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ABSTRACT

Background: Most epidemiological studies depend on the subjects' response to asthma 
symptom questionnaires. Questionnaire-based study for childhood asthma prevalence may 
overestimate the true prevalence. The aim of this study was to investigate the prevalence 
of “Current asthma” using the International Study of Asthma and Allergies in Childhood 
(ISAAC) questionnaire and methacholine challenge test in Korean children.
Methods: Our survey on allergic disease included 4,791 children (age 7–12 years) from 2010 
to 2014 in Korean elementary schools. Bronchial hyperresponsiveness (BHR) was defined as 
provocative concentration of methacholine causing a 20% fall in forced expiratory volume in 
one second (FEV1) (PC20) ≤ 16 mg/mL. “Current asthma symptoms” was defined as positive 
response to “Wheezing, current,” “Treatment, current,” or “Exercise, current.” “Current 
asthma” was defined when the subjects with “Current asthma symptoms” showed BHR on the 
methacholine challenge test or had less than 70% of predicted FEV1 value.
Results: The prevalence of “Wheezing, ever,” “Wheezing, current,” “Diagnosis, ever,” 
“Treatment, current,” “Exercise, current,” and “Current asthma symptoms” was 19.6%, 
6.9%, 10.0%, 3.3%, 3.5%, and 9.6%, respectively, in our cross-sectional study of Korean 
elementary school students. The prevalence of BHR in elementary school students was 
14.5%. The prevalence of BHR in children with “Wheezing, ever,” “Wheezing, current,” 
“Diagnosis, ever,” “Treatment, current,” and “Exercise, current” was 22.3%, 30.5%, 22.4%, 
28.8%, and 29.9%, respectively. BHR was 26.1% in those with “Current asthma symptoms.” 
The prevalence of “Current asthma” was 2.7%.
Conclusions: Our large-scale study provides 2.7% prevalence of current asthma in Korean 
elementary school children. Since approximately one third of the children who have “Current 
asthma symptoms” present BHR, both subjective and objective methods are required to 
accurately predict asthma in subjects with asthma symptoms.

Keywords: Asthma; Prevalence; Child; Epidemiology; Questionnaires;  
Bronchial Hyperresponsiveness

J Korean Med Sci. 2021 May 17;36(19):e130
https://doi.org/10.3346/jkms.2021.36.e130
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Aug 23, 2020
Accepted: Apr 7, 2021

Address for Correspondence:
Jeong Hee Kim, MD, PhD
Department of Pediatrics, Inha University 
School of Medicine, Inha University Hospital, 
27 Inhang-ro, Jung-gu, Incheon 22332, 
Republic of Korea.
E-mail: kimjhmd@inha.ac.kr

© 2021 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Hyeonjin Woo 
https://orcid.org/0000-0002-4493-0272
Mona Salem Samra 
https://orcid.org/0000-0001-6337-7049
Dae Hyun Lim 
https://orcid.org/0000-0002-4558-3284
Jeong Hee Kim 
https://orcid.org/0000-0002-7054-8552

Funding
This study was conducted with funding for 
the Environmental Health Center for Allergy 
Rhinitis supported by Korean Ministry of 
Environment from 2008 to 2010.

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Hyeonjin Woo , Mona Salem Samra , Dae Hyun Lim , and Jeong Hee Kim  

Department of Pediatrics, Inha University School of Medicine, Inha University Hospital, Incheon, Korea

Current Asthma Prevalence Using 
Methacholine Challenge Test in Korean 
Children from 2010 to 2014 

Pediatrics

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4493-0272
https://orcid.org/0000-0002-4493-0272
https://orcid.org/0000-0001-6337-7049
https://orcid.org/0000-0001-6337-7049
https://orcid.org/0000-0002-4558-3284
https://orcid.org/0000-0002-4558-3284
https://orcid.org/0000-0002-7054-8552
https://orcid.org/0000-0002-7054-8552
https://orcid.org/0000-0002-4493-0272
https://orcid.org/0000-0001-6337-7049
https://orcid.org/0000-0002-4558-3284
https://orcid.org/0000-0002-7054-8552
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2021.36.e130&domain=pdf&date_stamp=2021-05-03


Author Contributions
Conceptualization: Lim DH, Kim JH. Data 
curation: Woo H, Samra MS. Formal analysis: 
Woo H, Samra MS. Investigation: Lim DH, Kim 
JH. Methodology: Woo H, Samra MS, Kim 
JH. Writing - original draft: Woo H. Writing - 
review & editing: Woo H, Kim JH.

