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Abstract
Consumption of fish rich in n-3 polyunsaturated fatty acids
(PUFAs), such as docosahexaenoic acid, is suggested to reduce
colorectal cancer risk through inhibition of the arachidonic
acid (AA) cascade related to tumorigenesis and cell proliferation. High intake of saturated fatty acids (SFAs) may increase
the risk. To examine associations between colorectal cancer
risk and fatty acid compositions in erythrocyte membranes, as
biomarkers for dietary intakes of fish, fat, and fatty acids, we
conducted a case-control study with 74 incident cases and 221
noncancer controls (matched by age, sex, and season of sample
collection). Erythrocyte fatty acids were measured using an
accelerated solvent extraction and a gas-liquid chromatography. Colorectal cancer had no association with dietary intakes
of meat, fish, fat, and fatty acids. However, the risk was

inversely associated with erythrocyte compositions of docosahexaenoic acid, AA, and PUFAs [the highest to the lowest
tertile, odds ratios, 0.36, 0.42, and 0.15; 95% confidence
intervals, 0.14-0.93, 0.18-0.95, and 0.05-0.46; P trend < 0.05,
respectively] and positively with those of palmitic acid, SFAs,
and the ratio of SFAs/PUFAs (odds ratios, 6.46, 8.20, and
9.45; 95% confidence intervals, 2.41-17.26, 2.86-23.52, and
2.84-31.43; P trend < 0.005, respectively). In conclusion, we
could clearly show decreased and increased risks for
colorectal cancer related to PUFAs and SFAs compositions in
erythrocyte membranes, respectively, but further research is
needed to investigate the discrepancy between our findings
and the generally accepted role of the AA cascade. (Cancer
Epidemiol Biomarkers Prev 2006;15(10):1791 – 8)

Introduction
Dietary linoleic acid (18:2n-6) is desaturated and elongated to
arachidonic acid (AA; 20:4n-6) and then converted into n-6
polyunsaturated fatty acid (PUFA) – derived eicosanoids. Such
eicosanoids are prostaglandin E2, thromboxane A2, leukotriene
B4, and prostacyclins, which are commonly linked to inflammation, tumorigenesis, angiogenesis, cell proliferation, and
inhibition of apoptosis (1, 2). The AA cascade is thought to
play critical roles in colorectal tumor development. On the
other hand, fish rich in eicosapentaenoic acid (EPA; 20:5n-3)
and docosahexaenoic acid (DHA; 22:6n-3) has been hypothesized to reduce colorectal cancer risk (3). EPA and DHA, either
from fish in the diet or by metabolism from a-linolenic acid
(18:3n-3) in vegetable oils, are converted into n-3 PUFAderived eicosanoids (4, 5). Therefore, n-3 PUFAs, especially n-3
highly unsaturated fatty acids (HUFAs = EPA + docosapentaenoic acid + DHA), are thought to compete with n-6 PUFAs
for incorporation of phospholipids into cell membranes and
alter PUFAs components in the membranes (6). A high
composition of n-3 HUFAs in tissue has been shown to
decrease the risk of colorectal adenoma (7).
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Although fish consumption in Japanese continues to be
among the highest in the world, dietary intakes of meat, animal
fat, and/or saturated fatty acids (SFAs), such as 16:0 and 18:0,
have remarkably increased because of adoption of a westernized diet (8, 9). High intake of SFAs may elevate colorectal
cancer risk through increased bile acid production and an
elevated concentration of diacylglycerol (10, 11), but the latest
reports in Japan and America-European countries are conflicting (12-16). In erythrocyte membranes, the composition of
18:0 has been reported to be higher in colorectal cancer patients
than in noncancer controls (17). Although the erythrocyte ratio
of 18:0/18:1n-9 (i.e., saturation indexn-9), suggested to reflect
activity of the rate-limiting enzyme D9 desaturase (catalyzing
conversion from 18:0 to 18:1n-9), is associated with cancer risk in
the colorectum and breast, findings are inconsistent (18-21).
Some of PUFAs, especially in membrane phospholipids of
erythrocytes (120 days half-life), are useful as biomarkers in
assessing dietary intakes of fat, fatty acids, and fish because
they are not biosynthesized in vivo (22-24). Erythrocyte
compositions of such PUFAs have been shown to correlate
with dietary intakes of the corresponding fatty acids and also
reflect dietary supplementation with fish, fish oil, EPA, and
DHA in validity and feeding studies (25-28). EPA and DHA
are preferentially incorporated into phospholipids rich in
erythrocyte membranes and the proportion of 18:2n-6 may
increase with DHA supplementation (28). Recently, we have
developed an automatic extraction method for measuring fatty
acids in biomaterials by gas-liquid chromatography with high
precision and accuracy, making it feasible to use small volume
multisamples routinely, rapidly, and cheaply (29).5 To examine

5
A patent for this method to quantitatively measure fatty acids in biomaterials
was applied (Japanese Patent applied No. 2005-080461).
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whether associations exist between colorectal cancer risk and
biomarkers of fatty acid compositions in erythrocyte membranes, we therefore conducted a case-control study in a
Japanese population using the new analytic method.

