
EBioMedicine 29 (2018) 70–77

Contents lists available at ScienceDirect

EBioMedicine

j ourna l homepage: www.eb iomed ic ine.com
Research Paper
Association of Air Pollution Exposure and Interleukin-13 Haplotype with
the Risk of Aggregate Bronchitic Symptoms in Children
Yungling Leo Lee a, Jing-Huei Chen b, Chi-Min Wang b, Mei-Ling Chen c,⁎, Bing-Fang Hwang b,⁎⁎
a Institute of Epidemiology and Preventive Medicine, College of Public Health, National Taiwan University, No.17 Xu-Zhou Road, 516R, Taipei 100, Taiwan
b Department of Occupational Safety and Health and Graduate Program, College of Public Health, China Medical University, No 91 Hsueh-Shih Rd, Taichung 404, Taiwan
c College of Human Science and Social Innovation, HungKuang University, No. 1018, Sec. 6, Taiwan Boulevard, Shalu District, Taichung City 43302, Taiwan
⁎ Correspondence to: M-L Chen, College of Human S
HungKuang University, No. 1018, Sec. 6, Taiwan Bouleva
43302, Taiwan.
⁎⁎ Correspondence to: B-F Hwang, Department of Oc
College of Public Health, China Medical University, No
40402, Taiwan.

E-mail addresses: mlchen@hk.edu.tw (M.-L. Chen), bfh
(B.-F. Hwang).

https://doi.org/10.1016/j.ebiom.2018.02.008
2352-3964/© 2018 Published by Elsevier B.V. This is an o
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 17 December 2017
Received in revised form 30 January 2018
Accepted 9 February 2018
Available online 12 February 2018
Interleukin-13(IL-13) might play an important role in driving aggregate bronchitic symptoms pathogenesis.
However, none of the studies assessed the interaction between air pollutants exposure and IL-13 gene on the
risk of aggregate bronchitic symptoms in non-asthma children. To assess the independent and joint effects of
the exposure to air pollution and IL-13 haplotypes on the risk of aggregate bronchitic symptoms, we conducted
a cross-sectional study and focused on non-asthma children. The study population consisted of 2944 children.
The effect of each air pollutant on the risk of aggregate bronchitic symptomswas estimated as odds ratios per in-
terquartile range (IQR) change. In the multiple logistic regressions, adjusted for confounding factors, the risk of
chronic phlegm was associated with PM2.5 exposure (aOR, 1.59; 95% CI, 1.07–2.37 per 12.51 μg/m3 change), O3

exposure (aOR, 1.54 95% CI, 1.05–2.27 per 8.28 ppb change) and SO2 exposure (aOR, 1.19; 95% CI, 1.02–1.39
per 0.98 ppb change). Our study further provides the evidence that gene-environment interactions between
IL-13 haplotype and O3 exposure on chronic phlegm (95% CI for interaction, 1.01–1.38). Identifying children
who aremore sensitive to air pollution helps us to provide them an efficient prevention to avoid aggregate bron-
chitic symptoms.
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1. Introduction

Aggregate bronchitic symptoms are common respiratory health
problems in children, which influence the quality of life and lays socio-
economic burdens (Carroll et al., 2008). Genetic and environmental fac-
tors have been recognized associated with this complex disease
(Hallberg et al., 2008; Önal and Abbasoglu, 2011). Previous studies sug-
gested that genetic variants are associatedwith the prevalence of aggre-
gate bronchitic symptoms when the exposure to air pollution triggers
an immune response (Lee et al., 2009; Ghosh et al., 2016).

Interleukin-13(IL-13) is a T-helper type 2 (Th2) cytokine that plays a
critical role in the regulation of inflammatory immune response. A vivo
studyhas provided the evidence that IL-13 is necessary for the induction
of airway hyper -responsiveness (AHR) (Walter et al., 2001). Although
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the pathogenesis of aggregate bronchitic symptoms remains unclear,
the epidemiological studies revealed that IL-13 single-nucleotide poly-
morphisms (SNPs) were associated with asthma and COPD susceptibil-
ity (Beghé et al., 2010; Chen et al., 2013).

Air pollutionmay be an environmental risk factor of aggregate bron-
chitic symptoms. Several studies have examined the relationship be-
tween air pollution and the prevalence of bronchitis, chronic phlegm
and chronic cough in children, but only five studies focused on children
with asthma and no remarkably consistent results were provided (Lee
et al., 2009; McConnell et al., 1999, 2003; Hwang and Lee, 2010;
Berhane et al., 2016). Moreover, assessments of air pollution exposure
only relied on air monitoring stations and needs further elaboration.

In the present study, to improve the exposure assessment, home and
school addresses were used to calculate the air pollution exposure and
children activities are also taken into account. To our knowledge, no ep-
idemiological studies investigated the joint effect of air pollution and IL-
13 on the risk of aggregate bronchitic symptoms. Therefore, we con-
ducted a cross-sectional study to investigate the independent effects
of air pollution and IL-13 haplotypes on the prevalence of aggregate
bronchitic symptoms in children. We further explored the interaction
between the exposure to air pollutants and IL-13 to clarify the possible
effect modification in the relation between air pollution and aggregate
bronchitic symptoms.
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Methods

2.1. Study Population

Taiwan Children Health Study (TCHS) focused on children health
and outdoor air pollutants, and the details have been described in the
previous study (Hwang and Lee, 2010; Tsai et al., 2013). 3837 middle-
school children were recruited from public schools in 14 communities
and their buccal mucosa DNA were obtained. First, we excluded 429
(11%) children whose home address was missing or incomplete. Then,
we excluded 204 (5%) due to incomplete four SNPs of IL-13. Therefore,
therewere a total of 3204 childrenwith both information of genotyping
and air pollution. Since we wanted to clarify the mechanism of air pol-
lution exposure on the risk of aggregate bronchitic symptoms and the
sample size of asthmatic children was too small (n = 260), therefore
we focused on non-asthma children. Finally, the study population
consisted of 2944 children. The study was approved by the Institutional
Review Board in National Taiwan University Hospital and complied
with the principles outlined in the Declaration of Helsinki. We have in-
formed all the participating children/parents and obtained their written
consent forms in this study.

