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Dietary Intake of Fatty Acids and Serum C-reactive Protein in Japanese

Satoko Yoneyama,' Katsuyuki Miura,’ Satoshi Sasaki,” Katsushi Yoshita,” Yuko Morikawa,’
Masao Ishizaki,® Teruhiko Kido,* Yuchi Naruse,® and Hideaki Nakagawa.'

BACKGROUND: Inflammation has been established as a risk factor for cardiovascular diseases. The
relationships of polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids to inflammation
are still controversial in Western populations. The relationships are not clear in Japanese whose intake
of seafood-based long-chain n-3 PUFAs is high.

METHODS: We conducted a cross-sectional epidemiologic study in the Japanese population (1,556
men and 1,461 women aged 35-60). Serum high sensitivity C-reactive protein (CRP) was measured,
and intakes of 7 specific fatty acids (% of energy) were evaluated by a validated self-administered
dietary history questionnaire.

RESULTS: CRP was significantly and inversely related to the intakes of oleic acid (p=0.008) and « -
linolenic acid (p=0.026) in women after adjustment for confounding factors. A multiple regression analy-
sis showed that, especially in the middle tertile of long-chain n-3 PUFAs (eicosapentaenoic acid and
docosahexaenoic acid) intake, CRP was inversely related to the intake of oleic acid and linoleic acid in
both sexes and to the intake of « -linolenic acid in women.

CONCLUSION: Intakes of oleic acid, linoleic acid, and «-linolenic acid would reduce serum CRP,

especially when the intake of long-chain n-3 PUFAs is at a moderate level in Japanese.
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Inflammation plays an important role in all stages of atherosclero-
sis, and C-reactive protein (CRP), a marker of systemic inflam-
mation, has been shown to predict cardiovascular events.'* It has
been reported that higher CRP is related to older age, obesity, and
smoking,’® but what dietary factors increase CRP are still not
clear. Because polyunsaturated fatty acids (PUFAs) and monoun-
saturated fatty acids (MUFAs) are suggested to retard inflamma-
tion, several cross-sectional and intervention studies have been
reported from Western countries. Some intervention studies
reported that supplementation of « -linolenic acid (ALA), a pre-

cursor of long-chain n-3 PUFAs, reduced CRP,”" but effects of n-
6 PUFAs (such as linoleic acid), long-chain n-3 PUFAs (such as
eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA]),
and MUFASs (such as oleic acid) have been controversial."

On the other hand, PUFA intake may reduce cardiovascular
disease risk, but it has been suggested that n-6 PUFAs may com-
pete with n-3 PUFA metabolism and attenuate benefits.
Additionally, seafood-based long-chain n-3 PUFAs (EPA and
DHA) may modify the effects of plant-based, intermediate-chain
n-3 PUFAs (ALA). A recent study examined the interactions of
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these PUFAs in relation to coronary heart disease risk.”” MUFAs
(n-9 fatty acids) may also compete with PUFAs for common
metabolic enzymes. Controversies on the relationship of MUFAs
and PUFAs to CRP may have arisen because most previous stud-
ies were conducted in Western countries where long-chain n-3
PUFA intake is relatively low.

The Japanese diet is rich in seafood, and is therefore corre-
spondingly rich in seafood-based long-chain n-3 PUFAs. For
example, Japanese consume 5-8 times more EPA and DHA (0.8-
0.9 g/day) than people in the United States (0.1-0.2 g/day).""
This large-scale cross-sectional epidemiologic study in Japanese
is designed to clarify the relationships between the intake of vari-
ous fatty acids and serum CRP in Japanese, whose diet is rich in
EPA and DHA, and to investigate whether intake of EPA and
DHA influences the relationship between CRP and intake of vari-
ous other fatty acids.

