DEAKIN

UNIVERSITY

The impact of dietary and lifestyle risk factors on risk of colorectal cancer: A
quantitative overview of the epidemiological evidence

AUTHOR(S)

Rachel Huxley, Alireza Ansary-Moghaddam, Peter Clifton, Sebastien Czernichow, Christine L Parr, Mark
Woodward

PUBLICATION DATE

01-07-2009

HANDLE
10536/DRO/DU:30132404

Downloaded from Deakin University’s Figshare repository

Deakin University CRICOS Provider Code: 00113B


https://hdl.handle.net/10536/DRO/DU:30132404

Int. J. Cancer: 125, 171-180 (2009)
© 2009 UICC

The impact of dietary and lifestyle risk factors on risk of colorectal cancer:
A quantitative overview of the epidemiological evidence

Rachel R. Huxleyl*, Alireza Ansary-Moghaddamz, Peter Clifton>, Sebastien Czernichow!, Christine L. Parr!
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Colorectal cancer is a major cause of cancer mortality and is con-
sidered to be largely attributable to inappropriate lifestyle and
behavior patterns. The purpose of this review was to undertake a
comparison of the strength of the associations between known and
putative risk factors for colorectal cancer by conducting 10 inde-
pendent meta-analyses of prospective cohort studies. Studies pub-
lished between 1966 and January 2008 were identified through
EMBASE and MEDLINE, using a combined text word and
MESH heading search strategy. Studies were eligible if they
reported estimates of the relative risk for colorectal cancer with
any of the following: alcohol, smoking, diabetes, physical activity,
meat, fish, poultry, fruits and vegetables. Studies were excluded if
the estimates were not adjusted at least for age. Overall, data
from 103 cohort studies were included. The risk of colorectal can-
cer was significantly associated with alcohol: individuals consum-
ing the most alcohol had 60% greater risk of colorectal cancer
compared with non- or light drinkers (relative risk 1.56, 95% CI
1.42-1.70). Smoking, diabetes, obesity and high meat intakes were
each associated with a significant 20% increased risk of colorectal
cancer (compared with individuals in the lowest categories for
each) with little evidence of between-study heterogeneity or publi-
cation bias. Physical activity was protective against colorectal
cancer. Public-health strategies that promote modest alcohol con-
sumption, smoking cessation, weight loss, increased physical activ-
ity and moderate consumption of red and processed meat are
likely to have significant benefits at the population level for reduc-
ing the incidence of colorectal cancer.

© 2009 UICC

Key words: meta-analysis; colorectal cancer;

alcohol

lifestyle; smoking;

Cancers of the colon and rectum (colorectal) constitute a signifi-
cant proportion of the global burden of cancer morbidity and
mortality, particularly in developed countries where these malig-
nancies rank second in terms of both incidence and mortality,
compared with fifth in less developed countries. Annually,
approximately 1 million new cases of colorectal cancer are diag-
nosed, and more than half a million people die from colorectal
cancer, equlvalent to approximately 8% of all cancer-related
deaths worldwide.?

The occurrence of colorectal cancer varies at least 25-fold
between countries'? with the highest incidence rates for colorectal
cancer seen in certain areas and ethn1c groups in the United States,
Canada, Japan and New Zealand.® The wide geographical varia-
tion in 1n01dence rates for colorectal cancer, and data from mlgrant
studies,” %gest that llfestyle risk factors, including diet,> physi-
cal activity, obes1ty and diabetes,” play a pivotal role in the aeti-
ology of the disease.'” A high consumption of different processed
foods and alcohol mtakes have also been associated with a higher
colorectal cancer risk."' The proportion of colorectal cancer attrlb-
uted to dietary factors has been estimated to be about 50%.'> Fur-
ther, approximately 66—77% of colorectal cancer has been sug-
gested to be preventable by an appropriate combination of diet
and physical activity."?

In 2007, the World Cancer Research Fund (WCRF)" released a
report stating that there was convincing evidence of a causal role
for red and processed meat, obesity and alcohol (in men; probable
risk in women) in the aetiology of colorectal cancer. However,
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many studies were excluded from the analyses and the role of
more putative risk factors, such as diabetes and smoking, was not
explored. The aim of the current study was to quantify the risk of
colorectal cancer associated with major modifiable lifestyle and
dietary risk factors by updating previous meta-analyses or, in the
absence of any previous reviews, to conduct a quantitative over-
view of the relationship between modifiable lifestyle risk factors
with the risk of colorectal cancer. By doing so, we aim to deter-
mine the relative importance of these risk factors by comparing
the magnitude of each of these associations with subsequent risk
of colorectal cancer thereby highlighting possible areas for future
intervention.

