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Background: There is extensive and
consistent evidence that high fruit and
vegetable intakes are associated with
decreased risks of many cancers, but
results for prostate cancer risk have
been inconsistent. We studied the asso-
ciations of fruit and vegetable intakes
with prostate cancer risk in a popula-
tion-based, case–control study of men
under 65 years of age.Methods: Case
participants were 628 men from King
County (Seattle area), WA, who were
newly diagnosed with prostate cancer.
Control participants were 602 men re-
cruited from the same underlying
population and frequency matched to
case part ic ipants by age. Sel f -
administered food-frequency question-
naires were used to assess diet over the
3- to 5-year period before diagnosis or
recruitment. Daily nutrient intakes
were calculated by use of a nutrient da-
tabase with recently updated analytic
values for carotenoids. Odds ratios for
prostate cancer risk associated with
foods and nutrients were calculated by
use of unconditional logistic regression.
Results:No associations were found be-
tween fruit intake and prostate cancer
risk. The adjusted odds ratio (ORs) for
the comparison of 28 or more servings
of vegetables per week with fewer than
14 servings per week was 0.65 (95%
confidence interval [CI] = 0.45–0.94),
with a two-sided P for trend = .01. For
cruciferous vegetable consumption, ad-
justed for covariates and total veg-
etable intake, the OR for comparison of
three or more servings per week with
less than one serving per week was 0.59
(95% CI = 0.39–0.90), with a two-sided
P for trend = .02. The OR for daily
intake of 2000 µg or more lutein plus
zeaxanthin compared with an intake of
less than 800 µg was 0.68 (95% CI =
0.45–1.00).Conclusion: These results
suggest that high consumption of veg-
etables, particularly cruciferous veg-
etables, is associated with a reduced
risk of prostate cancer. [J Natl Cancer
Inst 2000;92:61–8]

Evidence supporting the protective ef-
fects of high fruit and vegetable consump-
tions on the risks of many cancers is ex-
tensive and consistent, but existing
studies of fruit and vegetable intakes and
prostate cancer are contradictory. A com-
prehensive review of the literature, which
is beyond the scope of this report, can be
found elsewhere(1). Of eight studies(2–
9) that have reported results for total fruit
or vegetable consumption and prostate
cancer risk, only one(8) found a statisti-
cally significant protective association.
Case–contro l and cohor t s tudies
(2,4,6,7,10–20)have found null, in-
creased, and protective effects on risk of
prostate cancer for specific fruits and veg-
etables. For example, studies examining
cruciferous vegetables have found statis-
tically significant protective effects(16),
nonsignificant protective effects(12,18),
and no associations(4,6,10,13).

In many previous studies(2–20) of
fruits and vegetables and prostate cancer
risk, sample sizes were quite small, mea-
sures of fruit and vegetable intakes were
not comprehensive, and analyses were not
controlled for important confounders,
such as age or fat intake. Additional, bet-
ter designed studies are needed to resolve
the inconsistencies in this literature.

We studied the associations of fruit
and vegetable intakes with prostate cancer
risk in a population-based, case–control
study of men aged 40–64 years. This
study differs from most earlier studies in
several ways. Dietary assessment was
based on a comprehensive food-
frequency questionnaire (FFQ), the nutri-
ent database used recently updated ana-
lytic values for carotenoids, and statistical
methods were used to separate effects of
total fruit and vegetable intakes from the
effects of specific fruits and vegetables.
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METHODS

Data were from a population-based, case–control
study of risk factors for prostate cancer. The study
was approved by the Institutional Review Board of
the Fred Hutchinson Cancer Research Center, and
written informed consent was obtained from all of
the participants.

Eligible case participants were white and black
male residents of King County (Seattle area), WA,
who were aged 40–64 years and who were newly
diagnosed with histologically confirmed prostate
cancer between January 1, 1993, and December 31,
1996. Case participants were identified from the Se-
attle–Puget Sound Surveillance, Epidemiology, and
End Results (SEER)1 cancer registry. (Only case
participants with a residential telephone were eli-
gible because control participants were selected by
use of random-digit dialing.) Because the emphasis
was on recruiting younger men, only a random
sample of 75% of the prospective case participants
aged 60–64 years were recruited. Of the 917 case
participants selected for the study, 753 (82%) were
interviewed. Reasons for nonresponse were physi-
cian refusal to allow contact (2.6%), participant re-
fusal (13%), inability to locate (1.5%), illness
(0.4%), and death (0.2%).

