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Summary. Objective: To investigate the association between physical activity and exercise-

induced bronchoconstriction (EIB) in an urban population sample of schoolchildren, taking into

account potential confounders such as asthma symptoms and overweight. Methods: Children

aged 10–12 years answered validated questionnaires on physical activity (Physical Activity

and Lifestyle Questionnaire) and asthma symptoms (ISAAC questionnaire), and were catego-

rized according to their body mass index (BMI). EIB (FEV1 decrease from baseline �13%) was

assessed by a standardized free running Exercise Challenge Test (ECT). Results: Six hundred

seven children completed the ECT. There were no differences among asthma groups

(diagnosed asthma, asthma-related symptoms not diagnosed as asthma, no asthma-related

symptoms) regarding total daily energy expenditure and time spent in mild (1.1–2.9 metabolic

equivalents—METs), moderate (3–6 METs), and vigorous (>6 METs) activities. Only over-

weight/obese EIB-positive children had shorter duration of vigorous activity as compared

to their EIB-negative or non-overweight/obese EIB-positive peers. Total daily energy expendi-

ture and duration of mild- and moderate-intensity activity were negatively associated with EIB

independently of BMI status or asthma-related symptoms. Conclusions: Decreased levels of

physical activity are associated with EIB irrespectively of BMI status and asthma-related symp-

toms. Longitudinal studies are needed to confirm the negative impact of sedentary lifestyle on

the development of EIB suggested by these findings. Pediatr Pulmonol.
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INTRODUCTION

The causes of the increase in asthma prevalence ob-
served in Westernized societies from the 1960s to the
mid-1990s remain elusive. Lifestyle changes including
physical inactivity and obesity—in addition to allergen
exposure, hygiene and diet—have been proposed as po-
tential contributors to the asthma ‘‘epidemic.’’1,2

Despite important methodological differences among
studies, a strong and consistent relationship between
asthma and physical inactivity has clearly emerged;
however, the direction of causality is disputed.3–15 Cer-
tain investigators have proposed that asthmatic children
experience limitations in physical activity due to their
disease.3–8 Others, however, have failed to confirm this
association, suggesting that poorer fitness is not related
to asthma severity but rather to the perceived inability
of asthmatic children to participate in physical activi-
ties.12–14 On the other hand, there is growing evidence
that it is actually physical inactivity that predisposes to
the development of asthma.11 Along these lines, two
longitudinal studies, one in asymptomatic children9 and

the other in twin pairs,10 showed that decreased physi-
cal activity in childhood is associated with development
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of asthma later in life. Moreover, the beneficial effect
and the safety of regular exercise on asthmatic children
(reduced asthma symptoms and physician office visits,
improved quality of life) has been convincingly
documented.16

Bronchial hyperresponsiveness (BHR) is considered
to be an objective marker of asthma that is closely re-
lated to the underlying mechanisms of the disease and
is not influenced by diagnostic fashion.17 Bronchial re-
sponse to exercise has been shown to be more specific
than airway responsiveness to pharmacological agents
for the diagnosis of childhood asthma,18 while field ex-
ercise has been suggested—but not definitively prov-
en—to be more sensitive than laboratory exercise
testing when performed under appropriate conditions in
elite athletes.19

Current evidence supports a strong relationship be-
tween BHR and physical inactivity.7,11,15 However, the
association between exercise-induced bronchoconstric-
tion (EIB) and physical activity has not been investigat-
ed in a general pediatric population. The aim of the
present study was to explore this association by using a
field Exercise Challenge Test (ECT) after taking into
account potential confounders such as asthma symp-
toms and body mass, for the first time, in a large urban
sample of school-aged children.

