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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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search from June 2006 and up to May 2010 was con-
ducted by 2 of the authors (DSMC and RL). Data were
extracted into a database by 3 authors (DSMC, RL, and
DA) and was checked for accuracy by 2 authors (DA and
TN). We did not assess study quality using a quality
score, but investigated whether specific study charac-
teristics, such as duration of follow-up, number of
cases, and adjustment for confounders, which are indi-
cators of study quality, influenced the results in sub-
group analyses.

Statistical Methods

To take into account heterogeneity between stud-
ies, we used a random effects models to calculate sum-
mary RRs and 95% ClIs for the highest vs the lowest level
of fruit and vegetable intake and for the dose-response
analysis.>> The average of the natural logarithm of the
RRs was estimated and the RR from each study was
weighted by the inverse of its variance. A 2-tailed P < .05
was considered statistically significant. For studies that
reported results separately for men and women, but not
combined, we combined the results using a fixed-effects
model to obtain an overall estimate for both sexes. For
studies that reported separately on colon and rectal can-
cer, but not for colorectal cancer, we used the method
developed by Hamling et al to combine the results.3¢ For
2 studies (1 publication)®® that did not provide the infor-
mation required to apply the Hamling method, we used a
fixed effects model to pool the results for colon and rectal
cancer.

We used the method described by Greenland and Long-
necker3” for the dose-response analysis and computed
study-specific slopes (linear trends) and 95% Cls from the
natural logs of the RRs and CIs across categories of fruit
and vegetable intake. The method requires that the dis-
tribution of cases and person-years or noncases and the
RRs with the variance estimates for at least 3 quantitative
exposure categories are known. We estimated the distri-
bution of cases or person-years in studies that did not
report these, but reported the total number of cases/
person-years, if the results were analyzed by quantiles (and
could be approximated). If this information was missing
and the results were reported by functional categories, we
used variance weighted least squares regression to esti-
mate the slopes. We examined a potential nonlinear dose-
response relationship between fruit and vegetable in-
takes and colorectal cancer using fractional polynomial
models.?® We determined the best-fitting second-order
fractional polynomial regression model, defined as the
one with the lowest deviance. A likelihood ratio test was
used to assess the difference between the nonlinear and
linear models to test for nonlinearity.3® We present results
using both linear and nonlinear models for comparison
with previous meta-analyses that used linear models. The
median or mean level of fruit and vegetable intake in each
category of intake was assigned to the corresponding
relative risk for each study when provided in the paper.
For studies that reported fruit and vegetable intake by
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ranges of intake, we estimated the mean intake in each
category by calculating the average of the lower and upper
bound. When the highest category was open-ended, we
assumed the open-ended interval length to be the same as
the adjacent interval. When the lowest category was open-
ended, we set the lower boundary to 0. If the intakes
were reported in densities (ie, g/1000 kcal or g/1000
kJ),11-28.29.31 we recalculated the reported intakes to abso-
lute intakes using the mean or median energy intake. In
studies that reported intakes as frequency, we used 80 g as
a serving size for recalculation of the intakes to a common
scale (g/d).2*> For one study that reported results in cup
equivalents,! we used 160 g as a cup equivalent size for
vegetables because the definition of the cup equivalent for
vegetables was twice as large as the definition of a serving
per day from another paper from the same study (1 cup
equivalent = 2 cups leafy vegetables or 1 cup other vege-
tables, 1 serving = 1 cup leafy vegetables, or % cup other
vegetables).?8 The dose-response results are presented for
a 100 g/d increment. Heterogeneity between studies was
assessed using Q and I? statistics.*®

Potential sources of heterogeneity were investigated in
subgroup and meta-regression analyses by sex, cancer sub-
site, duration of follow-up, number of cases, geographic
location, and adjustment for confounding factors. Small-
study bias, such as publication bias, was assessed using a
funnel plot and Egger’s test*! with results considered to
indicate potential small-study bias when P < .10. In ad-
dition, we conducted sensitivity analyses excluding from
the high vs low analysis the studies that were excluded
from the dose-response analyses (because of insufficient
data), and compared the summary RRs with those from
all studies combined.

Stata version 10.1 software (StataCorp, College Station,
TX) was used for the statistical analyses.

Results

We identified 19 cohort studies (22 publica-
tions)57-11,13,17-22,28-33,42-44 that were included in the anal-
ysis of the highest vs the lowest fruit and/or vegetable
intake and colorectal cancer risk. Fifteen of these studies
(18 publications)7-11,13,17-19.21,22.28.29.31-33.42-43  were in-
cluded in the dose-response analysis (Table 1, Figure 1).
Five of the studies were from Europe, 10 from America,
and 4 from Asia.

Total Fruit and Vegetables

High vs low analysis. Eleven cohort studies (10
publications)?10-18,19.21,22,28,29,32.33 ipvestigated the associa-
tion between total fruit and vegetable intakes and colo-
rectal cancer risk and included 11,853 cases among
1,523,860 participants. For colorectal cancer, the sum-
mary RR for all studies was 0.92 (95% CI: 0.86-0.99), with
litcle evidence of heterogeneity, I* = 22% and Ppecerogencicy =
.24 (Figure 2A). The inverse association was limited to
colon cancer (Table 2).

Dose-response analysis. Eleven cohort studies
(10 publications)?®-10-18.19,21,22,28,29,32,33 were included in the
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dose-response analysis of total fruit and vegetable intakes
and colorectal cancer risk. The summary RR per 100 g/d
was 0.99 (95% CI: 0.98-1.00), with little evidence of het-
erogeneity, I* = 38% and Phecerogenciy = -10 (Supplementary
Figure 1A). Results were similar for colon and rectal can-
cer (Supplementary Figure 1A). Because of differences in
the intake in the reference category among the studies, we
could not fit an interpretable nonlinear model.

Fruits

High vs low analysis. Fourteen cohort stud-
iesS89,11,17-22.29-32 were included in the analysis of high vs
low fruit intake and colorectal cancer risk, including
14,876 cases among 1,558,147 participants. The summary
RR was 0.90 (95% CI: 0.83-0.98), with moderate hetero-
geneity, I? = 42%, Phecerogeneiy = 05 (Figure 2B). The
inverse association was again limited to colon cancer
(Table 2, Figure 2B).

Dose-response analysis. Thirteen cohort studies
(12 publications)8-1117-19,21,22,29,31,32 were included in the
dose-response analysis. The summary RR per 100 g/d
was 0.98 (95% CI: 0.94-1.01), with moderate heteroge-
neity, I* = 64%, Phecerogencicy = -001 (Supplementary Fig-
ure 1B). Similar results were observed for colon and
rectal cancer (Supplementary Figure 1B). In meta-re-
gression analyses, none of the study characteristics in-
vestigated were found to be significant predictors of the
heterogeneity (geographic location, number of cases,
sample size, duration of follow-up, adjustment for con-
founders), although there was a suggestion of a weaker
effect in studies with adjustment for physical activity
and body mass index (P = .07 for both, results not
shown) compared with studies that did adjust for these
covariates. There was evidence of a nonlinear associa-
tion between fruit intake and colorectal cancer risk, P,
nonlinearity << .001, with most of the risk reduction ob-
served when increasing intake up to about 100 g/d.
Higher intakes were associated with a further, but more
modest decrease in risk (Figure 3A).

Vegetables

High vs low analysis. Sixteen cohort studies (15
publications)®8-11.17-22.29-32 were included in the analysis
of high vs low vegetable intake and colorectal cancer,
including 16,057 cases among 1,694,236 participants. The
summary RR was 0.91 (95% CI: 0.86-0.96). There was no
indication of heterogeneity, I* = 0%, Phecerogenciy = -94
(Figure 2C). The inverse association was limited to colon
cancer (Table 2, Figure 2C).

Dose-response analysis. Twelve cohort stud-
ies8-11,18,19,21,22,29,31.32 were included in the dose-response
analysis. The summary RR per 100 g/d was 0.98 (95% CL:
0.97-0.99), with no indication of heterogeneity, I*> = 0%,
Phecerogeneiy = 09 (Supplementary Figure 1C). The inverse
association was restricted to colon cancer (Supplementary
Figure 1C). There was evidence for a nonlinear association
between vegetable intake and colorectal cancer risk, P,
nonlineariy = .001, with the greatest reduction for an intake
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between 100 and 200 g/d, but little evidence of a further
reduction with higher intakes (Figure 3B).

