.34)
—0.30 (—0.41, —0.19)
—0.09 (=021, 0.03)

—0.44 (—0.54, —0.33)
—0.36 (—0.48, —0.22)
—0.54 (—0.64, —0.42)

0.08 (0.00, 0.17)

0.49 (0.42, 0.55)
—0.06 (—0.14, 0.03)

—0.29 (—0.37, —0.21)
—0.13 (—0.23, —0.03)
—0.29 (—0.38, —0.19)

0.49 (0.39, 0.58)
—0.16 (—0.28, —0.04)

—0.39 (—0.49, —0.28)
—0.19 (—0.33, —0.04)
—0.34 (—0.47, —0.20)

0.33(0.26, 0.41)
0.40 (0.32,0.47)

0.30 (0.22. 0.37)
—0.07 (=0.15, 0.02)

—0.41 (—0.48, —0.34)
—0.02 (—0.11, 0.07)

11 (=0.02, 0.22)
(—0.58, —0.40)
0.01,0.25)
0.24, 0.46)

0.53(0.43,0.61)
0.44 (0.34, 0.53)
0.24 (0.13, 0.35)

Waist cirumference

WHR

Physical activity

SHBG

0.18 (0.10, 0.27)
0.13 (0.02, 0.23)
0.27 (0.17, 0.37)

.07, 0.36)
25.0.51)

0
0

(
(
(
(

1
49
.13
36
22
9

0
0
0
0.
0
0

, body mass index; WHR, waist—hip ratio.
Pearson partial correlation coefficients were adjusted for age,

Free testosterone

Estradiol®
Free estradiol®
BMI

Testosterone

case—control status and laboratory batch.—*Serum estradiol concentration was measured in postmenopausal women only because

of its considerable intraindividual variation during the menstrual cycle among premenopausal women.

TABLE III - GEOMETRIC MEANS (95% CONFIDENCE INTERVALS) OF
C-PEPTIDE, IGFBP-1 AND IGFBP-2 FOR WOMEN WHO DEVELOPED
ENDOMETRIAL CANCER (CASES) AND CONTROL SUBJECTS

Cases Controls p-value'

All women?
C-peptide  0.87 (0.82-0.93) 0.81 (0.77-0.86) 0.008
IGFBP-1  0.55 (0.48-0.62) 0.56 (0.50-0.62) 0.63
IGFBP-2 10.40 (9.50-11.30)  11.00 (10.20-11.80) 0.09

Fasting women®
C-peptide  0.65 (0.61-0.70)
IGFBP-1  0.94 (0.83-1.08)
IGFBP-2  9.59 (8.46-10.90)

Nonfasting women®
C-peptide  0.97 (0.90-1.04) 0.87 (0.82-0.92) 0.01
IGFBP-1  0.40 (0.35-0.46) 0.42 (0.38-0.46) 0.50
IGFBP-2 12.30 (11.30-13.50) 13.70 (12.80-14.60) 0.02

0.65 (0.62-0.68)  0.78
0.88 (0.80-0.96)  0.38
9.37 (8.58-10.20)  0.69

Concentrations are expressed as nmol/l.
!Calculated using paired t-tests.—zAdjusted for age, BMI and fasting
status.— Adjusted for age and BMI.

TABLE 1V - RELATIVE RISK ESTIMATES FOR ENDOMETRIAL CANCER
RISK ACCORDING TO SERUM LEVELS OF C-PEPTIDE, IGFBP-1
AND IGFBP-2, IN ALL WOMEN

