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Abstract

Fruit and vegetable consumption has been hypothesized to reduce the risk of renal cell cancer. We
conducted a pooled analysis of 13 prospective studies, including 1,478 incident cases of renal cell
cancer (709 women and 769 men) among 530,469 women and 244,483 men followed for up to 7 to
20 years. Participants completed a validated food-frequency questionnaire at baseline. Using the
primary data from each study, the study-specific relative risks (RRs) were calculated using the Cox
proportional hazards model and then pooled using a random effects model. We found that fruit and
vegetable consumption was associated with a reduced risk of renal cell cancer. Compared with <200
g/d of fruit and vegetable intake, the pooled multivariate RR for >600 g/d was 0.68 (95% CI = 0.54—
0.87; P value, test for between-studies heterogeneity = 0.86; P value, test for trend = 0.001).
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Compared with <100 g/d, the pooled multivariate RRs (95% Cls) for >400 g/d were 0.79 (0.63-0.99;
P value, test for trend = 0.03) for total fruit, and 0.72 (0.48-1.08; P value, test for trend = 0.07) for
total vegetables. For specific carotenoids, the pooled multivariate RRs (95% CIs) comparing the
highest and lowest quintiles were 0.87 (0.73-1.03) for a-carotene, 0.82 (0.69-0.98) for -carotene,
0.86 (0.73-1.01) for B-cryptoxanthin, 0.82 (0.64-1.06) for lutein/zeaxanthin, and 1.13 (0.95-1.34)
for lycopene. In conclusion, increasing fruit and vegetable consumption is associated with decreasing
risk of renal cell cancer; carotenoids present in fruit and vegetables may partly contribute to this
protection.

Fruit and vegetable intakes have long been studied for their potential roles in reducing cancer
risk. An international review panel sponsored by the World Cancer Research Fund concluded
that the evidence that consuming fruit and vegetables may reduce the risk of renal cell cancer
was limited (1). Few epidemiologic studies have examined associations between renal cell
cancer and nutrients abundant in fruit and vegetables such as dietary fiber (2), individual
carotenoids (3-8), and flavonoids (8-10).

To evaluate further whether intakes of fruit and vegetables and specific carotenoids are
associated with renal cell cancer risk, we examined these associations in a pooled analysis of
13 prospective studies. This pooled analysis included eight prospective studies that had not
previously reported associations for renal cell cancer and five (8,11-13) prospective studies
that had previously examined the association between fruit and vegetable consumption and
renal cell cancer risk.

METHODS

Study population

The Pooling Project of Prospective Studies of Diet and Cancer (referred to as the Pooling
Project) has been described elsewhere (14). For the renal cell cancer analyses, the study
inclusion criteria were as follows: at least one publication on a diet and cancer association,
identification of at least 25 incident renal cell cancer cases, assessment of long-term dietary
intake, and validation of the dietary assessment method or a closely related instrument (14).
Studies including both men and women were treated as two separate cohorts (one of men and
one of women) and the inclusion criteria were applied to each sex-specific cohort. When we
analyzed B-carotene intake, we included only participants in the placebo group of the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study (15), and participants who did not receive
B-carotene supplements in the Women’s Health Study (16). Each of the 13 studies included
here was reviewed and approved by the institutional review board of the institution at which
the study was conducted.

Case Ascertainment

Cases were ascertained by follow-up questionnaires and subsequent review of medical records
(13,16), linkage to cancer registries (8,11,12,17-20) or both (15,21,22). Some studies also used
linkage to mortality registries (8,11,13,15-19,21,22). We defined renal cell cancer cases as
those with histologically confirmed renal cell cancer (ICD-O-2 code = C64.9; ICD-9 = 189.0)
using histological codes based on the International Classification of Diseases for Oncology
(23), International Classification of Diseases (24) or the morphological classification provided
by the study investigators.

