
ORIGINAL REPORTS: GLOBAL HEALTH

THE ASSOCIATION OF PLASMA FATTY ACIDS WITH PROSTATE CANCER RISK

IN NIGERIANS

Flora A. Ukoli, MBBS; Philip N. Akumabor, MBBS;
Temple C. Oguike, MBBS; Lemuel L. Dent, MD;

Derrick Beech, MD; Usifo Osime, MBBS

Purpose: To investigate the role of fatty acids

(FAs) in prostate cancer (PCa) risk in Nigeria, a

country in transition to westernized diet high

in animal fats, and currently experiencing

rising rates of prostate cancer.

Methods: Men $40 years were recruited from

surgery/urology clinics, University of Benin

Teaching Hospital and from 2 rural and 2

urban communities. Personal information,

urological symptom history and anthropo-

metrics were recorded, digital rectal examina-

tion performed, and 30 mLs of fasting blood

collected for prostatic specific antigen and fatty

acid (FA) analysis. Odds ratio (OR) of PCa risk

was determined by unconditional logistic

regression with the plasma FA 1st quartile as

reference, controlling for age, education,

waist-to-hip ratio, and family history.

Results: Mean ages for 66 (22.6%) cases and

226 (77.4%) controls were 71.9611.47 and

56.7612.69 years, P,.001, and median (25th,

75th percentile) fasting plasma FA were 2,447

(2,087, 3,024) and 2,373 (2,014, 2,751) mg/mL,

respectively. PCa risk trend was observed

for total v-6 FA, adjusted ORQ3vs.Q1 2.33

(95%CI,0.77–7.07), P,0.05. Unadjusted

ORQ4vs.Q1 for behenic and nervonic acids were

2.79 (95%CI,1.27–6.10) and 2.40 (95%

CI,1.19–4.85), and unadjusted ORQ2vs.Q1 for

erucic and arachidonic acids were 4.20

(95%CI,1.79–9.82) and 3.81 (95%CI,1.50–

9.70) respectively. Unadjusted ORQ2vs.Q1 for

v-3 FAs eicosapentaenoic (EPA) and docosa-

pentaenoic (DPA) were 0.39 (95%CI, 0.18–

0.85) and 0.79 (95%CI, 0.35–1.79) respectively.

Conclusions: In this population with high total

plasma v-3, we observed modest positive PCa

risk trend with total plasma v-6 (2.3), inverse risk

reduction with EPA (0.4), and strong positive risk

associations with behenic (2.8), erucic (4.2), and

nervonic (2.4) acids. Total plasma v-6 is highest

in the educated high-income group. These

findings should be confirmed in a larger study

because of the potential serious implication of

dietary transition particularly in a region desig-

nated as low-incidence for PCa. (Ethn

Dis.2009;19:454–461)
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INTRODUCTION

The incidence of prostate cancer
(PCa) varies widely across the world.
African ancestry, increasing age, and
family history are recognized significant
risk factors.1–3 Based on global age-
standardized PCa incidence data, Sub-
Saharan Africa is designated low-inci-
dence, less than 24.5 per 100,000
inhabitants.4 Without routine screening
in Nigeria, PCa diagnosis is on the rise,
becoming the most diagnosed male
cancer.5,6 Comparative studies of Afri-
can-Americans in Washington, DC and
Nigerian men in Ibadan demonstrated
similar incidence of latent PCa, al-
though African-Americans recorded
10-fold higher incidence of clinical
PCa.7 Growth and differentiation of
the prostate is under androgen control,
and differences in estrogen and andro-
gen metabolites and urinary steroid
levels observed between healthy Africans
and African-Americans were reported to
depend on their respective diets, which
could explain disparate PCa rates.8,9 A
possible ecological link between PCa
and diet was originally based on
international differences in PCa mortal-
ity rates and national average dietary
fat.10 The role of diet in PCa etiology

