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bstract

Prostate cancer mortality rates vary widely across the world. The purpose of this study is to identify environmental factors associated with
rostate cancer mortality risk. Prostate cancer mortality rates in 71 countries were compared to per capita food intake rates using
ge-adjusted cancer rates (year 2000) from the International Agency for Research on Cancer, and food consumption data (1990–1992)
rovided by the Food and Agricultural Organization of the United Nations. Simple regression models were applied to prostate cancer
ortality rates and consumption rates for 38 foods (or food categories), and sunlight levels (latitude from the equator and ultraviolet

ndexes). The analysis found a correlation between increased prostate cancer mortality rates and the consumption of total animal calories,
otal animal fat calories, meat, animal fat, milk, sugar, alcoholic beverages, and stimulants. The consumption of cereal grains and rice, in
articular, correlated strongly with decreasing prostate cancer mortality. The analysis found that increased sunlight levels and consumption
f oilseeds, soybeans, and onions also correlate with decreased prostate cancer mortality risk. Stepwise multiple regression analysis was used
o build a regression model with minimum colinearity between the variables. Cereals, total animal fat calories, sugar, and onions are the
oods that resulted in a model with the best fit. Cereals, ultraviolet index, sugar, and onions were the variables found to provide the best
t in a model when ambient sunlight exposure was included as a factor. © 2006 Elsevier Inc. All rights reserved.
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. Introduction

In some countries such as China and Vietnam, average
nnual prostate cancer mortality rates are approximately 1
eath per 100,000 people, while in other countries such as
orway and Sweden, the rate is approximately 27 deaths
er 100,000 [1]. Prostate cancer risk appears to be associ-
ted with environmental factors because prostate mortality
ates change when people migrate to other countries and
hange lifestyles. Some researchers believe that dietary
ractices may contribute to a large part of prostate cancer
isks. Also, there is increasing evidence that exposure to
unlight may reduce the risk from prostate cancer. In this
tudy, we have focused on the effect of 2 factors on prostate
ancer mortality: the consumption of various foods and
mbient sunlight exposure.

* Corresponding author. Tel.: �1-205-807-5664; fax: �1-205-934-
470.
CE-mail address: jcolli@surg.uab.edu (J.L. Colli).

078-1439/06/$ – see front matter © 2006 Elsevier Inc. All rights reserved.
oi:10.1016/j.urolonc.2005.05.023
The World Health Organization has compiled cancer
ncidence and mortality rates from a large number of coun-
ries. Consumption rates for various foods and food catego-
ies are available from the Food and Agricultural Organi-
ation (FAO) of the United Nations for a large number of
ountries. The approach is to compare prostate cancer mor-
ality rates to consumption rates for foods consumed in
arious countries and ambient sunlight levels in those coun-
ries to determine if there are correlations that suggest as-
ociations. We will then search the literature to determine
hether studies by other researchers corroborate these as-

ociations.

. Methods

Age-standardized prostate cancer mortality rates for 71
ountries were obtained from the GLOBOCAN 2000 data-
ase [1]. The GLOBOCAN 2000 database, which has been
eveloped by the International Agency for Research on

ancer (IARC), has compiled data on cancer incidence,
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ortality, and prevalence on most of the countries of the
orld. The disease rates are not necessarily for the year
000 but for the most recent data available, generally 3–5
ears earlier. Incidence and mortality rates by age group
0–14, 15–44, 45–54, 55–64, 65� years old) were gathered
y IARC for as many countries as possible. Mortality data
y cause are available from many countries because of
egistration of vital events, although the quality of the data
aries considerably. Depending on the quality of the data,
ne of the following methods was used by IARC for deter-
ining national cancer mortality rates: (1) national mortal-

ty data was used, (2) local mortality data was used to
stablish national mortality data, (3) mortality was esti-
ated from incidence because mortality data were not avail-

ble or known to be of poor quality, and (4) mortality rates
ere calculated from the average of neighboring countries

n the same region because no other data were available. For
his study, we selected countries in which the prostate can-
er mortality rates exceeded 100 deaths per year and ex-
luded countries with IRAC data based on the fourth
ethod previously discussed.
The following countries with prostate cancer mortality

ata derived from aforementioned methods 1 and 2 were
elected for inclusion in the study: Canada, Costa Rica,
uba, Dominican Republic, Jamaica, Mexico, Panama,
nited States, Argentina, Brazil, Chile, Columbia, Ecua-
or, Uruguay, Venezuela, China, Israel, Japan, Jordan,
orean Republic, Azerbaijan, Uzbekistan, Austria, Bela-