INTRODUCTION

Asthma is not only a common chronic disease but also one of the major causes of 
hospitalization in children. Asthma should be managed appropriately especially in children 
for preventing progression to airway remodeling and impaired lung function. Early accurate 
diagnosis and appropriate treatment enables children to enjoy a high quality of life and leads 
to much better disease control and outcomes.

Asthma may differ in prevalence and severity by race, region, and country. Thus, physicians 
should have appropriate guidance upon data with the prevalence of accurate asthma in the 
general population of children.

In most previous epidemiological studies, questionnaires based on subjective symptoms and 
past medical history of asthma have been used for estimating the prevalence of asthma.

The International Study of Asthma and Allergies of Childhood (ISAAC) questionnaire 
is a widely accepted standardized tool for evaluating asthma prevalence.1 However, the 
questionnaire alone may overestimate the true prevalence of asthma, since asthma-
mimicking symptoms can manifest in various other diseases. Therefore, it is important to 
estimate accurate asthma prevalence based on an objective method such as the bronchial 
provocation test in a general population of children.

Bronchial hyperresponsiveness (BHR) is one of the key features of asthma and is 
demonstrated in almost all subjects with current symptomatic asthma.2 Defining current 
asthma with BHR and recent wheezing in the past 12 months have been considered useful in 
evaluating asthma prevalence in the general population.3

In pediatric populations, the prevalence of BHR with “Current asthma symptoms” varies 
among studies. The prevalence of BHR to methacholine (provocative concentration of 
methacholine causing a 20% reduction in forced expiratory volume in one second [FEV1]; 
PC20 ≤ 16 mg/mL) in children who had wheezing in the past 12 months has been reported 
to range from 25% in the United States4 to 60% in Turkey5 which is a large difference. In 
addition, the frequency of BHR in current wheezing within 12 months showed considerable 
inconsistency in Korean pediatric population studies: 6%6 vs. 56%.7 As above, BHR differs 
from country to country, and even in the same country, it may vary depending on the region 
and age.

In Korean studies, epidemiological data on the nationwide prevalence of all ages in 
elementary school students were insufficient. Some large-scaled studies of asthma 
prevalence among Korean children were mainly based on questionnaires. There have been 
a few studies on BHR in children.6-8 Subjects in those studies did not include all ages of 
elementary students. A study that conducted a methacholine challenge test (MCT) on 
subjects aged 7–19 years with asthma symptoms reported 4.6% prevalence of asthma in 1997.7 
As healthcare environments, including advances in therapeutic agents, early diagnosis, as 
well as early and proper treatment, have changed from the mid-1990s when previous studies 
were conducted, it is necessary to update asthma prevalence in Korean children. Therefore, 
this is a meaningful study to understand the trend in prevalence of asthma over time.
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The aim of this study was to assess the prevalence of current asthma and BHR using both the 
ISAAC questionnaire and MCT in Korean elementary school students in the metropolitan 
cities of Incheon, Gwangju (southern inland), and Gyeonggi.

METHODS

Subjects
The subjects included 5,531 elementary school students in the metropolitan cities of Incheon 
(northwest coast), Gwangju (southern inland), and Gyeonggi from 2010 to 2014 in Korea. 
From the total, 4791 provided complete data in Questionnaires and MCT. The number of 
subjects in Incheon, Gwangju and Gyeonggi was 2,421, 1,029 and 1,341, respectively. The 
response rates of Seoul and the provincial area were 95.6% and 98.3%, respectively.

Questionnaire and case definitions
Asthma symptoms were identified through the Korean version of the ISAAC core questions 
on asthma:1 Have you ever had wheezing or whistling in the chest at any time in the past? 
(“Wheezing, ever”); Have you had wheezing or whistling in the chest in the last 12 months? 
(“Wheezing, current”); Has your child ever had asthma? (“Diagnosis, ever”); Has your child 
been treated for asthma in the last 12 months? (“Treatment, current”); and in the last 12 
months, has your chest sounded wheezy during or after exercise? (“Exercise, current”). We 
defined “Current asthma symptoms” when the answer was yes to any one of the “Wheezing, 
current,” “Treatment, current,” or “Exercise, current” questions. “Current asthma” was 
defined when the subjects with “Current asthma symptoms” showed BHR on the MCT or had 
less than 70% of predicted FEV1 value.