Control participants were identified by use of ran-
dom-digit dialing. They were recruited evenly
throughout the ascertainment period for case partici-
pants and were frequency matched to case partici-
pants by age (same 5-year group). Of the 21 116
residential numbers contacted, 94% provided house-
hold census data. Of the 1025 eligible men identi-
fied, 941 (92%) agreed to receive mailed informa-
tion about the study, and 703 of those (75%) were
interviewed. Reasons for nonresponse were partici-
pant refusal (24%), loss to follow-up (<1%), and
illness (<1%).

Clinical information was abstracted from the
SEER registry. Aggressive tumors were defined as
either stage C or D [Whitmore–Jewett system(21)]
or as histopathologic grade 8–10 [Gleason system
(22)].

Participants completed in-person interviews con-
ducted by trained male interviewers. Information
collected included demographic characteristics,
height and weight, family history of prostate cancer,
and 5-year history of screening by use of prostate-
specific antigen (PSA) measurements and digital
rectal examination. A calendar of life events was
used to enhance recall. For case participants, time-
sensitive questions used diagnosis dates as reference
dates. For control participants, reference dates were
randomly assigned from dates that approximated the
distribution of case participants’ diagnosis dates.

After the interview, participants were given the
FFQ and asked to complete it at home and return it
by mail. The FFQ asked about the usual consump-
tion of 99 food items, including 12 fruit items and 21
vegetable items, over the 3- to 5-year period preced-
ing the reference date. Each food item had nine op-
tions for frequency (ranging from “never or less than
once per month” to “2+ per day” for foods and “6+
per day” for beverages) and three options for portion
size. The FFQ had 19 questions about food purchas-
ing and preparation practices and two summary
questions that asked about the frequency of consum-
ing all servings of fruit (excluding juice) and all
vegetables (excluding salad or potatoes) (ranging
from “less than one per week” to “5+ per day”).

FFQs were completed by 654 case (87%) and 625
control (89%) participants. Participants whose cal-
culated daily energy intakes were less than 800 kcal
(23 case and 21 control participants) or greater than
5000 kcal (three case and two control participants)
were excluded because their FFQs were considered
unreliable. The final sample was composed of 628
case participants and 602 control participants with
reliable food-frequency data.

Total fruit and vegetable consumptions were es-
timated in two ways. In the first, we used the method
of the National Cancer Institute-sponsored 5-a-Day
for Better Health community studies: We added
answers to the FFQ’s summary questions about
frequencies of fruit (excluding juices) and vegetable
(excluding salad or potatoes) consumptions to
answers to the FFQ’s questions about consump-
tions of juice, salads, and potatoes (not fried)(23).
This method reduces the respondents’ tendency to
overestimate consumption of categories of foods
when there are many items in a related food group
(24).

The second method was simple summation. We
added intakes of all fruit or vegetable items listed in
the FFQ. Vegetables included potatoes (not fried),
beans, bean soups, vegetable soups, and 17 specific
vegetables or groups of vegetables. We also calcu-
lated a separate category not included in total veg-
etables, “tomatoes from pizza and spaghetti sauce,”
by adding two food items from the FFQ: pizza and
spaghetti with tomato sauce.

For analyses of specific vegetable and fruit
groups, we calculated servings per week of cooked
tomatoes, raw tomatoes, carrots, cruciferous veg-
etables, beans, green leafy vegetables, “other veg-
etables” (string beans and green beans, peas, corn,
summer squash, winter squash, onions and leeks,
lettuce, mixed lettuce salad, sweet potatoes, other
potatoes [not fried], bean soups, and vegetable
soups), citrus fruits, citrus juice, and “other fruits”
(apples and pears; bananas; peaches, nectarines, and
plums; cantaloupe; other melon; apricots; other
dried fruit; strawberries; any other fruit; and other
fruit juices).

Daily energy, fat, vitamin C, and carotenoid in-
takes were calculated by use of algorithms devel-
oped at the Fred Hutchinson Cancer Research Cen-
ter (25) and a nutrient database from the University
of Minnesota Nutrient Data System(26) that incor-
porated updated data from the U.S. Department of
Agriculture on carotenoid content of fruits and veg-
etables(27).The 19 questions on the FFQ that asked
about food purchasing and preparation practices
were used to adjust nutrient calculations(25,28).Ca-
rotenoid intake exclusive of lycopene was estimated
because both dietary intake and serum concentration
of five of the major carotenoids (b-carotene,a-caro-
tene, b-cryptoxanthin, lutein, and zeaxanthin) are
intercorrelated, while lycopene levels are relatively
independent(29).

