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ABSTRACT
Background: Exercise-induced wheezing (EIW) may be a symptom of asthma and is a predictor of exercise-
induced bronchoconstriction, transient narrowing of the lower airway following exercise in the presence or ab-
sence of diagnosed asthma. Population-based studies with a large sample of EIW in relation to age, sex, cur-
rent asthma severity and medication usage have been sparse.
Methods: International Study of Asthma and Allergies in Childhood questionnaires were distributed at 885
nurseries, 535 primary schools, 321 junior high schools and 190 high schools, respectively, across Japan, and
the corresponding data on 46,597, 41,216, 45,960 and 51,104 children were analyzed.
Results: Prevalence of EIW was 4.8, 4.7, 17.9 and 15.4% for each of the four educational facility types, re-
spectively. Among 24,103 current asthmatics, 20.9, 28.7, 76.1 and 73.6% of subjects for the 4 educational facil-
ity groups reported to have experienced EIW, respectively. Severity of current asthma was associated with the
risk of EIW; odds ratio (95% confidence interval) of children with asthma attack every day for having EIW once
a week or more, using intermittent asthmatics as reference group, were 24.48 (19.33 to 31.01) adjusted for
other covariates. Among current asthmatic kindergartners, increase in risk for EIW due to ascending severity of
current asthma was mitigated by daily use of leukotriene receptor antagonist (p for interaction = 0.071).
Conclusions: EIW was not rare among current asthmatic children. An increased risk for EIW was in accor-
dance with increasing severity of current asthma and this relation was mitigated with leukotriene receptor an-
tagonist daily use among kindergartners.
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EIW, Exercise-induced wheezing; EIB, Exercise-induced bronchoconstriction; ISAAC, International Study of
Asthma and Allergies in Childhood.

INTRODUCTION

Exercise is a trigger of bronchial asthma attack1 in
some cases and exercise-induced asthma might be
defined as one of early childhood onset phenotypes.2
Meanwhile, diagnosis of asthma can be initiated with
a report of wheezing during and�or after exercise,
exercise-induced wheezing (EIW); and asthma attack

triggered by exercise may have a rapid exacerbation
and possibly contribute to urgent medical visit.3 Re-
port of EIW is a clinical expression of diseases other
than bronchial asthma in some cases and it has been
stated self-reported EIW alone should not be used to
define exercise-induced bronchoconstriction (EIB)
exactly in the absence of indirect and�or direct chal-
lenge tests.4 An aim of the present study was to de-
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lineate a prevalence of EIW among more than
180,000 children aged 3 to 18 in relation to age, sex,
severity of asthma and medication usage in a nation-
wide cross-sectional survey conducted in 20085-7 in
order to provide an insight for clinician and public
health physician seeing asthmatic patients and those
patient populations. Although a study with the con-
comitant use of provocation challenge test is ideal to
correlate EIW with bronchial asthma rigorously,
large-sized population-based studies with challenge
tests are unlikely to execute and such tests are likely
unfeasible for small children. Ponsonby and col-
leagues found the exercise challenge had sensitivity
and specificity estimates for exercise-induced wheeze
based on the ISSAC question of 0.60 and 0.77 for 7-
year old or older children, respectively, using a 12%
or greater fall in FEV1 post-exercise as a positive test
response.8 Although an Italian group reported the
prevalence of wheeze with exercise based on the In-
ternational Study of Asthma and Allergies in Child-
hood (ISAAC) questionnaire were 2.2 and 1.2% for
9,674 boys and 9,062 girls aged 6 to 7, respectively,9
findings on EIW based on large samples from general
populations are sparse.

