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PURPOSE: It may be worthwhile to assess the possible protective effect of the traditional Japanese diet on
allergic disorders. This cross-sectional study investigated the relarionship berween dietary intake of sea-
weed, vegetables, fruit, antioxidants, fiber, and minerals and the prevalence of allergic rhinitis.
METOHDS: Study subjects were 1002 Japanese pregnant women. Allergic rhinitis (including cedar pol-
linosis) was defined as present if subjects had received drug treatment ar some point during the previous 12
months. Information on dietary factors was collected by using a self-administered diet history questionnaire.
RESULTS: Seaweed intake was associated independently with a decreased prevalence of allergic rhinitis.
Significant inverse dose~response relationships were found between calcium and phosphorus intake and al-
lergic rhinitis prevalence. There also was a tendency for an inverse association between magnesium con-
sumption and allergic rhinitis. Additional adjustment for calcium or magnesium intake apparently did
not influence the inverse association with seaweed consumption. Consumption of vegetables, fruit, vita-
mins C and E, fiber, and zinc showed no association with allergic rhinitis, whereas a significant positive re-
lationship was observed between B-carotene intake and allergic rhinitis.

CONCLUSIONS: High dietary intake of seaweed, calcium, magnesium, and phosphorus may be associ-
ated with a decreased prevalence of allergic rhinitis.
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INTRODUCTION

Allergic rhinitis, especially Japanese cedar pollinosis, isama-
jor public health problem in Japan. A recent cross-sectional
survey throughout Japan showed that the age-adjusted prev-
alence of Japanese cedar pollinosis was 19.4% and almost
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60% of those affected visited physicians (1). High exposure
to cedar pollen in Japan is the result of forestation policies
favoring planting of cedar trees for housing construction
after World War II. However, the prevalence of allergic
thinitis in urban areas is high compared with that in rural
areas in Japan (1-3). The prevalence of hay fever increased
significantly between 1991 to 1992 and 1995 to 1996 in
school children in the former East Germany (4). Thus,
factors in relation to the Western lifestyle also may be of
importance in the cause of allergic rhinitis. For example,
the joint effect of cedar pollen and automobile exhaust is
indicated (5, 6).

Several epidemiologic studies paid attention to the rela-
tionship between dietary factors and allergic rhinitis (4, 7~
16). Associations of allergic rhinitis with fatty acids, foods
high in fatty acids (4, 7-16), fruit, and antioxidants (15,
16) were examined, but results were inconsistent. It may
be worthwhile to assess the possible protective effect of
the traditional Japanese diet on allergic disorders. Seaweed
is a food commonly eaten by all people in Japan and rarely
eaten by people in Western countries. Seaweed is an impor-
tant source of trace minerals, as well as fber and
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Selected Abbreviations and Acronyms

OMCHS = Osaka Maternal and Child Health Study
BMI = body mass index

OR = odds ratio

Cl = confidence interval

Thl = T-Helper cell subtype 1

Th2 = T-Helper cell subtype 2

IL-12 = interleukin 12

IgE = immunoglobulin E

antioxidants. The role of seaweed as an anticarcinogen is
suggested (17, 18). Two case—control studies in Japan found
inverse associations between seaweed intake and stomach
and colorectal cancer (19, 20), whereas a prospective study
of Hawaiian Japanese men showed significant positive rela-
tionships between seaweed consumption and cancer of the
upper aerodigestive tract and prostate (21, 22).

To our knowledge, there is no epidemiologic information
on the effect of seaweed consumption on allergic disorders;
therefore, we investigated the relationship between dietary
intake of seaweed and prevalence of allergic rhinitis in
Japanese pregnant women by using baseline data from the
Osaka Maternal and Child Health Study (OMCHS). Asso-
ciations of dietary intake of vegetables, fruit, fiber, and se-
lected antioxidants and minerals with allergic rhinitis also
were investigated.

METHODS
Study Population

The OMCHS, a prospective cohort study that examines pre-
ventive and risk factors for such maternal and child health
problems as allergic disorders, started in November 2001.
Details of the OMCHS were described elsewhere (23, 24).
Briefly, eligible women were those who became pregnant
in Neyagawa City, which is one of the 44 municipalities
in Osaka Prefecture, a metropolis in Japan with a rotal pop-
ulation of approximately 8.8 million. Of 3639 eligible wom-
en in Neyagawa City, 627 women (17.2%) participated in
this study between November 2001 and March 2003. Eight
pregnant women 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 partic-
ipate in this study. Also, there were 77 participants who re-
ceived explanations regarding the OMCHS from public
health nurses in six other municipalities between August
2002 and March 2003. From October 2002 to March
2003, a total of 290 participants were recruited from a uni-
versity hospital and three obstetric hospitals in three other
municipalities; these women were recommended for partic-
ipation in the OMCHS by an obstetrician. Finally, 1002
pregnant women gave their fully informed consent in writ-
ing and completed the baseline survey. The . ethics
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committees of the Osaka City University School of Medi-
cine and the Osaka Prefectural Institute of Public Health
approved the present study.

Measurements

Baseline assessment of the cohort was composed of a set of
wo self-administered questionnaires and collection of
adustsample from a 1-m? area of the bedclothes for 1 minute
by using a vacuum cleaner fitted with a collection apparatus.
Participants 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 1 month. The structure
and validity of the questionnaire were described in detail
elsewhere (25, 26). In this instrument, intake of 147 food
items was calculated by using an ad hoc computer algorithm
developed to analyze the questionnaire. Seaweed consump-
tion was calculated by using two semiquantitative frequency
questions (Wakame or Hijiki and Nori). Green and yellow
vegetable consumption included intake of carrot, pumpkin,
tomato, sweet pepper, broccoli, and such dark-green leafy
vegetables as spinach and komatsuna. Other vegetable in-
take included cabbage, cucumber, lettuce, Chinese cabbage,
bean sprouts, Japanese radish, onion, cauliflower, eggplant,
burdock, lotus root, vegetable juice, umeboshi, and salc
pickles. Fruit consumption was defined as intake of raisins,
canned fruits, fruit juice, tomato juice, citrus fruits, banana,
apple, strawberry, grapes, peach, Japanese pear, Japanese
persimmon, kiwifruit, melon, and watermelon. Energy-
adjusted intake by the residual method was used for the ana-
lyses (27). Because of the small number who used calcium
(5.0%), vitamin C (5.3%), and multivitamin supplements
(3.8%) at least once a week, use of these dietary supplements
was not incorporated into the analysis in this study.

A second self-administered questionnaire ascertained
age, gestation, parity, smoking habits, passive smoking expo-
sure, personal history of allergic rhinitis, family history of
asthma, atopic eczema, allergic rhinitis, indoor domestic
pets, family income, educarion, weight, height, and changes
in diet in the previous 1 month. Allergic rhinitis (including
Japanese cedar pollinosis) was defined as present when sub-
jects had been treated with medications at some time in the
previous 12 months. Current smokers were defined as re-
spondents who reported smoking cigarettes every day at
the time of the baseline survey. Body mass index (BMI)
was calculated by dividing self-reported body weight (kilo-
grams) by the square of self-reported height (meters).

Antigen levels from extracts of fine dust fractions were
measured by means of a double-antibody sandwich enzyme-
linked immunosorbent assay (Mitey checkerR; Shinto Fine
Co., Ltd., Osaka, Japan) {28, 29). Antigen levels were
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semiquantitatively classified with scores of — (<2 pg/m?),
+ (5 pg/m?), + (10to 15 pg/m?), and ++ (>35 pg/m?).

Statistical Analysis

Intake of selected foods and nutrients was categorized at
quartile points based on the distribution of all study subjects.
Age was classified into three categories ( <29, 29 to 31, and
32 + years); gestation, into three categories ( <15, 15 to 20,
and 21+ weeks); parity, into three categories (0, I, and
1+); cigarette smoking, into three categories {never,
former, and current); passive smoking at home, into three
categories (never, former, and current); passive smoking at
work, into three categories (never, former, and current);
family income, into three categories (<4,000,000,
4,000,000 to 5,999,999, and 6,000,000+ yenfyear); educa-
tion, into three categories (<13, 13 to 14, and 15+ years);
dust mite allergen levels, into four categories (—, +, -+, and
++); changes in dier in the previous | month, into three
categories {none or seldom, slight, and substantial}; and sea-
son when data were collected, into four categories (spring,
summer, fall, and winter). BMI was used as a continuous
variable.

Logistic regression analysis was used to estimate crude
odds ratios (ORs) and their 95% confidence intervals
(Cls) for allergic rhinitis relative to intake of vegetables,
fruit, seaweed, fiber, and selecred antioxidants and minerals.
Multiple logistic regression analysis was used to control for
potential confounders. Trend of association was assessed
by means of a logistic regression model assigning scores to
levels of the independent variable. Two-sided p < 0.05 is
considered statistically significant. All computations were
performed using the SAS software package, version 8.2
(SAS Institute, Inc., Cary, NC).

RESULTS

The prevalence of allergic rhinitis (including Japanese cedar
pollinosis) in the previous 12 months was 14.1% among
1002 pregnant women. Tables 1 and 2 list the distribution
of selected factors in the 1002 participants. Approximately
30% of subjects were aged 29 to 31 years. Approximately
70% of women were enrolled by the 20th week of gestation,
and approximately half had a parity of one or more. Slight or
substantial changes in diet in the previous 1 month were ex-
perienced by 702 pregnant women because of nausea gravi-
darum (585 women), maternal and fetal health (107
women), and other reasons (10 women). Mean total energy
and energy-adjusted seaweed intake were 6815 k] and
12.6 g/d, respectively.

