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etables of the Brassica genus, these include cabbage, brussel
sprouts, and broccoli (3).
Like other vegetables, cruciferous vegetables contain a
number of phytochemicals with potential cancer chemopreventive properties, including carotenoids, vitamin C, fiber,
and flavonoids. However, what makes them unique is that
they are rich sources of glucosinolates (4). The breakdown
of plant cells triggers the enzymatic myrosinase activity,
which hydrolyzes glucosinolates into the biologically active
compound isothiocyanate (ITC). ITCs exert their protective
effects via multiple mechanisms, including inhibition of
carcinogen-activating enzymes, inhibition of angiogenesis,
detoxification of carcinogens, induction of apoptosis, and arrest
of cell cycle progression (5).
Based on our understanding, we expect to see an inverse association between cruciferous vegetable intake and the risk of
developing colorectal neoplasms. However, the data accumulated to date has been weak and inconsistent. Results of large
prospective cohort studies and case-control studies taking into
account individual genetic variation suggest that the relationship
may be complicated by genetics, in particular polymorphism of
GST, a phase II conjugating enzyme (6).
GSTs are important in metabolizing ITCs, hence, the protective effect of cruciferous vegetables may predicate on GST
genotype (6). GSTM1 and GSTT1 are the 2 variants most freINTRODUCTION
quently studied (7). One hypothesis is that individuals with the
Epidemiologic studies suggest that diet is an important en- null genotype of the GSTM1 or GSTT1 polymorphism would
vironmental factor that contributes to the etiology of colorectal less readily conjugate and excrete ITCs, and hence would exneoplasms (1). Moreover, consumption of vegetables of the fam- perience a greater protective effect against colorectal neoplasm
ily Cruciferae, rather than vegetables as a group, have drawn a development (8). Such effect has been observed among individgreat deal of attention in cancer research because of their po- uals who were null for both GSTM1 and/or GSTT1 colorectum,
tential protective properties (2). The most commonly consumed lung and breast. However, a recent meta-analysis showed that
group of cruciferous vegetables in the Western diet are veg- null genotypes conferred additional risk for colorectal cancer
in Caucasian populations (9). The type of cruciferae consumed
may also influence the protective outcome against developing
colorectal neoplasms. Certain cruciferae, broccoli for example,
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Evidence shows cruciferous vegetables exhibit chemoprotective
properties, commonly attributed to their rich source of isothiocyanates. However, epidemiological data examining the association between cruciferous vegetable intake and colorectal neoplasms
have been inconclusive. This meta-analysis examines the epidemiological evidence to characterize the association between cruciferous vegetable intake and risk of developing colorectal neoplasms.
Thirty-three articles were included in the meta-analysis after a
literature search of electronic databases. Subgroup analysis for individual cruciferae types (n = 8 studies) and GST polymorphism
(n = 8 studies) were performed. Pooled adjusted odds ratios (ORs)
comparing highest and lowest categories of dietary pattern scores
were calculated. Results show a statistically significant inverse association between cruciferous vegetable intake and colon cancer
[OR = 0.84; 95% confidence interval (CI): 0.72–0.98; P value heterogeneity < 0.001]. Broccoli in particular exhibited protective
benefits against colorectal (CRC) neoplasms (OR = 0.80; 95% CI:
0.65–0.99; P value heterogeneity = 0.02). Stratification by GST
genotype reveals that the GSTT1 null genotype confers a reduction in CRC risk (OR = 0.78; 95% CI: 0.64–0.95; P value heterogeneity = 0.32). This study provides support to the hypothesis
that cruciferous vegetable intake protects against cancer of the
colon. This study also demonstrates the significance of gene–diet
interactions and the importance of assessing individual cruciferous
vegetables.
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Finland
Netherlands
United States
Singapore
Singapore
Japan
United States
China
UK
Netherlands
United States
Canada
Canada
China
United States
Malaysia
China

Pietinen 1999 (44)

Voorrips 2000 (45)
Michels 2000 (46)

