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Objective: It remains uncertain whether intake of fish or n-3 polyunsaturated fatty acids is preventive against
allergic disorders. This cross-sectional study investigated the association of intake of selected high-fat foods and
specific types of fatty acids with the prevalence of allergic rhinitis in Japan where intake of fish is high.

Methods: Study subjects were 1002 Japanese pregnant females. Allergic rhinitis (including cedar pollinosis)
was defined as present if subjects had received drug treatment at some point during the previous 12 months.
Information on dietary factors was collected using a validated self-administered diet history questionnaire.
Adjustment was made for age, gestation, parity, cigarette smoking, passive smoking at home and at work, indoor
domestic pets, family history of asthma, atopic eczema, and allergic rhinitis, family income, education, mite
antigen level in house dust, changes in diet in the previous month, season when data were collected, and body
mass index.

Results: There was a tendency for an inverse dose-response association between fish intake and allergic
rhinitis although the adjusted odds ratio for comparison of the highest with the lowest quartile was not
statistically significant (p for trend = 0.09). Intake of eicosapentaenoic and docosahexaenoic acids was
independently associated with a decreased prevalence of allergic rhinitis: the multivariate odds ratio for the
highest quartile was 0.56 (95% confidence interval: 0.32—0.96, p for trend = 0.03). Intake of n-6 polyunsaturated
fatty acids in the third quartile but not the second and fourth quartiles showed a tendency for an inverse
association with the prevalence of allergic rhinitis. No measurable relationship was found between consumption
of meat, eggs, dairy products, total fat, saturated, monounsaturated, and n-3 polyunsaturated fatty acids, and
cholesterol or the ratio of n-3 to n-6 polyunsaturated fatty acids and allergic rhinitis.

Conclusion: Our findings suggest that the intake of eicosapentaenoic and docosahexaenoic acids may be
associated with a reduced prevalence of allergic rhinitis.

INTRODUCTION Japanese cedar. The age-adjusted prevalence value of Japanese
cedar pollinosis was 19.4% throughout Japan [1]. The preva-

The etiology of allergic rhinitis is though to be largely lence of allergic rhinitis in urban areas is higher than that in
environmental. Japanese cedar pollinosis is a common allergic rural areas [1-3]. Therefore, factors associated with the tradi-
disorder in Japan caused by inhalation of the pollen of the tional Japanese, but not Western, lifestyle may be protective
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against allergic rhinitis. In particular, Japanese people consume
a much larger quantity of fish than Western populations.

Epidemiological evidence is inconclusive regarding the as-
sociation of intake of fish or n-3 polyunsaturated fatty acids
with allergic disorders. A significant inverse relationship be-
tween eating fish more than once a week and the prevalence of
bronchial hyperresponsiveness and that between oily fish in-
take and current asthma were reported in 2 cross-sectional
studies in Australian children, respectively [4,5]. A case-refer-
ent study in Norway showed that among female adults with
moderate to severe atopic dermatitis, intake of docosahexae-
noic and eicosapentaenoic acids was lower than in the reference
group [6]. The Oslo Birth Cohort Study found that fish con-
sumption in the first year of life was related to a reduced risk
of allergic rhinitis, but not asthma, at the age of 4 years [7]. An
intervention study in Australian high-risk infants demonstrated
that supplementation with n-3 fatty acids resulted in a 9.8%
reduction in the prevalence of any wheeze during the first 18
months of life [8]. In contrast, a significant positive association
of oily fish intake with the prevalence of asthma but not allergic
rhinitis among adolescents was found in a cross-sectional study
in Taiwan [9]. A significantly higher prevalence of asthma was
noted among Japanese children who ate fish 1 to 2 times a week
than among those who ate fish 1 to 2 times a month [10].
Several epidemiological studies reported no association of fish
intake with any allergic disorders [11-15]. An association of
the ratio of n-3 to n-6 polyunsaturated fatty acids with allergic
rhinitis among German adults was shown in 2 epidemiological
studies, but the results were inconsistent [16,17]. There is
limited epidemiological information regarding the relationship
of the intake of total fat, saturated fatty acids, monounsaturated
fatty acids, and n-6 polyunsaturated fatty acids with allergic
rhinitis [16-18].

Therefore, we wished to investigate the association of intake
of selected high-fat foods and specific types of fatty acids with
the prevalence of allergic rhinitis in Japan. We examined these
issues in a cross-sectional study among Japanese pregnant
females using baseline data from the Osaka Maternal and Child
Health Study (OMCHS).