METHODS

Study subjects were male and female workers aged 35-60 years
employed at a zipper and aluminum sash-producing factory in
Japan. In 2002-2003, they underwent health examinations and
provided blood sample, and we asked additional questions about
medications, physical activity, and smoking status (current,
stopped, never). The body mass index (BMI) was calculated as
weight (kg)/height® (m?). Physical activity was assessed in hours
per week spent on common leisure time physical activities
expressed as metabolic equivalent hours per week (MET-h/wk).
Dietary habits during the previous month were assessed using a
self-administered diet history questionnaire (DHQ),"'* which was
completed by each subject at home and was checked by dietitians.
The DHQ is a 16-page structured questionnaire that consists of
the following 7 sections: general dietary behaviors; major cooking
methods; consumption frequency and amount of 6 alcoholic bev-
erages; semi-quantitative frequency of intake of 121 selected food
and nonalcoholic beverage items; dietary supplements; consump-
tion frequency and amount of 19 staple foods (rice, bread, noo-
dles, and other wheat foods) and "miso" (fermented soybean
paste) soup; and open-ended items for foods consumed regularly
(= once/wk) but not appearing in the DHQ. The food and bever-
age items and portion sizes in the DHQ were derived primarily
from data in the National Nutrition Survey of Japan and several
recipe books for Japanese dishes.” Measures of dietary intake for
148 food and beverage items, energy, energy-providing nutrients
including each fatty acid, and non energy-providing nutrients
such as calcium, iron, sodium, vitamin A, vitamin C, and dietary
fiber, were calculated using an ad hoc computer algorithm devel-
oped for the DHQ, which was based on the Standard Tables of
Food Composition in Japan."” Information on dietary supplements
and data from the open-ended questionnaire items were not used
in the calculation of dietary intake. Detailed descriptions of the
methods used for calculating dietary intake and the validity of the
DHQ have been published elsewhere.'>'® In this study, we used

energy density value for nutrient intakes (% of energy [%E] for
energy-providing nutrients and weight per 1000kcal for non ener-
gy-providing nutrients).

Serum high-sensitivity CRP was measured via a high-sensitivi-
ty latex-enhanced immunonephelometric assay on Behring
Nephelometer Analyzer II (Dade Behring, Marburg, Germany).

Among 4,984 workers aged 35-60 years, nutritional data by
DHQ were obtained in 4,639 participants (93%) and serum CRP
was measured in 3,388 participants (68%). Complete data for
analysis were obtained in 3,057 participants (61%). Forty partici-
pants with a CRP concentration 10+mg/L were excluded due to
the possibility of other source of inflammation. Finally, the study
analyses were performed in 3,017 participants, 1,556 men and
1,461 women. We used log-transformed values for CRP and some
of the dietary variables to account for their skewed distribution.
We selected 5 fatty acids, where intake was over 0.6%E, and EPA
and DHA, which are important for our hypothesis, for analysis.
The intake of each fatty acid was divided into quintiles, and geo-
metric means of CRP were compared among the quintiles, using
analysis of covariance adjusted for age, BMI, alcohol consump-
tion, smoking status, and leisure time physical activity, where the
results of multiple comparison tests versus the lowest quintile
were also shown. Smoking status were adjusted using dummy
variables. Multiple liner regression analysis was used to assess the
relation between CRP and major MUFA and PUFA intake in each
of three groups with lower, middle, and higher intakes (tertiles) of
long-chain n-3 PUFAs (EPA+DHA). These analyses were adjust-
ed for age, BMI, alcohol consumption, smoking status, leisure
time physical activity, and intake of saturated fatty acids (SFAs).
All analyses were performed in men and in women, separately.
Statistical analysis was performed using the Statistical Analysis
System® (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS

Basic characteristics and dietary intake of nutrients are shown in
Table 1. Mean age was 47.0 years in both sexes. Geometric mean
of serum CRP was significantly higher in men (0.43mg/L) than in
women (0.27mg/L) (p<0.001). Intake of protein, calcium, iron,
sodium, vitamin A, vitamin C, and cholesterol were significantly
higher in women than in men (p<0.001). In contrast, carbohydrate
(p=0.02) and alcohol (p<0.001) were significantly higher in men
than in women. Serum CRP was positively related to age in
women (p<0.001), BMI in both sexes (p<0.001), and smoking in
men (p<0.001) (data not shown).

Mean values for fatty acid intake are shown in Table 2. Total
fat intake was 20.8 %E in men and 27.0 %E in women. The ratio
of n-6/n-3 in men and women were 4.44 and 4.35, respectively.
Among specific fatty acids, higher intakes were observed for oleic
acid (6.1 %E in men and 7.8 %E in women) and for linoleic acid
(4.6 %E in men and 5.8 %E in women). Mean absolute amounts
of fatty acids intake in men and in women were 1.81 gand 1.98 g
for ALA, 0.34 g and 0.38 g for EPA, and 0.46 g and 0.51 g for
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Table 1. Basic characteristics and major nutrients intake.

