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Exercise-induced asthma and cardiovascular
fitness in asthmatic children
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Abstract
Background- The role ofphysical training
in the management of children with ex-
ercise-induced asthma is controversial.
A study was undertaken to determine
whether a relationship could be found be-
tween the occurrence of exercise-induced
asthma and the degree of cardiovascular
fitness in asthmatic children.
Methods - Twenty eight children aged 6-13
with mild to moderate asthma and dys-
pnoea during or after physical exercise
were tested. All patients had a basal forced
expiratory volume in one second (FEV,)
of >80% predicted. Twelve patients were
taking corticosteroid maintenance med-
ication by inhalation and 16 were not. Two
exercise tests were performed on a tread-
mill to assess peak oxygen consumption
rate (Vo2max) and the percentage decrease
in FEV, after exercise.
Results - There was no correlation be-
tween the Vo2max and the percentage de-
crease in FEVI. Patients not taking steroids
showed a greater fall in FEV, than those
receiving corticosteroid medication (mean
fall in FEV, 28-7% versus 6-6%). Four of
the 12 children treated with steroids and
two of the 16 children not taking steroids
had a level of cardiovascular fitness lower
than the 5th percentile for healthy Dutch
children.
Conclusion - Normal cardiovascular fit-
ness does not prevent exercise-induced
asthma.
(Thorax 1996;51:207-209)
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Exercise-induced asthma is a frequently en-
countered symptom in asthmatic children,'
preventing them from taking part in normal
play and sports with their peers.2 It has been
suggested that normalising cardiovascular fit-
ness is beneficial for the prevention of exercise-
induced asthma,34 in which case a relationship
between the degree of cardiovascular fitness
and the occurrence of exercise-induced asthma
may be apparent. A study was performed to
determine whether such a relationship could
be found.

Methods
SUBJECTS
Thirty one children (19 boys) aged 6-13 years
with mild to moderate asthma took part in the
study. All had a history of dyspnoea during or

after physical exercise leading to problems in
play and sports with their peers. All patients
had a basal forced expiratory volume in one
second (FEVI) of >80% predicted on both
study days. There had been no exacerbations
of asthma for at least three weeks. Two boys
and one girl dropped out of the study because
they stopped the test before they had reached
their maximum exercise level. Of the other
children 12 took inhaled corticosteroids - seven
budesonide (daily dosage 800 [tg in three
patients and 400 gg in four) and five beclo-
methasone (daily dosage 400,g in four patients
and 200 gg in one). Five patients took cro-
moglycate and 11 did not use maintenance
medication. All patients took salbutamol as
required.

STUDY DESIGN
The children performed two exercise tests - a
maximum oxygen uptake (Vo2max) test to
assess cardiovascular fitness and an exercise-
induced asthma test to assess exercise-induced
asthma - on two separate days during a two
week period. Temperature and humidity were
kept stable during all exercise tests at 18-200C
and 40-45%, respectively. Patients were asked
not to perform any other exercise on a study
day.

V02max test
The Vo2max test was performed on a treadmill
(Quinton Q45) using a modified Bruce pro-
tocol to reduce the steps.5 The speed and in-
clination were increased by half the step of the
Bruce protocol every 1-5 minutes rather than
every three minutes. One actuation of a sal-
butamol 200 gg metered dose pressurised aero-
sol (Ventolin) was administered by a large
volume spacer (Volumatic) 15 minutes before
each exercise test. The use of salbutamol does
not affect Vo2max.6 Minute ventilation and
mixed expired concentrations ofcarbon dioxide
and oxygen were measured continuously by
a verified Mynhardt Oxycon (OX4) to allow
calculation of oxygen consumption (Vo2 in I/
min), carbon dioxide production (Vco2 in 1/
min), and the respiratory quotient (R). Heart
rate was measured with a Polar Sport tester.
Vo2max was assumed to be reached when two
of the following three criteria were met7: (1)
the respiratory quotient exceeded 1 -0; (2) no
further increase in heart rate occurred despite
increasing load; and (3) no further increase
in oxygen uptake occurred despite increasing
load.
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Relation of % fall of FEV, to % predicted Vo2max in
asthmatic children taking steroids (0) (r= - 0-54) and
in children not taking steroids (+) (r= 0 44).

Exercise-induced asthma test
Inhaled bronchodilators were withheld for at
least eight hours before the exercise-induced
asthma test. Before the start of the exercise test
on the treadmill the baseline value of the FEVy
was obtained with a Sensor-Medics Pulmonet

III computerised water spirometer (IBM PS
235X). The test started with two minutes of
running on a treadmill. In these two minutes
the inclination of the treadmill was set on 10%
and running speed was increased so that the
heart rate rose to 180 beats per minute. This
speed was maintained for five minutes. Chil-
dren ran wearing a nose clip. After the exercise
had stopped (t= 0) we measured FEVy at t=
1, 3, 6, 9, 12, 15, 20, 25 and 30 minutes.
Exercise-induced asthma (EIA) was calculated
as fall of FEV, from baseline FEVI:

