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The prevalence of bronchial hyperresponsiveness in elementary school
children and its associated factors
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Purpose: We investigated the prevalence of bronchial hyperresponsiveness (BHR) and its associated factors in population-based el-
ementary school children.

Methods: Methacholine bronchial provocation tests were performed on 1,151 elementary school children and BHR was defined as
PCy (provocative concentration of methacholine causing a 20% fall in forced expiratory volume in 1 second [FEV;]) <8 mg/mL. We
analyzed the prevalence of BHR according to age and sex. The Korean version of International Study of Asthma and Allergies in
Childhood (ISAAC) questionnaire, skin prick test, pulmonary function test, and blood tests were performed to determine associated
factors for BHR.

Results: A total of 1,106 students eligible for provocation tests were included in the analysis. The overall prevalence of PCy <8 mg/
mL was 11.5% (95% confidence interval, 10.6-13.4) and BHR decreased with age (P-value for trend <0.001). Younger age (adjusted
odds ratio [aOR], 0.860; P=0.032), higher blood eosinophil % (aOR, 1.151; P=0.001), lower predictive % of FEV; (aOR, 0.977; P=0.029),
fraction of exhaled nitric oxide (FeNO) > 25 ppb (aOR, 2.118; P=0.025), and sensitization to mites (@OR, 1.705; P=0.034) were associ-
ated with BHR. Preterm birth (aOR, 2.056; P=0.068) showed borderline significance. The associated factors for BHR with atopy were
lower body mass index (aOR, 0.838; P=0.005), preterm birth (@OR, 4.361; P=0.003), and FeNO =25 ppb (aOR, 2.161; P=0.043). Younger
age (aOR, 0.810; P=0.037) and higher blood eosinophil % (aOR, 1.296; P < 0.001) were associated with BHR without atopy.
Conclusion: The prevalence of BHR decreased with age in elementary school children. Younger age, preterm birth, eosinophilia,
sensitization to mites, lower lung function, and higher FeNO level were independently associated with BHR. (Allergy Asthma Respir Dis
2014;2:171-178)
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Total number of students
(n=1,338, 100%)

Response to questionaire
(n=1,244, 93.0%)

Methacholine bronchial
provocation test

(n=1.151, 86.0%)
Excluded by current medication
for respiratory symptom
(n=38, 2.8%) and missing data (n= 7, 0.5%)
Analysis
(n=1.106, 82.7%)

Fig. 1. Scheme of subject eligibility for the study. Total 1,106 students eligible
for provocation tests were included in the analysis (82.7%).
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Table 1. Characteristics of the subjects

Characteristic Value
Male sex 620/1,244 (49.8)
Age (yr) 92+17
Body mass index (kg/m?) 179+32
Paternal history of allergic disease 304/1,170(26.0)
Asthma 20/1,175(1.7)
Allergic rhinitis 251/1,173(21.4)
Atopic dermatitis 67/1,167 (5.7)
Maternal history of allergic disease 343/1,193(2838)
Asthma 29/1,186 (2.4)
Allergic rhinitis 313/1,252 (25.0)
Atopic dermatitis 42/1,181(3.6)
Education level of mother

<High school 433/1,211(35.8)

> College 778/1,211 (64.2)
Monthly income (KRW)

<3,000,000 319/1,213(26.3)

> 3,000,000, <5,000,000 470/1,213(38.7)

>5,000,000 424/1,213(35.0)
Preterm birth 70/1,228 (5.7)
Breast milk feeding over 3 months 764/1,239(61.7)
Smoking history during pregnancy 6/1,221(0.5)

430/1,226 (35.1)
124/1,233(10.1)
176/1,229(14.3)
179/1,229(14.6)
1,003/1,224 (81.9)
140/1,219(11.5)
302/1,229(24.6)
371/1,232(30.1)

Passive smoking in house

Past history of bronchiolitis

Use of antibiotics in infancy (>3 days)
Current pet ownership

Day care attendance

Living in new house before 1 year of age
Molds in house before 1 year of age
Molds in house within 12 months

Atopy on skin prick test 461/1,143(40.3)
Total IgE>100 IU/mL 437/1,018 (42.9)
FeNO>25 ppb 120/1,063(11.3)

Values are presented as number (%) or mean + standard deviation.
KRW, Korean Won (the currency of South Korea); IgE, immunoglobulin E; FeNO, frac-
tion of exhaled nitric oxide.
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Table 2. Prevalence of wheezing, asthma, and bronchial hyperresponsiveness
(BHR)