METHODS

Participants

Participants were children included in the Physical
Activity, Nutrition and Allergies in Children Examined
in Athens (PANACEA) study,20 an epidemiological
cross-sectional survey designed to evaluate the relation-
ship between the prevalence of asthma symptoms in
Greek schoolchildren and their anthropometric and life-
style characteristics. The aims and the methods of the
PANACEA study have been previously reported.20 A
flow diagram of the study is presented in Figure 1.
From January to March 2006, 700 children aged 10–12
years (4th to 6th school grade) from 18 randomly se-
lected public schools located in the greater Athens area
(Athens, Greece) were enrolled. Information regarding
socio-demographic characteristics, asthma symptoms,

and daily physical activity were obtained during the ini-
tial school visit. Two weeks later, eligible children were
scheduled to perform an ECT. The field-research team
consisted of two pediatricians, one experienced pediat-
ric nurse and one sports science specialist.

The study protocol was approved by the Hellenic
Ministry of Education (approval 29712/G7/2006). Par-
ticipation was on a voluntary basis. Children and their
parents provided signed consent after being offered
detailed information on the requirements of the ECT
protocol and the objectives of the study.

Anthropometric Data

Standing height was measured with a height rod
(Raven Equipment Ltd., Essex, UK), and body weight
with a floor scale (Seca GmBH & Co. Kg, Hamburg,
Germany). Overweight and obese children were catego-
rized using the international body mass index (BMI)
cut-off points.21

ABBREVIATIONS:

BHR Bronchial hyperresponsiveness

EIB Exercise-induced bronchoconstriction

PANACEA Physical Activity Nutrition and Allergies in Children

Examined in Athens

ECT exercise Challenge Test

PALSQ Physical Activity and Life Style Questionnaire

MET Metabolic equivalent

BMI Body mass index

Fig. 1. Flow diagram of the study. ISAAC, The International

Study of Asthma and Allergies in Childhood; C-ACT, Child-

hood Asthma Control Test; PALSQ, Physical Activity and Life

Style Questionnaire; ECT, Exercise Challenge Test; ICS, in-

haled corticosteroids.
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Asthma Symptoms and Categories

Asthma symptoms were evaluated by using the
approved Greek version of the International Study for
Asthma and Allergies in Childhood (ISAAC) core ques-
tionnaire.22 Children were classified into 3 categories:
(1) Diagnosed asthma (group 1), which included chil-
dren with physician diagnosed asthma plus wheeze and/
or dry cough at night that was unrelated to respiratory
infection in the last 12 months, or use of prophylactic
medication for asthma in the last 12 months; (2) Asth-
ma-related symptoms not diagnosed as asthma
(group 2), which included children with wheeze and/or
dry cough at night in the last 12 months but not physi-
cian diagnosed asthma; and (3) No asthma-related
symptoms (group 3), which included children without
wheeze or dry cough at night in the last 12 months.
Control of asthma was evaluated by using the Child-
hood Asthma Control Test (C-ACT).23

Physical Activity

The level of physical activity was evaluated by
using the Physical Activity and Life Style Question-
naire (PALSQ), an instrument that has been validated
against metabolic equivalence in Greek schoolchil-
dren.24 The questions were read to each child by one
of the researchers and were completed with the child
during the initial school visit. Participants were asked
how often and at what level of competitive require-
ment they participated in various daily activities, in-
cluding organized sports (such as brisk walking,
running, swimming, and cycling), non-sports related
activities (such as going out with friends, social vis-
its, going to the cinema), and sedentary activities
(reading, watching television, working on computer,
playing video games). According to the response to
each question, the scoring procedure produces a total
of daily energy expenditure (kcal kg�1 day�1),24 and
can differentiate the time spent in mild (1.1–2.9 meta-
bolic equivalents—METs), moderate (3–6 METs),
and vigorous (>6 METs) activities. According to the
total daily energy expenditure reported, participants
were classified as active (�40 kcal kg�1 day�1), mod-
erately active (37–39.99 kcal kg�1 day�1), or inactive
(<37kcal kg�1 day�1).24

Exercise Challenge Test

ECTs were conduced in the school setting (sports
halls or other similar sporting facilities), from 09:00 to
12:00 hr. The relative humidity was 45–60%, and the
temperature 12–228C throughout the study period; these
conditions have been evaluated and are considered to
be suitable for exercise testing.25 The children were
asked to arrive in training clothes and running shoes,

having consumed no more than breakfast; after a de-
tailed demonstration of the ECT protocol, they pre-
sented in groups of four to each of the following
stations.

