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Obesity and Risk of Colorectal Cancer: A Meta-analysis

of 31 Studies with 70,000 Events

Alireza Ansary Moghaddam, Mark Woodward, and Rachel Huxley

The George Institute for International Health, Sydney, Australia

Abstract

Background: Colorectal cancer is the second most com-
mon cause of death and illness in developed countries.
Previous reviews have suggested that obesity may be
associated with 30% to 60% greater risk of colorectal
cancer, but little consideration was given to the possible
effect of publication bias on the reported association.
Methods: Relevant studies were identified through
EMBASE and MEDLINE. Studies were included if
they had published quantitative estimates of the
association between general obesity [defined here as
body mass index (BMI) >30 kg/m?] and central obesity
(measured using waist circumference) and colorectal
cancer. Random-effects meta-analyses were done, in-
volving 70,000 cases of incident colorectal cancer from
31 studies, of which 23 were cohort studies and 8 were
case-control studies.

Results: After pooling and correcting for publication
bias, the estimated relative risk of colorectal cancer was

1.19 [95% confidence interval (95% CI), 1.11-1.29],
comparing obese (BMI >30 kg/m?) with normal weight
(BMI <25 kg/mz) people; and 1.45 (95% CI, 1.31-1.61),
comparing those with the highest, to the lowest, level
of central obesity. After correcting for publication bias,
the risk of colorectal cancer was 1.41 (95% CI, 1.30-1.54)
in men compared with 1.08 (95% CI, 0.98-1.18) for
women (Ppeterogeneity <0-001). There was evidence of a
dose-response relationship between BMI and colorectal
cancer: for a 2 kg/m? increase in BMI, the risk of
colorectal cancer increased by 7% (4-10%). For a 2-cm
increase in waist circumference, the risk increased by
4% (2-5%).

Conclusions: Obesity has a direct and independent
relationship with colorectal cancer, although the
strength of the association with general obesity is
smaller than previously reported. (Cancer Epidemiol
Biomarkers Prev 2007;16(12):2533-47)

Introduction

Cancers of the colon and rectum (colorectal) constitute a
significant proportion of the global burden of cancer
morbidity and mortality. This is particularly so in
developed countries where these malignancies rank
second in terms of both incidence and mortality,
compared with fifth in less developed countries (1).
Approximately 1 million new cases of colorectal cancer
are diagnosed, and more than half a million people die
from colorectal cancer each year (1, 2). The wide
geographic variation in incidence rates for colorectal
cancer, together with observations from migrant studies,
suggest that lifestyle risk factors, including diet (3, 4),
physical activity (5), obesity (6), and diabetes (7), play a
pivotal role in the etiology of the disease (8).

Previous reviews (6, 9-11) have indicated that obesity is
associated with 7% to 60% greater risk of colorectal cancer
compared with normal weight individuals, with some
suggestion that the relationship with obesity is stronger
for cancer of the colon compared with rectal cancer.
However, no overall quantitative estimate of this differ-
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ence has previously been reported, possibly due to
insufficient data on site-specific associations with obesity
to allow reliable estimation. It seems that the excess risk of
colorectal cancer may be higher among obese men
compared with obese women, but findings of a sex
difference have been inconsistently reported (6, 9-11).
Moreover, there remains uncertainty regarding whether
publication bias may be unduly influencing these esti-
mates of effect as findings from the two most recent
overviews provide conflicting results on this issue (10, 11).

Hence, the purpose of this current review is to
summarize all of the available data to provide the most
reliable estimation of the strength, and nature, of the
association between measures of general and central obesity
with cancers of the colon and rectum, in both men and
women. To minimize the potential for bias, we restricted
the review to include only studies that reported incident
colon and rectal cancer and which used the same criteria
to define overweight and obesity in the study population.

Materials and Methods

Data Sources. We adhered to the Meta-analysis of
Observational Studies in Epidemiology guidelines for the
conduct of meta-analysis of observational studies (12).
Relevant studies were identified through EMBASE and
MEDLINE using a combined text word and MESH
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heading search strategy with the terms colorectal cancer,
colorectal neoplasm, colon cancer, colon neoplasm, rectal
cancer, rectal neoplasm, cohort, and case-control studies
combined with body mass index (BMI), obesity, and
waist circumference. References from identified studies
were also scanned to identify any other relevant studies.

Statistical Methods. Studies were included if they had
published quantitative estimates and SEs (or some other
measure of variability) of the association between general
obesity (defined here as BMI >30 kg/m?) or central obe-
sity (measured using waist circumference) and colorectal
cancer by April 2007. Studies were excluded if they
provided only an estimate of effect, with no means by
which to calculate the SE, or if the estimates were not, at
least, age adjusted. Studies also excluded if reporting
mortality from colorectal cancer. Information from the
studies was extracted independently by two authors
(A.AM. and R.H.). Pooled estimates of relative risks (RR)
were obtained using either hazard ratios (for cohort
studies) or odds ratios (for case-control studies) by means
of a random-effects approach. Studies were weighted
according to an estimate of their “statistical size,” defined
as the inverse of the variance of the log RR (13).
Heterogeneity was estimated using the I° statistic and
tested using the Q statistic (13).

Pooled RRs for general obesity were estimated
continuously (per 2-unit increment in BMI) and using
a binary measure [comparing obese individuals (BMI
>30 kg/ m?) with those in the reference range of BMI
(<25kg/ m?)]. The RR and 95% confidence intervals (95%
CI) per 2 units higher BMI were derived by multiplying
both the estimated log RR and its SE by 2.

In addition, estimates from those studies that used the
same three BMI categories were pooled separately to

Initial electronic database
searches produced 2055

examine any dose-response effect; normal weight, BMI
18.5t024.9 kg/ m?; overweight, BMI 25 to 29.9 kg/ m?; and
obese, BMI >30 kg/ m?. The results for the association
between waist circumference and colorectal cancer risk
are described continuously (per 2-cm increase in waist
circumference), and by comparing risk in the highest with
those in lowest category of waist circumference as
defined in each qualifying study (there was no consistent
categorization of central obesity across studies). Possible
sources of heterogeneity were investigated by comparing
the results for colon and rectal cancer, sex groups, study
designs, and whether the study adjusted for risk factors,
including cigarette smoking, alcohol consumption, phys-
ical activity, diabetes, and dietary variables.

Publication bias was investigated through funnel plots
and tested using Egger’s test (13, 14). Funnel plots are
plots of the exposure estimated from individual studies
against a measure of study size, and are so called because
the precision in the estimation of the underlying
exposure increases as the sample size of studies
increases. If bias is absent, results from small studies
will scatter relatively widely compared with larger
studies, all around the same average. Corrections for
publication bias were made using the trim-and-fill
procedure, which essentially corrects the funnel plot by
imputing where the missing studies would be most likely
to fall, should they have been recorded (13). All analyses
were done using STATA, version 10.