Peptide hormone

Quartile Crude® RRs and

No. of cases/ BMiI-adjusted”

cut-points (nmol/l) controls 95% Cls RRs and 95% CIs
C-peptide
<0.56 55/138 1.00 1.00
0.56-0.75 59/139  1.10(0.70-1.73) 0.98 (0.62—1.55)
0.76-1.09 76/138  1.57 (1.00-2.46) 1.25 (0.78-2.00)
>1.09 95/138  2.13(1.33-3.41) 1.56 (0.94-2.57)
Prrend 0.001 0.05
IGFBP-1
<0.30 84/139 1.00 1.00
0.30-0.57 68/138  0.76 (0.50-1.16) 0.91 (0.59-1.40)
0.58-1.07 64/138  0.71 (0.45-1.11) 0.85 (0.54-1.35)
>1.07 69/138  0.76 (0.47-1.21) 1.08 (0.65-1.78)
Ptrend 0.25 0.86
IGFBP-2
<8.02 81/135 1.00 1.00
8.02-12.46 73/133 092 (0.61-1.38) 1.07 (0.70-1.63)
12.47-19.68  78/134  0.95 (0.62-1.46) 1.27 (0.80-2.00)
>19.68 50/135  0.56 (0.35-0.90) 0.84 (0.50-1.40)
Prrend 0.03 0.74

'Quartile cut-points for C-peptide, IGFBP-1 and IGFBP-2 were
based on the distribution of each variable in control subjects only and
for all centres combined.—Conditional logistic regression models
were adjusted for matching factors (study centre, menopausal status,
age at blood collection, time of day of blood collection, fasting status
and in premenopausal women—phase of menstrual cycle).

1% of the between-subject variation in levels. In nonfasting sam-
ples, the geometric mean serum C-peptide concentration was
higher and the mean IGFBP-1 concentration was lower than in
fasting samples (p < 0.0001 for both) after adjustment for age,
case-control status and country, but the mean IGFBP-2 concentra-
tion was not significantly different by fasting status (p = 0.17).
After adjustment for age, BMI and fasting status in all women,
cases had a statistically significantly 7% higher mean serum C-
peptide concentration, and nonstatistically significant lower
IGFBP-1 and IGFBP-2 mean concentrations, compared to controls
(Table III). The differences were not apparent among fasting
women (Table III).

In logistic regression analyses, there were increases in endome-
trial cancer risk with increasing serum levels of C-peptide (RR
for the top vs. bottom quartile = 2.13 [95% CI 1.33-3.41],
Prrena = 0.001), and decreasing levels of IGFBP-2 (RR for the top
vs. bottom quartile = 0.56 [95% CI 0.35-0.90], pyena = 0.03).
However, IGFBP-1 levels were not significantly associated with
risk (RR for the top vs. bottom quartile = 0.76 [95% CI 0.47—
1.21], pyena = 0.25) (Table IV). Adjustment for BMI attenuated
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Quartile  Cases! RR
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only and for all centres combined.
Concentrations are expressed as
nmol/l.

the RRs, such that only the C-peptide association remained mar-
ginally statistically significant (Table IV). Adjustment for waist
circumference, and to a lesser extent, waist-hip ratio, had similar
effects (data not shown).

When stratified by fasting status, levels of C-peptide, IGFBP-1
and IGFBP-2 were not associated with endometrial cancer risk
among subjects whose blood was collected in the fasting state
(>6 hr since last meal; crude pyeng = 0.97, 0.63 and 0.52, respec-
tively), but were significantly associated with risk among subjects
in the nonfasting state (<6 hr; crude pyeng = 0.001, 0.04 and
0.001, respectively) (Fig. 2); however, formal tests for heterogene-
ity of the effect of fasting status on the association between pep-
tide levels and endometrial cancer risk were not statistically sig-
nificant (Ppeierogenciny for C-peptide = 0.36, IGFBP-1 = 0.23 and
IGFBP-2 = 0.07, respectively). Among the nonfasting subjects,
adjustment for BMI attenuated by about 20—40% the associations
between peptide levels and risk; the association remained statisti-
cally significant for C-peptide and marginally significant for
IGFBP-2, but not for IGFBP-1 (Fig. 2).

Similarly, the association between BMI and risk was moder-
ately attenuated after adjustment for C—pezptide, such that the RR
for obese subjects (BMI of > 30 kg/m“) compared to normal
weight subjects (BMI < 25 kg/m?) was reduced from 2.37 [95%
CI 1.60-3.51] to 1.93 [95% CI 1.27-2.92], but the association
remained statistically significant (pyeng = 0.003). Although cases
had a significantly lower mean level of physical activity than con-
trols in our study (Table I), adjustment for physical activity level
had negligible influence on the associations between peptide hor-
mone levels and endometrial cancer risk, nor vice versa (data not
shown).