Station 1—Eligibility and baseline spirometry

The personal health record booklets were reviewed,
and each child underwent detailed physical examination.
Children were excluded if they had received bronchodi-
lator medication within 48 hr prior to the ECT, if they
had suffered asthma exacerbation or clinically apparent
respiratory tract infection in the previous 2 weeks, or
had evidence of wheezing or current respiratory infec-
tion on physical examination. Children with baseline
FEV1 <80% predicted were also excluded. Baseline spi-
rometry was performed using a portable spirometer
(MicroLab, Micro Medical Ltd., Rochester, UK). Three
technically acceptable measurements were performed
and the highest FEV1, FVC, and PEF were recorded as
absolute and % predicted values.

Station 2—Exercise challenge

Children, in groups of four, were encouraged to run
freely for 6 min in order to achieve a heart rate of 90%
of the calculated maximum for age (0.9 � [220 � age])
for at least 4 min. A sports science specialist coached
the children while running in order to motivate them.
Heart rate and running time were monitored by a porta-
ble heart rate monitor (Polar Electro, Inc., Lake Success,
NY). Children who were unable to achieve the target
heart rate for at least 4 min were considered as having
failed the ECT. Conversely, children who ran for
�6 min but achieved this target were asked to proceed
to the next station.

Station 3—Exercise assessment

Each child underwent a careful post-exercise physical
examination; signs and symptoms such as wheeze,
cough, shortness of breath, and perceived breathlessness
were recorded. Spirometry was performed at 5, 10, and
20 min after exercise. On each occasion, three readings
were obtained and the highest FEV1 value was
recorded. The ECT response was defined as the greatest
drop in FEV1, expressed as percentage of the baseline
value. EIB was defined as a FEV1 decrease from base-
line of �13%.26 Children who exhibited asthma symp-
toms were managed with 500 mg of inhaled salbutamol
and were re-examined before they returned to class.

Data Analyses

Associations between categorical variables were eval-
uated using the chi-square test, whereas relationships
between continuous variables were tested, after checking
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for homoscedasticity, using the one-way analysis of vari-
ance (ANOVA) with Bonferroni correction. Overweight
and obese children were analyzed as a combined group.
The association between body mass and physical activi-
ty with EIB was assessed using logistic regression anal-
ysis after adjusting for presence of asthma-related
symptoms and sex. A posterior statistical power analysis
revealed that at least 600 children were adequate to eval-
uate odds ratios equal to 1.5 at the 0.05 significance lev-
el in order to achieve 95% power. Statistical analyses
were performed using the SPSS software version 17.0
(SPSS, Inc., Chicago, IL).

RESULTS

Of the 700 children enrolled in the PANACEA study,
607 (86.7%) completed the ECT protocol. The flow dia-
gram of the study is presented in Figure 1. Eleven chil-
dren failed to complete the ECT: three ran <4 min and
eight failed to achieve the target heart rate. Ten of these
children (90.9%) were overweight or obese. Twenty-
four children (4%) ran <6 min but achieved the target
heart rate for at least 4 min. Of these, 20 (83.3%) were
overweight or obese; the prevalence of EIB in this
group was 4.2% (n ¼ 1).

The characteristics of the study population are pre-
sented in Table 1. EIB was documented in 63 children
(10.4%). Fifty-eight children (92.1%) achieved maxi-
mum ECT response at 5 min, and the rest reached their
FEV1 nadir at 10-min post-exercise. Spirometric values
normalized after bronchodilator administration in all
children.