Results

The search identified 2,055 studies, of which 565 were
potentially relevant (Fig. 1). A total of 79 reports from
23 cohort studies (15-40) and eight case-control studies

390 articles excluded

records
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Figure 1. Flowchart of
the literature search.
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Table 1. Cohort studies reporting on the association between general obesity and risk of colorectal cancer

First author/
year
(reference
number)

Cohort

Outcome

BMI status (kg/ m?)

Name

(country)

No. (sex)

Source Cancer

No.

Obesity
subtype events definition

(kg/m?)

Per 2-unit

increase

Groups

RR

(95% CI)

BMI

RR (95% CI)

Level of
adjustment

Lukanova,
2006 (15)

Larsson,
2006 (16)

Maclnnis,
2006 (17)

Maclnnis,
2006 (18)

Bowers,
2006 (19)

Pischon,
2006 (20)

NSHDC 33,424
(Sweden) (M)

35,362
()

M

COSM 45,906
(Sweden) ™M)

MCCS 17,049
(Australia) ™M)

24,479
()

MCCS 24,479
(Australia) (F)

ATBCPS
(Finland)

(28,983)

EPIC 129,731
(Europe) M)

238,546
)

M

NR

CR,DC

CR,DC,MR

CR,DC,MR

CR

MR,CR,
SR,P,PR

CR

73

76

58

31

464
284

180

134

95

212

227

183

421

563

295

291

>30

>30

>30

>30

>30

>30

>30

>30

>30

>30

>30

>30

>30

>30

NA

NA

NA

NA

NA

NA

1.08
(1.02-1.14)

1.04
(0.94-1.14)

0.99
(0.91-1.08)

1.02
(0.96-1.08)

NA

NA

1.10
(1.04-1.17)

1.04
(1.00-1.08)

NA

NA

18.5-24.9

25.0-29.9
>30.0
18.5-24.9

25.0-29.9
>30.0
18.5-24.9
25.0-29.9
>30.0
18.5-24.9
25.0-29.9
>30.0
<23.0

23.0-24.9
25.0-26.9
27.0-29.9
>30.0
<23.0
23.0-24.9
25.0-26.9
27.0-29.9
>30.0
<25.0

25.0-29.9
>30.0
<25.0

25.0-29.9
>30.0
<25.0

25.0-29.9
>30.0
<18.5

18.5-25
25-30
>30
<18.5

18.5-25
25-30
>30
18.5-24.9

25-29.9
>30
18.5-24.9

25-29.9
>30
<23.6
23.6-25.3
25.4-27.0
27.1-29.3
>29.3
<21.7
21.7-23.5
23.6-25.7
25.8-28.8
>28.9

1.00

1.57 (0.94-2.71)
1.43 (0.62-3.02)
1.00

1.28 (0.78-2.18)
2.25 (1.25-3.98)
1.00
0.80 (0.44-1.45)
1.96 (0.96-3.86)
1.00
1.31 (0.59-2.86)
1.30 (0.42-3.45)
1.00

1.11 (0.77-1.61)
1.07 (0.73-1.56)
1.15 (0.78-1.70)
1.60 (1.03-2.48)
1.00
1.08 (0.65-1.80)
1.35 (0.83-2.19)
1.53 (0.93-2.51)
1.44 (0.79-2.61)
1.00

.70 (1.10-2.70)
.30 (0.80-2.40)
1.00

—

0.70 (0.40-1.10)
1.10 (0.70-1.90)
1.00

0.80 (0.60-1.20)
1.00 (0.70-1.40)
1.47 (0.36-5.98)

1.00

1.07 (0.79-1.44)

1.78 (1.25-2.55)

0.96 (0.40-3.93)
1.00

1.18 (0.85-1.64)

1.51 (0.99-2.29)
1.00

1.00 (0.80-1.26)
1.41 (1.06-1.88)
1.00

1.16 (0.96-1.40)
1.07 (0.82-1.38)
1.00
0.88 (0.60-1.30)
0.96 (0.66-1.40)
1.11 (0.77-1.62)
1.05 (0.72-1.55)
1.00
0.78 (0.51-1.18)
1.14 (0.78-1.66)
0.95 (0.64-1.41)
1.06 (0.71-1.58)

14,18

1,4,8,10,11,13

1,2,17

1,8,13,17

1,34

1,24,511
12,13,19

(Continued on the following page)
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Table 1. Cohort studies reporting on the association between general obesity and risk of colorectal cancer (Cont'd)

First author/
year
(reference
number)

Cohort Outcome BMI status (kg/ m?)

Name
(country)

No. (sex) Source Cancer No. Obesity Per 2-unit Groups
subtype events definition increase

(kg/m?)
RR BMI RR (95% CI)
(95% CT)

Level of
adjustment

Ahmed,
2006 (21)

Otani,
2005 (22)

Rapp,
2005 (23)

Engeland,
2005 (24)

Kuriyama,
2005 (25)

ARIC
(USA)

JPHC
(Japan)

VHM&PP
(Austria)

NHS
(Norway)

Japan

14,109 SR,CR
(M+F)
M CR 107  NA NA <247 1.00
>29.8  1.52(0.90-2.70)
F CR 87 NA NA <23.4 1.00
>313  1.26 (0.60-2.60)
49,158 NR C 424 >30 NA <25.0 1.00
M)
25-26.9  1.30 (1.02-1.70)
27-29.9 1.50 (1.08-2.10)
>30.0 1.40 (0.70-2.80)
53,791 C 229  >30 NA <25.0 1.00
®
25-26.9  1.30 (0.90-1.80)
27-29.9  0.90 (0.60-1.40)
>30.0 0.50 (0.20-1.40)
M R 202 >30 NA <25.0 1.00
25-26.9  1.00 (0.70-1.50)
27-29.9  1.20 (0.70-1.90)
>30.0 1.60 (0.60-3.90)
F R 131 >30 NA <25.0 1.00
25-26.9  1.20 (0.80-2.00)
27-29.9  1.00 (0.50-1.80)
>30.0 1.30 (0.50-3.10)
67,447 CR,DC C 260  >30 NA 18.5-24.9 1.00
M)
25.0-29.9 1.14 (0.86-1.50)
30.0-35.0 1.56 (1.06-2.30)
>350 2.48 (1.15-5.39)
78,484 C 271  >30 NA 18.5-24.9
®
25.0-29.9 1.13 (0.86-1.47)
30.0-35.0 1.11 (0.76-1.62)
>350 0.88 (0.43-1.81)
M R 138 >30 NA 18.5-24.9 1.00
25.0-29.9 1.20 (0.82-1.75)
>30.0 1.66 (1.01-2.73)
F R 133 >30 NA 18.5-24.9 1.00
25.0-29.9 0.90 (0.62-1.31)
30.0-35.0 0.66 (0.36-1.23)
>35.0 0.96 (0.38-2.39)
963,709 CRNR C 13805 >30 1.08 <185  0.73 (0.54-0.97)
M) (1.08-1.10)
18.5-24.9 1.00
25.0-29.9 1.21 (1.17-1.26)
>30.0 1.49 (1.39-1.60)
1,038,010 C 16,638 >30 NA <185  0.95 (0.82-1.10)
®
18.5-24.9 1.00
25-29.9 1.03 (1.00-1.07)
>30.0 1.07 (1.02-1.12)
M R 9,182  >30 NA <185  1.00 (0.74-1.34)
18.5-24.9 1.00
25-299  1.06 (1.02-1.11)
>30.0 1.27 (1.16-1.38)
F R 7492  >30 NA <185  1.25(1.03-1.50)
18.5-24.9 1.00
25-29.9  0.98 (0.93-1.03)
>30.0 1.04 (0.97-1.11)
12,485 CRNR C 88  >30 NA 18.5-24.9 1.00
M)
25.0-27.4 1.39 (0.82-2.37)
27.5-29.9 1.12 (0.40-3.08)
>30.0 1.30 (0.32-5.37)

