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Nutrition and prostate cancer
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Summary

Purpose: Since an association between prostate can-
cer and some foods or food groups like meat, milk and dairy
products, tomato foods, and allium vegetables, has been sug-
gested, we analyzed the possibility that some food items or
some food groups could be related to prostate cancer in some
other way and not only through their nutrients. The purpose
of this study was to test some hypotheses about diet as risk
factor for prostate cancer.

Methods: This case-control study comprised 101 cas-
es of prostate cancer and 202 hospital controls individually
matched for age (+ 2 years), hospital admission and place
of residence. Dietary information of 150 food items was ob-
tained by a quantitative history approach.

Introduction

Several years ago we published the results relat-
ing to dietary and some other factors and prostate can-
cer, obtained in a case-control study carried out in Ser-
bia[1,2]. A quantitative dietary history was used to es-
timate the average daily intake of various nutrients. Ac-
cording to the results obtained, risk factors for prostate
cancer were high intake of proteins, saturated fatty ac-
ids, fibers, vitamin B12 and retinol equivalents. Protec-
tive effect was found for high intake of a-tocopherol,
calcium and iron.

Since an association between prostate cancer and
some foods or food groups such as meat, milk and dairy
products, tomato foods and allium vegetables, have
been suggested [3-5], we reanalyzed our data having
in mind the possibility that some food items or some
food groups could be related to prostate cancer in some
other way and not only through their nutrients which
we had analyzed.

Results: Multivariate logistic regression analysis indi-
cated as risk factors for prostate cancer high intake of fruit,
processed meat, fish (most frequently canned) and butter.
High intake of chicken, potato and rice exhibited a protec-
tive effect.

Conclusion: These results support the hypothesis that
consumption of meat and fat play a role in the development of
prostate cancer. The findings that consumption of processed
meat only (not fresh) and fish increased the risk of prostate
cancer, as well as the protective effect of chicken, potato and
rice consumption should be corroborated by other investi-
gators.
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Methods

The study was conducted in two towns of cen-
tral Serbia (Serbia and Montenegro) during the period
1990-1994. The study group comprised 101 patients
with histologically confirmed prostate cancer. For each
case, two hospital controls (202 controls in total) were
chosen from among patients confirmed as having nei-
ther prostate cancer nor other prostate diseases. Those
with other malignancies were also excluded. Cases
and controls were individually matched for age (+ 2
years), hospital admission and place of residence. De-
mographic, epidemiological and dietary data were ob-
tained using a standard questionnaire. Dietary informa-
tion was obtained by a quantitative history approach in
which subjects were asked about their usual frequency
of intake and portion size of a list of 150 food items in-
cluding alcoholic beverages. The technique was simi-
lar to the one used by Jain and associates [6], although
somewhat modified and adapted to suit the Serbian di-

Correspondence to: Hristina Vlajinac, MD, PhD. Institute of Epidemiology, School of Medicine, University of Belgrade, Visegradska 26, 11000 Belgrade,
Serbia. Tel: +361 11 3615780, Fax: +361 11 3615768, E-mail: kristiv@eunet.rs

Received 29-03-2010; Accepted 07-05-2010



et. More detailed description of material and methods
is presented elsewhere [1,2].

Foods were classified into 21 groups: cereals with-
outrice, rice, milk and dairy products, eggs, fresh meat,
processed meat, chicken, fish, cruciferous vegetables,
green leafy vegetables, legumes, potato, allium vege-
tables, other vegetables, fruit, butter, margarine, sugar,
alcohol, coffee.

