Interaction between IL13 genotype and environmental
factors in the risk for allergic rhinitis in Korean children
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Background: The prevalence of allergic rhinitis (AR) is
increasing worldwide. Allergic diseases develop in susceptible
subjects when they are exposed to specific environmental
factors.

Objective: We analyzed changes in the prevalence of AR and
identified genetic and environmental factors in early childhood
that affect risk.

Methods: We used the International Study of Asthma and
Allergies in Childhood questionnaire to collect data on AR,
allergies, and environmental exposures from 4554 elementary
school students from 5 areas of Seoul, Korea, in 2008. We also
obtained DNA from 1050 subjects from 1 area of Seoul for
genotype analysis of IL13.

Results: We identified genetic and environmental factors during
infancy and early childhood that increased the risk for current
AR (resulting in a diagnosis of AR and AR symptoms in the past
12 months) in elementary school-aged children. These included
allergic disease in parents and antibiotic use in infants, allergic
disease in parents and exposure of infants to mold, and allergic
disease in parents and moving an infant to a newly built house.
The risk of current AR also increased in subjects with GA or
AA at nucleotide 2044 in /L13 who had been exposed to mold in
the home during infancy (adjusted odds ratio, 3.27; 95% CI,
1.75-6.11) compared with subjects who had GG at this position
and had not been exposed to mold (adjusted odds ratio, 3.27;
95% CI, 1.75-6.11).

Conclusion: The prevalence of AR is increasing in Korean
children. Children with a family history of allergic disease and
exposure to specific environmental risk factors during infancy
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are more likely to have AR. Children with GA or AA at
IL13(+2044) are at increased risk for AR when exposed to mold
in the home during the first year of life. (J Allergy Clin Immunol
2012;130:421-6.)
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phism, gene-environment interaction, infancy

The International Study of Asthma and Allergies in Childhood
(ISAAC) was the first worldwide study of childhood asthma
performed with standardized questionnaires; it resulted in a
global map of disease prevalence.'” The study showed that the
prevalence of childhood allergic rhinitis (AR) varies worldwide,
ranging from 0.8% to 39.7%.>

There are many risk factors for AR, which vary with stage of
life. Potential risk factors identified by using epidemiologic
studies include family history of atopy, birth month, parental
smoking, male sex, and early exposure to allergens or pollu-
tants.'™* Other studies identified frequent respiratory tract infec-
tions, administration of antibiotics, or a cat in the home in the
first year of life; dampness in the home; perianal redness; and di-
etary habits as risk factors.’> Despite the extensive list of risk fac-
tors, it is still not clear which are the major determinants for
development of AR.'™*°

Little is known about how genetic and environmental factors or
their interactions contribute to the development and progression
of AR.” During infancy and childhood, environmental factors
could alter epigenetic mechanisms of disease development; re-
searchers have also analyzed the effects of interactions between
genetic polymorphisms and environmental factors on the devel-
opment of asthma and atopy.g’”

The polymorphism CDI4—159C/T affects sensitivity to
allergies and eczema, depending on the extent of endotoxin expo-
sure.” Similarly, the effect of this polymorphism on the develop-
ment of nasal allergy and atopy varies with exposure to farms
during childhood."* The polymorphism CDI14—1721A/G inter-
acts with consumption of farm milk to affect the risk for asthma
and symptoms of allergic rhinoconjunctivitis.14

IL-13+2044G/A (rs20541) is a single nucleotide polymor-
phism (SNP) in the coding region of this gene; expression of
this /L1 3 variant was associated with asthma,15 16 atopy,17 and in-
creased total serum IgE levels in a birth cohort. Previous studies
of ILI3 polymorphisms and AR reported that SNPs in GATA3
(rs105820) and IL13 (rs1800925) interacted to affect the risk
for AR'S; this same ILI3 polymorphism was associated with
the development of AR in our study of a Korean population.19
We investigated whether the IL13+2044G/A polymorphism
interacts with environmental factors to affect the risk for AR.

