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A Cross-national Investigation of Diet and Bladder
Cancer

J-R. Hebert and D.R. Miller

The existence of a large unexplained portion of attributable risk, and the marked variation in bladder cancer rates
globally, have stimulated an interest in the role of nutrition in cancer of the urinary bladder. For this cross-
national comparison study, we had complete data available for 50 countries. Using stepwise regression followed
by general linear modelling, age-truncated (45-74 years), world-standardised, sex-specific bladder cancer
mortality rates were regressed on an array of nutritional and sociceconomic independent variables in an effort to
identify important predictors of bladder cancer mortality. Separate principal components analyses were used to
summarise the nutritional and the socioeconomic (SES) variables. In the stepwise analyses, using food scores
expressed in kcal/day per capita (as opposed to the nutritional components), total fat consistently entered the
model first, and explained the greatest share of variability (R?) for both males and females. General linear models
were fitted that included total fat, tobacco, alcohol, the three SES components (comprising seven socioeconomic
predictors) and two food categories found significant in stepwise modelling, roots/tubers and vegetable oil. The
R? values were 0.84 for male rates and 0.77 for female rates, meaning that these study factors account for 84% of
bladder cancer mortality in men and 77% in women. Substitution of the nutritional components for the foods
resulted in general linear models with slightly higher R? values (0.85 for males, 0.77 for females), but with
attenuated fat effects. Results are discussed in light of biological plausibility.
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INTRODUCTION

IN RECENT years, a profound interest in the role of diet and
nutrition on cancers of several organ sites has emerged [1-3].
Evidence for an association between specific nutritional factors
and cancer comes from a number of sources: ecological studies
[4-6], analytic epidemiological studies [1, 2, 7], and laboratory
animal experiments [2, 8, 9]. There is a widening view that
bladder cancer may be linked with diet (10, 11].

The most important known risk factor for bladder cancer is
tobacco smoking. It is estimated that approximately 25-50% of
bladder cancers occurring in the U.S.A. can be attributed to

smoking [12]. Other known risk factors, such as occupational
exposure, can account for only a small additional fraction
of bladder cancer cases. The large unexplained portion of
attributable risk, as well as the marked variation in bladder
cancer rates globally, argue for the examination of alternative
environmental hypotheses, such as those related to diet
[1, 12-14].

Therefore, in order to examine the role of nutritional factors
in bladder cancer, a cross-national ecological study to identify
dietary variables associated with male and female bladder cancer
mortality rates was undertaken. We were motivated partly by
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Table 1. Age-siandardised bladder cancer mortality rates for persons aged 45 io
74 years for 50 countries included in the analysis
Male Female Male Female
Argentina 18.7 2.7 Ity 24.8 39
Australia 11.8 3.9 Japan 5.6 1.9
Austria i6.5 5.4 Korea 5.2 0.9
Bahamas 3.5 0.0 Malta 27.8 6.2
Barbados 9.9 6.3  Maritius 8.6 2.4
Belgium 233 5.3  Mexico 3.5 1.1
Bulgaria 13.3 2.9  Netherlands 18.9 4.2
Canada ii.8 3.5 New Zeaiand 11.5 4.0
Chile 6.7 3.1 Panama 3.1 2.2
Costa Rica 5.9 1.3 Paraguay 4.2 1.3
Cuba 12.0 3.3 Poland 21.1 3.0
Czechoslovakia* 20.9 4.1 Peru 2.1 0.7
Dominan Repubiic 1.7 1.2 Portugal i2.7 3.1
East Germanyt 21.8 4.7 Romania 13.7 39
Ecuador 2.9 1.3  Singapore 8.8 3.1
England 19.9 6.4 Spain 20.1 3.1
France 19.0 3.5  Surinam 4.0 2.0
Greece i8.0 3.7 Syria i.5 0.1
Guatemala 0.9 0.3  Thailand 1.5 0.3
Honduras 0.0 0.6  Trinidad 6.9 29
Hong Kong 10.9 4.2 United States 10.8 3.5
Hungary 19.4 3.9  Uruguay 19.3 33
iceiand 3.9 4.3 Venezueia 5.1 2.7
Ireland 12,9 4.3  West Germanyt 18.8 3.2
Israel 38 3.8  Yugoslaviat 12.6 3.2

