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Allergic diseases (e.g., asthma, allergic rhinitis, and atopic
dermatitis) are a major public health problem, and the preva-
lence among children is increasing worldwide [1, 2]. Many
studies have revealed the cause, pathogenesis, prevalence, and
risk factors for allergic diseases for decades. However, we
do not know all fields of allergic diseases and we have still
explored the risk factors for allergic diseases.

Nowadays, large amounts of data (big data) are digitally
stored and have been successfully used in many fields such as
science, economics, and politics [3]. The interest and appli-
cation of big data in medical science is also growing because
big data have several advantages that expand the capacity to
generate and disseminate new knowledge [3]. The sources of
big data intended formedical application include government
agencies, medical organizations, and other credible health-
related institutions [3–5]. Regarding allergic diseases, big data
is useful in investigating the causes, epidemiology, genetics,
treatment, and economic burden [4–6].

In this special issue, six studies were published regarding
the risk factors of allergic diseases.

W. S. Lee et al. analyzed the relationship between home
remodeling, food allergy, and atopic dermatitis among chil-
dren in Seongnam, Korea. In this large population study,
home remodeling (odds ratio = 3.40) and food allergy (odds
ratio = 3.95) are the risk factors of atopic dermatitis. K. S.
Lee et al. also found that age, smoking, and elevated total IgE
levels were other risk factors for atopic dermatitis in Korean
children and adolescents by using the 2010 Korea National
Health and Nutrition Examination Survey (KNHANES)
which comprised a large sample. Y. Feng et al. investigated the
prevalence and features of ocular allergy and comorbidities

among school children in Shanghai, China, by using a
questionnaire. They found a 28% prevalence of symptoms of
ocular allergy. S.-J. Yi et al. investigated the risk for atopic
eczema among children living in areas surrounded by large
and busy roads in Seoul, Korea. They found that the onset of
atopic eczema correlated with road density (odds ratio: 1.08)
and proximity (odds ratio: 1.15) but not asthma and rhinitis.
The study by S.-M. Koo et al. is the only one that focused on
the adult population in this special issue. They analyzed the
trend of use of asthmamedication among asthmatic pregnant
women using the Health Insurance Review and Assessment
Service (HIRA) database of Korea. They found that despite
the low adherence to asthma medication, exacerbations were
less frequent during pregnancy. S. H. Choi et al. investigated
the repeatability and safety of measuring lung function using
impulse oscillation systems during bronchoprovocation test-
ing of preschool children.

Most of the studies in this special issue focused on the
relationship between environmental risk factors and allergic
diseases in children and found or confirmed the relationship
using large data sets.These results proved that finding the risk
factors for allergic diseases using big data is promising.

This special issue is just the beginning of big data research
in allergic diseases. We hope that readers will be interested in
allergic diseases and big data and that this special issue could
help them to devote their time to research.

In-Hwan Oh
Yeong-Ho Rha

Takao Fujisawa
Kyung Suk Lee
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Purpose. The purpose of this study was to investigate the effects of home remodeling and food allergy (FA) on the development of
atopic dermatitis (AD) in children.Methods.TheModified International Study of Asthma andAllergies in Childhood questionnaire
was used to survey 4,111 children recruited from 3 kindergartens and 6 elementary schools from Seongnam, Korea. Participants’
parents agreed for them to participate in physical examinations, skin prick tests, and blood tests. Results. Home remodeling in the
past 12 months (adjusted odds ratio [aOR] 3.40, 𝑃 = 0.006), lifetime diagnosis of FA (aOR 3.95, 𝑃 < 0.001), parental history of
AD (aOR 2.67, 𝑃 = 0.001), and FA (aOR 2.35, 𝑃 = 0.004) were independent risk factors for lifetime diagnosis of AD ever. When
history of home remodeling and FA were combined, the risk for moderate-to-severe AD by scoring atopic dermatitis (SCORAD)
score increased (aOR, 7.19, 𝑃 = 0.011, P for interaction = 0.034). Conclusion. Home remodeling, lifetime diagnosis of FA, parental
history of AD, and parental history of FA were independent risk factors for AD. In addition, we observed a synergistic interaction
between home remodeling and FA in the risk of moderate-to-severe AD.

1. Introduction

Atopic dermatitis (AD) typically arises at an early age and is
the most common chronic, relapsing, inflammatory eczema-
tous skin disease [1].The pathogenesis of AD is complex with
multifactorial etiologies involving genetic, immunological,
and environmental factors. The prevalence of AD has risen
globally in recent years [1]. There are several reasons for this
trend, including genetic factors and increasing prevalence
of food allergy (FA) [2, 3]. Recently, environmental factors
involving air pollution have been considered as a newly
emerging cause for the increased prevalence of AD [2].

Indoor air pollution is an important environmental
factor for children, as they tend to spend most of their
daytime indoors [4]. Materials affecting outdoor air include
particulate matter < 10mm (PM10), nitrogen oxides (NO�푥),
sulfur oxides (SO�푥), and ozone (O3) [5]. Materials with
substantial effect on indoor air pollution are different from

outdoor materials [4]. The causative materials of indoor
air pollution include wallpaper, flooring, and paint [6].
Formaldehyde, volatile organic compounds (VOCs), and
aromatic compounds are pollutants that are considered
more important than other indoor chemicals [7]. Mendell
reported that indoor pollutants may play a key role in the
development and aggravation of allergic diseases such as
AD [4]. High concentrations of VOCs or formaldehyde are
associated with the development of Sick Building Syndrome
(SBS) and the aggravation of allergic diseases in newly
built dwellings [8]. In one study, authors have shown that
exposure to home renovation was associated with a higher
risk of allergic diseases in children [9]. Therefore, it can
be inferred that these changes to the indoor environment
may play a considerable role in increasing the incidence of
AD.

FA is defined as adverse health reactions to foods consist-
ing of any unanticipated reactions following the ingestion of
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foods or food additives [10]. Previously published literature
indicated that FA plays an important role in exacerbating
severe forms of AD [11]. Approximately one-third of children
with severe AD have also been reported to have IgEmediated
FA [12].

Based on these data, we hypothesized that home remod-
eling and FA may be linked with the development of AD.
However, there have been no studies determining that home
remodeling and FA together are risk factors for AD in Korea.
We sought to examine the effects of home remodeling and
FA on the development of AD in children and determine
how they contribute synergistically to the occurrence of this
disease.

2. Materials and Methods

2.1. Subjects. This cross-sectional study was based on a
population of 5,196 children aged 4–13 years who attended
3 kindergartens and 6 elementary schools in Seongnam,
Korea, between June and July, 2015. Of these subjects, 4,111
completed the questionnaire (response rate, 79.1%) [13]. The
participants’ parents provided consented for their children
to participate in a physical examination, skin prick tests
(SPTs), and blood sampling. Pediatricians and trained field
technicians conducted the physical examinations, SPTs, and
blood sampling at the participating schools. Data pertaining
parental economic status were collected and converted to
US dollars using an exchange rate of US $1 = 1112.40 South
Korean won (exchange rate at June, 1, 2015) [14]. Characteris-
tics of the subjects are described in Table 1.

This study was approved by the Institutional Review
Board of the CHA BundangMedical Center. Written consent
was obtained from all parents or guardians following a
detailed explanation.

2.2. Modified International Study of Asthma and Allergies in
Childhood Questionnaire. A modified Korean version of the
International Study of Asthma and Allergies in Childhood
(ISAAC) questionnaire was used to determine the prevalence
of symptoms and diagnosis of allergic diseases [13].The ques-
tionnaire was consisted of three main sections: (1) general
characteristics including sex, date of birth, height, andweight;
(2) a history of symptoms related to asthma, allergic rhinitis
(AR), AD, and FA; and (3) exposure to environmental factors,
including home remodeling.

A child was deemed to have been diagnosed with AD and
FA or to have a history of home remodeling if an affirmative
answer was given to questions “has your child ever been
diagnosed with AD by a physician?,” “has your child ever
been diagnosed with FA by a physician?,” and “have you ever
done home remodeling?,” respectively.

2.3. Scoring Atopic Dermatitis Index. Three pediatricians (Dr.
Jee, Dr. Jung, and Dr. Lee) visited each school and calculated
the scoring atopic dermatitis (SCORAD) scores of each
participant in an enclosed space at their respective school.
The AD group was divided into three classes based on the
severity of AD: mild (<25), moderate (25–50), and severe
(>50) [15].

Table 1: Demographic and clinical characteristics of subjects.

Characteristics
Number 4,111
Age (years), mean ± SD 8.00 ± 1.85

Sex (Boy : Girl) 2,121 : 1,980 (51.7% : 48.3%)
BMI 17.44 ± 2.83

Parental history of allergic diseases 2,312/4,111 (56.2%)
Parental history of asthma 203/4,111 (4.9%)
Parental history of allergic rhinitis 2,075/4,111 (50.5%)
Parental history of AD 400/4,111 (9.7%)
Parental history of FA 346/4,111 (8.4%)

Environmental tobacco smoking 1,475/4,041 (36.5%)
Lifetime home remodeling 1,146/4,014 (28.6%)
Moving to new home in infancy 1,054/3,299 (31.9%)
Educational degree of mother
≤High school graduate 795/3,984 (20.0%)
≥University graduate 3,189/3,984 (80.0%)

Parental economic status (monthly income)
Low (<2,697USD) 439/3,860 (11.4%)
Middle (2,697–5,393USD) 1,700/3,860 (44.0%)
High (≥5,393USD) 1,721/3,860 (44.6%)

Biomarkers
Eosinophil (%), mean ± SD 3.85 ± 2.97

𝐴𝑡𝑜𝑝𝑦∗ 297/575 (51.7%)
SD: standard deviation; BMI: body mass index; AD: atopic dermatitis; FA:
food allergy; USD: United States of America dollar. ∗Defined as at least 1
positive skin prick test (allergen and histamine wheal diameter > 3mm).

2.4. Skin Prick Test and Laboratory Test. SPTs were per-
formed on the volar surface of the skin of the arm with
normal appearance using standardized allergen extracts
and control solutions from Laforma (Milan, Italy). Sub-
jects were tested for sensitivity to the following 22 com-
mon allergens: Dermatophagoides pteronyssinus (D.p.), Der-
matophagoides farinae (D.f.), birch, oak, walnut, apple, peach,
kiwi, egg, milk, cod, pork, elm, hops, peanut, wheat, orange,
tomato, strawberry, celery, mussel, and shrimp. Subjects
were deemed to be atopic if they tested positive to one or
more allergen in the SPTs (allergen and histamine wheal
diameter > 3mm) [16]. White blood cell counts were
measured, and the percentage of blood eosinophils was
calculated.

2.5. Statistical Analysis. Statistical analyses were performed
using SPSS version 23.0 (IBM Co., Armonk, NY, USA).
Prevalence was presented in 95% confidence intervals (CIs).
Logistic regression analyses were conducted to identify
independent risk factors for AD. Multivariate analysis was
adjusted for personal, familial, and socioeconomic factors.
To test the interaction effect between environments (home
remodeling and FA history) on AD, logistic regression
analysis between home remodeling and FA history on AD
was performed. For all analyses (two-tailed), 𝑃 < 0.05 was
considered to indicate statistical significance.
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Figure 1: Home remodeling within recent 1 year as a risk factor of lifetime diagnosis of AD (𝑁 = 123) and current AD (𝑁 = 100). (a) Home
remodeling in the past 12 months is a risk factor of lifetime diagnosis of AD (†aOR 3.40, 95% CI 1.43–8.09, 𝑃 = 0.006). (b) Home remodeling
in the past 12 months is a risk factor of current AD (∗∗aOR 4.32, 95% CI 1.05–17.67, 𝑃 = 0.042). The data was calculated by logistic regression
multivariate analysis. aOR: adjusted odds ratio; CI: confidence interval; BMI: body mass index; AD: atopic dermatitis. ∗aOR was adjusted by
age, sex, BMI, parental history of AD, familial income, and eosinophil.

Table 2: Prevalence of AD.

Number Prevalence, %
Lifetime symptoms 775/4,111 18.9
Symptoms in the past 12 months 588/4,111 14.3
Lifetime diagnosis 1,240/4,111 30.2
Treatment in the past 12 months 403/4,111 9.8
Current AD∗ 483/4,111 11.7
Moderate-to-severe AD† 38/578 6.6
AD: atopic dermatitis; SCORAD: scoring atopic dermatitis. ∗Defined as
lifetime diagnosis together with symptoms in the past 12 months in the
questionnaire; †578 participated in SCORAD testing. Moderate-to-severe
AD was defined as a SCORAD score > 25.

3. Results

3.1. Subject Characteristics. Thechildrenwere aged 8.00±1.85
years. The majority of the participants were boys (51.7%)
and approximately 56% of the participants had a parental
history of allergic diseases, including asthma, AR, AD, and
FA (Table 1).

3.2. Prevalence of AD. AD-related prevalence is listed in
Table 2. Current AD, defined as lifetime diagnosis together
with the presence of symptoms in the past 12 months in the
questionnaire, was 11.7%. Moderate-to-severe AD (SCORAD
score > 25) was 6.6%.

3.3. Risk Factors for Lifetime Diagnosis of AD. Independent
risk factors for lifetime diagnosis of AD were: girl (aOR 1.69,
𝑃 = 0.016), lifetime diagnosis of FA (aOR 3.95, 𝑃 < 0.001),
lifetime diagnosis of asthma (aOR 3.38, 𝑃 < 0.001), lifetime
diagnosis of AR (aOR 2.37, 𝑃 < 0.001), parental history of
allergic diseases (aOR 3.22, 𝑃 < 0.001), parental history of
AD (aOR 2.67, 𝑃 = 0.001), and home remodeling in the past
12 months (aOR 3.40, 𝑃 = 0.006) (Table 3).

3.4. Home Remodeling Increases the Risk of AD. Children
with a home remodeling history in the past 12 months had
an increased risk for lifetime diagnosis of AD (aOR = 3.40,
𝑃 = 0.006) (Figure 1(a)). Children with a home remodeling
history in the past 12 months had increased risk for current
AD (aOR = 4.32, 𝑃 = 0.042) (Figure 1(b)).

3.5. Home Remodeling and FA History Act Synergistically
to Increase Risk of Moderate-to-Severe AD. Children were
divided into four groups based on their history of home
remodeling within 12 months and FA. When home remod-
eling and FA variable were combined, the risk for moderate-
to-severe AD incidence was significantly increased (aOR =
7.19, 𝑃 = 0.011, 𝑃 for interaction = 0.034) (Figure 2).

4. Discussion

The purpose of this cross-sectional study was to investigate
how home remodeling and FA may be associated with AD in
children and how they interact with each other with regard to
AD. In this study, overall lifetime diagnosis of ADwas 30.2%,
and several independent risk factors were identified that
increased the risk for AD. When lifetime diagnosis of home
remodeling and FAwere combined, the risk for moderate-to-
severe AD significantly increased. Home remodeling history
in the past 12 months was also an independent risk factor for
current AD.

Housing reconstruction and remodeling activities have
rapidly developed in the past several decades in Korea
[17]. Many people previously lived in private houses, but
during the past several years, they have gradually moved
to community housing, such as apartments [17]. Nuclear
families have become more common, and married young
couples often move to newly built apartments or remodeled
houses [17].

A variety of materials are used for reconstruction and
house remodeling, including organic solvents, heavy metals,
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Table 3: Risk factors for lifetime diagnosis of AD.

Risk factors
𝑁 (%)

435/4,111 (10.6%)
aOR∗ (95% CI) P value

Demographic factors
Age (older) 0.96 (0.85–1.07) 0.431
Sex (girl) 1.69 (1.10–2.58) 0.016
BMI 1.03 (0.95–1.11) 0.514
Educational status of the mother (≥university graduate) 1.61 (0.99–2.62) 0.053
Economic status (higher monthly income) 1.12 (0.84–1.48) 0.436

Personal factors
Lifetime diagnosis of FA 3.95 (2.00–7.83) <0.001
Lifetime diagnosis of asthma 3.38 (1.72–6.67) <0.001
Lifetime diagnosis of allergic rhinitis 2.37 (1.57–3.60) <0.001
Breast milk feeding 1.55 (0.94–2.58) 0.089
Premature birth 1.86 (0.89–3.91) 0.101
Delivery (Cesarean section) 0.96 (0.63–1.46) 0.858

Genetic factors
Parental history of allergic diseases 3.22† (2.04–5.10) <0.001
Parental history of AD 2.67† (1.47–4.83) 0.001
Parental history of asthma 2.16 (0.90–5.21) 0.087
Parental history of allergic rhinitis 2.46 (1.60–3.79) <0.001
Parental history of FA 2.35 (1.31–4.24) 0.004

Environmental factors
Dog ownership 0.61 (0.18–2.10) 0.432
Cat ownership 1.48 (0.23–9.51) 0.681
Day care attendance before 1 year old 0.66 (0.18–2.39) 0.523
Older siblings 0.76 (0.51–1.13) 0.174
Home remodeling, ever 1.37 (0.89–2.12) 0.151
Home remodeling in infancy 0.86 (0.16–4.78) 0.864
Home remodeling in the past 12 months 3.40 (1.43–8.09) 0.006
Moving to new home in infancy 0.98 (0.62–1.56) 0.944

Biomarkers
Eosinophil > 4% 2.37∗∗ (1.54–3.62) <0.001
Eosinophil 4th quartile (>5.0%) 2.49∗∗ (1.57–3.94) <0.001

The data were calculated by logistic regression multivariate analysis. aOR: adjusted odds ratio; CI: confidence interval; BMI: body mass index; FA: food allergy;
AD: atopic dermatitis. ∗aOR was adjusted by age, sex, BMI, parental history of AD, familial income, and eosinophil. †aOR was adjusted by age, sex, BMI,
familial income, and eosinophil. ∗∗aOR was adjusted by age, sex, BMI, parental history of AD, and familial income. Significant aOR and �푃 values are in bold.

and VOCs, such as benzene, toluene, xylene, styrene, and
formaldehyde, may be emitted from paints or dyes [4].
VOCs can damage the epidermal barrier and increase the
adverse effects of house dust mites on sensitized subjects
with AD [18]. Only short-term exposure to formaldehyde
can cause dysfunction of the skin barrier in children with
and without AD; this is more prominent in the latter
[19]. In an experimental rat model of AD, exposure to
formaldehyde aggravated pruritus and dermatitis and was
associated with an elevated expression of Th1 cytokines [20].
Exposure to nitrogen dioxide (NO2) at domestic concen-
trations causes impairment of the skin barrier function in
subjects with AD [21]. Airborne particulate matter (PM)
has also been identified as a risk factor for deteriorating
skin condition in patients with AD [22]. These findings

suggest that indoor air pollutants play a key role in the
development and aggravation of allergic diseases such as AD
[4].

To understand how home remodeling and FA may be
synergistically related to AD, it is important to understand
their relationship. Patients with AD are known to have other
atopic diseases, such as IgEmediated food allergy [11]. Böhme
et al. reported that 27% of patients with AD patients were
sensitized to food allergens at 2 years of age, including egg
(21%), peanuts (15%), milk (8%), and cod positive (2%)
[23]. In a study performed in the United Kingdom (𝑁 =
1,402 children), egg sensitization on SPT was significantly
associated with AD (OR 9.53, 95% CI 2.40–37.82, 𝑃 <
0.05) [24]. Researchers also described that the process of
recognition of food allergens through antigen-presenting
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Figure 2: Effect of home remodeling on the risk of moderate-to-
severe AD by SCORAD score in children with and without FA
history (𝑁 = 421). When home remodeling and FA variable
were combined, the risk for moderate-to-severe AD incidence was
significantly increased. (aOR 7.19, 95% CI 1.56–33.05, †𝑃 = 0.011,
𝑃 for interaction = 0.034). The data was calculated by logistic
regression multivariate analysis. aOR: adjusted odds ratio; CI:
confidence interval; BMI: body mass index; AD: atopic dermatitis;
SCORAD: scoring atopic dermatitis; FA: food allergy. ∗aOR was
adjusted by age, sex, BMI, parental history of AD, familial income,
and eosinophil.

cells in the eczematous skin may serve as an important
mediator of food sensitization and FA [25].

Researchers have demonstrated that the development of
FA due to exposure to indoor pollutants may be related to
home remodeling [26, 27]. Shiue found that urinary arsenic,
heavymetal, andphthalate concentrations are associatedwith
peanut, egg, milk, and shrimp sensitizations [26]. Stelmach
et al. reported that maternal exposure to phthalate during
pregnancy increased the risk for FA [27].

Several studies have provided helpful information related
to the synergistic effect of FA and home remodeling on the
prevalence of AD [28, 29]. In particular, filaggrin (FLG)
is an important protein in the skin and plays an impor-
tant role in maintaining the integrity of the skin barrier
[28]. FLG is associated with increased FA and several dis-
eases with barrier dysfunction, such as ichthyosis vulgaris
and AD [28]. In one study of patients with AD and the
FLG gene variant, the higher skin permeability allowed
the absorption of phthalate through the skin, resulting in
higher urine phthalate metabolite levels than the control
group [29]. This weakened skin barrier may lead to an
increased absorption of indoor pollutants, such as phtha-
late, through the skin, aggravating eczematous skin lesions
[29].

Efforts are needed to decrease the prevalence of AD
related to home remodeling or reduce symptomatic deteri-
oration in patients with AD. The common and basic way to
improve indoor air quality is frequent cleaning, vacuuming,
and ventilation [30]. The use of environmentally friendly
materials in wallpaper and flooring should also be considered
[6]. Lee et al. reported that there is a close relationship
between the construction year of the house or moving to a

newly constructed building within 1 year and formaldehyde
level [31].

We acknowledge that this study has several limitations.
We used a cross-sectional study design and gathered data
via a questionnaire; therefore, we cannot infer a causal
relationship. There is also the possibility of biases due to the
methodology used. However, we conducted this study in a
regional area intentionally and analyzed questionnaires and
laboratory findings to reveal, for the first time in a Korean
population, the relationship between allergic diseases and
indoor pollution. Therefore, our study may be used as a
representative study to increase awareness of the seriousness
of indoor pollution among Korean children. Cohort studies
are needed to confirm our findings.

