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1. INTRODUCTION

Researchers have investigated a variety of rehabilitative
modes of training in an attempt to ascertain the appropriate mode of exercise, dose, work load, number of
repetitions and order and number of exercises in order to
bring about favourable improvements in asthmatic symptomology. However, the research regarding the effects
of exercise training on asthmatics is sparse and there has
continually been a self-inflicted restriction of physical
and sporting activities in asthmatics. This is so despite
clinicians having advised that exercise can take place
when asthmatics use beta-agonists prior to exercise,
avoid conditions that are likely to produce exercise- induced asthma and participate in swimming which is
deemed less asthmogenic than other forms of exercise
[1,2]. Asthmatics can safely and successfully exercise
with the correct interventions [3] as seen when 41 medals were won (albeit controversially due to the stimulant
effects of asthma medication) at the 1984 Olympic
Games by American athletes with a history of asthma or
exercise-induced asthma (EIA) in high-respiratory events
such as cycling and swimming [4].
Regular physical activity of adequate intensity and
duration involving large muscle groups has been proved
to have a number of potential beneficial effects on general health, including improvement in aerobic capacity,
body composition, flexibility, muscular strength, and
psychosocial measures [5]. This improvement might be
particularly true for patients who suffer from chronic
diseases such as congestive heart failure, chronic obstructive pulmonary disease (COPD), and bronchial
asthma. However, patients with chronic respiratory dis-
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Children with bronchial asthma, primarily those
with a clinically more severe disease, tend to
have a sedentary lifestyle and therefore be inclined to have lower aerobic fitness than their
healthy non-asthmatic peers. Aerobic training
has a number of well known beneficial effects in
both normal and asthmatic children. However,
the impact of training on the clinical management of the underlying bronchial asthma remains controversial, particularly in the most
severe patients. Clinical evaluation, spirometric
tests, symptom limited maximum exercise testing, and exercise challenge tests were performed in a group of children with stable moderate to severe asthma. Forty two patients (24
boys) aged 8-16 were evaluated twice: before
and after supervised aerobic training (group 1, n
= 26) and two months apart (untrained group 2,
n = 16). In results, Spirometric and maximal exercise variables in the initial evaluation were
significantly reduced in group 1 (p < 0.05) but
medication and clinical scores and the occurrence of exercise induced bronchospasm (EIB)
did not differ between the two groups. Aerobic
improvement with training (maximal oxygen
uptake and/or anaerobic threshold increment >
10% and 100 ml) was inversely related to the
baseline level of fitness and was independent of
disease severity. Although the clinical score and
the occurrence of EIB did not change after
training, aerobic improvement was associated
with a significant reduction in the medication
score and the daily use of both inhaled and oral
steroids (p < 0.05). In conclusion, results show
that the less fit asthmatic children were able to
normalize their aerobic fitness with a supervised training programme without clinical complications. Interestingly, I found a significant
association between aerobic improvement and

reduction in use of both inhaled and oral steroids.

Copyright © 2010 SciRes.
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lar exercise training programme. Medical follow up was
performed by the physician. The children were in a
stable phase of the disease, with no exacerbation during
the 15 days before the start of the tests. The subjects
were referred from an asthma management centre and
were consecutively enrolled in an aerobic training programme.

