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Hyper-Responsiveness During Puberty in Female
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Summary. Purpose: Bronchial hyper-responsiveness (BHR) is a key feature of asthma. The

degree of BHR in childrenmay be altered by several factors. We evaluated the prevalence of BHR

according to age and gender in pediatric and adolescent population and analyzed the associated

factors for gender differences. Methods: Among the 2,067 subjects, methacholine challenge tests

were performed in 1,820 children from one elementary and one middle school in Seoul, Korea. A

total of 1,725 subjects between 6 and 14 years old were included in the analysis. The prevalence of

BHR, defined as a provocative concentration that induced a 20% reduction of FEV1 (PC20) that

was less than 8mg/ml, was evaluated according to age and gender. Gender differences

associated with BHR prevalence at each age were calculated and multiple logistic regression

analyses were performed to identify factors associated with BHR by gender. Results: The

prevalence of BHR (PC20�8mg/ml) for each gender decreased with age (P<0.001). Although

the prevalence of BHR linearly decreased in males with age, females showed an increase

after 11 years of age. BHR in males was associated with a younger age (aOR, 0.797; 95%CI,

0.678–0.925), a higher blood eosinophil counts (%) (aOR, 1.160; 95%CI, 1.047–1.284),

atopy (aOR, 2.091; 95%CI, 1.003–4.359), and a lower FEV1/FVC ratio (aOR, 0.947; 95%CI,
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0.901–0.995), and FEF25–75% (aOR, 0.980; 95%CI, 0.961–0.999). In females, BHR was

significantly associated with a younger age (aOR, 0.845; 95%CI, 0.747–0.957), lower FEV1 (%)

(aOR, 0.961; 95%CI, 0.938–0.984), and menarche (aOR, 3.674; 95%CI, 1.226–11.012).

Conclusion: BHRdeclinedwith age in theKorean pediatric population. A younger age and reduced

lung functionwere common factors related to BHR in both genders. Additionally, atopywas related

to BHR in males, whereas sexual maturation was related to BHR in females. These findings have

important clinical implications for evaluating of childhood BHR and asthma related to gender.

Pediatr Pulmonol. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Bronchial hyper-responsiveness (BHR) is a character-
istic feature of asthma, and varying degrees of airflow
limitation have been associated with BHR. Known early-
life risk factors for BHR in school-aged children include a
history of allergic disease in infancy, low birth weight in
infancy and a higher socioeconomic status of the parents
at the time of the child’s birth.1 The persistence of BHR
has been associated with female adult, asthma severity at
diagnosis, a familial history of allergic disease, and
allergic sensitization. Allergic sensitization has also been
linked to persistent asthma symptoms.2–4 Some demo-
graphic factors such as age, gender, and body mass index
(BMI) may influence BHR and the subsequent develop-
ment of asthma symptoms.1,5–7 Therefore, examining the
prevalence and associated risk factors of BHR in children,
including asthmatics, is important.
Several studies have reported that the prevalence of

childhood asthma decreases during puberty.8–10 Although
asthma is more prevalent in males during childhood than in
females, this association is reversed in adults, suggesting
that a gender-dependent mechanism may affect the
persistence of asthma during the transition from childhood
to adulthood.11–15 The relationship between BHR and
signs of puberty, such as changes in the concentration
of sex hormones, has been reported, although the exact
underlying mechanism is not yet known.16 Recently, we
reported that the prevalence of BHR in elementary school
children declined with age. A younger age, preterm birth,
eosinophilia, sensitization to mites, lower lung function,
and high FeNO levels were independently associated
with BHR.17 In this present study, we extended our study
population from elementary school children to middle
school adolescents during and after puberty. We analyzed
data to evaluate the prevalence and associated risk factors
of BHR according to age and gender.

MATERIALS AND METHODS

Study Population

A total of 2,067 children from an elementary school
(n¼ 1300) and amiddle school located in Seoul (n¼ 767)

were enrolled in 2011 and 2012. A survey questionnaire,
blood tests to measure serum total IgE levels, eosinophil
counts (%), skin prick tests for common allergens,
pulmonary function tests, and methacholine challenge
test (MCT) were performed after informed consent was
provided by each of the study participants. Themethacho-
line challenge test was carried out successfully in 1,820
children. Because few subjects were 15 or 16 years of
age, data for these ages were excluded in the analysis.
Finally, 1,725 subjects between 6 and 14 years of age
were included in the analysis. This present study was
approved by the institutional review boards of the Korea
Centers for Disease Control and Prevention and Asan
Medical Center, University of Ulsan College of Medicine
(2010-0064).