Material and methods
Data sources
Relevant studies were identified through EMBASE and MED-

LINE using a combined text word and MESH heading search
strategy with the terms: “colorectal cancer”, “colorectal neo-

plasm”, “colon cancer”, “colon neoplasm”, “rectal cancer”,
“rectal neoplasm”, “cohort” and combined with “BMI” or “body
mass index”, “obesity”, “overweight”, “diabetes”, “glucose
intolerance”, “smoking”, “cigarette smoking”, “alcohol”, “phys-
ical activity”, “exercise”, “red meat”, “processed meat”, “fish”,
poultry” “Vegetables” “fruits”, “diet”, “lifestyle”, “systematic

review” and “meta-analysis”. References from identified meta-
analyses and cohort studies were also scanned to identify any
other relevant studies.

Statistical methods

Studies were included if they had published quantitative esti-
mates and standard errors (or some other measure of variability)
of the association between each risk factor and colorectal cancer
by January 2008. Studies were excluded if they provided only an
estimate of effect, with no means by which to calculate the stand-
ard error, or if the estimates were not at least age adjusted.

For each risk factor, estimates of relative risk (RR) and 95%
confidence intervals (95% CI) for colorectal cancer were
extracted, where available, from each identified study in a standar-
dized form—that which was most often reported in the literature.
RRs (95% CI) for obesity were, thus, recorded as a comparison
between the obese (BMI > 30 kg/m ) and those in the normal
range of BMI (<25 kg/m?). For cigarette smoking, the RR (95%

Additional Supporting Information may be found in the online version
of this article.
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Cancer No. of

Variable subtype events RR (95% Cl)

Alcohol

{Heavy vs, light/nondrinkers ) c 6136 _ 1.53(1.33-1.78)

2688 — 1.69 (1.45 - 1.96)

CR 9594 —— 1,56 (1.42 - 1.70)

Diabetes

(Yes vs. no) c 8898 — 1.25 (1.15 - 1.36)
R 1724 —_— 1.15(0.91 - 1.45)
CR 13637 —-— 1.23(1.17 - 1.30)

Red meat

(Highest vs. lowest) C 5008 e 1.14 1.02- 1.28)
R 2056 1.28 (1.02 - 1.60)
CR 13407 —— 1.21(1.13-1.28)

Processed meat

{Highest vs. lowest) c 5366 —_ 1,21 (1.08 - 1.35)
R 2153  F T —— 1.18 (0.99 - 1.41)
CR 13471 —a— 1.19(1.12-1.27)

Obesity

(= 30 vs. = 25 kg/m?) c aTizz —_ 1.24 (1.11-1.39)
R 20757 —_— 1.13(1.02 - 1.25)
CR 57985 — 1.19(1.11 - 1.29)

Smoking

(iinrone 78 Ovon) c 91890 e 1.08 (0.99 - 1.20)
ER 3749 ey 1.23 (1.07 - 1.42)

—_— Z

Physical activity 23437 1.16 (1.08 - 1.24)

{Highest vs. lowasting) c 11487 I — 0.76 (0.71 - 0.83)
R 7240 — 0.94 (0.88 - 1.03)
CR 27482 R 0.81 (0.77 - 0.86)

Fruits

(Highest vs. lowest) c 2518 ey e 1.01(0.85-1.18)
R 1025 _ 0.78 (0.63 - 0.97)
CR 7803 —— 0.99 (0.90 - 1.08)

Vegetables

(Highest vs. lowest) c 2651 _ 0.93 (0.82 - 1.05)
R 1005 —lee— 0.88 (0,69 - 1.12)
CR 7916 —ai 0.95 (0.88 - 1.04)

Fish

{Highest vs. lowest) C 2527 —— 0.97 (0.85 - 1.10)
] a70 0,80 (0.81-1.05)
CR 5317 —_— 0.93 (0.84 - 1.04)

Poultry

(Highest ve. lowest) c 2786 _— 1.05 (0.85 - 1.29)
R 127 — 0.93 (0.77 -1.13)
CR 5461 e 0.96 (0.B6 - 1.08)

I T
05 1 2

Relative risk (95% CI)

FiGure 1 — Summary of the relationships between dietary and lifestyle risk factors and colorectal cancer. The pooled estimates of effect size
are represented by a black square (with area proportional to statistical ‘information’, based on the inverse of variance of the summary odds ratio).
The horizontal line represents the 95% confidence intervals for the observed effect in the pooled estimate. The diamond represents the pooled

estimate. C, colon; R, rectum; CR, colorectal.