Publication Bias, Subgroup, and Sensitivity
Analyses

We found no indication of publication bias in the
analyses, Egger’s test showed P = .52 for fruit and vege-
tables and colorectal cancer, .79 for fruits, and .14 for
vegetables. In stratified analyses (Table 2), the association
between high vs low fruit and vegetable intake and colo-
rectal cancer risk was inverse in all strata except in Asian
studies, although in most analyses the associations were
not statistically significant. There was no evidence that
the results differed significantly by sex, P = .26 for all
comparisons. In meta-regression analyses, only geo-
graphic location was found to modify the association
between fruit and vegetables combined and colorectal
cancer with a significant inverse association among Euro-
pean studies, but not among American or Asian studies,
Phecerogencicy = 03 (Table 2). Asian studies did not provide
evidence of an inverse association for either fruits or
vegetables, although the tests for heterogeneity were not
significant, Phecerogeneiy = 31 and Phecerogenciey = -43, respec-
tively.

In addition, to assess whether exclusion of studies
from the dose-response analysis might have biased the
results, we repeated the high vs low intake analyses
restricted to the studies included in the dose-response
analyses. The summary RRs for fruit and for vegetables
and colorectal cancer risk were 0.89 (95% CI: 0.81-0.98)
and 0.90 (95% CI: 0.85-0.95), respectively, almost iden-
tical to the results from the high vs low analyses in-
cluding all studies.

We also assessed the influence of including studies on
colorectal cancer mortality on our results. Five and one
additional studies were included in the analysis of
fruit6-12.14-16 and vegetables,® respectively. The summary
RR was 0.92 (95% CI: 0.85-1.00) for fruit with moderate
heterogeneity, I* = 40%, Ppecerogenciy = -04 and .91 (95% CL:
0.87-0.96) for vegetables with no heterogeneity, I> = 0%,
Phecerogeneicy = 49, similar to the original analysis.

Discussion

In this meta-analysis, high vs low intake of fruit,
vegetables and fruit and vegetables combined were asso-
ciated with small but statistically significant reductions in
colorectal cancer risk. In the linear dose-response analysis,
a significant inverse association was observed only for
vegetables. However, we found for the first time in a
meta-analysis, to our knowledge, evidence of a nonlinear
inverse association between fruits and for vegetables and
colorectal cancer risk, with the greatest reduction in risk
at the lower range of intake.

The hypothesis that fruit and vegetable intake protects
against colorectal cancer has received much interest both
among medical professionals and the general population.
In vitro, experimental animal studies and human feeding
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Table 1. Prospective Studies of Fruits, Vegetable Intake, and Colorectal Cancer Risk

First author, y,
country/region

Study name

Follow-up period

Study size, sex, age, number of
cases

Dietary
assessment

Exposure

Quantity

RR (95% CI)

Adjustment for confounders

Shibata, 1992,
USA%2

Steinmetz,
1994,
USA23

Kato, 1997,
USA3

Zheng, 1998,
USA7

Pietinen,
1999,
Finland®

Voorrips,
2000,

Netherlands®

Michels, 2000,
USA®0

Leisure World Cohort
Study

lowa Women's
Health Study

New York University
Women'’s Cohort
Study

lowa Women's
Health Study

ATBC Cancer
Prevention Study

Netherlands Cohort
Study

Health Professionals
Follow-up Study &
Nurses’ Health
Study

1981-1985 to 1989, 70,159
person-y follow-up

1986-1990, 5 y follow-up,
167,447 person-years

1985-1991 to 1994, 7.1y
follow-up, 105,044 person-
years

1986-1994, 9 y follow-up,
293,090 person-years

1987-1995, 8y follow-up

1986-1992, 6.3 y follow-up,
17,478 person-years

NHS: 1980-1996,
1,327,029 person-years
HPFS: 1986-1996, 416,616

person-years
Total: 1,743,645 person-
years

11,580 m and w, age 65-82y:
97/105 CC cases (m/w)

35.216 w, age 55-69 y: 212
CC cases

14,727 w, age 34-65 y: 100
CRC cases

34,702 w, age 55-69 y: 144
RC cases

27,111 m (smokers), age 55—
69 y: 185 CRC cases

58,279 m and 62,753 w, age
55-69 y.

Total fruit & vegetables,
vegetables:

subcohort 1497 /1456 m/w:
465/427 CRC cases

266/312 CC cases

199/115 RC cases

Total fruits:

Subcohort 1525/1497 m/w:

549/415 CRC cases

332/288 CC cases

217/127 RC cases

88,764 w, age 34-59 y: 569
CC cases

155 RC cases

47325 m, age 40-75y: 368
CC cases

244 RC cases

Total:

937 CC cases

244 RC cases

FFQ, 59 food items

Validated FFQ, 127
food items

FFQ, 70 food items

Validated FFQ, 127
food items

Validated FFQ, 276
food items

Validated FFQ, 150
food items

Validated FFQ, 61—
87 food items

Fruit, vegetables, m
Vegetables

Fruit

Fruit, vegetables, w
Vegetables

Fruit

Fruit, vegetables
Vegetables

Fruit

Fruits

Vegetables

Fruit, vegetables

Vegetables
Fruit

Fruit, vegetables, CC, m
Vegetables

Fruits

Fruit, vegetables, CC, w
Vegetables

Fruits

Fruit, vegetables, RC, m
Vegetables

Fruits

Fruit, vegetables, RC, w
Vegetables

Fruits

Fruit, vegetables, all, CC
Fruit, vegetables, HPFS
Fruit, vegetables, NHS
Fruit, all

Fruit, HPFS

Fruit, NHS

Vegetables, all
Vegetables, HPFS
Vegetables, NHS

Fruit, vegetables, all, RC
Fruit, vegetables, HPFS
Fruit, vegetables, NHS
Fruit, all

Fruit, HPFS

Fruit, NHS

Vegetables, all
Vegetables, HPFS
Vegetables, NHS

9.66 vs 4.14 serv/d
5.70 vs 2.16 serv/d
4.38 vs 1.45 serv/d
10.06 vs 4.54 serv/d
5.98 vs 2.34 serv/d
4.58 vs 1.66 serv/d
=47.1 vs <24.6 serv/wk
=30.5 vs <15.1 serv/wk
=17.5 vs <7.5 serv/wk
Quartile 4 vs 1

Quartile 4 vs 1

=48.6 vs <33.5 serv/wk

191 vs 44 g/d
216 vs 30 g/d

519 vs 177 g/d
285 vs 100 g/d
286 vs 34 g/d
578 vs 208 g/d
293 vs 107 g/d
343 vs 65 g/d
519 vs 177 g/d
285 vs 100 g/d
286 vs 34 g/d
578 vs 208 g/d
293 vs 107 g/d
343 vs 65 g/d

=6 vs =2 serv/d
=6 vs =2 serv/d
=6 vs =2 serv/d
=5 vs =1 serv/d
=5 vs =1 serv/d
=5vs =1 serv/d
=5 vs =1 serv/d
=5 vs =1 serv/d
=5vs =1 serv/d
=6 vs =2 serv/d
=6 vs =2 serv/d
=6 vs =2 serv/d
=5vs =1 serv/d
=5 vs =1 serv/d
=5vs =1 serv/d
=5vs =1 serv/d
=5 vs =1 serv/d
=5vs =1 serv/d

1.50 (0.91-2.46)
1.39 (0.84-2.30)
1.12(0.69-1.81)
0.63 (0.40-1.00)
0.72(0.45-1.16)
0.50 (0.31-0.80)
0.89 (0.57-1.40)
0.73(0.47-1.13)
0.86 (0.58-1.29)
1.49 (0.82-2.70)
1.63(0.92-2.89)

0.97 (0.62-1.51)

1.2(0.8-1.9)
1.1 (0.8-1.7)

0.95 (0.64-1.41)
0.85 (0.57-1.27)
1.33(0.90-1.97)
0.66 (0.44-1.01)
0.83(0.54-1.26)
0.73(0.48-1.11)
0.88 (0.56-1.37)
0.88 (0.55-1.41)
0.85 (0.55-1.32)
1.17 (0.63-2.17)
1.78(0.94-3.38)
0.67 (0.34-1.33)

1.08 (0.84-1.38)
1.28
0.96
NC
1.35
0.80
1.00 (0.72-1.38)
1.24
0.96
0.99 (0.62-1.56)
1.20
0.88
NC
2.04
0.66
1.17 (0.63-2.18)
0.67
1.24

Age, smoking

Age, smoking status, alcohol intake,
total energy

Age, total calories, place at
enrollment, highest level of
education

Age

Age, supplement group, tobacco
years, BMI, alcohol, education,
physical activity at work, calcium,
energy

