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Abstract

Background: Animal models suggest that n-3 fatty acids
inhibit prostate cancer proliferation, whereas n-6 fatty acids
promote it, but epidemiologic studies do not uniformly
support these findings.
Methods: A nested case-control study was conducted among
14,916 apparently healthy men who provided blood samples
in 1982. Blood fatty acid levels were determined for 476 men
diagnosed with prostate cancer during a 13-year follow-up
and their matched controls. Conditional logistic regression
was used to estimate the relative risks (RR) and 95%
confidence intervals (95% CI) of total, non-aggressive (stage
A/B and Gleason <7) and aggressive (stage C/D, Gleason z7,
subsequent distant metastasis or death) prostate cancer
associated with blood levels of specific fatty acids expressed
as percentages of total fatty acids.
Results: Whole blood levels of all long-chain n-3 fatty acids
examined and of linoleic acid were inversely related to

overall prostate cancer risk (RRQ5vs.Q1, 0.59; 95% CI, 0.38-0.93;
P trend = 0.01 for total long-chain n-3 fatty acids and RRQ5vs.Q1,
0.62; 95% CI, 0.41-0.95; Ptrend = 0.03 for linoleic). Blood levels
of ;-linolenic and dihomo-;-linolenic acids, fatty acids
resulting from the metabolism of linoleic acid, were directly
associated with prostate cancer (RR, 1.41; 95% CI, 0.94-2.12;
P trend = 0.05 for ;-linolenic and RR, 1.54; 95% CI, 1.03-2.30;
P trend = 0.02 for dihomo-;-linolenic acid). Levels of arach-
idonic and A-linolenic acids were unrelated to prostate
cancer.
Conclusions: Higher blood levels of long-chain n-3 fatty
acids, mainly found in marine foods, and of linoleic acid,
mainly found in non-hydrogenated vegetable oils, are
associated with a reduced risk of prostate cancer. The direct
associations of linoleic acid metabolites with prostate cancer
risk deserve further investigation. (Cancer Epidemiol Bio-
markers Prev 2007;16(7):1364–70)

Introduction

Prostate cancer is the most frequently diagnosed and second
most lethal malignancy among men in the United States (1).
Despite its high frequency, few potentially modifiable risk
factors have been identified (2), and their etiologic relevance is
still debated. Intake of dietary fatty acids is one of these
potentially modifiable factors. In vitro studies suggest that n-6
polyunsaturated fatty acids (PUFA) stimulate prostate cancer
growth, whereas n-3 fatty acids inhibit it (3). However,
epidemiologic studies have not uniformly supported these
findings, and some have reported significant associations in
the opposite direction suggested by animal and in vitro studies
(4). Thus, whether intake of n-3 and n-6 PUFA affects prostate
carcinogenesis in humans remains unclear.
In 1994, we reported the association between plasma levels

of fatty acids and prostate cancer risk among the participants
of the Physician’s Health Study (5). This report was based on
6 years of follow-up and included 120 incident prostate cancer
cases. In that study, a-linolenic acid (18:3n-3) was the only fatty
acid that was associated with an increased risk of prostate
cancer. Due to the small number of cases, it was not possible to
explore this association separately according to tumor charac-
teristics. In addition, only four major PUFA were determined
in the plasma samples. Here, we present analyses based on 476

incident cases accrued during 13 years of follow-up of
this cohort and explore in detail the association between
whole blood levels of different n-3 and n-6 PUFA and prostate
cancer risk.

Materials and Methods

Study Population. The Physician’s Health Study was a
randomized, double-blind, placebo-controlled trial evaluating
the effect of aspirin and h-carotene in the primary prevention
of heart disease and cancer among 22,071 U.S. male physicians,
aged 40 to 84 years in 1982. Men were excluded from the study
if they had a history of myocardial infraction, stroke, transient
ischemic attack, unstable angina, cancer (except non-melano-
ma skin cancer), renal or liver disease, peptic ulcer, gout, had a
contraindication to use aspirin or were users of aspirin,
platelet-active medications, or vitamin A supplements. The
aspirin component of the trial was terminated early in 1988
due to the benefits of aspirin on myocardial infraction (6). The
h-carotene component of the trial was terminated in 1995 (7).
Written informed consent was obtained from each participant,
and the study was approved by the Human Research
Committee at Brigham and Women’s Hospital.
Participants completed two mailed questionnaires before

randomization, where they provided information on several
lifestyle factors. Follow-up questionnaires were mailed at 6
and 12 months after randomization and yearly thereafter. In
the 6- and 12-month questionnaires, participants completed
abbreviated food frequency questionnaires with 19 and 16 non-
overlapping food items, respectively. These data are insuffi-
cient to estimate total caloric intake. Pre-randomization blood
specimens were obtained from 14,916 (68%) participants and
stored at �82jC (5). The current report is restricted to newly
diagnosed prostate cancer cases during the first 13 years of
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follow-up among the men who provided a baseline blood
sample. During this period, follow-up was more than 99%
complete for morbidity and 100% for mortality.