There were no differences between the 3 symptoms
based (ISAAC questionnaire) groups regarding total
daily energy expenditure and time spent in mild- or
moderate-intensity activities. Children with diagnosed
asthma (group 1) or asthma-related symptoms not diag-
nosed as asthma (group 2), had lower baseline spiro-
metric values and were more likely to exhibit EIB than
their asymptomatic counterparts (group 3, Table 2). The
prevalence of overweight and obesity was higher among
children with asthma-related symptoms not diagnosed
as asthma (group 2); this group also reported shorter
daily duration of vigorous activities (Table 2). Five chil-
dren classified in the ‘‘no asthma related symptoms’’
category (group 3) had been diagnosed as asthmatics in
the past, but had no asthma-related symptoms and had
received no antiasthma medication within the last
12 months; they all had normal baseline spirometry and
negative ECTs. The results were not altered when these
children were excluded from the analysis.

The prevalence of EIB was higher in participants
classified as moderately active or inactive, as compared
to their active pees. These children also had lower base-
line spirometric values. Increased BMI and asthma-
related symptoms not diagnosed as asthma were also

more prevalent among inactive children as compared to
their more active peers (Table 3).

There was no statistically significant difference in
the prevalence of overweight and obesity between EIB-
positive and EIB-negative children (36.5% vs. 29.2%,
P ¼ 0.29). Irrespective of BMI status, children with
EIB showed statistically significant lower daily energy
expenditure, shorter time spent in moderate, and longer
time spent in mild-intensity activities, as compared
to EIB-negative participants. However, the overweight/
obese EIB-positive children had shorter duration of
vigorous activity, as compared to their EIB-negative or
non-overweight/obese EIB-positive peers (Table 4).

Multi-adjusted logistic regression analyses revealed
that the total daily energy expenditure and the duration
of mild- and moderate-intensity activity were associated
with EIB, independently of BMI status or asthma symp-
toms. The effect of overweight/obesity or that of vigor-
ous activity on EIB was not statistically significant
(Table 5).

DISCUSSION

The principle finding of this study is that decreased
levels of physical activity of 10- to 12-year-old children

TABLE 1— Characteristics of the Study Population
(n ¼ 607)

Demographic and anthropometric data

Age (years) 11.2 � 0.6

Male 283 (46.6)

Weight (kg) 44.8 � 9.1

Height (cm) 150.0 � 8.4

BMI (kg m�2) 19.6 � 3.2

Overweight 182 (30.0)

Obese 57 (9.4)

Asthma-related history in the last 12 months

Wheeze 45 (7.4)

Exercise wheeze 30 (4.9)

Night cough 79 (13.0)

Any asthma-related symptom 163 (26.8)

Diagnosed asthma 65 (10.7)

Inhaled corticosteroids 39 (6.4)

Duration of activity (hr/day)

Mild intensity 13.16 � 0.78

Moderate intensity 1.85 � 0.43

Vigorous intensity 0.86 � 0.35

Total daily energy expenditure (kcal kg�1 day�1) 40.12 � 4.15

Baseline lung function (% predicted)

FEV1 98.1 � 4.5

FVC 95.4 � 5.8

PEF 91.9 � 5.0

Exercise-induced bronchoconstriction 63 (10.4)

BMI, body mass index; FEV1, forced expiratory volume in 1 sec;

FVC, forced expiratory vital capacity; PEF, peak expiratory flow;

MET, standard metabolic equivalent.

Intensity of activity: mild 1.1–2.9 METs, moderate 3–6 METs,

vigorous > 6 METs.

Data presented as n (%) or mean � SD.
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were consistently associated with EIB, and that this as-
sociation was independent of BMI status and asthma-
related symptoms. This is in agreement with the results
of previous studies on the relationship between BHR
and physical inactivity.7,8,11,15 To the best of our knowl-
edge, no previous report has focused on the relationship
between physical activity and EIB assessed by free run-
ning challenge in a general population of school-aged
children.

