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We examined the association between fruits and vegetables and
risk of renal cell carcinoma (RCC) in the European Prospective
Investigation into Cancer and Nutrition (EPIC). Dietary intake
data and complete follow-up information on cancer incidence
were available for 375,851 participants recruited in EPIC centers
of 8 countries. During an average follow-up of 6.2 years, 306 inci-
dent cases of RCC were identified. The associations of consump-
tion of total vegetables, total fruits, combined total fruits and vege-
tables and specific subtypes of vegetables with RCC risk were ana-
lyzed using Cox proportional hazards, stratified by centre and
adjusted for potential confounders. No significant associations
between fruit and vegetable consumption and RCC risk were
observed despite a wide range of intake. The estimated relative
risks (95% confidence intervals [CI]) in men and women com-
bined were 0.97 (0.85–1.11) per 40 g increase in vegetable intake,
1.03 (0.97–1.08) per 40 g increase in fruit intake and 1.02 (0.93–
1.11) per 80 g increase in fruit and vegetable intake combined.
Among the vegetable subtypes, an inverse association was
observed for root vegetables (RR per 8 g increase: 0.88; 95% CI:
0.78–0.99). These results suggest that total consumption of fruits
and vegetables is not related to risk of RCC, although we cannot
exclude the possibility that very low consumption is related to
higher risk. The relationship of specific fruit and vegetable sub-
groups with RCC risk warrant further investigation.
' 2006 Wiley-Liss, Inc.
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With its incidence continuing to increase,1 kidney cancer is
today the fifth and the eleventh most common neoplasm in men

and women in developed countries (http://www-dep.iarc.fr/).2

Renal cell carcinoma (RCC) accounts for more than 80% of all
kidney cancers in adults.3 Although the proportion of incidentally
diagnosed, asymptomatic RCC is increasing due to improvements
in diagnostic imaging, �30% of patients still present with meta-
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static disease, which is largely resistant to available therapies.4

Thus, RCC continues to be a difficult malignancy to treat, and pri-
mary prevention emerges as an important strategy.

Although smoking and obesity are established risk factors, the
etiology of RCC is largely unknown. Geographic variations in
RCC incidence and mortality2 suggest a role for environmental
factors, such as diet, in the etiology of this disease. Diets rich in
fruits and vegetables contain putative anticarcinogenic and anti-
mutagenic substances and have been recommended for preventing
cancer.5 However, convincing evidence for a protective role of
these dietary components in cancer development is lacking for
most malignancies, including RCC.6 A number of case-control
studies have reported an inverse association between intake of
either fruits or vegetables and RCC risk,7–11 while some investiga-
tions failed to demonstrate any significant association.12–14 More
importantly, data from prospective studies remain sparse and
largely non-conclusive.15–18

The aim of our study was to examine the association of RCC
incidence with fruit and vegetable consumption in the European
Prospective Investigation into Cancer and Nutrition (EPIC). EPIC
is a large cohort study including subjects from various geographic
regions of Europe, thus spanning a wide range of different diets.

Material and methods

Study population

EPIC is a multi-center prospective cohort study designed to
investigate the relationships between diet, lifestyle and environ-
mental factors and the incidence of various types of cancer. The
total cohort consists of 366,521 women and 153,457 men recruited
in 23 centers in 10 European countries including Denmark,
France, Germany, Greece, Italy, the Netherlands, Norway, Spain,
Sweden and the United Kingdom. The participants included in this
analysis were mostly aged between 25 and 70 years at time of
enrolment (1992–1998) and recruited from the general population
residing in defined geographic areas (i.e., town or province) in
each of the 10 countries. Exceptions were the French cohort
(based on female members of the health insurance for school em-
ployees), the Utrecht cohort in the Netherlands (based on women
attending breast cancer screening), the Ragusa cohort in Italy
(based on blood donors and their spouses) and the Oxford health
conscious subcohort (recruited throughout the United Kingdom in
order to enroll a large number of vegetarians and healthy eaters).
Eligible subjects were invited to participate in the study, and those
who accepted gave informed consent and completed question-
naires on their diet, lifestyle and medical history. Participants were
predominantly of European origin. The methods have been des-
cribed in full elsewhere.19,20

Subjects with missing questionnaire data or missing dates of
diagnosis or follow-up, representing 2% of the participants, and
those with prevalent cancer at any site at baseline examination
were excluded for the present study. Further, individuals in the top
and bottom 1% of the ratio of energy intake to estimated energy
requirement (calculated from age, sex and body weight) were
excluded to reduce the impact of implausible extreme dietary val-
ues on the analysis. According to these criteria, 480,871 partici-
pants were eligible for analysis. Additionally, we excluded the
cohorts of Norway (n 5 35,956) because of the short follow-up
period and the French cohorts (n 5 69,023) because of incomplete
case identification procedures for this cancer site.