Men (n=1556)

Women (n=1460)

b4

All (n=3016)

Mean (95% CI) Mean (95% CI) p Mean (95% CI)

Age (year) 47.0 ( 46.7 - 47.3 ) 47.0 ( 46.7 - 47.4 ) 0.870 47.0 ( 46.8 - 47.2 )
Height (cm) 168.8 (168.5 - 169.1) 155.5 (155.2 - 155.8)  <0.001 162.3 (162.0 - 162.7)
Weight (kg) 67.0 ( 66.5 - 67.5 ) 549 (544 - 553 ) <0.001 61.1 ( 60.7 - 61.5 )
Body mass index (kg/m?) 235(233-236) 227 (225 -229) <0.001 23.1 (230 -232)
Leisure time physical activity (MET-h/week)* 1.0 ( 09 - 1.1 ) 0.8( 0.7-08 ) <0.001 09( 08-1.0 )
Current smoking (%) " 56.1 3.9 <0.001 30.8

Systolic blood pressure (mmHg) 124.2 (123.5 - 124.9) 119.4 (118.6 - 120.2)  <0.001 121.8 (121.3 - 122.4)
Diastolic blood pressure (mmHg) 76.7 ( 76.1 - 77.2 ) 729 (724 - 1735 ) <0.001 749 (745 - 753 )
Serum total cholesterol (mg/dL) 205.9 (204.3 - 207.6) 207.3 (205.6 - 209.0) 0.248 206.6 (205.4 - 207.8)
Serum HDL-cholesterol (mg/dL) 59.2 ( 584 - 60.0 ) 68.1 ( 67.4 - 68.9 ) 0.829 63.5 (629 - 64.1 )
Serum CRP (mg/L)* 0.43 (041 -045) 0.27 ( 0.25 - 0.28 ) <0.001 0.34 (033 - 0.36 )
Total energy (kcal) 2161 (2128 - 2194 ) 1846 (1814 - 1879 ) <0.001 2008 (1984 - 2032 )
Protein (%E) 157 (155 - 158 ) 179 ( 17.8 - 18.1 ) <0.001 16.8 ( 16.6 - 169 )
Carbohydrate (%E) 61.0 ( 60.5 - 61.4 ) 60.3 ( 59.9 - 60.7 ) 0.024 60.6 ( 60.3 - 60.9 )
Calcium (mg/1000kcal)* 169.0 (166.9 - 173.2) 235.7 (2329 - 240.6)  <0.001 198.6 (196.9 - 202.3)
Iron (mg/1000kcal) 2.84 (281 - 2.88 ) 3.54 (3.50 - 3.58 ) <0.001 3.18 ( 3.15 - 3.21 )
Sodium (mg/1000kcal) 1782 (1756 - 1808 ) 2118 (2089 - 2146 ) <0.001 1944 (1924 - 1964 )
Vitamin A (IU/1000kcal)* 2096 (2006 - 2189 ) 2595 (2509 - 2684 ) <0.001 2325 (2260 - 2390 )
Vitamin C (mg/1000kcal)* 29.9 (29.0 - 309 ) 458 (44.6 - 47.0 ) <0.001 36.8 ( 36.0 - 37.6 )
Alcohol (%E)* 4.19 (391 - 448 ) 0.50 (045 - 0.55 ) <0.001 1.84 ( 1.73 - 1.96 )
Dietary fiber (mg/1000kcal) 5.08 ( 5.01 - 5.16 ) 6.46 ( 6.38 - 6.55 ) <0.001 5.75(5.69 - 581 )
Dietary cholesterol (mg/1000kcal) 94.0 (919 - 96.2 ) 118.9 (116.5 - 121.3)  <0.001 106.1 (104.4 - 107.8)

* : Geometric means
T Percentages of current smokers

1 : Statistical difference between men and women by Student's t-test, by Wilcoxon test (for variables with*),

(for smoking status)
CI : confidence interval
CRP : C-reactive protein
%E : percent of energy

