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Background: Epidemiological studies have reported inconsistent associations between cruciferous vegetable (CV)
intake and colorectal cancer (CRC) risk. To our knowledge, a comprehensive and quantitative assessment of the

association between CV intake and CRC has not been reported.

Methods: Relevant articles were identified by searching MEDLINE. We pooled the relative risks (RR) from individual
studies using a random-effect model and carried out heterogeneity and publication bias analyses.

Results: Twenty-four case—control and 11 prospective studies were included in our analysis. When all studies were
pooled, we yielded a significantly inverse association between CV (RR: 0.82; 95% confidence interval 0.75-0.90) intake
and CRC risk. Specific analysis for cabbage and broccoli yielded similar result. When separately analyzed, case—control
studies of CV intake yield similar results, and the results from the prospective studies showed borderline statistical
significance. Moreover, significant inverse associations were also observed in colon cancer and its distal subsite both

among prospective and case—control studies.

Conclusions: Findings from this meta-analysis provide evidence that high intake of CV was inversely associated with
the risk of CRC and colon cancer in humans. Further analysis on other specific CV, food preparation methods, stratified
results by anatomic cancer site, and subsite of colon cancer should be extended in future study.
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introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer worldwide in males and the second in females, with over
1.2 million new cases diagnosed in 2008 accounting for 9.7% of
all incident cancers [1]. Epidemiological and experimental
studies have provided strong evidence that smoking, physical
inactivity, overweight and obesity can cause CRC [2]. Despite
the role of diet as a contributing factor in CRC development,
convincing evidence only demonstrated that intakes of alcohol
(among males) and red and processed meat are considered to
be dietary causes of CRC [3].

Cruciferous vegetables (CV) contain a variety of bioactive
components such as folate, vitamin C, tocopherols, and
carotenoids [4]. However, the most frequently attributable
anticancer constituent of CV is glucosinolates (GLS), the
precursors of isothiocyanates (ITCs) as well as indole-3-
carbinol (I3C), which may contribute to reduce risk of CRC.
Evidence from animal studies has indicated that the joint
induction of phase I (i.e. cytochrome P450s) and phase II
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enzymes (e.g. glutathione S-transferases, GST) by a variety of
CV results in a favorable metabolic profile for the elimination
of certain chemical carcinogens [5, 6]. On the other hand, CV
as a good source of dietary fiber which can prevent CRC by
several plausible mechanisms, including increased fecal bulk
and dilution of carcinogens in the colonic lumen, reduced
transit time, and bacterial fermentation of fiber to short-chain
fatty acids [7, 8]. In an updated report from the World Cancer
Research Fund and the American Institute for Cancer Research
(WCREF/AICR), dietary fiber intake has been upgraded as a
convincing protective dietary factor for CRC [9].

A recent meta-analysis which included 19 prospective
studies reported that there is a weak but statistically significant
inverse association between vegetable intake and CRC
[summary relative risk (RR): 0.91; 95% confidence interval (CI)
0.86-0.96] [10]. Nevertheless, the epidemiological results of
whether intake of CV may protect against CRC are still
controversial. Some epidemiological reviews published in the
mid-1990s [11, 12] indicated an inverse association between
CV intake and CRC, but some cohort studies have cast doubt
on the strength of the inverse association between CV intake
and CRC risk [13-16]. Therefore, we carried out a meta-
analysis on all prospective and case—control studies published
up to April 2012 to evaluate the relationship between CV
intake and CRC.
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methods

literature search

We carried out a comprehensive literature search up to April 2012 using
the MEDLINE (PubMed), with restrictions to the studies of humans and
articles published in English using the following search key words and
medical subject heading terms: (Brassicaceae OR Brassica OR cruciferous
vegetables OR broccoli OR cabbage OR cauliflower OR Brussels sprouts
OR mustard plants OR sauerkraut OR cole slaw OR collards OR bok choy
OR turnip greens OR vegetables) AND (colorectal OR colorectum OR
colon OR rectal OR rectum) AND (cancer OR neoplasm OR carcinoma
OR tumor). Furthermore, we also searched the reference lists of all
included studies. We followed standard criteria for conducting and
reporting meta-analyses [17].

