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Abstract

Objective: To examine whether dietary intake of n-3 polyunsaturated fatty acid (n-3PUFA) is associated with serum C-reactive protein (CRP)
levels with regard to smoking status in the Japanese general population in a cross-sectional study.

Methods and resulis: A total of 14,191 participants aged 40-69 years were enrolled and divided into quartile groups according to their intake
of n-3PUFA. Multivariate-adjusted logarithm-transformed CRP levels were compared between the quantile groups with regard to smoking
status after adjusting for traditional risk factors and intake of saturated fauty acids. Adjusted CRP levels were inversely associated with dietary
intake of n-3PUFA for both the male subjects and female subjects (p < 0.05 for trend). A linear trend was nol seen between intake of n-3PUFA
and adjusted CRP levels in male nonsmokers. Adjusted CRP level in the lowest quartile group of n-3PUFA was significantly higher than the
levels in other groups in male smokers.

Conclusion: Sufficient dietary intake of n-3PUFA may attenuvate inflammatory reaction and this effect is more evident among high-risk
populations such as male smokers although the small numbers of female ex-smokers and nonsmokers limited statistical power to draw strong
conclusions aboul these groups.

© 2008 Elsevier Ireland Ltd. All rights reserved.

Keywords: n-3 Polyunsaturated fatty acid; C-reactive protein; Smoking, Nutrition; Risk factors

Accumulating evidence indicates that fish consumption is
inversely correlated with fatal coronary artery disease and
other atherosclerotic cardiovascular diseases (CVDs) [1,2].
However, the underlying biochemical mechanism has not
been elucidated and the causal inference remains premature.
n-3 Polyunsaturated fatty acids (n-3PUFA), which are con-

* Comesponding author at: Department of Hygiene and Preveniive
Medicine, lwate Medical University, 19-1 Uchimaru, Morioka 020-85085,
Japan. Tel.: 481 19 651 5111, fax: +81 19 623 8870.

E-mail address: masakio@iwate-med.ac.jp (M. Ohsawa),

DO21-9150/% - see front matter © 2008 Elsevier Ireland Lid. All rights reserved.
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tained in marine fish and some plants, play a key role in the
prevention of CVD [3]. Possible mechanisms by which n-
3PUFA lowers CVD mortality and morbidity are its effects
on cardiac arrhythmia, hemodynamics, endothelial function,
lipid metabolism, and coagulation function [4-8].

Chronic systemic inflammation plays a pivotal role in the
development of atherosclerosis [9]. Traditional risk factors
for atherosclerotic CVDs are thought to induce an inflamma-
tory reaction and cause the development of atherosclerosis
[9,10]. Cigarette smoking is considered a major factor respon-
sible for the promotion and progression of atherosclerosis
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[11,12], and smoking is also thought to induce inflammatory
responses [13-15].

n-3PUFA is a precursor of anti-inflammatory eicosanoids,
and the anti-inflammatory effects of n-3PUFA may play
a key role in the prevention of CVDs. Favorable effects
due to the dietary intake of fish with regard to preventing
CVD are also evident, especially in high-risk populations,
including smokers [1,2,16,17]. This evidence suggests that
the anti-inflammatory effects of n-3PUFA attenuate active
inflammation, such as that related to smoking.

However, whether dietary intake of n-3PUFA is associated
with inflammatory reactions in the general population has not
yet been fully elucidated with regard to smoking status. In this
cross-sectional study, we examined the association between
dietary intake of n-3PUFA and serum CRP level, and we
compared the CRP levels in groups in the Japanese general
population categorized by smoking status.

1. Methods
1.1, Study subjects

The Iwate-KENCO Study (Iwate KENpoku COhort
Study) is a prospective cohort study of 26,472 Japanese
men and women who are undergoing annual health check-
ups [15]. The baseline survey was carried out between
2002 and 2004. Of these participants, 14,191 participants
aged 40-69 years with serum CRP levels less than 10 mg/L
completed anthropometrical examinations, blood tests, self-
administered questionnaires regarding lifestyle, and food
frequency questionnaires. All participants provided written
informed consent prior to participation in the study. The study
was approved by the Medical Ethics Committee of Iwate
Medical University and conducted in accordance with the
guidelines of the Declaration of Helsinki.