Seow 2002 (6)
Seow 2002 (47)
Hara 2003 (48)
McCollough 2003 (49)
Chiu 2003 (50)
Turner 2004 (51)
Tijhuis 2005 (3)
Michels 2006 (46)

Hu 2007 (52)
Hu 2007 (53)
Moy 2008 (18)
Epplein 2009 (19)
Ramadas 2009 (54)
Yang 2010 (17)

Caucasian
Caucasian
Asian
Multiethnic
Asian
Asian

Asian
Asian
Asian
Caucasian
Asian
Caucasian
Caucasian
Caucasian

Caucasian
Caucasian

Caucasian

Caucasian
Asian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian

Ethnic group

Case-control
Case-control
Cohort
Cohort
Case-control
Case-control

Cohort
Case-control
Case-control
Cohort
Case-control
Case-control
Case-control
Cohort

Cohort
Cohort

Cohort

Case-control
Case-control
Case-control
Case-control
Case-control
Case-control
Cohort
Case-control
Case-control
Cohort
Cohort
Case-control

Study design

Study population

Population-Men
smokers
Population
Population-health
workers
Population
Hospital
Hospital
Population
Population
Population
Hospital
Population- Health
workers
Population
Population
Population
Population
Hospital
Population

Population
Hospital
Population-Women
Population
Hospital
Population-Men
Population-Women
Hospital
Hospital
Population-Men
Population-Women
Hospital

CRC = colorectal cancer; CR = colorectal; FFQ = food-frequency questionnaire.

United States
Singapore
United States
United States
Italy
Australia
United States
United States
United States
United States
United States
Italy

Country

Young 1988 (35)
Lee 1989 (36)
West 1989 (37)
Peters 1992 (38)
Bidoli 1992 (39)
Steinmetz 1993 (40)
Steinmetz 1994 (41)
Freedman 1996 (33)
Lin 1998 (24)
Hsing 1998 (42)
Sellers 1998 (43)
Franceschi 1998 (39)

Reference

Rectal
Colon
CRC
CRC
CR adenoma
CRC

CRC
CRC
CRC
Colon
Colon
CRC
CR adenoma
CR adenoma

Colon
Colon, rectal

CRC

Colon
CRC
Colon
Colon
Colon, rectal
Colon
Colon
CRC
CR adenoma
CRC
Colon
Colon, rectal

Neoplasm
type

576/1277
196/715
54/280
134/256
35/44
209/826

86/595
90/154
29/70
508
232/388
103/174
410/349
255/5199

910
1181

353/618
101/212
112/185
746/746
54/460
55/109
212
41/80
114/116
47
63
1225/3763,
728,3763
42

Case/control
size

133163

120816
136089

27111

17663
35216

41837

Cohort
size

Questionnaire
Questionnaire
Interview
FFQ
FFQ
FFQ

Interview, FFQ
Interview, FFQ
FFQ
FFQ
Interview, FFQ
Interview
FFQ
Questionnaire

Questionnaire
Questionnaire

Questionnaire

FFQ
Interview, FFQ
Interview
Interview, FFQ
Interview
FFQ
Questionnaire
FFQ
FFQ
Questionnaire
FFQ
Interview, FFQ

Type of dietary
assessment

TABLE 1
Characteristics of studies reporting odd ratios and 95% confidence intervals for the association between total cruciferous vegetable intake and colorectal
neoplasm risk

130

G. TSE AND G. D. ESLICK

FIG. 1.

Flowchart of the study selection process.

with broccoli (10). Site specific differences have also been reported when comparing the different parts of the colorectal tract.
No systematic reviews however, have previously been conducted
to thoroughly unify this information and assess this evidence.
This systematic review and meta-analysis aims to summarize epidemiological findings to investigate the relationship between cruciferous vegetable intake and colorectal neoplasm risk,
including the influence of individual genetic variation of the
GSTM1 and GSTT1 genes as well as the specific type of cruciferae consumed.
METHODS

servational Studies in Epidemiology guidelines where possible
(11). The following electronic databases were searched: Medline, PubMed, ISI Web of Science, Current Contents Connect,
and Embase. The search included all studies published up to
May 9, 2013. Key terms including cruciferous vegetables OR
Brassica vegetables AND colorectal neoplasm were searched
as text words and as exploded medical subject headings where
possible. References in the relevant review articles from the
bibliographic database search were also checked for appropriate studies. No language restrictions were used in either the
search or study selection. A search for unpublished literature
was not performed.