Little is known about the epidemiology of AR. Rhinitis
symptoms occur occasionally in healthy subjects, and there are
few standardized and validated methods for identifying rhinitis,
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Abbreviations used
aOR: Adjusted odd ratio
AR: Allergic rhinitis
ISAAC: International Study of Asthma and Allergies in Childhood
OR: Odds ratio
SNP: Single nucleotide polymorphism

which might account for the scarcity of epidemiologic data. We
conducted this study as a part of the Seoul project Atopy-Free
Seoul. We aimed to identify changes in the prevalence of AR
in elementary school children in Seoul, Korea, from 1995 to
2008%2°2!; risk factors for AR; and the effect of genetic and
environmental factors on the development of AR.

METHODS
Study subjects

We recruited 5036 students in first to sixth grades from 5 elementary
schools randomly selected from 5 areas of Seoul (downtown, northeastern,
northwestern, southeastern, and southwestern areas). Students received a
physical examination, and parents of 4731 students responded to a question-
naire (response rate, 93.9%). Data were analyzed from 4554 students whose
parents answered at least the basic questions (about students’ age and sex;
n = 2317, 50.9% boys). DNA samples from 1050 students who resided in
1 area of Seoul were processed for /L13 (rs20541) genotype analysis.

Questionnaire

In 2008, parents or guardians of the children included in the study all
completed a modified form of the ISAAC questionnaire. Results were
compared with those from administration of the same questionnaire to the
same schools in 1995, 2000, and 2005. The questionnaire included sections
about students’ (1) general characteristics, including name, sex, date of birth,
height, and weight; (2) history of symptoms related to AR; and (3) exposure to
environmental factors associated with allergic diseases. Written consent was
obtained from all parents or guardians; the study was approved by the
Institutional Review Board of Asan Medical Center, Ulsan University, Seoul,
Korea.

Prevalence of AR

We determined the prevalence of (1) sneezing or runny or blocked nose at
any point in a lifetime (ie, AR symptoms ever), (2) sneezing or runny or
blocked nose and AR symptoms within 12 months of survey completion
(ie, AR symptoms in the last 12 months), (3) a diagnosis of AR at any pointina
lifetime (ie, AR diagnosis ever), and (4) treatment for AR within 12 months of
survey completion (ie, AR treatment in the last 12 months). Prevalence values
were compared based on age, sex, and geographic area. Current AR was
defined as having received a diagnosis of AR at any point in a lifetime and
having AR symptoms within 12 months of survey completion.

Genotype analysis

Genomic DNA was prepared from peripheral blood samples by using a
G-DEX II kit (Intron, Seoul, Korea). The IL13+2044G/A polymorphism was
detected by means of PCR RFLP analysis. In brief, a 210-bp DNA fragment,
including the polymorphic site, was amplified by using the primers 5'-CTT
CCG TGA GGA CTG AAT GAG ACG GTC-3' and 5'-GCA AAT AAT
GAT GCT TTC GAA GTT TCA GTG GA-3'. The restriction enzyme for
RFLP was NialV (New England BioLabs, Beverly, Mass), which cleaves
the G allele to generate fragments of 178 and 32 bp in size. We randomly
selected 20% of the subjects for DNA sequence analysis of this polymorphism
and confirmed the accuracy of our results.
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Statistical analysis

Data were compared based on children’s sex, age, school grade, and
geographic area using x* analysis. In the risk factor analysis odds ratios (ORs)
and 95% Cls were obtained by using logistic regression. All statistical analy-
ses were performed with SPSS software 14.0 (SPSS, Chicago, I11). A P value
of less than .05 was considered statistically significant. Interactions were in-
vestigated between parental history of allergic disease, exposure to specific
environmental factors during infancy (use of antibiotics for >3 days, mold
in the house, or moving into a newly built house), and current AR. Data
from subjects were divided into 4 groups based on exposure to mold and
IL13 genotype, and logistic regression was used to estimate aORs for age,
sex, and family history of AR. We also evaluated ORs in additive and multi-
plicative models by using interaction terms.

RESULTS
Characteristics of study participants

We analyzed data from 2317 boys and 2237 girls (mean age,
9.50 £ 1.73 years). A history of asthma and AR were reported for
3.1% and 31.8% of the parents, respectively. Exposure to
secondhand smoke was recorded for 38.7% of the children
(Table I).