Pulmonary function test
Before performing the MCT, a pulmonary function test was performed according to the 
recommendation by the American Thoracic Society and European Respiratory Society with 
a Microplus Spirometer (Carefusion, Kent, UK). Spirometric values of forced vital capacity, 
FEV1, maximum mid-expiratory flow, and peak expiratory flow rate were recorded.9

Bronchial challenge test
All subjects performed the MCT according to the protocol as described in the American 
Thoracic Society guideline.10 Briefly, participants inhaled doubling doses of fresh 
methacholine solutions by using a dosimeter with a concentration range of 0.62, 1.25, 2.5, 5, 
12.5, and 25 mg/mL. A spirometer (Microplus Spirometer, Carefusion) was used to measure 
the FEV1 after each inhalation. Airway responsiveness was expressed as the PC20. BHR to 
methacholine was defined as a PC20 ≤ 16 mg/mL. Children who had fever or acute respiratory 
symptoms within 1 week or whose predicted value of FEV1 was less than 70% were not asked 
to perform the MCT.

MCT was conducted in the spring season, from March to June, excluding Incheon (September 
to November, autumn).

Statistical analysis
Statistical analysis was performed using the SAS version 9 (SAS Institute Inc., Cary, NC, 
USA). The prevalence rates of asthma symptoms and BHR were analyzed by age and sex. The 
χ2 test was used for comparing categorical variables among age and sex groups. The paired 
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t-test was used for comparing spirometry values for each defined symptom. A P value of < 
0.05 was considered statistically significant.

Ethics statement
Written informed consent was obtained from all parents and subjects. The Institutional 
Review Board (IRB) of Inha University Hospital approved this study (IRB No.; 11-12, 12-05, 
2015-09-007, 2017-02-019).

RESULTS

Study subjects
From total of 5,531 children included in the survey, 4,791 provided complete data; they 
responded to questionnaires of asthma symptoms and performed the MCT (Fig. 1). The 
prevalence rates of BHR and “Current asthma” were 14.5% and 2.7%, respectively.

Prevalence of asthma symptoms
Prevalence of “Wheezing, ever,” “Wheezing, current,” “Diagnosis, ever,” “Treatment, 
current,” and “Exercise, current” were 19.6%, 6.9%, 10.0%, 3.3% and 3.5%, respectively. 
Prevalence of “Current asthma symptoms” was 9.6% (Table 1).

Prevalence of “Wheezing, ever,” “Wheezing, current,” “Diagnosis, ever,” “Treatment, 
current,” and “Current asthma symptoms” was higher in boys compared to girls (Table 1).  
“Wheezing, ever,” “Wheezing, current,” and “Diagnosis, ever” were more prevalent in 
younger age groups than older age groups (Table 1).
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Subject with complete data of both questionnaire and methacholine test
n = 4,791 (2,348 male, 2,443 female)

Subject responded to ISAAC questions regarding asthma
n = 5,531

Incomplete data
n = 740

Neither asthma nor BHR
n = 3,181 (67%)

BHR
n = 695 (14.5%)

Asthma symptoms
n = 735 (15.3%)

Current asthma
n = 130 (2.7%)

FEV1 < 70

Fig. 1. Flow chart of the study subjects. 
ISAAC = International Study of Asthma and Allergies in Childhood, BHR = bronchial hyperresponsiveness, FEV1 = 
forced expiratory volume in one second.



Prevalence of BHR
Ten out of 460 children (2%) with “Current asthma symptoms” showed less than 70% of 
predicted FEV1 value and did not perform MCT.

The prevalence of BHR in the general population was 14.5% (Table 2). Table 3 shows PC20 
value in BHR (Table 3).