METHODS

STUDY SUBJECTS
The present analysis was based on the nation-wide
cross-sectional survey of asthma and other allergic
diseases in Japan a part of which survey was men-
tioned elsewhere5-7 and relevant details were briefly
described here. The study subjects were recruited as
follows. Firstly 1,109 nurseries, 672 primary schools,
396 junior high schools and 219 high schools were
selected and asked for participation in this survey by
each of the 47 prefectural boards of education in re-
sponse to our request to secure 1,000 or more partici-
pants in each prefecture without any other intention.
Among those nurseries and schools 885 (79.8%), 535
(79.6), 321 (81.1) and 190 (86.8) agreed to the re-
quests by prefectural boards of education, respec-
tively. Secondly a Japanese version of the ISAAC
questionnaire10 was distributed from April to July
2008 to parents of 47,915 pupils aged 6 - 8 in the first
and second grades of the primary schools, 63,359 pu-
pils aged 13 - 15 in the first and second grades of the
junior high schools and 67,944 aged 16 - 18 in the first
and second grades of the high schools located in all
47 prefectures of Japan. A questionnaire based on the
ISAAC one with additional enquiries regarding diag-
nosis for ever having asthma in kindergartners was
also sent to parents of 50,959 kindergartens aged 3 - 6
years. Forty-seven thousand, two hundred and ninety-
one parents of the kindergartens responded to our
survey (response rate = 92.8%) while 92.1% of parents
of the pupils attending primary schools, 78.8 and
81.6% of the pupils at junior high school and high
school answered, respectively. A response was de-

fined as invalid 1) if the child’s age was not in agree-
ment with the grade of nursery or schools, or 2) a)
the responder did not answered to a question, “Have
you (or your child) ever had wheezing or whistling in
the chest at any time in the past?”, or b) the re-
sponder answered “yes” to the above question but
did not answer to another question, “Have you (or
your child) had wheezing or whistling in the chest in
the past 12 months?” The invalid response numbered
279, 327, 1,452 and 1,498 for kindergartners, primary
school pupils, junior high school and high school pu-
pils, respectively; and those with the invalid response
were excluded from the study subjects. We further
excluded 423 subjects with unknown sex; and then
8,323 undetermined for presence of EIW as defined
in the following section were omitted. Thus, 46,597
kindergartners, 41,216 pupils, 45,960 junior high
school pupils and 51,104 high school pupils were
used for the present study.

DEFINITION OF ASTHMA, EIW AND MEDICA-
TION USAGE
We defined having current asthma if a child or a par-
ent answered “Yes” to both of two questions, “Have
you (or your child) ever had wheezing or whistling in
the chest at any time in the past?” and “Have you (or
your child) had wheezing or whistling in the chest in
the past 12 months?” Severity of asthma (intermit-
tent, mild, moderate, or severe) was assigned for cur-
rent asthmatic children according to reported fre-
quency of wheezing in the past 4 weeks: none,
monthly or more but not weekly, weekly or more but
not every day and every day. Having EIW was de-
fined if a child or a parent answered “Yes” to a ques-
tion, “In the past 12 months, has your (or your
child’s) chest sounded wheezy during or after exer-
cise?” regardless of the answer to the question in re-
gards to having current asthma as mentioned above.
Severe EIW was defined if reported frequency of
wheezing during or after exercise was weekly or
more in the past 4 weeks. Among kindergartners
whose parents answered “No” to the above question
regarding EIW in the past 12 month, 231 kindergar-
teners were reported to have such wheezing once or
more during or after exercise in the past 4 weeks.
Similarly 1,475 pupils reported by themselves or by
parents (for primary school pupils) to have wheezing
with the same frequency as that for kindergarten in
spite of the fact that they reported no wheezy epi-
sodes during or after exercise in the past 12 months.
Those 1,706 children were re-classified as having
EIW in the present analysis.

Age and sex were specified as they were answered
in the completed questionnaires. Inhaled medication
daily use was defined if the subject or subject’s guard-
ian answered FlutideⓇ (fluticasone propionate),
QvarⓇ (beclometasone dipropionate), PulmicortⓇ
(budesonide), or other inhaled medication was used
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daily; the last one was not applicable for kindergart-
ners, however. Daily use of leukotriene-receptor an-
tagonist (LTRA) was defined if the subject or sub-
ject’s guardian answered OnonⓇ or PranlukastⓇ
(pranlukast hydrate), SingulairⓇ (montelukast so-
dium), or KipresⓇ (montelukast sodium) was used
daily.

