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Abstract

In the time period of 1994-1998, a case-control study on
diet and prostate cancer was carried out in Uruguay to
examine the risk associated with fat intake. Two hundred
and seventeen (217) incident cases afflicted with advanced
prostate cancer were frequency-matched with 431
controls on age, residence, and urban/rural status. The
analysis was carried out using unconditional multiple
logistic regression.a-Linolenic acid was associated with a
strong positive association (fourth quartile of intake odds
ratio, 3.91; 95% confidence interval, 1.50-10.1) after
controlling for total calorie intake and for the other types
of fat. The effect was similar whene-linolenic acid was
analyzed by its sources of origin (odds ratio for vegetable
linolenic acid, 2.03; 95% confidence interval, 1.01-4.07).
Including this report, five of six studies that have
examined the relationship betweernx-linolenic acid and
prostate cancer yielded a positive association, which was
significant in four studies. Thus, there appears to be
evidence of a role ofe-linolenic acid in prostate
carcinogenesis.

Introduction

red meat consumption in Uruguay is one of the highest in the
world (219.4 g/day), and meat intake has been implicated as a
risk factor for prostate cancer, its importance as a source of
a-linolenic acid in the Uruguayan diet is evident. Fat intake has
been associated with an increased risk of prostate cancer in
most, but not all, studies dealing with this malignancy (4). For
these reasons, we decided to investigate the rotelafolenic

acid in the etiology of prostate cancer.

Subjects and Methods

In the period of 1994-1998, all patients newly diagnosed with
advanced prostate cancer in the four major hospitals of Mon-
tevideo, Uruguay were considered eligible for this study. In this
period, 234 patients with advanced prostate cancer were ascer-
tained. Seventeen (17) patients refused to be interviewed, lead-
ing to a final total of 217 cases (response rate, 92.7%). All
patients with prostate cancer were diagnosed by histological
examination of biopsies, transurethral resection specimens,
and/or prostatectomies. Thirty five percent (35%) of the pa-
tients were diagnosed several months (mean time, 6 months)
before hospitalization, and the mean time of the interview after
diagnosis was 45 months. For the purpose of the present study,
advanced prostate cancer was defined as prostate cancer with
regional or disseminated disease. According to the staging rules
of the International Union against Cancer (5), tumnrk5 cm

that invaded the capsule or tumors with regional metastasis
were considered as advanced tumors. The proportion of re-
gional cases was of 72.7%, whereas 27.3% were patients with

Prostate cancer is the second most common malignancy amond®C@l disseminated disease. All cases were verified histologi-
Uruguayan men after lung cancer, with an age-adjusted inci- cally as adenocarcinomas and o_C(_:l_Jrred in white pa_1t|ents. Fur-
dence rate of 35.2 per 100,000 for the years 1990—1992 (1). Thethermore, all of the cases were initially diagnosed in the hos-
reasons for this high frequency are unknown. Recently, Gio- Pitals, and there were no referrals from other centers.
vannucciet al. (2) reported a positive association between In the same period, 445 patients afflicted with diseases not
a-linolenic acid, one of the essential fatty acids, and prostate related with the digestive and urinary tracts were eligible for
cancer. The main sources of linolenic acid in the Giovannucci this study. Fourteen (14) patients refused the interview (re-
et al. (2) study were mayonnaise, margarine, butter, and beef. sponse rate, 96.8%), leading to a final number of 431 patients.
Among male patients included as controls in previous case- The most frequent disease categories among controls were eye
control studies, the main source @flinolenic acid in Uruguay disorders (146 patients, 33.9%), abdominal hernia (113 pa-
was red meat (53.8%), followed by dairy foods (18.0%), veg- tients, 26.2%), fractures (42 patients, 9.7%), acute appendicitis
etables (10.7%), and processed meats (7.8%; Ref. 3). Becausg36 patients, 8.4%), osteoarticular disorders (32 patients, 7.4%),
varicose veins (26 patients, 6.1%), hydatid cyst (19 patients,
4.4%), and anemia (17 patients, 3.9%). Controls were frequen-
cy-matched to cases on age (5-year interval), residence (Mon-
tevideo, other counties), and urban/rural status. All patients
were whites. Both cases and controls were submitted to a
accordance with 18 U.S.C. Section 1734 solely to indicate this fact. deta”?d inthviQW shortly aﬂ‘?r admission into the hospital. The
1 Supported by grants of the ConfisidHonoraria de Lucha contra el Geer questionnaire included sections on demography, occupation,
(Montevideo, Uruguay) and International Agency for Research on Cancer (Lyon, tobacco smoking, alcohol drinking, “mate” drinking, sexual
ZFEI?S(\:/\?%.om requests for reprints should be addressed, at Registro Nacional de activity (ag.e at first intercourse, number of children, annual
number of intercourses, number of sexual partners, and number