The prevalence of BHR in children with “Wheezing ever,” “Wheezing current,” “Diagnosis, 
ever,” “Treatment, current,” and “Exercise, current” was 22.3%, 30.5%, 22.4%, 28.8% and 
29.9%, respectively. The prevalence of BHR was 26.1% in children with “Current asthma 
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Table 1. Prevalence of asthma symptoms by age groups and sex
Outcome Prevalence P value

Total (n = 4,791) Boys (n = 2,348) Girls (n = 2,443) Sexa Ageb

Wheezing ever 0.002** < 0.001***
Subtotal 939 (19.6) 502 (21.4) 437 (18.0)
Age 7–8 years 231 (22.5) 120 (24.6) 111 (20.7)
Age 9–10 years 497 (21.6) 272 (23.5) 225 (19.7)
Age 11–12 years 211 (14.5) 110 (15.8) 101 (13.3)

Wheezing, current < 0.001*** < 0.001***
Subtotal 331 (6.9) 195 (8.4) 136 (5.6)
Age 7–8 years 77 (7.5) 44 (9.1) 33 (6.2)
Age 9–10 years 187 (8.1) 111 (9.6) 76 (6.7)
Age 11–12 years 67 (4.6) 40 (5.7) 27 (3.6)

Diagnosis ever 0.027* < 0.001***
Subtotal 477 (10.0) 256 (11.1) 221 (9.1)
Age 7–8 years 112 (10.9) 52 (10.8) 49 (9.2)
Age 9–10 years 265 (11.5) 139 (12.2) 126 (11.1)
Age 11–12 years 111 (7.6) 65 (9.4) 46 (6.1)

Treatment current 0.021* 0.249
Subtotal 156 (3.3) 91 (4.1) 65 (2.8)
Age 7–8 years 31 (3.0) 16 (3.4) 15 (3.0)
Age 9–10 years 86 (2.7) 49 (4.5) 37 (3.4)
Age 11–12 years 39 (2.7) 26 (4.0) 13 (1.9)

Exercise current 0.478 0.224
Subtotal 167 (3.5) 87 (3.9) 80 (3.5)
Age 7–8 years 27 (2.6) 13 (2.8) 14 (2.8)
Age 9–10 years 86 (3.7) 51 (4.6) 35 (3.2)
Age 11–12 years 54 (3.7) 23 (3.6) 31 (4.6)

Current asthma symptoms < 0.001*** 0.025*
Subtotal 460 (9.6) 267 (11.4) 193 (7.9)
Age 7–8 years 103 (10.0) 59 (12.0) 44 (8.2)
Age 9–10 years 242 (10.5) 142 (12.5) 97 (8.5)
Age 11–12 years 115 (7.9) 63 (9.0) 52 (6.9)

Values are presented as number (%). Pearson's χ2 test
aDifferences in variables between boys and girls are shown in the Sex column. bDifferences in variables between age groups are shown in the Age column. *P < 
0.05, **P < 0.01, ***P < 0.001.

Table 2. Prevalence of BHR in general population
BHR Prevalence P value

Total (n = 4,791) Boys (n = 2,348) Girls (n = 2,443) Sexa Ageb

Subtotal 695 (14.5) 328 (14.0) 367 (15.0) 0.300 < 0.001***
Age 7–8 years 149 (14.5) 64 (13.1) 85 (15.8)
Age 9–10 years 423 (18.4) 213 (18.4) 210 (18.3)
Age 11–12 years 123 (8.4) 51 (7.3) 72 (9.5)
Values are presented as number (%). Pearson's χ2 test.
BHR = bronchial hyperresponsiveness.
aDifferences in variables between boys and girls are shown in the Sex column. bDifferences in variables between age groups are shown in the Age column. ***P < 0.001.



symptoms.” The prevalence of BHR in children with “Wheezing current” (P = 0.034) 
and “Current asthma symptoms” (P = 0.014) was higher in boys than girls in each age 
group (Table 4). In the analysis considering sex and age interaction, it was found that the 
interaction did not show significant difference (data not shown).

Characteristics of symptomatic BHR and asymptomatic BHR
There was no significant difference in age (P = 0.729), sex (P = 0.590), BMI (P = 0.903), or 
allergic rhinitis (P = 0.362) between children with symptomatic BHR and asymptomatic BHR. 
The PC20 value also did not differ significantly between children with symptomatic BHR and 
those with asymptomatic BHR (geometric mean 4.59 ± 2.61 vs. 5.39 ± 2.59, P = 0.795).
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Table 3. PC20 value in children with bronchial hyperresponsiveness
Age Sub total Male Female P value

Mean ± SD Mean ± SD Mean ± SD Sexa Ageb

Total 5.00 ± 2.64 5.96 ± 2.22 4.37 ± 2.91 < 0.001*** 0.418
Age 7–8 years 5.14 ± 2.58 6.00 ± 2.24 4.62 ± 2.79
Age 9–10 years 5.08 ± 2.58 6.10 ± 2.24 4.38 ± 2.80
Age 11–12 years 4.72 ± 2.82 5.74 ± 2.21 4.04 ± 3.25
Student's t-test.
PC20 = provocative concentration of methacholine causing a 20% fall in forced expiratory volume in one second, Mean = geometric mean, SD = standard deviation.
aDifferences in variables between boys and girls are shown in the Sex column. bDifferences in variables between age groups are shown in the Age column. ***P < 0.001.