Materials and Methods
Study Design. From December 2002 to June 2004, subjects,
ages 20 to 80 years, were recruited in the framework of the
Hospital-based Epidemiologic Research Program at Aichi
Cancer Center. The study design has been elsewhere described
(30). As a part of Hospital-based Epidemiologic Research
Program at Aichi Cancer Center, a large number of blood
variables for Aichi Fatty Acid (AiFat) Research are routinely
measured to clarify associations with cancers in several sites.
Briefly, all first-visit outpatients (n = 10,703), including all cancer
cases (n = 2,230) on each site, are asked to fill out a selfadministrated questionnaire about their lifestyle as well as to
provide 7 mL blood. Trained interviewers systematically collect
and check information from the questionnaire, which is
completed by 97.6% of 9,371 eligible subjects. Three thousand
six hundred and twenty-two subjects (39.6%) have provided
blood samples. The participation rates for all cancer cases,
colorectal cancer cases, and controls were 39.6%, 40.3%, and
39.3%, in that order. All subjects for the present study were
Japanese, living in and around Aichi Prefecture, central Japan.
Case Ascertainment and Control Subjects. Seventy-four
incident cases, who donated the completed questionnaire and
blood samples during the study period, were histologically
diagnosed as having colorectal cancers (58.1%, 40.5%, and 1.4%
in the colon, rectum, and both, in that order) at Aichi Cancer
Center Hospital (ACCH). The control subjects were randomly
selected from first-visit outpatients who visited ACCH at the
same period and confirmed to have no cancer or any prior
history of cancer according to a questionnaire. Moreover, they
were checked for current and/or previous history of cancer
based on the cancer registry system in Aichi Prefecture.
Subjects with the following current diseases or the history
were excluded; hepatitis (3.4% of all subjects), liver cirrhosis
(1.6%), chronic nephritis (2.5%), diabetes (6.0%), angina (3.3%),
stroke (1.7%), ovary resection (3.7%), and uterus resection
(5.1%). Finally, 221 controls were individually matched for age
(F5 years), sex, and season of sample collection to cases with a
1:3 case-control ratio. We here took into consideration seasonal
variation in biomarkers for dietary intakes of fish, fat, and fatty
acids because plasma fatty acid concentrations exhibit significant differences between seasons (31). Our previous study
showed that it is feasible to use noncancer outpatients at
ACCH as controls in epidemiologic studies because their
general lifestyles are accordant with those of general population randomly selected from the electoral roll in Nagoya City,
Aichi Prefecture (32). All subjects were provided with an
explanatory document and gave their written informed
consent for participation in this study, which was approved
by the Ethics Committee of the Aichi Cancer Center.
Questionnaire. The participants completed a questionnaire
that included height, weight, dietary habit, habitual exercise,
drinking habit, and smoking status. The assessment of various
food and nutrient consumption was according to a semiquantitative food frequency questionnaire (SQFFQ) with 47 food
items. The methods for developing the SQFFQ and computing
the average daily consumption of energy and selected nutrients
have been described elsewhere (33, 34). Compared with 3-day
weighed diet records, an acceptable relative validity of the
SQFFQ for assessing dietary intakes of most nutrients has been
shown, and the Spearman’s correlation coefficients for fatty
acids were 0.13 (for n-6 PUFAs) to 0.52 (SFAs) for men and 0.16
(PUFAs) to 0.34 (SFAs) for women, respectively (35). Therefore,

it seemed appropriate to use the SQFFQ for the study subjects,
as well as the general population. Moreover, intake of some
dietary fatty acids based on the SQFFQ has been shown to have
significant correlations with the corresponding fatty acid
concentrations (mmol/L) in plasma, assessed as biomarkers
(36). The obtained Spearman’s correlation coefficients were 0.38
and 0.26 for n-3 HUFAs and 0.43 and 0.37 for the ratio of n-6
PUFAs/n-3 PUFAs among men and women, respectively. The
SQFFQ inquired about habitual dietary intake during the latest
1 year for 47 foods/food groups with division of frequency into
eight categories: never or seldom, one to three times/monthly,
one to two times weekly, three to four times weekly, five to six
times weekly, once daily, twice daily, and three or more times
daily. We asked the case subjects to provide information about
their lifestyle before the onset of disease and the control subjects
at the study enrollment.
Fat and fatty acids were computed by multiplying the
standard portion size (in grams), frequency of consumption,
and the content (per gram) of fat or each fatty acid in foods
as listed in the Standard Tables of Food Consumption and
the Follow-up of the Standard Tables of Food Consumption
(37, 38). Dietary intakes (g/day) of meat, fish, other seafood,
fat, and fatty acids in 47 foods/food groups were calculated.
Dietary intakes (g/day) of each fatty acid were summed up as
SFAs, monounsaturated fatty acids (MUFAs), n-6 PUFAs, n-3
PUFAs, and n-3 HUFAs. These foods and fatty acids were
adjusted for total energy intake of each person and tertile cut
points (g/1,000 kcal) in control subjects were used to designate
low, moderate, and high. Lifestyle factors were also classified
into three groups (i.e., for habitual exercise, which was other
than work), less than once weekly ‘‘low,’’ one to twice weekly
‘‘moderate,’’ and three or more times weekly ‘‘high’’; for
drinking habit, less than once weekly ‘‘low,’’ one to four times
weekly ‘‘moderate,’’ and five or more times weekly ‘‘high’’;
and for smoking status, current, former, and never smokers.
We defined former smokers as those who quit smoking >2
years before the questionnaire study.
Analysis of Fatty Acids in Erythrocytes. Our approach
using an accelerated solvent extractor and a gas-liquid
chromatography for measuring fatty acids in biomaterials
can be summarized as follows (23, 29).5 In short, erythrocytes
were collected using an EDTA-2Na tube and centrifuged at
2,000  g for 15 minutes at 4jC. At least 500 AL of unwashed
erythrocytes was kept at 80jC until the time of extraction.
The membranes (white ghosts) from 50 AL erythrocytes were
prepared with sodium phosphate buffer to exclude iron of
hemoglobin for preventing oxidative degradation of fatty
acids. Butylate hydroxytoluene was used as an antioxidant.
The accelerated solvent extractor (ASER) 200 (Nippon Dionex,
Osaka, Japan) was applied for extracting lipids in erythrocyte
membranes (first extraction) and fatty acid methyl esters
(second extraction) with chloroform-methanol (1:2) by volume
and petroleum ether, respectively, as solvents. The two
extraction processes were automatically achieved with computerized programs (i.e., 75jC, 1,500 p.s.i., and 8.5 minutes/
sample and 50jC, 1,500 p.s.i., and 3.5 minutes/sample for first
and second extraction, respectively). Although Folch’s solvent
(chloroform-methanol, 2:1, by volume) and chloroformisopropanol (7:11, by volume) are usually used to extract fatty
acids in biomaterials (39), our mixture rates for the two
solvents were optimal for our method. All samples from the
first extraction were treated with hydrochloride-methanol
reagent for fatty acid conversion from lipids and subsequent
methyl transformation of fatty acids. The fatty acid methyl
esters from the second extraction were analyzed by Shimadzu
GC-2010 gas chromatography (Shimadzu, Kyoto, Japan) on a
capillary column DB-225 (J&W Scientific, Folsom, CA),
equipped with an autoinjector, autosampler, and flame
ionization detector, under the conditions described elsewhere
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Table 1. Mean and SD of some variables possibly related to colorectal cancer in case and control subjects
Case subjects (n = 74)
Mean
Age (years)
Men/women (% for women)
BMI (kg/m2)
Family history of colorectal cancer in parents and/or siblings, n (%)
Habitual exercise, n (%)
High
Moderate
Low
Drinking status, n (%)
Drinkers
Ex-drinkers
Nondrinkers
Smoking status, n (%)
Smokers
Ex-smokers
Nonsmokers
Dietary intake
Meat (g/1,000 kcal)
Fish (g/1,000 kcal)
Other seafood (g/1,000 kcal)
Green-yellow vegetables (g/1,000 kcal)
Energy from fat (%)
Total fat (g/1,000 kcal)
SFAs* (g/1,000 kcal)
MUFAs* (g/1,000 kcal)
PUFAs* (g/1,000 kcal)
n-6 PUFAs* (g/1,000 kcal)
n-3 PUFAs* (g/1,000 kcal)
n-3 HUFAs* (g/1,000 kcal)