us, Belgium, Bulgaria, Czech Republic, Denmark, Fin-
and, France, Germany, Greece, Hungary, Iceland, Ire-
and, Italy, Malta, Netherlands, Norway, Poland,
ortugal, Romania, Russian Federation, Slovakia, Slov-
nia, Ukraine, Spain, Sweden, Switzerland, the United
ingdom, Australia, and New Zealand. The following

ountries with prostate cancer mortality data through
ethod 3 were selected for inclusion in the study: Nic-

ragua, Bolivia, Paraguay, Peru, Algeria, Tunisia, Myan-
ar, Cambodia, Cyprus, India, Indonesia, Laos, Malay-

ia, Pakistan, Philippines, Syria, Thailand, Turkey, and
ietnam. The GLOBOCAN 2000 database contained

ge-standardized prostate cancer mortality rates calcu-
ated from crude rates that were used in this study.

Per capita food consumption rates for each country were
btained from the FAOSTAT database [2] compiled by the
AO of the United Nations. Country level data are collected
or the FAOSTAT database by questionnaires sent annually
o member countries. When data from member countries are
issing, as may be the case for developing countries, FAO

tatisticians compile secondary derived statistics. Informa-
ion on domestic production, imports, exports, and losses
ere used by FAO statisticians for estimating per capita

onsumption levels for foods in the FAOSTAT database.
or this study, we selected per capita consumption rates for

he following foods or food categories: total caloric intake
total calories); total calories from animal sources (total

nimal); total animal fat; cereals; wheat; rice; maize; rye; n
arley; potatoes; sugar; pulses; beans; peas; tree nuts; oil
eeds; soybeans; vegetable oils; soybean oil; sunflower oil;
roundnut oil; rape/mustard oil; olive oil; vegetables; toma-
oes; onions; other vegetables; fruits; bananas; stimulants;
offee; cocoa; alcoholic beverages; beer; beverages alco-
olic other than beer and wine; meat; offal; animal fat; milk;
ggs; fish; freshwater fish; demersal fish; and pelagic fish. In
ll cases, the units of the food consumption rates are calories
er day. Food consumption data for the year 1990 were used
hen they were available. Where food consumption data
ere unavailable for 1990 (as was the case for Azerbaijan,
zbekistan, Belarus, Russian Federation, Slovakia, Slov-

nia, and Ukraine), food consumption data for 1992 were
sed.

Latitudes from the equator were obtained by estimating
alues at the geographic center of each country from a
tandard world atlas [3]. The ultraviolet indexes were read
rom maps obtained from that that were developed by the
ropospheric Emission Monitoring Internet Service (TEMIS)

4]. TEMIS is part of the Data User Program of the European
pace Agency. The ultraviolet index is the effective irradiance
1 U equals 25 mW/m2) reaching the earth’s surface under
lear sky conditions for the local solar noon. The algorithm that
s used by TEMIS applies a functional relation between the
ltraviolet index, the local solar noon ozone field, and the solar
enith angle at the local solar noon.

.1. Statistical analysis

Initially, the data for all foods or food categories were
xamined for normalcy and to identify outlier values.
ean, maximum, minimum, and percentile values (25th

nd 75th) were determined for each variable (Table 1).
imple regression coefficients (B), Pearson correlation
oefficients (R), and probability values (P) to test the null
ypothesis that the parameter is actually zero were cal-
ulated to examine the association between prostate can-
er mortality rates and consumption of each independent
ariable that showed normal or near normal characteris-
ics. All P values presented are 2-sided. The 95% confi-
ence interval (CI) for the regression coefficient was also
alculated. In those cases in which the independent vari-
ble did not possess a normal or near normal distribution,
pearman correlation coefficients (R) and the associated
robability values were calculated.

