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Abstract

Cruciferous vegetables contain isothiocyanates, which
show potent chemopreventive activity against bladder
cancer in both in vitro and in vivo studies. However,
previous epidemiologic studies investigating crucifer-
ous vegetable intake and bladder cancer risk have been
inconsistent. Cooking can substantially reduce or
destroy isothiocyanates, and could account for study
inconsistencies. In this hospital-based case-control
study involving 275 individuals with incident, primary
bladder cancer and 825 individuals without cancer,
we examined the usual prediagnostic intake of raw and
cooked cruciferous vegetables in relation to bladder
cancer risk. Odds ratios (OR) and 95% confidence
intervals (CI) were estimated with unconditional logis-
tic regression, adjusting for smoking and other bladder
cancer risk factors. We observed a strong and statisti-
cally significant inverse association between bladder

cancer risk and raw cruciferous vegetable intake
(adjusted OR for highest versus lowest category = 0.64;
95% CI, 0.42-0.97), with a significant trend (P = 0.003);
there were no significant associations for fruit, total
vegetables, or total cruciferous vegetables. The associ-
ations observed for total raw crucifers were also
observed for individual raw crucifers. The inverse
association remained significant among current and
heavy smokers with three or more servings per
month of raw cruciferous vegetables (adjusted ORs,
0.46 and 0.60; 95% CI, 0.23-0.93 and 0.38-0.93, respective-
ly). These data suggest that cruciferous vegetables,
when consumed raw, may reduce the risk of bladder
cancer, an effect consistent with the role of dietary iso-
thiocyanates as chemopreventive agents against blad-
der cancer. (Cancer Epidemiol Biomarkers Prev 2008;
17(4):938–44)

Introduction

Some studies suggest that cruciferous vegetable con-
sumption may reduce the risk of various cancers (1-3).
Bladder cancer is particularly interesting because dietary
isothiocyanates, a group of key anticarcinogens occurring
in cruciferous vegetables, show potent chemopreventive
effects against bladder cancer in both in vitro and in vivo
models (4-9). Moreover, the unique in vivo pharmaco-
kinetics and disposition of orally ingested isothiocyanates
in humans renders the bladder the best targeted organ for
the anticancer effect of dietary isothiocyanates (5). Isothio-
cyanates are metabolized primarily via the mercapturic
acid pathway in vivo , and are rapidly and almost
exclusively excreted and concentrated in the urine in
the form of N-acetylcysteine conjugates (NAC-ITCs;
refs. 10-12). NAC-ITCs are unstable and dissociate to
release isothiocyanates (4, 13), and storage of urine
containing NAC-ITCs in the bladder likely further
enhances the exposure of bladder cells to these com-
pounds. As a result, the bladder epithelium that gives rise
to the majority of bladder cancers (90-95% in the United

States; ref. 14), is likely the tissue most exposed to
isothiocyanates and their metabolites in vivo . Therefore,
as the richest source of isothiocyanates in the human diet,
cruciferous vegetables may be especially promising for
bladder cancer chemoprevention.
Only a few epidemiologic studies have investigated the

relationship between bladder cancer risk and intake of
cruciferous vegetables, with inconsistent findings (15-20).
Not accounting for whether cruciferous vegetables are
eaten rawor cookedmay partly explain this inconsistency,
because cookingmay substantially destroy and/or reduce
isothiocyanates obtained from cruciferous vegetables,
subsequently attenuating the cancer-preventive potential
of these vegetables. Isothiocyanates are stored in plants
as glucosinolates (h-thioglucoside N-hydroxysulfates),
and are released by myrosinase (thioglucoside glucohy-
drolase), an enzyme that coexists with, but is physically
separated from glucosinolates in the plant under normal
conditions (21). When plant cells are damaged, such
as during food processing or chewing, myrosinase is
released and catalyzes the conversion (21, 22).
It is noteworthy that the yield of isothiocyanates may

