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whether only fat, or protein, or both factors, either independ
ently or in interaction, contribute to the risk for prostate cancer,
though fat appears to be more important than protein. And it
could not be ascertained whether vitamin A and vitamin C are
related to prostate cancer risk in humans (7). Among the
epidemiological data available today, the effect of diets rich in
vitamin A on prostate cancer risk is in controversy. In a notably
low incidence area, Japan, green/yellow vegetables were nega
tively associated with the risk (8, 9). In a high incidence area,
the United States, however, diets characterized by high intake
ofvitamin A enhanced the risk (10â€”12).

To explore this conflicting dietary issue in the etiology of
prostate cancer, we here present a dietary part of results oh
tamed from a Japanese-Dutch case-control study. To our
knowledge, this is the first study in Japan in which dietary
nutrients were investigated in relation to prostate cancer risk.

MATERIALS AND METhODS

We conductedthis study from January1981 to December 1984 in
two University hospitals and 11 affiliated hospitals in Kyoto and six
nearby cities. Study subjectswere cases and controls defined as follows.

Cases were 50â€”79-year-oldpatients newly diagnosed as having cliii
ical prostate cancer (TNM 1974: T1â€”T4)ordiffuselatent prostate cancer
(T0, pT2-pT4). Clinical prostate cancer was histologically confirmed by
biopsy. Diffuse latent cancer was pathologically diagnosed, when the
prostate gland, taken bysimple prostatectomy or transurethral resection
underthe diagnosisof BPH,3showedcancerousregions in more than
5% of the examined areas (13). When cases had other malignancies,
liver disease, or hormonal disorders, they were excluded. Controls are
two series: BPH patients and general hospital patients. We denote
hereafter the former as BPH controls and the latter as hospital controls.
BPH controls are 50â€”79-year-oldpatients whose operative prostatic
specimen showed BPH only and who were not affected by other
malignancies, liver disease, and hormonal disorders. Hospital controls
are 50-79-year-old patients, confirmed as having neither prostate can
cer nor BPH by digital examination.Those with other malignancies,
liver disease, hormonal disorders, other prostatic disease, or lower
urinary tract symptoms were excluded.

Studysubjectswereconstructedas one hundredtripletsof 1:1:1and
matched to each other on hospital admittance, age (Â±3years) and date
ofadmission (Â±3months). Routine demographic, epidemiological, and
dietary information was obtained during admission by direct interview
ofthe study subject himself, using a standardized questionnaire, by one
urologist (K. 0.) and two well-trained nutritionists. Information on
sexuallife was,however,collectedbya self-administeredquestionnaire,
and blood samples were drawnto determinethe serum levels of sex
hormones and vitamins.

Dietary information, the only part that is reported in this paper, was
obtained by a quantitative food frequency technique for estimating
usual diet. The technique is similar to that used by Hankin et a!. (14),
though modified and made applicable to Japanese diets. At the begin
ningof the dietaryinterview,a nutritionistaskeda subjectto recallall
possible patterns of breakfast, lunch, and dinner taken usually 5 years
before the interview. He was then asked about the weeklyfrequency of

3 The abbreviations used are: BPH, benign prostatic hyperplasis, RR, relative

risk; Cl, confidence interval.