Department Cacer, Avda. Brasil 3080 dep. 402, Montevideo, Uruguay. Fax: ; ! " : ’ !
598-2-402-08-10. of sexually transmitted diseases). Finally, the interview in-
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cluded an FFQ on _6_4 food items- This FFQ was previously Table 1 Distribution of cases and controls for selected varigbles
tested for repeatability (3). In brief, 80 male healthy volunteers - —
were face-to-face interviewed with this questionnaire. Eight Variable Cases Controls Significance
months later, they were submitted to the same questionnaire, age (yr)
and the resulting correlation coefficients between both inter- 40-49 2(0.9) 4(0.9)
views were calculated. The results presented ranged from 0.31 50-59 10 (4.6) 20 (4.6)
for calcium and 0.87 for saturated fat. In the opinion of the 60-69 70(32.3) 141 (32.7)
authors, the FFQ accurately represented the food consumption ~ 70-79 107 (49.3) 215 (49.9)
. 80-89 28 (12.9) 51 (11.8) 0.99

pattern of the Uruguayan population. Total fat, saturated fat, Residence
and monounsaturated fat were highly correlated in the repeat- M :

. . - ontevideo 102 (47.0) 210 (48.7)
ability study. Correlation coefficients between total fat and Other counties 115 (53.0) 221 (51.3) 0.74
saturated fat were 0.87, whereas the correlation coefficient  rpanrural status
between total fat and monounsaturated fat was 0.81. For the  urban 152 (70.0) 304 (70.5)
purposes of the study, fatty food items were grouped as follows:  Rural 65 (30.0) 127 (29.5) 0.97
beef, red meat, white meat (chicken and fish), processed meat, Education (yr)
offal, dairy foods, desserts, and eggs. Furthermore, the food 0-2 77 (35.5) 143 (33.2)
groups were divided into quartiles, following the 25, 50, and 75 34 75(34.6) 127 (29.5)

5+ 65 (30.0) 161 (37.4) 0.15

percentiles of the sample of controls. Nutrients were calculated

using local food tables (6) and then categorized into quartiles Mo:f;'; income (United Sgizodg;'ars) 152 (35.3)
after calculating the percentiles_ 25, 50, and 7_5 of the sample of 159+ 61 (28.'1) 148 (34.'3)
controls. They were energy-adjusted according to the residuals Unknown 91 (41.9) 131 (30.4) 0.01
method of Willett and Stampfer (7). Relative risks of prostate Family history of prostate cancer
cancer, approximated by the ORs, were calculated by uncon- No 210 (96.8) 430 (99.8)
ditional logistic regression (8). All ORs were controlled for Yes 7(3.2) 1(0.2) 0.004
potential confounders, including the matching variables (age,  Body mass index
residence, and urban/rural status). All calculations were per- =23.5 44(20.3) 118 (27.4)
formed using the STATA software (release 6, STATA, College igg‘gig gg g;g; ig? gj-g
Station, Texas). 27.4+ 57 (26.3) 101 (23.4) 0.24
Alcohol drinking
Results Nondrinkers 82 (37.8) 136 (31.6)
The distribution of cases and controls by age, residence, and elsfl)zo ii((llss'g)) 122 gz‘g))
urban/_rural status was very similar. Cases were less educated ;5 55 (25.'3) 106 (24.6) 0.24
and with a lesser income than controls (Table 1). On the other  No. of children
hand, family history of prostate cancer in a first degree relative 0 40 (18.4) 75 (17.4)
was infrequent, but significantly higher in cases compared with 1-2 65 (29.9) 119 (27.6)
controls. Finally, body mass index was rather similar in both 3-4 57 (26.2) 185 (42.9)
series of patients. S+ 39(17.9) 44 (10.2)
Unadjusted means for total energy were similar for both Unknown 16 (7.4) 8(1.9) 0.24
series of patients. Cases showed higher means for total fat, ™Mean energy intake 2114.2 2033.1
No. of patients 217 (100) 431 (100)

saturated fat, monounsaturated fatlinolenic acid, and cho-
lesterol than controls. The remaining macro- and micronutrients Values in parentheses are percentages.