1,2,45,8

1,2,4,512

14,14

1,16,20

1,4,5,12,16

(Continued on the following page)
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Table 1. Cohort studies reporting on the association between general obesity and risk of colorectal cancer (Cont'd)

First author/ Cohort Outcome BMI status (kg/ m?) Level of
year adjustment
(reference Name No. (sex) Source Cancer No. Obesity Per 2-unit Groups
number) (country) subtype events definition increase
(kg/m?)
RR BMI RR (95% CI)
(95% CI)
15,054 (F) C 72 >30 NA 18.5-24.9 1.00

25.0-27.4 1.11 (0.69-1.80)
275299 1.28 (0.68-2.43)
>30.0 2.06 (1.03-4.13)
M R 67 =30 NA 18.5-24.9 1.00
25.0-27.4 0.67 (0.30-1.49)
275299 2.38 (1.07-5.30)
>30.0 2.41 (0.74-7.85)
F R 42 >30 NA 18.5-24.9 1.00
25.0-27.4 1.34 (0.65-2.80)
27.5-29.9 0.88 (0.27-2.90)
>30.0 1.21 (0.29-5.14)
Oh, 2005 (26)  Korea 781,283 (M) CRMRDC C 953 >30 NA <185 1.00 (0.62-1.63)  1,4,5,10,11,14
18.5-22.9 1.00
23.0-24.9 1.24 (1.07-1.43)
25.0-26.9 1.33 (1.13-1.57)
27.0-29.9 1.07 (0.83-1.38)
>30.0 1.92 (1.15-3.22)
3

M R 1563 >30 NA <185 0.64 (0.362-1.13)
18.5-22.9 1.00
23.0-24.9 1.06 (0.92-1.22)
25.0-26.9 1.29 (1.10-1.52)
27.0-29.9 1.15 (0.91-1.46)
>30.0 1.08 (0.56-2.10)
Lin, 2004 (27) WHS (USA) 39,876 (F) MRSRP C 158 >30 NA <23.0 1.00 1,2,/4,5,8,10,11,16

23.0-24.9 1.59 (0.99-2.54)

25.0-26.9 1.26 (0.74-2.16)

27.0-29.9 1.90 (1.17-3.10)

>30.0 1.73 (1.05-2.85)

R 40  >30 NA <23.0 1.00

23.0-24.9 0.66 (0.23-1.89)

25.0-26.9 1.38 (0.55-3.46)

27.0-29.9 1.03 (0.38-2.80)

>30.0 1.55 (0.64-3.77)
MacInnis, MCCS 17,049 CR, MR C 153 NA 111 <24.8 1.00 1,13,17
2004 (28) (Australia) (M) (1.02-1.21)

24.8-26.9 1.30 (0.80-2.20)

27.0-29.2 1.40 (0.80-2.30)

>292  1.70 (1.10-2.80)
Wei, NHSand 46632 NR MR C 452 >30 NA <23.0 1.00 1,4,5,8,10,11,12
2004 (29)  HPFS (USA) (M)

23-24.9 1.33 (0.97-1.83)

25-29.9 154 (1.15-2.07)

>300 1.85 (1.26-2.72)

87,733 C 671  >30 NA <23.0 1.00
()
23-24.9 1.10 (0.88-1.36)
25-29.9 1.11 (0.91-1.35)
>30.0 1.28 (1.01-2.42)
M R 132 >30 NA <23.0 1.00

23249 1.16 (0.70-1.94)
25-29.9 0.93 (0.57-1.53)
>30.0 1.03 (0.49-2.14)
F R 204 >30 NA <23.0 1.00
23-24.9 1.37 (0.92-2.02)
25-29.9 1.40 (0.98-2.01)
>30.0 1.56 (1.01-2.42)

Moore, Framingham 1,684 NRMRDC C 71 >30 NA <25.0 1.00 1,2,4,5,11,20
2004 (30) (USA) ™M)
30-45 y 25.0-29.9 1.10 (0.67-1.90)
>30.0 2.0 (0.98-4.20)
2,080 (F) C 86  >30 NA <25.0 1.00
30-45 y 25.0-29.9 1.50 (0.92-2.40)

>30.0 1.30 (0.62-2.70)

(Continued on the following page)
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Table 1. Cohort studies reporting on the association between general obesity and risk of colorectal cancer (Cont'd)

First author/
year
(reference
number)

Cohort

Outcome

BMI status (kg/ m?)

Name
(country)

No. (sex)

Source Cancer

No.

(kg/m?)

Obesity  Per 2-unit
subtype events definition

increase

Groups

RR
(95% CI)

BMI

RR (95% CI)

Level of
adjustment

Terry, 2002
@1

Ford, 1999
(32)

Chyou, 199
(33)

Bostick, 1994
(34)

Lee, 1992 (35)

Kreger,
1991 (36)

Klatsky,
1988 (37)

Framingham

1,661 (M)
55-79 y

2,141 (F)
55-79 y

NBSS 89,835
(Canada) (F)

NHANES
(USA)

13,420
(M+F)
M

USA 7945 (M)

IWHS
(USA)

35,215 (F)

USA

5,209
(UsA) (M+F) M
F
M
F
106,203
(M+F)

USA

NR,CR

DC, MR,
PR, P

MR,CR

NR,CR Colon

MR,PR

MR

17,595 (M) SRDCMR C

C
C
R
R
C
R

72

80

363

164

222
104

118

330

123

212

302

56

66
19
20
203

66

>30

>30

>30

>30

>30

>30

>30

NA

NA

NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

NA

NA

1.12 (1.06-1.21)
NA

NA

112 (1.06-1.21)

NA

NA

1.17 (1.08-1.28)

1.15 (1.00-1.32)

1.06 (0.96-1.14)
0.83 (0.64-1.10)
0.98 (0.80-1.21)
2.20 (1.49-3.21)

1.00 (0.44-2.19)