2.1. Study Protocol
A clinical and medication history was obtained from all
subjects, followed by physical examination, spirometric
tests before and after bronchodilator, and a progressive
incremental cardiopulmonary exercise test on a cycle
ergometer. On another day the patients performed an
exercise challenge test. This protocol was performed
twice, before and after training by patients in group 1
and two months apart by those in group 2.
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eases tend to show less tolerance to exercise due to pulmonary limitation, self-restriction of activities, or lack of
physical activity secondary to medical advice or family
influence [6]. Thus, children with bronchial asthma,
primarily those with a clinically more severe disease,
tend to have a sedentary lifestyle and therefore be inclined to have lower aerobic fitness than their healthy
non-asthmatic peers [6-10].
However, most of the published studies have failed to
show a clinical advantage of the improvement in fitness
with training [6,8,9,11]. Ludwick et al. found that normalisation of cardiopulmonary endurance in 65 severe
asthmatic children was not related to improvement in
pulmonary function [8]. Robinson et al. showed that
significant aerobic improvement with training was not
associated with changes in use of medication, symptoms,
or bronchial responsiveness to histamine [9]. Cochrane
and Clark reported that fitness level was not associated
with several clinical and functional characteristics of the
disease [1]. Recently, Thio et al. found that normalisation of cardiovascular fitness in asthmatic children was
not related to a lower prevalence of exercise induced
bronchospasm (EIB) [11]. These results contrast with the
traditional notion that aerobic improvement may have a
number of theoretical advantages for asthma control [6].
The objective of this study was to analyse the association between possible changes in aerobic capacity after
training and the clinical and functional markers of the
severity of bronchial asthma in a group of children with
moderate to severe disease.
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2.2. Outcome Measurements
Clinical Evaluation
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According to the clinical parameters of the International
Consensus Report on Diagnosis and Management of
Asthma [12], severe asthma in children is defined as
frequent bronchospasm and nocturnal asthmatic symptoms almost daily, peak expiratory flow (PEF) values <
60% predicted at baseline despite optimal therapy, daily
use of inhaled anti-inflammatory agents at high doses (beclomethasone > 800 μg/day), and frequent use of systemic corticosteroids (> 3 times/year). Moderate asthma
is defined as symptoms requiring inhaled â2 agonists
almost daily and nocturnal asthmatic symptoms more
than twice a month but not daily, PEF values of 60-80%
predicted at baseline but normal after bronchodilator,
and daily use of an anti-inflammatory agent at low or
moderate doses (beclomethasone < 800 μg/day). All patients were on an inhaled corticosteroid (beclomethasone
500-1500 μg/day) and 33 had a past history of frequent
courses of oral corticosteroids (> 3 times/year); nine
patients were on systemic steroids at the time of the
study. According to the guidelines for the evaluation of
impairment/disability in patients with asthma [13], 33
patients had a medication score of > 3 requiring treatment for adequate clinical control: bronchodilator on demand, inhaled beclomethasone in a daily dose of > 800 μg,
or more than three courses of oral steroids per year.

2. METHODOLOGY

RE

The Research works started with an Education programme for all the patients and their parents) who were
included for the study (Both Control and Experimental
groups). Education sessions lasted for approximately 45
minutes and included topics like What Asthma? The
Aetiological factors, Nutritional aspects and Psychological problems associated with respiratory disability,
Other complications, Treatments available, Bronchodilator therapy and Inhaler devices, Nebulizer therapy,
long- term oxygen therapy, Risk factor modification,
Relaxation, Physiotherapy intervention which included
Aerobic training programme. After the Education programme, written informed consent was obtained from
the patients. Forty two (42 nos.) asthmatic children were
randomly divided in to two groups—Experimental
groups (Group 1) 26 children (15 boys and 11 girls) and
Control group (Group 2)—16 children had no training (9
boys and 7 girls). Forty two (42 nos.) asthmatic children
of mean (SD) age 12.4 (1.8) years (range 8-16) were
studied. The mean (SD) body mass and height were 40.4
(9.8) kg and 146.8 (10.3) cm, respectively. Although
they were physically active, none was following a regu-

Copyright © 2010 SciRes.

2.3. Pulmonary Function Testing
(Spirometric Tests)
Patients were asked to refrain from short acting bronchodilators for at least six hours before testing. Spirometric tests were performed in all subjects before and
10 minutes after the inhalation of 200 μg salbutamol via
a pressurized metered dose inhaler connected to a spacer.
The equipment used was a CPF-S (Medical Graphics
Corporation, USA) with flow measurement carried out
Openly accessible at http://www.scirp.org/journal/HEALTH/
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with a pneumotachograph Fleisch No. 3. Technical procedures, acceptability and reproducibility criteria were
those recommended by the American Thoracic Society
[14]. Predicted normal values for all spirometric variables were those of Knudson et al. [15]. A positive response to bronchodilator was defined as a 12% and 200 ml
increase in the forced expiratory volume in one second
(FEV1) [14].