Variable No. % (95% Cl)
Wheeze ever 152/1,240 12.3(105-14.1)
Wheeze, last 12 months 43/1,240 35(25-45)
Diagnosis of asthma ever 63/1,240 51(39-6.3)
Treatment of asthma, last 12 months 15/1,193 1.3(0.7-1.9)
Current asthma 10/1,239 0.8(0.3-1.3)
BHR

PCz0<8 mg/mL 127/1,106 115(10.6-13.4)

PCz0< 16 mg/mL 127/1,106 19.4(17.1-21.7)

Cl, confidence interval; PCo, provocative concentration of methacholine causing a
20% fall in forced expiratory volume in 1 second.
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M Male ™ Female

Prevalence (%)

6 7 8 9 10 1 12
Age (yr)

Fig. 2. Prevalence of bronchial hyperresponsiveness (PCz < 8 mg/mL) according
to age and sex. The Pvalue for trend was 0.009 in males, 0.001 in females, and
<0.001 in total subjects. There were no sex differences in each age; PCzo, pro-
vocative concentration of methacholine causing a 20% fall in forced expiratory
volume in 1 second.
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Table 3. Associated factors for bronchial hyperresponsiveness (PCz < 8 mg/mL) in elementary school children

Allergy Asthma Respir Dis AARD

Associated factor Pl
OR (95% Cl) P-value a0R (95% Cl) Pvalue
Demographic factors
Age 0.793(0.708-0.887) <0.001 0.860(0.750-0.987) 0.032
Male sex 1.110(0.766-1.607) 0.581 1.204.(0.771-1.880) 0.415
Body mass index ( > 85 percentile) 0.887(0.828-0.949) 0.001 0.941(0.867-1.021) 0.941
Maternal education (> college graduate) 0.824 (0.561-1.209) 0.323 0.769(0.481-1.228) 0.271
Personal history
Past history of AD diagnosis 0.948 (0.636-1.412) 0.792 0.706 (0.442-1.127) 0.144
Past history of AR diagnosis 1.303(0.891-1.904) 0172 1.295(0.822-2.041) 0.265
History of bronchiolitis before 2 years old 0.842(0.438-1.618) 0.606 0.781(0.372-1.638) 0513
Breast milk feeding > 6 months 1.256 (0.761-2.072) 0.373 1.231(0.682—2.223) 0490
Use of antibiotics in infancy (> 3 days) 0.760 (0.386-1.495) 0.426 0.650(0.294-1.438) 0.288
Genetic factors
Parental asthma 0.763(0.268-2.170) 0612 0.735(0.248-2.174) 0578
Factors associated with pregnancy
Premature birth 2.532 (1.374—4.667) 0.003 2.056(0.948—-4.459) 0.068
Birth weight 0.975(0.669-1.421) 0.894 1.166 (0.744-1.828) 0.503
Delivery (cesarean section) 0.985(0.673—1.440) 0.936 0.972(0.622-1.518) 0.901
Environmental factors
Environmental tobacco smoking 0.802(0.535-1.201) 0.285 0.834(0.523-1.331) 0447
Current pet ownership 1.803 (0.455-1.418) 0.449 0.772(0.399-1.492) 0441
Pet ownership in pregnancy or infancy 1.669(0.821-3.393) 0.157 1.324.(0.568-3.088) 0516
Having older siblings 1.118(0.771-1.621) 0.558 0.968 (0.626-1.498) 0.886
Having younger siblings 0.904(0.621-1.318) 0.601 0.851(0.549-1.319) 0470
Day care attendance 0.955(0.590-1.546) 0.851 0.777(0.449-1.344) 0.366
Living in new house before 1 year of age 1.255(0.724-2.175) 0418 1.050 (0.557-1.982) 0.880
Molds in house before 1 year of age 0.911(0.587-1.415) 0.691 0.902 (0.542—1.504) 0.693
Molds in house within 12 months 0.680(0.439-1.053) 0.084 0.447(0.256-0.778) 0.004
Biologic markers
Log serum total IgE 1.953(1.396-2.733) <0.001 1.375(0.847-2.233) 0.198
Eosinophil % in peripheral blood 1.203(1.127-1.285) <0.001 1.151(1.058-1.251) 0.001
FEV;, predictive % 0.984 (0.967-1.002) 0.078 0.977(0.957-0.998) 0.029
FEVi/FVC 0.974 (0.944-1.005) 0.104 0.978(0.941-1.017) 0.260
FeNO>25 ppb 2.635(1.605-4.325) <0.001 2.118(1.101-4.073) 0.025
Atopy on skin prick test, any allergen
Atopy to house dust mites 2.069 (1.427-3.000) <0.001 1.656 (1.016-2.700) 0.043
Atopy to pollen 0.871(0.454-1.672) 0.846 0.791(0.378-1.655) 0533
Atopy to fungus 1,563 (0.639-3.822) 0.328 0.904(0.292-2.798) 0.861

a0R: adjusted by age, sex, body mass index, personal AD, parental asthma, maternal education, monthly income, environmental tobacco smoke, log IgE, eosinophil percent,

predictive % of FEV4, and atopy on skin prick test.