be largely reduced by normal cooking procedures due to
heat-inactivating myrosinase, destroying heat-labile iso-
thiocyanates and losing glucosinolates (23-25). Although
human intestinal microflora also possess myrosinase
activity and is able to partially hydrolyze ingested
glucosinolates, studies have shown that isothiocyanate
exposure after the consumption of cooked cruciferous
vegetables is 60% to 90% less than that after the ingestion
of raw cruciferous vegetables (23-26). Under certain
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circumstances, such as antibiotic treatment which
reduces bowel microflora, the production of isothiocya-
nates in the gastrointestinal tract is almost negligible
after the consumption of cooked cruciferous vegetables
(26). Therefore, raw cruciferous vegetables may be the
form more appropriate for assessing the association with
bladder cancer risk. To evaluate this hypothesis, we
examined the role of cruciferous vegetables in relation to
bladder cancer risk with the consideration of raw versus
cooked consumption in a hospital-based case-control
study.

Materials and Methods

The study population included individuals who received
medical services at Roswell Park Cancer Institute
between 1982 and 1998, and agreed to complete a
comprehensive epidemiologic questionnaire. The case
group consisted of 275 individuals with bladder cancer
(International Classification of Diseases-9 codes 188 and
233.7), identified from the Roswell Park Cancer Institute
tumor registry and diagnostic index. Approximately 95%
of cases were transitional cell papilloma or carcinoma,
and squamous cell carcinoma, adenoma, and others
accounted for the other 5% of cases. Patients in the case
group were predominantly Caucasian (98%) and ranged
in age from 25 to 86 years old. Controls were frequency
matched to cases on age, gender, and decade in which
they completed the questionnaire, with a control to case
ratio of 3:1. Controls included in the analysis (n = 825)
were individuals with conditions other than cancer,
including infectious and parasitic diseases (20%),
diseases of the circulatory system (12%), ill-defined signs
and symptoms (17%), disease of the genitourinary
system (13%), benign neoplasms (8%), and other various
conditions (28%) treated at Roswell Park Cancer Institute
during the same time period as were cases. Controls
were randomly selected from a pool of 6,302 eligible
patients. Like the cases, participants in the control group

were predominantly Caucasian and ranged in age from
21 to 92 years old. The Roswell Park Cancer Institute
Institutional Review Board approved the conduct of the
study.
All participants completed the Patient Epidemiology

Data System questionnaire, which was offered to all new
patients as part of the admission process. The overall
response rate for both controls and cases was f50%.
Median time between diagnosis and participation in the
Patient Epidemiology Data System was 21 days; 68% of
cases participated within 2 months of diagnosis. The
Patient Epidemiology Data System questionnaire
requested detailed information on demographic back-
ground, occupational and environmental exposures,
tobacco and alcohol consumption, reproductive experi-
ences, medical history, and family history of cancer, as
well as a 44-item food frequency questionnaire assessing
usual diet several years before diagnosis. The 44-item
food frequency questionnaire was designed to provide
an assessment of intakes of fruits and vegetables,
cruciferous vegetables, and foods providing good sour-
ces of vitamins A, C, and E, fat, and fiber (27).
For each food category (fruits, vegetables, cruciferous

vegetables, raw cruciferous vegetables), monthly fre-
quency of use was calculated. Intake for each food
category was divided into quartiles based on the
distribution of intake in the controls. For individual
cruciferous vegetables, intake was divided into two
categories (<1 or z1 servings per month) for the purpose
of comparison among vegetables. The cruciferous
vegetable category consisted of broccoli (raw and
cooked), cabbage (raw and cooked), cauliflower (raw
and cooked), Brussels sprouts, and greens including
kale, turnip, collard, and mustard greens. Raw cruci-
ferous vegetables were defined as raw broccoli, cabbage,
and cauliflower to better represent dietary intake of
isothiocyanates.
For continuous variables, differences between case and

control groups were evaluated with two-tailed t tests.