Methacholine Bronchial Provocation Test

We used a modified five-breath dosimeter method
according to the American Thoracic Society (ATS)
guidelines for the MCT. The functions of the dosimeter
and nebulizer were checked annually by engineers before
surveys and technical support was provided at each survey
spot. A Rosenthal-French dosimeter (Laboratory for
Applied Immunology, Baltimore, MD) and a DeVilbiss
646 nebulizer (DeVilbiss Healthcare, Somerset, PA)
were used to generate aerosol. A technician checked the
pressure of dosimeter daily, and the nebulizer output was
checked by inspection. Methacholine was supplied from
Sigma–Aldrich (St Louis, MO). Normal saline was used
for a baseline and stepwise concentrations (0.62, 1.25, 2.5,
5, 12.5, and 25mg/ml) of methacholine solutions were
followed with challenges.18 Subjects who tookmedication
for the treatment of acute respiratory infection were
excluded from the analysis. Ultimately, 1,820 subjects
were eligible to participate in the MCT. We defined the
presence of BHR as when the provocative concentration
of 20% reduction in FEV1 (PC20) was less than 8mg/ml.

Survey Questionnaire

TheKoreanversionof the International Study ofAsthma
and Allergies in Childhood (ISAAC) questionnaire was
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used to evaluate the prevalence of wheezing or asthma
symptoms.18 The questionnaire was delivered to parents
via individual envelopes and were collected by the health
teacher at each subject’s school. Other detailed questions
were included related to parental allergies, socioeconomic
status, exposure to passive smoking, and the onset of
puberty. Menarche was defined when menstrual bleeding
first developed in females.

Skin Prick and Pulmonary Function Tests

Histamine and normal saline were used as positive and
negative controls, respectively, in skin prick tests. We
defined atopic sensitization when the wheal size induced
by a specific allergen was larger than 3mm or at least as
large as the size of the positive control.A total of 13 inhaled
allergens, including house dust mites (Dermatophagoides
pteronyssinus and farinae), dog dander, cat epithelium,
cockroaches, molds (Alternaria alternata and Aspergillus
fumigatus), pollens (grass pollen mixture, ragweed,
mugwort, alder, oak, and birch), and food allergens
(peanut, egg white, cow milk, and soybean) were used for
skin prick tests (Allergopharma GmbH &Co., Reinbek,
Germany). Pulmonary function tests were performed
according to the ATS (American Thoracic Society)/ERS
(European Respiratory Society) guidelines.19 A portable
micro-spirometer (Microspiro HI-298; Chest Corporation,
Tokyo, Japan) was used to measure the forced vital
capacity (FVC), forced expiratory volume in 1 sec (FEV1),
and the FEV1/FVC ratio. This portable device has good
accuracy for measuring FEV1 and FVC in general practice
and epidemiologic survey.20

Statistical Analysis

SPSS 17.0 (IBM SPSS, Chicago, IL) was used for
statistical analyses. Descriptive statistics were used to
express continuous variables as the means and standard
deviation. To compare characteristics between the BHR
(þ) and BHR (�) groups, the Student’s t-test was used
for continuous variables, and the x2 test was used for
categorical variables. Multiple logistic regression analy-
ses were conducted to investigate the factors associated
with BHR in females after adjusting for age, BMI,
educational degree of the mother, asthma history of the
parents, atopic sensitization, eosinophil counts (%), total
serum IgE level, FEV1 (%), and environmental tobacco
smoke (ETS). A P-value<0.05 was considered to denote
a statistically significant difference.

RESULTS

Characteristics of the Study Subjects

A total 1,725 children (811 males and 914 females)
were enrolled. The mean age of the study participants was
10.20� 2.59 years. There were no gender differences in

the parental history of asthma, maternal education level,
exposure to passive smoking, FEV1 (%), FEF25–75% (%),
BHR prevalence, wheezing or asthma prevalence, and
current atopic dermatitis (AD) prevalence. The BMI,
blood eosinophil counts (%), atopic sensitization, and
current AR prevalence were greater in males compared
with females (P<0.05). Age and the FEV1/FVC ratio (%)
were lower in males (P<0.05) (Table 1).