has been reported in numerous studies

including a multicenter study of dietary

factors that demonstrated that 10–15%

of the ethnical differences in PCa

incidence were accounted for by the

differences in saturated fat intake,11 and

that diets rich in red meats and fat from

animal sources are associated with

increased PCa risk.12–14 Recent increase

in PCa incidence among Nigerians has

been attributed to improved diagnosis,

transition to a more westernized diet

high in meat and animal fat, and the

increase in the number of older men at

risk for PCa resulting from increased

longevity.6,15 Most case-control studies

associated high intakes of animal fat and

saturated FAs with increased PCa risk

based on dietary assessments using food-

frequency questionnaires (FFQ), while a

few reported objective biomarker infor-

mation that did not rely on the

precision of food composition databas-

es, accuracy of self-reports or the

appropriateness of FFQ items.16,17

The plasma phospholipids sub-fraction

better reflects type of dietary fat eat-
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en,18–20 and fasting plasma concentra-

tion reflects usual essential FA intake.21

We examined PCa risk association of

plasma FAs by estimating odds ratio

(OR) across quartiles of total, sub-group

totals, and individual fasting plasma FA

concentrations among Nigerians in a

case-control design.

METHODS

Study Population
Apparently healthy men aged $40

years were recruited house-to-house in

two rural and two urban communities of

Edo and Delta states of southern Nigeria.

Men presenting with prostate-related

symptoms at the surgery/urology clinics,

University of Benin Teaching Hospital

(UBTH), Benin-City, were also recruit-

ed. Participants signed appropriately

administered informed consent. Cases

were histologically diagnosed with PCa

and controls had normal prostate on

digital rectal examination (DRE) and

serum prostate specific antigen (PSA)

,4 ng/mL. Trained and certified re-

search assistants collected demographic

and urology history information, FFQ

diet assessment by interview, and anthro-

pometric measurements (height, weight,

waist, hip, mid-arm circumference, bi-

ceps, triceps, and sub-scapular skin-fold

thickness) using standard protocols with

participants wearing light clothing and

without shoes. Participants were instruct-

ed to eat dinner before 9:00 pm the

previous night, and to fast until their

blood was drawn the next morning before

9:00 am by a certified phlebotomist/

registered nurse. This was followed by a

medical consultation that included a

DRE by a general surgeon/urologist.

The 30 mL fasting venous blood was

drawn into red-, yellow-, and lavender-

top vacutainer tubes, centrifuged after

standing for 30–60 minutes, sub-frac-

tions were separated into accurately

labeled microvials, and samples were

stored at 220uC until shipped quarterly,

on dry ice, to the United States where

they were stored at 240uC. Serum PSA
was measured at a reference laboratory in
Nashville and the result forwarded to the
attending surgeon/urologist within five
working days. An aliquot of plasma from
each participant was shipped to a special-
ized research laboratory for FA analyses.
The capillary gas chromatography-elec-
tron-capture negative-ion mass spectrom-
etry (GC/MS) method was used for the
quantitative determination of plasma
C8–C26 total FAs.22

Statistics
Summary statistics for plasma FA

(mg/mL) were reported as mean 6

standard deviation (SD) and median
(25th percentile, 75th percentile). The
Chi-squared and non-parametric tests

for independent samples were used to
compare cases and controls as appropri-

ate, and unconditional logistic regres-
sion was used to estimate OR (95%
confidence intervals) of PCa risk across

quartiles of plasma FA relative to the
lowest quartile (Q1), with P calculated

with FA as continuous data in each
quartile. ORs were adjusted for age,
education, family history of PCa, and

waist-hip ratio. Income was appropri-
ately stratified as low, middle, and high,

and educational status as low (#6),
middle (6–12), and high ($13) formal

years of education. Data analysis was
performed using SPSS, v14.0 (SPSS,
2001, Chicago, Ill.). Study participants

with elevated PSA$4 ng/mL who did
not have any prostate biopsy informa-

Table 1. Characteristics of Nigerian study population

Characteristics

Frequency (%)