Study Protocol
Literature searches of epidemiological studies in this systematic review were performed using the Meta-Analysis of Ob-

Study Selection
The following inclusion criteria was applied in the screening
of articles: 1) original data was provided; 2) the association
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FIG. 2.
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Funnel plot showing studies assessed for publication bias of total cruciferous vegetable intake. Std Err = standard error.

between cruciferous vegetable intake and colorectal neoplasm
risk was addressed; 3) the risk point estimate was reported as an
odds ratio (OR) or relative risk (RR), or the data was presented
such that an OR could be calculated; and 4) the 95% confidence
interval (CI) was reported, or the data was presented such that
the CI could be calculated.

est number of adjusted variables was chosen. Where multiple
risk estimates were available in the same study, for example,
due to the use of mutually exclusive comparator groups, they
were included as separate risk estimates. Where ORs were provided in tertiles, quantiles, or quintiles, the middle tiles were
included.

Data Extraction
Data was performed via a standardized data extraction form,
collecting information on the publication year, study design,
number of cases and controls, total sample size, temporal direction, population type, country, ethnicity of sample group, economic development, case control matching, mean age, response
rate, exposure, neoplasm type, number of adjusted variables,
the risk estimates or data used to calculate the risk estimates,
CIs. Quality of the studies was not assessed and authors were
not contacted for missing data. Adjusted ORs were extracted
in preference to nonadjusted ORs, however, where ORs were
not provided, unadjusted ORs and CIs were calculated. Where
more than 1 adjusted ratio was reported, the ratio with the high-

Statistical Analysis
Pooled ORs and 95% CIs were calculated for the effect of
cruciferous vegetable intake on the risk of colonic neoplasms
using a random effects model, model of DerSimmonian and
Laird (12). Heterogeneity with Cochran’s Q statistic was tested,
with P < 0.10 indicating heterogeneity, and the degree of heterogeneity was quantified using the I2 statistic, which represents the
percentage of the total variability across studies due to heterogeneity. I2 values of 25%, 50%, and 75% corresponded to low,
moderate, and high degrees of heterogeneity, respectively (13).
Publication bias was quantified using the Egger’s regression
model (14). All analyses were performed with comprehensive
meta-analysis (version 2.0; Biostat, Englwood, NJ [2005]).
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FIG. 3.

Forest plot of total cruciferous vegetable consumption and colon cancer risk. CI = confidence interval (color figure available online).

RESULTS
Literature Search
The literature searches identified 416 articles for evaluation.
Of these, 33 articles were eligible for inclusion. Exclusion reasons for the remainder included original epidemiological data
on the association between cruciferous vegetable intake and
colorectal neoplasm risk was not provided; risk estimates could
not be obtained; CIs were not provided and could not be calculated; only abstract was available. Of the 33 studies included
in the final meta-analyses, 29 studies reported on total cruciferous vegetable intake. Two subgroup analyses were developed: 8
studies reported on intake of individual cruciferous vegetables,
8 studies examined the effect of gene variant of the GST gene
on cruciferous vegetable intake and colorectal neoplasm risk
outcome (Fig. 1). Egger’s regression analysis for assessment of
publication bias of the studies included in this meta-analysis
found no significant bias (P = 0.13) (Fig. 2).
Association Between Total Cruciferous Intake
and Colorectal Neoplasm
There were 11 prospective cohort studies and 18 casecontrol studies, representing a total of 5994 colorectal cancers, 5370 colon cancers, 1900 rectal cancers, and 814 colonic
adenoma cases (Table 1). Only colon cancer showed a significant association with total cruciferous vegetable intake