58.4
45/29
23.0

SD
9.6
(39.2%)
2.9
10 (13.5)

Control subjects (n = 221)
Mean

SD

58.0
134/87
23.0

9.6
(39.4%)
2.7
11 (5.0)

P, m2 or t test

NS
NS
NS
<0.05

12 (16.2)
42 (56.8)
20 (27.0)

61 (27.6)
111 (50.2)
49 (22.2)

NS

46 (62.2)
1 (1.4)
27 (36.5)

123 (55.7)
6 (2.7)
92 (41.6)

NS

22 (29.7)
24 (32.4)
28 (37.8)

53 (24.0)
59 (26.7)
109 (49.3)

NS

17.3
22.2
16.5
34.4
23.4
26.0
12.3
17.1
14.2
11.4
2.5
0.84

10.5
12.0
10.2
23.9
6.3
7.0
2.3
3.5
3.2
2.9
0.5
0.35

17.2
20.7
19.8
32.5
23.8
26.4
13.2
18.0
14.9
12.0
2.6
0.84

11.5
11.3
14.3
20.7
7.0
7.8
3.5
4.9
4.3
3.8
0.6
0.33

NS
NS
<0.05
NS
NS
NS
<0.05
NS
NS
NS
NS
NS

Abbreviation: NS, not significant.
*Dietary intakes of each fatty acid group were explained in Materials and Methods and mainly composed of the selected 13 fatty acids as follows: SFAs = 14:0 + 16:0 +
18:0; MUFAs = 16:1n-7 + 18:1n-9; PUFAs = n-6 PUFAs + n-3 PUFAs; n-6 PUFAs = 18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6 (AA); n-3 PUFAs = 18:3n-3 + n-3 HUFAs; and
n-3 HUFAs = 20:5n-3 (EPA) + 22:5n-3 + 22:6n-3 (DHA).

(23, 29).5 We applied 17:0 (heptadecanoic acid) as an internal
standard. Each fatty acid was identified with the use of
commercial standards of known retention time, and integration of the peak areas was done with the GC solution version 2
software. The laboratory for measuring fatty acids was
completely blinded to links between biomaterials and any
information of study subjects.
In line with our previous studies, we selected 13 fatty acids
as described below (23, 24, 40), predominating in both dietary
intakes and erythrocyte contents. Fatty acid compositions of
erythrocyte membranes were determined as molar percentage
(mol%) of total fatty acid concentrations (mmol/L) for each
because it was difficult to accurately determine the numbers of
erythrocytes in 50 AL and evaluate the concentrations because
erythrocytes vary in size and surface area (29).5 Intra-assay
coefficients of variation (CV) was based on the analysis of a
series of 10 samples and then all were extracted and analyzed
within 1 day. The intra-assay CV was <4.0%, except a minor
group of 14:0, 18:3n-6, and 18:3n-3 (V0.5% of total fatty acids
for each) (29).5 Interassay CVs were based on the replicate
analyses of pooled erythrocytes over a period of 10 days, and a
total of 100 samples (10 samples/day  10 days) were
measured. The interassay CVs were also <4.0%, except for a
minor group of 14:0, 18:3n-6, and 18:3n-3 (29).5
Selected Fatty Acids and Grouping. We here selected the
following 13 fatty acids: 14:0 (myristic acid), 16:0 (palmitic
acid), 16:1n-7 (palmitoleic acid), 18:0 (stearic acid), 18:1n-9 (oleic
acid), 18:2n-6 (linoleic acid), 18:3n-6 (g-linolenic acid), 18:3n-3
(a-linolenic acid), 20:3n-6 (dihomo-g-linolenic acid), 20:4n-6
(AA), 20:5n-3 (EPA), 22:5n-3 (docosapentaenoic acid), and
22:6n-3 (DHA). We use both (a) a series of standard systematic
notation to specify fatty acid chain length, number of double
bonds, and position and configuration of double bond nearest
the methyl end (n-end) of the chain and (b) a series of

