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%DFNJURXQG�   Body weight and body mass  index (BMI)  are
positively  related  to  risk  of  colon  cancer  in  men,  whereas
weak  or  no  associations  exist  in  women.  This  discrepancy
may  be  related  to  differences  in  fat  distribution  between
sexes or to the use of hormone replacement therapy (HRT)
in  women.    0HWKRGV�   We  used  multivariable  adjusted  Cox
proportional  hazards  models  to  examine  the  association
between  anthropometric  measures  and  risks  of  colon  and
rectal cancer among 368   277 men and women who were free
of  cancer at  baseline  from nine  countries  of  the  European
Prospective  Investigation  Into  Cancer  and  Nutrition.  All
statistical tests were two-sided.   5HVXOWV�   During 6.1 years of
follow-up, we identi¿ ed 984 and 586 patients with colon and
rectal cancer,  respectively. Body weight and BMI were sta-
tistically  signi¿ cantly  associated  with  colon  cancer  risk  in
men  (highest  versus  lowest  quintile  of  BMI,  relative  risk
[RR]  =  1.55,  95%  con¿ dence  interval  [CI]  =  1.12  to  2.15;
3    trend   = .006) but not in women. In contrast, comparisons of
the highest to the lowest quintile showed that several anthro-
pometric  measures,  including  waist  circumference  (men,
RR = 1.39, 95% CI = 1.01 to 1.93;   3    trend   = .001; women, RR =
1.48, 95% CI = 1.08 to 2.03;   3    trend   = .008), waist-to-hip ratio
(WHR; men, RR = 1.51, 95% CI = 1.06 to 2.15;   3    trend   = .006;
women, RR = 1.52, 95% CI = 1.12 to 2.05;   3    trend   = .002), and
height (men, RR = 1.40, 95% CI = 0.99 to 1.98;   3    trend   = .04;
women, RR = 1.79, 95% CI = 1.30 to 2.46;   3    trend  <.001) were
related  to  colon  cancer  risk  in  both  sexes.  The  estimated
absolute risk of developing colon cancer within 5 years was
203 and 131 cases per 100   000 men and 129 and 86 cases per
100   000 women in the highest and lowest quintiles of WHR,
respectively.  Upon  further  strati¿ cation,  no  association  of
waist circumference and WHR with risk of colon cancer was
observed  among  postmenopausal  women  who  used  HRT.
None of  the  anthropometric  measures  was statistically  sig-
ni¿ cantly  related  to  rectal  cancer.    &RQFOXVLRQV�   Waist cir-
cumference and WHR, indicators of abdominal obesity, were
strongly associated with colon cancer risk in men and women
in this population. The association of abdominal obesity with
colon cancer risk may vary depending on HRT use in post-
menopausal women; however, these ¿ ndings require con¿ r-
mation in future studies.   [J Natl Cancer Inst 2006;98: 920  �  31 ]
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Prospective  Investigation  Into  Cancer  and  Nutrition  (EPIC)
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Ferrari   ,    Rudolf     Kaaks   ,    Nadia     Slimani   ,    Elio     Riboli

  A possible association between body size and risk of colorec-
tal  cancer  has  been  examined  in  many  epidemiologic  studies
( 1  �  30 ) . In general, body weight and body mass index (BMI) have
been found to be positively related to risk of colon cancer in men,
whereas weaker or no associations have been reported for women
( 1  �  30 ) . Among the smaller number of studies that examined as-
sociations  with  rectal  cancer,  most  found  no  association  with
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body weight or BMI  ( 2  �  5 , 12 , 17 , 27 , 30 ) . The reasons for the ap-
parent discrepancy in the association of body weight with colon
cancer risk between men and women are unclear.

 One  potential  reason  for  the  discrepancy  is  that  men  and
women have different body compositions. Fat makes up a lower
percentage of the body mass of men (approximately 20%) than of
women (approximately 30%). The relationship of body weight to
fat  distribution  also  differs  between  men  and  women.  Higher
body weight  is  more  closely  related  to  abdominal  obesity  than
lower body obesity  in  men and  more closely related to  gluteo-
femoral  obesity  than  to  abdominal  obesity  in  women.  Further-
more,  upper-body  fat  has  been  shown  to  be  more  strongly
associated with metabolic abnormalities than lower-body obesity
( 31 , 32 ) . However, only a few prospective studies have examined
the association of body fat distribution � as reÀ ected by waist and
hip circumference � and colon cancer risk  ( 11 , 13 , 14 , 19 , 21 ) . Also,
in most of these studies  ( 11 , 13 , 14 ) , waist and hip circumference
were self-reported rather than measured.

 Other reasons for sex differences in the association between
adiposity and colon cancer risk may be related to use of hormone
replacement  therapy  (HRT)  in  postmenopausal  women.  Post-
menopausal  HRT use  has been associated with reduced risk of
colon  cancer  in  observational  and  intervention  studies   ( 33  �  36 )
and has been shown to affect the association between body weight
and postmenopausal breast cancer  ( 37 ) ; however, little is known
about associations with colon cancer  ( 20 ) .

The aim of this study was to examine the association between
anthropometric measures, including waist and hip circumference,
and risk of  colon and rectal  cancer in participants of  the Euro-
pean Prospective Investigation Into Cancer and Nutrition (EPIC),
a large European cohort study. In particular, we examined whether
body fat distribution is related to risk of colon and rectal cancer.
Furthermore, we aimed to examine whether the associations dif-
fer  among  postmenopausal  women  who  were  HRT  users  and
those who were not.

S UBJECTS AND  M ETHODS

Study Population

 The EPIC is an ongoing multicenter prospective cohort study
designed primarily to investigate the relationship between  nutrition
and cancer. The EPIC study consists of subcohorts  recruited in 23
administrative  centers  in  10  European  countries  �  Denmark,
France, Germany, Greece, Italy, The Netherlands, Norway, Spain,
Sweden, and the United Kingdom. The 519   978 eligible male and
female participants were aged between 25 and 70 years at enroll-
ment (1992 � 2000) and were recruited from the general population
residing in a given geographic area (i.e., town or province). Ex-
ceptions were the French cohort (based on  female members of a
health insurance plan for school employees), the Utrecht cohort in
The Netherlands (based on women attending breast cancer screen-
ing), the Ragusa cohort in Italy (based on blood donors and their
spouses), and the Oxford cohort in the United Kingdom (includ-
ing mainly vegetarian volunteers and healthy eaters). Eligible sub-
jects  were  invited  to  participate  in  the  study,  and  those  who
accepted gave written informed consent and completed question-
naires on their diet, lifestyle, and medical history. Subjects were
then  invited  to  a  center  to  provide  a  blood  sample  and  to  have
 anthropometric  measurements  taken.  The  methods  have  been
 reported in full  by Riboli  et  al.   ( 38 , 39 )  .  Approval  for  this study

was obtained from the ethical review boards of the International
Agency  for  Research  on  Cancer  and  from  all  local  institutions
where subjects had been recruited for the EPIC study.

 This study is based on 495  417 participants without prevalent
cancer at any site at baseline, as reported on the lifestyle ques-
tionnaire or based on information from the cancer registries. We
excluded the Umea, Sweden, cohort (n = 24   811) because partici-
pants did not provide information on leisure time physical activ-
ity that was compatible with the other EPIC questionnaires. We
also excluded subjects without measured body height or weight
and thus excluded the cohorts from Norway (n = 35   956), 48   960
participants from the French cohorts, and 7903 participants from
the  other  cohorts.  For  the   �  health-conscious  �   group  based  in
 Oxford (UK), linear regression models were used to predict sex-
and  age-speci¿ c  values  from  subjects  with  both  measured  and
self-reported  body  measures,  as  previously  described   ( 40 , 41 ) .
We  further  excluded  2166  participants  with  missing  question-
naire data or with missing dates of diagnosis or follow-up and, to
reduce the impact on the analysis of implausible extreme values,
the 7344 participants who were in the top or bottom 1% of the
ratio of energy intake to estimated energy requirement that was
calculated from body weight, height, and age  ( 42 ) . Therefore, the
study included a total of 368   277 participants.

Assessment of Endpoints

 Incident  colorectal  cancer  case  patients  were  identi¿ ed by
population  cancer  registries  (Denmark,  Italy,  The  Netherlands,
Spain,  Sweden,  the  United  Kingdom)  or  by  active  follow-up
(France, Germany, Greece), depending on the follow-up system
in each of the participating centers. Active follow-up used a com-
bination of methods, including health insurance records, cancer
and  pathology  registries,  and  direct  contact  with  participants
or next of kin. Mortality data were also obtained from cancer or
mortality  registries  at  the regional  or  national  level.  Follow-up
began at the date of enrollment and ended at  either the date of
diagnosis of colorectal cancer, death, or last complete follow-up.
By  April  30,  2004,  for  the  centers  using  record  linkage  with
 cancer registry data, complete follow-up was available through
December 31, 1999 (Turin, Italy); June 30, 2000 (Bilthoven, The
Netherlands); December 31, 2000 (Asturias and Murcia, Spain;
Cambridge,  UK);  December  31,  2001  (Oxford,  UK;  Malmö,
Sweden; Florence, Naples, Ragusa, and Varese, Italy); December
31,  2002 (Granada, Navarra, and San Sebastian,  Spain;  Aarhus
and  Copenhagen,  Denmark);  and  June  30,  2003  (Utrecht,  The
Netherlands).  For  the  centers  using  active  follow-up,  the  last
 contact dates were June 30, 2002 (France); November 19, 2002
(Greece); December 16, 2003 (Heidelberg, Germany); and March
11,  2004  (Postdam,  Germany).  Mortality  data  were  coded  fol-
lowing the rules of the 10th revision of the International Statisti-
cal  Classi¿ cation  of  Diseases,  Injuries  and  Causes  of  Death
(ICD-10), and cancer incidence data were coded according to the
2nd  revision  of  the  International  Classi¿ cation  of  Diseases  for
Oncology (ICD-O-2). We included all patients with colon (C18)
and rectal (C19, C20) cancer.

  Assessment  of  Anthropometric  Data,  Diet,  and
Lifestyle  Factors

 Weight  and height were measured  with subjects wearing no
shoes to the nearest 0.1 kg, and � depending on study center � to
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the nearest 0.1, 0.5, or 1.0 cm, respectively  ( 40 ) . BMI was calcu-
lated as weight in kilograms divided by height in meters squared
(kg/m 2 ). Waist circumference was measured either at the narrow-
est torso circumference (France; Italy; Utrecht, The Netherlands;
Denmark)  or  at  the  midpoint  between  the  lower  ribs  and  iliac
crest (Bilthoven, The Netherlands; Potsdam, Germany; Malmö,
Sweden;  Oxford,  UK,  general  population).  In  Spain;  Greece;
Heidelberg,  Germany;  and  Cambridge,  UK,  a  combination  of
methods was used, although most participants were measured at
the narrowest torso circumference. Hip circumference was mea-
sured at the widest circumference (France; Italy; Spain; Bilthoven,
The Netherlands; Greece; Malmö, Sweden) or over the buttocks
(the  United  Kingdom;  Utrecht,  The  Netherlands;  Germany;
 Denmark). Results of the present analyses for waist and hip cir-
cumference  were  similar  for  the  different  assessment  methods.
Waist  and  hip  circumference  measurements  were  missing  for
3869 (1.05%) and 6399 (1.74%) participants, respectively, who
were  excluded  for  analyses  on  these  variables.  For  this  study,
body weight and waist and hip circumference were corrected, as
described in detail elsewhere  ( 40 ) , to reduce heterogeneity due to
protocol differences in clothing worn during measurement.