CI) of colorectal cancer due was based on the comparison between
the risks for current smokers versus never smokers. For alcohol
consumption, the RR (95% CI) was usually reported comparing
the risk of colorectal cancer in the heaviest versus the lightest cat-
egory of drinkers or nondrinkers. Similarly, the protective effect
of physical activity was obtained for individuals with the highest
level of physical activity compared with those in the lowest cate-
gory of physical activity. We compared the risk of colorectal can-
cer among individuals with and without diabetes. Where there was
a lack of consistency in the method of quantifying the exposure
(e.g. where many studies reported by thirds and many by quarters)
we compared the highest versus the lowest level of exposure.

Pooled estimates of RR and 95% CI were obtained by means of
a random effects approach, and studies were weighted according
to an estimate of its “statistical size” defined as the inverse of the
variance of the log odds ratio (15). When a risk factor is protec-
tive, the pooled estimate of effect is reported as the relative risk
reduction = (1 — RR) X 100. Heterogeneity was estimated using
the 7 statistic and tested using the Q statistic.'> Publication bias
was investigated through Begg and Egger’s test.'>'® Where there
was evidence of publication bias (p < 0.05) the pooled estimate

was corrected using the trim-and-fill method.'” All analyses were
performed using Stata, version 10. For all the meta-analyses, we
used a modified version of the MOOSE guidelines'® for the
conduct of meta-analysis of observational studies.

There have been no previous meta-analyses published of the
relationship between cigarette smoking with colorectal cancer.
Hence, we have included information on all of the eligible studies
with information on smoking and colorectal cancer in this review.
The remaining nine risk factors have all been the subject of meta-
analyses, or systematic reviews, and so we have updated the most
recent reviews and have provided descriptions of only those
studies that had published subsequently in a series of Supporting
Information (Webtables).

Results

Overall, data from 103 cohort studies with information on one
or more of these risk factors were eligible for inclusion in these
analyses. Figure 1 summarises the relationship between colorectal
cancer (and separately for cancers of the colon and rectum) with
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each of the modifiable risk factors reviewed, comparing the excess
risk of cancer in the highest versus the lowest category for each
risk factor. The individual risk factor—disease relationships are
described in more detail in the following section.

Alcohol consumption and colorectal cancer

A total of 21 cohort studies (41 reports) with information
on 9,594 individuals with colorectal cancer were included in these
analyses. The summary characteristics of included studies are
shown in Supporting Information Webtable 1. Most of the studies
were from Western populations: North America (n = 7), Europe
(n = 5) and the remaining nine studies were from Asia. The
pooled estimate indicated that in individuals who were categorized
as “heavy drinkers”, the risk of colorectal cancer was approxi-
mately 60% greater compared with those individuals classed as
light/nondrinkers: RR 1.56 (95% CI 1.42—-1.70; Supporting Infor-
mation Webfigure 1). There was no evidence of heterogeneity
across studies (p = 0.27) nor was there evidence of a significant
different in the estimates of effect size for cancer of the colon and
for rectal cancer: [RR 1.53 (95% CI 1.33-1.78) and RR 1.69 (95%
CI 1.45-1.96), respectively; p = 0.56]. There was no evidence of
publication bias (p = 0.56).

1924

Diabetes and colorectal cancer

A total of 15 cohort studies (30 reports) with information
on 13,637 individuals with colorectal cancer were included in
these analyses. The summary characteristics of included studies
are shown in Supporting Information Webtable 2. Most of the
study populations were from Western populations: North America
(n = 7), Europe (n = 7) and the remaining three studies were
from the Asia-Pacific region. The pooled estimate suggested that
in individuals with diabetes the risk of colorectal cancer was 20%
higher compared with unaffected individuals: RR 1.23 (95% CI
1.17-1.30; Supporting Information Webfigure 2). There was no
evidence of heterogeneity across studies (p = 0.44) nor was there
a significant difference in the estimates for cancer of the colon and
for rectal cancer: RR 1.25 (95% CI 1.15-1.36) and RR 1.15 (95%
CI 0.91-1.45), respectively. There was no evidence of publication
bias (p = 0.14).