Table 1. Descriptive characteristics of bladder cancer cases and hospital controls

Bladder cancer cases Controls P (t test)

No.* Means F SD No. Means F SD

Age (y) 275 64.8 F 10.2 825 64.8 F 10.5 0.9894
Vegetables (servings/mo) 252 73.8 F 41.9 764 80.7 F 43.1 0.0257
Fruits (servings/mo) 265 42.3 F 29.2 795 49.6 F 32.3 0.0007
Meats (servings/mo) 261 33.9 F 26.5 789 30.4 F 21.5 0.0568
Cruciferous (servings/mo)

c
262 13.5 F 14.5 782 15.8 F 15.3 0.0353

Raw cruciferous (servings/mo)
b

267 4.5 F 6.5 800 5.9 F 7.4 0.0037
Pack-years 272 41.9 F 35.0 804 23.0 F 29.8 <0.0001

Bladder cancer cases, no. (%) Controls, no. (%) P (m2 test)

Education
<High school 100 (36.6) 203 (24.7)
>High school 173 (63.4) 619 (75.3) 0.0001
Smoking status
Never 55 (20.0) 315 (38.2)
Quit 152 (55.5) 410 (49.8)
Current 67 (24.5) 99 (12.0) <0.0001

*Numbers vary due to missing data.
cCruciferous vegetables: broccoli (raw and cooked), cabbage (raw and cooked), cauliflower (raw and cooked), Brussels sprouts, kale, turnip, collard,
mustard greens.
bRaw cruciferous vegetables: raw broccoli, raw cabbage, raw cauliflower.
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Pearson’s m2 was used to compare cases and controls for
the categorical variables of education level and smoking
status. Odds ratios (OR) and 95% confidence intervals
(95% CI) of food type and bladder cancer risk were
computed by unconditional logistic regression in sepa-
rate models using the lowest quartile as the referent
category. The adjusted logistic models included age
(continuous), education level (<high school or >high
school), gender (male or female), total meat intake
(continuous), smoking status (never, quit, or current),
and pack-years (continuous). Total meat intake was
included in the model to partially adjust for differences
in dietary patterns associated with cruciferous vegetable
intake. To control for smoking in ever smokers, pack-
years were computed as the number of packs of
cigarettes smoked per day multiplied by the number of
years smoking to incorporate all past smoking experi-
ence. Tests for trend were conducted by using the
median values for each quartile as continuous variables
in logistic regression. To test for multiplicative inter-
actions, the cross-product terms were included in a
logistic regression model. All statistical tests were two-
sided with a type I error rate of 0.05. Statistical analyses
were done using SAS for Windows, version 9.1.

Results

Descriptive characteristics of cases and controls are
presented in Table 1. The same mean ages for cases
and controls (64.8 years, P = 0.99) indicated their well-
matched status. On average, cases consumed fewer fruits

and vegetables, including both raw and total crucifers,
and had lower levels of education than controls. As
anticipated, there was a significant difference in the
distribution of smoking status between cases and
controls with more current smokers (24.5%) and fewer
never smokers (20%) among the cases than the controls
(12.0% current smokers and 38.2% never smokers;
P < 0.0001). Among both former and current smokers,
the cases had more pack-years on average than the
controls (41.9 versus 23.0; P < 0.0001). Heavy smokers
had a substantially higher risk of bladder cancer, with
those smoking 33 or more pack-years having more than
three times the risk of bladder cancer compared with
never smokers (OR, 3.6; 95% CI, 2.5-5.1).
ORs and 95% CIs for the association of bladder cancer

with monthly intake of fruits, vegetables, crucifers, and
raw crucifers are presented in Table 2. In unadjusted
analyses, bladder cancer risk was negatively associated
with increasing consumption of each of these categories
(results not shown). After adjustment for gender,
education level, age, total meat intake, smoking status,
and pack-years, however, only associations with total
raw cruciferous vegetable intake remained statistically
significant (P for trend = 0.003), with those in the higher
quartiles of consumption of total raw cruciferous
vegetable intake (4-6 and >6 servings/mo) having a
36% to 56% lower risk of bladder cancer compared with
those in the lowest quartile (<2 servings/mo; ORs, 0.44
and 0.64; 95% CI, 0.27-0.72 and 0.42-0.97, respectively).
Associations between intake of individual cruciferous

vegetables and bladder cancer risk are shown in Table 3.