Geometric mean intakes of vegetables, fruits, and
nutrients were calculated for case participants and
control participants because the distributions of
these variables are log normal. Values were log
transformed for the purposes of calculations but
back transformed to original units for ease of inter-
pretation.

Unconditional logistic regression was used to cal-
culate odds ratios (ORs) for risk of prostate cancer
associated with nutrients and foods, both with and

without adjustment for eight covariates: age (catego-
rized in 5-year groups), race (white or black), family
history of prostate cancer (none, in first-degree rela-
tives, or in second-degree relatives only), education
(ø12, 13–15, 16, orù17 years), body mass index
(weight in kilograms/[height in meters]2) (18–23,
24–26, 27–29, orù30 kg/m2), number of screening
PSA tests within 5 years of reference date (0, 1–2,
3–4, orù5), and dietary intakes of energy and fat
(both log transformed). We categorized individual
fruit and vegetable intakes into ranges that reflect
common dietary patterns (<1, 1–2.9, orù3 times per
week) and categorized nutrients roughly into quar-
tiles based on the distributions in the entire sample.
ORs associated with specific vegetable or fruit
groups were adjusted for total vegetable or fruit in-
take and for the eight covariates. The interpretation
of these models is whether or not substituting a par-
ticular vegetable or fruit for other vegetables or
fruits while keeping total vegetable or fruit intake
constant changes disease risk.

Tests for trends associated with increased intake
used the method of Breslow and Day(30). Polyto-
mous logistic regression was used for analyses that
stratified case participants into those with aggressive
and those with nonaggressive tumors. A two-sided
probability of <.05 was used as the criterion of sta-
tistical significance.

RESULTS

Table 1 gives demographic character-
istics, family history of prostate cancer,
and PSA test history of case and control
participants and lists the stage of disease
at diagnosis for case participants. The de-
mographics of the study sample were con-
sistent with those of the underlying popu-
lation of the King County (Seattle area),
WA. More than 60% of the study partici-
pants were under age 60 years, and more
than 50% were college graduates. Case
participants were more likely than control
participants to have a family history of
prostate cancer, to be black, or to have
had PSA screening tests. (PSA tests done
at the time of diagnosis of prostate cancer
are not included in the data in this table.)
The majority of case participants had lo-
calized disease confined to the prostate
(stage B).

Table 2 compares fruit and vegetable
consumptions and energy, fat, vitamin C,
and carotenoid intakes of case and control
participants. Fruit and vegetable con-
sumptions are reported in servings per
week, both as total consumption (calcu-
lated two ways) and divided into catego-
ries. Servings per week were the highest
for raw tomatoes, cruciferous vegetables,
and carrots. Energy, fat, vitamin C, and
carotenoid intakes are reported in the in-
dicated units on a daily basis.

Table 3 gives associations of fruit and
vegetable intakes with prostate cancer
risk. There were no statistically signifi-

62 REPORTS Journal of the National Cancer Institute, Vol. 92, No. 1, January 5, 2000

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/92/1/61/2905797 by guest on 10 April 2024



cant associations of fruit intake with pros-
tate cancer risk. A modest, not statisti-
cally significant, decreased risk was
associated with total fruit consumption
calculated by the 5-a-Day method (but
not when simple summation was used).
In contrast, there were stronger protec-
tive effects for total vegetable consump-
tion (calculated either by the 5-a-Day
method or by simple summation). In mod-
els adjusted for covariates, there were sig-
nificant linear trends, with 35%–48% re-
ductions in risk in the highest intake
categories.

When data for individual vegetable
groups were adjusted for covariates, there
were statistically significant protective ef-
fects for the highest intake categories of
cruciferous vegetables, carrots, and “other
vegetables” and statistically significant
trends for cruciferous vegetables and car-
rots. Only the association of cruciferous
vegetables remained statistically signifi-

cant after controlling for total vegetable
intake.

We also analyzed the data excluding
potatoes because of their low nutrient
density. The results did not change.

We examined the effects of tomatoes
and tomato products. The unadjusted ORs
for cooked tomatoes are similar to those
for “other vegetables,” but the ORs ad-
justed for covariates were weaker for
cooked tomatoes than for “other veg-
etables.” When controlled for total veg-
etable intake, effects for cooked tomatoes
were further reduced. For the highest lev-
els (controlled for covariates but not for
total vegetable consumption), ORs of
prostate cancer were 1.14 (95% confi-
dence interval [CI]4 0.73–1.78) for to-
matoes from all sources and 1.01 (95% CI
4 0.61–1.68) for tomatoes from pizza
and spaghetti sauce. No trends in ORs
across levels of intake were apparent for
either of these two food categories.