Table 3 lists ORs and 95% Cls of allergic rhinitis in rela-
tion to vegerable, fruit, and seaweed intake in 1002 pregnant
women. There was no measurable association of dietary
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TABLE 1. Distribution of selected characteristics in 1002
pregnant women, Osaka Maternal and Child Health Study,

Japan

Variable
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

0 489 (48.8)

1 399 (39.8)

24 114 (11.4)
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 thinitis 429 (42.8)
Indoor domestic pets (cats, dogs, birds, or hamsters) 114 (11.4)
Family income (yen/fyear)

< 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 allergen level in house dust®

- 436 (43.5)

* 297 (29.6)

+ 196 (19.6)

++ 73(7.3)
Body mass index (kg/m?) 214 4+ 28
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)

Values expressed as number (percent) or mean + SD, )
*Antigen levels were classified s;miquantiCa(ively with scores of ~ {<2 pg/m?),
+ (5 pug/m?), + (100 15 pg/m®), and ++ (>35 pg/m?).
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TABLE 2. Distribution of daily nutrients and food intake
in 1002 pregnant women, Osaka Maternal and Child Health
Study, Japan®

Variable Mean + SD

Total energy (k}) 6815.3 + 1793.7

Green and yellow vegetables (g) 69.5 + 46.0
Orther vegetables (g) 109.2 + 68.9
Fruit (g) 173.2 + 1824
Seaweed (g) 12.6 £ 13.0
B-Carotene (mg) 1840.4 + 1222.0
Vitamin C (mg) 120.7 & 58.7
Vitamin E (mg) 75+ 1.8
Fiber (g) 113 4 34
Calcium (mg) 556.0 + 182.9
Magnesium (mg) 194.4 + 499
Phosphorus {(mg) 890.0 + 183.8

Zinc (pg) 7222.8 £ 1321.0

*Nutrients and food intake were adjusted for total energy incake by using the residual
method.

intake of green and yellow vegetables, other vegetables, and
fruit with allergic rhinitis prevalence. Compared with sea-
weed intake in the first quartile, seaweed consumption in
the second and fourth quartiles, but not the third quartile,
was statistically significantly related to a decreased preva-
lence of allergic rhinitis. After adjustment for age, gestation,
parity, cigarette smoking, passive smoking at home and
work, indoor domestic pets, family history of asthma, atopic
eczema, allergic rhinitis, family income, education, and mite
allergen level in house dust, changes in diet in the past
1 month, season when data were collected, and BMI, the
inverse relation was slightly strengthened, showing a clear
inverse dose-response relationship (p for trend = 0.03).

ORs for associations between antioxidant and fiber in-
take and allergic rhinitis are listed in Table 4. B-Carotene
intake was associated independently with an increased prev-
alence of allergic rhinitis afrer multivariate adjustment: the
OR for comparison of the highest with the lowest quartile
was 1.98 (95% CI, 1.13-3.51). Consumption of vitamins
C and E and fiber was not materially related to the preva-
lence of allergic rhinitis.

Results for mineral intake are listed in Table 5. A signif-
icant inverse dose-response association was observed be-
tween calcium intake and allergic rhinitis prevalence. The
inverse association was slightly evident after controlling
for the confounders under investigation, although the mul-
tivariate OR for comparison of the fourth with the first quar-
tile was not statistically significant (p for trend = 0.03). For
magnesium intake, an inverse association between the high-
est and lowest quartiles was statistically significant, but was
just short of the significance level in the multivariate model.
A clear inverse linear trend for phosphorus intake across
quartiles was found, although only phosphorus consump-
tion in the third quartile was associated with a statistically
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significant decreased prevalence of allergic rhinitis by the
multivariate model. Dietary zinc intake showed no associa-
tion with allergic rhinitis prevalence.

After further adjustment for calcium or magnesium con-
sumption, an inverse association between seaweed intake
and allergic rhinitis prevalence remained, albeit slightly at-
tenuated: multivariate ORs for the second and fourth quar-
tiles, but not the third quartile, were statistically significant
(Table 6). After additional control for phosphorus intake,
consumption of seaweed in the third and fourth quarriles,
but not the second quartile, was not independently asso-
ciated with the prevalence of allergic rhinitis.

DISCUSSION

The strengths of the current study include the homogeneity
of study subjects in terms of all being pregnant and the com-
prehensive assessment of potential confounders. However,
no allowance was made for such external factors as aeroaller-

gens and air pollution.

TABLE 3. Odds ratios and 95% confidence intervals for allergic

thinitis by quartiles of vegerable, fruit, and seaweed intake,

Osaka Maternal and Child Health Study, Japan

Crude OR Adjusted OR
Variable® Prevalence (95% CI) (95% CI)*
Green and yellow vegetables
Q1 (28.6) 37/250 (14.8%) 1.00 1.00
Q2 (50.2) 28/251(11.2%) 0.72 (0.42-1.22) 0.72 (0.41-1.25)
Q3(71.2) 31/250 (12.4%) 0.82 (0.49-1.36) 0.88 (0.50~1.52)
Q4 (115.6) 45251 (17.9%) 1.26(0.78-2.03) 1.35 (0.80-2.29)
p for trend 0.28 0.18
Other vegetables
Q1(51.7) 36/250 (14.4%) 1.00 1.00
Q2 (80.6) 36/251 (14.3%) 1.00 (0.60-1.64) 0.94 (0.55-1.60)
Q3 (111.8) 25/250 (10.0%) 0.66 (0.38-1.13) 0.64 (0.36-1.13)
Q4 (171.6) 44/251 (17.5%) 1.26 (0.78-2.05) 1.27 (0.76-2.13)
b for trend 0.61 0.59
Fruit
Q1 (44.3) 36/250 (14.4%) 1.00 1.00
Q2(114.2) 30/251 (12.0%) 0.81 (0.48-1.36) 0.68 (0.39-1.19)
Q3 (174.3) 36/250 (14.4%) 1.00 (0.61-1.65) 1.05 (0.61-1.81)
Q4 (289.7) 39/251 (15.5%) 1.09 (0.67-1.79) 1.03 (0.60-1.78)
p for trend 0.55 0.55
Seaweed
Q1(2.4) 48/250(19.2%) 1.00 1.00
Q2(6.2) 29/251 (11.6%) 0.55 (0.33-0.90) 0.50 (0.29-0.84)
Q3 (12.9) 33/250 (13.2%) 0.64 (0.39-1.03) 0.59 (0.35-0.98)
Q4 (28.6) 31/251(12.4%) 0.59 (0.36-0.96) 0.51 (0.30-0.87)
b for trend 0.06 0.03

OR = odds ratio, Cl = confidence interval, Q = quartile.

*Quartile medians in grams per day adjusted energy intake by using the residual
method are given in parentheses.

®Adjustment for age, gestation, parity, cigarette smoking, passive smoking at home
and at work, indoor domestic pets, family history of asthma, atopic eczema, allergic
thinitis, family income, education, and mite allergen 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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TABLE 4. Odds ratios and 95% confidence intervals for allergic
rhinitis by quartiles of antioxidant and fiber intake, Osaka
Maternal and Child Health Study, Japan

Crude OR Adjusted OR
Variable® Prevalence (95% CI) (95% CI)
B-Carotene
Q1(758.8)  26/250(10.4%) 1.00 1.00
Q2 (1346.0)  40/251 (15.9%) 1.63 (0.97-2.80) 1.71 (0.98-3.02)
Q3 (1916.8)  31/250(12.4%) 1.22 (0.70-2.13)  1.30 (0.72-2.37)
Q4 (3010.3)  44/251 (17.5%) 1.83 (1.10-3.12)  1.98 (1.13-3.51)
p for trend 0.07 0.05
Vitamin C
Q1 (69.9) 29/250 (11.6%) 1.00 1.00
Q2 (97.2) 32/251(12.8%) 1.11 (0.65-1.91)  1.12 (0.63-1.99)
Q3(123.5)  40/250(16.0%) 1.45 (0.87-2.44) 1.47 (0.85-2.57)
Q4 (179.6)  40/251 (15.9%)  1.45 (0.87-2.43)  1.54 (0.88-2.73)
p for trend 0.10 0.08
Vitamin E
Q1 (5.7) 39/250 (15.6%) 1.00 1.00
Q2 (6.8) 35/251(13.9%) 0.88 (0.53-1.44)  0.86 (0.50-1.45)
Q3(7.8) 31/250 (12.4%) 0.77 (0.46-1.27)  0.68 (0.39-1.17)
Q4 (9.5) 36/251 (14.3%) 0.91 (0.55-1.48)  0.78 (0.46-1.33)
p for trend 0.59 0.27
Fiber
Q1 (8.2) 33/250(13.2%) 1.00 1.00
Q2 (10.0) 38/251 (15.1%) 1.17(0.71-1.95)  1.18 (0.69-2.03)
Q3 (11.8) 32/250 (12.8%) 097 (0.57-1.63)  1.00 (0.57-1.74)
Q4 (14.7) 38/251(15.1%) 117 (0.71-1.95)  1.14 (0.66-2.00)
P for trend 0.72 0.80
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collected is likely to ease this limitation. Changes in diet
in the past 1| month were controlled for because pregnant
women are likely to change their diet for such reasons as
nausea gravidarum.

Other weaknesses of this study should be clarified. Of
3639 eligible pregnant women in Neyagawa City, only
627 (17.2%) participated in this study. We were not able
to assess a difference between participants and nonpartici-
pants in Neyagawa City because information on personal
characteristics of nonparticipants was not available. Also,
we were not able to calculate the participation rate of
subjects from other areas and data were not available for
nonparticipants in those areas.

Our subjects were an unrepresentative sample of Japanese
women in the general population, and the present findings
may not be generalized. Educational levels were higher in
the present study population than in the general population.
According to the 2000 population census of Japan, propor-
tions of women aged 30 to 34 years in Osaka Prefecture
with years of education of less than 13, 13 to 14, 15+,

TABLE 5. Odds ratios and 95% confidence intervals for allergic
rhinitis by quartiles of mineral intake, Osaka Maternal and
Child Health Study, Japan

OR = odds ratio, CI = confidence interval, Q = quartile.
Quartile medians in milligrams per day (except for fiber; grams per day) adjusted
energy intake by using the residual method are given in parentheses.

‘Adjustment for age, gestation, parity, cigarette smoking, passive smoking at home
and at work, indoor domestic pets, family history of asthma, atopic eczema, allergic
thinitis, family income, education, and mite allergen level in house dust, changes in
diet in the previous 1 month, season when data were collected, and body mass index
{continuous).