Age, FH — CRC, alcohol intake

W (NHS): Age, FH - CRC,
sigmoidoscopy, height, BMI, pack-
years of smoking, alcohol,
physical activity, menopausal
status, postmenopausal HRT use,
aspirin, vitamin supplement use,
total calories, red meat

M (HPFS): Age, FH — CRC,
sigmoidoscopy, height, BMI, pack-
years of smoking, alcohol,
physical activity, aspirin, vitamin
supplement use, total calories,
red meat
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Table 1. Continued

First author, y, Study size, sex, age, number of Dietary
country/region Study name Follow-up period cases assessment Exposure Quantity RR (95% ClI) Adjustment for confounders
Terry, 2001, Swedish 1987-1990/1998, 9.6 y 61463 w, age 40-74 y: 460 Validated FFQ, 67 Fruit, vegetables, CRC >5.0 vs <2.5 serv/d 0.73(0.56-0.96) Age, red meat, dairy products, total
Sweden2t Mammography follow-up, 588,270 person- CRC items Vegetables >2.0 vs <1.0 serv/d 0.84 (0.65-1.09) calories
Screening Cohort years 291 CC cases Fruits >2.0 vs <1.0 serv/d 0.68 (0.52-0.89)
Study 159 RC cases Fruit, vegetables, CC >5.0 vs <2.5 serv/d 0.81(0.59-1.13)
10 combined Vegetables >2.0 vs <1.0 serv/d 0.90 (0.66-1.24)
Fruits >2.0 vs <1.0 serv/d 0.76 (0.55-1.06)
Fruit, vegetables, RC >5.0 vs <2.5 serv/d 0.60 (0.38-0.96)
Vegetables >2.0 vs <1.0 serv/d 0.71(0.45-1.12)
Fruits >2.0 vs <1.0 serv/d 0.54 (0.33-0.89)
Flood, 2002, Breast Cancer 1987-1989 to 1998, 8.7 y 45490 w, median age 61.8 y: Validated FFQ, 62 Fruits 0.50 vs 0.05 serv/1000 1.15(0.86-1.53) Age, multivitamin use, BMI, height,
USA1L Detection & follow-up, 386,142 person- 485 CRC cases items Vegetables kJ/d 0.95 (0.71-1.26) NSAIDS, smoking status,
Demonstration years 0.98 vs 0.25 serv/1000 education level, physical activity,
Project kJ/d grains, red meat, calcium,
vitamin D, alcohol, nutrient
density (total calories), mutual
adjustment between fruits and
vegetables
McCullough, Cancer Prevention 1992-1993 to 1997, 4.5y 62,609 m and 70,554 w, age Validated FFQ, 68 Fruit, m =6.2 vs 1.2 serv/d 1.11(0.76-1.62) Age, exercise METs, aspirin,
2003, Study 2 Nutrition follow-up 50-74 y: 298/210 CC food items Vegetables =3.3 vs 1.3 serv/d 0.69 (0.47-1.03) smoking, FH — CRC, BMI,
USA13 Cohort cases (m/w) Fruit, vegetables Hvs |5 1.23(0.83-1.83) education, energy, multivitamin
Fruit, w =6.0 vs 1.2 serv/d 0.74 (0.47-1.16) use, total calcium, red meat
Vegetables =3.3 vs 1.3 serv/d 0.91 (0.56-1.48) intake and HRT use (w)
Fruit, vegetables Hvs 15 0.70(0.43-1.15)
Wu K, 2004, Health Professionals 1986-2000, 14 y follow-up 47,311 men, age 40-75y: 561 Validated FFQ, 131 Fruit Quintile 5vs 1 0.75 (0.56-1.00) Age, FH — CRC, history of
USA44 Follow-up Study CC cases food items endoscopy, physical activity,
pack-years of smoking before age
30, race, aspirin use, total
energy, BMI
Sanjoaquin, Oxford Vegetarian 1980-1984 to 1999, 17y 10,998 m and w, age 16-89 y: FFQ (validated for Fresh or dried fruit =10 vs <5/wk 0.60 (0.35-1.02) Age, sex, alcohol, smoking
2004, Study follow-up 95 CRC cases fiber intake) Vegetables Tertile 3vs 1 0.86 (0.54-1.38)
Englandl”
Lin, 2005, Women'’s Health 1993-2003, 10 years follow- 36,976 w, age =45 years: 223 Validated FFQ, 131 Fruit, vegetables 10.0 vs 2.6 serv/d 0.96 (0.58-1.62) Age, randomized treatment
USA18 Study up CRC cases food items Fruit 3.8vs 0.6 0.79(0.48-1.30) assignment, BMI, FH - CRC in a
Vegetables 6.8vs 1.5 0.89 (0.56-1.41) 1stdegree relative, history of
colon polyps, physical activity,
smoking status, baseline aspirin
use, red meat intake, alcohol,
total energy intake, menopausal
status, HRT use
Sato, 2005, Miyagi Cohort Study 1990-1997, 7 y follow up, 47,605 m and w, age 40-64 y: Validated FFQ, 40 Fruit, vegetables, CC, all =698 vs =543 g/d 1.13(0.73-1.75) Age, sex, smoking status, alcohol,
Japan??® 307,675 person-years 165 CC cases items Vegetables =313 vs =245 g/d 1.24 (0.79-1.95) BMI, education, FH — cancer,
110 RC cases Fruit =242 vs =95 g/d 1.45 (0.85-2.47) walking time, meat consumption,
Fruit, vegetables, CC, m =698 vs =543 g/d 0.92 (0.54-1.59) energy
Vegetables =313 vs =245 g/d 1.00 (0.56-1.77)
Fruit =242 vs =95 g/d 1.75(0.89-3.44)
Fruit, vegetables, CC, w =698 vs =543 g/d 1.55(0.72-3.32)
Vegetables =313 vs =245 g/d 1.65 (0.78-3.49)
Fruit =242 vs =95 g/d 0.99 (0.23-4.25)
Fruit, vegetables, RC, all =698 vs =543 g/d 1.12(0.67-1.89)
Vegetables =313 vs =245 g/d 1.14 (0.67-1.93)
Fruit =242 vs =95 g/d 1.41(0.73-2.73)
Fruit, vegetables, RC, m =698 vs =543 g/d 1.10 (0.55-2.17)
Vegetables =313 vs =245 g/d 1.32(0.67-2.60)
Fruit =242 vs =95 g/d 0.28 (0.04-2.09)
Fruit, vegetables, RC, w =698 vs =543 g/d 1.26 (0.56-2.86)
Vegetables =313 vs =245 g/d 0.99 (0.42-2.32)
Fruit =242 vs =95 g/d 1.53(0.68-3.45)
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Table 1. Continued

First author, y, Study size, sex, age, number of Dietary
country/region Study name Follow-up period cases assessment Exposure Quantity RR (95% Cl) Adjustment for confounders
Tsubono, Japan Public Health Cohort 1/2: 1990-1999/ 88,658 m and w, age 40-59 Cohort 1/2: Fruit, CRC, all Quartile 4 vs 1 0.92(0.70-1.19) Age, sex, Public Health Centre area,
2005, Center-based 1993-1999, total 694,074 and age 40-69 y: validated FFQ Vegetables Quartile 4 vs 1 1.00 (0.79-1.27) BMI, frequency of sports,
Japan20 Cohort study 1 & person-y follow-up 705 CRC cases 44/52 items Fruit, CC Quartile 4 vs 1 0.92(0.66-1.28) smoking, alcohol, vitamin
2 Vegetables Quartile 4 vs 1 1.08 (0.80-1.45) supplement use, quartiles of
Fruit, RC Quartile 4 vs 1 0.91 (0.59-1.40) energy, cereals, meats and fish
Vegetables Quartile 4 vs 1 0.87 (0.58-1.31)
Fruit, CRC, m Quartile 4 vs 1 1.06 (0.70-1.61)
Vegetables Quartile 4 vs 1 1.18(0.88-1.59)
Fruit, CC Quartile 4 vs 1 1.02 (0.61-1.70)
Vegetables Quartile 4 vs 1 1.24 (0.86-1.79)
Fruit, RC Quartile 4 vs 1 1.19 (0.59-2.36)
Vegetables Quartile 4 vs 1 1.06 (0.63-1.78)
Fruit, CRC, w Quartile 4 vs 1 0.93(0.61-1.42)
Vegetables Quartile 4 vs 1 0.88 (0.57-1.35)
Fruit, CC Quartile 4 vs 1 0.87 (0.49-1.52)
Vegetables Quartile 4 vs 1 1.01 (0.58-1.76)
Fruit, RC Quartile 4 vs 1 0.84 (0.43-1.65)
Vegetables Quartile 4 vs 1 0.71(0.36-1.38)
MccCarl, 2006, lowa Women'’s 1986-2000, 15 y follow-up, 35197 w, age 55-69 y: Validated FFQ, 127 Fruit, vegetables =58.01 vs =27.4 serv/ 0.90 (0.73-1.10) Age
USA22 Health Study 471,508 person-years 954 CRC cases food items Fruits wk 0.79 (0.65-0.97)
Vegetables =25.5 vs =9.8 serv/wk 0.89 (0.73-1.08)
=34.5 vs =14.5 serv/wk
Park, 2007, NIH-AARP Diet and 1995-96 to 2000, 4.3y 488,043 m and w, age 50-71 Validated FFQ, 124 Fruit, vegetables, m, 5.2 vs 1.4 serv/1000 0.91 (0.78-1.05) Age, education, physical activity,
USA28 Health Study follow-up, 2,121,664 y: 2972 CRC cases food items CRC kcal/d 1.11 (0.93-1.32 smoking, alcohol consumption,