2.2. Health Outcomes

A history of asthma was determined based on the question: “Has
your child ever had asthma?” However, our study focused on children
without asthma. Aggregate bronchitic symptoms were defined as chil-
dren ever diagnosed as any of the following symptoms or diseases.
Chronic cough was defined as cough in the morning or during other
time and persisted at least 3 months in row during the past year.
Chronic phlegmwas defined as a positive answer to the question “In ad-
dition to other colds, does your child usually suffer phlegm stuck in the
chest or bring up phlegm? Diagnosed bronchitis was defined based on
the question “Has your child ever diagnosed with bronchitis in the
past year?” and without any symptoms as the listed above.

2.3. Exposure Assessment

Ambient air pollutants data was obtained from 70 Environmental
Protection Administration (EPA) air-monitoring stations in Taiwan.
The concentrations of air pollutants, including SO2 (ppb), NO2 (ppb),
O3 (ppb), CO (ppm), PM2.5 (particulate matter b2.5 μm, μg/m3), were
measured continuously and recorded hourly by all stations. The daily
Fig. 1. Distribution of air-monitoring stations (a),
average concentration of air pollutants (24-hourly for SO2, NO2, CO,
PM2.5; 8-hourly (10:00–18:00) for O3) were calculated for subsequent
analyses, using the effective data with at least 75% of hourly valid values
for the days (EPA, 1999, 2013). If the daily average data of air pollutants
from an air-monitoring station was not available, we filled the missing
values by using the average value from other monitoring stations of
the same type in the same day, the method suggested by Jung et al.
(2017).

We performed a geographic information system (ArcGIS version 10;
ESRI, Redlands, CA, USA) to identify the locations of the air-monitoring
stations and deal with the data of air pollutants. To estimate the daily
average concentration of each air pollutant, we applied the inverse dis-
tance weighting (IDW) method, that is, the nearest 3 air-monitoring
stations within 50 km of each grid cell was used. The spatial resolution
is 100 m × 100 m (Stroh et al., 2007). The daily air pollutants data was
allocated to individuals corresponding to children's home and school
addresses (Fig. 1).

In view of the fact that indoor and outdoor air pollution concentra-
tions were not consistent, we assumed that Taiwan's indoor to outdoor
ratio (I/O ratio) was similar. According to the Kirchner's study, I/O ratio
was used to convert outdoor air pollution concentrations into indoor
ones (Kirchner et al., 2002). Since I/O ratio was different in winter and
summer, the days were divided into winter (October–March) and sum-
mer (April–September) (Cheng et al., 2016).Then, we used I/O ratio to
convert the outdoor concentrations on the basis of children's home ad-
dresses into indoor concentrations (Kirchner et al., 2002).

Eventually, the concentrations of air pollutants were calculated as
the cumulative mean daily concentration in prior three years taking
children's living activities into consideration (Supplement Table 1).
Children spentmost of their time staying at home except someactivities
at school. We applied a guideline “the average number of days in the
school year is 200” stipulated by The Ministry of Education in Taiwan
and average number of hours in the school day for Taiwanese students
to define the living activity (TMOE, 2003).

2.4. Genotyping

The genomic DNA experiment was conducted in the National Tai-
wan University (Tsai et al., 2013). Real-time polymerase chain reaction
(RT-PCR) was performed using an ABI 7900HT Sequence Detection Sys-
tem. The genotype was determined by TaqMan Assays. RT-PCR cycling
conditionswere as follows: initial denaturation for 5min at 95 °C, 40 cy-
cles at 95 °C for 30 s, and a final extension at 60 °C for 30 s. The results
children's home (b) and school (c) address.

Image of Fig. 1


Table 1
Distribution of demographic and other characteristics among children without asthma.

Characteristics Diagnosed
bronchitis (n = 141)

Chronic phlegm
(n = 99)

Chronic cough
(n = 79)

Aggregate bronchitic
symptoms (n = 283)

No aggregate
bronchitic
symptoms (n = 2661)

NO.(%) OR(95%CI) p NO.(%) OR(95%CI) p NO.(%) OR(95%CI) p NO.(%) OR(95%CI) p NO. (%)

Age, year 12.63 ± 0.29 12.66 ± 0.31 12.71 ± 0.32 12.65 ± 0.30 12.70 ± 0.35
Sex
Girl 58(41.13) 1.00(reference) 48(48.48) 1.00(reference) 37(46.84) 1.00(reference) 127(44.88) 1.00(reference) 1389(52.20)
Boy 83(58.87) 1.56(1.11–2.20) 0.01 51(51.52) 1.16(0.78–1.73) 0.47 42(53.16) 1.24(0.79–1.94) 0.35 156(55.12) 1.34(1.05–1.72) 0.02 1272(47.80)

Parental education level (year)a

b9 10(7.19) 1.00(reference) 21(21.21) 1.00(reference) 14(17.95) 43(15.36) 1.00(reference) 425(16.09)
9–11 75(53.96) 2.47(1.27–4.83) 0.03 44(44.44) 0.69(0.41–1.18) 0.29 37(47.44) 0.87(0.47–1.63) 0.75 135(48.21) 1.04(0.72–1.48) 0.96 1289(48.79)
≥12 54(38.85) 2.47(1.25–4.90) 0.04 34(34.34) 0.74(0.43–1.29) 0.61 27(34.62) 0.88(0.46–1.70) 0.83 102(36.43) 1.09(0.75–1.58) 0.64 928(35.12)

Family annual incomea

Low 43(32.82) 1.00(reference) 40(43.48) 1.00(reference) 28(37.84) 1.00(reference) 97(36.88) 1.00(reference) 887(36.10)
Median 71(54.20) 1.15(0.78–1.69) 0.82 41(44.57) 0.71(0.46–1.11) 0.29 36(48.65) 1.09(0.51–1.47) 0.54 133(50.57) 0.95(0.72–1.25) 0.64 1278(52.01)
High 17(12.98) 1.20(0.68–2.14) 0.67 11(11.96) 0.84(0.42–1.65) 0.98 10(13.51) 0.89(0.51–1.47) 0.69 33(12.55) 1.03(0.68–1.57) 0.77 292(11.88)

Pet
No 51(36.17) 1.00(reference) 35(35.35) 1.00(reference) 30(37.97) 1.00(reference) 99(34.98) 1.00(reference) 1135(42.65)
Yes 90(63.83) 1.31(0.92–1.87) 0.13 64(64.65) 1.36(0.89–2.07) 0.15 49(62.03) 1.22(0.77–1.93) 0.41 184(65.02) 1.38(1.07–1.79) 0.01 1526(57.35)