ABSTRACT

One hundred patients with prostate cancer and two different control
series 1100 benign prostatic hyperplasis (BPH) patients and 100 general
bospital patientsj were matched to each other upon hospital admittance,
age (Â±3years) and date of admission (Â±3months), and directly inter
viewed during admission from 1981 to 1984 in Kyoto, Japan. Major
dietary findings derived from a quantitative food frequency technique for
estimating usual diet are as follows.(a) The smaller the dietary Intake
of fl-caroteneand vitaminA as well, the higherthe risk, with a highly
significant linear trend. From the fl-carotene analyses, the relative risk
(95% confidence Interval) for the lowest Intake quartile relative to the
highest was 2.10 (O.98-4.47)for the uncorrectedIntake, 2.35(1.08â€”5.12)
for the Intake per kg, and 2.94 (134-6.44) for the intake per kcal in the
comparison with BPH patients 2.88 (131-632), 2.56 (1.14-5.76), and
3.50 (1324.06), respectIvely, in the comparison with hospital controls.
The correspondingrelativerisk obtainedfrom the vitaminA analyses
was 2.82 (130-6.14), 2.64 (1.24â€”5.60),and 3.29 (1.47â€”7.35)Indue order
In the comparison with BPH patients 2.69 (1.22-5.94), 4.78 (1.98-
11.52), and 330 (132-8.06) In the comparison with hospital controls.
(b) fl-CaroteneaswellasvitaminA containedingreen/yellowvegetables
weresignificantlyprotective,and those Inseaweedsand kelp suggestively
protective.But those in fruits appeared to enhance the risk. (c) The risk
reductionby dietary fl-caroteneand vitaminA wassignificantin the older
men (70â€”79years), but not in the younger men (50-69 years). (d) Total
energy Intake and the dietary Intake of fat, protein, carbohydrate, water,
fiber, ash, such vitamins as retinal, B3, B@,C, and niacin, and such
minerals as calcium, potassium, sodium, phosphorus, and iron were not
linked with prostate cancer risk. (e) A protective effect of dietary fi
carotene and vitamin A against prostate cancer could be related to the
lowoverall fat intake In Japan.

INTRODUCTION

Descriptive epidemiology of prostate cancer indicates a wide
international and ethnic variation in incidence and mortality
(1, 2), its changing rate as humans move from low risk to high
risk areas (3), and its varying rate over years within a population
(3). These descriptive features cannot be explained solely by
genetic susceptibility supported by familial aggregation (4), but
can be explained by postulating an etiological role for nonge
netic factors (5).

Nongenetic factors of possible importance in the etiology of
prostate cancer currently include diet, endocrine function, some
aspects of sexual behavior, and occupational exposure to cad
mium (6). According to Bosland (7), who evaluated the strength
and consistency of the epidemiological data for each food item
or nutrient in relation to prostate cancer risk, it was not clear
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Table 2 Meanvaluesofdaily mtakeofdietarynutrientsBPHHospitalCasescontrolscontrolsNutrient

(unit)(n = 100)(n = 98)(n =99)Energy
(kcal)205119812059Protein
(g)706870Fat
(g)464744Carbohydrate
(g)291280289Water(g@l324@12051274Fiber(g)3.83.63.6Ash(g)16.416.215.5Retinol(pg)228310257/1-Carotene

(pg)1509C18891950Vitamin
A(mU)'160920961950Vitamin
B(mg)0.880.860.82VitaminB2(mg)1.101.091.10Vitamin

C(mg)1039692Niacin
(mg)13.412.613.0Calcium
(mg)445418420Sodium(mg)355636043325Potassium(mg)238522802323Phosphorus

(mg)922880900Iron
(mg)9.69.59.3

Table 3 Relative risksand 95% confidenceintervalsforlowerdaily intakeofdietary
fatControls@Cases(BPH/hospi

tel)Crude
RR5Age-adjustedRRCNutrient

(g)<Md @Md<Md @Md(95% CI)(95%Cl)Fat(45.5)'52

4850501.081.32Fat(22.8f55

4550 50(0.62â€”1.89)1.22(0.76â€”2.32)1.21Fat(0.84@55

4549 49(0.70â€”2.13)1.22
(0.70â€”2.14)(0.69â€”2.12)

1.32
(0.75â€”2.32)Fat

(41.6)'44 5650500.790.75Fat

(2l.4)@45 5550 50(0.45â€”1.37)0.82(0.43â€”1.31)0.82Fat

(0.78)i49 5149 50(0.47â€”1.43)0.98
(0.56â€”1.71)(0.47â€”1.43)

0.88
(0.50â€”1.55)

Table IAge distributionofstudysubjectsAge

inBPHHospitalyearsCasescontrolscontrols50â€”5443355â€”5944760â€”649(1)'81065â€”6919(2)262270â€”7430

(2)272375â€”7934
(4)3235Total100(9)100100Mean

age70.670.570.0SD6.76.47.1a

Diffuselatentprostatecancer.