Statistical analysis

For statistical analysis of data univariate and mul-
tivariate conditional logistic regression methods were
used [7,8]. For case-control comparison two approaches
were applied: a) medians of average daily intake of the
control group were used as a basis for comparison; and
b) terciles of average daily intake of the control group
were used as a basis for comparison. A test for linear
trend of risk was calculated as proposed by Breslow and
Day [7]. Results are presented only for foods and food
groups, which were, in at least one of the analyses, re-
lated to prostate cancer at the level of <0.10. Since there
were significant differences between cases and controls
in the total energy intake, in the analysis all variables
were adjusted to energy.
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Results

Medians of average daily food intake

According to univariate logistic regression analy-
sis, when medians of average daily intake of foods and
food groups were compared (Table 1), higher than me-
dian consumption of milk and dairy products, fruit, pro-
cessed meat, fish (fresh and processed) and butter were
positively related to prostate cancer. Inverse relationship
was found for consumption of cruciferous vegetables,
tomato foods, potato, rice, fresh meat and chicken.

When all these variables were included in the
model of multivariate logistic regression analysis, risk
factors for prostate cancer were consumption of fruit,
processed meat, fish and butter. Consumption of potato
and rice showed a protective effect (Table 2).

Terciles of average food intake

When terciles of average daily intake of the same
foods and food groups were compared, with low intake
as the reference group (Table 3), univariate analysis
showed that consumption of milk and dairy products,
fruit, processed meat and fish were risk factors for pros-

Table 1. Odds ratios for prostate cancer according to median of average daily intake of selected food groups

Food group Level of median intake of controls Number of cases whose intake was Odds ratios (95% CI)*
(grams) <Md >Md

Cruciferous vegetables 263.8 67 34 0.60 (0.35-1.02)
Tomato foods 1143 68 33 0.59(0.34-1.04)
Potato foods 158.9 75 26 0.39(0.22-0.68)
Fruit 120.6 39 62 2.87(1.60-5.14)
Rice 48.5 73 28 0.43(0.25-0.75)
Fresh meat 165.5 67 34 0.59(0.35-1.01)
Processed meat 14.3 43 58 2.69 (1.54-4.70)
Chicken 70.8 72 29 0.46 (0.27-0.78)
Fish 1.5 32 69 2.51(1.49-4.22)
Milk and dairy products 271.6 39 62 1.96 (1.17-3.29)
Butter 3.6 32 69 4.72 (2.48-8.99)

*According to univariate logistic regression analysis. 95% CI: 95% confidence interval, Md: median

Table 2. Risk factors for prostate cancer - multivariate analysis (cases were divided according to median

intake of controls)

Food group B Standard error p-value Odds ratio 95% CI

Potato -0.7625 0.3555 0.0320 0.47 0.23-0.94
Rice -0.7187 0.3516 0.0409 0.49 0.24-0.97
Fruit 1.1644 0.3406 0.0006 3.20 1.64-6.24
Processed meat 0.8153 0.3247 0.0121 2.26 1.20-4.27
Fish 0.5680 0.2952 0.0543 1.76 0.99-3.15
Butter 1.3788 0.3701 0.0002 3.97 1.92-8.20

95% CI: 95% confidence interval
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Table 3. Odds ratios for prostate cancer according to terciles of average daily intake of selected food groups

Food group (grams) Terciles No. of cases 0dds ratio* (95% CI) Odds ratio** (95% CI)
Cruciferous vegetables 1 45
34 0.82(0.46-1.46)
3 22 0.58(0.30-1.12)
p-value 0.02
Tomato foods 1 40
2 41 1.07 (0.60-1.90)
3 20 0.59(0.29-1.19)
p-value 0.02
Potato foods 1 49
42 0.86 (0.50-1.48) 1.14(0.61-2.14)
3 10 0.23(0.11-0.52) 0.35(0.13-0.93)
p-value <0.01 <0.01
Fruit 1 25
2 34 1.80(0.94-3.45) 1.72 (0.86-3.45)
3 42 3.91(1.84-8.34) 3.94(1.73-8.98)
p-value <0.01 <0.01
Rice 1 48
2 33 0.69 (0.39-1.20)
3 20 0.46 (0.24-0.90)
p-value <0.01
Fresh meat 1 47
2 41 0.93(0.53-1.63)
3 13 0.31(0.15-0.65)
p-value <0.01
Processed meat 1 18
38 2.11(1.08-4.12) 1.90 (0.93-3.85)
3 45 4.04(1.97-8.31) 3.99(1.81-8.78)
p-value <0.01 <0.01
Chicken 1 53
39 0.83(0.48-1.43) 0.72(0.40-1.29)
3 9 0.19(0.08-0.43) 0.18(0.07-0.43)
p-value <0.01 <0.01
Fish 1 29
21 1.25(0.64-2.45) 0.99 (0.48-2.02)
3 51 2.60(1.45-4.65) 2.17(1.14-4.12)
p-value <0.01 <0.01
Milk and dairy products 1 28
2 33 1.26 (0.68-2.34)
3 40 1.87(0.99-3.54)
p-value <0.05