To examine whether or not the association between hyperinsu-
linaemia and endometrial cancer risk is potentially mediated by
SHBG and serum sex hormone levels, each hormone was included
as a covariate in the crude regression model (data not shown).
Adjustment for free estradiol had a strong attenuating effect on the
association of C-peptide with endometrial cancer risk in post-
menopausal women, such that the RR for the top vs. bottom quar-
tile was reduced from 1.75 [95% CI 0.96-3.17] (Prena = 0.04) to
1.28 [95% CI 0.67-2.45] (Ptrena = 0.42). Adjustment for SHBG or

CRUDE BMI-ADJUSTED
955 Cl RR 95%Cl
1.00 | |
0.38-157 07 034144 ——T
0.34-1.58 062 028137 ——B——
049.2 11 074 032172 ——— W1 —
0.97 048
1.00 L
0.43.1.83 — 052 0.45189 —,
0.411.79 e 058 048208 e —
0.58.2. 46 . e 156 OTFo344 e
0.63 0.27
1.0 [
0.34-1.70 — 052 040213 —w—
0.32-1.60 ——— 0o 0 2 28 -
057280 — 165 0.70-388 L a—
0.52 0.78
[ ] 1,00 L4
0.80-2.56 = 126 0.70-228 —r
1.12-3.51 —a— 168 051299 T
1.40-4 81 e l— 168 058355 N
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L 1000
0.38.1.12 1- 074 043128
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039111 —— 0B4 040146 —
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free testosterone (in all women) had a weaker attenuating effect
on the association between C-peptide and endometrial cancer risk
(adjusted RR for the top vs. bottom quartile of C-peptide = 1.75
[95% CI 1.04-2.94], prrena = 0.02, and 1.96 [95% CI 1.18-3.26],
Puena = 0.007, respectively). For the association between IGFBP-
2 and endometrial cancer risk, SHBG had the strongest attenuating
effect (adjusted RR for the top vs. bottom quartile of IGFBP-2 =
0.91 [95% CI 0.50-1.66], pirena = 0.99), compared to adjustment
for free estradiol in postmenopausal women (adjusted RR for the
top vs. bottom quartile = 0.59 [95% CI 0.30-1.15], pyena = 0.25)
or free testosterone (adjusted RR for the top vs. bottom quartile =
0.77 [95% CI 0.44-1.34], pirena = 0.47).

Exclusion of the 87 endometrial cancer cases diagnosed within
the first 2 years of follow-up did not appreciably change the RR
estimates for C-peptide or IGFBP-1 and cancer risk (data not
shown). However, there was significant statistically heterogeneity
in the association of IGFBP-2 and cancer risk between those diag-
nosed less than 2 years vs. 2 years or more since blood donation
(Pheterogeneity = 0.01), with a stronger inverse relationship between
serum IGFBP-2 levels and risk among women diagnosed 2 years
or more since blood donation (BMI-adjusted RR for the top vs.
bottom quartile = 0.64 [95% CI 0.35-1.16], pyena = 0.20).

All study results were similar when cut-points were specific for
each centre rather than calculated for all centres combined, or
when case-controls sets with known Type II histology (n = 9
cases) or with self-reported diabetes (2 = 10 cases, 21 controls)
were excluded (data not shown). There was some evidence of a
stronger association between C-peptide levels and endometrial
cancer risk among inactive women (below the median for MET-
hr/wk of physical activity) compared to active women (above the
median) (Ppeterogencity = 0.02; RR for a doubling of C-peptide lev-
els = 2.40 [95% CI 1.53-3.77], p = 0.0002, vs. 1.21 [95% CI
0.83-1.77], p = 0.31, respectively). There was no evidence that
the associations between peptide hormones and endometrial can-
cer risk significantly ditfered by country, previous use of HRT,
smoking, BMI, age at cancer diagnosis or menopausal status
(Pheterogeneity all > 0.05). The RR associated with a doubling of C-
peptide, IGFBP-1 and IGFBP-2 levels among premenopausal
women was 1.78 [95% CI 1.06-2.98], 1.07 [95% CI 0.81-1.41]
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and 0.95 [95% CI 0.64—1.40], respectively, and among postmeno-
pausal women was 1.62 [95% CI 1.20-2.18], 0.87 [95% CI 0.74—
1.02] and 0.69 [95% CI 0.56-0.85], respectively (Pheierogeneity =
0.76, 0.20 and 0.16, respectively).