Foods or food categories that showed a strong corre-
ation (P � 0.05) with prostate cancer mortality were
ubject to stepwise multiple regression analysis. Stepwise
egression procedures are semiautomated processes of
uilding a regression model by successively adding or
emoving variables based solely on the P values of the
stimated coefficients. The objective of the variable se-
ection process is to obtain a balance between model
implicity and goodness of fit. Also, stepwise regression
rocedures were used to identify colinearity (linear or

early linear relationships) between the independent vari-
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bles. Colinearity between the independent variables
auses problems for regression analysis and makes it
ifficult to make any conclusions from the results. The
pproach in this study is to identify independent variables
hat show colinearity and select a single variable from the
ool having a high regression coefficient and low P
alue. All data in this study were analyzed using the
PSS Base for Windows software program (version 12.0,

able 1
ummary statistics for prostate cancer mortality rate/100,000, per capita a

ndex

ariable Number of
countries

Mean

ortality rate 71 13.2
otal calories 71 2928
otal animal 71 687
otal animal fat 71 446
eat 71 258.1
ffals 71 11.0
nimal fat 71 134.5
ilk 71 139.9

ggs 71 35.0
ish 71 32.0
Freshwater 71 3.9
Demersal 57 10.7
Pelagic 64 14.8

ereals 71 1106
Wheat 70 658
Rice 71 297
Maize 67 103
Barley 65 15.8
Rye 51 43.7

otatoes 70 88.6
ugar 71 321
ulses 71 42.3
Beans 68 21.6
Peas 58 9.2

ree nuts 69 13.9
il seeds 71 31.3
Soybeans 60 7.5

egetable oils 71 294
Soybean 66 89.3
Sunflower 62 66.9
Groundnut 59 8.4
Rape/mustard 43 56.8
Olive 57 29.1

egetables 71 54.4
omatoes 67 11.3
Onions 67 7.0
Other vegetables 71 38.1

ruits 71 102.0
Bananas 65 19.9

timulants 71 12.3
Coffee 69 3.8
Cocoa 65 8.3

lcoholic beverages 71 111.6
Beer 70 53.5
Hard liquor 70 33.3

atitude 71 34.2
ltraviolet index 71 7.5
PSS, Inc., Chicago, IL). 0
. Results

In Table 2, linear regression coefficients (B) for daily
ood intakes (calories) and age-standardized prostate mor-
ality rates are presented with 95% CIs, Pearson correlation
oefficients (R), and probability values (P). The strongest
orrelation between increased prostate cancer mortality and
oods are: sugar (R � 0.71), total animal calories (R �

daily food intake (calories) latitude from the equator and ultraviolet

inimum Maximum Percentile values

25th 75th

1.0 27.3 6.8 18.5
30 3711 2533 3312
95 1337 335 1039
54 1014 210 687
20 536 128 392
2 59 5 15
9 525 35 197
2 402 88 209
2 87 18 49.0
1 199 11 39.0
0 17 2.0 5.0
0 80 2.0 11.0
0 90 4.3 20.0

42 2109 803 1412
4.0 1645 330 990
9.0 2044 38 416
0 1091 18 141
0 141 0 13.0
0 512 0 56.0
1 310 23 130
8.0 577 253 412
0 171 17 50
0 171 6.0 27.5
1 42 2.0 13
0 60 3.0 22
0 206 8 39
0 122 0 2.8

25 638 196 396
0 431 23 127
0 31 5.8 105
0 78 0 7.0
0 246 6.0 109
0 424 1.0 10.0
6 151 28.0 74.0
1 58 4.0 13.0
0 25 4 9.0
3 141 19.0 50.0

18 320 59.0 133
0 87 7.0 25.0
0 67 3.0 16.0
0 16 1.0 5.0
0 56 1.0 10.0
0 298 50.0 171.0
0 195 9.0 88.0
0 108 11.8 57.0
0 64 22.0 47.0
2 14 5.0 10.0
verage

M

18

5

.70), total animal fat calories (R � 0.67), meat (R � 0.65),
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offee (R�0.65), alcoholic beverages (R � 0.60), milk
R � 0.57), animal fat (R � 0.55), stimulants (R � 0.48),
ffal (R � 0.39), and total calories (R � 0.38). The corre-
ation between increased prostate cancer mortality and sugar
onsumption can be seen in Fig. 1.