Table 2. Intake of fatty acids.

or by chi-square test

Men Women All
Mean (95% CI) Mean (95% CI) p' Mean (95% CI)
Total fat (%E) 20.8 ( 20.5 - 21.1 ) 27.0 (267 - 27.3 ) <0.001 23.8 (235 -24.1)
Saturated fatty acids (%E) 508 (499 - 5.17 ) 6.77 ( 6.67 - 687 )  <0.001 5.90 ( 5.82 - 5.97 )
Monounsaturated fatty acids (%E) 7.15(7.02 - 7.28 ) 9.16 ( 9.03 - 9.30 ) <0.001 8.13(8.03 -822)
Polyunsaturated fatty acids (%E) 544 (535 -552) 6.78 ( 6.69 - 6.87 ) <0.001 6.09 ( 6.02 - 6.15 )
n-3 PUFAs (%E) 1.14 ( 1.11 - 1.16 ) 1.44 ( 1.42 - 147 ) <0.001 1.28 ( 1.27 - 1.30 )
n-6 PUFAs (%E) 4.73 ( 4.66 - 4.80 ) 5.97 ( 5.89 - 6.05 ) <0.001 5.33 (527 -539 )
(n-6)/(n-3) ratio 4.44 (438 - 450 ) 435 ( 4.30 - 4.40 ) 0.022 440 ( 436 - 443 )
Palmitic acid (C16:0) (%E) 331 (326 - 337 ) 433 (427 -438 )  <0.001 3.80 ( 3.76 - 3.85 )
Stearic acid (C18:0) (%E) 1.25(1.22 - 1.27 ) 1.69 ( 1.66 - 1.72 ) <0.001 146 ( 1.44 - 148 )
Oleic acid (C18:1) (%E) 6.11 (599 - 6.22 ) 7.82 (770 - 7.95 ) <0.001 6.94 ( 6.85 - 7.03 )
Linoleic acid (C18:2 n-6) (%E) 4.59 (1452 - 4.66 ) 5.75( 5.67 - 5.82 ) <0.001 5.15(5.09 - 5.21 )
a -Linolenic acid (C18:3 n-3) (%E) 0.77 ( 0.75 - 0.78 ) 0.97 ( 0.96 - 0.99 ) <0.001 0.87 ( 0.86 - 0.88 )
Eicosapentaenoic acid; EPA (C20:5n-3) (%E)*  0.137 (0.131 - 0.142)  0.177 (0.171 - 0.184)  <0.001  0.156 (0.152 - 0.160)
Docosahexaenoic acid; DHA (C22:6 n-3) (%E)*  0.185 (0.179 - 0.191) 0.238 (0.231 - 0.245)  <0.001 0.210 (0.205 - 0.215)

* : Geometric means

T : Statistical difference between men and women by Student's t-test or by Wilcoxon test (for variables with*)

CI : confidence interval
%E : percent of energy
PUFA : polyunsaturated fatty acids
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DHA, respectively.

Multivariate-adjusted geometric means of serum CRP by quin-
tiles of each fatty acid intake are shown in Table 3. In women,
there were significant decreasing tendencies in serum CRP as the
quintiles of intakes of total fat, SFAs, MUFAs, and PUFAs
increased. For specific fatty acids, significant inverse relation-
ships were observed for oleic acid (p=0.008), and ALA (p=0.026)
in women (Table 3, lower panel). Although these relationships
were not statistically significant, similar tendencies were observed
also in men (Table 3, upper panel). Intakes of EPA and DHA
were not significantly related to CRP in both sexes.

Because we hypothesized that the intake of long-chain n-3

PUFAs may interact the relationships of CRP to other PUFAs and
MUPFAs, we assessed the relationships of three fatty acids (oleic
acid, linoleic acid, and ALA) to serum CRP in each tertile of
long-chain n-3 PUFAs (EPA+DHA) intake. Results are shown in
Table 4 for men and in Table 5 for women. In men, oleic acid and
linoleic acid were significantly and inversely related to serum
CRP only in the middle tertile of EPA+DHA intake, in the SFA-
adjusted model (model 2) (Table 4). In women, the intakes of
oleic acid, linoleic acid, and ALA were significantly and inverse-
ly related to serum CRP in the lower and the middle tertiles of
EPA+DHA intake (Table 5).