AR prevalence in Seoul in 1995, 2000, 2005, and
2008

The lifetime prevalence of AR symptoms ever fluctuated only
slightly, from 39.6% in 1995 to 37.2% in 2000, 39.6% in 2005,
and 39.4% in 2008. The prevalence of AR symptoms in the 12
months before survey completion decreased from 33.4% in 1995
to 31.4% in 2000, but it increased again to 35.1% in 2005 and
35.8% in 2008. By contrast, the lifetime prevalence of AR
diagnosis increased throughout the study period, from 16.8% in
1995 to 22.0% in 2000, 26.4% in 2005, and 34.1% in 2008. The
prevalence of AR treatment in the 12 months before survey
completion showed the same trend, increasing from 12.7% in
1995 to 15.8% in 2000, 19.4% in 2005, and 26.1% in 2008.
The prevalence of current AR also increased, from 11.9% in 1995
to 14.2% in 2000, 19.4% in 2005, and 22.2% in 2008
(Table II).2%2! In the test for linearity over time, positive corre-
lations were found in the prevalence of AR diagnosis ever, AR
treatment in the last 12 months, and current AR (P for
linearity = .027, .045, and .014, respectively). However, there
was no significant trend in the prevalence of AR symptoms ever
and in the last 12 months (P for linearity = .821 and .301,
respectively).

Risk factors for current AR

The independent risk factors for current AR were male sex
(adjusted odds ratio [aOR], 1.38; 95% CI, 1.14-1.67), history of
atopic dermatitis (aOR, 2.08; 95% CI, 1.71-2.52), history of
asthma (aOR, 3.09; 95% CI, 2.29-4.16), parental history of
allergic disease (aOR, 3.44; 95% CI, 2.86-4.15), and higher
maternal level of education (aOR, 1.33; 95% CI, 1.08-1.63). We
also identified a number of environmental factors that were
independent risk factors for AR, including the use of antibiotics
for more than 3 days during infancy (aOR, 1.95; 95% CI, 1.61-
2.36), a history of bronchiolitis before 2 years of age (aOR, 1.94;
95% CI, 1.50-2.50), exposure to molds in the home during infancy
(aOR, 1.83; 95% CI, 1.37-2.44), and exposure to molds in the
home within 12 months of survey completion (aOR, 1.37; 95%
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TABLE I. Subjects’ characteristics

Mean = SD No. of

Characteristic or proportion respondents
Age (y), mean = SD 9.50 = 1.73 4554
Sex (M/F) 2317/2237 4554
BMI (kg/m?), mean + SD 1791 + 3.14 3710
Maternal educational degree 2690 (60.8%) 4423

(> high school)
Economic status (monthly income)

Low (<1999 USD) 554 (12.6%) 4382

Middle (2000-4999 USD) 3209 (73.2%)

High (>5000 USD) 619 (14.1%)
Parental history of allergic diseases 1458 (37.6%) 3882

(asthma, AR, or AD)
Parental history of asthma 125 (3.1%) 4025
Parental history of AR 1279 (31.8%) 4025
Environmental tobacco smoking 1721 (38.7%) 4442
School area

Downtown 734 (16.1%) 4554

Northeastern 794 (17.4%)

Northwestern 1023 (22.5%)

Southeastern 1242 (27.3%)

Southwestern 761 (16.7%)

AD, Atopic dermatitis; BMI, body mass index; F, female; M, male; USD, US dollar.

CI, 1.04-1.79; Table III). These findings indicate that early-life
environmental factors are associated with development of AR.