In our current investigation, dietary information was
derived from a self-administered semiquantitative dietary
assessment questionnaire. Because we did not actually ob-
serve dietary habits of subjects, the possibility of misclassifi-
cation might be a concern. According to the validation
studies, correlation coefficients for nutrient intake between
those estimated from the diet-history questionnaire and
those observed by a 3-day dietary record were 0.45, 0.49, and
0.59 for vitamin C, calcium, and phosphorus in women, re-
spectively (25). Correlation coefficients between intake and
the corresponding concentrations in serum phospholipid
fraction were 0.40 and 0.60 in men and women for B-caro-
tene and —0.23 and ~0.22 in men and women for vitamin
E, respectively (26). Those with allergic rhinitis might not
be aware of the ill effects of diet. Therefore, any misclassifi-
cation would be nondifferential between cases and noncases
and most likely would weaken any true relationship. Our
diet-history questionnaire was designed to assess recent
dietary intake, i.e., for | month before completing the ques-
tionnaire. However, adjustment for season when data were

Crude OR Adjusted OR
Variable® Prevalence (95% CI) (95% CI)®
Calcium
Q1 (368.0)  37/250(14.8%) 1.00 1.00
Q2 (491.7)  46/251(18.3%)  1.29(0.81-2.08)  1.44 (0.86-2.43)
Q3(590.3)  33/250(13.2%) 0.88(0.53-1.45) 0.89 (0.51-1.57)
Q4(739.4)  25/251(10.0%)  0.64 (0.37-1.09)  0.60 (0.33-1.07)
b for trend 0.05 0.03
Magnesium
Q1 (150.8)  42/250(16.8%) 1.00 1.00
Q2(175.4)  36/251(14.3%) 0.83 (0.51-1.35)  0.96 (0.57-1.61)
Q3(199.4)  36/250(14.4%) 0.83 (0.51-1.35) 0.83 (0.49-1.41)
Q4 (245.8) 27/251 (10.8%)  0.60 (0.35-1.00)  0.63 (0.36-1.10)
b for trend 0.07 0.10
Phosphorus
Q1(713.1)  39/250(15.6%) 1.00 1.00
Q2 (828.7)  52/251(20.7%) 1.41(0.90-2.25) 1.42(0.86~2.34)
Q3(928.1)  22/250(8.8%)  0.52(0.30-0.90)  0.50 (0.27-0.90)
Q4 (1085.0)  28/251(11.2%) 0.68 (0.40-1.14) (.59 (0.33-1.04)
p for trend 0.01 0.005
Zinc

Q1 (5936.5)
Q2 (6816.2)

38/250 (15.2%)
41/251 (16.3%)

1.00
1.09 (0.67-1.77)

1.00
1.09 (0.65-1.84)

Q3 (7493.8)  35/250(14.0%) 0.91 (0.55-1.49)  0.90 (0.53-1.55)
Q4 (8608.4) 27/251(10.8%) 0.67 (0.39-1.14)  0.71 (0.40-1.26)
P for trend 0.11 0.19

OR = odds ratio, CI = confidence interval, Q = quartile.

*Quartile medians in milligrams per day (except for zinc; micrograms per day) adjusted
energy intake by using the residual method are given in parentheses.

PAdjustment for age, gestation, parity, cigarette smoking, passive smoking at home
and at work, indoor domestic pets, family history of asthma, atopic eczema, allergic
thinitis, family income, education, and mite allergen level in house dust, changes in
diet in che previous 1 month, season when data were collected, and body mass index
{continuous).
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TABLE 6. Adjusted odds ratios and 95% confidence intervals
for allergic rhinitis by quartiles of seaweed intake, Osaka
Maternal and Child Health Study, Japan®

Variable® OR (95% CI¥ OR (95% CI)¢ OR (95% CI)*
Seaweed
Q1(2.4) 1.00 1.00 1.00
Q2(6.2) 0.51(0.30-0.87)  0.50 (0.29-0.84)  0.51 (0.29-0.87)
Q3 (12.9) 0.62 (0.36-1.04)  0.61 (0.35-1.03)  0.65 (0.38-1.11)
Q4 (28.6) 0.58 (0.33-0.99)  0.56 (0.32~0.98)  0.62 (0.35-1.08)
pforwend 0.08 0.07 0.16

OR = odds ratio, CI = confidence interval, Q = quartile.

“Adjustment for age, gestation, parity, cigarette smoking, passive smoking at home
and at work, indoor domestic pets, family history of asthma, atopic eczema, allergic
thinitis, family income, education, and mite allergen level in house dust, changes in
diet in the previous 1 month, season when data were collected, and body mass index
(continuous).

Quartile medians in grams per day adjusted energy intake by using the residual
methad are given in parentheses.

“Furcher adjustment for energy-adjusted calcium intake (quartiles).

Further adjustment for energy-adjusted magnesium intake (quartiles).

“Furcher adjustment for energy-adjusted phosphorus intake (quartiles).

and unknown were 49.2%, 32.3%, 13.6%, and 4.9%, respec-
tively (30). Japanese cedar pollinosis is a seasonal disorder
with a high prevalence that is ofren undiagnosed (1). We
did not use validated diagnostic criteria for allergic rhinitis,
such as those reported in the Internarional Study of Asthma
and Allergies in Childhood. Because the definition of aller-
gic rhinitis is based on drug treatment, there was a loss of
those with milder cases. Moreover, women who want to be-
come pregnant or are pregnant might tend to avoid drugs.
The consequence would introduce a bias toward the null.
However, median and 95th percentile values of total serum
immunoglobulin E (IgE) concentrations were 123 and 761
[U/mL in 139 cases and 68 and 734 IU/mL in 842 noncases,
respectively, although data for specific IgE levels were not
available in this study. In addition, our study used cross-
sectional data; thus, the data cannot be used to discriminate
cause from effect. Symptoms of allergic rhinitis might have
affected food preference and food consumption patterns.
Nonetheless, important associations can be noted.

A relationship between pregnancy and a shift to the
T-helper cell subtype 2 (Th2) side of the immune response
has been indicated (31), whereas the importance of the
role of natural killer and interleukin 12 (IL-12), IL-15,
and IL-18 tripods in successful or failed pregnancy in hu-
mans was suggested beyond the Th1/Th2 paradigm (32).
Rhinitis symptoms during pregnancy may be attributable
to hormonal changes in pregnancy. However, thinitis solely
ascribed to pregnancy may not be a distincr entity because
most pregnant women do not have significant nasal symp-
toms (31). In the present study, 105 of 141 persons current
affected with allergic rhinitis (74.5%) had been treated
with medications at some time for 1 or more years.

The European Prospective [nvestigation into Cancer and
Nutrition among German adults found that high B-carotene
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intake significantly increased the risk for hay fever, whereas
a significant inverse relationship was observed between vita-
min E intake and hay fever, especially among women and
former or current smokers (15). The Nutrition and Health
Survey in Taiwan showed no association between calcium,
phosphorus, and vitamin C and E intake and allergic rhinitis
prevalence in teenagers (16). A cross-sectional study of UK
adults showed thar vitamin E intake was not associated in-
dependently with hay fever, but was related significantly
to lower total serum IgE concentrations and lower frequency
of allergy sensitization (33). Another cross-sectional study
in Norway reported that vitamin C intake was not measur-
ably related to prevalence of asthma atrack in the previous
12 months among young adults, although a significant in-
verse association was observed between vitamin C intake
and wheeze only in exsmokers (34). No differences in daily
vitamin A, C, and E; magnesium; and zinc intakes were seen
berween patients with asthma and healthy subjects in
a case—control study of prevalence in Spain (35).

These results are partially consistent with the present
findings. In the present study, the multivariate OR for com-
parison of the fourth with the first quartile of B-carotene in-
take was 1.84 (95% CI, 0.92-3.79) in the sample of 697
never-smoking pregnant women. The possibility of a smok-
ing-related harmful effect of B-carotene is not likely to ex-
plain our results (36). An intervention study in Germany
showed that tomato or carrot juice supplementation signif-
icantly increased 1L-2 levels, whereas IL-4 levels were not
changed in healthy men (37). The present results also are in-
compatible with this Th1/ThZ imbalance toward Th1 func-
tion. Conversely, an animal study in mice showed that in
vitro treatment of naive ThO cell cultures with vitamin A
strongly enhanced the development of IL-4-secreting Th2
(38). Environmental exposure, such as cigarette smoking,
increases oxidant stress, and the effect of vitamins C and E
may be more beneficial in smokers compared with others.
Preventive effects of antioxidants on allergic rhinitis might
only be identified in a larger population that would include
males or middle-aged subjects in contrast to our study pop-
ulation. A laboratory study showed that vitamin E sup-
pressed IL-4, but not IL-2, protein levels in human
peripheral-blood T cells in a dose-dependent manner (39).

Persons who frequently consume seaweed tend to follow
traditional Japanese dietary customs or behaviors that could
protect against allergic disorders. Although the present
study incorporates extensive information on potential con-
founding factors, the possibility of residual confounding
caused by unmeasured dietary or behavioral factors cannot
be excluded completely. Adjustment for confounders under
investigation slightly strengthened the inverse association
between seaweed intake and allergic rhinitis prevalence.
Thus, residual confounding is not likely to fully explain
the robust observed inverse association.
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As a complex plant food, seaweed contains many nu-
trients and other bioactive compounds. Because of the
lack of association of vitamin C and E and fber inrake
with allergic rhinitis prevalence in the present study, the de-
crease in prevalence of allergic rhinitis through dietary sea-
weed intake probably cannot be explained by vitamins C
and E and fiber in seaweed. Moreover, because an inverse as-
sociation persisted after adjustment for calcium or magne-
sium intake, the inverse association is unlikely to be
ascribed to the calcium or magnesium in seaweed. Further
control for consumption of phosphorus almost completely
removed the inverse association, although the multivariate
OR for comparison of the second with the first quartile was
statistically significant. The beneficial association between
seaweed intake and allergic rhinitis may be attributable ro
some extent to phosphorus or unmeasured constituents in
relation to phosphorus, although phosphorus is contained
in a number of foods. Seaweed also is a source of selenium
and iodine, which might contribute to the decreased preva-
lence of allergic rhinirtis. However, data for selenium and io-
dine intake were not available in the present study. A recent
laboratory study showed that alginate oligosaccharides,
which are cleaved from alginic acid polysaccharides of sea-
weed, enhanced Thl differentiation through the upregula-
tion of IL-12 production in murine lymphocyre cultures
and that alginate oligosaccharides also inhibited in vivo
IgE production (40).