Table 4. Prevalence of BHR in children with asthma symptoms
Outcome Prevalence of BHR P value

Total (n = 695) Boys (n = 328) Girls (n = 367) Sexa Ageb

Wheezing ever 0.134 < 0.001***
Subtotal 209 (22.3) 113 (22.5) 96 (22.0)
Age 7–8 years 54 (23.4) 27 (22.5) 27 (24.3)
Age 9–10 years 124 (24.9) 67 (24.6) 57 (25.3)
Age 11–12 years 31 (14.7) 19 (17.3) 12 (11.9)

Wheezing, current 0.034* 0.002**
Subtotal 101 (30.5) 60 (30.8) 41 (30.1)
Age 7–8 years 21 (27.3) 12 (27.3) 9 (27.3)
Age 9–10 years 64 (34.2) 37 (33.3) 27 (35.5)
Age 11–12 years 16 (23.9) 11 (27.5) 5 (18.5)

Diagnosis ever 0.276 < 0.001***
Subtotal 107 (22.4) 58 (27.7) 49 (22.2)
Age 7–8 years 18 (16.1) 9 (17.3) 9 (18.4)
Age 9–10 years 72 (27.2) 40 (28.8) 32 (25.4)
Age 11–12 years 17 (15.3) 9 (13.8) 8 (17.4)

Treatment current 0.559 0.424
Subtotal 45 (28.8) 24 (26.4) 21 (32.3)
Age 7–8 years 8 (25.8) 2 (12.5) 6 (40.0)
Age 9–10 years 26 (30.2) 15 (30.6) 11 (29.7)
Age 11–12 years 11 (28.2) 7 (26.9) 4 (30.8)

Exercise current 0.320 0.133
Subtotal 50 (29.9) 28 (32.3) 22 (27.5)
Age 7–8 years 7 (25.9) 2 (15.4) 5 (35.7)
Age 9–10 years 31 (36.0) 18 (35.4) 13 (37.1)
Age 11–12 years 12 (22.2) 8 (34.8) 4 (12.9)

Current asthma symptoms 0.014* 0.004**
Subtotal 120 (26.1) 72 (27.0) 48 (24.9)
Age 7–8 years 26 (25.2) 14 (23.7) 12 (27.3)
Age 9–10 years 73 (30.2) 45 (31.0) 28 (28.9)
Age 11–12 years 21 (18.3) 13 (20.6) 8 (15.4)

Values are presented as number (%). Pearson's χ2 test.
BHR = bronchial hyperresponsiveness.
aDifferences in variables between boys and girls are shown in the Sex column. bDifferences in variables between age groups are shown in the Age column. *P < 
0.05, **P < 0.01, ***P < 0.001.



Prevalence of “Current asthma”
The prevalence of “Current asthma” defined by “Current asthma symptoms” with proven 
bronchial hyperresponsiveness or with less than 70% of predicted FEV1 was 2.7% (Table 5). The 
prevalence of “Current asthma” was significantly higher in boys than girls in each age group.

Subjects who received treatment in the past 12 months
The proportion of children who underwent treatment in the past 12 months among those 
who responded “yes” to “Wheezing, ever,” “Wheezing, current,” “Diagnosis, ever,” and 
“Exercise, current” and those with BHR was 13%, 28%, 28%, 36%, and 7%, respectively.

Epidemiological studies on asthma prevalence in Korean children
The prevalence of “Wheezing, ever” was 17.0% in 199510 and decreased to 13.0% and 10.3% 
in 200011 and 2006,12 respectively, in Korean elementary school students. In this study, with 
a study period from 2010 to 2014, the prevalence of “Wheezing, ever,” “Wheezing, current,” 
“Diagnosis, ever,” “Treatment, current,” and “Exercise, current” was 19.6%, 6.9%, 10%, 3.3% 
and 3.5%, respectively (Table 1).