PCz, provocative concentration of methacholine causing a 20% fall in FEV:; OR, odds ratio; Cl, confidence interval; aOR, adjusted OR; AD, atopic dermatitis; AR, allergic rhinitis;
IgE, immunogloulin E; FEV4, forced expiratory volume in 1 second; FVC, forced vital capacity; FeNO, fraction of exhaled nitric oxide.
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Table 4. Associated factors for bronchial hyperresponsiveness (PCz < 8 mg/mL) according to atopy

PCa0
Associated factor Atopic (n=461) Nonatopic (n=682)
a0R (95% Cl) Pvalue a0R (95% Cl) Pvalue
Demographic factor
Age 0.887(0.729-1.081) 0.234 0.810(0.666-0.987) 0.037
Male sex 0.718(0.380-1.357) 0.308 1.663(0.871-3.176) 0123
Body mass index (> 85 percentile) 0.838(0.741-0.948) 0.005 1.055(0.945-1.177) 0.339
Maternal education (> graduate) 0.748(0.368-1.448) 0.388 0.899(0.452-1.789) 0.761
Personal history
Past history of AD diagnosis 0.769 (0.416-1.425) 0.404 0.456 (0.210-0.990) 0.047
Past history of AR diagnosis 1.585(0.846-2.972) 0.150 0.951(0.470-1.926) 0.889
History of bronchiolitis before 2 years old 1.074 (0.411-2.806) 0.883 0.879(0.305-2.533) 0811
Breast milk feeding > 6 months 1.105(0.483-2.528) 0.814 1.678(0.647-4.352) 0.287
Use of antibiotics in infancy (> 3 days) 0.896 (0.325-2.470) 0.832 0.339(0.087-1.324) 0.120
Genetic factors
Parental asthma 0.884(0.238-3.284) 0.854 0.543(0.068—4.329) 0.564
Factors associated with pregnancy
Premature birth 4.361(1.672-11.372) 0.003 0.239(0.019-3.014) 0.268
Birth weight 1.081(0.608-1.922) 0.790 1.105(0.535-2.283) 0.787
Delivery (cesarean section) 0.709(0.370-1.361) 0.301 1.111(0.584-2.111) 0.749
Environmental factors
Environmental tobacco smoking 0.554(0.277-1.109) 0.095 1.181(0.623-2.236) 0611
Current pet ownership 0.771(0.314-1.895) 0571 0.635(0.109-3.692) 0.613
Pet ownership in pregnancy or infancy 1.494(0515-4.322) 0.460 1.494(0.515-4.322) 0.460
Having older siblings 0.973(0.530-1.788) 0.931 0.989(0.519-1.884) 0.973
Having younger siblings 0.919(0.502-1.681) 0.784 0.755(0.400-1.501) 0.450
Day care attendance 0.947(0.425-2.112) 0.895 0.647 (0.302—1.384) 0.261
Living in new house before 1 year of age 0.740(0.302-1.813) 0510 1.468 (0.593-3.634) 0.407
Molds in house before 1 year of age 0.837(0.392-1.786) 0.646 0.942 (0.462-1.922) 0.870
Molds in house within 12 months 0.403(0.190-0.856) 0.018 0.655(0.300-1.427) 0.286
Biologic markers
Log serum total IgE 1.211(0.585-2.507) 0.606 1.272(0.654-2.472) 0479
Eosinophil % in peripheral blood 1.090(0.981-1.212) 0.111 1.296(1.126-1.492) <0.001
FEV;, predictive % 0.911 (0.948-1.008) 0.145 0.979(0.952-1.006) 0.131
FEV:/FVC 0.984(0.927-1.044) 0.584 0.962(0.914-1.013) 0.144
FeNO> 25 ppb 2.161(1.023-4.561) 0.043 3.356 (0.644—14.476) 0.150

a0R: adjusted by age, sex, body mass index, personal AD, parental asthma, maternal education, monthly income, environmental tobacco smoke, log IgE, eosinophil percent,

predictive % of FEV;, and atopy on skin prick test.

PCz, provocative concentration of methacholine causing a 20% fall in FEV:; aOR, adjusted odds ratio; Cl, confidence interval; AD, atopic dermatitis; AR, allergic rhinitis; IgE, im-
munogloulin E; FEVy, forced expiratory volume in 1 second; FVC, forced vital capacity; FeNO, fraction of exhaled nitric oxide.
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