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ABSTRACT: Exercise tolerance and possible limitation in work capacity of asth-
matic children is still a matter of debate. The aim of this study was to compare
ventilation and gas exchange response to exercise of asthmatic children with that
of healthy controls.

Exercise performance was evaluated in 80 children with mild-to-moderate asth-
ma, aged 7–15 yrs, and in 80 healthy controls matched for age, height, weight and
habitual level of physical activity. The children performed a maximal exercise test
on a treadmill, during which oxygen uptake (V 'O2), carbon dioxide output (V 'CO2)
and minute ventilation (V 'E) were measured continuously. No premedication was
given to the asthmatic children.

Forced expiratory volume in one second (FEV1) at rest was 93±11% of predicted
in asthmatic children and 95±9% pred in controls. After the run, the mean fall in
FEV1 was 13.9% (range 0–57%) and 1.6% (0–9%), respectively (p<0.001). The
two groups achieved similar maximum oxygen uptake (V 'O2,max) ((mean±SD) 40.3±
8.4 and 42.6±9.6 mL·min-1·kg-1 in asthmatics and controls, respectively; NS) and
maximum minute ventilation output (V 'E,max) (42.9±14.8 and 45.7±14.9 L·min-1 re-
spectively; NS). The kinetics of V 'O2, V 'CO2 and V 'E during the test revealed no
differences between the two populations. Moreover, anaerobic threshold and oxy-
gen pulse were the same in the two groups. Asthmatics showed a ventilatory pat-
tern with lower respiratory frequencies and greater tidal volumes during the run.

These results suggest that asthmatic children can achieve a level of exercise per-
formance similar to that of healthy children, provided that they have a compara-
ble level of habitual physical activity. The only difference found concerned the
ventilatory pattern of the asthmatic children, which was characterized by a reduced
respiratory frequency and greater tidal volume at the same minute ventilation.
The level of physical conditioning was found to be the main determinant of exer-
cise tolerance for children with controlled asthma.
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Regular physical activity is generally considered to be
an important factor in the growth and development both
of healthy children and those affected by chronic dis-
eases, such as bronchial asthma [1]. Despite many stud-
ies on exercise performance in asthmatic patients, there
are still contradictory data concerning the presence of
a limited physical fitness in this population. Impairment
of physical performance in asthma has been reported by
a number of studies, whilst others have found that work
capacity is not reduced [2–5]. Concerns are also raised
about exercise capacity and safety in asthmatic children,
and particular caution is sometimes advocated for those
who wish to attend physical activities or competitive
sports [6–10]. On the other hand, it is well known that
asthmatic athletes have been able to win Olympic gold
medals, and the importance of premedication is gener-
ally recognized [11, 12].

Recently, emphasis has been placed on a low level of
conditioning as the cause of poor endurance fitness in
asthmatic subjects [13, 14]. The lack of agreement in

this field has several causes. Firstly, there have been no
large studies of asthmatic children, and the results of
studies on adult asthma cannot be directly extended to
the paediatric age group. Moreover, a different degree
of disease severity can affect the physiological response
to exertion, causing opposite conclusions when mea-
suring physical fitness in asthma. Finally, a further and
more recently recognized pitfall in evaluating exercise
performance in asthma [13, 14] has been the very diffe-
rent level of conditioning between patients and controls,
a factor disregarded in most papers.

Thus, the aims of this study, comparing exercise per-
formance of asthmatic and healthy children, were: 1) to
provide data on ventilation and gas exchange response
to exercise in a large series of children with mild-to-
moderate asthma; 2) to compare asthmatic children and
matched healthy controls with the same degree of phys-
ical conditioning, thus taking into account the habitual
level of physical activity; and 3) to provide an overall
evaluation of the exercise performance, considering not



only maximal values of gas exchange parameters but
also the dynamic changes and relationships of these
parameters throughout the exercise.

Patients and methods

Population

Asthmatic children. Eighty children aged 7–15 yrs, who
had suffered from mild-to-moderate perennial asthma for
at least 2 yrs, volunteered for the study. These children
were recruited from the Pediatric Pulmonology/Allergy
out-patient clinic of the Department of Pediatrics of
Padova, Italy.

