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Abstract

Fruit and vegetable consumptionhas been inconsistently
associatedwith risk of bladder cancer.Weuseddata from
a prospective population-based cohort study of 82,002
Swedish women and men to examine the association
between fruit and vegetable consumption and bladder
cancer incidence.Dietwas assessedwith a validated food
frequency questionnaire. During amean follow-up of 9.4
years, 485 incident cases of bladder cancer were identi-
fied in the Swedish cancer registries. We found no
statistically significant association between intakes of
total fruits and vegetables, total fruits, or total vegetables
and bladder cancer risk after adjustment for age, sex,

education, and cigarette smoking. The multivariate rate
ratios (95% confidence intervals) comparing the highest
with the lowest quartile of intakewere 0.80 (0.60-1.05) for
total fruits and vegetables, 0.93 (0.69-1.25) for fruits, and
0.89 (0.67-1.19) for vegetables. Likewise, no associations
were observed for citrus fruits, cruciferous vegetables, or
green leafy vegetables. The associations did not differ by
sex or smoking status. In conclusion, findings from this
prospective study suggest that fruit and vegetable
intakes are not likely to be appreciably associated with
the risk of bladder cancer. (Cancer Epidemiol Bio-
markers Prev 2008;17(9):2519–22)

Introduction

Bladder cancer incidence and mortality rates vary
substantially across geographic regions (1), suggesting
that environmental factors, such as diet, may play a role
in the etiology of this malignancy. With regard to dietary
factors, a high consumption of fruits or vegetables has
been associated with a decreased risk of bladder in the
majority of case-control studies (2-9). However, the
retrospective design of these studies may have intro-
duced recall and selection biases. Prospective cohort
studies of fruit and vegetable consumption in relation to
bladder cancer risk are inconclusive, with an inverse
association observed for intake of fruits (10-14) and/or
vegetables (12, 15) in some studies but not in others
(16-18). Given the inconsistent results, we used data from
the Swedish Mammography Cohort and the Cohort of
Swedish Men to assess prospectively the relationship
between fruit and vegetable intake and bladder cancer
incidence.

Materials and Methods

The Swedish Mammography Cohort was established
between 1987 and 1990, when all women born between

1914 and 1948 and residing in central Sweden received a
mailed questionnaire on diet, body size, and education.
In the autumn of 1997, all surviving participants received
a new expanded questionnaire that included about 350
items concerning diet and other lifestyle factors; 39,227
women answered the questionnaire. For the current
analyses, eligible women were those who completed
the 1997 questionnaire because information on smoking
(a strong risk factor for bladder cancer) was not available
in the baseline questionnaire. The Cohort of Swedish
Men began in the autumn of 1997, when all men born
between 1918 and 1952 and residing in central Sweden
received a questionnaire that was identical (except
for some sex-specific questions) to the 1997 Swedish
Mammography Cohort questionnaire; 48,850 men
returned a completed questionnaire. After exclusion of
participants with an erroneous or missing National
Registration Number, those with implausible values for
total energy intake (3 SDs from the loge-transformed
mean energy intake), and those with a previous cancer
diagnosis (other than nonmelanoma skin cancer), 82,002
participants (36,664 women and 45,338 men) remained
for analyses.

A self-administered 96-item food frequency question-
naire was used to assess usual dietary intake over the
previous year. In our validation study, the Spearman
correlation coefficients between the average of four
1-week diet records and the dietary questionnaire ranged
from 0.4 to 0.7 for individual fruit and vegetable items.3
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Cases of bladder cancer were identified by linking
cohort participants to the National Swedish Cancer
Register and the Regional Cancer Register covering the
study area. The completeness of cancer follow-up was

estimated to be almost 100% (19). The endpoint for the
present analyses was incident bladder cancer coded
according to the International Classification of Disease for
Oncology, Second Revision (codes C67.0-C67.9), excluding

Table 1. Baseline characteristics of the study population by total fruit and vegetable intake

Quartile of fruit and vegetable intake* (servings/d)