* According to univariate logistic regression analysis - adjusted to energy, ** Variables significantly related to prostate cancer after adjustment for pos-
sible confounders: energy, potato foods, fruit, rice, fresh meat, processed meat, chicken, fish and milk and dairy products. p-value for linear trend of odds

ratio. 95% CI: 95% confidence interval

tate cancer. Consumption of potato, rice, fresh meat and
chicken were inversely related to prostate cancer. All
these associations were found only for the high intake
of named foods and food groups. There was no signifi-
cant relationship between prostate cancer and intake
of cruciferous vegetables and tomato. Consumption of
butter could not be divided into terciles.

When variables significantly related to prostate
cancer according to univariate analysis (all variables
with the exception of cruciferous vegetables and toma-
to foods) were included in the model of multivariate lo-
gistic regression analysis, risk factors for prostate can-
cer appeared to be intake of fruit, processed meat and
fish (Table 4). Protective effect was found for intake of
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Table 4. Risk factors for prostate cancer - multivariate analysis (cases were divided at each tercile level of control)

Food group B Standard error p-value Od(ds ratio 95%CI
Fruit 0.6848 0.2103 0.0011 1.98 1.31-2.99
Processed meat 0.6363 0.2044 0.0015 1.89 1.27-2.80
Chicken -0.7343 0.1968 0.0002 0.48 0.33-0.71
Fish 0.3871 0.1643 0.0185 1.47 1.07-2.03
95% CI: 95% confidence interval

chicken. Consumption of potato, rice and chicken were  Fish intake

significantly collinear at 0.01 levels, for both ways of
categorization of food intake, i.e., categorization ac-
cording to median value and according to terciles.

Discussion

According to the results of both analyses per-
formed in this study, with medians and with terciles of
food intake, risk factors for prostate cancer appeared to
be consumption of processed meat and fish and intake
of fruit.

Meat and fat intake

Many epidemiological studies report that diet
high in meat possibly increases the risk of prostate can-
cer [9,10]. In the present study only intake of processed
meat was risk factor for prostate cancer. Consumption of
fresh meat was a protective factor although this associa-
tion was not an independent one. It is a fact that processed
meat (salami, sausages, bacon, ham, manufactured lun-
cheon meats, mortadella) contain more fat than fresh
meat. Fat intake, analyzed as total fat, saturated fat and/or
animal fat, has long been suggested as the major risk fac-
tor for prostate cancer, although the data were inconsis-
tent [9]. However, according to Kolonel et al. [10], such
an association has diminished in recent years as more
epidemiological evidence has been obtained. High con-
sumption of butter —found to be risk factor for prostate
cancer in the present study— supports the hypothesis that
animal fat is associated with increased risk of this malig-
nant tumor. The association of prostate cancer with diet
high in meat has been also considered as an indirect proof
of the importance of fat consumption in the occurrence of
prostate cancer. However, there is also a possibility that
the mode of processing meat incorporates factors related
to development of this malignancy. The protective effect
of high consumption of chicken could be attributed to the
assumption that those who eat a lot of chicken do not eat
high quantity of meat, either fresh or processed.

Data about a relationship between fish intake and
risk of prostate cancer are neither numerous nor con-
sistent [4,11-13]. In Serbia fish has not been frequently
consumed, especially before one or even two decades.
When consumed, it was more frequently canned, not
fresh. Processed fish, similarly as processed meat, could
increase the risk of prostate cancer through factors in-
corporated in the mode of processing.