A questionnaire was recorded from a medical inter-
view prior to testing, including information about symp-
toms, presence of atopy, medications, and habitual level
of physical activity (HLPA) (see below). The diagnosis
and the severity of childhood asthma was defined ac-
cording to the National Heart Lung and Blood Institute
(NHLBI) and World Health Organization (WHO) guide-
lines [15]. All children suffered from a mild-to-moderate
asthma and none reported a limitation in daily life acti-
vity. The clinical history was characterized by episodic
wheezing and/or breathlessness, with relief of symptoms
following inhaled bronchodilators. Skin-prick tests pos-
itive for inhaled allergens and laboratory documentation
of varying airflow obstruction (both spontaneously and
after bronchoprovocation) were present in this group.
None of the subjects suffered from clinically apparent
respiratory tract infections at the time of the study. They
were evaluated during a symptom-free period lasting at
least 3 weeks, during which drug regimens were kept
unchanged. None were using oral steroids. Regular the-
rapy was discontinued at least 24 h prior to testing.
Children were asked to refrain from physical exercise
on the day of the test.

Healthy controls. Eighty healthy children were chosen as
a control group. They were recruited from local schools
and were matched to the asthmatic children for age, sex,
height, weight and HLPA (table 1). The questionnaire

for HLPA was the same as for the asthmatic group.
They had no history or clinical evidence of asthma,
atopy and other respiratory disorders.

All subjects were Caucasians. The study was approv-
ed by the local Ethics Committee and informed consent
was obtained from parents of all children.

Measurements

Spirometry/electrocardiogram (ECG). Following a med-
ical interview and a physical examination, lung func-
tion tests were performed before exercise. Flow-volume
curves were obtained by forced expiratory manoeuvres
using a 10 L bell spirometer (Baires®; Biomedin, Padova,
Italy). The best of at least three forced expirations was
accepted. Forced vital capacity (FVC), forced expiratory
volume in one second (FEV1) and forced expiratory flow
between 25 and 75% of the expired vital capacity (FEF25–-
75) were measured. These measurements were repeated
at the end of running and at 5, 8, 11 and 15 min after
the exercise, or longer as needed. The predicted refer-
ence values were those of POLGAR and PROMADHAT [16].
Accuracy of the spirometer was regularly verified with
a calibrated syringe. The exercise was performed if the
baseline FEV1 of subjects was ≥80% of the predicted
value for their height.

The postexercise percentage fall in FEV1 (∆FEV1 %)
was calculated from the maximal reduction of this para-
meter recorded at different times after the test. This
value was then used to assess the occurrence of exer-
cise-induced asthma (EIA) according to the cut-off va-
lue of 15% [11]. Thus, asthmatic patients were further
divided into two subgroups according to the presence
or absence of EIA, and named "EIA subgroup" and
"No-EIA subgroup", respectively. Prior to exercise, an
ECG was recorded at rest (4760 Cardiograph; Hewlett-
Packard, Waltham, MA, USA).

Graded exercise testing. A progressive exercise test was
performed on a treadmill (P.K. Morgan, Gillingham, UK).
The test was performed under stable environmental con-
ditions (i.e. a temperature of 20–25°C and a relative humi-
dity of 60–80%). After explanation of the test procedure,
the children were allowed to familiarize themselves with
the treadmill and other instrumentations. The children
were then connected to a spirometer and a gas analyser
through a fitted mask and a corrugated tube. After a
resting period of 3 min for baseline measurements, the
children ran at a treadmill speed of 6.5 km·h-1, with the
inclination being raised by 2% every minute until a
symptom-limited maximum. They were encouraged
throughout the test. The fulfilment of at least two of the
following three criteria was required to meet the defini-
tion of "maximal" exercise test [17]: 1) maximal heart rate
(HR,max) close to the theoretical level; 2) stable oxygen
uptake (V 'O2) despite increasing workload [18]; and 3)
inability of the child to maintain the treadmill speed
despite encouragement.