study selection criteria

Published studies were included if they (i) used a case-control or
prospective study design; (ii) evaluated the association between CV intake
and CRC risk; (iii) presented odds ratio (OR), RR, or hazard ratio (HR)
estimates with 95% CI, standard errors (SE), or data necessary to calculate
these. When multiple publications from the same study were available, we
used the publication with the largest number of cases and most applicable
information.

data abstraction and quality assessment

For each eligible study, two investigators (Q-JW and YY) independently
carried out the eligibility evaluation, data abstraction, and quality
assessment; disagreements were resolved by consensus. Data abstracted
from each study included are as follows: the first author’s last name, year of
publication, study region and design, study sample size (number of cases
and controls or cohort size), age range or the mean age of studies, duration
years of follow-up for cohort studies, measures and types of CV and intake
categories, study-specific adjusted ORs or RRs with their 95% ClIs for the
highest versus lowest category of CV intake (if multiple estimates were
available, we abstracted the estimate that adjusted for the most covariates),
and factors matched by or adjusted for in the design or data analysis.

To assess the study quality, a 10-star system on the basis of the
Newcastle-Ottawa Scale [18-21] was used in this meta-analysis. The full
score was 10 and the high-quality study was defined as a study with quality
scores >7.

statistical analysis

The study-specific adjusted RRs were used as the common measure of
association across studies. Because the absolute risk of CRC is low in
human, the ORs in case-control studies should approximate the RRs or
HRs; therefore, we reported all results as RRs for simplicity. Some studies
presented individual risk estimates according to the different types of CV
and did not report the effect of total CV intake. In this situation, the study-
specific effect size in overall analysis was calculated by pooling the risk
estimates of the various CV types, using the inverse-variance method [22].
For studies that reported results separately for males and females or
proximal and distal colon or colon and rectal cancer, but not combined, we
pooled the results using a fixed-effect model to obtain an overall combined
estimate before combining with the rest of the studies [8, 10].

The possible heterogeneity in results across studies was examined by
using the Cochran Q and I? statistics [23]. For the Q statistic, a P-value
<0.1 was considered to be representative of statistically significant
heterogeneity. I represents the proportion of total variation contributed by
between-study variation [23]. When substantial heterogeneity was detected,
the summary estimate based on the random-effect model (DerSimonian—
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Laird method) [24] was reported, which assumes that the studies included
in the meta-analysis had varying effect sizes. Otherwise, the summary
estimate based on the fixed-effect model (the inverse variance method) [25]
was reported, which assumes that the studies included in the meta-analysis
had the same effect size. Summary estimates were calculated for CV,
cabbage, and broccoli intakes. Heterogeneity between subgroups was
evaluated by meta-regression in our analysis. Subgroup analyses were
carried out based on study quality, study design (prospective versus case—
control studies), type of control subjects for case-control (population-
based versus hospital-based controls), geographic location (Europe,
America, and Asia), gender (males versus females), anatomic site of CRC
(colon versus rectum cancer), and cancer subsite of colon (proximal versus
distal colon cancer). Moreover, we carried out sensitivity analyses excluding
one study at a time to explore whether the results were strongly influenced
by a specific study.

Publication bias was evaluated via Egger’s linear regression [26], Begg’s
rank correlation methods [27] and funnel plots. A P-value <0.05 for
Egger’s or Begg’s tests was considered representative of significant statistical
publication bias. Statistical analyses were carried out with Stata (version
11.0; StataCorp, College Station, TX), and all statistical tests were two-
sided.

results

literature search

We identified 1147 potentially relevant articles from our search
of the PubMed databases. Of these, 1096 articles were excluded
after the first screening based on abstracts or titles, leaving 51
articles for full-text review. Handsearching of the bibliographic
references of these articles identified two additional articles
[28, 29], of a total of 53 articles for full-text review. Figure 1
shows a flow diagram, identifying the relevant studies. After
exclusion, the remaining 35 articles [13-16, 28-58] were
included in the systematic review and meta-analysis.