Assessment of diet and lifestyle factors

Diet was measured by country-specific validated food fre-
quency questionnaires (FFQs) designed to capture local dietary
habits and to provide high compliance.19,21 The questionnaires
were self-administered in all centers except those in Greece, Spain
and Ragusa/Italy, where participants were interviewed using a
computerized dietary program. A questionnaire and a seven-day
dietary record were adopted in the United Kingdom, and an inter-

view based diet history method combining a questionnaire with a
7-day menu book was used in Malm€o, Sweden. Participants were
asked to report their average consumption of each food over the
previous 12 months, according to pre-coded categories that varied
from never or less than once per month to 6 or more times per
day. The number of questions relating to specific fruit and vegeta-
ble intake varied in centers, broadly reflecting the usual variety of
these foods available to participants.

To correct for estimation errors and optimize comparability of
dietary data across all EPIC centers, intake data from the question-
naires were calibrated using a single 24-hr dietary recall (24-HDR)
method common to all centers.22 These data were collected from an
8% sample of the entire EPIC cohort (36,900 individuals). Using
these data, intakes estimated from the FFQ can be transformed to a
common scale, enabling comparisons of cancer risk in relation to
food intake to be made across all EPIC centers as a whole. The
analyses conducted in our study included total fruits, total vegeta-
bles and total fruits and vegetables combined. In addition, the total
vegetable consumption was subdivided into specific vegetable sub-
groups,23 including leafy vegetables, fruiting vegetables, root vege-
tables, onion and garlic and cabbages. Other subgroups accounted
for very small proportions of total vegetable intake and have there-
fore not been considered for separate analyses.

Baseline information on lifestyle variables was obtained from
standardized questionnaires including questions on education, soci-
oeconomic status, medical history and consumption of tobacco and
alcoholic beverages. Height and weight were measured at recruit-
ment, except for subjects in the Oxford health conscious subcohort,
among whom height and weight were self-reported.

Assessment of endpoints

Incident kidney cancer cases were identified by population can-
cer registries (Denmark, Italy, the Netherlands, Spain, Sweden,
the United Kingdom) or by active follow-up (Germany, Greece),
depending on the follow-up system in each of the participating
countries. Active follow-up used a combination of methods,
including health insurance records, cancer and pathology registries
and direct contact of participants or next-of-kin. Mortality data
were also obtained from cancer or mortality registries at the
regional or national level. Participants were followed from study
entry until date of kidney cancer diagnosis or censoring due to
death, emigration, loss to follow-up or end of follow-up. Mortality
data were coded following the rules of the 10th revision of the
International Statistical Classification of Diseases, Injuries and
Causes of Death (ICD-10) and cancer incidence data following the
2nd revision of the International Classification of Diseases for
Oncology (ICD-O-2). By the end of May 2004, 347 kidney cancer
cases eligible for analysis according to the aforementioned criteria
had been included in the central EPIC database. After further
excluding 41 subjects with cancers not classified as RCC, e.g. can-
cer of the renal pelvis, our final dataset for analysis included 306
cases of incident RCC among 375,851 participants.

Statistical analyses

The association between fruit and vegetable consumption and
risk of RCC was analyzed by using Cox proportional hazard mod-
els with center as stratum variable to control for center effects
related to differences in questionnaire design and follow-up proce-
dures. Age was used as the underlying time variable in the count-
ing process with entry time defined as the subject’s age in days at
recruitment and exit time defined as the subject’s age in days at
RCC diagnosis or censoring. Models were stratified by age at
recruitment. In addition, the analyses were adjusted for estimated
energy intake (continuous) divided into energy from fat and
energy from non-fat sources, as fruit and vegetable intake largely
contribute to the non-fat energy components of the diet.24,25 Mod-
els were further adjusted for body mass index (continuous), smok-
ing status defined as never, former (quit � 10y ago, <10 years ago
or unknown), current (< 10, 15–24, �25 cigarettes smoked per
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day or unknown), duration of smoking (continuous), educational
attainment (none or primary school, technical/professional school,
secondary school or university) and recent alcohol consumption
(continuous).