<2.7 2.7-4.0 4.1-5.7 z5.8

No. participants 20,619 20,379 20,518 20,486
Age, mean (y) 62.2 60.8 60.5 60.3
Postsecondary education (%) 9.7 15.3 19.8 24.2
Smoking status (%)
Never 35.6 43.8 47.2 49.6
Past 31.5 32.3 31.7 31.6
Current 32.9 23.9 21.1 18.8

Pack-years of smoking
c

22.1 18.6 17.4 15.8

NOTE: Standardized to the age distribution of the study population at baseline.
* Fruits and vegetables include apples, pears, bananas, citrus fruits, orange/grapefruit juice, berries, and other fruits; spinach, lettuce, green salad, white
cabbage, red cabbage, Chinese cabbage, cauliflower, broccoli, Brussels sprouts, carrots, beetroots, tomatoes/tomato juice, sweet pepper, onion, leek, garlic,
green peas, and mixed vegetables.
cAmong past and current smokers; pack-years = number of packs of cigarettes smoked per day multiplied by the number of years of smoking.

Table 2. RR (95% CI) of bladder cancer according to quartiles of fruit and vegetable intake

Quartile of intake P trend

1 2 3 4

Fruits and vegetables
Servings/d <2.7 2.7-4.0 4.1-5.7 z5.8
Cases, n 175 112 115 83
Person-years 189,214 192,259 194,998 195,800
Age- and sex-adjusted RR (95% CI) 1.00 0.77 (0.61-0.98) 0.90 (0.71-1.14) 0.76 (0.58-0.98) 0.07
Multivariate RR (95% CI)* 1.00 0.82 (0.64-1.04) 0.95 (0.75-1.22) 0.80 (0.60-1.05) 0.20

Fruits
Servings/d <0.8 0.8-1.3 1.4-2.2 z2.3
Cases, n 158 116 125 86
Person-years 193,486 191,588 197,694 189,504
Age- and sex-adjusted RR (95% CI) 1.00 0.83 (0.66-1.06) 0.94 (0.75-1.19) 0.78 (0.60-1.02) 0.12
Multivariate RR (95% CI)* 1.00 0.92 (0.72-1.18) 1.09 (0.85-1.40) 0.93 (0.69-1.25) 0.80

Vegetables
Servings/d <1.6 1.6-2.4 2.5-3.6 z3.7
No. cases 163 133 101 88
Person-years 190,262 192,411 194,314 195,284
Age- and sex-adjusted RR (95% CI) 1.00 1.02 (0.81-1.28) 0.88 (0.69-1.13) 0.88 (0.67-1.14) 0.22
Multivariate RR (95% CI)* 1.00 1.04 (0.82-1.31) 0.90 (0.69-1.17) 0.89 (0.67-1.19) 0.35

Citrus fruits
c

Servings/wk <0.5 0.5-1.9 2.0-5.0 z5.1
Cases, n 165 141 91 88
Person-years 192,189 248,669 156,868 174,546
Age- and sex-adjusted RR (95% CI) 1.00 0.87 (0.69-1.09) 0.96 (0.75-1.25) 0.86 (0.66-1.11) 0.38
Multivariate RR (95% CI)* 1.00 0.90 (0.71-1.13) 1.01 (0.78-1.32) 0.88 (0.68-1.16) 0.53

Cruciferous vegetables
b

Servings/wk <0.9 0.9-1.4 1.5-3.4 z3.5
Cases, n 194 85 126 80
Person-years 245,367 146,155 213,702 167,047
Age- and sex-adjusted RR (95% CI) 1.00 1.01 (0.78-1.30) 1.01 (0.80-1.26) 0.95 (0.73-1.23) 0.69
Multivariate RR (95% CI)* 1.00 1.02 (0.79-1.31) 1.02 (0.81-1.28) 0.97 (0.74-1.27) 0.82

Green leafy vegetablesx

Servings/wk <0.9 0.9-1.9 2.0-3.9 z4.0
Cases, n 188 124 74 99
Person-years 229,615 196,187 158,771 187,698
Age- and sex-adjusted RR (95% CI) 1.00 1.02 (0.81-1.28) 0.82 (0.63-1.07) 0.99 (0.77-1.26) 0.60
Multivariate RR (95% CI)* 1.00 1.06 (0.84-1.33) 0.86 (0.66-1.13) 1.02 (0.79-1.31) 0.76

