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A case-control study, performed in two towns of Serbia (Yugoslavia) from 1990 to 1994, comprised
101 patients with histologically confirmed prostate cancer and 202 hospital controls individually
matched by age (+2 years), hospital admittance and place of residence. Dietary information was
obtained by using a standard questionnaire. After adjustment for possible confounders, risk factors
for prostate cancer appeared to be the highest tertile of protein (odds ratio (OR) = 13.54, 95% confi-
dence interval (CI) =2.38-77.13), saturated fatty acid (OR=3.63, 95% CI=1.03-12.79), fibre
(OR =4.02, 95% CI =1.38-11.73), and vitamin B12 intake (OR = 2.07, 95% CI = 1.08-3.97); a protec-
tive effect was found for the highest tertile of a-tocopherol (OR =0.15, 95% CI = 0.05-0.53), calcium
(OR = 0.37, 95% CI = 0.14-0.99) and iron intake (OR = 0.34, 95% CI = 0.12-0.95). There were signifi-
cant (P <0.05) linear trends in the odds ratios for a-tocopherol, vitamin B12, calcium and iron.
According to logistic regression step by step analysis, risk factors for prostate cancer were dietary
intake of retinol equivalent (OR=1.64, 95% CI=1.01-2.67) and vitamin B12 (OR=1.87, 95%
CI =1.15-3.05), and a protective effect was found for dietary intake of iron (OR=0.40, 95%
CI =0.27-0.58). © 1997 Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION 1994. Of 141 patients with histologically confirmed clinical
LITTLE 1S known about the aetiology of prostate cancer. A prostate cancer, 12 patients could not be interviewed as
number of risk factors have been identified in past epi- they gave incorrect addresses, 9 patients refused to partici-
demiological studies, although the findings have not always pate, 10 patients were too ill to be interviewed and 9
been reproducible. The plausibility of diet having a major patients died before we were able to contact them. The final
role in the aetiology of prostate cancer is supported by cer- group consisted of 101 prostate cancer patients.

tain observations based on descriptive epidemiology of the For each case, two hospital controls (202 controls in
disease [1], but the results of analytical epidemiological total) were chosen among patients confirmed as having
studies have been inconsistent. neither prostate cancer nor other prostate diseases. Those

This report describes resulis relating to dietary factors, with other malignancies were also excluded. The majority of
obtained in a case—control study carried out in Serbia. A controls—154 patients, were treated at the hospital because
quantitative dietary history was used to estimate the weekly of physical injuries, 11 had asthma, 8 had pneumonia, 8
intake of different nutrients. Results related to non-dietary had a peptic ulcer, 7 had cholecistitis, 6 had angina pectoris,

factors will be reported separately. 4 had cirrhosis, 3 had pleuritis and 1 had pancreatitis. All
selected controls were interviewed—no one refused to par-
MATERIALS AND METHODS ticipate. Cases and controls were individually matched by

The study was conducted in two towns of Central Serbia e (42 years), hospital admittance and place of residence.
(Kragujevac and Cuprija) from January 1990 to December Demographic, epidemiological and dietary data were
obtained using a standard questionnaire. Dietary infor-
Correspondence to H. Vlajinac. mation was obtained by a quantitative history approach in
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intake and portion size of a list of 150 food items including
alcoholic beverages. The technique was similar to the one
used by Jain and associates [2], although somewhat modi-
fied and adapted to suit the Serbian diet. Participants were
asked how many months per year they used each food item
and how often (daily/weekly/monthly/yearly). To facilitate
quantification of intakes, 21 photographs of food items in
three different portion sizes of known quantity were used in
the interview. As measurements of consumption, standard
cups, spoons, slices etc. were used. The referent period was
10 years before the disease. If significant changes in the diet
had happened during the period observed, dietary habits
before the change were recorded. Subjects were also ques-
tioned about their intake of vitamin and mineral sup-
plements. From data obtained, the total daily amount of
consumption for each food item was calculated and then
finally converted into nutrients using food consumption
tables [3].

For statistical analysis of data, univariate and multivariate
logistic regression methods were used [4, 5]. Tertiles of
average daily intake of control group were used as a basis
for comparison. A test for linear trend in risk was calculated
as proposed by Breslow and Day [4].