The prevalence of “Wheezing, current” in Korean children were 9.5%, 4.9%, 4.8% and 6.9% 
in 1995, 2000, 2006 and our study, respectively (Table 6).
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Table 5. Prevalence of “Current asthma”
Age Sex P value

Total (n = 4,791) Boys (n = 2,348) Girls (n = 2,443) Sexa Ageb

Current asthma 0.004** < 0.001***
Subtotal 130 (2.7) 78 (3.3) 52 (2.1)
Age 7–8 years 30 (2.9) 17 (3.5) 13 (2.4)
Age 9–10 years 75 (3.3) 47 (4.1) 28 (2.4)
Age 11–12 years 25 (1.7) 14 (2.0) 11 (1.4)

Values are presented as number (%). Pearson's χ2 test.
aDifferences in variables between boys and girls are shown in the Sex column. bDifferences in variables between age groups are shown in the Age column. **P < 
0.01, ***P < 0.001.

Table 6. Comparison of asthma prevalence in Korean elementary school children
Parameters 199510 200011 200612 2010–2014g

Number 4,729 4,617 30,893 4,791
Response rate, % 94.8 96.4 61.0 86.6
Age, yr 6–12 6–12 8–11 7–12
“Wheezing, ever”a, % 17 13 10.3 19.6
“Wheezing, current”b, % 9.5 4.9 4.8 6.9
“Diagnosis, ever”c, % 7.7 9.1 7.6 10.0
“Treatment, current”d, % 3.2 3.3 2.5 3.3
“Exercise, current”e, % ns ns ns 3.5
BHR, % ns ns ns 14.5
Current asthmaf, % ns ns ns 3.5
BHR = bronchial hyperresponsiveness, ns = not shown.
aChildren with asthma symptoms since birth; bChildren who experienced one or more wheezing episodes within 
12 months of those who have experienced one or more wheezing episodes in their lifetime who have asthma 
symptoms within 12 months; cChildren who were diagnosed with asthma since birth; dChildren treated for asthma 
within the past 12 months; eChildren who experienced wheezing episodes after exercise within the past 12 months; 
fCurrent asthma was defined when the subjects with “Current asthma symptoms” showed BHR on the MCT or had 
less than 70% of predicted FEV1 value. gPresent study.



DISCUSSION

The purpose of this study was to investigate the prevalence of “Current asthma” with the 
ISAAC questionnaire and MCT in Korean elementary school students.

The study results showed that the prevalence of “Wheezing, ever,” “Wheezing, current,” 
“Diagnosis, ever,” “Treatment, current,” and "Exercise, current” was 19.6%, 6.9%, 10.0%, 
3.3% and 3.5%, respectively in Korean students (age 7–12 years). “Current asthma symptoms” 
defined as positive response to “Wheezing, current,” “Treatment, current,” or “Exercise, 
current” was 9.6%. However, among them, 26% of the children had BHR in this cross-
sectional study. The reason why students with BHR were low in subjects with current 
asthma symptoms may be because their symptoms were mild, have no recent symptoms in 
the previous week, or have been misdiagnosed. In addition, the Korean version of ISAAC 
questionnaire might have low sensitivity to diagnose asthma. In a study that conducted the 
asthma ISAAC questionnaire and hypertonic saline bronchial challenge test for 13–14-year-
old Korean children, the sensitivity of BHR to “asthma ever” was the highest at 0.61, 
wheezing after exercise 0.35, nocturnal wheezing 0.24.13 Overall, the sensitivity of the ISAAC 
questionnaire to BHR was low. These results are consistent with our findings, suggesting that 
the ISSAC survey questions are not sufficient to predict BHR. Therefore, these results imply 
that the usefulness of the Korean ISAAC questionnaire for diagnosing current asthma in 
Korean children should be reevaluated.

We defined “Current asthma” if the subjects with “Current asthma symptoms” showed BHR 
on the MCT or had less than 70% of predicted FEV1 value. The prevalence of “Current asthma” 
in the current study was 2.7%, consistent with 2.5% of the Seoul study (current asthma, 
lifetime diagnosis of asthma and experience of wheezing within 12 months),14 but 4.6% in a 
survey conducted about 20 years ago,7 suggesting decrement of true current asthma.