* Multivariate models were adjusted for age, sex, education (primary school, high school, and university), smoking status (never, past, and current), and
pack-years of smoking (<20, 20-39, and z40 pack-years), and total energy intake.
cCitrus fruits include oranges, grapefruits, and orange/grapefruit juice.
bCruciferous vegetables include white cabbage, red cabbage, Chinese cabbage, cauliflower, broccoli, and Brussels sprouts.
x Green leafy vegetables include spinach, lettuce, and green salad.
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in situ bladder cancer (n = 20). Information on dates of
death for deceased participants was obtained from the
Swedish Death Registry.

Participants contributed person-time from baseline to
the date of diagnosis of bladder cancer, death, or
December 31, 2007, whichever came first. Quartiles of
fruit and vegetable intake were derived based on the
distribution in the total study population. We used Cox
proportional hazards models (20) to estimate rate ratios
(RR) and 95% confidence intervals (95% CI) adjusted for
age and sex. Multivariate models were further adjusted
for education and cigarette smoking. Tests for trend were
conducted using the median value for each quartile as a
continuous variable. All P values were two sided. The
study had 80% power to detect a RR < 0.67 for the highest
versus lowest quartile (a = 0.05, two sided).

Results

During a mean follow-up of 9.4 years (772,272 person-
years), 485 incident bladder cancer cases (76 women and
409 men) were ascertained. Women and men with a high
intake of fruits and vegetables were more likely to have a
postsecondary education and to be never smokers
compared with those with a low fruit and vegetable
intake (Table 1).

Total fruit and vegetable intake was inversely associ-
ated with bladder cancer risk when adjusting for age and
sex only (Table 2). However, the association was
attenuated and not statistically significant after further
adjustment for education and smoking. Intakes of total
fruits, citrus fruits, total vegetables, cruciferous vegeta-
bles, or green leafy vegetables were not associated with
risk of bladder cancer. Exclusion of cases diagnosed
during the first 2 years of follow-up did not change
the results appreciably. We found no evidence that
the association between fruit and vegetable intake
and bladder cancer risk was modified by sex
(P interaction = 0.24) or smoking status (P interaction = 0.55).
The multivariate RRs (95% CIs) of bladder cancer
comparing the highest with the lowest quartile of total
fruit and vegetable intake were 0.79 (0.44-1.43) in
never smokers, 0.78 (0.50-1.23) in past smokers, and
0.75 (0.47-1.21) in current smokers.

To examine more extreme intakes of fruits and
vegetables, we categorized participants into deciles of
total fruit and vegetable intake. Participants in
the highest decile of fruit and vegetable intake
(z7.9 servings/d; n = 26 cases) had a nonsignificant
lower risk of bladder cancer (multivariate RR, 0.64;
95% CI, 0.40-1.03) compared with those in the lowest
decile (<1.7 servings/d; n = 77 cases). The multivariate
RR (95% CI) of bladder cancer for a 5 servings/d
increment of fruit and vegetable intake was 0.86
(0.69-1.07; P trend = 0.19).

Discussion

In this large prospective cohort study, intakes of fruits
and vegetables were not significantly associated with
bladder cancer risk after adjustment for potential con-
founders. This study has several strengths including a
large sample size, the population-based and prospective
design, detailed information on diet and smoking status

and history, and the completeness of case ascertainment
through linkage to Swedish cancer registries. The
prospective nature of our study avoided recall and
selection biases, which could be a problem in case-
control studies. We cannot exclude measurement error
due to self-reported diet as a contributor to the lack of
association with fruit and vegetables intake in the present
study. Nevertheless, we have observed an inverse
association between vegetable intake and gastric cancer
risk in this study population (21), suggesting that failure
to observe a protective association with bladder cancer
was unlikely due to an inability to assess fruit and
vegetable intake.

In conclusion, we found no evidence that higher
intakes of fruits and vegetables during adulthood reduce
the risk of bladder cancer.
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