Table 2. ORs and 95% CIs for the association of
bladder cancer with fruit, vegetable, and cruciferous
vegetable intake

Number Adjusted OR* (95% CI)

Cases Controls

Vegetables (servings/mo)
<51 80 191 1.00
51-74.5 61 198 0.80 (0.53-1.22)
75-105 61 187 0.88 (0.58-1.36)
>105 50 188 0.77 (0.49-1.21)

P for trend = 0.35
Fruits (servings/mo)
<27.5 87 200 1.00
27.5-46 71 201 1.04 (0.70-1.56)
46.5-64.5 61 196 0.92 (0.60-1.40)
>64.5 46 198 0.71 (0.45-1.11)

P for trend = 0.15
Cruciferous (servings/mo)
<6 96 213 1.00
6-10.5 56 179 0.81 (0.53-1.22)
11-22 57 201 0.65 (0.43-0.98)
>22 53 189 0.81 (0.53-1.24)

P for trend = 0.17
Raw cruciferous (servings/mo)
<2 111 244 1.00
2-3 76 204 0.82 (0.56-1.20)
4-6 30 161 0.44 (0.27-0.72)
>6 50 191 0.64 (0.42-0.97)

P for trend = 0.003

*ORs and 95% CIs were calculated with unconditional logistic regression
adjusted for age (continuous), education level (<high school or >high
school), gender (male or female), total meat intake (continuous), smoking
status (never, quit, or current), and pack-years (continuous).

Table 3. ORs and 95% CIs for the association of
bladder cancer with intakes of individual cruciferous
vegetables

Number Adjusted OR* (95% CI)

Cases Controls

Broccoli raw (servings/mo)
<1 213 525 1.00
z1 59 282 0.57 (0.40-0.81)
Broccoli cooked (servings/mo)
<1 113 276 1.00
z1 159 537 0.88 (0.65-1.20)
Cabbage raw (servings/mo)
<1 145 347 1.00
z1 126 470 0.68 (0.50-0.91)
Cabbage cooked (servings/mo)
<1 176 492 1.00
z1 96 323 0.88 (0.64-1.20)
Cauliflower raw (servings/mo)
<1 209 550 1.00
z1 59 260 0.68 (0.48-0.97)
Cauliflower cooked (servings/mo)
<1 151 365 1.00
z1 122 450 0.72 (0.54-0.98)
Brussels sprouts (servings/mo)
<1 195 578 1.00
z1 76 234 1.02 (0.73-1.42)
Kale, turnip, collard, mustard greens (servings/mo)
<1 213 633 1.00
z1 53 168 0.88 (0.60-1.28)

*ORs and 95% CIs were calculated with unconditional logistic regression
adjusted for age (continuous), education level (<high school or >high
school), gender (male or female), total meat intake (continuous), smoking
status (never, quit, or current), and pack-years (continuous).
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In unadjusted analyses, intakes of broccoli, cabbage, and
cauliflower (cooked and/or raw) were significantly and
inversely associated with bladder cancer risk (results not
shown). After adjustment for gender, education level,
age, total meat intake, smoking status, and pack-years,
however, the inverse associations for most cooked
cruciferous vegetables were no longer statistically signi-
ficant. Other cruciferous vegetables including Brussels
sprouts, kale, turnips, collard and mustard greens were
not associated with risk of bladder cancer. In contrast to
the associations observed for cooked cruciferous vege-
tables, all three raw cruciferous vegetables (broccoli,
cabbage, cauliflower) remained significantly inversely
associated with the risk of bladder cancer after adjust-
ment for potential confounders. The risk estimates for
high versus low intake of the raw cruciferous vegetables
ranged from 0.57 to 0.68. To further examine the
association between individual raw cruciferous vege-
tables and bladder cancer risk, joint classifications of
broccoli and cabbage, broccoli and cauliflower, and
cabbage and cauliflower were created (Table 4). The
adjusted ORs showed negative associations with in-
creasing intake of any of those three raw cruciferous
vegetables. The likelihood ratio test did not indicate
any significant interaction between these three raw
cruciferous vegetables.
Using median raw cruciferous vegetable intake in