SUBJECTS AND METHODS

Study Population

The OMCHS is an ongoing prospective cohort study that
assesses preventive and risk factors for maternal and child
health problems such as allergic disorders and postpartum
depression. Details of the OMCHS have been described else-
where [19]. In brief, the OMCHS is composed of a baseline
survey completed by pregnant females and several post-natal
follow-up surveys. Eligible females were those who became
pregnant in Neyagawa City, which is 1 of the 44 municipalities
in Osaka Prefecture, a metropolis in Japan with a total popu-
lation of approximately 8.8 million. Of the 3639 eligible fe-
males in Neyagawa City, 627 (17.2%) participated in this study
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between November 2001 and March 2003. Eight pregnant
females who did not live in Neyagawa City but who had
become aware of the present study at an obstetric clinic before
August 2002 decided by themselves to participate in this study.
Also, there were 77 participants who received explanations
regarding the OMCHS from public health nurses in 6 other
municipalities between August 2002 and March 2003. From
October 2002 to March 2003, 290 participants were recruited
from a university hospital and three obstetric hospitals in 3
other municipalities; these women were recommended for par-
ticipation in the OMCHS by an obstetrician. Finally, a total of
1002 pregnant women gave their fully informed consent in
writing and completed the baseline survey. The ethics commit-
tees of the Osaka City University School of Medicine and the
Osaka Prefectural Institute of Public Health approved the
OMCHS.

Measurements

In the baseline survey, each participant filled out a set of 2
self-administered questionnaires and collected 2 dust samples
from a 1 m? area of bedclothes and flooring for 1 minute using
a vacuum cleaner fitted with a collection apparatus. Participants
then mailed these materials to the data management center.
Research technicians completed missing or illogical data by
telephone interview.

A validated self-administered diet history questionnaire was
used to assess dietary habits over a period of 1 month. The
structure and validity of the questionnaire were described in
detail elsewhere [20,21]. In this instrument, intake of 147 food
items was calculated using an ad-hoc computer algorithm de-
veloped to analyze the questionnaire. Because composition
values for dietary fatty acids were not available in the standard
Japanese food composition table, they were obtained from the
fatty acid food composition table of Japanese foods developed
for Japanese populations [22]. Energy-adjusted intake by the
residual approach was used for the analyses [23].

A second self-administered questionnaire inquired about
age, gestation, parity, smoking habits, passive smoking expo-
sure, personal history of allergic rhinitis, family history of
asthma, atopic eczema, and allergic rhinitis, indoor domestic
pets, family income, education, weight, height, and changes in
diet in the previous 1 month. Allergic rhinitis (including Jap-
anese cedar pollinosis) was defined as present when subjects
had been treated with medications at some time in the previous
12 months. A family history of asthma, atopic eczema, and
allergic rhinitis (including Japanese cedar pollinosis) was con-
sidered to be present if 1 or more parents or siblings of the
study subject had manifested any of these allergic disorders.
Body mass index was calculated by dividing self-reported body
weight (kg) by the square of self-reported height (m).

Antigen levels from extracts of fine dust fractions were
measured by a double-antibody sandwich enzyme-linked im-
munosorbent assay using a soluble antigen prepared from
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whole Dermatophagoides farinae mite bodies as a reference
standard and were expressed as antigen equivalent in wg/m? of
surface area (Mitey checker®, Shinto Fine Co., Ltd., Osaka,
Japan) [24,25]. Antigen levels were semi-quantitatively classi-
fied with scores of — (<2 pg/m?), * (5 ug/m?), + (10 to 15
wng/m?), and ++ (> 35 ug/m?). In the present study, we used
only antigen levels in the sample collected from bedclothes
because the correlation between antigen levels from bedclothes
and flooring was almost collinear (Spearman correlation coef-
ficient = 0.54, p < 0.0001).