RESULTS

Table 1 describes basic demographic and personal charac-
teristics of the case and control subjects. There were no
notable differences between the groups.

Table 2 gives the mean values of daily intake of nutrients.
According to univariate logistic regression analysis, the
mean intake of carbohydrates, sugar, fibre, tocopherol, thia-
min, vitamin B6, sodium, potassium, phosphorus and iron
and the mean total energy were significantly different
between cases and controls. These variables, together with
the mean inake of polyunsaturated fatty acids, cholesterol,
vitamin B12 and magnesium, related to prostate cancer at a
significant level of P < 0.10 entered into the model of multi-
variate analysis. According to multivariate logistic regression
analysis, independent positive association with prostate can-
cer was found for the mean daily intake of vitamin B12
(P=0.000) and a negative association was found for the

Table 1. Characteristics of prostate cancer patients and their

controls

Characteristic Cases (= 101) Controls (n = 202)
Mean age (years) 70.5 71.5
Ever married (%) 100.0 99.5
Education (years) %

0-4 58.4 64.8

5-12 37.6 29.2

>12 4.0 5.9
Occupation (%)

Farmers 37.6 35.6

Workers 44.6 50.0

Clerks 17.6 14.4
Place of residence (%)

Urban 48 48
Rural 52 52
Mean height (cm) 172.9 174.2
Mean weight (kg) 75.3 74.9
Mean body mass index 25.2 24.3
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Table 2. Mean values (standard deviation) of daily intake of
dietary nutrients

Cases (= 101) Controls (n = 202)

Nutrient (unit) Mean (+S.D.) Mean (+S.D.)
Energy (kcal) 3201.7%%  (952.8) 3553.5 (1262.6)
Protein (g) 133.6 (44.5) 140.8 (53.3)
Fat—total (g) 89.0 (39.7) 92.6 (44.8)
Fat—animal (g) 65.6 (27.4) 65.6 (36.1)
Saturated

fatty acid (g) 30.3 (14.0) 32.4 (15.6)
Monounsaturated

fatty acid (g) 24.2 (11.3) 26.5 (13.4)
Polyunsaturated

fatty acid (g) 14.4* (4.8) 15.7 (6.6)
Cholesterol (mg) 480.2* (202.5) 531.3 (258.2)
Carbohydrate (g) 446.6%** (125.0) 499.8 (169.3)
Sugar—total (g) 290.7%* 91.1) 320.4 (119.3)
Fibre (g) 27.8*x* 8.1) 32.2 (13.1)
Retinol (ug) 2045.3 (1468.0) 1939.7 (2110.6)
Carotene (ug) 2432.3 (2104.1) 2299.1 (1865.6)
Retinol equivalent

(ug) 1740.1 (1270.1) 1468.1 (1698.2)
Vitamin D (ug) 3.3 (2.0) 3.0 (1.9)
x-Tocopherol (mg) 8.6%** (3.4) 10.3 (5.6)
Thiamin (mg) 1.6%* (0.6) 1.8 (0.8)
Riboflavin (mg) 2.8 (1.2) 2.8 (1.5)
Niacin (mg) 18.2 6.6) 19.1 (8.5)
Niacin equivalent

(mg) 28.2 (12.8) 28.9 (15.1)
Vitamin B6 (mg) 1.9%* 0.6) 2.2 0.9)
Folic acid (ug) 158.0 (61.2) 167.0 (97.5)
Vitamin B12 (ug) 7.3% 4.7) 6.2 (6.0)
Vitamin C (mg) 173.5 (91.9) 188.7 (104.0)
Sodium (mg) 5506.1%* (1631.1) 6026.7 (2198.3)
Potassium (ing) 3843.1%*% (1233.2) 4329.7 (1736.7)
Calcium (mg) 1128.7 (515.2) 1221.3 (546.7)
Phosphorus (mg) 1936.6%*  (623.3) 2127.0 (771.1)
Magnesium (mg) 219.0* (83.9) 241.5 (109.9)
Iron (mg) 19.Qekeiek (6.3) 223 (8.3)
Zinc (mg) 8.7 (3.8) 9.1 (4.4)

None of the participants took vitamins or minerals as supplements.
*0.05 < P<0.10, **P < 0.05, ***P< 0.01.

mean daily intake of x-tocopherol (P =0.046) and iron
(P=0.012).