Associations of estimated intakes of
vitamin C and carotenoids, nutrients
found in fruits and vegetables, with pros-
tate cancer risk are shown in Table 4.
There were weak, not statistically sig-
nificant trends for reduced risk, with
increased consumption of total carot-
enoids (excluding lycopene),a-carotene,
b-carotene, lutein plus zeaxanthin, and vi-
tamin C.

We completed several additional
analyses to further explore these findings.
Associations of fruit, vegetable, and nu-
trient intakes with prostate cancer risk did
not differ by family history (prostate can-
cer in a first-degree relative compared
with others). For the highest category of
total vegetable intake (simple summa-
tion), the ORs were 0.71 (95% CI4
0.44–1.15) for aggressive tumors and 0.62
(95% CI 4 0.41–0.93) for other tumors.
For the highest category of cruciferous
vegetable intake, controlled for total veg-
etable intake, ORs were 0.76 (95% CI4
0.43–1.33) for aggressive tumors and 0.52
(95% CI 4 0.33–0.84) for other tumors.

We examined whether our results were
markedly influenced by the low propor-
tion of PSA screening in control partici-
pants by completing analyses by use of
data from the 149 control participants
(25% of the original control group) who
had had a PSA test within 12 months of
the reference date. Although there was
some irregularity because of small sample
sizes, results paralleled those from the to-
tal sample. The ORs were 0.57 (95% CI
4 0.35–0.93) for the highest category of
total vegetable intake (simple summation)
and 0.41 (95% CI4 0.23–0.72) for the
highest category of cruciferous vegetable
intake controlled for total vegetables.

DISCUSSION

The primary findings from this study
were statistically significant protective ef-
fects on prostate cancer risk for both total
and cruciferous vegetable consumption.
When total vegetable intake was com-
puted by simple summation, men con-
suming 28 or more servings of vegetables
per week showed a 35% decreased risk
for prostate cancer when compared with
those eating fewer than 14 servings per
week. There was also a 41% decreased
risk among men eating three or more
servings of cruciferous vegetables per
week compared with those eating less
than one serving per week, even after con-
trolling for total vegetable intake. Our in-
terpretation of these results is that the sub-

Table 1.Demographic and health-related characteristics of case and control participants

Characteristic
Case participants, %

(n 4 628)
Control participants, %

(n 4 602)

Age, y
40–49 5.1 7.1
50–54 19.1 18.4
55–59 36.0 38.5
60–64 39.8 35.9

Race
White 95.5 98.5
Black 4.5 1.5

Family history of prostate cancer
None 72.3 84.4
First degree 19.3 10.1
Second degree only 8.4 5.5

Education, y
ø12 27.2 21.9
13–15 20.4 22.8
16 28.3 28.1
ù17 24.0 27.2

Body mass index, kg/m2*
18–23 23.7 21.8
24–26 37.7 34.7
27–29 21.7 25.3
ù30 16.9 18.3

No. of PSA tests within previous 5 y†
None 28.7 66.6
1–2 33.8 19.1
3–4 20.1 8.6
ù5 17.7 5.7

Stage at diagnosis‡
A 14.5
B 57.0 Not applicable
C 18.8
D 7.0
Unknown 2.7

*Body mass index4 weight in kilograms/[height in meters]2.
†Prostate-specific antigen (PSA) tests done in conjunction with prostate cancer diagnoses of case partici-

pants are not included.
‡See (21)for information on staging.
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stitution of cruciferous vegetables for
other vegetables, while keeping total veg-
etable intake constant, significantly re-
duces prostate cancer risk.

The statistical model we used is similar
to that used in nutritional epidemiology to
examine the effect of an individual mac-
ronutrient while controlling for total en-
ergy intake(31). We believe that this is
the most appropriate statistical model to
test for an effect of a specific vegetable
group, independent of an effect of veg-
etablesper se.It seems likely that the sig-
nificant or nearly significant associations
of carrots, “other vegetables,” and cooked
tomatoes in models not controlled for to-
tal vegetables are due to their contribu-
tions to total vegetable intake rather than
to specific protective effects of the indi-
vidual vegetables or vegetable group.

Of the nutrients analyzed, only the as-
sociation between lutein plus zeaxanthin
and prostate cancer risk was close to sta-
tistical significance. (Because of the limi-
tations in food composition data, we were
unable to analyze lutein and zeaxanthin
separately.) Lutein is a carotenoid found

in high concentrations in cruciferous and
green leafy vegetables; it has been used as
a biomarker of vegetable intake(29,32).
The 32% reduced risk of prostate cancer
associated with daily intake of 2000mg or
more of lutein plus zeaxanthin (compared
with consumption of <800mg) provides a
plausible biologic explanation for a pro-
tective effect of vegetables with high con-
centrations of these carotenoids. Lack of a
statistically significant protective effect
for green leafy vegetables may be because
of their low consumption in this population.