Fruit intake

How to explain that in the present study high in-
take of fruit increased the risk of prostate cancer? Evi-
dence of the effect of diets high in fruits on prostate can-
cerrisk is inconsistent [ 14-17]. However, recently great
attention has been paid to the role of phyto-oestrogens
in the development of numerous chronic diseases, in-
cluding prostate cancer. Actually, there are some epi-
demiological data showing that phyto-oestrogens, es-
pecially isoflavonoids, present mainly in soybeans and
soy products, and to a lesser extent lignans (present in
fruit, vegetables, whole grains and some other plants)
have preventive effect on the development of several
cancers (breast, gastric, colon, endometrial and some
others), cardiovascular diseases and osteoporosis. Be-
cause of the structural similarity of phyto-oestrogens to
endogenous oestrogens it has been hypothesized that
phyto-oestrogens exert hormonal or anti-hormonal ef-
fects relevant to the risk of hormone-dependent diseas-
es [18]. The effect of steroid oestrogens on the devel-
opment of prostate cancer is not clear enough, although
they have beneficial effect in the treatment of this ma-
lignant tumor. If phyto-oestrogens are protective for
breast cancer because they have an anti-hormonal, an-
ti-oestrogen effect [ 19,20] it seems more plausible that
they could be risk factors for prostate cancer rather than
preventing its development. Soybeans and soy products
are not frequently present in Serbian diet and lignans are
probably the most frequent phyto-oestrogens consumed
in our population. The relation between prostate cancer
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and lignans has not been a subject of many studies, and
in a recent Nordic nested case-control study there was
no significant association between prostate cancer and
serum enterolactone [21] as a probable biomarker for
exposure to lignan-containing foods [22]. Evidently,
more research is needed to clarify the possible effect of
phyto-oestrogens on human health.

Vegetables intake

Although the pattern of association between pros-
tate cancer and consumption of vegetables is not clear
enough [9], it has been accepted that diets high in veg-
etables possibly decrease the risk of this malignant tu-
mor [9]. A protective effect has been related to intake
of cruciferous vegetables [23], legumes [24], orange-
yellow vegetables [24], allium vegetables [3,12] and
tomato foods [3,15,25,26]. In the present study cases
consumed lower quantity of potato, cruciferous veg-
etables and tomato foods than their controls, but inde-
pendent inverse relationship with prostate cancer was
found only for consumption of potato.

In this study consumption of chicken, potato and
rice was inversely related to prostate cancer. However,
since chicken is commonly eaten with potato and rice it is
difficult to attribute protective effect to any one of them.

Milk and dairy products intake

Diet high in milk and diary products have been
found as a risk factor for prostate cancer in several stud-
ies [17,27]. In the present study high intake of milk and
dairy products was a risk factor for prostate cancer, but
this association disappeared after adjustment for pos-
sible confounding variables. Takeda and Sato [5] sug-
gested that the sharp increase of prostate cancer mortal-
ity in Japan after the Second World War, could be attrib-
uted to milk, which contains considerable amounts of
estrogens and saturated fat, the consumption of which
has recently increased rapidly in Japan. They stated that
in recent years milk from pregnant cows has been fre-
quently used. As a consequence, milk nowadays con-
tains higher quantity of estrogens than 100 years ago.
However, as already mentioned, there was not enough
data to support the role of estrogens in the development
of prostate cancer. Association between prostate cancer
and oestrogens either was not found or it was an inverse
one [28,29]. On the basis of some epidemiological stud-
ies it has been suggested that fat may be the constituent
responsible for association between prostate cancer and
dairy products, although this association was not found
in a large American cohort study [30]. Milk and dairy
products are also the most common dietary source of

calcium. Giovannucci et al. [31] proposed that calcium
could increase the risk of prostate cancer by suppressing
the circulating levels of dihydroxyvitamin D, which, in
turn, decreases prostate cancer risk. Data about the ef-
fect of calcium intake on the risk of prostate cancer are
inconsistent. High calcium intake was found to be risk
factor for prostate cancer in some studies [31,32], butin
others this relationship was not present [33], and in our
study it was even inverse [2].