Table 3. Multivariate-adjusted mean values of serum CRP by quintiles (Q1-Q5) of each fatty acid intake.

Q1 (lowest) Q2 Q3 Q4 Q5 (highest)  p for trend
Men
Total fat 0.48 0.42 0.42 0.43 0.40* 0.332
Saturated fatty acids 0.48 0.43 0.39** 043 0.43 0.131
Monounsaturated fatty acids 0.48 0.42 0.41 0.44 0.42 0.387
Polyunsaturated fatty acids 0.47 0.43 0.43 0.40 0.42 0.493
n-3 PUFAs 0.42 0.47 0.40 0.43 0.43 0.409
n-6 PUFAs 0.46 0.43 0.45 0.41 0.41 0.514
(n-6)/(n-3) ratio 0.49 0.45 0.43 0.38** 0.42 0.038
Palmitic acid (C16:0) 0.48 0.43 0.42 0.42 0.41 0.448
Stearic acid (C18:0) 0.49 041* 0.43 0.42 041* 0.210
Oleic acid (C18:1) 0.47 0.44 0.39* 0.46 0.42 0.138
Linoleic acid (C18:2 n-6) 0.48 0.41 0.43 0.42 0.42 0.358
« -Linolenic acid (C18:3 n-3) 0.48 0.42 0.44 0.40* 0.42 0.314
Eicosapentaenoic acid (EPA) (C20:5 n-3) 0.42 0.44 0.45 0.39 0.47 0.136
Docosahexaenoic acid (DHA) (C22:6 n-3) 0.42 0.44 0.45 0.40 0.45 0.508
Women
Total fat 0.31 0.26* 0.23*** 0.30 0.24*** <0.001
Saturated fatty acids 0.32 0.25**  0.24**  0.26* 0.28 0.009
Monounsaturated fatty acids 0.31 0.27* 0.24**  0.27 0.24** 0.011
Polyunsaturated fatty acids 0.31 0.26 0.25* 0.27 0.24** 0.034
n-3 PUFAs 0.32 0.26**  0.26* 0.25** 0.26* 0.020
n-6 PUFAs 0.31 0.26* 0.27 0.26* 0.24** 0.067
(n-6)/(n-3) ratio 0.29 0.28 0.25 0.27 0.25 0.447
Palmitic acid (C16:0) 0.31 0.26* 0.25* 0.25* 0.27 0.095
Stearic acid (C18:0) 0.30 0.27 0.25* 0.26 0.26 0.170
Oleic acid (C18:1) 0.31 0.26* 0.24**  0.29 0.24** 0.008
Linoleic acid (C18:2 n-6) 0.31 0.27 0.26 0.26 0.24** 0.060
« -Linolenic acid (C18:3 n-3) 0.31 0.26* 0.26* 0.24** 0.26* 0.026
Eicosapentaenoic acid (EPA) (C20:5 n-3) 0.30 0.25* 0.26 0.27 0.25* 0.224
Docosahexaenoic acid (DHA) (C22:6 n-3) 0.30 0.27 0.26 0.26 0.25 0.324

Values are geometric means of CRP (mg/L) by quintiles of each fatty acids intake (% of energy), adjusted for age,
body mass index, alcohol consumption, smoking status and leisure time physical activity.

CRP : C-reactive protein
PUFA : polyunsaturated fatty acids

* 1 p<0.05, *#* : p<0.01, *** : p<0.001 versus the lowest quintile (Q1)
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Table 4. Multiple linear regression analysis on serum CRP in relation to each of 3 fatty acids in each tertile of EPA+DHA
intake (men).