The estimated fruit and vegetable intakes were expressed in
grams per day and tested for their relationship to RCC risk on a
continuous scale (increments: 80 g/d for combined intake of fruits
and vegetables representing one portion according to 5-a-day rec-
ommendations, 40 g/d for total vegetables and total fruits, 8 g/d
for vegetable subgroups). The analyses were based on calibrated
food intake information. The calibration method used has been
previously described.22,26,27 Briefly, the food item specific 24-hr
diet recall values were regressed on the respective dietary ques-
tionnaire values, stratified by sex. Center-specific regression cali-
bration models were used to correct for bias mainly attributable to
differences in the dietary assessment instruments among EPIC
centers. Weight, height, age at recruitment as well as center and
country were included as covariates in these models. To control
for seasonal and day-of-the-week variations in dietary consump-
tion, the results were weighted for day and season of the dietary
recall interview. By using this linear regression calibration model,
predicted values of fruit and vegetable intake were obtained for
each individual. Participants who were non consumers, based on
the information obtained from the dietary questionnaires, were
excluded from the calibration models. These individuals were all
given a predicted value of 0. Cox regression models were applied
using the predicted intake values for each individual. An indicator
variable (1, non consumer; 0, consumer) was included in the Cox
regression.

Models were run separately for men and women and for both
sexes combined. Potential gender specific differences in relative
risk estimates were further evaluated by the respective interaction
term. In additional analyses, we stratified by smoking status and
BMI categories (�25 vs. >25) in order to detect potential differen-
ces in risk estimates between smokers and non-smokers as well as
between overweight and non-overweight subjects. Further, inter-
action with smoking and BMI was analyzed. Smokers were
defined as current smokers at baseline or former smokers who had
quit less than 10 years before the baseline examination. Non-
smoker included never smokers and former smokers who had quit
10 or more years before baseline.

To further examine the dose-response pattern, we used linear
and cubic spline regression including the full set of covariates in
the regression models. Spline regression is a more flexible
approach to investigate potential non-linearity of the relative risk
function.28,29 The following knots were used in this analysis: Total
fruits and vegetables (160, 280, 360, 460 and 600 g/d) fruits (80,
160, 200, 260 and 420 g/d); vegetables (90, 130, 160, 200 and
240 g/d). Tests for non-linearity were performed using log-likeli-
hood ratio tests of hierarchical models with and without inclusion
of spline terms. Although the models were fit to all available data,
we did not graph predictions from extreme intake values as splines

are recognized to produce unstable estimates in the tails29,30 All
analyses were run using the SAS Statistical Software, version
9.13. (SAS Institute, Cary, NC, USA). All p-values presented are
2-sided, and those <0.05 were considered statistically significant.

Results

After an average follow-up of 6.2 years covering 2,303,413 per-
son years, 306 cases of incident RCC were identified among the
375,851 participants (Table I). The mean age at diagnosis was
62 years. The observed incidence rates were relatively high in
Germany and Italy, while low rates were noted in Greece and
Spain. This pattern of incidence broadly reflects recent incidence
data from the statistics of these countries reported to the IARC
database (http://www-dep.iarc.fr/). Data on histopathologic sub-
classification of RCC are incomplete and have therefore not been
included in this report. The mean BMI was 26.4 for men and 25.6
for women, with the centre-specific mean values being highest in
Granada/Spain for both men (28.9) and women (29.0) and lowest
in the Oxford health conscious cohort (24.0 and 23.3).

The sex-specific mean predicted intake of fruits and vegetables
across EPIC centers is given in Figure 1. Fruits and vegetables
were consumed in relatively high amounts in the Mediterranean
cohorts, whereas low amounts of daily intake were seen in Swed-
ish cohorts. The centre-specific means of combined fruit and vege-
table intake varied by the factor 3.4 (men) and 2.4 (women) along
a South–North gradient, with the highest value observed in Mur-
cia/Spain and the lowest in Umea/Sweden. This South–North pat-
tern was more pronounced for fruits than for vegetables and higher
variability was reported for men than for women (Fig. 1). The
characteristics of consumption by vegetable subtypes in EPIC
have been published in detail elsewhere.23 Table II depicts se-
lected baseline characteristics of the participants across categories
of fruit and vegetable consumption.