Number of cases per year per 100 000 people, aged 45 to 74 years, standardised to the
world age distribution by decade, 1980-1986. *Data compiled before the division into

the Czech and Slovac Republics. $Data compiled before the unification of Germany.
1Data compiled before the break-up of Yugoslavia,

ala Compueq DEIOre the breaX-up of xugosia

the large variability in cancer rates observed in these data (25-
fold here as opposed to non-occupationally exposed inter-group
differences within populations of only around two-fold). As
much as possible, we adjusted for aggregate tobacco disappear—
ance udm, per Lapxta alcohol uisappearaﬁce data and relevant
socioeconomic variables. All analyses were weighted by the
mortaliry data-specific sex-specific mid-period populations.
MATERIALS AND METHODS

Data sources

National data were obtained from a number of United Nations
specialised agencies. Complete data were available for 50 coun-
tries which were included in all analyses (Table 1). These

countmac avalivdad thaca with canilitey and ll_dafinad ~ancae
COUIUics SXCIUGEG uldst Wiul SCiiiidy anG iu-Gaianddg <auscs

accounting for > 15% of total mortality [5]. For each country,
bladder cancer mortality rates for 1980 to 1986 were computed
from bladder cancer mortality and population estimates specific
for gender and decade of age. Rates for ages 45 to 74 years were
further standardised for decade of age, by the direct method, to
world population estimates for 1980 to 1986, and combined,
yielding gender- and country-specific age-standardised biadder
cancer mortality rates for ages 45 to 74 years.
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Nutritional (i.e. nutrients and food items) variables were
obtained from the Food Balance Sheets 1979-1981 Average,
cumulated and published by the Food and Agriculture Organiza-
tion of the United Nations [15]. These data are based on the sum

of xmporls and prouucuon minus €Xports, with aa]ustmems

made for non-food uses, losses during storage and transport,
food fed to livestock and used for seeds, and in manufacture for

food and non-food uses. For this analysxs, we used data from
1979-1981. This time-lagging reflects the belief that dietary
factors primarily affect promotional (i.e. late) stages of carcino-
genesis [16-19]. These data probably represent good approxi-
mations for diet in the periods corresponding to the preceding
data available, 1965 [20] until 1979 [21-23]. Data are pro-rated

tmne anaaies boolo et e omminne smrazn Ao Tl R,

Oii a per \.dpila basis. Nutrient scores were also derived from this
source. The nutritional variables consisted of total calories and
calories from total fat, animal fat, vegetable far alcohol and
animal protein. Food categories included all vegetable foods,
meat, milk, fish, vegetable oils, cereals, pulses, nuts, roots and
tubers, cabbages, fruit and sugar.

All food variables were expressed in terms of daily average
calorie intake. A calorie-adjusted alcohol score was derived from
linear regression as follows: alcohol calories were regressed on
total calories, and a residual was obtained by subtracting the
actual value of alcohol disappearance from the value predicted
from the total calorie score, based on the linear regression
equation. Therefore, the residual is that portion of alcohol
disappearance that is unexplained simply by the variation in

total number of calories [24].
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Information on basic sanitation (i.e. proportion of the popu-
lation without safe water and without excreta disposal facilities)
were obtained from the World Health Organization [25]. Basic
economic indicators, infant mortality rates and life expectancy
figures were obtained from World Bank compilations [26].
Statistics on numbers of physicians per unit population
(physicians/10000) and hospital bed availability (beds/10000)
were obtained from the World Health Organization [27].

Per capita tobacco use by each country was estimated from
tobacco disappearance data averaged from 1958 to 1963 [28, 29]
and population estimates corresponding to the same years [30].
Time-lagging tobacco data by approximately 20 years was based
on current thinking about tobacco’s role as a cancer initiator and
its requisite latency [6].

Statistical analyses

Exploratory analyses were performed on all variables to
identify any drastic departures from the assumptions of standard
statistical procedures, i.e. normality, linearity and independence
[31]. Pearson correlation coefficients were calculated to deter-
mine bivariate relationships between sex-specific bladder cancer
mortality rates and nutrient predictors, alcohol consumption,
per capita tobacco use based on disappearance data and socio-
economic predictors. All correlations were weighted by the sex-
specific population across countries for the 45-74 year age range.