The gas analyser system (Area 1®; Biomedin, Padova,
Italy) was calibrated with standard gases (oxygen 12%
and carbon dioxide 5%) before each test. The system
has been described in detail previously [19, 20]. Brief-
ly, the children breathed through a low resistance, low
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Table 1.  –  Anthropometric and baseline lung function
data for asthmatic and healthy children

Asthmatics Controls p-value
(n=80) (n=80)

Sex  M/F 60/20 60/20
Age  yrs 11±2 11±2 NS

Height  cm 142.9±11.7 143.2±11.9 NS

Weight  kg 37.4±9.5 37.8±9.4 NS

HLPA score 1.75±0.8 1.74±0.8 NS

FVC  % pred 100±11 95±9 0.03
FEV1 % pred 93±11 95±9 NS

FEF25–75 % pred 92±23 110±19 <0.0001
Postexercise ∆FEV1 % -13.9±13.8 +1.6±2.1 <0.0001

Data are presented as mean±SD. M: male; F: female; HLPA:
habitual level of physical activity; FVC: forced vital capacity;
FEV1: forced expiratory volume in one second; FEF25–75:
forced expiratory flow between 25 and 75% of expired vital
capacity; ∆FEV1 %: postexercise percentage fall in FEV1; NS:
nonsignificant; % pred: percentage of predicted value.



dead space (40 mL) three-way valve at the mouth and
a second emptying valve at the spirometer. The expir-
ed gas was collected into a mixing bag, from which
samples were taken for the analysis. Respiratory vari-
ables were measured by an open-circuit method. Minute
ventilation (V 'E) and respiratory frequency (fR) were
measured by a 10 L bell spirometer suitable for fast
emptying. The expired gas collected in the mixing cham-
ber was analysed by a paramagnetic oxygen analyser
to measure  O2 concentration and by an infra-red analyser
to measure CO2 concentration. The signals from these
devices were processed for determination and display
of V 'E (corrected to body temperature, atmospheric pres-
sure and saturation with water vapour (BTPS), L·min-1),
V 'O2 (standard temperature and pressure dry (STPD)
mL·min-1·kg-1), and carbon dioxide production (V 'CO2)
(STPD, mL·min-1·kg-1). The following parameters of
aerobic response to exercise were measured: the maxi-
mum oxygen consumption (V 'O2,max), taken as the high-
est V 'O2 achieved during the test; and the anaerobic
threshold (AT) (O2 mL·min-1·kg-1), identified indirec-
tly at the point where hyperventilation with respect to
V 'O2 occurred, with an increase in the ventilatory equi-
valent for V 'O2 (V 'E/V 'O2) without a concomitant incre-
ase in the ventilatory equivalent for V 'CO2 (V 'E/V 'CO2)
as described previously [18, 19].

O2pulse (HR·V 'O2
-1·kg-1) was calculated at each min-

ute of running. Dyspnoea index (V 'E,max/MVV%) was
calculated from predicted maximal voluntary ventilation
(MVV) as estimated using the formula: FEV1 ×35. This
formula has been validated for patients with moderate
airway obstruction [18]. HR was monitored by a cardio-
frequency meter (Sport Tester® TM PE 3000; Polar
Electro, Kempele, Finland).

HLPA questionnaire. A score of HLPA was elaborated
from a questionnaire about the type and duration of re-
creational and sporting activities. Matching the children
of the two groups for HLPA was intended to exclude
the possible bias of difference in cardiopulmonary fit-
ness due to a different degree of baseline conditioning.

The following score, successfully adopted in a previ-
ous study [20], was utilized: 1=sedentary lifestyle (i.e.
sedentary unstructured play only); 2=regular physical
activity (up to 2 h·week-1); and 3=organized/competi-
tive sport (at least 3 h·week-1).

Data processing. Results are expressed as mean±SD. A
computer package (Statistica®; Microsoft Windows®;
Microsoft Corp., Redmond, WA, USA) was utilized for
statistical analysis. Unpaired t-tests were used to com-
pare values between the two groups. Analysis of vari-
ance (ANOVA, repeated measures) was used to compare
the time course of the respiratory variables of the two
groups. Linear regression analysis was performed to
determine correlations between variables. Results were
considered significant at a p-value less than 0.05.