9,25-27

Cigarette smoking and colorectal cancer

From the identified studies, a total of 22 cohort studies (39
reports)>>>>287¢ with information on 23,437 individuals with col-
orectal cancer met inclusion criteria for these analyses. The sum-
mary characteristics of included studies are shown in Table I.
Most of the study populations were from Western populations:
North America (n = 10), Europe (n = 4) and the remaining eight
studies were from the Asia-Pacific region. The pooled summary
estimated indicated that smokers had a 16% greater risk compared
with those who had never smoked (Fig. 2). There was evidence of
heterogeneity across studies (p < 0.001), which was not explained
by differences in the strength of the association by site or by sex:
the estimated RR for cancer of the colon was nonsignificantly
lower than for rectal cancer: 1.09 (95% CI: 0.99-1.20) vs. 1.23
(95% CI: 1.07-1.42); p = 0.17. Similarly, there was a nonsignifi-
cant difference in the summary estimate by sex: 1.09 (95% CI:
0.99-1.19) in females vs. 1.21 (95% CI: 1.10-1.33) in males; p =
0.12. There was no evidence of any regional difference in the
strength of the association: pooled RR (95% CI) for Asian cohorts
1.17 (1.02-1.35) vs. 1.16 (95% CI: 1.08-1.24) in cohorts from
other regions combined; p for heterogeneity = 0.91.

There was some suggestion that the risk of colorectal cancer
increased with study duration such that in those studies with more
than 25 years follow up, the RR of colorectal cancer associated
with smoking was approximately 20% compared with less than
10% in those studies of less than 10 years follow-up (p for trend =
0.16; Fig. 3). Length of study may be a proxy for duration of
smoking, and this may thus explain the heterogeneity found in the
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strength of the association between smoking and colorectal
cancer.

Meat consumption and colorectal cancer

A total of 26 cohort studies (111 reports) with infor-
mation on 15,057 individuals with colorectal cancer examined the
association between meat (red meat, processed meat, fish and/or
poultry) and colorectal cancer. The summary characteristics of
included studies are shown in Supporting Information Webtables
3 and 4. Most of the study populations were from Western popula-
tions: North America (n = 13), Europe (n = 9), Australia (n = 1)
and the remaining three studies were from Asia.

The pooled estimate for the highest versus the lowest level of
consumption for red meat was RR 1.21 (95% CI: 1.13-1.29; Sup-
porting Information Webfigure 3). There was no evidence of het-
erogeneity across studies (p = 0.72) and there was no significant
difference in the estimates for cancer of the colon and for rectal
cancer: RR 1.14 (95% CI: 1.02-1.28) and RR 1.28 (95% CI: 1.02—
1.60), respectively.

Individuals in the highest level compared with those in the low-
est level of processed meat intake had a 20% increased risk for
developing colorectal cancer RR 1.19 (95% CI: 1.12-1.27; Sup-
porting Information Webfigure 4). There was no evidence of het-
erogeneity across studies (p = 0.42) and there was no significant
difference in the estimates for cancer of the colon and for rectal
cancer: RR 1.21 (95% CI: 1.08-1.35) and RR 1.18 (95% CI: 0.99—
1.41), respectively.

We did not observe any apparent association between risk of
colorectal cancer and consumption of either fish [RR 0.93 (95%
CI: 0.84-1.04)] (Supporting Information Webfigure 5) or poultry
[RR 096 (95% CI: 0.86-1.08)] (Supporting Information
Webfigure 6).

23,44,47-63

Fruit and vegetable intake and colorectal cancer

Among 16 eligible cohort studies (57 reports)*>3!=76468 for

these analyses, 7,956 individuals were diagnosed with colorectal
cancer. The summary characteristics of included studies are shown
in Supporting Information Webtable 5. Most of the study popula-
tions were from Western populations: North America (n = 8),
Europe (n = 4) and the remaining four studies were from Asia.