<25.0
25.0-29.9
>30.0
<25.0
25.0-29.9
>30.0
<25.0

25-<30
>30.0

<25.0
25-<30
>30.0

<22.0

1.00

2.10 (1.10-4.00)

3.70 (1.70-8.10)
1.00

1.70 (1.00-2.80)

1.90 (0.98-3.50)
1.00

1.13 (0.89-1.43)
0.95 (0.67-1.34)
1.00
0.83 (0.57-1.21)
1.35 (0.87-2.07)

1.00

22.0-<24.0 1.58 (0.57-4.36)
24.0-<26.0 1.59 (0.59-4.25)

26.0-<28.0 2.41 (<1.00-5.82)

28.0-<30
>30
<22.0

3.72 (1.41-8.83)
2.95 (0.99-8.74)
1.00

22.0-<24.0 2.03 (0.87-5.17)
24.0-<26.0 2.17 (0.78-6.04)
26.0-<28.0 2.49 (0.83-7.47)

28.0-<30
=30
<21.7

21.7-23.8
23.8-25.8
>25.8
<21.7
21.7-23.8
23.8-25.8
>25.8
<229

22.9-25.0

25.0-27.5

27.5-30.6
>30.6
<225

3.64 (1.27-10.5)
2.74 (1.04-7.25)
1.00

1.16 (0.84-1.61)

1.36 (0.99-1.86)

1.38 (1.01-1.90)
1.00

0.68 (0.42-1.10)

0.73 (0.45-1.17)

0.63 (0.38-1.04)
1.00

0.97 (0.59-1.59)

1.69 (1.10-2.61)

1.51 (0.97-2.37)

1.41 (0.90-2.23)
1.00

22.5-<23.5 1.30 (0.84-1.94)
23.5-<24.5 1.10 (0.75-1.61)
24.5-<26.0 1.34 (0.93-1.94)

>26.0
NA

NA
NA

1.52 (1.06-2.17)
NA

NA
NA

1,4,8,11,13,15

1,24,5,79,11

1,12,15,20

1,10,11

1,4,5,79,13

NOTE: Level of adjustment—1, age; 2, sex; 3, diabetes; 4, smoking; 5, alcohol; 6, hypertension; 7, hypercholesteremia; 8, medication; 9, race; 10, family
history; 11, physical activity; 12, diet; 13, education; 14, socioeconomic status; 15, pregnancy for women; 16, menstruation; 17, place of birth; 18, calendar

year; 19, study centre; 20, height; 21, marital status; 22, birth cohort.

Abbreviations: Subtype—C, colon; R, rectum; CR, colorectal. Source of cancer diagnosis—CRG, cancer registry; MR, medical records; DC, death certificate;
SR, self-report; P, proxy provided information; NR, national registry; PR, pathology records. Sex—M, male; F, female. Cohort name—NSHDC, the Northern
Sweden Health and Disease Cohort; NHANES, the National Health and Nutrition Examination Survey; NBSS, the National Breast Screening Study; JPHC,
the Japan Public Health Center—based Prospective study; WHS, the Women’s Health Study; VHM&PP, the Vorarlberg Health Monitoring and Promotion
Program; MCCS, the Melbourne Collaborative Cohort Study; ATBCPS, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; EPIC, the European
Prospective Investigation into Cancer and Nutrition; NHS, the Norwegian Health survey; NHS, the Nurses” Health Study; HPFS, the Health Professionals
Follow-up Study; COSM, the cohort of Swedish men. NA, not available.

Cancer Epidemiol Biomarkers Prev 2007;16(12). December 2007

Downloaded from cebp.aacrjournals.org on July 6, 2012

Copyright © 2007 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

DOI:10.1158/1055-9965.EPI-07-0708

Cancer Epidemiology, Biomarkers & Prevention 2539

Table 2. Case-control studies reporting on the association between obesity and risk of colorectal cancer

First Country Cancer cases Controls BMI status (kg/m?) Level of
author/year adjustment
(reference Source Cancer No. Source No. Obesity Per 2-unit Groups
number) sub type definition increase
(kg/m?)
RR Class RR (95% CI)

Elwing, USA Newly CR (F) 159  Hospital 610 >30 NA <30.0 1.00 1,3,6,7,8,9

2006 (41) diagnose

patients
>30.0 1.82 (1.26-2.62)

Guilera, USA Hospital CR 226  Hospital 494 >30 NA <25.0 100 1,2

2005 (42) (M+F)

25.0-30.0 1.00 (0.70-1.50)
>30.0 1.70 (1.10-2.50)

Pan, Canada Newly C M) 959 Community 5,039 >30 NA <25.0 1.00 1,4,5,10,12,
2004 (43) diagnosed 14,15,16
patients
C (F) 768 >30 NA 25.0-30.0 1.54 (1.27-1.86)
>30.0 2.16 (1.68-2.78)
<25.0 1.00
25.0-30.0 1.22 (0.98-1.52)
>30.0 1.77 (1.35-2.32)
R (M) 858 >30 NA <25.0 1.00

25.0-30.0 1.41 (1.15-1.71)
>300 1.75 (1.35-2.28)
R(F) 58 >30 NA <25.0 1.00
25.0-30.0 1.28 (1.02-1.61)
>300 1.50 (1.11-2.02)

Slattery, USA CRG C (M) 1,095 Community 1,286  >30 NA <23 1.00 1
2003 (44)
2324 0.96 (0.64-1.44)
25-27  1.13 (0.79-1.63)
28-30  1.54 (1.06-2.23)
>30  1.88 (1.29-2.74)
cCE 877 1,100 >30 NA <23 1.00
2324 1.22 (0.90-1.65)
25-27 127 (0.96-1.67)
28-30  1.30 (0.96-1.76)
>30 145 (1.09-1.92)
Slattery, USA CRG R(M) 556 Community 626  >30 NA <23.0 1.00
2003 (45)

23.0-25.0 0.80 (0.50-1.30)
25.1-28.0 0.90 (0.60-1.30)
28.1-30.0 0.70 (0.50-1.10)
(

>30.0 1.00 (0.70-1.60) 1
R (F) 390 525 >30 NA <23.0 1.00
23.0-25.0 0.90 (0.60-1.30)
25.1-28.0 0.80 (0.50-1.40)
28.1-30.0 0.80 (0.50-1.40)
>30.0 1.10 (0.80-1.60)
Russo, Italy Patients CR (M) 1,124 Hospital 2,067 NA NA <227 1.00 1,11,12,
1998 (46) 13,19
22.7-24.6 1.32 (1.00-1.76)
24.6-26.5 1.19 (0.89-1.57)
26.5-28.7 1.45 (1.09-1.92)
>28.7 1.68 (1.25-2.27)
CR (F) 819 2,069 NA NA <22.7 1.00
22.7-24.6 0.91 (0.70-1.18)
24.6-26.5 0.84 (0.64-1.12)
26.5-28.7 1.16 (0.86-1.55)
>28.7 0.87 (0.65-1.17)
Slattery, USA Newly C ™) 1,099 Community 1,290 >30 NA <23.8 1.00 1,8,10,
1997 (47) diagnosed 11,12
patients
23.8-25.5 1.23 (0.93-1.63)
25.5-27.3 1.32 (1.00-1.74)
27.3-30.0 1.78 (1.36-2.33)
>30.0 1.94 (1.49-2.54)
C (F) 894 1,120 >30 NA <23.8 1.00