Statistical Analysis

Intake of selected foods rich in fat and specific types of fatty
acids was categorized at quartile points based on the distribu-
tion of all study subjects. Age was divided into 3 categories (<
29, 29-31, and 32+ years); gestation into 3 (< 15, 15-20, and
21+ weeks); parity into 2 (0 and 1+); cigarette smoking into 3
(never, former, and current); passive smoking at home into
3 (never, former, and current); passive smoking at work into 3
(never, former, and current); family income into 3 (JPY <
4,000,000, 4,000,000-5,999,999, and 6,000,000+ /year); edu-
cation into 3 (< 13, 13-14, and 15+ years); dust mite antigen
levels into 4 (—, =, +, and ++); changes in diet in the
previous 1 month into 3 (none or seldom, slight, and substan-
tial); and season when data were collected into 4 (spring,
summer, fall, and winter). Body mass index was used as a
continuous variable.

Logistic regression analysis was used to estimate crude odds
ratios (ORs) and 95% confidence intervals (CIs) and to control
for the potential confounding effects of selected factors. Trend
of association was assessed by a logistic regression model
assigning scores to the levels of the independent variable. A p
value < 0.05 was considered to indicate statistical significance.
All computations were performed using the SAS software
package version 8.2 (SAS Institute, Inc., Cary, NC).

RESULTS

Among 1002 pregnant females, 141 participants (14.1%)
had used medications for allergic rhinitis (including Japanese
cedar pollinosis) at some time in the previous 12 months. The
mean age was 29.8 years and 30% of subjects were from 29 to
31 years of age (Table 1). About 70% of the women took part
in this study by the 20th week of gestation. About half had a
parity of 1 or more. Many more participants had a family
history of allergic rhinitis than a family history of asthma or
atopic eczema. Slight or substantial changes in diet in the
previous 1 month were reported by 702 pregnant females due to
nausea gravidarum (585 females), maternal and fetal health
(107 females), and other reasons (10 females). Mean daily total
energy and energy-adjusted fish consumption were 6815 kJ and
48.3 g, respectively (Table 2).
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Table 1. Distribution of Selected Characteristics in 1002
Pregnant Females, OMCHS, Japan

Variable n (%) or mean (SD)

Age (% years)

<29 380 (37.9)

29-31 299 (29.8)

32+ 323 (32.2)
Gestation (% weeks)

<15 357 (35.6)

15-20 329 (32.8)

21+ 316 (31.5)
Parity of 1 or more (%) 513 (51.2)
Cigarette smoking (%)

Never 697 (69.6)

Former 121 (12.1)

Current 184 (18.4)
Passive smoking at home (%)

Never 284 (28.3)

Former 224 (22.4)

Current 494 (49.3)
Passive smoking at work (%)

Never 344 (34.3)

Former 538 (53.7)

Current 120 (12.0)
Family history of asthma (%) 101 (10.1)
Family history of atopic eczema (%) 138 (13.8)
Family history of allergic rhinitis (%) 429 (42.8)
Indoor domestic pets (cats, dogs, birds,

or hamsters) (%) 114 (11.4)

Family income (% JPY/year)

<4 000 000 301 (30.0)

4 000 000-5 999 999 403 (40.2)

6 000 000+ 298 (29.7)
Education (% years)

<13 323 (32.2)

13-14 413 (41.2)

15+ 266 (26.6)
Mite antigen level in house dust (%)

- 436 (43.5)

+ 297 (29.6)

+ 196 (19.6)

++ 73 (7.3)
Body mass index (kg/m?) 21.4(2.8)
Changes in diet in the previous 1 month (%)

None or seldom 300 (29.9)

Slight 435 (43.4)

Substantial 267 (26.7)
Season when data were collected (%)

Spring 318 (31.7)

Summer 162 (16.2)

Fall 223 (22.3)

Winter 299 (29.8)

! Antigen levels were semi-quantitatively classified with scores of — (<2 pg/
m?), + (5 pg/m?), + (10 to 15 pg/m?), and ++ (>35 pg/m?).

Table 3 shows crude and adjusted ORs and 95% ClIs for the
prevalence of allergic rhinitis according to dietary intake of
selected foods high in fatty acids. Neither an inverse dose-
response relationship between fish intake and the crude prev-
alence of allergic rhinitis nor the crude OR for comparison of
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Table 2. Distribution of Daily Food and Nutrient Intake in
1002 Pregnant Females, OMCHS, Japan'

Variable Mean (SD)

Daily intake

Total energy (kJ) 6815.3 (1793.7)

Fish (g) 48.3 (27.4)
Meat (g) 59.8 (29.2)
Eggs (2) 28.3 (20.3)

Dairy products (g) 192.5 (123.1)