Assessment of Dietary Intake

Each study assessed baseline dietary intake using a validated food-frequency questionnaire
(FFQ) or diet history. Each study provided baseline fruit and vegetable intake data as either
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grams per day or the number of servings per day (intake was converted to grams per day based
on the frequency reported and study-specific serving sizes). We examined the associations
between total fruit (fruits and fruit juice), total vegetables (vegetables and vegetable juice), and
total fruit and vegetables combined and renal cell cancer risk. We excluded mature beans and
potatoes from the vegetable group because of their high protein content and high starch content,
respectively (25). We also examined associations for botanically defined fruit and vegetable
groups (26). Individual fruits and vegetables were examined if over half the studies assessed
them as separate food items. Daily consumption of the major carotenoids and other nutrients
was calculated by each study using food composition databases specific to its population.
Intakes of each carotenoid and other nutrients were adjusted for total energy intake using the
residual method (27).

Each study in this analysis conducted a validation study of their diet assessment method or a
closely related instrument (14). However, the validity of fruit and vegetable consumption was
assessed only in the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study (correlation
coefficients (r) = 0.69 for total fruits and 0.58 for total vegetables) (28), the Cancer Prevention
Study Il Nutrition Cohort (r = 0.62-0.75 for total fruits/fruit juice and 0.52-0.62 for total
vegetables) (29), Health Professionals Follow-up Study (r = 0.71 for total fruits, and 0.19 for
total vegetables)(30) and the Netherlands Cohort Study (r = 0.60 for total fruits, and 0.38 for
total vegetables)(31). In the Nurses’ Health study (32), the average correlation coefficients
comparing intakes estimated from the FFQ vs multiple 7-day diet records were 0.8 for intakes
of individual fruits and 0.5 for intakes of individual vegetables. The validation results for
carotene or B-carotene were reported in only a few of the validation studies (29,33,34).

Assessment of Nondietary Factors

Age, height, weight, and, among women, parity and age at first birth, were collected using self-
administered questionnaires at baseline by all studies; body mass index (BMI, weight (kg) /
height (m?)) was calculated from height and weight. Most studies assessed information on
smoking habits (12 studies) and history of hypertension (9 studies). When we excluded data
from the one study that did not collect information on smoking habits, the results were similar
(data not shown).

Statistical Analysis

After applying the exclusion criteria that were specified by each study, we further excluded
participants if they consumed an implausible energy intake (beyond 3 SDs from the study-
specific loge-transformed mean energy intake) or had a history of cancer (excluding
nonmelanoma skin cancer) at baseline. Each study was analyzed using the Cox proportional
hazards model (35). Person-years of follow-up time were calculated from the date of the
baseline questionnaire until the date of renal cell cancer diagnosis, death, loss to follow-up, if
applicable, or end of follow-up, whichever came first. Age at baseline and the year the baseline
questionnaire was returned were used as stratification variables, thereby creating a time metric
that simultaneously accounted for age, calendar time and time since entry into the study.

In the multivariate analyses, we further adjusted for BMI (continuous), history of hypertension
(yes/no), pack-years of smoking (continuous), total energy intake (continuous), alcohol intake
(continuous), and, for women, parity and age at first birth (age at first birth < 25 and parity of
1 or 2; age at first birth >25 years and parity of 1 or 2, or nulliparous; age at first birth <25
years and parity of >3; and age at first birth >25 years and parity of >3). For each covariate,
an indicator variable was used for missing responses, if needed, within each study.

For our primary analyses, we categorized fruit and vegetable intake using either study-specific
quintiles or uniform absolute intake cutpoints across studies. To test for trend, participants were
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assigned the median value of their intake category and this variable was entered as a continuous
term in the model, the coefficient for which was evaluated by the Wald test. We also conducted
separate analyses in which we modeled intakes using continuous variables. After calculating
study- and sex-specific RRs, we combined the loge RRS, weighted by the inverse of their
variances, using a random effects model (36). We tested for heterogeneity between studies
using the Q statistic (36). Two-sided 95% confidence intervals (Cls) were calculated.

