
R
h
in
itis,

sin
u
sitis,

a
n
d

o
cu

la
r
d
ise

a
se

s

Rhinitis, sinusitis, and ocular diseases

Soy, isoflavones, and prevalence of allergic
rhinitis in Japanese women: The Osaka
Maternal and Child Health Study

Yoshihiro Miyake, MD, PhD,a Satoshi Sasaki, MD, PhD,b Yukihiro Ohya, MD, PhD,c

Shoichi Miyamoto, MBA,d Ichiro Matsunaga, ME,e Toshiaki Yoshida, PhD,e

Yoshio Hirota, MD, PhD,d Hajime Oda, MD, PhD,e and the Osaka Maternal and Child

Health Study Group* Fukuoka, Tokyo, and Osaka, Japan
Background: It has been hypothesized that isoflavones reduce

the risk of many chronic diseases, but there are no data on the

effects of dietary soy and isoflavone consumption on allergic

disorders.

Objective: This cross-sectional study examined the relationship

between dietary soy products and isoflavone intake and the

prevalence of allergic rhinitis.

Methods: Study subjects were 1002 Japanese pregnant

women. Allergic rhinitis (including cedar pollinosis) was

defined as present if subjects had received drug treatment at

some point during the previous 12 months. 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 allergen level in house dust; changes in

diet in the previous month; season when data were collected;

and body mass index.

Results: Compared with dietary intake of total soy product, soy

protein, daidzein, and genistein in the first quartile,

consumption of these substances in the fourth quartile was

independently associated with a reduced prevalence of allergic

rhinitis, although no significant dose-response relationships

were observed. A clear inverse linear trend for miso intake

across quartiles was found, whereas the adjusted odds ratio for

comparison of the highest with the lowest quartile was not

statistically significant. Consumption of tofu, tofu products,
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fermented soybeans, boiled soybeans, and miso soup was not

related to the prevalence of allergic rhinitis.

Conclusion: A high intake of soy and isoflavones may be

associated with a reduced prevalence of allergic rhinitis.

(J Allergy Clin Immunol 2005;115:1176-83.)

Key words: Allergic rhinitis, cross-sectional study, isoflavones,
Japanese women, soy

Phytoestrogens are secondary plant components struc-
turally analogous to human estrogens and can bind
estrogen receptors a and b.1,2 Phytoestrogens can be
divided into 3 main classes: coumestans, lignans, and
isoflavones. Isoflavones are thought to exert several
biological effects, and it has been hypothesized that they
reduce the risk of many chronic diseases.3 Daidzein and
genistein are the main compounds within isoflavones and
are found in high concentrations in soybeans. Possible
preventive mechanisms in relation to soy or isoflavone
intake include estrogenic or antiestrogenic activities,
inhibition of several enzymes involved in signal trans-
duction such as tyrosine protein kinases, inhibition of
angiogenesis and atherosclerosis, and antioxidant proper-
ties.1-5 Epidemiologic evidence regarding the association
of soy or isoflavone consumption with breast cancer risk is
limited. Results have been equivocal, although a recent
cohort study in Japan showed that frequent miso soup and
isoflavone intake was related to a decreased risk of breast
cancer.6 Another prospective study in Japan found a
marginally significant inverse relationship between soy
product intake and total mortality.7

To our knowledge, no epidemiologic study has as-
sessed the association between dietary soy or isoflavone
consumption and allergic disorders. Estrogens have been
shown to stimulate the immune system.8,9 Thus, dietary
isoflavone intake may be likely to affect the host’s
immune system. Postmenopausal women showed signif-
icantly higher IL-6 values after a high-isoflavone soy diet
compared with control values, whereas no significant
effects were seen in TNF-a.10 Philpott et al11 demon-
strated nasal congestion in conjunction with the rise in
serum estrogens that occurs at ovulation in the normal
menstrual cycle, although the number of study subjects
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Abbreviations used
OMCHS: Osaka Maternal and Child Health Study

OR: Odds ratio

was small. Pharmacological antagonism of estrogens may
relieve nasal congestion.

Japanese people consume quantities of soy that are
likely to be physiologically meaningful. Therefore, we
examined the relationship between dietary soy products
and isoflavone intake and the prevalence of allergic rhinitis
in Japanese pregnant women by using baseline data from
the Osaka Maternal and Child Health Study (OMCHS).

