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A B S T R A C T

Objectives: To investigate the incidence and prenatal risk factors for allergic rhinitis among elementary

school children in an urban city.

Study design: Risk factor data were collected by questionnaire and direct physical examination. Multiple

logistic regression analysis was used to calculate the odds ratios of developing allergic rhinitis among

children 6–13 years of age.

Methods: From January 2006 to December 2006, we enrolled 1368 elementary school children in the

study. Sampling was done by a multi-stage clustered-stratified random method to determine the study

subject. All the children studied attended 12 elementary schools located in the six districts in Taipei, with

two schools in each district. Odds ratios were adjusted for the confounding effects of gender, parity,

maternal age at childbirth, maternal education, gestational complications, tobacco smokers in the

residence, pets, carpets, molds, and air pollution.

Results: The incidence of allergic rhinitis in the study was 50.1% (685/1368). Factors like gender

(p < .001), parity (p < .05), carpets (p < .025), and air pollution (p < .001) increased risk, while the other

factors did not (p > .05 for all).

Conclusion: Gender, parity, carpets, and air pollution increased the risk of developing allergic rhinitis

among elementary school children. Other potential factors such as low birth weight, maternal age at

childbirth, parental education, gestational complications, presence of tobacco smokers, and exposure to

pets and molds did not significantly increase risk of developing allergic rhinitis.

� 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Allergic rhinitis is characterized clinically by the presence of
sneezing or itching, nasal blockage, and rhinorrhea [1]. The causes
of childhood allergic rhinitis and other atopic diseases are largely
unexplained [2], and it is becoming increasingly apparent that the
atopic phenotype frequently begins early in life, even before birth
[3]. The higher prevalence of allergic rhinitis in people living in
developed countries suggests a significant relationship between
allergens and the environment [4]. Therefore, allergic rhinitis may
be a multifactorial disease, whose expression is dependent on both
familial and environmental factors.

To date, the mechanism and immunological aspects of allergy
have been studied [5,6], but the host and environment risk factors
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related to the expression of childhood allergic rhinitis are poorly
understood [7]. The aim of our study was to investigate the
incidence and the prenatal risk factors of allergic rhinitis among
elementary school children in an urban city.

2. Materials and methods

From January 2006 to December 2006, we surveyed 1927
elementary school children. Sampling was done by a multi-stage
clustered-stratified random method based on the data obtained
from Taipei Education Bureau to determine the study subject. All of
the children studied attended 12 of the 151 elementary schools
located in six districts in Taipei, with two schools in each district.
One class was randomly chosen from each of the 6 grades in the 12
schools, with 1927 children in total. A team of six otolaryngologists
visited 12 elementary schools in the sampling frame to obtain
information by physical examination and structured, self-admi-
nistered questionnaire filled in by the mother. Of the target
population, 154 children were excluded from the study due to
suffering from colds and 405 children were excluded from the
ors and occurrence of allergic rhinitis among elementary school
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Table 1
Distribution of population characteristics in elementary school age among 1368

subjects born in Taipei.

Population characteristics Percentage of

total population (%)

Gender

Male 52.3

Female 47.7

Birth weight (g)

<2500 13.9

�2500 86.1

Maternal age at childbirth (y/o)

�25 20.2

26–35 76.9

�36 2.9

Gestation age (weeks)

<37 12.9

�37 87.1

Gestational complication

Non-disease 95.8

Disease 4.2

Parity

N = 1 47.3

N = 2 37.6

N � 3 15.1

Maternal education

�Senior high school 57.9

�Junior college or university 42.1

Paternal education

�senior high school 49.7

�Junior college or university 50.3

Maternal age (y/o)

�25 5.8

26–35 25.2

�36 69.1

Paternal age (y/o)

�25 5.6

26–35 10.6

�36 83.8

Allergic rhinitis

Non-disease 49.9

Disease 50.1

Table 2
Distribution of environment-related disease characteristics in elementary school

age among 1368 subjects born in Taipei.