DIETARY a-CAROTENE AND PROSTATE CANCER

each pattern and the serving sizes of all food items which actually
composed an individual pattern. To describe the food item and its
serving size, he was assisted by 15 photographs of standard hospital
meals. The dietary interview included the usual amount of alcoholic
beverages,but not the use of vitamin supplements. From the data thus
obtained, the nutritionist estimated the quantity of an individual food
item in each pattern of breakfast, lunch, and dinner. Each estimated
quantity ofeach food item was then multiplied by the weeklyfrequency
of the corresponding pattern. The quantities corrected by the weekly
frequency were summed for all food items in order to obtain his total
weekly amount of consumption of each food item, which was finally
converted into nutrients using a computer file of the Food Composition
Table of Japanese Food (15). To obtain a daily value of a nutrient
consumed the weeklyvalue was divided by seven. This value is denoted
hereafter as â€œuncorrected.â€•

The strength of association between prostate cancer and nutrient
intake was measured by RR approximated as the odds ratio (16). Age
adjusted RR was estimated by the maximum likelihood method (17),
and a linear trend in RRs was examined by the Mantel-extension test
(18). Student's or Welch's t test was used to detect a case-control
difference in mean values of nutrient intake. The mean value of nu
trients was calculated for the uncorrected intake and the intake cor
rected by body weight (per kg) and total energy intake (per kcal).
Smoking/drinking habits and fat/protein intake were not adjusted,
since no association with risk was noted in the separate analyses.

Included in 100 hospital controls were 47 patients from the depart
ment of urology, of which 29 had renal stones; 30 patients from the
department of internal medicine, of which seven had gastric ulcers; 12
patients from the department of orthopedics; seven patients from the
department of ophthalmology; and four patients from the department
of surgery.

RESULTS

Table 1 shows the age distribution of our study subjects. The
numbers in parentheses are the patients with diffuse latent
cancer.

Table 2 gives the mean values of daily (uncorrected) intake
of nutrients. The mean total energy intake and mean intake of
protein, fat, carbohydrate, fiber, and ash were not different
among the three study subjects. The mean intake ofwater (food
water plus water in alcoholic beverages) was significantly higher
in cases than in BPH controls, but not in hospital controls.
Among vitamins, only @9-carotenewas significantly different;
the intake was lower in cases as compared to either type of
controls. The mean intake of such nutrients as calcium, potas
sium, sodium, phosphorus, and iron was on an average statis
tically identical between cases and the two series of controls.
These findings were virtually unchanged, when compared in
terms of daily intake per kg as well as per kcal.

Table 3 presents the RR with 95% CI for daily intake of
dietary fat. A RR was calculated by dichotomizing cases at each
median value of controls with the reference category of the
median or more. High fat intake was not associated with
increased risk of prostate cancer. The RR analysis by ranking

a F@d water plus water in alcoholic beverages.
b p o.omi (vs. BPH controls).
C p 0.013 (vs. BPH controls), P = 0.005 (vs. hospital controls).

d Retinol plus fl-carotene, supplements not included.

aTwo BPHcontrolswithoutbodyweightdata.One hospitalcontrolwithout
body weight data. Md, median.

a Referencecategory is median or more (@Md).
C Age stratum: 50â€”69 years and 70â€”79 years.

@1Medianvaluesfor BPH controls(â€ũncorrected,â€p̃er kcal,1per kg).
g-i Median values for hospital controls(' uncorrected,@ per kcal,@ per kg).

cases into the quartile of controls demonstrated no significant
dose-response effect for dietary fat intake. Neither age-specific
nor age-adjusted RR of significance was obtained from a sepa
rate examination for the two age groups (50â€”69years and 70â€”
79 years). Daily dietary intake of protein, carbohydrate, water,
fiber, ash, calcium, potassium, sodium, phosphorus, iron, vita
mm B1, vitamin B2, vitamin C, niacin, and retinol was similarly
analyzed, but no significant association was detected.

Table 4 summarizes the RR with 95% CI for the quartile of
daily intake of dietary fl-carotene. Noted is that the smaller the
intake of dietary j@-carotene, the larger the risk, when cases
were compared either type ofcontrols. The Mantel linear trends
in risk with decreasing intake were all highly significant, though
significant RRs were seen only for the lowest intake quartile:
RR = 2.10 (0.98â€”4.47) for the uncorrected intake, 2.35 (1.08â€”
5.12) for the intake per kg, and 2.94 (1.34â€”6.44)for the intake
per kcal in the comparison with BPH controls; 2.88 (1.3 1â€”
6.32), 2.56 (1.14â€”5.76),and 3.50 (1.52â€”8.06),correspondingly
for comparison with hospital controls.