controls as the cutoff point, analyses of raw cruciferous
vegetable intake and bladder cancer risk were stratified
by various known confounders (Table 5). The results
were similar between males and females, and between
younger (<66 years old) and older subjects, and

regardless of gender and age, patients with a high
consumption of raw cruciferous vegetables had a lower
risk of bladder cancer (results not shown). Smoking is a
major risk factor for bladder cancer. When the data were
stratified by smoking status, although all groups expe-
rienced decreased risk of bladder cancer, a significant
inverse association between raw cruciferous vegetable
intake and bladder cancer risk was observed in current
smokers (OR, 0.46; 95% CI, 0.23-0.93) only. When
dichotomizing smoking exposure at 33 pack-years, the
inverse association was significant among heavy smokers
(z33 pack-years; OR, 0.60; 95% CI, 0.38-0.93), but not
among lighter smokers (<33 pack-years; OR, 0.69; 95%
CI, 0.39-1.23).

Discussion

Before statistical adjustment for potential confounders,
consumption of total fruit, vegetables, cruciferous vege-
tables, and raw cruciferous vegetables were inversely
associated with risk of bladder cancer in this hospital-
based case-control study. However, only associations
with raw cruciferous vegetable intake remained statisti-
cally significant after adjustment for smoking and other
risk factors of bladder cancer. Moreover, each individual
raw cruciferous vegetable was significantly inversely
associated with risk of bladder cancer, in contrast to their
cooked counterparts, for which there were weak or
nonsignificant associations. These results are consistent

Table 4. Adjusted ORs and 95% CIs for the association
of bladder cancer with intakes of raw broccoli,
cabbage, and cauliflower

Cabbage raw
(servings/mo)

Broccoli raw
(servings/mo)

<1 z1

<1 1.00* 0.74 (0.43-1.31)
z1 0.81 (0.57-1.16) 0.44 (0.28-0.68)

P for interaction = 0.36

Cauliflower raw
(servings/mo)

Broccoli raw
(servings/mo)

<1 z1

<1 1.00* 0.62 (0.38-1.03)
z1 0.95 (0.58-1.55) 0.48 (0.30-0.76)

P for interaction = 0.60

Cauliflower raw
(servings/mo)

Cabbage raw
(servings/mo)

<1 z1

<1 1.00* 0.71 (0.50-1.02)
>1 0.69 (0.38-1.25) 0.55 (0.36-0.85)

P for interaction = 0.75

NOTE: ORs and 95% CIs were calculated with unconditional logistic
regression adjusted for age (continuous), education level (<high school or
>high school), gender (male or female), total meat intake (continuous),
smoking status (never, quit, or current), and pack-years (continuous).
*Referent.

Table 5. ORs and 95% CIs for the association of
bladder cancer risk with raw cruciferous vegetable
intake (servings per month) by smoking status and
pack-years

Number OR
(95% CI)

Adjusted OR
(95% CI)

Cases Controls

Overall
<3 158 359 1.00 1.00
z3 109 441 0.56 (0.42-0.74) 0.63 (0.46-0.86)*
Stratified by smoking status
Never
<3 31 133 1.00 1.00
z3 22 170 0.56 (0.31-1.00) 0.63 (0.33-1.18)

c

Quit
<3 81 179 1.00 1.00
z3 68 222 0.68 (0.46-0.99) 0.73 (0.48-1.11)

c

Current
<3 45 47 1.00 1.00
z3 19 48 0.41 (0.21-0.81) 0.46 (0.23-0.93)

c

Stratified by pack-years for ever smokers
<33
<3 34 101 1.00 1.00
z3 30 139 0.64 (0.37-1.12) 0.69 (0.39-1.23)

b

z33
<3 91 117 1.00 1.00
z3 56 120 0.60 (0.40-0.91) 0.60 (0.38-0.93)