Family history of allergic disease and
environmental factors during infancy

The subjects were divided into 4 groups based on the presence
or absence of a family history of allergic diseases and 1 of the
environmental factors to investigate the relationship between
genetic and environmental risk factors. The aOR for AR was
highest for subjects with more than 3 days of antibiotic use during
infancy who had parents with allergic diseases (aOR, 6.00; 95%
CI, 4.63-7.80). The aOR for AR was also high among subjects
with either of these risk factors (antibiotic use: aOR, 2.24; 95%
CI, 1.69-2.97; parents with allergies: aOR, 3.51; 95% CI,
2.74-4.53) compared with subjects without these features
(Fig 1, A). The aOR for a parental history of allergic disease
and exposure to mold in the home during infancy was 5.95
(95% CI, 4.11-8.61); the aORs for each of these factors were
3.43 (95% (I, 2.80-4.19) and 2.12 (95% CI, 1.40-3.22), respec-
tively (Fig 1, B). The aOR for subjects with a parental history
of allergic disease who had moved into a newly built home during
infancy was 3.70 (95% CI, 2.55-5.37); the aORs for either of these
factors individually were 3.50 (95% CI, 2.86-4.28) and 1.29 (95%
CI, 0.87-1.92), respectively (Fig 1, C). A family history of allergic
diseases and exposure to environmental risk factors in early life
appear to synergize to increase the risk for AR.

IL13+ 2044 polymorphism and environmental
factors during infancy

We also investigated interactions between the IL13+2044
polymorphism and environmental factors in the risk for AR.
Overall, none of the SNPs at /L13+2044 increased the risk for
AR (aOR, 0.97; 95% CI, 0.71-1.33; see Table E1 in this article’s
Online Repository at www.jacionline.org). However, the risk for
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AR was greater among subjects with GA or AA at IL13+2044
who had been exposed to mold during infancy (aOR, 3.27; 95%
CI, 1.75-6.11) than among subjects with the GG genotype who
had been exposed to mold during infancy (aOR, 1.14; 95% CI,
0.55-2.37) or those with the GG genotype who had not been
exposed to mold as infants (aOR, 1.0; Fig 1, D). There were
significant additive (P = .0002) and multiplicative (P = .0144)
interactions after adjusting for age, sex, body mass index, and
parental history of AR. The combination of /IL13+2044G/A and
mold exposure increased the risk for AR with or without atopy
(see Table E2 in this article’s Online Repository at www.
jacionline.org). Genetic factors might therefore interact with
early-life mold exposures to increase the risk for AR. There
were no interactions between SNPs at ILI13+2044 and other
environmental factors, such as antibiotic use or moving into a
newly built house during infancy, that affected the risk for AR
(see Tables E3 and E4 in this article’s Online Repository at
www.jacionline.org).

DISCUSSION

We observed an increase in AR diagnosis, AR treatment, and
current AR among Korean elementary school-aged children from
1995 to 2008 and identified risk factors for current AR. The most
important finding from our study was that children with a genetic
susceptibility to AR, who were defined as subjects with a parental
history of allergic disease or the IL13+2044A allele, were more
likely to have AR when they also had a history of exposure to
environmental risk factors, particularly during infancy. These
findings indicate that specific environmental exposures during
early life contribute to the development of AR. We identified
specific genetic and early-life environmental factors that interact
to increase the risk for AR.

Nearly one third of elementary school students in Seoul had
rhinitis, which was defined as sneezing or runny or blocked nose
in the absence of a cold or flu. The worldwide ISAAC Phase 111
study, which was a repetition of the ISAAC Phase I study after a
mean of 7 years, revealed an increase in the prevalence of allergic
rhinoconjunctivitis that ranged from 2.2% to 45.1%.%* Increases
in the prevalence of AR and eczema were reported in Hong
Kong from 1995 to 2001.%* In our study the prevalence of AR
diagnosis, AR treatment within 12 months of questionnaire com-
pletion, and current AR increased significantly from 1995 to
2008, which was contrary to the prevalence of AR symptoms
ever and in the 12 months before the questionnaires were com-
pleted. We have no explanation for these discrepancies, but they
might result from limitations of the ISAAC questionnaire or
increased awareness and accessibility to medical facilities in
Korea.

We identified risk factors for AR that included a past history of
atopic dermatitis and asthma, family history of allergic diseases,
maternal level of education, antibiotic use for more than 3 days in
infancy, bronchiolitis before the age of 2 years, and mold
exposure in the home or moving to a newly built house during
infancy. A family history of allergic disease has been shown to
increase children’s risk of allergic disease in long-term prospec-
tive studies.*** Our findings support these in that a family history
of allergic disease appears to be a risk factor for AR.