Daily nutrient intake

Total fat (g) 54.3 (10.3)
Saturated fatty acids (g) 16.6 (3.5)
Monounsaturated fatty acids (g) 19.0 4.2)
n-3 Polyunsaturated fatty acids (g) 2.3(0.8)
Eicosapentaenoic acid (g) 0.2 (0.2)
Docosahexaenoic acid (g) 0.3 (0.2)
n-6 Polyunsaturated fatty acids (g) 11.0 (2.8)

Cholesterol (mg) 265.2 (105.3)

! Food and nutrient intake were adjusted for total energy intake using the residual
method.

the highest with the lowest quartile reached statistical signifi-
cance (p for trend = 0.09). There was no evident association of
consumption of meat, eggs, and dairy products with the crude
prevalence of allergic rhinitis. Adjustment for age, gestation,
parity, cigarette smoking, passive smoking at home and at
work, indoor domestic pets, family history of asthma, atopic

eczema, and allergic rhinitis, family income, education, mite
antigen level in house dust, changes in diet in the past 1 month,
the season when data were collected, and body mass index did
not appreciably change these results.

Crude and adjusted ORs and 95% Cls for associations with
specific types of fatty acids and cholesterol are presented in
Table 4. For the sum of dietary intake of eicosapentaenoic and
docosahexaenoic acids, the crude ORs for comparison of the
fourth with the first quartile were statistically significant, show-
ing a clear inverse dose-response relationship. After adjustment
for the confounders under investigation, the inverse relation-
ship remained significant, albeit slightly attenuated: the multi-
variate ORs for comparison of the third and fourth with the first
quartile were 0.56 and 0.56 (95% CI = 0.33-0.94 and 0.32-
0.96, respectively). Significant inverse dose-response associa-
tions were observed between individual intake of elcosapen-
taenoic and docosahexaenoic acids and the prevalence of
allergic rhinitis in the multivariate model (p for trend = 0.05
and 0.04, respectively). Compared with n-6 polyunsaturated
fatty acid intake in the first quartile, its consumption in the third
quartile but not the second and fourth quartiles was marginally
significantly related to a decreased prevalence of allergic rhi-
nitis although the linear trend was not statistically significant in
the multivariate model (p for trend = 0.47). Consumption of

Table 3. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Allergic Rhinitis by Quartiles of Intake of Selected Foods

High in Fat, OMCHS, Japan

Crude OR (95% CI)

Adjusted OR (95% CI)?

Variable' Prevalence

Fish
Q1 (23.1) 42/250 (16.8%)
Q2 (38.7) 371251 (14.7%)
Q3 (51.8) 32/250 (12.8%)
Q4 (72.8) 30/251 (12.0%)
p for trend

Meat
Q1 (33.0) 35/250 (14.0%)
Q2 (48.7) 371251 (14.7%)
Q3 (63.3) 31/250 (12.4%)
Q4 (90.6) 38/251 (15.1%)
p for trend

Eggs
Q1 (7.8) 407250 (16.0%)
Q2 (19.2) 32/251 (12.8%)
Q3 (34.4) 34/250 (13.6%)
Q4 (52.0) 35/251 (13.9%)
p for trend

Dairy products
Q1 (64.7) 37/250 (14.8%)
Q2 (142.9) 407251 (15.9%)
Q3 (210.3) 38/250 (15.2%)
Q4 (313.7) 26/251 (10.4%)
p for trend

1.00 1.00

0.86 (0.53-1.39)

0.73 (0.44-1.19)

0.67 (0.40-1.11)
0.09

1.00

1.06 (0.64-1.75)

0.87 (0.52-1.46)

1.10 (0.67-1.81)
0.91

1.00

0.77 (0.46-1.27)

0.83 (0.50-1.36)

0.85 (0.52-1.39)
0.59

1.00
1.09 (0.67-1.78)
1.03 (0.63-1.69)
0.67 (0.39-1.13)
0.15

0.78 (0.46-1.29)

0.63 (0.37-1.07)

0.67 (0.39-1.14)
0.09

1.00
1.16 (0.68-1.97)
0.86 (0.50-1.49)
1.33 (0.78-2.27)
0.52

1.00

0.74 (0.43-1.25)

0.87 (0.51-1.46)

0.81 (0.48-1.37)
0.56

1.00

1.34 (0.80-2.26)

1.06 (0.62-1.81)

0.64 (0.35-1.13)
0.10

! Quartile medians in g/day adjusted energy intake using the residual method are given in parentheses.