In those cases in which the independent variable did not
how a normal or near normal distribution, Spearman cor-
elation coefficients (R) and the associated probabilities
ere calculated. These are: barley (R � �0.018, P � 0.89);

ye (R � 0.23, P � 0.10); soybeans (R � �0.40, P �
.002); groundnut oil (R � 0.044, P � 0.74); olive oil (R �
.08, P � 0.55); and demersal fish (R � 0.40, P � 0.002).

able 2
egression coefficients (B) for per capita food intake (calories/d) and sun
5% confidence intervals, correlation coefficients (R), and probability val

ariable Number of
countries

B

otal calories 71 0.005
otal animal 71 0.014
otal animal fat 71 0.017
eat 71 0.029
ffal 71 0.328
nimal fat 71 0.031
ilk 71 0.047

ggs 71 0.099
ish 71 0.027
Freshwater 70 �0.363
Pelagic 64 �0.021

ereals 71 �0.016
Wheat 70 �0.003
Rice 71 �0.008
Maize 67 0.004

otatoes 70 0.027
ugar 71 0.037
ulses 71 �0.003
Beans 68 0.009
Peas 58 0.100

ree nuts 69 0.082
il seeds 71 �0.054
egetable oils 71 0.016
Soybean 66 0.026
Sunflower 62 �0.002
Rape/mustard 43 0.029

egetables 71 �0.017
Tomatoes 67 �0.068
Onions 67 �0.351
Other vegetables 71 �0.023

ruits 71 0.056
Bananas 65 0.093

timulants 71 0.242
Coffee 69 1.095
Cocoa 65 0.179

lcoholic beverages 71 0.050
Beer 71 0.074
Hard liquor 70 �0.003

atitude 71 0.14
ltraviolet index 71 �0.81

Abbreviations: B � coefficient from regressing prostate cancer mortality

o: B � 0; R � Pearson correlation coefficient.
The strongest correlation between decreased prostate t
ancer mortality and foods are cereals (R � �0.82), rice (R
�0.60), soybeans (R � �0.40), oil seeds (R � �0.27),

nd onions (R � �0.26). The correlation between de-
reased prostate cancer mortality and cereal consumption
an be seen in Fig. 2.

In Table 3, regression coefficients (B) for sunlight levels
latitude from the equator and ultraviolet index) and age-
tandardized mortality rates with 95% CIs and probability
alues are presented. There is a positive association between
rostate cancer mortality and increased latitude (B � 0.14),
nd a negative association between prostate cancer and
ncreased ultraviolet index (B � �0.81), which are consis-

vels compared to age-standardized prostate cancer mortality rates with

95% CI R P

Lower Upper

0.002 0.009 0.38 0.004
0.010 0.017 0.70 0.0001
0.013 0.022 0.67 0.0001
0.021 0.038 0.65 0.0001
0.144 0.512 0.39 0.001
0.019 0.043 0.55 0.0001
0.030 0.064 0.57 0.0001
0.014 0.185 0.27 0.023
0.026 0.081 0.12 0.31

�0.821 0.094 �0.19 0.12
�0.130 0.088 �0.05 0.70
�0.019 �0.013 �0.82 0.0001
�0.007 0.001 �0.18 0.15
�0.011 �0.006 �0.60 0.0001
�0.007 0.015 0.09 0.48

0.005 0.050 0.28 0.018
0.028 0.046 0.71 0.0001

�0.050 0.044 �0.02 0.90
�0.046 0.064 0.04 0.75
�0.090 0.291 0.14 0.30
�0.037 0.200 0.17 0.17
�0.100 �0.008 �0.27 0.021

0.004 0.028 0.31 0.008
0.007 0.046 0.32 0.010

�0.026 0.021 �0.03 0.84
�0.010 0.068 0.23 0.15
�0.070 0.037 �0.08 0.53
�0.225 0.088 �0.11 0.39
�0.701 �0.002 �0.26 0.049
�0.098 0.052 �0.07 0.55

0.027 0.086 0.42 0.0001
0.007 0.180 0.26 0.035
0.136 0.349 0.48 0.0001
0.776 1.414 0.65 0.0001
0.045 0.314 0.32 0.010
0.034 0.067 0.60 0.0001
0.049 0.100 0.59 0.0001

�0.069 0.064 �0.01 0.93
0.044 0.240 0.33 0.003

�1.292 �0.322 �0.38 0.001

ndependent variable; P � probability value used to test the null hypothesis
light le
ues (P)

on the i
ent. The correlation coefficient for the ultraviolet index
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R � �0.38) is higher than that for latitude (R � 0.33), and
he P value is lower for ultraviolet index (P � 0.001) than
or latitude (P � 0.003). These data suggest that sunlight
xposure is the cause of the correlation with prostate cancer
ortality because ultraviolet index is a better indicator of

unlight exposure than latitude.
Stepwise multiple regression analysis between prostate

ancer mortality and independent variables with the stron-
est correlations were conducted to develop the best mul-
ivariable regression model from the data generated in this
tudy. Evaluation of the correlation matrix generated as part
f the analysis indicated that total animal calories, total
nimal fat, meat, animal fat, alcoholic beverages, latitude,
nd ultraviolet index showed colinearity because the corre-

gar consumption in 71 countries.