Cases (n=66) Controls (n=226)

Recruitment site*

Community 8(12.1) 165(73.0)
Urology/surgery clinics 58(87.9) 61(27.0)

Age (Years)*

, 54 2(3.0) 106(46.9)
55–74 40(60.6) 104(46.0)
$ 75 24(36.4) 16(7.1)

Education status

, High school 44(66.7) 133(58.8)
High school 6(7.6) 36(15.9)
Some college 8(12.1) 26(11.5)
College/post-grad 8(12.1) 21(9.3)
Not recorded 1(1.5) 10(4.4)

Socioeconomic status

Low 52(78.8) 157(69.5)
Middle 7(10.6) 16(7.1)
High 4(6.1) 15(6.6)
Not recorded 3(4.5) 38(16.8)

Obesity (BMI)

Normal weight (,24.9) 45(68.2) 153(67.7)
Overweight (25.0–29.9) 14(21.2) 52(23.0)
Obese I (30–34.9) 2(3.0) 15(6.6)
Obese II ($35.0) 0(0.0) 1(0.4)
Not recorded 5(7.6) 4(1.8)

Family history of PCa 3(4.5) 4(1.8)

Urology history

BPH no symptom 4(6.1) 52(23.0)
BPH with symptom 27(40.9) 27(11.9)

BPH - Benign prostatic hyperplasia.
* P,.001.
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tion at the time of data analysis were
excluded from the risk analysis.

RESULTS

Of 340 consenting participants, 66
(19.4%) were confirmed PCa cases, 48
(14.1%) with elevated PSA, and 226

(66.5%) were controls, with mean ages
of 71.9611.47, 67.0611.12, and
56.7612.69, respectively, P,.001.
Prostate cancer cases were more likely
to report a family history compared to
controls, 3 (4.5%) to 4 (1.8%), present

with symptoms, 27 (40.9%) to 27
(11.9%), and have enlarged prostate
on DRE without symptoms, 4 (6.1) to
52 (23.0), P,.001. Cases and controls
were similar by marital, educational,

socioeconomic, and obesity status (Ta-

ble 1). Total FA was 2,5266781 mg/

m L , 2 , 2 3 6 6 5 2 6 m g / m L , a n d

2,7786710 mg/mL, P,.04, across low,

middle, and high income groups, re-

spectively (not displayed). Total, satu-

rated, all v-6 except c-linolenic, trans

FAs, behenic, trans elaidic, nervonic,

docosapentaenoic acid (DPA) and doc-

osahexaenoic acid (DHA), but not total

v-3 FAs, were highest in the more

educated men. Total v-9 FAs, specifi-

cally oleic and mead, were higher in

men with low education (Table 2).

All saturated FAs were similar for

cases and controls except for behenic

acid with a median of 18.4 (14.8, 22.6)

mg/mL to 15.8 (12.7, 19.8) mg/mL,

respectively, P,.001. Monounsaturated

FAs were similar for cases and controls

except for erucic acid with a median of

0.8 (0.7, 0.9) mg/mL to 0.7 (0.5, 0.8)

mg/mL, respectively, P,.001, and ner-

vonic acid with median 38.0 (32.7,

48.9) mg/mL to 28.8 (24.3, 34.7) mg/

mL, respectively, P,.001. Arachidonic

acid was higher in cases, 132.0 (105.9,

160.6) mg/mL to 104.5 (76.6, 143.4)

mg/mLl, P,.001. Regarding v-3 FAs,

eicosapentaenoic (EPA) was lower in

cases, DPA higher in cases, and DHA

was similar for cases and controls.