Selection of Cases and Controls. Whenever a participant
reported a diagnosis of prostate cancer, we requested hospital
records and pathology reports for review by study physicians
from the End Points Committee. Using the risk-set sampling
method, we selected a control subject for each confirmed case
among the men who had provided a blood sample, had not
had a partial or total prostatectomy, and had not reported
prostate cancer at the time of case diagnosis. Controls were
individually matched to cases by age (within 1 year for men
aged 55 years or younger and within 5 years for men older
than 55 years) and smoking status at baseline (current, former
or never). Of the 758 cases accrued through 1995, 505 had
enough blood for fatty acid levels determination. Case and
control subjects whose blood sample was received z6 days
after it was drawn were excluded from analyses, leaving 476
cases and their matched controls.

Medical Record Review. Medical records and pathology
reports were reviewed by study physicians to determine the
tumor stage and Gleason score at diagnosis. Stage was
recorded according to the modified Whitemore-Jewett classi-
fication scheme (8). Cases without pathologic staging were
classified as indeterminate stage unless there was clinical
evidence of distant metastases. We classified cases according
to their clinical aggressiveness. Non-aggressive cases were

defined as those with localized tumors (stage A or B) and
Gleason <7 at diagnosis. Cases were considered aggressive
when they presented as advanced disease (stage C or D) or
Gleason z7 at diagnosis or subsequently developed distant
metastases or died from prostate cancer.

Laboratory Analyses. Blinded samples from cases and their
matched controls were processed and analyzed together to
reduce any effect of inter-assay variability. Fatty acids were
extracted from whole blood into isopropanol and hexane
containing 50 mg of 2.6-di-tert-butyl-p-cresol as an antioxidant.
Fatty acids were transmethylated with methanol and sulfuric
acid, as previously described (9-11). After esterification, the
samples were evaporated, and the fatty acids were redissolved
in iso-octane and quantified by gas-liquid chromatography on
a fused silica capillary cis/trans column (SP2560, Supelco). Peak
retention times were identified by injecting known standards
(NuCheck Prep) and analyzed with the ChemStation A.08.03
software (Agilent Technologies). The fatty acid levels in each
sample were expressed as the percentage of total fatty acids.
Although we could not directly assess whether long-term
storage and freezing affected the fatty acid measurements,
n-3 and n-6 PUFA have moderately high reliability coefficients
(0.66 and 0.53, respectively) and minimal oxidation in serum
samples stored for up to 12 years at �80jC (12). Coefficients
of variation for all fatty acid peaks were measured by
analyzing quality control samples (indistinguishable from
other study samples) randomly distributed throughout the
study samples. The coefficients of variation for the fatty acids

Table 1. Baseline characteristics of prostate cancer cases and control subjects

Cases (n = 476) Controls (n = 476) P*

Age, y
c

58 [53-64] 58 [53-63] Matched
Length of follow-up, y

c
9 [7-11] —

Disease status at diagnosis, %
Localized (stage A or B) 61 —
Advanced (stage C or D) 23 —
Undetermined 16 —

Tumor grade at diagnosis, %
Gleason < 7 51 —
Gleason z 7 27 —
Undetermined 22 —

Date of diagnosis, %
Before October 1, 1990 33 —
On or after October 1, 1990 67 —

Smoking status, % Matched
Current 8 8
Former 42 42

White/Caucasian, % 95 93 0.49
Height, m

c
1.78 [1.75-1.83] 1.78 [1.73-1.83] 0.14

Body mass index, kg/m2c 24.4 [23.1-25.8] 24.2 [22.8-25.8] 0.15
Regular multivitamin use, % 21 24 0.45
Vigorous exercise twice per week or more, % 58 55 0.40
Alcohol use once per day or more, % 32 30 0.48
Whole milk once per day or more, % 7 8 0.71
Low-fat milk once per day or more, % 27 23 0.15
Treatment assignment 0.40
Placebo alone 23 28
Aspirin alone 26 26
h-Carotene alone 26 25
Aspirin and h-carotene 25 22

Blood fatty acids, % total fatty acids
c

Linoleic (18:2n-6) 24.9 [22.7-26.9] 25.3 [23.3-27.2] 0.04
g-Linolenic (18:3n-6) 0.27 [0.21-0.35] 0.26 [0.21-0.33] 0.09
Dihomo-g-linolenic (20:3n-6) 1.40 [1.24-1.61] 1.36 [1.22-1.53] 0.02
Arachidonic (20:4n-6) 10.2 [9.01-11.2] 10.1 [9.00-11.2] 0.80
a-Linolenic (18:3n-3) 0.36 [0.29-0.45] 0.35 [0.29-0.43] 0.30
Eicosapentaenoic (20:5n-3) 1.74 [1.48-2.01] 1.79 [1.52-2.06] 0.06
Docosapentaenoic (22:5n-3) 0.94 [0.84-1.06] 0.97 [0.86-1.09] 0.01
Docosahexaenoic (22:6n-3) 2.18 [1.81-2.61] 2.19 [1.82-2.78] 0.26
Long-chain n-3 4.86 [4.25-5.51] 4.96 [4.30-5.74] 0.06