2Adjustment for age, gestation, parity, cigarette smoking, passive smoking at home and at work, indoor domestic pets, family history of asthma, atopic eczema, and allergic

rhinitis, family income, education, mite antigen level in house dust, changes in diet in the previous 1 month, season when data were collected, and body bass index

(continuous).
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Table 4. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Allergic Rhinitis by Quartiles of Specific Types of Dietary
Fat, OMCHS, Japan

Variable! Prevalence Crude OR (95% CI) Adjusted OR (95% CI)*
Total fat
Q1 (44.0) 39/250 (15.6%) 1.00 1.00
Q2 (51.4) 34/251 (13.6%) 0.85 (0.51-1.39) 0.95 (0.56-1.62)
Q3 (56.8) 29/250 (11.6%) 0.71 (0.42-1.19) 0.71 (0.41-1.23)
Q4 (64.4) 39/251 (15.5%) 1.00 (0.61-1.62) 1.02 (0.61-1.72)
p for trend 0.83 0.82
Saturated fatty acids
Q1 (13.0) 407250 (16.0%) 1.00 1.00
Q2 (15.5) 34/251 (13.6%) 0.82 (0.50-1.35) 0.82 (0.48-1.38)
Q3 (17.3) 39/250 (15.6%) 0.97 (0.60-1.57) 1.00 (0.60-1.68)
Q4 (20.6) 28/251 (11.2%) 0.66 (0.39-1.10) 0.64 (0.37-1.11)
p for trend 0.20 0.21
Monounsaturated fatty acids
Q1 (14.9) 38/250 (15.2%) 1.00 1.00
Q2 (17.9) 33/251 (13.2%) 0.85 (0.51-1.40) 0.88 (0.51-1.51)
Q3 (19.8) 28/250 (11.2%) 0.70 (0.41-1.18) 0.65 (0.37-1.12)
Q4 (23.1) 42/251 (16.7%) 1.12 (0.70-1.81) 1.15 (0.69-1.92)
p for trend 0.78 0.85
n-3 Polyunsaturated fatty acids
Q1 (1.6) 39/250 (15.6%) 1.00 1.00

Q2 (2.1) 37/251 (14.7%) 0.94 (0.57-1.53) 0.94 (0.56-1.58)
Q3 (2.4) 28/250 (11.2%) 0.68 (0.40-1.14) 0.80 (0.46-1.38)
Q4 (3.0) 37/251 (14.7%) 0.94 (0.57-1.53) 0.94 (0.56-1.57)
p for trend 0.53 0.69
Eicosapentaenoic and docosahexaenoic acids
Q1 (0.24) 477250 (18.8%) 1.00 1.00
Q2 (0.41) 35/251 (13.9%) 0.70 (0.43-1.13) 0.63 (0.38-1.05)
Q3 (0.55) 32/250 (12.8%) 0.63 (0.39-1.03) 0.56 (0.33-0.94)
Q4 (0.83) 27/251 (10.8%) 0.52 (0.31-0.86) 0.56 (0.32-0.96)
p for trend 0.01 0.03
Eicosapentaenoic acid
Q1 (0.08) 45/250 (18.0%) 1.00 1.00
Q2 (0.15) 36/251 (14.3%) 0.76 (0.47-1.23) 0.72 (0.43-1.19)
Q3 (0.21) 33/250 (13.2%) 0.69 (0.42-1.13) 0.62 (0.37-1.04)
Q4 (0.33) 27/251 (10.8%) 0.55(0.33-0.91) 0.60 (0.35-1.03)
p for trend 0.02 0.05
Docosahexaenoic acid
Q1 (0.16) 46/250 (18.4%) 1.00 1.00
Q2 (0.26) 36/251 (14.3%) 0.74 (0.46-1.19) 0.65 (0.38-1.08)
Q3 (0.34) 31/250 (12.4%) 0.63 (0.38-1.02) 0.56 (0.33-0.94)
Q4 (0.50) 28/251 (11.2%) 0.56 (0.33-0.92) 0.59 (0.34-1.00)
p for trend 0.02 0.04
n-6 Polyunsaturated fatty acids
Q1 (8.3) 38/250 (15.2%) 1.00 1.00