Lower EPA+DHA intake Middle EPA+DHA intake Higher EPA+DHA intake

(-0.20%E) (n=502) (0.21-0.38%E) (n=524) (0.39+%E) (n=530)
Coefficient t-value p Coefficient t-value p Coefficient t-value p

Oleic acid (C18:1) (%E)

Model 1 -0.007 -0.4  0.730 -0.038 -1.6  0.102 -0.006 -0.3  0.770

Model 2 -0.009 -0.3  0.734 -0.105 -2.6  0.009 0.020 04 0.699
Linoleic acid (C18:2 n-6) (%E)

Model 1 -0.006 -0.2 0.839 -0.036 -1.0  0.321 -0.017 -0.5  0.599

Model 2 0.002 0.1 0.946 -0.109 -2.30.021 0.016 0.3 0.762
« -Linolenic acid (C18:3 n-3) (%E)

Model 1 -0.025 -0.2  0.861 -0.144 -0.8  0.401 -0.032 -0.2  0.841

Model 2 0.008 0.1 0.948 -0.401 -1.9  0.059 0.103 0.4 0.667

CRP : C-reactive protein

EPA : eicosapentaenoic acid

DHA : docosahexaenoic acid

%E : percent of energy

Model 1 is adjusted for age, body mass index, alcohol consumption, smoking status and leisure time physical activity.
Model 2 is adjusted for variables in Model 1 plus saturated fatty acids.

Table 5. Multiple linear regression analysis on serum CRP in relation to each of 3 fatty acids in each tertile of EPA+DHA
intake (women).

Lower EPA+DHA intake Middle EPA+DHA intake Higher EPA+DHA intake

(-0.29%E) (n=504) (0.30-0.51%E) (n=451) (0.52+%E) (n=505)
Coefficient t-value  p Coefficient t-value  p Coefficient t-value  p

Oleic acid (C18:1) (%E)

Model 1 -0.0410 -2.30.025 -0.0425 -20 0.052 -0.0031 -0.2  0.881

Model 2 -0.0478 -1.9  0.065 -0.0688 -2.20.028 0.0358 1.2 0.236
Linoleic acid (C18:2 n-6) (%E)

Model 1 -0.0667 -2.5 0.012 -0.0892 -2.6  0.009 0.0220 0.7 0.486

Model 2 -0.0643 -2.20.032 -0.0978 -2.6  0.009 0.0545 1.5 0.129
a -Linolenic acid (C18:3 n-3) (%E)

Model 1 -0.2726 -2.30.023 -0.3712 -2.5 0.015 0.1687 1.1 0.279

Model 2 -0.2469 -20 0.052 -0.3751 24 0018 0.2851 1.7 0.089

CRP : C-reactive protein

EPA : eicosapentaenoic acid

DHA : docosahexaenoic acid

%E : percent of energy

Model 1 is adjusted for age, body mass index, alcohol consumption, smoking status and leisure time physical activity.
Model 2 is adjusted for variables in Model 1 plus saturated fatty acids.
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DISCUSSION

In this study in a large Japanese population, whose seafood intake
is higher compared to that in Western populations, significant and
inverse relationships between serum CRP and intakes of total fat,
SFAs, MUFAs, PUFAs, and some specific fatty acids were
observed especially in women. Also, the significant inverse rela-
tionships of serum CRP were observed to oleic acid and linoleic
acid in Japanese men with a moderate intake of long-chain n-3
PUFAs (EPA+DHA) and to oleic acid, linoleic acid, and ALA in
Japanese women with a lower or moderate intake of long-chain n-
3 PUFAs.

Because PUFAs and MUFAs are suggested to retard inflamma-
tion, several cross-sectional and intervention studies have been
reported from Western countries. Especially for ALA (plant-
based, intermediate-chain n-3 PUFA), there are randomized trials
showing its anti-inflammatory effects.”® Although the amount of
ALA supplementation in these trials was much higher than the
usual dietary ALA intake, our results in Japanese subjects would
support their findings. For seafood-based long-chain n-3 PUFAs
(EPA and DHA), there have been several studies investigating the
relationship to CRP. A cross-sectional study from the Nurses'
Health Study found that CRP was 32% lower in the highest quin-
tile of EPA+DHA intake compared with the lowest quintile."
However, intervention trials have not yet confirmed that
EPA+DHA supplementation decreases CRP."”?' Our study in
Japanese subjects also did not show significant relationship of
EPA and DHA to CRP.