Because of the high intercorrelation among nutritional and
socioeconomic predictors, component scores were initially com-
puted from principal components to summarise these sets of
variables into a smaller set of variables while reducing intercorre-
lations. One set each of nutritional and socioeconomic compo-
nents were computed using PROC FACTOR (principal
components) with VARIMAX Rotation in SAS [32]. Twelve
variables were included in the nutrition principal components
analysis (PCA): calories from all vegetable sources, cereals, roots
and tubers, pulses, nuts, cabbage, fruit, meat, fish, milk,
vegetable oil, and simple sugars. Seven variables related to
socioeconomic conditions were included in computing the socio-
economic (SES) principal components: gross national product
per capita, life expectancy at birth, infant mortality rate, pro-
portion of the population without safe water or excreta disposal
facilities, and the number of physicians or hospital beds/10000
population. The component scores for socioeconomic predictors
were used in the analyses because they provided better explana-
tory ability in the general linear models (GLM) than did the
individual SES variables. For the nutritional predictors, the use
of individual variables, as well as the components computed
from PCA, were used in analyses as both provided interpretable
results and both yielded high levels of explanatory ability.
Pearson correlation coefficients, weighted by the square root of
mid-mortality data period country population, were computed
for all candidate independent variables.

Male and female bladder cancer mortality rates were con-
sidered separately in all analyses. To compensate for differences
in population size among the countries, weighting by the square
root of the individual country mid-mortality data period popu-
lation was applied in all analyses. Stepwise regression models
were fitted with sex-specific bladder cancer rates as the depen-
dent variables using Proc Stepwise in SAS [32]. Separate analyses
were conducted using the nutritional variables and the
nutritional components. Using the results of our stepwise model-
ling, general linear models were designed as a final step in our
analyses. For these GLMs, tobacco consumption, SES principal
components and the alcohol residual were forced into the models
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as independent variables in the first step. These “best fit” (i.e.
highest R?) general linear models were designed to reduce
the risk of including intercorrelated predictors, to account to
maximum variability in bladder cancer rates, and to allow for
computation of interpretable and stable regression coefficients.

Several alternative models were examined in an effort to
obtain a “best fit” (highest R? value). This approach was taken
because nutritional variables tend to be highly intercorrelated
and highly correlated with other potential predictors of bladder
cancer. When fitted simultaneously into a general linear model,
intercorrelated predicators may produce regression coefficients
that are unstable and, therefore, uninterpretable [33]. The aim
was to fit a model that accounted for maximum variability in
bladder cancer mortality, whose regression coefficients were
interpretable, and in which important covariates were con-
trolled.

RESULTS

Substantial variation in bladder cancer mortality was observed
among the 50 countries included in this analysis (Table 1). Rates
ranged from over 20 per 100000 per year for several European
countries to less than one per 100 000 per year in several countries
in Asia and Latin America. Male rates were generally higher
than female rates.

Substantial variation was also observed in the nutritional
variables investigated in this analysis. Many of these variables
correlated significantly with bladder cancer mortality among
the 50 countries (Table 2). Particularly high correlations were
observed for total fat, animal fat, animal protein, meat, milk,
alcohol and cereals (inverse).

Tobacco consumption was only weakly correlated with blad-
der cancer mortality. This is consistent with what we observed
earlier for lung cancer [6]. Stronger correlations were observed
for the socioeconomic variables, with the highest mortality
rates in countries of great affluence, health care utilisation and
hygiene.

Results from the PCA of the socioeconomic and nutritional
variables are presented in Tables 3 and 4, respectively. The SES
PCA produced three components, each of which accounted for
at least 1% of the variance. The first component, SESPCI1, is
primarily a poor-sanitation high-infant mortality rate compo-
nent. SESPC2 loads most heavily on access to medical care,
while SESPC3 is an affluence component. The nutrition PCA
yielded five components each of which explained at least 1% of
the variance. The first component (NUTPC1) may be considered
a measure of a diet composed of large quantities of meat, dairy
products and sweets and low levels of pulses (high negative
loading). The second NUTPC is apparently a vegetable/cereal
factor. NUTPC3 had one high positive loading, fish, and one
negative loading, fruit. NUTPC4 has only one high loading,
roots and tubers, while NUTPCS has two high loadings, nuts
and fruit. All variables significantly associated in any stepwise
regression model (P < 0.1) or ultimately fitted in the GLMs are
shown in Table 5.