Table III shows the estimated relative risks (RRs) of RCC per
computed increments in mean daily intake of total consumption of
fruits and vegetables (combined and each separate) and consump-
tion of subgroups of vegetables. No association was observed
between combined consumption of total fruits and total vegetables
and risk of RCC in both women and men. Inverse associations
were observed for consumption of root vegetables (i.e., beetroot,
carrot, turnip, parsnip, celeriac, radish, horseradish, kohlrabi),
being statistically significant in male participants and for both
sexes combined. It must be kept in mind, however, that multiple
between-group comparisons are reported here, which may inflate
type I errors. No associations were observed for consumption of
other vegetable subtypes. None of the tests for interaction of con-
sumption of fruits and vegetables or vegetable subgroups with sex
were significant at the 5%-level.

Furthermore, we ran separate analyses for smokers and non-
smokers as well as for overweight and non-overweight partici-
pants. These stratum specific analyses did not appreciably change

TABLE I – CHARACTERISTICS OF THE EPIC COHORT

Center Cohort size Female (%) Age1 (y)
Person–years (PY) RCC cases (n) Incidence rate2 per 10,000 PY

Men Women Men Women Crude Age-standardized3

Italy 44,567 68.5 50 (35–66) 75,159 188,663 15 28 1.87 2.24
Spain 40,000 62.1 49 (35–65) 103,703 163,958 17 7 1.22 1.29
UK 75,140 69.4 49 (21–77) 121,285 284,572 25 13 1.33 1.38
Netherlands 37,394 73.5 49 (21–69) 50,100 182,107 4 25 1.55 1.54
Greece 25,571 58.6 53 (29–76) 39,012 55,813 3 3 0.90 0.57
Germany 49,511 58.6 51 (35–65) 125,744 163,333 44 22 3.33 3.26
Sweden 48,612 54.1 52 (29–72) 175,674 204,877 33 17 1.54 1.52
Denmark 55,056 52.2 57 (50–65) 174,987 194,426 28 22 1.29 1.26
EPIC 375,851 62.0 51 (23–73) 865,664 1,437,749 169 137

1Mean (1st and 99th percentiles).–2Restricted to participants aged �50 to <70 y, as this range is common to all countries.–3Direct standard-
ization using the age distribution of the total EPIC population as the reference.
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the results for fruits and fruits and vegetables. No interactions with
either smoking or BMI were observed (p 5 0.567 and 0.337 for
fruits and vegetables; p 5 0.401 and 0.386 for fruits). For root
vegetables, the RR (95% CI) per 8 g increase for the continuous
intake variable was 0.77 (0.60–1.00) for smokers, but 0.93 (0.82–
1.07) for non-smokers. For total vegetables and other vegetable

subgroups, no differences in risk estimates related to smoking sta-
tus were observed. Stratification by BMI categories (�25 vs. >25)
showed a trend toward an inverse association of RCC risk with
total vegetable consumption in non-overweight subjects (RR per
40 g increase: 0.85; 95% CI: 0.66–1.09), but not in overweight
participants (RR: 1.05; 95% CI: 0.90–1.23). For root vegetables, a

FIGURE 1 – Consumption of fruits and vegetables by participating EPIC center. The mean predicted daily intake (g/d) of total fruits and total
vegetables is shown for men and women in 19 and 21 EPIC centers, respectively. Ranking of centers is based on combined fruit und vegetable
intake. The highest combined intake was observed in Mediterranean cohorts (bottom), while low intake was reported in Northern European
cohorts (top). Oxford GP, Oxford General Population; Oxford HC, Oxford Health Conscious.

TABLE II – COHORT CHARACTERISTICS1 BY CATEGORIES OF PREDICTED TOTAL FRUIT AND VEGETABLE CONSUMPTION

Fruit intake (g/d) Vegetable intake (g/d)

�120 121–160 161–200 201–240 241–280 281–320 >320 �120 121–160 161–200 201–240 >240

Total energy intake
From fat (kcal/d) 873 786 766 760 756 754 796 831 793 753 770 868
From non-fat (kcal/d) 1434 1321 1288 1265 1276 1321 1465 1358 1369 1318 1335 1418