*P values were computed using the Wilcoxon rank-sum test for continuous variables and the m2 test for categorical variables.
cValues expressed as median [25th-75th percentile].
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of interest were 2.12% for linoleic acid (18:2n-6), 3.58% for
g-linolenic acid (18:3n-6), 0.95% for dihomo-g-linolenic acid
(20:3n-6), 1.70% for arachidonic acid (20:4n-6), 2.99% for
a-linolenic acid (18:3n-3), 6.50% for eicosapentaenoic acid
(20:5n-3), 3.30% for docosapentaenoic acid (22:5n-3), and 2.65%
for docosahexaenoic acid (22:6n-3). For each participant, we
took the sum of the peaks for 20:5n-3, 22:5n-3, and 22:6n-3 to
estimate the total long-chain n-3 fatty acid level. In addition,
we divided each participant’s blood levels of 18:2n-6 by their
18:3n-3 levels and the levels of 20:4n-6 by those of 20:5n-3 to
estimate the ratio of n-6 to n-3 fatty acids of the same carbon
chain length.

Statistical Analyses. We calculated median values and
proportions of the baseline characteristics of case and control
subjects. To evaluate whether these characteristics differed
between cases and controls, categorical variables were tested
using the m2 test, and continuous variables were tested using
the Wilcoxon rank-sum test. To characterize the associations
between the blood levels of different PUFA, expressed as
percentage of total fatty acids, we calculated Spearman rank-
correlation coefficients between these fatty acids among the
controls.
To estimate the association between blood levels of PUFA

and prostate cancer, we first divided cases and controls into
five groups according to quintiles of fatty acid levels among
the controls. Then, we used logistic regression models
conditioned on the matching variables to estimate the relative
risk (RR) of prostate cancer in a given quintile of fatty acid
level in relation to the lowest quintile. We considered the
potential confounding effects of baseline characteristics by
adding to the initial model terms for variables associated with
prostate cancer and fatty acid levels at P < 0.20 and evaluating
whether adding these variables changed the initial fatty acid
estimates by more than 10%. None of the variables evaluated
(height, body mass index, and intake of low-fat milk) changed
the initial fatty acids estimates substantially; therefore, further
adjustment for these variables was not done. Given that all of
the n-6 fatty acids evaluated can be metabolically derived from
18:2n-6, and all the n-3 fatty acids can be derived from 18:3n-3,
and that trans fats share common food sources with 18:2n-6
and 18:3n-3 and can inhibit the enzymes in the metabolism of
these fatty acids, we did additional analysis controlling for the
blood levels of these three fatty acids.
We assessed the possibility that the association between

18:3n-3 levels and prostate cancer might differ by levels of
18:2n-6 by introducing cross-product terms between 18:3n-3
levels, as a linear term, and an indicator of low (lowest tertile)
18:2n-6 blood levels. We similarly assessed the possibility that
the association between 20:4n-6 and prostate cancer would be
modified by 20:5n-3, and that the association of long-chain
PUFA would be modified by randomized aspirin assignment
given that aspirin affects the cyclooxygenase metabolism of
these fatty acids. Lastly, we refitted the regression models in
subgroups defined by tumor stage, grade, aggressiveness, and
by diagnosis before (through September 30, 1990) or after

(since October 1, 1990) the widespread use of prostate-specific
antigen screening. Tests for linear trend were conducted in all
models by using the median fatty acid levels in each quintile as
a continuous variable. All statistical analyses were done using
SAS, version 9.1 (SAS Institute). Results were considered to be
statistically significant when P < 0.05 (two tailed).

Results

At baseline, subjects who later developed prostate cancer
had higher blood levels of 20:3n-6 than controls, whereas
controls had higher blood levels of 18:2n-6, 20:5n-3, and
22:5n-3 (Table 1). The blood levels of 20:4n-6, 20:5n-3, and
22:5n-3 were slightly higher among men who provided fasting
samples (z8 h since last meal) than for men with non-fasting
samples. The median blood levels for non-fasting versus
fasting samples were 9.98 and 10.5 for 20:4n-6, 1.74 and 1.87
for 20:5n-3, and 0.94 and 0.99 for 22:5n-3. There were no
significant differences in the blood levels of the remaining fatty
acids according to fasting status or for any fatty acid according
to the time since blood draw and receipt of the blood sample.
There were multiple correlations (Table 2) between the

blood levels of individual PUFA (Fig. 1). Among n-6 fatty
acids, 18:2n-6 levels were inversely related to the levels of fatty
acids resulting from its desaturation and elongation; levels of

Table 2. Spearman correlation coefficients between levels of whole blood n-3 and n-6 fatty acids among the controls
(n = 476)