23.8-25.5 1.26 (0.94-1.68)

(Continued on the following page)
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Table 2. Case-control studies reporting on the association between obesity and risk of colorectal cancer (Cont'd)

First Cancer cases

Country
author/year

Controls

BMI status (kg/ m?) Level of

Cancer No. Source

sub type

(reference Source

number)

adjustment
Per 2-unit
increase

No.  Obesity
definition

(kg/m2)

Groups

RR Class RR (95% CI)

Kune, Australia

1990 (48)

Newly
diagnosed
patients

CR (M)

CR(F) 327

cM™M) 202

C@E 19

R(M) 186

R(F) 137

388 Community 398

329 >31

398 >31

329 >31

398 >31

329 >31

25.5-27.3 1.1
27.3-30.0 1.3

>30.0 1.4

NA <190 04

20.0-25.0 1.00
26.0-30.0 1.38 (1.00-2.00)
>31.0 1.70 (0.80-3.60)
<18.0  0.39 (0.20-0.90)
19.0-24.0 1.00
25.0-30.0 0.70 (0.50-1.00)
>31.0 0.71 (0.40-1.40)
<19.0  0.09 (0.00-0.70)

NA

1.06
(0.96-1.17)
20.0-25.0
26.0-30.0

>31.0
<18.0

1.00
1.18 (0.80-1.80)
1.17 (0.50-2.90)
0.96 0.41 (0.20-1.10)
(0.90-1.04)
19.0-24.0 1.00
25.0-30.0 0.74 (0.50-1.20)
>31.0 0.73 (0.30-1.60)
<19.0 0.93 (0.30-2.50)
20.0-25.0 1.00
26.0-30.0 1.54 (1.00-2.40)
>31.0 2.09 (0.90-5.00)
<18.0 0.32 (0.10-1.00)
19.0-24.0 1.00
25.0-30.0 0.60 (0.40-1.00)
>31.0 0.61 (0.20-1.50)

NA

NA

(41-48), with information on a total of 70,906 individuals
with colorectal cancer (~66% colon; 49% female) were
eligible for inclusion in these analyses. The summary
characteristics of included studies are shown online
(Tables 1, 2—3). Most of the study populations were from
Western populations: North America (1 = 19), Europe
(n =7), and Australia (n = 2). The remaining three studies
were from Asia.

General Obesity and Risk of Colorectal Cancer. A
total of 26 studies, with information on 69,619 events,
reported on the association between general obesity and
colorectal cancer, with some studies reporting both sex-
specific and site-specific associations. Hence, the overall
number of reported associations exceeded the number of
contributing studies. The pooled estimate indicated that
individuals with a BMI >30 kg/m* had a 40% greater
risk of colorectal cancer compared with individuals with
a BMI <25 kg/m2 (RR, 1.40; 95% CI, 1.31-1.51). There was
evidence of significant heterogeneity across studies (P <
0.001) that was not explained by differences in study
design; the summary estimate for the association
between obesity and colorectal cancer from case-control
studies was nonsignificantly higher than that obtained
from cohort studies: RR 1.50 (95% CI, 1.31-1.72) versus
RR 1.35 (95% CI, 1.24-1.46; Ppeterogeneity = 0.19; Fig. 2).

Subsequent analyses were restricted to cohort studies
for which there was evidence of heterogeneity across

cohort studies (P < 0.001). Furthermore, as shown in the
funnel plot (Fig. 3), there was evidence of publication
bias (P = 0.003) and the trim-and-fill analysis indicated
that the true estimate of effect for the association between
obesity and colorectal cancer may be closer to 20%: RR
1.19 (95% CI, 1.11-1.29).

Some of the observed heterogeneity in study estimates
was explained by differences in the magnitude of the
association of obesity with site-specific cancers. The
pooled estimate of the association between obesity and
colon cancer was significantly higher than that of the
association between obesity and cancer of the rectum: RR
1.44 (95% CI, 1.28-1.63) versus RR 1.21 (95% CI, 1.10-1.34;
Pheterogeneity = 0.04; Fig. 4). However, after correcting for
the presence of publication bias, this difference was
reduced and became nonsignificant: the RR was 1.24
(95% CI, 1.11-1.39) for colon cancer and 1.13 (95% CI,
1.02-1.25) for rectal cancer (Pheterogeneity = 0.23).

Sex differences in the strength of the association
between obesity and colorectal cancer were also a source
of heterogeneity. The risk of colorectal cancer was RR
1.46 (95% CI, 1.36-1.56) in obese men compared with RR
1.15 (95% CI, 1.06-1.24) for obese women (Prpeterogeneity
< 0.001; Fig. 4). The sex difference was apparent for both
cancers of the colon (P = 0.003) and rectum (P < 0.001).
Restricting the analysis to only those 10 studies that
reported separate estimates for men and women gave
similar findings: RR 1.44 (95% CI, 1.32-1.58) in men
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Table 3. Cohort studies reporting on the association between central obesity and risk of colorectal cancer

First author/ Cohort Outcome Waist circumference (cm) Level of
year adjustment
(reference
number)
Country  No. (sex)  Source Cancer Events Per 2-unit Groups
subtype increase
RR (95% CI) Class RR (95% CI)

Pischon, EPIC 129,731 MR,CR, C 421 1.05 (1.02-1.07) <86 1.00 1,2,4,511,12,

2006 (20) (Europe) ™M) SR,P,PR 13,19,20

86.0-91.8  0.73 (0.50-1.04)

91.9-965  0.97 (0.69-1.36)

96.6-102.9  1.10 (0.79-1.53)

>103 1.39 (1.01-1.93)

238,546 (F) C 563 1.02 (0.99-1.04) <70.2 1.00

70.2-75.8  1.10 (0.80-1.52)

759-80.9  1.23 (0.90-1.68)

81.0-889  1.25(0.91-1.70)

>89 1.48 (1.08-2.03)
M R 295 NA <86 1.00
86.0-91.8 .06 (0.70-1.61)

1
919965  1.15 (0.76-1.73)
96.6-102.9  1.18 (0.78-1.77)
>103  1.27 (0.84-1.91)

F R 291 NA <702 1.00
702-758  1.10 (0.73-1.66)
759-80.9  0.94 (0.62-1.42)
81.0-889 122 (0.82-1.83)