Although we cannot prove the direction of causality,
our findings suggest that it is the decrease in physical

activity that predisposes to EIB, rather than the oppo-
site. First, if the restriction in the participants’ activity
were due to EIB, it appears reasonable to expect that
such restriction would become more evident during vig-
orous activity; this was not the case, since increased
bronchial responsiveness to exercise was not related to
the duration of vigorous activity in our population
(Table 5). Instead, it was the increased duration of
mild-intensity activities and the decreased duration of
moderate-intensity activities—both reflecting a more
sedentary lifestyle—that appeared to play a critical role

TABLE 2— Characteristics of Participating Children According to Asthma Category

Diagnosed asthma

(Group 1), n ¼ 65

Asthma-related

symptoms not diagnosed

as asthma (Group 2), n ¼ 98

No asthma-related

symptoms (Group 3),

n ¼ 444

Male 36 (55.4) 51 (52.0) 196 (44.1)

Overweight or obese 22 (33.8) 39 (39.8)� 121 (27.3)

Duration of activity (hr/day)

Mild intensity 13.18 � 0.8 13.27 � 0.79 13.11 � 0.77

Moderate intensity 1.83 � 0.45 1.8 � 0.43 1.86 � 0.42

Vigorous intensity 0.84 � 0.36 0.78 � 0.35� 0.87 � 0.33

Total daily energy expenditure (kcal kg�1 day�1) 40.02 � 3.34 39.82 � 3.75 40.2 � 4.1

C-ACT score 23.4 � 1.5 — —

Baseline lung function (% predicted)

FEV1 91.8 � 4.8y,z 97.3 � 5.2z 99.7 � 4.0

FVC 90.0 � 5.1y,z 93.0 � 5.7z 97.5 � 5.5

PEF 90.4 � 5.5z 91.2 � 4.7z 93.1 � 5.0

Exercise-induced bronchoconstriction 33 (50.8)y,z 23 (23.5)z 7 (1.6)

C-ACT, childhood asthma control test; FEV1, forced expiratory volume in 1 sec; FVC, forced expiratory vital capacity; PEF, peak expiratory

flow; MET, standard metabolic equivalent.

Data presented as n (%) or mean � SD. Hypothesis testing for significance using chi-square test or one-way ANOVA with Bonferroni

adjustment, where appropriate. Intensity of activity: mild 1.1–2.9 METs, moderate 3–6 METs, vigorous >6 METs.
�P < 0.05 versus no asthma-related symptoms.
yP < 0.001 versus asthma-related symptoms not diagnosed as asthma.
zP < 0.001 versus no asthma-related symptoms.

TABLE 3— Characteristics of Participating Children According to Activity Category

Activity category1 Active (n ¼ 308) Moderately active (n ¼ 194) Inactive (n ¼ 105)

Male 144 (46.8) 93 (47.9) 46 (43.8)

Overweight or obese 83 (26.9) 52 (26.8) 47 (44.8)�,y

Asthma-related history

Diagnosed asthma 30 (9.7) 22 (11.3) 13 (12.4)

Asthma-related symptoms not diagnosed as asthma 37 (12.0) 34 (17.5) 27 (25.7)�

Baseline lung function (% predicted)

FEV1 102.1 � 5.4 95.0 � 4.7z 92.1 � 4.9z,§

FVC 98.3 � 5.4 93.8 � 5.6z 89.8 � 5.5z,§

PEF 92.3 � 5.1 91.7 � 4.6 91.1 � 4.9

Exercise-induced bronchoconstriction 15 (4.9) 28 (14.4)z 20 (19.0)z,§

FEV1, forced expiratory volume in 1 sec; FVC, forced expiratory vital capacity; PEF, peak expiratory flow.

Data presented as n (%) or mean � SD. Hypothesis testing was performed using chi-square test or one-way ANOVA with Bonferroni adjust-

ment, where appropriate.
1Defined according to total energy expenditure (kcal kg�1 day�1) as follows: �40 active; 37–39.99 moderately active; <37 inactive.
�P < 0.01 versus active.
yP < 0. 01 versus moderately active.
zP < 0.001 versus active.
§P < 0.001 versus moderately active.
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in the development of EIB. Second, non-overweight/
obese EIB-positive children were characterized by
levels of vigorous activity similar to those reported
by their EIB-negative peers (Table 4); this should not
be the case if increased bronchial responsiveness to
exercise was solely the cause of decreased physical
activity.