Essential v-6 linoleic acid and essential

v-3 a-linolenic acid were similar for

cases and controls (Table 3). Adjusted

OR trend was significant across quar-

tiles of total v-6 FA with ORQ3vs.Q1

2.33 (95%CI, 0.77–7.07), but not for

total saturated nor trans FAs. Unadjust-

ed and adjusted OR trends were not

Table 2. Plasma fatty acids (mg/ml) of Nigerians by educational status

Fatty acids

Mean (SD)

P-valuePrimary or less
Some/complete

secondary
Post secondary

or college

Group* Linear;n=182 n=82 n=69

Total 2,486.7(589.4) 2,341.6(612.6) 2,658.4(764.0) .01 .20
Saturated total 892.6(217.1) 855.5(247.9) 958.1(289.5) .03 .16
v-9 total 685.4(218.6) 603.8(179.9) 675.4(234.0) .02 .31
v-7 & v-5 total 115.4(51.9) 102.2(54.0) 116.0(65.0) .17 .70
v-6 total 661.6(181.6) 658.1(181.7) 766.9(216.4) .0001 .001
v-3 total 116.6(60.6) 107.9(57.7) 127.6(86.3) .19 .42
Trans total 16.6(6.2) 14.2(6.1) 18.2(8.5) .004 .46
Lauric 8.0(20.3) 7.1(9.2) 10.1(14.2) .53 .50
Myristic 28.5((20.8) 27.7(14.9) 34.8(26.6) .07 .07
Palmitic 615.1(144.2) 582.9(176.1) 647.4(203.5) .06 .39
Stearic 183.9(44.6) 179.3(51.1) 196.9(53.9) .07 .13
Behenic 16.2(4.9) 16.5(4.9) 20.8(6.8) .0001 .0001
Palmitoleic 68.9(38.0) 60.5(39.9) 68.1(46.4) .28 .60
Vaccenic 45.0(33.6) 38.6(13.9) 43.4(19.6) .21 .42
Palmitelaidic 2.2(1.4) 1.9(1.1) 2.3(1.5) .18 .60
Elaidic 9.2(3.7) 7.9(3.7) 10.1(4.9) .006 .60
Oleic 625.3(213.9) 551.5(170.9) 615.5(221.6) .03 .32
Mead 4.6(3.5) 3.6(2.6) 3.9(3.1) .05 .07
Erucic 0.9(2.2) 0.7(0.2) 0.8(0.3) .46 .40
Nervonic 32.3(9.0) 30.7(9.7) 35.5(11.7) .01 .08
Linoleic 492.8(134.8) 493.4(128.0) 560.7(162.8) .002 .002
c-linolenic 7.9(5.2) 7.8(5.0) 9.3(5.2) .11 .08
Di-homo-c-linolenic 28.7(11.5) 27.7(11.5) 33.5(14.2) .007 .018
Arachidonic 116.5(46.0) 114.2(53.3) 145.6(62.1) .0001 .001
a-linolenic 6.0(4.0) 5.7(3.2) 6.6(4.8) .35 .37
Eicosapentaenoic 28.7(20.2) 29.9(24.4) 32.2(31.1) .58 .31
Docosapentaenoic 3.4(2.1) 3.1(2.1) 4.1(2.8) .03 .12
Docosahexaenoic 69.0(36.0) 60.1(29.2) 74.8(48.6) .05 .60

* Between-group difference.
3 Linearity across group difference.
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significant for total v-3 FA (Table 4).
Unadjusted risk trend was significant for
behenic acid, ORQ4vs.Q1 2.79 (95%CI,
1.27–6.10) and nervonic acid, 2.40
(95%CI, 1.19–4.85), and for erucic acid,
4.20 (95%CI, 1.79–9.82) and arachido-
nic acid, 3.81 (95%CI, 1.50–9.70). For
EPA unadjusted and adjusted ORQ2vs.Q1

were 0.39 (95%CI, 0.18–0.85) and 0.39
(95%CI, 0.15–0.97), respectively (Ta-
ble 5).