METHODS

Study population

The OMCHS, an ongoing prospective cohort study, investigates

preventive and risk factors for maternal and child health problems

such as allergic disorders and postpartum depression. The OMCHS

requested that pregnant women complete a baseline survey, which

was followed by several postnatal surveys. In Japan, when women

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 pregnant in Neyagawa City, which is one of the 44

municipalities in Osaka Prefecture, a metropolis in Japan with a total

population of approximately 8.8 million. During the period from

November 2001 to March 2003, the Neyagawa City Government

provided all pregnant women 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 women to take part in

this study by telephone, excluding pregnant women who had already

returned the application form to the data management center. Of the

3639 eligible subjects in Neyagawa City, 627 pregnant women

(17.2%) participated in this study. Eight pregnant womenwho did not

live in NeyagawaCity but who had become aware of the current study

at an obstetric clinic before August 2002 decided by themselves to

participate in this study. Also, there were 77 participants who

received explanations of the OMCHS from public health nurses in

6 other municipalities from August 2002 to March 2003. From

October 2002 to March 2003, 290 participants were recruited from

a university hospital and 3 obstetric hospitals in 3 other municipal-

ities; these women were recommended 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. TheOMCHSwas approved by the ethics committees

of the Osaka City University School of Medicine and the Osaka

Prefectural Institute of Public Health.

Measurements

In the baseline survey, each participant filled out a set of 2 self-

administered questionnaires and collected 2 dust samples from a 1-m2

area of the bedclothes and flooring for 1 minute by 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.12,13
In this instrument, intake of 147 food items was calculated by using

an ad hoc computer algorithm developed to analyze the question-

naire. The questionnaire included 6 food items for soy products (tofu,

tofu products such as deep-fried tofu and fried bean curd, fermented

soybeans, boiled soybeans, miso, and miso soup). Total soy product

intake was considered as the sum of these 6 food items. Soy protein

intake was also calculated as the sum of the protein included in these

food items. Isoflavone intake from soy products was estimated on the

basis of previously published data on isoflavone concentrations in

these soy foods summarized by Kimira et al.14 Energy-adjusted

intake by the residual method was used for the analyses.15

A second self-administered questionnaire inquired about age;

gestation; parity; smoking habits; passive smoking exposure; per-

sonal 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 1month.

Allergic rhinitis (including Japanese cedar pollinosis) was defined as

present when subjects had been treatedwithmedications at some time

in the previous 12months. A family history of asthma, atopic eczema,

and allergic rhinitis (including Japanese cedar pollinosis) was consid-

ered 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 (kilograms) by the

square of self-reported height (meters).

Antigen levels fromextracts offinedust fractionsweremeasured by

a double-antibody sandwich ELISA using a soluble antigen prepared

from whole Dermatophagoides farinae mite bodies as a reference

standard and were expressed as antigen equivalent in micrograms per

square meter of surface area (Mitey Checker; Shinto Fine Co, Ltd,

Osaka, Japan).16,17 Antigen levels were semiquantitatively classified

with scores of – (,2 mg/m2), 6 (5 mg/m2), 1 (10-15 mg/m2), and

11 (.35mg/m2). In the current study, we used only antigen levels in

the sample collected from the bedclothes because the correlation

between antigen levels from the bedclothes and flooring was almost

collinear (Spearman correlation coefficient, 0.54; P, .0001).

Statistical analysis

Intake of selected foods and nutrients was categorized at quartile

points on the basis of the distribution of all study subjects. Age was

classified into 3 categories (,29, 29-31, and321years), gestation into

3 (,15, 15-20, and 211 weeks), parity into 2 (0 and 11), 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 (Japanese yen

,4,000,000, 4,000,000-5,999,999, and 6,000,0001/year), education

into 3 (,13, 13-14, and 151 years), dust mite allergen levels into 4

(2, 6, 1, and 11), changes in diet in the previous 1 month into 3

(none or seldom, slight, and substantial), and season when data were

collected into 4 (spring, summer, fall, and winter). Body mass index

was used as a continuous variable.

Logistic regression analysiswas used to compare the prevalence of

allergic rhinitis with soy and isoflavone intake. Multiple logistic

regression analysis was used 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. Two-sided P values less than .05 were consid-

ered statistically significant. All computations were performed by

using the SAS software package version 8.2 (SAS Institute, Inc,

Cary, NC).