Duration of breastfeeding, montha

0 71(50.71) 1.00(reference) 52(54.17) 1.00(reference) 38(50.00) 1.00(reference) 145(52.35) 1.00(reference) 1372(52.25)
1–2 58(41.43) 1.12(0.79–1.60) 0.35 35(36.46) 0.92(0.60–1.43) 0.92 31(40.79) 1.12(0.69–1.81) 0.59 108(38.99) 1.02(0.79–1.33) 0.59 1000(38.08)
3–5 6(4.29) 0.91(0.39–2.14) 0.93 5(5.21) 1.04(0.41–2.65) 0.80 2(2.63) 0.57(0.14–2.38) 0.33 12(4.33) 0.89(0.48–1.66) 0.80 127(4.84)
≥6 5(3.57) 0.76(0.30–1.92) 0.56 4(4.17) 0.83(0.30–2.34) 0.75 5(6.58) 1.42(0.55–3.68) 0.33 12(4.33) 0.89(0.48–1.66) 0.80 127(4.84)

Parental atopyb

NO 69(48.94) 1.00(reference) 69(69.70) 1.00(reference) 57(72.15) 1.00(reference) 173(61.13) 1.00(reference) 2036(76.51)
Yes 72(51.06) 3.40(2.41–4.79) b0.01 30(30.30) 1.42(0.91–2.20) 0.12 22(27.85) 1.26(0.76–2.07) 0.37 110(38.87) 2.07(1.61–2.67) b0.01 625(23.49)

Carpet useda

No 125(89.29) 1.00(reference) 80(80.81) 1.00(reference) 66(84.62) 1.00(reference) 243(86.48) 1.00(reference) 2378(89.74)
Yes 15(10.71) 1.05(0.61–1.81) 0.86 19(19.19) 2.08(1.24–3.48) b0.01 12(15.38) 1.59(0.85–2.98) 0.15 38(13.52) 1.37(0.95–1.97) 0.09 272(10.26)

Environmental tobacco smokea

No 67(47.86) 1.00(reference) 52(53.61) 1.00(reference) 38(48.72) 1.00(reference) 140(50.18) 1.00(reference) 1392(52.57)
Yes 73(52.14) 1.21(0.86–1.70) 0.28 45(46.39) 0.96(0.64–1.44) 0.84 40(51.28) 1.17(0.74–1.83) 0.50 139(49.82) 1.10(0.86–1.41) 0.45 1256(47.43)

Maternal smoking during pregnancya

No 136(96.45) 1.00(reference) 81(89.69) 1.00(reference) 75(94.94) 1.00(reference) 263(93.59) 1.00(reference) 2556(96.42)
Yes 5(3.55) 0.99(0.40–2.47) 0.98 10(10.31) 3.09(1.56–6.14) b0.01 4(5.06) 1.44(0.51–4.01) 0.49 18(6.41) 1.84(1.10–3.10) 0.02 95(3.58)

Any home
dampness,
moldy odor
and mold
NO 50(35.46) 1.00(reference) 47(47.47) 1.00(reference) 39(49.37) 1.00(reference) 119(42.05) 1.00(reference) 1303(48.97)
Yes 91(64.54) 1.75(1.23–2.49) b0.01 52(52.53) 1.06(0.71–1.59) 0.77 40(50.63) 0.98(0.63–1.54) 0.94 164(57.95) 1.32(1.03–1.69) 0.03 1358(51.03)

Cockroaches
No 8(5.67) 1.00(reference) 5(5.05) 1.00(reference) 4(5.06) 1.00(reference) 15(5.30) 1.00(reference) 309(11.61)
Yes 133(94.33) 2.18(1.06–4.50) 0.03 94(94.95) 2.47(0.99–6.17) 0.05 75(94.94) 2.46(0.90–6.78) 0.08 268(94.70) 2.35(1.38–4.00) b0.01 2352(88.39)

a Number of subjects does not add up to total number due to the data were missing.
b Atopy included asthma, allergic rhinitis and atopic dermatitis.
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Table 4
Genotype frequencies of IL-13 SNPs in our study.

SNP Genotype N %

rs1800925 CC 2174 73.85
CT 690 23.44
TT 80 2.72
Minor allele frequency 0.14
HWE 0.0054

rs2066960 CC 1099 37.33
CA 1343 45.62
AA 502 17.05
Minor allele frequency 0.40
HWE 0.008

rs20541 CC 1375 46.71
CT 1275 43.31
TT 294 9.99
Minor allele frequency 0.32
HWE 0.95

rs848 GG 1363 46.30
GT 1250 42.46
TT 331 11.24
Minor allele frequency 0.32
HWE 0.08

HWE: Hardy-Weinberg equilibrium.

Table 2
Distribution of air pollutant concentrations between children.

Pollutant Mean ± SD Minimum Maximum Interquartile Range

PM2.5, μg/m3 29.43 ± 6.66 16.99 40.86 12.51
O3, ppb 22.56 ± 4.48 15.09 30.07 8.28
CO, ppm 0.58 ± 0.17 0.32 1.61 0.19
NO2, ppb 19.29 ± 4.98 12.12 38.35 6.89
SO2, ppb 3.08 ± 1.15 1.45 8.09 0.98
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were analyzed by the Sequence Detection Software. The details of
primers and probes for IL-13 genetic variants were presented in Supple-
ment Table 2.

2.5. Covariates

The covariates in the studywas obtained from the questionnaires in-
cluding age, sex (boys, girls), parental education level (b9 years, 9–
11 years, ≥12 years), family annual income (low, median, high), dura-
tion of breastfeeding (0 month, 1–2 months, 3–5 months, ≥6 months),
pet ownership (no, yes), carpet used (no, yes), environmental tobacco
smoke (no, yes), maternal smoking during pregnancy (no, yes), any
home dampness, moldy odor and mold, cockroaches (no, yes) and pa-
rental atopy (no, yes). Parental atopy was defined as children's father
or mother had been diagnosed as asthma, allergic rhinitis or atopic
dermatitis.

2.6. Statistical Analysis

The characteristics and distribution of the study populationwere an-
alyzed by usingChi-square statistics.Multiple logistic regressionmodels
were used to estimate the effect of air pollution on the prevalence of ag-
gregate bronchitic symptoms, adjusted for potential confounding fac-
tors, such as age, sex, maternal smoking during pregnancy, pets, ETS,
carpets used, cockroaches, any home dampness, moldy odor and mold
and parental atopy. The selection of confounders was according to the
stepwise selection and the difference between adjusted odds ratio
(OR) and crude OR has changed N10%. The effect of each air pollutants
on the risk of aggregate bronchitic symptomswas presented as adjusted
OR per interquartile changes for PM2.5, O3, CO, NO2 and SO2.