18:3n-6 20:3n-6 20:4n-6 18:3n-3 20:5n-3 22:5n-3 22:6n-3 Trans fats

18:2n-6 �0.33 �0.14 �0.15 0.23 �0.08 �0.10 0.08 0.01
18:3n-6 0.26 0.23 0.01 �0.08 �0.09 �0.22 �0.12
20:3n-6 0.01 �0.19 0.04 0.07 �0.12 �0.09
20:4n-6 �0.46 0.32 0.44 0.23 �0.38
18:3n-3 �0.21 �0.21 �0.08 0.21
20:5n-3 0.63 0.60 �0.36
22:5n-3 0.50 �0.29
22:6n-3 �0.32
NOTE: With this sample size, P < 0.05 for all r z |0.13|.

Figure 1. Major metabolic pathways of n-3 and n-6 PUFA.
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18:3n-6 were positively related to levels of 20:3n-6 and 20:4n-6;
and levels of 20:3n-6 and 20:4n-6 were not correlated with each
other. For n-3 fatty acids, levels of 18:3n-3 were inversely
related to the levels of 20:5n-3 and 22:5n-3 and unrelated to
22:6n-3, whereas all long-chain n-3 fatty acids were positively
correlated with each other. There were some correlations
between n-3 and n-6 fatty acids. Of note, 18:2n-6 and 18:3n-3
levels were positively correlated, and 20:4n-6 levels were
positively related to all long-chain n-3 fatty acids but inversely
related to 18:3n-3 levels. Trans fatty acid levels were positively
related to 18:3n-3 levels and inversely related to blood levels of
20:4n-6 and long-chain n-3 fatty acids (Table 2).
There was an inverse association between blood levels of

18:2n-6 and overall prostate cancer risk (Table 3): Men in the
highest quintile had a 38% lower risk of prostate cancer
compared with men in the lowest quintile (P trend = 0.03).
Conversely, blood levels of 18:3n-6 and 20:3n-6s, both
metabolites of 18:2n-6, were positively related to prostate

cancer risk. The RR comparing extreme quintiles of these
fatty acid levels was 1.41 [95% confidence interval (95% CI),
0.94-2.12; P trend = 0.05] for 18:3n-6 and 1.54 (95% CI, 1.03-2.30;
P trend = 0.02) for 20:3n-6. Blood levels of 20:4n-6 were unrelated
to overall risk of prostate cancer. Among the n-3 fatty acids,
blood levels of 18:3n-3 were unrelated to overall risk of prostate
cancer, whereas levels of each of the long-chain n-3 fatty acids,
as well as their sum, were associated with about 40% lower risk
of prostate cancer. The strongest associations were for blood
levels of 20:5n-3 and 22:5n-3 where men in the highest quintile
of these fatty acids had a 43% (P = 0.02) and 40% (P = 0.01)
lower risk of prostate cancer, respectively, when compared
with men in the lowest quintile. Additional adjustment for
fasting status, blood levels of trans fatty acids and the metabolic
precursor fatty acids did not change these results (data not
shown). Furthermore, there was no evidence that the associ-
ations between 20:4n-6, 20:5n-3, and 22:5n-3 and prostate
cancer risk differed by fasting status (P > 0.05 in all cases).

Table 3. RR (95% CI) for prostate cancer by control quintiles of whole blood fatty acid levels

Quintile of fatty acid level P trend*

1 (reference) 2 3 4 5

n-6 Fatty acids
Linoleic (18:2n-6)
Concentration, % 21.4 23.7 25.3 26.7 28.8
Cases/controls 121/96 94/96 99/96 85/94 77/94
Adjusted RR

c
1.00 0.73 (0.49-1.11) 0.77 (0.52-1.16) 0.68 (0.45-1.03) 0.62 (0.41-0.95) 0.03

g-Linolenic (18:3n-6)
Concentration, % 0.15 0.22 0.26 0.32 0.40
Cases/controls 88/94 79/97 94/95 92/95 123/95
Adjusted RR

c
1.00 0.87 (0.57-1.33) 1.05 (0.69-1.60) 1.04 (0.68-1.57) 1.41 (0.94-2.12) 0.05

Dihomo-g-linolenic (20:3n-6)
Concentration, % 1.07 1.24 1.36 1.49 1.75
Cases/controls 83/94 89/94 81/95 93/96 130/97
Adjusted RR

c
1.00 1.06 (0.70-1.60) 0.97 (0.63-1.49) 1.11 (0.74-1.66) 1.54 (1.03-2.30) 0.02

Arachidonic (20:4n-6)
Concentration, % 7.9 9.3 10.1 10.9 12.3
Cases/controls 90/96 110/96 93/95 86/94 97/95
Adjusted RR

c
1.00 1.22 (0.82-1.81) 1.05 (0.70-1.57) 0.98 (0.66-1.46) 1.09 (0.72-1.64) 0.98

n-3 Fatty acids
a-Linolenic (18:3n-3)
Concentration, % 0.24 0.30 0.35 0.41 0.54
Cases/controls 83/97 97/96 98/94 90/95 108/94
Adjusted RR