Altogether, we found that home remodeling and FA
history are independent risk factors for AD in children. We
also observed a synergistic effect between home remodeling
and FA in increasing the risk for moderate-to-severe AD. To
prevent and manage the development of AD, further studies
are needed to clarify how indoor pollutants interact with
food allergens in the development of AD with more objective
measures, including urine and blood samples, as well as
measurements of the concentration of indoor air pollutants.
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[12] J. Celakovská and J. Bukac, “Analysis of food allergy in atopic
dermatitis patients-association with concomitant allergic dis-
eases,” Indian Journal ofDermatology, vol. 59, no. 5, pp. 445–450,
2014.

[13] S. J. Lee, E. K. Ha, H.M. Jee et al., “Prevalence and risk factors of
urticaria with a focus on chronic urticaria in children,” Allergy,
Asthma and Immunology Research, vol. 9, no. 3, pp. 212–219,
2017.

[14] K. E. Bank, The exchange rate at June 2015, https://www
.kebhana.com/.

[15] A. P. Oranje, E. J. Glazenburg, A. Wolkerstorfer, and F. B.
De Waard-Van Der Spek, “Practical issues on interpretation
of scoring atopic dermatitis: the SCORAD index, objective
SCORAD and the three-item severity score,” British Journal of
Dermatology, vol. 157, no. 4, pp. 645–648, 2007.

[16] R. G. Hamilton, “Clinical laboratory assessment of immediate-
type hypersensitivity,” Journal of Allergy and Clinical Immunol-
ogy, vol. 125, no. 2, supplement 2, pp. S284–S296, 2010.

[17] S. K. Ha, “Urban growth and housing development in Korea: a
critical overview,” Korea Journal, vol. 39, no. 3, pp. 63–95, 1999.

[18] J. Huss-Marp, B. Eberlein-König, K. Breuer et al., “Influence of
short-term exposure to airborne Der p 1 and volatile organic
compounds on skin barrier function and dermal blood flow in
patients with atopic eczema and healthy individuals,” Clinical
and Experimental Allergy, vol. 36, no. 3, pp. 338–345, 2006.

[19] J. Kim, Y. Han, J. H. Ahn et al., “Airborne formaldehyde causes
skin barrier dysfunction in atopic dermatitis,” British Journal of
Dermatology, vol. 175, no. 2, pp. 357–363, 2016.

[20] R. T. Han, S. K. Back, H. Lee et al., “Formaldehyde-induced
aggravation of pruritus and dermatitis is associated with the
elevated expression of Th1 cytokines in a rat model of atopic
dermatitis,” PLoS ONE, vol. 11, no. 12, Article ID e0168466, 2016.

[21] B. Eberlein-König, B. Przybilla, P. Kühnl et al., “Influence of
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Although there has been suggestive evidence of the association between TRAP and ADs, findings remained inconsistent possibly
due to limited population. We investigated the association between TRAP and ADs in a large population of children with rich
spatial coverage and expanded age span in Seoul, Korea. TRAP exposures were estimated by categorized proximity to the nearest
major road (≤150, 150–300, 300–500, and >500m) and density of major roads within 300 meters from children’s residences. We
estimated the association between twoTRAP exposures and three ADs using generalizedmixedmodel after adjusting for individual
characteristics. We also investigated whether the association varied by household and regional socioeconomic status. We found
associations of atopic eczema with road density [OR = 1.08; 95% CI = 1.01–1.15] and road proximity [1.15, 1.01–1.32; 1.17, 1.03–1.34;
and 1.16, 1.01–1.34 for≤150, 150–300, and 300–500m, resp., compared to>500m].There was no associationwith asthma and allergic
rhinitis. Effect estimates were generally the highest in the low socioeconomic region. Children living in areas surrounded by large
and busy roads were likely to be at greater risks for atopic eczema, with increased vulnerability when living in deprived areas.

1. Introduction

Allergic diseases are the most common noncommunicable
disorders of children and adolescents worldwide. Although
prevalence varies by country and region, about 20–40% of
children primarily suffer from symptoms of these diseases
[1–3], which affect both physical and social activities of
children as well as their families [4–6]. The prevalence
reached a plateau or began to decrease in several countries, as
understanding and management of these diseases advanced
[7–10]. However, many other countries persistently showed
increasing trends [11].

In addition to host risk factors for allergic diseases includ-
ing genetic, behavioral, and socioeconomic components, air

pollution was suggested as an environmental risk factor.
In particular, recent studies focused on traffic-related air
pollution (TRAP) which largely contributes to urban air
pollution and possibly affects adverse health effects for large
population. Epidemiologic studies reported the associations
of allergic diseases for exposures to TRAP estimated by
using pollutant surrogates such as nitrogen dioxide (NO

2
)

and fine particulate matter (PM
2.5
) [12–15]. Other studies

used direct measures of traffic including traffic volume
and distance to the nearest road, focusing on traffic other
than various pollutant sources, and showed inconsistent or
consistent findings with those using air pollutants [15–20].
Recent toxicological studies also advanced the understanding
of biological mechanism of TRAP on onset and exacerbation
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Children who responded to questionnaire

Children who completed questionnaire and aged 1–12

No responses to individual characteristics

Children included in this study

Nonresidents of Seoul

Inaccurate home addresses

Children aged < 1 or >12 years

Living ≥ 4th floor

n = 31,576 (100%)

n = 6,211 (19.7%)

n = 118 (0.4%)

n = 25,247 (80.0%)

n = 212 (0.7%)

n = 419 (1.3%)

n = 9,275 (29.4%)

n = 14,765 (46.8%)

Figure 1: Schematic diagram of the study population selected for the present analysis using Seoul Atopy Friendly School Project survey in
2010 in Seoul, Korea.

of allergic diseases [21]. The pathogenic pathway of TRAP
on respiratory allergic diseases such as asthma had been
elucidated, and the evidence of TRAP induced atopic diseases
was also gradually cumulated in experimental studies and
epidemiologic studies [22–24].

Despite numerous attempts to identify the causal asso-
ciation between TRAP exposures and allergic outcomes,
particularly for nonasthmatic diseases, epidemiologic find-
ings remained inconsistent [25]. This inconsistency might
be attributed to limited study population with respect to
age, space, and socioeconomic environment. First, many
previous studies of TRAP and allergic diseases included
children with narrow age ranges between 0 months and
17 years [25]. However, studies that assessed the effects
of TRAP in children with limited age span showed only
marginal associations of allergic diseases [13–15, 26]. Studies
of childrenwith limited age rangemay not allow us to observe
phenotypes of various allergic diseases based on the natural
history of atopic manifestations. Early onset of atopic eczema
followed by asthma and allergic rhinitis with increased age
in childhood were reported in many previous studies [27].
Second, studies were not based on the population recruited
by spatial sampling [25] and their limited spatial coverage
may not provide sufficient spatial heterogeneity of traffic
exposures across the study areas. Furthermore, some studies
reported that children in the lower socioeconomic status
(SES), in both individual and regional conditions, experi-
enced higher exposure to air pollution and larger impact
on health than their counterpart in the higher SES [28, 29].
Magnitude and significance of the association may depend
ondiverse socioeconomic background of both household and
residential area.

The Seoul Atopy Friendly School Project provided a
unique opportunity to investigate the association between
TRAP exposures and allergic outcomes. The city of Seoul in

South Korea initiated this project to assess the prevalence
and risk factors of allergic diseases in children residing
in Seoul. The project recruited more than 30,000 children
aged 0 to 13 and collected information on demographic
characteristics, risk factors, and allergic outcomes including
their home and school addresses. Seoul, the capital of South
Korea, is one of the densely populated metropolitan cities
with tenmillion people in 605 km2.The city reported high air
pollution (PM

2.5
annual average concentrations of 25𝜇g/m3

in 2010) [30] possibly affected by heavy traffic on dense road
networks. Using the Seoul Atopy Friendly School Project
survey in 2010, the purpose of this study is to assess the
association between exposure to TRAP and prevalence of
allergic diseases. Furthermore, we investigated whether the
association is modified by household and regional SES of
children.

2. Data and Methods

2.1. Study Population. We obtained the Seoul Atopy Friendly
School Project survey data in 2010 for 31,576 children after
deidentification from the Seoul Medical Center in Seoul,
Korea. Details of the survey have been described previously
[31]. This cross-sectional survey recruited children from 170
schools including 136 elementary schools and 34 children’s
daycare centers to cover all 25 districts in Seoul.

From 31,576 children, we excluded those who did not
meet our inclusion criteria (Figure 1). The excluded children
did not complete questionnaire (𝑁 = 6,211, 19.7%), were aged
less than 1 year or older than 12 years (118, 0.4%), did not live
in Seoul (212, 0.7%), and had inaccurate addresses (419, 1.3%).
Thirty-nine percent of children in the Seoul Atopy Friendly
Project survey lived on the third floor or higher with 15%
living even higher than the tenth floor. The average height
of a story in multidwelling units (MDU) is about 2.8m in



BioMed Research International 3

Seoul [32]. Since the concentration of air pollutants emitted
from roads possibly decreases as building height increases
[33], we excluded children living on the 4th floor (height
of about 8m from the ground) or higher (9,275, 38.6%).
These exclusions resulted in 14,765 (46.8%) children for our
analysis.

2.2. Questionnaire Data. The questionnaire consisted of two
main items: (1) sociodemographic and physical characteris-
tics including daycare-center or school, residential address,
sex, age, height, weight, household monthly income, and
history of breastfeeding and (2) allergic symptoms related
to atopic eczema, asthma, allergic rhinitis, and food allergy
based on the modified International Study of Asthma and
Allergies in Childhood (ISAAC) questionnaire. The parents
or guardians completed the written questionnaire.

2.2.1. Prevalence of Allergic Diseases. Prevalence of allergic
diseases was asked in three ways: (1) current symptom,
(2) lifetime physician diagnose, and (3) current treatment.
Since healthcare utilization depended on various factors
that may confound the effect of TRAP exposure [34], we
used prevalence of current symptoms, as main outcomes,
for three allergic diseases including atopic eczema, asthma,
and allergic rhinitis. The current symptoms were defined as
“symptoms in the past 12 months,” indicating itchy rash,
wheezing or whistling in the chest, sneezing or runny or
blocked nose without a cold or flu for atopic eczema, asthma,
and allergic rhinitis, respectively.

2.2.2. Assessment of Risk Factors. For basic sociodemographic
and physical information, we created categorized variables.
Continuous age was classified into four groups including
1–3, 4–6, 7–9, and 10–12 years. Body mass index (BMI)
was calculated as weight (in kilogram) divided by squared
height (in meter) by using height and weight. Then, BMI was
classified into three groups of underweight (≤25 percentile),
normal (25–85), and overweight or obese (≥85) based on
BMI-for-age percentiles of the 2007 Korean growth charts
developed by the Korea Center for Disease Control and
Prevention in 2007 [35]. Monthly household income was
grouped into low (<1,720 USD), middle (1,720–3,440), and
high household SES (≥3,440). Since more than half of the
mothers in South Korea ceased breastfeeding in 3 months
after delivery [36], we also categorized breastfeeding duration
into three periods indicating never or <4 months, 4–11
months, and ≥12 months. For 25 districts in Seoul, we created
eight residential areas (downtown and areas 1 to 7) combining
2–4 adjacent districts (Figure 2).

2.2.3. Geocoding. We geocoded children’s addresses for their
homes and schools to assess traffic-related exposure, whereas
we assigned coordinates of a home address to the center of
a specific building; when a child resided in MDU, a school
address was assigned to the center of a school boundary.
Geocoding was performed by using publicly available web-
based geocoding software, GeoCoder-Xr (Geoservice, Seoul,
Korea).

Regional SES
High
Middle
Low

Road networks
Major roads

Downtown

Area 1

Area 2

Area 3

Area 4Area 5

Area 6

Area 7

Figure 2: Map of eight residential areas and major roads defined as
highways and roads with more than six lanes in Seoul.

2.3. Assessment of TRAP Exposure. We computed two TRAP
exposure metrics including road proximity and road den-
sity for major roads based on children’s home and school
addresses using road network data. Maps and attributes of
road networks in Seoulwere obtained from theKoreanTrans-
portDatabase (KTDB). Roadnetworks consist of eight classes
of roads: national highways, metropolitan city highways,
general national roads, metropolitan city roads, government-
financed provincial roads, provincial roads, district roads,
and highway link lamps. We defined major roads as national
highways, metropolitan city highways, highway link lamps,
and roads with more than six lanes in other five classes.
Road proximity was a categorical variable derived from the
continuous distance to the nearest major road and consists of
four categories: ≤150m, 150–300m, 300–500m, and >500m.
Road density was a continuous variable which is the sum of
lengths for major roads within 300m circular buffers. We
also multiplied the road lengths by numbers of lanes and
road widths to reflect traffic volume. We chose 300m as
the distance affected by traffic, as previous studies showed
exponential decrease of air pollution concentrations at 300m
distant from the major roads [25, 37]. Computation proce-
dure for distances and sums of road lengths were described
in previously published work in detail [38].

Geographic data processing and variable computation
were computed in ArcGIS version 10.2 (ESRI Inc., Redlands,
CA, USA).

2.4. Statistical Analysis. Prevalence rates (PRs) of allergic dis-
eases obtained for every stratum of individual characteristics
were calculated as proportion (in percent) of children with
current symptoms to the total number of children in each
stratum.

We estimated odds ratios (ORs) using logistic regres-
sion to quantify the association between each pair of two
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TRAP exposure metrics (road proximity and density) and
three allergic outcomes (atopic eczema, asthma, and allergic
rhinitis). Three confounder models assessed the association
after adjusting for individual- and area-level confounders
and random effects. Model 1 included age and sex only,
whereas Model 2 additionally included BMI, household SES,
and history of breastfeeding. In Model 3, as our primary
model, we added two random effect terms at school and
residential area to adjust for unmeasured confounding of
schools and residential areas and to account for within-
school and within-area correlation of outcomes. In the main
analyses, we assessed the effects of traffic exposure using
home-based exposure metrics only, given the geocoding
limitation of school addresses which may increase exposure
measurement error [39].

We also investigated the heterogeneity of associations
by children’s household and regional SES using stratified
analyses. Regional SES was reclassified from eight residential
areas to three groups based on financial self-sufficiency
proportion of revenue to expense in each district, in 2010.
This district-specific financial self-sufficiency proportion was
averaged for each of the eight residential areas (range = 32.5,
78.5%). Three regional SES groups included high (≥70%,
downtown and area 4), middle (40–70, areas 2, 3, and 6), and
low (<40, areas 1, 5, and 7) regions (Figure 2). The stratified
analysis by two types of SES was performed solely and jointly.
For the analysis stratified by one type of SES, we adjusted for
the other type of SES.

2.4.1. Sensitivity Analyses. We performed six sensitivity
analyses to assess the impact of exposure measurement error
and our data exclusion on the association in our primary
analysis. First, we used the continuous distance instead of
the categorical road proximity. To investigate the impact
of misclassified traffic exposure estimates, we investigated
the association in 5,211 children living on the 4th to 9th
floor and 4,064 children on the 10th floor or higher. Because
a previous study reported that the ISSAC questionnaire
provided validated data for children aged 6-7 years and
13-14 years [11], we restricted our population to 11,803
children aged 6 or above. We also presented the results using
a more conservative prevalence definition available in the
questionnaire based on lifetime physician diagnosis. In our
primary analysis, we excluded 3,394 children who did not
report household income or breastfeeding duration which
may result in the exclusion of a population subgroupwith low
or high socioeconomic characteristics. We assigned a new
category to children withmissing data for those two variables
and performed analyses using 18,159 children. Lastly, we
used a combined exposure metric based on home and school
addresses. To reflect children’s activities during school hours
for approximately 8 hours, we computed average traffic
exposure estimates weighted by homes twice as much as
schools. Road proximity was calculated by using harmonic
mean, whereas road density was computed as arithmetic
mean.

Themixed effect logistic models were implemented using
lme4 package in R software version 3.3.2 (R Development
Core Team, Vienna, Austria).

2.5. Ethical Approval. The study was approved by the institu-
tional review board (IRB) at Seoul National University (IRB
approval number: SNU IRB No. E1503/002-004).

3. Results

3.1. General Characteristics, TRAP Exposures, and Prevalence
of Allergic Diseases. Table 1 shows the distribution of TRAP
exposures and individual characteristics of the 14,765 chil-
dren included in this analysis from the Seoul Atopy Friendly
School Project survey. These children included 50% males
and 26% preschoolers aged less than 6 years. Five percent
of the children were overweight or obese, and more than
half had breastfeeding duration less than 4 months. Eighteen
percent were classified into the low household SES, while 34%
lived in the low SES area. For TRAP exposures, 30, 26, and
22% of children lived at a distance within 0–150, 150–300, and
300–500m frommajor roads, respectively. The mean of road
density within 300m from children’s homeswas 7,200m2 (SD
= 8,600, interquartile range (IQR) = 13,120). Out of the 170
schools, 54% were located within 300m from major roads,
and the average road density was 7,200m2 (SD = 8,500, IQR
= 11,430). Both road proximity and density were high in the
high regional SES but similar across low to high household
SES (Table S1 in Supplementary Material available online at
https://doi.org/10.1155/2017/4216107).

PRs for three allergic diseases were 15.9, 8.0, and 36.2%
for atopic eczema, asthma, and allergic rhinitis, respectively
(Table 1). PRs for individual and socioeconomic characteris-
tics varied by three diseases. Atopic eczema was more preva-
lent in girls, 4–6 years of age, the normal BMI group, and
children breastfed for more than 12 months. Children with
asthma symptoms were more likely to be boys, 1–3 years of
age, overweight, or breastfed for more than 12 months. Aller-
gic rhinitis was alsomore prevalent in boys, but these children
were older, 7–9 years, underweight, or breastfed for less than
4 months. PRs for atopic eczema and allergic rhinitis were
slightly lower or higher in children aged 6–12 years (PR= 15.4,
95% confidence interval (CI) 14.7–16.0; 37.3, 36.4–38.1) than
those of all ages (15.9, 15.3–16.5; 36.2, 35.4–36.9), whereas PR
for asthma was significantly lower (6.4, 6.0–6.9) than those
for all children (8.0, 7.6–8.5). For household and regional SES,
PRs for atopic eczema and asthma were high in the low and
high household SES, respectively. In contrast, allergic rhinitis
showed high PRs in the low regional or the high household
SES (Table 1). In the joint distribution of household and
regional SES, PRs for atopic eczema, asthma, and allergic
rhinitis were the highest in the middle household and high
regional SES, the low household and middle regional SES,
and the high household and low regional SES, respectively
(Table S2).

3.2. Associations of TRAP Exposures and Allergic Diseases.
For the three allergic diseases, we found an association of
atopic eczema prevalence with both traffic exposure indica-
tors (Table 2). In Model 1, adjusting for age and sex, OR of
atopic eczema for an IQR increase in the sum of major road
lengths within 300m from children’s homes was 1.08 (95% CI
= 1.02–1.16). This association was consistent when we added

https://doi.org/10.1155/2017/4216107
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Table 1: Summary statistics of TRAP exposures for each allergic disease and prevalence of three allergic diseases for each individual
characteristic in 14,765 children from the Seoul Atopy Friendly School Project survey in 2010 in Seoul, Korea.

Total Prevalent cases (prevalence rate, %)
𝑁 (%) Atopic eczema Asthma Allergic rhinitis

14,765 (100) 2,351 (15.9) 1,187 (8.0) 5,338 (36.2)
TRAP exposurea

Proximityb

0–150m 4,494 (30.4) 724 (30.8) 314 (26.5) 1,601 (30.0)
150–300m 3,873 (26.2) 629 (26.8) 332 (28.0) 1,432 (26.8)
300–500m 3,284 (22.2) 536 (22.8) 261 (22.0) 1,193 (22.3)
>500m 3,114 (21.1) 462 (19.7) 280 (23.6) 1,112 (20.8)

Densityc (1,000m2) 7.2 (8.6) 7.5 (8.8) 6.7 (8.2) 7.1 (8.6)
Sex

Girls 7,356 (49.8) 1,198 (16.3) 468 (6.4) 2,341 (31.8)
Boys 7,409 (50.2) 1,153 (15.6) 719 (9.7) 2,997 (40.5)

Age
1–3 1,322 (9.0) 223 (16.9) 235 (17.8) 369 (27.9)
4–6 2,447 (16.6) 450 (18.4) 271 (11.1) 890 (36.4)
7–9 5,453 (36.9) 898 (16.5) 386 (7.1) 2,089 (38.3)
10–12 5,543 (37.5) 780 (14.1) 295 (5.3) 1,990 (35.9)

Body fatness
Normal 11,948 (80.9) 1,944 (16.3) 930 (7.8) 4,214 (35.3)
Overweight or obese 769 (5.2) 122 (15.9) 89 (11.6) 283 (36.8)
Underweight 2,048 (13.9) 285 (13.9) 168 (8.2) 841 (41.1)

Breastfeeding duration
<4 months 8,042 (54.5) 1,124 (14.0) 597 (7.4) 2,977 (37.0)
4–11 3,876 (26.3) 637 (16.4) 318 (8.2) 1,342 (34.6)
≥12 2,847 (19.3) 590 (20.7) 272 (9.6) 1,019 (35.8)

Residential area
Downtown 1,729 (11.7) 315 (18.2) 191 (11.0) 543 (31.4)
Area 1 1,803 (12.2) 270 (15.0) 106 (5.9) 665 (36.9)
Area 2 3,010 (20.4) 552 (18.3) 366 (12.2) 1,048 (34.8)
Area 3 2,303 (15.6) 318 (13.8) 140 (6.1) 807 (35.0)
Area 4 973 (6.6) 154 (15.8) 59 (6.1) 359 (36.9)
Area 5 1,282 (8.7) 196 (15.3) 73 (5.7) 492 (38.4)
Area 6 1,678 (11.4) 246 (14.7) 122 (7.3) 639 (38.1)
Area 7 1,987 (13.5) 300 (15.1) 130 (6.5) 785 (39.5)

Household SES
High 5,545 (37.6) 770 (13.9) 423 (7.6) 2,120 (38.2)
Middle 6,539 (44.3) 1,097 (16.8) 532 (8.1) 2,367 (36.2)
Low 2,681 (18.2) 484 (18.1) 232 (8.7) 851 (31.7)

Regional SESd

High 2,702 (18.3) 469 (17.4) 250 (9.3) 902 (33.4)
Middle 6,991 (47.3) 1,116 (16.0) 628 (9.0) 2,494 (35.7)
Low 5,072 (34.4) 766 (15.1) 309 (6.1) 1,942 (38.3)

aNumber of children (percent) for each allergic disease is displayed for proximity, whereas mean (standard deviation) is presented for summarizing road
density. bProximity is a categorical variable indicating children live within a specific distance from the closest major roads. cDensity is a continuous variable
defined as the sum of road lengths multiplied by numbers of lanes and road widths of major roads within a 300m radius buffer from a child’s home. dRegional
socioeconomic status (SES) was categorized based on fiscal self-sufficiency of residential areas (see Figure 2).
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Table 2: Associations between two TRAP exposures and three allergic diseases in 14,765 children from the Seoul Atopy Friendly School
Project Survey in 2010 in Seoul, Korea.

