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In 378 children affected by asthma and 87 healthy children, physical
loading was carried out by three kinds of test, viz. free running, stairstep test
or skipping, and bicycle ergometry. In 32% of healthy children physical
exercise led to improved respiratory function, while this value was only
7% in asthmatics. An improvement in respiratory function exceeding 20%,
i.e. appreciable bronchial dilatation, never occurred in asthma patients.
The bronchospasm of healthy children showed no consistent time course,
in asthmatics it was most pronounced three minutes after exercise. Exercise
induced bronchospasm occurred most frequently after free running, least
frequently after ergometric loading. The stairstep test and skipping pro-
voked exercise induced bronchospasm in a nearly identical proportion.
Severity of exercise induced bronchospasm exhibited a similar distribution.
In addition to cases with a positive response to running test, some of the
other methods revealed further 6—6% of cases. Free running is the most
suitable method for demonstration of exercise induced bronchospasm, ergo-
metric loading appears the least sensitive test in this respect. By application
of three loading tests exercise induced bronchospasm could be demonstrated

in 62% of paediatric asthma patients.

Physical exercise provokes dys-
pnoea, sometimes an asthmatic attack
in a proportion of asthma patients.
The phenomenon has been called
exercise induced asthma (EIA) or
exercise induced bronchospasm (EIB).
All methods demonstrating respira-
tory obstruction or hyperinflation are
suitable tools in diagnosis.

There is no unanimity about the
percentual decrease of respiratory
function tests as a criterion of EIB.
Some authors take a 10% decrease in
PEER or FEV]j as sufficient [1, 19,
31, 32], others [4, 5, 31] take 15%
and some [9, 12] think that at least
20% is necessary for the diagnosis of
EIB. In evaluating airway resistance

or volume/flow curves, usually larger
changes are regarded as a proof of
EIB [4, 16]. Quite obviously, the
choice of the critical value has an
impact on the incidence of EIB
among asthma patients. In addition,
the type of loading test also influences
the frequency of EIB [1, 3, 7, 33], and
duration and magnitude of the exer-
cise load also alter the results. The
most pronounced bronchospasm can
be elicited by an exercise correspond-
ing to 60—80% of maximum physical
performance, applied for six minutes,
leading in children to a heart rate of
about 180 per minute [19, 20].

The complaints experienced by the
patients and the severity of EIB are
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Table |

Increase in lung function values after exercise

0-10% 11-20% More than 20% AN
Healthy 12 8 n 31
Asthmatic 17 10 0 27
Table Il
Degree of Number of Percentage
decrease subjects
0o~n% 41 42%
1 15% 19 20%
16-20% 6 6%
All 66
Table |11

Lowest lung function values and time after exercise in healthy and asthmatic children

Time in minutes AU

3 5 10 15 20

Asthmatics 226 97 36 20 0 378
Healthy 26 23 27 12 9 97
Table |IY

Number of patients with 11—20% decrease in lung function

Running 6
Skipping 8
Stairsteps 5
Ergometer 6
All 25
Table V

Number of patients experiencing asthmatic attack during exercise

Free running 9
Skipping 6
Stairsteps 4
Ergometer 4
ALl 22
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Table VI
Frequency of EIB after various forms of physical loading

EIB positive
Free running 151 (40%
Skipping 6l (27%
Stalirsteps 50 (25%)
Ergometer 75 (21%)
Total 195 (52%)

not necessarily related. There is a
wide scatter in the literature in re-
spect of the incidence of EIB. Compar-
ison of the different loading methods
has usually been performed in a small
number of patients and not always
in the same persons [I, 10, 17, 18,
19, 26].

The present study has been aimed
at comparing the effect of various
loading methods on the incidence of
EIB. Natural exercise patterns were
preferred.

Patients

Exercise tests carried out by three
methods were performed in 97 children
free from atopic disease and with a nega-
tive family history of atopy, and in 378
patients affected by asthma. The non-
asthmatic persons had a mean age of
10.6+ 3.5 years, their mean height was
40+18 percentile, there were 60 boys and
37 girls. The corresponding values for the
asthmatic children were 9.4+2.9 years,
39+16 percentile, 248 boys and 130 girls.