RESULTS

The prevalence value for allergic rhinitis (including
Japanese cedar pollinosis) in the previous 12 months was
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14.1% among 1002 pregnant women. The mean age was
29.8 years, and 30% of subjects were from 29 to 31 years
old (Table I). About 70% of the women were enrolled by
the 20th week of gestation, and 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

TABLE I. Distribution of selected characteristics in 1002

pregnant females, OMCHS, Japan

Variable n (%) or Mean (SD)

Age (% y)

,29 380 (37.9)

29-31 299 (29.8)

321 323 (32.2)

Gestation (% wk)

,15 357 (35.6)

15-20 329 (32.8)

211 316 (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 (% Japanese yen/y)

,4,000,000 301 (30.0)

4,000,000-5,999,999 403 (40.2)

6,000,0001 298 (29.7)

Education (% y)

,13 323 (32.2)

13-14 413 (41.2)

151 266 (26.6)

Mite allergen level in house dust (%)*

2 436 (43.5)

6 297 (29.6)

1 196 (19.6)

11 73 (7.3)

Body mass index (kg/m2) 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 semiquantitatively classified with scores of 2 (,2

mg/m2), 6 (5 mg/m2),1 (10-15 mg/m2), and 11 (>35 mg/m2).
the previous 1 month were experienced by 702 pregnant
women because of nausea gravidarum (585 women),
maternal and fetal health (107 women), and other reasons
(10 women). Mean daily total energy and energy-adjusted
total soy product consumption were 6815 kJ and 47.8 g,
respectively (Table II). Total soy product intake was
virtually unrelated to body mass index.

Odds ratios (ORs) and their 95% CIs for relationships
between soy product intake and the prevalence of allergic
rhinitis are presented in Table III. A significant inverse
dose-response relationship between total soy product
consumption and the prevalence of allergic rhinitis was
observed (P for trend = .02). After 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 in-
come, education,mite allergen level in house dust, changes
in diet in the past 1 month, the season when data were
collected, and bodymass index, the inverse linear trend fell
just short of the significance level, although the multivar-
iate OR for comparison of the highest with the lowest
quartile was 0.54 (95% CI, 0.30-0.97). We also found
a clear inverse dose-response association for miso con-
sumption. The inverse linear trend was slightly pro-
nounced after adjustment for the confounders under
study, although the multivariate OR for comparison of
the highest with the lowest quartile was not statistically
significant. Dietary intake of tofu, tofu products, fermented
soybeans, boiled soybeans, and miso soup was not
significantly associated with the prevalence of allergic
rhinitis.

For dietary intake of soy protein, daidzein, and genis-
tein, the multivariate ORs for comparison of the fourth
with the first quartile were 0.55 (95% CI, 0.31-0.96),
0.52 (95% CI, 0.29-0.91), and 0.56 (95% CI, 0.31-0.97),
respectively (Table IV). No inverse dose-response associ-
ation between intake of soy protein, daidzein, or genistein
and the prevalence of allergic rhinitis was statistically
significant in the multivariate model, however.

After further adjustment for daidzein or genistein
intake, a statistically significant inverse association

TABLE II. Distribution of daily soy and isoflavone intake

in 1002 pregnant females, OMCHS, Japan*

Variable Mean (SD)

Total energy, kJ 6815.3 (1793.7)

Total soy product, g 47.8 (27.8)

Tofu, g 6.3 (2.4)

Tofu products, g 24.2 (18.5)

Fermented soybeans, g 6.5 (7.4)

Boiled soybeans, g 6.9 (10.0)

Miso, g 2.6 (4.5)

Miso soup, g 1.3 (3.9)

Soy protein, g 4.5 (3.0)

Daidzein, mg 9.0 (6.1)

Genistein, mg 15.0 (10.1)

*Nutrient and food intake were adjusted for total energy intake by using the

residual method.
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TABLE III. ORs and 95% CIs for allergic rhinitis by quartiles of soy product intake, OMCHS, Japan

Variable* Prevalence Crude OR (95% CI) Adjusted OR (95% CI)y

Total soy product

Q1 (21.5) 41/250 (16.4%) 1.00 1.00

Q2 (34.9) 39/251 (15.5%) 0.94 (0.58-1.51) 0.98 (0.58-1.63)