Model 1 Model 2 Model 3
ORa 95% CI ORb 95% CI ORc 95% CI

Proximity
Atopic eczema
≤150m 1.16 (1.02–1.32) 1.15 (1.01–1.31) 1.15 (1.01–1.32)
150–300m 1.17 (1.02–1.34) 1.17 (1.03–1.34) 1.17 (1.03–1.34)
300–500m 1.16 (1.01–1.33) 1.16 (1.01–1.33) 1.16 (1.01–1.34)
>500m 1.00 1.00 1.00

Asthma
0–150m 0.95 (0.80–1.13) 0.94 (0.79–1.12) 0.93 (0.78–1.11)
150–300m 1.13 (0.95–1.34) 1.12 (0.95–1.33) 1.11 (0.93–1.32)
300–500m 1.01 (0.85–1.21) 1.01 (0.84–1.21) 1.00 (0.83–1.20)
>500m 1.00 1.00 1.00

Allergic rhinitis
0–150m 0.96 (0.87–1.05) 0.96 (0.87–1.06) 0.97 (0.88–1.07)
150–300m 1.03 (0.93–1.14) 1.03 (0.93–1.14) 1.05 (0.95–1.16)
300–500m 0.99 (0.89–1.10) 1.00 (0.90–1.10) 1.00 (0.90–1.12)
>500m 1.00 1.00 1.00

Density for an interquartile range increment (13,120m2)
Atopic eczema 1.08 (1.02–1.16) 1.08 (1.01–1.15) 1.08 (1.01–1.15)
Asthma 0.95 (0.87–1.05) 0.95 (0.87–1.04) 0.94 (0.86–1.03)
Allergic rhinitis 0.97 (0.92–1.02) 0.97 (0.92–1.03) 0.97 (0.92–1.03)
aOdds ratio (OR) adjusted for sex and age; bOR adjusted for sex, age, household monthly income, body mass index, and history of breastfeeding; cOR adjusted
for sex, age, household monthly income, body mass index, history of breastfeeding, and random effects for school and residential area.

individual characteristics in Model 2 (OR = 1.08, 95% CI
= 1.01–1.15) and random effects in Model 3 (1.08, 1.01–1.15).
Likewise, ORs for distances to the major road of ≤150m
150–300, and 300–500m were significantly higher than the
distance > 500m in Model 3 (1.15, 1.01–1.32; 1.17, 1.03–1.34;
1.16, 1.01–1.34). We did not find associations of asthma and
allergic rhinitis.

Figure 3 shows the associations between two TRAP
exposures and three allergic diseases by household and
regional SES of children. For atopic eczema, OR for an IQR
increment of road density was high in the low regional
SES (1.18, 1.02–1.37) and the high household SES (1.14,
1.01–1.28). In contrast, OR of allergic rhinitis was the highest
in the low household SES (1.15, 1.02–1.31). There was no
clear pattern for asthma (Tables S3 and S4). In a two-way
stratification, OR of atopic eczema for road density (1.31,
1.04–1.66) was the highest in the high household and low
regional SES, whereas OR of allergic rhinitis (1.49, 1.12–1.98)
was the highest in the low household and low regional SES
(Table S5).

In our sensitivity analysis, continuous distance instead of
categorized distance gave consistent findings of the associa-
tion with atopic eczema and no association with asthma and
allergic rhinitis (Table S6).Whenwe restricted our analysis to
children living on the fourth floor or higher, the association
of traffic exposure and atopic eczema disappeared. However,
we found the association of road proximity with asthma
and allergic rhinitis in children living on the 10th floor or

higher (Table S7). The association was consistent with larger
ORs for both of road proximity and density, when we added
those who did not report household income and breast-
feeding duration (Table S8). Another sensitivity analysis for
older children and different definition of allergic diseases
also showed consistent results. In the analysis for 11,803
children aged 6 or over, we found the consistent associations
with larger ORs for atopic eczema for both road proximity
and density (Table S9). Lifetime physician-diagnosed atopic
eczema was also associated with road density and road
proximity less than 300m but with lower ORs for road
proximity (Table S10). Incorporation of TRAP exposure at
schools in addition to homes showed the association for road
proximity with wider confidence intervals and no association
for road density (Table S11).

4. Discussion

We examined the association of three allergic outcomes for
two TRAP exposures estimated by proximity and density of
major roads based on children’s residences and compared
the associations across three household and regional SES
in a large population of children aged 1 to 12 residing in a
densely populated metropolitan city. Both road density and
proximity were associated with atopic eczema, whereas no
associationwas foundwith asthma and allergic rhinitis.These
associations were generally stronger in children living in the
lower SES region.
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Figure 3: Associations between two TRAP exposures and three prevalent allergic diseases by household and regional SES in 14,765 children
from the Seoul Atopy Friendly School Project Survey in 2010 in Seoul, Korea.
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We used proximity to the closest major road and density
of nearby roads, as proxies for exposure to TRAP, to assess the
associations between TRAP exposure and allergic diseases
of children. Although many previous epidemiological
studies of allergic diseases used exposures to traffic-related
air pollutants such as PM

2.5
and NO

𝑋
, other studies also

reported relationships using traffic indicators [25, 40–44].
These metrics help us focus on air pollution directly related
to traffic, whereas it is difficult to isolate the impact of
traffic when we use individual pollutants affected by various
sources other than traffic [25, 45]. Some studies reported even
stronger associations using traffic indicators than those of air
pollution concentrations predicted by exposure prediction
models such as land use regression and dispersion models
[15, 46]. Although other studies raised possible exposure
misclassification of proximity models [40, 47], there have
also been concerns about inconsistency in monitor-based
air pollution estimates when monitoring networks are sparse
[48].

We used proximity and density of major roads based on
road networks to represent traffic volume. Whereas previous
studies of TRAP and allergic diseases mostly used proximity,
we added road density which showed stronger associations
than those of road proximity in our results. In addition,
we incorporated numbers of lanes and line widths to road
density instead of sum of single line lengths. The improved
representation of the amount of traffic for road density
possibly resulted in stronger associations than those for road
proximity. Daily traffic volume on the roads with six lanes
or more (mean = 84,310, SD = 30,744), defined as our
major roads along with highways, was much higher than
on the roads having less than six lanes (42,584, 17,105) at
56 traffic monitoring sites operated by the Seoul Transport
Operation and Information Service [49]. In addition, air
pollution concentrations measured at regulatory monitoring
sites adjacent to the roads with six lanes or more were higher
than concentrations at urban background monitoring sites
in Seoul. The annual average concentrations of NO

2
and

PM
10

in 2010 at urban roadside sites in Seoul (52 ppb, and
55.50 𝜇g/m3, resp.) were much higher than those at urban
background sites (34 ppb, and 48.96 𝜇g/m3, resp.) [50].

We found stronger associations with atopic eczema using
improved TRAP estimates with reduced exposure measure-
ment error. Children living within the same distance to large
roads may be exposed to different levels of TRAP depending
on the vertical height of residences. The population affected
by building heights would be large particularly in dense
metropolitan areas where many people reside in MDU. In
Seoul, 58% of households lived in MDU based on the 2010
population census. Smaller ORs of atopic eczema for children
living on the 4th floor or higher than those for children living
on the low floors, observed in our study, possibly indicate the
impact of exposure measurement error on the attenuation of
effect estimates. However, ORs of asthma and allergic rhinitis
were higher in children living on the 4th floor or higher.
Moreover, there were associations in children living on the
10th floor or higher and within 150–500m from the closest
major road. This unexpected pattern could be explained by
vertical dispersion of pollutant flow disrupted by nearby

buildings with downwind. Other explanations could include
indoor pollutants such as semivolatile polycyclic aromatic
hydrocarbon and/or different socioeconomic conditions of
high floor residence [33, 51, 52]. Our study population who
had large spatial coverage based on their residences and
included the age range of 1 to 12 years possibly increased our
ability to detect the association. The Atopy School Friendly
Project survey sampled more than 30,000 children from all
25 districts of Seoul, who may represent the population of
children in Seoul. This rich sample might help assess fine-
scale spatial variability of exposure to traffic. The wide age
range along with availability of accurate address information
could have provided diversity of allergic outcomes varying by
age.

We found the association of TRAPwith atopic eczema but
no associations with asthma and allergic rhinitis. Although
all three allergic diseases, examined in this study, had similar
biological mechanisms for TRAP through their immune
responses [53], there were a few studies focusing on the
association with nonasthmatic allergic diseases, such as
atopic eczema [13, 15, 17, 26, 54–56]. A cohort study in
Munich, Germany, found that road proximity, defined by
50m to the closest major road, was associated with eczema
prevalence in children aged 6 [15]. However, another German
study in a different city using similar study designs and
exposure assessment approaches provided different findings
[20]. This inconsistency could be due to environments of
study areas, children’s age ranges, or limitation in exposure
assessment. No associations of asthma, often reported for
their associations in previous studies, also could be driven
by misclassification. PR of asthma in this study based on
the ISAAC questionnaire (8.0%) was higher than those in
other countries, although this PR was similar to those in
South Korea based on physician-diagnosed prevalence in the
Korea Youth Risk Behavior Web-Based Survey and audio-
visual questionnaire [57–59].However, PR for children aged 6
or over (6.4%) was similar to PRs based on current symptoms
reported in the ISAAC questionnaire in other countries (5.8
and 8.7 for ages 6-7 and 13-14, resp.) [11]. To reduce the impact
of misclassified responses, we restricted our analysis to the
children aged 6–12 (𝑁 = 11,803) in our sensitivity analysis.
PR of asthma was significantly lower (PR = 6.4, 95% CI =
6.0–6.9) than PR for all children (8.0, 7.6–8.5), different from
atopic eczema and allergic rhinitis showing slightly lower or
higher prevalence. In contrast, ORs of TRAP were consistent
between two groups of children.

A suggested biological mechanism for the association
of TRAP and atopic eczema was predisposing skin barrier
dysfunction followed by direct exposure of pollutants on skin.
Previous toxicological studies showed that aryl hydrocarbon
receptor (AhR) in cytosol of keratinocytes bound polycyclic
aromatic hydrocarbons among diesel exhaust particles and
activated the skin barrier dysfunction. Upon chemical bind-
ing, AhR may translocate into nuclei of a cell and induce the
transcription of gene associated with generation of barrier
protein including filaggrin (FLG), reactive oxygen species
(ROS), and other inflammatory cytokines. FLGmutation and
inflammatory process activated by upregulated genes may
result in atopic eczema [24, 60–63].
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We found that children’s regional SES modified the
association of TRAP exposure on atopic eczema and allergic
rhinitis after accounting for household SES. This implies
that, even under the same built environment including traffic
exposure, the impact on the individual’s health can be affected
differentially by socioeconomic background of their residen-
tial areas. In our results, ORs of atopic eczema for TRAPwere
higher in children with high income family than those with
low income family in the same socioeconomically deprived
areaswith less exposure to traffic.Generally, the housing price
of house nearby major roads is higher for its transportation
accessibility in Seoul. Children with high income family
may live close to major roads, even if they live in low SES
region, and be exposed to high TRAP.Our finding of different
regional effects after adjusting for individual SES suggests that
the improvement of socioeconomic environments possibly
driven by public health policy implementation can reduce
adverse effects of TRAP on allergic diseases of children.

The findings of this study should be interpreted with the
following limitations. Our cross-sectional survey is limited
to explaining the causal relationship between traffic expo-
sure and allergic diseases. In addition, this study identified
allergic diseases based on parent-reported questionnaires.
Responses could have been dependent on parents’ awareness
on allergic symptoms which may result in outcome misclas-
sification. There also might have been response distortions.
For instance, parents could respond in a socially desirable
direction. Lastly, because the survey questionnaires were not
primarily designed for studies of TRAP-associated allergic
diseases, we did not include important confounders such
as parental history of allergic diseases and environmental
smoking exposure. Future cohort studies including rich
information on these confounders should confirm the asso-
ciation between TRAP and allergic diseases.

5. Conclusions

Based on a large population with rich spatial coverage and
wide age range, we found that children living in areas
surrounded by large and busy roadswere likely to be at greater
risks for atopic eczema, with increased vulnerability when
living in deprived areas.
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Background. Atopic dermatitis (AD) is a common chronic inflammatory skin disease, but only few studies involved samples of
children and adolescents that are representative of the entire Korean population. This study aimed to estimate the prevalence
and risk factors of AD among children and adolescents in Korea by using nationally representative data. Methods. We used data
from the fifth Korean National Health and Nutrition Examination Survey in 2010 and retrospectively evaluated 2,116 children and
adolescents. Logistic regression analysis was performed to determine the relationship between AD and other variables, including
IgE levels. Results.The prevalence rate of AD in children and adolescents was 15.0%. In the multivariate analysis of ages from 1 to 18
years, age (adjusted odds ratio [aOR], 0.96; 𝑝 < 0.01) was related to AD. From age of 12 to 18 years, smoking (aOR, 8.99; 𝑝 < 0.01)
and elevated total IgE serum level (aOR, 5.31; 𝑝 < 0.01) were related to AD. Conclusion. Age, smoking, and elevated total IgE level
were related to AD in the children and adolescents. Thus, an antismoking policy and public education are necessary for reducing
the prevalence of allergic diseases. In addition, measurement of total IgE level and age may be helpful in the diagnosis of AD.

1. Introduction

Atopic dermatitis (AD) is the most common chronic skin
disorder in children and is characterized by pruritus and
eruption [1, 2]. AD is classified into extrinsic AD, which
exhibits elevated total IgE (tIgE) levels in the presence of
IgE-mediated sensitization to specific allergic antigens, and
intrinsic AD, which exhibits normal tIgE levels in the absence
of IgE-mediated sensitization to allergic antigens [3]. The
typical symptom of AD is pruritus, which may cause sleep
disturbance, anxiety, anger, or depressive symptoms [1, 4].
In addition, AD negatively affects patients’ social life, lowers
their academic achievement, and sometimes causes patients
to think about committing suicide [4]. According to the
International Study of Asthma and Allergies in Childhood
(ISAAC), the prevalence of AD varies greatly from 0.3% to
20.5% [5]. The 2010 ISAAC in South Korea also showed that

the prevalence of “AD diagnosis, ever” was 35.6% in children
aged 6-7 years and 24.2% in adolescents aged 12-13 years [6].

Although there have been domestic studies on the epi-
demiology and risk factors of AD which have been designed
to represent the entire population of South Korea, domestic
studies that analyzed tIgE and specific IgE (sIgE) levels
as variables are scarce [7]. Therefore, this study aimed to
investigate the prevalence and risk factors of AD and to
determine the association of tIgE and sIgE levels with the
occurrence of AD based on data from the first year of the fifth
Korean National Health and Nutrition Examination Survey
(KNHANES), 2010.

2. Materials and Methods

2.1. Subjects. The fifth KNHANES is a cross-sectional survey
conducted throughout the year for all household member
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samples aged ≥1 year from 3,840 households by sampling
192 enumeration districts each year [8]. The fifth KNHANES
was performed with a rolling sampling design, including a
complex, stratified, multistage probability cluster survey and
was stratified into two phases [7, 8]. The survey procedure
of SPSS was used considering complex sampling design of
KHANES [8]. All the participants signed informed consent
forms. The subjects of this study were 2,116 individuals
aged 1–18 years who participated in health interview and
examination surveys among 8,958 participants of the fifth
KNHANES [8]. The survey was approved by the institutional
review board of the Korea Centers for Disease Control and
Prevention (2010-02CON-21-C) [8]. Detailed information
about KNHANES is available on http://knhanes.cdc.go.kr/.

2.2. Variables. AD was defined as responding “yes” to the
question, “Have you ever been diagnosed with AD by a phy-
sician?” Smokers were defined as those who smoked at least
once within amonth, and drinkers were defined as those who
drank at least once within a month. Obesity was defined as
a body mass index (BMI) of ≥25 kg/m2 or higher than the
95th percentile of sex- and age-specific BMIs in the 2007
Korea National Growth Chart for BMI (kg/m2) [9]. tIgE and
sIgE levels were tested by using ImmunoCAP 100 (Phadia,
Sweden). tIgE level was analyzed by performing log 10 trans-
formation. Specific antigens were of 3 kinds: Dermato-
phagoides farinae, dog, and cockroach. Antigen-specific IgE
levels of ≥0.35 kU/L were considered positive, and a positive
result was considered indicative of sIgE sensitization [1]. Age,
sex, residence, and other factors were also surveyed.

2.3. Statistical Analyses. Categorical variables are presented
as proportions (percentages), and the chi-square test was per-
formed for the cross-tabulation analysis of AD by using the
categorical variables. Continuous variables are presented as
means (±standard error), and Student’s 𝑡-test was performed
to analyze the differences of AD in terms of the continuous
variables. To examine the association between AD and its
risk factors, odds ratio (OR) was determined by using multi-
ple logistic regression analysis. Primarily, all the children and
adolescent subjects aged 1–18 years were analyzed. Secon-
darily, those aged 12–18 years were analyzed with a health
behavior questionnaire about smoking and drinking status
and for serum vitamin D concentrations, tIgE concentration,
and sIgE sensitization. All statistical analyses were performed
by using IBM SPSS ver. 21.0 (IBM Co., Armonk, NY, USA)
to evaluate the stratified cluster sampling design survey. All
presented results are weighted values. A 𝑝 value of <0.05 was
considered statistically significant.

3. Results

3.1. General Characteristics. The prevalence of AD in Korean
children and adolescents decreased from 15.2% ± 1.3% in
2007 to 13.0% ± 0.8% in 2009 and remained unchanged at
15.0% ± 1.1% in 2010 (Figure 1 and Table 1). When analyzing
the data of all the participants aged 1–18 years, the mean
age of those with AD was 9.7 ± 0.4 years, while the mean
age of those without AD was 10.5 ± 0.2 years, showing a
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Figure 1: Change in prevalence of AD in children and adolescents
(2007–2010). The prevalence of AD in children and adolescents was
15.2% ± 1.3% in 2007, 14.6% ± 0.9% in 2008, 13.0% ± 0.8% in 2009,
and 15.0% ± 1.1% in 2010. (mean ± standard error (SE)).

statistically significantly higher mean age for those without
AD (𝑝 = 0.02). No significant difference in the prevalence of
AD was found according to sex, region, and obesity. Among
the children and adolescents aged 12–18 years, the prevalence
of AD was 15.2% ± 4.7% in the smokers and 11.7% ± 1.9%
in the nonsmokers and was 11.4%± 2.9% in the drinkers and
12.2%±2.0% in the nondrinkers.Themean serum vitamin D
level was 15.6 ± 0.5 ng/ml in the patients with AD and 16.3 ±
0.4 ng/ml in the subjects without AD, showing no statistically
significant difference. Twenty subjects with extrinsic AD had
positive sIgE results, and 16 subjectswith intrinsicADhad all-
negative sIgE results.The prevalence of ADwas 14.1%±3.8%
in the subjects with positive sIgE results and 14.4% ± 3.7% in
the subjects with negative sIgE results, showing no significant
difference. No significant differences were found in the
prevalence of AD according to the presence or absence of D.
farinae-, dog-, and cockroach-specific sensitization. The tIgE
geometric mean was 200.22 ± 1.28 kU/L in the patients with
AD and 94.61 ± 1.11 kU/L in the subjects without AD, show-
ing a statistically significant difference (𝑝 < 0.01; Table 1).

3.2. Risk Factors of AD in the Subjects Aged 1–18 Years.
Among the various variables, increasing age was found to
be significant (crude OR, 0.97; 95% confidence interval [CI],
0.94–0.996; 𝑝 = 0.03). The results of the multivariate logis-
tic regression analysis also showed that the prevalence of
AD statistically significantly decreased with increasing age
(adjusted OR, 0.96; 95% CI, 0.93–0.99; 𝑝 < 0.01) (Table 2).

3.3. Risk Factors of AD in the Subjects Aged 12–18 Years.
Smoking and drinking status, 25-hydroxyvitaminD (vitamin
D) levels, tIgE levels, and sIgE sensitization were added to
the variables for the subjects aged 12–18 years (Table 3). The
results of the univariate analysis showed that smoking status
was not significantly associatedwithAD (crudeOR, 1.36; 95%
CI, 0.62–2.96; 𝑝 = 0.44), whereas the results of the multiple
logistic analysis showed that smoking status was statisti-
cally significantly associated with AD (adjusted OR, 8.99;
95% CI, 2.03–39.79; 𝑝 < 0.01). An increase in tIgE level
was statistically significantly associated with AD in both the
univariate analysis (crude OR, 2.65; 95% CI, 1.28–5.46; 𝑝 <
0.01) and multiple logistic analysis (adjusted OR, 5.31; 95%

http://knhanes.cdc.go.kr/


BioMed Research International 3

Table 1: The demographic characteristics of atopic dermatitis in children and adolescents (1–18 years old).