Table 5 presents the RR with 95% CI obtained from a
separate examination for the two age groups. In the younger
age group (50â€”69years), the RRs for lower daily intake of
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Table 4 Relativerisksand 95% confidenceintervalsofdaily intakeofdietary @-caro:enebyquartileCases

vs.BPH controls Casesvs.hospitalcontrolsa-Carotene

Uncorrected Per kg Per kcal Uncorrected Per kgPerkcal<Quartile

1.,b 2.10 2.35 2.94 2.882.563.50(0.98â€”4.47)
(1.08â€”5.12) (1.34â€”6.44) (1.31â€”6.32)(1.14â€”5.76)(1.52â€”8.06)@Quartile

I 1.14 1.28 1.06 1.381.661.96(0.51â€”2.57)
(0.51â€”2.96) (0.44â€”2.57) (0.59â€”3.23)(0.71â€”3.89)(0.78â€”4.70)@Quartile

2c 0.52 0.80 1.25 1.001.221.92(0.21â€”1.31)
(0.33â€”1.95) (0.53â€”2.97) (0.50â€”2.94)

@Quartile3d 1.00 1.00 1.00 1.00 1.00(0.79â€”4.66)1.00Mantel
extensionx 2.482 2.562 2.753 2.9552.4852.846One-tail
P value 0.007 0.005 0.003 0.0020.0070.002a

1154,23.02, and602.0 @igforthe uncorrectedintake,the intakeperkg,andthe intakeperkcal,respectively,in BPHcontrols.
a@ 168, 21.39, and 570.3 gig,correspondingly, in hospitalcontrols.C

j733 (1726), 33.04 (31.79), and 860.4 (864.9) @g, correspondingly, in BPH (hospital) controls.

d 2289 (2564), 45.19 (51.1 1), and 1241.2 (1427.9) @g,correspondingly, in BPH (hospital)controls.Table

5 Relativerisksand 95% confidenceintervalsforlowerintakeofdietary @-camtenebyagegroupCases
were dichotomized at each median value of controls, and referencecategory is the median ormore.Cases

vs.BPH controls Casesvs.hospitalcontrolsAge

group Uncorrected Per kg Per kcal Uncorrected Per kgPerkcal50â€”b9years

1.86 1.47 1.50 1.771.401.57(0.74â€”4.65)
(0.59â€”3.64) (0.60â€”3.73) (0.71â€”4.41)(0.57â€”3.45)(0.64â€”3.89)70â€”79

years 2.86 2.47 2.86 2.202.292.56(1.36â€”6.04)
(1.17â€”5.22) (1.36â€”6.04) (1.05â€”4.59)(1.09â€”4.81)(1.21â€”5.38)Age-adjusted

2.41 2.09 2.21 2.021.882.10(1.35â€”4.30)
(1.17â€”3.71) (1.24â€”3.93) (1.14â€”3.58) (1.06â€”3.33)(1.18â€”3.74)

DIETARY a-CAROTENE AND PROSTATE CANCER

dietary fl-carotene were all larger than unity, but not statistically
significant. In the older age group (70â€”79years), however, they
were all significant: RR = 2.86 (1.36â€”6.04)for the uncorrected
intake, 2.47 (1.17â€”5.22)for the intake per kg, and 2.86 (1.36â€”
6.04) for the intake per kcal in the comparison with BPH
controls; 2.20 (1.05â€”4.59), 2.29 (1.09â€”4.81),and 2.56 (1.21â€”
5.38), correspondingly for comparison with hospital controls.
Age-adjusted RRs were all significant when cases were com
pared to either BPH or hospital controls, with or without
correction by body weight or total energy intake.