established common names to refer to fatty acid chains in
parentheses (21). To facilitate understanding chemical characteristics of each fatty acid, the former series of names were
here used. The specification begins with two numbers
separated by a colon; these numbers refer to the number of
carbons in the chain and the number of double bonds,
respectively; the next number, preceded by ‘‘n,’’ indicates the
distance of first double bond from the n-end of the chain.
About geometric isomerism, all of them have cis type of the
double bond nearest the n-end of the chain. We used both
systematic and common names in Table 2, but the latter were
omitted in Tables 3 and 4.
We calculated the compositions of fatty acids in erythrocyte
membranes and summarized the data into the following seven
groups, with the use of total fatty acids as the denominator:
SFAs (14:0 + 16:0 + 18:0), MUFAs (16:1n-7 + 18:1n-9), PUFAs
(n-6 PUFAs + n-3 PUFAs), n-6 PUFAs (18:2n-6 + 18:3n-6 +
20:3n-6 + AA), n-3 PUFAs (18:3n-3 + n-3 HUFAs), and n-3
HUFAs (EPA + 22:5n-3 + DHA). We also defined the ratios of
specific fatty acid as follows: the ratios of 18:0/18:1n-9 (as
saturated indexn-9), 16:0/16:1n-7 (as saturated indexn-7), SFAs/
PUFAs, SFAs/n-6 PUFAs, SFAs/n-3 PUFAs, SFAs/n-3
HUFAs, n-6 PUFAs/n-3 PUFAs, n-6 PUFAs/n-3 HUFAs,
AA/EPA, and AA/DHA. The saturated indices are indicators
of membrane fluidity; its reciprocal can be considered to be
and index of the activity of the rate-limiting enzyme D9
desaturase that transforms SFAs into the corresponding
MUFAs (17-19, 21). The ratio of n-6 PUFAs/n-3 PUFAs has
been suggested to be important for human health (41).
Statistical Methods. Body mass index (BMI; kg/m2) was
calculated from height (m) and weight (kg) data. Student’s t test
and m2 test were done comprising cases and controls for each
variable. In control subjects, partial Spearman’s correlation
coefficients between fatty acids in dietary intakes (g/1,000 kcal)
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and erythrocyte compositions (mol%) were adjusted for age,
sex, BMI, and season of sample collection. Partial Pearson’s
correlation coefficients between pairs of fatty acids in erythrocyte membranes were adjusted for the same variables described
above. Odds ratio (OR) and the 95% confidence interval (95% CI)
were calculated, using conditional logistic regression models,
after adjustment for BMI (continuous), habitual exercise,
drinking and smoking habits, green-yellow vegetable intake
(g/1,000 kcal), and family history of colorectal cancer in parents
and/or siblings (yes or no) due to control for the effects of
potential confounding factors. With reference to previously
published reports, including our latest results for colorectal
cancer risk (12, 42), adjustment was made for possible
confounding factors. In Japan, users of nonsteroidal antiinflammatory drugs are very few. Cases were categorized
according to the tertile levels of fatty acids in erythrocyte
membranes among control subjects, and the ORs for the middle
and the highest to the lowest tertile were estimated. Tests for
trends in each variable were conducted by assigning the weight
median values in control subjects. All statistical analyses were
conducted with SAS version 9.1 (SAS Institute, Inc., Cary, NC),
and P < 0.05 was considered statistical significant.

Results
Table 1 shows characteristics of the subjects and their dietary
consumption of foods, fat, and fatty acids. In both case and
control subjects, the average age was 58.0 to 58.4 F 9.6 years
(33-80 years), and female subjects were f40%. The percentage

of family history of colorectal cancer in parents and/or siblings
was higher in case than in control subjects (P < 0.05), whereas
dietary intakes of seafood and SFAs were lower in cases (P <
0.05 for both). However, the two groups did not differ in
variables about BMI, lifestyle-related factors (habitual exercise
and drinking and smoking habits), and dietary intakes of
foods, fat, and fatty acids.
Table 2 shows mean percentage (mol%) of fatty acid
compositions of erythrocyte membranes in case and control
subjects. Of the 13 selected fatty acids, nine fatty acids were
most abundant in erythrocyte membranes in the following
order: 16:0, 18:0, 18:1n-9, 18:2n-6, 20:4n-6, 22:6n-3, 20:5n-3,
22:5n-3, and 16:1n-7. Compared with control subjects, cases
had higher percentages of 16:0, 16:1n-7, and SFAs and the ratio
of SFAs/PUFAs and lower percentages of 18:3n-6 and PUFAs
and saturation indexn-9 (P < 0.05 to < 0.001 for all).
In control subjects, dietary intakes (g/1,000 kcal) of fish
were positively associated with compositions of 16:0 and EPA
in erythrocyte membranes [partial Spearman’s correlation
coefficients (r) = 0.17 and 0.18; P < 0.05] and negatively with
those of n-6 PUFAs and AA (r = 0.19 and 0.14; P < 0.05).
Intake of n-3 HUFAs had associations with erythrocyte
compositions of 16:0, EPA, n-6 PUFAs, and 18:2n-6 (r = 0.16,
0.20, 0.20, and 0.16; P < 0.05 for all). That of n-6 PUFAs was
associated with erythrocyte compositions of n-6 PUFAs, 18:2n6, SFAs, and 16:0 (r = 0.22, 0.23, 0.18, and 0.19; P < 0.01 for
all), and the ratio of n-6 PUFAs/n-3 PUFAs in diet was
positively linked to the corresponding ratio in erythrocyte
membranes (r = 0.17; P < 0.05). Consumption rates for fat,
SFAs, and MUFAs were also related to the compositions of

Table 2. Percentage fatty acid compositions (mol%) in erythrocyte membranes in case and control subjects
Fatty acid