Methods

Three types of exercise were applied in
randomised sequence, free running, run-
ning on stairsteps or skipping, and ergo-
metric load. Between the individual load-
ings an interval of 2 hours was prescribed.
The pulmonary functions were tested in an
open system digital device, type Medicor
SP 21. Peak expiratory flow rate (PEFR),

EIB negative All patients
227 (60%) 378
169 (73% 230
151 (75% 201
286 (79%) 361
183 (48%) 378

forced expiratory volume expired diming
half second (FEV(0), and one second
(FEV,), forced vital capacity (FVC) were
determined before and 3, 5, 10, 15 and
20 minutes after exercise. The magnitude
of the 6-minute load was chosen so as to
attain a heart rate exceeding 170/min by
the end of the second minute of the test.
A decrease in any of the above mentioned
parameters exceeding 20% was regarded
as a criterion of bronchospasm.

Results

In 31 out of the 97 healthy children
(32%), exercise induced an increase in
respiratory function values. In 11
(11%) the increase exceeded 20%. In
none of the 378 asthmatic children
was an increase exceeding 20% ob-
served, in 27 asthmatic children was
improvement in lung function ob-
served after exercise (7%0).

In 66 out of 97 healthy children
the respiratory function tests exhibit-
ed a decrease after exercise; the
decrease was less than 20% in all of
them. In healthy children the de-
crease showed no characteristic pat-
tern as a function of time. The lowest
values were evenly distributed among
3, 5, 10, 15 and 20 minutes after the
load. The various loading methods
did not lead to different results in
healthy children.
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Tabte VII

Severity of EIB after various forms of physical loading

0—0% 11—20%
Free running 36 191
L (10%) (50%)
Skipping 27 142
) (12%) (62%)
Stairsteps 22 129
(H%) (64%)
Ergometer 47 239
(13%) (66%)

The exercise was well tolerated by
the great majority of asthmatic chil-
dren. An asthmatic attack developed
in 22 (6%) patients; in two of them
the exercise had to be interrupted.

Physical examination revealed signs
of bronchospasm in 53 patients (149%b).
In 5 patients (1%) a pronounced in-
flation of the thorax developed. 58
patients (15%) needed application of
bronchodilator spray, 2 patients expe-
rienced dyspnoea, cyanosis and tachy-
cardia during exercise. The symptoms
soon subsided on rest and administra-
tion of aminophylline.

We investigated the rate of EIB
elicited by any method apart from
free rumiing. EIB could be provoked
by bicycle ergometer only in 18 pa-
tients (5%), by stairstep test only in
12 (6%) and by skipping only in 14
(6%0).

Ambient temperature and relative
humidity were identical during ergo-
metrie loading and skipping (mean,
25.7°C and 43.7%). During the stair-
step test, the mean temperature was
25°C, relative humidity, 55.6%. Dur-
ing free running the mean tempera-
ture was 21.9°C and relative humidity
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21-30% 31-40% 40%— All

73 37 4 378
(1320 (19%) ) 230
¢35 (6%) ‘0’ 201
(18%6) () “g’ 361
(14%) (5%) (2%)

was 59.8%. The maximum heart rate
induced by the loads did not differ
significantly: free running, 197/min;
skipping, 193/min; stairstep test, 198/
min; ergometric loading, 194/min.

The severity of EIB was also estim-
ated; the results are shown in Table
VIL.

Discussion

The reaction of asthmatic patients
to physical exertion differs from that
of healthy persons. In a proportion of
asthmatics, exercise induces broncho-
spasm. If obstruction occurs in healthy
individuals the decrease of PEFR or
FEVi is smaller than 10—15% of the
initial value. A significant difference
in respiratory function was found
between asthmatic and healthy per-
sons 3, 5, 10, 15 and 20 minutes after
exercise [5, 9, 11, 13, 14, 19, 28, 33].
Burr et al [11] observed a decrease
in PEFR of less than 10% in 92% and
one less than 15% in 98% of healthy
children, while the decrease in FEVj™
exceeded 15% in 7% of healthy
children. Silverman and Anderson
[36] found that the PEFR was never
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depressed by more than 15% in
healthy individuals, others could not
demonstrate any significant reduction
of any lung function in healthy per-
sons subjected to exercise [15, 28,
30].