To evaluate the association of aggregate bronchitic symptoms with
each four IL-13 SNPs (rs1800925, rs2066960, rs20541 and rs848), mul-
tiple logistic regressions (codominant and dominant genetic models)
were used adjusting the variables described above. We estimated the
measurements of linkage disequilibrium (LD) by Haploview software
version 4.2.

In the Haplotype-based analysis, we first estimated haplotype fre-
quencies from IL-13 genotypes data using the “partition ligation E-M”
algorithm by Haplotype-tagging SNP program (Stram et al., 2003).
Then, haplotypes with the frequency N0.05 were used to do further
analysis. Adjusted OR were calculated for specific haplotypes, with the
group of all other haplotypes as the reference, with the same adjust-
ment variables which were described above.
Table 3
Adjusted odds ratio and 95% CI of aggregate bronchitic symptoms among children without ast

Pollutant Diagnosed bronchitis Chronic phlegm

aOR(95%CI) p aOR(95%CI)

PM2.5 (12.51 μg/m3) 0.74(0.54–1.03) 0.07 1.59(1.07–2.37)
O3(8.28 ppb) 0.84(0.61–1.16) 0.30 1.54(1.05–2.27)
CO(0.19 ppm) 1.02(0.83–1.24) 0.86 1.00(0.78–1.27)
NO2(6.89 ppb) 0.99(0.78–1.27) 0.94 1.06(0.79–1.41)
SO2(0.98 ppb) 0.92(0.78–1.08) 0.30 1.19(1.02–1.39)

Model adjusting for age, sex, maternal smoking during pregnancy, pet, ETS, carpet used, cockro
The interaction between air pollutants exposure and IL-13 haplo-
typeswas examined by adding an interactive term in the logistic regres-
sion models and the results were represented as OR and 95%CI. All
statistical analyses were performed by SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA), and all tests were two-sided with the significant
level of 0.05.

3. Results

3.1. Study Population and Prevalence of Aggregate Bronchitic Symptoms

A total of 3204 children with both information on genotyping
and air pollution was included in our study. Of the 2944 non-asthmatic
children, 141 (4.79%) had been diagnosed as bronchitis, and 283(9.61%)
as aggregate bronchitic symptoms. The distribution of demographic
characteristics of children with aggregate bronchitic symptoms was
shown in Table 1. The mean and standard deviation of ages with
and without aggregate bronchitic symptoms were 12.70 ± 0.35 and
12.65 ± 0.30, respectively. Boys had a higher risk of having aggregate
bronchitic symptoms (odds ratio (OR), 1.34; 95% CI, 1.05–1.72) than
girls. Children whose parents had atopic disease (OR, 2.07; 95%CI,
1.60–2.67), smoking during pregnancy (OR, 1.84; 95%CI: 1.10–3.10),
pets (OR, 1.38; 95% CI, 1.07–1.79), and carpets used (OR, 1.37; 95% CI,
0.95–1.97) tend to suffer aggregate bronchitic symptoms. We also
found positive associations between aggregate bronchitic symptoms
and, the presence of cockroaches (OR, 2.35; 95% CI, 1.38–4.00), and
any home dampness, moldy odor or mold at home (OR, 1.32; 95% CI,
1.03–1.69). Positive associations between diagnosed bronchitis and
sex (OR, 1.56; 95% CI, 1.11–2.20), parental education level over
12 years (OR, 2.47; 95% CI, 1.25–4.90), parental atopy (OR, 3.40; 95%
CI, 2.41–4.79), the presence of cockroaches (OR, 2.18; 95% CI, 1.06–
hma in single air pollutant models.

Chronic cough Aggregate bronchitic
symptoms

p aOR(95%CI) p aOR(95%CI) p

0.02 1.28(0.83–1.97) 0.26 1.01(0.80–1.28) 0.94
0.03 1.30(0.85–1.97) 0.23 1.08(0.85–1.36) 0.53
0.99 0.92(0.70–1.21) 0.55 1.00(0.86–1.16) 0.01
0.70 0.98(0.71–1.35) 0.90 1.03(0.86–1.23) 0.76
0.03 1.07(0.89–1.29) 0.46 1.04(0.93–1.15) 0.50

aches, any home dampness, moldy odor and mold and parental atopy.



Fig. 2. Location and LD of four IL-13 SNP.
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4.50) and any dampness problems at home (OR, 1.75; 95% CI, 1.23–
2.49) were found. In addition, the chronic phlegm was also associated
with carpets used (OR, 2.08; 95% CI, 1.24–3.48), and maternal smoking
during pregnancy (OR, 3.09; 95% CI, 1.56–6.14) (Table 1).

3.2. Air Pollution and Aggregate Bronchitic Symptoms

The distributions of the air pollutants concentrations were pre-
sented in Table 2. There were significantly positive associations be-
tween chronic phlegm without asthma and exposure to PM2.5 (aOR,
1.59; 95% CI, 1.07–2.37 per 12.51 μg/m3 change), O3 (aOR, 1.54 95% CI,
1.05–2.27 per 8.28 ppb change) and SO2 (aOR, 1.19; 95% CI, 1.02–1.39
per 0.98 ppb change). Although the OR of exposure to PM2.5, O3 and
SO2 was elevated, we did not identify any significant associations be-
tween air pollutant exposure and prevalence of chronic cough and ag-
gregate bronchitic symptoms in children without asthma (Table 3).
Table 5
Association of 4 tagging SNPs in IL-13 with aggregate bronchitic symptoms.

