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Abstract

PURPOSE—The incidence of renal cell carcinoma (RCC) is increasing worldwide. Cited risk
factors include obesity, smoking and hypertension, but few others have been confirmed by
prospective studies. We used a prospective cohort to validate established RCC risk factors and to
evaluate more controversial risk factors for incident RCC.

MATERIALS/METHODS—77,260 residents of Washington aged 50-76 years completed a
questionnaire between 2000-2002 on demographic, lifestyle and health data. Incident RCC cases
were determined through linkage to the regional cancer registry through Dec 31, 2009.
Multivariate methods using covariates and cut offs selected a priori analyzed the association
between RCC and previously studied factors related to lifestyle (body mass index [BMI],
smoking, alcohol/fruit/vegetable consumption) and health (hypertension, diabetes, kidney disease,
viral hepatitis).

RESULTS—There were 249 incident cases of RCC. Independent RCC risk factors in the fully
adjusted model with HR and 95% Cls were: BMI (HR 1.71, Cl 1.06, 2.79, for >=35 kg/m? vs. <25
kg/m?), smoking (HR 1.67, CI 1.16, 2.42, for >=37.5 pack-years vs. none), hypertension (HR
1.70, CI 1.30, 2.22), kidney disease (HR 2.58, Cl 1.21, 5.50), viral hepatitis (HR 1.80, CI 1.03,
3.14). Diabetes was associated with RCC (HR 1.83, ClI 1.26, 2.65) in a base model adjusting for
age and gender, but not in the multivariate model. We found no association between alcohol, fruit,
or vegetable intake and RCC.

© 2013 American Urological Association. Published by Elsevier Inc. All rights reserved.
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CONCLUSIONS—We identified significant association between RCC and obesity, smoking,
hypertension, renal disease and viral hepatitis. Identification of risk factors offers an opportunity
for targeted education and intervention.
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risk factors; renal cell carcinoma; obesity; smoking; kidney cancer

Background/Introduction

The lifetime risk of renal cell carcinoma (RCC) is 1.56% for US residents.! Based on data
from the Surveillance Epidemiology and End Results cancer registry (SEER), the incidence
of RCC increased significantly since 1975 with an annual percent increase of 2.4% through
20091, Globally, geographic variation in RCC demonstrates higher age standardized
incidence rates (11.9 per 100,000) in more developed regions compared to less developed
areas (2.5 per 100,000).2

The reasons for regional and historical variations in RCC are unknown. Increased use of
diagnostic imaging (magnetic resonance imaging, computed tomography and ultrasound)
may detect more RCC. However, non-homogeneity of RCC incidence rates suggests
existence of modifiable risk factors. Obesity, smoking and hypertension have each
demonstrated strong associations with RCC34. Hypertension is a significant RCC risk factor
in a variety of large prospective cohorts in a dose-dependent manner®: 6. The association
between smoking and RCC is noted in a large meta-analysis, and was further supported by
studies showing an association in those exposed to second hand inhalation’: 8. Obesity,
central obesity and weight gain are associated with RCC: 10, Several other risk factors have
been evaluated (including diet, diabetes, liver disease, kidney disease, alcohol, among
others) that have either conflicting results or have not been studied prospectively3 4. Due to
discrepancies in the literature, our objective was to use a large community cohort in which
presence of RCC was ascertained prospectively to evaluate associations between known and
suspected risk factors and RCC. These risk factors included demographic factors (gender,
age, race), lifestyle factors (obesity, smoking, alcohol use and fruit and vegetable intake) and
health-related factors (hypertension, diabetes, renal disease, viral hepatitis).