To assess whether the association was linear, we examined non-parametric regression curves
using restricted cubic splines (37,38). To test for non-linearity, the model fit including the linear
and cubic spline terms selected by a stepwise regression procedure was compared with the
model fit with only the linear term using the likelihood ratio test, and by visual inspection. For
these analyses, all studies were combined into a single data set (the aggregated dataset). To
reduce the influence of extreme values, individuals reporting extremely high intakes (top 1%
of participants in each study) were excluded from the spline analysis.

We examined whether associations varied by sex, median age at diagnosis (<68, >68 years),
and smoking status (never, past, current smoker) using a mixed effects meta-regression model
(14,39). To evaluate whether BMI (<25, >25 kg/m?), history of hypertension (yes, no), alcohol
intake (nondrinkers, drinkers), and multivitamin use (user, nonuser) modified the associations,
we used a Wald test based on the pooled cross-product term as a continuous variable of the
main exposure with the modifier variable modeled as a dichotomous variable.

All statistical tests were two-sided, and P values less than .05 were considered statistically
significant.

During follow-up of 530,469 women and 244,483 men for periods of 7-20 years across studies,
1,478 incident cases of renal cell cancer (709 women and 769 men) were diagnosed (Table 1).
Median intakes of total fruit and total vegetables (Table 1) and mean intakes of specific
carotenoids varied more than 3-fold across studies (40)(carotenoids data not shown for the
Melbourne Collaborative Cohort Study (41) and California Teachers Study (42)).

We found a modest inverse association between total fruit and vegetable consumption and
renal cell cancer risk when intake was categorized using either uniform absolute intake
cutpoints (Table 2) or using study-specific quintiles (Table 3). The results based on the analyses
that included fruit and vegetable juice were similar to those that excluded fruit and vegetable
juice (data not shown). The associations did not vary between studies or by sex. Comparing
total fruit and vegetable intake of >600 g/d with <200 g/d, the pooled age-adjusted RR was
0.71 (95% C1=0.56-0.89; P value, test for trend = 0.001; Table 2). The pooled age- and energy-
adjusted RR (0.67; 95% CI = 0.53-0.85; P value, test for trend < 0.001) and the pooled age-,
energy-, and smoking- adjusted RR (0.71; 95% CI = 0.56-0.90; P value, test for trend = 0.003)
were similar. The RRs did not change substantially after further adjustment for other renal cell
cancer risk factors (Table 2). When we additionally adjusted for total fat and protein intake,
the results did not appreciably change (data not shown). We conducted additional analyses to
evaluate the impact of controlling for smoking habits using different parameterizations. The
results (data not shown) were similar when we controlled for smoking habits using 1) smoking
status only (never, past, current), and 2) smoking status, smoking duration among past smokers
(<30 years, >30 years), and smoking dose among current smokers (<15 cigarettes/d, 15-<25
cigarettes/d, >25 cigarettes/d) to replace the categorization we used for the main multivariate
models.

Total fruit intake and total vegetable intake were each associated with a 21-28% lower risk of
renal cell cancer comparing intakes of >400 g/d with <100 g/d (Table 2). The pooled
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multivariate RRs (95% Cls) were 0.81 (0.64-1.02) for total fruit intake of >400 g/d with <100
g/d when we additionally adjusted for total vegetable intake (continuous), and 0.75 (0.49-1.14)
for total vegetable intake of >400 g/d with <100 g/d when we additionally adjusted for total
fruit intake (continuous). We still found an inverse association for total fruit and vegetable
consumption when we categorized participants into quintiles; the pooled multivariate RR (95%
ClI) was 0.76 (0.64-0.91; P value, test for trend = 0.002) comparing the highest and lowest
quintiles. The result for total fruit intake in the quintile analyses was similar to that observed
in the absolute cutpoint analyses (Table 3). Although we observed a weaker association for
total vegetables in the quintile analyses compared with that from the absolute cutpoint analyses,
the results for total vegetables in the absolute cutpoints analyses were similar to those reported
using a wider contrast in total vegetable intake by comparing the highest and lowest deciles
(pooled multivariate RR = 0.72; 95% CI = 0.54-0.95).