Common name

SFAs*
14:0
16:0
18:0
MUFAsc
16:1n-7
18:1n-9
PUFAsb
n-6 PUFAsx
18:2n-6
18:3n-6
20:3n-6
20:4n-6
n-3 PUFAsk
18:3n-3
n-3 HUFAs{
20:5n-3
22:5n-3
22:6n-3
Saturation index n-7
Saturation index n-9
SFAs/PUFAs
SFAs/n-6 PUFAs
SFAs/n-3 PUFAs
SFAs/n-3 HUFAs
n-6 PUFAs/n-3PUFAs
n-6 PUFAs/n-3HUFAs
AA/EPA**
cc
AA/DHA

Myristic acid
Palmitic acid
Stearic acid
Palmitoleic acid
Oleic acid
Linoleic acid
g-Linolenic acid
Dihomo-g-linolenic acid
Arachidonic acid (AA)
a-Linolenic acid
Eicosapentaenoic acid (EPA)
Docosapentaenoic acid
Docosahexaenoic acid (DHA)
(16:0/16:1n-7)
(18:0/18:1n-9)

Case subjects (n = 74)

Control subjects (n = 221)

Mean

SD

Mean

SD

53.0
0.8
30.9
21.3
18.5
1.2
17.3
28.5
20.0
10.0
0.08
0.78
9.2
8.5
0.4
8.1
1.4
1.4
5.3
27.03
1.24
1.87
2.67
6.53
6.93
2.46
2.61
7.77
1.79

1.8
0.3
1.4
1.1
1.3
0.3
1.3
2.1
1.7
1.1
0.03
0.18
1.3
1.6
0.2
1.6
0.5
0.4
1.0
7.88
0.14
0.21
0.29
1.74
2.06
0.62
0.73
5.56
0.45

52.1
0.7
30.2
21.1
18.4
1.1
17.3
29.5
20.7
10.3
0.09
0.75
9.5
8.8
0.4
8.4
1.5
1.4
5.5
31.22
1.23
1.80
2.55
6.32
6.67
2.47
2.61
7.35
1.78

2.2
0.2
1.8
1.1
1.7
0.4
1.5
3.1
2.0
1.3
0.12
0.18
1.5
2.0
0.3
2.0
0.6
0.3
1.3
13.02
0.14
0.28
0.34
1.97
2.14
0.61
0.67
3.31
0.39

P, m2 or t test

Abbreviation: NS, not significant.
*SFAs = 14:0 + 16:0 + 18:0.
cMUFAs = 16:1n-7 + 18:1n-9.
bPUFAs = n-6 PUFAs + n-3 PUFAs.
xn-6 PUFAs = 18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6 (AA).
kn-3 PUFAs = 18:3n-3 + n-3 HUFAs.
{n-3 HUFAs = 20:5n-3 (EPA) + 22:5n-3 + 22:6n-3 (DHA).
**20:4n-6/20:5n-3.
cc20:4n-6/22:6n-3.
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<0.01
NS
<0.001
NS
NS
<0.05
NS
<0.01
<0.05
NS
<0.05
NS
NS
NS
NS
NS
NS
NS
NS
<0.01
NS
<0.05
<0.01
NS
NS
NS
NS
NS
NS
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Table 3. Partial Pearson’s correlation coefficients (r) between each fatty acid compositions (mol%) in erythrocyte
membranes in control subjects (n = 221)
SFAs

MUFAs

PUFAs
n-6 PUFAs

SFAs*
16:0
18:00
MUFAsc
16:1n-7
18:1n-9
PUFAsb
n-6 PUFAsx
18:2n-6
20:4n-6 (AA)
n-3 PUFAsk
n-3 HUFAs{
20:5n-3 (EPA)
22:5n-3
22:6n-3 (DHA)

1.00
0.86
0.52
0.28
0.45
0.20
0.84
0.62
0.16
0.67
0.72
0.72
0.35
0.70
0.79

16:0

18:0

1.00
NS
0.44
0.46
0.38
0.84
0.68
0.27
0.65
0.66
0.64
0.31
0.63
0.70

1.00
0.22
NS
0.26
0.24
NS
0.15
0.22
0.29
0.33
0.17
0.30
0.35

1.00
0.61
0.98
0.75
0.63
0.39
0.51
0.57
0.54
0.39
0.51
0.54

16:1n-7

18:1n-9

1.00
0.44
0.65
0.50
0.21
0.51
0.54
0.54
0.35
0.48
0.56

1.00
0.69
0.59
0.39
0.45
0.51
0.47
0.35
0.45
0.46

1.00
0.78
0.33
0.75
0.81
0.80
0.46
0.77
0.84

1.00
0.66
0.72
0.28
0.27
NS
0.31
0.37

n-3 PUFAs

18:
2n-6

20:4n-6
(AA)

1.00
NS
NS
0.16
0.23
NS
NS

1.00
0.48
0.51
0.15
0.46
0.60

1.00
0.99
0.79
0.90
0.95

n-3 HUFAs

1.00
0.80
0.91
0.96

20:5n-3
(EPA)

22:
5n-3

22:6n-3
(DHA)

1.00
0.66
0.62

1.00
0.86

1.00

NOTE: Partial Pearson’s correlation (r ) is adjusted for age, sex, BMI, and season of data collection: P < 0.05 for 0.17, 0.16, and 0.15; P < 0.01 for 0.24, 0.23, 0.22,
0.21, and 0.20; and P < 0.0001 for others.
Abbreviation: NS, not significant.
*SFAs = 14:0 + 16:0 + 18: 0.
cMUFAs = 16:1n-7 + 18:1n-9.
bPUFAs = n-6 PUFAs + n-3 PUFAs.
xn-6 PUFAs = 18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6 (AA).
kn-3 PUFAs = 18:3n-3 + n-3 HUFAs.
{n-3 HUFAs = 20:5n-3 (EPA) + 22:6n-3 (DHA).