Discussion

In this prospective study we found that women with elevated se-
rum levels of C-peptide have an increased risk of subsequently
developing endometrial cancer. This association remained margin-
ally statistically significant after adjustment for BMI, suggesting
that hyperinsulinaemia may be a risk factor for endometrial cancer
independent of the effects of obesity. After accounting for BMI,
IGFBP-1 levels were not associated with risk, and an inverse asso-
ciation between IGFBP-2 levels and risk was only evident among
nonfasting women. Our results suggest that hyperinsulinaemia
may influence endometrial cancer risk largely via its effects on en-
dogenous sex hormones.

A major strength of our study is its prospective study design, in
that the collection of blood samples and data on lifestyle factors
was conducted prior to endometrial cancer diagnosis. This design
minimizes biases that can affect studies with a traditional case-
control design, due to differential recall of past exposures or to
improper selection of control subjects. In addition, it reduces the
possibility of ‘reverse causation bias,” which may occur when the
presence or diagnosis of a tumour modifies circulating peptide lev-
els. Indeed, the stronger association of IGFBP-2 with endometrial
cancer risk in cases diagnosed 2 years or more after blood collec-
tion suggests that the presence of a preclinical tumour, that can
secrete IGFBP-2,""*' ‘may have influenced circulating levels.
Additional strengths included the extensive information on poten-
tial confounders and exclusion of women using exogenous hor-
mones at blood collection, since they can alter circulating hor-
mone levels. >

A limitation of our study was the lack of information on meno-
pausal status at the time of cancer diagnosis. However, the RR
estimates of the association between C-peptide and endometrial
cancer did not substantially differ when stratified by menopausal
status at baseline or by age at diagnosis (<55 and >55 years as a
proxy for menopausal status at diagnosis), suggesting that insulin
may be a risk factor in both pre- and post-menopausal women.

Laboratory variability was minimized by using 1 laboratory for
analysis, and by measuring matched cases and controls within the
same assay batch. However, a limitation of our study was the use
of only 1 blood sample, taken at a single point in time, which does
not pertectly reflect long-term circulating peptide hormone levels.
Furthermore, there was a mixture of fasting and nonfasting sam-
ples in our study. Fasting levels are generally considered more
reliable because nonfasting measurements of C-peptide and
IGFBP-1 (but not IGFBP-2™) may be influenced by recent food
intake, exercise and diurnal variation.'""'>** As such, we observed
higher C-peptide levels, and lower IGFBP-1 levels, in nonfasting
samples compared to fasting samples. Nevertheless, a number of
other studies that have performed repeated measurements of blood
serum samples over a 1-2-year period, among fasting and nonfast-
ing, pre- and post-menopausal women, have reported correlations
in the range of 0.58-0.62 for C-peptide levels, 0.63-0.89 for
IGFBP-1 levels and 0.30-0.82 for IGFBP-2 levels, suggesting
moderate to good reliability.®*** In addition, the study design
incorporated matching of cases and controls according to fasting
status (<3, 3-6, >6 hr) and time of day of blood collection
(%=1 hr) to minimize this variation.

Although insulin and C-peptide are secreted in equimolar
amounts, C-peptide has a longer half-life than insulin and its
circulating levels are subject to less fluctuation.®® Thus, although
C-peptide is still a short-term indicator of insulin production, C-
peptide levels may be more representative of average circulating
insulin levels, especially in nonfasting subjects.>* However, a li-
mitation of C-peptide is that it is primarily a marker of pancreatic

insulin production rather than circulating insulin and so does not
directly measure hyperinsulinaemia.

