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I Are there age-dependent effects of diet 
on prostate cancer risk? 

Summary 

Objectives: To examine whether there are age-dependent 

effects of diet on prostate cancer risk, 

Methods: We have postulated that nutritional factors that 

may affect the risk of initiation would be more likely to be 

identified among younger patients, whereas those that may 

affect the risk of progression would be more dearly identifi- 
able among older patients. Study subjects were 320 patients 

with prostate cancer and 246 controls with no systematic 

disease, hospitalised in six major hospitals in Athens, Greece. 

Logistic regression models were fitted separately for men 

under 70 years and 70 years or older, 

Results: Polyunsaturated lipids substantially increased the risk 

among younger subjects, but played little role among older 

ones (p for interaction 0o21). Cooked tomatoes had a strong 

protective effect among older persons, but not among 

younger subjects (p for interaction 0.009). Last, vitamin E was 

strongly inversely related to prostate cancer risk among 

younger subjects, but not among older subjects (p for inter- 

action 0.15). 

Conclusions: Even a simple straight forward interpretation of 

the data, i,e., that older cases of prostate cancer have a differ- 

ent dietary risk profile than younger ones, has potentially use- 

ful implications~ 
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We have recently reported the results from a case-control 

study undertaken in Greece and concerning the dietary 

etiology of cancer of the prostate 1. None of the results of this 

study were new, but the overall findings were important 

in that they provided support to, or were compatible with 

several hypotheses on the nutritional etiology of prostate 

cancer, indicating that these hypotheses could be viewed as 

complementary rather than mutually exclusive. Thus, the 

collective evidence from epidemiologic investigations sug- 

gests that consumption of saturated fat of animal origin s and 

polyunsaturated lipids mostly from seed oils 3,4 increase 

prostate cancer risk, whereas consumption of lycopene-rich 

cooked tomatoes 5 and vitamin E intake 6 reduce this risk. 

We have focused on nutrients, rather than foods. For lyco- 

pene, however, no database was available for Greek foods 

and we have used instead as a proxy cooked tomatoes, 

which contain very high quantities of lycopene that is re- 

leased after cooking 5. 

Cancer is a long multi-stage process, the most distinct stages 

of which are considered to be the early one, that is initiation, 

and the late one, that is progression. It would have been 

important to determine at which stage does each nutritional 

factor act, but this would have required repeated dietary 

assessments of subjects in a large cohort study with several 

decades of follow-up, as well as the ability to reliably docu- 

ment the stage of carcinogenesis. Such results, however, 

have not been reported in the literature. A realistic alter- 

native would be the use of the case-control design with a 

focus on changing dietary patterns over the various periods 

of life. Retrospective dietary assessments, however, mostly 

harvest the nutritional experience of the study subjects 
during the more recent past 7. 

We have postulated that nutritional factors that act early in 

life and are likely to affect the risk of initiation would be 

more likely to be captured in dietary records of younger 
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patients. In contrast, nutritional factors that may affect the 

risk of progression would be more dearly identifiable 

among older patients, among whom the initiation period is 

too remote to allow accurate recollection of relevant dietary 

exposures. 

P a t i e n t s  a n d  m e t h o d s  

Details concerning the case-control study have been pre- 

viously reported 1,s. During a three-year period, from 

February 1994 to January 1997, all men newly diagnosed 

with prostate cancer who were residents of the Greater 

Athens area (population about four million) were identified 

in six major hospitals of this area. Discharge statistics 

indicate that these hospitals cover about 2/3 of the newly 

diagnosed cases of prostate cancer in this area. 372 histol- 

ogically confirmed cases were identified. It was not possible 

to interview 52 patients (14%) and 320 were eventually 

included in the study. Metastatic disease was present in 19 

of the 320 cases of prostate cancer. 

For each case, one control subject was to be selected from 

the same hospital and interviewed in the wards at the same 

date as the corresponding case. Controls had to be residents 

of the Greater Athens area, be of approximately the same 

age as the corresponding case (___ three years), never have 

had cancer or been diagnosed with BPH, and have as current 

diagnosis a minor eye ailment, a minor injury or a minor 

ear, nose and throat condition. Controls were identified for 

308 cases with prostate cancer, but for 62 of them (20 %) a 

complete interview was not obtained. Of the 246 controls 

who were eventually included in the study, 209 had an eye 

ailment, 25 had a minor injury, and 12 had a minor ear, nose 

and throat condition. 