Materials and Methods

Selection of Study Participants

We included members of the VITamin And Lifestyle (VITAL) cohort of 77,719 individuals
aged 50 to 76 living in a 13-county area of western Washington State. Our study was
approved by the Institutional Review Board of the Fred Hutchinson Cancer Research Center.
Detailed descriptions of recruitment, data collection and follow up have been previously
published 1. The cohort was recruited October 2000 through December 2002 via a
commercial mailing list. Survey data was collected via one 24-page questionnaire at study
entry. A total of 79,300 surveys were returned of which 77,719 passed quality control
checks for internal coherence and completeness. For this analysis we excluded an additional
459 individuals: 242 who had a diagnosis of RCC prior to baseline, 212 who did not answer
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the question regarding personal history of RCC, and 5 individuals who were diagnosed over
follow-up with RCC of unusual histology (collecting duct carcinoma) or non-RCC renal
tumors (spindle cell sarcoma, dedifferentiated liposarcoma, leiomyosarcoma and diffuse
large B-cell tumor). Benign pathology (angiomyolipoma, oncocytoma) were not considered
RCC for this analysis. This resulted in a total cohort of 77,260.

Baseline Data Collection

We performed literature review to select established risk factors and potential risk factors for
study and cross referenced these with the VITAL database. Baseline data were obtained
from a 24-page self-administered, validated questionnaire profiling dietary supplement
consumption, dietary intake, personal attributes, cancer risk factors and medical history.
Risk factors selected for this study included self-report of four medical conditions:
hypertension, diabetes, kidney disease (excluding kidney stones) and viral hepatitis.
Hypertension and diabetes were defined as self-report of medications for these conditions.
We also evaluated smoking history. Self-reported weight and height were used to calculate
body mass index (BMI). Intake of alcohol, fruit and vegetables were based on a 120-item
food frequency questionnaire; estimated intake was adjusted for portion size of each food
item reported. Intake of fruit and vegetables was also adjusted for summary questions on
frequency of total fruit intake and of total vegetable intake and categorized into tertiles.
Vegetable intake excluded potatoes due to their high starch and low fiber content compared
to other vegetables. Missing data is reported in table 1 when numbers were significant (=5
individuals).

Follow-up of Subjects for RCC and Censored Data

Incident cases of RCC were identified by linkage to the Seattle-Puget Sound SEER cancer
registry through December 31, 2009. For each participant the end of follow-up was the
earliest of the date of RCC diagnosis (n = 249), the date of withdrawal from the study (n =
22), the date of relocation out of the designated 13-county area of Washington covered by
Seattle-Puget Sound SEER (n = 5,345), the date of death (n=6,238), or the date of last cohort
follow-up (December 31, 2009, n = 65,406). Participants who died were identified via
linkage to Washington State death files. Moves out-of-area were monitored through the US
Postal Service (USPS) National Change of Address system and follow-up contact with
participants.

Statistical Analyses

In univariate analysis, the statistical significance of the association between each risk factor
and incident RCC was tested using Pearson’s chi-squared for each variable in ordinal form,
or Student’s t-test for continuous variables, comparing cases and non-cases. For multivariate
analyses, Cox proportional hazards regression was performed, using age as the time
variable. Because age is the time variable, it does not appear in the tables. Participants were
considered at risk for RCC from their age at completion of the questionnaire through age at
the end of follow-up. A base model was created that adjusted for age and gender. A fully-
adjusted model included age, gender, race and all nine risk factors, which were selected a
priori. All cut-points were also selected prior to analysis and either used established criteria
(for example BMI) or with natural tertiles, quartiles or quintiles if no established criteria was
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available. For medical diagnoses, the presence or absence of the condition was used as
criteria. The proportional hazards assumption for the Cox model was evaluated with
Schoenfeld goodness of fit testing. All analyses were performed using Stata® v11.

After median follow-up of 8 years (range 0 to 9) 249 incident cases of RCC were identified
among 77,260 eligible subjects. Based on unadjusted comparisons among VITAL
participants (Table 1), those with RCC were more likely to be male, older, obese, smokers,
heavier drinkers, have hypertension, have diabetes, have a history of renal disease and have
a history of viral hepatitis.

In the fully adjusted model, male gender, obesity, smoking, hypertension, history of kidney
disease and viral hepatitis demonstrated significant associations with RCC (Table 2). Female
gender and non-black/non-white race (designated as “other”) were associated with decreased
risk of RCC. However, only 13 cases of RCC were in non-white participants. Diabetes was
independently associated with RCC in the base model; but not in the multivariate model.
Finally, alcohol, fruit and vegetable consumption were not associated with RCC.