Assessments of the Subject’s Characteristics
According to the Presence of BHR

The prevalence of BHR (PC20� 8mg/ml) was 9.3%
(males, 8.1%; females, 10.3%). We compared differences
in asthma prevalencewith the occurrence of other allergic
diseases, blood eosinophil counts (%), total serum IgE
levels, atopic sensitization, and lung function according
to the presence or absence of BHR in each gender.
The prevalence of wheezing (ever), blood eosinophil
counts (%), total serum IgE levels, and atopic sensitiza-
tion were greater in the male BHR (þ) group compared
with the male BHR (�) group (P< 0.05). The FEV1 (%)
and FEF25–75% (%) were lower in the male BHR (þ)
group compared with the male BHR (�) group
(P< 0.05). Eosinophil counts (%), total serum IgE levels,
and atopic sensitization were greater in the female
BHR (þ) group compared with the female BHR (�)
group (P<0.05). Finally, FEV1 (%), the FEV1/FVC ratio
(%), and FEF25–75% (%) were lower in the female BHR
(þ) group compared with the female BHR (�) group
(P<0.05) (Table 2).

Prevalence of BHR According to Age and Gender

We investigated the prevalence of BHR according to
gender and age. The prevalence of BHR in both genders
declined with age (trend P< 0.001). However, in females,
the prevalence of BHR then began to increase tendency
after 11 years of age. There was an overall reduction in
BHR for boys, except for small increase between 8 and
9 years of age and then again at 14 years. However, this
increase was not as great as it was for girls at 11 years
of age (Fig. 1).

Numbers of Subjects With Menarche According
to Age

Because the pubertal period of females generally began
in the final years of elementary school, we also evaluated
the degree of sexual maturation, such as menarche, in
females. Females fromfirst- to third- gradewere not asked
about their sexual maturity, including menstruation. We
observed that 98.2% of females experienced an onset of
menarche between 11 and 14 years of age. This age period
of increased prevalence of BHR was similar to that of
menarche in females (Table 3).
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Gender-Specific and Other Risk Factors
Associated With BHR

We investigated the factors associated with BHR in
each gender to test for a possible gender influence. In
multiple logistic regression analysis after adjusting for

age, BMI, the maternal education level, a parental history
of asthma, blood eosinophil counts (%), total serum IgE
levels, atopic sensitization, FEV1 (%), and exposure to
environmental tobacco smoke, boys were more likely to
have BHR at a younger age (aOR, 0.797; 95%CI, 0.687–
0.925), higher blood eosinophil counts (aOR, 1.160;

TABLE 2—Comparison of the Prevalence of Asthma/Wheezing, Atopic Tendency, and Lung Functions According to the
Presence of BHR in the Study Subjects of Each Sex

Males Females

BHR (�)

(PC20> 8, n¼ 745)

BHR (þ)

(PC20� 8, n¼ 66)

P

value�
BHR (�)

(PC20> 8, n¼ 820)

BHR (þ)

(PC20� 8, n¼ 94)

P

value�

Wheezing ever 12.4% (96/774) 25.8% (17/66) 0.002 11.9% (97/813) 8.5% (8/94) 0.326

Wheezing within 12 months 4.0% (31/773) 7.7% (5/65) 0.160 445% (36/811) 3.2% (3/94) 0.789

Asthma diagnosis, ever 5.8% (45/773) 10.6% (7/66) 0.122 4.8% (39/813) 7.5% (7/94) 0.268

Current asthma 1.2% (9/770) 3.1% (2/65) 0.209 1.0% (8/807) 1.1% (1/94) 1.000

Current AR 24.1% (177/736) 33.3% (21/63) 0.101 16.3% (127/781) 23.1% (21/91) 0.101

Current AD 9.8% (75/767) 10.6% (7/66) 0.829 11.3% (91/804) 11.8% (11/93) 0.884

Blood eosinophil (%) 3.19� 2.26 4.97� 3.53 <0.001 2.45� 1.85 3.57� 2.63 <0.001

serum total IgE (IU/ml) 193.6� 284.4 324.2� 453.6 0.029 179.1� 334.5 270.6� 382.0 0.016

Atopic sensitization 48.0% (367/764) 66.7% (44/66) 0.004 35.4% (287/810) 55.4% (51/92) <0.001

FEV1 (%) 96.78� 11.14 95.48� 11.26 0.364 96.81� 11.04 92.31� 9.48 <0.001

FEV1/FVC ratio (%) 92.43� 5.44 90.37� 6.19 0.004 95.19� 4.74 93.92� 4.69 0.026

FEF25–75% (%) 96.78� 21.02 86.43� 17.15 <0.001 98.78� 19.88 87.55� 20.29 <0.001

BHR, bronchial hyper-responsiveness; FEV1, forced expiratory volume in 1 sec; AR, allergic rhinitis; AD, atopic dermatitis.
�The Student’s t-test was used for continuous variables and x2 test for categorical variables.