The RR analysis by quartile for daily intake ofdietary vitamin
A (carotene precursors plus retinol) revealed the virtually iden
tical results shown in Table 4: the smaller the intake, the larger
the risk, with highly significant linear trends. The RR for the
lowest intake quartile ofdietary vitamin A relative to the highest
was 2.82 (1.30â€”6.14)for the uncorrected intake, 2.64 (1.24â€”
5.60) for the intake per kg, and 3.29 (1.47â€”7.35)for the intake
per kcal in the comparison with BPH controls; 2.69 (1.22â€”
5.94), 4.78 (1.98â€”11.52), and 3.50 (1.52â€”8.06),correspondingly
for comparison with hospital controls. Age-specific and age
adjusted RRs for lower daily intake of dietary vitamin A were
also calculated. All RRs were not significant for the younger
age group, but significant for the older age group: RR = 3.70
(1.70â€”7.96)for the uncorrected intake, 2.47 (1.17â€”5.22)for the
intake per kg, and 2.47 (1.18â€”5.19)for the intake per kcal in
the comparison with BPH controls; 2.56 (1.21â€”5.38), 3.11
(1.46â€”6.64),and 4.82 (2.16â€”10.75),correspondingly for com
parison with hospital controls. Age-adjusted RR for lower
intake of dietary vitamin A was 2.08 (1.17â€”3.72), 1.84 (1.03â€”
3.26), and 2.21 (1.24â€”3.93)in due order in the comparison with
BPH controls; 1.73 (0.98â€”3.06), 1.85 (1.04â€”3.29), and 2.80
(1.55â€”5.07)for comparison with hospital controls.

Table 6 summarizes age-adjusted RR for lower daily intake
of fl-carotene contained in the specified foods. fl-Carotene con
tamed in eggs and milks and white vegetables as well was not
associated with an increase in the risk of prostate cancer. The
lower daily intake of a-carotene contained in green/yellow
vegetables, however, demonstrated a significantly larger RR:

RR = 2.65 (1.48â€”4.75) for the uncorrected intake, 2.26 (1.26â€”
4.04) for the intake per kg, and 2.97 (1.64â€”5.39)for the intake
per kcal in the comparison with BPH controls; 2.20 (1.23â€”
3.92), 2.24 (1.26â€”4.00),and 2.41 (1.35â€”4.32),in due order for
comparison with hospital controls. The lower intake of @-
carotene contained in seaweeds and kelp appeared to increase
the risk when cases were compared to BPH controls, but not
to hospital controls; only a RR of 1.84 (1 .05â€”3.23)for the
uncorrected intake was significant. Conversely, @9-carotenecon
tamed in fruits significantly showed a positive association with
prostate cancer risk when cases were compared to hospital
controls, but not to BPH controls. These associations with fi
carotene contained in green/yellow vegetables, seaweeds and
kelp, and fruits were commonly observed in the older age group,
but not in the younger age group. For the older age group, the
RR of lower daily intake of fl-carotene contained in green/
yellow vegetables was 3.38 (1.58â€”7.23) for the uncorrected
intake, 3.00 (1.41â€”6.39) for the intake per kg, and 3.45 (1.60â€”
7.45) for the intake per kcal in the comparison with BPH
controls; 2.77 (1.31â€”5.86),2.86 (1.35â€”6.08),and 3.27 (1.52â€”
7.01), correspondingly for comparison with hospital controls.
The RR for lower intake of @9-carotenecontained in fruits for
the older age group was 0.39 (0.19â€”0.83)for the uncorrected
intake, 0.46 (0.22â€”0.95) for the intake per kg, and 0.42 (0.20â€”
0.89) for the intake per kcal in the comparison with hospital
controls. The lower (uncorrected) intake of @9-carotenecon
tamed in seaweeds and kelp showed a RR of 2.12 (1.03â€”4.35)
in the older men.

When age-specific and age-adjusted RRs for lower daily
intake of vitamin A contained in green/yellow vegetables, sea
weeds and kelp, and fruits were similarly calculated, age-ad
justed RRs were virtually identical in sizes and significance
levels as shown in Table 6, and age-specific RRs were significant
in the older men, but not in the younger men.

DISCUSSION

Our study included nine patients with diffuse latent prostate
cancer (stage: A2). The inclusion was based on the belief that
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FoodsCases

vs.BPH controlsCases vs.hospitalcontrolsUncorrectedPer

kgPer kcalUncorrectedPer kgPerkcalEggs,

Milks

White vegetables0.97
(0.55â€”1.71)

1.10
(0.63â€”1.94)0.99

(0.57â€”1.75)
1.07

(0.61â€”1.88)0.93

(0.53â€”1.64)
1.26

(0.72â€”2.20)0.80

(0.45â€”1.40)
0.67

(0.38â€”1.17)0.85

(0.48â€”1.49)
0.71

(0.41â€”1.25)0.80

(0.46â€”1.40)
0.73

(0.42â€”1.28)Green/yellow
vegetables

Fruits2.65
(1.48â€”4.75)