DISCUSSION

Early epidemiological studies sug-
gested possible causal association be-
tween dietary fat and PCa risk as
demonstrated by dramatic changes in
PCa incidence among men who moved
from PCa low-incidence regions with

low dietary fat intake to PCa high-

incidence regions with high dietary fat

intake, alluding to the overriding im-

portance of increased exposure to envi-

ronmental risk factors.23,24 Western

diet, fat in general, meat and animal

fat specifically, is associated with in-

creased PCa risk, whereas diets high in

fish content are associated with reduced

PCa risk,25–27 and an African high-

fiber, low-fat diet is associated with

reduced risk for atherosclerosis and

cancer of the large bowel.28 Lower

PCa incidence in southeast Nigeria

could be related to their high-fish,

low-meat diet.6 Differences in the

dietary content of oils, fats, and protein

from plant versus animal sources ac-

count for a large part of nutrient

diversity across African countries.29

Although microethnic dietary diversity

was minimized by conducting the study

in a limited ethnogeographic region of

southern Nigeria, a wide range of

fasting plasma FA, 891.7 mg/mL to

7,828.8 mg/mL, with a mean of

2,527.76752.4 mg/mL, confirmed the

wide range in dietary fat intake.

Nutrition transition to high-fat diets

in low-income nations is a result of

human preference for palatable dishes,

availability of cheap vegetable oils and

fats, and urbanization,30,31 accounting

for similar FA profile across diverse

economic groups in this study. Differ-

ences for some and not all FA sub-

groups across education rather than

income strata indicate a dietary transi-

tion, particularly in the more educated

group who can afford more meat and

animal products and who now record

higher levels of saturated, v-6 and trans

FAs. This dietary transition has been

alluded to as a contributing factor to

increasing cancer rates in Nigerians,15

although no attempt has been made to

compare PCa rates across socioeconom-

ic stratification. Comparable levels of

monounsaturated FAs across education

and income groups can be explained by

popular consumption of readily avail-

able palm fruit, palm kennel, and

coconut oils, and comparable total v-3

attributed to readily available fish.

Omega-3 FAs DPA and DHA are

higher in the postsecondary/college

group probably because they eat the

more desirable and expensive fresh

water fish, rather than the cheaper

commonly available frozen fishes like

mackerel. Fish remains the main source

of animal protein in this population,32 a

relic of the historical eating pattern of

shoreline Africans.33 Oleic and mead

acids derived from animal and plant

sources were highest among men with

low education, suggesting deficiency of

dietary essential FA.34

Plasma and tissue FA compositions

are more objective exposure measures

than dietary assessment estimations

from FFQs, and concentrations in the

plasma phospholipids and cholesterol

Table 3. Plasma fatty acids (mg/mL) of Nigerian prostate cancer cases and controls

Fatty acids

Median (25th, 75th percentile)