c
1.00 1.17 (0.78-1.75) 1.19 (0.81-1.76) 1.10 (0.73-1.65) 1.31 (0.89-1.95) 0.24

Eicosapentaenoic (20:5n-3)
Concentration, % 1.28 1.58 1.79 1.99 2.36
Cases/controls 109/95 106/96 96/95 96/97 69/93
Adjusted RR

c
1.00 0.93 (0.62-1.38) 0.83 (0.54-1.25) 0.77 (0.49-1.21) 0.57 (0.36-0.92) 0.02

Docosapentaenoic (22:5n-3)
Concentration, % 0.77 0.88 0.97 1.06 1.19
Cases/controls 114/96 106/94 103/96 79/94 74/96
Adjusted RR

c
1.00 0.93 (0.63-1.37) 0.88 (0.59-1.30) 0.68 (0.45-1.02) 0.60 (0.38-0.93) 0.01

Docosahexaenoic (22:6n-3)
Concentration, % 1.42 1.89 2.19 2.65 3.37
Cases/controls 100/95 82/94 119/95 116/97 59/95
Adjusted RR

c
1.00 0.85 (0.57-1.28) 1.22 (0.81-1.84) 1.14 (0.76-1.71) 0.60 (0.39-0.93) 0.07

Long-chain n-3
b

Concentration, % 3.66 4.44 4.94 5.57 6.70
Cases/controls 107/95 105/95 112/94 84/98 68/94
Adjusted RR

c
1.00 0.97 (0.66-1.44) 1.02 (0.67-1.54) 0.74 (0.49-1.13) 0.59 (0.38-0.93) 0.01

n-6/n-3 ratios
Linoleic/a-linolenic
Ratio 45.8 62.0 70.8 82.8 103.7
Cases/controls 111/96 107/93 99/94 71/97 88/96
Adjusted RR

c
1.00 1.01 (0.67-1.52) 0.91 (0.62-1.33) 0.61 (0.40-0.94) 0.80 (0.54-1.19) 0.08

Arachidonic/eicosapentaenoic
Ratio 4.18 5.08 5.66 6.42 7.64
Cases/controls 80/94 86/97 99/95 116/96 95/94
Adjusted RR

c
1.00 1.06 (0.69-1.63) 1.26 (0.83-1.91) 1.52 (0.98-2.37) 1.30 (0.80-2.11) 0.14

*Calculated with median fatty acid concentration in each quintile as a continuous variable.
cAdjusted for matching factors (age, smoking status at baseline, and length of follow-up).
bEicosapentaenoic acid + Docosapentaenoic acid + Docosahexaenoic acid.
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We assessed whether the ratio of n-6 to n-3 fatty acids of the
same carbon chain length that might compete for key enzymes
in their metabolic pathways (Fig. 1) was related to prostate
cancer risk (Table 3). Men in the fourth quintile of the ratio of
18:2n-6 to 18:3n-3 levels in blood had a 39% lower risk of
prostate cancer than men in the lowest quintile (P = 0.02).
However, tests of interaction as to whether the association
between 18:3n-3 and prostate cancer might differ by levels of
18:2n-6 and vice versa were not significant (P interaction = 0.17
and 0.55, respectively). The ratio of 20:4n-6 to 20:5n-3 levels
in blood was unrelated to prostate cancer risk. Tests for
interaction as to whether the association between 20:4n-6 and
prostate cancer might differ by levels of 20:5n-3 and vice versa
were not significant either (P interaction = 0.61 and 0.34,
respectively). We also found no evidence of interaction
between aspirin assignment and blood levels of long-chain
PUFA (20:4n-6, 20:5n-3, 22:5n-3, and 22:6n-3) in relation to
prostate cancer risk.
To assess whether blood fatty acid levels might be influenced

by preclinical cancer, we then divided the analyses by date of
diagnosis. Blood levels of 18:2n-6 and all the long-chain n-3
fatty acids were related to prostate cancer cases occurring later
in the follow-up but not to cases occurring during the first
8 years of the study, whereas the converse was true for blood

levels of 18:3n-6 and 20:3n-6. The RRQ5vs.Q1 of prostate cancer
occurring early and late during follow-up were 0.53 (95% CI,
0.26-1.10; P trend = 0.20) and 0.61 (95% CI, 0.37-1.03; P trend = 0.04)
for 18:2n-6, 0.80 (95% CI, 0.36-1.79; P trend = 0.42) and 0.52 (95%
CI, 0.30-0.91; P trend = 0.008) for total long-chain n-3, 1.66 (95%
CI, 0.75-3.71; P trend = 0.06) and 1.40 (95% CI, 0.86-2.28; P trend =
0.23) for 18:3n-6, and 2.09 (95% CI, 0.98-4.49; P trend = 0.04) and
1.37 (95% CI, 0.85-2.21; P trend = 0.15) for 20:3n-6.
Lastly, we examined whether the associations between