Results

Demographics

The physical characteristics and the baseline pulmo-
nary function of the asthmatic and control subjects are

presented in table 1. There was no significant difference
in the anthropometric data, including HLPA score, be-
tween the asthmatic children and healthy controls or
between the EIA and No-EIA asthmatic subgroups. Ac-
cording to HLPA score, 39 asthmatic children with score
1, 22 with score 2, and 19 with score 3 were identified
and matched to controls. The presence of allergy was
demonstrated in 74 out of 80 children (92%) by a posi-
tive skin-prick test. Dust allergy (i.e. Dermatophagoi-
des pteronyssinus and Dermatophagoides farinae) was
present in 70 children, and grass pollen allergy in 24.
Twenty three asthmatic children (29%) showed multi-
ple allergy. In particular, evidence of atopy was present
in 100% of EIA children and in 47 out of 53 (89%) of
No-EIA children.

Drug regimens are detailed in table 2. Overall, 79%
of asthmatic children were on regular therapy. Twenty
two out of 27 (81%) EIA patients and 41 out of 53
(77%) No-EIA patients were on continuous treatment.
None of the controls took daily therapy for respiratory
or other chronic disorders.

Pulmonary function

Spirometric data showed normal baseline pulmonary
function both in asthmatic and healthy control children
(table 1). In asthmatic children, a slightly greater FVC
(100±11 vs 95±9% pred in controls; p<0.05) and a lower
FEF25–75 were found (92±23 vs 110±19% pred in con-
trols; p<0.0001).

In the asthmatic group, resting spirometric data sho-
wed comparable FVC between EIA and No-EIA sub-
groups, while there was a lower FEV1 (89±10% vs 95±
11% pred; p<0.05) and FEF25–75 (84±22% vs 96±23%
pred; p<0.05) in the EIA subgroup.

The postexercise lung function showed a significant
fall in FEV1 in asthmatic children (-13.9±13.8% with
respect to baseline) and a slight increase in FEV1 in
controls (+1.6±2.1%) (p<0.0001) (table 1). The ∆FEV1
was 30±11% for the EIA subgroup and 6±4% for the
No-EIA subgroup (p<0.0001). The coefficient of vari-
ation of FEV1 for the asthmatic group was 2.9±1.7%.

Exercise and gas exchange parameters

No differences were found in baseline metabolic and
ventilation values (V 'O2, V 'CO2, V 'E) between asthmatic
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Table 2.  –  Drug therapy in the whole asthmatic group,
in the EIA subgroup and the No-EIA subgroup

Whole EIA No-EIA
group subgroup subgroup
(n=80) (n=27) (n=53)

Inhaled BDP 39 (49) 21 (78) 18 (34)
Inhaled DSCG 27 (34) 10 (37) 17 (32)
Oral theophylline 7 (9) 4 (15) 3 (6)
Others (immunotherapy, 11 (14) 4 (15) 7 (13)
antihistamines etc.)
No regular treatment 17 (21) 5 (18) 12 (23)

Values are presented as absolute number, and percentage in
parenthesis. EIA: exercise-induced asthma; BDP: beclometha-
sone dipropionate; DSCG: disodium cromoglycate.



and control children. Asthmatic and control children sho-
wed substantially similar aerobic and ventilatory capa-
city when performing a maximal exercise, as indicated
by V 'O2,max, V 'E,max, V 'E,max/MVV, AT, and O2pulse,max.
The data obtained from maximal exercise testing are
listed in table 3.

Within the asthmatic group, no difference was found
in the parameters of exercise performance between EIA
and No-EIA subgroups. In particular, V 'O2,max was 40.5±
8.6 and 40.2±8.4 mL·min-1·kg-1 and V 'E,max was 42.5±
14.7 and 43.1±14.9 L·min-1, in EIA and No-EIA sub-
groups, respectively (NS). The comparison between as-
thmatic and control children in each HLPA subgroup
(HLPA 1, 2 and 3) showed similar values of exercise
performance (table 4). Parameters of maximal exercise
capacity were different only between asthmatic or con-
trol subjects of different HLPA subgroups; in particu-
lar, aerobic and ventilatory capacity was significantly
lower in HLPA 1 and 2 than in HLPA 3 subjects. This
means that the exercise performance was related to the
level of physical conditioning.