2.4. Cardiopulmonary Exercise Testing
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Exercise tests were performed using a digital computer
based exercise system (MGC-CPX System; Medical
Graphics Corporation (MGC, USA) with breath by
breath analysis of metabolic, ventilatory, and cardiovascular variables. The maximal symptom limited exercise
test was carried out on a calibrated electromagnetically
braked cycle ergometer (CPE 2000; Medical Graphics
Corporation), modified with child pedal cranks. The
selected work rate was continuously increased in a linear
ramp pattern (15 W/min for height < 150 cm; 20 W/min
for height > 150 cm) [16] so that the duration of the incremental exercise test was more than eight and less than
12 minutes. The following data were recorded as a
moving average of eight breaths: oxygen uptake (ṼO2,
ml/min STPD); carbon dioxide production (ṼCO2, ml/min
STPD); respiratory exchange ratio (R); minute ventilation (ṼE, l/min BTPS), respiratory rate (f, bpm); ventilatory equivalent for oxygen and carbon dioxide
(ṼE/V~O2 and ṼE/ ṼCO2); end tidal partial pressures of
oxygen and carbon dioxide (PETO2 and PETCO2, mm
Hg); heart rate (HR, bpm), and oxygen pulse (ṼO2/HR,
ml/beat).The predicted ṼO2max was calculated according to the equations of Cooper et al. for children [17],
taking into account the close demographic and anthropometric similarity of the subjects. The lower limit of
normality for ṼO2max was defined according to the values proposed by these authors (lower 95% confidence
limit; estimated –1.64 × SD): girls < 11 years = 25 ml/
minckg; girls > 11 years = 27 ml/minckg; boys < 13
years = 32 ml/minckg; boys > 13 years = 37 ml/minckg.
The ṼO2 at the anaerobic threshold (ṼO2AT) was measured by the gas exchange method, visually checking the
inflection point of ṼCO2 with regard to ṼO2 (modified V
slope) [18], and by the ventilator method in which ṼE/
ṼO2 and PETO2 increased while ṼE/ṼCO2 and PETCO2
remained stable. The lower limit of normality for ṼO2AT
was defined as 40% of the ṼO2max predicted since, of
the 109 children evaluated by Cooper et al., only one
presented with a value below this cut off point [17].

performed a forced expiratory manoeuvre (Vitatrace®
spirometer) with assessment of basal values of forced
vital capacity (FVC) and FEV1. The test was carried out
only in patients with normal spirometric values at
rest—that is, FEV1 above the lower 95% confidence
limit (n = 35) [15]. The tests were performed at a room
temperature of 18-26°C, barometric pressure 680-703
mm Hg, and relative humidity 55-60%.After one minute
of light exercise on the cycle ergometer the work load
was quickly increased until the heart rate corresponded
to 80% of predicted (220-age), and then maintained for
six minutes [19]. Spirometric evaluations were performed successively at five, 10, and 20 minutes after the
exercise. EIB was defined as being present if FEV1
showed a reduction equal to or greater than 10% of its
pre-exercise values [16].

2.6. Aerobic Exercise Training
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The two month indoor aerobic training programme on a
cycle ergometer was performed by 26 asthmatic children
(group 1). Medical supervision was provided during all
training sessions. The sessions were performed three
times a week (total 24). Inhaled â2 adrenergic bronchodilators were administered 10 minutes before training.
The target heart rate during the training sessions was
individualised. This initially corresponded to the anaerobic threshold and was increased every two weeks to an
intensity which the subject was able to endure for 30
minutes. A typical session consisted of 10-15 minutes of
callisthenics and stretching warm up exercises, 30 minutes of continuous aerobic activity on a cycle ergometer,
and a five minute period of cooling down.

2.5. Exercise Challenge Test
The test for detection of EIB was carried out with a mechanically braked Monark® cycle ergometer. Methylxanthines and â2 adrenoceptor agonists were withheld 12
hours prior to the test. Before the exercise the patient
Copyright © 2010 SciRes.

2.7. Statistical Analysis
Mean (SD) values are reported. Paired and non-paired t
tests were used to compare within group and between
group evaluations, respectively; the ÷ 2 (Fisher exact)
test to evaluate the association between changes in
clinical and functional outcomes and response to training;
and Pearson product moment correlation to assess linear
association between variables. The level of statistical
significance was always set at p < 0.05.

3. RESULTS
3.1. Pre Evaluation
In the basal evaluation mean (SD) values of the main
spirometric variables were significantly lower in patients
in group 1 than in those in group 2 (Table 1). However,
as anticipated by clinical stability, only two patients in
group 1 had post-bronchodilator FEV1 values below the
lower 95% confidence limit. Furthermore, in patients in
group 1 the main parameters of maximum aerobic performance (ṼO2max, ṼO2AT, O2 pulse max) were sigOpenly accessible at http://www.scirp.org/journal/HEALTH/
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nificantly reduced when compared with those of group 2.
On the other hand, the clinical and medication scores
and prevalence of a positive EIB test were not significantly different between the two groups.