real consumption in 71 countries.
able 3
egression coefficients (B) latitude from the equator and age-

tandardized prostate cancer mortality rates with 95% CIs, correlation
oefficients, and P values

Variable

Latitude Ultraviolet index

umber of countries 71 71
0.14 �0.81

5% CI
Lower 0.044 �1.292
Upper 0.240 �0.322

0.33 �0.38
Value 0.003 0.001

Abbreviations: B � coefficient from regressing prostate cancer mortality
n the independent variable; P � probability value used to test the null
ation coefficients were high, ranging from 0.922 to 0.782.
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“Total animal fat” was selected as the independent vari-
ble from this group to be used in the final model. By
uccessfully adding or removing variables based solely on
he P values of the estimated coefficients, a regression
odel was built using the following foods or food catego-

ies: total animal fat, sugar, cereal, onions, milk, oil seeds,
oybeans, stimulants, coffee, and total calories. This process
esulted in a model containing total animal fat, sugar, cere-
ls, and onions as the independent variables with the lowest

values. Regression coefficients for each of the variables
ith 95% CIs, P values, and the estimated effect of the

ndependent variable across the interquartile are provided in
able 4.

A model using ultraviolet index in place of total animal
alories was developed because of the strong colinearity
etected between these 2 variables to disallow their use
ogether. This process resulted in a model containing ultra-
iolet index, sugar, cereals, and onions as the independent
ariables. Regression coefficients for each of the variables
ith 95% CIs, P values, and the estimated effect of the

ndependent variable across the interquartile are provided in
able 5. Data on prostate cancer mortality and the indepen-
ent variables for the 71 countries used in the final models
eveloped from the stepwise multiple regression analysis
re provided in Table 6.

able 4
tepwise multiple regression analysis on independent variables with age-s
robability values (P), and effect of the variable across the interquartile

Variable

Total animal fat

0.005
5% CI
Lower 0.000
Upper 0.009
Value 0.03

X75–BX25 2.4

Abbreviations: B � coefficient from regressing prostate cancer mortality
he interquartile (deaths/100,000 population); P � probability value used

able 5
tepwise multiple regression analysis on independent variables with age-s
robability values (P), and effect of the variable across the interquartile

Variable

Ultraviolet index

�0.270
5% CI
Lower �0.583
Upper 0.043
Value 0.09

X75–BX25 1.6

Abbreviations: B � coefficient from regressing prostate cancer mortality

he interquartile (deaths/100,000 population); P � probability value used to test
. Discussion

Studies from the 1970s showed a strong positive associ-
tion between prostate cancer mortality and fat consumption
5–7]. Many case-control studies have examined the asso-
iation between fat and prostate cancer, [8-21] and only 3
tudies failed to show a positive association with total fat
ntake [13,16,19]. The association between fat intake and
rostate cancer has been investigated in at least 6 cohort
tudies [22-27]. A positive association was reported in 4 of
he studies [22-25], while 2 other studies [26,27] did not
etect an association. Dietary fat intake has been more
onsistently linked to prostate cancer than any other food
ategory.

A strong association between sugar consumption and
rostate cancer mortality was found in this study, and sugar
onsumption was not found to show colinearity with any
ther independent variable such as total animal calories,
otal animal fat, meat, or animal fat consumption. An earlier
ross-international study [28] comparing prostate cancer
ortality and food consumption rates also presented data

ndicating that sugar consumption correlated strongly with
ncreased prostate cancer mortality. The association be-
ween diabetes and prostate cancer risk has been widely
tudied in the past. As reported by Gapstur et al. [29], the
ndings from 14 past epidemiologic studies have been in-

ized prostate cancer mortality rates: regression coefficients (B),

Sugar Cereal Onions

0.015 �0.011 �0.356

0.007 �0.014 �0.554
0.023 �0.008 �0.158
0.001 0.0001 0.001
2.4 �6.7 �1.8

ndependent variable; BX75–BX25 � estimated effect of the variable across
the null hypothesis Ho:B � 0.