Nomura, 2008,
USA2°

Multiethnic Cohort
Study

person-years

1993-96 to 2001, 7.3y
follow-up, >1.4 million
person-years

85,903 m and 105,108 w, age
40-75y: 1138/972 CRC
cases (m/w)

734/617 CC cases

276/179 RC cases

Validated FFQ, 180
food items

Fruits, m, CC

Fruits, m, RC
Vegetables, m, CC
Vegetables, m, RC
Fruit, vegetables, w,

CRC

Fruits, w, CC

Fruits, w, RC
Vegetables, w, CC
Vegetables, w, RC

Fruit, vegetables, m
Vegetables

Fruit

Fruit, vegetables, w
Vegetables

Fruit

2.9 vs 0.4 serv/1000
kcal/d

2.9 vs 0.4 serv/1000
keal/d

2.8 vs 0.6 serv/1000
kecal/d

2.8 vs 0.6 serv/1000
kcal/d

6.5 vs 1.8 serv/1000
keal/d

3.5 vs 0.6 serv/1000
kecal/d

3.5 vs 0.6 serv/1000
kcal/d

3.6 vs 0.8 serv/1000
kecal/d

3.6 vs 0.8 serv/1000
kecal/d

483.2 vs 134.7 g/1000

kcal/d

236.2 vs 71.9 g/1000
keal/d

295.9 vs 30.1 g/1000
kecal/d

608.1 vs 176.3 g/1000

kcal/d

286.5 vs 85.5 g/1000
keal/d

381.5 vs 47.3 g/1000
kecal/d

0.99 (0.75-1.30
0.84 (0.71-0.99
0.81 (0.62-1.05
1.08 (0.86-1.35
0.96 (0.75-1.24;
1.59 (1.04-2.44,
1.10 (0.86-1.40
1.21(0.80-1.83

0.74(0.59-0.93)
0.85 (0.69-1.05)
0.80 (0.64-0.99)
1.04 (0.81-1.33)
0.94(0.75-1.17)
0.83 (0.65-1.06)

red meat, dietary calcium, total
energy

Age, ethnicity, time since cohort
entry, FH — CRC, CR polyp, HRT
(w), pack-years of cigarette
smoking, BMI, vigorous activity,
aspirin use, multivitamins, energy
intake, alcohol, red meat, folate,
vitamin D, calcium
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Table 1. Continued

First author, y, Study size, sex, age, number of Dietary
country/region Study name Follow-up period cases assessment Exposure Quantity RR (95% Cl) Adjustment for confounders
Butler, 2008, Singapore Chinese 1993-98 to 2005, 9.8y 61,321 m and w, age 45-74 y: Validated FFQ, 165 Vegetables Quartile 4 vs 1 0.98 (0.79-1.21) Age, sex, dialect group, interview
Singapore30 Health Study follow-up 961 CRC cases food items Fruits Quartile 4 vs 1 0.89 (0.72-1.09) year, diabetes at baseline,
smoking history, BMI, alcohol,
education, physical activity, 1st
degree relative with CRC, total
daily energy intake
George, 2009, NIH-AARP Diet and 1995-96 to 2003, 8 years, 288109 m, age 50-71y: 3421 Validated FFQ, 124 Fruit, w 1.90-5.58 vs 0-0.60 0.93(0.79-1.09) Age, smoking, energy intake, BMI,
USA3L Health Study 3,320,418 person-years CRC cases food items Vegetables cup equivalents/1000 0.87 (0.74-1.02) alcohol, physical activity,
195,229 w, age 50-71y: Fruit, m kcal/d 0.94 (0.84-1.05) education, race, marital status,
1618 CRC cases Vegetables 1.43-4.38 vs 0-0.56 0.84 (0.75-0.93) FH - cancer, menopausal HT,
cup equivalents/1000 mutual adjustment between fruit
kcal/d and vegetables
1.59-5.13 vs 0-0.44
cup equivalents/1000
kecal/d
1.10-3.25 vs 0.06-0.44
cup equivalents/1000
kcal/d
van European 1992-2000 to 2006, 8.8 y 452,755 m and w, age Validated FFQ, diet Fruit, vegetables, CRC >603.6 vs <221.1 g/d 0.86 (0.75-1.00) Age, sex, center, energy from fat,
Duijnhoven, Prospective follow-up, 3,978,204 35-70y: history and/or Fruit, vegetables, CC >603.6 vs <221.1 g/d 0.76 (0.63-0.91) energy from nonfat, weight,
2009, Investigation into person-years 2819 CRC cases 14-day record Fruit, vegetables, RC >603.6 vs <221.1 g/d 1.09 (0.85-1.40) height, physical activity, smoking
Europe32 Cancer and 1828 CC cases Vegetables, CRC >284.47 vs <95.1 g/d 0.92 (0.79-1.06) status, alcohol consumption, red
Nutrition 255 overlapping, unspecified Vegetables, CC >284.47 vs <95.1 g/d 0.85(0.71-1.02) and processed meat
CC cases Vegetables, RC >284.47 vs <95.1 g/d 1.04 (0.81-1.33) consumption, fish consumption,
991 RC cases Fruits, CRC >342.7 vs <92.8 g/d 0.88 (0.76-1.01) dietary fiber from cereal sources
Fruits, CC >342.7 vs <92.8 g/d 0.84 (0.71-1.00)
Fruits, RC >342.7 vs <92.8 g/d 0.96 (0.76-1.21)
Lee, 2009, Shanghai Women’s 1997—2000 to 2007, 7.4 y 73,224 w, age 40-70 y: 394 Validated FFQ, 77 Fruit, vegetables, CRC =663 vs <325 g/d 1.2(0.9-1.6) Age
China33 Health Study follow-up, 540,156 person- CRC cases food items Fruit, vegetables, CC =663 vs <325 g/d 1.3(0.8-1.9)
years 236 CC cases Fruit, vegetables, RC =663 vs <325 g/d 1.0(0.6-1.7)

158 RC cases

BMI, body mass index; CC, colon cancer, CR, colorectal; CRC, colorectal cancer; FFQ, food frequency questionnaire; FH, gamily history; HPFS, Health Professionals Follow-up Study; HRT/HT, hormone therapy; m, men; MET, metabolic equivalent task; NC, not calculated;