1.26
(0.72â€”2.20)2.26

(1.26â€”4.04)
1.07

(0.61â€”1.88)2.97

(1.64â€”5.39)
1.37

(0.78â€”2.39)2.20

(1.23â€”3.92)
0.50

(0.28â€”0.89)2.24

(1.26â€”4.00)
0.57

(0.32â€”1.01)2.41

(1.35â€”4.32)
0.52

(0.30â€”0.92)Seaweeds,
kelp

Others1.84
(1.05â€”3.23)

1.20
(0.68â€”2.12)1.46

(0.83â€”2.57)
1.20

(0.69â€”2.10)1.50

(0.85â€”2.63)
1.20

(0.69â€”2.11)1.19

(0.68â€”2.09)
1.14

(0.65â€”2.01)1.07

(0.61â€”1.88)
0.95

(0.54â€”1.66)1.04

(0.60â€”1.83)
1.07

(0.61â€”1.88)

DIETARY si-CAROTENE AND PROSTATE CANCER

Table6 Age-adjustedrelativerisksand 95% CI for lowerdaily intakeoff3-carotenecontainedin specifiedfoods
SeeTable 3,footnote c, and Table 5, legend.

this type of prostate cancer is clinicopathologically equal to or
even more malignant than clinical prostate cancer (13). Never
theless, we reanalyzed the data after exclusion of these nine
patients and the corresponding controls. The results obtained
were almost exactly like those presented here. The findings in
our study, therefore, could be regarded as those for clinical
prostate cancer, and might indicate the dietary effects probably
specific to the late stage promotion or progression of prostate
cancer. Cases in our study were relatively small in number. This
is simply due to the fact that prostate cancer occurs in a very
low incidence in Japan: approximately one-twentieth of the
incidence in the United States (1). Controls in our study were
two series. The rationale for the use of both BPH controls and
hospital controls is as follows. In general, population controls
randomly selected would be more preferred, since they are
presumed to represent the nondiseased population. For a case
control study of prostate cancer in particular, however, this
may not be true, because population controls, if sampled from
men aged 70 years or older, may include those with BPH in
about 70%, and those with BPH may have latent prostate cancer
in about 20% (19), and because prostate cancer patients coin
cidentally suffer from BPH in about 70% (20). Because of this
biological background we decided not to use population con
trols with the diseased prostate, but to use the two series of
controls strictly defined.

Our dietary survey method was a quantitative food frequency
technique for estimating usual diet. It was, however, technically
different from a food frequency method usually used by other
investigators (10â€”12),because we paid attention not to some
selected food items, but to all food items in all meals usually
taken during a week. This approach which is assisted by meal
photographs is adopted, because it is more likely to disclose a
variety of dietary patterns among Japanese, and food items
actually consumed could be detected with much more reality as
compared to assessing some selected food items. It was pre
sumed by our dietary method that we could usefully distinguish
cases and controls, at least, in very broad categories along a
continuum of amount of ingestion, e.g., high or low, or from
high to moderate to low to very low.

Our mean values a day for total energy, protein, fat, carbo
hydrate, vitamin A, vitamin B1, vitamin B2, and vitamin C were
1981â€”2059kcal, 68â€”70g, 44â€”47g, 280â€”291g, 1609â€”2096IU,
0.82â€”0.86 mg, 1.09â€”1.10mg, and 92â€”103mg, respectively
(Table 2). The corresponding figures from National Nutrition
Survey were 2134 kcal, 81 g, 59.5 g, 300 g, 2226 IU, 1.26 mg,
1.29 mg, and 133 mg in the Kansai area (Kyoto, Osaka, and
Kobe) in 1983 (21). Although in National Nutrition Survey the
nutrients were derived from the quantities of all food items
actually consumed in 3 days, the mean value is surprisingly

close to ours in total energy and carbohydrate, and differences
in the mean value for the other nutrients are in a magnitude of
approximately 20%. The smaller mean values in our study
might possibly result from the differences in the dietary survey
method and in the age distribution of the study subjects; Na
tional Nutrition Survey included those aged less than 50 years.
As a consequence of this comparison, we could have greater
confidence in the usefulness of our dietary survey method.