TABLE 1—Characteristics of the Study Subjects

Males (n¼ 811) Females (n¼ 914) P value

Demographic factors

Age (years), mean� SD 10.06� 2.55 10.32� 2.62 0.041

BMI (kg/m2), mean�SD 19.32� 3.85 18.61� 3.37 <0.001

Parental history of asthma 4.3% (31/724) 4.2% (33/782) 0.953

Maternal educational degree 0.388

Below high school 43.6% (339/778) 44.3% (389/878)

Below university 51.5% (401/778) 52.2% (458/878)

Below graduate school 4.9% (38/778) 3.5% (31/878)

Exposure to ETS, n (%) 44.5% (357/802) 46.0% (414/901) 0.553

Atopic factors

Blood eosinophil (%) 3.35� 2.36 2.56� 1.97 <0.001

Total serum lgE (IU/ml) 204.1� 303.1 188.6� 340.6 0.329

Atopic sensitization 48.9% (387/902) 37.5% (338/902) <0.001

Lung function

FEV1 (%) 96.50� 11.17 96.35� 10.97 0.773

FEV1/FVC ratio (%) 92.25� 5.55 95.06� 4.70 <0.001

FEF25–75% (%) 95.71� 20.85 97.64� 20.19 0.067

Airway responsiveness

PC20� 8 mg/ml 8.1% (66/811) 10.2% (94/914) 0.125

Allergic disease prevalence

Wheezing ever 13.6% (109/804) 11.6% (105/907) 0.216

Wheezing within 12 months 4.4% (35/800) 4.3% (39/905) 0.947

Asthma diagnosis, ever 6.5% (52/801) 5.1% (46/907) 0.208

Current asthma 1.4% (11/797) 1.0% (9/901) 0.467

Current AR 24.6% (189/767) 17.0% (148/872) <0.001

Current AD 9.8% (78/795) 11.5% (102/897) 0.299

AR, allergic rhinitis; AD, atopic dermatitis; BMI, body mass index; ETS, environmental tobacco smoke; FEV1, forced expiratory volume in 1 sec;

FVC, forced vital capacity.
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95%CI, 1.047–1.284), atopic sensitization (aOR, 2.091;
95%CI, 1.003–4.359), a lower FEV1/FVC ratio (%) (aOR,
0.947; 95%CI, 0.901–0.995), and a lower FEF25–75% (%)
(aOR, 0.980; 95%CI, 0.961–0.999). In girls, a younger
age (aOR, 0.845; 95%CI, 0.747–0.957) and lower
FEV1 (%) (aOR, 0.961; 95%CI, 0.938–0.984) were
associated with increased BHR. Additionally, we found
that menarche was significantly associated with BHR
and showed the highest odds ratio in girls (aOR, 3.647;
95% CI, 1.226–11.012) (Table 4).

DISCUSSION

The prevalence of BHR appears to decline in both
genders with age; however, in girls, the pattern of BHR
prevalence showed a tendency to rebound from 11 to

14 years of age. In multivariate analyses, a younger age
and lower lung function were risk factors for BHR in both
sexes. After adjustments, atopy was a significant factor
associated with BHR in boys, but not girls. Menarchewas
a female-specific risk factor for BHR that had the highest
odds ratio. There might be a critical relationship between
the stabilization of the BHR after puberty in females and
menarche. Thus, our present findings may have important
clinical implications and provide valuable basic knowl-
edge for childhood BHR and asthma related to sex.
The ATS guidelines recommend a cut-off point that

ranges from 4 to 16mg/ml in adults and older children
for a PC20 in the MCT to determine a positive BHR
(borderline) result.21 Because growing children and
adolescents have variable physical parameters, lung
functions, atopic status and other factors that influence
BHR, a cautious approach to better understand age-
dependent factors is needed to define BHR in this age
group. When determining the BHR cut-off, the number
of positive BHR results and the false–positive or false–
negative rates are issues in epidemiologic studies. Among
these issues, we carefully considered the BHR cut-off and
ultimately elected to use 8mg/ml.
In our present study, the prevalence of BHR declines

with age even after adjusting for confounding factors that
include BMI, socioeconomic status, a family history of
asthma, atopy, and lung functions. Understanding that
there are normal developmental changes in the prevalence
of BHR in growing children will help to define and
understand associations of asthma and other respiratory
conditions with BHR. Previous studies have shown that
BHR changes according to age, sex, and other factors.22