NHS, Nurses’ Health Study; NIH-AARP, National Institutes of Health-American Association of Retired Persons; RC, rectal cancer; w, women; serv, serving.
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A Fruits and vegetables B Fruits C Vegetables
Author Year RR (95% CI) Author Year RR (95% Cl) Author Year RR (95% ClI)
Colorectal cancer Colorectal cancer Colorectal cancer
Lee 2009 1.20 (0.90, 1.60)  George 2009 0.94 (0.85, 1.03) George_ 2009 . 0.85(0.78,0.93)
van Duijnhoven 2009 0.86(0.75,1.00)  van Duijjnhoven 2009 0.88(0.76, 1.01)  van Duijnhoven 2009 0.82 (0.7, 1.06)
Nomura 2008 0.86 (0.73,1.02)  Butler 2008 089 (0.72, 1.16) E‘ul\er 2008 0.98(0.79,1.21)
Park 2007 0.96(0.85,1.09) ~ Nomura 2008 + 0.1(069,08)  Momura zggg i | g-:g ggz :gg;
McCarl 2006 0.90(0.73, 1.10)  MeCarl 2006 -+ 0.7 (0.65,0.87) MO e [ eoN 4
Lin 2005 e 0.96 (0.58,162)  Lin 2005 —r 0.79 (0.48, 1.30) " R
Sato 2005 —8—  1.43(0.95 217 Sato 2005 e 1.20 (0.85, 1.69)
E T 1 1,1.57 3 43(0.95,2.17)
ato 2005 1.13(0.81, 1.57) T etibonic 2005 - 0.92(0.70, 1.19) Tsubono 2005 - 1.00(0.79, 1.27)
Terry 2001 — 0.73 (0.56, 0.96) Sanjoaquin 2004 . 0.60 (0 35,1 0z Sanjoaquin 2004 —T 0.86 (0.54, 1.38)
Michels 2000 -+ 1.06 (0.85, 1.32) Flood 2002 - 1'15 (OlBG‘ 1'53) Flood 2002 e 0.95 (0.71, 1.26)
Voorrips 2000 4 086(069,1.08) - o " o (0'52‘ 0'39) Terry 2001 —a 0.84 (0.65, 1.09)
Subtotal (I-squared =21.9%, P=242) ¢} 0.92 (0.86, 0.99) Vuu?ri . 2000 - 0.82 (0'74‘ 1'15) Michels 2000 == 1.03 (0.77, 1.38)
ey P 1698 I 1100080 170  Voories 2000 —- 0.94 (0.75, 1.18)
o eanen " (0.80.1.70)  pietinen 1999 —+—  1.20(0.80, 1.90)
Kato 1997 ——e—— 1.49(0.82, 2.70) )
i Kato 1997 1.63 (0.92, 2.89)
Lee 2008 1.30 (0.80,1.90)  gyptotal (I-squared = 41.6%, P= 052) ) 0.90 (0.83.0.98)  guptotal (l-squared = 0.0%, P=537) O 0.91(0.86. 0.95)
van Duiinhoven 2009 4+ 0.76 (0.63, 0.91) A st A8
Nomura 2008 4 0.85(0.70, 1.04)  Golon cancer i
Park 2007 0.95 (0.83, 1.10) Duijnhs 2009 0.84 (0.71, 1.00 z
van Duijnhoven .84 (0.71,1.00)  van Duijnhoven 2009 ++ 0.85(0.71, 1.02)
Sato 2005 1.13(0.73,1.75)  Nomura 2008 0.80 (0.66,0.97)  Nomura 2008 4 0.85 (0.71, 1.01)
McCullough 2003 0.99(0.72,1.34)  Park 2007 1.06 (0.92,1.22)  Park 2007 1 0.84 (0.73, 0.96)
Terry 2001 0.81(0.59,1.13)  Sato 2005 145 (0.85,2.47)  Sato 2005 —1=—  124(079,195)
Michels 2000 1.08 (0.84, 1.38)  Tsubono 2005 0.92(0.70, 1.19)  Tsubono 2005 - 1.08 (0.80, 1.45)
Voorrips 2000 — 0.80 (0.60, 1.06)  Wu 2004 0.75(0.56, 1.00)  McCullough 2003 —a— 0.77 (0.57, 1.04)
Steinmetz 1994 — 0.89 (0.57,1.40)  McCullough 2003 0.94 (0.70,1.26)  Terry 2001 —.— 0.90 (0.66, 1.24)
Shibata 1992 —a— 0.94 (0.67, 1.31)  Terry 2001 0.76 (0.55, 1.06) Mlchg\s 2000 —— 1.00(0.72, 1.38)
Subtotal (I-squared = 12.9%, P=321) 0.91(0.84,0.99)  Voorrips 2000 0.92 (0.73, 1.15)  Voorrips 2000 —T 0.84 (0.63, 1.12)
Steinmetz 1994 0.86 (0.58, 1.29)  Steinmetz 1984 — 0.73 (0.47,1.13)
I i —— 0.98 (0.69, 1.38)
Rectal cancer Shibata 1992 0.74(0.53, 1.04)  Shibata 1992
tas 2008 — 88— 100(060,170) Subtotal (I-squared = 30.2%, P = .159) 0.89(0.81,0.97)  Subtotal (-squared =0.0% P=700) ¢ 0.87 (0.81,0.94)
van Duijnhoven 2009 1.09 (0.85, 1.40) Rochil Gandes
Nomura 2008 0.85 (0.61, 1.19) Rectal (.:am:er .
van Duijnhoven 2009 0.96(0.76, 1.21) ¥an Duijnhoven 2009 1.04 (0.81, 1.33)
Park 2007 1.01 (0.80, 1.27) ) i 1
Nomura 2008 0.79(0.57, 1.09)  Nomura <000 0:9010. 21 L01)
Sato 2005 [ 1120087189 2007 114090 143 Pk 2007 0.91(0.73, 1.14)
Terry 2001 —— 060(0.38,096) - Sios — s a3 27y S 2005 1.14 (0.67, 1.93)
Michels 2000 —— 0.99 (062, 1.56)  po oo 2008 e Tl 099(061 167) TSubOne 2005 1.00 (0.79, 1.27)
Voorrips 2000 —— 087 (0.68,1.39) g 2001 —— 0.54 (0'33‘ 0'39) Terry 2001 — 0.71(0.45, 1.12)
Zheng 1998 —— 0.97 (0.52,1.51)  ygomins 2000 B 079(0.55 115 chels 2000 o 117083219
Subtotal (-squared = 0.0%, P= 647) < 0.97 (0.86, 1.09) i e Voorrips 2000 B o 1.13{0.77, 1.65)
Lt il Subtotal (I-squared = 45.2%, P = .090) <P 0.91(0.76.1.09)  gSypiotal (l-squared = 0.0%, P= 590) <) 0.94 (085 1.04)
1 T T T T T

5 .761 1.6

6§ 761 15

Figure 2. Fruits and vegetables and colorectal cancer, high vs low analysis.

studies have provided biologic plausibility for the hypoth-
esis, 23 but epidemiological studies have been inconsistent.
Although the first report from the WCRF/AICR con-
cluded that there was convincing evidence that intake of
vegetables, but not fruit, protects against colorectal can-
cer, most of that evidence was based on case-control
studies,* which are liable to recall and selection biases.
These results were generally not supported by subsequent
cohort studies,>8-10.13.18-20 geveral reviews and meta-anal-
yses.23-26 In the second report from the WCRF/AICR, it
was stated that there was limited suggestive evidence that
fruit and nonstarchy vegetables protect against colorectal
cancer, thus a downgrading of the judgment of the evi-
dence since the first report.2” Our linear dose-response
analyses are consistent with the results from the second
WCRF/AICR report, with the exception of vegetables, for
which some recent large cohort studies333436.37 may have
contributed to the statistically significant inverse associa-
tion we found. However, in contrast to previous meta-
analyses, which have assumed a linear association between
fruit and vegetables and colorectal cancer risk,>3?7 we
found evidence of a nonlinear inverse association, with
the greatest risk reduction when increasing intake from
low levels. The lack of significance of the results in the
previous meta-analyses and for fruit in the present linear
dose-response analysis might be because the linear model
does not fit well with the data. Examining the shape of
the dose-response curve seems to be important to clarify
this association. This is compatible with the finding of a

significant inverse association in the high vs low meta-
analysis.

The possible limitations of our meta-analysis must be
taken into consideration. It is possible that the observed
inverse association between fruit and vegetable intake and
colorectal cancer risk could be due to unmeasured or
residual confounding. Higher intake of fruit and vegeta-
bles is often associated with other lifestyle factors, includ-
ing higher levels of physical activity, lower prevalence of
smoking and overweight/obesity and lower intakes of
alcohol and red and processed meat.3'32 However, most
of the studies included in this meta-analysis adjusted for
these and other potential confounders. Furthermore, in
subgroup and meta-regression analyses, we found no sig-
nificant heterogeneity between studies when stratified by
whether they adjusted for confounding factors or not.
Nevertheless, because we found weak associations and
because individuals with very low intake of fruit and
vegetables may have very different lifestyles compared
with the general population we cannot exclude the possi-
bility of residual confounding.