The analysis of submaximal responses of exercise
(V 'O2 and V 'E) confirmed that the exercise performance
was very similar for asthmatic and control children.
Time course of V 'O2 and V 'E was not different between
asthmatics and controls (fig. 1), or between EIA and No-
EIA asthmatics. A difference in ventilatory pattern bet-
ween the asthmatics and controls was identified analysing
trends in the values of tidal volume (VT) and respiratory

frequency (fR) during exercise (fig. 2). At comparable
workrates, fR was significantly lower and VT was sig-
nificantly greater in asthmatic children than in controls
(ANOVA, p<0.001 and p<0.01, respectively). Thus, asth-
matic children were able to achieve the same V 'E thro-
ughout the exercise thanks to greater VTs and lower
fRs. Analysis of ventilatory pattern in EIA and No-EIA
subgroups revealed that, during running, fR was signi-
ficantly lower in EIA subjects (ANOVA, p<0.01) while
VT was not significantly different between the two pop-
ulations.
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Table 3.  –  Maximal cardiorespiratory parameters from
exercise testing in asthmatics and controls

Asthmatics Controls p-value

V 'O2,max mL·min-1·kg-1 40.3±8.4 42.6±9.6 NS

AT  O2mL·min-1·kg-1 31.6±7.3 31.6±7.3 NS

O2pulse,max mL-1·kg-1·beat-1 0.21±0.04 0.22±0.05 NS

V 'E,max L·min-1 42.9±14.8 45.7±14.9 NS

V 'E/MVV  % 56.7±9.7 57.5±9.9 NS

HRmax beats·min-1 195±8 201±7 <0.0001
Running time  min 8.2±2.1 8.6±2.6 NS

Values are expressed as mean±SD. V 'O2,max: maximal oxygen
uptake; AT: anaerobic threshold; V 'E,max: maximal minute
ventilation; V 'E/MVV: dyspnoea index; MVV: maximal vol-
untary ventilation; HRmax: maximal heart rate; NS: nonsigni-
ficant.

Table 4.  –  Demographics and maximal exercise parameters for asthmatic and control children of HLPA 1, HLPA 2
and HLPA 3 subgroups

HLPA 1                              HLPA 2                                HLPA 3
Asthmatics Controls Asthmatics Controls Asthmatics Controls

Subjects  n 39 39 22 22 19 19
Age  yrs 10±2** 10±2** 10±2* 10±2* 12±2 12±2
FVC  % pred 101±11 95±9 97±10 94±8 103±10 95±11
FEV1 % pred 94±11 96±10 91±9 95±8 93±11 95±10
V 'O2,max mL·min·kg-1 38.5±7.7** 39.3±7.5** 39.1±8.4* 43.1±8.5 45.5±8.4 49.0±11.4
AT  O2mL·min-1·kg-1 31.3±8.3 32.1±7.6 30.9±6.3 30.1±6.3 33.1±6.2 32.4±8.1
V 'E,max L·min-1 38.9±13.4** 41.3±12.5** 42.0±13.0* 46.1±13.2 52.2±16.0 54.4±18.0
V 'E,max/MVV  % 53.9±8.6** 53.4±9.6** 58.4±10.1 58.8±10.5 60.8±9.8 60.8±10.1
HRmax beats·min-1 194±8 200±8 194±9 202±6 196±8 201±7
O2pulse,max mL-1·kg-1·beat-1 0.20±0.04 0.20±0.04*** 0.20±0.04 0.21±0.05* 0.23±0.04 0.26±0.05
Running time  min 7.6±1.6*** 7.9±2.2*** 7.7±2.0** 8.8±2.5* 9.8±2.2 9.8±3.2

Values are presented as mean±SD. For definitions see legends to tables 1 and 3. Significant differences of HLPA 1 and 2 sub-
groups with respect to the HLPA 3 subgroup are indicated as follows: *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 1.  –  a) Oxygen uptake (V 'O2); and b) minute ventilation (V 'E)
kinetics during maximal exercise in asthmatic (—■—) and control
(— —) children. No difference was found between the two groups
for either parameter (analysis of variance (ANOVA) p=NS). The data
are expressed as mean±SEM.