Fig. 1. Prevalence of BHR according to age and gender (PC20�8mg/ml). TheP value for the trend

was<0.001 in both genders. The prevalence of BHR inmales continuously decreasedwith age, in

contrast to females for which the value partially rebounded after 11 years of age. Differences in

BHR prevalence between the two genders that were found to be statistically significant (P<0.05)

were indicated by an asterisk.

TABLE 3—Numbers of Subjects Who Have Reached
Menarche According to Age

Menarche

Age No Yes Total

6 0 0 0

7 0 0 0

8 0.4% (1/261) 0 1

9 23.0% (60/261) 0.3% (1/344) 61

10 36.4% (95/261) 1.5% (5/344) 100

11 21.1% (55/261) 7.6% (26/344) 81

12 10.7% (28/261) 22.7% (78/344) 106

13 5.8% (15/261) 32.9% (113/344) 128

14 2.7% (7/261) 35.2% (121/344) 128

Total 100.0% (261/261) 100.0% (344/344) 605
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Others have observed that BHR decrlines with age and the
prevalence of BHRdiffers in childrenwho live in different
regions within western countries.23,24 Our current study
establishes that these previous results are applicable to
Asian populations and may also be used to determine the
BHR prevalence among Korean children.
A relationship between asthma susceptibility and

severity and both sex hormones and gender differences
has been previously proposed.25 Another group showed
that female gender, atopy, and airway hyper-responsive-
ness are associated with the persistence of asthma from
childhood to adulthood.26 The association between the
prevalence of BHR and menarche remains controversial.
Some studies have indicated that the BHR of females
after puberty is more severe than for males in the
asthma group,22,24,27 while other studies have reported no
significant association between puberty and BHR.16,28,29

In this present study, we also found a gender difference in
the prevalence of BHR that varied according to age in a
general pediatric and adolescent population that included
Korean/Asian population.
The female sex hormone estrogen may be an important

factor that regulates airway function and inflammation.
BHR in female mice increased after ovariectomy or
the administration of an estrogen antagonist; moreover,

estrogen treatment reduces BHR.30 Estrogen and proges-
terone have been reported to positively affect lung
function through life in women.31 A relationship between
hormonal cycles and asthma exacerbation may be
explained by changes in the levels of these hormones
or a change in their ratio. A few studies that investigated
the contribution of sex hormones to airway inflammation
arrived at less than robust conclusion, as estrogens
and progesterone were described to have both pro- and
anti-inflammatory effects.32 Sex hormones contribute to
the release of histamine from mast cells and enhance
eosinophil adhesion and degranulation.33 Some reports
proposed a stimulatory effect on BHR, although
other studies have reported anti-inflammatory effects of
estrogen.34,35 The mechanism whereby progesterone
affects asthma and airway inflammation is not well
understood and the positive and negative effects of
this hormone on airway inflammation are currently the
subject of debate. Additionally, progesterone has been
shown to enhance BHR and eosinophilic airway
inflammation in a mouse model of asthma.32,36

Several previous studies have investigated factors
associated with BHR and reduced lung function, such
as eosinophilia, high total IgE levels, and atopy.4,17,23 Our
present findings replicate associations of those factors

TABLE 4—Adjusted Odds Ratios (aOR) of Associated Factors for BHR (PC20�8mg/ml) in Each Gender

Variables

Total subjects with BHR

(n¼ 160/1,725) aOR1
Males with BHR

(n¼ 66/811) aOR1
Females with BHR

(n¼ 94/914) aOR1

Age 0.851 (0.774–0.937) 0.797 (0.687–0.925) 0.845 (0.747–0.957)

Sex, female 1.736 (1.163–2.591) NA NA

BMI 0.981 (0.917–1.048) 0.911 (0.823–1.008) 1.073 (0.979–1.177)

Asthma history of parents 1.235 (0.532–2.865) 1.072 (0.286–4.025) 1.199 (0.394–3.643)

Maternal educational degree 0.846 (0.601–1.192) 0.924 (0.552–1.549) 0.785 (0.496–1.244)

Wheezing ever 0.940 (0.539–1.640) 1.267 (0.594–2.702) 0.675 (0.288–1.580)