ized prostate cancer mortality rates: regression coefficients (B),

Sugar Cereal Onions

0.016 �0.012 �0.284

0.007 �0.015 �0.490
0.024 �0.009 �0.077
0.001 0.0001 0.008
2.5 �7.3 �1.4

ndependent variable; BX –BX � estimated effect of the variable across
tandard

on the i
tandard

on the i
 75 25

the null hypothesis Ho:B � 0.
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able 6
rostate cancer mortality and independent variables used in models from stepwise multiple regression analysis

ountry Prostate cancer mortality* Total fata Sugar Cereals Onions Ultraviolet indexb

lgeria 4.57 40.2 286 1654 8 9
rgentina 17.68 156 349 952 13 7
ustralia 18.01 158 466 683 6 8
ustria 18.95 167 292 718 6 5
zerbaijan 4.31 37.9 131 1482 7 7
elarus 8.13 71.5 329 1157 4 5
el-Lux 19.99 176 394 764 7 4
razil 17.02 150 458 934 6 11
ulgaria 8.95 78.8 274 1441 7 5
ambodia 2.21 19.5 21 1518 – 11
anada 17.07 150 394 659 6 5
hile 19.94 175 378 1129 15 7
hina 1.03 9.1 73 1792 4 8
olumbia 15.08 133 334 745 12 14
osta Rica 16.03 141 538 914 5 11
uba 22.11 195 577 988 2 10
yprus 10.7 94.2 356 846 13 7
zech Republic 15.74 139 480 1092 10 5
enmark 23.07 203 397 717 7 3
ominican Republic 18.11 159 278 669 2 10
cuador 14.95 132 324 920 – 14
inland 19.11 168 388 798 4 3
rance 19.23 169 337 824 5 4
ermany 18.45 162 287 726 6 4
reece 10.7 94.2 297 1061 12 6
ungary 17.93 158 404 1068 11 5

celand 16.69 147 506 666 3 2
ndia 2.76 24.3 127 1445 3 12
ndonesia 4.21 37 119 1711 3 14
reland 21.58 190 415 987 7 3
srael 14.21 125 403 1192 14 7
taly 12.09 106 282 1142 7 6
amaica 24.1 212 471 876 2 10
apan 5.47 48.1 227 1094 11 7
ordan 6.77 59.6 418 1489 8 7
orea Republic 2 17.6 180 1678 9 7
aos 1.47 12.9 22 1680 – 11
alaysia 7 61.6 351 1087 7 14
alta 13.49 119 515 1080 8 8
exico 16.59 146 508 1449 1 9
yanmar 1.2 10.6 8 2109 4 11
etherlands 19.96 176 540 542 3 3
ew Zealand 21.19 186 473 725 – 6
icaragua 19.11 168 386 1134 2 11
orway 26.76 235 398 866 0 3
akistan 3.42 30.1 196 1298 6 9
anama 16.28 143 296 874 3 11
araguay 11.28 99.2 212 710 7 8
eru 14.22 125 311 817 6 14
hilippines 11.3 99.4 253 1268 1 14
oland 11.22 98.7 467 1121 13 4
ortugal 17.86 157 291 987 7 6
omania 8.27 72.8 241 1329 10 5
ussia 6.84 60.2 320 1208 10 4
lovakia 14.3 126 295 810 7 4
lovenia 18.81 166 143 1072 6 4
pain 15.04 133 262 750 20 6
weden 27.26 240 414 641 5 3

witzerland 26.89 237 415 720 0 5
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onsistent, although 3 of the studies found prostate cancer
isk increased during the early stages of diabetes but de-
lined later. Increased levels of insulin have been suggested
o explain the increased risk of prostate cancer by most
nvestigators. The increased prostate cancer risk during the
arly stages of diabetes mellitus with a decline in the later
tages of the disease could be explained by a 2-step process
or the development of type II diabetes that has been pro-
osed [30]. In the first step of the disease, insulin secretion
ncreases in response to insulin resistance, although there is
transition from normal to impaired glucose tolerances. In

he second stage of type II diabetes mellitus, there is a
ecline of insulin secretion.