The time trends in asthma symptom prevalence have shown geographic/national differences. 
The prevalence of “Current asthma symptoms” in children have reduced in Western countries 
and Oceania, where the prevalence was previously high. On the other hand, the prevalence 
of “Wheezing, current” increased in parts of Africa, Latin America, and Asia, where the 
prevalence was previously low. Consequently, international differences in asthma symptom 
prevalence have reduced.15

In Korean children, the prevalence of asthma symptoms based on questionnaire showed 
a decreasing trend from 1995 to 2006, however, the study results increased compared to 
previous 2006 data (Table 6). The previous studies were based on questionnaire survey 
only, and the 2006 study had a low response rate compared to the current study. Therefore, 
previous studies have limitations in predicting the true prevalence of asthma.

Our study approached the prevalence of “Current asthma” more accurately using both the 
ISAAC questionnaire and MCT. The current study also included a relatively large number of 
children. Therefore, the prevalence of asthma can be estimated more accurately than those in 
previous studies.

The prevalence of BHR can vary in studies due to the different study designs including 
different study subjects, bronchial provocation stimuli or their cutoff value.8,16-19
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The MCT is highly sensitive and widely used to detect and quantify BHR.20 The prevalence 
of BHR defined as methacholine PC20 ≤ 16 mg/mL was 14.5% in children aged 7–12 years 
(mean age, 9.6 years) in our study, which was lower than those in previous studies of Korean 
children with similar study periods; 19.4% (mean age, 9.2 years) in 20128 and 17.5% (age 
6–15 years) from 2009 to 2012.21 However, the study was conducted only at 1 school, which 
is located in Seoul.8 The other study subjects were also in Seoul.21 However, the present 
study populations were in Incheon, Gwangju (southern inland), and Gyeonggi, which were 
different from previous studies.

A German study showed that the prevalence of BHR increased from 6.4% in 1992–1993 
to 11.6% in 1995–1996 in East German children.22 It is suggested that changes in the 
environment, such as Western lifestyle, attending daycare center, exposure to new allergens 
and/or air pollutants contributed to the increase in BHR of children for a short period of time 
after reunification of East Germany.23,24

There have been few epidemiological studies of BHR in Korean children with asthma symptoms. 
The present study found that the prevalence of BHR was 30.5%, 28.8%, and 29.9% in children 
with “Wheezing, current,” “Treatment, current,” and “Exercise, current,” respectively.

The present study result of 26% BHR in children with “Current asthma symptoms” was 
consistent with 20.5% (age 7–19 years)7 and 20.1% (age 10–12 years)6 in subjects with asthma 
symptoms in Korean epidemiological studies, which were low, altogether.

In contrast to epidemiological studies, clinical studies reported BHR prevalence of 84.0% in 
Korean children (mean age, 8.7 years) who had asthma symptoms or were diagnosed with 
asthma21 and 70.7% in Northern Taiwan children (mean age, 7.5 years) who had symptoms 
within the 12 months,25 which showed that there was a strong correlation between asthma 
symptoms and BHR.

In our study, the prevalence of BHR and asthma symptoms in younger age groups (age 7–8 
years and 9–10 years) was higher than those in the 11–12-year age groups, showing significant 
correlation with age (Table 2). Many studies have suggested that younger children are more 
sensitive to bronchoprovocation tests.8,26 One of the reasons is that the airway structure, 
impedance, and contractile force of the bronchial smooth muscle change with age, reducing 
airway hypersensitivity as the airways grows in size. Lung function in children continues to 
increase until adolescence.27

The prevalence of BHR was also correlated with sex and was more prevalent in boys before 
puberty onset in this study. Physiological function or maturation of the lungs during infancy 
differs by sex, which extends to pre-puberty, adolescence and adulthood. The prevalence of 
BHR by sex varies with age. Since the growth spurt begins earlier in girls than in boys, BHR 
drops earlier in girls compared to boys.28 The current study found that the prevalence of BHR 
decreased sharply in boys from 11 years of age and from 9 years of age in girls, consistent with 
findings that prevalence of BHR and asthma in boys decreases with age after puberty and that 
of asthma in girls increases from puberty.29 As females have increased asthma prevalence 
starting around puberty, the male sex predominance of asthma and BHR is reversed at 
puberty onset.30 The mechanisms underlying the sex difference in the prevalence of asthma 
and BHR are still unknown. Anatomical and hormonal factors are thought to be differently 
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involved in the development of airways between males and females from birth to puberty.31-33 
Our study included pre-pubertal children, so males showed a higher prevalence of BHR.