Our findings are in agreement with previous reports,
which suggest that BHR may be the result rather than
the cause of physical inactivity in asthmatic children.11

There is evidence that asthmatic children, even those

with documented BHR, can achieve levels of exercise
performance similar to those of non-asthmatics,12 pro-
vided that they have a comparable level of habitual
physical activity.14 It has also been reported that moder-
ate- or high-intensity physical activity programs are
well-tolerated and safe for asthmatic children, and—
over the long term—may have a beneficial effect on
disease severity.16 On the other hand, a number of
investigators have favored the opposite direction of cau-
sality, suggesting that asthmatic children experience
limitations in physical activity due to the severity of

TABLE 4— Physical Activity Characteristics of Participating Children Stratified by Exercise-Induced Bronchoconstriction
and Overweight/Obesity

EIB positive EIB negative

Overweight/obese Non-overweight/obese Overweight/obese Non-overweight/obese

Group A (n ¼ 23) B (n ¼ 40) C (n ¼ 159) D (n ¼ 385)

Duration of activity (hr/day)

Mild intensity 14.0 � 0.83y 14.06 � 0.81y 13.10 � 0.76 13.04 � 0.78

Moderate intensity 1.21 � 0.49y 1.32 � 0.47y 1.86 � 0.42 1.94 � 0.39

Vigorous intensity 0.58 � 0.3z 0.88 � 0.31 0.82 � 0.35 0.88 � 0.36

Total daily energy expenditure (kcal kg�1 day�1) 36.62 � 3.29y 36.95 � 3.22y 40.36 � 3.86 40.56 � 4.04

EIB, exercise-induced bronchoconstriction; MET, standard metabolic equivalent.

Intensity of activity: mild 1.1–2.9 METs, moderate 3–6 METs, vigorous >6 METs.

Data presented as mean � SD. Hypothesis testing was performed using one-way ANOVA with Bonferroni adjustment.
yP < 0.001 versus C and D.
zP < 0.001 versus B, C, and D.

TABLE 5— Results From Logistic Regression Models That Evaluated the Association of Overweight and Physical Activity
on Exercise-Induced Bronchoconstriction

Exercise-induced bronchoconstriction

Unadjusted model

Adjusted models

Model 1 Model 2 Model 3 Model 4

Overweight or obesity vs. normal weight 1.14 (0.58–1.96) 1.02 (0.51–2.03) 1.12 (0.56–2.22) 1.27 (0.78–2.45) 1.08 (0.55–1.91)

Duration of physical activity1

Increased duration of mild-intensity

activity (yes vs. no)

5.42 (1.66–15.21) 5.44 (1.65–15.68) — — —

Decreased duration of moderate-intensity

activity (yes vs. no)

5.27 (2.04–13.60) — 5.32 (2.06–13.76) — —

Decreased duration of vigorous-intensity

activity (yes vs. no)

1.20 (0.62–2.33) — — 1.38 (0.86–2.97) —

Activity category2

Active 1.00 — — — 1.00

Moderately active 3.62 (1.43–9.16) — — — 3.61 (1.43–9.14)

Inactive 6.50 (2.71–15.59) — — — 6.54 (2.72–15.70)

MET, standard metabolic equivalent.