Considering that the ordinary scale is more suitable to
logistic regression analysis than an interval one, and in order
to examine the dose-response relationship, tertiles of aver-
age daily intake of nutrients were compared with low intake
as the reference category. Odds ratios (OR) with 95% confi-
dence interval (95% CI) for all nutrients are presented in
Table 3. They are given as (a) unadjusted; (b) adjusted for
energy; (c) adjusted for the nutrients which were significant
in (a) or (b).

The results of unadjusted univariate analysis showed that
carbohydrate, sugar, retinol, retinol equivalent, o-toco-
pherol, vitamin B12, sodium, potassium, calcium, phos-
phorus and iron were significantly related to prostate cancer
only when their intake was high, with the exception of reti-
nol where both moderate and high intakes were indicated to
be risk factors for prostate cancer. The overall trend was sig-
nificant for all these variables (for phosphorous, the trend
was of borderline significance).
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Table 3. Odds ratios (95% confidence intervals) for prostate cancer, by various nutrient intake levels

Unadjusted odds ratio Adjusted* odds ratio Adjusted** odds ratio

Nutrients Tertiles Number of cases 95% CI) 95% CI) (95% CI)
Energy (kcal) 1 40 1 — 1
2 37 0.87 (0.50-1.53) 0.52 (0.15-1.81)
3 24 0.77 (0.57-1.05) 5.11 (1.37-19.01)
NS NS
Protein 1 29 1 1 1
2 48 1.58 (0.89-2.80) 2.24 (1.00-5.04) 1.74 (0.65-5.64)
3 24 0.90 (0.66-1.24) 4.00 (1.42-11.31) 2.25 (2.47-59.51)
NS NS NS
Fat—total 1 36 1 1 1
2 36 0.99 (0.56-1.75) 1.04 (0.47-2.23) 0.89 (0.31-2.54)
3 29 0.90 (0.67-1.11) 2.47 (1.18-5.19) 1.95 (0.68-5.57)
NS NS NS
Fat—animal 1 28 1 1 1
2 43 1.51 (0.85-2.72) 1.88 (0.96-3.67) 1.70 (0.74-3.90)
3 30 1.01 (0.74-1.38) 1.68 (0.97-2.91) 1.40 (0.62-3.15)
NS NS NS
Saturated fatty acids 1 37 1 1 1
2 38 0.97 (0.55-1.70) 1.08 (0.55-2.14) 1.61 (0.63-4.03)
3 26 0.84 (0.62-1.14) 0.99 (0.52-1.88) 1.84 (1.03-11.18)
NS NS NS
Monounsaturated fatty acids 1 37 1 1 1
2 40 1.02 (0.58-1.78) 1.14 (0.58-2.26) 0.97 (0.33-2.51)
3 24 0.82 (0.61-1.12) 0.88 (0.50-1.58) 0.57 (0.16-2.10)
NS NS NS
Polyunsaturated fatty acids 1 34 1 1 1
2 43 1.25 (0.71-2.19) 1.69 (0.83-3.44) 0.86 (0.33-2.23)
3 24 1.19 (0.87-1.62) 1.25 (0.69-2.26) 0.93 (0.37-2.32)
NS NS NS
Cholesterol 1 36 1 1 1
2 41 1.07 (0.61-1.88) 1.19 (0.65-2.16) 0.97 (0.46-2.06)
3 24 0.82 (0.60-1.11) 0.74 (0.49-1.14) 0.60 (0.33-1.10)
NS NS NS
Carbohydrate 1 44 1 1 1
2 35 0.78 (0.45-1.37) 0.59 (0.27-1.30) 0.56 (0.20-1.60)
3 22 0.50 (0.27-0.92) 0.68 (0.33-1.40) 0.41 (0.90-6.61)
P=0.0280 NS NS
Sugar—total 1 41 1 1 1
2 41 0.94 (0.54-1.63) 0.91 (0.50-1.64) 0.71 (0.32-1.58)
3 19 0.46 (0.24-0.88) 0.86 (0.52-1.43) 1.40 (0.57-3.46)
P=0.0250 NS NS
Fibre 1 43 1 1 1
2 32 0.74 (0.42-1.31) 0.66 (0.32-1.37) 0.82 (0.27-2.50)
3 26 0.79 (0.59-1.06) 0.94 (0.52-1.69) 3.89 (1.36-11.13)
NS NS P=0.0584
Retinol 1 19 1 1 1
2 42 2.15 (1.13-4.06) 2.61 (1.33-5.10) 1.22 (0.50-2.95)
3 40 2.14 (1.12-4.07) 1.65 (1.16-2.36) 0.69 (0.39-1.24)
P=0.0285 P=0.0046 NS
Carotene 1 28 1 1 1
2 39 1.31 (0.73-2.37) 1.49 (0.78-2.86) 1.87 (0.74-4.76)
3 34 1.01 (0.81-3.57) 1.38 (0.93-2.06) 1.24 (0.67-2.29)
NS NS NS
Retinol equivalent 1 20 1 1 1
2 25 1.18 (0.60-2.32) 1.52 (0.73-3.14) 1.06 (0.39-2.88)
3 56 2.80 (1.52-5.17) 2.09 (1.45-3.00) 1.67 (0.92-3.03)
P =0.0004 P =0.0000 NS
Vitamin D 1 32 1 1 1
2 29 0.88 (0.48-1.61) 0.97 (0.52-1.84) 0.81 (0.36-1.81)
3 40 1.13 (0.84-1.50) 1.29 (0.91-1.81) 0.70 (0.39-1.24)
NS NS NS
a-Tocopherol 1 35 1 1 1
2 52 1.46 (0.85-2.53) 1.71 (0.90-3.25) 1.17 (0.50-2.77)
3 14 0.40 (0.20-0.81) 0.44 (0.24-0.79) 0.22 (0.07-0.70)