This study has several limitations. First, we defined BHR as methacholine PC20 ≤ 16 mg/
mL without stratifying age groups. Since BHR could be influenced by age, the cutoff values 
of methacholine PC20 to define BHR may need to be adjusted by age.21 However, the BHR 
positive criteria was proposed as PC20 ≤ 16 mg/mL9 and considering the age range from 7 
to 12 years of this study, the criterion of BHR can be accepted. Second, the study subjects 
were not national but limited in Incheon, Gwangju, and Gyeonggi areas, and the subject 
groups were not evenly distributed, especially, age 9–10 years was greater in Incheon, which 
had higher prevalence of asthma symptoms and BHR. However, the 2006 nationwide data 
showed that the prevalence of asthma (“Wheezing, current”) was almost similar in Incheon, 
Gyeonggi and Gwangju, which were slightly more than that in Seoul.34 Third, the MCT may 
not be appropriate for diagnosing exercise-induced bronchoconstriction (EIB) compare 
to field exercise challenge test.31,35 However, there was less chance of underdiagnosis of 
current asthma, because the prevalence of EIB from this study was only 3.5%, and about one 
third of EIB showed BHR. Fourth, although there might have been some patients who had 
negative BHR in response to asthma medication within 12 months, the number of subjects 
who had been treated for asthma within the last 12 months was very small, 156 out of total 
4,791 (3.3%). In addition, several studies have consistently raised the issue of low adherence 
to asthma medications.36-38 According to a recent Korean study, adherence to asthma 
medication was low (38% of inhalant users, 50% of oral users and 67% of transdermal 
patch).39 Therefore, given that the treatment group was very small and the adherence to 
asthma medications was low, the effect of treatment on the asthma prevalence would be 
insignificant. Finally, the prevalence of asthma symptoms was highest in the 9–10 year-olds 
in the current study, but it was expected to be highest in the 7–8-year-olds, making it difficult 
to identify trend with age. In this study, the number of subjects in the 9–10-year-old group 
was remarkably large (n = 2,304), and that in the 7–8-year-old group (n = 1,027) was the least. 
In addition, there was a difference in number among regions. The number of subjects in 
Incheon, Gwangju, and Gyeonggi was 2,421, 1,029, and 1,341, respectively. Therefore, the 
reason for the high prevalence of asthma symptoms and BHR in age 9–10 years is thought to 
be that more children were included in the region (Incheon) with a relatively high prevalence.

BHR is an important feature that reflects airway hyperresponsiveness in asthma. Transient 
or persistent BHR can also occur in exposure to environmental pollutants and irritants, 
viral respiratory infections, chronic infections, rhinitis, sarcoidosis, mitral valve stenosis, 
and tracheal dysplasia.40 The positive rate of BHR (22.3%) in children with “Diagnosis, 
ever” was similar in those with “Wheezing, ever” (22.4%). There may be some reasons 
why the proportion of BHR was low in children with “Diagnosis ever.” First, cases of early 
transient wheezer could be included. Second, healthcare environment in Korea including 
Health Insurance Review and Assessment Service requires asthma diagnosis when doctors 
prescribe asthma-related medications, such as inhaled corticosteroids, leukotriene receptor 
antagonist. Third, early and appropriate treatment in early childhood asthma may have 
contributed to resolution of BHR. Finally, there might be a possibility of overdiagnosis since 
the understanding of wheezing in the asthma-related questionnaire may have been poorly 
understood depending on the individuals.

In conclusion, these study results showed that about one third of children with asthma 
symptoms had BHR, and overall prevalence of current asthma was 2.7%. Most nationwide 
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epidemiological studies of Korean children are based on questionnaires only, and studies 
conducted with both questionnaires and bronchial provocation test have limitations of 
small number of population and/or local regions. The current large-scaled study with both 
questionnaires and MCT provides accurate current asthma prevalence in Korean elementary 
school children. This would help physicians diagnose asthma appropriately. Considering 
that performing MCT is time and energy consuming and not easy, especially for children, 
we suggest measuring BHR selectively in children with asthma symptoms. Since, about 
one third of children with asthma symptoms based on ISAAC questionnaire are likely to be 
true asthmatics, studies are necessary to develop modified questionnaire which have high 
diagnostic accuracy of asthma.
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