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Diet and Bladder Cancer: A Meta-analysis of Six Dietary Variables

Craig M. Steinmaus,’ Sandra Nufiez,? and Allan H. Smith?

In 1996, more than 300,000 new cases of bladder cancer were diagnosed worldwide. Besides tobacco
smoking, occupation, and other factors, diet may play a role in causation of this iliness. The authors performed
a meta-analytical review of epidemiologic studies linking six dietary factors to bladder cancer. These factors
include retinol, beta-carotene, fruits, vegetables, meat, and fat. Increased risks of bladder cancer were
associated with diets low in fruit intake (relative risk (RR) = 1.40, 95% confidence interval (Cl): 1.08, 1.83), and
slightly increased risks were associated with diets low in vegetable intake (RR = 1.16, 95% CI: 1.01, 1.34).
Elevated risks were identified for diets high in fat intake (RR = 1.37, 95% Cl: 1.16, 1.62) but not for diets high in
meat intake (RR = 1.08, 95% CI: 0.82, 1.42). No increased risks were found for diets low in retinol (RR = 1.01,
95% CI: 0.83, 1.23) or beta-carotene (RR = 1.10, 95% Ci: 0.93, 1.30) intake. These results suggest that a diet
high in fruits and vegetables and low in fat intake may help prevent bladder cancer, but the individual dietary
constituents that reduce the risks remain unknown. Am J Epidemiol 2000;151:693—702.
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The World Health Organization has estimated that
310,000 people developed bladder cancer in 1996 (1).
Risk factors such as smoking, occupation, and arsenic
have been well documented (2—4). Several studies
have suggested that various dietary constituents may
have causal and protective roles in bladder cancer as
well. The idea that diet may play a role in cancer of the
bladder is not surprising, considering that many
ingested substances, including dietary carcinogens and
antioxidants, are excreted through the urinary tract and
come into direct contact with the bladder epithelium.

Although the carcinogenic potential of many food
items has been studied, our analysis was limited to the
following six factors: retinol, beta-carotene, fruits,
vegetables, meat, and fat. These items were chosen
because a-relatively large number of epidemiologic
studies have evaluated them, yet some controversy
remains despite this research. For example, several of
the earliest studies of diet and bladder cancer sug-
gested that vitamin A may have anticarcinogenic prop-
erties (5-7). Unfortunately, many of these investiga-
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tions did not distinguish between preformed vitamin A
(retinol) and carotenoids. This distinction is important
since these two compounds may have different effects
in cancer causation or prevention and are found in
markedly different foods. Recently, most research has
distinguished between the two, and although retinol
appears to have little effect on bladder cancer risk,
research findings regarding beta-carotene have been
equivocal (8, 9). This equivocation may be related to
the fact that many of these studies estimated beta-
carotene levels from intake of foods containing other
potentially anticarcinogenic compounds. Consequently,
investigators could not rule out the possibility that any
effect ascribed to beta-carotene was actually due to
another factor found in the same foods.

Meanwhile, studies involving broad categories of
fruits and vegetables have identified protective associ-
ations much more consistently than have those studies
focusing solely on beta-carotene. Thus, some factor or
combination of factors in fruits and vegetables other
than beta-carotene may be responsible for the chemo-
protective effects of these foods (10, 11). One goal in
performing this analysis was to establish whether fruits
and vegetables are associated with decreased risks of
bladder cancer and whether beta-carotene might be
responsible for some portion of this effect.

Controversy also exists surrounding the association
between bladder cancer and diets high in meat or fat
intake. For example, in a cohort study of almost 8,000
Japanese-American men living in Hawaii, Chyou et al.
found elevated rates of bladder cancer for men who ate



MATERIALS AND METHODS

Databases such as MEDLINE and CancerLit were
searched for epidemiologic literature regarding blad-
der cancer and each of the six dietary factors of inter-
est. Review articles on nutrition and cancer or on blad-
der cancer etiology were searched for relevant
references. Case-control and cohort studies that pre-
sented data in terms of a relative risk were included.
Several studies included cancers of the renal pelvis,
ureter, and urethra with those of the bladder. In these
studies, cancer of the bladder accounted for approxi-
mately 90 percent of the cases (12, 14-16). These stud-
ies were therefore included in this analysis, whereas
studies involving cancers of the kidney parenchyma
and prostate were not.

Studies were excluded from our analysis for the fol-
lowing reasons. First, ecologic investigations compar-
ing national bladder cancer mortality rates with
national food consumption patterns were excluded;
these studies do not reflect the tremendous range of
diets that may exist in a particular country or differ-
ences in detection and treatment rates between coun-
tries. Second, studies in which the exposure variable
was defined as “vitamin A” and there was no distinc-
tion between retinol and beta-carotene (5~7, 17) were
excluded. Two clinical trials on beta-carotene supple-

ments (18, 19) were excluded because of questions
regarding the length of the follow-up period and the
timing of supplementation relative to the natural his-
tory of the cancer process (20). Third, three studies in
which serum micronutrients were collected after the
diagnosis of cancer (21-23) were excluded since this
diagnosis may alter a patient’s diet. Finally, a few stud-
ies did not provide data that could be used to estimate
a standard error. These studies are discussed in the fol-
lowing sections; however, because they could not be
assigned an accurate weight, they were not included in
our meta-analysis. :

We followed the. general principles presented by
Greenland (24). For each article, an effect measure and
its 95 percent confidence interval were extracted.
Many articles presented data on several similar food
items, each of which could have been classified as one
of our dietary factors. For example, Shibata et al. pre-

‘sented separate relative risk estimates for “dark green

vegetables,” “yellow vegetables,” and “all vegetables”
(25). In these instances, the item that provided the
broadest representation of the particular dietary item
was chosen. In the example just described, “all vegeta-
bles” was selected. When relative risks for several lev-
els of exposure were provided, we used the relative
risk comparing the highest with the lowest exposure
level. Also, several articles reported relative risks for
males separately from females or for subjects aged
more than 65 years separately from subjects aged less
than 65 years. In these instances, both relative risk esti-
mates were included. When available, relative risks
adjusted for tobacco smoking were used, since smok-
ing may be associated with both diet-and bladder can-
cer (2, 26). .

Sometimes more than one article presented data
from the same study population. In these instances, we
chose the most recently published article unless an ear-
lier study fit our inclusion criteria more precisely. For
example, both Chyou et al. and Wilkens et al. studied
bladder cancer patients in Oahu, Hawaii (12, 15).
Although the Wilkens et al. article was published last,
data from Chyou et al. were used because this article
reported relative risks for the broad category of
“fruits,” whereas Wilkens et al. reported relative risks
for “fruit drinks”only.

Each relative risk extracted was assigned a weight
(W,) based on the inverse square of its standard error
(SE) (W; = 1/SE?). Standard errors were calculated by
dividing the natural log of the ratio of the upper and
lower 95 percent confidence intervals by 3.92 (SE =
In(Clyppe/Cligwer)/3.92). Missing confidence intervals
were estimated by using Byar’s approximation (27) for
cohort studies or were calculated by using unadjusted
data for case-control studies. For each study, the
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