 Diet during the 12 months before enrollment was measured by
country-speci¿ c validated questionnaires  ( 43 ) . Most centers adopted
a  self-administered  dietary  questionnaire  covering  88  �  266  food
items. In Greece, Spain, and Ragusa, Italy, the questionnaire was ad-
ministered at a personal interview. In Malmö, Sweden, a question-
naire combined with a food record was used. Country-speci¿ c food
composition tables were used to calculate nutrient intakes  ( 44 ) .

Recreational and household activity was computed as average
metabolic  equivalent-hours  (MET-hr),  based  on  the  types  and
durations of activities reported separately for summer and winter
on the baseline questionnaires. The reported activities included
walking,  cycling,  gardening,  sports  and  exercise,  housework,
home repair (do-it-yourself activities), stair climbing, and vigor-
ous  recreational  activity.  Each  type  of  activity  was  assigned  a
speci¿ c  MET  value  according  to  Ainsworth  et  al.   ( 45 ) . Occu-
pational  activity  was  coded  as  sedentary  occupation,  standing
 occu pation,  manual work,  heavy manual  work,  unemployed, or
missing, as reported on the questionnaire. To create a variable for
total physical activity, subjects were cross-classi¿ ed on the basis
of  sex-  speci¿ c  quartiles  of  recreational  and  household  activity
and on categories of occupational work and were coded as inac-
tive, moderately inactive, moderately active, active, and missing.

Information on sociodemographic and lifestyle characteristics
and  medical  history  was  obtained  from  standardized  question-
naires  at  study entry  ( 38 )  .  Women were classi¿ ed according to
menopausal status at enrollment on the basis of an algorithm that
accounts  for  complete and combined information on menstrual
status/history, type of menopause (natural, bi-/unilateral oopho-
rectomy,  hysterectomy),  and  use  of  oral  contraceptives  and
menopausal  hormones  ( 37 )  .  Current  HRT use  refers  to  the  use
of  menopausal  hormones at  the  time of  recruitment  as  derived
from  the  country-speci¿ c  questionnaires  or  during  interviews,
and   includes  estrogen  alone  and  combined  estrogen  �  progestin
pre parations. The prevalence of HRT use within EPIC has been
described in detail elsewhere  ( 46 ) .

Statistical Analyses

 We  analyzed  the  association  between  anthropometric  vari-
ables and risks of colon and rectal cancer separately for men and

women by calculating relative risks (RRs) as incident rate ratios
using Cox proportional hazards models. Age was used as the un-
derlying  time  variable,  with  entry  and  exit  time  de¿ ned  as  the
subject�s age at recruitment and age at colorectal cancer diagno-
sis or censoring, respectively. Subjects were grouped into quin-
tiles  on  the  basis  of  the  anthropometric  variables  of  the  entire
male  or  female  cohorts,  respectively.  We also  performed  addi-
tional  analyses  by  grouping  participants  into  prede¿ ned well-
 established  categories  for  BMI  (<25,  25  �  <30,  or    30 kg/m 2 ),
waist circumference (<102 or   102 cm in men, and <88 or    88
in women), and waist-to-hip ratio (WHR; <0.95 or   0.95 in men;
and <0.80 or   0.80 in women)  ( 47 , 48 ) . Models were strati¿ ed by
age at recruitment and by study center to reduce sensitivity to any
violations  of  the  proportional  hazards  assumption.  We  further
 adjusted the analysis for smoking status (never, past, current, or
unknown), education (no school degree or primary school, tech-
nical or professional school, secondary school, university degree,
or  unknown),  alcohol  consumption  (grams/day,  continuous),
physical  activity  (inactive,  moderately  inactive,  moderately  ac-
tive, active, missing), ¿ ber intake (grams/day, continuous), and
consumption of red and processed meat,  ¿ sh and shell¿ sh, and
fruits  and  vegetables  (all  grams/day,  continuous).  Analyses  of
weight,  waist  and  hip  circumference,  and  WHR  were  also  ad-
justed for body height, and, in additional models, for body weight.
We also performed additional analyses that adjusted for total en-
ergy intake; however, because the overall results did not change
substantially, we did not include energy intake in our analysis. To
test for linear trend across categories, we used the median anthro-
pometric  variable  within  quintiles  as  a  continuous  variable.  In
separate analyses we included body size measures as continuous
variables in the models to estimate the relative risk of colon and
rectal cancer per unit increase in each anthropometric variable.
Differences in the associations across study centers were assessed
with  the  chi-square  test  using  heterogeneity  statistics  that  are
based on the inverse variance method  ( 49 ) . To test for differences
between sexes, we performed the analysis with men and women
combined  and  added  an  interaction  term to  the  model.  Among
postmenopausal women we further strati¿ ed the analysis by HRT
use and tested for differences between HRT and non-HRT users
by adding an interaction term. The proportional hazards assump-
tion was checked by adding an interaction term of the main expo-
sure variable with time to each model. The interaction term was
not statistically signi¿ cant (at the 5% level) in any model. Abso-
lute risks were estimated from the survivor function with covari-
ates (including age) set to sex-speci¿ c mean levels.

All  P  values presented are two-tailed, and  P <.05 was consid-
ered  statistically  signi¿ cant.  Analyses  were  performed  using
SAS 9.1 (SAS Institute, Cary, NC).

R ESULTS

 A total of 368   277 participants were monitored for an average
6.1 ± 1.7 years,  for a total of 2   254   727 person-years (  Table 1 ).
During follow-up, 1570 members of the cohort were diagnosed
with  colorectal  cancer  (984  colon,  586  rectum).  Mean  age  at
baseline was 51.7 years; 64.8% of participants were female.

We compared the age-standardized characteristics of the EPIC
participants  at  baseline  by  BMI  quintile  for  men  and  women,
 respectively  (men  and  women  in  higher  BMI  categories  were
older than those in the lower BMI categories;  Table 2 ). Alcohol
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consumption was positively related to BMI in men but inversely
related to  BMI in women.  Both men and women in  the  higher
BMI categories were less likely than those in the lower BMI cat-
egories  to  be current  smokers  and more likely to  have a lower
education  level.  Men  in  the  higher  BMI  categories  were  less
likely to be never smokers,  whereas women in the higher BMI
categories were more likely to be never smokers.  Among post-
menopausal women, HRT use was more common among leaner
women. Subjects in the higher BMI categories had higher intake
of all food groups analyzed (fruits and vegetables, ¿ sh and shell-
¿ sh, and meat and meat products) than subjects in the lower BMI
categories. WHR was more closely related to BMI in men than in
women. Age-adjusted Pearson correlation coef¿ cients for the as-
sociation  of  BMI  with  waist  and  hip  circumference  and  WHR
were  r  = 0.86,  r  = 0.77, and  r  = 0.56, respectively, for men, and
r   =  0.85,   r   =  0.86,  and   r   =  0.43,  respectively,  for  women  (all
P <.001).

 We examined relative risks of colon cancer by quintile of an-
thropometric  variables  in  men  and  women  (  Table  3  ).  In  both
sexes, there was a statistically signi¿ cant trend of increasing rela-
tive  risks  of  colon  cancer  across  quintile  of  height  (for  men
[  180.5 cm versus < 168.0 cm], RR = 1.40, 95% CI = 0.99 to
1.98;   P  trend   = 0.04;  for women [  167.5 cm versus <156.0 cm],
RR = 1.79, 95% CI = 1.30 to 2.46;  P  trend <.001;  Table 3 ). On a
continuous scale,  a  5-cm higher  body  height  was related  to  an
increased risk of colon cancer in both men (RR = 1.09, 95% CI =
1.01 to 1.18;  P  = .02) and women (RR = 1.12, 95% CI = 1.04 to
1.20;  P  = .003) ( P  = .33 for difference in the association between
men and women).

Among men, weight and BMI were associated with a higher
risk  of  colon  cancer  (weight     90.0  kg  versus  <71 kg,  RR  =
1.43, 95% CI = 1.02 to 2.02;  P  trend  = .007; BMI    29.4 kg/m2

versus <23.6 kg/m 2 , RR = 1.55, 95% CI = 1.12 to 2.15;  P  trend  =
.006;  Table 3 ) but not among women. Per unit increase, higher
body weight and BMI were associated with colon cancer risk
in men (per 5 kg of higher body weight, RR = 1.09, 95% CI =
1.04 to 1.13;  P<. 001; per kg/m 2  higher BMI, RR = 1.05, 95%
CI = 1.02  to  1.08;   P<.  001).  However,  among women the as-
sociation was weaker and only marginally statistically signi¿ -
cant (per 5 kg higher body weight, RR = 1.04, 95% CI = 1.00
to 1.08;  P  = .03;  P  = .35 for difference to men; per kg/m 2  higher
BMI, RR = 1.02, 95% CI = 1.00 to 1.04;  P  = .07;  P  = .04 for
difference to men).

 In both sexes,  waist  circumference was positively related to
risk  of  colon  cancer  (for  men  [   103.0  cm  versus  <86.0  cm],
RR  =  1.39,  95%  CI  =  1.01  to  1.93;   P  trend   =  .001;  for  women
[  89.0 cm versus <70.2 cm], RR = 1.48, 95% CI = 1.08 to 2.03;
P  trend  = .008)). Per 5 cm higher waist circumference, the relative
risk for men was 1.10 (95% CI = 1.05 to 1.56;  P <.001) and for
women was 1.07 (95% CI = 1.03 to 1.12;  P<. 001;  P   = .48 for
difference between men and women). In contrast, hip circumfer-
ence  was  statistically  signi¿ cantly  positively  related  to  colon
cancer in  men (per 5 cm higher hip circumference, RR = 1.12,
95% CI = 1.05 to 1.21;  P  = .002) but not in women (RR = 1.04,
95% CI = 0.99 to 1.09;  P  = .10;  P  = .15 for difference between
men and women).