(OR = 0.84; 95% CI: 0.72–0.98; P value heterogeneity < 0.001;
I2 = 64.44) (Fig. 3), with moderate heterogeneity. Additional
analysis for colorectal cancer, colonic adenoma and rectal cancer all produced no significant association with total cruciferous vegetable intake (OR = 0.92; 95% CI: 0.83–1.01; P value
heterogeneity < 0.001; I2 = 66.16%; OR = 1.09; 95% CI:
0.90–1.33; P value heterogeneity = 0.39; I2 = 0.00%; and
OR = 0.99; 95% CI: 0.67–1.46; P value heterogeneity < 0.001;
I2 = 87.16%, respectively).
Analysis of additional variables including country, gender,
ethnicity, study population, vegetable assessment method, study
design and direction were conducted (Table 2). All other factors
were not statistically significant.
Results Stratified by Individual Cruciferous Vegetables
Two cohort and 6 case-control studies investigated the association between intake of individual cruciferous vegetable types
and colonic tumor risk (Table 3). Data for broccoli and cabbage
was provided in 7 of the studies, brussel sprouts was reported in
3 studies. Broccoli and cabbage were inversely associated with
colonic tumor risk, whereas brussel sprouts showed no such
association. In the data generated, the pooled ORs for CRC cancer risk comparing the highest versus lowest categories of intake
were 0.80 (95% CI: 0.65–0.99; P value heterogeneity = 0.02;
I2 = 56.16%) for broccoli (Fig. 4), 0.95 (95% CI: 0.80–1.14;
P value heterogeneity = 0.34; I2 = 11%) for cabbage and 1.00
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TABLE 2
Odd ratios (ORs) and 95% confidence intervals (CIs) for
additional variables examined for the association between
total cruciferous vegetable intake and colorectal neoplasm risk
Factor
Ethnicity
Asian
Caucasian
Study design
Cohort
Case control
Temporal direction
Prospective
Retrospective
Population type
Population
Hospital
Population gender
Male
Female
Method of assessment for vegetable
intake
Interview
Self-administered questionnaire
Food-frequency questionnaire
Questionnaire
Neoplasm type
Colon
Rectal
Colorectal
Adenoma
a

OR (95% CI)
0.92 (0.76–1.11)
0.93 (0.83–1.04)
0.92 (0.76–1.12)
0.91 (0.8–1.03)
0.92 (0.76–1.12)
0.91 (0.8–1.03)
0.87 (0.74–1.02)
0.83 (0.65–1.07)
0.85 (0.67–1.08)
1.09 (0.75–1.59)

0.66 (0.51–0.86)a
1.02 (0.79–1.32)
0.95 (0.86–1.06)
1 (0.59–1.69)
0.84 (0.72–0.98)a
0.99 (0.67–1.46)
0.89 (0.77–1.03)
1.09 (0.9–1.33)

Statistically significant.