1.2. Measurements

Anthropometrical examinations and blood pressure mea-
surements were performed in a unified manner [I5].
Self-administered questionnaires about demographic charac-
teristics, history of cardiovascular disease, drug use, alcohol
consumption, and smoking were used to collect individual
information. Dietary habits during the previous month were
assessed using a brief self-administered diet history question-
naire (BDHQ). This was a 4-page structured questionnaire
consisting of three sections: general dietary behavior and
major cooking methods, frequency and amount of intake
of five alcoholic beverages, and frequency of consump-
tion of 50 selected food and nonalcoholic beverage items.
The food and beverage items and the standard portion
sizes in the BDHQ were derived primarily from a self-
administered diet history questionnaire, a 16-page structured
questionnaire consisting of seven sections, which was used
previously by one of the authors [18,19]. Estimated dietary

intake of 48 food and beverage items, energy, and nutri-
ents were calculated using an ad hoc computer algorithm
for the BDHQ, which was based primarily on the Stan-
dard Tables of Food Composition in Japan [20]. Pearson’s
correlation coefficients between intakes assessed using the
BDHQ and 16-day semi-weighed dietary records in 92
men and 92 women were 0.24 and 0.26 for energy, 0.34
and 0.33 for cholesterol, 0.50 and 0.55 for fat, 0.55 and
0.60 for saturated fatty acid, 0.50 and 0.57 for monoun-
saturated fatty acid, and 0.38 and 0.40 for polyunsaturated
fatty acid (energy density values), respectively (unpub-
lished observations, Sasaki, 2004). In addition, the intake of
eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA)
assessed using the BDHQ was significantly and positively
correlated with serum concentrations of EPA + DHA: Pear-
son’s correlation coefficients were 0.37 (p<0.001) in 91 men
and 0.31 (p<0.01) in 91 women (unpublished observations,
Sasaki, 2004).

Serum levels of CRP were determined by the latex-
enhanced immunonephelometric method (Dade Behring
Diagnostics, Germany) using a threshold of 0.1 mg/L. In
this estimation, CRP values under the minimum detectable
level were treated as 0.1 mg/L. Methods for measuring total
cholesterol (TC) levels, triglyceride (TG) levels, high-density
lipoprotein cholesterol (HDLC) levels, low-density lipopro-
tein cholesterol (LDLC) levels, plasma glucose levels, and
glycosylated hemoglobin (HbAj¢) levels were previously
described in detail [15].

1.3. Classification and definition

The male and female subjects were divided into groups
according to their smoking status (current smokers, ex-
smokers, and nonsmokers). To examine the extent to which
dietary intake of n-3PUFA affects serum lipid levels and CRP
levels, we divided the male and female subjects into quartile
groups according to their dietary intake of n-3PUFA, Several
studies have shown that alcohol intake [21] and exercise [22]
are associated with serum CRP levels. Regular drinking was
defined as drinking 5 days or more per week, and regular
exercise was defined as exercising (at least 60 min) 8§ days or
more per month.

1.4. Startistical analysis

Student’s t-test was used to test for differences in sev-
eral parameters between two groups. A chi square test was
used to compare frequencies between categories, Compar-
isons of skewed data were performed using a Mann—Whitney
U test. To determine confounding factors that could affect the
association between dietary intake of n-3PUFA and serum
CRP levels, sex-specific multiple linear regression analyses
were performed using natural logarithm-transformed CRP
(In CRP) as a dependent variable and smoking status patterns
{current smoking and past smoking), regular drinking, reg-
ular exercise, age, BMI, SBP, intake of saturated fatty acid,

=139 —



186 M. Ohsawa et al. / Atherosclerosis 201 (2008) 184-191

intake of n-6PUFA., intake of n-3PUFA, HbA . level. HDLC
level, and LDLC level as independent variables.

After adjusting for factors (those significantly related to
In CRP levels in multiple regression analysis), adjusted CRP
levels (expressed as geometric means) of the quartile groups
were compared using analysis of covariance (ANCOVA).
Adjusted CRP levels were also compared between quar-
tile groups according to intake of long-chain n-3PUFA
(EPA + DHA) or according to intake of alpha linolenic acid
(ALA). Multiple comparisons were performed using Bon-
ferroni’s method. Linear trends across quartile groups were
confirmed after adjusting for confounding factors both in
male subjects and female subjects. Linear trend tests were
also performed across quartile groups separately by smok-
ing status. All p values were based on two-sided tests, and p
values less than 0.05 were considered statistically significant.
The Statistical Package for Social Sciences (SPSS Japan Inc.,
Tokyo, version 14.0) was used for all analyses.