Relationship between pulmonary function and exercise
performance

A possible relationship between baseline pulmonary
function and level of exercise performance was sought
by Pearson's correlation coefficient. No significant cor-
relation was found between pulmonary function (both
baseline FEV1 and postexercise ∆FEV1) and V 'O2,max,
V 'E,max, AT, V 'E,max/MVV and O2pulse,max.

Discussion

In this study, we found that the level of exercise per-
formance of children with controlled, mild-to-moderate
asthma was not different from that of healthy age-matc-
hed controls. Asthmatic and control children showed
comparable values of oxygen consumption and minute
ventilation both at submaximal and maximal levels of
exercise, indicating a similar aerobic work capacity. In
addition, the anaerobic threshold and maximal oxygen pu-
lse were the same in the two populations, indicating no
aerobic or circulatory limitation for asthmatics. Further-
more, asthmatic children were able to achieve the same
minute ventilation as controls by exhibiting a peculiar
respiratory pattern during exercise, characterized by low-
er respiratory rates and higher tidal volumes. The most
important factor affecting exercise tolerance was found
to be the level of physical conditioning of the subjects.

The design of this study presents some features that
should reduce biases in interpreting the results. Firstly,
to our knowledge, this is the largest study on gas ex-
change during exercise in asthmatic children, and prob-
lems with statistical power were, thus, avoided. Secondly,
the children were affected by mild-to-moderate asthma
and, thus, were a homogeneous group, representative of
the vast majority of the asthmatic population in the pae-
diatric age group. Thirdly, the level of conditioning was
regarded as a major factor for matching subjects, thus
avoiding a frequent bias in comparison of asthmatics
and healthy individuals. Lastly, the assessment of exer-
cise tolerance and fitness was accomplished through an
overall analysis of maximal indices of aerobic perfor-
mance as well as the trends of the same parameters at
different submaximal levels of exercise, as recently rec-
ommended when dealing with children [21].

In the present study, we found that, in asthmatic chil-
dren, aerobic power, as indicated by maximal oxygen
consumption (V 'O2,max) and anaerobic threshold (AT),
was not different from that of healthy control children,
showing that the availability and the utilization of oxy-
gen by the exercising muscles was normal [18]. Further
indices of exercise tolerance, such as maximal ventilation
(V 'E,max), dyspnoea index (V 'E,max/MVV) and maximal
oxygen pulse (O2pulse,max), were comparable between
asthmatics and controls, suggesting that asthmatic child-
ren appear to have no greater ventilatory or circulatory
limitation to their work capacity. Running time, and, con-
sequently, maximal work rate, was slightly but not sig-
nificantly higher in controls, a finding that could explain
the higher maximal heart rate achieved by healthy chil-
dren (p<0.001). The information regarding trends, i.e.
submaximal responses, of V 'O2, V 'E, V 'E/V 'O2 provided
a further confirmation to the above findings. They show-
ed comparable response patterns to exercise stress for
asthmatic and control children (figs. 1 and 2).

The data on gas exchange and ventilation during exer-
cise in asthmatics have remained an issue of debate for
many years. A number of studies of adults have found
both comparable and reduced physical fitness in asth-
matics with respect to healthy controls [2, 3, 22–24],
and the relative importance both of disease severity and
hypoactivity has continued to be debated. In the paedi-
atric age group, most studies during the last 30 yrs have
found that asthmatic children have lower work/aerobic
capacity than healthy controls [6–10]. In their histori-
cal work, CROPP and TANAKAWA [8] described a typical-
ly higher V 'E and V 'E/V 'O2 during exercise and a reduced
V 'O2,max in asthmatics. However, it should be noticed
that these studies were performed on small populations
or on subjects with severe and acute asthma, so that the
conclusions could not be extended to the majority of
asthmatic children. It has been only a few years since
the relationship between physical fitness and HLPA has
been thoroughly investigated. GARFINKEL et al. [13] found
that work capacity in 27 premedicated asthmatic adults
with mild-to-moderate, stable asthma was related only to
the amount of regular physical activity. Neither expira-
tory flow rates nor nonspecific bronchial hyperreacti-
vity were shown to affect aerobic capacity. FINK et al.
[14], comparing the response to exercise of asthmatic
children premedicated with salbutamol with that of heal-
thy children, found that only sedentary asthmatics had
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abnormal physical fitness, whilst asthmatic and control
children had comparable gas exchange parameters when
the degree of physical activity was the same.