 WHR was positively related to colon cancer risk in both men
(RR per 0.1 higher WHR, RR = 1.24, 95% CI = 1.05 to 1.46;  P  =
.01) and women (per 0.1 higher WHR, RR = 1.24, 95% CI = 1.10
to  1.39;   P <.001) ( P   =  .92  for  difference  between  men  and
women). In fact, of all anthropometric parameters, WHR showed
the strongest association with colon cancer (highest versus low-
est quintile for men, RR = 1.51, 95% CI = 1.06 to 2.15;  P  trend  =
.006;  for  women,  RR =  1.52,  95%  CI  =  1.12  to  2.05;   P  trend  =
.002).  The  estimated  absolute  5-year  rate  of  developing  colon
cancer per 100   000 subjects were, for men, 203 cases (95% CI =
155 to 250) in the highest quintile of WHR and 131 cases (95%
CI = 91 to 170) in the lowest and, for women, 129 cases (95%
CI = 102 to 156) in the highest quintile of WHR and 86 (95% CI =
63  to  108)  in  the  lowest.  We  found  no  statistically  signi¿ cant
heterogeneity across study centers for any of the associations of
the  anthropometric  measures  with  colon  cancer  risk  in  men or
women ( P  heterogeneity  = 0.34 � 0.92). We examined the consistency
of our ¿ ndings by excluding 239 patients diagnosed during the
¿ rst  2  years  of  follow-up,  to  eliminate  the  possible  effects  of
changes in body weight and fat distribution in the prediagnostic
disease phase. After exclusion, the relative risk of colon cancer
per 0.1 higher WHR was 1.26 (95% CI = 1.04 to 1.52;  P  = .02) in
men, and 1.25 (95% CI = 1.09 to 1.42 ; P  = .001) in women. Thus,
these patients did not bias the results.

There was no statistically signi¿ cant association of any of the
anthropometric measures with rectal cancer ( Table 4 ). The appar-
ent nonlinear relationship for WHR in men may be due to the low
number of case patients in the reference category.

 We  further  divided  participants  into  groups  based  on  well-
 established  risk  categories  for  BMI,  waist  circumference,  and

Table 1.       Cohort characteristics, the European Prospective Investigation into Cancer and Nutrition

Cohort size, n   Mean age, y   Person-years   Colon cancer, n   Rectal cancer, n   Mean BMI, kg/m 2  *   Mean WHR *

Country Men Women Men Women Men Women Men Women Men Women Men Women Men Women

France 0 19   752 0 52.8 0 167   895 0 53 0 8 0 23.2 0 0.777
Italy 13   895 30   325 50.2 50.7 74   170 187   029 44 64 17 26 26.5 25.7 0.936 0.797
Spain 14   986 24   616 50.7 48.3 102   413 162   305 39 39 26 15 28.5 28.4 0.951 0.829
United

Kingdom
22   542 50   998 53.1 47.7 118   468 277   133 92 91 33 54 25.4 24.5 0.914 0.769

The
Netherlands

9890 27   484 43.2 51.0 50   057 181   701 11 100 11 46 26.0 25.2 0.926 0.789

Greece 10   529 14   922 52.9 53.3 38   776 55   514 7 6 7 5 27.9 28.4 0.955 0.814
Germany 21   340 27   712 52.4 49.1 124   150 162   055 58 44 53 16 27.0 25.8 0.944 0.800
Sweden 10   263 14   010 59.0 57.3 79   008 105   781 48 58 46 42 25.6 24.4 0.933 0.782
Denmark 26   286 28   727 56.6 56.7 174   439 193   832 122 108 102 79 26.4 25.0 0.949 0.796
Total 129   731 238   546 52.8 51.1 761   482 1   493   245 421 563 295 291 26.6 25.5 0.939 0.792

*  Values are age adjusted. BMI = body mass index; WHR = waist-to-hip ratio.
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WHR,  respectively.  Compared  with  nonoverweight  subjects
(BMI <  25  kg/m 2  ),  the  relative  risk  for  colon  cancer  was  1.00
(95% CI  =  0.80  to  1.26)  for  overweight  men (BMI  =  25  �  29.9
kg/m 2 ) and 1.16 (95% CI = 0.96 to 1.40) for overweight women,
and  1.41  (95% CI  =  1.06  to  1.88;   P  trend   =  .03)  for  obese  men
(BMI    30 kg/m 2 ) and 1.07 (95% CI = 0.82 to 1.38;  P  trend  = .41)
for obese women. Among men, those with a waist circumference
of at least 102 cm had a higher risk for colon cancer than those
with a waist circumference of less than 102 cm (RR = 1.37, 95%
CI = 1.10 to 1.70;  P  = .004), whereas among women, risk did not
differ between those with a waist circumference at least  88 cm
versus less than 88 cm (RR = 1.18; 95% CI = 0.97 to 1.43;  P  =
.10).  However,  men in  the  higher  WHR category  had a  higher
risk of colon cancer (  0.95 versus <0.95, RR = 1.44, 95% CI =

1.17 to 1.76;  P <.001), and the same was true for women (  0.80
versus <0.80, RR = 1.27, 95% CI = 1.06 to 1.51;  P  = .008). The
absolute 5-year rate of colon cancer per 100   000 individuals was
206 cases (95% CI = 167 to 245) for men with a WHR of at least
0.95 and 144 cases (95% CI = 117 to 171) for men with a WHR
less than 0.95, 115 cases (95% CI = 95 to 135) for women with a
WHR of at  least  0.80,  and 91 cases  (95% CI  =  76  to  106)  for
women with a WHR less than 0.80.

In analyses that also adjusted for body weight, waist and hip
circumference and WHR were not statistically signi¿ cantly re-
lated to  risk of  colon  cancer  in  men,  whereas  WHR remained
statistically signi¿ cant in women ( Table 5 ). Results were simi-
lar  when  we  adjusted  these  analyses  for  BMI  instead  of  for
weight and height (highest versus lowest WHR quintile adjusted

Table 2.       Characteristics of study participants in the European Prospective Investigation into Cancer and Nutrition by body mass index (BMI) *

Men, quintile of BMI, kg/m 2   Women, quintile of BMI, kg/m2

1 2 3 4 5 1 2 3 4 5

Range <23.6 23.6 � 25.3 25.4 � 27.0 27.1 � 29.3   29.4 <21.7 21.7 � 23.6 23.7 � 25.7 25.8 � 28.8   28.9

Characteristic Mean 22.0 24.6 26.3 28.2 32.0 20.2 22.7 24.7 27.2 32.7

N 25   946 25   948 25   947 25   956 25   934 47   736 47   683 47   706 47   714 47   707
Mean age, y 50.3 52.6 53.3 53.8 54.0 46.7 49.7 51.7 53.3 54.1
Mean alcohol

intake,  g/day
20.0 21.3 22.2 23.3 24.7 9.6 9.6 8.9 7.9 6.0

Smoking status  �  , %
Never smoker 33.9 32.0 30.3 27.9 26.5 52.7 52.9 53.5 56.8 62.6
Past smoker 29.9 36.1 39.1 41.1 42.1 23.0 25.0 24.6 22.7 19.8
Current smoker 34.9 30.4 29.0 29.5 29.9 23.1 21.2 21.1 19.7 16.6

Education  �  , %
No school degree or

primary  school
21.7 24.8 28.5 35.4 42.5 14.6 19.4 26.5 35.7 47.1

Technical or
professional  school

24.3 25.2 25.8 25.3 23.7 24.2 26.2 26.0 24.6 21.3

Secondary school 15.7 16.0 15.2 13.8 12.9 24.7 23.2 21.6 19.0 15.3
University degree 34.7 30.8 27.4 22.6 17.8 31.6 26.2 21.3 16.2 11.2

Total physical
activity  �  , %

Inactive 19.8 20.4 20.2 19.9 19.9 19.0 17.8 16.2 14.0 11.4
Moderately inactive 28.9 28.2 28.4 28.9 29.1 37.1 33.4 30.9 28.5 26.6
Moderately active 35.7 34.9 35.5 35.3 36.2 34.8 38.5 42.2 46.9 51.5
Active 13.1 13.9 13.3 13.6 13.1 8.0 9.0 9.2 9.2 9.2

Menopausal status  �  , %
Premenopausal  �  �  �  �  � 33.3 33.6 33.8 33.8 33.9
Perimenopausal  �  �  �  �  � 13.1 13.0 12.6 12.4 11.9
Postmenopausal  �  �  �  �  � 45.9 45.6 45.6 45.0 44.6
Surgical

postmenopausal
�  �  �  �  � 2.4 2.8 3.1 3.8 4.7

HRT use among
postmenopausal
women  �  , %

No  �  �  �  �  � 69.6 71.4 73.7 78.1 84.4
Yes  �  �  �  �  � 28.3 26.4 24.2 20.2 14.2

Mean weight, kg 68.2 75.5 80.1 85.2 95.7 54.1 60.3 64.8 70.5 83.1
Mean height, cm 175.8 175.2 174.5 173.8 172.7 163.3 162.8 162.0 160.9 159.4
Mean waist

circumference, cm
83.7 89.7 93.8 98.4 107.4 69.2 74.0 78.3 83.9 95.1

Mean hip
circumference, cm

94.2 97.9 100.3 103.0 108.8 91.9 96.3 99.7 104.0 113.4

Mean waist-to-hip ratio 0.89 0.92 0.94 0.96 0.99 0.75 0.77 0.79 0.80 0.84
Mean ¿ ber intake, g/day 24.6 24.4 24.4 24.7 25.1 22.9 22.8 22.7 22.7 23.0
Mean fruit and vegetable

intake,  g/day
393.0 417.2 434.3 465.2 496.5 466.2 477.2 485.9 507.8 538.3

Mean ¿ sh and shell¿ sh
intake,  g/day

34.9 37.1 38.9 41.1 43.4 29.2 30.7 31.7 33.2 34.2

Mean red and processed
meat  intake,  g/day

95.5 102.1 105.7 110.1 116.4 59.8 63.6 67.5 70.6 73.6

*  All values except age, BMI, and number of subjects are age standardized. HRT = hormone replacement therapy.
�   Numbers do not add up to 100% because of missing values;  �  = not applicable.
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for BMI in men, RR = 1.19, 95% CI = 0.80 to 1.77;  P  trend  = .26;
in women, RR = 1.46, 95% CI = 1.06 to 2.01;  P  trend  = .01). Con-
versely, no statistically signi¿ cant association was observed for
BMI after adjustment for WHR among men or women.

 When  we  restricted  the  analysis  to  women  who  were  post-
menopausal  at  baseline  (including  424  postmenopausal  women
who developed colon cancer), the results were similar to those in
women overall (data not shown). Among postmenopausal women,
336 colon cancer patients (75.1%) reported no HRT use at base-
line, and 81 patients (23.3%) reported HRT use; for the remaining
7 patients, information on HRT use was unavailable. The positive
associations for waist circumference and WHR with risk of colon

cancer were restricted to postmenopausal women who did not use
HRT at baseline ( Table 6 ) (for difference between postmenopausal
women  with  and  without  HRT use  for  the  association  of  colon
cancer with waist circumference,  P  = .05; and for the association
with WHR,  P  = .19). HRT alone was not statistically signi¿ cantly
related to colon cancer risk in postmenopausal women.