The cases ingested more water than BPH controls. Perhaps
most likely is the possibility that BPH patients ingested less
water in order to avoid such uncomfortable symptoms as hesi
tancy and straining to initiate micturation, norturia, and feeling
of urinary retention. The mean water intake was not different
between cases and hospital controls, although 29% of hospital
controls were the patients with renal calculi. We found no
differences in the daily mean intake ofprotein and carbohydrate
as well as fat when cases were compared to either BPH or
hospital controls. The RR analysis by dichotomization with or
without age-adjustment and the quartile analysis as well failed
to find any significant associations with these macronutrients.
One may, however, argue that the failure to find a difference in
fat, in particular, might reflect unusually high fat intakes by the
two series of controls relative to the general population. This
is apparently least likely as suggested in the earlier discussion

on our dietary survey method. Socioeconomic status is in gen
eral associated with diets, and might have produced the oh
served results for fat, vitamin A, and fl-carotene. Such an
argument is also not likely, because several indirect indicators

of socioeconomic status such as educational level, occupation,
marital status, and religion were not significantly different
among the three study subjects.

The association between vitamin A/@3-caroteneand prostate
cancer risk is conflicting. Graham et aL (10) reported a direct
association of an index of vitamin A (without distinction be
tween the preformed and precursor forms) intake with prostate
cancer risk: the larger the monthly intake, the higher the risk,
in men aged 70 or older, but not in men aged 69 or younger.
In the older men, the RR increased from the lowest to the
highest quartile of monthly vitamin A intake as 1.00, 1.59,
2.74, and 1.97 with a linear trend of significance. Their recent
investigation (22), however, failed to show a positive dose
response effect for dietary vitamin A in prostate cancer, when
controlled for age, alcohol consumption, and smoking exposure
by multiple logistic regression analysis. Kolonel and his asso
ciates (1 1) also reported an increase in prostate cancer risk with
increased ingestion of dietary vitamin A (retinol and carotene
in foods plus retinol supplements) in the older men (70 years
old or more), but not in the younger men. The RR derived from
multiple logistic regression with adjustment for age, ethnicity,
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marital status, and total fat intake was 1.8 (1 .1â€”3.0)for the
highest quartile of weekly intake relative to the lowest in the
older men, but 0.7 (0.4â€”1.2)in the younger men. Their quartile
analysis for carotene intake, however, did not show any signif
icant effect on prostate cancer risk. Heshmat and his colleagues
(1 2) also reported an increased prostate cancer risk for the
blacks with increased daily intake of vitamin A (without dis
tinction between the preformed and precursor forms). This
association was significant for the age period 30â€”49years and
only suggestive for the age period 50 years and older. Thus, for
the U. S. white and black men, an increased ingestion of vitamin
A enhanced the risk of prostate cancer. In contrast, we found a
significantly reduced risk of prostate cancer with increased
intake of dietary vitamin A (carotene precursors plus retinol)
from all food sources as well as from green/yellow vegetables
in the older men (70â€”79years), but not in the younger men
(50â€”69 years). In Japan, a reduction of prostate cancer risk was

linked with the consumption of large amounts of green/yellow
vegetables (8, 9). Vitamin A-rich food (carrots) was also sug
gested to reduce the risk in the United States (23, 24). Of more
interest in our study is that dietary a-carotene from all food
sources as well as from green/yellow vegetables reduced the
prostate cancer risk in the older men, although Kolonel et a!.
(1 1) and Shekelle et a!. (25) showed no evidence of an effect of
dietary carotene on prostate cancer risk. A protective effect of
dietary vitamin A observed in our analysis could probably be
concluded as specific to @3-carotene,since the separate analyses
for dietary retinol yielded no evidence of a risk reduction. We
have greater confidence in these results for vitamin A and @-
carotene, because an overall consistency was notable across the
two different control series as well as the three different indices
of intake (uncorrected, per kg, and per kcal).

What are the possible explanations for the different risk
modification by vitamin A between Japan and the United
States?