Q3 (49.7) 39/250 (15.6%) 0.94 (0.58-1.52) 0.95 (0.57-1.59)

Q4 (82.7) 22/251 (8.8%) 0.49 (0.28-0.84) 0.54 (0.30-0.97)

P for trend .02 .06

Tofu

Q1 (3.8) 37/250 (14.8%) 1.00 1.00

Q2 (5.4) 34/251 (13.6%) 0.90 (0.54-1.49) 0.97 (0.57-1.65)

Q3 (6.8) 31/250 (12.4%) 0.82 (0.49-1.36) 0.87 (0.50-1.49)

Q4 (8.8) 39/251 (15.5%) 1.06 (0.65-1.73) 1.21 (0.72-2.05)

P for trend .91 .59

Tofu products

Q1 (7.0) 39/250 (15.6%) 1.00 1.00

Q2 (14.0) 40/251 (15.9%) 1.03 (0.63-1.66) 1.08 (0.65-1.81)

Q3 (26.0) 34/250 (13.6%) 0.85 (0.52-1.40) 0.83 (0.48-1.41)

Q4 (48.7) 28/251 (11.2%) 0.68 (0.40-1.14) 0.75 (0.43-1.31)

P for trend .11 .21

Fermented soybeans

Q1 (1.0) 37/250 (14.8%) 1.00 1.00

Q2 (3.6) 43/251 (17.1%) 1.19 (0.74-1.93) 1.15 (0.69-1.93)

Q3 (5.9) 24/250 (9.6%) 0.61 (0.35-1.05) 0.64 (0.35-1.13)

Q4 (14.6) 37/251 (14.7%) 1.00 (0.61-1.63) 1.11 (0.65-1.88)

P for trend .43 .76

Boiled soybeans

Q1 (20.4) 43/250 (17.2%) 1.00 1.00

Q2 (2.1) 32/251 (12.8%) 0.70 (0.43-1.15) 0.66 (0.38-1.12)

Q3 (5.5) 31/250 (12.4%) 0.68 (0.41-1.12) 0.65 (0.38-1.10)

Q4 (15.3) 35/251 (13.9%) 0.78 (0.48-1.27) 0.75 (0.45-1.26)

P for trend .30 .29

Miso

Q1 (20.2) 39/250 (15.6%) 1.00 1.00

Q2 (0.9) 44/251 (17.5%) 1.15 (0.72-1.85) 1.17 (0.71-1.93)

Q3 (2.3) 31/250 (12.4%) 0.77 (0.46-1.27) 0.63 (0.37-1.09)

Q4 (5.3) 27/251 (10.8%) 0.65 (0.38-1.10) 0.59 (0.33-1.03)

P for trend .05 .02

Miso soup

Q1 (20.4) 42/250 (16.8%) 1.00 1.00

Q2 (0.1) 31/251 (12.4%) 0.70 (0.42-1.15) 0.68 (0.39-1.16)

Q3 (0.4) 31/250 (12.4%) 0.70 (0.42-1.15) 0.70 (0.41-1.18)

Q4 (3.5) 37/251 (14.7%) 0.86 (0.53-1.39) 0.91 (0.54-1.54)

P for trend .53 .73

*Quartile medians in g/d adjusted energy intake 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,

and allergic rhinitis; family income; education; mite allergen level in house dust; changes in diet in the previous 1 month; season when data were collected; and

body mass index (continuous).
between total soy product consumption and the prevalence
of allergic rhinitis had completely disappeared.

Total soy product intake was highly correlated with
consumption of green and yellow and other vegetables,
seaweed, fish, meat, eggs, and dairy products (Table V).
Our previous findings showed that dietary intake of
seaweed was significantly associated with a decreased
prevalence of allergic rhinitis (Miyake et al, submitted
for publication October 2004). There was no statistically
significant relationship of intake of green and yellow
and other vegetables, fish, meat, eggs, and dairy pro-
ducts with allergic rhinitis. Additional adjustment for
green and yellow vegetables, other vegetables, meat, or
egg intake did not materially alter the significant inverse
association between total soy product consumption in
the highest quartile and the prevalence of allergic
rhinitis. After further control for seaweed or fish intake,
the inverse association of total soy product intake with
allergic rhinitis was not statistically significant (adjusted
ORs for comparison of the highest with the lowest
quartile, 0.64 [95% CI, 0.34-1.17] and 0.59 [95% CI,
0.32-1.06], respectively) whereas intake of seaweed but
not fish was independently related to a decreased
prevalence of allergic rhinitis.
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TABLE IV. ORs and 95% CIs for allergic rhinitis by quartiles of soy protein and isoflavone intake, OMCHS, Japan