Toavoid a potential influence of preclinical symptoms on diet, we conducted analyses in which
cases diagnosed during the first 4 years of follow-up were excluded (444 cases were excluded).
The results (data not shown) were similar to those observed when all cases were included.

The non-parametric regression curves and formal tests of non-linearity showed that the
relations between intakes of total fruit and vegetables, total fruit, and total vegetables and renal
cell cancer risk were consistent with linear associations (P values, test for curvature > 0.05 for
each group). When intake was modeled as a continuous variable and after excluding
participants reporting extremely high intakes (top 1% of participants in each study), the pooled
multivariate RRs (95% ClIs) for an increment of intake (1 SD) were 0.88 (0.82-0.95; Figure
1) for a 280 g/d increment of total fruit and vegetables, 0.89 (0.82—0.95) for a 200 g/d increment
of total fruit, and 0.95 (0.87-1.03) for a 130 g/d increment of total vegetables.

We examined fruit and vegetable groups based on botanical taxonomy (26). The pooled
multivariate RRs (95% Cls; per 1 SD) for an increment of intake were 0.94 (0.89-1.00; 30 g/
d) for Compositae (e.g. lettuce, endive), 0.97 (0.91-1.03; 30 g/d) for Cruciferae (e.g. broccoli,
cabbage), 1.03 (0.98-1.09; 40 g/d) for Cucurbitaceae (e.g. melons, squash), 1.01 (0.94-1.09;
30 g/d) for Leguminosae (e.g. beans, peas), 0.98 (0.93-1.04; 80 g/d) for Rosaceae (e.g. apples,
peaches), 0.97 (0.92-1.03; 120 g/d) for Rutaceae (e.g. grapefruits, oranges), 1.01 (0.92-1.11,
90 g/d) for Solanacea (e.g. potatoes, tomatoes), and 0.95 (0.90-1.01; 20 g/d) for Umbelliferae
(e.g. carrots, celery). Because of a previous report of an inverse association (43), we also
examined the association for root vegetable intake (carrots and beets). The pooled multivariate
RR in our study was 0.94 (0.89-0.99) for a 20 g/d increment in root vegetable intake.

We further examined associations with 7 specific fruits and 11 specific vegetables. We found
statistically significant inverse associations for broccoli and carrots (Table 4). The pooled
multivariate RRs (95% Cls; per ¥ cup) were 0.60 (0.41-0.89) for a 78 g/d increment of broccoli
and 0.82 (0.68-0.99) for a 57 g/d increment of carrots.

The associations between intakes of total fruit and vegetables, total fruit, and total vegetables
and renal cell cancer risk were not modified by BMI, smoking habits, and history of
hypertension (Table 5). Age at diagnosis, alcohol intake, or multivitamin use did not modify
the associations (P values, test for interaction > 0.2; data not shown).

For the specific carotenoids evaluated, we observed a 18% lower risk of renal cell cancer
comparing the highest and lowest quintiles of B-carotene intake (Table 6). Similar, but non-
significant inverse associations were observed for a-carotene, p-cryptoxanthin, and lutein/
zeaxanthin. The pooled multivariate RRs (95% Cls) comparing the highest and lowest quintiles
were 0.87 (0.73-1.03) for a-carotene, 0.86 (0.73-1.01) for B-cryptoxanthin, and 0.82 (0.64—
1.06) for lutein/zeaxanthin. No association was observed for lycopene intake (pooled
multivariate RR=1.13; 95% CI = 0.95-1.34 comparing the highest and lowest quintiles). Non-
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parametric regression curves and formal tests of nonlinearity showed that the relations between
intakes of each carotenoid and renal cell cancer risk were consistent with linear associations
(P values, test for curvature > 0.05). When intake was modeled as a continuous variable, the
pooled multivariate RRs (95% Cls; per 1 SD) for an increment of intake were 0.93 (0.88-0.99;
660 ng/d) for a-carotene, 0.91 (0.85-0.97; 2,700 pg/d) for B-carotene, 0.99 (0.96-1.02; 100
ng/d) for B-cryptoxanthin, 0.91 (0.85-0.97; 2,700 pg/d) for lutein/zeaxanthin, and 1.03 (0.98—
1.09; 5,400 pg/d) for lycopene.