To the best of our knowledge, there has been no epidemi-
ologic study on the relationship between calcium or phos-
phorus consumption and allergic disorders. In the present
study, dairy products were not associated statistically signif-
icantly with allergic rhinitis prevalence {data not shown).
An intervention study of US healthy premenopausal women
showed that 3 months of yogurt consumption did not en-
hance ex vivo cell-mediated immune function (41).

In conclusion, our results suggest that greater dietary in-
take of seaweed, calcium, magnesium, and phosphorus was
associated with a decreased prevalence of allergic rhinitis
in female Japanese young adults. The inverse association be-
tween seaweed intake and prevalence of allergic rhinitis ap-
pears to be independent of calcium or magnesium intake.
Future studies are needed to prospectively assess the benefi-
cial effects of seaweed, calcium, magnesium, and phosphorus
on allergic disorders. Confirmation of the current findings
would lend further support to the public health benefit of
seaweed.
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University); Yorihiko Horikoshi (Department of Obstetrics
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(Department of Obstetorics and Gynecology, Osaka City
University Graduate School of Medicine); Jinsuke Yasuda
{Department of Obstetrics and Gynecology, Matsushita Me-
morial Hospital); Seigo Kawai (Department of Obstetrics
and Gynecology, Hoshigacka Koseinenkin Hospital); Kazu-
mi Yanagihara (Yanagihara Clinic); Koji Wakuda (Depart-
ment of Obstetrics and Gynecology, Fujimoto Hospital);
Tokio Kawashima (Kyohritsu Women’s Clinic); Karsuhiko
Narimoto (Ishida Hospital Obstetrics, Gynecology); Yoshi-
hiko Iwasa (Iwasa Women’s Clinic); Katsuhiko Orino {Or-
ino Lady’s Clinic); Itsuo Tsunetoh (Tsunetoh Obstetrics
and Gynecology); Junichi Yoshida (Yoshida Clinic); Junichi
lito (lito Obstetrics and Gynecology Clinic); Takuzi
Kaneko (Kaneko Sanfujinka); Takao Kamiya (Kamiya
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Takeshi Taniguchi (Taniguchi Hospiral); Hideo Takemura
(Kosaka Women’s Hospital); and Yasuhiko Morimoto
(Aizenbashi Hospital).
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SUMMARY

OBJECTIVE: It remains controversial whether the intake of
n-3 polyunsaturated fatty acids and fish is preventive
against asthma. This cross-sectional study investigated the
relationship between fat and fish intake and the prevalence
of asthma using baseline data from a prospective study.
DESIGN: The subjects were 1002 pregnant Japanese fe-
males. A diet history questionnaire was used to assess di-
etary habits. Current asthma and asthma after age 18
were defined as present if subjects had been treated with
medications at some time in the previous 12 months and
after reaching the age of 18, respectively.

RESULTS: Fish consumption was independently associ-
ated with a decreased prevalence of asthma after age 18

and current asthma. A significant inverse relationship was
observed between the ratio of n-3 to n-6 polyunsaturated
fatty acid intake and the prevalence of current asthma,
but not asthma after age 18. Intake of total fat, saturated,
monounsaturated, n-3 polyunsaturated and n-6 polyun-
saturated fatty acids, cholesterol, meat, eggs or dairy prod-
ucts was not evidently related to cither outcome for asthma.
CONCLUSION: Our results suggest that fish consumption
and the high ratio of n-3 to n-6 polyunsaturated fatty
acid intake may be associated with a reduced prevalence
of asthma in young female Japanese adults.

KEY WORDS: asthma; cross-sectional study; fatty acids;
fish; Japanese women

IN JAPAN, asthma is one of the major public health
problems in both adults and children.!2 The Interna-
tional Study of Asthma and Allergies in Childhood
has shown that the prevalence of asthma symptoms is
very high in Japanese children, similar to that in West-
ern countries,? but the reasons are unknown.

Many epidemiological studies have investigated the
association of intake of fatty acids and/or foods high
in fatty acids with asthma.3-17 However, it remains con-
troversial whether the intake of n-3 polyunsaturated
fatty acids and fish is preventive against asthma and
whether n-6 polyunsaturated fatty acid intake increases

** Other members of the Osaka Maternal and Child Health Study
Group were as follows: H. Kanzaki, M. Kitada, Y. Horikoshi, Y.
Nalkai, J. Nishio, S. Yamamasu, J. Yasuda, S. Kawai, K. Yanagihara,
K. Wakuda, T. Kawashima, K. Narimoto, Y. Iwasa, K. Orino, 1.
Tsunetoh, J. Yoshida, J. lito, T. Kaneko, T. Kamiya, H. Kuriba-
yashi, T. Taniguchi, H. Takemura, Y. Morimoto.

the risk of asthma. Qily fish intake was significantly in-
versely related to current asthma in a case-control study
among Australian children,? whereas a positive asso-
ciation between fish intake and current asthma was
observed in Japanese children.* A high ratio of n-6 to
n-3 polyunsaturated fatty acid intake was significantly
associated with an increased risk of asthma in Austra-
lian children.s Case-control studies of Spanishé and
German’ adults showed no difference in intake of n-3
polyunsaturated fatty acids between asthmatic and non-
asthmatic subjects.

In view of the paucity of epidemiological studies of
the relationship between intake of fatty acids and high-
fat foods and asthma in Japan, where intake of fish is
high, the present cross-sectional study examined the
association of intake of specific types of fatty acids,
cholesterol, and selected foods high in fatty acids with
the prevalence of asthma in pregnant females using
baseline information from the Osaka Maternal and
Child Health Study (OMCHS).
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STUDY POPULATION AND METHODS

Subjects

The OMCHS, an ongoing prospective cohort study,
investigates preventive and risk factors for maternal
and child health problems such as allergic disorders.
We investigated the relationships of diet, smoking and
other environmental factors with the prevalence of al-
lergic disorders among pregnant women using data
from the baseline survey. Details of the OMCHS have
been described elsewhere.18 Eligible females were those
who became pregnant in Neyagawa City, one of the
44 municipalities in Osaka Prefecture, a metropolis in
Japan with a total population of approximately 8.8
million. Of the 3639 eligible females in Neyagawa
City, 627 (17.2%) participated in the study between
November 2001 and March 2003. An additional 375
pregnant women from other areas participated. A total
of 1002 pregnant women gave fully informed consent
in writing and completed the baseline survey. The eth-
ics committee of the Osaka City University School of
Medicine approved the OMCHS.

Questionnaires

At baseline, each participant filled out a set of two self-
administered questionnaires and collected two dust
samples. Participants then mailed these materials to the
data management centre. Research technicians com-
pleted missing or illogical data by telephone interview.
A validated self-administered diet history question-
naire was used to assess dietary habits during the pre-
vious month. The structure and validity of the question-
naire are described in detail elsewhere.1920 Measures of
dietary intake for 147 food items were calculated by
using an ad hoc computer algorithm for the diet history
questionnaire, which was based on the Standard Tables
of Food Composition in Japan.2! Energy-adjusted in-
take by the residual method was used for the analyses.22
A second self-administered questionnaire asked
about age, gestation, parity, smoking habits, personal
history of asthma, family history of asthma, atopic ec-
zema, and allergic rhinitis, indoor domestic pets, fam-
ily income, education, weight, height, and changes in
diet in the previous month. Current asthma was de-
fined as present when subjects had been treated with
medications at some time in the previous 12 months.
Asthma after age 18 was considered to be present if
subjects had used an asthma medication at any time
after reaching the age of 18. A family history of asthma,
atopic eczema, and allergic rhinitis (including Japanese
cedar pollinosis) was considered to be present if one or
more parents or siblings of the study subject had man-
ifested any of these allergic disorders. Body mass index
(BMI) was calculated by dividing self-reported body
weight (kg) by the square of self-reported height (m).
Two dust samples were collected from a 1 m2 area
of the bedclothes and flooring for 1 min using a vac-
uum cleaner fitted with a collection apparatus. Anti-
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gen levels from extracts of fine dust fractions were mea-
sured by a double-antibody sandwich enzyme-linked
immunosorbent assay using a soluble antigen prepared
from whole Dermatophagoides farinae mite bodies as
a reference standard, and were expressed as antigen
equivalent in pg/m? of surface area (Mitey checker®,
Shinto Fine Co, Osaka, Japan).23:24 Antigen levels
were semi-quantitatively classified with scores of —
(<2 pg/m?), = (5 png/m2), + (10~15 pg/m?) and ++
(>35 ug/m?). In this study, we used only antigen
levels in the sample collected from the bedclothes be-
cause the correlation between antigen levels from the
bedclothes and flooring was collinear (Spearman cor-
relation coefficient = 0.54, P < 0.0001).

Statistical analysis

Intake of dietary factors under investigation was cat-
egorised at tertile points based on the distribution of
all study subjects.

Logistic regression analysis was used to compare
the prevalence of asthma associated with intake of
specific types of fatty acids, cholesterol and selected
foods high in fatty acids. Multiple logistic regression
analysis was used to control for the potential con-
founding factors under study. Trend of association
was assessed by a logistic regression model assigning
scores to the levels of the independent variable. Two-
sided P values <0.05 were considered statistically sig-
nificant. All computations were performed using the
SAS software package version 9.1 (SAS Institute, Inc,
Cary, NC, USA).

RESULTS

The prevalence values for asthma after age 18 and
current asthma were 4.7% and 2.1%, respectively,
among 1002 women. About 50% of the women were
aged =30 years had enrolled by the 17th week of
gestation and had a parity of one or more (Table 1).
Slight or substantial changes in diet in the previous
1 month were experienced by 702 pregnant females
due to nausea gravidarum (585 females), maternal and
foetal health (107 females) and other reasons (10 fe-
males). Mean daily total energy, energy-adjusted total
fat and n-3 and n-6 polyunsaturated fatty acid intake
were 6815 kJ, 54.3 g, 2.3 g and 11.0 g, respectively
(Table 2).