Variable* Prevalence Crude OR (95% CI) Adjusted OR (95% CI)y

Soy protein

Q1 (1.8) 42/250 (16.8%) 1.00 1.00

Q2 (3.2) 34/251 (13.6%) 0.78 (0.47-1.27) 0.75 (0.45-1.27)

Q3 (4.7) 42/250 (16.8%) 1.00 (0.63-1.60) 1.10 (0.66-1.82)

Q4 (7.8) 23/251 (9.2%) 0.50 (0.29-0.85) 0.55 (0.31-0.96)

P for trend .05 .15

Daidzein

Q1 (3.3) 42/250 (16.8%) 1.00 1.00

Q2 (6.3) 34/251 (13.6%) 0.78 (0.47-1.27) 0.71 (0.42-1.19)

Q3 (9.3) 42/250 (16.8%) 1.00 (0.63-1.60) 1.05 (0.64-1.74)

Q4 (15.3) 23/251 (9.2%) 0.50 (0.29-0.85) 0.52 (0.29-0.91)

P for trend .05 .11

Genistein

Q1 (5.6) 42/250 (16.8%) 1.00 1.00

Q2 (10.6) 33/251 (13.2%) 0.75 (0.46-1.23) 0.69 (0.40-1.16)

Q3 (15.4) 42/250 (16.8%) 1.00 (0.63-1.60) 1.02 (0.62-1.69)

Q4 (26.0) 24/251 (9.6%) 0.52 (0.30-0.89) 0.56 (0.31-0.97)

P for trend .07 .15

*Quartile medians in mg/d (except for soy protein, g/d) adjusted energy intake 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,

and allergic rhinitis; family income; education; mite allergen level in house dust; changes in diet in the previous 1 month; season when data were collected; and

body mass index (continuous).
DISCUSSION

The current cross-sectional study found that compared
with dietary intake of total soy product, soy protein,
daidzein, and genistein in the first quartile, consumption of
these substances in the fourth quartile was independently
associated with a reduced prevalence of allergic rhinitis,
although significant dose-response relationships between
their intake and the prevalence of allergic rhinitis were not
observed. A clear inverse linear trend for miso intake
across quartiles was found, whereas the multivariate OR
for comparison of the highest with the lowest quartile was
not statistically significant. Consumption of tofu, tofu
products, fermented soybeans, boiled soybeans, and miso
soup was not significantly related to the prevalence of
allergic rhinitis. These data are likely to support the

TABLE V. Spearman rank correlation coefficients

(P values) of total soy product intake with consumption

of selected dietary variables, OMCHS, Japan

Dietary variable*

Spearman rank

correlation coefficient (P value)

Fruit 20.05 (.10)

Green and yellow vegetables 0.36 (,.0001)

Other vegetables 0.26 (,.0001)

Seaweed 0.37 (,.0001)

Fish 0.24 (,.0001)

Meat 0.12 (,.0001)

Eggs 0.12 (.0002)

Dairy products 0.01 (.77)

*Total energy-adjusted dietary variable using the residual method was

categorized at quartile points.
hypothesis that a high intake of soy is associated with
a reduced prevalence of allergic rhinitis.

Several previous studies assessed the relationships
between fatty acids and foods high in fatty acids18-28

and fruit and antioxidants27,28 and allergic rhinitis; the
results were inconsistent. As far as we know, this is the
first analytic epidemiological study on the association
between soy and isoflavone intake and allergic rhinitis
using a validated questionnaire with a broad range of
categories for soy products. In Japan, the prevalence of
allergic rhinitis is the highest among all allergic disorders,
and the prevalence value for allergic rhinoconjunctivitis
was 24% in Japanese adolescents in Osaka on the basis of
diagnostic criteria in the International Study of Asthma
and Allergies in Childhood.29-31 This figure is generally
higher than in adolescents in Western countries.32 The
Study of Women’s Health Across the Nation demon-
strated that median intakes of daidzein and genistein by
white subjects, African American subjects, and Japanese
subjects in the United States were 6.2 mg/d and 3.9 mg/d ,
2.7 mg/d and 1.7 mg/d, and 4676 mg/d and 7151 mg/d,
respectively.33 The corresponding figures for the current
study were 7264 mg/d and 12,029 mg/d, respectively. Our
findings point to a paradox in the prevalence of allergic
rhinitis between Japan and Western countries that cannot
be explained by dietary intake of soy and isoflavones.
Thus, the difference in prevalence is likely to be a result of
other environmental or genetic factors. In particular, high
exposure to cedar pollen is likely to be ubiquitous in the
entire country in Japan. Automobile exhaust is also
suggested.29