for brussel sprouts (95% CI: 0.75–1.34, P value heterogeneity
= 0.83, I2 = 0%). Only broccoli intake showed statistically
significant inverse association with colonic tumor risk.
Results Stratified by GST Genotypes
Two prospective cohort studies and 6 case-control studies
examined GST-diet interaction and thus estimates for the association between dietary ITCs and colonic tumor risk (Table 4).
These 8 studies, representing 1777 colorectal cancer and 1546
adenoma cases, reported on the association between cruciferous vegetable consumption and colonic tumor risk stratified by
GSTM1 and GSTT1 genotypes. Cruciferous vegetable consumption was measured by food-frequency questionnaire (FFQ) or
dietary questionnaire in 6 studies, with one study measuring
intake using urinary ITC levels. Analysis of variables including
country, gender, ethnicity, study population, vegetable assessment method, study design, and direction were conducted (Table 5). The only significant findings were for the GSTT1 null
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gene which produced an odds ratio of 0.78 (95% CI: 0.64–0.95;
P value heterogeneity 0.32; I2 = 13.67).
DISCUSSION
Epidemiological evidence collated in this systematic review
show that there is an inverse association between total cruciferous vegetable intake and risk of developing colorectal neoplasm.
However, such association is not statistically significant, except
in the case for colon cancers. A comprehensive review of epidemiologic studies published prior to 1996 (15) reported that the
majority (67%) of 87 case-control studies reported a negative
correlation between consumption of at least 1 or more cruciferous vegetables and cancer risk. According to the review, the
inverse association was most consistent for cancers of the lung
and gastrointestinal tract.
Much emphasis regarding the anticarcinogenic properties of
cruciferous vegetables is placed on its unique source of glucosinolates (1,16). Glucosinolates are converted to ITCs by the
action of a myrosinase (5). Several experimental studies and animal models support a potential anticancer role of ITCs against
colorectal cancers (17, 18). However, most studies used in this
systematic review do not allow inferences to pinpoint ITCs as
the key anticarcinogenic constituent of cruciferous vegetables
because other nutrients and phytochemicals (e.g., flavonols, folate, and carotenoids) found in cruciferous vegetables may also
contribute to the inverse association with colorectal neoplasm
(1). Only a number of studies specifically evaluated the ITC
levels in servings of cruciferous vegetables as a measure of
exposure (6,19–21).
Moreover, although this study attempts to analyze cruciferous vegetables as a separate factor, the consumption of these
individual vegetables is likely positively correlated with the
total consumption of vegetables in general. In most of the epidemiological studies the effect of cruciferous vegetables was
not completely separated from the effect of total vegetables by
adjusting for the consumption of these vegetables. Studies that
measure the intake of individual cruciferous vegetables in accordance with their ITC levels may better define the benefits of
ITC and distinguish protective properties of the cruciferae from
other vegetables.
Amongst the studies that looked at the outcome of consuming
individual types of cruciferous vegetables, broccoli, cabbage,
and brussel sprouts were most examined. Intake of broccoli
in particular showed the strongest evidence (statistically significant) against CRC development. A plausible explanation for this
is due to broccoli’s high glucosinolate content (22). In a series
of laboratory studies, broccoli was found to be rich in phytochemicals that induced phase II detoxification enzymes and
enhanced antioxidant activities in mammalian cells (16,23,24).
One serving can contain up to 60 mg of glucoraphanin, a type of
glucosinolate (1). Broccoli sprouts in particular contain about
20–100 times more glucoraphanin than a full-grown broccoli
head (16).
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United States
United States
United States
United States
UK
Japan

Steinmetz 1994 (41)

Lin 1998 (24)
Slattery 2000 (55)

Flood 2002 (56)
Evans 2002 (57)
Hara 2003 (48)

Ethnic
group

Caucasian
Caucasian
Asian

Caucasian
Caucasian

Caucasian

Caucasian
Caucasian

CR = colorectal; CRC = colorectal cancer.

United States
Australia

Country

Young 1988 (35)
Steinmetz 1993 (40)

Reference

Cohort
Case-control
Case-control

Case-control
Case-control

Cohort

Case-control
Case-control

Study design

Population-Women
Population
Hospital

Hospital
Population

Population-Women

Population
Population-Men

Study population

CRC
CRC
CRC

CR adenoma
Colon

Colon

Colon
Colon

Neoplasm
type

Cabbage
Broccoli, brussel
sprouts cabbage
Broccoli, brussel
sprouts, cabbage
Broccoli, cabbage
Broccoli, brussel
sprouts, cabbage
Broccoli
Broccoli
Broccoli, cabbage

Exposure

97/9098
512/512
81/2110

299/374
301/326

159

353/618
110/218

Case/control
size

45490

41873

Cohort
size

TABLE 3
Characteristics of studies reporting odds ratios and 95% confidence intervals for the association between individual cruciferous vegetable intake and colorectal
neoplasm risk
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Ethnicity

UK

Netherlands

Turner 2004 (51)

Tijhuis 2005 (3)

Case-control

China

Asian

Case-control

Exposure

CR = colorectal; CRC = colorectal cancer; ITC = isothiocyanates; FFQ = food-frequency questionnaire.