Both cases and controls were interviewed in the hospital 

wards by specially trained public health visitors. The 

questionnaire was extensive and also included a semi- 

quantitative food frequency section previously validated 9. 

Cases and controls were asked to indicate the average 

frequency of consumption, over a period of one year 

immediately preceding the recognition of symptoms or 

signs of the present disease, of about 120 food items 

or beverage categories per month, per week or per day. 

For analysis, the frequency of consumption of different 

food items was quantified approximately in terms of 

the number of times per month the food was consumed. 
Nutrient intakes for individuals were estimated by multi- 

plying the nutrient contents of a selected typical portion, 

for each specified food item, by the frequency that the 
food item was eaten and adding these estimates for all 

food items 1. 

Soz.- Pr~ventivmed. 46 (2001) 329-334 
�9 Birkh~user Verlag, Basel, 2001 

The main statistical analysis was undertaken by modeling the 

data through multiple logistic regression. In all models, a set 

of core non-dietary variables was consistently included: age 

(in five-year groups), height (in five-cm groups), body mass 

index (in kg/m 2) and years of schooling, as an indicator of 

socioeconomic status, (in three categories). Total energy intake 

(in kcal) was also included in the model, because this is con- 

sidered as essential for the valid interpretation of nutritional 

associations with disease status 1~ In addition to the core 

variables, we have simultaneously evaluated four dietary vari- 

ables that have been examined in previous investigations of 

the dietary etiology of prostate cancer2: saturated lipids, poly- 

unsaturated lipids, vitamin E, and cooked tomatoes as a proxy 

of lycopene. For saturated lipids, polyunsaturated lipids, and 

vitamin E, increments were set as equal to the correspond- 

ing standard deviation among controls, whereas for cooked 

tomatoes the increment was set to one additional serving 

every other day, that is 15 servings per month. 

In order to assess possible age-dependent effects of the 

nutritional factors, we have divided study cases and controls 

into two groups: less than 70 years and 70 years or more. We 

have chosen this cutoff point, because this age represents the 

round number closest to the median1, but other cutoff points 

- 65 and 75 years of age - generated similar results with 

somewhat larger confidence intervals. Multiple logistic re- 

gression generates estimates of relative risks per specified 

increments, after controlling for all the other factors, nutri- 

tional and non-nutritional, included in the model. Differ- 

ences between the relative risk estimates for prostate cancer 

with respect to a specific nutritional variable between the 

two groups (less than 70 years and 70 years or more) implies 

interaction of this variable with age in relation to prostate 

cancer risk. Because statistical documentation of interaction 

requires substantial statistical power, inferences can occa- 

sionally be made on the basis of simple arithmetic com- 

parisons and the biomedical credibility of the emerging 

pattern. However, formal tests for interaction are available11 

and when one of the interacting variables has only two 

levels, as in this instance age below 70 and 70 years or more, 

the relative risk estimates concerning the second interacting 

variable in the two strata can be directly compared 12. 

When the study objective is detection and quantification of 

interaction, use of the interacting factors (age, nutrient) as 

continuous variables increases the power, but complicates 

the interpretation of the regression coefficients. Moreover, 

use of different cutoff points for different nutrients, on the 

basis of post hoc arguments, challenges the interpretability 
of p values. In any case, interaction tests were performed 

with the age variable both in qualitative (< 70, > 70) and con- 
tinuous form. 
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Results 
Table 1 shows representative values of the modelled demo- 
graphic and dietary factors for younger and older prostate 

cancer cases and controls. The data in Table 1 provide the 

context of the study, but the information concerning the nu- 

tritional variables is not directly interpretable, because of 
the powerful confounding among these variables. 