Discussion

This analysis of VITAL confirms several previously identified risk factors for RCC
including the modifiable risk factors of obesity, smoking and hypertension. Further, we
found male gender, renal disease and viral hepatitis to be associated with risk of RCC.

Obesity and smoking have commonly been linked with several cancers including RCC. In
this study, morbidly obese individuals (BMI >= 35) had a 71% increased risk of RCC
compared with normal weight individuals (BMI < 25). Future study of the hormonal or
metabolic differences in adipose tissue may help further define the relationship.12: 13
Similarly to obesity, we observed a threshold effect for smoking and risk of RCC. Smokers
with more than 22.5 pack-years of exposure had a greater than 50% increased risk of RCC
compared with never smokers. These results add to public health and clinical efforts to
address the obesity epidemic and to continue reducing smoking use.

Other studies have found associations between RCC risk and alcohol, fruit and vegetable
intake. Several studies have reported a reduction in risk of RCC with alcohol
consumption.14 15 Conversely, in the present analysis, we found no association between
alcohol intake and RCC risk. Intake of fruits and vegetables have also been reported from
other studies to be associated with a reduction in RCC risk including the Nurses Health
Study (NHS) and the Health Professionals Followup Study (HPFS). 18 However, the
European Prospective Investigation into Cancer and Nutrition (EPIC) database represented
over 300,000 Europeans and detected over 300 cases of RCC in follow up, and found no
association between RCC and fruit or vegetable consumption!’. The VITAL data is
consistent with the EPIC study. The lack of an observed protective association between fruit,
vegetable and alcohol intake in our study could be due in part to different regional dietary
practices. Further, as VITAL was a study on supplements and health-related behaviors, it
may have attracted a larger health conscious group with lower drinking habits and avid fruit

J Urol. Author manuscript; available in PMC 2015 May 05.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Macleod et al.

Page 5

and vegetable consumption. Data on alcohol should be interpreted cautiously given other
deleterious health effects of heavy consumption, including risk of other cancers.

Prior data link risk of RCC with chronic medical conditions such as diabetes, hypertension,
hepatitis C (HCV) and acquired cystic or polycystic diseases of the kidney. The most
consistently observed association in the literature for chronic medical conditions is with
hypertension and the present analysis similarly found a positive association. In this study, a
statistically increased risk of RCC with viral hepatitis infection was detected. However,
VITAL does not contain data on the specific viral hepatitis infection. In a cohort study of
67,000 individuals, hepatitis C infection was associated with an 80% greater risk of RCC
(adjusted risk ratio of 1.8 (95% CI 1.05 to 2.98); however, the authors did not control for
obesity, smoking or hypertensionl8. One mechanistic explanation involves expression of
hepatitis C virus core protein by mammalian cells, as in transgenic mouse models this was
associated with hepatic oncogenesis!®. Hepatitis C virus core protein RNA has been isolated
in renal tubules and glomeruli of infected patients undergoing renal biopsy2°. Another group
suggests a potential link between HCV and RCC in the NY-REN-54 protein which is
involved in the autophagic response in regulation of abnormal renal cells and to which HCV
co-localizes prior to internalization by the infected host cell?L. Our findings are based on
self-reported “viral hepatitis’, and thus misclassification with non-hepatitis C hepatitides
cannot be ruled out. Patients with hepatitis C have a higher incidence of renal disease, thus,
the observed association between renal disease and RCC could also play a role?2,

In addition to hypertension and HCV, researchers have investigated renal disease at diabetes
in relation to RCC. Acquired cystic disease of the kidney and adult polycystic kidney
disease have been studied in small prospective case series and case-control studies with
evidence for independent association with RCC.23-27 A specific question on renal cystic
disease was not available in the VITAL questionnaire; however, including responses to “has
a doctor ever told you that you had kidney disease (not kidney stones)?” resulted in a
significant association. The effect size is large, but it is unclear what type of renal disease
was captured, as even those reporting renal failure may have had a variety of etiologies. In
the VITAL study, renal disease is self-reported prior to the diagnosis of RCC in these
individuals and those with pre-existing RCC were excluded. This association has been
described in smaller case series, but is novel in a large prospective cohort such as VITAL.
Finally, we observed association with diabetes and RCC in the base model however it was
not significant in the multivariate model. In the Nurses Health Study, an increased risk of
RCC was seen among those with type 2 diabetes, but this study was limited to women.28 In
the present analysis a sub-group analyses of diabetes by gender was not performed due to a
limited number of RCC cases. Further research is indicated to evaluate the associated
between RCC and these chronic conditions.