P=0.0284

NS

P=0.0409
Continued
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Table 3. Continued
Thiamin 1 41 1 1 1
2 37 0.88 (0.50-1.53) 1.21 (0.60-2.47) 1.65 (0.48-5.60)
3 23 0.75 (0.56-1.03) 1.37 (0.72-2.60) 1.10 (0.34-3.57)
NS NS NS
Riboflavin 1 30 1 1 1
2 42 1.32 (0.74-2.35) 1.82 (0.88-3.78) 1.61 (0.49-5.29)
3 29 1.01 (0.74-1.37) 1.44 (0.88-2.36) 0.49 (0.15-1.64)
NS NS NS
Niacin 1 34 1 1 1
2 63 1.00 (0.60-1.68) 1.51 (0.76-3.00) 1.05 (0.42-2.61)
3 4 0.74 (0.41-1.35) 1.05 (0.34-3.19) 0.21 (0.02-2.62)
NS NS NS
Niacin equivalent 1 36 1 1 1
2 33 0.88 (0.49-1.57) 1.11 (0.55-2.26) 0.86 (0.28-2.59)
3 32 0.96 (0.71-1.28) 1.22 (0.74-2.01) 1.21 (0.37-3.93)
NS NS NS
Vitamin B6 1 35 1 1 1
2 40 1.09 (0.62-1.92) 1.27 (0.66-2.42) 0.98 (0.38-2.54)
3 26 0.86 (0.63-1.16) 1.01 (0.59-1.75) 0.78 (0.23-2.69)
NS NS NS
Fotlic acid 1 26 1 1 1
2 38 1.38 (0.76-2.51) 1.75 (0.89-3.43) 1.32 (0.55-3.15)
3 37 1.19 (0.88-1.62) 1.83 (1.19-2.83) 1.38 (0.62-3.08)
NS P=0.0158 NS
Vitamin B12 1 20 1 1 1
2 24 1.18 (0.60-2.34) 1.54 (0.73-3.22) 1.57 (0.62-3.97)
3 57 2.85 (1.55-5.25) 2.35 (1.61-3.45) 2.02 (1.06-3.85)
P=0.0003 P=0.0000 P=0.0229
Vitamin C 1 36 1 1 1
2 33 0.88 (0.49-1.57) 0.92 (0.50-1.70) 0.54 (0.26-1.14)
3 32 0.94 (0.70-1.25) 1.16 (0.79-1.70) 0.90 (0.48-1.69)
NS NS NS
Sodium 1 40 1 1 1
2 41 0.97 (0.56-1.68) 0.76 (0.36-1.62) 0.54 (0.22-1.31)
3 20 0.50 (0.26-0.94) 1.22 (0.54-2.78) 1.56 (0.64-3.84)
P=0.0415 NS NS
Potassium 1 46 1 1 1
2 30 0.61 (0.35-1.09) 0.55 (0.26-1.13) 0.53 (0.16-1.69)
3 25 0.54 (0.30-0.98) 0.68 (0.38-1.20) 0.92 (0.33-2.60)
P=0.0373 NS NS
Calcium 1 47 1 1 1
2 31 0.62 (0.35-1.09) 0.59 (0.31-1.13) 0.51 (0.19-1.34)
3 23 0.49 (0.27-0.90) 0.59 (0.34-1.02) 0.37 (0.14-0.94)
P=0.0171 NS P=0.0346
Phosphorus 1 43 1 1 1
2 35 0.79 (0.45-1.38) 0.68 (0.32-1.44) 0.99 (0.28-3.51)
3 23 0.54 (0.30-1.00) 0.86 (0.41-1.80) 1.69 (0.44-6.43)
P=0.0507 NS NS
Magnesium 1 45 1 1 1
2 26 0.56 (0.31-1.01) 0.59 (0.30-1.14) 0.54 (0.18-1.58)
3 30 0.80 (0.60-1.07) 0.83 (0.53-1.32) 0.36 (0.13-0.99)
NS NS NS
Iron 1 42 1 1 1
2 41 0.92 (0.53-1.59) 0.80 (0.39-1.62) 0.47 (0.17-1.25)
3 18 0.43 (0.22-0.82) 0.47 (0.22-1.00) 0.44 (0.17-1.18)
P=0.0145 P=0.0486 P=0.0215
Zinc 1 40 1 1 1
2 26 0.64 (0.35-1.16) 0.75 (0.38-1.48) 0.41 (0.14-1.16)
3 35 0.96 (0.70-1.24) 1.31 (0.81-2.13) 0.81 (0.28-2.34)