Odds ratios (ORs) and their 95% confidence inter-
vals (Cls) for the prevalence of asthma in relation to
dietary intake of specific types of fatty acids and cho-
lesterol are presented in Table 3. A significant inverse
dose-response relationship was found between docosa-
hexaenoic acid intake and the prevalence of asthma
after age 18, but not current asthma, although the OR
for comparison of the third with the first tertile was of
borderline significance. After adjustment for age, ges-
tation, parity, cigarette smoking, indoor domestic pets,
family history of asthma, atopic eczema and allergic
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Table 1 Distribution of selected characteristics in Table 2 Distribution of daily nutrients and food intake and
1002 pregnant females, OMCHS, Japan BMIin 1002 pregnant females, OMCHS, Japan

Variable n (%) Variable Mean (SD)
Age, years Daily nutrient intake*

<30 473 (47.2) Total energy (kJ) 6815.3(1793.7)

=30 529 (52.8) Total fat (g) 54.3(10.3)
Gestation, weeks Saturated fatty acids (g) 16.6 (3.5)

<18 508 (50.7) Monounsaturated fatty acids (g) 18.0 (4.2}

=18 494 (49.3) n-3 polyunsaturated fatty acids (g) 2.3(0.8)

! Eicosapentaenoic acid (g) 0.2 (0.2)
Pé”ty of 1 or more 513(51.2) Docosahexaenoic acid (g) 0.3(0.2)
Cigarette smoking n-6 polyunsaturated fatty acids (g) 11.0(2.8)

Never 697 (69.6) Cholesterol (mg) 265.2 (105.3)

Former 1210121 paily intake*

Current 184 (1 8.4) l\/%/eat (g) 508 <29_2)
Family history of asthma 101 (10.1) Eggs (g) 28.3(20.3)
Family history of atopic eczema 138(13.8) Ea;]ry( p;roducts @ 1Z§§ 8%34)”
Family history of allergic rhinitis 429 (42.8) BM;S(k ? y ”1 '4 o 8')
Indoor domestic pets (cats, dogs, birds or hamsters) 114 (11.4) gm T
Family income, yen/year * N_Ldltris.Tnts ahnddfood intake were adjusted for total energy intake using the

<4 000000 301 (30.0) residual method. 4 ‘ '

4000 000~5 999 999 403 (40.2) Eg/ll:sgzi);gagé\;g%ega OMCHS = Osaka Maternal and Child Health Study;

=6000000 2988 (29.7) ’
Education, years

<13 323(32.2)

13-14 413 (41.2 - . . . .

=15 266 226.6; of fish in the third tertile was independently related to
Mite allergen level in house dust* a reduced pr.evalence of both‘ outcomes for asthma in

- 436 (43.5)  the multivariate model; the inverse trends were also

f_ e %2; 828; statistically significant (P for trend = 0.02 and 0.04,
Changes in diet in the brevious month ' respectively). After further adjustment for docosa-

i VIOU . P . I

Noge or seldom P 300 (29.9) hexaenom. acid 1.ntake, the inverse associations of fish

Slight 435 (43.4) consumption with asthma after age 18 and current

Substantial 267(26.7)  asthma remained significant: adjusted ORs for com-
59250_“ when data were collected 318317} parison of the third with the first tertile were 0.27

pring . N ) .

summer 162 (16.2) (95_/0C.I 0.08-0.92) and O.l% (QS%CI 0.0l—'O.‘99),

Fall 223(22.3)  respectively. There were no significant associations

Winter 299(29.8)  of consumption of meat, eggs or dairy products with

* Antigen levels were semi-quantitatively classified with scores of — (<2 pg/
m32), = (5 wg/m2), + (10-15 pg/m2), and ++ (>35 pg/m?).
OMCHS = Osaka Maternal and Child Health Study.

rhinitis, family income, education, mite allergen level
in house dust, changes in diet in the past month, the
season when data were collected and BMI, the inverse
relationship completely disappeared. Compared with
the ratio of n-3 to n-6 polyunsaturated fatty acid intake
in the lowest tertile, the ratio in the highest tertile was
significantly associated with a decreased prevalence
of asthma after age 18 and current asthma, showing
clear inverse dose-response relationships. After multi-
variate adjustment, these inverse relationships were at-
tenuated, although the inverse relationship with current
asthma, but not asthma after age 18, remained signifi-
cant. No statistically significant associations were ob-
served between intake of total fat, saturated, monoun-
saturated, n-3 polyunsaturated and n-6 polyunsaturated
fatty acids, eicosapentaenoic acid, or cholesterol and
either outcome for asthma.

We then evaluated the prevalence of asthma based
on intake of selected high-fat foods (Table 4). Com-
pared with fish intake in the first tertile, consumption

either outcome for asthma.

DISCUSSION

The present findings are partially in agreement with
previous studies that showed no association between
n-3 polyunsaturated fatty acid intake and asthma.s7”
A cross-sectional study in Australian adults demon-
strated that plasma levels of n-3 polyunsaturated
fatty acids and the ratio of n-6 to n-3 polyunsatu-
rated fatty acids were not measurably related to
asthma, whereas n-6 polyunsaturated fatty acid di-
homo y-linolenic acid was positively associated with
asthma.t Qur findings regarding the ratio are at vari-
ance with those results,

The pro-inflammatory eicosanoids prostaglandin
E; and leukotriene By are derived from n-6 fatty acid,
arachidonic acid, which is maintained at high cellular
concentrations by the high n-6 polyunsaturated fatty
acid content of the modern Western diet.s Prosta-
glandin E; is an important immune regulator known
to suppress Th1 activation and enhance Th2 activation,
thereby enhancing the formation of IgE in B cells.26 On
the other hand, eicosapentaenoic acid, the n-3 homo-

223
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Table 3 ORs and 95%Cls of specific types of dietary fat, OMCHS, Japan

Asthma after age 18

Current asthma

Prevalence Crude Adjusted Prevalence Crude Adjusted
Variable* (%) OR (95%Cl) OR (95%Cl)" (%) OR (95%Cl) OR (95%Cl)!
Total fat
<50.49 14/334 (4.2) 1.00 1.00 6/334 (1.8) 1.00 1.00
50.49-57.64 18/334 (5.4) 1.30(0.64-2.71) 1.46(0.68-3.21) 11/334(3.3) 1.86(0.70-5.46) 2.66 (0.87-9.03)
>57.64 15/334 (4.5) 1.08(0.51-2.29)  1.21(0.55-2.68) 4/334(1.2)  0.66(0.17-2.34)  0.80 (0.19-3.08)
P for trend 0.86 0.63 0.59 0.83
Saturated fatty acids
<15.108 18/334 (5.4) 1.00 1.00 7/334(2.1)  1.00 1.00
15.108-17.77 13/334 (3.9) 0.71(0.34-1.47) 0.80(0.36-1.74) 8/334(2.4) 1.15(0.41-3.30) 1.42(0.45-4.67)
>17.77 16/334 (4.8) 0.88 (0.44-1.77)  1.08(0.51-2.30) 6/334 (1.8) 0.86(0.27-2.60) 1.17(0.33-4.10)
P for trend 0.72 0.87 0.79 0.78
Monounsaturated
fatty acids
<17.48 18/334 (5.4) 1.00 1.00 8/334(2.4) 1.00 1.00
17.48-20.21 12/334 (3.6) 0.65(0.30-1.37) 0.62 (0.27-1.36) 8/334(2.4) 1.00(0.36-2.75)  1.02 (0.33-3.22)
>20.21 17/334.(5.1) 0.94 (0.47-1.87)  0.93 (0.45-1.92) 5/334(1.5) 0.62(0.19~1.88) 0.59(0.16-1.95)
P for trend 0.86 0.84 0.42 0.41
n-3 polyunsaturated
fatty acids
<2.0196 15/334 (4.5) 1.00 .00 9/334(2.7) 1.00 1.00
2.0196-2.4789 17/334 (5.1) 1.14(0.56-2.35)  1.13(0.53-2.44) 9/334(2.7) 1.00(0.39-2.59) 0.96(0.32-2.79)
>2.4789 15/334 (4.5) 1.00 (0.48-2.10)  1.08 (0.50-2.36) 3/334(1.0) 0.33(0.07-1.11)  0.36(0.07-1.31)
P for trend 1.00 0.84 0.1 0.16
Eicosapentaenoic acid
<0.137 19/334 (5.7) 1.00 1.00 9/334(2.7) 1.00 1.00
0.137-0.2232 16/334 (4.8) 0.83(0.42-1.65) 0.76 (0.36-1.57) 7/334 (2.1)  0.77(0.2 ) 0.48(0.14-1.49)
>0.2232 12/334 (3.6) 0.62 (0.29-1.28)  0.78 (0.35-1.69) 5/334 (1.5 0.55(0.17-1.6 0.72 (0.19-2.43)
P for trend 0.20 0.50 0.28 0.50

Docosahexaenoic acid
<0.2475
0.2475-0.3616
>0.3616
P for trend

n-6 polyunsaturated
fatty acids
<9.89
9.89-11.72
>11.72
P for trend

n-3/n-6 polyunsaturated
fatty acid ratio
<0.1914
0.1914-0.2218
>0.2218
P for trend

Cholesterol
<215.70
215.70-303.76
>303.76
P for trend

23/334 (6.9)
12/334 (3.6)
12/334 (3.6)

17/334 (5.1)
11/334 (3.3)
19/334 (5.7)

20/334 (6.0)
18/334 (5.4)
9/334(2.7)

18/334 (5.4)
19/334 (5.7)
10/334 (3.0)

1.00
0.50(0.24-1.01)
0.50(0.24-1.01)
0.05

1.00
0.64 (0.29-1.36)
1.13(0.57-2.22)
0.72

1.00
0.89 (0.46-1.73)
0.44 (0.19-0.94)
0.05

1.00
1.06 (0.54-2.07)
0.54(0.24-1.17)
0.15

00
50(0.21-1.14)
03 (0.50-2.13)
8

1.00
1.33(0.65-2.74)
0.62(0.26-1.41)
0.32

12/334 (3.6)
6/334 (1.8)
0.9)