In the stepwise analyses with the nutritional variables (as
opposed to the nutritional factors), total fat consistently entered
the model first and explained the greatest share of variability
(R?) for both males and females. In fact, with total fat in the
model, of the nutritional variables, only roots and tubers and
vegetable oil entered using a P value of 0.20 for the F test of
B = @ as the inclusion criterion. When vegetable and animal fat
were entered in place of total fat they both entered the models,
but with much lower F values, and their coefficients were
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Table 2. Correlation of bladder cancer mortality rates with study variables among 50

countries™®
Mean
value Male Female
Nutritional variables
Total calories (kcal/day) 3042 0.75 0.65
Total fat (g/day) 104.6 0.74 0.78
Animal fat (g/day) 70.8 0.73 0.78
Vegetable fat (g/day) 33.8 0.46 0.46
Animal protein (g/day)t 49.3 0.65 0.67
Alcohol residual (g/day)t 139.4 0.46 0.37
Vegetable foods (kcal/day) 2305.1 0.20 —-0.04
Cereals (kcal/day) 1048.8 -0.33 -0.53
Roots and tubers (kcal/day) 129.4 0.54 0.47
Simple carbohydrates (kcal/day) 367.2 0.38 0.54
Pulses (kcal/day) 38.6 041 —-0.38
Nuts (kcal/day) 42.2 —0.33 -0.24
Vegetable oil (kcal/day) 60.9 0.23 0.03
Cabbage (kcal/day) 6.5 —0.03 —0.11
Fruit (kcal/day) 98.6 -0.09 -0.05
Meat (kcal/day) 414.6 0.61 0.66
Fish (kcal/day) 38.1 -029 -0.235
Milk/milk preducts (kcal/day) 243.1 0.64 0.70
Non-nutritional variables

Tobacco (kg per capita per year) 17.1 0.25 0.33
Gross national product ($1000 per capita per year) 4.88 0.32 0.53
Life expectancy (years) 70.4 0.57 0.65
Infant mortality (no./1000 live births) 27.4 -0.59 —0.68
Medical doctors (no./10 000) 12.2 0.82 0.69
Hospital beds (no./10 000) 64.6 0.64 0.68
Safe water (% households without) 13.2  -0.57 —0.67
Sanitary facilities (% households without) 16.5 —0.61 -0.63

*Pearson correlation coefficients. Correlations are statistically significant at « = 0.05 if
r=0.28,ata = 0.01if r = 0.36, and at « = 0.001 if r = 0.45. +Obtained by regressing
out the effect of total calories with constant added to ensure no negative values.

virtually identical, indicating there was no differential effect
according to type of fat. General linear models with total fat,
roots and tubers, vegetable oil, tobacco, alcohol and the three
SES PCs were then fitted. The food-related variables were
included because they had entered the stepwise models. Results
are shown in Table 6. The R? values were 0.84 for male rates
and 0.77 for female rates using the food-related variables.
Total fat was a strong independent predictor of bladder cancer

Table 3. Results of principal components analysis for socioeconomic
variables, rotated component pattern

Variables SESPC1 SESPC2 SESPC3
Gross national product -0.207 0.306 0.903
Life expectancy —0.495 0.568 0.463
Infant mortality 0.746 —0.427 -0.355
Per cent of households without safe

water 0.869 —0.213 -0.142
Per cent of households without

sanitation 0914 -0.194 -0.145
Physicians per capita -0.199 0.893 0.176
Hospital beds per capita -0.301 0.798 0.324
Variance explained by each

principal component 2.566 2.117 1.334

mortality in both males and females. Tobacco consumption was
also a marginally significant independent predictor for females,
but not males, while SESPCI1, the poor sanitation component,
was negatively associated with bladder cancer in both sexes.
SESPC2 was positively associated and SESPC3 was negatively
associated in males only. No other variables increased the R?
value of 0.02 or more when added to the models.

Subsequently, models were fitted substituting four NUTPCs
found to be significantly associated in the stepwise models for
the two food-related variables. These models had about equal
R? values (0.85 for males and 0.77 for females; Table 6). Here,
tobacco consumption was not even a marginally significant
independent predictor of bladder cancer mortality for either
males or females. The effect of total fat was reduced for both
sexes. Of the nutrition principal components, only NUTPCS
was even marginally associated; as a protective factor, in men
only. The SESPCs were related to bladder cancer in these models
essentially the same way as we had observed them in the previous
models.

DISCUSSION
Although it is well established that tobacco smoking and
certain occupational exposures are important risk factors for
bladder cancer [13, 34-37] most bladder cancer mortality
within populations remains unexplained [13]. Discrepancies
between bladder cancer rates and exposure to known risk
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Table 4. Results of principal components analysis for nutrition variables rotated
component pattern