IL-13 genotype Diagnosed bronchitis Chronic phlegm

aOR(95%CI) p aOR(95%CI)

rs1800925
CC 1.00(reference) 1.00(reference)
CT 1.15(0.77–1.71) 0.69 0.87(0.53–1.45)
TT 1.66(0.69–4.02) 0.33 1.16(0.35–3.80)
CT/TT 1.20(0.82–1.76) 0.34 0.90(0.56–1.46)

rs2066960
CC 1.00(reference) 1.00(reference)
CA 0.81(0.56–1.19) 0.45 1.37(0.86–2.18)
AA 0.87(0.53–1.44) 0.89 0.97(0.51–1.85)
CA/AA 0.83(0.58–1.18) 0.30 1.26(0.81–1.96)

rs20541
CC 1.00(reference) 1.00(reference)
CT 1.04(0.72–1.51) 0.41 1.06(0.68–1.67)
TT 1.49(0.87–2.57) 0.14 1.77(0.96–3.27)
CT/TT 1.46(0.88–2.44) 0.14 1.72(0.97–3.04)

rs848
GG 1.00(reference) 1.00(reference)
GT 1.08(0.74–1.56) 1.57 1.24(0.78–1.95)
TT 1.29(0.75–2.22) 2.22 2.10(1.17–3.77)
GT/TT 1.24(0.75–2.07) 0.40 1.89(1.11–3.22)

Model adjusting for age, sex, maternal smoking during pregnancy, pet, ETS, carpet used, cockr
3.3. IL-13 SNPs and Aggregate Bronchitic Symptoms

Frequencies of IL-13 SNPs (SNP1 rs1800925, SNP2 rs2066960, SNP3
rs20541 and SNP4 rs848) polymorphisms were presented in Table 4. In
the distribution of our study population, the frequencies of the four IL-
13 SNPs were in accordance with the Hardy-Weinberg equilibrium
which was at significance level 10−4 (Stram et al., 2003). All four IL-13
SNPs were part of one haplotype block and a strong LD was found in
SNP3 rs20541 and SNP4 rs848 (Fig. 2). We found that SNP4 rs848 was
associatedwith the increased risk of chronic phlegmunder thehomozy-
gous codominant model (adjusted odds ratio (aOR), 2.10; 95% CI, 1.17–
3.77) and dominantmodel (aOR, 1.89; 95% CI, 1.11–3.22). Childrenwith
homozygous of SNP3 rs20541 (minor allele T) and SNP4 rs848 (minor
allele T) had a significantly higher risk of aggregate bronchitic symp-
toms (Table 5).

3.4. IL-13 Haplotypes and Aggregate Bronchitic Symptoms

IL-13 haplotype frequencies were shown in Table 6. Children with
the haplotype h0011 (SNP1: common allele C; SNP2: common allele
C; SNP3: minor allele T; SNP4: minor allele T) had an increased risk
for the prevalence of diagnosed bronchitis (aOR, 1.09; 95% CI, 0.74–
1.60), chronic phlegm (aOR, 1.33; 95% CI, 0.86–2.07), chronic cough
(aOR, 1.48; 95% CI, 0.92–2.38) and aggregate bronchitic symptoms
(aOR, 1.23; 95% CI, 0.94–1.62) without asthma in comparison with all
other haplotypes as the reference, but not statistically significant
(Table 7).

3.5. Association of Air Pollution and IL-13 Haplotypes with Aggregate Bron-
chitic Symptoms

Because the effects of h0011 were positive in aggregate bronchitic
symptoms (Table 7), we further evaluated the joint effects between
this haplotype and air pollutants exposure on the prevalence of aggre-
gate bronchitic symptomswithout asthma. In childrenwithout asthma,
we found that children carrying the haplotype h0011 had an increased
risk of chronic phlegm exposure to PM2.5 (aOR, 2.31; 95% CI, 1.11–
4.79), O3 (aOR, 2.86; 95% CI, 1.38–5.94), and SO2 (aOR, 1.22; 95% CI,
1.01–1.46). However, only a significant joint effect between haplotype
h0011 and O3 exposure (aOR, 1.11; 95% CI, 1.01–1.24) on the risk of
chronic phlegm in children without asthma was found (Table 8).
Chronic cough Aggregate bronchitic
symptoms

p aOR(95%CI) p aOR(95%CI) p

1.00(reference) 1.00(reference)
0.58 0.73(0.40–1.31) 0.23 0.93(0.69–1.26) 0.18
0.72 1.41(0.43–4.62) 0.41 1.56(0.80–3.03) 0.16
0.67 0.80(0.46–1.38) 0.41 0.99(0.75–1.32) 0.96

1.00(reference) 1.00(reference)
0.13 0.48(0.29–0.80) 0.10 0.80(0.61–1.05) 0.51
0.52 0.56(0.28–1.10) 0.51 0.77(0.53–1.11) 0.37
0.31 0.50(0.32–0.79) b0.01 0.79(0.61–1.02) 0.07

1.00(reference) 1.00(reference)
0.32 1.06(0.65–1.73) 0.50 1.00(0.76–1.31) 0.11
0.06 1.58(0.79–3.18) 0.20 1.57(1.06–2.33) 0.02
0.06 1.54(0.80–2.95) 0.20 1.57(1.09–2.27) 0.02

1.00(reference) 1.00(reference)
0.47 1.12(0.68–1.83) 0.65 1.06(0.81–1.39) 0.28
0.02 1.56(0.79–3.07) 0.22 1.51(1.03–2.21) 0.03
0.02 1.48(0.79–2.77) 0.22 1.47(1.03–2.10) 0.03

oaches, any home dampness, moldy odor and mold and parental atopy.

Image of Fig. 2


Table 6
Haplotype frequencies of IL-13 in this study.

Haplotypea Frequency

h0100 0.3311
h0000 0.3086
h0011 0.1373
h1011 0.1106
h0111b 0.0470
h0001b 0.0183
h1000b 0.0124
h1100b 0.0086
h0010b 0.0079
h1111b 0.0061
h1010b 0.0046
h0101b 0.0032
h0110b 0.0016
h1001b 0.0012
h1101b 0.0010
h1110b 0.0005

a 0: Common allele and 1:minor allele, by the order of
SNP1(rs1800925): C/T; SNP2(rs2066960): C/A; SNP3
(rs20541): C/T; SNP4(rs848): G/T.

b Haplotypes were collapsed into a single combined
category in the haplotype analysis.
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4. Discussion

To our best knowledge, this study investigated the independent and
joint effects of air pollutants exposure and IL-13 haplotypes in the rela-
tion to aggregate bronchitic symptoms in non-asthma children. Our
findings strengthen the prevalence of chronic phlegm was elevated
with an increase of PM2.5, O3 and SO2 exposure.We also found that chil-
dren having the haplotype h0011 are more likely to suffer aggregate
bronchitic symptoms. We further confirmed that IL-13 haplotype may
modify the effect of O3 exposure and chronic phlegm.
4.1. Validation of Air Pollutants Exposure Assessment