study characteristics and quality assessment

Characteristics of the 35 included articles are shown in
supplementary Table S1, available at Annals of Oncology
online. All included articles, which included 24 275 cases and
1295 063 subjects, were published between 1978 and 2012,
consisting of 11 prospective studies (10 cohort studies [13-16,
29, 31-35], one nested case—control study [30]) and 24 case—
control studies [28, 36-58] in which 2 articles [38, 39] using
the same control population reported the results of colon and
rectum cancer separately. Hence we pooled the results of these
two studies. Of the 11 prospective studies, eight were
conducted in the United States [13, 14, 16, 29, 31-34], one
each in China [30], Finland [15], and The Netherlands [35].
Sample sizes ranged from 17 633 [29] to 488 043 [13], and the
number of CRC cases varied from 145 [29] to 2972 [13].

Of the 24 case—control studies, 6 were conducted in
the United States [40, 47, 52, 55, 56, 58], 3 in Australia
[36, 49, 57], 2 each in Canada [38, 39], Singapore [44, 54],
Italy [28, 51], Japan [42, 48], and the UK [41, 46], one each
in China [43], Spain [53], India [37], Russia [50], and
Uruguay [45]. The number of patients enrolled in these studies
ranged from 43 [52] to 3575 [28], and the number of control
subjects varied from 41 [52] to 31 782 [48]. Control subjects
were drawn from the general population in 12 studies [36, 38-
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Figure 1. Selection of studies for inclusion in meta-analysis

41, 43, 44, 46, 49, 55-57], hospitals in 8 studies [28, 37, 42, 45,
47, 48, 51, 54], or both in 3 studies [50, 53, 58].

Study-specific quality scores are summarized in
supplementary Tables S2 and S3, available at Annals of
Oncology online. The range of quality scores was from 4 to 9;
the median score was 7. The median scores of prospective and
case—control studies were 7 and 6, separately. High-quality
studies (i.e. those studies that had 7 awarded stars) included 10
prospective [13-15, 29-35] and 11 case—control studies [28, 36,
38, 39, 42-46, 49, 57].

cruciferous vegetables

In a random-effect pooled analysis of these studies, high-CV
intake (comparing the highest with the lowest category) was
associated with a reduced CRC risk (RR: 0.82; 95% CI 0.75-
0.90) (Table 1). Statistically significant heterogeneity was
observed in the study results (Q = 98.57, P <0.001, I? = 66.5%).
There was no indication of publication bias with Egger’s test
(P=0.08) or with Begg’s test (P =0.218).

cabbage

One cohort [16] and eight case—control studies [37, 42, 48-50,
52, 56, 58] investigated the association between cabbage intake
and CRC risk. In a fixed-effect pooled analysis of these studies,
high cabbage intake (comparing the highest with the lowest
category) was associated with a reduced risk of CRC (RR: 0.76;
95% CI 0.60-0.97) (Table 1, Figure 2). There was moderate
heterogeneity among the nine studies (Q = 19.20, P =0.234,

I? = 58.3%), and no publication bias was found by the Egger’s
test (P =0.196) or with Begg’s test (P =0.917).

broccoli

Three cohort studies [16, 31, 34] and three case—control studies
[42, 46, 49] investigated the association between broccoli intake
and CRC risk. The summary RR was 0.82 (95% CI 0.65-1.02),
borderline significant, for high broccoli intake (comparing the
highest with the lowest category) (Table 1, Figure 3), with
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moderate heterogeneity (Q =11.07, P=0.05, I 2=54.8%), and
no publication bias was found by the Egger’s test (P =0.164) or
with Begg’s test (P =0.260).

subgroup and sensitivity analyses

In subgroup analyses of CV intake and CRC, all strata showed
inverse associations but some associations were not statistically
significant (Table 1). Similar results were observed for the
intake of cabbage. Although the summary results of broccoli
intake were not significant, there were inverse associations in
all the strata and some showed statistically significance

(Table 1). However, considering study design is the source of
heterogeneity of CV intake and CRC (P-value for meta-
regression = 0.025), we separated the studies by study design
and carried out the subgroup analysis (supplementary

Table S4, available at Annals of Oncology online).