The associations for each carotenoid were not modified by BMI, history of hypertension, age
at diagnosis, alcohol intake, or multivitamin use (P values, test for interaction > 0.08; data not
shown). The association for a-carotene was modified by smoking habits; the pooled
multivariate RRs (95% CIs) for a 660 pg/d increment of a-carotene were 0.89 (0.79-1.00) for
never smokers, 0.94 (0.81-1.10) for past smokers, and 1.06 (0.94-1.21) for current smokers
(P value, test for interaction = 0.02). Smoking habits did not modify the associations for the
other carotenoids evaluated (P values, test for interaction > 0.05; data not shown).

DISCUSSION

In our pooled analysis of 1,478 renal cell cancer cases from 13 prospective studies, we found
that fruit and vegetable consumption was inversely associated with renal cell cancer risk. There
was no statistically significant heterogeneity between studies or by sex in the associations for
intakes of total fruit, total vegetables, or total fruit and vegetables. Among specific fruit and
vegetable groups and individual fruits and vegetables, statistically significant inverse
associations were observed only for intakes of root vegetables, broccoli, and carrots (the
primary contributor to intake of root vegetables). The inverse association for root vegetable
intake observed in a previous prospective study (43), suggests that the inverse association for
carrots in our study may not be a chance finding. Intakes of a-carotene, -carotene, and lutein/
zeaxanthin were each associated with a lower risk of renal cell cancer. Intakes of -
cryptoxanthin and lycopene were not significantly associated with renal cell cancer risk.

Although the results for fruits and vegetables from case-control studies of renal cell cancer
have been inconsistent (3-5,44-50), the largest case-control studies (each included more than
500 renal cell cancer cases) have shown more consistent inverse associations for total fruit
(5), total vegetables (5,49,50), and subgroups of vegetables (3,4,50). Two prospective studies
(43,51) (the Adventist Health Study and the European Prospective Investigation into Cancer
and Nutrition, EPIC) were not included in our analysis, because the former did not meet our
inclusion criteria of having at least 25 cases of renal cell cancer and the latter is ongoing
concurrently with ours. In the EPIC study of 306 renal cell cancer cases identified during an
average of 6.2 years of follow-up, the multivariate RRs (95% CIs) were 1.02 (0.93-1.11) for
an 80 g/d increment of total fruit and vegetables, 1.03 (0.97-1.08) for a 40 g/d increment of
total fruit, and 0.97 (0.85-1.11) for a 40 g/d increment of total vegetables (43). For comparison,
using the same increments as the EPIC study, our pooled multivariate RRs (95 % ClIs) were
0.97 (0.94-0.99) for total fruit and vegetables, 0.98 (0.96-0.99) for total fruit, and 0.98 (0.96—
1.01) for total vegetables. Differences in the types of fruit commonly consumed by the study
populations, measurement error structure in intake, the length of follow-up and/or the number
of cases in these studies may have contributed to the different findings observed by the 2 studies
for total fruit intake and total fruit and vegetable intake.