Although correlations of peptide levels were generally slightly
stronger in fasting samples, C-peptide, IGFBP-1 and IGFBP-2 lev-
els were associated with endometrial cancer risk in nonfasting
subjects but not fasting subjects, and for IGFBP-1 only in the non-
fasting crude analysis. This finding differs from previous studies
that showed an association between fasting insulin levels and en-
dometrial cancer risk,””® or no difference in the associations for
fasting (>4 hr since last meal) and nonfasting (<4 hr) women.®
Only a third of women in our study were ‘fasting,” and the differ-
ential effect by fasting status may have occurred by chance
because the tests for heterogeneity were not statistically signifi-
cant. Alternatively, it is possible that postprandial serum C-pep-
tide levels are a more sensitive measure of hyperinsulinaemia,
since postprandial hyperinsulinaemia precedes the development
of fasting hyperinsulinaemia,*® and because hyperinsulinaemia
is generally much more marked in the postprandial state than in
the fasting state in geogle who are insulin resistant, obese, dia-
betic or elderly.3**37-3% Prospective studies of colorectal®® and
breast cancer risk?! have also shown that nonfasting serum insu-
lin or C-peptide levels (rather than fasting levels) are associated
with an increased risk. It is unknown whether high insulin level
peaks during the postprandial phase are more aetiologically rele-
vant to tumour development than raised ‘fasting’ insulin levels;
however, if so, postprandial circulating insulin levels could have
a disproportionate influence on endometrial cancer risk because
huma{ls spend most of their waking hours in the postprandial
state.”

There are several mechanisms by which hyperinsulinaemia may
be involved in the aetiology of endometrial cancer.” First, in the
endometrium, insulin may directly stimulate cell proliferation and
inhibit apoptosis by binding to insulin or IGF-I receptors.” Sec-
ond, insulin can increase IGF-I bioactivity in the endometrium by
directly inhibiting endometrial tissue gene expression of IGFBP-1,
the most abundant IGF binding protein in the endome-
trium. 131440 Third, insulin also reduces the hepatic synthesis
and circulating levels of IGFBP-1 and IGFBP-2,>'"'* which is
consistent with the negative correlation between circulating C-
peptide levels and IGFBP-1 and IGFBP-2 levels seen in this and
other studies.*'** Lower IGFBP-1 and IGFBP-2 levels may lead
to increased IGF-I bioavailability in the circulation and endome-
trial tissué:,2’11’13‘41‘43 because contrary to IGFBP-3, IGFBP-1 and
IGFBP-2 can combine with IGF-I to form a small complex that
can cross the capillary endothelium and prevent IGF-I receptor
binding.!"'>!*%" Fourth, chronic hyperinsulinaemia is associated
with polycystic ovary syndrome, a disorder in a genetically sus-
ceptible subgroup of premenopausal women that is characterized
by ovarian androgen excess, chronic anovulation and progesterone
deficiency,>** and that is associated with an increased risk of en-
dometrial cancer.*’

Finally, and perhaps most importantly, insulin can increase the
bioavailability of estradiol by down-regulating hepatic SHBG syn-
thesis and up-regulating ovarian steroid hormone secretion.>**°
This effect is consistent with observations by us and Troisi et al.,’
that C-peptide was inversely correlated with SHBG and positively
correlated with free estradiol. Most of the cases in our study were
postmenopausal, among whom adjustment for free estradiol sub-
stantially attenuated the association between C-peptide and endo-
metrial cancer risk. Indeed, elevated endogenous estrogen levels
that are insufficiently counterbalanced by progesterone are thought
to be the main aetiological factor leading to endometrial cancer
(known as the unopposed estrogen hypothesis).>*’ The findings
from our study suggest that high insulin levels may increase endo-
metrial cancer risk largely by reducing SHBG levels and increas-
ing levels of unopposed free estradiol, although it is difficult to
discern the specific effects of hyperinsulinaemia separate to other
obesity-related effects on endogenous sex hormone levels.