16:0 (r = 0.14 and 0.16 for SFAs and MUFAs; P < 0.05), n-6
PUFAs (r = 0.19, 0.19, and 0.14, in that order; P < 0.05), and AA
(r = 0.16 for SFAs; P < 0.05), respectively. No significant
relationship was observed for meat consumption. Table 3
shows partial Pearson’s correlation coefficients between fatty
acid contents in erythrocyte membranes in control subjects.
Excepting 18:2n-6 and EPA, the contents of PUFAs, n-6 PUFAs,
AA, n-3 PUFAs, n-3HUFAs, 22:5n-3, and DHA had strong
negative associations with values for SFAs, especially 16:0, (r =
0.62 to 0.84; P < 0.0001 for all) and also with those for 16:1n7, 18:1n-9, and MUFAs (r = 0.45 to 0.75; P < 0.0001 for all).
As PUFAs, compositions of 18:2n-6 and EPA had significant
correlation coefficients with PUFAs (r = 0.33 and 0.46; P <
0.0001, respectively). The composition of 18:2n-6 was negatively associated with that of EPA, and, in contrast, that of AA
had positive links to those of 22:5n-3, DHA, and n-3 HUFAs
(r = 0.23, 0.46, 0.60, and 0.51; P < 0.0001 for all).
About dietary intake of meat, fish, fat, and each fatty acid,
no association with colorectal cancer risk was found (data not
shown). Although dietary intakes of seafood and SFAs were
significantly lower in cases, wide distributions of the two
variables were noted in controls. The ORs for colorectal cancer
according to each fatty acid in erythrocyte membranes are
shown in Table 4. The composition of 16:0 and SFAs was
significantly associated with colorectal cancer risk. Compared
with the lowest tertile, ORs of the middle and the highest
tertile of 16:0 and SFAs were 3.29 and 6.46 (95% CIs, 1.32-8.19
and 2.41-17.26; P trend < 0.0005) for 16:0 and 4.80 and 8.20 (95%
CIs, 1.84-12.52 and 2.86-23.52; P trend < 0.0001) for SFAs. For the
composition of 16:1n-7, the ORs were 8.23 and 5.99 (95% CIs,
2.94-23.03 and 2.00-17.93; P trend < 0.01) for the middle and the
highest tertile. In contrast, the analyses suggested significant
inverse associations between the risk and the compositions of
DHA, AA, n-6 PUFAs, and PUFAs. For the composition of
DHA, the OR was 0.36 (95% CI, 0.14-0.93 for the highest tertile;
P trend < 0.05), and those for AA and n-6 PUFAs were also
0.42 and 0.24 (95% CIs, 0.18-0.95 and 0.10-0.59; P trend < 0.05 and

< 0.005), respectively. For the composition of PUFAs, overall,
the OR was 0.15 (95% CI, 0.05-0.46; P trend < 0.005).
The saturation indexn-7 was also related to the colorectal
cancer risk (ORs, 2.16 and 0.28; 95% CIs, 1.10-4.26 and 0.10-0.76
for the middle and the highest tertile; P trend < 0.01), but the
saturation indexn-9 had no association. The ratio of SFAs/
PUFAs showed a strong positive link (ORs, 9.65 and 9.45; 95%
CIs, 3.08-30.23 and 2.84-31.43 for the middle and the highest
tertile; P trend < 0.005). Ratios of SFAs/n-6 PUFAs and SFAs/n3 HUFAs had also positive associations with the risk (ORs, 3.79
and 4.67; 95% CIs, 1.50-9.56 and 1.80-12.10 for the middle and
the highest tertile of the former; P trend < 0.005; ORs, 3.77 and
2.83; 95% CIs, 1.61-8.84 and 1.08-7.37 for the latter, not
significant for trend).

Discussion
In the present study, dietary intakes of meat, fish, fat, and each
fatty acid were not associated with colorectal cancer risk.
However, we could show significant positive associations
between risk and the content of SFAs, especially 16:0, in
erythrocyte membranes, as well as significant inverse relationships with PUFAs. The decreased risk was related to higher
erythrocyte compositions of DHA and AA, which were a
representative n-3 PUFAs and n-6 PUFAs, in that order. The
ratio of SFAs/PUFAs in erythrocyte membranes, therefore,
had a very strong positive association with the risk. Contrary
to expectation, however, a competitive relationship between
n-3 PUFAs and n-6 PUFAs for risk was not found. About the
saturation indexn-9, no significant association was observed for
the risk.
Compared with the traditional Japanese diet, meat consumption has remarkably increased since 1950 (9). The ratios
of meat/seafood (including processed meat and fish, respectively) are 1.3 for energy and 2.2 for fat intake, possibly
increasing the likelihood of colorectal cancer development
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(43, 44). In the Japanese, Mediterranean, and American diets,
the amount of fat intake (energy intake, %) and the ratios of
SFAs:MUFAs:PUFAs are 40 to 50 g (20-25%) and 1:1:1, 70 to 80
g (30-35%) and 2:5:2, and 80 to 90 g (35-40%) and 2:2:1, in that
order, and this diversity may be closely related to their disease

prevalence, including cancers in several sites (45). The latest
cancer registry data, however, show that Japanese have high
cancer incidence rates in the colon and rectum and, indeed,
Japan has one of the highest colorectal cancer incidences in the
world (46). The particularly high risk among Japanese may be

Table 4. ORs for colorectal cancer and the 95% CIs according to tertile of fatty acid compositions (mol%) in erythrocyte
membranes
P trend

OR (95% CI)* by tertiles

SFAsc
14:0
16:0
18:0
MUFAsb
16:1n-7
18:1n-9
PUFAsx
n-6 PUFAsk
18:2n-6
18:3n-6
20:3n-6
20:4n-6 (AA)
n-3 PUFAs{
18:3n-3
n-3 HUFAs**
20:5n-3 (EPA)
22:5n-3
22:6n-3 (DHA)
cc