Variables NUTPC1 NUTPC2 NUTPC3 NUTPC4 NUTPC5
All vegetable sources -0.079 0.879 —-0.278 —0.058 —0.002
Cereals —0.503 0.721 -0.051 -0.391 -—0.083
Roots and tubers 0.126 -0.026 —0.046 0.940 -0.018
Simple carbohydrates 0.735 -0.152 -0.251 -0.170 -0.242
Pulses -0.605 —0.067 -0.484 6.201 -0.333
Nuts ~0.202 0.169 0.081 -0.035  0.829
Vegetable oils 0.189 0.828 0.114 0.013  0.170
Cabbage -0.011 0.722 6.40% 0.148  0.075
Fruit -0.178 -0.379 -0.537 0.190  0.448
Meat 0.862 0.100 0.050 0.282 —0.031
Fish -0.099 -0.062 0.837 0.014  0.077
Miik/dairy 0.83%9 —-0.002 0.022 0.133  -0.217
Variance explameu u'y‘ each

principal component 2.745 2.715 1.558 1.266 1.1530

factors call into question the role of other lifestyle factors [38].
A number of dietary risk factors have been proposed in order
to account for this unexplained risk. These include intakes of
carotenoid-rich foods and dairy products [39], coffee drinking
140}, specific beverage cansumption and overall consumption
of liquids [41, 42]. In a recent case—control study in Hawaii,
there was a decrease in risk with increasing levels of vitamin C
in women, and decreased risk with increasing levels of dark
green vegetables among men [43]. Both of these parameters
are strongly inversely correlated with dietary fat, which we
found to be positively associated with bladder cancer mortality
in our data. In a foiiow-up study of Seventh-Day Adventists
in California, bladder cancer risk was shown to increase with

increased consumntion of meat. noulirv and fish [441. foods
IRCISasea consumplon Of meat, pouilry ang nea |55, i004S

strongly related to animal fat calories in this study. The
possible role of selenium in bladder carcinogenesis [45] indi-
cating a protective effect of antioxidants, is consistent with

our findings in that diets high in fat tend to be low in
antioxidant vitamins.

Previously, we have proposed that dietary fat could be related
to bladder cancer mortality [13]. One ecological study previously

rormalatiac haturans Aiataw: foe and hladdae
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cancer mortality of 0.7 [5]. There are several plausible hypo-
theses whereby dietary fat consumption, in particular animal
fats, could increase the probability of bladder cancer
(16, 18, 19, 46). These include cell membrane effects, increas-
ing solubility of lipid-soluble carcinogens, and effects on cell-
mediated immune response.

Although total fat consistently entered the stepwise models
first and continued to be a significant predictor of bladder cancer

mortality in most GLMs, several anomalous results should he
..... taity in most LIVIS, severa: anomaious resulls should te

pointed out. First, inclusion of the nutritional components,
although producing an impressive overall R? value, attenuated
the fat effect. This may be because several components, in

Table 5. Correlation between selected variabies among 50 couniries*

Variables} 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. Total calories 0.85 0.80 0.62 0.36 042 021 0.69 041 -0.24 0.27 0.10 -0.57 0.64 0.20 0.54
2. Total fat 0.95 0.71 0.43 0.14 0.30 0.87 —0.06 -0.24 0.31 0.13 —-0.42 0.63 0.49 0.55
3. Animal fat 0.45 050 0.05 0.33 0.88 —0.09 -0.19 034 0.03 -0.38 0.63 043 0.3
4. Vegetable fat 0.11 030 0.11 0.50 0.05-0.26 0.14 0.43 -0.33 0.36 041 0.38
5. Roots and tubers ~0,01 0.32 0.34 -0.02 -0.08 0.89 —0.21 -0.22 036 -004 0.12
6. Vegetable oil 0.04 0.04 0.83 0.25 0.11 0.45 -0.50 0.04 —0.03 0.05
7. Alcohol 0.22 —-0.05 0.16 0.27 0.11 —-0.10 0.51 0.13 —0.07
8. NUTPCI —0.18 —0.39 0.08 0.17 -0.32 0.48 0.44 0.52
9.NUTPC2 0.20 0.10 0.10 -0.45 0.02 —0.33 0.00
10.NUTPC3 010 022 -0.22 -0.11 ©.22 —0.15
11. NUTPC4 -0.11 -0.17 0.26 0.00 0.02
12. NUTPC5 -0.17 0.00 0.41 0.21
13. SESPC1 —0.25 —-0.15 -0.41
14. SESPC2 -0.06 0.25
15. SESPC3 0.39
16. Tobacco