In the present study, 20% of heal-
thy children exhibited a 11—15%
reduction of respiratory function and
in 6% was the decrease between 16
and 20%. No healthy child showed a
decrease exceeding 20%.

Field et al [17] found improved
respiratory functions after exercise
in an appreciable proportion of heal-
thy persons, and 11% of our healthy
children displayed an increase in lung
function higher than 20% after exer-
cise. Such an improvement has never
been observed in asthmatics. The
improvement occurring in healthy
subjects is due to bronchodilatation
induced by the sympathetic effect of
physical exertion. In asthmatics the
bronchospasm shows a characteristic
time course: it attains a maximum
3—b5 minutes after exercise and spon-
taneously abates within 15—20 min-
utes [2, 3, 13, 14, 20, 21, 25, 26, 27].
Our results revealed no characteristics
in the bronchospasm induced by
exercise in healthy children, while in
asthma patients it was the most pro-
nounced 3 minutes after exercise.
The bronchospasm resolved sponta-
neously in all healthy subjects.

In healthy children the type of
physical load had no specific effect on
the changes induced by exercise.
The bronchospasm of asthmatic pa-
tients provoked by exercise abated
spontaneously in the overwhelming

4

majority of cases [3, 13, 16, 20, 21].
15% of the patients needed broncho-
dilator drugs after exercise. In healthy
children no physical signs of broncho-
spasm were encountered while in 15%
of asthmatics such signs could be
demonstrated after physical exercise.

Two patients felt distinctly unwell
after exercise. Still, physical loading
is a substantially safe diagnostic pro-
cedure in childhood [14, 26].

The data on the frequency of EIB
are conflicting; the values suggested
vary between 14 and 100%. Jones et
al [26, 27] regard the EIB so charac-
teristic of asthma that in their opi-
nion its absence should prompt one
to reconsider the diagnosis. Compara-
tive studies have shown different fre-
guencies of EIB after various loads.
The highest frequency was reported
after free running, this was followed
by treadmill, stairstep and ergometric
tests, the lowest incidence was observ-
ed after swimming; other authors did
not find differences if the experimen-
tal conditions were fixed.

In the present study, free running
induced EIB with the highest incid-
ence (40%), the lowest incidence was
seen after ergometer loading (21%),
and stairstep (25%) and skipping
(27%) were of intermediary effect.
Application of several loading tests
increases the probability of diagnos-
ing EIB [21]. In our patients, the
methods apart from free running
increased the incidence of EIB by an
additional 5—6%. In children ergo-
metric loading was the least suitable
for the demonstration of EIB. Even
stairstep running and skipping, meth-
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ods necessitating no special installa-
tion, were more suitable.

The severity of EIB may be charac-
terized by the decrease in lung func-
tion values, thereby EIB may be
classified as mild, moderate or severe
[13]. The principles of classification
are rather different with individual
authors. For instance, Cropp [13] re-
gards a 25—40% decrease in PEER as
mild, 41—60% as moderate, and a
decrease exceeding 60% as severe.
According to Pierson and Bierman
[30] a fall smaller than 10% is the
criterion of a mild EIB, 10—25%
is moderate and a value larger than
25% indicates severe EIB. Eggleston
and Guerrant [16] demonstrated mod-
erate or severe EIB in three fifth
of patients, while Cropp [13] found
mild, moderate and severe reductions
in equal proportions. Severe EIB is
more frequent in boys than in girls.
In our own material the various
degrees of severity were observed in
nearly equal proportions; severe EIB
occurred in 18% of the patients,
moderate in 15% and mild in 21%.
Severe EIB was induced most fre-
guently by free running, least fre-
guently by ergometer loading, an
intermediate frequency was seen after
stairstep test and skipping.
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