STATISTICAL ANALYSIS
Most of analyses were conducted separately for each
of 4 types of educational facility because we assumed
physique and other factors including sport activity
and sleeping time were not adequately adjusted for
by statistical methods. All statistical analyses were
performed with STATA statistical software.11

Age, Severity of Current Asthma and EIW
We calculated prevalence of EIW among study sub-
jects regardless of presence of current asthma by age
group and examined a risk for having EIW calculat-
ing odds ratios (ORs) with the largest age group
within each of four types of educational facilities rang-
ing from nursery to high school as reference. Then
we examined a trend of severity of EIW with increas-
ing age within each type of educational facilities by a
nonparametric test for trend across ordered groups
developed by Cuzick which is an extension of the
Wilcoxon rank-sum test.12 We also obtained preva-
lence of EIW among current asthmatics by age and
examined the risk for having EIW similarly as men-
tioned above. We examined in addition the risk for
having EIW according to severity of asthma using
subjects with intermittent asthmatic attack as refer-
ence.

Medication Use and EIW
The risk for having EIW due to leukotriene-receptor
antagonist daily use and inhaled medication daily use
was examined with mutual adjustment using multiple
logistic regression analysis. The similar analyses
were repeated only among current asthmatics allow-
ing for severity of current asthma additionally.

Possible Interactions Regarding Medication Use
Because both effects of LTRA daily use and inhaled
medication daily use were deemed to differ according
to four educational facility types as shown below,
each of possible interaction was statistically examined
with log-likelihood ratio test.13 Finally possible inter-
action between the severity of current asthma and
daily medication usage was also investigated using
log-likelihood ratio test.

This study was approved by the independent re-
view board of the National Centre for Child Health
and Development.

RESULTS

AGE, SEVERITY OF CURRENT ASTHMA AND
EIW
Among 23,600 boys and 22,997 girls attending kinder-
gartens, 5.7 and 3.8% reported to have EIW, respec-
tively (p for difference between boys and girls <0.01)
(Table 1). The predominance of boys was observed
also for primary school pupils while a predominance
of girls was seen for junior high school pupils. Distri-
bution of the severity of EIW among children with
EIW was not much differed across the four educa-
tional facility types and no measurable association be-
tween the severity of EIW and age was observed for
children in each of the four educational facility types
(described in detail in Supplementary Table 1).

EIW was more reported among kindergartners
who reported having current asthma: 1,955 subjects
with EIW among 9,343 current asthmatics (20.92%)
vs. 278 subjects with EIW among 37,212 without cur-
rent asthma (0.75%). Corresponding figures were
28.65 vs. 0.74%, 76.12 vs. 11.55% and 73.61 vs. 9.97%
for primary school pupils, junior high school pupils
and high school pupils, respectively. An OR for hav-
ing EIW due to having current asthma was 35.16 (95%
confidence interval (CI) = 30.93 - 39.96) for kinder-
gartners. The increased ORs for EIW due to being
current asthmatic for primary school pupils, junior
high school pupils and high school pupils were 53.63
(46.91 - 61.31), 24.42 (22.66 - 26.31) and 25.20 (23.41 -
27.13), respectively. Prevalence of EIW among cur-
rent asthmatics were 22.0% for boys and 19.3 for girls
in kindergartners (p for difference between boys and
girls <0.01), 29.2 and 27.9 in primary school pupils in
the first and second grades (0.30), 74.6 and 77.7 in
junior high school pupils in the second and third
grades (0.02) and 74.8 and 72.3 in high school pupils
in the second and third grades (0.05), respectively.
The highest prevalence among current asthmatics
was observed for the aged 16 high school asthmatics
for boys (76.6%) and for the aged 15 junior high
school asthmatics for girls (78.1%), respectively.

Severity of current asthma was related to the risk
of having EIW; 4 to 6-fold increase in the risk for hav-
ing EIW was observed for severe asthmatics as com-
pared to those with intermittent asthma attack in the
past 4 weeks, and those severe asthmatic children
had an OR of 24.48 (19.33 to 31.01) for having EIW
once a week or more (described in more detail in
Supplementary Table 2).