blood levels of individual PUFA differed by tumor stage,
grade, or clinical aggressiveness (Table 4). Blood levels of
18:2n-6 and 18:3n-6 seemed to be stronger for localized, high-
grade tumors with a clinically aggressive behavior. The
association of 18:2n-6 with high-grade and aggressive tumors
became stronger after adjustment for 18:3n-3 and trans fatty
acids (data not shown). In contrast, blood levels of 20:3-6 were
positively associated to prostate cancer risk regardless of
tumor stage, grade, or aggressiveness. Blood levels of 20:4n-6
were positively related to advanced tumors. This association
became nonsignificant after adjustment for trans fatty acids
(P trend = 0.16). Among the n-3 fatty acids, there was a positive
association between 18:3n-3 levels in blood and risk of
localized tumors that disappeared after adjusting for levels
of trans fatty acids (P trend = 0.11). Blood levels long-chain n-3

Table 4. Adjusted RR of prostate cancer comparing top to bottom quintiles of blood fatty acid levels according to tumor
characteristics

Fatty acid Localized tumors-stage A/B (n = 289 cases) Advanced tumors-stage C/D (n = 108 cases)

RR* (95% CI) P trend
c

RR* (95% CI) P trend
c

Tumor stage
Linoleic (18:2n-6) 0.55 (0.32-0.94) 0.04 0.67 (0.28-1.58) 0.55
g-Linolenic (18:3n-6) 1.74 (1.00-3.02) 0.01 1.01 (0.43-2.35) 0.88
Dihomo-g-linolenic (20:3n-6) 1.63 (0.98-2.72) 0.08 2.25 (0.92-5.50) 0.01
Arachidonic (20:4n-6) 0.68 (0.40-1.15) 0.10 2.45 (1.02-5.90) 0.08
a-Linolenic (18:3n-3) 1.66 (1.02-2.71) 0.05 1.04 (0.45-2.38) 0.75
Eicosapentaenoic (20:5n-3) 0.46 (0.24-0.86) 0.02 1.27 (0.49-3.29) 0.77
Docosapentaenoic (22:5n-3) 0.46 (0.26-0.83) 0.003 0.72 (0.30-1.73) 0.46
Docosahexaenoic (22:6n-3) 0.53 (0.30-0.94) 0.02 0.98 (0.39-2.50) 0.92
Long-chain n-3b 0.52 (0.28-0.94) 0.004 1.03 (0.41-2.63) 0.87

Fatty acid Gleason < 7 (n = 244 cases) Gleason z 7 (n = 130 cases)

RR* (95% CI) P trend
c

RR* (95% CI) P trend
c

Tumor grade
Linoleic (18:2n-6) 0.79 (0.44-1.43) 0.55 0.38 (0.17-0.86) 0.02
g-Linolenic (18:3n-6) 0.87 (0.48-1.57) 0.93 3.44 (1.51-7.86) 0.01
Dihomo-g-linolenic (20:3n-6) 1.47 (0.85-2.54) 0.18 1.48 (0.68-3.22) 0.24
Arachidonic (20:4n-6) 0.98 (0.55-1.74) 0.87 1.43 (0.61-3.32) 0.73
a-Linolenic (18:3n-3) 1.56 (0.90-2.71) 0.30 1.49 (0.67-3.27) 0.29
Eicosapentaenoic (20:5n-3) 0.57 (0.28-1.11) 0.07 0.42 (0.15-1.14) 0.07
Docosapentaenoic (22:5n-3) 0.72 (0.39-1.32) 0.21 0.30 (0.12-0.80) 0.008
Docosahexaenoic (22:6n-3) 0.64 (0.35-1.17) 0.26 0.53 (0.21-1.31) 0.40
Long-chain n-3

b
0.58 (0.31-1.10) 0.08 0.63 (0.26-1.55) 0.18

Fatty acid Non-aggressive tumors (n = 209 cases) Aggressive tumors (n = 221 cases)

RR* (95% CI) P trend
c

RR* (95% CI) P trend
c

Tumor aggressiveness
Linoleic (18:2n-6) 0.61 (0.33-1.16) 0.14 0.52 (0.28-0.95) 0.06
g-Linolenic (18:3n-6) 1.12 (0.60-2.09) 0.19 2.09 (1.14-3.83) 0.04
Dihomo-g-linolenic (20:3n-6) 1.86 (1.00-3.46) 0.05 1.55 (0.86-2.78) 0.08
Arachidonic (20:4n-6) 0.83 (0.45-1.54) 0.41 1.25 (0.69-2.28) 0.59
a-Linolenic (18:3n-3) 1.73 (0.98-3.07) 0.09 1.14 (0.64-2.03) 0.84
Eicosapentaenoic (20:5n-3) 0.58 (0.28-1.17) 0.15 0.61 (0.30-1.25) 0.09
Docosapentaenoic (22:5n-3) 0.62 (0.32-1.21) 0.13 0.42 (0.21-0.83) 0.004
Docosahexaenoic (22:6n-3) 0.64 (0.33-1.24) 0.20 0.53 (0.26-1.05) 0.16
Long-chain n-3