Q2 (10.1) 31/251 (12.4%) 0.79 (0.47-1.31) 0.86 (0.50-1.46)

Q3 (11.5) 24/250 (9.6%) 0.59 (0.34-1.02) 0.59 (0.33-1.04)

Q4 (13.5) 48/251 (19.1%) 1.32(0.83-2.11) 1.30 (0.79-2.15)

p for trend 0.36 0.47
n-3/n-6 Polyunsaturated fatty acid ratio

Q1 (0.17) 40/250 (16.0%) 1.00 1.00

Q2 (0.19) 33/251 (13.2%) 0.80 (0.48-1.31) 0.85(0.50-1.43)

Q3 (0.22) 40/250 (16.0%) 1.00 (0.62-1.62) 1.03 (0.62-1.72)

Q4 (0.25) 28/251 (11.2%) 0.66 (0.39-1.10) 0.78 (0.45-1.35)

p for trend 0.23 0.55
Cholesterol

Q1 (158.1) 35/250 (14.0%) 1.00 1.00

Q2 (223.2) 38/251 (15.1%) 1.10 (0.67-1.81) 1.07 (0.63-1.82)

Q3 (291.8) 37/250 (14.8%) 1.07 (0.65-1.76) 1.13 (0.66-1.92)

Q4 (383.8) 31/251 (12.4%) 0.87 (0.51-1.45) 0.83 (0.48-1.45)

p for trend 0.59 0.59

! Quartile medians in g/day (except for cholesterol; mg/day) adjusted energy intake using the residual method are given in parentheses, except for the ratio of n-3 to n-6
polyunsaturated fatty acids, which were based on crude intake in g/day.

2 Adjustment for age, gestation, parity, cigarette smoking, passive smoking at home and at work, indoor domestic pets, family history of asthma, atopic eczema, and allergic
rhinitis, family income, education, mite antigen level in house dust, changes in diet in the previous 1 month, season when data were collected, and body mass index
(continuous).
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total fat, saturated fatty, monounsaturated fatty, and n-3 poly-
unsaturated fatty acids, and cholesterol and the ratio of n-3 to
n-6 polyunsaturated fatty acids were not independently associ-
ated with the prevalence of allergic rhinitis.

DISCUSSION

The present study found that intake of eicosapentaenoic and
docosahexaenoic acids was independently associated with a
decreased prevalence of allergic rhinitis. The current study
failed to verify a clear inverse association between fish intake
and the prevalence of allergic rhinitis although the linear trend
was of statistically borderline significance. Intake of n-6 poly-
unsaturated fatty acids in the third quartile but not the second
and fourth quartiles showed a tendency for an inverse associ-
ation with the prevalence of allergic rhinitis. There was no
measurable relationship of consumption of meat, eggs, dairy
products, total fat, saturated, monounsaturated, and n-3 poly-
unsaturated fatty acids, and cholesterol or the ratio of n-3 to n-6
polyunsaturated fatty acids with allergic rhinitis. A previous
cross-sectional study in Japanese women found that intake of
n-6 polyunsaturated fatty acids was positively associated with
seasonal allergic rhinoconjunctivitis in spring whereas there
were no statistically significant relationships between con-
sumption of saturated, monounsaturated, and n-3 polyunsatu-
rated fatty acids and symptoms of allergic rhinoconjunctivitis
[18]. In a case-control study in German adults, intake of oleic
acid was positively associated with hay fever whereas intake of
eicosapentaenoic acid was inversely related to hay fever al-
though there was no evident association with saturated or n-6
polyunsaturated fatty acids [17]. A cross-sectional study among
German adults demonstrated that a high red cell membrane
level of eicosapentaenoic acid was inversely associated with
allergic rhinitis whereas there was an inverse relationship be-
tween a-linolenic acid intake and allergic rhinitis [26]. No
association was found between fish intake and allergic rhinitis
in a cross-sectional study in Italian children and a case-control
study in Finnish children [12, 13]. The present results are
partially consistent with these findings.