D ISCUSSION

 In  this  large  prospective  cohort  study,  we  found  that  body
weight and BMI were statistically signi¿ cantly related to colon

Table 3.       Relative risks (RRs) and 95% con¿ dence intervals (CIs) of colon cancer across quintiles of anthropometric measures in the European Prospective
Investigation into Cancer and Nutrition

Men   Women

Measure N *
Crude RR
(95% CI)  �

Multivariable RR
(95% CI)  �  Measure N *

Crude RR
(95% CI)  �

Multivariable RR
(95% CI)  �

Height, cm Height, cm
<168.0 79 1 (Referent) 1 (Referent)  <156.0 80 1 (Referent) 1 (Referent)
168.0 � 172.4 84 1.09 (0.79 to 1.50) 1.10 (0.80 to 1.52)  156.0�159.9 106 1.34 (0.99 to 1.80) 1.33 (0.99 to 1.80)
172.5 � 176.1 86 1.14 (0.82 to 1.57) 1.16 (0.84 to 1.60)  160.0�163.2 141 1.72 (1.29 to 2.30) 1.71 (1.28 to 2.28)
176.2 � 180.4 91 1.26 (0.91 to 1.74) 1.29 (0.93 to 1.79)  163.3�167.4 128 1.68 (1.25 to 2.27) 1.66 (1.23 to 2.24)

 180.5 81 1.33 (0.95 to 1.87) 1.40 (0.99 to 1.98)    167.5 108 1.82 (1.33 to 2.50) 1.79 (1.30 to 2.46)
P  trend  § .06 .04    P  trend  § <.001 <.001

Weight, kg Weight, kg
<71.0 72 1 (Referent) 1 (Referent)  <56.9 83 1 (Referent) 1 (Referent)
71.0 � 76.9 68 0.94 (0.67 to 1.31) 0.91 (0.65 to 1.28)  56.9�62.0 100 1.20 (0.89 to 1.60) 1.14 (0.84 to 1.53)
77.0 � 82.7 79 1.12 (0.81 to 1.54) 1.06 (0.76 to 1.48)  62.1�67.4 108 1.19 (0.89 to 1.59) 1.10 (0.82 to 1.49)
82.8 � 89.9 93 1.33 (0.97 to 1.82) 1.24 (0.89 to 1.73)  67.5�74.9 137 1.35 (1.02 to 1.78) 1.23 (0.91 to 1.64)

 90.0 109 1.57 (1.16 to 2.13) 1.43 (1.02 to 2.02)    75.0 135 1.40 (1.06 to 1.86) 1.25 (0.93 to 1.70)
P  trend  § <.001 .007    P  trend  § .02 .14

BMI, kg/m 2  BMI, kg/m2

<23.6 64 1 (Referent) 1 (Referent)  <21.7 87 1 (Referent) 1 (Referent)
23.6 � 25.3 85 1.20 (0.86 to 1.66) 1.18 (0.85 to 1.63)  21.7�23.5 96 0.92 (0.69 to 1.23) 0.92 (0.68 to 1.23)
25.4 � 27.0 74 1.03 (0.74 to 1.45) 1.00 (0.71 to 1.41)  23.6�25.7 120 1.02 (0.77 to 1.35) 1.02 (0.77 to 1.35)
27.1 � 29.3 88 1.24 (0.89 to 1.72) 1.19 (0.85 to 1.66)  25.8�28.8 137 1.09 (0.83 to 1.44) 1.09 (0.83 to 1.45)

 29.4 110 1.64 (1.19 to 2.25) 1.55 (1.12 to 2.15)    28.9 123 1.04 (0.78 to 1.39) 1.06 (0.79 to 1.42)
P  trend  § .002 .006    P  trend  § .46 .40

Waist circumference, cm Waist circumference, cm
<86.0 63 1 (Referent) 1 (Referent)  <70.2 62 1 (Referent) 1 (Referent)
86.0 � 91.8 57 0.75 (0.53 to 1.08) 0.73 (0.50 to 1.04)  70.2�75.8 91 1.13 (0.81 to 1.56) 1.10 (0.80 to 1.52)
91.9 � 96.5 78 1.03 (0.74 to 1.44) 0.97 (0.69 to 1.36)  75.9�80.9 125 1.27 (0.93 to 1.73) 1.23 (0.90 to 1.68)
96.6 � 102.9 95 1.20 (0.87 to 1.66) 1.10 (0.79 to 1.53)  81.0�88.9 135 1.29 (0.95 to 1.76) 1.25 (0.91 to 1.70)

 103.0 125 1.56 (1.14 to 2.14) 1.39 (1.01 to 1.93)    89.0 149 1.53 (1.12 to 2.09) 1.48 (1.08 to 2.03)
P  trend  § <.001 .001    P  trend  § .004 .008

Hip circumference, cm Hip circumference, cm
<95.2 71 1 (Referent) 1 (Referent)  <93.7 83 1 (Referent) 1 (Referent)
95.2 � 98.9 62 0.93 (0.66 to 1.31) 0.90 (0.64 to 1.27)  93.7�97.9 90 1.03 (0.76 to 1.39) 0.99 (0.73 to 1.34)
99.0 � 101.9 97 1.13 (0.83 to 1.55) 1.08 (0.78 to 1.48)  98.0�101.9 137 1.16 (0.88 to 1.52) 1.09 (0.82 to 1.44)
102.0 � 105.9 76 1.36 (0.98 to 1.89) 1.27 (0.90 to 1.78)  102.0�107.9 108 1.10 (0.82 to 1.47) 1.02 (0.76 to 1.38)

 106.0 110 1.51 (1.11 to 2.06) 1.37 (0.99 to 1.90)    108.0 142 1.28 (0.97 to 1.70) 1.20 (0.89 to 1.60)
P  trend  § <.001 .01    P  trend  § .07 .19

WHR WHR
<0.887 48 1 (Referent) 1 (Referent)  <0.734 68 1 (Referent) 1 (Referent)
0.887 � 0.922 72 1.19 (0.83 to 1.72) 1.16 (0.80 to 1.68)  0.734�0.768 94 1.06 (0.78 to 1.46) 1.07 (0.78 to 1.47)
0.923 � 0.952 77 1.19 (0.83 to 1.72) 1.15 (0.79 to 1.65)  0.769�0.802 113 1.13 (0.83 to 1.53) 1.15 (0.84 to 1.56)
0.953 � 0.989 109 1.63 (1.15 to 2.31) 1.54 (1.08 to 2.19)  0.803�0.845 125 1.17 (0.86 to 1.58) 1.19 (0.88 to 1.61)

 0.990 110 1.63 (1.15 to 2.31) 1.51 (1.06 to 2.15)    0.846 160 1.48 (1.10 to 2.00) 1.52 (1.12 to 2.05)
P  trend  § <.001 .006    P  trend  § .003 .002

*  Number of colon cancer patients. BMI = body mass index; WHR = waist-to-hip ratio.
�   Crude model is derived from Cox regression using age as the underlying time variable and strati¿ ed by center and age at recruitment.
   �   Multivariable models for height and BMI were based on the crude model with additional adjustment for smoking status (never,  past,  current, or unknown),

edu cation (no school degree or primary school, technical or professional school, secondary school, university degree, or unknown), alcohol intake (continuous),
phy  sical  activity  (inactive,  moderately  inactive,  moderately  active,  active,  or  missing),  ¿ ber  intake  (continuous),  and  consumption  of  red  and  processed  meat
(continuous), ¿ sh and shell¿ sh (continuous), and fruits and vegetables (continuous). Multivariable model for weight, waist, hip, and WHR were further adjusted
for height (continuous).

§   P  trend  (two-sided) across categories is based on the median anthropometric variable within quintiles as a continuous variable and was calculated using the Wald
chi-square statistic.
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Table 4.       Relative risks (RRs) and 95% con¿ dence intervals (CIs) of rectal cancer across quintiles of anthropometric measures in the European Prospective
Investigation into Cancer and Nutrition

Men   Women

Measure N *
Crude RR
(95% CI)  �

Multivariable RR
(95% CI)  �  Measure N *

Crude RR
(95% CI)  �

Multivariable RR
(95% CI)  �

Height, cm Height, cm
<168.0 53 1 (Referent) 1 (Referent)  <156.0 50 1 (Referent) 1 (Referent)
168.0 � 172.4 74 1.32 (0.91 to 1.90) 1.30 (0.90 to 1.87)  156.0 � 159.9 61 1.03 (0.70 to 1.51) 1.03 (0.70 to 1.52)
172.5 � 176.1 57 0.99 (0.67 to 1.47) 0.97 (0.65 to 1.44)  160.0 � 163.2 83 1.24 (0.86 to 1.80) 1.25 (0.86 to 1.81)
176.2 � 180.4 59 1.03 (0.69 to 1.52) 1.00 (0.67 to 1.49)  163.3 � 167.4 53 0.80 (0.53 to 1.21) 0.81 (0.54 to 1.23)

 180.5 52 1.03 (0.68 to 1.56) 1.00 (0.66 to 1.52)    167.5 44 0.77 (0.49 to 1.18) 0.78 (0.50 to 1.21)
P  trend  § .66 .55    P  trend  § .09 .12

Weight, kg Weight, kg
<71.0 49 1 (Referent) 1 (Referent)  <56.9 53 1 (Referent) 1 (Referent)
71.0 � 76.9 59 1.15 (0.78 to 1.68) 1.17 (0.80 to 1.73)  56.9 � 62.0 45 0.76 (0.51 to 1.14) 0.81 (0.54 to 1.21)
77.0 � 82.7 57 1.10 (0.75 to 1.62) 1.14 (0.76 to 1.70)  62.1 � 67.4 60 0.92 (0.63 to 1.34) 1.01 (0.69 to 1.49)
82.8 � 89.9 67 1.26 (0.87 to 1.83) 1.30 (0.87 to 1.94)  67.5 �  74.9 67 0.93 (0.64 to 1.34) 1.04 (0.71 to 1.53)

 90.0 63 1.18 (0.81 to 1.73) 1.22 (0.80 to 1.86)    75.0 66 0.92 (0.63 to 1.33) 1.06 (0.71 to 1.57)
P  trend  § .36 .36    P  trend  § .94 .44

BMI, kg/m 2  BMI, kg/m2

<23.6 52 1 (Referent) 1 (Referent)  <21.7 47 1 (Referent) 1 (Referent)
23.6 � 25.3 52 0.89 (0.60 to 1.31) 0.88 (0.60 to 1.30)  21.7 � 23.5 44 0.77 (0.51 to 1.16) 0.78 (0.51 to 1.18)
25.4 � 27.0 58 0.98 (0.67 to 1.44) 0.96 (0.66 to 1.40)  23.6 � 25.7 72 1.11 (0.77 to 1.62) 1.14 (0.78 to 1.66)
27.1 � 29.3 69 1.15 (0.80 to 1.67) 1.11 (0.77 to 1.62)  25.8 � 28.8 63 0.92 (0.63 to 1.36) 0.95 (0.64 to 1.41)

 29.4 64 1.12 (0.77 to 1.62) 1.05 (0.72 to 1.55)    28.9 65 1.03 (0.70 to 1.52) 1.06 (0.71 to 1.58)
P  trend  § .28 .47    P  trend  § .58 .51

Waist circumference, cm Waist circumference, cm
<86.0 40 1 (Referent) 1 (Referent)  <70.2 40 1 (Referent) 1 (Referent)
86.0 � 91.8 52 1.09 (0.72 to 1.65) 1.06 (0.70 to 1.61)  70.2 � 75.8 54 1.08 (0.71 to 1.63) 1.10 (0.73 to 1.66)
91.9 � 96.5 60 1.18 (0.79 to 1.77) 1.15 (0.76 to 1.73)  75.9 � 80.9 55 0.91 (0.60 to 1.37) 0.94 (0.62 to 1.42)
96.6 � 102.9 65 1.23 (0.82 to 1.84) 1.18 (0.78 to 1.77)  81.0 � 88.9 72 1.18 (0.79 to 1.76) 1.22 (0.82 to 1.83)