b
0.61 (0.31-1.20) 0.10 0.56 (0.27-1.13) 0.03

NOTE: Adjusted for matching factors (age, smoking status at baseline, and length of follow-up).
*For men in the highest quintile of the specific fatty acid in comparison to men in the lowest quintile.
cCalculated with median fatty acid concentration in each quintile as a continuous variable.
bEicosapentaenoic acid + docosapentaenoic acid + docosahexaenoic acid.
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fatty acids, particularly of 20:5n-3 and 22:5n-3, seemed to be
more strongly related to a lower risk of localized, high-grade
tumors with a clinically aggressive behavior. The associations
of n-3 long-chain fatty acids with high-grade and aggressive
tumors became stronger after adjustment for 18:2n-6, 18:3n-3,
and trans fatty acids (data not shown). Formally testing
whether the associations between these fatty acids and
prostate cancer differed by tumor aggressiveness, however,
did not reveal statistically significant differences (P > 0.05 in
all cases).

Discussion

In this prospective examination, we found that higher levels of
long-chain n-3 fatty acids and 18:2n-6 were associated with a
decreased risk of prostate cancer, whereas higher levels of
some fatty acids resulting from the desaturation and elonga-
tion of 18:2n-6 were associated with an increased risk of
prostate cancer. For 18:2n-6 and long-chain n-3 fatty acids,
these associations were present even among cases diagnosed
8 to 15 years after the blood samples were collected.
Furthermore, blood levels of 18:2n-6, 20:5n-3, and 22:5n-3s
seemed to be more strongly related to clinically aggressive
tumors.
Levels of PUFA in whole blood are suitable biomarkers of

fatty acid intake, in particular for fatty acids that are not
endogenously synthesized (11). Baylin et al. found reasonably
high correlations between dietary intake of several fatty acids
and their levels in whole blood. The correlations were 0.43 for
18:2n-6, 0.38 for 18:3n-3, 0.22 for 20:5n-3, and 0.23 for 22:6n-3
(11). However, blood levels of 18:3n-6, 20:3n-6, and 20:4n-6
were unrelated to dietary intake of these fatty acids, and the
correlation between 18:2n-6 intake and blood levels of 20:4n-6
was negligible (11). Therefore, in interpreting our results,
blood levels of 18:2n-6 and the n-3 fatty acids examined can be
regarded as markers of intake, whereas levels of the remaining
n-6 fatty acids are likely to represent the activity of enzymes
participating in the desaturation and elongation of 18:2n-6, not
diet. Whole blood fatty acid levels are highly correlated with
plasma and adipose tissue levels of the corresponding fatty
acid (11). Thus, our results can be readily compared with
previous studies using other biological specimens as bio-
markers of fatty acid intake.
Some of our findings, in particular the inverse relation

between 18:2n-6 levels and prostate cancer risk, in contrast to
what would be expected from animal and in vitro studies. In
general, these studies have found that 18:2n-6 promotes
prostate cancer growth (3, 13-15). However, results from
epidemiologic studies do not support the notion that 18:2n-6
intake increases prostate cancer risk (16, 17). Most investiga-
tions have yielded null findings (5, 16, 18-25), with fewer
studies reporting statistically significant positive (26, 27) or
inverse associations (4, 28, 29) between 18:2n-6 and prostate
cancer risk. In previous studies where tissue levels of 18:2n-6
have been related to prostate cancer risk, those where tissues
were collected after cancer diagnosis have reported positive
associations with prostate cancer (26, 27), whereas prospective
studies have yielded inverse associations (4, 5, 19), albeit not
always statistically significant. This difference should be
carefully considered because some authors have documented
altered metabolism of other n-6 fatty acids in prostate cancer
tissue (30), and whether prostate cancer causes systemic
alterations in n-6 fatty acid metabolism is unknown. This
should also be considered as a potential explanation for our
findings regarding 18:3n-6 and 20:3n-6 as blood levels of these
fatty acids were only associated with prostate cancer risk
during early years of follow-up.
We found that blood 18:2n-6 levels were inversely related to

the risk of aggressive tumors. This result is in agreement with

our previous report of a weak (although not statistically
significant) inverse relation between plasma 18:2n-6 levels and
prostate cancer risk (5), given that in that study, most of the
cases had advanced disease at diagnosis. Only two prospective
studies, both using food frequency questionnaires to assess
18:2n-6 intake, have explored this association separately for
organ confined and advanced tumors; and in both cases, these
associations were null (18, 20). Neither of the previous
prospective studies using biomarkers of 18:2n-6 intake
reported their results separately by tumor aggressiveness,
but their findings are consistent with ours (4, 19).
Another finding that is apparently not consistent with