EIA=
Baseline FEV1 -lowest FEV1 after exercise 100%

Baseline FEV,

DATA ANALYSIS
The Vo2max of each child was compared with
the predicted value for the Vo2max of healthy
Dutch children8 and the percentage of the pre-
dicted Vo2max was calculated. The Spearman

Table 1 Patient characteristics, percentage predicted V02max, and percentage fall in FEV, in children without steroid
treatment

Patient Sex Age Medication Vo2max Percentile Predicted % predicted % fall in
no. (years) (mllmin-kg) group Vo2max Vo2max FEVy

(I/min) *

1 M 13 46-5 10-25 52-1 89 14
2 F 7 42 25-50 43-8 96 19
3 F 12 - 36 <5 45 80 14
4 M 11 38-3 <5 51-6 74 41
5 F 10 Cromoglycatet 41-3 25-50 44-8 93 40
6 M 8 55-6 75-90 50-2 111 35
7 F 8 50-3 75-90 44-6 113 4
8 M 11 - 56-3 75-90 51-6 109 37
9 M 8 56-7 90-95 50-2 113 16
10 M 10 Cromoglycatet 57-4 75-90 51-4 112 34
11 F 10 43-8 25-50 44-8 98 40
12 F 11 Nedocromilt 56-0 >95 44-9 125 18
13 M 11 44-0 5-10 51-6 85 34
14 M 11 Cromoglycatet 50-4 25-50 51-6 98 34
15 M 11 47-8 10-25 51-6 93 46
16 F 12 Cromoglycatet 51-8 90-95 45-0 115 34
Mean (SD) 100-3 (14-3) 28-7 (12.5)

* Reference 8.
t Disodium cromoglycate 5 mg qid.
j: Nedocromil 2 mg qid.

Table 2 Patient characteristics, percentage predicted Vo2max, and percentage fall in FEV, from baseline after exercise in
the steroid treated children

Patient Sex Age Dose (jig)Isteroid Vo2max Percentile Predicted % predicted % fall in
no. (years) (mllmin kg) group Vo2max Vo2max FEV,

(7/min)*

17 F 8 400 37-0 10-25 44-6 83 10
BDP

18 M 8 400 42-3 <5 50-2 84 10
BDP

19 F 8 400 31-1 <5 44-6 71 5
Budesonide

20 M 12 800 38-5 <5 51-9 74 10
Budesonide

21 F 8 400 25-4 <5 44-6 57 5
BDP

22 F 10 400 47-8 50-75 44-8 107 6
Budesonide

23 M 10 800 47-7 25-50 51-4 93 11
Budesonide

24 M 8 400 58-5 90-95 50-2 117 4
BDP

25 M 8 400 51-9 50-75 50-2 103 3
Budesonide

26 M 8 800 52-0 50-75 50-2 104 3
Budesonide

27 M 6 200 57-4 >95 46-5 123 8
BDP

28 M 7 400 46-7 25-50 48-3 97 4
Budesonide

Mean (SD) 92-8 (19-6) 6-6 (3.1)

BDP=beclomethasone dipropionate.
* Reference 8.
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rank correlation coefficient (r) between per-
centage predicted Vo2max and percentage fall
in FEVy was calculated. The percentage fall in
FEVy of the children treated with steroids was
compared with those who did not receive ster-
oids using the Student's t test.

Results
In 28 of the 31 children the criteria for a
Vo2max were reached. There was no cor-
relation between the % predicted Vo2max and
the % fall in the FEVy in either the steroid
treated children, r= -0 54 (-0 85/0 05), or
those not receiving steroid treatment, r=0.44
(-0 07/0 77) (figure).
The mean (SD) fall in FEV, in the steroid

treated children was 6&6 (3 1)% and 28&7
(12-5)% in those who did not receive steroids
(p<0001). Four of the 12 children in the
corticosteroid group and two of the 16 in the
non-steroid group had a Vo2max lower than
the 5th percentile for their age group (tables 1
and 2).

Discussion
Exercise-induced asthma and cardiovascular
fitness were not related in either the steroid
treated patients or those not taking steroids,
which shows that children with severe exercise-
induced asthma can attain normal cardio-
vascular fitness. Furthermore, it indicates that
normal cardiovascular fitness in itself does
not prevent severe exercise-induced asthma.
Patients not on steroid treatment had more
severe exercise-induced asthma than the steroid
treated patients, which confirms the import-
ance of inhaled steroids in the prevention of
exercise-induced asthma.9 Inhaled cortico-
steroids reduce the severity of exercise-in-

duced asthma substantially in a relatively short
period compared with other indicators of air-
ways responsiveness such as peak flow vari-
ability and bronchial responsiveness to
methacholine.10 Most of the steroid treated
children showed no substantial exercise-in-
duced asthma. Their symptoms of exercise-
induced dyspnoea were probably due to re-
duced cardiovascular fitness. To keep up with
their peers they needed to make a greater effort
which may explain their symptoms. We con-
clude that inhaled steroids are first line therapy
for severe exercise-induced asthma. Physical
training should be reserved for those children
in whom a reduced cardiovascular fitness does
not become normal while on treatment with
inhaled steroids.

The authors would like to thank Dr W Deville for help with
the statistical analyses.
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