Environment-related

disease characteristics

Percentage of total

population (%)

Pets

Non-exposure 84.9

Exposure 15.1

Carpets

Non-exposure 91.0

Exposure 9.0

Molds

Non-exposure 82.9

Exposure 15.1

Surrounding tobacco smokes

Non-exposure 47.8

Exposure 52.2

Air pollutions

Non-exposure 76.7

Exposure 23.3
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study due to incomplete record of the questionnaire. The actual
number of children enrolled was 1368 (728 boys and 640 girls)
from 12 elementary schools. The children ranged in age from 6 to
13 years (median, 11.7 years). Additional information on birth
weight and other demographic factors were drawn from the
Ministry of Internal Affairs. Written informed consent for
participation in the study was provided by all the guardians.

The nasal cavities of the participants were examined using a
4.0-mm, 308 endoscope. Allergic rhinitis was defined as the
presence of typical nasal symptoms including watery rhinorrhea,
sneezing, and nasal obstruction of more than 12 months’ duration,
positive history of known allergen or triggering factors, and pale
nasal mucosa.

Multiple logistic regression analysis was done using SAS
software (version 8.2) to adjust for the effects of the independent
variables studied. The odds ratios were adjusted for the
confounding effects of gender, parity, maternal age at childbirth,
parental education, gestational complications, tobacco smokers,
pets, carpets, molds, and air pollution.

3. Results

The overall incidence of allergic rhinitis in our study population
was 50.1% (685/1368). The distributions of population character-
istics of the 1368 elementary school children studied are
illustrated in Table 1. The distributions of environment-related
disease characteristics among the 1368 elementary school children
studied are illustrated in Table 2.

The odds ratios were adjusted for the confounding effects of
gender,parity, maternal age at birth, maternal education, gestational
complications, tobacco smokers in the residence, pets, carpets,
molds, and air pollution. Gender and parity were significant risk
factors for developing allergic rhinitis (Table 3). Other host factors
included birth weight, maternal age at birth, gestation age,
gestational complications (bleeding, placenta privia, toxemia, lower
abdominalpainduringpregnancy,andpregnancydiabetesmellitus),
maternal education, and paternal education; these factors showed
no significant correlation with allergic rhinitis (p > .05 for all).

Air pollution and presence of carpets in the home were
significant risk factors for allergic rhinitis (Table 3), while other
environmental factors such as tobacco smokers in the home, and
exposure to pets, and molds had no significant correlation with
allergic rhinitis (p > .05 for all).

4. Discussion

The incidence of allergic rhinitis was 50.1% (685/1368) among
the elementary school children in this Taipei in the study. The
incidence of allergic rhinitis in Taipei was higher than other
reports, such as the 1.14% children and adults with perennial
allergic rhinitis in a Korean report [8], 13.5% of Switzerland adults
[9], 26.3 % of American college students [4]. In 1999, Nimmagadda
and Evans [10] reported that the incidence of allergic rhinitis in
children is increasing rapidly, roughly doubling over the past
decade.

It is reported that residents in urban areas have an increased
prevalence of allergic rhinitis and asthma compared to rural areas
[11,12]. Min et al. [8] also reported that a geographical difference
was noted, with higher rates in urban cities. The higher incidence
of allergic rhinitis in our study could be explained by Huang and
Liu’s report that allergic rhinitis with a positive skin reaction and
positive radioallergosorbent test to Dermatophagoides pteryssimus

or D. fabrinae is common among Taiwanese patients [13]. It is also
consistent with the significantly higher prevalence of allergic
rhinitis among the children in our study who are exposed to
carpets. Furthermore, Taipei is an urban city.
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Table 3
Adjusted odds ratios and 95% confidence intervals for allergic rhinitis in elementary

school age by gender, birth weight, parity, maternal age at childbirth, maternal

education, gestational complications, surrounding tobacco smokers, pets, carpets,

molds, air pollutions for 1368 subjects born in Taipei.