We did not find a consistent pattern of difference or
heterogeneity in the results by sex, or any other study
characteristics examined, except for geographic location,
which significantly modified the association between fruit
and vegetables combined and colorectal cancer risk. The
strongest inverse association was found among European
studies, but there was no evidence of a protective effect of
fruits and vegetables in Asian studies. It is not clear
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Table 2. Subgroup Analyses of Fruit and Vegetable Intakes and Colorectal Cancer, High vs Low Intake

Total fruit and vegetables Fruits Vegetables
n RR (95% Cl) P (%) Py P’ n RR (95% Cl) P (%) P&  BP n RR (95% Cl) P(%) P? PP
All studies 11 0.92 (0.86-0.99) 21.9 .24 14 0.90 (0.83-0.98) 41.6 .05 15 0.91 (0.86-0.96) 0 .53
Duration of follow-up
<10y 7 0.91(0.83-1.00) 385 .14 .52 11  0.93(0.85-1.01) 439 .06 .16 11  0.92(0.86-0.99) 171 .28 .97
=10y 4 0.97 (0.84-1.12) 0 .57 3 0.77 (0.64-0.91) 0 .64 4 0.92 (0.80-1.06) 0 .85
Sex
Men 5 0.87(0.79-0.97) 0 .63 042 7 0.94(0.87-1.02) 1.0 42 .26 7 0.91(0.83-1.01) 219 .26 75
Women 9 0.94 (0.83-1.06) 38.1 A1 11 0.87 (0.79-0.97) 32.3 .14 11 0.91 (0.84-0.98) 0 .64
Men¢ 5  0.88(0.80-0.97) 0 .58 039 6  0.88(0.80-0.98) 0 .60 .42 6  0.89(0.82-0.98) 0 59 71
Womend 5 0.96(0.82-1.13) 43.2 .13 6  0.93(0.85-1.02) 6.8 .37 6  0.90(0.83-0.99) 0 .64
Subsite
Colon 12 0.91(0.84-0.99) 129 .32 41 11 0.89(0.81-0.98) 329 .14 .72 11  0.87(0.81-0.94) 0 .70 .26
Rectum 10  0.97 (0.86-1.09) 0 .65 7 0.91(0.76-1.09) 45.2 .09 8  0.94(0.85-1.04) 0 .59
Colon® 7 0.89 (0.79-0.99) 33.9 A7 .35 7 0.92 (0.82-1.04) 47.6 .08 .99 8 0.88 (0.81-0.95) 0 .60 .33
Rectum/’ 7  0.97(0.85-1.10) 0 42 7 0.91(0.76-1.09) 452 .09 8  0.94(0.85-1.04) 0 .59
Proximal colon 5 0.89(0.77-1.02) 0 .80 .43 5  0.96(0.84-1.09) 0 .89 .99 6  0.89(0.78-1.01) 0 .65 .97
Distal colon 5 0.80 (0.68-0.94) 10 .35 5 0.96 (0.85-1.09) 0 .62 6 0.89 (0.79-1.01) 0 .58
Geographic location
Europe 3 0.84(0.75-0.93) 0 .55 .03 5 0.85(0.73-0.99) 409 .15 .31 5 0.92(0.83-1.02) 0 .73 .43
America 6 0.94 (0.86-1.02) 0 .64 6 0.91 (0.80-1.03) 48.6 .08 7 0.89 (0.83-0.96) 7.2 .37
Asia 2 1.17 (0.94-1.45) 0 .79 3 1.00 (0.79-1.28) 50.6 .13 3 1.02 (0.89-1.18) 0 .60
Number of cases
<500 5 0.95 (0.78-1.15) 49.6 .09 .63 8 0.96 (0.78-1.18) 60.2 .01 .55 8 0.98 (0.87-1.10) 3.0 41 .09
500 to <1500 3 0.97 (0.83-1.14) 12.0 .29 3 0.85 (0.75-0.97) (0] .61 4 0.96 (0.86-1.08) 0 .81
=1500 3 0.90(0.83-0.98) 0 .43 3 0.89(0.82-0.97) 182 .29 3 0.87(0.82-0.93) 0 .64
Adjustment for confounders
Alcohol
Yes 8  0.92(0.86-0.99) 0 .50 .89 11  0.92(0.85-0.99) 247 .21 .17 12  0.91(0.86-0.96) 0 .67 .93
No 3 0.92(0.71-1.19) 67.4 .05 3 0.83(0.62-1.12) 63.9 .06 3 0.95 (0.74-1.23) 54.6 A1
Smoking
Yes 7 0.93(0.86-1.00) 0 42 .65 10 0.92(0.84-1.01) 322 .15 .31 11  0.91(0.86-0.96) 0 .59 .97
No 4 0.90 (0.75-1.07) 52.5 .10 4 0.85 (0.69-1.04) 56.4 .08 4 0.93(0.79-1.09) 32.7 .22
Body mass index, weight,
WHR
Yes 6  0.92(0.83-1.02) 12.2 .34 .94 9 0.93(0.85-1.01) 2641 .21 .19 10 0.91(0.86-0.96) 0 .50 .96
No 5 0.92(0.81-1.04) 42.2 .14 5 0.82(0.67-0.99) 51.2 .09 5 0.92 (0.80-1.05) 11.7 .34
Physical activity
Yes 7 0.93(0.86-1.00) 0 42 .65 9 0.93(0.85-1.01) 264 .21 .19 10 0.91(0.86-0.96) 0 .50 .96
No 4 0.90 (0.75-1.07) 52.5 .10 5 0.82(0.67-0.99) 51.2 .09 5 0.92 (0.80-1.05) 11.7 .34
Red, processed meat
Yes 8  0.91(0.84-1.00) 233 .25 .73 7 0.90(0.78-1.04) 553 .04 .82 8 0.93(0.86-1.01) 0 79 41
No 3 0.95 (0.80-1.14) 43.6 A7 7 0.91 (0.82-1.01) 27.8 .22 7 0.92(0.83-1.02) 26.8 .22
Dairy products, calcium
intake
Yes 3 0.88 (0.76-1.00) 44.9 .16 .36 4 0.89(0.71-1.12) 66.6 .03 .66 4 0.91 (0.81-1.02) 0 .55 .85
No 8  0.95(0.86-1.05) 18.4 .29 10  0.91(0.83-0.99) 27.9 .19 11 0.92(0.86-0.98) 71 .38
Energy intake
Yes 8 0.91 (0.84-1.00) 23.3 .25 .73 11 0.92 (0.84-1.02) 44.9 .05 .35 12 0.93(0.87-0.99) 13.3 .31 .84
No 3 0.95(0.80-1.14) 436 .17 3 0.82(0.70-0.97) 194 .29 3 0.91(0.79-1.04) 0 91

NOTE. n denotes the number of risk estimates, the number of studies used is higher in some analyses as 1 publication reported a combined estimate for 2 studies (reference number 13).

WHR, waist-to-hip ration.

4P value for heterogeneity within each subgroup.

bp value for heterogeneity between subgroups with meta-regression analysis.

cdSubgroup analyses restricted to studies that reported results both for men and women.
efSubgroup analyses restricted to studies that reported results for both colon and rectum.

whether this is a chance finding, because there were only
2 Asian studies in this subgroup analysis, or whether it
could be due to genetic or other factors. It is also possible
that differences in the ranges of intake or differences in
the intake in the referent category could explain these
results. Because of the nonlinear association between fruit
and vegetables and colorectal cancer risk with the stron-
gest reduction at low levels of intake, it is possible that
some studies may have missed an effect because the intake
in the referent category already may have been sufficient
to reduce risk. For example, the mean intake of fruits and
vegetables in the reference category was 155 g/d for the
European studies, but it was 200 and 217 g/d for the
American and Asian studies, respectively. For fruits and
vegetables separately, the figures were 37 and 58 g/d for

European studies, 51 and 103 g/d for the American stud-
ies, and 48 g/d and 123 g/d for the Asian studies. Another
possibility is that the studies differ by types of fruits and
vegetables consumed. In addition, production methods,
storage conditions, nutrient content, and cooking and
preparation methods may also differ across studies. Fur-
ther cohort studies of specific fruits and vegetables and
colorectal cancer risk in different populations are needed.

Analyses of high vs low intakes are limited because true
differences in the level and range of intake between stud-
ies are not taken into account and this may contribute to
heterogeneity in the results. We also conducted linear and
nonlinear dose-response analyses. The data required for
dose-response analyses were not always present in the
articles, thus some studies were excluded from these anal-
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Figure 3. Fruits and vegetables and colorectal cancer, nonlinear dose-
response analysis.

yses and this could potentially influence the dose-re-
sponse results.*> However, when we repeated the high vs
low analyses with the same studies that were included in
the dose-response analysis, results were similar to the
original analyses. The results of the high vs low meta-
analyses are consistent with those of the nonlinear dose-
response analysis, whereas in general no association was
observed when linear models were used.