BMI (kg/m2) 25.6 25.3 25.5 26.0 26.3 26.4 26.6 25.5 25.8 25.8 26.2 27.1
Alcohol intake (g/d) 16.7 12.4 11.3 10.7 11.0 11.4 13.3 11.1 13.3 12.3 12.7 16.2
Smoking, duration (y) 17.6 13.8 12.3 11.7 11.8 12.1 12.3 16.8 14.5 11.0 10.9 14.5
Smoking, frequency (%)

Never 36.8 44.7 48.5 50.9 51.7 51.6 50.6 42.9 43.8 52.0 52.2 41.1
Former �10 y 21.1 23.8 23.9 22.7 21.0 20.8 22.6 20.2 24.5 22.6 20.8 22.6

<10 y 4.8 4.6 4.0 3.9 3.7 3.8 4.1 3.7 3.9 4.0 4.4 6.3
Unknown 2.1 1.8 1.8 1.5 1.2 1.0 0.9 1.5 2.0 1.5 0.9 0.8

Current <15 cig/d 13.1 11.3 10.2 9.9 10.7 12.0 11.5 13.7 11.6 9.8 10.3 12.0
15–24 cig/d 13.7 8.8 7.3 6.7 7.2 7.0 6.6 12.3 9.2 6.4 6.7 8.1
�25 cig/d 5.2 2.8 2.5 2.7 2.8 2.7 2.4 3.5 2.9 2.2 2.8 6.7
Unknown 2.3 1.3 0.9 0.7 0.5 0.4 0.5 1.5 1.3 0.8 0.7 0.4

Unknown 1.1 0.8 1.0 1.1 1.1 0.8 0.9 0.8 0.9 0.7 1.3 2.0
Education, Frequency (%)

Non, primary school 27.0 24.5 25.2 31.0 34.7 36.5 38.8 36.7 28.2 25.7 30.3 39.8
Technical prof. school 30.5 30.9 29.5 24.8 21.6 19.2 16.5 28.9 30.8 23.5 18.3 17.2
Secondary school 16.9 14.0 13.3 15.1 17.9 22.0 24.9 17.8 16.0 16.9 20.8 19.1
University degree 22.9 26.3 26.4 23.6 21.5 18.8 17.0 15.8 22.6 27.4 23.9 19.4

Male gender, Frequency (%) 61.5 35.2 28.6 26.8 26.1 27.3 42.8 42.2 39.3 30.1 32.6 56.6

1For continuous variables values are expressed as mean; for categorical variables frequencies are given in percent.
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significant inverse association was restricted to non-overweight
subjects (RR per 8 g increase: 0.76; 95% CI: 0.60–0.96), while no
such association was seen in subjects with a BMI > 25 (RR: 0.94;
95% CI: 0.82–1.07). Tests for interactions of total vegetable or
root vegetable intakes with either smoking or BMI were not statis-
tically significant (p 5 0.961 and 0.294 for total vegetables; p 5
0.283 and 0.984 for root vegetables).

In addition to the assessment of RCC risk related to the continu-
ous intake variables using linear regression models, the relative
risk functions were investigated by cubic spline regression.
Although formal tests for non-linearity were nonsignificant (p 5
0.505 for fruits and vegetables, p 5 0.273 for fruits, p 5 0.149 for
vegetables), the spline curve suggested an increase in the relative
risks for renal cell cancer at very low vegetable consumption
(between 90 and 130 g/day) (Fig. 2).

Discussion

In the European Prospective Investigation into Cancer and
Nutrition, we observed no association between total consumption
of fruits and vegetables and risk of RCC. This observation was
independent of whether total intake was analyzed separately for
fruits and vegetables or for both combined. In multiple exploratory
analyses among subgroups of vegetables, consumption of root
vegetables was inversely associated with the risk of RCC, while
no such relationship was observed for other subgroups.

The present investigation is the largest prospective study in this
field. Nevertheless, the number of RCC cases is still rather limited,
which has to be kept in mind when interpreting the findings of the
present investigation. On the other hand, the large population-

based cohort and the fact that both female and male participants
were studied are among the strengths of our study. Moreover,
EPIC includes centers throughout Europe, covering a broad range
of dietary habits. Compared to most other cohort studies on diet
and cancer, EPIC covers a wide range of fruit and vegetable
intake.23,31 Combined vegetables and fruit consumption varied 3-
fold along a South–North gradient, with the highest intake re-
ported in Murcia/Spain and the lowest in Umea/Sweden. This
South–North gradient was observed for both total vegetable and
fruit consumption, but was not equally noted for all vegetable sub-
types. While leafy and fruiting vegetable follow the general pat-
tern, root vegetables and cabbages are consumed in comparatively
higher amounts in Northern and Western European cohorts. Ac-
ross country specific EPIC-centers, higher variation was noted for
fruits than for vegetables. Given these characteristics of EPIC, it is
unlikely that the absence of associations between RCC risk and
fruits and vegetables was due to a reduced variability of intake, a
problem that has been noted for cohort studies as a result of the
higher likelihood of health-conscious subjects to participate.32,33