b

*ORs and 95% CIs were calculated with unconditional logistic regression
adjusted for age (continuous), education level (<high school or >high
school), gender (male or female), total meat intake (continuous), smoking
status (never, quit, or current), and pack-years (continuous).
cAdjusted for age (continuous), education level (<high school or >high
school), gender (male or female), total meat intake (continuous), and
pack-years (continuous).
bAdjusted for age (continuous), education level (<high school or >high
school), gender (male or female), total meat intake (continuous), and
smoking status (never, quit, or current).
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with the fact that intake of raw cruciferous vegetables
provides two to nine times the amount of isothiocyanates
in humans compared with similar intakes of their cooked
counterparts (23-26).
Using a cell culture system, we previously showed

that dietary isothiocyanates and their urinary metabolites
(NAC-ITCs) exerted potent antiproliferative effects on
human bladder cancer cells at in vivo –achievable
concentrations (4-7). The induction of carcinogen-
detoxifying phase 2 enzymes and the inhibition of
carcinogen-induced carcinogenesis in the bladder of
animals has also been reported (8, 9). It is highly possible
that intake of isothiocyanate-rich cruciferous vegetables
has a preventive effect on human bladder cancer, and
such protective effects may, to a certain extent, cor-
respond to the amount of isothiocyanates provided by
these vegetables. This may also explain why, in our data,
the combinations of broccoli, cabbage, and cauliflower
showed enhanced associations. The lack of association
between bladder cancer risk and intake of Brussels
sprouts, kale, turnips, and collard and mustard greens
could relate to the common overcooking of these
vegetables, although other mechanisms might also apply.
In addition to these vegetables being consumed less
frequently, they are seldom consumed uncooked. It is
noteworthy that cruciferous vegetables also contain
many other compounds with chemopreventive poten-
tials such as indoles, carotenoids, vitamin C, folic acid,
dietary fiber, and selenium. Thus, the observed inverse
associations may also result from other compounds or
their combined effects with isothiocyanates.
Cigarette smoking is the leading risk factor for

bladder cancer, and is estimated to be responsible for
50% of the bladder cancers in men, and 25% in women
(28). We found a 2-fold to 4-fold increase in risk of
bladder cancer in smokers compared with never
smokers, which is consistent with other studies (29-31).
Interestingly, in a stratified analysis, the strong and
significant inverse associations between intake of raw
cruciferous vegetables and risk of bladder cancer were
only observed among current smokers, especially among
heavy smokers. It is known that isothiocyanates, in
addition to inhibiting the proliferation of premalignant
and malignant cells via the induction of apoptosis and
arrest of cell cycle progression, also modulate carcinogen
metabolism by inhibiting carcinogen-activating phase
1 enzymes and inducing carcinogen-detoxifying phase
2 enzymes (5).
As smoking constantly exposes the bladder to carci-

nogens (32), smokers may benefit from the metabolism,
detoxification, and excretion of carcinogens. In fact,
our preliminary study showed that certain dietary
isothiocyanates could inhibit the formation of 4-amino-
biphenyl-DNA adducts in human bladder cancer cells.
4-Aminobiphenyl, a major carcinogen of human bladder
cancer derived from cigarette smoking as well as
occupational exposure, causes DNA damage and tumor-
igenic transformation in the bladder (33-36), and indeed,
4-aminobiphenyl-DNA adducts were detected in a large
percentage of human bladder cancer biopsies and were
closely correlated to the amount of cigarettes smoked
(37-39). Thus, it is possible that dietary isothiocyanates
derived from cruciferous vegetables may be particularly
effective in modifying smoking-related bladder carcino-
genesis.