1.00
0.49 (0.17-1.28)
0.24(0.06-0.77)
0.02

1.00
0.89 (0.33-2.35)
0.44(0.12-1.36)
0.18

1.00
0.36 (0.11-1.07)
0.26 (0.05-0.93)
0.03

1.00
1.19(0.39-3.58)
0.45 (0.10-1.57)
0.27

* Tertiles were based on intake in g/day (except for cholesterol mg/day) adjusted for energy intake using the residual method, except for tertiles of the ratio of
n-3 to n-6 polyunsaturated fatty acids, which were based on crude intake in g/day.
*Adjustment for age, gestation, parity, cigarette smoking, indoor domestic pets, family history of asthma, atopic eczema and allergic rhinitis, family income,

education, mite allergen level in house dust, changes in diet in the previous month, season when data were collected and BMI (continuous)

OR = odds ratio; Cl = confidence interval; OMCHS = Osaka Maternal and Child Health Study; BMI = body mass index.

logue of arachidonic acid, can inhibit arachidonic acid
metabolism competitively via enzymatic pathways, and
can thus suppress production of n-6 eicosanoid in-
flammatory mediators.2S A balance between n-3 and
n-6 polyunsaturated fatty acid metabolism may be im-
portant. The lack of an association between intake of
n-3 or n-6 polyunsaturated fatty acids and the preva-
lence of asthma in the current study may be because
study subjects reported very high intake of n-3 poly-

224

unsaturated fatty acids. In the typical Western diet, 20-
to 25-fold more n-6 fats than n-3 fats are consumed.2’
Thus, a potential beneficial and adverse effect of n-3
and n-6 polyunsaturated fatty acids, respectively, on
asthma may be detected when the intake of n-3 poly-
unsaturated fatty acids is very low. In the current study
a significant inverse association between fish intake and
asthma persisted after additional adjustment for docosa-
hexaenoic acid intake; therefore, other constituents in
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Table 4 ORs and 95%Cls of intake of selected foods high in fat, OMCHS, Japan

Asthma after age 18

Current asthma

Prevalence Crude Adjusted Prevalence Crude Adjusted
Variable* (%) OR (95%Cl) OR (95%CI)t (%) OR (95%CI) OR (95%CI)t
Fish
<36.14 24/334(7.2) 1.00 1.00 11/334 (3.3) 1.00 1.00
36.14-54.44 15/334 (4.5) 0.61(0.31-1.17) 0.59(0.28-1.19) 8/334 (2.4) 0.72 (0.28-1.80) 0.57 (0.19-1.62)
>54.44 8/334 (2.4) 0.32 (0.13~0.69) 0.36(0.15-0.83) 2/334 (0.6) 0.18 (0.03-0.67) 0.19 (0.03-0.83)
P for trend 0.004 0.02 0.02 0.04
Meat
<46.16 14/334 (4.2) 1.00 1.00 7/334 (2.1) 1.00 1.00
46.16-67.13 17/334 (5.1) 1.23(0.60-2.57) 1.20 (0.56-2.62) 8/334 (2.4) 1.15 (0.41-3.30) 1.03 (0.32-3.34)
>67.13 16/334 (4.8) 1.15(0.55~2.43) 1.23(0.56-2.72) 6/334 (1.8) 0.86 (0.27-2.60) 0.78 (0.22~2.63)
P for trend 0.72 0.61 0.79 0.69
Eggs
<17.99 20/334 (6.0) 1.00 1.00 9/334 (2.7) 1.00 1.00
17.99-37.76 17/334 (5.1) 0.84 (0.43-1.64) 0.93 (0.46~1.88) 8/334 (2.4) 0.89 (0.33-2.35) 1.03 (0.35-3.02)
>37.76 10/334 (3.0) 0.49(0.21-1.03) 0.55(0.23-1.21) 4/334 (1.2) 0.44 (0.12~1.36) 0.44 (0.10-1.55)
Pfor trend 0.07 0.16 0.18 0.26
Dairy products
<129.74 19/334 (5.7) 1.00 1.00 7/334 (2.1) 1.00 1.00
129.74-221.79 19/334 (5.7) 1.00(0.52-1.93) 1.14 (0.56~2.30) 8/334 (2.4) 1.15(0.41-3.30) 1.51(0.48-4.93)
>221.79 9/334 (2.7) 0.46 (0.20-1.00) 0.61 (0.25-1.41) 6/334 (1.8) 0.86 (0.27-2.60) 1.66 (0.46-6.15)
P for trend 0.07 0.33 0.79 0.42

* Tertiles were based on intake in g/day adjusted for energy intake using the residual method.

Adjustment for age, gestation, parity, cigarette smoking, indoor domestic pets, family history of asthma, atopic eczema and allergic rhinitis, family income,

education, mite allergen level in house dust, changes in diet in the previous month, season when data were collected and BMi (continuous).
OR = odds ratio; Cl = confidence interval; OMCHS = Osaka Maternal and Child Health Study; BMI = body mass index.

fish might to some extent explain the inverse associa-
tion. Alternatively, unknown dietary or non-dietary
factors may have confounded the inverse relationship
between fish intake and asthma. Japanese persons who
eat large amounts of fish are likely to follow the tra-
ditional Japanese diet or engage in behaviours that
may be protective against asthma.

The present study had several methodological ad-
vantages, in that study subjects were homogeneous,
they were all pregnant and this study incorporated ex-
tensive information on potential confounding factors.

. We used a self-administered semiquantitative dietary
assessment questionnaire.!%20 As we did not actually
observe the dietary habits of the subjects, the results
should be interpreted cautiously. To minimise data in-
accuracy, we used a questionnaire that was validated
as follows: the correlation coefficients for nutrient in-
take between those estimated from the diet history ques-
tionnaire 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.!?
A highly positive correlation was also observed between
marine-origin n-3 polyunsaturated fatty acid intake es-
timated by the diet history questionnaire and the cor-
responding concentration in the serum phospholipid
fraction (» = 0.51 and 0.69 in men and women, re-
spectively).20 Our diet history questionnaire was de-
signed to assess recent dietary intake, i.e., for 1 month
prior to completing the questionnaire. Adjustment
for the season when data were collected is likely to
mitigate this disadvantage, however. Changes in diet

in the past month were controlled for because preg-
nant females are likely to change their diet for reasons
such as nausea gravidarum. Potential exposure mis-
classification associated with the stability of diet dur-
ing pregnancy was likely to be non-differential. The
consequence would have given rise to an underesti-
mation of our findings.

Other disadvantages should be clarified. Of a total
of 3639 eligible pregnant females in Neyagawa City,
only 627 (17.2%) participated in this study. With re-
gard to the remaining 375 participants, we were not
able to calculate the participation rate because the
exact number of eligible subjects was not available. Our
subjects were an unrepresentative sample of Japanese
females in the general population (pregnant women),
and the present findings may not be generalised. More-
over, educational levels were higher in the present study
population than in the general population. According
to the 2000 population census of Japan, the propor-
tions of females aged 30-34 years in Osaka Prefecture
with <13, 13-14, 15+ and unknown years of educa-
tion were 49.2%, 32.3%, 13.6%, and 4.9%, respec-
tively.2” Because the definition of asthma was based on
drug treatment, there was a loss of patients with milder
asthma. Moreover, females who want to become preg-
nant or who are pregnant might tend to avoid taking
drugs of any kind. The consequence could be a bias to-
ward the null. In addition, this cross-sectional study
was unable to establish cause and effect relationships
on the subject under investigation.

The interface between allergy/immunology and preg-
nancy should be discussed, which may have an influence

225
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on the association of interest. It has been suggested that
pregnancy involves a shift to the Th2 side of the immune
response,?8 whereas the importance of the role of natu-
ral killers (NK) and interleukin (IL)-12,IL-15, and IL-18
tripods in successful or failed pregnancy in humans
was suggested beyond the Th1/Th2 paradigm.2?

Four of 47 women who suffered from asthma after
age 18 (8.5%) and one of 21 current asthma sufferers
(4.7%) had received medical treatment due to allergies
such as food allergy, but not for asthma, atopic eczema
or allergic rhinitis, at some time after reaching the age of
18. Data on the precise diagnosis of these allergies were
not available. Some of those with asthma in this study
might have made a conscious decision to avoid or re-
duce their intake of fish because of a fear of sensitivity to
fish. If correct, such a hypothesis would have given rise
to an overestimation of our findings. Our study did not
have substantial statistical power because the prevalence
values of both outcomes for asthma were low.

This is the first epidemiological study on the associ-
ation of intake of fat and high-fat foods with asthma in
Japan. Our results suggest that consumption of fish
and the high ratio of n-3 to n-6 polyunsaturated fatty
acid intake may be associated with a reduced preva-
lence of asthma in young female Japanese adults. Fur-
ther evaluation in prospective studies of the effects of
dietary fat on asthma is required.
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RESUME

OBJECTIF : Le fait de savoir si la prise d’acides gras poly-
insaturés n-3 et de poisson agissent dans la prévention de
Pasthme reste controversé. Cette étude transversale a in-
vestigué la relation entre la prise de graisses et de poisson
et la prévalence de Pasthme en utilisant des données de
base provenant d’une étude prospective.

SCHEMA : Les sujets de P’étude sont 1002 femmes en-
ceintes japonaises. Un questionnaire quant aux antécédents
diététiques a été utilisé pour évaluer les habitudes alimen-
taires. On a défini asthme actuel et Pasthme apres I’age
de 18 ans comme présents lorsque les sujets avaient été
traités par médicaments a un moment quelconque respec-
tivement au cours des 12 mois précédents ou aprés avoir
atteint "age de 18 ans.

RESULTATS : La consommation de poisson est en asso-
ciation indépendante avec une prévalence diminuée de

Pasthme apres Page de 18 ans et avec Pasthme actuel.
Une relation inverse significative a été observée entre le
ratio de la prise d’acides gras poly-insaturés n-3 a n-6
et la prévalence d’asthme actuel, mais pas celle de
Pasthme apres Page de 18 ans. On n’a pas trouvé de re-
lation évidente entre aucun des deux résultats en ma-
tiére d’asthme et Pabsorption de graisse totale, d’acides
gras saturés, mono-insaturés, poly-insaturés n-3 et poly-
insaturés n-6, de cholestérol, de viande, d’ceufs ou de
produits laitiers.