 103.0 76 1.37 (0.93 to 2.04) 1.27 (0.84 to 1.91)    89.0 70 1.18 (0.79 to 1.78) 1.23 (0.81 to 1.86)
P  trend  § .08 .21    P  trend  § .28 .22

Hip circumference, cm Hip circumference, cm
<95.2 53 1 (Referent) 1 (Referent)  <93.7 49 1 (Referent) 1 (Referent)
95.2 � 98.9 53 1.07 (0.73 to 1.57) 1.07 (0.73 to 1.58)  93.7 � 97.9 46 0.92 (0.61 to 1.38) 0.97 (0.65 to 1.46)
99.0 � 101.9 73 1.12 (0.78 to 1.60) 1.12 (0.78 to 1.61)  98.0 � 101.9 70 1.05 (0.72 to 1.52) 1.14 (0.78 to 1.66)
102.0 � 105.9 52 1.18 (0.80 to 1.74) 1.19 (0.79 to 1.78)  102.0 � 107.9 64 1.16 (0.79 to 1.71) 1.27 (0.86 to 1.88)

 106.0 61 1.07 (0.73 to 1.56) 1.05 (0.70 to 1.56)    108.0 62 1.00 (0.67 to 1.47) 1.10 (0.74 to 1.64)
P  trend  § .66 .77    P  trend  § .75 .44

WHR WHR
<0.887 23 1 (Referent) 1 (Referent)  <0.734 41 1 (Referent) 1 (Referent)
0.887 � 0.922 64 2.15 (1.33 to 3.47) 2.07 (1.28 to 3.35)  0.734 � 0.768 47 0.90 (0.59 to 1.37) 0.88 (0.58 to 1.34)
0.923 � 0.952 71 2.17 (1.35 to 3.49) 2.06 (1.28 to 3.32)  0.769 � 0.802 60 1.03 (0.69 to 1.55) 1.01 (0.68 to 1.52)
0.953 � 0.989 56 1.62 (0.99 to 2.64) 1.49 (0.91 to 2.45)  0.803 � 0.845 65 1.07 (0.72 to 1.60) 1.04 (0.69 to 1.56)

 0.990 78 2.17 (1.35 to 3.49) 1.93 (1.19 to 3.13)    0.846 78 1.26 (0.85 to 1.87) 1.20 (0.81 to 1.79)
P  trend  § .04 .16    P  trend  § .11 .17

*  Number of rectal cancer patients. BMI = body mass index; WHR = waist-to-hip ratio.
�   Crude model is derived from Cox regression using age as the underlying time variable and strati¿ ed by center and age at recruitment.
   �   Multivariable models for height and BMI were based on the crude model with additional adjustment for smoking status (never, past, current, or unknown), educa-

tion (no school degree or primary school, technical or professional school, secondary school, university degree, or unknown), alcohol intake (continuous), physical ac-
tivity (inactive, moderately inactive, moderately active, active, or missing), ¿ ber intake (continuous), and consumption of red and processed meat (continuous), ¿ sh and
shell¿ sh (continuous), and fruits and vegetables (continuous). Multivariable model for weight, waist, hip, and WHR were further adjusted for height (continuous).

§   P  trend  (two-sided) across categories is based on the median anthropometric variable within quintiles as a continuous variable using the Wald chi-square statistic.

cancer risk in men but only weakly related to risk in women. In
contrast, both waist  circumference and WHR were strongly re-
lated to colon cancer  risk in both sexes. Thus,  WHR conveyed
statistically  signi¿ cant  information  beyond  body  weight  for
colon cancer risk in women, but not in men. These data support
the hypothesis that abdominal  obesity is a risk factor for colon
cancer  in  both  sexes  and  suggest  that  fat  distribution  is  more
 important than body weight or BMI for disease risk in women.
 Further,  our  results  indicate  that  the  association  of  body  fat
accumulation and risk of colon cancer in postmenopausal women
may be associated with  HRT use.  That  is,  waist  circumference
and WHR were statistically signi¿ cantly related to risk of colon
cancer among nonusers but not among users of HRT, although the

difference  was only  marginally  statistically  signi¿ cant. Finally,
results  from  our  study  support  the  hypothesis  that  height  is
related to colon cancer risk in both sexes.

 Previous studies have primarily used body weight or BMI to
assess the association of obesity with colon cancer risk. Similar
to our ¿ ndings ( Table 3 ), most of these studies found positive as-
sociations of these measurements for men but weaker or no as-
sociations for women  ( 1  �  30 ) . However, these measurements may
not  be  ideal  because  the  changes  in  physiologic  functions  that
accompany obesity  depend to  a  certain  extent  on  regional  adi-
pose  tissue  distribution.  Intra-abdominal  visceral  obesity  is  re-
lated  to  elevated  blood  pressure  and  insulin  levels,  insulin
resistance, and dyslipidemia, and several studies have shown that
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upper-body  fat  distribution  is  independently  associated  with  a
higher  risk  of  developing  diabetes  and  cardiovascular  disease
( 50 )  .  Higher  body weight  is  more closely related to  abdominal
obesity than to lower-body obesity in men but more closely re-
lated to gluteofemoral obesity in women  ( 31 )  . Similarly, in our
cohort  WHR was  more  closely  related  to  BMI  in  men  than  in
women.  Hence,  assuming  that  it  is  primarily  visceral  and  not
nonvisceral  adipose  tissue  that  is  involved  in  tumorigenic  pro-
cesses,  body  weight  and  BMI  may  not  accurately  reÀ ect the
colon cancer risk that is associated with abdominal fat accumula-
tion, at least in women.

 Few  prospective  studies  have  examined  the  association  of
body fat  distribution � as  reÀ ected by waist  and  hip circumfer-
ence � and colon  cancer  risk  ( 11 , 13 , 14 , 19 , 21 , 51 ) . Among these
studies, we are aware of only one report  ( 21 )  that presented re-
sults  for  men  and  women  separately.  In  this  report,  from  the
Framingham Study  ( 21 ) , which included 306 colon cancer case
patients,  waist  circumference  was an equally  strong risk factor
for colon cancer in men and women, and it  was a stronger risk
factor than BMI in both sexes. A report from the Cardiovascular
Health Study, which included 102 men and women with colorec-
tal cancer, found that waist circumference and WHR were statis-
tically  signi¿ cantly   related to  risk  of  colorectal  cancer  but  that
BMI was not; however, this analysis did not present sex-speci¿ c
results  ( 51 ) .

Our ¿ ndings are in contrast with reports from the Melbourne
Collaborative  Cohort  Study   ( 19 )   and  the  Health  Professionals
Follow-up Study  ( 13 ) , which found an association between WHR
and colon cancer risk in men even after adjustment for BMI, and
with reports from the Iowa Women�s Health Study  ( 11 )  and the
Nurses� Health Study  ( 14 ) , which found statistically signi¿ cantly

positive associations in women between BMI but not WHR and
risk of colon cancer. However, most of these studies  ( 11 , 13 , 14 )
relied on self-reported anthropometric data, which limits the in-
terpretability of these results.

The pathophysiology underlying the association between obe-
sity  and  increased  colon  cancer  risk  is  unclear.  Some  authors
have suggested that components of the metabolic syndrome, par-
ticularly insulin resistance and subsequent hyperinsulinemia, are
the underlying link, which may reÀ ect the growth-promoting ef-
fects of insulin  ( 52  �  54 ) . These speculations are also supported by
studies that found subjects with type 2 diabetes to be at increased
risk of colon cancer  ( 55 , 56 ) . Hyperinsulinemia is also related to
increased  levels  of  bioavailable  insulin-like  growth  factor  1,
which is known to have cancer-promoting effects  ( 57  �  60 ) . Fur-
ther potential mediators include leptin, which stimulates growth
of  colonic  epithelial  cells   ( 61  �  63 )  ,  and  adiponectin,  which  has
antiangiogenic and antitumor activities  ( 64 , 65 ) . We are now ana-
lyzing the relationship of these and other biomarkers with risk of
colon and rectal cancer in EPIC.

 Postmenopausal  HRT has been associated with reduced risk
of colon cancer in observational studies  ( 33 ) , a ¿ nding that has
been supported by the results  of the Women�s Health  Initiative
intervention  trial  of  estrogen  plus  progestin  use   ( 34  �  36 ) . HRT
has been hypothesized to reduce the risk of colon cancer by re-
ducing the likelihood of  estrogen receptor methylation  ( 66 , 67 ) .
In our study we found that, among postmenopausal women, the
positive association of waist circumference and WHR with risk
of  colon  cancer  was not  apparent  in  women who  used HRT at
baseline ( Table 6 ). We are aware of only one case � control study
that has examined the interaction between HRT use and adiposity
on colon cancer risk, with body weight assessed in colon cancer

Table 5.       Relative risk (RRs) and 95% con¿ dence intervals (CIs) of colon cancer across quintiles of waist and hip circumference and waist-to-hip ratio (WHR) after
controlling for body weight in men and women of the European Prospective Investigation into Cancer and Nutrition *

Men Women

Measure Multivariable RR (95% CI) Measure Multivariable RR (95% CI)

Waist circumference, cm Waist circumference, cm
<86.0 1 (Referent)  <70.2 1 (Referent)
86.0 � 91.8 0.67 (0.46 to 0.98)  70.2�75.8 1.10 (0.79 to 1.53)
91.9 � 96.5 0.85 (0.59 to 1.23)  75.9�80.9 1.22 (0.87 to 1.70)
96.6 � 102.9 0.91 (0.61 to 1.35)  81.0�88.9 1.23 (0.85 to 1.77)

 103.0 1.01 (0.62 to 1.65)    89.0 1.44 (0.92 to 2.26)
P  trend   �  .50    P  trend   �  .12

Hip circumference, cm Hip circumference, cm
<95.2 1 (Referent)  <93.7 1 (Referent)
95.2 � 98.9 0.81 (0.57 to 1.16)  93.7�97.9 0.95 (0.70 to 1.29)
99.0 � 101.9 0.89 (0.63 to 1.26)  98.0�101.9 1.00 (0.74 to 1.36)
102.0 � 105.9 0.97 (0.65 to 1.43)  102.0�107.9 0.89 (0.63 to 1.27)

 106.0 0.88 (0.55 to 1.39)    108.0 0.94 (0.60 to 1.46)
P  trend   �  .85    P  trend   �  .72

WHR WHR
<0.887 1 (Referent)  <0.734 1 (Referent)
0.887 � 0.922 1.08 (0.75 to 1.57)  0.734�0.768 1.06 (0.78 to 1.46)
0.923 � 0.952 1.02 (0.70 to 1.49)  0.769�0.802 1.13 (0.83 to 1.54)
0.953 � 0.989 1.32 (0.91 to 1.91)  0.803�0.845 1.16 (0.85 to 1.58)

 0.990 1.18 (0.79 to 1.76)    0.846 1.46 (1.06 to 2.00)
P  trend   �  .27    P  trend   �  .01

  *  Multivariable models were derived from Cox regression using age as the underlying time variable and strati¿ ed by center and age at recruitment with additional
adjustment for height (continuous), weight (continuous), smoking status (never, past, current, or unknown), education (no school degree or primary school, technical
or professional school, secondary school, university degree, or unknown), alcohol consumption (continuous), physical activity (inactive, moderately inactive, mod-
erately active, active, or missing), ¿ ber intake (continuous), and consumption of red and processed meat (continuous), ¿ sh and shell¿ sh (continuous), and fruits and
vegetables (continuous).