In a sensitivity analysis of CV intake and CRC risk, we
sequentially removed one study at a time and re-analyzed the
data. The 36 study-specific RRs ranged from a low of 0.81
(95% CI 0.74-0.88) after omitting the study by Pietinen et al.
[15] to a high of 0.84 (95% CI 0.78-0.92) after omitting the
study by Kune et al. [57], but were in general similar.
Meanwhile, we removed six studies [40, 51, 53, 55, 57, 58]
in which RRs and 95% CI were not reported but calculated
from raw data. The result from this analysis (RR: 0.88; 95%
CI 0.81-0.95) was similar. Like CV intake, similar sensitivity
analyses for cabbage and broccoli did not significantly change
the results (data not shown). Furthermore, we chose not using
the inverse-variance method to pool the risk estimates of the
various CV types—the result also was robust (RR: 0.85; 95%
CI 0.77-0.93).

discussion

To our knowledge, this is the first meta-analysis evaluating an
association between CV intake and CRC. In general, the results
of this meta-analysis suggested that intake of CV may reduce
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Table 1. Summary risk estimates of the association between cruciferous vegetable consumption and colorectal cancer risk

Overall studies

CcvV 35 0.82 (0.75-0.90) 98.57 66.5 <0.001 -
Cabbage 9 0.76 (0.60-0.97) 19.20 58.3 0.014 -
Broccoli 6 0.82 (0.65-1.02) 11.07 54.8 0.050 =
Subgroup analyses for CV
High-quality studies (scores >7) 20 0.88 (0.80-0.97) 48.57 60.9 <0.001 0.046
Study design
Prospective studies 11 0.93 (0.87-1.00) 15.40 35.1 0.118 0.025
Case—control studies 23 0.74 (0.65-0.84) 74.37 70.4 <0.001
Type of control subjects
Population based 11 0.79 (0.66-0.93) 35.18 71.6 <0.001 0.487
Hospital based 9 0.71 (0.56-0.89) 30.76 74.0 <0.001
Geographic location
Europe 10 0.89 (0.76-1.04) 24.23 62.8 0.004 0.822
America 14 0.81 (0.72-0.92) 34.51 62.3 0.001
Asia 7 0.82 (0.64-1.05) 16.86 64.4 0.010
Gender
Male 16 0.80 (0.69-0.93) 54.75 72.6 <0.001 0.546
Female 16 0.87 (0.77-0.98) 29.26 48.7 0.015
Anatomic cancer site
Colon 16 0.78 (0.69-0.89) 37.06 59.5 0.001 0.225
Rectum 9 0.91 (0.74-1.13) 21.21 62.3 0.007
Cancer subsite of colon
Proximal 6 0.80 (0.67-0.95) 8.66 423 0.123 0.709
Distal 6 0.74 (0.56-0.98) 13.84 63.9 0.017
Adjustment for confounders
Body mass index
Yes 14 0.90 (0.85-0.95) 16.58 21.6 0.219 0.020
No 19 0.70 (0.59-0.83) 72.10 75.0 <0.001
Alcohol
Yes 15 0.89 (0.84-0.94) 21.07 33.5 0.100 0.061
No 19 0.73 (0.61-0.86) 73.77 75.6 <0.001
Physical activity
Yes 13 0.90 (0.85-0.96) 15.62 232 0.209 0.060
No 21 0.72 (0.59-0.88) 63.05 76.2 <0.001
Total energy intake
Yes 16 0.90 (0.85-0.95) 16.14 7.0 0.373 0.014
No 18 0.71 (0.59-0.85) 75.87 77.6 <0.001
Meat intake
Yes 9 0.92 (0.85-0.99) 7.63 0 0.470 0.290
No 25 0.78 (0.69-0.89) 86.33 72.2 <0.001
Family history of CRC/adenomatous polyposis
Yes 13 0.93 (0.87-0.99) 15.76 23.9 0.202 0.020
No 21 0.73 (0.64-0.84) 73.43 72.8 <0.001
Smoking status
Yes 14 0.91 (0.86-0.97) 18.58 30.0 0.137 0.019
No 20 0.72 (0.62-0.84) 72.68 73.9 <0.001
Subgroup analyses for cabbage
High-quality studies (scores >7) 2 0.88 (0.55-1.39) 0 0 0.935 0.633
Study design
Prospective studies 1 0.96 (0.54-1.72) N/A N/A N/A 0.557
Case—control studies 8 0.74 (0.57-0.97) 18.98 63.1 0.008
Subgroup analyses for broccoli
High-quality studies (scores >7) 5 0.86 (0.76-0.97) 10.55 43.1 0.103 0.576
Continued
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Table 1. Continued