Cases Controls

Total 2446.8 (2,087.4, 3,024.2) 2,373.5 (2,013.6, 2,750.6)
Saturated 886.5 (728.2, 975.1) 846.2 (728.2, 975.1)
n-9 total 624.6 (532.3, 875.4) 602.7 (517.4, 750.2)
n-7 & n-5 total 95.9 (80.4, 130.0) 101.0 (76.8, 135.3)
n-6 total 694.4 (564.8, 880.1) 654.0 (550.4, 779.5)
n-3 total 97.1 (67.3, 145.0) 104.9 (75.3, 152.4)
Trans total 15.1 (10.6, 20.9) 15.5 (12.2, 20.0)
Lauric 4.4 (2.5, 9.0) 4.2 (2.7, 8.0)
Myristic 21.6 (16.2, 37.2) 24.1 (16.5, 38.3)
Palmitic 603.0 (539.2, 744.1) 572.0 (503.6, 658.5)
Stearic 188.0 (152.0, 229.6) 175.4 (150.0, 209.1)
Behenic 18.4 (14.8, 22.6) 15.8 (12.7, 19.8)3
Palmitoleic 53.0 (42.3, 73.4) 58.8 (40.2, 85.0)
Vaccenic 41.2 (33.0, 52.5) 38.1 (30.3, 48.3)
Palmitelaidic (trans) 1.8 (1.1, 2.7) 2.1 (1.3, 2.9)
Elaidic (trans) 8.7 (5.9, 12.1) 8.6 (6.5, 11.0)
Oleic 568.0 (471.9, 809.0) 550.3 (471.7, 687.7)
Mead 3.5 (2.1, 5.2) 3.5 (1.9, 5.6)
Erucic 0.8 (0.7, 0.9) 0.7 (0.5, 0.8)3
Nervonic 38.0 (32.7, 48.9) 28.8 (24.3, 34.7)3
Linoleic 513.4 (436.3, 658.7) 491.8 (417.1, 585.6)
c-linolenic 6.7 (4.2, 11.3) 7.0 (4.6, 10.1)
Di-homo-c-linolenic 30.6 (21.1, 38.6) 26.4 (20.5, 34.5)
Arachidonic 132.0 (105.9, 160.6) 104.5 (76.6, 143.4)3
a-linolenic 5.2 (3.9, 7.4) 5.0 (3.6, 6.9)
Eicosapentaenoic 16.7 (11.5, 32.3) 26.2 (14.0, 40.4)*
Docosapentaenoic 3.2 (2.3, 4.9) 2.7 (1.8, 3.9)*
Docosahexaenoic 58.8 (42.7, 78.7) 58.6 (42.6, 80.1)

* P,.05.
3 P,.001.
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ester fractions better reflect medium-

term (weeks to months) dietary intake.

We measured fasting FAs in the com-

bined triglycerides and phospholipids

fractions rather than the more expensive

sub-fraction analysis.35 We observed

that total FA per se did not explain

PCa risk probably because the percent-

age of energy derived from fat varied

widely, and we cannot confirm the 20–

25% reported for rural and urban West

Africa36,37 in the absence of Nigerian

food composition tables for indigenous

Nigerian soups and sauces which are the

major sources of dietary fats and oils.

Our findings are consistent regarding v-

3 and v-6 polyunsaturated FAs, which

are reported to be associated with

reduced and increased PCa risk, respec-

tively.38,39 There is a significant risk

trend across quartiles of total v-6 FA

but the 2-fold PCa risk observed

between the 3rd and 1st quartile is not

statistically significant. Reports about

the role of v-6 FAs is mixed, with a

significant positive association across

tertiles, adjusted OR 3.6 (95%CI, 1.3–

9.7),40 but unconfirmed in human

dietary intake studies,41 while laborato-

ry evidence remains very strong.42 We

did not observe convincing protective

association for total v-3 FAs as in

studies of marine FAs,43,44 however,

the evidence for a protective effect for

EPA is consistent in this data. It is

possible that storage and preparation

methods of fish can interfere with FA

composition like other nutrient con-

tents; fresh fish retaining a higher

nutritional value than frozen fish.45

The fact that diets rich in fish are not

always associated with reduced PCa

risk46 underscores the influence of
entire diets over single food items, and
interactions with genetic and other
environmental factors. Unlike the RR
of 2.21 (95%CI, 1.14–4.29), P,.06
reported in a United States study,47 our
data did not show PCa risk association
with trans FAs probably because of very
low plasma trans FA in this population,
resulting from infrequent intake of
processed foods high in partially hydro-
genated vegetable oils.