Several investigators compared the association between
erum glucose and insulin levels to prostate cancer risk.
ome studies [29,31,32], although not all [33,34], found a
ositive association. Although past epidemiologic studies
inking insulin resistance and prostate cancer risk have been
nconsistent, an association between high plasma insulin
evels and prostate cancer is suggested by theoretical con-
iderations. Insulin has had a dose-related growth promot-
ng effect on prostate cancer cells in vitro [35]. Also, high
oncentrations of insulin may increase the bioavailability of
nsulin-like growth factor-1 (IGF-1) [29]. In vitro, IGF-1
as increased prostate cell proliferation [36]. Four studies
ave shown a strong association between prostate cancer
isk and IGF-1 plasma concentrations [33,37-39].

The range of sugar consumption rates between inhabit-
nts of countries in this study is very high (from 8 to 577
alories per day). The increased prostate cancer risk found
ay result from insulin levels and circulating IGF-1 plasma

oncentrations, which remain increased for extensive peri-
ds because of dietary practices, not abnormal glucose me-
abolism. This result may explain why the association be-
ween sugar consumption and increased prostate cancer

able 6
continued)

ountry Prostate cancer mortality* Total fa

yria 8.45 74.4
hailand 2.65 23.3
unisia 5.17 45.5
urkey 4.14 36.4
nited Kingdom 18.5 163
kraine 6.64 58.4
ruguay 23.52 207
nited States 17.9 158
zbekistan 1.64 14.4
enezuela 18.17 160
ietnam 1.4 12.3
ugoslavia 7.29 64.1

“–” indicates missing data.
* Deaths per 100,000 population.
a Food consumption per capita in calories per day.
b The effective irradiance reaching the earth’s surface under clear sky c
ortality rates was seen in this study and the other interna- t
ional study [28], which compared prostate cancer mortality
ates to a wide range of sugar consumption rates.

In this study, we found that alcohol consumption does
ot have an independent association with prostate cancer
ortality but is interrelated to total animal calories, total

nimal fat, meat, and animal fat consumption. Virtually all
ast studies in the literature have indicated the absence of an
verall relationship between prostate cancer risk and the
onsumption of alcoholic beverages [10,23,26,40-50]. Cof-
ee consumption had an association with prostate cancer
ncidence in a retrospective cohort study [51], and in an-
ther study [52] comparing prostate cancer risk and world
ietary practices. However, a large number of studies in the
iterature found no association between prostate cancer risk
nd the consumption of coffee [26,46,53-55].

Consumption of cereal grains strongly correlated with
educed prostate cancer mortality risk in this study and
everal past international studies [28,56]. The cereal grains
hat are consumed to the largest extent in the world are
heat, rice, and maize. Our analysis found that rice is the
rain that has the strongest correlation with decreasing pros-
ate cancer mortality, while wheat and barley have a weaker
ssociation. We found no association between maize or rye
onsumption and prostate cancer mortality.

A prospective study of men of Japanese ancestry found a
ecreased risk of prostate cancer was associated with the
onsumption of rice [57], which supports findings from this
tudy. Cereals contain phytoestrogens such as lignan, plant
tanols and sterols, as well as antioxidants, all of which are
elieved to be protective. However, a study of antioxidants
n grains found that corn had the highest antioxidant activ-
ty, followed by wheat, oats, and, finally, rice [58]. These
esults contradict the order of protection afforded by cereals
ound in this study, suggesting antioxidants are not the
omponent in grains responsible for protection from pros-

Sugar Cereals Onions Ultraviolet indexb

336 1412 5 7
189 1180 3 11
267 1737 5 8
296 1762 25 7
399 715 9 3
483 1377 10 5
240 974 5 9
306 803 8 7
121 1625 9 7
361 873 3 12
50 1654 2 11

412 1628 13 6

ns at noon.
ta
ate cancer. It has been suggested that the consumption of
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hole grain cereals mediates insulin and glucose response,
hereby decreasing the observed risk of colon and breast
ancer [59]. This hypothesis is consistent with results of this
tudy implicating sugar consumption with prostate cancer
ortality.
The regression analysis conducted in our study indicates

hat vegetables as a group are weakly associated with pros-
ate cancer mortality protection. We also compared prostate
ancer mortality risk to 3 subcategories of vegetables: to-
atoes, onions and other vegetables. In our study, con-

umption of tomatoes was very weakly associated with a
eduction in prostate cancer risk (R � �0.11, P � 0.2).
ther researchers have found a correlation between con-

umption of tomatoes and reduced prostate cancer risk
22,60].