Study design
Prospective studies 3 0.91 (0.80-1.03) 1.41 0 0.494 0.359
Case—control studies 3 0.60 (0.32-1.13) 7.32 72.7 0.026

CI, confidence interval; CV, cruciferous vegetables; N/A, not available; RR, relative risk.
*P-value for heterogeneity within each subgroup.
**P-value for heterogeneity between subgroups with meta-regression analysis.

Figure 2. Forest plot (random-effect model) of cabbage consumption and colorectal cancer risk. Squares indicate study-specific relative risks (size of the
square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; the diamond indicates the summary relative risk estimate with its 95%
CIL. CI, confidence interval; F, females; M, males; RR, relative risk.

Figure 3. Forest plot (random-effect model) of broccoli consumption and colorectal cancer risk. Squares indicate study-specific relative risks (size of the
square reflects the study-specific statistical weight); horizontal lines indicate 95% ClIs; the diamond indicates the summary relative risk estimate with its 95%
CI. CI, confidence interval; F, females; RR, relative risk.
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the risk of CRC in humans (comparing the highest with the
lowest category). Specific analysis for cabbage yielded similar
inverse association but the result of broccoli showed borderline
significance. Our findings from the case-control studies
suggested a reduction between CV intake and CRC risk, but
the results from the prospective studies showed borderline
statistical significance (Table 1, Figures 4 and 5). Additionally,
we also observed significant inverse associations in colon
cancer and its distal cancer subsite among both prospective
and case—control studies (supplementary Table S4, available at
Annals of Oncology online).

The inverse association between CV intake and risk of CRC
is biologically plausible. CV is a good source of GLS which can
be hydrolyzed by the plant enzyme myrosinase into
biologically active compounds (ITCs and I3C). Nonetheless,
the anti-carcinogenic actions of GLS are commonly attributed
to ITCs. The CRC cancer-protective effects of CV and their
GLS breakdown products likely involve complex interactions of
several mechanisms: the modulation of xenobiotic-
metabolizing enzymes to protect against chemically induced
tumors [59], antioxidant effects, and the induction of apoptosis
and cell-cycle arrest [60, 61]. Furthermore, evidence from
animal models of colon cancer also showed that CV has
generally been shown to inhibit chemical carcinogenesis [60,
62]. On the other hand, CV are good sources of fiber which
can prevent CRC by several plausible mechanisms, including
increased fecal bulk and dilution of carcinogens in the colonic
lumen, reduced transit time, and bacterial fermentation of fiber
to short-chain fatty acids [7, 8].

Compared with retrospective studies, prospective studies are
less susceptible to bias (e.g. recall bias, selection bias) due to
their nature. Furthermore, case-control studies had a lower
median quality score than prospective studies (6 versus 7). In
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the subgroup analyses of CV intake and CRC risk by study
quality, we observed that the magnitude of risk reduction
reported in high-quality studies was weaker than that reported
in the overall analysis (18% versus 12%), which indicated that
the association may have been changed by poor study
methodologies. Likewise, in the subgroup analyses by type of
control subjects, the protective effect in hospital-based control
subjects was stronger than that in population-based ones
(Table 1), which might mean hospital-based case-control
studies more inclined to selection bias [19].