MEDICATION USE AND EIW
Both daily use of LTRA and that of inhaled medica-
tion were associated with having EIW and severe
EIW, respectively (Table 2). Among 3,805 school chil-
dren with reported daily use of inhaled medication,
581 children or child’s parents answered those chil-
dren used inhaled medication other than fluticasone
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Table　1　Prevalence of exercise-induced wheezing (EIW) by age and sex, a nation-wide survey in Japan

All Boys

Age 
(years)

Total 
(n)

EIW (-) EIW (+) Odds 
ratio

95% confi dence
interval P value

Total 
(n)

EIW (-) EIW (+) Odds 
ratio

n % n % Lower limit Upper limit n % n %

Kindergartners

 3 6,557 6,317 96.3% 240 3.7% 0.66 0.57 0.76 <0.01 3,317 3,170 95.6% 147 4.4% 0.67

 4 16,106 15,385 95.5% 721 4.5% 0.81 0.74 0.89 <0.01 8,163 7,722 94.6% 441 5.4% 0.82

 5 20,795 19,662 94.6% 1,133 5.4% 1.00 Reference 10,504 9,820 93.5% 684 6.5% 1.00

 6 3,139 3,000 95.6% 139 4.4% 0.80 0.67 0.96 0.02 1,616 1,538 95.2% 78 4.8% 0.73

Total 46,597 44,364 95.2% 2,233 4.8% P for trend of odds <0.01 23,600 22,250 94.3% 1,350 5.7%

Primary school pupils in the 1st and 2nd grades

 6 17,491 16,667 95.3% 824 4.7% 1.00 0.91 1.10 0.99 8,926 8,419 94.3% 507 5.7% 1.07

 7 20,223 19,270 95.3% 953 4.7% 1.00 Reference 10,345 9,796 94.7% 549 5.3% 1.00

 8 3,502 3,344 95.5% 158 4.5% 0.96 0.80 1.14 0.60 1,786 1,693 94.8% 93 5.2% 0.98

Total 41,216 39,281 95.3% 1,935 4.7% P for trend of odds 0.73 21,057 19,908 94.5% 1,149 5.5%

Junior high school pupils in the 1st and 2nd grades

13 19,229 15,785 82.1% 3,444 17.9% 0.99 0.94 1.04 0.76 9,355 7,703 82.3% 1,652 17.7% 1.02

14 22,563 18,496 82.0% 4,067 18.0% 1.00 Reference 11,061 9,144 82.7% 1,917 17.3% 1.00

15 4,168 3,437 82.5% 731 17.5% 0.97 0.89 1.05 0.45 2,186 1,813 82.9% 373 17.1% 0.98

Total 45,960 37,718 82.1% 8,242 17.9% P for trend of odds 0.82 22,602 18,660 82.6% 3,942 17.4%

High school pupils in the 1st and 2nd grades

16 21,567 18,028 83.6% 3,539 16.4% 1.12 1.07 1.18 <0.01 11,094 9,238 83.3% 1,856 16.7% 1.13

17 25,166 21,418 85.1% 3,748 14.9% 1.00 Reference 12,938 10,990 84.9% 1,948 15.1% 1.00

18 4,371 3,776 86.4% 595 13.6% 0.90 0.82 0.99 0.03 2,331 2,013 86.4% 318 13.6% 0.89

Total 51,104 43,222 84.6% 7,882 15.4% P for trend of odds <0.01 26,363 22,241 84.4% 4,122 15.6%

Continued to the next page.

propionate, beclometasone dipropionate, or budeson-
ide, daily. When excluding those 581 children from
the analysis, the OR due to daily use of inhaled medi-
cation for having EIW changed from 5.09 (Table 2) to
5.19 (4.80 - 5.61) with the OR due to LTRA daily use
changing from 6.39 (Table 2) to 6.50 (5.99 - 7.04).

POSSIBLE INTERACTIONS REGARDING MEDI-
CATION USE
ORs were larger for LTRA daily use than for inhaled
medication use among kindergartners and primary
school pupils while the reverse was observed for jun-
ior high school and high school pupils (described in
more detail in Supplementary Table 3); the relations
of the LTRA daily use to EIW and to severe EIW were
both significantly modified by educational facility type
(p for interaction <0.01 and <0.01, respectively) and
the relations between the daily inhaled medication
use and EIW and severe EIW were also significantly
altered by educational facility type (p < 0.01 and <
0.01, respectively).