Measurement errors in the assessment of dietary intake
are known to bias effect estimates. We cannot exclude the
possibility that measurement errors might have resulted
in attenuated associations and that such attenuation
might explain, in part, why the associations we observed
are weak. Dietary changes after baseline can also attenuate
associations between dietary intake and cancer risk, how-
ever, only 2 of the included studies used repeated assess-
ments of diet and the results were similar when using only
the baseline questionnaire for the analyses.'® Almost all
the studies included in our meta-analysis used validated
food frequency questionnaires, but only one of the studies
corrected the risk estimates for measurement error.32 The
estimates did not differ substantially before and after
measurement error correction (RR = 0.98, 95% CI: 0.97-
1.00 vs 0.97, 95% CI: 0.93-1.01 per 100 g/d fruit and
vegetable intake, respectively). Any further studies might
benefit from incorporating biomarkers of fruit and vege-
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table intakes in the analyses.*® Finally, because all the
studies published to date have been conducted primarily
among middle-aged and older persons, we cannot exclude
the possibility that fruit and vegetable intakes in earlier
periods of life might protect more strongly against colo-
rectal cancer.

Although publication bias can be a problem in meta-
analyses of published studies, we found no statistical
evidence of publication bias in this meta-analysis and
there was also no asymmetry in the funnel plots when
inspected visually.

Several potential mechanisms might explain an inverse
association between fruit and vegetables and colorectal
cancer risk. Fruit and vegetables are good sources of fiber
that can prevent colorectal cancer by increasing stool
bulk, decreasing transit time in the colon, and diluting
potential carcinogens.?” We found an inverse association
between fruit and vegetable intake and colon cancer, but
little evidence of an inverse association with rectal cancer.
Fewer studies conducted analyses of rectal cancer, and
this might have limited our statistical power to detect an
association. However, as observed for physical activity,?” a
real difference in the effects on colon and rectal cancer
risk might also exist for fruit and vegetables. Both phys-
ical activity and high fiber intake can decrease the transit
time in the colon without altering the storage time in the
rectum and can account for the differences in the results
for the 2 sites, but other mechanisms might also explain
these observations. Fruit and vegetables are also good
sources of folate, which has been associated with de-
creased risk of colorectal cancer in a number of studies,*”
but not all studies.?” Folate plays an important role in
DNA methylation and is necessary for synthesis of thy-
mine. Folate deficiency can lead to misincorporation of
uracil instead of thymine into DNA#® and increase the
number of chromosomal breaks.*® In addition, fruit and
vegetables are good sources of various antioxidants, vita-
mins, minerals, and other bioactive compounds, includ-
ing flavonoids, carotenoids, glucosinolates, indoles, iso-
thiocyanates, and selenium, which might prevent cancer
by inducing the activity of detoxifying enzymes, reducing
oxidative stress and inflammation.? High intake of fruit
and vegetables can also decrease the risk of overweight/
obesity,’ which is an established risk factor for colorectal
cancer.?” The specific mechanism(s) that can explain the
threshold effect we observed warrant further investiga-
tion.

Our meta-analysis also has several strengths. Because
we based our analyses on prospective studies, we have
minimized the possibility that our findings might be due
to recall and selection bias. The studies included a larger
number of cases and participants than any previous meta-
analysis on the topic that we are aware of, with a total
of approximately 1.5-1.7 million participants and
11,800-16,000 cases. Thus, we had statistical power to
detect moderate and weak associations. It is likely that the
weak inverse associations found in this meta-analysis are
too weak to be detected in most individual cohort studies
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and only possible to detect in meta-analyses or pooled
analyses of numerous large cohort studies. Although the
size of the association did not differ significantly in anal-
yses stratified by study size, the overall associations were
statistically significant only in the strata of studies with
=1500 cases.

To our knowledge this is also the first meta-analysis to
explore the potential nonlinear association of fruit and
vegetable intake with colorectal cancer risk. Although
some caution is needed in interpreting the exact quanti-
ties and size of the risk estimates because of the measure-
ment errors associated with use of the dietary assessment
methods, our results indicate that there is a low threshold
level of between 100 and 200 g/d that can reduce risk
about 10%. Above that level there seems to be no addi-
tional benefit of increasing vegetable intake in terms of
colorectal cancer risk, and for fruit a slight further reduc-
tion with higher intakes is observed (an approximate 15%
reduction for an intake of 600 g/d). Thus, from a public
health perspective, targeting individuals and populations
with a low fruit and vegetable intake might be most
effective for colorectal cancer prevention. Nevertheless,
public health recommendations for a high fruit and veg-
etable intake are justified because of the greater reduc-
tions in risk of coronary heart disease,’! stroke,5? and
other cancers?” associated with higher levels of fruit and
vegetable intake.

In conclusion, our results suggest that there is a weak
and nonlinear inverse association between intake of fruit
and vegetables and colorectal cancer risk, with the greatest
reduction in risk when increasing intake from very low
levels. Further cohort studies are warranted to investigate
specific types of fruit and vegetables, the impact of mea-
surement errors on estimates, whether similar associa-
tions are found in non-white populations and using bio-
markers of fruit and vegetable intake.

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2011.04.013.

References

1. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. |. Epide-
miology. Cancer Causes Control 1991;2:325-357.

2. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. Il. Mecha-
nisms. Cancer Causes Control 1991;2:427-442.

3. Kelsay JL, Behall KM, Prather ES. Effect of fiber from fruits and
vegetables on metabolic responses of human subjects |. Bowel
transit time, number of defecations, fecal weight, urinary excre-
tions of energy and nitrogen and apparent digestibilities of energy,
nitrogen, and fat. Am J Clin Nutr 1978;31:1149-1153.

4. World Cancer Research Fund/American Institute of Cancer Re-
search. Food, nutrition and the prevention of cancer: a global
perspective. Washington, DC: World Cancer Research Fund/Amer-
ican Institute of Cancer Research, 1997.

5. Kato I, Akhmedkhanov A, Koenig K, et al. Prospective study of diet
and female colorectal cancer: the New York University Women’s
Health Study. Nutr Cancer 1997;28:276-281.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

FRUIT AND VEGETABLES AND COLORECTAL CANCER 117

. Hsing AW, McLaughlin JK, Chow WH, et al. Risk factors for colo-

rectal cancer in a prospective study among US white men. Int J
Cancer 1998;77:549-553.

. Zheng W, Anderson KE, Kushi LH, et al. A prospective cohort study

of intake of calcium, vitamin D, and other micronutrients in rela-
tion to incidence of rectal cancer among postmenopausal women.
Cancer Epidemiol Biomarkers Prev 1998;7:221-225.

. Pietinen P, Malila N, Virtanen M, et al. Diet and risk of colorectal

cancer in a cohort of Finnish men. Cancer Causes Control 1999;
10:387-396.

. Voorrips LE, Goldbohm RA, van Poppel G, et al. Vegetable and fruit

consumption and risks of colon and rectal cancer in a prospective
cohort study: The Netherlands Cohort Study on Diet and Cancer.
Am J Epidemiol 2000;152:1081-1092.

Michels KB, Giovannucci E, Joshipura KJ, et al. Prospective study
of fruit and vegetable consumption and incidence of colon and
rectal cancers. J Natl Cancer Inst 2000;92:1740-1752.

Flood A, Velie EM, Chaterjee N, et al. Fruit and vegetable intakes
and the risk of colorectal cancer in the Breast Cancer Detection
Demonstration Project follow-up cohort. Am J Clin Nutr 2002;75:
936-943.

Appleby PN, Key TJ, Burr ML, et al. Mortality and fresh fruit
consumption. IARC Sci Publ 2002;156:131-133.

McCullough ML, Robertson AS, Chao A, et al. A prospective study
of whole grains, fruits, vegetables and colon cancer risk. Cancer
Causes Control 2003;14:959-970.

Sauvaget C, Nagano J, Hayashi M, et al. Vegetables and fruit
intake and cancer mortality in the Hiroshima/Nagasaki Life Span
Study. Br J Cancer 2003;88:689-694.

Khan MM, Goto R, Kobayashi K, et al. Dietary habits and cancer
mortality among middle aged and older Japanese living in hok-
kaido, Japan by cancer site and sex. Asian Pac J Cancer Prev
2004;5:58-65.

Kojima M, Wakai K, Tamakoshi K, et al. Diet and colorectal cancer
mortality: results from the Japan Collaborative Cohort Study. Nutr
Cancer 2004;50:23-32.

Sanjoaquin MA, Appleby PN, Thorogood M, et al. Nutrition, life-
style and colorectal cancer incidence: a prospective investigation
of 10998 vegetarians and non-vegetarians in the United Kingdom.
Br J Cancer 2004;90:118-121.