�    P  trend  (two-sided) across categories is based on the median anthropometric variable within quintiles as a continuous variable and was calculated using the Wald
chi-square statistic.
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patients and population-based control subjects  ( 20 ) . Contrary to
our ¿ ndings,  in  that  report   ( 20 )   a  positive  association between
BMI  and  colon  cancer  risk  was  observed  for  postmenopausal
women on HRT only.  The  reasons for  this  discrepancy are  un-
clear; however, differences between HRT users and nonusers in
the association of obesity with postmenopausal breast cancer risk
similar to our observations for colon cancer have previously been
reported  ( 37 )  .  Because the differences  between HRT users  and
non  users  were  only  marginally  statistically  signi¿ cant  in  our
study, we cannot rule out a role for chance. Clearly, our ¿ ndings
need to be con¿ rmed in future studies and to be put  in context
with  the  complex  effects  observed  in  interventional  studies  of
HRT use on women�s health, e.g., their detrimental effects on the
cardiovascular system  ( 34 ) .

 In  our  analysis,  height  was  related  to  risk  of  colon  cancer
( Table 3 ), a ¿ nding that is in agreement with previous studies  ( 68 ) .
The magnitude of this association was similar in men and women.
Height  has  been  related  to  several  types  of  cancer,  including

 colon, breast, pancreatic, and prostate cancer  ( 37 , 69 ) , and it was
recently  estimated that  18% of  total  cancers  are  attributable  to
factors related to tallness  ( 69 ) . Tallness is related to having more
cells in the body structure, which may increase the probability of
malignant transformation  ( 70 ) . Postnatal growth depends largely
on  a  complex  interaction  between  nutrition,  growth  hormones
(GH, insulin-like growth factor), and sex hormones, all of which
have been suggested to be involved in cancer development  ( 71 ) .
For example, evidence from animal and human studies suggests
that restricted caloric intake in early life is related to lower adult
cancer risk  ( 72  �  74 ) . Adult height may also reÀ ect increased ex-
posure  to  GH,  insulin-like  growth  factor  1,  and  insulin  in  pre-
adulthood that may predispose to cancer development in later life
( 57 , 58 , 75 , 76 )  .  These speculations are supported by studies that
found  patients with  GH  excess  (e.g.,  acromegaly)  to  be  at  in-
creased cancer risk, particularly for colon cancer  ( 77 , 78 ) .

In agreement with most previous reports, we found no statisti-
cally signi¿ cant association between body size and risk of rectal

Table 6.       Relative risks (RRs) and 95% con¿ dence intervals (CIs) of colon cancer across quintiles of anthropometric measures in postmenopausal women strati¿ ed
by hormone replacement therapy (HRT) use at baseline in the European Prospective Investigation into Cancer and Nutrition *

No HRT use   HRT use

Measure N  �  RR (95% CI) N  �  RR (95% CI)

Weight  �  , kg
<56.9 48 1 (Referent) 15 1 (Referent)
56.9 � 62.0 56 1.05 (0.71 to 1.56) 16 1.04 (0.50 to 2.18)
62.1 � 67.4 61 0.99 (0.67 to 1.46) 15 0.95 (0.44 to 2.03)
67.5 � 74.9 82 1.08 (0.74 to 1.57) 23 1.55 (0.74 to 3.22)

 75.0 89 1.13 (0.77 to 1.67) 12 1.01 (0.43 to 2.37)
P  trend  § .49 .69

BMI, kg/m 2

<21.7 40 1 (Referent) 21 1 (Referent)
21.7 � 23.5 50 0.96 (0.63 to 1.45) 15 0.69 (0.35 to 1.35)
23.6 � 25.7 77 1.21 (0.82 to 1.78) 17 0.80 (0.41 to 1.56)
25.8 � 28.8 83 1.11 (0.75 to 1.64) 20 1.10 (0.57 to 2.10)

 28.9 86 1.12 (0.75 to 1.67) 8 0.72 (0.31 to 1.70)
P  trend  § .52 .88

Waist circumference  �  , cm
<70.2 25 1 (Referent) 17 1 (Referent)
70.2 � 75.8 48 1.30 (0.80 to 2.11) 21 1.07 (0.55 to 2.06)
75.9 � 80.9 71 1.35 (0.85 to 2.14) 17 0.79 (0.39 to 1.57)
81.0 � 88.9 85 1.39 (0.88 to 2.19) 17 0.90 (0.44 to 1.83)

 89.0 106 1.68 (1.06 to 2.64) 9 0.76 (0.32 to 1.80)
P  trend  § .02 .46

Hip circumference  �  , cm
<93.7 43 1 (Referent) 23 1 (Referent)
93.7 � 97.9 46 0.93 (0.61 to 1.41) 17 0.71 (0.37 to 1.36)
98.0 � 101.9 88 1.21 (0.83 to 1.76) 13 0.43 (0.21 to 0.88)
102.0 � 107.9 68 1.04 (0.70 to 1.54) 14 0.70 (0.34 to 1.44)

 108.0 89 1.08 (0.74 to 1.60) 13 0.77 (0.37 to 1.61)
P  trend  § .69 .54

WHR  �
<0.734 27 1 (Referent) 19 1 (Referent)
0.734 � 0.768 40 1.02 (0.62 to 1.66) 19 0.79 (0.41 to 1.53)
0.769 � 0.802 75 1.55 (1.00 to 2.42) 11 0.46 (0.21 to 0.99)
0.803 � 0.845 85 1.51 (0.97 to 2.34) 14 0.69 (0.34 to 1.43)

 0.846 107 1.76 (1.14 to 2.72) 17 0.96 (0.47 to 1.94)
P  trend   §  .002 .89

*  Relative risks derived from multivariable Cox regression models using age as the underlying time variable and strati¿ ed by center and age at recruitment with ad-
ditional adjustment for smoking status (never, past, current, or unknown), education (no school degree or primary school, technical or professional school, secondary
school, university degree, or unknown), alcohol consumption (continuous), physical activity (inactive, moderately inactive, moderately active, active, or missing),
¿ ber intake (continuous), and consumption of red and processed meat (continuous), ¿ sh and shell¿ sh (continuous), and fruits and vegetables (continuous). BMI =
body mass index; WHR = waist-to-hip ratio.

�   Number of colon cancer patients.
�   Relative risks for weight, waist and hip circumference, and WHR are also adjusted for height (continuous).
§   P  trend  (two-sided) across categories is based on the median anthropometric variable within quintiles as a continuous variable and was calculated using the Wald

chi-square statistic.
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cancer ( Table 4 )  ( 2  �  5 , 12 , 17 , 27 , 30 ) . This ¿ nding suggests differ-
ences in tumor susceptibility between colon and rectum, although
the potential mechanisms accounting for these differences need
further investigation.

 Our study has strengths and limitations. Among the strengths
are its  prospective  design  and the large  sample  size,  which in-
cluded several European countries. Also, all body measures were
assessed directly at baseline, in contrast to self-reported data used
in most previous studies. Among the limitations were slight dif-
ferences in the method of assessment of waist and hip circumfer-
ence between centers in EPIC; however, we found similar results
for  the  associations  of  body  size  with  risk  of  colon  and  rectal
cancer  across  centers,  which also reduces  the possibility  of  re-
sidual  confounding  by  geographic  region.  The  combination  of
related measures in our analysis may lead to imprecision and in-
stability  of  the risk  estimates;  however,  the  width  of  the con¿ -
dence intervals did not substantially change when we combined
body weight with waist or hip circumference or WHR, therefore
indicating that these combinations did not substantially decrease
precision. Nevertheless, the anthropometric parameters we used �
although being standard, well established, and routinely used for
disease  risk  assessment  �  may  be  imperfect  measures  of  body
size  or  underlying  true  biologic  risk  factors,  and  this  situation
may complicate the interpretation of our ¿ ndings when consider-
ing these measures simultaneously.

Within EPIC we currently have standardized information about
exposure  variables  available  at  baseline  only,  which  neglects
modi¿ cations  in  subjects�  exposure  status  during  follow-up.
 However,  any  potential  misclassi¿  cation  should  be  nondif-

ferential and, if anything, is expected to bias our results toward
the null.

 Information  on  menopausal  status  was  available  at  baseline
only; we were therefore unable to stratify our analysis by meno-
pausal status at time of cancer diagnosis. Previous studies have
suggested that the association of BMI with risk of colon cancer
may be  stronger  in,  or  even  limited  to,  premenopausal  women
( 20 , 23 , 79 ) . In our analysis, only 33% of women were premeno-
pausal at baseline; it is therefore reasonable to assume that most
women were postmenopausal (or at least perimenopausal) at the
time of cancer diagnosis. In line with this hypothesis, when we
restricted  the  analysis  to  women  who  were  postmenopausal  at
baseline,  our  ¿ ndings  were  almost  identical  to  those  using  all
women.  Although  our  study  included  many  colon  cancer  case
patients, strati¿ cation may have limited the power to detect sta-
tistically signi¿ cant associations of waist circumference or WHR
with  risk  of  colon  cancer  among  postmenopausal  women  with
HRT  use.  However,  in  this  group  the  point  estimates  of  risk
showed no substantial variation across quintiles of measures of
obesity, arguing against a substantial association with colon can-
cer risk. Despite excluding participants with reported cancers at
baseline,  we  cannot  exclude  the  possibility  that  some  subjects
had underlying yet undiagnosed colon or rectal cancer. However,
results  did  not  appreciably  change  when we  excluded  subjects
with a follow-up time of less than 2 years.

 In conclusion, in this study we found that abdominal obesity
is  an  equally  strong  risk  factor  for  colon  cancer  in  men  and
women, whereas body weight and BMI were associated with co-
lon cancer risk in men but not in women. These data suggest that
fat distribution is a more important risk factor than body weight
and  BMI  for  colon  cancer  in  women.  Also,  our  study suggests
that the relationship between abdominal obesity and colon cancer

risk may vary according to HRT use; however, these ¿ ndings re-
quire  con¿ rmation  in  future  studies.  Our data  give  further  cre-
dence to public health efforts aiming to reduce the prevalence of
obesity  to prevent cancer and other chronic diseases.  Measure-
ment of waist circumference or WHR should be included in cur-
rent  guidelines  to  maintain  a  healthful  lifestyle  for  disease
prevention  ( 80 ) .