In our study, we used IDWmethod to estimate air pollution concen-
tration on the basis of school and home addresses relying on daily air
pollutionmonitoring data.We used I/O ratio to convert outdoor air pol-
lution concentrations into indoor ones and took children's living activi-
ties into account, whichwouldmake our exposure assessment closer to
individual level of exposure. The previous study was only used 3-year
averaged concentration of air pollution from air monitoring stations as
children exposed to air pollution (Hwang and Lee, 2010). In order to de-
termine if our exposure assessment was more appropriate than previ-
ous method, we compared the effects of air pollution exposure
between the previous method and ours. Although the ORs did not
show substantial differences, the confidence intervals of OR for O3 and
NO2 exposure in our study were narrower than previous ones (Supple-
ment Table 3). It shows the precision of our exposure assessment is bet-
ter than previous ones, especially in O3 and NO2. (Supplement Table 3).
Table 7
Association of IL-13 haplotypes and aggregate bronchitic symptoms among children without a

Haplotypes Diagnosed bronchitis Chronic phlegm

aOR(95%CI) p aOR(95%CI)

h0000 vs. othersa 0.82(0.58–1.17) 0.27 0.68(0.44–1.03)
h0011 vs. othersa 1.09(0.74–1.60) 0.67 1.33(0.86–2.07)
h1011 vs. othersa 1.17(0.78–1.75) 0.45 0.94(0.57–1.56)

Model adjusting for age, sex, maternal smoking during pregnancy, pet, ETS, carpet used, cockro
a 0: Common allele and 1: minor allele, by the order of SNP1(rs1800925): C/T; SNP2(rs2066
4.2. Potential Limitations

Our study has some potential limitations. The potential misclassifi-
cation of respiratory symptoms is a limitation to this study. Question-
naires of self-respiratory symptoms are commonly used in the
epidemiological studies and have been proved to be valid and repeat-
able (Burney et al., 1989). Aggregate bronchitic symptoms including
chronic phlegm and chronic cough, similar to the symptoms of asth-
matic attack, may consequently lead to the risk overestimation. How-
ever, this seems improbable because we primarily focused on children
without asthma. Another possible limitation is the difference in themis-
classification of IL-13 genetic variants. Since aggregate bronchitic symp-
toms are definedwithout knowing the genotypes, it may not lead to the
bias. Given 48 associations (4 outcomes × 3 air pollutants × 4 Haplo-
types) reported here, we might expect at least two of the associations
to be significant due to chance (if α = 0.05). Our findings suggest the
IL-13 haplotype may modify the effects of O3 exposure on chronic
phlegm, which are consistent with our knowledge about biological
mechanisms of aggregate bronchitic symptoms development, but we
cannot rule out the possibility of chance alone.

Children's living activities might be a potential limitation for expo-
sure assessment. Most of students in Taiwan might go to cram school
and go on vacation in summer or winter, but we did not investigate
this question in the questionnaire. Therefore, the information on chil-
dren living activities may not be complete, and the concentration of
air pollutants may be underestimated. Another limitation for exposure
assessment was the method of Indoor and outdoor concentration con-
version. Our study used I/O ratio which was measured in Paris might
cause bias (Kirchner et al., 2002). Since our study covered thewhole Tai-
wan, where climate and urban types were different, the concentration
of air pollutants at some place, such as Yilan and Hualian may be
overestimated.

4.3. Synthesis With Previous Knowledge

Several studies explored the relationship between air pollution and
aggregate bronchitic symptoms (Braun-Fahrländer et al., 1997;
Jedrychowski and Flak, 1998; Gao et al., 2014), but these studies did
not confirm that asthma was associated with air pollution exposure.
Therefore, we focused on non-asthma children to clarify the association
of air pollution exposure with aggregate bronchitic symptoms. Further-
more, we also elaborated the effects of air pollution and IL-13 gene on
aggregate bronchitic symptoms focusing on non-asthma children.

Our study showed that the exposure to PM2.5, O3, NO2 and SO2 were
negatively but not significantly associated with diagnosed bronchitis in
non-asthma children, which is consistent with the Southern California
study (McConnell et al., 1999). They reported aweak and negative asso-
ciation between diagnosed bronchitis and PM2.5 and NO2 in children
without asthma. Moreover, we found that the exposure to a 12.51 μg/
m3 had an increase in PM2.5, 8.28 ppb increase in O3 and 0.98 ppb in-
crease in SO2, and the prevalence of chronic phlegm was elevated
with 59%, 54% and 19% respectively.

The possiblemechanismof PM2.5 is that inhalation offine suspended
particles stimulates expression of a number of inflammation-related
sthma.

Chronic cough Aggregate bronchitic
symptoms

p aOR(95%CI) p aOR(95%CI) p

0.07 1.08(0.68–1.69) 0.75 0.84(0.65–1.08) 0.17
0.20 1.48(0.92–2.38) 0.11 1.23(0.94–1.62) 0.13
0.81 0.72(0.40–1.32) 0.29 0.98(0.72–1.33) 0.88

aches, any home dampness, moldy odor and mold and parental atopy.
960): C/A; SNP3(rs20541): C/T; SNP4(rs848): G/T.



Table 8
Joint effects of air pollution exposure and IL-13 haplotype h0011 on aggregate bronchitic symptoms among children without asthma.

h0011a Diagnosed bronchitis Chronic phlegm Chronic cough Aggregate bronchitic
symptoms

aOR(95%CI) p aOR(95%CI) p aOR(95%CI) p aOR(95%CI) p

PM2.5 (12.51 μg/m3) No 0.77(0.53–1.13) 0.18 1.34(0.83–2.17) 0.23 1.26(0.74–2.15) 0.40 0.97(0.73–1.29) 0.84
Yes 0.68(0.37–1.24) 0.66 2.31(1.11–4.79) 0.03 1.34(0.66–2.76) 0.84 1.11(0.73–1.70) 0.86
Interaction term 0.99(0.93–1.05) 0.72 1.04(0.97–1.12) 0.22 1.01(0.94–1.08) 0.88 1.01(0.97–1.05) 0.60

O3 (8.28 ppb) No 0.89(0.61–1.30) 0.55 1.18(0.74–1.87) 0.50 1.37(0.82–2.31) 0.23 1.02(0.77–1.35) 0.90
Yes 0.73(0.40–1.34) 0.53 2.86(1.38–5.94) b0.01 1.17(0.57–2.41) 0.51 1.22(0.80–1.88) 0.70
Interaction term 0.98(0.90–1.06) 0.58 1.11(1.01–1.24) 0.04 0.98(0.88–1.09) 0.73 1.02(0.96–1.09) 0.49