Regarding saturated FAs, we did not
observe PCa risk association with myr-
istic acid like other reports,39,48 but
observed significant risk trends and 2 to
6-fold PCa risk association across quar-
tiles of behenic acid. Lack of association
with palmitic acid is in agreement with
the Physicians’ Health Study,46,49 but in
contrast with a Norwegian study that
reported a 2-fold risk with palmitic
acid.48 Our data did not show protec-
tive association with monounsaturated
oleic acid as expected, given the popular
report of the protective effect of diets
rich in olive oil, the major source of
oleic acid.50 Rather nervonic and erucic
FAs demonstrated 4-fold and 2-fold
PCa risk associations, respectively, for
which we have no biological explana-
tion. Although essential linoleic (v-6)
and a-linolenic (v-3) FAs are associated
with PCa risk,41,46,49 this was not
observed in our study. However arachi-
donic acid, a metabolite of linoleic acid,
did show a 2-fold significant risk
comparing the 2nd to the 1st quartile.

One strength of our study is that we
have reported pilot data from an

Table 4. Odds ratios and 95% confidence interval for prostate cancer risk across
quartiles of sub-group plasma fatty acids in Nigerians

Sub-group fatty
acid quartiles Unadjusted OR (95% CI) P* Adjusted OR; (95% CI) P*

Total

Q1 1.00 1.00
Q2 1.52 (0.70–3.30) 0.78 (0.30–2.03)
Q3 1.66 (0.76–3.63) 1.30 (0.50–3.39)
Q4 1.19 (0.55–2.53) .57 0.80 (0.32–1.98) .70

Total saturated

Q1 1.00 1.00
Q2 1.82 (0.80–4.17) 1.14 (0.42–3.07)
Q3 1.16 (0.54–2.52) 1.14 (0.46–2.87)
Q4 1.00 (0.47–2.15) .46 1.02 (0.41–2.54) .99

Total v-9

Q1 1.00 1.00
Q2 1.44 (0.66–3.15) 0.76 (0.28–2.04)
Q3 1.35 (0.62–2.92) 0.82 (0.32–2.10)
Q4 1.22 (0.56–2.64) .81 0.79 (0.31–2.03) .95

Total v-6

Q1 1.00 1.00
Q2 1.39 (0.64–3.01) 0.65 (0.24–1.76)
Q3 2.30 (0.98–5.38) 2.33 (0.77–7.07)
Q4 0.91 (0.44–1.88) .14 0.55 (0.22–1.36) .05

Total v-3

Q1 1.00 1.00
Q2 0.65 (0.30–1.40) 0.50 (0.20–1.28)
Q3 0.87 (0.40–1.93) 0.69 (0.26–1.81)
Q4 1.07 (0.48–2.42) .58 0.88 (0.34–2.30) .49

* Calculated with fatty acid in each quartile as a continuous variable.
3 OR adjusted for age, education, family history of prostate cancer, and waist-hip ratio.

Plasma total v-3 FA is high

across all socioeconomic groups

in this population, while

plasma v-6 is significantly

higher among educated men

with higher income.
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understudied population and have pro-
vided adequate storage conditions to
allow the FAs to remain stable.51–53

Study limitations include: plasma FAs

may not accurately reflect prostate
levels;41 measuring FAs only in the
plasma phospholipids and triglycerides
sub-fractions; and consenting PCa cases

with localized or metastatic disease. A
larger sample size is necessary to
accommodate the wide variance in FA
measures, allowing for more detailed

risk analysis stratified by education
status. Restricting recruitment to newly
diagnosed cases will improve the preci-
sion of our findings. As we increase

sample size we intend to expand our
studies to simultaneously investigate
genetic and antioxidant effects that have
been shown in animal and in-vitro
studies to have complex physiologic
and cellular relationship with a number
of FAs,16 which can confound findings.