The protective effect of cruciferous
vegetables is consistent with a proposed
role for glutathioneS-transferase (GST)
activity in protecting against prostate can-
cer. GSTPi isoenzymes (the suffix indi-
cates the locus at which these enzymes
are encoded) are phase II detoxification
enzymes that inactivate carcinogenic
electrophiles and organic hydroperoxides
and protect cells from DNA-damaging
agents(33,34).They are the most abun-
dant GST in human prostate tissue; how-
ever, they are absent in 95% of sporadic
prostate adenocarcinomas(33,34). Ex-

perimental studies(35–40)show that in-
doles and isothiocyanates, which are
products of the hydrolysis of glucosino-
lates found in cruciferous vegetables, in-
hibit tumorigenesis by inducing GSTPi
isoenzymes. It is, therefore, plausible that
inducing GSTPi activity by consuming
cruciferous vegetables affords protection
against environmental and endogenous
carcinogenesis associated with the devel-
opment of prostate cancer.

Recent reports have associated tomato
products with decreased risks of prostate
(41–43)and other(44) cancers. Our data
showed a not statistically significant 27%
reduced risk of prostate cancer associated
with consuming three or more servings of
cooked tomatoes per week. The reduction
in risk decreased to 10% (not statistically
significant) after controlling for total veg-
etable intake. We did not find any asso-
ciation of lycopene intake and prostate
cancer risk. Our results are similar to
those of four studies that found no asso-
ciation between either tomato consump-
tion or lycopene intake and risk of pros-
tate cancer(19,20,45,46).None of the
studies(9,10,17,42)reporting protective
or null associations for lycopene or to-
mato products have controlled for total
vegetable consumption. Our judgment is
that the literature on the relationships of
lycopene and tomato products with pros-
tate cancer risk remains inconclusive
(43,44).

This study has several limitations. As
in any case–control design that assesses
exposure after onset of disease, differen-
tial dietary recall between case and con-
trol participants could bias results. At the
time of this study, no media attention was
focused on tomato or vegetable intakes
and prostate cancer risk. However, na-
tional programs, such as 5-a-Day for Bet-
ter Health, may have increased the pub-
lic’s awareness of the importance of fruits
and vegetables for good health and inad-
vertently affected participants’ responses
to the FFQ. Control participants may also
have been a biased sample of men who
were more interested in health and more
likely to have diets high in fruits and veg-
etables. However, that there was no dif-
ference in fruit intake between case and
control participants is some evidence
against this bias. Finally, there are inher-
ent limitations in the accuracy of FFQs,
which require participants to estimate
their usual dietary patterns over a period
several years previously(47).

The widespread use of PSA screening

Table 2.Servings of fruits and vegetables per week and nutrients per day in case and
control participants*

Case participants Control participants

Total fruit, 5-a-Day method 7.0 ± 5.8 7.2 ± 5.9

Total fruit, simple summation 12.2 ± 9.9 11.9 ± 9.5
Citrus fruit† 1.0 ± 1.2 1.0 ± 1.2
Citrus juice‡ 2.1 ± 2.5 2.1 ± 1.9
Other fruit 8.4 ± 7.0 8.1 ± 6.6

Total vegetables, 5-a-Day method 11.9 ± 6.8 12.3 ± 7.2

Total vegetables, simple summation 17.9 ± 11.2 18.7 ± 12.0
Cooked tomatoes§ 0.8 ± 0.9 0.9 ± 1.0
Raw tomatoes 1.3 ± 1.3 1.3 ± 1.4
Cruciferous vegetables\ 1.6 ± 1.6 1.8 ± 1.8
Carrots 1.0 ± 1.1 1.1 ± 1.2
Beans 0.6 ± 0.6 0.7 ± 0.7
Green leafy vegetables¶ 0.3 ± 0.5 0.3 ± 0.5
Other vegetables 11.7 ± 7.4 11.8 ± 7.4