SO2

(0.98 ppb)
No 0.93(0.77–1.12) 0.45 1.15(0.87–1.53) 0.43 1.12(0.90–1.40) 0.31 1.06(0.94–1.20) 0.36
Yes 0.89(0.65–1.23) 0.73 1.22(1.01–1.46) 0.04 0.99(0.71–1.38) 0.25 0.99(0.81–1.22) 0.30
Interaction term 0.96(0.66–1.40) 0.82 0.95(0.67–1.34) 0.76 0.88(0.59–1.32) 0.54 0.94(0.73–1.19) 0.59

Model adjusting for age, sex, maternal smoking during pregnancy, pet, ETS, carpet used, cockroaches, any home dampness, moldy odor and mold and parental atopy.
a 0: Common allele and 1: minor allele, by the order of SNP1(rs1800925): C/T; SNP2(rs2066960): C/A; SNP3(rs20541): C/T; SNP4(rs848): G/T.

76 Y.L. Lee et al. / EBioMedicine 29 (2018) 70–77
cytokine genes, which induce neutrophils, eosinophils and T cells to re-
lease more inflammatory cytokines and chemokines. However, the ex-
cessive response of inflammatory cytokines causes inflammatory
damage causing the risk of human respiratory system (Xing et al.,
2016). Inhalation of PM2.5, O3, NO2 and SO2, which are known to form
reactive oxygen species (ROS), might cause airway inflammation and
impaired immune function, activated the inflammatory cells.

IL-13 is located on chromosome 5q31, which is generated by stimu-
lated Th2 cells and has been involved in the pathogenesis of asthma. The
mechanism for the effects of IL-13 on respiratory symptoms may in-
volve pathways that affect airway inflammatory. IL-13 enhances activa-
tion of eosinophils and induces B cells to produce immunoglobulin E
(IgE), thereby activating mast cells, which produce excessive immune
responses (Brightling et al., 2010).

Our findings also found that IL-13 haplotype may modify the effects
of ozone exposure on chronic phlegm in children without asthma. Al-
though the biological mechanism is still unclear, it is possible that the
exposure to ozone may cause overexpression of IL-13 gene, inducing
mucus cell hyperplasia, thereby excessive production of airway
mucus. An animal study also provides the evidence that IL-13 overex-
pression exacerbated ozone induced airway hyper-responsiveness and
inflammatory response (Williams et al., 2008). Further studies are still
needed to confirm the IL-13 effect modification with O3 exposure on
chronic phlegm and elaborated potential biological mechanisms.

5. Conclusion

Our results revealed that genetic variants in IL-13, especially h0011
haplotype increased the risk of the prevalence of aggregate bronchitic
symptoms in non-asthmatic children. It may also modify the effects of
exposure to air pollutants on the prevalence of aggregate bronchitic
symptoms. Thus, IL-13 may be a suitable gene to identify the children
susceptible to the exposition to air pollution.

Conflicts of Interest

The authors have no competing interest to declare.

Authors' contributions

Conception and design: YL, BF; Analysis and interpretation: JH, CM,
BF; Drafting the manuscript for important intellectual content: JH, CH,
BF. JH contributed equally as YL.

Acknowledgments

This study was supported by the National Science Council (Grant
#96-2314-B-006-053, #98-2314-B-002-138-MY3 and #101-2314-B-
002-113-MY3).
The founders have no role in the study design, data collection, anal-
ysis or interpretation; or writing the paper.

Appendix A. Supplementary Data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ebiom.2018.02.008.

References

Beghé, B., Hall, I.P., Parker, S.G., Moffatt, M.F., Wardlaw, A., Connolly, M.J., Fabbri, L.M.,
Ruse, C., Sayers, I., 2010. Polymorphisms in IL13 pathway genes in asthma and
chronic obstructive pulmonary disease. Allergy 65, 474–481.

Berhane, K., Chang, C.C., McConnell, R., Gauderman,W.J., Avol, E., Rapapport, E., Urman, R.,
Lurmann, F., Gilliland, F., 2016. Association of changes in air quality with bronchitic
symptoms in children in California, 1993–2012. JAMA 315, 1491–1501.

Braun-Fahrländer, C., Vuille, J.C., Sennhauser, F.H., Neu, U., Künzle, T., Grize, L., Gassner, M.,
Minder, C., Schindler, C., Varonier, H.S., Wüthrich, B., 1997. Respiratory health and
long-term exposure to air pollutants in Swiss schoolchildren. SCARPOL team. Swiss
study on childhood allergy and respiratory symptoms with respect to air pollution,
climate and pollen. Am. J. Respir. Crit. Care Med. 155, 1042–1049.

Brightling, C.E., Saha, S., Hollins, F., 2010. Interleukin-13: prospects for new treatments.
Clin. Exp. Allergy 40, 42–49.

Burney, P.G., Laitinen, L.A., Perdrizet, S., Huckauf, H., Tattersfield, A.E., Chinn, S., Poisson,
N., Heeren, A., Britton, J.R., Jones, T., 1989. Validity and repeatability of the IUATLD
(1984) bronchial symptoms questionnaire: an international comparison. Eur. Respir.
J. 2, 940–945.

Carroll, K.N., Gebretsadik, T., Griffin, M.R., Wu, P., Dupont, W.D., Mitchel, E.F., Enriquez, R.,
Hartert, T.V., 2008. Increasing burden and risk factors for bronchiolitis-related medi-
cal visits in infants enrolled in a state health care insurance plan. Pediatrics 122,
58–64.

Chen, L., Shen, Y., Liu, L., Li, X., Wang, T., Wen, F., 2013. Interleukin-13− 1112 C/T pro-
moter polymorphism confers risk for COPD: a meta-analysis. PLoS One 8, e68222.

Cheng, K.H., Lin, C.C., Hsu, P.C., Huang, S.J., 2016. Reconstruction and analysis of surface
velocity from drifters in the Kuroshio region east of Taiwan. J. Mar. Sci. Technol. 24,
1217–1225.

Gao, Y., Chan, E.Y., Li, L., Lau, P.W., Wong, T.W., 2014. Chronic effects of ambient air pollu-
tion on respiratory morbidities among Chinese children: a cross-sectional study in
Hong Kong. BMC Public Health 14, 105.

Ghosh, R., Rossner, P., Honkova, K., Dostal, M., Sram, R.J., Hertz-Picciotto, I., 2016. Air pol-
lution and childhood bronchitis: interaction with xenobiotic, immune regulatory and
DNA repair genes. Environ. Int. 87, 94–100.