Results are represented as odds ratios and their corresponding 95% confidence intervals (in parentheses), after adjustment for the presence of

asthma-related symptoms and sex. Crude estimates reflect the independent effect of each factor. Combined effects are analyzed using separate

models.
1Dichotomous variable defined by the ability to report higher (increased) or lower (decreased) duration of daily physical activity than the

group-specific mean. Intensity of activity: mild 1.1–2.9 METs, moderate 3–6 METs, vigorous >6 METs.
2Defined according to total energy expenditure in kcal kg�1 day�1, as follows: �40 active; 37–39.99 moderately active; <37 inactive.
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their disease.3–8 It should be noted, however, that the
most of the later studies are either based exclusively on
symptoms related to the disease and have not included
an objective appraisal of BHR,2–5 or focus on selected
populations of children with untreated/uncontrolled
asthma.6,8 A recent report on a selected population of
children at risk for developing asthma showed that in a
subsample of the participants the reduction of physical
activity was proportional to bronchial responsiveness
as assessed by cold air challenge.7 Although the inves-
tigators of this study suggest that young children
experience exercise-induced symptoms in proportion to
their BHR, the direction of causality remains unclear.

We did not find differences in total daily energy ex-
penditure or time spent in activities of mild and moder-
ate intensity among children with diagnosed asthma
(group 1) or asthma-related symptoms not diagnosed as
asthma (group 2) and their healthy peers (group 3).
Similarly, there was no difference in the prevalence of
diagnosed asthma among active, moderately active, and
inactive children. The above observations, which are in
agreement with previous reports,12–14 indicate that asth-
ma symptoms may not be related to the level of physi-
cal activity in school-aged children. These results,
however, could also be attributed to the efficient treat-
ment and control of the disease. Indeed, diagnosed asth-
matics in our study had mild and controlled disease, as
evidenced by their C-ACT score and baseline lung
function. On the other hand, these children had lower
baseline lung function and higher prevalence of EIB
as compared to their healthy peers, indicating that the
relation between BHR and physical inactivity may be
subclinical.

There are several possible mechanisms to explain
the relationship between decreased physical activity and
BHR. Periodic deep inspirations, as is the case with ex-
ercise, have a potent bronchodilatory effect and appear
to have an important role in maintaining normal airway
tone.27 It has been suggested that the decrease in the
frequency of these periodic distensions during sedentary
activity may predispose to increased non-specific BHR
in children.28 In addition, regular physical activity may
downregulate airway and systemic inflammation, thus
resulting in a beneficial effect on BHR.29

The interrelations of asthma, decreased physical
activity and obesity are complex and only partially
understood.2 It remains controversial whether decreased
physical activity predisposes to increased bronchial
responsiveness independently of obesity, or whether
obesity creates the conditions that foster the develop-
ment of EIB irrespective of physical activity. It has
been argued that reduced tidal volume and functional
residual capacity in obese children may promote airway
narrowing, and that obesity per se leads to a state
of low-grade inflammation that may act on the lung to

exacerbate asthma.30,31 In our analysis, the effect of
overweight or obesity on increased bronchial respon-
siveness was not statistically significant. On the other
hand, it was actually the sedentary lifestyle that was
associated with the development of EIB, and this rela-
tion was independent of BMI. The finding that
increased BMI was related to decreased time spent in
vigorous activity by children with EIB renders support
to the hypothesis that overweight and obesity favor the
development of asthma through physical decondition-
ing. This explanation is strengthened further by the fact
that the great majority of the children who failed to
complete the ECT due to breathlessness or were unable
to run for the total 6 min, but achieved target heart rate
for at least 4 min, were overweight or obese.

The findings of the present study should be consid-
ered in the context of its potential limitations. First, the
use of an interview-administered questionnaire for
assessing the level of physical activity may raise reli-
ability concerns. Although the PALSQ has been previ-
ously validated in Greek schoolchildren,24 it has been
shown that the level of physical activity may be over-
estimated by using similar instruments.32 Such bias,
however, would lead to an underestimation of the asso-
ciation between inactivity and BHR. Moreover, poten-
tial misclassifications would be random. The use
of standardized interview-administered questionnaires
remains a practical method for the assessment of physi-
cal activity in epidemiological studies, particularly
those which assess large samples of individuals.33

These instruments are also valuable for the assessment
of the setting and the mode of physical activity, two
important characteristics which are difficult to be
assessed otherwise.33 Second, although we used a wide-
ly applied standardized questionnaire (the ISAAC ques-
tionnaire) to classify the participants’ asthma, it is
difficult to compare our results with those of previous
studies due to the variability in the definitions of asthma
groups. Third, our study population included only urban
schoolchildren, and thus, the study findings may not be
applicable to other populations, particularly those with
different physical activity patterns. Fourth, the study
sample was not adequate to allow for separate analysis
of the overweight and obesity groups. Lastly, the cross-
sectional design of our study has the inherent limitation
of not establishing clear causal relationships. The im-
portance of longitudinal studies in order to assess the
direction of causality between decreased physical activ-
ity and EIB in the general population should, therefore,
be emphasized.