Our data confirm the results of GARFINKEL et al. [13]
and FINK et al. [14], showing the major role of physi-
cal conditioning in affecting physical performance in
paediatric asthma. A careful matching of the subjects
according to the HLPA, in addition to anthropometric
features, was carried out. As for the two main groups
(asthmatics and controls), there were no significant dif-
ferences in exercise performance between asthmatic and
control children within each of the three HLPA sub-
groups. On the other hand, both in asthmatics and con-
trols, the level of physical fitness was significantly higher
in the more conditioned children with respect to the less
active subgroups (table 4). It should be emphasized that,
if asthma is well-controlled, the level of physical con-
ditioning is more important than the disease per se in
determining the work capacity of the subject.

An interesting aspect of ventilatory pattern during
exercise in asthma regards the different course of tidal
volumes (VT) and respiratory rates (fR) with respect to
healthy children. Our data showed that asthmatic chil-
dren had greater VT along with lower fR with respect to
controls at different steps of the run, while V 'E was
comparable in the two groups. Different ventilatory res-
ponse patterns have been found in the past [7, 8]. Our
results are similar to those of RAMONATXO et al. [10],
who described, during the run, higher VT and lower fR
in a small group of asthmatic children. The authors sug-
gest that this breathing pattern could avoid turbulences
and a consequent increase in the work of breathing. It
has recently been recognized that bronchoconstriction
can also occur during exercise in asthmatics, apart from
the evidence of EIA at the end of running [17, 25]. Thus,
the ventilatory strategy observed in the present patients
may be aimed to reduce the work of breathing. The
results of our exercise test demonstrate that asthmatics,
through their different respiratory pattern, were able to
maintain efficient ventilation and gas exchange and to
perform in the same way as healthy controls.

In the present population of asthmatic children, base-
line pulmonary function showed no correlation with pa-
rameters of exercise performance. We were unable to
demonstrate any correlation between baseline FEV1 or
postexercise ∆FEV1 with V 'O2,max, V 'E,max, AT, V 'E,max/
MVV and O2pulse,max. A relationship between pulmo-
nary function and exercise performance has been found
by some authors [26] but not by others [8, 27, 28], prob-
ably due both to the low number of subjects analysed
and the wide degree of disease severity. The present re-
sults are in agreement with the more recent literature
on adult asthma, suggesting that the relationship between
pulmonary function and aerobic capacity is not linear
and cannot be predicted [2, 13, 28, 29]. A ventilatory
limitation to physical capacity may be present only in
severe asthma [28], where more complex mechanisms
are involved in the pathophysiology of the disease, but
is very unlikely in children with controlled, mild-to-
moderate asthma. In this sense, the regular use of inhaled
steroids, as recommended by the more recent guidelines
for asthma management [15], could indirectly improve
the physical fitness of asthmatic children owing to a
better control of the disease.

In conclusion, our data show that children with mild-
to-moderate asthma and good control of their disease
are as fit as healthy peers in performing maximal exer-
cise testing. In this population, the major factor affect-
ing the level of exercise tolerance seems to be the level
of habitual physical activity. The resting pulmonary func-
tion and the degree of bronchospasm induced by exer-
cise are not correlated to aerobic and ventilatory capacity.
The only difference found regards the breathing pattern
of asthmatics which, during exercise, presents greater
tidal volumes and lower respiratory rates compared to
healthy controls. It is now recognized that there is no
reason to limit daily physical activity as part of a nor-
mal lifestyle in well-controlled asthma. We believe that
the results of this study provide solid evidence for reas-
suring physicians on the work capacity of asthmatics
and for encouraging asthmatic children to take part in
sporting activities.
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