Saturation index

n-7

Saturation index

n-9

bb

SFAs/PUFAs
SFAs/n-6 PUFAs
SFAs/n-3 HUFAs
n-6 PUFAs/n-3 PUFAs
n-6 PUFAs/n-3 HUFAs
AA/EPAxx
AA/DHAkk

T1 (reference)

T2

T3

<50.890
1.00
<0.633
1.00
<29.175
1.00
<20.706
1.00
<17.555
1.00
<0.887
1.00
<16.661
1.00
<28.205
1.00
<19.743
1.00
<9.734
1.00
<0.056
1.00
<0.671
1.00
<8.625
1.00
<7.975
1.00
<0.292
1.00
<7.639
1.00
<1.186
1.00
<1.237
1.00
<5.063
1.00
<24.251
1.00
<1.177
1.00
<1.640
1.00
<2.359
1.00
<5.480
1.00
<2.106
1.00
<2.209
1.00
<5.511
1.00
<1.573
1.00

50.890-52.797
4.80 (1.84-12.52)
0.633-0.781
1.16 (0.56-2.41)
29.175-30.845
3.29 (1.32-8.19)
20.706-21.420
0.58 (0.28-1.19)
17.555-18.850
2.07 (0.97-4.45)
0.887-1.251
8.23 (2.94-23.03)
16.661-17.670
0.87 (0.44-1.74)
28.205-31.085
1.13 (0.57-2.23)
19.743-21.506
0.71 (0.38-1.33)
9.734-10.892
0.85 (0.44-1.62)
0.056-0.081
1.52 (0.68-3.39)
0.671-0.808
1.15 (0.59-2.23)
8.625-10.178
0.91 (0.48-1.73)
7.975-9.745
1.40 (0.70-2.82)
0.292-0.440
0.80 (0.40-1.62)
7.639-9.221
1.27 (0.63-2.53)
1.186-1.703
1.04 (0.52-2.07)
1.237-1.508
1.29 (0.63-2.65)
5.063-6.107
1.17 (0.58-2.36)
24.251-32.808
2.16 (1.10-4.26)
1.177-1.272
1.02 (0.51-2.04)
1.640-1.860
9.65 (3.08-30.23)
2.359-2.675
3.79 (1.50-9.56)
5.480-6.901
3.77 (1.61-8.84)
2.106-2.647
1.29 (0.63-2.62)
2.209-2.800
1.22 (0.60-2.47)
5.511-8.035
1.21 (0.62-2.35)
1.573-1.846
0.83 (0.38-1.80)

>52.797
8.20 (2.86-23.52)
>0.781
1.66 (0.83-3.32)
>30.845
6.46 (2.41-17.26)
>21.420
0.84 (0.44-1.62)
>18.850
1.93 (0.88-4.23)
>1.251
5.99 (2.00-17.93)
>17.670
1.01 (0.51-1.99)
>31.085
0.15 (0.05-0.46)
>21.506
0.24 (0.10-0.59)
>10.892
0.59 (0.28-1.23)
>0.081
2.54 (1.15-5.61)
>0.808
1.10 (0.57-2.15)
>10.178
0.42 (0.18-0.95)
>9.745
0.41 (0.15-1.09)
>0.440
1.18 (0.63-2.21)
>9.221
0.51 (0.21-1.25)
>1.703
0.69 (0.32-1.50)
>1.508
0.83 (0.34-2.05)
>6.107
0.36 (0.14-0.93)
>32.808
0.28 (0.10-0.76)
>1.272
1.00 (0.50-1.99)
>1.860
9.45 (2.84-31.43)
>2.675
4.67 (1.80-12.10)
>6.901
2.83 (1.08-7.37)
>2.647
0.84 (0.36-1.98)
>2.800
0.89 (0.39-2.04)
>8.035
0.71 (0.32-1.57)
>1.846
1.23 (0.53-2.89)