Variable Number AD† (SE) non-AD (SE) Prevalence, % (SE) 𝑝 value

Total 2116 322 1794 15.0 (1.1)
AGE (year) 9.7 (0.4) 10.5 (0.2) 0.02∗

Sex 0.88
Male 1102 174 928 14.5 (1.3)
Female 1014 148 866 15.5 (1.7)

Region 0.65
City 1783 276 1507 15.5 (1.3)
County 333 46 287 12.6 (2.4)

Obesity 0.39
(−) 1785 274 1511 15.1 (1.1)
(+) 195 36 159 16.0 (3.1)

Smoking (≥12 years) 0.13
(−) 675 78 597 11.7 (1.9)
(+) 52 9 43 15.2 (4.7)

Drinking (≥12 years) 0.47
(−) 559 69 490 12.2 (2.0)
(+) 170 18 152 11.4 (2.9)

Vitamin D‡
(≥12 years, ng/ml) 651 15.6 (0.5) 16.3 (0.4) 0.21

Specific IgE sensitization
(≥12 years) 0.94

(−) 126 16 110 14.1 (3.8)
(+) 151 20 131 14.4 (3.7)

Df IgE sensitization
(≥12 years) 0.61

(−) 144 19 125 15.5 (4.3)
(+) 133 17 116 12.9 (3.5)

Dog IgE sensitization
(≥12 years) 0.38

(−) 251 30 221 13.7 (3.2)
(+) 26 6 20 19.3 (8.5)

Cockroach (≥12 years) 0.49
(−) 225 30 195 13.2 (2.7)
(+) 52 6 46 18.6 (7.5)

Total IgE (kU/L) (≥12 years) 277 200.22 (1.28) 94.61 (1.11) < 0.01∗
∗�푝 < 0.05. †AD: atopic dermatitis. ‡25(OH) D.

Table 2: Logistic regression analysis of atopic dermatitis in children and adolescents (1–18 years old) (𝑛 = 1,947).

Variable Crude OR 95% CI p value Adjusted OR† 95% CI p value
AGE (year) 0.97 0.94, 0.996 0.03∗ 0.96 0.93, 0.99 <0.01∗

Obesity
(−) 1 1
(+) 1.07 0.70, 1.64 0.76 1.15 0.76, 1.74 0.51

∗�푝 < 0.05. †Adjusted by sex, residence, and income.
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Table 3: Logistic regression of atopic dermatitis (AD) in adolescents (12–18 years old) (𝑛 = 269).

Variable Crude OR 95% CI 𝑝 value Adjusted OR† 95% CI 𝑝 value
Obesity

(−) 1 1
(+) 1.07 0.70, 1.64 0.76 2.00 0.59, 6.79 0.26

Smoking
(−) 1 1
(+) 1.36 0.62, 2.96 0.44 8.99 2.03, 39.79 <0.01∗

Specific IgE
(−) 1 1
(+) 1.03 0.51, 2.08 0.94 0.39 0.13, 1.19 0.10

Vitamin D‡ 0.97 0.92, 1.02 0.22 0.93 0.85, 1.01 0.08
Total IgE§ 2.65 1.28, 5.46 <0.01∗ 5.31 1.81, 15.61 <0.01∗
∗�푝 < 0.05. †Adjusted by age, sex, residence, income, and drinking. ‡25(OH) D. §log10transformed.

CI, 1.81–15.61;𝑝 < 0.01). No significant association was found
between the other variables and AD.

4. Discussion

This study investigated the prevalence of AD and its risk
factors among Korean children and adolescents by using
data from the KNHANES. We demonstrated that age, hazard
behavior such as smoking, and elevated tIgE level are asso-
ciated with AD in Korean children and adolescents. To our
knowledge, this study is the first to analyze AD in children
and adolescents by using tIgE and sIgE levels, which were
measured only in the 2010 KNHANES.

In the previous epidemiological studies in South Korea,
the prevalence of “itchy eczema, ever” in children aged 6-
7 years increased over the past 10 years from 17.1% in 2000
to 27.0% in 2010, and the prevalence of “itchy eczema, ever”
in children aged 12-13 years increased from 13.4% in 2000
to 20.6% in 2010 but tended to be low in those who were
older [1, 6]. According to theKoreaYouthRisk BehaviorWeb-
based Survey, the lifetime prevalence of ADwas 17.3% in 2007,
18.5% in 2008, 18.9% in 2009, and 23.1% in 2010 [9, 10]. The
prevalence ofADwas found to be lower than that found in the
Korea Youth Risk Behavior Web-based Survey. This may be
because the KNHANES minimized statistical bias compared
with other researches and was conducted through a one-on-
one interview with the subjects rather than a simple ques-
tionnaire or online self-administered survey, by which the
respondentswere possiblymore cautious about their answers.

In the present study, we analyzed the association between
tIgE levels and presence or absence of sIgE and allergic
diseases in Korean children and adolescents. IgE has been
revealed to be produced through isotype switching in B cells
by IL-4 and IL-13, which are secreted from Th2 cells, and
IgE production is further increased by IL-5 and IL-9 [11, 12].
Elevated IgE levels cause immune responses that interact
with mast cells to express allergic diseases [13]. Therefore,
elevated IgE levels can be a risk factor of allergic diseases
[14]. Various studies, including the NHANES in the United
States (US NHANES), demonstrated that the tIgE levels in

the patients with allergic diseases were higher than those
in healthy controls [15–17]. The results of this study suggest
that an increase in tIgE level was associated with AD in
children aged ≥12 years. However, no significant difference
in prevalence was found between sIgE-positive extrinsic AD
and sIgE-negative intrinsic AD. A possible explanation for
such a result may be that the number of tested sIgEs was few
in this study. In the US NHANES, the prevalence rates of
positive IgEs were 18.5% for D. farinae, 10.3% for cockroach,
and 11.8% for dog dander, and all possible allergens of allergic
diseases were not represented [17]. Therefore, we cannot
assert that the cases of negative sIgEs must be all intrinsic
AD. In the US NHANES, 15 sIgEs were examined; thus, the
reliability was high [17]. Therefore, if we increase the number
of sIgEs in future studies, clearer results can be expected.

In the present study, we found that AD was closely
associated with history of smoking (adjusted OR, 8.99; 95%
CI, 2.03–39.79; 𝑝 < 0.01). It was already reported in 1994
that mitogen-induced IL-4 production was rapidly increased
in smokers [18]. Smoking increases the number of CD4 cells
selectively, thereby increasing not only total leucocyte count
but also CD4/CD8 ratio [19]. An increase in Th2 cells leads
to increased IL-4 production and leads to increased response
to environmental antigens such as pollen, animal dander, and
house dust mites and to the development of major symptoms
of allergic diseases [18]. The previous results support the
result of the present study that identified smoking as a risk
factor of AD. A previous study reported that the OR for
developing AD in infants exposed to tobacco smoke in late
pregnancy was 0.8 (95% CI, 0.7–0.9), indicating that the
risk of developing AD was slightly decreased [20]. However,
other studies reported that exposure to tobacco smoke in
fetal life increased the risk of AD [21, 22]. In addition, a
study with children reported that secondhand smoke from
family members, including mothers, was a risk factor of AD
in children [23].The results of the present study revealed that
smoking is an important risk factor of AD, suggesting the
importance of smoking cessation in adolescent health care to
reduce and prevent the development of AD. To prevent the
development of AD, continuous smoking cessation education
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for middle and high school students is also considered
necessary.

We found that vitamin D was not associated with AD.
Vitamin D deficiency has been found to be a risk factor of
allergic diseases in many studies [24–26]. Vitamin D was
known to have a positive effect on the permeability barrier in
the epidermis [25]. However, the role of vitamin D in allergic
diseases is still controversial, as it has been reported that vit-
amin D intake during infancy increased the development
of AD [27]. The KNHANES was a cross-sectional study
measured at a single time point, although tests for serum vita-
min D levels were conducted throughout the year. Thus, its
interpretation has limitations. Further studies on the relation-
ship between vitamin D and allergic diseases are considered
necessary in the future.

The present study has several limitations. First, although
the survey was conducted as a cross-sectional study through-
out the year, the association between AD and other variables
is difficult to clearly determine. Second, blood tests were not
performed for children. As sIgE tests were performed only
for 3 allergens and skin prick tests were not performed, the
interpretation of the allergen test results has some limitation.
Therefore, if allergen tests using additional and diverse
allergens were performed, more reliable analyses would have
been possible. Third, the number of participants was limited
in terms of representing the entire Korean population of
children and adolescents. However, because the KNHANES
was designed to represent the whole Korean population and
trained researchers obtained information through interviews,
it sufficiently provided reliable data.

In conclusion, the prevalence of AD in children and
adolescents is higher with younger age, which is a risk factor
of the development of AD in Korean adolescents besides
smoking and increased tIgE level. Therefore, early detection
and management of AD are needed and more emphasis
should be given to related education and prevention to reduce
hazard behaviors such as smoking. Allergic serum tests such
as IgE tests should be performed actively if necessary. Large-
scale studies are also needed to identify the causal relation-
ship between AD-related risk factors and serological factors
in the future.
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[21] U. Krämer, C. H. Lemmen, H. Behrendt et al., “The effect of
environmental tobacco smoke on eczema and allergic sensiti-
zation in children,” British Journal of Dermatology, vol. 150, no.
1, pp. 111–118, 2004.

[22] T. Schafer, P. Dirschedl, B. Kunz, J. Ring, and K. Uberla, “Mater-
nal smoking during pregnancy and lactation increases the risk
for atopic eczema in the offspring,” Journal of the American
Academy of Dermatology, vol. 36, no. 4, pp. 550–556, 1997.

[23] O. Yi, H.-J. Kwon, H. Kim et al., “Effect of environmental
tobacco smoke on atopic dermatitis among children in Korea,”
Environmental Research, vol. 113, pp. 40–45, 2012.

[24] G. Paul, J. M. Brehm, J. F. Alcorn, F. Holguı́n, S. J. Aujla, and
J. C. Celedón, “Vitamin D and asthma,” American Journal of
Respiratory and Critical Care Medicine, vol. 185, no. 2, pp. 124–
132, 2012.

[25] D. A. Searing and D. Y. M. Leung, “Vitamin D in atopic derma-
titis, asthma and allergic diseases,” Immunology and Allergy
Clinics of North America, vol. 30, no. 3, pp. 397–409, 2010.

[26] A. A. Benson, J. A. Toh, N. Vernon, and S. P. Jariwala, “The role
of vitamin D in the immunopathogenesis of allergic skin dis-
eases,” Allergy, vol. 67, no. 3, pp. 296–301, 2012.

[27] O. Bäck, H. K. Blomquist, O. Hernell, and B. Stenberg, “Does
vitamin D intake during infancy promote the development of
atopic allergy?” Acta Dermato-Venereologica, vol. 89, no. 1, pp.
28–32, 2009.



Research Article
The Prevalence of Ocular Allergy and Comorbidities in
Chinese School Children in Shanghai

Yanqing Feng,1 XiangningWang,2 FangWang,3 Rongming Liu,4 Lu Chen,1 ShuqinWu,1

Xia Yang,1 Miaoying Chen,1 Yu-Qing Rao,5 and Jing Li5

1Department of Ophthalmology, Shanghai Kongjiang Hospital, Shanghai, China
2Department of Ophthalmology, The Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,
600 Yishan Road, Shanghai 200233, China
3Department of Moral Education, Institute for Advanced Study of Teachers, Bureau of Education of Yangpu District, Shanghai, China
4Erlian Primary School of Yangpu District, Shanghai, China
5Department of Ophthalmology, Xin Hua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China

Correspondence should be addressed to Jing Li; lijing@xinhuamed.com.cn

Received 27 March 2017; Revised 5 June 2017; Accepted 19 July 2017; Published 21 August 2017

Academic Editor: In-Hwan Oh

Copyright © 2017 Yanqing Feng et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To investigate the prevalence and features of ocular allergy (OA) and comorbidities among school children in Shanghai,
China. Methods. This was a population-based cross-sectional study. Each participant completed an ISAAC-based questionnaire.
The prevalence of OA symptoms, allergic rhinitis (AR) asthma, atopic dermatitis (AD), and sensitization to mites, pollen, and
food was analyzed. Results. A total of 724 and 942 completed questionnaires from the 7–9-year-old (young group) and the 12–14-
year-old (teen group) groups were analyzed, respectively. The overall prevalence of OA symptoms was 28%. However, more young
students (10.6%) reported mild to severe daily life interference caused by OA than the teens (5.7%). The young group had higher
prevalence of diagnosed allergic conjunctivitis (10.2%). The overall prevalence of AR symptom, diagnosed asthma, and diagnosed
AD was 40.4%, 11.6%, and 16.7%, respectively. Young children had higher prevalence of diagnosed AR and AD than the teens.
There were gender associated differences in the prevalence of AR and asthma among young children, but not among the teens.
The comorbidities associated with OA was also analyzed. Sensitization to mites, food, and pollen was associated with higher
prevalence of allergic conditions.Conclusions. OA togetherwith other allergic conditions affected a significant number of children in
Shanghai.

1. Introduction

Ocular allergy (OA) is frequently associated with other aller-
gic conditions such as rhinitis and asthma and treated as
an associated symptom with nasal allergy [1, 2]. For this
reason, the prevalence and characterizations of OA are often
not surveyed individually and subsequently the data was
scarce. Among reported studies on the prevalence of OA, the
definition of the condition, themethod used, and the targeted
population of investigation varied significantly [3–8]. These
differences made estimating the prevalence of OA in general
population and comparison among different regions and
ethnic groups very difficult [9, 10]. A unified definition of
OA and standardized methods of survey would be useful in

order to generate comparable data on the epidemiology ofOA
worldwide.

The International Study on Asthma and Allergies in
Childhoods (ISAAC) had developed effective methods to
survey the prevalence of asthma, allergic rhinitis, and eczema
among children [11]. The questionnaires designed by ISAAC
have been tested and proved by studies from almost every
region in the world in many languages including Chinese.
Unfortunately, OA was not included in the ISAAC study.
However, attempts had been made to adopt questionnaires
and survey methods of ISAAC to investigate the prevalence
of OA and comparable data was generated among children
from different regions [3, 5, 7].
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China is one of the largest countries in the world with
almost 20% of the world population and a land mass close
to the entire continent of Europe. There are vast differences
in climate and environment across the country. However,
research on the epidemiology of allergic diseases in China
was limited [12]. In the last century, the reported overall
prevalence of common allergic conditions was low in China
[1]. This has changed rapidly in the recent two decades.
For example, in Phase III of study of ISAAC, the reported
prevalence of rhinitis ever, rhinitis, and rhinoconjunctivitis
among children of 13-14 years in Beijing was at 46.1%, 35.6%,
and 10%, respectively, reflecting the annual increase of 0.30%
to 0.66% for these conditions [13]. The causes for such
significant increase in allergic conditions among Chinese are
likely multifactorial, including changes of the environment,
life style, childhood nutrition, and disease awareness. More
studies using the same or similar protocols are needed to fully
understand the profile of allergic conditions in China.

Despite the fact that there were several epidemiological
studies on asthma, allergic rhinoconjunctivitis, and atopic
dermatitis (AD) among children in China [14–19], the preva-
lence of OA remains unknown. In this study, we adopted
the core questions developed by ISAAC study to determine
the prevalence of OA and other common allergic conditions
in school children at the ages of 7–9 and 12–14 years in
metropolitan Shanghai, China.

2. Methods

2.1. Study Cohorts and Ethnics. This was a cross-sectional
study conducted between March 2016 and May 2016 in Yang
Pu District, Shanghai, China. A pilot study on about 350
students between ages of 7 and 12 years was carried out
in 2014. The pilot study included questionnaires designed
based on ISAAC questionnaires and on-site ophthalmic
examinations for ocular allergy symptoms.The questionnaire
was given to students two days before on-site ophthalmic
examination and was collected on the day of examination.
More questions than given in this study were included in the
pilot questionnaire and the students’ answers were carefully
analyzed to determine the optimal number of questions and
the proper phrasing of each question.

Based on the pilot study, we estimated that the prevalence
of OA symptoms among primary school students was around
25%. Therefore a sample size of 626 was required in order to
reach a confidence level of 0.95 and a precision of 0.05 with
assumed sensitivity of 0.8 and specificity of 0.9. Assume a total
of 10% of dropout rate, we estimated that 700 students in each
targeted age group were needed.

The schools participated in this study were randomly
picked by the Bureau of Education of Yangpu District. From
four primary schools, 950 students between grades 1 and 3
were enrolled for the 7–9-year-old group. From five middle
schools, 1050 students between grades 6 and 8 were enrolled
for the 12–14-year-old group. Only completed questionnaires
of children within the desired age range with consent were
analyzed.

This study was performed in accordance with the Dec-
laration of Helsinki (1964) and approved by the Ethics

Review Boards of the Administration of Education and
School, Shanghai (YPJY20151202), and Kong Jiang Hospital,
Shanghai (KJ20151201), China. Informed written consent was
obtained from the parents or guardians of all participated
children.

2.2. Questionnaire. Based on the pilot study, we designed a
multiple choice questionnaire which was essentially based
on the International Study of Asthma and Allergies in
Childhood (ISAAC) [11].The English translation of the ques-
tionnaire was provided (Figure 1). The questionnaire was
distributed to each student of the participated classes together
with the consent form and an information letter to the
parents/guardians by the class monitor. Students were told
to take it home and fill it out together with their par-
ents/guardians if they agreed to participate into the study. It
was collected on the following day together with the consent
form.

2.3. Definition of OA and Other Allergic Conditions. A posi-
tive OA symptom was defined if a child had previous history
of itchy/watery eye and experienced at least 1 episode of
such experience in the past 12 months. Seasonal OA was
defined if the symptoms occurred in two ormore consecutive
months. Perennial OA was defined if the symptoms occurred
in four or more months. A positive allergic rhinitis symptom
was concluded if a child had previous and recent (within 12
months) experiences of blocked/itchy nose in the absence
of fever/cold. A positive rhinoconjunctivitis symptom was
concluded if a child had itchy/running/blocked nose together
with itchy/watery eyes. A positive asthma symptom was con-
cluded if a child had previous and recent (within 12 months)
experiences of short of breath/wheezing. Note that separate
questions were asked whether they had been diagnosed with
rhinitis or asthma.

2.4. Statistical Analysis. Statistical analysis was performed
using Statistical Package for the Social Sciences (SPSS)
Version 19 (IBM Corporation, Armonk, NY). Statistical sig-
nificance was accepted at 𝑝 ≤ 0.05. Chi-square test was
performed to evaluate the association between different
variables.

3. Results

3.1. Basic Demographic Information of the Participated Chil-
dren. A total of 2000 questionnaires were distributed to 4
primary schools and 5 secondary schools and 1820 were com-
pleted with consent. Among these, 154 were excluded because
the age of these students was not in the desired range. The
basic demographic information of the qualified childrenwere
provided in Table 1. In total, we had 724 qualified question-
naires from the group of 7–9 years old and 963 qualified
questionnaires for the group of 12–14 years old.

3.2. Prevalence and Features of OA Symptoms. The age and
gender stratified prevalence of OA symptoms were given
in Table 2. Overall about 28.0% of all children experienced
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School Class Name Sex: Male Female DOB Age

(Q1) Have you ever experienced eye itching/tearing in the absence of fever/cold?

Yes No

(Q2) At which month(s) did you have the experience? Please tick as many months as it �ts you.

Jan Feb Mar Apr May Jun

Jul Aug Sept Oct Nov Dec

(Q3) In the past 12 months, in the absence of fever/cold, how many times did you experience 

itchy/watery eye?

1–4 times 5–10 times More than 10 times

(Q4) In the past 12 months, how bad did the above experience a�ect your study and daily activity?

Neglibile Somewhat Had to ask for school leave

(Q5) In the past 12 months, did you have to see a doctor for the itchy/watery eye?

Yes No

(Q6) When you had the above experience, did you also experience light phobia? For example, you 

felt like squinting or uncomfortable/di�cult looking at your desk lamp. 

Yes No

(Q7) When you had the above experience, did you also had foreign body sensations? For example, 

you felt like that was sand in your eye.

Yes No

(Q8) When you had the above experience, did you also have itchy nose, or running nose or blocked 

nose?

Yes No

(Q9) Have you been diagnosed as having allergic conjunctivitis?

Yes No

(Q10) Have you ever had blocked/itchy/running nose in the absence of fever/cold?

Yes No

(Q11) In the past 12 months, have you had blocked/itchy/running nose in the absence of fever/cold? 

Yes No

(Q12) Have you ever been diagnosed with allergic rhinitis? Yes No

(Q13) Have you ever experienced di�culty in breathing or wheezing? 

Yes No

(Q14) In the past 12 months, have you had the above experience as mentioned in (Q13).

Yes No

(Q15) Have you been diagnosed as having asthma? Yes No

(Q16) Have you been diagnosed as having atopic eczema? Yes No

(Q17) Have you had any food allergy? Yes No

(Q18) Have you had pollen allergy? Yes No

(Q19) Are you allergic to mites? Yes No

Figure 1: The English version of the questionnaire used in this study. This questionnaire was designed based on ISAAC.
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Table 1: Basic demographic information of the participants.

Age Number of children
Boys Girls Total

7 years 129 114 243
8 years 141 136 277
9 years 102 102 204

Subtotal 372 352 724
12 years 175 184 359
13 years 178 189 367
14 years 106 110 216

Subtotal 459 483 942
Grand total 831 835 1666

eye tearing and itching. This percentage was slightly higher
in the young group (29.6%) than the teen group (27.0%),
but the difference was not statistically significant. Ocular
foreign body sensation was more frequently reported than
light phobia in both groups. About 7% of the children
had all OA symptoms investigated: tearing, itching, foreign
body sensation, and light phobia. There was no statistically
significant differences between the young and teen groups
and among boys and girls of the same age group regarding
the prevalence and symptoms of OA.

The severity and characteristics of OA symptoms were
summarized in Table 3. In both groups, about 19.6% of the
children reported the OA symptoms for less than 5 times
in the past 12 months. The OA symptoms were seasonal in
about 6.1% of the children, and perennial in about 11.3% of
the children. There were no differences in the frequency and
seasonality of OA among children of different gender or age.

However, there was significant differences regarding the
interference of OA to daily life among children of different
age and gender. Higher percentage of children at the young
age reported that OA interfered with their daily activity.
Consistently, higher percentage of young children sought
medical help and were diagnosed with allergic conjunctivitis.
Between boys and girls, more boys in the young age sought
medical help and diagnosed with allergic conjunctivitis.
However, these gender differences disappeared in the teen
group.