One may suspect the difference, if any, in genetic susceptibil
ity to vitamin A. This may, however, not be a likely explanation,
since an increased risk with increased ingestion of vitamin A
was observed in Caucasians (10) and Negroids (12) as well.
Methodological differences in study design such as inclusion
and exclusion criteria for cases and controls, and dietary survey
method might in part be related. As discussed earlier, however,
our methodological limitations, particularly of dietary survey
method, are believed not to be so serious as to produce a
spurious finding as well as to reverse a direction of risk modi
fication.

In Japan, the daily amounts of per capita consumption of
protein, carbohydrate, fat, and vitamin A were 79.6 g, 329 g,
55.2 g, and 2060 IU, respectively, in 1976 (26). In the United
States, the corresponding figures were 101 g, 376 g, 157 g, and
2430 @ig(equivalent to 8100 IU) (27). The United States con
sumed more fat by 2.8 times and more vitamin A by 3.9 times
than Japan. In 1984, daily per capita amount of fat in the food
supply was 79.9 g in Japan (28) and 166 g in the United States
(29): about a two-fold difference in fat supply. The daily mean
intake of dietary vitamin A was 1609â€”2096IU in our study
subjects (Table 2), whereas, in 82 Pittsburgh men (30), that was
6944 IU by the 24â€”hrecall, 5 137 IU by the 3-day food record,
and 7876 IU by the food frequency questionnaire. Regardless
of dietary survey methods, Pittsburgh men ingested more vita
mm A by approximately 3.5 times than our study subjects. In
the light of these comparisons, it is presumed that such a huge
difference in fat consumption might be a most plausible expla
nation for the different risk modification between the two

countries, because the ingestion of large amounts of fat is
suggested to alter the hormonal milieu to increase prostate
cancer risk (12) and perhaps even to overwhelm a possible
protective effect of vitamin A in the United States. Or alterna
tively, vitamin A might protect against prostate cancer in mod
erate amounts, but could enhance the risk in large amounts.
The men in the United States appear to receive an overwhelm
ing dose of vitamin A because of greater bioavailability with
high fat ingestion, since vitamin A is a fat-soluble vitamin,
whereas this might not be the case in Japan. In such an instance,
the Japanese could reveal a decrease in risk. These are our
speculations, but it may possibly be supported by quite a few

studies using experimental animals and human data as well that
indicate the toxic effects and even tumor-promotion effects of
vitamin A given in large doses (7, 31, 32, 33).

f3-Carotene in fruits was positively associated with prostate
cancer risk when cases were compared to hospital controls.
This was observed in the older age group, which showed a
positive association with vitamin A in the U. S. studies (10,
I 1). This particular finding might possibly imply that all $-
carotene is not alike, and/or that another component of fruits
that is highly correlated with $-carotene actually increase pros
tate cancer risk, since fl-carotene is contained far less in fruits
than in green/yellow vegetables. @3-Carotenein a unique Japa
nese food (seaweeds and kelp) was suggested to reduce the risk
in the older men, when the uncorrected intake was compared
between cases and BPH controls. This finding, though probably
ascribable to chance, might indicate the usefulness ofa separate
examination for nutrient components by food item, because
food sources of vitamin A and/or @9-carotenemay probably be
different between Japan and the United States. In general,
however, analysis of dietary nutrients rather than food items
has an advantage of protecting against the possible effects of
other nutrients contained in the same food item (12).

The mechanism of risk modification by dietary vitamin A is
not well understood particularly for prostate cancer. Graham
et a!. (10, 34) suggested a different risk modification according

to the cell type of tumors. Heshmat et a!. (12) etiologically
related an increased risk to a disturbance in zinc-retinol binding
protein-vitamin A axis. Our study might possibly suggest an
unfavorable effect of huge fat ingestion on a protective effect of
dietary vitamin A against prostate cancer.

Finally, the prostate cancer risk was inversely associated with
dietary fl-carotene and vitamin A as well, but not associated
with dietary fat, protein and retinol in our study. This was
revealed in Japan, a country where fat has been increasingly
consumed in the past two decades (21), but is still ingested only
at approximately one-third of the quantities consumed in the
United States. Our study seems to be the first epidemiological
study that demonstrated a reduced risk of prostate cancer with
increased intake of dietary $-carotene and vitamin A as well.
More data are undoubtedly required which should focus on the
role of these dietary nutrients particularly in the light of differ
ent dietary levels offat and other nutrients. This must be studied
in depth utilizing all possible methods, in vitro, in vivo, and
epidemiological.
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