Several components of fruit and vegetables may play a role in the prevention of renal cell
cancer. Carotenoids including a-carotene, B-carotene, and lutein/zeaxanthin are one group of
compounds that could contribute to the inverse association observed for fruit and vegetable
intake. Carotenoids inhibit oxidative damage to DNA, mutagenesis, tumor growth, malignant
transformation, and enhance cell-cell communication, thereby protecting cells against cancer
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(52). Evidence for specific carotenoids and renal cell cancer risk is limited. Of the few case-
control studies that have reported associations for p-carotene, all have found non-significant
inverse associations (4—7). However, studies based on the earlier food composition data
measured multiple carotenoids in -carotene equivalents (53), rather than p-carotene itself.
Statistically significant inverse associations were observed for a-carotene, f-cryptoxanthin and
lutein by a US case-control study (3), but not by an Italian case-control study (7). No association
was observed for lycopene by these two studies (3,7).

This pooled analysis has limitations. As we used only baseline measures of food intake and
other risk factors for renal cell cancer, we could not investigate the effects of changes in fruit,
vegetable, and carotenoid consumption, or in other variables during follow-up, or consumption
during earlier age periods or over the lifetime. Because the FFQs were designed in their study-
specific populations, there were differences in the dietary assessment method across studies.
To minimize the influence of these differences, we modeled fruit and vegetable intake using
study-specific quantiles. However, this approach does not take into account true differences in
intakes across studies. Therefore, we also performed analyses in which we categorized fruit
and vegetable intake using uniform absolute intake cutpoints. Regardless of the approach used,
the results were similar. Because most of studies did not assess intakes of fruit and vegetables
in their validation studies, we were not able to correct the RRs for measurement error.

The inverse association that we observed is not likely to be fully explained by residual or
unmeasured confounding. Unmeasured but known risk factors for renal cell cancer include
family history of renal cell cancer and medications such as phenacetin. In order for these
variables to lead to strong confounding, they would need to be both common and strongly
associated with fruit and vegetable consumption. However, the prevalence of these factors has
been reported to be low in populations (54-56) similar to those included in our study. Also,
we found no appreciable change in the associations after adjusting for various measured risk
factors and a slightly stronger inverse association among never smokers and participants who
did not have a history of hypertension. These suggest that residual confounding by risk factors
such as smoking and hypertension does not explain the inverse association observed here.

Our analysis has several strengths. Because of the prospective design of the studies and high
rates of follow-up (14), recall and selection bias do not account for our findings. In addition,

this is the largest prospective study of fruit and vegetable consumption and renal cell cancer

to date. The large number of cases in our study allowed us to examine the wide range of fruit
and vegetable consumption. Because we analyzed the primary data from each study, we were
able to model the main exposures and confounding factors uniformly across studies to remove
potential sources of heterogeneity.

In conclusion, our results provide evidence that the intakes of fruit and vegetables are associated
with areduction in renal cell cancer risk. Multiple bioactive compounds, including carotenoids,
may contribute to this inverse association.
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Figure 1.

Study-specific and pooled multivariate RRs and 95% Cls of renal cell cancer for a 280 g/d
increment of total fruit and vegetable intake. The RRs were adjusted for the same covariates
listed in Table 2. The black squares indicate the study-specific relative risks; the horizontal
lines represent the 95% Cls. The area of the black squares reflects the study-specific weights
(inverse of the variance). The dashed line represents the pooled RR and the diamond
represents the 95% CI for the pooled RR. CTS = California Teachers Study; BCDDP = Breast
Cancer Detection Demonstration Project Follow-Up Study; NLCS = Netherlands Cohort
Study; CPS I = Cancer Prevention Study 11 Nutrition Cohort; NYS = New York State Cohort;
WHS = Women’s Health Study; SMC = Swedish Mammography Cohort; ATBC = Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study; CNBSS = Canadian National Breast
Screening Study; MCCS = Melbourne Collaborative Cohort Study; NHS = Nurses’ Health
Study; HPFS = Health Professionals Follow-up Study; IWHS = lowa Women’s Health Study;
M = men; W = women.
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