2. Results

Table | shows the demographic, biochemical, lifestyle,
and dietary characteristics of the male and female subjects for

all smoking status. The proportions of current smokers were
35.5% in the male subjects and 3% in the female subjects.
Crude CRP levels in the male subjects were higher than those
in the female subjects (mean values: 0.86 in male subjects and
0.71 mg/L in female subjects, p<0.05). Mean dietary intake
of n-3PUFA was 4.0 g/day (1.4% of total energy intake) in
the male subjects and 3.3 g/day (1.6% of total energy intake)
in the female subjects, intake of sawrated fauy acid was
15.5 g/day (5.5% of total energy intake) in the male subjects
and 13.8 g/day (6.7% of total energy intake) in the female
subjects, and the ratio of n-6PUFA to n-3PUFA in the diet
was 3.3 in the male subjects and 3.4 in the female subjects.
Mean age was higher in nonsmokers than in others both in
male and female subjects. The proportion of regular drinkers
was higher than that of ex-drinkers or nondrinkers in current
smokers both in men and women.

Table 2 shows the demographic, biochemical, and lifestyle
characteristics of the subjects by quartile groups created
according 1o the dietary intake of n-3PUFA. Higher intake of
n-3PUFA was associated with more advanced of age, higher
SBP, lower TG levels, and lower LDLC levels in the male
subjects. In the female subjects, a higher intake of n-3PUFA
was associated with more advanced age, lower TG levels,
and higher HDLC levels, Crude CRP levels in the lowest

Table 1
Demographic, biochemical, lifestyle, and dietary characteristics of the study subjects
Male subjects Female subjects
Nonsmoker Ex-smoker Current smoker Nonsmoker Ex-smoker Current smoker
Subjects (n) 1547 1261 1543 9399 148 293
Age (years) 60.4(7.2) 59.9(7.6) 56.6 (8.3) 579(7.7) 24.0(3.3) 51.3(74)
BMI (kg/m?) 24.4(2.9) 24.5(2.8) 23.7(29) 24.0(3.3) 24.4(4.2) 234039
SBP (mmHg) 1295 (18.8) 130.2(18.7) 127.3(19.6) 123.5(19.3) 120.0 (19.4) 118.0(19.1)
TC (mg/dL) 193.8 (32.6) 197.5(31.7) 192.1 (33.8) 207.0(32.2) 202.1 (33.8) 205.0(35.0)
TG (mg/dL) 1228(77.5) 137.9 (100.1) 142.2 (95.2) 111.7 (64.4) 114.1 (T0.8) 135.9 (155.2)
HDLC (mg/dL) 56.9(15.2) 56.4(15.3) 554 (15.2) 61.9(14.3) 65.0 (15.7) 62.7(15.2)
LDLC (mg/dL) 115.4 (29.0) 118.0 (28.2) 113.6(31.9) 124.7(28.9) 117.8(29.0) 121.0(32.2)
PG (mg/dL) 112.9 (31.4) 1134 (33.3) 113.9 (38.9) 105.2 (24.8) 101.0 (20.2) 101.5 (32.4)
HbA ¢ (%) 5.08 (0.67) 5.15 (0.76) 5.4 (07 5.08 (0.62) 4.98 (0.59) 5.01(0.71)
CRP (mg/L) 0.75(1.14) 0.89 (1.24) 0.95(1.24) 0.71 (1.08) 0.77 (1.26) 0.74 (1.25)
% of drinkers 42.0% 50.5% 58.6% 4.3% 19.6% 18.8%
% of Reg ex 16.9% 20.6% 11.9% 11.5% 13.5% 15.4%
Ex/month 3.68 (8.56) 4.39(9.29) 2,63 (7.48) 2.30 (6.74) 2.73(7.05) 3.53 (8.65)
Dietary intake of each variable: expressed as g/day (% of total energy)
Carbohydrate 358.8 (56.3%) 337.9(55.0%) 348.3 (54.8%) 260.1 (57.3%) 238.0 (55.6%) 232.2(554%)
Protein 97.4(15.3%) 93.5 (15.2%) 925 (14.5%) 74.2(16.1%) 65.5 (15.1%) 65.5 (15.2%)
Total fat 65.0 (22.8%) 61.0(22.1%) 60.1 (21.1%) 534 (25.9%) 50.1 (25.5%) 47.4 (24.8%)
SFA 16.3 (5.8%) 15.5 (5.6%) 14.8 (5.2%) 13.8 (6.7%) 13.5 (6.9%) 12.4 (6.5%)
MUFA 21.8(7.6%) 20.5(7.4%) 204 (7.1%) 17.9 (8.6%) 17.0 (B.6%) 16.1 (8.4%)
PUFA 17.6 (6.2%) 16,4 (5.9%) 16.4 (5.7%) 14,1 (6.8%) 12.8 (6.5%) 12.3 (6.5%)
n-3PUFA 4.2 (1.5%) 3.9(1.4%) 39(1.4%) 33(1.6%) 28(1.5%) 2R (1.5%)
n-6PUFA 13.2 (4.6%) 12.2(4.4%) 12.3 (4.3%) 10.6 (5.1%) 10.0 (5.1%) 9.5 (5.0%)
EPA + DHA 2.0(0.7%) 1.8(0.7%) 1.9 (0.6%) 1.5 (0.7%) 1.1 (0.6%) 1.2 (0.6%)
o linolenic acid 2.2(0.8%) 2.1(0.7%) 2.1 (0.7%) 1.8 (0.9%) 1.7 (0.9%) 1.6 (0.8%)
né/n3 ratio 33(09) 33(1.0) 33(0L0) 3.400.9) 3.6 (0.9) 3.6(1.0)

