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BACKGROUND & AIMS: The association between fruit
and vegetable intake and colorectal cancer risk has been
investigated by many studies but is controversial because
of inconsistent results and weak observed associations.
We summarized the evidence from cohort studies in cat-
egorical, linear, and nonlinear, dose-response meta-anal-
yses. METHODS: We searched PubMed for studies of
fruit and vegetable intake and colorectal cancer risk that
were published until the end of May 2010. We included 19
prospective studies that reported relative risk estimates
and 95% confidence intervals (CIs) of colorectal cancer-
associated with fruit and vegetable intake. Random effects
models were used to estimate summary relative risks.
RESULTS: The summary relative risk for the highest vs
the lowest intake was 0.92 (95% CI: 0.86-0.99) for fruit
and vegetables combined, 0.90 (95% CIL: 0.83-0.98) for
fruit, and 0.91 (95% CI: 0.86-0.96) for vegetables (P for
heterogeneity = .24, .05, and .54, respectively). The inverse
associations appeared to be restricted to colon cancer. In
linear dose-response analysis, only intake of vegetables
was significantly associated with colorectal cancer risk
(summary relative risk = 0.98; 95% CI: 0.97-0.99), per 100
g/d. However, significant inverse associations emerged in
nonlinear models for fruits (Ppoplincariy < -001) and vege-
tables (Pyonlineariy = -001). The greatest risk reduction was
observed when intake increased from very low levels of
intake. There was generally little evidence of heterogeneity
in the analyses and there was no evidence of small-study
bias. CONCLUSIONS: Based on meta-analysis of pro-
spective studies, there is a weak but statistically signif-
icant nonlinear inverse association between fruit and
vegetable intake and colorectal cancer risk.
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Intake of fruit and vegetables has been hypothesized to
protect against several cancers, including colorectal
cancer.! Experimental animal studies and human feeding
studies have provided biologically plausible mechanisms

by which fruit and vegetables could reduce colorectal
cancer risk,>? but epidemiological studies have provided
inconsistent results. The first report from the World Can-
cer Research Fund and the American Institute for Cancer
Research (WCRF/AICR) in 1997 concluded that there was
convincing evidence that vegetable intake, but not fruit
intake, protects against colorectal cancer, based on a nar-
rative review of the results from 22 case-control studies
and 4 cohort studies.* In contrast, most>-2° but not all21.22
prospective cohort studies published in the 10 subsequent
years found no statistically significant associations be-
tween fruit and/or vegetable intakes and colorectal cancer
risk. In line with this, several reviews and meta-analyses
and a pooled analysis did not find statistically significant
inverse associations between fruit and vegetable intakes
and colorectal cancer risk in cohort studies.?3-2¢ Although
case-control studies continue to show strong evidence of
an inverse association,2324 these studies are more liable to
recall and selection biases that can hamper the interpre-
tation of their results.

In addition, the second report from the WCRF/AICR
published in 2007, Food, Nutrition, Physical Activity and the
Prevention of Cancer: A Global Perspective, stated that there
was limited suggestive evidence for risk reduction by
fruits and nonstarchy vegetables, based on quantitative
systematic reviews and meta-analyses of cohort studies, so
a downgrading of the judgment of the evidence com-
pared with the previous report.2” However, although it
has been hypothesized that very low intakes of fruits
and vegetables can increase colorectal cancer risk,!328
none of the previous meta-analyses have examined the
shape of the dose-response relationship (ie, whether there
are any threshold effects) by conducting nonlinear dose-
response analyses.?32426.27 Results from 5 large prospec-
tive cohort studies have been published since the second
WCRF/AICR report?®-33 and here we update the evidence
published up to May 2010 with an aim to clarify whether
there is a nonlinear dose-response relationship between fruit
and vegetable intakes and colorectal cancer risk.

Abbreviations used in this paper: AICR, American Institute for Cancer
Research; Cl, confidence interval; RR, relative risk; WCRF, World Cancer
Research Fund.
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Materials and Methods
Search Strategy

We updated the systematic literature review pub-
lished in 2007%7 and searched the PubMed database up to
May 2010 for cohort studies of fruit and vegetable intake
and colorectal cancer risk. We followed a prespecified
protocol, which includes details of the search terms used,
for the review (http://www.dietandcancerreport.org/
downloads/SLR_Manual.pdf). We also searched the refer-
ence lists of all the studies that were included in the
analysis and the reference lists of the published systematic
reviews and meta-analyses.?32426.27 We followed standard
criteria for conducting and reporting meta-analyses.3*

Study Selection

To be included, the study had to have a prospective
cohort, case-cohort or nested case-control design and to
investigate the association between the intake of fruit and
vegetables and colorectal cancer incidence. Estimates of
the relative risk (RR) (such as hazard ratio or risk ratio)
and 95% confidence intervals (CIs) had to be available in
the publication. For the dose-response analysis, a quan-
titative measure of intake and the total number of cases
and person-years had to be available in the publication.

56993 hits yielded from multiple electronic
bibliographic databases and hand-searching

43191 hits from WCRF 2" Expert Report
(=2005)

13801 hits from the Continuous Update
(Jan 2006-May 2010)

v

3955 full-text articles retrieved and assessed
for inclusion

A

1127 publications included in the WCRF
systematic literature review

I 179 meta-analyses/pooled/ecological/

> 1088 publications excluded for reporting on

\

39 publications from prospective studies
reporting on the association between fruit
and vegetable intake and colorectal cancer
and potentially suitable for inclusion in the
meta-analysis

> 7 outcome was colorectal cancer mortality

Y

22 publications (19 studies) included in the
high versus low meta-analysis

\J

18 publications (15 studies) included in the
dose response meta-analysis

> 2 no quantities were reported
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When multiple publications from the same study were
available, we used the publication with the largest number
of cases and sufficient information to be incorporated in
the dose-response analyses. We excluded studies on colo-
rectal cancer mortality, studies that did not provide risk
estimates, duplicate publications, and for the dose-re-
sponse analyses we excluded studies that did not report
quantities or that only provided a comparison of the
highest vs the lowest level of intake (Figure 1, Supplemen-
tary Appendix 1).

Data Extraction

We extracted the following data from each study:
first author’s last name, publication year, country where
the study was conducted, study name, follow-up period,
sample size, sex, age, number of cases, dietary assessment
method (ie, type, number of items, and whether it was
validated), exposure, frequency or quantity of intake, RRs
and 95% CIs and variables adjusted for in the analysis. The
search and data extraction of articles published up to June
2006 was conducted by several reviewers at Wageningen
University during the systematic literature review for
the WCRF/AICR report (http://www.dietandcancerreport.
org/downloads/SLR/Colon_and_Rectum_SLR.pdf). The

53038 excluded on the basis of title and
abstract

2828 articles excluded for not fulfilling the
inclusion criteria

1472 did not contain original data/reviews

848 did not report on the associations of
interest

321 non peer-reviewed articles/commentary

cross-sectional/migrant studies/case
reports

8 articles with duplicate data

exposures other than total fruit, total
vegetable or total fruit and vegetable intake
combined and colorectal cancer and/or study
type other than prospective study

17 publications excluded

3 publications did not provide risk estimates
7 duplicate publications

4 publications excluded from the
dose-response meta-analyses

2 only comparison of highest vs. lowest
intake was reported

Figure 1. Flow chart of study selection.
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