*Correlations are statistically significant at o« = 0.05 if = 0.28, at « = = 0.01 if = 0.36, and at « = 0.001 if = 0.45. +Variables
shown are those entering at least one stepwise model with P < 0.10 or inclusion in the GLMs or both. They are in units as noted in

the text.
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Table 6. General linear models f(ii‘ variation in bladder cancer mortamj;
rates among 50 couniries*
Male Female
Variable b P value b P value
Using nutritional variables
Intercept 2.550 0.35 2.084 0.003
Tobacco (kg/year) -0.085 0.15 -0.027 0.07
Total fat (g/day) 0.092 0.001 -0.022  0.002
Roots and tubers (kcal/day) 0.013 0.12 0.001 0.53
Vegetable oil (kcal/day) 0.020 0.40 -0.014 0.02
Alcohol residual (g/day) 0.013 0.24 0.0062 0.58
SESPC1 —1.837 0.03 —0.815  0.0003
SESPC2 2.320 0.03 0.193  0.45
SESPC3 —1.853 0.02 -0.047 0.80
Model R? 0.84 0.77
Using nutritional components
Intercept 2.779 0.50 2.613  0.01
Tobacco (kg/year) —0.064 0.30 -0.026 0.09
Total fat (g/day) 0.082 0.02 0.015  0.09
Alcohol residual (g/day) 0.017 0.11 0.002 0.52
NUTPC1 0.71% 0.47 0.246 0.32
NUTPC2 —0.500 0.70 —0.066 0.84
NUTPC4 0.549 0.47 0.108 0.57
NUTPCS -1.396 0.09 -0.094 0.65
SESPCI1 —1.518 0.06 —0.816 0.003
SESPC2 2.427 0.02 0.245 0.34
SESPC3 —-1.623 0.05 -0.020 0.92
Model R? 0.85 0.77

*All results shown are based on type III (orthogonal) sums of squares.

particularly NUTPCI (r = 0.87), are highiy correlated with fat.
As these same components are related to the SESPCs as well (see

Table 5), they also attenuated those effects in the second GLMs,

shown in Table 6.

It is also of concern that the SESPCs were consistently
predictive of bladder cancer mortality, even after accounting for
total fat. These socioeconomic factors almost certainly are not
having a direct effect on bladder cancer mortality, but they are
good, indirect indicators for whatever other factors are having
an effect. As all of the variables in the models are essentially
economic, they all suffer from the same well-known deficiencies
[47, 48).

Because mortality rates vary widely among the countries
included in our analysis, we were able to examine environmental
factors, such as diet. In addition to variability in cancer rates,
we were able to exploit large interpopulation differences in diet,
much larger than are generally found in study populations within
individual countries {49]. Furthermore, both cancer rates and

Aot tag nf diar . A latitraler 1 nn 1
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therefore, they are largely unaffected by random error [24].
Other problems generally associated with ecological studies
remain, including use of aggregate data resulting in potentially
uncontrolled confounding. However, we have advanced beyond
previously published analyses of this kind [5], in attempting to
partially deal with the issue of confounding by using multivari-
able analysis to adjust for available information (albeit with
aggregate data) on potential confounders [50]. It is known that a
large amount of random error normally accompanies nutritional
data [51]. An important component in the failure of dietary self-
report is cognitive, or memory-related [52-54]. In addition,
there is probably a very important psychological component

reiated to sociai desirability, though it has oniy rareiy been
studied [55]. Despite these obvious drawbacks of self-report

data, such information is regularly used

studies without any way of assessing true underlying criterion
validity. Given the potential of ecological studies to model linear
relationships with data meeting regression model assumptions
[56, 57], we believe these results merit careful consideration.
This study indicates a potentially important role for dietary
fat in bladder carcinogenesis. The fact that we were able to
account for approximately 75-85% of bladder cancer mortality
across the countries we examined using variables, the most
prominent of which was total fat consumption, should prompt

further work both in laboratory animal models and in analytical
epidemiological studies.

in enidemialogical
wsth Il CPAGRLLCIUEIG

1. Byers T. Diet and cancer: any progress in the interim? Cancer 1988,
62,1713-1724.

. Palmer S. Diet, nutrition, and cancer. Prog Food Nutr Sci 1985, 9,
283-341.

. USDHHS. The Surgeon General’s Report on Nuirition and Health.
DHHS Pub. No. (PHS) 88-50210. Washington DC, USGPO, 1988.

. Carroll KK, Khor HT Dietary fat in relation to tumongenesns
Prog Biochem Pharmacol 1975, 10, 308-353.

. Armstrong B, Doll R. Environinenial factors and cancer incidence
and mortalny in different countries with special reference to dietary
practices. Int § Cancer 1975, 15, 617-631.

. Wynder EL, Hebert JR, Kabat GC. Association of dietary fat and
lung cancer. JNCI 1987, 79, 631-637.