>89 1.23 (0.81-1.86)
Larsson, COSM 45,906 CR, DC CR 496 NA <88 1.00 1,4,8,10,11,13,20
2006 (16) (Sweden) M)
88.0-92.0 1.06 (0.73-1.55)
93.0-97.0 1.32 (0.92-1.88)
98.0-103 1.37 (0.96-1.96)
>103 1.29 (0.90-1.85)
Ahmed, ARIC 14,109 SR,CR CR 194 NA Low 1.00 12,458
2006 (21) (USA) (M+F)
High 1.40 (1.00-1.90)
Maclnnis, MCCS 24479 CR,DCMR C 212 1.03 (1.00-1.05) <80.0 1.00 1,8,13,17
2006 (18) (Australia) (F)
80.0-87.0 1.40 (1.00-1.90)
>88.0 1.40 (1.00-1.90)
Maclnnis, MCCS 41,528 CR,DCMR R 229 1.01 (0.95-1.08)  <94/<80 1.00 1,2,17
2006 (17) (Australia) (M+F)

94-102/80-87.9 1.20 (0.90-1.60)
>102/>88 1.40 (1.00-1.90)

M R 1.04 (0.94-1.14) <94 1.00
94-102 1.30 (0.90-1.90)
>102 1.40 (0.90-2.20)

F R 0.99 (0.91-1.08) <80 1.00
80-87.9 1.00 (0.60-1.70)
>88 1.40 (0.80-2.20)

Moore, Framingham 3,764 NRMR,DC C 157 NA Small 1.00 1,2,4,5,11,13,20
2004 (30) (USA) (M+F)

Medium  1.10 (0.66-2.00)
Large 1.60 (0.91-2.90)
X-large 2.00 (1.10-3.70)

M 30-45 y C 71 NA <83.8 1.00
83.8-<94.0  1.10 (0.49-2.30)
94.0-<101.6  1.60 (0.73-3.60)
>101.6 2.40 (0.99-5.70)

F C 72 NA <81.3 1.00
30-45 y 81.3-<91.4  1.20 (0.53-2.50)
91.4-<99.1  1.60 (0.71-3.70)
>99.1 1.80 (0.78-4.30)

M C 71 NA <83.8 1.00
55-79 y 83.8-<94.0  1.30 (0.51-3.10)
94.0-<101.6  2.20 (0.87-5.40)
>101.6 3.30 (1.30-8.80)

F C 72 NA <81.3 1.00
55-79 y 81.3-<91.4  1.50 (0.58-3.90)

(Continued on the following page)
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Table 3. Cohort studies reporting on the association between central obesity and risk of colorectal cancer (Cont'd)

First author/ Cohort Outcome Waist circumference (cm) Level of
year adjustment
(reference
number)
Country  No. (sex)  Source Cancer Events Per 2-unit Groups
subtype increase
RR (95% CI) Class RR (95% CI)
91.4-<99.1  2.00 (0.75-5.30)
>99.1 2.30 (0.86-6.30)
MacInnis, MCCS 17,049 CR, MR Colon 153  1.06 (1.03-1.10) <87.0 1.00 1,13,17
2004 (28) (Australia) ™M)
87.0-929  0.80 (0.40-1.40)
93.0-99.3  1.70 (1.00-2.80)
>99.3 2.10 (1.30-3.50)
Schoen, CHS 5,849 MR,SR  Colorectal 102 NA Quartilel 1.00 1,2,11
1999 (38) (UsA) (M+F)
Quartile2  2.20 (1.20-4.00)
Quartile3  1.40 (0.70-2.70)
Quartile4  2.20 (1.20-4.10)
Martinez, NHS 89,448 MRNR/P, Colon 393 NA <275 in. 1.00 1,4,58,10,11,12
1997 (39) (USA) (F) PR,PS
>34.0in.  1.48 (0.89-2.46)
Giovannucchi, HPFS 47,723 SR,P,MR, Colon 203 NA <35 in. 1.00 1,4,5,8,10,11,12
1995 (40) (UsA) M) PR
35.0-36.9  0.56 (0.27-1.14)
37.0-389  1.09 (0.59-2.01)
39.0-429  1.61 (0.91-2.85)
>43 in. 2.56 (1.33-4.96)

compared with 1.09 (95% CI, 1.01-1.17) in women
(Pgifference < 0.001). There was, again, evidence of
publication bias in studies that published sex-specific
results: After correction for publication bias, the sex
difference was RR 1.41 (95% CI, 1.30-1.54) versus RR 1.08
(95% CI, 0.98-1.18; Pheterogeneity < 0.001).

The ability to adjust for potential confounders, such as
high-fat diets, alcohol consumption, diets low in fiber
and low levels of physical activity, differed between
studies, and hence may have contributed to between-
study variation. Comparison of the summary estimate
from the 32 reports that had adjusted for at least one of
the above variables with that from the 19 reports that did
not adjust for any of these variables indicated that
adjustment for diet and physical activity did not
attenuate the association: RR 1.30 (95% CI, 1.16-1.45)
versus 1.38 (95% CI, 1.25-1.53; Preterogeneity = 0-44; Fig. 4).
Restricting the analysis to those three studies that
reported both unadjusted and adjusted estimates yielded
similar results (P = 0.98). After correcting for publication
bias, the difference between the unadjusted and adjusted
remained unchanged: RR 1.18 (95% CI, 1.06-1.31) versus
RR 1.25 (95% CI, 1.12-1.41), respectively (Ppeterogencity =
0.47).

Dose-Response Relationship between Overall Obe-
sity and Risk of Colorectal Cancer. A total of nine
studies reported on the dose-response association be-
tween BMI and colorectal cancer risk using BMI
categories representing normal weight, overweight, and
obesity. Pooling the estimates within these three catego-
ries showed evidence of a dose-response relationship
between excess weight and the risk of colorectal cancer in
both men and women, with some suggestion that the

association was stronger for cancer of the colon com-
pared with the rectum, particularly among men (Table 4).
However, after correcting for publication bias, the dose-
response relationships, particularly for colon cancer,
were weakened such that there was no clear difference
in the strength of the association between obesity and
cancers of the colon and rectum (Table 4). Overall, 11
studies reported an estimate of the RR for colorectal
cancer per unit increase in BMI. Pooling these data
indicated that for every 2 kg/m” increment in BMI
(equivalent to ~5 kg extra weight), the risk of colorectal
cancer increased by 7% (95% CI, 4-10%). Correction for
publication bias reduced this association by 1% (RR, 1.06;
95%ClI, 1.03-1.09).