Tomatoes from pizza and spaghetti sauce 1.2 ± 1.0 1.2 ± 0.9

Energy, kcal 1844 ± 719 1808 ± 669

Fat, g 74.4 ± 37.2 72.2 ± 36.7

Vitamin C, mg 84.6 ± 47.1 86.4 ± 47.2

Total carotenoids except lycopene,mg 4769 ± 2752 4964 ± 2894

Total carotenoids,mg 11 848 ± 6173 11 967 ± 6331
a-Carotene,mg 472 ± 378 512 ± 399
b-Carotene,mg 2921 ± 1677 3071 ± 1757
b-Cryptoxanthin,mg 19.9 ± 22.2 20.8 ± 23.1
Lutein and zeaxanthin,mg 1211 ± 796 1260 ± 868
Lycopene,mg 2058 ± 1400 2058 ± 1544

*Geometric mean ± standard deviation values back-transformed into original units.
†Oranges, grapefruit, or tangerines (not juice).
‡Orange juice, grapefruit juice, or vitamin C-enriched fruit drinks.
§Cooked tomatoes, tomato sauce, and salsa.
\Broccoli, coleslaw, cabbage, sauerkraut, Brussels sprouts, and cauliflower.
¶Cooked greens (spinach, mustard greens, turnip greens, collards, etc.).
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Table 3.Odds ratios of prostate cancer associated with servings of fruits and vegetables

Servings per week

No. of participants
Odds ratio (95% confidence interval)

Unadjusted
Adjusted for
covariates*

Adjusted for covariates* +
total fruits or vegetables†Case Control

Total fruit, 5-a-Day method Not applicable
<3.5 120 109 1.00 (referent) 1.00 (referent)
3.5–6.9 167 167 0.91 (0.65–1.27) 0.94 (0.64–1.37)
7–13.9 212 182 1.06 (0.76–1.47) 0.96 (0.66–1.39)
ù14 129 144 0.81 (0.57–1.16) 0.80 (0.53–1.23)

P for trend‡ .47 .38

Total fruit, simple summation Not applicable
<7 128 133 1.00 (referent) 1.00 (referent)
7–13.9 206 190 1.13 (0.82–1.54) 1.19 (0.84–1.69)
14–20.9 143 138 1.08 (0.77–1.51) 1.07 (0.73–1.57)
ù21 151 141 1.11 (0.80–1.56) 1.07 (0.72–1.60)

P for trend‡ .65 .96

Citrus fruit
<1 347 334 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 167 152 1.11 (0.85–1.45) 1.09 (0.81–1.46) 1.07 (0.79–1.45)
ù3 114 116 0.97 (0.72–1.31) 0.93 (0.66–1.30) 0.89 (0.60–1.31)

P for trend‡ .84 .81 .70
Citrus juice

<1 214 201 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 126 137 0.96 (0.70–1.30) 0.82 (0.58–1.15) 0.81 (0.56–1.15)
ù3 288 264 1.09 (0.85–1.40) 1.00 (0.75–1.35) 1.00 (0.73–1.38)

P for trend .79 .91 .96
Other fruit

<3.5 98 96 1.00 (referent) 1.00 (referent) 1.00 (referent)
3.5–6.9 129 139 0.91 (0.63–1.32) 0.89 (0.59–1.35) 0.89 (0.59–1.36)
7–13.9 230 214 1.05 (0.75–1.48) 0.95 (0.65–1.39) 0.95 (0.62–1.45)
ù14 171 153 1.10 (0.77–1.56) 0.99 (0.65–1.50) 0.99 (0.54–1.80)

P for trend‡ .39 .91 .99

Total vegetables, 5-a-Day method Not applicable
<7 99 81 1.00 (referent) 1.00 (referent)
7–13.9 252 253 0.82 (0.58–1.15) 0.68 (0.46–1.00)
14–20.9 189 165 0.94 (0.65–1.34) 0.76 (0.50–1.16)
ù21 88 103 0.70 (0.46–1.05) 0.52 (0.31–0.84)

P for trend‡ .27 .05

Total vegetables, simple summation Not applicable
<14 198 167 1.00 (referent) 1.00 (referent)
14–20.9 150 155 0.82 (0.60–1.11) 0.75 (0.53–1.05)
21–27.9 115 109 0.89 (0.64–1.24) 0.83 (0.56–1.21)
ù28 165 171 0.81 (0.60–1.10) 0.65 (0.45–0.94)

P for trend‡ .15 .01

Cruciferous vegetables
<1 209 172 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 269 245 0.90 (0.69–1.18) 0.81 (0.60–1.10) 0.84 (0.61–1.14)
ù3 150 185 0.67 (0.50–0.90) 0.54 (0.38–0.76) 0.59 (0.39–0.90)

P for trend .01 .01 .02
Green leafy vegetables

<1 537 503 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 71 78 0.88 (0.62–1.24) 0.68 (0.46–1.00) 0.75 (0.50–1.11)
ù3 20 21 0.94 (0.50–1.78) 0.83 (0.40–1.71) 1.06 (0.49–2.26)