We have no immediate explanation for the inverse
association of total soy product, miso, soy protein, and
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isoflavone intake with the prevalence of allergic rhinitis.
Because the potential protective effects of total soy
product intake on allergic rhinitis essentially disappeared
when we additionally adjusted for daidzein or genistein
intake, isoflavone consumption might explain the associ-
ation with total soy product. A laboratory study demon-
strated that daidzein or genistein treatments significantly
decreased IL-6 production in a dose-dependent manner in
2 human fetal osteoblastic cell lines.34 It is also possible
that soy protein might be an etiologically important agent.
We could not find an investigation on the association
between soy protein intake and the immune system.
However, 1 study showed that soy protein isolate de-
pleted of isoflavones, as well as purified isoflavones, was
an effective inhibitor of 7,12-dimethylbenzanthracene–
induced mammary tumors in adult rats.35 Alternatively,
uncontrolled dietary or nondietary factors may have
confounded the relationship between total soy product
and isoflavone intake and the prevalence of allergic
rhinitis. Japanese persons who have a quite high intake
of soy products are likely to follow traditional Japanese
diet or behaviors that may be preventive against allergic
disorders. An inverse relationship between total soy
product intake and allergic rhinitis was attenuated by
adjusting further for seaweed or fish consumption in the
current study. Thus, the observed inverse relationship
might to some extent be attributed to intake of seaweed or
fish or unknown factors in relation to these foods.

The current study had several methodological advan-
tages: the homogeneity of study subjects with respect to
all being pregnant and adjustment for extensive informa-
tion on potential confounding factors. We were not able to
control for external factors such as aeroallergens and air
pollution, however. The estimations of isoflavone intake
as well as soy consumption were derived from a self-
administered semiquantitative dietary assessment ques-
tionnaire. Because the dietary habits of the subjects were
not actually observed, we could only approximate con-
sumption. However, patients with allergic rhinitis might
not be aware of the ill effects of diet. The consequence
would have been an underestimation of values in our
results because of a nondifferential exposure misclassifi-
cation. Our diet history questionnaire was designed to
assess recent dietary intake, ie, for 1 month before
completing the questionnaire. Allowance for season
when data were collected is likely to alleviate this
weakness, however. Changes in diet in the past 1 month
were controlled for because pregnant women are likely to
change their diet for reasons such as nausea gravidarum.
There are other limitations that should be considered. Of
a total of 3639 eligible pregnant women inNeyagawaCity,
only 627 (17.2%) participated in this study. We were not
able to assess a difference between participants and
nonparticipants in Neyagawa City, because information
on personal characteristics such as age, socioeconomic
status, and a history of allergic disorders among the
nonparticipants was not available. With regard to the
remaining 375 participants, we were not able to calculate
the participation rate because the exact number of eligible
subjects was not available. Also, we could not compare
participants with nonparticipants in the 4 collaborating
hospitals and 6 municipalities. Our subjects were an
unrepresentative sample of Japanese women in the general
population, and the current findings may not be general-
ized. In fact, educational levels were higher in the current
study population than in the general population.According
to the 2000 population census of Japan, the proportions of
women age 30 to 34 years in Osaka Prefecture with years
of education of ,13, 13 to 14, 151, and unknown were
49.2%, 32.3%, 13.6%, and 4.9%, respectively.36 The
corresponding figures for the current study were 32.2%,
41.2%, 26.6%, and 0.0%, respectively. It is difficult to
know whether our study subjects represented a different
group regarding the exposures, outcome, or confounders
under investigation. We are uncertain whether the inverse
association of soy and isoflavone intake with allergic
rhinitis could also be found in Japanese men. In a cross-
sectional study in German adults, most statistically
significant effects in relation to fat consumption and
allergic diseasewere limited towomen, and the differences
might be partly ascribed to sex-specific dietary patterns.19