In conclusion, this cross-sectional study showed a
strong inverse association between physical activity and
bronchial responsiveness due to exercise for the first
time in a large urban population of school-aged chil-
dren. Sedentary lifestyle favored the development of
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EIB independently of BMI and asthma-related symp-
toms. These results underscore the importance of physi-
cal activity as an integral part of programs that focus on
the primary prevention of childhood asthma.

REFERENCES

1. Platts-Mills TA, Erwin E, Heymann P, Woodfolk J. Is the hy-

giene hypothesis still a viable explanation for the increased

prevalence of asthma? Allergy 2005;60:25–31.

2. Lucas SR, Platts-Mills TA. Paediatric asthma and obesity. Pae-

diatr Respir Rev 2006;7:233–238.

3. Firrincieli V, Keller A, Ehrensberger R, Platts-Mills J, Shuffle-

barger C, Geldmaker B, Platts-Mills T. Decreased physical ac-

tivity among Head Start children with a history of wheezing:

use of an accelerometer to measure activity. Pediatr Pulmonol

2005;40:57–63.

4. Lang DM, Butz AM, Duggan AK, Serwint JR. Physical activity

in urban school-aged children with asthma. Pediatrics

2004;113:e341–e346.

5. Glazebrook C, McPherson AC, Macdonald IA, Swift JA, Ram-

say C, Newbould R, Smyth A. Asthma as a barrier to children’s

physical activity: implications for body mass index and mental

health. Pediatrics 2006;118:2443–2449.

6. Vahlkvist S, Pedersen S. Fitness, daily activity and body compo-

sition in children with newly diagnosed, untreated asthma. Al-

lergy 2009;64:1649–1655.

7. Brasholt M, Baty F, Bisgaard H. Physical activity in young chil-

dren is reduced with increasing bronchial responsiveness.

J Allergy Clin Immunol 2010;125:1007–1012.

8. Vahlkvist S, Inman MD, Pedersen S. Effect of asthma treatment

on fitness, daily activity and body composition in children with

asthma. Allergy 2010;65:1464–1471.

9. Rasmussen F, Lambrechtsen J, Siersted HC, Hansen HS, Hansen

NCG. Low physical fitness in childhood is associated with the

development of asthma in young adulthood: the Odense school-

child study. Eur Respir J 2000;16:866–870.

10. Huovinen E, Kaprio J, Laitinen LA. Social predictor of adult

asthma: a co-twin case-control study. Thorax 2001;56:234–236.

11. Nystad W, Stigum H, Carlsen KH. Increased level of bronchial

responsiveness in inactive children with asthma. Respir Med

2001;95:806–810.

12. van Gent R, van der Ent CK, van Essen-Zandvliet LE, Rovers

MM, Kimpen JL, de Meer G, Klijn PH. No differences in phys-

ical activity in (un)diagnosed asthma and healthy controls.

Pediatr Pulmonol 2007;42:1018–1023.

13. Eijkemans M, Mommers M, de Vries SI, van Buuren S, Stafleu

A, Bakker I, Thijs C. Asthmatic symptoms, physical activity,

and overweight in young children: a cohort study. Pediatrics

2008;121:e666–e672.

14. Pianosi PT, Davis HS. Determinants of physical fitness in chil-

dren with asthma. Pediatrics 2004;113:e225–e229.

15. Shaaban R, Leynaert B, Soussan D, Antó JM, Chinn S,
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