The LTRA daily use and inhaled medication daily
use among current asthmatics were also related to

having EIW with ORs around 1.5 to 2.0 across the
four educational facility types (described in detail in
Supplementary Table 4). The interaction between the
inhaled medication daily use and educational facility
type on the OR for EIW was not observed among cur-
rent asthmatics (p = 0.172) while the significant inter-
action was observed for the LTRA daily use (p <
0.01). The effect modification by educational facility
type on the relation between the LTRA daily use and
having severe EIW among current asthmatics was
suggested (p = 0.067) while the significant interaction
was observed for the daily use of inhaled medication
(p = 0.019).

Only among kindergartners the effect modification
by the LTRA use was suggested on the relation be-
tween the severity of current asthma and having EIW
(p = 0.071) and on that between the current asthma
severity and having severe EIW (p = 0.037), respec-
tively, and the ORs due to the severity of current
asthma were shown by status of the LTRA daily use
(no daily use vs. daily use) for EIW and for severe
EIW in Table 3, respectively.

Only for junior high school pupils the association
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Girls
P for difference 

between
boys and girls

95% confi dence
interval P value

Total
(n)

EIW (-) EIW (+) Odds 
ratio

95% confi dence 
interval P value

Lower limit Upper limit n % n % Lower limit Upper limit

0.55 0.80 <0.01 3,240 3,147 97.1% 93 2.9% 0.65 0.52 0.81 <0.01

0.72 0.93 <0.01 7,943 7,663 96.5% 280 3.5% 0.80 0.69 0.93 <0.01

Reference 10,291 9,842 95.6% 449 4.4% 1.00 Reference

0.57 0.93 <0.01 1,523 1,462 96.0% 61 4.0% 0.91 0.70 1.20 0.52

P for trend of odds <0.01 22,997 22,114 96.2% 883 3.8% P for trend of odds <0.01 <0.01

0.95 1.22 0.26 8,565 8,248 96.3% 317 3.7% 0.90 0.78 1.05 0.17

Reference 9,878 9,474 95.9% 404 4.1% 1.00 Reference

0.78 1.23 0.86 1,716 1,651 96.2% 65 3.8% 0.92 0.71 1.21 0.56

P for trend of odds 0.24 20,159 19,373 96.1% 786 3.9% P for trend of odds 0.38 <0.01

0.95 1.10 0.54 9,874 8,082 81.9% 1,792 18.1% 0.96 0.90 1.03 0.31

Reference 11,502 9,352 81.3% 2,150 18.7% 1.00 Reference

0.87 1.11 0.76 1,982 1,624 81.9% 358 18.1% 0.96 0.85 1.09 0.51

P for trend of odds 0.43 23,358 19,058 81.6% 4,300 18.4% P for trend of odds 0.61 <0.01

1.06 1.21 <0.01 10,473 8,790 83.9% 1,683 16.1% 1.11 1.03 1.19 <0.01

Reference 12,228 10,428 85.3% 1,800 14.7% 1.00 Reference

0.78 1.01 0.08 2,040 1,763 86.4% 277 13.6% 0.91 0.79 1.04 0.18

P for trend of odds <0.01 24,741 20,981 84.8% 3,760 15.2% P for trend of odds <0.01 0.17

Continued from the previous page.

between the severity of current asthma and having
EIW was modified by the daily use of inhaled medica-
tion (p < 0.01) while the association between the se-
verity and having severe EIW was not (p = 0.246).
The increment in ORs for having EIW according to
the ascending asthmatic severity was augmented by
the inhaled medication daily use; ORs were 1.00,
2.39, 3.66 and 3.07, respectively (p for trend <0.01),
among children without daily use of inhaled medica-
tion while corresponding ORs were 1.00, 5.62, 7.49
and 14.79, respectively (p for trend <0.01), among
children with the daily use, according to the current
asthma severity including intermittent, mild, moder-
ate and severe. When 241 junior high school pupils
with reported daily use of inhaled medication other
than fluticasone propionate, beclometasone dipro-
pionate, or budesonide, were excluded in the analy-
sis, the ORs due to increasing severity of current
asthma were 1.00, 2.42, 18.16 and 19.27, respectively
(p for trend <0.01), among children without daily use
of inhaled steroid including the three above-
mentioned prescriptions while the corresponding fig-
ures were 1.00, 2.35, 21.88 and 43.44, respectively (p

for trend <0.01), among those with the daily use of in-
haled steroid although the interaction was not statisti-
cally significant (p = 0.389).