Table 2 presents multiple logistic regression-derived relative 

risk estimates for prostate cancer, among men under 70 

years of age and 70 years or older, per I standard deviation 

increase of selected nutrients and an additional serving 

every other day for cooked tomatoes. The relative risk esti- 

mates are fully adjusted. The results are as striking as they 
could possibly be in a study of moderate size. Polyunsaturat- 

ed lipids are an important risk factor for younger subjects, 

but appear to play little, if any, role among older ones 
(p value for interaction 0.21). Cooked tomatoes have a 

strong protective effect among older persons, but they seem 

to be unrelated to prostate cancer risk among younger sub- 

jects (p value for interaction 0.009). Last, vitamin E appears 
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Table 1 Descriptive statistics of demographic and dietary factors among 320 prostate cancer cases and 246 controls 
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Table 2 Multiple logistic regression-derived relative risk estimates for prostate cancer, among men under 70 years of age and 70 years or older, per 
1 standard deviation increase of selected nutrients and an additional serving every other day for cooked tomatoes ~ 
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to be strongly inversely related to prostate cancer risk 

among younger subjects, whereas it has apparently no effect 

among older subjects (p value for interaction 0.15). Saturat- 

ed fat had little overall effect on prostate cancer risk in these 

data, but it was examined because in other investigations it 

has been found to be a risk factor for prostate cancer. The 

little effect evident in our data is concentrated among older 

subjects. Interaction testing with age as a continuous vari- 

able generated the following two-tailed p values: 0.23 for 

polyunsaturated fat; 0.006 for cooked tomatoes; 0.25 for 

vitamin E; and 0.34 for saturated fat. 

Discussion 
This investigation has several strengths. Study size was suf- 

ficient for detection of main effects in the twofold range, 

although detection of interactions of similar magnitude re- 

quires four times as large study samples 12. The validity of 

the results is supported by the fact that cases and controls 

were derived from the same study base and the question- 

naire administered had been validated 9 and used with rea- 

sonable success in several previous investigations ~3. The 

validity of the results is also supported by the fact that both 

nutritional and non-nutritional findings of this case-control 

study 1,8 were in line with those reported from other major 

investigations. The major weakness of the study was that its 

size was not large enough for documentation of genuine in- 

teractions. Indeed, among the nutritional variables eva- 

luated for interaction, striking effect modification was 

found only for one (cooked tomatoes), whereas for two 

others, polyunsaturated lipids and vitamin E, the findings 

were simply suggestive. 

Notwithstanding this limitation, the data appear to indicate 

that the beneficial effect of cooked tomatoes on prostate 

cancer risk is concentrated among older men, whereas the 

beneficial effect of vitamin E and the detrimental effect of 

polyunsaturated lipids are concentrated among younger 

men. Vitamin E is a powerful antioxidant 14, likely to be 

active in the early stages of carcinogenesis. Similarly, poly- 

unsaturated lipids have been reported to increase cancer 

risk in experimental animals. This effect has been attributed 

to a large extent to their chemical composition (multiple 

double bonds) that makes them vulnerable to oxidative pro- 

cesses which play a major role during the early stages of car- 

cinogenesis 15,16. There is no consensus about the mechanistic 

processes involved in the apparent protection conveyed by 

lycopene on prostate cancer risk, but the repeated demon- 

stration of such an effect in several studies that mostly focus 

on diet proximal to the interview argues in favour of a late 
stage effect 17. 

Saturated fat was not an important overall predictor of 

prostate cancer risk in this investigation, but has been found 

to increase this risk in other studiesL If it indeed affects 

the risk of prostate cancer, it is likely to act as a growth 

enhancer during the later stages of carcinogenesis 2,18. Con- 

centration or limitation of the effect of saturated fat to 

people older than about 70 years of age has been reported by 

West and colleagues 19 and Talamini and colleagues 2~ and is 

only barely evident in these data. 

We are aware, of course, that a correspondence between age 

at occurrence and proximity to age at initiation is tenuous 

and there is no clear distinction between constructive specu- 

lation and damaging over-interpretation. However, even a 

simple straight forward interpretation of the data, i.e., that 

older cases of prostate cancer have a different dietary risk 

profile than younger ones has potentially useful implica- 

tions, for example targeted dietary advice. It is important to 

stress that secular changes of food consumption in Greece 2~ 

do not support the hypothesis that the observed pattern 

could reflect a generation (cohort) effect. 

In conclusion, we have found evidence that, among men 

younger than 70 years of age, polyunsaturated lipids appear 

to considerably increase the risk of prostate cancer, whereas 

vitamin E considerably reduces this risk; in contrast, saturat- 

ed fat and cooked tomatoes appear to play little if any role 

in the occurrence of this cancer. Among subjects 70 years of 

age or older, neither polyunsaturated fat nor vitamin E play 

an important role, but cooked tomatoes-related lycopene 

conveys substantial protection, whereas saturated fat could 

perhaps increase the risk of the disease. 
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Zusamrnenfassung Resume 

Sind die Effekte der Ern~hrung auf das Prostatakarzinom- 

Risiko altersabh~ngig? 