The so-called Mediterranean-style diet has been reported to
reduce cardiovascular risk, and a recent randomized trial reported
on its anti-inflammatory effect. This diet is known to be rich in
oleic acid, fiber, and antioxidants so that these nutrients may be
beneficial in reducing inflammation. Because our results showed
a relatively stronger relationship of oleic acid to CRP compared
with other fatty acids, further investigation focusing on oleic acid
intake is needed. For linoleic acid (plant-based n-6 PUFA), sever-
al randomized trials compared anti-inflammatory effect with ALA
(n-3 PUFA),”™ and a lower n-6/n-3 ratio has been recommended.
However, it has also been shown that a linoleic acid rich diet
reduced inflammation.” Because our study showed a relatively
strong inverse relationship of linoleic acid to CRP especially in
women, the substitution of linoleic acid for SFAs may be recom-
mended.

One of the most important purposes of this study was to inves-
tigate whether there is an interaction of long-chain n-3 PUFAs
intake for the relationships between other fatty acids and CRP.
Previous epidemiologic findings on ALA, linoleic acid, and oleic
acid in Western countries may be affected by lower intake of EPA
and DHA. Japanese have been reported to consume 5-8 times
more long-chain n-3 PUFAs. In the United States, intake of n-3
PUFAs was 1.6 g/day (0.7 %E), of which 1.4g was ALA and 0.1-
0.2 g was EPA+DHA. In Japan, intake of n-3 PUFAs was 2.8
g/day (2.3 %E), of which 1.9 g was ALA and 0.8-0.9 g was

EPA+DHA."" The INTERMAP study showed that EPA+DHA
intake in Japan was 1.2 g/day in men and 0.9 g/day in women,
whereas that in the USA was 0.2 g/day in both men and women.”
In the present study, the relationships of oleic acid, linoleic acid,
and ALA to CRP were especially strong when EPA+DHA intake
was the average for this population. However, it should be noted
that this level is much higher than that in Western countries. If
people in Western countries were to consume more EPA and
DHA, the anti-inflammatory effects of oleic acid, linoleic acid,
and ALA may be stronger.

The mechanisms underlying the relationship of these fatty acids
to inflammation and of the interaction with EPA+DHA are yet to
be fully elucidated. After ingestion, three types of 18-carbon fatty
acids, i.e. oleic acid (18:1 n-9), linoleic acid (18:2 n-6), and ALA
(18:3 n-3), are desaturated and elongated to 20-carbon fatty acids
by common metabolic enzymes (0 5-desaturase and o 6-desat-
urase). Oleic acid is converted to eicosatrienoic acid (20:3 n-9);
linoleic acid is converted to arachidonic acid (20:4 n-6); and ALA
is converted to EPA (20:5 n-3).>? The pro-inflammatory
eicosanoids prostaglandin E2 and leukotriene B4 are derived from
arachidonic acid. EPA can act as a competitive inhibitor of
arachidonic acid conversion to these eicosanoids. Thus, these var-
ious fatty acids metabolism may interact with each other, and dif-
ferent effects may occur under different conditions of fatty acids
intake among different populations. Further experimental and
interventional studies under different conditions are needed to
clarify these mechanisms and causal relationships.

Our study has several limitations. First, because the study is
cross-sectional, we cannot infer causality from our results.
Second, because intakes of oleic acid, linoleic acid, and ALA
were strongly correlated with each other, independent relation-
ships between each substance and CRP after adjustment for the
other substances were not calculated in order to avoid multi-
collinearity. Third, although the validity of the DHQ was evaluat-
ed for total fat, SFA, MUFA, PUFA, EPA, and DHA, "' the
validity for other specific fatty acids, including oleic acid, linoleic
acid, and ALA, have not been fully established. Fourth, male par-
ticipants may under-report their fat intake, as the total fat intake in
men (20.8%E) was lower than that in previous reports in Japan.
Although the reasons of relatively stronger relationships between
CRP and specific fatty acids intake in women are not clear, one of
the reasons might be lower reliability in fat intake in men.

In conclusion, this large-scale cross-sectional study in Japanese
subjects suggested that intake of oleic acid, linoleic acid, and
ALA would reduce serum CRP, especially when there is moder-
ate intake of long-chain n-3 PUFAs (EPA+DHA). For the
Japanese, the present level of seafood intake should be main-
tained, and, at the same time, substitution of plant-based PUFAs
intake for SFAs is recommended. For Western populations, an
increased intake of seafood may improve the anti-inflammatory
effect of PUFAs.
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