The present study has some disadvantages, like
other case-control studies, the most important one be-
ing related to the accuracy of recall of past exposure.
But since controls were chosen from among hospital
patients it could be expected that incomplete and/or in-
accurate data about diet were equally distributed in the
compared groups. In the present investigation the num-
ber of cases was relatively small, and a larger study on
the same subject would be desirable.

Conclusion

The results obtained in the present study support
the hypothesis that consumption of meat and fat plays a
role in the development of prostate cancer. The findings
that consumption of processed meat only (not fresh)
and consumption of fish (most frequently canned) in-
creased the risk of prostate cancer, as well as the find-
ings that consumption of chicken, potato and rice de-
creased the risk of prostate cancer, should be corrobo-
rated by other investigators.

Acknowledgement

This study was funded by the Ministry for Sci-
ence and Technology of Serbia through contract No.
8774,1991-1995, by the Ministry of Science and Ecol-
ogy of Serbia through contract No. 1927, 2002-2005,
and by the Ministry of Science and Ecology of Serbia
through contract No. 145084D, 2006-2010.

References

1. Ilic M, Vlajinac H, Marinkovic J. Case-control study of risk
factors for prostate cancer. Br J Cancer 1996; 74: 1682-1685.

2. Vlajinac HD, Marinkovic JM, Ilic MD, Kocev NI. Diet and
prostate cancer: a case-control study. Eur J Cancer 1997; 33:
101-107.

3. Hodge AM, English DR, McCredie MRE et al. Foods, nu-
trients and prostate cancer. Cancer Cause Control 2004; 15:
11-20.

4. Signorello LB, Adami HO. Prostate Cancer. In: Adami HO,



11.

12.

13.

14.

15.

16.

17.

18.

19.

Hunter D, Trichopoulos D (Eds): Textbook of Cancer Epidemi-
ology. Oxford University Press, New York, 2002, pp 400-428.
Takeda M, Sato A. The experience of Japan as a clue to the
etiology of testicular and prostatic cancers. Med Hypotheses
2003; 60: 724-730.

Jain D. Diet history: questionnaire and interview techniques
used in some retrospective studies of cancer. J Am Diet Assoc
1989; 89: 1647-1652.

Breslow NE, Day NE. Statistical methods in cancer research.
Volume I: The analysis of case-control studies. IARC Scien-
tific Publ, No. 32, TARC, Lyon, 1980, pp 248-279.

Hosmer DW Jr, Lemeshow S. Applied logistic regression.
A Wiley-Interscience Publication. John Wiley & Sons, New
York, 1989, pp 82-134, pp 187-215.

Food, Nutrition and the Prevention of Cancer: a Global Per-
spective. Prostate cancer. Am Inst for Cancer Res and World
Cancer Res Fund Publ, USA, 1997, pp 310-323.

Kolonel LN, Nomura AM, Cooney RV. Dietary fat and prostate
cancer: current status. J Natl Cancer Inst 1999; 91: 414-428.
Anderson SO, Baron J, Wolk A, Lindgren C, Bergstrom R,
Adami HO. Early life risk factors for prostate cancer: a popu-
lation-based case-control study in Sweden. Cancer Epidemiol
Biomarkers Prev 1995; 4: 187-192.

Key TJA, Silcocks PB, Davey GK, Appleby PN, Bishop DT.
A case-control study of diet and prostate cancer. Br J Cancer
1997;76: 678-687.

Terry P, Lichtenstein P, Feychting M, Ahlbom A, Wolk A. Fat-
ty fish consumption and risk of prostate cancer. Lancet 2001;
357:1764-1766.

Severson RK, Nomura AMY, Grove JS, Stemmermann GN.
A prospective study of demographics, diet, and prostate can-
cer among men of Japanese ancestry in Hawaii. Cancer Res
1989;49: 1857-1860.