Several studies have associated antibiotic use with the devel-
opment of asthma and AR?*?’; antibiotics might alter the intesti-
nal flora and/or prevent bacterial infections to induce an atopic
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TABLE Il. Prevalence of AR in Korean children (1995-2008)
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1995%2" (n = 7963)

200052" (n = 7971)

2005%° (n = 7827)

2008 (n = 4554)

P value for linearity*

AR symptoms, ever

AR symptoms, last 12 mo
AR diagnosis, ever

AR treatment, last 12 mo
Current AR

39.6 (38.5-40.7)
33.4 (32.3-34.5)
16.8 (16.0-17.6)
12.7 (12.0-13.4)
11.9 (11.2-12.6)

37.2 (36.1-38.3)
31.4 (30.3-32.4)
22.0 (21.1-22.9)
15.8 (15.0-16.6)
14.2 (13.4-15.0)

39.6 (38.5-40.8)
35.1 (34.0-36.2)
26.4 (25.4-27.3)
19.4 (18.5-20.3)
19.4 (18.5-20.3)

39.4 (37.9-40.9)
35.8 (34.4-37.2)
34.1 (32.7-35.5)
26.1 (24.8-27.4)
222 (21.0-23.4)

.821
.301
.027
.045
014

*The P value for linearity was found by evaluating the variation in the prevalence of AR according to each time point with a linear regression model.
fCurrent AR was defined when children had received a diagnosis of AR in their lifetime and experienced AR symptoms in the last 12 months.

TABLE IIl. Risk factors for current AR in Korean children

Univariate analysis Adjusted analysis*

No. Percent OR (95% Cl) P value aOR (95% CI) P value
Personal characteristics
Age (continuous variable) 4554 NA NA 0.98 (0.92-1.04) .983
Sex (male) 2317/4554 50.9 1.49 (1.29-1.72) <.001 1.38 (1.14-1.67) .001
BMI (>85th percentile) 641/3710 17.3 0.89 (0.71-1.11) .285 0.90 (0.70-1.16) 418
Past history of AD diagnosis 1389/4430 314 2.37 (2.04-2.74) <.001 2.08 (1.71-2.52) <.001
Past history of asthma diagnosis 343/4364 7.9 3.32 (2.63-4.17) <.001 3.09 (2.29-4.16) <.001
Genetic factors
Parental allergic diseases 1458/3882 37.6 3.74 (3.19-4.38) <.001 3.44 (2.86-4.15) <.001
Socioeconomic factors
Paternal education (> graduate) 3217/4451 72.3 1.56 (1.31-1.85) <.001 1.06 (0.79-1.42) .695
Maternal education (> graduate) 2690/4423 60.8 1.50 (1.29-1.75) <.001 1.33 (1.08-1.63) .008
Location of school
Downtown 734/4554 16.1 NA <001 (x» 1 NA
Northeastern 794/4554 17.4 1.73 (1.17-2.58) .006
Northwestern 1023/4554 22.5 1.36 (0.92-2.00) 116
Southeastern 1242/4554 27.3 1.40 (0.95-2.04) .082
Southwestern 761/4554 16.7 1.06 (0.67-1.68) 781
Environmental factors
Breast milk feeding >6 mo 1212/4535 26.7 0.87 (0.73-1.04) 134 0.85 (0.69-1.06) 143
Delivery (cesarean section) 1798/4508 39.9 1.22 (1.01-1.47) .037 1.03 (0.85-1.24) 795
Environmental tobacco smoke 1721/4442 38.7 0.91 (0.79-1.06) .246 1.05 (0.86-1.27) .646
Current pet ownership 373/4518 8.3 0.91 (0.79-1.06) .246 0.98 (0.69-1.36) .847
Pet ownership in pregnancy or in infancy 192/4424 43 0.80 (0.61-1.05) .105 0.67 (0.40-1.11) 120
Having older siblings 2101/4554 46.1 0.77 (0.42-1.41) 394 0.59 (0.26-1.31) 193
Having younger siblings 1532/4554 33.6 2.28 (0.96-5.38) .054 1.87 (0.61-5.73) 271
Antibiotics (>3 d in infancy) 1528/4436 344 2.52 (2.18-2.92) <.001 1.95 (1.61-2.36) <.001
Past history of bronchiolitis <2 y of age 509/4473 11.4 2.47 (2.02-3.01) <.001 1.94 (1.50-2.50) <.001
Mold exposure in house during infancy 428/4159 10.3 2.15 (1.74-2.67) <.001 1.83 (1.37-2.44) <.001
Mold exposure in house during recent 12 mo 595/4463 14.2 1.71 (1.41-2.08) <.001 1.37 (1.04-1.79) .025
Move to a newly built house in infancy 577/4463 12.9 1.29 (1.05-1.58) .013 1.19 (0.91-1.55) 216
Move to a newly built house, ever 1841/4489 41.0 1.38 (1.19-1.59) <.001 1.20 (0.99-1.45) .059