Central Obesity and Risk of Colorectal Cancer.
Overall, 8 of the 23 cohort studies reported on the
association between waist circumference and subsequent
risk of colorectal cancer. Although there was a lack of
uniformity across the studies in how central obesity was
defined, with studies using quartiles, quintiles or highest
versus lowest category of waist circumference (e.g., >102
versus <94 c¢cm; or >88 versus <80 cm), the estimates of
effect were relatively consistent across the studies
(Pheterogeneity = 0.80; Fig. 5). The pooled estimate
indicated that individuals in the highest category of
waist circumference had ~50% greater risk compared
with individuals in the lowest category (RR, 50%; 95% CI,
35-67%; Fig. 5). There was some evidence of publication
bias (P = 0.001) but the results from the trim-and-fill
analysis did not materially reduce the summary estimate
of effect (RR, 1.45; 95% CI, 1.31-1.61). Two studies
additionally reported on the continuous relationship
between waist circumference and colorectal cancer; for
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. Cancer study
First author (Year)  gex subtype RR (95% Cl) Adjustments weight
Kuriyama (2005 F R <« —- 1.21(0.29-5.14 1,4,5,12,16 2
Kuriyama (2005 M C < ; — 1.30(0.32-5.37 14,512 2
Kuriyama 2005 M R — 2.41(0.74-7.85 1,4,5,12 3
Ford (199 M C +—» 2.95(0.99-8.74 1,2,4,5,7,9,11 3
Lukanova g52006) E R 1.30 (042 - 3.45 14,18 3
Otani %200 F C - 0.50(0.20-1.40 12,4512 4
Ford (1999 F C —  +  » 274(1.04-7.25 12,457,911 4
Otani (200 M R \ 1.60(0.60-3.90 12,4512 4
Otani (2005 F R 1.30(0.50-3.10 1,2,4,5,12 5
Lin (2004) F R , 1.55(0.64 - 3.77 1,2,4,58,10,11,16 5
Kuriyama (2005) F c —- 2.25(0.95-5.33 14,512,186 5
Lukanova 2006) M c 1.43(0.62 - 3.02 1,4,1 6
Moore (2004 M c — +» 370(1.70-8.10 1,2,4,5,11,20 6
Wei (2004 M R " 1.03(0.49-2.14 1,4,5,8,10,11,12 7
Moore (2004 F c 1.30(0.62 - 2.70 1,2,4,5,11,20 7
Ahmed 2006) F CR 1.26 {(0.60 - 2.60 124,58 7
Moore ( 0048 M C + —» 2.00(0.98-4.20 1,2,4,5,11,20 7
Lukanova %2 06) M R } 1.96 (0.96 - 3.86 14,18 8
Otani (200 M c \ 1.40(0.70 - 2.80 1,2,4,512 8
Oh (2005 M R 1.08 (0.56 - 2.10 1.4,5,10,11,14 9
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Figure 2. RRs and 95% ClIs for colorectal cancer comparing obese (BMI >30 kg/m?) with nonobese individuals (BMI <25 kg/m?).
Black square, point estimate (with area proportional to statistical “information”); horizontal line, 95% CI for observed effect in each
study. Diamond, pooled estimate and 95% CI for meta-analysis. C, colon; R, rectum; CR, colorectal. *, these studies defined obesity

as BMI >28 kg/m>.

every 2-cm increment in waist circumference, the risk of
colorectal cancer increased by 4% (95% CI, 2-5%).
Correction for publication bias did not have an effect
on this association.

Discussion

The findings from this meta-analysis, which includes
information on 70,000 cases of colorectal cancer, indicate
that obesity has a direct, and independent, relationship
with colorectal cancer, although the magnitude of the
association is smaller than previously estimated. Based
on these data, individuals with a BMI >30 kg/m? have
an ~20% greater risk of developing colorectal cancer
compared with those considered to be of normal weight

(BMI <25 kg/ m?). However, the association between
BMI, a measure of general obesity, and risk of colorectal
cancer seems to be continuous down to low levels of
BMI. For every 2 kg/ m? increase in BMI, the risk of
developing colorectal cancer increased by 7%. Similarly,
a 2-cm increase in waist circumference, a measure of
central obesity, was associated with a 4% greater risk of
colorectal cancer. These estimates are smaller, but
compatible, with those reported by Larsson and col-
leagues in a previous review (11).

In agreement with some previous reports (6, 15, 17-25,
30), there was an indication that the carcinogenic effects
of excess weight differed according to cancer site, being
greater for cancer of the colon compared with that of the
rectum. The data also indicated a sex difference in the
strength of the association, such that the risk of
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Figure 3. Funnel plot with 95% pseudo—confidence limits for
the data from Fig. 2.

developing colorectal cancer is 30% higher in obese men
compared with obese women.

The mechanisms that might underlie the association
between excess weight and cancers of the colon and
rectum remain unclear. It has been speculated that
obesity serves as a surrogate marker of the cumulative
effect of a chronic imbalance in dietary intake and
physical activity over the life course. Experimental
studies (49-52) have shown that severe caloric restriction
has a protective effect against the development of several
site-specific tumors, including colon cancer. There is also

good evidence that physical activity is protective against
colon/colorectal cancer (5, 53). A recent review (53) of
the epidemiologic evidence (1 = 46) reported that the
average reduction in risk of colon cancer across studies
was 40% to 50% among the most physically active group
compared with the least active, which was independent
of diet, BMI, and other potential confounders.

Dietary components may confound the association
between obesity and colorectal cancer (54). A recent
meta-analysis (55) of 15 cohort studies (~8,000 events)
suggested that the highest versus the lowest intake
categories of red and processed meat were significantly
associated with 28% and 21% increased risk of colorectal
cancer, respectively. Likewise, a large prospective study
(56) reported that high intake of red and processed meat
(>160 g/d compared with <20 g/d) increased the risk of
colorectal cancer by 35% with evidence of a dose-
response relationship (Peng = 0.03).

In the current analyses, we attempted to disentangle
the effects of diet and physical activity from obesity, by
comparing studies that had adjusted for some measure of
diet and physical activity with unadjusted studies. The
relationship between obesity and subsequent risk
of colorectal cancer, however, was similar irrespective
of the level of adjustment, supporting a direct effect of
obesity on risk. Recently, there has been speculation as to
a possible etiologic role of insulin resistance or, hyper-
insulinemia, in colorectal cancer (57, 58), a hypothesis
that has received some support from studies demon-
strating a positive association between glucose levels and
diabetes with the malignancy (7). Further, diabetes has
been reported to elevate the risk of other site-specific
cancers [e.g., pancreas (59), breast (60), and bladder (61)

Number of Relative risk P-value for
Sub
ubgroup reports (95% ClI) heterogeneity
Cancer subtype
Colon 28 —B 1.44 (1.28 - 1.63)
0.04
Rectum 21 — B 1.21 (1.10 - 1.34)
Sex
Male 26 —— 1.46 (1.36 - 1.56)
<0.001
Female 25 + 1.15 (1.06 - 1.24)
Adjustments
Yes 32 —B— 1.38 (1.25 - 1.53)
0.44
No 19 [ | 1.30 (1.16 - 1.45)
Figure 4. Subgroup anal-
yses of general obesity
' ! ‘ and colorectal cancer for
0o 1.0 1.5 20 the data from Fig. 2.
Relative risk Conventions as in Fig. 2.
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Table 4. Dose-response association between general obesity and colorectal cancer before and after correction for
publication bias (reference group is BMI <25 kg/m?; normal weight)