We found that consumption of onions showed a moder-
tely strong correlation with prostate cancer mortality (R �
0.26, P � 0.02), with a high negative regression coeffi-

ient (B � �0.35), suggesting that the protective effects, if
resent, are high. There is increasing evidence that Allium
egetables, including garlic, scallions, onions, chives, and
eeks, have tumor inhibiting properties in laboratory studies
61-67]. Another study [68] found that Allium vegetables
nhibit the proliferation of the human prostate cell cancer
ines. In several population-based case-control studies
69,70], the consumption of Allium vegetables reduced
rostate cancer risk.

In this study, we found that prostate cancer mortality risk
ncreases with latitude from the equator (B � 0.14, P �
.003) and ultraviolet index (B � �0.81, P � 0.001). This
s consistent with results found by other researchers. It has
ong been hypothesized that vitamin D deficiencies may be

risk factor for prostate cancer [71,72]. Since the major
ource of vitamin D results from exposure to ultraviolet
ight, several studies have been conducted to determine
hether there is a correlation with prostate cancer risk and

xposure to sunlight. In a study [73] of prostate cancer
ortality in 3,073 counties in the United States with differ-

ng ultraviolet radiation, prostate cancer mortality was
ound to decrease with increasing ultraviolet radiation (P �
.0001). More recently, a death certificate case-control
tudy [74] in the United States found that prostate cancer
ortality correlated with residential exposure to sunlight

ut not occupational exposure to sunlight. Another study
75] of 210 cases of prostate cancer and 155 controls found
hat the development of prostate cancer correlated with low
ltraviolet radiation exposure in the past. The correlation
etween prostate cancer mortality and sunlight levels found
n this study is consistent with results observed by others,
lthough the strength of the association (P � 0.003 for
atitude and P � 0.001 for ultraviolet index) may have been
eaker because of the wide variation in lifestyles and diets
f the inhabitants of the countries in this study.

The results of this study have a degree of uncertainty.
herefore, the results should not be used for dietary recom-

endations but may provide additional insights into risk i
actors for prostate cancer that need to be corroborated or
isproved by further research. The data from this study are
ggregated, and what may apply on a population basis may
ot necessarily be observed on an individual basis. Aggre-
ating data by country does not allow consideration or
elationships within a country, and limits control of con-
ounders and effects modifiers. Also, differences in the
ifestyles among men of different countries may influence
rostate cancer risk, and these factors have not been con-
idered. For example, although there is some evidence that
hysical activity and body weight affect prostate cancer
isk, we were not able to consider these confounding factors
ecause of the lack of data.

Although the GLOBOCAN 2000 database has been built
sing a large amount of data available to IARC, there is
ncertainty in the data from some countries. There are errors
n converting crude rate prostate cancer mortality rates to
ge-standardized rates, although excluding countries with
oor prostate cancer mortality data has tended to exclude
ountries having populations with low life spans, where the
rrors are highest. The data on food consumption obtained
rom the FAO database may have a high degree of uncer-
ainty. Per capita food intake levels are obtained from food
hat is produced and imported, reduced by food that is
xported and wasted. It does not consider variations that can
ccur throughout each country as a result of affluence or
thnicity.

. Conclusions

Linear regression models gathered in this study suggest
hat animal fats, sugar, cereals, onions, and sunlight levels
re the variables associated with prostate cancer prostate
ortality. There is a strong body of past research linking

rostate cancer risk to the consumption of animal fats, so
hat the results from this study regarding fats supplement
xisting evidence. The results of this study regarding pro-
ection from prostate cancer risk afforded by sunlight are
lso consistent with several studies in the literature. This
tudy, and several earlier international studies, found a
trong correlation between the consumption of cereals and
educed prostate cancer risk. We identified rice and, to a
esser extent, wheat and barley as the cereals most strongly
ssociated with affording protection.

The reduction in prostate cancer mortality resulting from
stimating the effect of cereals across the interquartile in
his study is more than the combined increases from meat
nd sugar consumption (Table 4). In as much cereal con-
umption is projected to have such a large positive effect on
rostate cancer mortality and the correlations from 3 other
nternational studies [28,52,57] also suggest a strong asso-
iation, more research to investigate the effect of cereal
onsumption on prostate cancer risk may be warranted.
here is a growing body of evidence that Allium vegetables,
ncluding onions, provide protection from a variety of can-
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ers, including prostate cancer, which is supported by the
ata from this study. There is strong correlation between the
onsumption of sugar and prostate cancer mortality found in
his study and in an earlier international study [28] con-
ucted on a similar basis.
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