NS

NS

NS

*Adjusted for energy. **Adjusted for nutrients which are significant when unadjusted or adjusted for energy.
P value, for linear trend of odds ratio. NS, non-significant.
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Table 4. Variables significantly related to prostate cancer after
adjustment for possible confounders*

95% Significance
Odds confidence of linear

Variable Tertiles ratio interval trend
Protein 1 1

2 1.71 0.56-5.24

3 13.54 2.38-77.13 NS
Saturated fatty acid 1 1

2 1.54 0.60-3.95

3 3.63 1.03-12.79 NS
Fibre 1 1

2 0.83 0.27-2.51

3 4.02 1.38-11.73  0.0564
a-Tocopherol 1 1

2 1.10 0.45-2.74

3 0.15 0.05-0.53 0.0117
Vitamin B12 1 1

2 1.74 0.66-4.56

3 2.07 1.08-3.97 0.0200
Calcium 1 1

2 0.35 0.12-1.00

3 0.37 0.14-0.99 0.0189
Iron 1 1

2 0.40 0.14-1.11

3 0.34 0.12-0.95 0.0089

*Energy, protein, fat—total, saturated fatty acids, carbohydrate,
sugar—total, fibre, retinol, retinol equivalent, a-tocopherol, folic
acid, vitamin B12, sodium, potassium, calcium, phosphorus, mag-
nesium and iron.

After adjustment for energy, a significant relationship
with prostate cancer was found with high protein intake,
fat-total, retinol (moderate and high intake), retinol equival-
ent, a-tocopherol, folic acid, vitamin B12 and iron. A linear
trend was significant for retinol, retinol equivalent, folic
acid, vitamin B12 and iron.

After adjustment for nutrient variables significantly related
to prostate cancer using unadjusted or adjusted for energy,
a significant relationship with prostate cancer was found for
high energy intake, protein, saturated fatty acids, fiber, o-
tocopherol, vitamin B12, calcium and magnesium. A linear
trend was significant for fibre, a-tocopherol, vitamin B12
and calcium.

In Table 4 are presented odds ratios and 95% confidence
intervals for nutrients significantly related to prostate cancer
after adjustment for all factors significantly associated with
prostate cancer according to previous analyses. High protein
intake, saturated fatty acid, fibre and vitamin B12 appeared
to be risk factors. A protective effect was found for a high
intake of a¢-tocopherol, calcium and iron.