CONCLUSION : Nos résultats suggérent que la consom-
mation de poisson ainsi qu’un ratio élevé entre les acides
gras poly-insaturés n-3 a n-6 peut étre en association
avec une réduction de la prévalence de Pasthme chez les
jeunes femmes japonaises adultes.

RESUMEN

OBIETIVO : Sigue siendo motivo de controversia la fun-
cién preventiva de la ingestion de 4cidos grasos n-3 poli-
insaturados y de pescado en el asma. En el presente estu-
dio transversal se investigé la relacién entre la ingestién
de grasas y de pescado vy la prevalencia de asma, usando
los datos iniciales de un estudio prospectivo.

METODO : Participaron en el estudio 1002 mujeres japone-
sas embarazadas. Se evaluaron los habitos alimentarios
mediante un cuestionario de antecedentes dietéticos. Se
defini6 la presencia de asma actual y de asma después de
los 18 afios, por el uso de medicacién contra el asma en
los 12 meses que precedieron la encuesta o después de la
edad de 18 anos, respectivamente.

RESULTADOS : El consumo de pescado se asocid en forma
independiente con una disminucién de la prevalencia de

asma actual y de asma posterior a la edad de 18 afios. Se
observé una relacidn inversa significativa entre el co-
ciente de la ingestién de dcidos grasos poliinsaturados
n-3 y n-6 y la prevalencia de asma actual, pero no de
asma posterior a los 18 afios. El consumo de grasas to-
tales saturadas, monoinsaturadas, poliinsaturadas n-3 y
poliinsaturadas n-6, de carne, huevos y derivados lacteos
no demostré ninguna asociacién con los dos criterios de
evaluacién del asma.

CONCLUSION : Estos resultados indican que el consumo
de pescado y una dieta con un alto cociente entre acidos
grasos poliinsaturados n-3 y n-6 pueden asociarse con
una prevalencia inferior de asma en las mujeres japone-
sas jovenes.
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ABSTRACT

Background. An ecological analysis found that the docosahexaenoic acid content in mother’s milk
and seafood intake were inversely correlated with postpartum depression. This prospective study
investigated the relationship of consumption of selected high-fat foods and specific types of fatty
acids with the risk of postpartum depression.

Method. The subjects were 865 Japanese women. Dietary data were obtained from a self-
administered diet history questionnaire during pregnancy. The Edinburgh Postnatal Depression
Scale (EPDS) was used for the evaluation of postpartum depression. Adjustment was made for age,
gestation, parity, cigarette smoking, family structure, family income, education, changes in diet in
the previous month, season when data at baseline were collected, body mass index, time of delivery
before the second survey, medical problems in pregnancy, baby’s sex and baby’s birthweight.

Results. The percentage of women with high depression scores was 14:0%. No evident dose—
response associations were observed between intake of fish, meat, eggs, dairy products, total fat,
saturated fatty acids, monounsaturated fatty acids, n-3 polyunsaturated fatty acids, n-6 poly-
unsaturated fatty acids, linoleic acid, a-linolenic acid, arachidonic acid, eicosapentaenoic acid
or docosahexaenoic acid and the ratio of n-3 to n-6 polyunsaturated fatty acids and the risk of
postpartum depression. However, there was an inverted J-shaped relationship between intake of n-3
polyunsaturated fatty acids and docosahexaenoic acid and the risk of postpartum depression.

Conclusions. This study failed to substantiate a clear inverse relationship between fish and n-3
polyunsaturated fatty acid intake and postpartum depression. Further investigations are needed to
determine whether fish and n-3 polyunsaturated fatty acid consumption is preventive against
postpartum depression.

* Address for correspondence: Dr Yoshihiro Miyake, Depart-  INTRODUCTION
ment of Public Health, Faculty of Medicine, Fukuoka University,

Fuléuok? 814-0:(80’ JalPaﬁl . In a cross-national ecological analysis, Hibbeln
(Email: miyake-y@ fukuoka-u.ac.jp) : : :

1 The other members of the Study Group are listed in the (2002) fqund that I,llghgr docosahexaenoic acid
Appendix. content in mother’s milk and greater seafood
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intake were highly correlated with a lower
prevalence of postpartum depression. Some
studies examined the association of intake of
fish and/or n-3 polyunsaturated fatty acids with
depressive symptoms but the results were
inconsistent. Two ecological studies showed an
inverse correlation between fish consumption
and prevalence of major depression (Hibbeln,
1998; Peet, 2004). A significant inverse re-
lationship between frequent fish intake and
depression was observed in two cross-sectional
studies in Finland (Tanskanen et al. 20014, b).
A prospective cohort study in Australia showed
no difference in n-3 polyunsaturated fatty acid
intake between depressed and non-depressed
groups (Jacka er al. 2004). Several studies
reported reduced plasma and erythrocyte con-
centrations of n-3 fatty acids among depressive
patients (Adams et al. 1996; Maes et al. 1996,
1999; Edwards et al. 1998; Peet et al. 1998).
Two recent clinical trials revealed significant
benefits of the addition of n-3 fatty acids
compared with placebo in patients diagnosed
with a major depressive disorder (Nemets ez al.
2002; Su et al. 2003).

Docosahexaenoic acid, a n-3 polyunsaturated
fatty acid of marine origin, is required for opti-
mal neuronal function and it has been proposed
that mothers who become depleted of n-3 fatty
acids, in particular docosahexaenoic acid, may
be at a higher risk of postpartum depression
(Hibbeln & Salem, 1995). However, a controlled
trial of docosahexaenoic acid monotherapy in
36 outpatients with major depression showed no
significant improvement in the treatment group
compared with controls (Marangell er al. 2003).

To assess the role of fish and n-3 poly-
unsaturated fatty acids in the development
of postpartum depression, we investigated the
relationship of consumption of selected high-fat
foods and specific types of fatty acids with the
subsequent risk of postpartum depression in
Japan, where fish intake is high. We used data
from a prospective cohort study: the Osaka
Maternal and Child Health Study (OMCHS).

METHOD
Study population

The OMCHS is an ongoing prospective cohort
study that investigates preventive and risk
factors for maternal and child health problems

Y. Miyake et al.

such as allergic disorders and postpartum de-
pression. The OMCHS requested that pregnant
females complete a baseline survey, which was
followed by several postnatal surveys. In Japan,
when females become pregnant, they notify the
municipality of the domicile of the conception
and the municipality provides them with a
maternal and child health handbook. Eligible
subjects were those women who became preg-
nant in Neyagawa City, which is one of the 44
municipalities in Osaka Prefecture, a metropolis
in Japan with a total population of approxi-
mately 88 million. During the period from
November 2001 to March 2003, the Neyagawa
City Government provided all pregnant females
with a set of leaflets explaining our study,
an application form, and a self-addressed and
stamped return envelope together with the
maternal and child health handbook. Research
technicians asked all of the eligible females to
take part in this study by telephone, excluding
pregnant females who had already returned the
application form to the data management
centre. Of the 3639 eligible subjects in Neyagawa
City, 627 pregnant females (17-2 %) participated
in the study. 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. In addition, there were
77 participants who received explanations of the
OMCHS from public health nurses in six other
municipalities from August 2002 to March
2003. From October 2002 to March 2003, 290
participants were recruited from a university
hospital and three obstetric hospitals in three
other municipalities; these women were re-
commended for participation 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. Of
the 1002 females, 867 mothers participated in
the second survey at 2-9 months postpartum.
Missing data on baby’s birthweight caused
the exclusion of two mothers. There were
865 participants left for analysis. The ethics
committee of the Osaka City University School
of Medicine approved the OMCHS.

Measurements

At Dbaseline, each participant filled out a
set of two self-administered questionnaires.
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A self-administered questionnaire was also
used in the second survey. Participants mailed
these questionnaires to the data management
centre in each survey. Research technicians
completed missing or illogical data by telephone
interview.

In the baseline survey, we collected infor-
mation on dietary habits during the previous
month by using a validated self-administered
diet history questionnaire. The structure and
validity of the questionnaire are described
in detail elsewhere (Sasaki er al. 1998, 2000).
In this instrument, intake of 147 food items
was calculated using an ad hoc computer
algorithm developed to analyse the question-
naire. Fatty fish consumption included intake
of eel, blue-back fish (mackerel, sardine, herring
and others), ‘red-meat’ fish (tuna, salmon
and skipjack), dried fish and small fish with
bones. White fish consumption included intake
of canned tuna, ‘white-meat’ fish (sea bream,
flatfish, codfish and others), surimi (minced fish)
products, shrimp or crab, squid or octopus,
oysters and other shellfish. ‘Other fish’ was
defined as intake of boiled fish in soy sauce,
salted gut (fish, squid or shellfish) and fish
eggs. Consumption of the three fish groups
(fatty fish, white fish and ‘other fish”) was
combined as total fish intake in the analysis.
Energy-adjusted intake by the residual ap-
proach was used for the analyses (Willett &
Stampfer, 1986).

Another self-administered questionnaire at
baseline enquired about age, gestation, parity,
smoking habits, family structure, occupation,
family income, education, weight, height and
changes in diet in the previous month. Body
mass index was calculated by dividing self-
reported body weight (kg) by the square of
self-reported height (m?).

A self-administered questionnaire in the
second survey included the Japanese version
of the Edinburgh Postnatal Depression Scale
(EPDS). The EPDS is a 10-item self-reported
scale designed to screen for postpartum de-
pression in community samples (Cox et al.
1987). Each item is scored on a four-point scale
(from 0 to 3) and the total score ranges from 0
to 30. The scale rates the intensity of depressive
symptoms present within the previous 7 days.
Although Cox et al. (1987) proposed a cut-off
level of 10 if the test is to be used for screening
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purposes in the postpartum period, a cut-off
score with a threshold of 8§/9 was found
to detect depression among Japanese women
with a specificity of 93% and sensitivity of
75% (Okano et al. 1996). Therefore, post-
partum depression was defined as present
when subjects had an EPDS score of 9 or higher
in the present study. The questionnaire also
elicited information on medical problems in
pregnancy and baby’s sex, birthweight and date
of birth of the infant born after the baseline
survey.