Lin J, Zhang SM, Cook NR, et al. Dietary intakes of fruit, vegeta-
bles, and fiber, and risk of colorectal cancer in a prospective
cohort of women (United States). Cancer Causes Control 2005;
16:225-233.

Sato Y, Tsubono Y, Nakaya N, et al. Fruit and vegetable consump-
tion and risk of colorectal cancer in Japan: The Miyagi Cohort
Study. Public Health Nutr 2005;8:309-314.

Tsubono Y, Otani T, Kobayashi M, et al. No association between
fruit or vegetable consumption and the risk of colorectal cancer in
Japan. Br J Cancer 2005;92:1782-1784.

Terry P, Giovannucci E, Michels KB, et al. Fruit, vegetables, dietary
fiber, and risk of colorectal cancer. J Natl Cancer Inst 2001;93:
525-533.

McCarl M, Harnack L, Limburg PJ, et al. Incidence of colorectal
cancer in relation to glycemic index and load in a cohort of women.
Cancer Epidemiol Biomarkers Prev 2006;15:892-896.

Riboli E, Norat T. Epidemiologic evidence of the protective effect of
fruit and vegetables on cancer risk. Am J Clin Nutr 2003;
78(Suppl):559S-569S.

Vainio H, Weiderpass E. Fruit and vegetables in cancer prevention.
Nutr Cancer 2006;54:111-142.

Koushik A, Hunter DJ, Spiegelman D, et al. Fruits, vegetables, and
colon cancer risk in a pooled analysis of 14 cohort studies. J Natl
Cancer Inst 2007;99:1471-1483.

Huxley RR, Ansary-Moghaddam A, Clifton P, et al. The impact of
dietary and lifestyle risk factors on risk of colorectal cancer: a
quantitative overview of the epidemiological evidence. Int J Cancer
2009;125:171-180.

CLINICAL AT



http://www.gastrojournal.org
http://dx.doi.org/10.1053/j.gastro.2011.04.013
http://dx.doi.org/10.1053/j.gastro.2011.04.013

118 AUNE ET AL

27. World Cancer Research Fund/American Insitute for Cancer Re-
search. Food, nutrition, physical activity and the prevention of
cancer: a global perspective. Washington, DC: American Insitute
for Cancer Research, 2007.

28. Park Y, Subar AF, Kipnis V, et al. Fruit and vegetable intakes and
risk of colorectal cancer in the NIH-AARP diet and health study.
Am J Epidemiol 2007;166:170-180.

29. Nomura AM, Wilkens LR, Murphy SP, et al. Association of vege-
table, fruit, and grain intakes with colorectal cancer: the Multieth-
nic Cohort Study. Am J Clin Nutr 2008;88:730-737.

30. Butler LM, Wang R, Koh WP, et al. Prospective study of dietary
patterns and colorectal cancer among Singapore Chinese. Br J
Cancer 2008;99:1511-1516.

31. George SM, Park Y, Leitzmann MF, et al. Fruit and vegetable
intake and risk of cancer: a prospective cohort study. Am J Clin
Nutr 2009;89:347-353.

32. van Duijnhoven FJ, Bueno-de-Mesquita HB, Ferrari P, et al. Fruit,
vegetables, and colorectal cancer risk: the European Prospective
Investigation into Cancer and Nutrition. Am J Clin Nutr 2009;89:
1441-1452.

33. Lee SA, Shu XO, Yang G, et al. Animal origin foods and colorectal
cancer risk: a report from the Shanghai Women’s Health Study.
Nutr Cancer 2009;61:194-205.

34. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
BMJ 2009;339:b2535.

35. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177-188.

36. Hamling J, Lee P, Weitkunat R, et al. Facilitating meta-analyses by
deriving relative effect and precision estimates for alternative
comparisons from a set of estimates presented by exposure level
or disease category. Stat Med 2008;27:954-970.

37. Greenland S, Longnecker MP. Methods for trend estimation from
summarized dose-response data, with applications to meta-anal-
ysis. Am J Epidemiol 1992;135:1301-1309.

38. Royston P. A strategy for modelling the effect of a continuous
covariate in medicine and epidemiology. Stat Med 2000;19:
1831-1847.

39. Bagnardi V, Zambon A, Quatto P, et al. Flexible meta-regression
functions for modeling aggregate dose-response data, with an
application to alcohol and mortality. Am J Epidemiol 2004;159:
1077-1086.

40. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539-1558.

41. Egger M, Davey SG, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629-634.

42. Shibata A, Paganini-Hill A, Ross RK, et al. Intake of vegetables,
fruits, beta-carotene, vitamin C and vitamin supplements and
cancer incidence among the elderly: a prospective study. Br J
Cancer 1992;66:673-679.

43. Steinmetz KA, Kushi LH, Bostick RM, et al. Vegetables, fruit, and
colon cancer in the lowa Women’s Health Study. Am J Epidemiol
1994;139:1-15.

44. Wu K, Hu FB, Fuchs C, et al. Dietary patterns and risk of colon
cancer and adenoma in a cohort of men (United States). Cancer
Causes Control 2004;15:853-862.

45. Bekkering GE, Harris RJ, Thomas S, et al. How much of the data
published in observational studies of the association between

GASTROENTEROLOGY Vol. 141, No. 1

diet and prostate or bladder cancer is usable for meta-analysis?
Am J Epidemiol 2008;167:1017-1026.

46. Jenab M, Riboli E, Ferrari P, et al. Plasma and dietary vitamin C
levels and risk of gastric cancer in the European Prospective
Investigation into Cancer and Nutrition (EPIC-EURGAST). Carcino-
genesis 2006;27:2250-2257.

47. Kim DH, Smith-Warner SA, Spiegelman D, et al. Pooled analyses
of 13 prospective cohort studies on folate intake and colon can-
cer. Cancer Causes Control 2010;21:1919-1930.

48. Wickramasinghe SN, Fida S. Bone marrow cells from vitamin B12-
and folate-deficient patients misincorporate uracil into DNA. Blood
1994;83:1656-1661.

49. Blount BC, Mack MM, Wehr CM, et al. Folate deficiency causes
uracil misincorporation into human DNA and chromosome break-
age: implications for cancer and neuronal damage. Proc Natl Acad
Sci U S A 1997;94:3290-3295.

50. He K, Hu FB, Colditz GA, et al. Changes in intake of fruits and
vegetables in relation to risk of obesity and weight gain among
middle-aged women. Int J Obes Relat Metab Disord 2004;28:
1569-1574.

51. He FJ, Nowson CA, Lucas M, et al. Increased consumption of fruit
and vegetables is related to a reduced risk of coronary heart
disease: meta-analysis of cohort studies. J Hum Hypertens 2007;
21:717-728.

52. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consump-
tion and stroke: meta-analysis of cohort studies. Lancet 2006;
367:320-326.

Received January 17, 2011. Accepted April 5, 2011.

Reprint requests

Address requests for reprints to: Dagfinn Aune, MS, Department of
Epidemiology and Biostatistics, School of Public Health, Imperial
College London, St. Mary’s Campus, Norfolk Place, Paddington,
London W2 1PG, UK. e-mail: d.aune@imperial.ac.uk; fax: +44-020-
7594-0768.

Acknowledgments

We thank the systematic literature review team at the
Wageningen University for their contributions to the colorectal cancer
database. The systematic literature review team at Wageningen
University conducted the search, data selection, and data extraction
up to June 2006.

Conflicts of interest
The authors disclose no conflicts.

Funding

This work was funded by the World Cancer Research Fund (grant
number 2007/SP01) as part of the Continuous Update Project. The
views expressed in this review are the opinions of the authors. They
may not represent the views of the World Cancer Research Fund
International/American Institute for Cancer Research and may differ
from those in future updates of the evidence related to food,
nutrition, physical activity and cancer risk. The sponsor of this study
had no role in the decisions about the design and conduct of the
study, collection, management, analysis or interpretation of the data
or the preparation, review or approval of the manuscript.


mailto:d.aune@imperial.ac.uk

	Nonlinear Reduction in Risk for Colorectal Cancer by Fruit and Vegetable Intake Based on Meta-an ...
	Materials and Methods
	Search Strategy
	Study Selection
	Data Extraction
	Statistical Methods

	Results
	Total Fruit and Vegetables
	High vs low analysis
	Dose-response analysis

	Fruits
	High vs low analysis
	Dose-response analysis

	Vegetables
	High vs low analysis
	Dose–response analysis

	Publication Bias, Subgroup, and Sensitivity Analyses

	Discussion
	Supplementary Material
	Acknowledgments
	References