Data are expressed as means (5.D.s) or perc

Abbreviati

: BMI, body mass index; SBP, systolic blood pressure; TC, total cholesterol; TG, tnglycenide;

HDLC, high-density lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; PG, plasma glucose; HbAl¢, percentage of glycosylated hemoglobin,
CRP, C reactive protein; smokers, current smokers; drinkers, regular drinkers; Reg ex, regular exercise; SFA, saturated fatty acid; MUFA, monounsaturated
farty acid, PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; n6/n3 ratio, ratio of dietary n-6PUFA to n-3PUFA,
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Table 2

Demographic, biochemical, and lifestyle characteristics of the subjects by quartile group (as determined by dietary intake of n-3PUFA)

(M4 groups sccording to dietary intake of n-3 Ql Q2 Q3 o4

PUFA (% of total energy)

Men (0.15-1.0%) Men (1.0-1 4%) Men (1.4-1.7%) Men (1.7-4.2%)
Women (0.24-1.2%) Women (1.2-1.5%) Women (1.5-1.9%) Women (1.9-6.4%)

Male subjects 1088 1087 1088 1088
Age (years) 56.9 (8.6) S8.2 (R.0) 59,5(7.5) 61.0(7.0)
BMI (kg/m*) 242(29) 241 (2.8) 242 (3.0) 24.2(29)
SBP (mmHg) 128.2(18.9) 129.0 (18.7) 129.1 (19.1) 129.4 (19.8)
TC (mg/dL) 1957 (33.4) 194.0 (33.4) 1956 (32.3) 191.8 (32.1)
TG (mg/dL) 144.4 (106) 137.2(85.6) 1342(912) 1207 (78.9)
HDLC (mg/dL) 56.0(152) 55.8 (14.6) 56.9(15.5) 56.3 (15.6)
LDLC (mg/dL) 1165 (30.2) 115.7 (30.5) 115.8 (30.0) 113.9(29.0)
PG (mg/dL) 1142 (37.8) 1119 (31.9) 113.0(31.4) 114.6 (37.4)
HbAc (%) 5.11(0.82) 5.10 (0.66) 5.09 (0.63) 5,18 (0.80)
CRP (mg/L) 091(1.25) 0.85 (1.22) 0.84 (117) 0.85 (1.19)
Smokers (%) 394 176 328 322
Ex-smokers (%) 297 28,1 294 8.7
Drinkers (%) 544 534 498 438
Reg ex (%) 132 150 188 20.6