Cancer type/sex No. reports No. events BMI (kg/m?)
Uncorrected for publication bias Corrected for publication bias
25-29.9 overweight >30 Obese 25-29.9 Overweight >30 Obese
Colon
Male 9 15,745 1.25 (1.14-1.37) 1.51 (1.42-1.61) 1.23 (1.11-1.36) 1.53 (1.33-1.75)
Female 9 18,674 1.09 (0.99-1.20) 1.16 (1.01-1.34) 1.05 (0.95-1.16) 1.09 (0.93-1.28)
All 18 34,419 1.18 (1.09-1.28) 1.38 (1.20-1.59) 1.11 (1.02-1.19) 1.21 (1.06-1.38)
Rectum
Male 6 9,846 1.08 (0.97-1.20) 1.29 (1.19-1.40) 1.08 (0.97-1.20) 1.27 (1.17-1.37)
Female 6 8,303 1.02 (0.88-1.17) 1.08 (0.92-1.26) 0.97 (0.83-1.14) 1.02 (0.85-1.22)
All 12 18,149 1.04 (0.97-1.12) 1.21 (1.05-1.39) 1.03 (0.95-1.12) 1.12 (0.98-1.28)
Colorectal
Male 15 25,591 1.19 (1.09-1.30) 1.47 (1.33-1.61) 1.16 (1.07-1.27) 1.40 (1.33-1.47)
Female 15 26,977 1.05 (0.99-1.11) 1.11 (1.03-1.20) 1.03 (0.96-1.10) 1.07 (0.97-1.18)
All 30 52,568 1.13 (1.06-1.19) 1.31 (1.19-1.45) 1.09 (1.02-1.15) 1.19 (1.08-1.30)

by ~50%]. Given that the data did not permit explora-
tion of the effect of diabetes on colorectal cancer risk,
we are unable to exclude the possibility that the
association between obesity and colorectal cancer is not
explained by diabetic status.

The observed sex difference in the strength of the
association between obesity with cancers of the colon and
rectum may be related, in part, to differences in hormonal
levels (in particular, estrogen) in women. Some, but not
all, studies (31, 44, 62) have reported that the positive
association between obesity and the risk of colorectal
cancer is apparent in premenopausal but not in postmen-

opausal women. Slattery and colleagues (44) reported a
positive association between high BMI and risk of colon
cancer for premenopausal and women who used hor-
mone replacement therapy, but no association among
postmenopausal women. In contrast, the European
Prospective Investigation into Cancer and Nutrition
study (20) reported the largely opposing finding that, in
postmenopausal women, waist circumference is weakly
associated with the risk of colon cancer only among non-
hormone replacement therapy users.

An inherent limitation of meta-analysis, particularly of
observational studies, is the presence of publication bias

Cancer Compared

First author (Year) Sex  subtype RR (95% Cl) categories
Moore (2004} (55-79 yrs) F c » 2.30(0.86 - 6.30) 299 1vs. <813
Moore (2004} (55-79 yrs) M C R 3.30(1.30 - 8.80) 2101.6vs. <838
Moore (2004} (30-54 yrs) M C —» 2.40(0.99-5.70) 21016vs <838
Moore (2004) (30-54 yrs) F C «+ — 1.80(0.78 - 4.30) 299 1vs. <813
Giovannucci (1995) M C — 2.56 (1.33 - 4.96) 43 Inches vs. < 35 Inches
Schoen {1999) M&F CR —_— P 2.20(1.20- 4.10) Quartile 4 vs. Quartile 1
Larsson (2006) M R <+ = 1.24(0.68 - 2.25) 2104 vs. <88.0
Martinez (1997} F C 1.48 (0.89 - 2.46) 34 Inches vs. < 27.5 Inches
Maclnnis (2006} F R 1.40(0.80 - 2.20) 288.0vs. <80.0
Maclnnis (2004) M C _—— 2.10(1.30 - 3.50) 2993vs. <870
Larsson (2008) M C 144 (0.93-224) 2104 vs. < 88.0
Pischon {2006) F R » 1.23(0.81-1.86) 289.0vs. <702
Pischon (2006) M R 1.27(0.84 - 1.91) =103 vs. < 86.0
Maclnnis (2006) M R = 1.40(0.90-2.20) 2102vs. <94.0
Pischon {(2008) M C —— 1.39(1.01-1.93) 2103 vs. < 86.0
Ahmed (2006} M&F CR —— 1.40 (1.00 - 1.90) = 102/88 vs. < 102/88
Maclnnis (2006) F Cc —— 1.40(1.00 - 1.90) 2 88.0vs. <80.0
Pischon (2006) F C —— 1.48 (1.08 - 2.03) 289.0vs. <702

Figure S. RR and 95%

CI for colorectal cancer Pooled & 150 (1.35 - 1.67)

comparing highest versus T — T

lowest category of waist 08 1 2

circumference. Conven-
tions as in Fig. 2.

P for heterogeneity = 0.73
Relative risk (95% Cl)
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that might artificially inflate the magnitude of any
reported association. Our findings suggest that previous
reports of around 50% greater risk of colorectal cancer
associated with obesity may have substantially over-
estimated the true strength of the underlying relation-
ship. This finding is in contrast to previous reviews that
reported no evidence of publication bias (10, 11), or in the
case of one review, only found evidence of it in the
association between colon cancer and BMI in women
(11). Differences in the study inclusion criteria and
methods of analysis between previous reviews and the
current meta-analysis may account in part for the
discrepant findings. After correcting for the presence of
publication bias in the current analyses, the magnitude of
the association between obesity and colorectal cancer
was approximately halved, from 40% to 20%. Moreover,
because we were unable to adjust for potential con-
founders (e.g., physical activity, alcohol, diet) at the level
of the individual, even this reduced estimate of the size
of the association might be an overestimate. Finally, as
the individual studies used different methods to verify
colorectal cancers, the lack of standardization could have
had some unpredictable effect on the results. This, as
well as the considerable variation in the sets of variables
used for adjustment, is reflected in the high degree of
heterogeneity between studies of BMI and colorectal
cancer, which adds a note of caution to the interpretation
of the pooled estimate of association found here in any
specific situation.

The global prevalence of obesity is currently estimated
to be 300 million, a figure that is expected to increase to
700 million by 2015 (63, 64). Assuming that obesity
increases the risk of colorectal cancer by 20%, then each
year ~ 10,000 cases of colorectal cancer worldwide are
due to severe excess weight, a figure that is likely to
increase to >25,000 by 2015. As these estimates do not
take into account the vast number of individuals who are
overweight, then these figures are likely to substantially
underestimate the true global burden of colorectal cancer
that is attributable to excess weight.
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