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Abstract
Purpose—Accumulating evidence suggests an etiologic role in renal cell carcinoma (RCC) for
physical activity. However, it is unknown if prolonged sitting, which is thought to be distinct from
too little moderate-vigorous physical activity, is an independent risk factor for RCC. The authors
prospectively examined the relationship of prolonged sitting and risk of RCC among 289,512
women and men in the National Institutes of Health—AARP Diet and Health Study.

Methods—From 1996 through 2006, 1206 invasive RCC cancer cases were identified. Cox
proportional hazards regression was used to estimate multivariate hazard ratios (HR) and 95%
confidence intervals (CI).

Results—After controlling for known risk factors for RCC, we did not find evidence of
associations between RCC risk and time spent per day sitting while watching television or videos
(HR7+hrs:<1 hr: 0.96 (0.66, 1.38), ptrend=0.707) or total sitting time (HR9+hrs: <3hrs: 1.11 (0.87,
1.41), ptrend=0.765).

Conclusion—Prolonged sitting time was not associated with RCC risk among men and women
in this large cohort.
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Introduction
Kidney and renal pelvis cancers together rank 8th in cancer incidence in the US, with over
58,000 new cases estimated for 2010 (1). Over 90% of cancers originating in the kidney are
adenocarcinomas, or renal cell carcinomas (RCC), for which incidence has continued to rise
(2). Accumulating evidence has suggested a role for physical activity in RCC etiology (2),
as well as a relationship between sedentary behavior (e.g., prolonged sitting)—thought to be
distinct from physical activity—and RCC risk factors such as obesity and cardio-metabolic
health biomarkers (2). Yet no published studies have examined whether prolonged sitting is
itself an RCC risk factor. Prolonged sitting may affect cancer risk by displacing light-
intensity activities of daily living, which can lower physical activity energy expenditure and
increase risk for weight gain and poor metabolic health (3-4). We hypothesized that time
spent sitting while watching television or videos and total time spent sitting are positively
associated with RCC risk, independent of physical activity and other relevant confounding
factors.

Methods
Study population

The NIH-AARP Diet and Health Study has been described in detail elsewhere (5). In
1995-1996, participants completed a self-administered baseline questionnaire on
demographic and anthropometric characteristics, dietary intake, and health-related
behaviors. In 1996-1997, a second questionnaire was sent to collect more detailed
information about cancer risk factors, including sedentary behavior (time spent watching
television or videos and total time spent sitting in a typical 24 hour period), recreational
moderate-vigorous physical activity (MVPA), and weight history (6-7). We did not have
direct evidence of validity or reliability of the sedentary behavior or physical activity
questions we asked; however, our questions were similar to questions from measures with
reasonable validity and reliability that included assessment on television watching (8),
sitting (9-10), and recreational moderate/vigorous activity (11-14).

334,889 respondents completed both questionnaires and prospective follow-up data. We
excluded those who were proxies for the intended respondents (n=10,383), had prevalent
cancer (n=18,862) or a cancer cause of death record only (n=983), had missing data on
sedentary behavior (n=2,496) or MVPA (n=12,601), or had extreme or missing values for
energy intake (n=2,349) or body mass index (BMI) (n=6375). After exclusions, our analytic
cohort consisted of 119,237 women and 170,275 men, who were on average 63 years of age.

Cancer ascertainment
First primary invasive RCC cases through December 31, 2006 were identified through
linkage with eleven state cancer registry databases. RCC was defined using the International
Classification for Oncology code C649 and histology codes 8140-8570, 8940, and 8959.

Statistical analysis
Hazard ratios (HR) and 95 % confidence intervals (CI) were estimated with Cox
proportional hazards models (SAS Institute, v. 9.1.3). Person-years were calculated from the
date the second questionnaire was received until cancer diagnosis, death, move-out of the
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registry areas, or the end of follow-up (December 31, 2006), whichever occurred first. The
test for linear trend across categories of sedentary behavior was performed by assigning
participants the median value of their categories and entering it as a continuous term in a
regression model.

We adjusted for previously established RCC risk factors (see Table 1), except for education,
family history of cancer, red meat intake, and menopausal hormone therapy use, which did
not remain statistically significant (p<0.05) in our final multivariate model. We chose not to
adjust for BMI and hypertension, because of their likelihood in the exposure-disease
pathway; however, we report in the text on the further influence on risk estimates that
adding these variables would make. We also explored whether associations differed by race,
obesity, hypertension, or MVPA.

Results
The HR of RCC for those who reported watching television or videos for 7 or more hours
versus less than 1 hour per day was 0.96 (95% CI: 0.66, 1.38, ptrend=0.707) (Table 1). The
HR for those whose total sitting time was 9 or more hours versus less than 3 hours per day
was 1.11 (95% CI: 0.87, 1.41, ptrend=0.765). The associations were comparable for men
and women separately. Additional adjustment for BMI and hypertension yielded parallel
conclusions, and results were similar when we limited the analysis to clear cell tumors, the
largest subtype (data not shown). We did not find evidence of effect modification by any of
the investigated factors.

Discussion
In this study of nearly 300,000 men and women, we did not observe an association between
prolonged sitting time and RCC. Our study is the first to examine this etiologic relationship
and featured refined definitions of RCC using histology codes, measurement of important
RCC risk factors, long-term follow-up, and a large sample size, affording us ample
statistical power to detect an association.

We previously noted an inverse association between physical activity and RCC (15). While
our data suggest that reducing sedentary time may not independently protect against RCC,
we cannot rule out a weak association between sedentary behavior and RCC, which may
have been masked by measurement error. However, sedentary behavior has been positively
related to other obesity-related cancers (endometrial, colon) in our cohort (16-18).

Among older adults, “too much sitting” is prevalent health behavior and is thought to be
distinct from “too little MVPA” given its own contextual determinants and possibly health
effects (3). Additional research and improvements in sedentary behavior assessment may
help improve our understanding of the health benefits associated with not only reducing but
also breaking up prolonged sitting.
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RCC renal cell carcinoma

MVPA moderate-vigorous physical activity

BMI body mass index

HR hazard ratio

CI confidence interval
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