There was no evidence of an association between fruit intake
and risk of colorectal cancer. The pooled estimate of colorectal
cancer for the highest versus lowest level of fruit intake was 0.99
(95% CI: 0.90-1.08; Supporting Information Webfigure 7) with
limited evidence of statistical heterogeneity across studies (p =
0.11). There was no evidence of publication bias (p = 0.30).
When the association was examined by cancer site, there was a
significant inverse association between fruit intake with rectal can-
cer but not for colon cancer: RR 0.78 (95% CI: 0.63-0.97) versus
1.01 (95% CI: 0.86—1.18); p for heterogeneity = 0.06.

As with fruit intake, there was no evidence of a significant asso-
ciation between vegetable consumption and risk of colorectal can-
cer. The pooled estimate comparing the highest with the lowest
category of vegetable intake was RR 0.95 (95% CI: 0.88-1.04;
Supporting Information Webfigure 8). There was no evidence of
heterogeneity across studies (p = 0.18) and there was no signifi-
cant difference in the summary estimates for cancer of the colon
and for rectal cancer: RR 0.93 (95% CI: 0.82—1.05) and 0.88 (95%
CI: 0.69-1.12), respectively. Neither was there evidence of
publication bias (p = 0.29).

Obesity and colorectal cancer

We have previously published a meta-analysis of the associa-
tion between overweight, obesity and colorectal cancer.*” A brief
summary of the published findings are presented here. A total of
18 cohort studies (51 reports) with information on 57,985 individ-
uals with colorectal cancer examined the association between obe-
sity and colorectal cancer. The pooled estimate indicated that
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First author (Year of Cancer Ma. of
publication) Sex sublype event RR (95% Cl) Lavel of adjustment
Wakai (2003} F R 57 -+t < 0.36 (0.05 - 2.65) 1,3,4,6,89,10
Lianw {1598) M CR 42 } : 0.80 (0.40 - 1.50) 1
Wakai (2003) F e 189 - 1.06 {0.55 - 2.02) 1,3,4,6,89.10
Rochan (2000) F cR an ; 1.15(0.61-2.16) 13468
Sanjoaguin (2004) ME CR a5 + — 1.70(0.92-315) 1,24
Paskett (2007) F R 178 — » 195(1.10-347) 1456787121314
Hsing (1988) M CR 145 2 I 1.00(0.60-170) 1410
Chute (1881) F R 48 L E— 1.10(0.50-130) 1
Engeland (1396) M R 139 —_— 1.60 (1.00 - 2.60) 1
Engeland (1296) F R 141 —_— 0.80(0.50 - 1.30) 1
Otani (2003) M R 148 —— 1.40(0.80-2.30) 1348711
Akhter { 2007) M R 188 e — 1.47 (0.93 - 2.34) 13486789
Chyou {1996) M R 123 i 4+ 1985(1.25-304) 1
‘Wakai (2003} M R 147 —_— 0.83 (0.55 - 1.26) 13468910
Terry (2002) F R 164 3 117 (0.78-175) 1348913
Wakai (2003) M c 219 o el P 1.23{0.85-1.78) 13468910
Bostick {1884) E o 212 _— 1.09(0.64-132) 1151617
Akiba (19%4) MF R 218 —_— 1.00 {0.70 - 1.40) 12
Chute (1981) F c 191 ——— 1.00(0.70-140) 1
Engeland (1%96) M c 230 ———— 1.20 (0.80 - 1.60) 1
Strumer (2000) M CR a51 — 1.81 (1.28 - 2.55) 1,3.468,14
Otani (2003) M c 209 S S— 1.60({1.10- 210} 1348711
Paskett (2007) F c 1075 —_—— 1.03(0.77-1.38) 145678121314
Akiba (1924) MF c 324 _ 1.20(0.80-180) 1.2
Tsong (2007) MF R 329 RS 1.63(1.23-217) 123458679
Engeland {1996} F G 300 1.10(0.80-140) 1
Terry (2002) F c 363 PR 0.83(0.71-1.24) 1346813
Mordiund {1987) F CR 559 — i 0.82(0.67-1.16) 110
Chyou (1996} M c 230 —e 1.42(1.08-185 1
A-meghaddam (2007) MF CR 263 —_ 1.34(1.03-1.74) 1345
Yun (2005) M c a7 PN T 0.81(0.63-105) 134868
Tsong (2007) MF c 616 — 0.83(0.64-1.08) 12345679
Yun (2005) M R 453 —_— 0.97(0.76-1.24) 13468
Myren (1986) M ] 505 i 1.16(0.94-1.44) 1
Myren (1996) M = 713 e 098(082-147) 1
Heinaman (1985) M R 1100 e 1.40(1.20-1.70) 161018
Heinaman {1995} M G 3812 —_— 1.20{1.10 - 1.40) 1,6,10.18
Chao (2000) F CR 4953 - 1.22(1.08-137) 1346791214
Chao (2000} M CR 4513 - 1.15(1.04 - 1.27) 1,3,4,6,79,12,14
Colon - 1.09 {0.99 - 1.20)
Rectum B 1.23 (1.07 - 1.42)
Colorectal - 1.21(1.08 - 1.36)
Pooled &> 1.16 {1.09 - 1.24)