DISCUSSION

It should be difficult to judge promptly whether
questionnaire-based EIW is phenotypic exercise-
induced asthma or non-asthmatic symptom in each
case. However, it should not be unreasonable to as-
sume that the EIW observed by clinician in an asth-
matic patient is asthmatic symptom, EIB, in most
cases. Practically studying EIW encompassing asth-
matic symptom and other clinical entities should be
worth doing for daily clinical work and research on
exercise-induced asthma.

The present study is, to our knowledge, the largest
one so far describing current figures of EIW among
general childhood population. The sample size made
precise examination of prevalence of EIW in relation
to sex, age, medication usage and severity of current
asthma and produced stable ORs for those relations
with relatively narrow 95% confidence intervals if the
association was significant.
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Table　3　Relation between exercise-induced wheezing (EIW) and severity of asthma among kindergartners with current asthma 

referring to daily use of leukotriene receptor antagonist, a nation-wide survey in Japan: multivariate analysis

Severity of asthma

EIW Severe EIW†

Adjusted 
odds ratio‡

95% confi dence interval
P value

Adjusted 
odds ratio‡

95% confi dence interval
P value

Lower limit Upper limit Lower limit Upper limit

P for interaction with daily use of leukotriene
receptor antagonist: 0.071

P for interaction with daily use of leukotriene
receptor antagonist: 0.037

No daily use of leukotriene receptor antagonist

Intermittent 1.00 Reference  1.00 Reference

Mild 2.85 2.47  3.29 <0.01  2.50  1.69  3.69 <0.01

Moderate 4.88 3.99  5.98 <0.01 14.81 10.34 21.21 <0.01

Severe 7.81 4.72 12.93 <0.01 32.31 17.40 59.98 <0.01

P for trend of odds <0.01 P for trend of odds <0.01

Daily use of leukotriene receptor antagonist

Intermittent 1.00 Reference  1.00 Reference

Mild 2.28 1.83  2.84 <0.01  3.96  1.88  8.32 <0.01

Moderate 4.15 3.17  5.43 <0.01 33.24 16.55 66.76 <0.01

Severe 2.88 1.55  5.34 <0.01 23.97  9.09 63.19 <0.01

P for trend of odds <0.01 P for trend of odds <0.01

Excluded were subjects with a missing value for severity of current asthma. †Defi ned if EIW occurred >=1/week. ‡Adjusted for sex, age, 

daily use of inhaled medication and prefecture [Northern (20 prefectures) and Southern (27) Japan].

Proportion of children with reported EIW in the
present study did not seem high although directly
comparable data for general population were sparse
while circa 10 to 50% among various populations of
athletes was reported to have EIB as tabulated in the
report by Weiler et al..4 For primary school children
aged 6 - 8, the proportion of those with EIW was
larger than that reported for Italian children aged 6 -
7,9 however. The difference in proportion between
the two studies may be partly attributed to different
study time, place and ethnicity, or by chance. Be-
cause exercise-associated symptoms other than
wheeze were not captured in the present study, the
prevalence of exercise-related asthma symptoms,
some part of which was EIW, may have been under-
estimated in the present study.

It is well known the fact that prevalence of asthma
is greater among boys than among girls before age of
13 - 14 years with a greater incidence for female
among adolescent and young adulthood.14 De Baets
et al. assessed 15,241 primary school pupils using a 6-
minute run and a decrease of 15% for peak flow as an
indicator of EIB and found girls (8.5%) were more
likely than boys (6.4%) to have a positive challenge re-
sult.15 Not reported EIW but reported wheeze was
more prevalent in boys than in girls aged 11 but the
opposite finding was shown for adolescents aged 12
to 16 in a study conducted in England.16 Report of
asthma or wheeze in past 12 month was more com-
mon in boys than in girls at age of 7, 11 and 16 years,
respectively, with the OR of 1.35 for incident asthma
or wheezy bronchitis among boys aged 8 to 11 years