REFERENCES

(1)   Graham S, Marshall J, Haughey B, Mittelman A, Swanson M, Zielezny M,
et al. Dietary epidemiology of cancer of the colon in western New York.  Am
J Epidemiol   1988 ; 128 : 490  � 503.

(2)    Gerhardsson de Verdier  M, Hagman U, Steineck G,  Rieger  A,  Norell  SE.
Diet, body mass and colorectal cancer: a case-referent study in Stockholm.
Int J Cancer   1990 ; 46 : 832  � 8.

(3)   Kune GA, Kune S, Watson LF. Body weight and physical activity as predic-
tors of colorectal cancer risk.  Nutr Cancer   1990 ; 13 : 9  � 17.

(4)    Dietz AT, Newcomb PA, Marcus PM, Storer BE. The association of body
size  and  large  bowel  cancer  risk  in  Wisconsin  (United  States)  women.
Cancer Causes Control   1995 ; 6 : 30  � 6.

(5)    Le Marchand L, Wilkens LR, Kolonel  LN, Hankin JH,  Lyu LC. Associa-
tions of sedentary lifestyle, obesity, smoking, alcohol use, and diabetes with
the risk of colorectal cancer.  Cancer Res   1997 ; 57 : 4787  � 94.

(6)   Caan BJ, Coates AO, Slattery ML, Potter JD, Quesenberry CP Jr, Edwards
SM. Body size and the risk of colon cancer in a large case-control study.  Int
J Obes Relat Metab Disord   1998 ; 22 : 178  � 84.

(7)   Russo A, Franceschi S, La Vecchia C, Dal Maso L, Montella M, Conti E,
et al. Body size and colorectal-cancer risk.  Int J Cancer   1998 ; 78 : 161  � 5.

(8)   Slattery ML, Potter J, Caan B, Edwards S, Coates A, Ma KN, et al. Energy
balance  and  colon  cancer  �  beyond  physical  activity.   Cancer  Res    1997 ;
57 : 75  � 80.

(9)    West  DW, Slattery ML, Robison  LM,  Schuman KL,  Ford MH,  Mahoney
AW, et al. Dietary intake and colon cancer: sex- and anatomic site-speci¿ c
associations.  Am J Epidemiol   1989 ; 130 : 883  � 94.

(10)    Lee  IM,  Paffenbarger  RS Jr.  Quetelet�s  index and risk of  colon  cancer  in
college alumni.  J Natl Cancer Inst   1992 ; 84 : 1326  � 31.

(11)    Bostick RM,  Potter  JD,  Kushi  LH, Sellers  TA, Steinmetz  KA, McKenzie
DR, et al. Sugar, meat, and fat intake, and non-dietary risk factors for colon
cancer  incidence  in  Iowa  women (United States).   Cancer  Causes  Control
1994 ; 5 : 38  � 52.

(12)   Chyou PH, Nomura AM, Stemmermann GN. A prospective study of  colon
and  rectal  cancer  among  Hawaii  Japanese  men.   Ann  Epidemiol    1996  ;  6:
276  � 82.

(13)   Giovannucci E, Ascherio A, Rimm EB, Colditz GA, Stampfer MJ, Willett
WC.  Physical  activity,  obesity,  and risk for  colon cancer  and adenoma in
men.  Ann Intern Med   1995 ; 122 : 327  � 34.

(14)    Martinez  ME,  Giovannucci  E,  Spiegelman  D,  Hunter  DJ,  Willett  WC,
Colditz GA. Leisure-time physical activity, body size, and colon cancer in
women. Nurses� Health Study Research Group.  J Natl Cancer Inst   1997 ; 89 :
948  � 55.

(15)   Ford ES. Body mass index and colon cancer in a national sample of adult
US men and women.  Am J Epidemiol   1999 ; 150 : 390  � 8.

(16)   Murphy TK, Calle EE, Rodriguez C, Kahn HS, Thun MJ. Body mass index
and  colon  cancer  mortality  in  a  large  prospective  study.   Am J  Epidemiol
2000 ; 152 : 847  � 54.

(17)    Le  Marchand L,  Wilkens  LR,  Mi  MP.  Obesity  in  youth  and  middle  age
and  risk  of  colorectal  cancer  in  men.   Cancer  Causes  Control    1992  ;  3:
349  � 54.

(18)   Lin J, Zhang SM, Cook NR, Rexrode KM, Lee IM, Buring JE. Body mass
index and risk of colorectal cancer in women (United States).  Cancer Causes
Control   2004 ; 15 : 581  � 9.

(19)   MacInnis RJ, English DR, Hopper JL, Haydon AM, Gertig DM, Giles GG.
Body size and composition and colon cancer risk in men.  Cancer Epidemiol
Biomarkers Prev   2004 ; 13 : 553  � 9.

(20)   Slattery ML, Ballard-Barbash R, Edwards S, Caan BJ, Potter JD. Body mass
index and colon cancer: an evaluation of the modifying effects of estrogen
(United States).  Cancer Causes Control   2003 ; 14 : 75  � 84.

 
  

 
   

   
    

 
  

   
       

  
 

    
  

    
                

  
    

     
 

  
      

 
                    

   
 

   
       

   
    

  
 

 
  

 
  

     
 



930                                                                                  

(21)    Moore  LL,  Bradlee  ML,  Singer  MR,  Splansky  GL,  Proctor  MH,  Ellison
RC,  et  al.  BMI  and  waist  circumference  as  predictors  of  lifetime  colon
cancer  risk  in  Framingham  Study  adults.   Int  J  Obes  Relat  Metab  Disord
2004 ; 28 : 559  � 67.

(22)    Terry P,  Giovannucci  E,  Bergkvist  L, Holmberg L,  Wolk A. Body weight
and colorectal cancer risk in a cohort of Swedish women: relation varies by
age and cancer site.  Br J Cancer   2001 ; 85 : 346  � 9.

(23)    Terry  PD,  Miller  AB,  Rohan  TE.  Obesity  and  colorectal  cancer  risk  in
women.  Gut   2002 ; 51 : 191  � 4.

(24)   Gar¿ nkel L. Overweight and cancer.  Ann Intern Med   1985 ; 103 : 1034  � 6.
(25)   Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term morbid-

ity  and  mortality  of  overweight  adolescents.  A follow-up  of  the  Harvard
Growth Study of 1922 to 1935.  N Engl J Med   1992 ; 327 : 1350  � 5.

(26)   Nomura A, Heilbrun LK, Stemmermann GN. Body mass index as a predic-
tor of cancer in men.  J Natl Cancer Inst   1985 ; 74 : 319  � 23.

(27)   Phillips RL, Snowdon DA. Dietary relationships with fatal colorectal cancer
among Seventh-Day Adventists.  J Natl Cancer Inst   1985 ; 74 : 307  � 17.

(28)    Thun MJ, Calle EE, Namboodiri MM, Flanders WD, Coates RJ, Byers T,
et al. Risk factors for fatal colon cancer in a large prospective study.  J Natl
Cancer Inst   1992 ; 84 : 1491  � 500.

(29)    Wu  AH,  Paganini-Hill  A,  Ross  RK,  Henderson  BE.  Alcohol,  physical
 activity  and  other  risk  factors  for  colorectal  cancer:  a  prospective  study.
Br J Cancer   1987 ; 55 : 687  � 94.

(30)    Chute  CG,  Willett  WC,  Colditz  GA,  Stampfer  MJ,  Baron  JA,  Rosner  B,
et al. A prospective study of body mass, height, and smoking on the risk of
colorectal cancer in women.  Cancer Causes Control   1991 ; 2 : 117  � 24.

(31)    Krotkiewski  M,  Bjorntorp  P,  Sjostrom  L,  Smith  U.  Impact  of  obesity  on
metabolism in men and women. Importance of regional adipose tissue dis-
tribution.  J Clin Invest   1983 ; 72 : 1150  � 62.

(32)    Lonnqvist  F,  Thorne  A,  Large  V,  Arner  P.  Sex  differences  in  visceral  fat
lipolysis and metabolic complications of obesity.  Arterioscler Thromb Vasc
Biol   1997 ; 17 : 1472  � 80.

(33)    Nelson  HD,  Humphrey  LL,  Nygren  P,  Teutsch  SM,  Allan  JD.  Postmeno-
pausal  hormone  replacement  therapy:  scienti¿ c review.  JAMA   2002 ; 288 :
872  � 81.

(34)    Rossouw  JE,  Anderson  GL,  Prentice  RL,  LaCroix  AZ,  Kooperberg  C,
Stefanick ML, et al. Risks and bene¿ ts of estrogen plus progestin in healthy
postmenopausal women: principal results From the Women�s Health Initia-
tive randomized controlled trial.  JAMA   2002 ; 288 : 321  � 33.

(35)   Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA, Black H,
et al. Effects of conjugated equine estrogen in postmenopausal women with
hysterectomy:  the  Women�s  Health  Initiative  randomized  controlled  trial.
JAMA   2004 ; 291 : 1701  � 12.

(36)   Chlebowski RT, Wactawski-Wende J, Ritenbaugh C, Hubbell FA, Ascensao
J,  Rodabough  RJ,  et  al.  Estrogen  plus  progestin  and  colorectal  cancer  in
postmenopausal women.  N Engl J Med   2004 ; 350 : 991  � 1004.

(37)    Lahmann PH,  Hoffmann  K,  Allen N,  Van Gils  CH, Khaw KT,  Tehard B,
et al. Body size and breast cancer risk: Findings from the European prospec-
tive investigation into cancer and nutrition (EPIC).  Int J Cancer   2004 ; 111:
762  � 71.

(38)   Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European
Prospective Investigation into Cancer and Nutrition (EPIC): study popula-
tions and data collection.  Public Health Nutr   2002 ; 5 : 1113  � 24.

(39)    Riboli  E,  Kaaks  R.  The  EPIC  Project:  rationale  and  study  design.  Euro-
pean Prospective Investigation into Cancer and Nutrition.   Int J Epidemiol
1997 ; 26 : S6  � 14.

(40)   Haftenberger M, Lahmann PH, Panico S, Gonzalez CA, Seidell JC, Boeing H,
et al. Overweight, obesity and fat distribution in 50- to 64-year-old partici-
pants in the European Prospective Investigation into Cancer and Nutrition
(EPIC).  Public Health Nutr   2002 ; 5 : 1147  � 62.

(41)    Spencer  EA,  Appleby  PN,  Davey  GK,  Key  TJ.  Validity  of  self-reported
height  and  weight  in  4808 EPIC-Oxford  participants.   Public  Health  Nutr
2002 ; 5 : 561  � 5.

(42)   Bingham SA, Gill C, Welch A, Day K, Cassidy A, Khaw KT, et al. Com-
parison of dietary assessment methods in nutritional epidemiology: weighed
records  v.  24  h  recalls,  food-frequency  questionnaires  and  estimated-diet
records.  Br J Nutr   1994 ; 72 : 619  � 43.

(43)    Margetts  BM, Pietinen P.  European Prospective Investigation into Cancer
and Nutrition: validity studies on dietary assessment methods.  Int J Epide-
miol   1997 ; 26  Suppl 1: S1  � 5.