This analysis of the VITAL data has several limitations. We detected 249 cases, which may
have limited the power of the analysis to detect differences compared to studies with a larger
number of cases. The VITAL cohort had poor representation of non-whites. Findings may
differ among non-whites but this cannot be assessed with the VITAL data. The question on
renal disease was a single question and it was not possible to define which types of renal
disease were prevalent among the VITAL cohort. The same is true for ascertainment of viral
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hepatitis. Similarly, all reported variables may suffer from bias due to self-reporting and also
may vary over time for given individuals. For renal disease and viral hepatitis a confounder
may be that these individuals are subjected to more contact with health care, which could
result in detection bias for RCC. Although it was possible to confirm a history of
hypertension and diabetes through reported use of medications, it was not possible to
determine the severity of hypertension or the degree of glycemic control among diabetics.
Finally, the VITAL study study was focused on use of vitamins and other supplements, and
therefore may have induced responses among a more health-conscious group of eligible
individuals. Despite these limitations, this analysis was strengthened by the prospective
ascertainment of RCC cases, the high RCC event rate, the large sample size within VITAL,
diligent follow-up through SEER linkage, and the ability to control for potentially
confounding variables.

Conclusions

In the VITAL cohort, RCC is significantly associated with male gender, obesity, smoking,
hypertension, history of renal disease and history of viral hepatitis. The association of RCC
and renal disease is novel in such a large cohort. Similarly, the association with hepatitis has
only been reported in one other study. Finally, smoking follows a threshold effect curve with
increased risk beginning at 22.5 pack years; whereas, obesity follows a dose-response
pattern with increasing magnitude of risk by increasing level of obesity. These findings are
important as they offer the potential for public health intervention and clinically based
education and intervention in high risk individuals.
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Distribution of risk factors among renal cell carcinoma (RCC) cases and non-cases in the VITAL cohort

Table 1

Race
White
Black
Other
Gender
Male
Female
Age (years)
50-54
55-59
60-64
65-69
70+
BMI (kg/m”2)
<25
25-29
30-34
35+
Missing
Smoking (pack-years)
Never
>0t0<7.5
27510225
222.5t037.5
37.5+
Missing
Alcohol consumption (drinks/day)
0
1
2
3+
Missing
Fruit Intake (servings/day)
Tertile 1
Tertile 2
Tertile 3

Missing

J Urol. Author manuscript; available in PMC 2015 May 05.

Raw, unadjusted data for RCC cases and non-cases

RCC Cases” Non-cases”
N (%) N (%) P-value®
0.188
236 (94.8) 70,509 (91.6)
2(0.8) 975 (1.3)
11 (4.4) 5,521 (7.1)
<0.000
160 (64.4) 36,935(48.0)
89 (35.7) 40,076 (52.0)
<0.000
36 (14.5) 27,836 (23.2)
36 (14.5) 17,470 (22.7)
65 (26.0) 13,993 (18.2)
53 (21.3) 12,683 (16.4)
59 (23.7) 15,002 (19.5)
0.011
59 (23.7) 25,279 (32.8)
104 (41.8) 29,984 (38.9)
47 (18.9) 12,115 (15.7)
28 (11.2) 5,824 (7.6)
11 (4.4) 3,809 (5)
<0.000
88 (35.4) 36,307 (47.2)
34 (13.7) 12,010 (15.6)
45 (12.1) 9,405 (12.2)
45 (18.1) 9,119 (11.8)
47 (18.8) 9,254 (12.0)
5 (2.0) 916 (1.2)
0.269
97(39.0) 27,799 (36.1)
95 (38.2) 30,864 (40.1)
23(9.2) 8,547 (11.1)
23(9.2) 7,839 (10.1)
11 (4.4) 1,962 (2.6)
0.115
80 (32.1) 23,303 (30.3)
77 (30.9) 23,306 (30.3)
61 (24.5) 23,321 (30.3)
31(12.5) 7,081 (9.1)
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Tertile 1
Tertile 2
Tertile 3
Missing
Hypertension
Yes
No
Diabetes
Yes
No
Kidney Disease
Yes
No
Viral Hepatitis
Yes
No