displayed similar values in both series of patients. The corre-

lation coefficients for fats were adjusted for caloriedinole-

nic acid was highly correlated W'th. total_ fat, _saturated fat, and creased risk wasge-linolenic acid (fourth quartile of intake,
monounsaturated fat, but not with linoleic acid and cholesterol. 1.91; 95% CI, 1.12-3.25). Whem-linolenic was further ad-

The corrtt_elaflo? (ioefflctgent gelt\éveen linoleic and linolenic acid j,qteq for saturated fat, monounsaturated fat, and linoleic acid,
was particularly low (rho= 0.12). a strong association was observed (fourth quartile of intake,

ORs for occupational exposures, tobacco smoking, and 3 g1. 9594 €I, 1.50-10.1). Also, the dose-effect was highly
alcohol drinking were close to null. On the other hand, “mate” signi,ficant e _ 0.001). '

drinking was associated with an increased risk (OR, 2.2) and a
well-defined dose-response pattern (results not shown).

ORs of prostate cancer for intake of different types of fat
are shown in Table 2. Total fat intake was associated with a
weak positive association (fourth quartile of intake, 1.33; 95%
Cl, 0.75-2.34) after controlling for total energy intake, body
mass index, and family history of prostate cancer. Similar ORs
were observed for saturated fat and monounsaturated fat
whereas a small decrease in risk was found for the highes
quartile of intake of linoleic acid (OR, 0.71; 95% CI, 0.42—
1.20). The only fatty acid associated with a significant in-

a-Linolenic acid effect was analyzed according to its main
sources (animal and vegetahlelinolenic acid) in a model,
which included total calories, saturated fat, monounsaturated
fat, animal linoleic acid, vegetable linoleic acid, and the two
types ofa-linolenic acid (Table 2). Both sources of linolenic
acid were strongly associated with prostate cancer risk (OR for
animal a-linolenic acid, 2.9 and OR for vegetabdelinolenic
'acid, 2.0). Furthermore, both variables displayed a significant
tdose-response pattern. Because some categories of diseases in
the control seriesi.g., anemia) could bias the results, we
performed separate analyses, with and without each category of
diseases. The results remained unchanged (results not shown).

Results from different models are shown in Table 3, fol-

3 The abbreviations used are: FFQ, food-frequency questionnaire; OR, odds ratio; [OWiNg the original presentation of Ganet al. (9). When
Cl, confidence interval. linoleic acid was further adjusted fa-linolenic acid, the
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Table 2 ORs of prostate cancer for different types of fat