T R T

0.3 1.0 1.5 30

% Heterogenelty (95% CI) =49% (26% - 65%)

Relative risk (95%Cl)

P for heterogeneity < 0.001

P for publication bias = 0.95

Fi1Gure 2 — The association between cigarette smoking and colorectal cancer (current vs. never smokers). Level of adjustment: the published
estimates extracted from each of the studies that reported on the association between a risk factor with colorectal cancer differed in the level of
adjustment for possible confounders. These adjustments are indicated in the figure by the following: 1, age; 2, sex; 3, BMI; 4, alcohol; 5, diabe-
tes; 6, physical activity; 7, family history; 8, diet; 9, education; 10, socio-economic status; 11, center; 12, ethnicity; 13, hormone replacement
therapy; 14, medication; 15, parity; 16, height; 17, vitamin supplementary intake; 18, calendar year; 19, menstruation for women; 20, waist cir-
cumference. The individual estimates of effect size from each of the studies are represented by a black square (with area proportional to statisti-
cal ‘information’, based on the inverse of variance of the odds ratio provided by each study). The horizontal line represents the 95% confidence
intervals for the observed effect in each study. The diamond represents the pooled estimate. C, colon; R, rectum; CR, colorectal; M, Male; F,

Female.
Follow-up
{years) No. of reports : RR {85% CI)
< 10 yrs 13 _'_._ 1.08 (0,85 - 1.22)
10- 25 yrs 7 | —.— 1A7(1.07-1.29)  P=016
225 yrs 9 C— 123(1.07 - 1.41)
T

1.5

FiGure 3 — The relationship between cigarette smoking and risk of
colorectal cancer by duration of study. Conventions as in Fig. 2. p

value for trend.

there was little statistical heterogeneity between the individual
studies (with the exception of cigarette smoking). Neither was
there any evidence of publication bias which increases the likeli-
hood that these studies represent the majority of published cohort
studies that have examined the impact of these risk factors on

cancer risk.'>1®

The evidence for a causative role of cigarette smoking in the
aetiology of colorectal cancer is more equivocal than it is for
some of these other, more established, risk factors. Some com-
mentators have suggested that the lack of an association between
smoking and colorectal cancer observed by some studies, is
because of an extraordinary long induction period of more than 30
years.?! Data from the current study provide some support to this
latter theory as there was some evidence to support a trend
between increasing duration of study follow-up (used as a marker
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of duratlon of smoking) with greater risk. A previous review of 27
studies®® concluded that long-term cigarette smoking (over three
to four decades) is an important risk factor for colorectal cancer
and should be added to the list of tobacco-associated malignan-
cies. It is likely that some of the heterogeneity observed in the cur-
rent review between the studies of smoking and colorectal cancer
risk is because of variation in the duration of smoking, as well as
in the type and amount of cigarettes smoked and the age of initia-
tion of smoking by study participants.

The major limitation of the meta-analyses presented here is that
the data are reliant on published estimates and hence, we were
unable to examine the impact of adjustment for possible con-
founders or to explore at what level these risk factors interact. An
example of this is the possible confounding effect of smoking on
the relationship between alcohol and colorectal cancer. Most of
the studies included in the review would only have had informa-
tion on whether an individual was a smoker, and in some studies,
the amount smoked. However, the impact of smoking on disease
risk is influenced by several additional factors such as age of com-
mencement and duration of smoking. Unless there is adequate
information on such variables then it is difficult to fully quantify
and hence, adjust for the totality of the confounding effect due to
smoking and so the potential for residual confounding remains
high. Ideally, to preclude this possibility, one would analyse the
relationship between alcohol consumption and colorectal cancer
only in nonsmokers, but such an analysis was not possible because
of the reliance on published estimates.