Variables Adjusted

odds ratios

95% confidence

intervals

Birth weight

<2500 1.296 0.887–1.895

�2500 1.00

Gender

Female 1.718*** 1.383–2.135*

Male 1.00

Parity

N = 1 1.418* 1.023–1.965*

N = 2 1.431* 1.012–2.006*

N � 3 1.00

Maternal age at childbirth

�25 0.880 0.663–1.169

26–35 1.00

�36 0.956 0.513–1.781

Maternal education

�Senior high school 1.00

�Junior college or university 0.986 0.787–1.235

Gestational complication

Non-disease 1.00

Disease 1.024 0.612–1.715

Surrounding tobacco smokes

Non-exposure 1.00

Exposure 0.837 0.673–1.041

Pets

Non-exposure 1.00

Exposure 1.140 0.840–1.547

Carpets

Non-exposure 1.00

Exposure 1.598* 1.087–2.348

Molds

Non-exposure 1.00

Exposure 1.298 0.963–1.750

Air pollutions

Non-exposure 1.00

Exposure 1.438** 1.099–1.881*

* p < .025.
** p < .01.
*** p < .001.
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For the evaluation of risk factors, all potential factors were
divided into environmental and host factors. Environmental
factors included air pollution, smokers in the residence, and
exposure to carpets, pets, and molds. Host factors were parent’s
gender, maternal age at birth, maternal education, birth weight,
and gestational complications. Paul et al. [14] reported that non-
specific atmospheric pollutants such as ozone, SO2 or NO2 gas or
particles of burnt fuels may contribute to sensitization of people to
allergic rhinitis [14]. In our study, we found significant correlation
between air pollution and allergic rhinitis. The result in the study is
in agreement with the report by Paul et al. [14]. Although smoking
is reportedly related to allergic rhinitis, some literature recently
reported little correlation between smoking or passive smoking
and allergic rhinitis [8,15,16]. We found little correlation between
smoke and allergic rhinitis. Other potential risk factors, such as
molds and pets did not significantly influence the incidence in
developing allergic rhinitis in our study.

Parity represents the number of siblings borne of one woman.
Possessing more siblings increases the opportunities for contract-
ing infections, and infections occurring in early life, perhaps,
specifically at the time of first exposure to relevant allergens, could
Please cite this article in press as: S.-P. Hsu, et al., Prenatal risk fact
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inhibit the proliferation of Th2 cell clones and thereby prevent
allergy [17]. Xu et al. [7] reported that having more older siblings
appears to be a protective factor as far as childhood allergic
disorders such as rhinitis are concerned. Our results are consistent
with those of other studies [7,17]. Turkelaub and Gergen found
that females reported more allergic rhinitis than males in their
study of 12,743 adults [11]. Yamatomo et al reported that sex is
responsible for the production of antigen-specific Ig E and that
androgen appears to decrease the production of specific Ig E in
male mice [18]. In our study, girls also had a significantly higher
rate of allergic rhinitis compared to boys.

Low birth weight is one of the factors that determine
respiratory health in later childhood [19]. Frischer et al. [20]
reported that asthma was significantly more prevalent among
children with birth weights less than 2500 g; however, no
significant correlation was observed between low birth weight
and the occurrence of allergic rhinitis in our study. Since the
numbers of subjects in both studies were small, further studies
with greater numbers of subjects and greater detail in the
stratification of birth weights are necessary to clarity this issue.
Several studies report a greater asthma or allergic disease rates in
higher socioeconomic classes [20,21], but others reported no such
association [9,22]. We used parental education to represent
socioeconomic class in our study; both maternal and paternal
educational levels showed no significant correlations with allergic
rhinitis. The differences in results could be due to dissimilar social
structures, or sets of exposures in different populations. Xu et al.
reported that allergic rhinitis was more prevalent in children
whose mothers reported bleeding in the first trimester [7], but our
study found that gestational complications had no influence on
allergic rhinitis.

One of the limitations of our study was the diagnosis of allergic
rhinitis by subjective symptoms and nasoendoscopic findings
without performing a skin test, compared to other report [4]. It
may lead to a higher prevalence of allergic rhinitis in the study.

5. Conclusion

The overall prevalence of allergic rhinitis was 50.1% (685/1368)
in Taipei. The results of the study suggest that allergic rhinitis was
influenced by several risk factors such as gender, parity, presence
of carpets in the home, and air pollution.
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