Hallberg, J., Dominicus, A., Eriksson, U.K., et al., 2008. Interaction between smoking and
genetic factors in the development of chronic bronchitis. Am. J. Respir. Crit. Care
Med. 177, 486–490.

Hwang, B.F., Lee, Y.L., 2010. Air pollution and prevalence of bronchitic symptoms among
children in Taiwan. Chest 138, 956–964.

Jedrychowski,W., Flak, E., 1998. Effects of air quality on chronic respiratory symptoms ad-
justed for allergy among preadolescent children. Eur. Respir. J. 11, 1312–1318.

Jung, C.R., Chen, W.T., Lin, Y.T., Hwang, B.F., 2017. Ambient air pollutant exposures and
hospitalization for Kawasaki disease in Taiwan: a case-crossover study (2000
−2010). Environ. Health Perspect. 125, 670–676.

Kirchner, S., Laurent, A.M., Collignan, B., Le Moullec, Y., Ramalho, O., Villenave, J.G., Flori, J.
P., 2002. Impact of the urban pollution on the indoor environment-Experimental
study on a mechanical ventilated dwelling. Proceedings of the 9th International Con-
ference on Indoor Air Quality and Climate 2002, pp. 164–169.

Lee, Y.L., McConnell, R., Berhane, K., Gilliland, F.D., 2009. Ambient ozone modifies the ef-
fect of tumor necrosis factor G-308A on bronchitic symptoms among children with
asthma. Allergy 64, 1342–1348.

McConnell, R., Berhane, K., Gilliland, F., London, S.J., Vora, H., Avol, E., Gauderman, W.J.,
Margolis, H.G., Lurmann, F., Thomas, D.C., Peters, J.M., 1999. Air pollution and

https://doi.org/10.1016/j.ebiom.2018.02.008
https://doi.org/10.1016/j.ebiom.2018.02.008
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0010
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0010
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0015
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0015
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0020
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0020
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0020
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0020
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0025
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0025
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0030
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0030
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0030
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0035
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0035
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0035
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0040
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0040
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0045
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0045
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0045
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0050
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0050
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0050
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0055
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0055
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0055
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0060
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0060
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0060
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0065
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0065
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0070
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0070
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0075
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0075
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0075
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0080
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0080
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0080
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0085
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0085
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0085
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0090


77Y.L. Lee et al. / EBioMedicine 29 (2018) 70–77
bronchitic symptoms in Southern California children with asthma. Environ. Health
Perspect. 107, 757–760.

McConnell, R., Berhane, K., Gilliland, F., Molitor, J., Thomas, D., Lurmann, F., Edward, A.,
Gauderman, W.J., Peters, J.M., 2003. Prospective study of air pollution and bronchitic
symptoms in children with asthma. Am. J. Respir. Crit. Care Med. 168, 790–797.

Önal, A.E., Abbasoglu, A., 2011. Bronchitis and Environment. Bronchitis ISBN 978-953-
307-889-2, 200 pages.

Stram, D.O., Haiman, C.A., Hirschhorn, J.N., Altshuler, D., Kolonel, L.N., Henderson, B.E.,
Pike, M.C., 2003. Choosing haplotype-tagging SNPS based on unphased genotype
data using a preliminary sample of unrelated subjects with an example from theMul-
tiethnic Cohort Study. Hum. Hered. 55, 27–36.

Stroh, E., Harrie, L., Gustafsson, S., 2007. A study of spatial resolution in pollution exposure
modelling. Int. J. Health Geogr. 6, 19.

Taiwan. Ministry of Education (TMOE), 2003. 97 year of national primary and secondary
schools nine years consistent curriculum outline.
Tsai, C.H., Tung, K.Y., Su, M.W., Chiang, B.L., Chew, F.T., Kuo, N.W., Lee, Y.L., 2013. Interleu-
kin-13 genetic variants, household carpet use and childhood asthma. PLoS One 8,
e51970.

U.S. Environmental Protection Agency (EPA), 1999. Guideline on data handling conven-
tions for the pm NAAQS.

U.S. Environmental Protection Agency (EPA), 2013. Guideline on data handling conven-
tions for the 8-hour ozone NAAQS.

Walter, D.M., McIntire, J.J., Berry, G., McKenzie, A.N., Donaldson, D.D., DeKruyff, R.H.,
Umetsu, D.T., 2001. Critical role for IL-13 in the development of allergen-induced air-
way hyperreactivity. J. Immunol. 167, 4668–4675.

Williams, A.S., Nath, P., Leung, S.Y., Khorasani, N., McKenzie, A.N.J., Adcock, I.M., Chung, K.
F., 2008. Modulation of ozone-induced airway hyperresponsiveness and inflamma-
tion by interleukin-13. Eur. Respir. J. 32, 571–578.

Xing, Y.F., Xu, Y.H., Shi, M.H., Lian, Y.X., 2016. The impact of PM2.5 on the human respira-
tory system. J. Thorac. Dis. 8, E69–74.

http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0090
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0090
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0095
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0095
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0100
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0100
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0105
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0105
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0105
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0110
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0110
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0115
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0115
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0120
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0120
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0120
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0125
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0125
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0130
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0130
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0135
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0135
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0140
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0140
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0145
http://refhub.elsevier.com/S2352-3964(18)30062-8/rf0145

	Association of Air Pollution Exposure and Interleukin-�13 Haplotype with the Risk of Aggregate Bronchitic Symptoms in Children
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Health Outcomes
	2.3. Exposure Assessment
	2.4. Genotyping
	2.5. Covariates
	2.6. Statistical Analysis

	3. Results
	3.1. Study Population and Prevalence of Aggregate Bronchitic Symptoms
	3.2. Air Pollution and Aggregate Bronchitic Symptoms
	3.3. IL-13 SNPs and Aggregate Bronchitic Symptoms
	3.4. IL-13 Haplotypes and Aggregate Bronchitic Symptoms
	3.5. Association of Air Pollution and IL-13 Haplotypes with Aggregate Bronchitic Symptoms

	4. Discussion
	4.1. Validation of Air Pollutants Exposure Assessment
	4.2. Potential Limitations
	4.3. Synthesis With Previous Knowledge

	5. Conclusion
	Conflicts of Interest
	Authors' contributions
	Acknowledgments
	Appendix A. Supplementary Data
	References