The differences between Japanese and Western diets should
be taken into consideration when interpreting our results. In
particular, intake of eicosapentaenoic and docosahexaenoic ac-
ids in Japan was much higher than in Western countries. In 20
Canadian pregnant women, mean intake of a-linolenic, eico-
sapentaenoic and docosahexaenoic acids was estimated to be
1295, 35, and 82 mg/day, respectively, which was determined
by direct quantitation of duplicate food collections [27]. The
corresponding figures in 85 middle-aged Japanese women were
1589, 314, and 571 mg/day, respectively, which were obtained
from 7-day weighed diet records [28]. The values of both
eicosapentaenoic and docosahexaenoic acids among Canadian
pregnant women were about half of the median values of the
first quartile of eicosapentaenoic and docosahexaenoic acid
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intake in our population. Among middle-aged Japanese
women, values were nearly the same as the median values of
the fourth quartile intake of these nutrients in our subjects.

Our findings of an inverse association between intake of
eicosapentaenoic and docosahexaenoic acids and the preva-
lence of allergic rhinitis may be ascribed to anti-inflammatory
effects of marine-derived n-3 polyunsaturated fatty acids. Ar-
achidonic acid-derived inflammatory mediators, prostaglandin
E, and leukotriene B,, are factors that control the severity of
allergic inflammation [29]. Prostaglandin E, influences the Th1
to Th2 ratios and subsequently inhibits interferon-y production,
with no effect on IL-4, thus stimulating IgE synthesis [29].
Eicosapentaenoic acid can inhibit arachidonic acid metabolism
competitively via enzymatic pathways and, thus, can suppress
production of n-6 eicosanoid inflammatory mediators [30]. n-3
Fatty acids may also affect immune cell function by modulating
cytokine, Ig and adhesion molecule production [29]. The
present findings are partially compatible with this hypothesis
although data on these molecules were not available in the
present study. A clinical trial demonstrated that the proportions
of eicosapentaenoic and docosahexaenoic acids in plasma
phospholipids and neutrophil lipids increased significantly after
supplementation with eicosapentaenoic or docosahexaenoic
acid and that docosahexaenoic acid supplementation decreased
T lymphocyte activation [31]. We could not use a direct marker
of fat intake such as plasma and erythrocyte concentrations of
fatty acids in this study, however. On the other hand, previous
studies among healthy humans reported that fish oil supple-
mentation (2.4 g/day) suppressed the production of IL-2 [32,
33]. Two intervention studies demonstrated that there were no
effects of supplementation with y-linolenic, eicosapentaenoic,
and docosahexaenoic acids on the production of IL-2 and
interferon-y [34,35].

In the current study, intake of fish was not statistically
significantly related to a decreased prevalence of allergic rhi-
nitis. Unrecognized active agents in fish might have counter-
acted the advantage of intake of fish against allergic rhinitis.
For example, methylmercury and dioxins are accumulated in
fish and shellfish through the marine food web. Lack of asso-
ciation between intake of n-3 polyunsaturated fatty acids and
allergic rhinitis in this study could be attributed to our finding
that there was no relationship between a-linolenic acid intake
and allergic rhinitis (data not shown). We also cannot confirm
the hypothesis that a balance between n-3 and n-6 polyunsat-
urated fatty acid metabolism is important in the manifestation
of allergic disorders. In a case-control study of German adults, a
significant inverse dose-response association between the ratio of
n-6 to n-3 polyunsaturated fatty acids and the risk of hay fever was
reported [17]. On the other hand, a cross-sectional study showed
that a high n-6 to n-3 ratio was significantly positively related to
hay fever in males and that the ratio was not statistically signifi-
cantly associated with hay fever in females [16]. In the typical
Western diet, 20- to 25-fold more n-6 fats than n-3 fats are
consumed [30]. The median values of the ratio of n-3 to n-6
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polyunsaturated fatty acids were 0.145, 0.145, and 0.206 in control
subjects in the case-control German study [17], females in the
cross-sectional German study [16], and the present study, respec-
tively. A clear inverse association between the ratio of n-3 to n-6
fatty acids and allergic rhinitis may be substantiated when con-
sumption of n-3 polyunsaturated fatty acids is very low.