AD, Atopic dermatitis; BMI, body mass index; NA, not available.

*Adjusted by age, sex, body mass index, environmental tobacco smoke, parental allergic diseases, maternal degree of education, and each school as categorical variables.

phenotype of the immune system.?®*° We associated AR with 3
or more days of antibiotic use in infancy, which is consistent
with the hygiene hypothesis. The aOR for current AR was signif-
icantly higher for subjects with a combination of genetic and
environmental risk factors than for those with no or only 1 risk
factor.

In a meta-analysis dampness and mold in homes were
associated with a variety of respiratory outcomes, including
wheezing and asthma.®! We also identified exposure to molds dur-
ing early childhood as a significant risk factor for the development
of wheezing in elementary school children. However, early
exposure to fungal agents, such as extracellular polysaccharides
from Aspergillus or Penicillium species, might protect against
asthma,32 and therefore further investigations are needed into

the effects of molds on the development of asthma. In our study
mold exposures at home during infancy and during the 12 months
before survey completion were significantly associated with cur-
rent AR. Interestingly, we observed that exposure to environmen-
tal factors during infancy had a more significant influence on the
development of AR than exposure later in life. This supports the
conclusions from other researchers that early exposure to aller-
gens has a particularly important role in the development of aller-
gic disease.*>*

Allergic disorders are caused by complex interactions between
multiple genetic factors; they occur in genetically predisposed
subjects after exposure to environmental factors. The exact causes
of most allergic diseases, however, are not well understood
because of their complex multifactorial nature. Numerous studies
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FIG 1. aORs and 95% Cls for AR according to parental history of allergic disease and use of antibiotics in
infancy (A), mold exposure in infancy (B), moving to a newly built house during infancy (C), and
IL13+2044G/A polymorphism and mold exposure during infancy (D). Fig 1, A-C, show the highest ORs
for current AR in children with a history of environmental factors and parental allergic diseases. Logistic re-
gression analysis adjusted by age, sex, body mass index, environmental tobacco smoking, parental allergic
diseases, and maternal level of education was used in each analysis. Fig 1, D, shows the highest ORs for
current AR in children who had a history of mold exposure in infancy and the IL13+2044G/A polymorphism.
There was significant additive (P = .0002) and multiplicative (P = .0144) interaction after adjusting for age,

sex, body mass index, and parental history of AR.

have associated genetic predisposition, urban environment, and
Western lifestyle with asthma and allergy.* Epidemiologic and
clinical reports recognized associations between asthma and
allergic diseases and exposure to airborne fungi, such as Alter-
naria (in North America) and Cladosporium and Aspergillus
(in Europe) species.”® Despite extensive study, the immunologic
mechanisms that mediate the association between fungal expo-
sure and asthma and allergic diseases have not been identified.
Airway administration of an extract of the clinically relevant en-
vironmental fungus Alternaria species induces eosinophilia
through innate and adaptive immunity.>”*®* We associated the
SNP IL13+2044G/A and mold exposure during the first year of
life with the development of AR in Korean children. Although
this finding is not consistent with previous results, it appears
that the IL13+2044G/A polymorphism modifies the effect of
mold exposure during the first year of life on the development
of AR in Korean children (regardless of atopy status).