. Mettlin C, Graham S. Dietary risk factors in human bladder cancer.
Am ¥ Epidemiology 1979, 110, 255-263.

. Carroll KK. Experimental evidence of dietary factor and hormone-
dependent cancers. Cancer Res 1975, 15, 3374-3383.

. Nishio Y, Kakizoe T, Ohtani M, Sato S, Sugimura T, Fukushima.

wn

(=



784

10.
11.

12.

13.
14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.
30.
31
32.

33.

34,

35.

J.R. Hebert and D.R. Miller

L-Isoleucine and L-leucine: tumor promoters of bladder cancer in
rats. Science 1986, 231, 843-845.

Yu BP. Why dietary restriction may extend life: a hypothesis.
Geriatrics 1989, 44, 87-90.

Willett WC, MacMahon B. Diet and cancer—an overview. N Engl
F Med, 1984 310, 633-703.

Doll R, Peto R. The causes of cancer: quantitative estimates of
avoidable risks of cancer in the United States today. ¥NCI 1981,
66, 1191-1308.

Augustine A, Hebert JR, Kabat GC, Wynder EL. Bladder cancer
in relation to cigarette smoking. Cancer Res 1988, 48, 4405-4408.
Hebert JR, Miller DR. Methodologic considerations for investigat-
ing the diet-cancer link. Am ¥ Clin Nuir 1988, 47, 1068-1077.

Food and Agriculture Organization of the United Nations. Food
Balance Sheets 1979-1981 Average. Rome, FAQO, 1981.

. Birt DF, Pelling JC, Tibbels MG, Schweickert L. Acceleration of

papilloma growth in mice fed high-fat diets during promotion of
two-stage skin carcinogenesis. Nutr Cancer 1989, 12, 161-168.
Abou El-Ela SH, Prasse KW, Carroll R, Bunce OR. Effects of
dietary primrose oil on mammary tumorigenesis induced by 7, 12-
dimethylbenz(a) anthracene. Lipids 1987, 22, 1041-1044.
Aylesworth CF, Welsch CW, Kabara J], Trosko JE. Effects of fatty
acids on gap junction communication: possible role in tumor
promotion by dietary fat. Lipids 1987, 22, 445-454.

Poirier LA. Stages in carcinogenesis: alteration by diet. Am ¥ Clin
Nutr 1987, 45, 185-191.

Food and Agriculture Organization of the United Nations. Food
Balance Sheet 1962-1965. Rome, Food and Agriculture Organiza-
tion of the United Nations, 1965.

Jain M, Howe GR, Harrison L, Miller AB. A study of repeatability
of dietary data over a seven-year period. Am ¥ Epidemiol 1989, 129,
422-429.

Jensen OM, Wahrendorf FJ, Rosenqvist A, Geser A. The reliability
of questionnaire-derived historical dietary information and temporal
stability of food habits in individuals. Am ¥ Epidemiol 1984, 120,
281-290.

Sobell J, Block G, Koslowe P, Tobin ], Andres R. Validation of a
retrospective questionnaire assessing diet 10-15 years ago. Am ¥
Epidemiol 1989, 130, 173-187.

Willett W. Nutritional Epidemiology. Oxford, Oxford University
Press, 1990.

WHO. The International Drinking Water Supply and Sanitation
Decade: Review of National Baseline Data. WHO Offset Publ.
No. 85. Geneva, World Health Organization, 1984.

The World Bank. World Development Report. Washington DC,
World Bank, 1984.

WHO. World Health Statistics Quarterly. Geneva, World Health
Organization, 1980, 33.

Food and Agriculture Organization of the United Nations. Trade
Yearbooks 13-17. Rome, FAQ, 1959-64.

Food and Agriculture Organization of the United Nations. Pro-
duction Yearbooks 13-17. Rome, FAO, 1959-64.

United Nations, UN Statistical Yearbooks. New York, United
Nations, 1959-1964.

Tukey JW. Exploratory Data Analysis. Reading MA, Addison-
Wesley, 1977.

SAS. SAS Users Guide-Statistics Version 5. Cary NC, SAS Institute,
1985,

Kleinbaum DG, Kupper LL, Muller KE. Applied Regression Analy-
sis and Other Multivariable Methods, 2nd edition. PWS-KENT
Publishing Co, 1988.

Morrison AS, Ahlbom A, Verhoek WG, Aoki K, Leck I, Ohno
Y, Obata K. Occupation and bladder cancer in Boston, USA,
Manchester, UK, and Nagoya, Japan. ¥ Epidemiol Commun Health
1985, 39, 294-300.