animal and in vitro studies is that for 18:3n-3 that we found not
to be associated with prostate cancer risk overall and when
examined by most tumor characteristics. The exception was a
positive association with localized tumors that disappeared
after adjustment for trans fatty acids. It has traditionally been
assumed that 18:3n-3 would decrease prostate cancer risk. This
idea is based on the observation that long-chain n-3 fatty acids
inhibit prostate cancer proliferation (3, 14) and the fact that
long-chain n-3 fatty acids can be metabolically derived from
18:3n-3 (31). However, several studies have shown that the
conversion of 18:3n-3 into long-chain n-3 is minimal (32-35). In
addition, animal studies that have evaluated the role of 18:3n-3
on prostate carcinogenesis have failed to document antiproli-
ferative effects (14) and, in some cases, have actually
documented tumor promoting effects (15). Our results contrast
with those based on the first 6 years of follow-up from this
cohort (5) and with a growing body of literature suggesting a
positive association between 18:3n-3 intake and risk of prostate
cancer overall (19, 21, 25, 27) and clinically aggressive tumors
in particular (18). However, only one of these studies has
considered the potential of confounding by trans fatty acids
(18) that share common food sources with 18:3n-3 and can
inhibit the activity of the enzymes metabolizing this fatty acid.
Levels of the three long-chain n-3 fatty acids examined were

inversely related with reduced risk of prostate cancer overall
and seemed to be more strongly related with localized, high-
grade, aggressive tumors. The strongest association observed
was that of 22:5n-3 and aggressive and high-grade prostate
tumors. Long-chain n-3 fatty acids share common food
sources, mainly fish and seafood (36). In addition, 22:5n-3 is
a product of the conversion of 20:5n-3 into 22:6n-3 and of
retroconversion in the same metabolic pathway (31). Thus, our
results are consistent with previous studies of prostate cancer
and long-chain n-3 fatty acids (mainly 20:5n-3 and 22:6n-3) or
fish intake (18, 25, 37-40), although several others found no
association (4, 5, 19, 20, 26, 27). Our findings are also in
agreement with various animal models of prostate cancer,
which suggest tumor growth inhibition by long-chain n-3 fatty
acids (3, 14, 15, 41). Although elucidating whether there are
different cancer preventive benefits of each of these fatty acids
may be of scientific interest, it may not have important
practical implications due the considerations presented above.
High levels of 18:3n-6 were associated with an increased risk

of aggressive prostate cancer, whereas high levels of 20:3n-6
were more strongly related to non-aggressive tumors. We are
not aware of previous studies examining the association
between levels of these fatty acids and prostate cancer risk in
humans. We did not observe an association between blood
levels of 20:4n-6 and prostate cancer overall or by tumor
characteristics, in agreement with previous epidemiologic
studies (5, 19, 25, 27). Because whole blood levels of 18:3n-6,
20:3n-6, and 20:4n-6 are minimally dependent on diet, future
studies could explore whether genetic variation in the enzymes
involved in this metabolic pathway may affect differences in
tissue levels of the resulting fatty acids and prostate cancer
risk.
Our study has several strengths. First, blood samples were

collected before prostate cancer diagnosis, in some cases,
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several years in advance. In addition, the associations of 18:2n-
6 and n-3 fatty acids with prostate cancer observed among the
entire study group were also present among men diagnosed
8 to 15 years after blood was collected. Thus, the possibility
that metabolic disturbances caused by disease affected these
results is minimal in our study. The prospective design and
high follow-up rates of the study decrease the possibility that
our findings could be result of a bias. The large number of
cases allowed us to examine these associations with greater
statistical power than had been possible before for total, non-
aggressive, and aggressive prostate cancer. The most impor-
tant limitation of our study is the possibility that residual
and unmeasured factor associated with blood fatty acid levels
may be responsible for the observed associations because our
study is observational. Nevertheless, we evaluated a number
of variables as potential confounders and found that adjusting
for the few variables associated with fatty acid levels and
prostate cancer had minimal effect on most of the results.
Although multiple statistical tests could be another potential
limitation of this study, all these analyses were based on
our priori hypotheses and therefore biologically justifiable.
Lastly, although our study was adequately powered to detect
moderate associations with overall prostate cancer, larger
studies will be required to evaluate whether the associations
between specific fatty acid levels in blood and prostate cancer
differ by tumor characteristics as our findings suggest but
could not confirm.
In summary, the relationship between PUFA and prostate

cancer may be more complex than that suggested by animal
models. Our data suggest that intake of PUFA is unlikely to
increase prostate cancer risk, and some of them, particularly
linoleic and long-chain n-3 fatty acids, may actually decrease
the risk of developing clinically aggressive prostate tumors.
Because intake of polyunsaturated fats may help prevent other
common chronic diseases, notably heart disease and diabetes
(42-44), our findings, if confirmed by other studies, may have a
broader implication in chronic disease prevention.
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