(44)   Deharveng G, Charrondiere UR, Slimani N, Southgate DA, Riboli E. Com-
parison  of  nutrients  in  the  food  composition  tables  available  in  the  nine
 European countries participating in EPIC. European Prospective Investiga-
tion into Cancer and Nutrition.  Eur J Clin Nutr   1999 ; 53 : 60  � 79.

(45)   Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, Sallis JF,
et al.  Compendium of physical  activities: classi¿ cation of energy costs of
human physical activities.  Med Sci Sports Exerc   1993 ; 25 : 71  � 80.

(46)    Banks E, Barnes I, Baker K, Key TJ.  Use of hormonal therapy for meno-
pause in nine European countries.  IARC Sci Publ   2002 ; 156 : 301  � 3.

(47)   Obesity: preventing and managing the global epidemic. Report of a WHO
consultation.  World Health Organ Tech Rep Ser   2000 ; 894 : 1  � 253.

(48)   Lean ME, Han TS, Morrison CE. Waist circumference as a measure for in-
dicating need for weight management.  BMJ   1995 ; 311 : 158  � 61.

(49)   Deeks JJ, Altman DG, Bradburn MJ. Statistical methods for examining het-
erogeneity  and  combining  results  from several  study  in  meta-analysis.  In
Egger M, Smith GD, Altman DG, editors. Systematic reviews in health care.
Meta-Analysis in context. 2nd ed. London (UK): BMJ;  2001 .

(50)   Pi-Sunyer FX. The obesity epidemic: pathophysiology and consequences of
obesity.  Obes Res   2002 ; 10  Suppl 2: 97S  � 104S.

(51)    Schoen  RE,  Tangen  CM,  Kuller  LH,  Burke  GL,  Cushman  M,  Tracy  RP,
et al. Increased blood glucose and insulin, body size, and incident colorectal
cancer.  J Natl Cancer Inst   1999 ; 91 : 1147  � 54.

(52)    Giovannucci  E.  Diet,  body  weight,  and  colorectal  cancer:  a  summary
of  the  epidemiologic  evidence.   J  Womens  Health  (Larchmt)    2003  ;  12:
173  � 82.

(53)    Giovannucci  E.  Insulin,  insulin-like  growth  factors  and  colon  cancer:  a
review of the evidence.  J Nutr   2001 ; 131 : 3109S -20S.

(54)   McKeown-Eyssen G. Epidemiology of colorectal cancer revisited: are  serum
triglycerides and/or plasma glucose associated with risk?  Cancer  Epidemiol
Biomarkers Prev   1994 ; 3 : 687  � 95.

(55)   Hu FB, Manson JE, Liu S, Hunter D, Colditz GA, Michels KB, et al. Pro-
spective study of adult onset diabetes mellitus (type 2) and risk of colorectal
cancer in women.  J Natl Cancer Inst   1999 ; 91 : 542  � 7.

(56)   Seow A, Yuan JM, Koh WP, Lee HP, Yu MC. Diabetes mellitus and risk of
colorectal cancer in the Singapore Chinese Health Study.  J Natl Cancer Inst
2006 ; 98 : 135  � 8.

(57)   Aaronson SA. Growth factors and cancer.  Science   1991 ; 254 : 1146  � 53.
(58)    Kaaks R, Lukanova A. Energy balance and cancer: the role of insulin and

insulin-like growth factor-I.  Proc Nutr Soc   2001 ; 60 : 91  � 106.
(59)   Sandhu MS, Dunger DB, Giovannucci EL. Insulin, insulin-like growth fac-

tor-I (IGF-I), IGF binding proteins, their biologic interactions, and colorec-
tal cancer.  J Natl Cancer Inst   2002 ; 94 : 972  � 80.

(60)    Wu Y, Yakar S, Zhao L, Hennighausen L, LeRoith D. Circulating insulin-
like  growth  factor-I  levels  regulate  colon  cancer  growth  and  metastasis.
Cancer Res   2002 ; 62 : 1030  � 5.

(61)    Hardwick  JC,  Van  Den  Brink  GR,  Offerhaus  GJ,  Van  Deventer  SJ,
 Peppelenbosch  MP.  Leptin  is  a  growth  factor  for  colonic  epithelial  cells.
Gastroenterology   2001 ; 121 : 79  � 90.

(62)    Stattin  P,  Lukanova  A,  Biessy  C,  Soderberg  S,  Palmqvist  R,  Kaaks  R,
et  al.  Obesity  and  colon  cancer:  does  leptin  provide  a  link?   Int  J  Cancer
2004 ; 109 : 149  � 52.

(63)   Stattin P, Palmqvist R, Soderberg S, Biessy C, Ardnor B, Hallmans G, et al.
Plasma  leptin  and  colorectal  cancer  risk:  a  prospective  study  in  Northern
Sweden.  Oncol Rep   2003 ; 10 : 2015  � 21.

(64)   Brakenhielm E, Veitonmaki N, Cao R, Kihara S, Matsuzawa Y,  Zhivotovsky
B, et al. Adiponectin-induced antiangiogenesis and antitumor activity involve
caspase-mediated endothelial cell apoptosis.  Proc Natl Acad Sci U S A   2004 ;
101 : 2476  � 81.

(65)   Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS. Low Plasma
Adiponectin Levels and Risk of Colorectal Cancer in Men: A Prospective
Study.  J Natl Cancer Inst   2005 ; 97 : 1688  � 94.

(66)    Slattery ML, Potter JD, Curtin K, Edwards S, Ma KN, Anderson K, et al.
Estrogens reduce and withdrawal of estrogens increase risk of microsatellite
instability-positive colon cancer.  Cancer Res   2001 ; 61 : 126  � 30.

(67)    Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson NE, Baylin SB.
Methylation of the oestrogen receptor CpG island links ageing and neopla-
sia in human colon.  Nat Genet   1994 ; 7 : 536  � 40.

(68)   Engeland A, Tretli S, Austad G, Bjorge T. Height and body mass index in
relation to colorectal and gallbladder cancer in two million norwegian men
and women.  Cancer Causes Control   2005 ; 16 : 987  � 96.

 
  

 
   

   
    

 
  

   
       

  
 

    
  

    
                

  
    

     
 

  
      

 
                    

   
 

   
       

   
    

  
 

 
  

 
  

     
 



                                                                                 931

(69)    Giovannucci  E,  Rimm  EB,  Liu  Y,  Willett  WC.  Height,  predictors  of
C- peptide and cancer risk in men.  Int J Epidemiol   2004 ; 33 : 217  � 25.

(70)   Albanes D, Winick M. Are cell number and cell proliferation risk factors for
cancer?  J Natl Cancer Inst   1988 ; 80 : 772  � 4.

(71)   Okasha M, Gunnell D, Holly J, Davey Smith G. Childhood growth and adult
cancer.  Best Pract Res Clin Endocrinol Metab   2002 ; 16 : 225  � 41.

(72)   Weindruch R, Sohal RS. Seminars in medicine of the Beth Israel Deaconess
Medical Center. Caloric intake and aging.  N Engl J Med   1997 ; 337 : 986  � 94.

(73)   Frankel S, Gunnell DJ, Peters TJ, Maynard M, Davey Smith G. Childhood
energy intake and adult mortality from cancer: the Boyd Orr Cohort Study.
BMJ   1998 ; 316 : 499  � 504.

(74)    Ross MH, Bras G. Lasting inÀ uence of early  caloric restriction on preva-
lence of neoplasms in the rat.  J Natl Cancer Inst   1971 ; 47 : 1095  � 113.

(75)   Juul A, Dalgaard P, Blum WF, Bang P, Hall K, Michaelsen KF, et al.  Serum
levels  of  insulin-like growth factor  (IGF)-binding protein-3 (IGFBP-3) in
healthy  infants,  children,  and  adolescents:  the  relation  to  IGF-I,  IGF-II,
IGFBP-1,  IGFBP-2,  age,  sex,  body  mass  index,  and  pubertal  maturation.
J Clin Endocrinol Metab   1995 ; 80 : 2534  � 42.

(76)    Renehan AG, Zwahlen M,  Minder C, O�Dwyer ST,  Shalet  SM,  Egger M.
 Insulin-like growth factor (IGF)-I, IGF binding protein-3, and cancer risk:
systematic review and meta-regression analysis.  Lancet   2004 ; 363 : 1346  � 53.

(77)    Matano  Y,  Okada T,  Suzuki  A,  Yoneda T,  Takeda  Y,  Mabuchi  H.  Risk  of
colorectal  neoplasm in patients  with acromegaly  and its  relationship with
serum growth hormone levels.  Am J Gastroenterol   2005 ; 100 : 1154  � 60.

(78)   Renehan AG, O�Connell J, O�Halloran D, Shanahan F, Potten CS, O�Dwyer
ST, et al. Acromegaly and colorectal cancer: a comprehensive review of epi-
demiology, biological mechanisms, and clinical implications.  Horm Metab
Res   2003 ; 35 : 712  � 25.

(79)   Giovannucci E. Obesity, gender, and colon cancer.  Gut   2002 ; 51 : 147 .

(80)   Byers T, Nestle M, McTiernan A, Doyle C, Currie-Williams A, Gansler T,
et al. American Cancer Society guidelines on nutrition and physical activity
for cancer prevention: Reducing the risk of cancer with healthy food choices
and physical activity.  CA Cancer J Clin   2002 ; 52 : 92  � 119.

NOTES

   Supported  by  the   �  Europe  Against  Cancer  �   Programme  of  the  European
 Commission (SANCO); Deutsche Krebshilfe; German Cancer Research Center;
German  Federal  Ministry  of  Education  and  Research;  Danish  Cancer  Society;
Health Research Fund (FIS) of the Spanish Ministry of Health (Network RCESP
C03/09);  the  Spanish  Regional  Governments  of  Andalucia,  Asturia,  Basque
 Country, Murcia and Navarra; Cancer Research UK; Medical Research Council,
UK; the Stroke Association, UK; British Heart Foundation; Department of Health,
UK; Food Standards Agency, UK; the Wellcome Trust, UK; Greek Ministry of
Health; Greek Ministry of Education; Italian Association for Research on Cancer
(AIRC); Dutch Ministry of Public Health, Welfare and Sports; National Cancer
Registry and the Regional Cancer Registries Amsterdam, East and Maastricht of
The Netherlands; World Cancer Research Fund (WCRF); Swedish Cancer Soci-
ety; Swedish Scienti¿ c  Council; Regional  Government of  Skåne, Sweden. The
sponsors had no role in the study design, data collection, analysis, interpretation
of results, or writing of the manuscript.

  We thank Bertrand Hemon, Ellen Kohlsdorf, and Wolfgang Bernigau for data
coding, as well as all participants in EPIC for their invaluable contribution to the
study.

Present address:   Elio Riboli, Department of Epidemiology & Public Health,
Imperial College London, UK.

Manuscript received December 13, 2005  ; revised April 18, 2006     ; accepted
May 16, 2006.

 
  

 
   

   
    

 
  

   
       

  
 

    
  

    
                

  
    

     
 

  
      

 
                    

   
 

   
       

   
    

  
 

 
  

 
  

     
 