3.3. Prevalence of Allergic Rhinitis, Asthma, and Atopic Der-
matitis and the Coexistence of These Conditions with Ocular
Allergy. We also investigated the prevalence of AR symp-
toms, diagnosed AR, diagnosed asthma, and diagnosed AD
among these children (Table 4). The prevalence of AR symp-
tomswas higher thanOA, at 40.4%overall with nodifferences
between young and teen groups. However, there was signifi-
cant decrease in the prevalence of diagnosed AR in the teen
group compared to the young group. The overall prevalence
of diagnosed asthma was 11.6% among all children with no
difference between young group (13.1%) and teens (10.4%).
However, in both groups, the prevalence of diagnosed asthma
was significantly lower in girls than in boys. Diagnosed AD

None One Two �ree
0
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20
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Figure 2: The percentage of children with none to three coexisting
allergic conditions (allergic rhinitis, asthma, and atopic dermatitis)
within the young group (grey columns) and the teen group (black
columns) who had OA symptoms.

occurred at 16.7% among all children. Again, the young group
showed significantly higher prevalence (27.2%) than the teen
group (8.7%).

Among all children with OA symptoms, there were 18
boys and 26 girls in the young group and 34 boys and 35 girls
in the teen group who reported no other allergic symptoms
investigated here. This accounted for 6.1% and 7.3% of the
young and teen group, respectively.

3.4. Concurrence of OA Symptoms with Other Allergic Condi-
tions. The coexistence of AR, asthma, and AD with OA was
listed in Table 5. In both young and teen groups, the most
common coexisting allergic condition was allergic rhinitis, at
about 61% among all children studied, followed by asthma
at 29% and atopic dermatitis at 25%. The percentages of
childrenwith coexisting allergic rhinitis and atopic dermatitis
were higher in the young group than in the teen group.
But the percentage of coexisting asthma was similar between
the two groups. More boys tended to have coexisting atopic
dermatitis (48.3%) and diagnosed asthma (24.1%) than girls
(33.7% and 13.3%, resp.) in the young group, but the difference
disappeared in the teen group. The percentage of children
with coexisting asthma was similar between the two age
groups.

Overall, children at the young age had higher prevalence
of allergic conditions (Figure 2). For example, the percentage
of children with none of the above allergic conditions was
20.6% in the young group and 38.7% in the teen group.
Furthermore, more children in the young group (about 8.4%)
had coexisting of three or more allergic conditions than that
in the teen group (about 2.4%).

3.5. Prevalence of Sensitization to Mite, Food, and Pollen and
Its Association with OA. We also investigated the prevalence
of sensitization to three general allergens: mite, pollen, and
food (Table 6). Our results showed mite allergy was most
common (overall 17.6%), followed by pollen (overall 12.8%)
and food allergy (overall 12.3%). The percentage of mite
allergy decreased significantly in the teen group compared
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Table 4: Prevalence of other allergic symptoms as stratified by age and gender.

Number of children (% in the group)

𝜒2 𝑝
Young (𝑛 = 724) Teen (𝑛 = 942)

Boys Girls
𝜒2 𝑝

Boys Girls
𝜒2 𝑝

(𝑛 = 372) (𝑛 = 352) (𝑛 = 459) (𝑛 = 483)
AR symptoms 162 (43.5%) 127 (36.1%) 4.207 0.041 173 (37.7%) 211 (43.7%) 3.502 0.064 0.122 0.763
Diagnosed AR 95 (25.5%) 65 (18.5%) 5.254 0.025 87 (19.0%) 81 (16.8%) 0.766 0.395 4.710 0.034
Diagnosed asthma 61 (16.4%) 34 (9.7%) 7.205 0.008 57 (12.4%) 41 (8.5%) 3.899 0.055 2.953 0.090
Diagnosed AD 111 (29.8%) 86 (24.4%) 2.670 0.113 34 (7.4%) 48 (9.9%) 1.896 0.203 100.5 <0.001
Pearson Chi-square analysis was performed and the 𝑝 values were obtained from 2-sided exact significance tests. The 𝜒2 and 𝑝 values listed within each age
group were the results of comparing the numbers of affected boys and girls within the group, thus reflecting the gender differences within age group. The 𝜒2
and 𝑝 values of the last two columns were the results of comparing the total number of affected children between young and teen groups. AR: allergic rhinitis.
AD: atopic dermatitis.

Table 5: Coexistence of other allergic conditions among children with OA symptoms.

Number of children (% in the group)

𝜒2 𝑝
Young (𝑛 = 214) Teen (𝑛 = 252)

Boys Girls
𝜒2 𝑝

Boys Girls
𝜒2 𝑝

(𝑛 = 116) (𝑛 = 98) (𝑛 = 120) (𝑛 = 132)
AR symptoms 83 (71.6%) 62 (63.3%) 1.670 0.240 62 (51.7%) 75 (56.8%) 0.672 0.448 8.911 0.003
Diagnosed AR 52 (44.8%) 39 (39.8%) 0.550 0.490 30 (25.0%) 32 (24.2%) 0.019 1.000 17.364 <0.001
Diagnosed AD 56 (48.3%) 33 (33.7%) 4.663 0.037 10 (8.3%) 17 (12.9%) 1.358 0.309 59.939 <0.001
Diagnosed asthma 28 (24.1%) 13 (13.3%) 4.054 0.055 19 (15.8%) 19 (14.4%) 0.102 0.860 1.622 0.219
Pearson Chi-square analysis was performed and the 𝑝 values were obtained from 2-sided exact significance tests. The 𝜒2 and 𝑝 values listed within each age
group were the results of comparing the numbers of affected boys and girls within the group, thus reflecting the gender differences within age group. The 𝜒2
and 𝑝 values of the last two columns were the results of comparing the total number of affected children between young and teen groups. AR: allergic rhinitis.
AD: atopic dermatitis.

Table 6: Prevalence of sensitization to mite, pollen, and food as stratified by age and gender.

Number of children (% in the group)

𝜒2 𝑝
Young (𝑛 = 724) Teen (𝑛 = 942)

Boys Girls
𝜒2 𝑝

Boys Girls
𝜒2 𝑝

(𝑛 = 372) (𝑛 = 352) (𝑛 = 459) (𝑛 = 483)
Mite allergy 94 (25.3%) 77 (20.5%) 1.155 0.295 68 (14.8%) 55 (11.4%) 2.436 0.123 31.420 <0.001
Food allergy 55 (14.8%) 45 (12.8%) 0.608 0.452 39 (8.5%) 66 (13.7%) 6.346 0.013 2.696 0.114
Pollen allergy 60 (16.1%) 44 (12.5%) 1.963 0.170 53 (11.5%) 56 (11.6%) 0.001 1.00 2.865 0.103
Pearson Chi-square analysis was performed and the 𝑝 values were obtained from 2-sided exact significance tests. The 𝜒2 and 𝑝 values listed within each age
group were the results of comparing the numbers of affected boys and girls within the group, thus reflecting the gender differences within age group. The 𝜒2
and 𝑝 values of the last two columns were the results of comparing the total number of affected children between young and teen groups.

to young group. There was also a significant difference in the
percentage of food allergy between boys and girls in the teen
group.

Theprevalence ofOA, allergic rhinitis, asthma, and atopic
dermatitis was analyzed among childrenwith allergy tomites,
food, and pollen (Table 7). Children with allergy to any of
these allergens had higher prevalence of allergic conditions
than those without (Tables 7 and 4). In general, the sensiti-
zation to these allergens causes more allergic conditions in
young children than in the teens. For example, OA and AD
prevalence was significantly higher among young children
with mite, food, and pollen allergy. Allergic rhinitis was most

frequently associated in children with sensitization to these
allergens, followed by OA and AD.

4. Discussion and Conclusions

There is a general paucity of data on the prevalence of OA
in general population worldwide. As far as we were aware,
there was no report on the prevalence ofOA amongmainland
Chinese children.Herewe adopted the ISAACquestionnaires
to investigate the prevalence of OA symptoms and other
allergic conditions among school children in metropolitan
Shanghai, China. We chose two age groups in order to
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discern possible age-related changes. Our study revealed that
close to 30% of school children in metropolitan Shanghai
experienced OA symptoms. In Phase I of study of ISAAC,
about 10.1% of 6-7-year-old children in Shanghai had itchy
eyes [1].Therefore our study confirmed that there was a rapid
increase of children with OA symptoms among children in
Shanghai.This percentage was higher thanwhat was reported
in a similar study among Brazilian children aged 12–18 years,
whichwas at 20% [7].The prevalence ofOA in the teen group,
which were at the age of 12–14 years, was 27% in this study.
It was close to a telephone survey of itchy/red eyes among
the US households which reported a 34% prevalence of OA
symptoms in children [8].

Although there were no age or gender differences in the
prevalence of OA symptoms, the frequency of tearing/itching
episode, or seasonality of the symptom, our data suggested
that the children of young age were more sensitive to OA
than the teens. For example, about 10% of the children in
the young group and 6% of the children in the teen group
reported moderate to severe interference to daily activities
due to OA. This corresponds to 36.0% and 21.4% of the
children with OA in the young and teen groups, respectively.
In a similar study mentioned above, 30.5% of the children at
the age of 12–18 years reported severe symptoms [7]. A close
analysis of the data revealed that almost all the children who
reported moderate to severe daily life interference sought
medical help.This explained the differences in the percentage
of children seeking medical help within the two groups. We
believe that it also contributed to the higher percentage of
young children diagnosed as having AC (10.2%) than the
teens (2.4%). However, these differences did not necessary
reflect differences in the graveness of the condition. On the
contrary, we believe that possible reasons for the reduced
percentage reporting daily life interference and the need for
medical help among teens were that the children become
more tolerant to the symptoms as they grow older, and also
they were busier in school and had less time to see a doctor
than the young ones.

The overall prevalence of AR, diagnosed AR, asthma,
and AD found in the study was very similar to what was
reported by other groups also using ISAAC study protocol
among Chinese children [12, 20]. The ISAAC Phase III study
reported that the prevalence of rhinitis ever and rhinitis
among children of 13-14 years old in Beijing was at 46.1%
and 35.6%, respectively [13]. However, Shanghai was not
included in Phase III of the study of ISAAC. Our results
compensated for the lack of data. Furthermore, we found that
the prevalence of diagnosed AR andADwas lower in the teen
group than in the young group. Similar results were reported
in other studies among Chinese children [21–23]. Again
we confirmed the overall increase of allergic conditions in
Shanghai over the last decades, suggesting that the changes in
environment, nutrition, and life style had significant impact
on the prevalence of allergic conditions.

Themost common comorbidity of OA is AR. In pediatric
outpatient clinic, the comorbidity of AR in children with
allergic conjunctivitis was reported to be as high as 97% [24].
This number was lower in general population [25]. We found
that about 67.8% of the young children and 54.4% of the teens

withOAhadAR symptoms.The coexistence of diagnosedAR
and AD was also in lower percentage among the teen group
than among the young group. Consistently, higher percentage
of children in the teen group had only OA symptoms. This
could due to the fact that less children in the teen group
reported diagnosed AR and AD. Because this was a cross-
sectional study, we were not able to discern whether OA
tended to become a single condition as children grow older.

A gender difference in the prevalence of allergic condi-
tions was also observed in this study, especially in the young
group. Boys at the young age had reported higher percentage
of having diagnosed AC, AR symptoms, diagnosed AR, and
diagnosed asthma. These differences largely reduced and
disappeared in the teen group. While similar observations
were made by other studies, the reasons for such differences
remained unknown [26–28].

Many factors trigger allergic reaction. In this study, we
investigated the prevalence of sensitization to mite, food,
and pollen among these children. Sensitization to mite was
the most common, especially among young children. How-
ever, the percentage of children who were sensitive to mite
decreased significantly in the teen group, a phenomena also
reported by other groups [29, 30]. At the meantime, the
prevalence of food and pollen sensitization remained similar
between the two groups. Overall, children with sensitization
to these allergens had higher prevalence of allergic condi-
tions, especially in the young group. Therefore our results
suggest thatmore attention should be given to young children
with the above sensitization to avoid the development of
allergic conditions.

This study has several limitations. First of all, we con-
ducted the survey in the spring time which was a peak allergy
season locally. This may result in more acute recognition and
memory of allergic reactions, especially for ocular allergy
and allergic rhinitis, leading to a higher prevalence of these
conditions. Secondly, since it was a descriptive, self-reported
study, the correct understanding and interpretation of each
question and the accurate recollection of the participating
students/guardians about their health conditionswere critical
to the reliability of the results. For example, different child
may have different standard for “experience affect your
study and daily activity.” Children/parents in the teen group
may also forget more about medical history than the teen
group. Face-to-face interview and on-site examination by a
medical professional would have improved the quality of data
significantly. Thirdly, as a cross-sectional study, we were not
able to dissect the cause and consequence between various
observations. A long-term follow-up on these children would
give us more insightful data on the profile of allergic condi-
tions among these children.

In conclusion, our study showed that ocular allergy,
together with other allergic conditions, affected a significant
number of school children in Shanghai, especially among pri-
mary school students. Adequate recognition of these condi-
tions by children, parents, school, and medical professionals
is needed. Preventative measures and prompt treatment of
the symptoms should be recommended to the public and
school administrations. These included effective vacuuming
of the household, avoiding going to highly pollenated areas,
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more selective food, and a constant supply of nonprescriptive
antihistamine medications at school.
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Background. The quantification of asthma medication reduction and its relation to an aggravation of asthma during pregnancy
at an individual level are unclear. Methods. We conducted a nationwide retrospective cohort study of asthmatic pregnant women
in South Korea. All of the asthma medications were ranked from 1 to 4 according to the guideline-based stepwise approach. We
assessed the daily sums of the ranks of the asthma medications and their association with exacerbations during three phases based
on the individual’s delivery date: before, during, and after pregnancy. Results. The study cohort included 115,169 asthmatic pregnant
womenwho gave birth between 2011 and 2013.The subjects were clustered into four groups according to the daily rank sums of their
asthma medication. Asthma medications were rapidly reduced at the beginning of the pregnancy and then slowly increased after
delivery. Exacerbations were more frequent in the group with higher rank-sum values than in the group with lower values. Overall
exacerbationswere reduced during pregnancy compared to before or after delivery.Conclusions. Asthmatic pregnantwomen tended
to reduce their asthma medication use during pregnancy. This led to a greater number of exacerbations in a small part of the study
population.

1. Introduction

Pregnancy affects the severity and control of asthma and is
one of the most important risk factors for the exacerbation
of asthma [1]. The prevalence of asthma during pregnancy is
known to be 3%–12% [2, 3], and the rate of women requiring
medical intervention due to exacerbation during pregnancy
is about 20% [4]. It is well known that the maintenance
of asthma therapy during pregnancy outweighs the risk
to the fetus [5, 6]. Poorly controlled asthma can have a
negative effect on pregnant women and fetuses. Asthma
exacerbations increase the risk of a preterm delivery, low

birth weight, perinatal mortality, and preeclampsia [1, 7].
Indeed, several reports have shown that fetal anomalies are
likely to be associated with asthma exacerbations rather than
the use of asthma medication during pregnancy [8, 9], and
international guidelines consistently recommend the contin-
uation of asthma medication during pregnancy. However,
despite this, most studies have consistently reported that
asthmatic women during pregnancy tend to stop or switch
their asthma medication due to concerns regarding adverse
effects on the fetus [10–14]. Some studies have suggested
that the severity of asthma increases the exacerbation rate
[4, 15], and the severity of asthma before pregnancy is
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Figure 1: Flow diagram of the study cohort.

related to subsequent exacerbations during pregnancy and
asthma symptoms during labor and delivery [4]. Therefore,
severe asthma should be closely monitored and adequately
controlled during pregnancy.

It is well known that one-third of pregnant women
with asthma experience worsened symptoms, another third
improve, and the others show no change [16, 17]. Stopping
or poor compliance with asthma medication may aggravate
asthma in pregnancy. On the other hand, previous severe
asthma can nevertheless aggravate asthma symptomswithout
the patient stopping their asthma medication, and naturally
improved asthma during pregnancy may be well controlled
despite discontinuing with asthma controllers. Most of the
previous studies have, however, investigated patterns of pre-
scriptions and asthma symptoms at the population level but
not at the individual level. To the best of our knowledge,
no studies have investigated changes at the level of asthma
medications and their correlationswith asthma exacerbations
before, during, and after pregnancy at the individual level.
For this reason, further study is needed to evaluate the
effect of pregnancy on medication use and its correlation
with asthma exacerbation at the individual level. We hypoth-
esized that asthmatic women tend to reduce or stop the
use of asthma medication during pregnancy and that the
correlation with asthma exacerbation will differ according to
their severity of asthma and its natural course before and
during pregnancy. To prove this hypothesis, we conducted
a nationwide population-based cohort study to evaluate the
quantitative changes in asthma medication during three
phases of pregnancy (before, during, and after pregnancy)
and their correlation with asthma exacerbation.

2. Methods

2.1. Data Sources. The Health Insurance Review and
Assessment Service (HIRA; Wonju, Republic of Korea), a
government-affiliated agency responsible for examining

the accuracy of claims for National Health Insurance and
National Medical Aid in South Korea, covers approximately
96.6% of the South Korean population [14]. The HIRA
database includes reviewed information regarding demo-
graphics, medical healthcare service data including a set of
diagnostic codes (International Statistical Classification of
Disease and Related Health Problems, 10th Edition; ICD-10),
dispensed prescribed medications, and diagnostic tests
and procedures. In particular, it includes all information
on hospital stays, emergency department (ED) visits, and
outpatient clinic visits. Missing or aberrant values in key
fields such as drug name, quantity, date dispensed, and
duration comprise under 0.5% of all records [18]. We used
the HIRA database to conduct a nationwide population-
based observational retrospective cohort study of asthmatic
pregnant women.

2.2. Study Subjects and Design. A total of 1,329,626 women
assigned a delivery code were identified by a review of the
HIRA data for the period of January 1, 2011, to December
31, 2013. Among them, 115,169 asthmatic pregnant women
were identified who met all of the following criteria: (1) a
delivery between January 1, 2011, and December 31, 2013; (2)
a diagnosis code for asthma according to the ICD-10 J45.x-
J46.x code set within two years before the delivery date;
and (3) being prescribed asthma medication or undergoing
diagnostic tests for asthma at least once within two years
before the delivery date (Figure 1). Detailed information
regarding asthma medications is described below, and diag-
nostic tests for asthma included spirometry with or without
a bronchodilator response and bronchial provocation tests.
The observation period was divided into three phases: 1 year
(365 days) before pregnancy, during pregnancy (280 days)
before the delivery date, and 1 year (365 days) after pregnancy.
Thedelivery dateswere determined from the procedure codes
related to delivery. Daily asthma medications, asthma exac-
erbations, and healthcare utilization were observed from one
year before pregnancy to one year after delivery (Figure 2).
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Figure 2: Schematic diagram of the three phases of observation.

2.3. Asthma Medications and Their Quantitative Rank. The
asthma medications were defined as inhaled corticosteroids
(ICSs), ICS combined with inhaled long-acting 𝛽2-agonists
(ICS/LABAs), inhaled short-acting 𝛽2-agonists (SABAs),
LABAs, long-acting muscarinic antagonists (LAMAs), oral
leukotriene receptor antagonists (LTRAs), xanthine deriva-
tives, and systemic corticosteroids. Daily asthma medica-
tions, based on the codes for prescribed and dispensed
medications, were captured through the three phases of
pregnancy and were ranked from the level of controller as
classified by the Global Initiative for Asthma guidelines with
respect to the stepwise approach [19]. Low-dose ICSs [20–
23], LTRAs [24], xanthine [25], or LABAs [26] were defined
as rank 1, medium- to high-dose ICS [27, 28] or low-dose
ICS/LABA combination [29] inhalers as rank 2, andmedium-
to high-dose ICS/LABA combination [30] inhalers as rank 3.
Rank 4 was defined as any of the following: (1) LAMA [31]
inhaler and (2) long-termuse of oral prednisolone of less than
20mg or other types of corticosteroids [32] with the same
potency (betamethasone at 2.4mg, dexamethasone at 3mg,
or methylprednisolone at 16mg) (Table 1). We calculated the
daily rank of asthma medications at the individual level. If
subjects took more than or equal to two different asthma
medications at the same time, the sums of their ranks were
added up to a maximum of rank 4. ICSs were marked as their
ranks for each consecutive day they were taken (e.g., LTRA
and low-dose ICS were ranked as 1 and 60 doses of ICS used
twice daily ranked as 1 for 30 days). The standard ICS/LABA
inhaler contains 60 doses for use over 30 days (Table 1). The
rank-sum values of the asthma medications were plotted for
each patient to indicate time-varying patterns. Corticosteroid
burst therapy and SABAs were not ranked but were defined
as a mark of asthma exacerbation.

2.4. Definition of Asthma Exacerbations. Asthma exacer-
bations were defined as one of the ICD-10 asthma codes
along with urgent events satisfying the following conditions
occurring on the same date: asthma-related outpatient clinic
visit with systemic corticosteroid burst, as mentioned above
(i.e., more than 20mg of prednisolone or other types of
corticosteroids with the same potency); asthma-related hos-
pitalization; asthma-related ED visit; or outpatient clinic visit
with SABA nebulizer treatment under the ICD-10 asthma
codes.

2.5. Healthcare Utilization. The daily records relating to
healthcare use were reviewed and classified as hospital stay,
ED visit, and outpatient clinic visit. Furthermore, outpatient
clinic visits were subdivided according to their specialty, for

example, internal medicine, obstetrics/gynecology, general
practitioner, general surgery, otolaryngology, and family
medicine.

2.6. Ethical Considerations. The research protocol for this
study was approved by the Ethical Review Board of
Soonchunhyang University Seoul Hospital (approval num-
ber: SCHUH 2016-04-024).

2.7. Definition of Clustered Groups. Study subjects were
clustered into groups according to their pattern of asthma
medication using the statistical methods detailed below.

2.8. Statistical Analyses. Rank-sum values of the asthma
medications for each subject were calculated every month
and the overall trends during that time were visualized with
a spaghetti plot. Additionally, the proportions of subjects
who experienced asthma exacerbations for one year before,
during, and one year after pregnancy were also calculated. In
total, subjects were followed up for 1,010 days. Continuous
variables, such as the prescribed and dispensed amounts of
asthma medications and the number of asthma exacerba-
tions and healthcare utilization, are presented as means ±
standard deviations. Monthly rank-sum values of the asthma
medications for one year before, during, and one year after
pregnancy were calculated for each subject and compared
with a multivariate analysis of variance to detect whether
asthma medication use was affected by pregnancy. The rank-
sum values were also used for clustering with the 𝑘-means
algorithm. The 𝑘-means algorithm was performed using
Euclidean distances calculated from three rank-sum values
for one year before, during, and one year after pregnancy
and the number of clusters was determined by 𝑟2, which is
defined as the “sum of squares between” over the “sum of
squares total.” These analyses were conducted with PROC
FASTCLUS and subjects were clustered into four groups. For
each group, all statistical analyses were conducted to detect
the pattern of drugs related to asthma exacerbations.