Wheezing within 12 months 0.956 (0.389–2.349) 1.183 (0.322–4.346) 0.846 (0.241–2.977)

Asthma diagnosis ever 1.322 (0.642–2.719) 1.459 (0.527–4.037) 1.227 (0.427–3.529)

Current asthma 1.959 (0.490–7.829) 2.757 (0.447–7.015) 1.217 (0.121–2.205)

Current AR 1.148 (0.725–1.817) 0.998 (0.511–1.948) 1.273 (0.666–2.432)

Current AD 0.568 (0.295–1.095) 0.553 (0.187–1.634) 0.556 (0.241–1.281)

Breast milk feeding 1.007 (0.672–1.508) 0.872 (0.464–1.640) 1.262 (0.732–2.175)

Older sibling 0.955 (0.651–1.403) 1.228 (0.679–2.218) 0.794 (0.475–1.329)

Antibiotics use within 1 yr 0.750 (0.502–1.122) 1.126 (0.623–2.036) 0.536 (0.301–0.954)

Keeping pet 1.370 (0.689–2.724) 1.082 (0.354–3.308) 1.467 (0.605–3.560)

Blood eosinophil (%) 1.140 (1.055–1.232) 1.160 (1.047–1.284) 1.121 (0.998–1.260)

Serum total IgE (IU/ml) 1.364 (0.902–2.063) 1.033 (0.519–2.054) 1.623 (0.965–2.728)

Atopic sensitization 1.719 (1.099–2.689) 2.091 (1.003–4.359) 1.643 (0.927–2.912)

FEV1 (%) 0.972 (0.954–0.989) 0.976 (0.949–1.004) 0.961 (0.938–0.984)

FEV1/FVC ratio (%) 0.969 (0.935–1.005) 0.947 (0.901–0.995) 0.988 (0.937–1.042)

FEF25–75% (%) 0.984 (0.971–0.997) 0.980 (0.961–0.999) 0.987 (0.970–1.004)

Exposure to ETS 0.995 (0.668–1.481) 1.113 (0.601–2.060) 0.946 (0.559–1.600)

Pubic hair NA NA 2.551 (0.891–7.306)

Ejaculation NA NA NA

Menarche NA NA 3.674 (1.226–11.012)

aOR, adjusted odds ratio; AR, allergic rhinitis; AD, atopic dermatitis; BMI, body mass index; ETS, environmental tobacco smoke; FEV1, forced

expiratory volume in 1 sec.
1Logistic regression analysis was performed after adjusting for age, sex, BMI, educational degree of the mother, asthma history of parents, atopic

sensitization, eosinophil (%), total serum IgE, FEV1 (%), and ETS.
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with BHR in Korean male children. Interestingly,
although lower lung function was commonly associated
with BHR in both genders, atopy was not found to be
significant in females. This finding differs compared from
those of previous studies. Indeed, most previous studies
were carried out in an asthma patients cohort,16,27

whereas our present study analyzed a general population.
Lung function testing, blood samples, and specific tests
for detecting specific IgE may help to assess BHR in the
general pediatric population. Additionally, sexual matu-
ration should be considered in evaluation of BHR in
females.
There were some limitations to this present study of

note. First, the study subjects were only enrolled from
Seoul, which is the most populated area in Korea. A
nation-wide study with more subjects will be needed to
determine whether there is gender difference associated
with the prevalence of BHR at puberty throughout the
country or whether this varies in different regions or
environments. Second, we did not measure the levels of
sex hormones or evaluate pubertal development in our
present survey using Tanner stages; therefore, a follow-up
questionnaire about sexual changes, including the
presence of menarche or pubarche, might address this
limitation. Third, BHR testing was performed at different
years in each school; however, all surveys were conducted
in the same season each year by the same investigators
and examiners to minimize potential bias. Taken together,
our findings have established the relationship between
menarche and BHR, but could not establish the cause
and effect of asthma incidence.
In summary, our present study has estimated the

prevalence of BHR according to age and gender in a
Korean pediatric population. Menarche was found to be
an independent risk factor associated with a rebound of
the BHR prevalence in pubertal females. We predicted
that there may be a crucial relationship between them,
although the exact relationship between menarche and
BHR to methacholine remains to be fully elucidated.
Future longitudinal studies designed to show the effect of
menarche on BHR are needed. Sex hormones should also
be assessed to investigate their influence on changes in
BHR in these studies.
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