Female subjects 2459 2460 2460 2461
Age (years) 56.8(8.1) 56,8 (8.1) 51.7(18) 593 (7.1)
BMI (kg/m?) 240(3.4) 24.0 (3.4) 23903.3) 24.1 (3.4)
SBP (mmHg) 123.1 (19.3) 123.4 (20.0) 1226 (189) 1242(19.1)
TC (mg/dL) 2056 (32.1) 207.7 (32.5) 2063 (32.0) 207.9 (32.6)
TG (mg/dL) 1167 (82.3) 1135 (65.4) 110.4 (62.3) 109.1 (64.0)
HDLC (mg/dL) 614 (14.1) 61.9(14.5) 623(14.1) 62.4 (14.6)
LDLC (mg/dL) 1236 (29.2) 1258 (29.T) 124.1(28.3) 124.6 (28.8)
PG (mg/dL) 1048 (26.4) 105.3 (27.3) 104.3 (21.4) 105.7 (24.5)
HBA ¢ (%) 5.08 (0.67) 5.06 (0.63) 5.06 (0.53) 5.12(0.65)
CRP (mg/L) 0.74 (1.15) 0.71 (1.10) 0.65 (0.95) 0.75(1.15)
Smokers (%) 4.1 3.0 27 2.1
Ex-smokers (%) 20 1.7 15 09
Drinkers (%) 72 49 39 38
Reg ex (%) 9.8 1.0 120 13.1

Data are expressed as means (5.1.5) or percentages. Abbreviations are the same as those in Table 1,

Table 3
Standardized regression coefficients by multiple regression analysis predicting logarithm-transformed CRP

Men (4351) Women (9840)

Standardized coefficient p value Standerdized coefficient p value
Age (years) 0.119 <0.001 0.086 <0.001
BMI (kg/m?) 0.176 <0.001 0291 <0.001
SBP (mmHg) 0.040 0.008 0,059 <0.001
HDLC (mg/dL) -0.157 <0.001 -0.31 <0001
LDLC (mg/dL) 0.057 0.001 0.043 <0.001
HbA ¢ (%) 0.084 <0.001 0.091 <0001
Current smoking 0.149 <0.001 0.013 0.179
Ex-smoking 0.074 <0,001 0.005 0.610
Regular drinking 0.041 0.022 —0.006 0.551
Regular exercise —0.018 0.216 ~0,014 0.138
Carbohydrate intake (%) -0.017 0.424 —0.037 0.070
SFA intake (%) 0.047 0.014 0.017 0.235
n3 intake (%) ~0.054 0.010 —0.038 0.012
n6 intake (%) -0.012 0518 ~0.008 0.464

Abbreviations are the same as those in Table 1.
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quartile group were higher than those in each of the other
three groups for the male subjects (p <0.05, Mann-Whitney
U test). On the other hand, there was no difference between
mean crude CRP levels in the quartile groups for the female
subjects. Higher intake of n-3PUFA was associated with
lower percentage of smokers, lower percentage of drinkers,
and higher percentage of subjects performing regular
exercise.

Table 3 shows the results of multiple linear regression
analyses using In CRP as the dependent variable and smok-
ing status patterns and other factors as independent variables.
“Current smoking” and “ex-smoking™ were significantly cor-
related with In CRP levels in the male subjects but not in the
female subjects. Age, BMI, systolic blood pressure, levels
of HDLC, LDLC, and HbA I¢, intake of SFA, and intake of
n-3PUFA were related to In CRP level in both sexes. Regular
drinking was also correlated with InCRP level, but regu-
lar exercise was not associated with In CRP level. The high
levels of correlation among the explanatory variables pro-
duce challenges for statistical modelling to ensure the results
are not artifacts of collinearity. We also performed multiple
regression analyses using the products of pairs of explanatory
variables as independent variables to adjust for interactions
between explanatory variables. The results were unchanged
even after adjusting for interactions between explanatory
variables (data not shown).

Non-adjusted and adjusted geometric mean levels of CRP
in the quartile groups according to intake of n-3PUFA,
according to intake of long-chain n-3PUFA, or according to
intake of ALA are shown in Table 4. Multiple comparisons
showed significant difference only between the Q1 category
and Q4 category according to intake of n-3PUFA (0.54 vs.
0.46, p<0.05) in male subjects. Linear trends across quar-
tile groups according to intake of n-3PUFA or according
to intake of long-chain n-3PUFA existed both in male and
female subjects. The higher the intake of n-3PUFA was, the
lower adjusted CRP level was. The higher the intake of long-
chain PUFA was, the lower the adjusted CRP level was. A
linear trend across quartile groups according to intake of ALA
existed only in male subjects. In female subjects, slightly ele-
vated CRP levels in Q1 and equal levels in Q2, Q3, and Q4
categories were observed.