Associations between the daily rank-sum values of the
asthmamedications and asthma exacerbations were analyzed
with a quasi-likelihood-based approach. Analyses were con-
ducted with PROC GLIMMIX (SAS version 6.1). For each
subject, the number of asthma exacerbations was counted
during pregnancy and was used as a response variable. It
should be noted that the response variables have very large
values and were thus assumed to follow a quasi-Poisson
distribution. The logarithm was used as a link function, and
this will be referred to as a quasi-Poisson regression for the
remainder of this report. The rank-sum values of the asthma



4 BioMed Research International

Table 1: Ranking of asthma medication according to the guideline-based stepwise approach.

Component Type Rank Prescription period
LTRAs

Montelukast Oral 1 1
Pranlukast Oral 1 1
Zafirlukast Oral 1 1

Xanthine
Aminophylline Oral 1 1
Theophylline Oral 1 1

LABA
Bambuterol Oral 1 1
Fenoterol Oral 1 1
Formoterol Oral 1 1
Procaterol Oral 1 1
Procaterol Inhaler 1 30
Terbutaline Oral 1 1

ICS
Low-dose ICS

Budesonide Inhaler 1 30
Ciclesonide Inhaler 1 30
Fluticasone propionate Inhaler 1 30

Medium- to high-dose ICS
Budesonide Inhaler 2 30
Fluticasone propionate Inhaler 2 30

ICS/LABA
Low-dose ICS/LABA

Budesonide/formoterol Inhaler 2 30
Budesonide/formoterol∗ Inhaler 2 60∗

Beclomethasone dipropionate/formoterol Inhaler 2 30
Fluticasone furoate/vilanterol Inhaler 2 30
Fluticasone propionate/formoterol Inhaler 2 30
Fluticasone propionate/salmeterol Inhaler 2 30
Fluticasone propionate/salmeterol∗∗ Inhaler 2 14∗∗

Medium- to high-dose ICS/LABA
Budesonide/formoterol Inhaler 3 30
Fluticasone propionate/salmeterol Inhaler 3 30
Fluticasone propionate/salmeterol∗∗ Inhaler 3 14∗∗

Fluticasone propionate/formoterol Inhaler 3 30
Fluticasone furoate/vilanterol Inhaler 3 30

LAMA
Tiotropium Inhaler 4 30

Systemic corticosteroids
Betamethasone < 2.4mg 4 1
Dexamethasone < 3mg 4 1
Methylprednisolone < 16mg 4 1
Prednisolone < 20mg 4 1

∗Thedevice contains 120 doses, twice the dose of the standard device. ∗∗Thedevice contains 28 doses for use over 14 days; LTRA, leukotriene receptor antagonist;
LABA, long-acting 𝛽2-agonists; ICS, inhaled corticosteroid; LAMA, long-acting muscarinic antagonists.
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Figure 3: Daily rank-sum values of asthma medications during the time periods. The overall rank-sum value of the asthma medications
tended to be abruptly reduced at the beginning of pregnancy compared with before and slowly increased after pregnancy.
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Figure 4:The 115,169 asthmatic pregnant women were clustered into four distinct groups. Group 1 (𝑛 = 225, severe persistent group) showed
the highest level of daily rank-sum values of asthma medications. Group 2 (𝑛 = 3,251, improved asthma group) showed an abrupt decreasing
trend of rank-sum values during pregnancy and maintained a stable rank-sum value after pregnancy. Group 3 (𝑛 = 2,968, worsened asthma
group) showed an abrupt increasing trend after delivery. Group 4 (𝑛 = 108,725) did not show any particular change in trend.

medications for one year before, during, and one year after
pregnancy were centered with their global sample mean and
were used as explanatory variables. We let 𝑌𝑖 be the number
of asthma exacerbations of subject 𝑖. If we denote the centered
rank-sum values of the asthma medication before, during,
and after pregnancy by 𝑋𝑖1, 𝑋𝑖2, and 𝑋𝑖3, respectively, the
quasi-Poisson regression is

log𝐸 (𝑌𝑖)
= 𝛽0 + 𝛽1𝑋𝑖1 + 𝛽2𝑋𝑖2 + 𝛽3𝑋𝑖3 + 𝛽4𝑋𝑖1𝑋𝑖2
+ 𝛽5𝑋𝑖2𝑋𝑖3 + 𝛽6𝑋𝑖1𝑋𝑖3

𝑖: independent and var (𝑌𝑖) = 𝑐 × 𝐸 (𝑌𝑖) .

(1)

We considered two-way and three-way interactions of rank-
sum values, and a stepwise selection method was used to find
the best model. Estimated regression coefficients and 95%
confidence intervals are presented. All statistical procedures
were conducted using the SAS Enterprise statistical software
(version 6.1). The alpha level for the determination of signifi-
cance was 0.10.

3. Results

3.1. Daily Rank-Sum Values of Asthma Medications before,
during, and after Pregnancy. The overall rank-sum value of
the asthma medications tended to be abruptly reduced just
after women became pregnant and slowly increased after
pregnancy (Figure 3). Study subjects were clustered into four
groups according to the pattern of their asthma medication.
Group 1 (𝑛 = 225) showed the highest level of daily rank-
sum values of asthmamedications, withmany spikes over the
study period. Group 2 (𝑛 = 3,251) showed the second highest
level of rank-sum values before pregnancy and showed an
abruptly decreasing trend during pregnancy. Group 3 (𝑛 =
2,968) showed a small decreasing trend during pregnancy
compared to before pregnancy and an abruptly increasing
trend after delivery. While Group 2 maintained a similar
level of rank-sum values during and after pregnancy, Group 3
showed higher rank-sum values after pregnancy than during
it. Group 4 (𝑛 = 108,725) did not show any particular change
in trend (Figure 4).
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Table 2: Comparison of oral asthma medications before, during, and after pregnancy.

Medication Group
Before pregnancy During pregnancy After pregnancy

Days/month
Mean ± sd Mean ± sd Mean ± sd 𝑃∗

LTRAs

Total 0.229 ± 1.82 0.092 ± 1.24 0.189 ± 1.71 <0.0001
Group 1 3.804 ± 9.33 3.054 ± 8.35 4.083 ± 9.52 0.0003
Group 2 1.946 ± 6.45 0.852 ± 4.23 0.97 ± 4.22 <0.0001
Group 3 0.925 ± 4.21 0.568 ± 3.58 1.477 ± 5.93 <0.0001
Group 4 0.151 ± 1.21 0.05 ± 0.75 0.122 ± 1.15 <0.0001

Xanthine

Total 0.05 ± 0.68 0.017 ± 0.47 0.028 ± 0.57 <0.0001
Group 1 1.684 ± 6.45 1.592 ± 6.26 1.43 ± 5.79 0.3094
Group 2 0.26 ± 2.07 0.101 ± 1.32 0.114 ± 1.14 <0.0001
Group 3 0.127 ± 1.2 0.64 ± 1.11 0.205 ± 2.05 <0.0001
Group 4 0.038 ± 0.48 0.01 ± 0.25 0.018 ± 0.34 <0.0001

LABA

Total 0.112 ± 0.86 0.032 ± 0.47 0.07 ± 0.71 <0.0001
Group 1 0.793 ± 3.86 0.249 ± 1.94 0.402 ± 2.46 <0.0001
Group 2 0.318 ± 2.01 0.088 ± 1.11 0.229 ± 1.53 <0.0001
Group 3 0.225 ± 1.42 0.059 ± 0.938 0.165 ± 1.58 <0.0001
Group 4 0.102 ± 0.75 0.029 ± 0.41 0.062 ± 0.61 <0.0001

Low-dose systemic corticosteroids

Total 0.431 ± 1.83 0.116 ± 1.21 0.313 ± 1.73 <0.0001
Group 1 14.128 ± 14.13 13.808 ± 13.4 15.657 ± 14.25 <0.0001
Group 2 2.015 ± 4.77 0.462 ± 2.51 1.04 ± 3.01 <0.0001
Group 3 1.29 ± 3.21 0.36 ± 2.53 1.169 ± 4.61 <0.0001
Group 4 0.331 ± 1.29 0.071 ± 0.643 0.236 ± 1.17 <0.0001

∗
𝑃 value according to the multivariate analysis of variance; LTRA, leukotriene receptor antagonist; LABA, long-acting 𝛽2-agonists; sd, standard deviation.

3.2. Patterns of Asthma Medications before, during, and
after Pregnancy. The total amounts of asthma medications
dispensed are shown in Tables 2 and 3. All of the oral
medications including LTRAs, xanthine, LABA, and systemic
corticosteroids as a controller dose showed the consistent
result that oral asthma medications were less used during
pregnancy than before and after pregnancy (Table 2). This
finding was consistently observed regardless of group. Oth-
erwise, inhaled asthma medications showed contradictory
patterns in that low-to-mediumdoses of ICSswere usedmore
during pregnancy than before and after it, while other inhaled
asthma medications showed similar patterns to the oral ones
(Table 3).

3.3. Asthma Exacerbations before, during, and after Pregnancy.
Table 4 shows the overall frequencies of variables related
to asthma exacerbations. Hospitalization and ED visits were
significantly increased during pregnancy (𝑃 < 0.001);
otherwise, overall exacerbations and systemic corticosteroids
were decreased (𝑃 < 0.001) (Figure 5). Asthma-related hos-
pitalizations and ED visits increased in Groups 1 and 3 during
pregnancy (𝑃 < 0.001). However the other groups did not
show any change in trend. Group 1 showed similar patterns
of overall exacerbations (𝑃 = 0.476), systemic corticosteroids
(𝑃 = 0.173), ED visits (𝑃 = 0.569), and Ventolin nebulizer
treatments at the outpatient clinic (𝑃 = 0.466) during
pregnancy, compared to before and after it. Corticosteroid

bursts showed a sharp fall at the beginning of pregnancy
and slowly increased after delivery (Figure 6). Group 3
shows gradual increases of asthma exacerbations before the
pregnancy but there are no asthma exacerbations during
the pregnancy. However after the pregnancy, the amount of
asthma exacerbations sharply increases and it may be related
to poor adherence to asthma medication during pregnancy.

3.4. Outpatient Clinic Utilization before, during, and after
Pregnancy. Outpatient clinic utilization according to spe-
cialty was calculated as the number of visits to each specialty
versus the total number of outpatient visits. Overall out-
patient utilization was significantly lower during pregnancy
than during the other time periods. As expected, utilization
of the obstetrics specialty increased significantly during
pregnancy. Meanwhile, utilization of other specialties, in
particular internal medicine, showed a significant decrease
during pregnancy (𝑃 < 0.001) (Table 5).

3.5. Associations between the Rank-Sum Values of Asthma
Medications and Asthma Exacerbations. Tables 6–9 show the
results based on a quasi-Poisson regression in each group.
Except for Group 4, the coefficients ofXi1 (total use of asthma
medications before pregnancy) were significantly negative,
which implies that asthma exacerbations during pregnancy
tended to be reduced as a greater number ofmedicationswere
prescribed before pregnancy in Groups 2 and 3. However,
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Table 3: Comparison of inhaled asthma medications before, during, and after pregnancy, according to the study groups.

Medication Group
Before pregnancy During pregnancy After pregnancy

Doses/month
Mean ± sd Mean ± sd Mean ± sd 𝑃∗

Low-dose ICS

Total 0.0013 ± 0.047 0.0031 ± 0.079 0.0008 ± 0.038 <0.0001
Group 1 0.0204 ± 0.19 0.0631 ± 0.353 0.0111 ± 0.156 <0.0001
Group 2 0.0175 ± 0.177 0.0434 ± 0.294 0.0082 ± 0.123 <0.0001
Group 3 0.0105 ± 0.135 0.0277 ± 0.243 0.0112 ± 0.149 <0.0001
Group 4 0.0005 ± 0.028 0.001 ± 0.046 0.0003 ± 0.02 <0.0001

Medium- to high-dose ICS

Total 0.0009 ± 0.041 0.0029 ± 0.077 0.0006 ± 0.035 <0.0001
Group 1 0.0207 ± 0.191 0.0636 ± 0.355 0.011 ± 0.157 <0.0001
Group 2 0.0146 ± 0.169 0.042 ± 0.291 0.0069 ± 0.118 <0.0001
Group 3 0.0086 ± 0.127 0.0277 ± 0.243 0.0104 ± 0.146 <0.0001
Group 4 0.0002 ± 0.201 0.001 ± 0.043 0.0002 ± 0.017 <0.0001

Low-dose ICS/LABA

Total 0.0057 ± 0.081 0.0045 ± 0.073 0.004 ± 0.069 <0.0001
Group 1 0.1926 ± 0.527 0.176 ± 0.485 0.1715 ± 0.48 0.2656
Group 2 0.09 ± 0.315 0.056 ± 0.25 0.0426 ± 0.21 <0.0001
Group 3 0.041 ± 0.211 0.387 ± 0.213 0.0588 ± 0.264 <0.0001
Group 4 0.0019 ± 0.044 0.0017 ± 0.042 0.001 ± 0.033 <0.0001

Medium- to high-dose
ICS/LABA

Total 0.0007 ± 0.036 0.0006 ± 0.032 0.0005 ± 0.032 0.0005
Group 1 0.0937 ± 0.421 0.0769 ± 0.375 0.0744 ± 0.367 0.1463
Group 2 0.0127 ± 0.155 0.0069 ± 0.114 0.003 ± 0.071 <0.0001
Group 3 0.0039 ± 0.084 0.0057 ± 0.104 0.0107 ± 0.143 <0.0001
Group 4 0.00004 ± 0.009 0.00006 ± 0.01 0.00003 ± 0.008 0.0273

SABAs

Total 0.0043 ± 0.078 0.0034 ± 0.067 0.0032 ± 0.037 <0.0001
Group 1 0.1059 ± 0.375 0.1053 ± 0.395 0.1081 ± 0.431 0.9656
Group 2 0.0352 ± 0.21 0.0304 ± 0.196 0.0281 ± 0.192 <0.0001
Group 3 0.0192 ± 0.154 0.0192 ± 0.164 0.0202 ± 0.171 0.6736
Group 4 0.0027 ± 0.064 0.002 ± 0.05 0.0018 ± 0.05 <0.0001

LAMA

Total 0.00004 ± 0.002 0.00001 ± 0.002 0.00002 ± 0.005 <0.0001
Group 1 0.00037 ± 0.019 0.0013 ± 0.036 0.0056 ± 0.079 0.0006
Group 2 0.00005 ± 0.007 0 0.00026 ± 0.005 0.4227
Group 3 0.00003 ± 0.005 0.0001 ± 0.01 0.00036 ± 0.019 0.0014
Group 4 0.00001 ± 0.001 0 0.00002 ± 0.001 0.4227

∗
𝑃 value according to the multivariate analysis of variance; ICS, inhaled corticosteroid; LABA, long-acting 𝛽2-agonists; SABAs, short-acting 𝛽2-agonists;

LAMA, long-acting muscarinic antagonists; sd, standard deviation.

in Group 4, the coefficients of Xi1 in systemic corticos-
teroid prescriptions, ED visits, and overall exacerbations
were positive. Moreover, there was no significant association
in Group 1 between asthma exacerbations and the total
usage of medication over time. In all groups except Group
1, the coefficients of Xi2 (total use of asthma medications
during pregnancy) were significantly positive, indicating that
subjects with a higher level of medication during pregnancy
tended to have more asthma exacerbations. In Groups 3 and
4, there were positive associations between Xi3 (total use

of asthma medications after pregnancy) and asthma exac-
erbations. Finally, the proportions of subjects with asthma
exacerbations during pregnancy could be explained by the
level of asthma medications during the time periods before
and during pregnancy (Table 10).

3.6. Annual Prevalence of Asthma during Pregnancy.
The annual prevalence of asthma during pregnancy was
4.48% (95% CI, 4.42%–4.54%) in 2011, 4.61% (95% CI,
4.55%–4.67%) in 2012, and 4.97% (95% CI, 4.91%–5.04%) in
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Table 4: Comparison of asthma exacerbations before, during, and after pregnancy, according to the study groups.

Exacerbation Group
Before pregnancy During pregnancy After pregnancy

Frequencies/month
Mean ± sd Mean ± sd Mean ± sd 𝑃∗

Systemic corticosteroid
prescription

Total 0.0081 ± 0.116 0.0027 ± 0.059 0.0054 ± 0.096 <0.0001
Group 1 0.0307 ± 0.195 0.0293 ± 0.211 0.04 ± 0.273 0.1703
Group 2 0.0205 ± 0.213 0.0073 ± 0.097 0.0142 ± 0.156 <0.0001
Group 3 0.0222 ± 0.22 0.0057 ± 0.088 0.0117 ± 0.169 <0.0001
Group 4 0.0072 ± 0.107 0.0025 ± 0.056 0.0048 ± 0.09 <0.0001

Hospitalization

Total 0.0005 ± 0.023 0.0007 ± 0.028 0.0002 ± 0.015 <0.0001
Group 1 0.0074 ± 0.094 0.0164 ± 0.137 0.007 ± 0.084 0.0023
Group 2 0.003 ± 0.056 0.0052 ± 0.076 0.0012 ± 0.034 <0.0001
Group 3 0.0012 ± 0.035 0.0045 ± 0.073 0.0015 ± 0.041 <0.0001
Group 4 0.0004 ± 0.021 0.0004 ± 0.021 0.0001 ± 0.012 <0.0001

ED visit

Total 0.0001 ± 0.01 0.0002 ± 0.016 0.00004 ± 0.007 <0.0001
Group 1 0.0033 ± 0.064 0.0049 ± 0.082 0.003 ± 0.054 0.5691
Group 2 0.0009 ± 0.031 0.0022 ± 0.05 0.0003 ± 0.018 <0.0001
Group 3 0.0003 ± 0.016 0.0018 ± 0.044 0.0006 ± 0.025 <0.0001
Group 4 0.0001 ± 0.008 0.0001 ± 0.011 0.00002 ± 0.004 <0.0001

Overall exacerbation

Total 0.0087 ± 0.121 0.0037 ± 0.075 0.0056 ± 0.099 <0.0001
Group 1 0.0415 ± 0.272 0.0507 ± 0.335 0.0504 ± 0.323 0.4758
Group 2 0.0289 ± 0.235 0.0146 ± 0.167 0.0157 ± 0.165 <0.0001
Group 3 0.0236 ± 0.228 0.0119 ± 0.161 0.0138 ± 0.184 <0.0001
Group 4 0.0077 ± 0.111 0.003 ± 0.065 0.005 ± 0.092 <0.0001

Ventolin nebulizer
treatment

Total 0.0032 ± 0.061 0.003 ± 0.059 0.0026 ± 0.057 <0.0001
Group 1 0.0967 ± 0.347 0.0844 ± 0.328 0.0904 ± 0.363 0.4664
Group 2 0.0333 ± 0.199 0.0293 ± 0.189 0.0259 ± 0.177 <0.0001
Group 3 0.0175 ± 0.144 0.0181 ± 0.157 0.0187 ± 0.159 0.5906
Group 4 0.0018 ± 0.044 0.0016 ± 0.041 0.0012 ± 0.038 <0.0001

∗
𝑃 value according to the multivariate analysis of variance; ED, emergency department; sd, standard deviation.
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Figure 5: The overall asthma exacerbations were observed less during pregnancy than before and after it. Corticosteroid burst therapy
showed a sharp fall at the beginning of pregnancy and slowly increased after delivery. None of the asthma-related hospitalizations, emergency
department (ED) visits, and Ventolin nebulizer treatments at the outpatient clinic showed an increasing trend during pregnancy.



BioMed Research International 9

1 16 31 46 61 76 91 10
6

12
1

13
6

15
1

16
6

18
1

19
6

21
1

22
6

24
1

25
6

27
1

28
6

30
1

31
6

33
1

34
6

36
1

37
6

39
1

40
6

42
1

43
6

45
1

46
6

48
1

49
6

51
1

52
6

54
1

55
6

57
1

58
6

60
1

61
6

63
1

64
6

66
1

67
6

69
1

70
6

72
1

73
6

75
1

76
6

78
1

79
6

81
1

82
6

84
1

85
6

87
1

88
6

90
1

91
6

93
1

94
6

96
1

97
6

99
1

10
06

0

0.005

0.01

0.015

0.02

0.025 Pregnancy period After deliveryBefore pregnancy

Delivery date

Group 1
Group 2

Group 3
Group 4

pr
es

cr
ip

tio
n 

ra
te

Sy
ste

m
ic

 co
rt

ic
os

te
ro

id

Figure 6: Use of systemic corticosteroids according to the study groups. Corticosteroid burst therapy showed a sharp fall at the beginning of
pregnancy and slowly increased after delivery across the 4 groups.

2013. No significant trend was observed through the years
(𝑝 = 0.30).

4. Discussion

We have presented quantitative rank-sum values of asthma
medications and their correlation with asthma exacerbations
during pregnancy and compared the effect of pregnancy
on the maintenance of asthma medications and asthma
exacerbation during pregnancy to that before and after preg-
nancy.This study was conducted as a nationwide population-
based retrospective cohort study using the HIRA database
and included 115,169 asthmatic pregnant women. Our study
showed that qualitative and quantitative asthma medications
were reduced in most asthmatics during pregnancy.

It is well known that approximately one-third of asthma
patients naturally improve during pregnancy. Similarly, in our
study, we found that some of the asthmatic pregnant women
did improve. Conversely, some of the patients experienced a
worsened level of control during pregnancy. Among 115,169
asthmatic pregnant women, all subjects were clustered into
four groups: severe persistent (𝑛 = 225, 0.19%), mild persis-
tent (𝑛 = 108,725, 94.4%), worsened (𝑛 = 2,968, 2.58%), and
improved (𝑛 = 3,251, 2.82%) asthma during pregnancy. The
patterns of asthma medication use and their correlation with
asthma exacerbation differed according to the study groups.
Interestingly among our clustered groups, subjects inGroup 3
tend to avoid asthmamedication during pregnancy.However,
there was no overall correlation between reduced asthma
medications and asthma exacerbations during pregnancy in
each group.