The present study had several methodological strengths.
Study subjects were homogeneous in terms of all being preg-
nant and having the same residential background. Extensive
data on potential confounding factors were controlled for.
However, we did not incorporate external factors such as
aeroallergens and air pollution. Intake of dietary variables
under investigation was estimated using a self-administered
semiquantitative dietary assessment questionnaire. Since we
did not assess the real dietary habits of the subjects, the chance
of misclassification might be inevitable. According to valida-
tion tests, the correlation coefficients for nutrient intake be-
tween those estimated from the diet history questionnaire and
those observed by a 3-day dietary record were 0.75, 0.50, 0.37,
and 0.49 for saturated fatty acids, monounsaturated fatty acids,
polyunsaturated fatty acids, and cholesterol, respectively, in
women [20]. A highly positive correlation was also observed
between marine-origin n-3 polyunsaturated fatty acid intake
estimated by the diet history questionnaire and the correspond-
ing concentration in the serum phospholipid fraction (r = 0.51
and 0.69 in men and women, respectively) [21]. Allergic rhi-
nitis sufferers might not be aware of the ill effects of diet. Such
an assumption would lead to bias toward the null. Our diet
history questionnaire was designed to assess recent dietary intake,
i.e. for 1 month prior to completing the questionnaire. This disad-
vantage is likely to be alleviated after adjustment for the season
when data were collected, however. Changes in diet in the past 1
month were controlled for because pregnant females are likely to
change their diet for reasons such as nausea gravidarum. Informa-
tion on intake of trans fatty acids was not available in this study
although an ecological study in European adolescents found a
positive association between trans fatty acids and the prevalence
of allergic rhinoconjunctivitis [36].

Other weaknesses also should be borne in mind. In Neya-
gawa City, the participation rate was low (17.2%). We were not
able to evaluate a difference between participants and non-
participants in Neyagawa City, because data on personal char-
acteristics among the non-participants were not available. Re-
garding the remaining 375 participants, who were not residents
of Neyagawa City, we were not able to calculate the participa-
tion rate because the exact number of eligible subjects was not
available. Also, we could not compare participants with non-
participants in the 4 collaborating hospitals and 6 municipali-
ties. Our subjects were an unrepresentative sample of Japanese
females in the general population, and the present findings may
not be generalized. In fact, educational levels were higher in the
present study population than in the general population. Ac-
cording to the 2000 population census of Japan, the proportions
of females aged 30 to 34 years in Osaka Prefecture with years
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of education of < 13, 13-14, 15+, and unknown were 49.2,
32.3, 13.6, and 4.9%, respectively [37]. The corresponding
figures for the current study were 32.2, 41.2, 26.6, and 0.0%,
respectively. Japanese cedar pollinosis is a seasonal disorder
with a high prevalence and is often undiagnosed [1]. We did not
use validated diagnostic criteria such as those reported in the
International Study of Asthma and Allergies in Childhood.
Because the definition of allergic rhinitis was based on drug
treatment, there was a loss of milder sufferers. Moreover,
females who want to become pregnant or who are pregnant
might tend to avoid drugs. The consequence would have been
an underestimation of values in our results. The lack of a
significant inverse association between fish intake and allergic
rhinitis might be attributed to an insufficient statistical power.
If the analysis had been able to include the total study popu-
lation of 1600 pregnant women, the inverse association would
have reached the level of significance.

A relationship between pregnancy and a shift to the Th2
side of the immune response has been indicated [38] whereas
the importance of the role of NK and IL-12, IL-15, and IL-18
tripods in successful or failed pregnancy in humans was sug-
gested beyond the Th1/Th2 paradigm [39]. Rhinitis symptoms
during pregnancy may be attributed to the hormonal changes in
pregnancy. However, rhinitis solely ascribed to pregnancy may
not be a distinct entity because most pregnant women do not
have significant nasal symptoms [38]. In the present study, 105
of 141 current allergic rhinitis sufferers (74.5%) had been
treated with medications at some time for 1 or more years.

In conclusion, our findings suggest that intake of eicosa-
pentaenoic and docosahexaenoic acids may be associated with
a reduced prevalence of allergic rhinitis although we have not
found any evidence to indicate that n-6 fatty acids are related to
an increased prevalence of allergic rhinitis. There was a ten-
dency for an inverse association between fish intake and aller-
gic rhinitis. The present results regarding intake of eicosapen-
taenoic and docosahexaenoic acids may support existing
recommendations for intake of these nutrients in adults such as
a minimum combined intake of 500 mg/day eicosapentaenoic
and docosahexaenoic acids for cardiovascular health based on
the International Society for the Study of Fatty Acids and
Lipids 2004 although the outcome under study is allergic
rhinitis. Because this was a cross-sectional study, we could not
establish a cause and effect relationship for the associations
under study. Further evaluation in prospective studies may
clarify the relation between dietary intake of fatty acids and
foods high in fatty acids and allergic rhinitis.
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