In this context, it is interesting to note that the risk of RCC slightly
increased in subjects with very low vegetable consumption
(between 90 and 130 g/d). Although formal tests for non-linearity
were nonsignificant, we cannot exclude the possibility that very
low vegetable consumption is related to increased RCC risk.

Besides the differences in dietary habits, cancer incidence rates
show significant variability across countries of the EPIC-study
(http://www-dep.iarc.fr/).2 The substantial overall heterogeneity
of both the dietary exposure and RCC incidence across EPIC cen-
ters19 improves the power to detect potential associations between
diet and cancer compared to other prospective studies and may
strengthen the validity of our observations. Moreover, the combi-

TABLE III – MULTIVARIATE1 HAZARD RATIOS (HR) AND 95% CONFIDENCE INTERVALS (CI) FOR RCC PER
INTAKE INCREMENTS OF PREDICTED CONSUMPTION OF FRUITS, VEGETABLES AND VEGETABLE SUBGROUPS

Food (g/day) Men Women All

Total fruits and vegetables (per 80 g) 1.03 (0.92–1.16) 0.99 (0.86–1.15) 1.02 (0.93–1.11)
Total fruits (per 40 g) 1.03 (0.96–1.10) 1.02 (0.93–1.12) 1.03 (0.97–1.08)
Total vegetables (per 40 g) 1.03 (0.85–1.24) 0.91 (0.74–1.11) 0.97 (0.85–1.11)
Fruiting vegetables (per 40 g) 1.09 (0.75–1.57) 1.06 (0.76–1.49) 1.01 (0.79–1.29)
Root vegetables (per 8 g) 0.81 (0.67–0.98) 0.88 (0.75–1.04) 0.88 (0.78–0.99)
Leafy vegetables (per 8 g) 1.08 (0.93–1.25) 0.89 (0.72–1.10) 1.01 (0.90–1.13)
Onion, Garlic (per 8 g) 0.90 (0.65–1.25) 0.83 (0.49–1.38) 0.87 (0.67–1.13)
Cabbages (per 8 g) 0.98 (0.82–1.19) 0.98 (0.81–1.18) 0.99 (0.87–1.13)

1Models were adjusted for age, center, BMI, energy from fat sources, energy from non-fat sources,
education, smoking, alcohol drinking and non-consumer status.

FIGURE 2 – Risk estimates of
renal cell carcinoma by predicted
consumption of total vegetables using
cubic spline and linear (dashed line)
regression models. Models were
adjusted for age, center, BMI, en-
ergy from fat sources, energy from
non-fat sources, education, smok-
ing, alcohol drinking and non-con-
sumer status.
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nation of 2 dietary intake assessments, FFQ and the 24-hr recall
approach, minimizes the between-cohort differences due to sys-
tematic exposure measurement error and thereby increases true
heterogeneity in dietary intake across centers.22,34 It was recently
shown that, after considering within-centre attenuation effects, a
substantial proportion of variation in consumption levels is
explained by between-cohort differences.35 Nonetheless, the resid-
ual effects of measurement errors may lead to an attenuation of
disease risk estimates.36 The applied linear regression calibration
approach accounts for centre-specific measurement errors of the
food frequency questionnaires and may thus strengthen relative
risk estimates. A basic assumption of the calibration approach is
that errors of the dietary questionnaires and those of the 24-hr
recall are not correlated. However, this assumption may not be
fully met in practice.36,37 As the hazard ratio estimates may thus
be biased toward the null value, modest associations of fruit and
vegetable consumption with RCC risk may not be detectable in
our study. Moreover, the number of cases may still be too limited
to provide sufficient statistical power for detecting a weak protec-
tive effect of fruit and vegetables on RCC development. The risk
estimates obtained in our study are not adjusted for the potential
risk factors hypertension38 and diabetes.39 It could be argued that
residual confounding effects may have further attenuated the risk
estimates toward the value of 1 if subjects with diabetes or hyper-
tension were given advice to follow a healthy diet rich in fruits
and vegetables. Alternatively, subjects with hypertension may be
characterized by a diet low in fruits and vegetables, which theoret-
ically could bias the estimates away from the null value of 1.