and that of 1.45 among boys aged 12 to 16 years us-
ing girls as reference group while the marked rever-
sal with the OR of 0.55 was found for those aged 17 to
23 years in a study of British 1958 birth cohort.17 The
present findings of male preponderance among pupils
aged 3 to 8 years and opposite findings of female pre-
ponderance among junior high school pupils roughly
accorded with those of previous studies shown above.
These relationships between gender and risk of hav-
ing EIW were unchanged across the four educational
facility types adjusted for other covariates in the pre-
sent study. Gender difference in risk for severe EIW
was observed only among high school pupils. Not
well understood but similar mechanism may operate
in relation to gender for asthma and for EIW both.

Burr and colleagues reported in 817 12-year-old
schoolchildren living in two areas of Wales the ratio
of two measures of peak expiratory flow rates before
and after 6 minutes of running was lower for current
asthmatics, current wheezers, ex-wheezers and those
with atopic history as compared to other children
without family history of asthma.18 Concordantly EIW
was more prevalent among current asthmatics than
subjects without reported current asthma in the pre-
sent study. In a cross-sectional study in Barcelona,
school children aged 13 to 14 years with a positive re-
sult of a fall in peak expiratory flow rate�15% after ex-
ercise showed an OR for 2.82 of affirmative answer to
the question in relation to exercise-induced asthma
as compared to children with negative answer.19 As
limits to our study, distinction between exercise-
induced asthma attack and exercised-unrelated one
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was not made. Thus the strong and consistent rela-
tion between the severity of current asthma and hav-
ing EIW and having severe EIW in the present study
can be theoretically interpreted partially as follows;
higher frequency of EIW may be counted as higher
frequency of asthma attack in general. Allowing for
the fact that substantial proportion of the study sub-
jects without current asthma also reported to have
EIW especially among pupils aged 13 years or older,
it was reasoned at least some participants did not as-
sume EIW as asthma attack. When seeing patients in
this age range with suspected asthma, possible pres-
ence of EIW should be asked. Better control of
asthma is essential to control EIW that may decrease
school activities including sports and may contribute
to emergency visit to hospital.3 Better control of EIW
may, alternatively, initiate better control of asthma es-
pecially among asthmatics who are not enough aware
of the presence of EIB.

We should refer to limitation of the present study.
The fact EIW was defined based on questionnaire but
not on challenge test with no validation study was
weakness of the present investigation, and other clini-
cal entities showing EIW may be present in children
with reported wheezing and�or cough after exer-
cise.20

Although we were unable to determine the causal
relationship between medication usage and risk of
having EIW due to cross-sectional nature of the pre-
sent study, positive relations between two medication
usages and having EIW consistently observed over
the 4 educational facility types were in accordance
with current treatment for EIB with LTRA and in-
haled corticosteroid use.4 The mitigated association
of the severity of current asthma with having EIW
and severe EIW by the LTRA daily use among kinder-
gartners may be due to protective effect of the LTRA
on occurrence of EIB.4 Among asthmatic children
with LTRA use, the ORs for EIW and severe EIW
both were higher for moderate asthmatics than for
severe asthmatics. This reversal may be differenti-
ated effect of LTRA use for current asthmatic chil-
dren with the different degree of severity or due to
chance. In the meanwhile, the apparent augmentation
of the relation between the current asthma severity
and having EIW by the daily use of inhaled medica-
tion among junior high school pupils may be related
to a possible real situation where severe asthmatic
pupils failed to protect EIB in spite of the inhaled cor-
ticosteroid daily use. Possible alternative partial inter-
pretation may be some of current asthmatic children
with frequent EIW had recourse to daily use of beta
stimulant for symptomatic relief instead of inhaled
steroid daily use.

It is concluded that EIW was not rare among cur-
rent asthmatic children, and the increasing severity
of current asthma was associated with the heightened
risk of having EIW; children with asthma attack every

day for having EIW once a week or more had more
than 24-fold risk as compared to current asthmatic
children with no attack in the past 4 weeks. Relation
between the severity of current asthma and the risk
of EIW was partly modified with medication use al-
though causal relationship should not be verified in
this cross-sectional study. EIW can be practically em-
ployed for clinical work and research on exercise-
induced asthma.
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