Fragestellung: Es wurde urttersucht, ob es altersabh~ngige 

Effekte der Ern~hrung auf das Risiko f~Jr Prostatakrebs gibt. 

Methoden: Wit postulierten, dass Ern~hrungsfaktoren, die das 

Risiko airier initiation beeintr~chtigen, eher bei jungen Parian- 

ten feststellbar sind. Jedoch sind sotche, die das ~isiko einer 

Progression beeinflussen, eindeutiger bei ~lteren Patienten zu 

identifizieren. P~obanden waren 320 an Prostatakrebs ero 

krankta M~nner und 246 Kontroilf~lte ohne entsprechende 

systematische Krankheitsmerkma~e, die in sachs Krankenh~iu- 

sern in Athen (Griechenland) hospitalisiert waren. Logistische 

Regressionsmodelle wur jewreits fL~r M~nner unter bzw. im 

Alter yon 70 Jahren und rnehr angepasst. 

Resultate: Mehrfach unges~ttigte Forte erh~ihten das Risiko 

bei jCm~eren Persone~; e~heblich, waren abet bei ~lte=~n nahe- 

zu unbedeutend (p fi:~r interaktion 0,21). Gekochte Tomaten 

hatten einen deut~ich sch/~tzenden Effekt bei ~teren Perso- 

nen~ bei den j6ngeren jedoch nicht (p f~r ~nteraktion 0,00~). 

Di~. Vitarai~E-Aufnahrne und das Risiko an Prostatakrebs zu 

e~kranken, verhielt sich bei j~ngeren Personen umgekehrt pro- 

po~tional, nicht abet bei ~lteren Personen (p f~r ~nteraktion 

0,'~ 5}. 

Schlussfolgerungen: kuch eine ganz eh~fache und geradHnige 
Interpretation der Daten, dass ~ltere Betroffene ein Ern~h- 

rungsrisikoprofil aufweisen, das yon jenem junger Personen 

verschieden ist, ist yon potentiel~ praktischer Bedeutung. 

Les effets de I'alimentation sur le risque des cancers 

de la prostate d~pendent-ils de I'~ge? 

Objectifs: Examiner siles effets de N'aaimentation sur le risque 

de cancer de la prostate sont d~pendants de I'~ge. 

M~thode: Nous avons fait l'hypoth~se qua los facteurs nutri- 

tionneas qui peuvent modifier le risque d'initiation des cancers 

de ia prostate pourraient ~tre mieux identifies chez des pa- 

tients jeunes, alors que los facteurs nutritionnels qui modifient 

te risque de progression de la tumeur seraient plus clairement 

identifiables parrni les personnes plus &goes. Les suiets de 

t'etude sont 320 patients avec un cancer de la prostate et 

246 t~moins sans rnaladie syst~mique, hospitalis~s dans los 

grands h6pitaux d'Ath~nes, Grace. Los modules de regression 

Iogistique ant ~t~ executes s~par~ment pour les hommes de 

moins de 70 ans et pour ceux de 70 ans et plus. 

R~sultats: Los lipides polyinsatur~s augmentent substantieile- 

ment te risque parmi los sujets plus jeunes, rnais ne jouent qua 

peu de rble parmi los sujets plus ,~ges (p pour l'interaction = 

0.21). Los tomates cuites ont un effet for[ernent protecteur 

parmi los personnes plus ~gees, mais pas parmi los personnes 

plus jeunes (p pour l'interaction = 0.009). Finaiement, la vitao 

mine E ~tait fot~:ement et inversement associee au risque de 

cancer de la prostate parmi los plus jeunes sujets, mais pas ~oar- 

mi ceu• qui sont plus ~g~s (p pour i'interaction = 0.15). 

Conclusion: M~me une interpretation simpliste des donn~es, 

savoir qua los cas plus ~g~s de cancer de la prostate ont un 

profil de risque alirnentaire different des plus jeunes~ a poten- 

tieHernent des implications utiles. 
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