Iscovich J, Castelletto R, Esteve ], et al. Tobacco smoking, occu-

37.

38.

39.
40.

41.

42.

43,

44,

45.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

pational exposure and bladder cancer in Argentina. Int ¥ Cancer
1987, 40, 734-740.

. Smith EM, Miller ER, Woolson RF, Brown CK. Bladder cancer

risk among auto and truck mechanics and chemically related
occupations. Am ¥ Public Health 1985, 75(8), 881-883.

Schifflers E, Jamart J, Renard V. Tobacco and occupation as risk
factors in bladder cancer: a case~control study in Southern Belgium.
Int ¥ Cancer 1987, 39, 287-292.

Wynder EL, Fujita Y, Harris RE, Hirayama T, Hiyama T.
Comparative epidemiology of cancer between the United States and
Japan: a second look. Cancer 1991, 67, 746-763.

Mettlin C, Graham §S. Dietary risk factors in human bladder cancer.
Am ¥ Epidemiol 1979, 110, 255--263.

Kabat GC, Dieck GS, Wynder EL. Bladder cancer in non-smokers.
Cancer 1986, 57, 362-367.

Jensen OM, Wahrendorf J, Knudsen JB, Sorensen BL. The
Copenhagen case-control study of bladder cancer II effect of coffee
and other beverages. Int ¥ Cancer 1986, 37, 651-657.

Braver D], Modan M, Chetrit A, Lusky A, Braf Z. Drinking,
micturition habits, and urine concentration as potential risk factors
in urinary bladder cancer. ¥NCI 1987, 78, 437—440.

Nomura AM, Kolonel LN, Hankin JH, Yoshizawa CN. Dietary
factors in cancer of the lower urinary tract. Int ¥ Cancer 1991, 48,
199-205.

Mills PK, Beeson WL, Phillips RL, Fraser GE. Bladder cancerin a
low risk population: results from the Adventist Health Study. Am ¥
Epidemiol 1991, 133, 230-239.

Helzlsouer KJ, Comstock GW, Morris JS. Selenium, lycopene,
alpha-tocopherol, beta-carotene, retinol, and subsequent bladder
cancer. Cancer Res 1989, 49, 6144-6148.

. Hebert JR, Barone J, Reddy MM, Backlund JYC. Natural killer

cell activity in a dietary fat intervention trial. Clin Immunol Immuno-
pathol 1990, 54, 103-116.

Greenland S, Morgenstern H. Ecological bias, confounding, and
effect modification. Int ¥ Epidemiol 1989, 18, 269-274.

Willett WC, Stampfer M]. Dietary fat and cancer: another view.
Cancer Causes Control 1990, 1, 103-109.

Hebert JR, Wynder EL. Dietary fat and the risk of breast cancer.
N Engl¥ Med 317, 165, 1987.

Prentice RL, Sheppard L. Dietary fat and cancer: consistency of
the epidemiologic data, and disease prevention that may follow from
a practical reduction in fat consumption. Cancer Causes Control
1990, 1, 81-97.

Freudenheim JL, Marshall JR. The problem of profound mis-
measurement and the power of epidemiological studies of diet and
cancer. Nutr Cancer 1988, 11, 243-250.

Jobe JB, Mingay D]J. Cognitive research improves questionnaires.
AmJ Public Health 1989, 79, 1053-1055.

Thompson FE, Metzner HL, Lamphiear DE, Hawthorne VM.
Characteristics of individuals and long term reproducibility of
dietary reports: the Tecumseh Diet Methodology Study. 7 Clin
Epidemiol 1990, 43, 1169~1178.

Dwyer JT, Krall EA, Coleman KA. The problem of memory in
nutritional epidemiology research. 7 Am Dietetic Assoc 1987, 87,
1509-1512.

Worsley A, Baghurst KI, Leitch DR. Social desirability response
bias and dietary inventory responses. Human Nutr: Appl Nutr 1984,
384, 29-35. .
de Backer G. Methodological considerations on intra-versus inter-
population correlation studies. Ann Nutr Metabol 1991, 35, 84-88.
Cohen BL. Ecological versus case-control studies for testing a
linear-no threshold dose-response relationship. Int § Epidemiol
1990, 19, 680-684.

Acknowledgements—This work was supported by a grant from the
Herrick Foundation, Detroit, Michigan, U.S.A. The authors wish to
thank the World Health Organiation for providing data tapes on cancer
mortality.