Table 5 shows adjusted geometric means of CRP level
in the quartile groups separately by smoking status. Linear
trends across quartile groups were shown in both smokers
and ex-smokers in the male subjects. Multiple comparisons
showed significant differences in CRP levels between the Q1
and Q2 categories, between the Q1 and Q3 categories, and
between the Q1 and Q4 categories in male smokers (0.54 vs.
0.48, 0.48, 0.48, or 0.46, p<0.05). The difference between
CRP levels in the Q1 and Q4 categories was also signifi-
cant in male ex-smokers. A significant difference was not

Table 5
Adjusted geometric means of CRP level in the quartile groups according to dietary intake of n-3PUFA separately by smoking status
Dietary intake of Q Q@ Q3 Q4 .
03 PUFA Men (0,15-1.0%) Men (10-1.4%) Men (1.4-1.7%) i S ﬁ‘,_ trend p
(% of total energy) Women (0.24-1.2%)  Women (1.2-1.5%)  Women (1.5-1.9%) p 4':,':;'“ :

Male nonsmokers (n) 136 374 411 426

Adjusted CRP (mg/L) 0.43 (0.38-0.48) 0.42 (0.38-0.46) 0.42 (0.38-0.46) 0.39 (0.35-0.43) 0.232
Male ex-smokers (n) a 306 320 3z

Adjusted CRP (mg/L) 0.57 (0.51-0.64) 048 (0.43-0.54) 0.47 (0.42-0.52) 0.46 (0.41-0.51) 0.009

L J
p =005

Male smokers (n) 429 407 is? as0

Adjusted CRP (mg/L) 0.54 (0.51-0.58) 0.48 (0.46-0.51) 0.48 (0.45-0.51) 0.46 (0.43-0.49) 0,029

p <005
p <005
p <005

Female nonsmokers n} 1310 343 2358 1388

Adjusted CRP (mg/L) 0.44  (0.42-0.46) 043 (0.41-0.44) 0.41  (0.39-0.42) 041 (0.39-0.43) 0.005
Female ex-smokers (n) 48 43 36 21

Adjusted CRP (mg/1.) 043 (0.31-0.60) 047 (032-0.67) 052 (0.36-0.77) 0.68  (0.42-1.09) 0.097
Female smokers (m) 101 T4 66 52

Adjusted CRP {mg/L) 0.56 (0.44-0.71) 0.48  (0.37-0.63) 0.41  (0.31-0.55) 0.58  (0.43-0.79) 0.605
Data are exp d as ic means (95% CI). Adjusted geometric means of CRP level for persons aged 60 years with BMI of 24 (kg/m?), SBP

of 128 (mmHg), HDLC o!'Sb O(mgfl-) LDLC of 117.0 (mg/L) HbAlc of 5.10 (%), intake of saturated fatty acid of 5.5% of total energy, and regular drinking
(mean). 95% Cl (confidence interval) is based on standard errors from analysis of covariance. p values were determined by analysis of covariance. Multiple
compansons were performed using Bonferroni’s method.
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found in CRP levels between the groups in male nonsmok-
ers. Although differences in CRP levels between groups were
small, a significant linear trend across the quartiles was found
in female nonsmokers.

3. Discussion

The main findings of this study were (1) adjusted CRP
levels were inversely associated with dietary intake of n-
3PUFA or dietary intake of long-chain n-3PUFA for both
the male subjects and female subjects, (2) the inverse rela-
tionship between adjusted CRP levels and dietary intake of
n-3PUFA was more evident in smokers than in nonsmok-
ers in the male subjects, and (3) male smokers taking a low
dose of n-3PUFA (in the lowest quartile group) had signifi-
cantly higher levels of adjusted CRP than those in other male
subjects.