P for trend .40 .10 .41
Carrots

<1 303 277 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 233 217 1.00 (0.78–1.28) 0.86 (0.65–1.14) 0.93 (0.69–1.26)
ù3 92 108 0.76 (0.55–1.06) 0.66 (0.45–0.96) 0.80 (0.52–1.24)

P for trend .19 .03 .35
Beans

<1 445 412 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 151 150 0.93 (0.72–1.21) 0.96 (0.71–1.29) 1.05 (0.77–1.43)
ù3 32 40 0.74 (0.45–1.19) 0.69 (0.39–1.19) 0.86 (0.48–1.54)

P for trend .24 .27 .88
Cooked tomatoes

<1 342 309 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 222 214 0.94 (0.74–1.20) 0.89 (0.68–1.17) 0.97 (0.73–1.30)
ù3 64 79 0.73 (0.51–1.05) 0.73 (0.48–1.10) 0.90 (0.57–1.42)

P for trend .12 .13 .68

(Table continues)
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complicates epidemiologic studies of
prostate cancer risk. For example, in this
study, 71% of case participants but only
33% of control participants had received
PSA screening in the 5 years before their
diagnosis or reference date. Many men
who are now diagnosed with prostate can-
cer may have gone undiagnosed before
PSA screening became common. It is pos-
sible that risk factors for PSA-detected,
early-stage disease could differ from
those for clinically manifest tumors.
However, in our analyses that were re-
stricted to case participants with aggres-
sive tumors (which would have been di-
agnosed eventually even without PSA
testing), no marked differences from the
overall results appeared.

An additional concern is that control
participants without PSA screening may
have had undiagnosed, latent disease. We
found that excluding control participants
who had never had a PSA test modestly
increased the strength of associations of
total vegetable and cruciferous vegetable
consumptions with prostate cancer risk,
but the associations were not statistically
significantly different from the results
that included all control participants. Fi-
nally, PSA screening is associated with
healthful behavior, including higher fruit
and vegetable intakes, both in population-
based studies in Washington state(48)
and in the control group in this study. As
one might expect, statistical control for
number of PSA tests modestly increased
the strength of associations between veg-
etable consumption and prostate cancer
risk, similar to the analyses that restricted
control participants to those who had re-
ceived at least some PSA screening.

Three aspects of this study distinguish

Table 4.Odds ratios of prostate cancer associated with nutrient intake

Nutrients per day

No. of
participants

Unadjusted
odds ratio

Adjusted*
odds ratio

P for
trend†Case Control

Total carotenoids,mg .24
<8900 157 156 1.00 (referent) 1.00 (referent)
8900–11 999 156 138 1.12 (0.82–1.55) 1.13 (0.79–1.63)
12 000–15 999 155 137 1.12 (0.82–1.55) 1.03 (0.70–1.51)
ù16 000 160 171 0.93 (0.68–1.27) 0.81 (0.55–1.21)

Total carotenoids except lycopene,mg .16
<3600 190 170 1.00 (referent) 1.00 (referent)
3600–4899 113 120 0.84 (0.61–1.17) 0.81 (0.56–1.17)
4900–7299 193 169 1.02 (0.76–1.37) 0.89 (0.63–1.26)
ù7300 132 143 0.83 (0.60–1.13) 0.72 (0.48–1.06)

a-Carotene,mg .16
<330 164 136 1.00 (referent) 1.00 (referent)
330–549 159 169 0.78 (0.57–1.07) 0.78 (0.55–1.07)
550–809 153 152 0.84 (0.61–1.15) 0.78 (0.54–1.12)
ù810 152 145 0.87 (0.63–1.20) 0.75 (0.51–1.09)

b-Carotene,mg .13
<2200 184 154 1.00 (referent) 1.00 (referent)
2200–2899 117 133 0.74 (0.53–1.02) 0.73 (0.50–1.06)
2900–4399 187 173 0.91 (0.67–1.22) 0.77 (0.54–1.09)
ù4400 140 142 0.83 (0.60–1.13) 0.72 (0.49–1.07)

b-Cryptoxanthin,mg .95
<10 153 149 1.00 (referent) 1.00 (referent)
10–24 159 160 0.97 (0.71–1.33) 0.95 (0.67–1.35)
25–44 177 141 1.22 (0.89–1.68) 1.18 (0.82–1.68)
ù45 139 152 0.89 (0.65–1.23) 0.93 (0.64–1.36)