Yang 2010 (17)

Epplein 2009 (19) United States Multiethnic Cohort

Caucasian

Caucasian

Case-control

Cohort

Asian

Singapore

Seow 2002 (6)

Disease
type

CR adenoma Cruciferous
vegetables
Population Colon
Broccoli
Hospital
CR adenoma Cruciferous
vegetables
Population CRC
Cruciferous
vegetables
(Dietary
ITC)
Population CRC
Cruciferous
vegetables
Hospital
CR adenoma Cruciferous
vegetables
Population CRC
Urinary ITC
levels
Population- CRC
Cruciferous
Women
vegetables,
urinary
ITC levels

Population

Case-control Hospital
Case-control
Case-control

United States Caucasian

Country

Slattery 2000 (55) United States Caucasian
Lin 2002 (58)
United States Caucasian

Lin 1998 (24)

Reference

Study
design

GSTM1,
TT1
GSTM1,
TT1
GSTM1,
GSTT1
GSTM1,
TT1

GSTM1
GSTM1,
GSTT1
GSTM1,
GSTT1

GSTM1

Genes
assessed

574/2195

137/269

1221/1047

706/932

360/2205

326/627
558/940

134/152

Case
control
number

67594

63257

Cohort
number

FFQ, Urinary
ITC

FFQ

FFQ

Questionnaire

Interview,
FFQ

Interview
Interview

FFQ

Type of
dietary
assessment

TABLE 4
Characteristics of studies reporting odds ratios and 95% confidence intervals for the association between individual cruciferous vegetable intake and colorectal
neoplasm risk with stratification by GST genotype
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FIG. 4.

Forest plot of broccoli consumption and colorectal neoplasm risk (color figure available online).

Data from the studies used in this review did not account for
the maturity of vegetables consumed (young sprouts vs. fullgrown) nor the preparation methods of these vegetables. Such
variability may act to undermine the validity of the results.
Inherited differences in the capacity of individuals to metabolize and eliminate glucosinolate hydrolysis products have
been hypothesized to contribute to differences in the degree of
protection conferred by cruciferous vegetable intake (25). GSTs
conjugate ITCs to glutathione and lead to excretion (1). Variants
of several GST enzymes have been described, of which GSTM1
and GSTT1 have been most extensively studied. Roughly half
the population lack GSTM1 due to gene deletion (26). The homozygous deletion of GSTM1 gives rise to the null phenotype in
which there is no expression of the GSTM1 protein. The hypothesis is that individuals with the null genotype of the GSTM1 or
GSTT1 polymorphism would have less conjugation activity, and
thus permitting ITC to remain biologically active for a longer
period to provide potentially greater protection against cancer
(27).
Previous epidemiological data have been inconsistent and
there is little evidence to support this theory in the context
of colorectal neoplasm risk. A recent comprehensive metaanalysis have in fact demonstrated increased risk with GSTM1
and GSTT1 null genotypes in Caucasian populations (9). However, results from this study reveal statistically significant protective effects of cruciferae consumption against colorectal neoplasms among individuals with a single null GSTT1 genotype.
This discrepancy may be due to the fact that the mentioned
study did not consider gene–environment interactions that may