CONCLUSIONS

Plasma total v-3 FA is high across
all socioeconomic groups in this popu-
lation, while plasma v-6 is significantly
higher among educated men with
higher income. This data supports
modest positive PCa risk association
with total plasma v-6 FA and a
consistent inverse risk association with
EPA, but not total v-3 FA. Strong PCa
risk association was observed for unsat-
urated behenic, and monounsaturated
erucic and nervonic acids. Transition to
diets rich in animal fat can potentially
increase PCa risk even in a population
on a high-fish diet, and the potential for
serious implications should be viewed
carefully, particularly in a region desig-
nated as low-incidence for prostate
cancer. These are preliminary findings
and increasing our sample size will
provide adequate statistical power for
risk estimations adjusted for more
relevant variables within population
sub-groups. Furthermore in-vitro inves-
tigations are warranted to clarify the
roles and mechanisms of action of
behenic, nervonic and erucic FAs in
prostate carcinogenesis.

ACKNOWLEDGMENTS

We thank the community participants,
patients, and personnel of the University of
Benin Teaching Hospital, Specialist Hospi-
tals Benin & Warri, Eku Baptist Hospital,
Udo and Warri Health Centers, Nigeria,
Luke Ani study coordinator, Ann Moser,
Kennedy Krieger Institute, Peroxismal Dis-
eases Laboratory, Baltimore, MD, for fatty
acid analysis, Angelica Keng and Mbeja
Lomotey for data entry. Supported by
Department of Defense grants DAMD17-
02-1-0068 & W81XWH-05-1-0229.

Table 5. Odds ratios and 95% confidence interval for prostate cancer risk across
quartiles of selected plasma fatty acids among Nigerians

Fatty acid quartiles
Unadjusted OR

(95% CI) P* Adjusted OR; (95% CI) P*

Behenic

Q1 1.00 1.00
Q2 6.75 (2.58–17.63) 5.40 (1.79–16.36)
Q3 1.53 (0.76–3.08) 1.32 (0.54–3.21)
Q4 2.79 (1.27–6.10) .000 2.47 (0.97–6.27) .01

Erucic

Q1 1.00 1.00
Q2 4.20 (1.79–9.82) 2.16 (0.81–5.72)
Q3 4.26 (1.82–9.96) 2.15 (0.82–5.64)
Q4 1.06 (0.52–2.16) .000 0.94 (0.40–2.20) .16

Nervonic

Q1 1.00 1.00
Q2 13.6 (4.88–37.8) 5.32 (1.74–16.29)
Q3 8.89 (3.57–22.1) 4.78 (1.76–12.97)
Q4 2.40 (1.19–4.85) .000 1.78 (0.79–4.00) .003

Linoleic

Q1 1.00 1.00
Q2 1.15 (0.53–2.54) 0.47 (0.17–1.34)
Q3 1.43 (0.64–3.21) 0.96 (0.34–2.72)
Q4 0.82 (0.39–1.73) .57 0.38 (0.15–0.99) .12

Arachidonic

Q1 1.00 1.00
Q2 3.81 (1.50–9.70) 2.59 (0.85–7.86)
Q3 1.75 (0.79–3.87) 1.93 (0.73–5.14)
Q4 0.74 (0.36–1.50) .003 0.75 (0.32–1.74) .06

a- linolenic

Q1 1.00 1.00
Q2 1.38 (0.63–3.05) 1.04 (0.39–2.73)
Q3 1.08 (0.50–2.31) 0.80 (0.33–1.98)
Q4 1.19 (0.55–2.56) .87 0.98 (0.40–2.40) .95

Eicosapentaenoic

Q1 1.00 1.00
Q2 0.39 (0.18–0.85) 0.39 (0.15–0.97)
Q3 0.57 (0.25–1.30) 0.48 (0.18–1.28)
Q4 0.82 (0.35–1.91) .08 1.09 (0.40–2.96) .07

Docosapentaenoic

Q1 1.00 1.00
Q2 0.79 (0.35–1.79) 0.36 (0.13–1.00)
Q3 1.55 (0.63–3.83) 0.44 (0.16–1.22)
Q4 1.49 (0.62–3.61) .35 0.44 (0.17–1.19) .24

* Calculated with fatty acid concentration in each quartile as a continuous variable.
3 OR adjusted for age, education, family history of prostate cancer, and waist-hip ratio.
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