When all these variables, significantly related to prostate
cancer according to previous analyses, were included in the
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model of logistic regression step by step analysis, risk factors
for prostate cancer appeared to be retinol equivalent and
vitamin B12, and a protective factor was iron (Table 5).
The results did not change when other non-dietary factors
significantly related to prostate cancer were included in the
model (occupational physical activity during the year pre-
ceding the disease; specific occupational exposure, that is,
exposure to asbestos, steel, dyes and lacquers, bitumen,
pitch, iron, nickel, lead, fertiliser and other potentially
harmful agents; nephrolithiasis; “other” diseases such as
chronic bronchitis, chronic rheumatic diseases, hyperten-
sion, cardiomyopathia, diabetes mellitus, renal diseases, eye
diseases and tuberculosis; greater number (= 3) of brothers;
greater number (= 8) of sexual partners [6].

The reason why retinol equivalent was not found to be
related to prostate cancer when adjustment was made for
vitamin B12 was the high colinearity between these
two variables (Pearson coefficient of linear correlation
r=0.7636, P= 0.0000).

Since some investigations suggested that the vitamin A
effect depends on fat intake, we observed the relationship of
prostate cancer with retinol equivalent and carotene in par-
ticipants whose average fat intake was low (lower than the
median value of the control group) and those whose average
fat consumption was high (> median values for control
group). Total fat and animal fat intake were observed separ-
ately. Retinol equivalent was directly related to prostate can-
cer irrespective of the quantity and type of fat consumed,
although subjects whose animal fat intake was > median
value had much higher relative risk in comparison with
those whose animal fat intake was below median
(OR=4.68, 95% CI=3.80-5.57 and OR=1.90, 95%
CI=1.20-2.61, respectively). In those whose total fat
intake was > median, the odds ratio for retinol equivalent
was 3.04 (2.08-4.00) and in participants whose total fat
intake was below the median, the odds ratio was 3.53
(2.86-4.19). For carotene intake such an association was
not present.

DISCUSSION

The main dietary component which has been associated
with prostate cancer risk is fat [1]. Ecological studies and
the majority of case—control studies [7-9] have shown a
strong positive association. However, cohort studies [10-12]
have not been consistent in their findings with regard to
dietary fat. Snowdon and associates [10] found that prostate
cancer mortality was positively associated with the con-
sumption of milk, cheese, eggs and meat. In the study of
Giovannucci and associates [11], total fat was directly re-
lated to risk of advanced prostate cancer—the association
being due primarily to animal fat. In contrast, in Severson
and associates’ study [12], there was no indication that
heavy consumption of fat increased the risk of prostate can-

Table 5. Risk factors for prostate cancer—multivariate analysis (cases were divided at each tertile level of controls)

95% confidence

Nutrient B Standard error P value Odds ratio interval
Retinol equivalent (mg) 0.4940 0.2484 0.0467 1.64 1.01-2.67
Vitamin B12 (mg) 0.6258 0.2502 0.0124 1.87 1.15-3.05
Iron (mg) —0.9279 0.1993 0.0000 0.40 0.27-0.58
Constant —1.3905 0.4282 0.0012
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cer, and Hsing and associates [13] also observed no associ-
ation with consumption of meat, eggs or dairy products.

It has been hypothesised that dietary fat affects cancer
occurrence via alteration in the hormone environment.
Some experimental data [14, 15] and analysis of hormone
levels in the human population provide some corroborative
information. A Western diet fed to black South African men
increased the urinary excretion of oestrogen and androgens,
while the excretion of oestrogen and androgens decreased in
black North American men fed a vegetarian diet [16].
Bishop and associates [17] correlated differences in sex hor-
mone levels in 171 twin pairs with differences in reported
dietary habits. They found differences in fat intake corre-
lated with differences in testosterone levels.

Which fat component in particular may be responsible for
the association with prostate cancer has not yet been estab-
lished [1]. The association with saturated fat observed in
our study had been most frequently found [18, 19] or
suggested by the association with animal fat and with meat
or dairy products [20]. However, West and associates [21]
found a relationship with saturated and unsaturated fat.
Giovannucci and associates [11] found that saturated far,
unsaturated fat and o«-linolenic acid were associated with
advanced prostate cancer risk, but only an association with
a-linolenic acid persisted when saturated fat, unsaturated
fat, linolenic acid and «-linolenic acid were modelled simul-
taneously.