Statistical analysis

Intake of selected foods rich in fat and
specific types of fatty acids was categorized at
quartile points based on the distribution in 865
mothers. Age was classified into three categories
(<29, 29-31 and 324 years); gestation into
three (<15, 15-20 and 214 weeks); parity into
two (0 and 1+); cigarette smoking into three
(never, former and current); family structure
into two (nuclear and expanded); occupation
into two (outside work and housewife);
family income into three (JPY <4000 000,
4000 000-5999999 and 6000000 +/year); edu-
cation into three (<13, 13-14 and 15+ years);
changes in diet in the previous month into
three (none or seldom, slight and substantial);
season when data at baseline were collected
into four (spring, summer, autumn and winter);
time of delivery before the second survey
into two (<4 and 4+ months); medical prob-
lems in pregnancy into two (yes and no); baby’s
sex into two (male and female); and baby’s
birthweight into two (<2500 and 2500+ g).
Body mass index was used as a continuous
variable.

Logistic regression analysis was used to esti-
mate crude odds ratios (ORs) and 95% confi-
dence intervals (Cls) of postpartum depression
in relation to consumption of selected dietary
factors under study. Multiple logistic regression
analysis was used to control for the potential
confounding factors. Trend of association was
assessed by a logistic regression model assigning
consecutive integers (1 to 4) to the levels of the
independent variable. Two-sided p values less
than 0-05 were regarded as statistically signifi-
cant. All computations were performed using
SAS software, version 9.1 (SAS Institute, Inc.,
Cary, NC, USA).
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Table 1. Distribution of selected characteristics Table 2.  Distribution of baseline daily food and
in 865 women, OMCHS, Japan nutrient intake in 865 women, OMCHS, Japan
1 {%) or Variable* Mean (s.0.)
Variable mean (s.n.)

Baseline characteristics
Age (years)

<29 324 (37-5)

29-31 253(29-3)

32+ 288 (33-3)
Gestation (weeks)

<15 317 (36:7)

15-20 274 (31:7)

21 + 274 (31°7)

Parity of I or more 440 (50-9)

Cigarette smoking

Never 619 (71-6)

Former 102 (11-8)

Current 144 (16°7)
Nuclear family structure 755 (87-3)
Occupation

Outside work 251 (29-0)

Housewife 614 (71-0)
Family income (JPY /year)

<4000 000 250 (28-9)

4000 000-5999 999 345 (39:9)

6000000 + 270 (31-2)
Education (years)

<13 257 (29-7)

13-14 367 (42-4)

15+ 241 (27-9)
Body mass index (kg/m?®) 21-5(2-8)

Changes in diet in the previous month
None or seldom
Slight
Substantial

249 (28-8)
383 (44-3)
233 (26:9)

Season when data were collected

Spring 278 (32-1)
Summer 142 (16:4)
Autumn 190 (22:0)
Winter 255(29-5)
Characteristics at the postnatal assessment
Time of delivery before the assessment (months)
<4 436 (50-4)
44 429 (49-6)
Medical problems in pregnancy® 68 (7-9)
Baby's sex (male) 452 (52-3)
Baby’s birthweight (g)
<2500 54 (62)
2500+ 811 (93-8)

* Hyperemesis, hydramnios, oligoamnios, gestosis, abruptio
placentae, placenta previa or incompetent cervical os.

RESULTS

The distribution of selected factors in 865
females who completed the second survey is
summarized in Table 1. About 30 % of subjects
were from 29 to 31 years of age at baseline.
About 70% of the women took part in the

Daily intake

Total energy (kJ) 6826-3 (1812-1)

Fish (g) 48-1 (27-9)
Fatty fish (g) 24-7 (19-0)
White fish (g) 21-8 (14-5)
Other fish (g) 17 (3-0)

Meat (g) 60-0 (28-6)

Eggs (g) 28:8 (20°7)

Dairy products (g 195-0 (123-2)

Daily nutrient intake

Total fat (g) 54-4 (10-3)
Saturated fatty acids (g) 166 (3-5)
Monounsaturated fatty acids (g) 19-0 (4-2)
n-3 Polyunsaturated fatty acids (g) 2:3(0-8)
a-Linolenic acid (g) 1-7(0-7)
Eicosapentaenoic acid (g) 02 (0:2)
Docosahexaenoic acid (g) 0-3(0-2)
n-6 Polyunsaturated [atty acids (g 110 (2:9)
Linoleic acid (g) 10:6 (2-9)
Arachidonic acid (g) 0-1 (0-04)

Cholesterol (mg) 2679 (107-0)

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

baseline survey by the 20th week of gestation
and about half had a parity of 1 or more at
baseline. Slight or substantial changes in diet
in the previous month were reported by 616
females due to nausea gravidarum (509 females),
maternal and foetal health (98 females), and
other reasons (nine females). The second survey
was conducted at 2-9 months postpartum, with
432, 339 and 63 mothers participating at 3, 4
and 5 months after delivery respectively. The
remaining 31 mothers completed the survey at
2,6, 7, 8 or 9 months postpartum. About 6 %
of infants were born with a birthweight less
than 2500 g. There were 24 premature deliveries
(24-36 weeks of gestation) and 816 babies
(94:3%) were born at 37-41 weeks of gestation.
Mean daily total energy was 6826kJ, and
energy-adjusted consumption of fish and n-3
polyunsaturated fatty acids was 481 and 2:3 g
respectively (Table 2). Only two women had
eaten no fish in the previous month. Subjects
had eaten more fatty fish than white fish.

Of the 865 mothers, 121 (14:0%) were re-
vealed by the second survey to have developed
postpartum depression in the period from 2 to 9
months postpartum. Table 3 presents crude and
adjusted ORs and 95% CIs for postpartum
depression according to quartile of intake of
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Table 3.  Odds ratios (ORs) and 95 % confidence intervals (CIs) for postpartum depression
according to quartile of intake of specific types of dietary fat in 865 women, OMCHS, Japan®
Quartile
p for

Variable® i 2 3 4 trend
Fish

Intake (g/day) 23-1 379 514 729

No. of cases 32 37 24 28

Crude OR (95% Ch 1-00 1:19 (0-71-2-00) 0-72 (0-40-1-26) 0-85 (0-49-1-47) 0-27

Multivariate OR (95% CI) 1-00 124 (0-73-2-12) 0-74 (0-41-1-33) 0-89 (0-50-1-59) 037
n-3 Polyunsaturated fatty acids

Intake (g/day) 16 21 24 30

No. of cases 36 27 24 34

Crude OR (95% CI) 1-00 0-71 (0-41--1-22) 0-63 (0-36-1-08) 0-93 (0-56--1-55) 0-68

Multivariate OR (95% CI) 1-00 0-68 (0-39--1-18) 0-58 (0-33-1-02) 0-90 (0-53-1-53) 0-61
Eicosapentaenoic acid

Intake (g/day) 0-08 0-15 0-21 0-32

No. of cases 34 31 26 30

Crude OR (95% CI) 1-00 0-90 (0-53-1-52) 0-73 (0-42-1-27) 0-86 (0-50-1-46) 0-45

Multivariate OR (95% CI) 1-00 0-93 (0-54~1-60) 0-81 (0-46-1-42) 0-89 (0-51-1-55) 0-58
Docosahexaenoic acid

Intake (g/day) 0-16 0-26 0-34 0-50

No. of cases 37 29 23 32

Crude OR (95% Cl1) 1-00 0-75 (0-44-1-27) 0-58 (0-33-1-00) 0-84 (0-50-1-40) 0:35

Multivariate OR (95% CI) 1-00 0-76 (0-44-1-32) 0-62 (0-34-1-09) 0-85 (0-49-1-46) 0-43
n-6 Polyunsaturated fatty acids

Intake (g/day) 8-4 10-2 11-5 135

No. of cases 33 28 30 30

Crude OR (95% CI) 1-00 0-83 (0-48-1-42) 0-89 (0-52-1-53) 0-89 (0-52-1-52) 0-75

Multivariate OR (95% CI) 1-00 0-86 (0-49-1-51) 0-85 (0-49-1-47) 0-88 (0-51~1-53) 0-65
n-3/n-6 Polyunsaturated fatty acid ratio

Intake 0-17 0-19 0-22 0-25

No. of cases 33 28 29 31

Crude OR (95% CI) 1-00 0-83 (0-48-1-42) 0-86 (0-50-1-47) 0-92 (0-54-1-57) 0-81

Multivariate OR (95% CI) 1-00 0-84 (0-48-1-46) 0-88 (0-51-1-54) 0-97 (0-55-1-68) 0-95

& Values for intake are medians of adjusted energy intake by using the residual method for each quartile, except for the ratio of n-3 to n-6
polyunsaturated fatty acids, which were on the basis of crude intake in g/day.

b The multivariate models included the following: age, gestation, parity, cigaretle smoking, family structure, family income, education.
changes in diet in the previous month. season when data at baseline were collected. body mass index (continuous). time of delivery before the
second survey, medical problems in pregnancy, baby’s sex and baby’s birthweight.

fish and polyunsaturated fatty acids in 865
mothers. No significant dose-response associ-
ations were observed between intake of fish, n-3
polyunsaturated fatty acids, eicosapentaenoic
acid, docosahexaenoic acid and n-6 polyun-
saturated fatty acids and the ratio of n-3 to n-6
polyunsaturated fatty acid consumption and the
risk of postpartum depression. Adjustment for
age, gestation, parity, cigarette smoking, family
structure, family income, education, changes in
diet in the previous month, season when data at
baseline were collected, body mass index, time
of delivery before the second survey, medical
problems in pregnancy, baby’s sex and baby’s
birthweight did not appreciably change these
trends. We found inverted J-shaped relation-
ships between intake of n-3 polyunsaturated

fatty acids and docosahexaenoic acid and the
risk of postpartum depression; adjusted ORs
comparing the third with the first quartile were
of borderline significance (p=0-06 and 0-10
respectively).

There were no statistically significant associ-
ations of intake of meat, eggs, dairy products,
total fat, saturated fatty acids, monounsatu-
rated fatty acids, cholesterol, linoleic acid,
a-linolenic acid and arachidonic acid with
the risk of postpartum depression in the multi-
variate model.

DISCUSSION

This is the first prospective study to assess the
relationship of fish and n-3 polyunsaturated
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