3.2. Post Evaluation
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The supervised aerobic training was well tolerated and
completed by all children in group 1. Only one child
experienced a mild episode of EIB during a training session, but it was promptly reversed with an inhaled bronchodilator. Although significant only for the O2 pulse
max (p < 0.05), we found a trend towards an increase in
the maximal exercise variables in the trained group. On

the other hand, a worsening trend was identifiable in the
untrained children, although this reached statistical significance only for ṼO2AT. There were, however, no significant changes in the clinical outcomes in the two
groups (Table 1). As the response to exercise training
has consistently been reported to be inversely related to
the baseline values [1,20,22], we analysed the relationship between the degree of improvement (post–pre/pre)
and the initial level of fitness.
As shown in Figure 1, there was a strongly negative
relationship between these variables—that is, the less fit
the subject the higher the aerobic gain with training. A
positive response to training (ṼO2max and/or ṼO2AT

Table 1. Clinical and functional characteristics of the asthmatic children at Pre and Post evaluations.
Variables

FEV1 pre-BD (% pred)

FEV1 post-BD (% pred)

Group 2 (n = 16)

Pre Evaluation

78.3 (16.4)

99.1 (18.8)*

Post Evaluation

80.2 (15.5)

97.6 (17.4)*

Pre Evaluation

92.1 (18.7)

109.0 (19.3)*

Post Evaluation

91.4 (17.1)

106.5 (15.3)*

Pre Evaluation

83.4 (10.5)

99.0 (19.4)*

Post Evaluation

87.8 (11.1)

91.1 (18.0)

Pre Evaluation

1444 (215)

1659 (287)*

Post Evaluation

1523 (202)

1585 (273)

Pre Evaluation

46.2 (7.8)

59.5 (12.6)*

Post Evaluation

48.3 (9.1)

47.2 (13.4)†

Pre Evaluation

91.2 (14.1)

114.1 (23.3)*

Post Evaluation

106.5 (17.1)†

106.3 (30.1)

Pre Evaluation

22 (84%)

11 (69%)

Post Evaluation

18 (69%)

13 (81%)

Pre Evaluation

22 (84%)

11 (69%)

Post Evaluation

15 (57%)

14 (87%)

Pre Evaluation

13 (50%)

8 (57%)

Post Evaluation

12 (46%)

10 (71%)

TR
A

ṼO2max (% pred)

Group 1 (n = 26)

ṼO2max (l/min)

ṼO2AT/V~O2max (%)

RE

O2 pulse (% pred)

Severe asthma [9]

Medication score >3 [10]

EIB positive [16]

Values are mean (SD) for continuous variables and frequency (approximated%) for the others.
FEV1 = forced expiratory volume in one second; FVC = forced vital capacity;
BD = bronchodilator; ṼO2 = oxygen consumption;
AT = anaerobic threshold; O2 pulse = ṼO2/heart rate; max = relative to maximum exercise.
*p < 0.05 (group 2 > group 1; non-paired t test).
†p < 0.05 (final evaluation vs initial evaluation; paired t test).

Copyright © 2010 SciRes.
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Figure 1. Relationship between baseline maximal aerobic fitness and degree of improvement after training in 26 children
with moderate to severe asthma.
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post-training – pre-training/pre-training×100 more than
10% and 100 ml) was found in 11 subjects (42%); All of
these training “responders” presented an abnormally
reduced ṼO2max and ṼO2AT at the initial evaluation.
Although clinical and functional variables at baseline did
not differ between “responders” and “non responders”,
after training the “responders” had a lower prevalence of
subjects with a medication score of > 3 (p < 0.05, Figure
2). In addition, a significant reduction was seen in the
mean dose of daily inhaled steroids in the “responders”
group (from 1125 (225) to 575 (150) μg/day, p < 0.05,
Figure 3). Finally, in five (of nine) children oral steroids
were able to be withdrawn; interestingly, all of them
showed aerobic improvement with training.

Figure 2. Association between changes in clinical indicators of
asthma severity and positive (responders) or negative (nonresponders) response to aerobic training. *p < 0.05 (Fisher’s
exact test).

4. DISCUSSIONS

RE

We have evaluated the effect of a supervised aerobic
training programme on the cardio respiratory fitness and
clinical indicators of control in a group of children with
moderate to severe but stable asthma. The degree of response to training and the positive effect on the clinical
management were strongly influenced by the level of
fitness in the initial evaluation; beneficial effects were
shown only in the less fit patients. Our results suggest
that exercise therapy for the most untrained children can
have a role, at least in the short term, in reducing the
minimal edication needed for control of moderate to
severe asthma. Previous studies in normal and asthmatic
patients have shown that the initial grade of fitness and
motivation is an important predictor of aerobic improvement after training [1,20,22]. Cochrane and Clark,
for example, found that the relative gain in ṼO2max after
training in asthmatic subjects was negatively related to
symptom score on the training day and the baseline level
of fitness, and positively to motivation [1]. Thus, the
improvement after training in muscular capillarisation,
oxidative capacity, muscular strength, and cardio circula-

Copyright © 2010 SciRes.