Lutein + zeaxanthin,mg .09
<800 149 140 1.00 (referent) 1.00 (referent)
800–1299 184 176 0.98 (0.72–1.34) 0.93 (0.66–1.32)
1300–1999 169 143 1.11 (0.81–1.53) 0.99 (0.69–1.43)
ù2000 126 143 0.83 (0.59–1.15) 0.68 (0.45–1.00)

Lycopene,mg .96
<4900 161 163 1.00 (referent) 1.00 (referent)
4900–6599 122 131 0.94 (0.68–1.31) 0.93 (0.64–1.35)
6600–9899 207 157 1.34 (0.99–1.80) 1.23 (0.86–1.76)
ù9900 138 151 0.93 (0.67–1.27) 0.89 (0.60–1.31)

Vitamin C, mg .13
<70 167 141 1.00 (referent) 1.00 (referent)
70–104 170 173 0.83 (0.61–1.13) 0.86 (0.61–1.23)
105–149 138 135 0.86 (0.62–1.20) 0.78 (0.53–1.15)
ù150 153 153 0.84 (0.62–1.16) 0.75 (0.50–1.11)

*Controlled for fat, energy, race, age, family history of prostate cancer, body mass index, prostate-specific
antigen tests in previous 5 years, and education.

†Two-sidedP value of test for trend determined by modeling category of intake as an ordinal variable in
a logistic regression model.

Table 3 (continued).Odds ratios of prostate cancer associated with servings of fruits and vegetables

Servings per week

No. of participants
Odds ratio (95% confidence interval)

Unadjusted
Adjusted for
covariates*

Adjusted for covariates* +
total fruits or vegetables†Case Control

Raw tomatoes
<1 241 242 1.00 (referent) 1.00 (referent) 1.00 (referent)
1–2.9 241 209 1.16 (0.90–1.50) 1.07 (0.80–1.43) 1.20 (0.89–1.62)
ù3 146 151 0.97 (0.73–1.30) 0.93 (0.67–1.30) 1.22 (0.83–1.80)

P for trend .99 .76 .26
Other vegetables

<7 126 100 1.00 (referent) 1.00 (referent) 1.00 (referent)
7–13.9 234 241 0.77 (0.56–1.06) 0.66 (0.46–0.95) 0.81 (0.54–1.21)
14–20.9 172 165 0.83 (0.59–1.16) 0.79 (0.53–1.17) 1.22 (0.70–2.11)
ù21 96 96 079 (0.54–1.17) 0.56 (0.35–0.91) 1.19 (0.53–2.66)

P for trend .38 .10 .38

*Fat, energy, race, age, family history of prostate cancer, body mass index, prostate-specific antigen tests in previous 5 years, and education.
†Total servings of fruit or total servings of vegetables calculated by simple summation.
‡Two-sidedP value of test for trend determined by modeling category of intake as an ordinal variable in a logistic regression model.
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it from earlier reports on diet and prostate
cancer risk. We used a comprehensive
FFQ and a nutrient database in which ca-
rotenoid values are based on analytic and
not imputed values(27). Our statistical
models allowed us to analyze effects of
individual vegetable groups while con-
trolling for total vegetable consumption.
We were, therefore, able to identify a spe-
cific protective effect of cruciferous veg-
etables over and above the protective ef-
fect for total vegetable intake.

Our study also differed from others in
overall design: We examined dietary risk
factors in an age group at low risk for
prostate cancer. The incidence of prostate
cancer in men under 65 years of age is
about 250 per 100 000 compared with
1000 per 100 000 for men 65 years old or
older (49). It is possible that cancer in
low-incidence age groups is due primarily
to inherited susceptibility genes. How-
ever, such genes are thought to explain
less than 30% of cancers diagnosed in
men less than 65 years of age(50), and
additional studies of risk factors in low-
incidence groups may allow more clear
identification of environmental exposures
related to risk.

We found protective effects of veg-
etables, particularly cruciferous veg-
etables, on prostate cancer risk. This
study provides justification for further re-
search to differentiate the effects of spe-
cific vegetables and to discover the
mechanisms underlying associations be-
tween total and cruciferous vegetables
and risk of prostate cancer. It also pro-
vides support for the general public health
recommendation to increase vegetable in-
take.
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NOTES

1Editor’s note: SEER is a set of geographically
defined, population-based, central cancer registries
in the United States, operated by local nonprofit or-
ganizations under contract to the National Cancer
Institute (NCI). Registry data are submitted elec-
tronically without personal identifiers to the NCI on
a biannual basis, and the NCI makes the data avail-
able to the public for scientific research.
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