Giovannucci E, Ascherio A, Rimm EB et al. Intake of carote-
noids and retinal in relation to risk of prostate cancer. J Natl
Cancer Inst 1995; 87: 1767-1776.

Ohno Y, Yoshida O, Oishi K, Okada K, Yamabe H, Schoeder
FH. Dietary beta-carotene and cancer of the prostate: a case-con-
trol study in Kyoto Japan. Cancer Res 1988; 48: 1331-1336.
Talamini R, Franceschi S, La Vecchia C, Serraino D, Barra
S, Negri E. Diet and prostatic cancer: a case-control study in
Northern Italy. Nutr Cancer 1992; 18: 277-286.

Duncan AM, Phipps WR, Kurzer MS. Phyto-oestrogens. Best
Pract Res C1 En2003; 17:253-271.

Adlercreutz C, Bannwart K, Wahala K et al. Inhibition of hu-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

703

man aromatase by mammalian lignans and isoflavonoid phy-
toestrogens. J Steroid Biochem 1993; 44: 147-153.
Krazeisen A, Breitling R, Moller G, Adamski J. Phytoestro-
gens inhibit human 17 beta-hydroxysteroid dehydrogenase
type 5. Mol Cell Endocrinol 2001; 171: 151-162.

Stattin P, Adlercreutz L, Tenkanen L et al. Circulating entero-
lactone and prostate cancer risk: a Nordic nested case-control
study. Int J Cancer 2002; 99: 124-129.

Horner NK, Kristal AR, Prunty J, Skor HE, Potter JD, Lampe
JW. Dietary determinants of plasma enterolactone. Cancer
Epidemiol Biomark Prev 2002; 11: 121-126.

Cohen JH, Kristal AR, Stanford JL. Fruit and vegetable intakes
and prostate cancer risk. J Natl Cancer Inst 2000; 92: 61-68.
Kolonel LN, Hankin JH, Whittemore AS et al. Vegetables,
fruits, legumes and prostate cancer: a multiethnic case-control
study. Cancer Epidemiol Biomark Prev 2000; 9: 795-804.
Giovannucci E, Rimm EB, Liu Y, Stampfer MJ, Willett WC. A
prospective study of tomato products, lycopene and prostate
cancer risk. J Natl Cancer Inst 2002; 94: 391-398.

Gartner C, Stahl W, Sies H. Lycopene is more bioavailable
from tomato paste than from fresh tomatoes. Am J Clin Nutr
1997; 66: 116-122.

Le Marchand L, Kolonel LN, Wilkens LR, Myers BC, Hiro-
hata T. Animal fat consumption and prostate cancer: a pro-
spective study in Hawaii. Epidemiology 1994; 5: 276-282.
Dorgan JF, Albanes D, Virtamo J et al. Relationship of serum
androgens and estrogens to prostate cancer risk: results from
a prospective study in Finland. Cancer Epidemiol Biomark
Prev 1998; 7: 1069-1074.

Singorello LB, Tzonou A, Mantzoros CS et al. Serum ste-
roids in relation to prostate cancer risk in a case control study
(Greece). Cancer Causes Control 1997; 8: 632-636.
Giovannucci E, Rimm EB, Colditz GA et al. A prospective
study of dietary fat and risk of prostate cancer. J Natl Cancer
Inst 1993; 85: 1571-1579.

Giovannucci E, Rimm EB, Wolk A et al. Calcium and fruc-
tose intake in relation to risk of prostate cancer. Cancer Res
1998; 58: 442-447.

Chan JM, Giovannucci E, Andersson SO, Yuen J, Adami HO,
Wolk A. Dairy products, calcium, phosphorous, vitamin D,
and risk of prostate cancer (Sweden). Cancer Cause Control
1998; 9: 559-566.

Tavani A, Gallus S, Franceschi S, La Vecchia C. Calcium,
dairy products, and risk of prostate cancer. Prostate 2001; 48:
118-121.