Several studies have previously examined the associa-
tion between cruciferous vegetable intake and bladder
cancer risk (15-20). However, to our knowledge, only
one study (16), published in 1999, reported a statistically
significant inverse association (relative risk = 0.49 for the
highest versus the lowest cruciferous vegetable con-
sumption; 95% CI, 0.32-0.75, P for trend = 0.008). In
another study, Zeegers et al. (20) reported that only
cauliflower, but not other cruciferous vegetables, was
significantly and inversely associated with bladder
cancer risk. An inverse, but not statistically significant,
association was also reported in another study (relative
risk = 0.75 for highest versus lowest consumption; ref.
18). The lack of statistical significance in those studies
might be due to several reasons; however, differences in
isothiocyanate content between the consumption of raw
versus cooked cruciferous vegetables could contribute to
inconsistent results.
Recently, Zhao et al. (40) estimated the amount of

dietary isothiocyanates consumed in a study in Singa-
pore based on food frequency questionnaires, and found
that high isothiocyanate intake was inversely associated
with bladder cancer risk (OR, 0.71; 95% CI, 0.57-0.89).
Furthermore, this association between the intake of
isothiocyanates and bladder cancer risk was more
evident in ever smokers and heavy smokers in stratified
analyses, which is consistent with our findings. How-
ever, the estimation for isothiocyanate intake in that
study may not be representative of intake in the United
States because the isothiocyanate content profiles of
cruciferous vegetables in Singapore seem to be different
from those obtained from the United States (26, 41).
Moreover, it is difficult to accurately estimate iso-

thiocyanate intake from a food frequency questionnaire
because the content of glucosinolate (isothiocyanate
precursor) is markedly variable even among the same
kind of vegetables (21, 42), and also depends on whether
cruciferous vegetables are consumed raw or cooked. In
the future, using the concentration of urinary isothiocya-
nates and their metabolites as an internal dose to address
the relationship between intake of cruciferous vegetables
and bladder cancer risk may provide more complete
information.
In our study, no statistically significant associations

were found between total fruit intake or total vegetable
intake and risk of bladder cancer. The small range of
exposure may result in such null associations in epide-
miologic studies. However, in our study, the contrast
between high and low consumption was far greater for
total fruit or vegetable intake than for raw cruciferous
vegetable intake as shown in Table 2. Therefore, it is
unlikely that the null associations for groupings other
than raw cruciferous vegetables were a result of a limited
range of intake. Given that all individual raw cruciferous
vegetables showed strong and significant associations
with bladder cancer risk and that there is plausible
biological evidence to support this finding, it is also
unlikely that our results were chance findings.
However, there were several limitations in this study.

First, the sample size was relatively small, which led to
small cell sizes in some strata, producing risk estimates
with wide CIs, increasing the potential to miss a true
association. The lower number of female patients may be
one reason why the association between intake of raw
cruciferous vegetables and bladder cancer risk among
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women was not statistically significant (results not
shown). Furthermore, the food frequency questionnaire
was completed after disease diagnosis, which may have
biased the assessment of exposures of interest. This may
be the most problematic for older patients because expo-
sures to both raw cruciferous vegetable and smoking at
early ages might be more important than at late ages.
Third, this study was a hospital-based case-control study
which might have been subject to selection bias,
especially given a response rate of f50% for both cases
and controls. Selection bias could also occur due to a
healthy volunteer effect in which controls tend to be
healthier than the general population. However, in this
study, controls as well as cases came to the hospital with
a suspicion of cancer, but the controls were diagnosed
with other diseases instead of cancer. As all participants
in this study were patients, it is less likely that the
healthy volunteer effect presents an important source of
bias in these analyses.
In summary, this study is the first epidemiologic study

considering raw versus cooked consumption in the
evaluation of the relationship between cruciferous
vegetable intake and bladder cancer risk. We found that
only intake of raw cruciferous vegetables, but not
cooked, fruit or other vegetables, showed a strong and
statistically significant inverse association with bladder
cancer risk. This result is consistent with the experimen-
tal data, showing in both in vitro and in vivo models that
exposure to dietary isothiocyanates, a family of chemo-
preventive agents abundant in cruciferous vegetables,
has great potential against bladder cancer carcinogenesis.
Our data supports the possibility that intake of raw
cruciferous vegetables may reduce the risk of bladder
cancer.
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