Japanese cedar pollinosis is a seasonal disorder with a high
prevalence that is often undiagnosed.37 We did not use
validated diagnostic criteria for allergic rhinitis such as
those reported in the International Study of Asthma and
Allergies in Childhood. Also, we were not able to
distinguish perennial from seasonal forms of allergic
rhinitis. Because the definition of allergic rhinitis was
based on drug treatment, there was a loss of patients with
milder disease. Moreover, women who want to become
pregnant or are pregnant might tend to avoid drugs. The
median and the 95th percentile values of total serum
IgE concentrations were 123 IU/mL and 761 IU/mL,
respectively, in 139 cases, and 68 IU/mL and 734 IU/mL,
respectively, in 842 noncases, although data on specific
IgE were not available in this study. The magnitude of
misclassification of the outcome was unlikely to be
different among all 4 categories of dietary factors under
investigation. The consequence would bias the estimates
of the association toward the null.

The interface between allergy/immunology and preg-
nancy should be discussed, which may have an influence
on the association of interest. It has been suggested that
pregnancy involves a shift to the TH2 side of the immune
response,38 although Chaouat et al39 pointed out the
importance of the role of natural killer and IL-12, IL-15,
and IL-18 tripods in successful or failed pregnancy in
human beings beyond the TH1/TH2 paradigm. The hor-
monal changes in pregnancy are often invoked to explain
an apparent association between rhinitis symptoms and
pregnancy. However, rhinitis ascribed solely to pregnancy
may not be a distinct entity because most pregnant women
do not have significant nasal symptoms.38 In the current
study, 105 of 141 current patients with allergic rhinitis
(74.5%) had been treated with medications at some time
for 1 or more years.

The findings from the current cross-sectional study do
not necessarily indicate a causal relationship between soy
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and isoflavone intake and allergic rhinitis. Soy is among
the potent food allergens. Further investigations are needed
to answer the question of whether soy and isoflavone
consumption is independently preventive against allergic
rhinitis, taking into consideration additional environmen-
tal factors as well as genetic factors. Research regarding
biological mechanisms is also particularly required.
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APPENDIX

Other members of the OsakaMaternal and Child Health
Study Group are as follows:

Hideharu Kanzaki and Mitsuyoshi Kitada (Department
of Obstetrics and Gynecology, Kansai Medical Univer-
sity); Yorihiko Horikoshi (Department of Obstetrics and
Gynecology, Kansai Medical University Kori); Osamu
Ishiko, Yuichiro Nakai, Junko Nishio, and Seiichi Yama-
masu (Department of Obstetrics and Gynecology, Osaka
City University Graduate School of Medicine); Jinsuke
Yasuda (Department of Obstetrics and Gynecology,
Matsushita Memorial Hospital); Seigo Kawai (Depart-
ment of Obstetrics and Gynecology, Hoshigaoka Kosei-
nenkin Hospital); Kazumi Yanagihara (Yanagihara
Clinic); Koji Wakuda (Department of Obstetrics and
Gynecology, Fujimoto Hospital); Tokio Kawashima
(KyohritsuWomen’s Clinic); Katsuhiko Narimoto (Ishida
Hospital Obstetrics, Gynecology); Yoshihiko Iwasa
(Iwasa Women’s Clinic); Katsuhiko Orino (Orino Lady’s
Clinic); Itsuo Tsunetoh (Tsunetoh Obstetrics and Gyne-
cology); Junichi Yoshida (Yoshida Clinic); Junichi Iito
(Iito Obstetrics and Gynecology Clinic); Takuzi Kaneko
(Kaneko Sanfujinka); Takao Kamiya (Kamiya Ladies
Clinic); HiroyukiKuribayashi (Kuribayashi Clinic); Take-
shi Taniguchi (Taniguchi Hospital); Hideo Takemura
(Kosaka Women’s Hospital); and Yasuhiko Morimoto
(Aizenbashi Hospital).
R
h
in
it
is
,
si
n
u
si
ti
s,

a
n
d

o
cu

la
r
d
is
e
a
se

s


	Soy, isoflavones, and prevalence of allergic rhinitis in Japanese women: The Osaka Maternal and Child Health Study
	Methods
	Study population
	Measurements
	Statistical analysis

	Results
	Discussion
	References
	Appendix