g/day Cases/Controls OR1 95% ClI OR? 95% ClI

Total fat

=66.8 29/108 1.0 NA

66.9-88.7 68/108 2.17 1.29-3.67

88.8-114.5 77/108 2.44 1.46-4.09

114.6+ 43/107 1.33 0.75-2.34

P for linear trend 0.32
Saturated fat

=28.5 29/108 1.0 1.0

28.6-37.7 76/108 2.53 1.50-4.24 1.75 0.79-3.87

37.8-49.2 66/108 2.13 1.26-3.59 0.64 0.22-1.81

49.3+ 46/107 1.44 0.82-2.52 0.24 0.06-0.90

P for linear trend 0.45 0.006
Monounsaturated fat

=26.4 32/108 1.0 1.0

26.5-36.8 59/108 1.66 0.99-2.79 0.98 0.46-2.07

36.9-46.4 78/108 2.19 1.32-3.64 1.76 0.68-4.52

46.5+ 48/107 1.38 0.80-2.38 1.91 0.60-6.02

P for linear trend 0.15 0.15
Linoleic acid

=57 51/108 1.0 1.0

5.8-7.7 77/108 1.49 0.94-2.36 1.52 0.94-2.45

7.8-10.9 51/108 0.94 0.58-1.55 0.95 0.57-1.59

11.0+ 38/107 0.71 0.42-1.20 0.69 0.39-1.19

P for linear trend 0.07 0.05
a-Linolenic acid

=0.8 34/108 1.0 1.0

0.9-1.1 53/108 1.61 0.95-2.71 1.26 0.64-2.46

1.2-1.4 69/108 2.19 1.31-3.64 2.23 1.01-4.94

1.5+ 61/107 1.91 1.12-3.25 3.91 1.50-10.1

P for linear trend 0.009 0.001
Animal Linolenic acid

=0.61 36/108 1.0 1.0

0.62-0.84 52/108 1.49 0.88-2.50 0.87 0.40-1.89

0.85-1.16 71/108 1.95 1.18-3.21 1.60 0.65-3.93

117+ 58/107 1.65 0.99-2.78 2.98 1.02-8.68

P for linear trend 0.03 0.007
Vegetable linolenic act

=0.07 51/107 1.0 1.0

0.08-0.10 52/109 1.22 0.73-2.03 1.25 0.71-2.18

0.11-0.15 56/108 1.57 0.91-2.72 1.74 0.94-3.25

0.16+ 58/107 1.59 0.91-2.79 2.03 1.01-4.07

P for linear trend 0.07 0.02

20R1, adjusted for age, residence, urban/rural status, education, body mass index, family history of prostate cancer in a first degree ref@tiveneaggt intake.
b OR2, further adjusted for saturated fat, monounsaturated fat, linoleic acid, linolenic acid, and vegetable and fruit intake.

°NA, not applicable.

d Further adjusted for each other.

results were similar to the initial model, which included terms tate cancer. Four of five previous epidemiological studies on
for age, residence, urban/rural status, family history of prostate a-linolenic acid and prostate cancer risk showed positive asso-
cancer in first degree relatives, body mass index, and total ciations (2, 9-12). Three of them yielded significant associa-
calorie intake. On the other hand, the introduction of terms for tions (2, 9, 12), and only the study of Anderssenal. (10)

linoleic acid, meat intake, and saturated fat resulted in an showed no association. Thus, including our results, five of six

increase in risk of prostate cancer associated witmolenic studies omx-linolenic acid and prostate cancer showed positive
acid (OR for the highest quartile of intake farlinolenic acid associations, suggesting the possibility thalinolenic acid
after further adjustment for linoleic acid and meat intake, 4.4; intake could enhance the risk of developing prostate carcinoma.
95% Cl, 1.6-11.6). Alternatively, a-linolenic acid could be a marker of a more
complex dietary pattern. At difference with the Giovannugtci
Discussion al. (2) study, our results suggest thatlinolenic acid from
According to the results of the present studylinolenic acid vegetable sources could be also a risk factor for prostate cancer.
was associated with a significant increase in risk of prostate Several mechanisms have been suggested to explain the

cancer after controlling for total energy intake and for other possible effect otx-linolenic acid in prostatic carcinogenesis.
types of fat. The association was strong and showed a signif- Among these, interference wittw&reductase and formation of
icant dose-response pattern. Furthermore, hdtholenic from free radicals from fatty acid oxidation have been suggested as
animal and vegetable sources displayed increased risks of prospossible pathways fag-linolenic carcinogenic effect (2, 9). In
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Table 3 ORs of prostate cancer according to different models

Model Covariates | I 1 [\
Linoleic
12 1.0 1.4 (0.9-2.3) 0.9 (0.5-1.5) 0.7 (0.4-1.2)
2 Model 1+ linolenic acid 1.4 (0.9-2.3) 0.9 (0.5-1.5) 0.6 (0.4-1.1)
3 Model 2 + saturated fat 1.5 (0.9-2.4) 0.9 (0.5-1.6) 0.7 (0.4-1.2)
4 Model 3+ monounsaturated fat 1.5(0.9-2.4) 0.9 (0.5-1.5) 0.6 (0.3-1.1)
5 Model 4 + red meat 1.4 (0.9-2.3) 0.9 (0.5-1.5) 0.6 (0.3-1.1)
a-linolenic
6 Same as model 1 1.0 1.6 (0.9-2.7) 2.1(1.3-3.6) 1.9 (1.1-3.2)
7 Model 6 + linoleic acid 1.6 (0.9-2.8) 2.1(1.2-3.5) 2.0(1.1-3.4)
8 Model 7 + saturated fat 1.3 (0.6-2.5) 2.5(1.1-5.4) 4.4(1.7-11.3)
9 Model 8 + monounsaturated fat 1.2 (0.6-2.4) 2.2 (1.0-4.9) 3.9(1.5-10.1)
10 Model 9+ red meat 1.3 (0.6-2.5) 2.3(1.0-5.2) 4.4 (1.6-11.6)

2 Adjusted for age, residence, urban/rural status, education, family history of prostate cancer in a first degree relative, body mass indegnargy ttizke.

fact, previous studies on fat intake and prostate cancer haverather strong effect of dietary-linolenic acid in prostate car-
supported either an effect of total fat or saturated fat intakes cinogenesis. Furthermore, this effect appears to exist for this
(13). Most of these analytical studies suffered from lack of essential fatty acid independently of its source of origin.
control of total energy intake, which is a rather severe limita-
tion. In our study, saturated fat intake displayed an inverse References
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