Further, given the frequent co-occurrence of smoking, alcohol,
physical inactivity and diets that are high in meat (both processed
and nonprocessed meat), it is impossible to disentangle the indi-
vidual effects that each of these variables may have on risk. This
would only be possible through the conduct of a large-scale indi-
vidual participant data meta-analysis which would also have
enabled sex-specific comparisons to be performed. Moreover,
individual participant data would afford the flexibility to examine
the observed associations in much more detail. For example, the
association between excess weight and colorectal cancer may dif-
fer in women according to menopausal status.®® The pooled rela-
tive risks for the association between alcohol, diabetes, cigarette
smoking, red and processed meat consumption and risk of colorec-
tal cancer risk were all less than two, and hence the potential for
residual confounding to explain wholly, or in part, the observed
relationships cannot be ruled out.

A further limitation of this review is that we did not conduct a
specific overview for fibre and risk of colorectal cancer largely
because fibre is considered to be a marker of dietary consumption
of foods containing it such as vegetables and fruits, although spe-
cific mechanisms pertaining to a beneﬁc1al effect of fibre on color-
ectal cancer have been suggested.'* The Pooling Project of Pro-
spective Studies of Diet and Cancer which comprised 13 cohort
studies with information on 8,081 colorectal cancer cases™ exam-
ined the relationship between dietary fibre and risk of colorectal
cancer. In age-adjusted analyses, there was a protective effect of
high fibre intakes of approximately 10-20% but the effect was sig-
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nificantly attenuated after adjustment for other dietary and nondi-
etary risk factors: pooled age-adjusted relative risk 0.84 (95% CI
0.77-0.92) versus RR 0.94 (95% CI 0.86-1.03) in the fully
adjusted model. This finding is supported by the data for fruits and
vegetables which, overall, provide little evidence of a protective
effect of fruit and vegetables on subsequent colorectal cancer risk.
However, these finding conflicts with those from the European
Prospective Investigation into Cancer and Nutrition (EPIC), a pro-
spective study from 10 European countries with 1,721 cases of
colorectal cancer, that was not included in the Pooling Project. In
EPIC, a significant inverse association of dietary fibre with color-
ectal cancer was observed with the relative risk for people in the
highest versus the lowest fifth of dietary fibre intake of 0.79 (95%
CI: 0 63—0 99) after adjustment for dietary and nondietary covari-
ates.®® A possible explanation for the heterogenelty between these
two studies may be due to differences in the predominant source
of dietary fibre. In EPIC, cereal fibre, which was the major source
of fibre in half of the countries, was reported to confer a greater
benefit on risk compared with fibre derived from fruit, vegetables
and legumes. Whether this is an important distinction merits
further investigation by future studies.

The similarity of the association between diabetes and obesity
suggests that insulin resistance may underlie the increased risk
observed in both cases but the mediator is not clear. Although
elevated insulin like growth factor 1 is assocmted with colorectal
cancer,® it tends to be lower in type-2 diabetes®” and insulin lev-
els in type-2 diabetes can be very variable being high initially and
then falling with longer duration of the disease. Low level inflam-
mation occurs in both colorectal cancer and type-2 diabetes® and
indeed there is some evidence that C-reactive protein, a nonspe-
cific but sensitive inflammatory marker, is associated with color-
ectal cancer.®® Exercise reduces insulin resistance and lowers
inflammation”® suggesting a similar pathway for this lifestyle vari-
able. Further inflammation is known to increase oxidative DNA
damage®' and common inflammatory condmons hke rheumatoid
arthritis are associated with increased cancer risk®? although inter-
estingly not colorectal or breast cancer.

In conclusion, modest changes at the population level in the
consumption of alcohol and red and processed meat, weight loss,
smoking cessation and increased levels of physical activity may
translate into significant reductions in the incidence of colorectal
cancer. The public-health potential would be particularly great not
only for higher-income countries but for many lower- and middle-
income countries that are experiencing epidemics of obesity, type-
2 diabetes and cigarette smoking, and hence, are projected to
shoulder a substantial burden of chronic and degenerative disease
in the next two decades.
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