Vegetable Intake (servings/day)

Raw, unadjusted data for RCC cases and non-cases
RCC Cases” Non-cases™
N (%) N (%) P-value'
0.021
85 (34.1) 23,298 (30.3)
78 (31.3) 23,305 (30.3)
55 (22.1) 23,327 (30.3)
31(12.5) 7,081 (9.1)
<0.000
127 (51.0) 25,347 (32.9)
122 (49.0) 51,664 (67.1)
<0.000
32 (13.0) 5,369 (7.0)
215 (87.0) 71,642 (93.0)
0.003
7(2.8) 752 (1.0)
240 (97.2) 76,241 (99.0)
0.045
13 (5.3) 2,357 (3.1)
234 (94.7) 74,636 (96.9)

*
Fruit and vegetable intake were on a separate page of the questionnaire and had more missing values than other variables in the study. Missing
data not reported if affecting <5 individuals).

TPearson’s chi-squared for categorical variables, Student’s T-test for continuous variables.
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Base model and multivariate model results for risk of RCC by risk factor in the VITAL cohort.

Table 2

Female
Race
White
Black
Other Race
BMI (kg/m”"2)
<25
25-29
30-34
>35
Smoking (pack-years)
Never
>0t0<7.5
27510225
222.5t037.5
>37.5
Alcohol consumption (drinks/day)
0
1
2
3+
Fruit Intake (servings/day)
Tert1
Tert2
Tert3
Vegetable Intake (servings/day)
Tertl
Tert 2
Tert3
Hypertension
Diabetes

Kidney disease

Viral hepatitis

Cox Proportional Hazards Regression on RCC

Base Model™

Multivariate Modelt

HR (CI)
051 (0.39, 0.66)

1.00 (referent)
0.62 (0.15, 2.50)
0.62 (0.34,1.13)

1.00 (referent)
1.31(0.95, 1.81)
1.51 (1.06, 1.81)
2.32 (1.48, 3.65)

1.00 (referent)
1.11 (0.75, 1.65)
1.17 (0.77, 1.78)
1.80 (1.25, 2.59)
1.76 (1.23, 2.52)

1.00 (referent)
1.17 (0.43, 3.14)
1.01 (0.35, 2.92)
0.85 (0.29, 2.51)

1.00 (referent)
0.96 (0.74, 1.32)
0.82 (0.59, 1.15)

1.00 (referent)
0.92 (0.68, 1.26)
0.71 (0.50, 1.01)
1.91 (1.48, 2.47)
1.83 (1.26, 2.65)
3.13(1.47, 6.63)
1.81(1.04, 3.17)

HR (CI)
055 (0.41, 0.72)

1.00 (referent)
0.49 (0.12, 1.99)
0.51(0.27, 0.96)

1.00 (referent)
1.23(0.88, 1.72)
1.20 (0.81, 1.78)
1.71 (1.06, 2.79)

1.00 (referent)
1.15 (0.77, 1.71)
1.16 (0.76, 1.77)
1.67 (1.16, 2.42)
1.58 (1.09, 2.29)

1.00 (referent)
0.94 (0.71, 1.26)
0.76 (0.47, 1.20)
0.69 (0.43, 1.11)

1.00 (referent)
1.07 (0.78, 1.50)
1.02 (0.71, 1.46)

1.00 (referent)
0.97 (0.71, 1.33)
0.76 (0.52, 1.11)
1.70 (1.30, 2.22)
1.39 (0.92, 2.09)
2.58 (1.21, 5.50)
1.80 (1.03, 3.14)

*
Adjusting for age and gender only.

TAdjusting for all variables in the table, variables selected a priori.
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