*Adjusted for BMI, habitual exercise, drinking and smoking status, green-yellow vegetable intake, and family history of colorectal cancer.
cSFAs = 14:0 + 16:0 + 18:0.
bMUFAs = 16:1n-7 + 18:1n-9.
xPUFAs = n-6 PUFAs + n-3 PUFAs.
kn-6 PUFAs = 18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6 (AA).
{n-3 PUFAs = 18:3n-3 + n-3 HUFAs.
**n-3 HUFAs = 20:5n-3 (EPA) + 22:5n-3 + 22:6n-3 (DHA).
cc16:0/16:1n-7.
bb18:0/18:1n-9.
xx20:4n-6/20:5n-3.
kk20:4n-6/22:6n-3.
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<0.0001
0.13
<0.0005
0.68
0.15
<0.01
0.96
<0.005
<0.005
0.16
<0.05
0.88
<0.05
0.16
0.51
0.20
0.32
0.81
<0.05
<0.01
0.99
<0.005
<0.005
0.14
0.74
0.81
0.38
0.46
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related to inherited genetic predispositions about distribution
of body fat and metabolisms of fat and lipids (43, 47).
Most phospholipids are glycerol-3-phosphate derivatives
and contain abundant SFAs (e.g., 16:0 and 18:0) at the aposition of glycerol, whereas both MUFAs (e.g., 18:1n-9) and
PUFAs (e.g., 18:2n-6, AA, EPA, and DHA) are predominantly
found at the h-position. In phospholipids of erythrocyte
membranes, we showed that (a) PUFAs, including n-3 PUFAs
and n-6 PUFAs, had stronger inverse associations with SFAs
than with MUFAs; (b) EPA showed a weak negative link with
18:2n-6; and (c) 22:5n-3, DHA, and n-3 HUFAs were positively
associated with AA. We here observed that not only the
combination of EPA and 18:2n-6 but also that of PUFAs
and SFAs might compete for incorporation into phospholipids
in erythrocyte membranes. Moreover, dietary intakes of n-3
HUFAs and n-6 PUFAs were linked to the corresponding
contents of EPA and n-6 PUFAs in erythrocyte membranes,
whereas dietary n-3 HUFA intake exhibited a negative relation
to the levels of AA and n-6 PUFAs.
In general, the AA cascade is suggested to play critical roles
in tumor development at several sites. Previous reports in
United Kingdom and Spain, however, have shown to be lower
erythrocyte composition of AA in colorectal cancer patients than
in controls, but the findings were inconsistent (17-20). In Italian
women, the higher composition of 18:2n-6 and n-6 PUFAs were
associated with breast cancer risk, but that of AA had no
association (21). In Russian women, the higher compositions of
AA and 18:2n-6 were reported to be related to decreased breast
cancer risk (48), but in Swedish postmenopausal women, no
association was observed (49). For prostate cancer, n-6 PUFAs
and 18:2n-6 have shown increased risk in American men
(50, 51). Higher compositions of AA, 18:2n-6, and n-6 PUFAs in
Jamaican men were found to be associated with both high level
of serum prostate-specific antigen and risk (52). In the present
study, higher compositions of AA and 18:2n-6 and n-6 PUFAs
were related to decreased risk for colorectal cancer. However,
our overall knowledge about associations between cancer risk in
different body sites and the fatty acid compositions in
erythrocyte membranes are very limited.
In epidemiologic studies about fish consumption, evidence of
an inverse association with colorectal cancer risk has not been
consistent (12-16, 53-55). In our recent report (507 incident cases
and 2,535 controls) without biomarkers, no association was
found for the colon and rectum (42). In the latest large-scale
prospective Japanese cohort study with or without biomarkers,
colorectal cancer risk was also observed inconsistent (13, 54).
The study without biomarkers was found no association
between the risk and dietary intakes of foods and nutrients
based on a validated food frequency questionnaire, which had
significant positive relations between dietary intakes of fish,
DHA, and n-3 PUFAs and serum levels of the corresponding
fatty acids (13, 54). In contrast, the same study with biomarkers
has shown high serum contents of DHA and n-3 PUFAs to
significantly decrease the incidence risk (54). Therefore, we
conclude that measure of fatty acids in biomaterials is essential
for accurate assessment of effect on risk. Erythrocytes are easily
to collect from study subjects and the fatty acid contents are
available for evaluating dietary intakes of fish, fat, and fatty
acids during the recent 4 months (120 days half-life), without
recall bias about dietary intakes of foods and nutrients.
In previous studies, erythrocyte compositions of 18:0 and
18:1n-9 were higher in colorectal cancer patients (17, 18), and
those of MUFAs, 16:1n-7 and 18:1n-9 were related to increased
risk of breast cancer (21). The saturation indexn-9 in erythrocyte
membranes has been observed to be lower in colorectal cancer
patients than in controls (20) and in Italian postmenopausal
women was linked to decrease breast cancer risk, with activity
of D9 desaturase suggested to play a modifying role, especially
with dietary intakes of SFAs and PUFAs, because this enzyme is
linked to fat content in the diet (21). In the present study,

however, whereas SFAs and 16:0 had significant increased risks
of colorectal cancer, no consistent association was found for the
saturation indexn-9. There was no definite dose-response trend
for the saturation indexn-7 because the risks in the middle and
the highest to the lowest were opposite sides. Compared with
other studies, including Asian populations (17-21, 49, 56),
erythrocyte compositions of 16:0, 18:0, and SFAs in our study
subjects were high, and a possible reason might be our method
for measuring fatty acids in erythrocyte membranes (29).5
Potential limitations of the present study should be
considered. This was a retrospective study. Colorectal cancer
risk was not directly elucidated through a causal relationship
with fatty acid compositions in erythrocyte membranes
because disease status of the cancer may affect responses to
dietary questionnaire or fatty acid compositions in erythrocyte
membranes. The sample size was relatively small; therefore,
we could not assess cancer risks in colon and rectum
separately. However, we randomly selected the control
subjects, who were individually matched for age, sex, and
season of sample collection with a 1:3 case-control ratio to
increase the statistical power. Our study design allowed
exclusion of the influence of seasonal variation in both dietary
intakes of fat and fatty acids and their biomarker levels. One
methodologic issue is the selection of control subjects, but we
applied cancer-free outpatients at the ACCH for this purpose
because it is reasonable to assume our case subjects arose
within this population base. About general lifestyles, an
essential point with our control subjects is that they are
representative of the general population randomly selected
from the electoral roll in same area (32). Another potential
source of bias is the medical background of control subjects.
We here clarified that the majority did not have any specific
medical conditions (57, 58) and excluded individuals with any
diseases related to fat and/or lipid metabolisms. We therefore
conclude that use of noncancer outpatients as references for
the present study was acceptable. A blinded quality control for
measuring compositions was not used during the period of
laboratory work. The compositions of SFAs (e.g., 16:0) and
PUFAs (e.g., AA, EPA, and DHA) might be relatively high and
low, respectively, compared with previous reports, but we
have no appropriate international biomaterial standards as
control for measuring each fatty acid. Within a study, however,
it is not a problem to compare fatty acid compositions in
erythrocyte membranes.
In conclusion, using a new method for measuring fatty acids
in biomaterials, we here could show clear associations between
colorectal cancer risk and the composition of erythrocyte
membranes. Higher erythrocyte content of SFAs, especially
16:0, and a high ratio of SFAs/PUFAs were strongly linked to
increased risk, whereas PUFAs, including DHA and AA,
seemed protective. Our findings do not support the prevailing
paradigm about colorectal carcinogenesis via the AA cascade.
Further research with large sample is needed to investigate the
discrepancy about the role of AA.
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