Although a linear trend between dietary intake of n-
3PUFA and serum CRP levels exists, we also plotted the
adjusted geometric mean CRP levels in 20 equally partitioned
subgroups according to their intake of n-3PUFA in order to
show a non-linear effect between CRP levels and intake of
n-3PUFA. An interpolation curve obtained by using spline
function showed a steep descent between categories 2 and
3 and a gradual descent between C3 and C20. The spline
curve suggests that a cutoff point exists at the C3 point (i.e.,
0.91% of energy) and this point possibly means n-3PUFA
requirement to maintain attenuated inflammatory reaction
(see additional figure as supplementary appendix).

This study also revealed gender-based differences in CRP
levels. However, when subjects were limited to nonsmok-
ers, the adjusted CRP levels were almost the same in the
male and female subjects (0.42mg/L in male nonsmokers
vs. 0.44 mg/L in female nonsmokers). Considering the low
rate of smoking among women and the high rate of smoking
among men in this study, the sex-based difference in adjusted
CRP levels is probably due 1o the difference in smoking
prevalence between men and women.

The results of this study suggest that activated inflam-
mation is independently attenuated by high-dose dietary
intake of n-3PUFA, especially in male smokers. Since n-
3PUFAs are precursors of anti-inflammatory eicosanoids
(such as prostaglandin I3, prostaglandin E3, thromboxane
A3, and leukotriene BS5), n-3PUFAs are hypothesized to
attenuate the inflammatory response [23,24]. Several stud-
ies have been carried out to determine the associations
between dietary intake of n-3PUFA (or fish) and levels of
inflammatory markers. Pischon et al. showed that dietary
intake of n-3PUFA was inversely associated with plasma
levels of soluble tumor necrosis factor (TNF) receptors and
somewhat less with C-reactive protein in healthy men and
women [23,25]. Ciubotaru et al. showed that dietary fish
oil reduces levels of C-reactive protein and interleukin-6
in postmenopausal women undergoing hormone replace-
ment therapy (HRT) [26]. These studies suggest that intake

of n-3PUFA (or fish) decreases the levels of inflammatory
cytokines and CRP levels in healthy subjects. The effect of
n-3PUFA intake on serum CRP levels is more evident in high-
risk subjects, such as women undergoing HRT. Some studies
showed that both CRP levels and other inflammation-related
markers were influenced by intake of n-3PUFA. However,
we did not measure the levels of interleukins, TNF-alfa, or
other inflammation-related agents such as matrix metallo-
proteinase or macrophage colony-stimulating factor, and we
therefore can not discuss the possibility of effects on different
inflammation-related pathways due to n-3PUFA.

Rodriguez et al. showed that the favorable effects of fish
consumption were more evident in male smokers than that
in male nonsmokers in Japanese Americans living in Hawaii
[17]. Notably, the apparent preventive effects of fish con-
sumption on cardiac events in their study and the apparent
anti-inflammatory effect of dietary intake of n-3PUFA in our
study are commonly observed in male smokers. Although
the underlying biochemical mechanism was not discussed
in their report, the anti-inflammatory effects of n-3PUFA are
thought to contribute to the mechanisms that decrease cardiac
events in heavy-smoking males.

Several limitations to our study should be noted. The
cross-sectional design of the present study tolerates uncer-
tainty of causal relationships. A single instance of blood
sampling may be susceptible to short-term variation. Because
determination of dietary variables, including fatty acid, was
based on a self-administered food frequency questionnaire,
information on dietary variables might have been overesti-
mated or underestimated. Socio-economical status (SES) is
one of the important confounding factors. However, there was
little information about SES in this study and this is one of the
limitations. Exercise habit is also one of the important factors
that are associated with CRP levels. We performed regression
analysis using exercise-related variables and other factors as
explanatory variables in three ways: regular exercise, times
per month, and quartile categories. There was no relation-
ship between exercise habit and CRP levels in any of the
three patterns. We thought that information about exercise in
this study was not sufficient for adjusting for confounding
effects. The small numbers of female ex-smokers (1.5%) and
female nonsmokers (3%) limited statistical power to draw
strong conclusions about these groups. The small number of
individuals who consumed small amount of n-3PUFA was
also one of the limitations.

Despite the lack of causal relationships, based on our find-
ings and those of others, it is reasonable to conclude that
sufficient dietary intake of n-3PUFA may attenuate inflamma-
tory reaction and that this effect is more evident in high-risk
populations such as male smokers.

Acknowledgements

The Iwate-KENCO study was supported by grants from
the Open Translational Research Center Project, Advanced

— 14—