There are limitations to our study. The information on envi-
ronmental exposures was obtained retrospectively and therefore
could be affected by recall bias.**** Furthermore, the prevalence
of AR symptoms was calculated based on responses to a question-
naire and therefore could also be affected by recall bias. This is
primarily a concern for responses about AR symptoms ever but
less so for responses about AR symptoms in the 12 months before
survey completion, the major focus of this and the ISAAC study.
Our study was also cross-sectional in design, which limited our
ability to make conclusions about cause-and-effect relationships
between risk factors and disease; prospective studies are

warranted. The number of subjects with the GA+AA genotype
and exposure to mold during infancy was small in our study. Stud-
ies with larger numbers of subjects are needed to verify this
interaction.

Finally, our study might suffer from selection bias because of
missing data. To clarify which data are missing, we added a table
that compares the characteristics of subjects with complete data
and those with missing data (see Table ES in this article’s Online
Repository at www.jacionline.org). Because there were some dif-
ferences between these groups, careful interpretation is needed.

However, our study also has many strengths. The ISAAC
questionnaire has been validated in a number of Korean studies,
and the analysis of risk factors has been conducted in several
previous studies.>*' Our study had a relatively large sample size
and a high response rate; it comprised randomly selected children
from the first through sixth grades throughout Seoul. The surveys
were performed every 5 years at the same schools by the same
researchers to investigate the change in prevalence of allergic
diseases. Further prospective cohort studies of large numbers of
subjects are required to identify further gene-environment inter-
actions associated with AR.

In conclusion, the prevalence of AR in elementary school
children in Seoul, Korea, increased from 1995 to 2008. Exposures
during infancy to environmental factors, such as antibiotics,
mold, or a newly built house, are risk factors for AR. The
polymorphism ILI13+2044G/A appears to interact with mold
exposure during infancy to increase the risk for AR. These find-
ings indicate that early-life exposures in genetically susceptible
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subjects affect the development of AR. Minimizing exposure to
possible environmental risk factors in susceptible infants could
reduce the prevalence of AR.

We thank the study participants; their parents and schoolteachers; all joint
research workers; the ISAAC epidemiologic survey committee of the Korean
Academy of Pediatric Allergy and Respiratory Disease; and In Guk Kim,
director of the Songpa-gu Community Health Center, for his assistance with
school recruitment.

Clinical implications: IL13 genotype, parental allergies, and ex-
posure to environmental agents, such as mold, during infancy

interact to affect the risk of AR in elementary school-aged
children.
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TABLE E1. Frequency of the IL13+2044G/A polymorphism in Korean children (Seoul) according to current AR and atopy

Current

AR (-) Current AR (+) Current AR with atopy Current AR without atopy
IL13 No. Percent No. Percent aOR 95% Cl Pvalue No. Percent aOR 95% Cl Pvalue No. Percent aOR 95% Cl P value
GG 326 48 115 46 1.00 73 50 1.00 40 42 1.00
GA 295 43 112 45 0.98 0.71-1.36 92 62 42 0.84 0.56-1.25 .38 47 49 1.19 0.74-1.93 46
AA 60 9 21 8 0.90 0.50-1.63 72 12 8 0.72 0.33-1.55 40 9 9 1.31 0.59-2.92 Sl
GG 326 48 115 46 1.00 73 50 1.00 40 42 1.00

GA+AA 355 52 133 54 0.97 0.71-1.33 .85 74 50 0.82 0.56-1.20 31 56 58 1.21 0.77-191 41

Data were analyzed by using logistic regression, adjusting for age, sex, and family history of AR.
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TABLE E2. aORs and 95% Cls for current AR and the interaction between mold exposure during infancy and the IL13+2044G/A poly-

morphism in Korean children (Seoul)