The modest inverse association between IGFBP-1 levels and
endometrial cancer risk among nonfasting women in our study,



although weak, is consistent with some,(”15 but not all®!618 previ-
ous epidemiological studies. Our finding that IGFBP-2 levels were
more strongly inversely associated with endometrial cancer risk
than IGFBP-1 levels is in contrast to the findings from the study
by Lukanova er al., that found no association between IGFBP-2
levels and endometrial cancer risk and a strong inverse association
for IGFBP-1 levels. Although all of these studies measured circu-
lating levels of IGFBP-1 and/or IGFBP-2, the aetiological impor-
tance of serum vs. endometrial levels of IGFBP-1 and IGFBP-2
remains unclear. Little is known about the direct relationship
between endometrial and serum levels of IGFBP-1 and IGFBP-2,
however, serum (plasma) levels of IGFBP-1 and IGFBP-2 are def-
initely considered important regulators of the bioavailability of
circulating IGF-I to various target tissues, including the endo-
metrium.!112.14.40 Furthermore, although insulin is the primary
determinant of IGFBP-1 levels,"*** in premenopausal women,
IGFBP-1 gene expression in endometrial tissue is stimulated by
progesterone in secretory-phase endometrium.>'*** We did not
measure progesterone levels in our study and thus could not exam-
ine a possible confounding effect of progesterone on IGFBP-1
levels among premenopausal women. Nevertheless, phase of men-
strual cycle was a matching criterion in our study. Although the
role of IGFBP-2 in cancer development is not clear, our results are
consistent with the hypothesis that both IGFBP-1 and IGFBP-2
may serve to reduce the bioavailability of IGF-I in endometrial
tissue. In vitro studies have also shown that IGFBP-2 inhibits IGF-
II-stimulated mitogenesis and DNA synthesis by sequestering
IGF-II and preventing it from binding to IGF receptors, * how-
ever, there is only weak epidemiologic evidence that IGF-II levels
may be associated with endometrial cancer risk.'%#®

Excess weight is an established risk factor for endometrial can-
cer and contributes directly to the development of insulin resist-
ance.>** The observation that adjustment for BMI only partly
attenuated the association between C-peptide levels and cancer
risk suggests that the link between hyperinsulinaemia and in-
creased cancer risk is not totally explained by obesity. Further, the
effect of visceral adiposity (waist circumference or waist-hip ra-
tio) was similar to that of general obesity (BMI), which is consist-
ent with evidence suggesting that visceral adiposity is no more im-
portant than subcutaneous fat in the development of insulin resist-
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ance.”*>! Similarly, our finding that the association between
obesity and endometrial cancer risk was only partly attenuated af-
ter adjustment for C-peptide is in agreement with the study by
Lukanova et al..% and suggests that the effect of obesity on endo-
metrial cancer risk is only partly mediated by insulin.

Despite being a recognized risk factor for endometrial cancer
and a marker for chronic hyperinsulinaemia,”'® the self-reported
presence of Type II diabetes was not associated with risk in our
study. However we had limited ability to examine this association
because of the low prevalence (3.8%) of self-reported diabetes in
our study, and the likelihood that diabetes was under-reported.>
Although physical activity has been associated with imEroved in-
sulin sensitivity, lower circulating insulin levels,‘u’5 and in-
creased levels of IGFBP-1*'"*? and SHBG,? physical activity was
not correlated with any of these measures in our study. Further,
the C-peptide, IGFBP-1 and IGFBP-2 risk estimates were not
appreciably altered by adjustment for physical activity, and vice
versa, indicating that the effects of physical activity on risk may
not necessarily be mediated through the insulin pathway. How-
ever, our questionnaire assessment of physical activity may be
insufficient to precisely assess energy expenditure. Our results
suggest that physical activity may modify the association between
hyperinsulinaemia and endometrial cancer risk because C-peptide
levels were more strongly associated with risk in subjects who
were relatively inactive.

In conclusion, our results provide modest support to the hypoth-
esis that hyperinsulinaemia is a risk factor for endometrial cancer.
Strategies to reduce the incidence of endometrial cancer should
target changes in lifestyle factors that can improve insulin sensi-
tivity and reduce serum insulin levels. >+
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