Data about the relationship of vitamin A or its precursors,
especially beta-carotene, to prostate cancer risk, are also in-
consistent both in epidemiological and in animal studies {1].
Our findings that retinol and retinol equivalent are risk fac-
tors for prostate cancer, with an odds ratio of around 2.00,
is in accordance with many case—control [22-25] studies
and some cohort studies [12, 13, 26]. Studies in which an
inverse association has been found are also numerous [20,
27, 28]. Methodological differences in study design and
dietary survey methods might, in part, explain these incon-
sistencies, but opposite results were obtained even in studies
using the same method for dietary data collection. The sug-
gestion that the effect of vitamin A or its precursors depends
on fat intake [28] is not supported by our data, showing a
positive effect of retinol equivalent and no effect of caro-
tene, independently of quantity and type of fat consumed.
Nevertheless, it is possible that moderate amounts of vita-
min A might protect against prostate cancer, while large
amounts could enhance the risk [28]. According to a recent
report, a trial in the United States involving 18 000 smokers
has been discontinued 2 years early after initial results
showed that taking vitamin A and beta-carotene as sup-
plements may increase the risk of cancer [29].

Data on the effect of energy intake are also inconsistent.
Severson and associates [12] did not find that total energy
intake caused an increased risk of prostate cancer.
According to the study of Rose and associates [30], prostate
cancer mortality rates were only weakly associated with total
calorie intake in the 28 countries, due to a strong positive
correlation with calories of animal origin. In the study of
West and associates [21], energy intake had an odds ratio of
2.5 (95% CI=1.0-6.5). In our study the highest tertile of
total energy intake was a risk factor for prostate cancer after
adjustment for possible confounders including protein, total
fat, carbohydrate and total sugar.

H.D. Vlajinac ez al.

The positive association between prostate cancer and pro-
tein intake found in our investigation was noted in studies
of Kolonel and associates [31], Heshmat and associates [32]
and Metlin and associates [20], but was not found in other
studies [12, 27].

The effect of total caloric intake as well as protein would
most likely be through hormones. The positive relationship
between prostate cancer and fibre intake found in this inves-
tigation would also most likely be through hormones. Lubin
and associates [33] found that breast cancer risk decreases
with a higher consumption of food rich in fibre, even in
those with a high intake of fat and protein. Adlercreutz [34]
suggested that breast cancer risk may be favourably influ-
enced by lignans, precursors of which occur in the diet and
are associated with fibre component. He hypothesised that
the fibre had an anti-oestrogen effect. Since oestrogen has a
beneficial effect in the treatment of prostate cancer, it is
postulated that a decrease in the oestrogen level could
increase the risk of prostate cancer [35]. At the same time,
the lower risk of prostate cancer in cirrhotic patients could
be the result of hyperoestrogenism that is present in subjects
with cirrhosis [36, 37].

There is no literature data on vitamin B12 as a risk factor
for prostate cancer. Vitamin B12 is involved in all metabolic
processes, but at present we have no adequate explanation
for its positive connection with prostate cancer.

The protective effect of vitamin E and iron, observed in
the present study, could have a plausible explanation.
Vitamin E is known as an intracellular antioxidant [38]. It
also stimulates T cells and increases immunological re-
actions [39]). In virro and in viveo vitamin E inhibits the
synthesis of N-nitroso compounds, nitrosamine and
nitrosamide, which are known to be carcinogenic in labora-
tory animals [40]. The protective effect of vitamin E has
been reported for different cancers including colon cancer,
head and neck cancers, cervical cancer [(41] and breast can-
cer [42]. A study is ongoing to investigate whether x-toco-
pherol will increase the DNA repair capacity in patients at
risk of head, neck and colon cancer [43]. The fact that iron
is involved in oxidation-reduction processes makes it plaus-
ible that iron may decrease the risk of cancer by inhibition
of free radical reactions.

There are no data about the relationship of prostate can-
cer and calcium intake, but the protective effect of calcium
has been reported for some other cancers [44, 45]. Two
clinical trials are ongoing to investigate the effect of calcium
supplementation in colon cancer chemoprevention [46] and
in preventing recurrences of neoplastic polyps of the large
bowel [47].

The relationship of prostate cancer with vitamin B12,
vitamin E, fibre, calcium and iron should be corroborated
by other investigations.
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