Current AR (-) Current AR with atopy Current AR without atopy
IL13 No. Percent  No. Percent  aOR 95% ClI Pvalue  No. Percent  aOR 95% CI P value
Mold exposure (no) and 264 43 56 42 30 34
IL13 (GG)
Mold exposure (no) and 294 47 52 39 0.71 0.46-1.12 .14 41 47 1.16 0.68-1.96 .59
IL13 (GG+GA)
Mold exposure (yes) and 32 5 8 6 1.04 0.43-2.52 .93 6 7 1.43 0.52-3.90 49
IL13 (GG)
Mold exposure (yes) and 29 5 16 12 2.95 1.42-6.12 .00 11 13 3.66 1.57-8.53 .00

IL13 (GA+AA)

Data were analyzed by using logistic regression, adjusting for age, sex and family history of AR.
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TABLE E3. aORs and 95% Cls for current AR and the interaction
between antibiotics during infancy and the IL13+2044G/A poly-
morphism in Korean children (Seoul)

Current
AR (-) Current AR (+)
P
IL13 No. Percent No. Percent aOR 95%Cl value

Antibiotics (no) and 232 3569 67 28.15

IL13 (GG)

Antibiotics (no) and 225 34.62 71 29.83 0.97 0.64-148 .89
IL13 (GG+GA)

Antibiotics (yes) and 82 12.62 43 18.07 1.57 0.95-2.58 .08
IL13 (GG)

Antibiotics (yes) and 111 17.08 57 2395 1.34 0.84-2.14 .22
IL13 (GA+AA)

Data were analyzed by using logistic regression, adjusting for age, sex and family
history of AR.
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TABLE E4. aORs and 95% Cls for current AR and the interaction
between moving to a newly built house during infancy and
IL13+2044G/A polymorphism in Korean children (Seoul)

Current
AR (-) Current AR (+)
P
IL13 No. Percent No. Percent aOR 95% CI value
Move to a newly 274 40.83 103 42.56

built house (no)
and IL13 (GG)

Move to a newly 303 45.16 110 4545 0.87 0.62-1.22 43
built house (no)
and IL13 (GG+GA)

Move to a newly 46  6.86 8 331 045 0.20-1.03 .06
built house (yes)
and IL13 (GG)

Move to a newly 48 7.15 21 868 1.04 0.57-1.91 .90
built house (yes)
and IL13 (GA+AA)

Data were analyzed by using logistic regression, adjusting for age, sex, and family
history of AR.
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TABLE E5. Comparison of the characteristics between subjects with complete data and subjects with incomplete data

Characteristics Total Complete data Incomplete data P value
No. 4554 2732 (60.0%) 1822 (40.0%)
Age (y), mean = SD 9.50 * 1.73 9.54 = 1.72 9.40 = 1.76 .013
Sex (M/F) 2317/2237 1396/1336 921/901 717
BMI (kg/mZ), mean £ SD 1791 £ 3.14 17.87 £ 3.03 18.03 £ 3.44 178
Maternal educational degree (> high school) 2690/4423 (60.8%) 1764/2732 (64.6%) 926/1691 (54.8%) <.001
Economic status (monthly income)

Low (<1999 USD) 554/4382 (12.6%) 291/2662 (10.9%) 263/1720 (15.3%) <.001

Middle (2000-4999 USD) 3209/4382 (73.2%) 1968/2662 (73.9%) 1241/1720 (72.2%)

High (>5000 USD) 619/4382 (14.1%) 403/2662 (15.1%) 216/2662 (12.6%)
Parental history of allergic diseases (asthma, AR, or AD) 1458/3882 (37.6%) 1050/2732 (38.4%) 408/1150 (35.5%) .088
Environmental tobacco smoke 1721/4442 (38.7%) 1005/2732 (36.8%) 716/1710 (41.9%) .001
Location of school

Downtown 734/4554 (16.1%) 249/2732 (9.1%) 485/1822 (26.6%) <.001

Northeastern 794/4554 (17.4%) 598/2732 (21.9%) 196/1822 (10.8%)

Northwestern 1023/4554 (22.5%) 713/2732 (26.1%) 310/1822 (17.0%)

Southeastern 1242/4554 (27.3%) 870/2732 (31.8%) 372/1822 (20.4%)

Southwestern 761/4554 (16.7%) 302/2732 (11.1%) 459/1822 (25.2%)

AD, Atopic dermatitis; BMI, body mass index; F, female; M, male; USD, US dollar.
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