Figure 3. Mean values of daily inhaled beclomethasone in the
initial and final evaluations. Group 1 = trained children with
(responders) and without (non-responders) aerobic improvement after training; group 2 = untrained children.*p < 0.05
(paired t test).

tory adjustments is likely to occur in motivated subjects
with worse baseline aerobic conditions. However, it
should be recognised that the so called “regression to the
mean” effect cannot be ruled out by this finding; the
random longitudinal variation tends to increase the lower
values of a given distribution or, alternatively, the higher
values tend to randomly decrease with time. Nevertheless, as previously noted, this higher potential for improvement in the most unfit individuals is a well known
phenomenon and it seems highly improbable that such a
statistical artefact would be consistently related to another measurable biological effect such as the reduction
in inhaled steroids (Figures 2 and 3). In this context,
there is now growing evidence to show that the systemic
effects of inhaled beclomethasone in children are dose
dependent [23,24] and medication usage seems to be a
particularly useful index of overall asthma control
[12,13]. Although the respiratory system is usually considered to be largely insensitive to training effects per se

Openly accessible at http://www.scirp.org/journal/HEALTH/
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ied profile. In conclusion, our results show that the less
fit asthmatic children were able to normalize their aerobic fitness with a supervised training programme without
clinical complications. Their ability to improve aerobic
capacity was not related to clinical and spirometric severity before training. Interestingly, we found a significant association between aerobic improvement and reduction in use of both inhaled and oral steroids.
Further research using larger samples is needed to
confirm these findings and to assess the duration of the
training induced beneficial effects in treatment requirements, the effectiveness of long term aerobic exercise,
the response to submaximal protocols and, finally, to
determine which profile of childhood asthma is likely to
respond to exercise therapy.
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(with the possible exception of muscle ventilatory
strength and endurance), a cause-effect relationship
could explain this association. Thus, one can speculate
that a possibly lower occurrence of EIB after training
would induce a lower chronic release of inflammatory
mediators and therefore reduce the need for inhaled steroids. However, we did not find a significant reduction in
the prevalence of a positive EIB test with training, regardless of whether or not there was a positive response
(Figure 2). Another more plausible hypothesis is that the
improvement was related to a higher degree of acceptance and level of self-care in the least fit patients who
usually have negative attitudes toward their disease and
exertion [25,26]. Thus, Strunk et al. [25] showed that the
wide variability in aerobic performance in a group of 90
children with moderate and severe asthma was mainly
related to the degree of social and disease adjustment.
Engström et al. [26] in a group of 10 severely asthmatic
children submitted to physical training showed that only
psychological modifications correlated significantly with
aerobic improvement. Thus, individual variations in acceptance and knowledge of the disease seem to influence
the usual level of physical activity in asthmatic children,
and therefore their degree of fitness. In this context, exercise training may induce a more decided posture in
relation to the disease, with consequences in the minimum medication required for clinical control.
Results are consistent with those of Thio et al. [11]
who were not able to find a lower prevalence of EIB
after dynamic exercise training, although in a previous
cross sectional study we found an association between a
reduction in ṼO2AT and a higher prevalence of EIB in
asthmatic children [27]. While one can predict a reduction in EIB with aerobic improvement (secondary to
training induced lower submaximal ventilation) [28], in
our study this enhancement alone was probably not sufficient to reduce the EIB, at least when assessed in a
formal challenge test.
A particularly notable finding was the relative inefficacy of the training programme in improving the maximal aerobic parameters in almost 60% of the children.
However, one should recognise that maximal incremental testing is not representative of the daily pattern of
exercise activities in the paediatric group (which is better
characterised by short bursts of activity); new submaximal protocols have been suggested to be more suitable
for evaluating training responses in children [29]. In
addition, the degree of fitness in the initial evaluation
was above that expected for asthmatic children (Table 1)
and the low pre-intervention prevalence of unfit children
could have induced a type II error. This finding is consistent, however, with the suggestion that secular trends
do not reduce the average aerobic fitness of westernised
children [30]. Our results suggest that this is also the
case for asthmatic children, at least those with the stud-
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