For the subgroup analysis of CV intake and CRC risk by
anatomic CRC site and subsite of colon cancer, we observed
a statistically significant inverse association between CV
intake and colon cancer and its proximal and distal subsites.
These results are consistent with a recent meta-analysis of the
relation between fruit and vegetable and CRC [10] and a
large cohort study in The Netherlands [35]. However, the
result of a study in 2007 that has pooled 14 prospective
cohorts showed that associations with colon cancer risk are
not significant [pooled multivariate RR: 0.99 (95% CI 0.93-
1.06) for the highest tertile versus lowest] for CV [63].
Compared with the number of studies on colon cancer, fewer
studies conducted analyses of rectal cancer (16 versus 9),
which may diminish our statistical power to detect an
association. Thus, more prospective and well-designed studies
should focus on this.

As with all meta-analyses, several limitations must be
addressed. First, as the observational nature of the data, it is
possible that the observed significant inverse association
between CV intakes and CRC risk could be due to unmeasured
or residual confounding. Higher intake of CV may be
associated with other health behaviors (e.g. higher levels of PA,
lower intakes of alcohol, and red meat). However, many of the

Figure 4. Forest plot (fixed-effect model) of cruciferous vegetables consumption and colorectal cancer risk in prospective studies. Squares indicate study-

specific relative risks (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% ClIs; the diamond indicates the summary

relative risk estimate with its 95% CI. CI, confidence interval; F, females; M, males; RR, relative risk.
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Figure 5. Forest plot (random-effect model) of cruciferous vegetables consumption and colorectal cancer risk in case-control studies. Squares indicate

study-specific relative risks (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; the diamond indicates the

summary relative risk estimate with its 95% CI. CI, confidence interval; M, males; RR, relative risk.

studies adjusted for known confounding factors (e.g. BMI,
alcohol consumption, PA). In addition, the results generally
showed inverse association in the subgroup analyses when we
stratified the results according to adjustment for confounding
factors or other study characteristics. Second, because most
studies used FFQ to assess CV intake, our results may have
been influenced by misclassification. On the other hand,
exposure levels of ITCs can be further affected by different food
preparation methods [64]. Boiling CV results in a 30%-60%
loss of intact GLS due to thermal degradation and leaching
[65]. However, none of the studies separates the CV intake by
cooking methods. Therefore, future epidemiological studies
should consider whether the inverse association of CV will be
affected by the food preparation methods. Third, significant
heterogeneity and possible publication bias must be
considered. There was significant heterogeneity for all studies
combined (Q = 98.57, P <0.001, I* = 66.5%) in the pooled
analysis of CV intake. This could be explained by many
factors, mainly the design of this study (Table 1). Publication
bias can be a problem in meta-analyses of published studies
but we found no statistical evidence of publication bias in this
meta-analysis. Last but not least, due to different methods used
to report CV intake among studies and because we did not
attempt to contact the authors for additional information, we
failed to carry out a dose-response analysis between CV intake
and CRC.

The strengths of this meta-analysis include a large sample
size with 24 275 cases and 1295 063 subjects which provided
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sufficient power to detect the putative association between CV
intake and CRC, although compared with CV, fewer studies
and cases were included in the subgroup analyses of cabbage
and broccoli. The relatively large number of included studies
also allowed us to conduct subgroup analyses according to a
number of study characteristics to identify potential sources of
heterogeneity.

In summary, this meta-analysis suggested that high intake of
CV can decrease risk of CRC and colon cancer. More in-depth
studies are warranted to report more detailed results, including
other specific vegetables within the CV family, stratified results
by anatomic cancer site, subsite of colon cancer, food
preparation methods, or adjustment for potential confounders.
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