Despite recognized limitations of our study, results are largely
consistent with previous prospective investigations on RCC risk.
To our knowledge, only 4 prospective cohort studies15–18 report-
ing data on fruit and vegetable consumption and risk of RCC have
been published to date. In these studies, the number of incident
cases were limited,15 or study populations were confined to post-
menopausal women.16,17 A relatively small cohort study in Cali-
fornia Seventh-day Adventists, who are largely non-smoking veg-
etarians, showed an inverse, albeit nonsignificant association
between consumption of fruits and salad vegetables and RCC risk,
but only 14 cases of RCC were identified among 34,198 partici-
pants.15 No association for total fruits and vegetables was
observed in the Iowa Women’s Health Study based on 124 cases
of RCC among 34,637 postmenopausal women followed for
15 years.16 This confirmed the findings earlier reported on this
cohort.40 Recently, a large cohort study in Swedish women17

reported evidence for an inverse association of fruit and vegetable
intake with RCC risk yet still failed to demonstrate statistically
significant relationships. A newly published Dutch case-cohort
study including over 200 RCC cases observed null associations
for fruit and vegetable consumption.18

The results from case-control studies have also been controver-
sial. These studies have been reviewed in detail by an international
expert committee.32 Among the several case-control studies, only
19 reported a significant inverse association for both vegetable and
fruit intake, while 2 studies observed a significant inverse associa-
tion for either fruit7 or vegetable11 intake. Others observed inverse
associations,8,10,41,42 but significant results were confined to male

participants,8 non-smokers10 or consumption of specific subtypes
of vegetables10,11 or fruits.41,42 No associations were found in 2
other studies.13,14

Interestingly, we observed evidence for an inverse association
of root vegetable consumption with RCC risk. However, it must
be emphasized again, that the subgroup analyses are still based on
a rather limited number of cases and must be interpreted cau-
tiously because of multiple testing. Our results are in agreement
with data recently reported from the Swedish mammography
cohort.17 In that study, frequent consumption of root vegetable
(�1 serving/d) compared to no consumption was associated with a
significant 50% reduction in RCC risk (RR 0.49; 95% CI 5 0.27–
0.97; p 5 0.03). We are not aware of other studies that examined
this subtype of vegetables for its association with RCC. Intake
of yellow–orange vegetables that also include root vegetables
(i.e., carrots) has been shown to be related to reduced risk for
RCC.10,11

The possibility of an inverse association for root vegetables
rather than all vegetables or fruits together leads to the question of
which substances might be responsible for this relationship. Root
vegetables include carrots with high contents of alpha- and beta-
carotene and other carotenoids. Carotenes are among the most
effective antioxidants and are, therefore, thought to exhibit signifi-
cant anticarcinogenic effects.5 However, studies analyzing the
effect of carotene have not reported a significant association with
RCC risk.10,12,42 The group of root vegetables also comprises cer-
tain cruciferous vegetables such as horseradish, radish, turnip and
kohlrabi that contain considerable amounts of isothiocyanates and
phenolics. These phytochemicals together with other constituents,
i.e. dietary fiber, folic acid, selenium etc., are thought to exert anti-
cancer activities by preventing DNA damage and increasing the
cellular antioxidant capacity.43,44 The protective effects of a diet
rich in fruits and vegetables seems to be the result of the complex
mixture of several substances present in whole foods rather than
due to any single nutrient or phytochemical.5,44 The data of the
present study together with similar results published recently17

support further research into the biological mechanisms as well as
potential response modifiers relevant for the effects of certain veg-
etables or fruits.

Taken together, the results available from EPIC so far do not
support the hypothesis of an inverse association between dietary
intake of fruits and vegetables and risk of RCC. However, the
potential inverse association of total vegetable intake with RCC
risk observed specifically at low intake warrants further investiga-
tion. In addition, high dietary intake of certain subtypes of vegeta-
bles or fruits, particularly root vegetables, may be capable of
reducing the risk for RCC. In view of the still relatively short dura-
tion of follow-up, it can be expected that future analyses of RCC
incidence in EPIC will be more informative after more years of
follow-up.
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