significantly influence the outcome. In which case cruciferous
vegetable intake seems play a significant role in colorectal cancer risk reduction.
A weakness of the evidence that comprises this systematic review is the measurement error that inherently exists when using
dietary questionnaires. FFQs used in epidemiological studies
query a limited range of food items (thus omitting some sources
of ITC), and rely on quantifying phytochemical exposure to
constituents based on the weight or servings of cruciferous vegetable consumed (22). This approach has limitations in that the
difference in levels of glucosinolates between different cruciferous vegetables is not accounted for. In addition, selection bias
and recall bias could have accounted for part of the inverse associations observed in many case-control studies, leading to differential reporting. The observed risk estimate for case-control
studies was similar to that for cohort studies which suggests that
in this instance recall bias does not play a prominent role.
Although most studies adjusted for age and gender in the
calculation of risk estimates, not all parameters were considered.
A meta-analysis would not adequately adjust for this. As such,
unadjusted confounders may undermine the association between
cruciferous vegetables and colorectal neoplasm risk.
Another weakness in the evidence is that the biological potency of cruciferous vegetables may differ, depending on cooking practices, because this influences the bioavailability of ITCs
(28). Glucosinolates are water-soluble compounds that leach
into cooking water. Some cooking methods, including boiling,
steaming, and microwaving at high power can inactivate myrosinase, decreasing the bioavailability of ITCs (29–31). The
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TABLE 5
Odd ratios (ORs) and 95% confidence intervals (CIs) for
additional variables examined for the association between
cruciferous vegetable intake and colorectal neoplasm risk with
stratification by GST genotype
Factor
Ethnicity
Asian
Caucasian
Study design
Cohort
Case control
Temporal direction
Prospective
Retrospective
Population type
Population
Hospital
Population gender
Female
Neoplasm type
Colon
CRC
Adenoma
Gene status
GSTM1 null
GSTM1 nonnull
GSTT1 null
GSTT1 nonnull
GSTM1, GSTT1 double null
GSTM1, GSTT1 double nonnull
a

OR (95% CI)
0.91 (0.82–1.01)
0.98 (0.90–1.08)
0.90 (0.74–1.09)
0.97 (0.90–1.04)
0.90 (0.74–1.09)
0.97 (0.90–1.04)
0.96 (0.87–1.06)
0.97 (0.84–1.11)
0.91 (0.80–1.04)
1.06 (0.9–1.26)
0.92 (0.84–1.01)
0.97 (0.84–1.11)
1.05 (0.92–1.19)
1.02 (0.92–1.13)
0.78 (0.64–0.95)a
1.02 (0.90–1.13)
0.86 (0.70–1.06)
1.11 (0.86–1.43)

Statistically significant.

lack of information about cooking methods thus introduces a
potential source of heterogeneity in the results.
Recommendation
To address issues relating the specificity of the protective
effects attributable to cruciferous vegetables, further epidemiological research should pay specific attention to simultaneous
modeling of different vegetables (or vegetable groups) and adjustment for confounding due to other chemoprotective constituents.
Based on assessments of cruciferous vegetable intake and
measurements of the maximal amounts of ITC that can be
released, researchers have attempted to calculate human ITC
exposure (22). A food composition database may be used to
provide a more consistent and accurate assessment of dietary
ITC intake.
Because other factors may alter the amount of ITC formed
and absorbed, assessing dietary intake alone may not accurately
measure an individual’s exposure to ITC. Urinary ITC measure-
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ment was significantly correlated with cruciferae intake derived
from 2 dietary assessment approaches (32,33). Urinary ITC levels could supplement traditional food database data by providing
an index of recent cruciferous vegetable intake not susceptible
to reporting biases.
Although there is evidence to support the idea of gene–diet
interaction, more research can be done to explore the influence
of gene polymorphisms other than GST genotypes. Genes such
as p53 (34) and Ki-ras (35) have been reported to show significant associations with cruciferae intake. The study of alternative
genetic factors can provide a better understanding of the different pathways and mechanisms which underpin cruciferae’s
anti-carcinogenic properties.
CONCLUSION
In this systematic review and meta-analysis, intake of cruciferous vegetable is inversely associated with colon cancer risk.
The consumption of broccoli in particular is demonstrated to
be positively correlated with protection against colorectal neoplasm development. There is a positive correlation between
GST polymorphism and the capacity of cruciferous vegetables to exhibit chemoprotective properties, in which the GSTT1
null genotype confers a reduction colorectal neoplasm development risk. Future epidemiological studies should use food
databases or urinary ITC levels as methods for more accurate cruciferae intake measurements. Individual cruciferae types
and preparation methods should be considered during analysis.
More research on alternative gene polymorphisms would also
be helpful in studying gene–diet interactions with cruciferous
vegetables.
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