We hypothesized that a reduction of asthma medica-
tion during pregnancy might be correlated with asthma
exacerbations. However, our findings showed the opposite,
where a higher level of asthma medication use tended to
produce more asthma exacerbations in each group. The
results suggested that asthma exacerbations depend more
on the baseline severity of asthma and its natural course
during pregnancy than on adherence to asthma medication
use if group effects are controlled. Therefore, it is clinically

significant that individualized therapeutic strategies are uti-
lized, including closed monitoring, and the active control
of susceptible pregnant asthma patients before and during
pregnancy is warranted.

Many studies have demonstrated that pregnant women
preferred to use ICS monotherapy rather than oral or
combination asthma medications due to concerns regarding
systemic adverse effects [11, 12]. A recent study in seven
European regions reported that the overall prescription of
oral asthma medications, such as oral prednisolone and
LTRAs, was reduced during pregnancy and an interpretation
of their results suggested that LTRAs should not be started
during pregnancy but could continue in women who were
already using them for the successful control of their asthma
before pregnancy [12]. Systemic corticosteroids and high-
dose ICS are known to increase the risk of preeclampsia, low
birth weight, and preterm delivery [33, 34]. Although several
studies and guidelines have emphasized that an adequate
dose of ICS and SABA did not affect pregnancy outcomes
[6, 35], pregnant women have been reluctant to take steroids
during pregnancy due to safety concerns. Our findings also
support previous results that South Korean asthmatic preg-
nant women preferred ICS-based inhalers over oral asthma
medications regardless of the severity of their asthma and
the level of asthma medications before pregnancy [7]. In
reality, the US and Korean Food and Drug Administration
put most asthma medications, even inhalers, into category
C. Achieving well-controlled asthma will greatly reduce the
need for high-dose ICSs or systemic corticosteroids and also
prevent the risk of adverse pregnancy or perinatal outcomes
[33].

The strengths of the current study are as follows: this
study was a nationwide cohort study with a large sample
size. The HIRA data used in the current study included all
information with respect to hospital stays as well as ED visits
and outpatient utilization. Previous studies conducted in
Europe have noted that a lack of information on hospital stays
was an inherent limitation of their studies [11, 12]. Indeed,
information on hospital stays would be extremely valuable
in exploring the reduction of asthma medications and their



10 BioMed Research International

Table 5: Comparison of outpatient clinic visits before, during, and after pregnancy, according to the study groups.

Exacerbation Group
Before pregnancy During pregnancy After pregnancy

Visits/month
Mean ± sd Mean ± sd Mean ± sd 𝑃∗

Total number of outpatient
visits

Total 1.1267 ± 2.467 1.9067 ± 2.411 1.1998 ± 2.876 <0.0001
Group 1 2.2038 ± 6.667 2.9278 ± 6.313 2.2594 ± 6.344 0.8767
Group 2 1.9313 ± 4.51 2.3157 ± 4.86 1.8011 ± 4.387 0.2158
Group 3 1.6899 ± 3.89 2.091 ± 4.54 1.3879 ± 4.19 0.3454
Group 4 1.1287 ± 2.471 1.8867 ± 2.388 1.1576 ± 2.612 0.1345

Internal medicine

Total 0.4312 ± 1.934 0.2178 ± 1.813 0.4062 ± 1.864 <0.0001
Group 1 1.0946 ± 5.412 1.0156 ± 5.167 1.1599 ± 5.678 0.3154
Group 2 0.8176 ± 2.972 0.4467 ± 2.34 0.6678 ± 2.871 <0.0001
Group 3 0.6479 ± 2.72 0.3196 ± 2.14 0.5137 ± 2.64 <0.0001
Group 4 0.4579 ± 1.595 0.2189 ± 1.648 0.3846 ± 1.754 <0.0001

Obstetrics and gynecology

Total 0.2167 ± 1.534 1.4376 ± 3.034 0.2676 ± 1.76 <0.0001
Group 1 0.3066 ± 2.879 1.4567 ± 5.166 0.2675 ± 2.433 <0.0001
Group 2 0.2345 ± 1.872 1.4699 ± 3.84 0.2788 ± 2.103 <0.0001
Group 3 0.2387 ± 1.878 1.4678 ± 3.416 0.2647 ± 2.037 <0.0001
Group 4 0.2134 ± 1.16 1.4122 ± 2.768 0.2478 ± 1.652 <0.0001

General practitioner

Total 0.0016 ± 0.049 0.0012 ± 0.027 0.0019 ± 0.051 <0.0001
Group 1 0.0213 ± 0.541 0.0027 ± 0.161 0.0008 ± 0.071 0.2134
Group 2 0.0027 ± 0.073 0.0014 ± 0.054 0.0026 ± 0.067 0.0154
Group 3 0.0024 ± 0.068 0.0019 ± 0.061 0.0022 ± 0.063 <0.0001
Group 4 0.0017 ± 0.042 0.0015 ± 0.038 0.0019 ± 0.04 <0.0001

General surgery

Total 0.0307 ± 0.713 0.0208 ± 0.498 0.0312 ± 0.671 <0.0001
Group 1 0.05 ± 0.78 0.017 ± 0.064 0.0421 ± 0.59 0.2783
Group 2 0.0374 ± 0.201 0.0233 ± 0.068 0.0419 ± 0.204 <0.0001
Group 3 0.0337 ± 0.179 0.0217 ± 0.22 0.0347 ± 0.483 <0.0001
Group 4 0.0307 ± 0.462 0.0201 ± 0.216 0.0318 ± 0.475 <0.0001

Otolaryngology

Total 0.1678 ± 1.57 0.0617 ± 0.514 0.1248 ± 0.876 <0.0001
Group 1 0.2097 ± 2.376 0.137 ± 1.164 0.1724 ± 1.311 0.1674
Group 2 0.2648 ± 2.186 0.1301 ± 1.152 0.1924 ± 0.954 <0.0001
Group 3 0.2467 ± 2.067 0.0846 ± 0.867 0.1154 ± 0.941 <0.0001
Group 4 0.1597 ± 2.276 0.0678 ± 0.531 0.1038 ± 0.775 <0.0001

Family medicine

Total 0.0237 ± 0.872 0.0084 ± 0.103 0.0211 ± 0.612 <0.0001
Group 1 0 0.017 ± 0.51 0.0005 ± 0.003 <0.0001
Group 2 0.0357 ± 0.193 0.013 ± 0.167 0.0007 ± 0.008 <0.0001
Group 3 0.0287 ± 0.178 0.0107 ± 0.158 0.0004 ± 0.005 <0.0001
Group 4 0.0248 ± 0.387 0.0072 ± 0.113 0.0218 ± 0.412 <0.0001

∗
𝑃 value according to the multivariate analysis of variance.

association with asthma symptoms. Moreover, quantitative
analysis using the rank-sum values of asthma medications
and clustering of groups according to the rank-sum values of
asthma medications would be a valuable approach. All of the
previous studies have analyzed a rate or frequency of asthma

medication at the group level [7, 11, 12, 14]. However, we
considered the daily rank-sum values of asthma medications
at the individual level and categorized all subjects into four
groups, namely, severe persistent, mild persistent, worsened,
and improved asthma during pregnancy. We found that the
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Table 6: General linear mixed models to estimate asthma medication pattern variables over the study period to predict asthma exacerbation
in Group 1.

Outcome variable Explanatory variable Estimate Standard Error DF 𝑡-value P value 95% CI
Lower Upper

Systemic corticosteroid
prescription

Intercept −0.9301 0.2563 222 −3.63 0.0004 −1.4324 −0.4278
𝑋𝑖1 −0.00036 0.000563 222 −0.64 0.5242 −0.0015 0.00074
𝑋𝑖2 −0.00036 0.000698 222 −0.51 0.6072 −0.0017 0.00101

Hospitalization
Intercept −1.9751 0.2567 222 −7.69 <0.0001 −2.4782 −1.472
𝑋𝑖1 −0.00075 0.000542 222 −1.38 0.1683 −0.0018 0.00031
𝑋𝑖2 0.0001 0.00071 222 0.14 0.8878 −0.0013 0.00149

ED visit
Intercept −3.2084 0.4634 222 −6.92 <0.0001 −4.1167 −2.3001
𝑋𝑖1 −0.00078 0.000929 222 −0.84 0.403 −0.0026 0.00104
𝑋𝑖2 0.000964 0.001373 222 0.7 0.4832 −0.0017 0.00366

Overall exacerbation
Intercept −0.5459 0.2238 222 −2.44 0.0155 −0.9845 −0.1073
𝑋𝑖1 −0.00049 0.000488 222 −1 0.3197 −0.0014 0.00047
𝑋𝑖2 −0.00016 0.000618 222 −0.26 0.7956 −0.0014 0.00105

Ventolin nebulizer
treatment

Intercept −1.9872 0.5328 222 −3.73 0.0002 −3.0315 −0.9429
𝑋𝑖1 −0.00073 0.001117 222 −0.66 0.5126 −0.0029 0.00146
𝑋𝑖2 −0.00032 0.0014 222 −0.23 0.8167 −0.0031 0.00242

𝑋𝑖1, total use of asthma medications before pregnancy; 𝑋𝑖2, total use of asthma medications during pregnancy; ED, emergency department; DF, degree of
freedom; CI, confidence interval.

Table 7: General linear mixed models to estimate asthma medication pattern variables over the study period to predict asthma exacerbation
in Group 2.

Outcome variable Explanatory variable Estimate Standard Error DF 𝑡-value 𝑃 value 95% CI
Lower Upper

Systemic corticosteroid
prescription

Intercept −2.801 0.09869 3248 −28.38 <0.0001 −2.9944 −2.6076
𝑋𝑖1 −0.00172 0.000575 3248 −2.98 0.0029 −0.0028 −0.0006
𝑋𝑖2 0.002588 0.000576 3248 4.5 <0.0001 0.00146 0.00372

Hospitalization
Intercept −3.5395 0.1251 3248 −28.28 <0.0001 −3.7847 −3.2943
𝑋𝑖1 −0.00332 0.00068 3248 −4.88 <0.0001 −0.0047 −0.002
𝑋𝑖2 0.004318 0.000505 3248 8.55 <0.0001 0.00333 0.00531

ED visit

Intercept −4.193 0.1568 3246 −26.75 <0.0001 −4.5003 −3.8857
𝑋𝑖1 −0.00156 0.000976 3246 −1.6 0.1093 −0.0035 0.00035
𝑋𝑖2 0.004638 0.000645 3246 7.2 <0.0001 0.00337 0.0059
𝑋𝑖3 0.002408 0.001377 3246 1.75 0.0805 −0.0003 0.00511
𝑋𝑖1 ∗ 𝑋𝑖2 −0.000006 0.000003 3246 −1.87 0.061 −0.00001 0.0000003

Overall exacerbation
Intercept −2.2493 0.08595 3248 −26.17 <0.0001 −2.4178 −2.0808
𝑋𝑖1 −0.00232 0.000482 3248 −4.82 <0.0001 −0.0033 −0.0014
𝑋𝑖2 0.003557 0.000412 3248 8.63 <0.0001 0.00275 0.00436

Ventolin nebulizer
treatment

Intercept −5.5041 0.4281 3248 −12.86 <0.0001 −6.3432 −4.665
𝑋𝑖1 −0.00157 0.002348 3248 −0.67 0.5043 −0.0062 0.00303
𝑋𝑖2 0.003411 0.002116 3248 1.61 0.1071 −0.0007 0.00756

𝑋𝑖1, total use of asthma medications before pregnancy; 𝑋𝑖2, total use of asthma medications during pregnancy; 𝑋𝑖3, total use of asthma medications after
delivery; ED, emergency department; DF, degree of freedom; CI, confidence interval.
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Table 8: General linearmixedmodels to estimatemedication pattern variables over the study period to predict asthma exacerbation inGroup
3.

Outcome variable Explanatory variable Estimate Standard Error DF 𝑡-value P value 95% CI
Lower Upper

Systemic corticosteroid
prescription

Intercept −3.1987 0.1148 2963 −27.86 <0.0001 −3.4237 −2.9737
𝑋𝑖1 −0.00086 0.000719 2963 −1.2 0.2298 −0.0023 0.00055
𝑋𝑖2 0.003845 0.000404 2963 9.53 <0.0001 0.00305 0.00464
𝑋𝑖3 0.001945 0.000288 2963 6.76 <0.0001 0.00138 0.00251
𝑋𝑖2 ∗ 𝑋𝑖3 −0.000004 0.000001 2963 −3.03 0.0024 −0.000006 −0.000001

Hospitalization
Intercept −3.5983 0.1196 2965 −30.1 <0.0001 −3.8327 −3.3639
𝑋𝑖1 −0.00112 0.00084 2965 −1.33 0.1825 −0.0028 0.00053
𝑋𝑖2 0.004252 0.000341 2965 12.48 <0.0001 0.00358 0.00492

ED visit

Intercept −4.8786 0.1756 2962 −27.78 <0.0001 −5.2228 −4.5344
𝑋𝑖1 −0.00666 0.001862 2962 −3.58 0.0004 −0.0103 −0.003
𝑋𝑖2 0.004306 0.000485 2962 8.88 <0.0001 0.00336 0.00526
𝑋𝑖3 0.003262 0.0003 2962 10.89 <0.0001 0.00267 0.00385
𝑋𝑖2 ∗ 𝑋𝑖3 −0.000005 0.000001 2962 −3.8 0.0001 −0.000007 −0.000002
𝑋𝑖1 ∗ 𝑋𝑖3 0.000009 0.000003 2962 3.27 0.0011 0.000004 0.000015

Overall exacerbation

Intercept −2.6632 0.09936 2963 −26.8 <0.0001 −2.8579 −2.4685
𝑋𝑖1 −0.00364 0.001236 2963 −2.95 0.0033 −0.0061 −0.0012
𝑋𝑖2 0.003166 0.000308 2963 10.28 <0.0001 0.00256 0.00377
𝑋𝑖3 0.001941 0.000214 2963 9.06 <0.0001 0.00152 0.00236
𝑋𝑖1 ∗ 𝑋𝑖3 0.000004 0.000002 2963 1.94 0.0524 −0.00000004 0.000009

Ventolin nebulizer
treatment

Intercept −5.8844 0.383 2965 −15.36 <0.0001 −6.6351 −5.1337
𝑋𝑖1 −0.00104 0.003013 2965 −0.35 0.7287 −0.0069 0.00487
𝑋𝑖2 0.003631 0.001277 2965 2.84 0.0045 0.00113 0.00613

𝑋𝑖1, total use of asthma medications before pregnancy; 𝑋𝑖2, total use of asthma medications during pregnancy; 𝑋𝑖3, total use of asthma medications after
delivery; ED, emergency department; DF, degree of freedom; CI, confidence interval.

patterns of asthma medication use and their correlation with
asthma exacerbations differed according to the study groups.
Furthermore, subjects in Group 3 tend to avoid asthma
medication during pregnancy.

Our study had several limitations. First, while we were
able to find accurate records regarding the prescription and
dispensing of asthma medications, this did not guarantee
that patients actually used the drugs. In reality, this is
an inherent limitation of healthcare database analysis. To
overcome this limitation, a well-designed prospective cohort
study should be considered. Second, the HIRA data did not
contain objectivemeasurements including lung function tests
or bronchial provocation tests reflecting a confirmed asthma
diagnosis and asthma severity. It also did not include subjec-
tive measurements such as the asthma control test to reflect
asthma symptoms. For these reasons, the HIRA data did not
guarantee an accurate diagnosis of asthma and determination
of asthma exacerbations. The prevalence of asthma during
pregnancy was approximately 8.7% in our study, which is
consistent with the previous findings. Taking these findings
together, we hypothesized that asthmatic pregnant women

tended to discontinue asthmamedication and that this factor
was related to increased asthma exacerbations. Oral asthma
medications and combination inhalers rather than inhaler
corticosteroids were stopped from the beginning through
to the end of pregnancy. Increased asthma exacerbations
were found only in a small part of the cohort despite an
overall reduction in the use of asthma medications. Owing
to the limitation of the HIRA data, we failed to conclude
whether reduced asthma exacerbations were derived from an
improvement of asthma, avoidance of healthcare utilization,
or ignoring symptoms due to concerns regardingmedication-
related adverse effects on their fetus.

In conclusion, asthmatic pregnantwomen showed a trend
for stopping asthma medication early on in pregnancy and
showed more asthma exacerbations in the subpopulations.
These results have an important implication in the manage-
ment of asthmatic pregnant women. Further research on the
safety of asthmamedication during pregnancy and guideline-
based education emphasizing the importance ofmaintenance
therapy during pregnancy will be essential.
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Table 9: General linearmixedmodels to estimatemedication pattern variables over the study period to predict asthma exacerbation inGroup
4.

Outcome variable Explanatory variable Estimate Standard Error DF 𝑡-value P value 95% CI
Lower Upper

Systemic corticosteroid
prescription

Intercept −3.8531 0.02787 109000 −138.25 <0.0001 −3.9077 −3.7985
𝑋𝑖1 0.002234 0.000959 109000 2.33 0.0198 0.00035 0.00411
𝑋𝑖2 0.01219 0.000543 109000 22.46 <0.0001 0.01113 0.01325
𝑋𝑖3 0.00531 0.000797 109000 6.66 <0.0001 0.00375 0.00687
𝑋𝑖2 ∗ 𝑋𝑖3 −0.00004 0.000011 109000 −3.24 0.0012 −0.00006 −0.00002
𝑋𝑖1 ∗ 𝑋𝑖3 −0.00004 0.000022 109000 −1.94 0.0518 −0.00008 0.000003

Hospitalization

Intercept −5.8122 0.05791 109000 −100.36 <0.0001 −5.9257 −5.6987
𝑋𝑖1 −0.00116 0.002169 109000 −0.53 0.5938 −0.0054 0.00309
𝑋𝑖2 0.01468 0.000772 109000 19.02 <0.0001 0.01317 0.01619
𝑋𝑖3 0.01139 0.001043 109000 10.92 <0.0001 0.00935 0.01343
𝑋𝑖1 ∗ 𝑋𝑖2 0.000105 0.000023 109000 4.52 <0.0001 0.00006 0.00015
𝑋𝑖2 ∗ 𝑋𝑖3 −0.00003 0.000012 109000 −2.27 0.0235 −0.00005 −0.000006
𝑋𝑖1 ∗ 𝑋𝑖3 −0.00006 0.000032 109000 −1.91 0.0559 −0.0001 0.000003

ED visit

Intercept −7.1008 0.1013 109000 −70.07 <0.0001 −7.2993 −6.9023
𝑋𝑖1 0.000814 0.003466 109000 0.23 0.8143 −0.006 0.00761
𝑋𝑖2 0.01465 0.001053 109000 13.91 <0.0001 0.01259 0.01671
𝑋𝑖3 0.01126 0.001493 109000 7.55 <0.0001 0.00833 0.01419
𝑋𝑖1 ∗ 𝑋𝑖2 0.000139 0.000034 109000 4.14 <0.0001 0.00007 0.00021
𝑋𝑖1 ∗ 𝑋𝑖3 −0.00009 0.00005 109000 −1.7 0.0886 −0.0002 0.000008

Overall exacerbation

Intercept −3.6883 0.02589 109000 −142.48 <0.0001 −3.739 −3.6376
𝑋𝑖1 0.001349 0.000952 109000 1.42 0.1567 −0.0005 0.00321
𝑋𝑖2 0.0128 0.000466 109000 27.5 <0.0001 0.01189 0.01371
𝑋𝑖3 0.006794 0.000665 109000 10.21 <0.0001 0.00549 0.0081
𝑋𝑖1 ∗ 𝑋𝑖2 0.000046 0.000015 109000 3.09 0.002 0.000017 0.000075
𝑋𝑖2 ∗ 𝑋𝑖3 −0.00003 0.000008 109000 −3.36 0.0008 −0.00005 −0.00001
𝑋𝑖1 ∗ 𝑋𝑖3 −0.00005 0.000019 109000 −2.74 0.0062 −0.00009 −0.00001

Ventolin nebulizer
treatment

Intercept −6.5181 0.1807 109000 −36.07 <0.0001 −6.8723 −6.1639
𝑋𝑖1 −0.01108 0.008464 109000 −1.31 0.1903 −0.0277 0.00551
𝑋𝑖2 0.009296 0.004475 109000 2.08 0.0378 0.00053 0.01807

𝑋𝑖1, total use of asthma medications before pregnancy; 𝑋𝑖2, total use of asthma medications during pregnancy; 𝑋𝑖3, total use of asthma medications after
delivery; ED, emergency department; DF, degree of freedom; CI, confidence interval.

Table 10: Possibility of asthma exacerbations during pregnancy explained by asthma medication use in the time period before and during
pregnancy.

𝑋𝑖1 𝑋𝑖2 Possibility of exacerbations
Low High Likely
Low Low Possible
High High Possible
High Low Uncertain
𝑋𝑖1, total use of asthma medications before pregnancy; 𝑋𝑖2, total use of asthma medications during pregnancy.
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ED: Emergency department
GINA: Global Initiative for Asthma
HIRA: Health Insurance Review and
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ICD: International Statistical Classification

of Disease
ICS: Inhaled corticosteroids
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LABA: Long-acting 𝛽2-agonist
LAMA: Long-acting muscarinic antagonist
LTRA: Oral leukotriene receptor antagonists
SABA: Short-acting 𝛽2-agonist.
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Objective. To investigate the repeatability and safety of measuring impulse oscillation system (IOS) parameters and the point of
wheezing during bronchoprovocation testing of preschool children.Methods. Two sets of methacholine challenge were conducted
in 36 asthma children. The test was discontinued if there was a significant change in reactance (Xrs5) and resistance (Rrs5) at
5Hz (Condition 1) or respiratory distress due to airway obstruction (Condition 2). The repeatability of PC80_Xrs5, PC30_Rrs5,
and wheezing (PCw) was assessed. The changes in 𝑍-scores and SD-indexes from prebaseline (before testing) to postbaseline
(after bronchodilator) were determined. Results. For PC30_Rrs5, PC80_Xrs5, and PCw for subjects, PC80_Xrs5 showed the highest
repeatability. Fifteen of 70 tests met Condition 2. The changes from pre- and postbaseline values varied significantly for Rrs5 and
Xrs5. Excluding subjects with 𝑍-scores higher than 2SD, we were able to detect 97.1% of bronchial hyperresponsiveness during
methacholine challenge based on the change in Rrs5 or Xrs5. A change in IOS parameters was associated with wheezing at all
frequencies. Conclusion. Xrs5 and Rrs5 have repeatability comparable with FEV1, and Xrs5 is more reliable than Rrs5. Clinicians
can safely perform a challenge test by measuring the changes in Rrs5, Xrs5, and 𝑍-scores from the prebaseline values.

1. Introduction

Airway responsiveness to nonspecific stimuli, such as metha-
choline, is an important tool for diagnosis of asthma and
monitoring the responses to asthma therapies in children
and adults [1, 2]. Forced oscillation techniques are considered
an alternative to spirometry for assessing the lung function
of preschool children with bronchial hyperresponsiveness
(BHR) [3], and various impulse oscillation system (IOS)
parameters can be used for diagnosis of BHR [1, 4–9].
However, before the IOS method can be used in routine

clinical practice, further research is needed to determine the
repeatability of reactance and resistance measurements at all
frequencies. Previous studies of a small number of children
[2] and two adult populations [10, 11] have demonstrated the
repeatability of these measurements, but study of a larger
sample of children using different IOS parameters at different
frequencies is warranted. In addition, although the IOS can
detect early stage BHR, it may not be able to identify subjects
who are about to develop airway obstruction [1, 6, 12, 13]
because IOS parameters depend on the state of the patient.
Thus, if a patient has a partial small airway dysfunction before
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the test, it is likely that the IOS will yield a low baseline value
[10, 14, 15], and this may underestimate subsequent airway
obstruction.

The present study of preschool children with asthma had
twomain objectives. First, we aimed to assess the repeatability
of IOS parameters at all frequencies. Second, we aimed
to determine the magnitude of changes in different IOS
parameters and their deviations to guide clinicians on when
they should stop the methacholine challenge test.

2. Methods

2.1. Subjects. We enrolled children with asthma who pre-
sented to the Department of Pediatric Pulmonology, CHA
University, Bundang Hospital, Seongnam, Korea (age range:
3–6 years), from March through August 2010. All subjects
were diagnosed with asthma according to the 2007 Expert
Panel Report 3. All children were asked to abstain from
short- or long-acting bronchodilators for at least 48 h or
a leukotriene modifier at least 24 h prior to the test [16].
This study was approved by the institutional review board of
the CHA Bundang Medical Center, CHA University School
of Medicine (2010-008), and written informed consent was
obtained from the participants’ parents upon enrollment.

2.2. Study Design. This was a prospective observational study
based on data collected from children at two hospital visits at
the same time of the day with at least 3 days’ interval. After
obtaining written informed consent, the patients underwent
the methacholine challenge test using IOS.

2.3. Pulmonary Function and theMethacholine Challenge Test.
The methacholine challenge test was performed according
to published guidelines [17], with a doubling of the concen-
tration of the methacholine solution (0.25, 0.5, 1, 2, 4, 8,
and 16mg/mLmethacholine) in normal saline.Methacholine
chloride aerosols were generated by calibrated DeVillbiss
646 nebulizers (pretest mean output 0.26 ± 0.02mg/min
and posttest 0.23 ± 0.03mg/min) utilizing tidal breathing
through a mouthpiece for 2 minutes. Chest auscultation
and oxygen saturation monitoring were performed during
the first 30 s after the end of each methacholine dose. The
bronchoprovocation test was continued as long as the child
was cooperative and was stopped if any of 2 predetermined
conditions were met. Condition 1 was defined as a 30%
or more change in Rrs5 (PC30_Rrs5) and an 80% or more
change in Xrs5 (PC80_Xrs5) from the baseline values [2,
4]. Condition 2 was defined as difficulty in breathing or a
change in oxygen saturation of at least 5% from baseline
(desaturation). If the inhaled methacholine concentration
reached 16mg/mL, the test was discontinued. A positive
response to the methacholine challenge test was defined by
the presence of any of the following: (i) wheezing based on
auscultation of the chest and trachea (double-checked by two
pediatricians, Dr. Han MY and Dr. Choi SH); (ii) a 30% or
more increase in the resistance value at 5Hz; or (iii) an 80%
or more increase in the reactance value at 5Hz.

IOS measurements (MasterScreen IOS, Jaeger, Germany)
were performed according to American Thoracic Society
(ATS)/European Respiratory Society (ERS) guidelines [4, 12].
For quality control, the physicians confirmed their results
by visual monitoring and coherence and calculation of the
coefficients of variation (CVs) [1, 3, 12]. After the final
step of the methacholine test, subjects were given 2.5mg of
salbutamol.

We calculated the changes from before the methacholine
challenge (prebaseline) to after the challenge (postbaseline,
after the test and salbutamol administration).The prebaseline
% was defined as the percent change of a parameter at
different concentrations of methacholine from the prebase-
line value, and the postbaseline % as the percent change of
a postbaseline parameter. The SD-index and Z-score were
calculated at each methacholine dose to determine the extent
of deviation to be used for further comparisons [18]. The
SD-index was obtained by dividing the change from baseline
values by the within-subject SD (SDw), which was calculated
by dividing the difference between themean values of the first
and second measurements by the square root of 2 [14]. Z-
scores were calculated as described by Frei et al. [19]. Values
are expressed as PCSDi𝑛_𝑄, where 𝑄 refers to the parameter,
and 𝑛 refers to the deviation. Airway resistance was indicated
by a 𝑍-score of at least 2, or an SD-index of at least 3 [13].

2.4. Data Analysis. Data are presented as means and stan-
dard deviations, unless otherwise indicated. Student’s t-test
was used to compare paired data (prebaseline versus post-
baseline values) and the independent samples in Condition
1 and 2. The agreement of positive response ratios between
Rrs5 and Xrs5 (based on prebaseline and postbaseline values)
was analyzed using the kappa coefficient (𝜅). For each of the
methods used to determineBHR, thewithin-subject standard
deviation (SDw), coefficient variation (CV), and the intra-
class correlation coefficient (ICC) were estimated to compare
the repeatability of PC% [20].ThePC% was calculated for each
method; PC30_Rrs5 and PC80_Xrs5 were calculated from
linear interpolation of the log10(dose)-response curves. The
PC% was calculated as 0.01mg/dL for zero dose and 32mg/dL
if a sufficient change was not achieved after the last dose.
PCw was defined as the concentration at which wheezing or
desaturation (more than 5% frombaseline) without wheezing
developed.

The minimal sample size of the current study was 32,
based on the primary outcome, mean, and SD of Rrs5, as
described by Klug and Bisgaard [2]. This would allow dis-
crimination of results with 90% power at the 5% significance
level. The repeatability of PC% was compared by an 𝐹-test. 𝑝
values less than 0.05 were considered statistically significant.

3. Results

Thirty-six children participated in the study and had at least
one visit for IOS testing (Table 1). Two children (both 2
years old; one boy and one girl) did not complete the second
challenge test and were not included in the repeatability
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Table 1: General characteristics of 36 asthma patients.

Characteristic Mean % or 95% CI
Sex, male 15 42
Age, years 4.3 4.0–4.6
Height, m 1.08 1.05–1.10
BMI, kg/m2 15.7 15.1–16.3
Baseline SpO2, % 99 98.8–99.5
Respiratory rate, breaths/min 15 14.2–15.3
Test interval, days 9.7 7.4–12.1
Asthma duration, months 20.0 15.4–24.5
Asthma medication

Step 1 4 11.1
Step 2 17 47.2
Step 3 8 22.2
Step 4 7 19.4

CI, confidence interval; BMI, body mass index; asthma medication step indicates the medication used prior to first IOS measurements, according to the 2007
Expert Panel Report 3.

Table 2: Baseline measurements of lung function at challenge test 1 and challenge test 2.

1st set 1st set CV 2nd set 2st set CV SDw CV (%) ICC
Rrs5 (kPa/L/sec) 1.11 ± 0.24 8.04 ± 11.9 1.10 ± 0.18 7.68 ± 4.0 0.37 4.64 0.88 (0.76–0.94)
Rrs10 (kPa/L/sec) 0.90 ± 0.17 5.33 ± 2.70 0.90 ± 0.13 5.88 ± 4.05 0.31 4.29 0.87 (0.74–0.94)
Xrs5 (kPa/L/sec) −0.43 ± 0.12 10.4 ± 5.74 −0.41 ± 0.10 14.0 ± 7.74 0.29 5.78 0.81 (0.61–0.91)
Xrs10 (kPa/L/sec) −0.23 ± 0.06 11.7 ± 6.01 −0.25 ± 0.09 14.4 ± 8.44 0.31 10.35 0.73 (0.46–0.87)
AX (kPa/L) 3.62 ± 1.36 11.2 ± 6.70 3.28 ± 1.28 14.4 ± 10.08 0.98 11.21 0.85 (0.71–0.93)
Rf (Hz) 22.0 ± 2.0 4.90 ± 2.81 21.6 ± 2.2 4.64 ± 4.47 1.37 3.36 0.76 (0.52–0.88)
CV, coefficient of variation; SDw, within-subject SD (SD of the mean difference between the 1st and 2nd sets divided by√2); CV (%), CV between the first and
second sets; ICC, intraclass correlation coefficient (between-subject variance divided by the total variance).

analysis. There were no significant differences in baseline
measurements of the two tests (Table 2).

3.1. Repeatability of BHR in Each MCT. We measured the
repeatability of bronchial responsiveness in resistance and
reactance at 5Hz and auscultation. The doubling concen-
tration and the mean difference of the PC values were sig-
nificantly correlated with each other, whereas the PC30Rrs5,
PC80Xrs5, and PCw for two measurements were moderately
correlated with one another. Coefficient of repeatability (CR)
for those parameter was 2.56, 1.54, and 1.51 and for ICC, 0.68
(0.29–0.86), 0.76 (0.48–0.89), and 0.74 (0.48–0.89), respec-
tively. Evaluation of repeatability indicated that PC80Xrs5
was more reproducible than PC30Rrs5 and PCw in all cases
(Figures 1(a)–1(f)). Rrs5 (which is based on the 𝑍-score)
yielded a doubling concentration of 0.78 (95% CI, 0.49–1.07)
and a SD-index 3 of 0.83 (95%, CI 0.56–1.08), thus showing
good repeatability. The ICC was greater than 0.6 for all
methods (Table 3).

3.2. Comparison of IOS Parameters between Children with and
withoutClinical Signs and Symptoms of RespiratoryDistress for
End-Point during Provocation Test: Safety of Challenge Testing.
We performed 70 challenge tests (36 children received the
first test, and 34 received the second test) and used 245 lung

function measurements for analysis (Figures 2(a)–2(d)). The
baseline Rrs5 and Xrs5𝑍-scores have a significant correlation
with each change (%) and SD-index during provocation. We
discontinued 55 of the 70 lung function tests (79%) because
of Condition 1 and 15 tests (21%) because of Condition 2
(Figures 3(a) and 3(b)). In the Condition 1 group, there was
no significant difference in the pre- and postbaseline values
of Rrs5 (𝑝 = 0.311) and Xrs5 (𝑝 = 0.074), but there were
significant differences of these parameters in the Condition
2 group (𝑝 < 0.001 for Rrs and 𝑝 = 0.015 for Xrs). In
addition, the two groups differed in their prebaseline values
of Rrs5 (𝑝 < 0.001) and Xrs5 (𝑝 < 0.001), but not in their
postbaseline values (𝑝 = 0.730 for Rrs5 and 𝑝 = 0.820 for
Xrs5).

The positive response rate before airway obstruction was
84.3% (𝑛 = 59) for Rrs5 according to the prebaseline value
and 87.1% (𝑛 = 61) for Xrs5, showing modest agreement
(𝜅 = 0.418). However, the agreement decreased if analyzed
according to postbaseline value (𝜅 = 0.178). Although there
were differences between these groupswith regard to absolute
changes, relative changes, and SD-indexes of Rrs and Xrs5
(parameters highly dependent on baseline values), there
were no differences in the 𝑍-score, a parameter that reflects
absolute lung function changes (𝑝 = 0.336 for Rrs5,𝑝 = 0.779
for Xrs5) (Table 4). Sixty-eight tests were terminated based on
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Figure 1: Reproducibility of PC30Rrs5, PC80Xrs5, and PCW for twomeasurements indicated by Spearman correlation and Bland-Altman plot.
PC80Xrs5 shows the highest repeatability among PC30Rrs5 (a, b), PC80Xrs5 (c, d), and PCW (e, f). The data is log-transformed.

changes in prebaseline values of Rrs5 (84.3%) or Xrs5 (87.1%)
or prebaseline 𝑍-scores, leading to an overall detection rate
of 97.1%.

3.3. Wheezing and IOS Parameters. The resistance and reac-
tance values changed at the point of wheezing at all frequen-
cies and were particularly large at low frequencies (<5Hz)
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Table 3: Repeatability of bronchial responsiveness in resistance and reactance at 5Hz with impulse oscillation system and wheezing.

Resistance at 5Hz Reactance at 5Hz
PC𝑍s2 PCSDi3 PC𝑍s2 PCSDi3

Δ Doubling concentration (95% CI) 0.78 (0.49–1.07) 0.83 (0.56–1.08) 0.87 (0.63–1.11) 0.81 (0.57–1.05)
Within-subject SD 0.75 0.73 0.73 0.75
ICC (95% CI) 0.78 (0.45–0.89) 0.71 (0.35–0.87) 0.68 (0.28–0.86) 0.83 (0.65–0.91)
Coefficient of repeatability 1.43 1.46 1.51 1.45
Mean difference (SD) between the number of doubling concentrations of methacholine required to achieve PC at challenge tests 1 and 2. PC𝑍S2, provocative
concentration at which the 𝑍-score is 2; PCSDi3, provocative concentration at which the SD-index is 3; CI, confidence interval; ICC, intraclass correlation
coefficient.
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Figure 2: Correlation of Z-scores with relative changes of reactance and resistance and SD-indexes of reactance and resistance based on 245
measurements at 5Hz. At Z-score resistance of 2, relative change was 28.93% (a) and the SD-index was 3.03 (b). At Z-score reactance of 2,
relative change was 114.37% (c), and the SD-index was 6.25 (d).

reflecting a small airway dysfunction (Figure 4). The changes
from prebaseline to the wheezing point were 45.7% (95%
CI, 39.1–52.3) for Rrs5 and 124.0% (95% CI, 103.8–144.1) for
Xrs5. The 𝑍-scores at which wheezing developed at the first
prebaseline 𝑍-score for Rrs5 were −3.46 (95% CI, −0.91 to
1.14) and −3.34 (95% CI, −0.83 to 1.06), with no significant
difference between the two groups (Figures 5(a) and 5(b)).

4. Discussion

The repeatability of reactance by IOS was comparable to that
of FEV1 by spirometry and better than that of resistance by
IOS. The repeatability was similar at all frequencies for all
IOS parameters. Rrs and Xrs changed significantly from the
prebaseline values prior to the development of respiratory
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Figure 3: Prebaseline and postbaseline values under different conditions of stopping methacholine challenge test. Condition 1 (𝑛 = 55) was
applied when the test was stopped because changes in resistance and reactance reached a certain point; Condition 2 (𝑛 = 15) was applied
when the test was stopped due to signs of respiratory distress. Prebaseline values were significantly different between Conditions 1 and 2with
regard to resistance (𝑝 < 0.001) (a) and reactance (𝑝 < 0.001) (b). Pre- and postbaseline values in Condition 2 were significantly different
with regard to resistance (𝑝 < 0.001) (a) and reactance (𝑝 = 0.015) (b).

Table 4: IOS values according to the results of Rrs5 and Xrs5 prior to the development of airway obstruction.

Rrs5 Xrs5
Positive (𝑛 = 59) Negative (𝑛 = 11) 𝑝 value Positive (𝑛 = 61) Negative (𝑛 = 9) p Value

Baseline value (SD) 1.07 (0.19) 1.34 (0.21) <0.001 −0.41 (0.11) 0.56 (0.11) <0.001
Change of 𝑍-score (SD) −0.13 (1.04) −1.75 (1.24) <0.001 0.41 (0.55) −0.37 (0.49) <0.001

Stop Abs change value (SD) 0.51 (0.16) 0.19 (0.10) <0.001 −0.48 (0.15) −0.32 (0.11) 0.003
𝑍-score (SD) −3.51 (1.65) −3.00 (1.35) 0.336 −2.46 (1.25) −2.28 (0.99) 0.779
% Change (SD) 44.16 (12.75) −14.34 (7.88) <0.001 −117.1 (36.3) −57.0 (15.0) 0.003
SD-index (SD) −5.22 (1.61) −1.94 (1.07) <0.001 −7.50 (2.33) −5.01 (1.67) <0.001

Positive response refers to a change of 30% or more in Rrs5 prior to development of airway obstruction (Condition 2). Negative response refers to no change in
Rrs5. For Xrs5, a positive response refers to a change of 80% or more. The SD-index was obtained by dividing the change from baseline values by SDw, which
was calculated by dividing the difference between the mean values of the 1st and 2nd measurements by √2; Rrs5, resistance at 5 Hz; Xrs5, reactance at 5 Hz;
SD, standard deviation; Abs, absolute.

distress in 84% of tests (Rrs) and 87% of tests (Xrs). The
early detection rate increased if the test was terminated
when either condition was met. The baseline Rrs5 and Xrs5
𝑍-scores showed a constant correlation formula with each
change amount (%) and SD-index during provocation. We
were able to predict the methacholine concentration in each
subject at which he/she will likely develop wheezing or signs
and symptoms of respiratory distress and thus to stop the
test. The risk of a patient developing severe bronchospasm
was reduced if the 𝑍-score and the relative changes of Rrs5
or Xrs5 were used to determine airway obstruction. At the
point of wheezing, the changes in resistance and reactance
were 45.7% and 124.0%, respectively.These changes occurred
at all frequencies (1–35Hz) at which wheezing developed,

indicating that it occurred simultaneously in all parts of the
airways.

It is well known that repeated measurements with
PC20_FEV1 fall within 1.5 to 1.6 of the doubling dose [21, 22].
Inman et al. [21] showed that the difference between the
two measurements is less than 1 doubling concentration in
95% of subjects. Furthermore, some studies that used a 24-h
interval have reported a doubling dose as low as 0.8 [23]. In
the IOS, a previous study of 16 preschool children indicated
that repeated measurements at PC80_Xrs5 and PC30_Rrs5
were within 1.3 and 2.5 of the doubling doses, respectively
[2]. A study of adults indicated that the doubling dose of
PC35_Rrs with a histamine challenge test was 1.11 [10], and the
doubling dose of PC40_Rrs6 was 2.7 [11]. Our study yielded
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lower doubling doses and we observed good repeatability at
all frequencies and in all parameters. Thus, we conclude that
the resistance and reactance parameters of IOSmay be useful
in clinical settings.

Interestingly, our study and other studies [2] have
reported greater repeatability of reactance than resistance.
This difference may be attributed to the glottic aperture,
the most important site for controlling airflow through the
upper airways [24], because it can affect the repeatability
of resistance measurements [25]. The ICC in our study was
comparable to that of previous studies [10, 21–23], and such
values were similar in all parameters at all frequencies.

Baseline lung function by spirometry [26] and the IOS
[27] are the major determinants for measuring BHR. It is
well known that the IOS parameters, particularly Rrs, are
more sensitive to changes in airway obstruction than other
lung function tests [10, 14, 15, 28]. This may lead to higher
fluctuations in the baseline values. Therefore, the calculated
relative change of the IOS parameters could misrepresent the
actual extent of airway obstruction, because baseline values
of pre- and post-IOS often differ significantly [4, 7, 29].
This phenomenon does not occur in spirometry. Peták et al.
suggested that this could be caused by the use of a beta-2
agonist [7]. However, this could also be due to higher levels
of airway resistance in children with asthma at the time of
the prebaselinemeasurements.The presence of a significantly
lower prebaseline 𝑍-score in Condition 2 than in Condition
1, but comparable postbaseline values, suggests that partial
airway obstruction may have already been present at the
time of the prebaseline measurements in the Condition 2
group and that this resolved following salbutamol treatment.
This interpretation is supported by the presence of significant
differences in absolute changes, relative changes, and SD-
index values of patients with changes in resistance and those
with no changes, but no difference in𝑍-scores between these
two groups.

In the present study, we showed that the risk of a patient
experiencing bronchospasm could be reduced by considering
relative changes of Rrs5 or Xrs5; however, we were unable
to find signs or symptoms of airway distress in 5 children
using these criteria. The children who showed clinical signs
and symptoms of respiratory distress but negative test results
had significantly lower 𝑍-scores. Thus, eliminating patients
with outlier prebaseline𝑍-scores or discontinuing tests based
on 𝑍-scores may improve safety. We speculate that it would
be appropriate to interpret the two tests independently,
because the agreement between Xrs5 and Rrs5 was relatively
low. Thus, we were able to increase the detection rate by
considering the 𝑍-score and relative changes in Xrs5 and
Rrs5.

A strength of our study is the large number of patients,
which increased the statistical power of our results. Also,
calculating the 𝑍-scores and SD-indexes for changes at all
frequencies allowed comparisons with values measured at
baseline. A limitation of our study is that we skipped the first
three low doses of the methacholine challenge test. Another
limitation is that we used a nebulizer kit that had a higher
output than recommended by the ATS. Although Avital et
al. [30] reported that a higher-output nebulizer may result

in a different site of aerosol deposition, such high-output
nebulizers are used in actual clinical settings, and the high
repeatability of such a device at all frequencies of all IOS
parameters should be recognized.

5. Conclusions

We found that the repeatability of IOS parameters at all
frequencies was comparable to that when using spirome-
try for the methacholine challenge test and that reactance
had better repeatability than resistance. Using change of
resistance and reactance, and comparison of those values
with the prebaseline 𝑍-score, allowed safe administration
of methacholine challenge test without provoking airway
obstruction. Changes in resistance occurred in the entire
airways at the onset of wheezing.
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