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Perception of dyspnea during exercise-induced
bronchoconstriction

A.S. MeLaNni®, G. CIARLEGLIOT, M. PIRRELLI* AND P. SesTini

*Fisiopatologia Respiratoria, Azienda Ospedaliera Senese, Italy and ‘Institute of Respiratory Diseases, University of
Siena, Italy

Abstract After strenuous physical exercise, many subjects show a significant bronchoconstriction and report dys-
pnea. Despite this clinical condition being a commonly encountered situation during daily life, which may be responsible
for substantial disability, there is little information on the relationship between the perception of dyspnea and exercise-
induced bronchoconstriction (EIB) after a standardized exercise challenge. For these reasons, we evaluated 200 conse-
cutive outpatients (median age I3 years, ranging from 5 to 56 years) referred to our laboratory to perform an exercise
test out of suspicion of EIB. On exercise challenge, perception of dyspnea was rated on a modified bipolar Borg scale
immediately before each FEV| measurement. Sixty-nine (35%) subjects had a positive exercise challenge, defined as a
decrease of at least 20% in FEV| from baseline. Both the onset and the decay of dyspnea preceded those of bronchocon-
striction.Overall, the rating of dyspnea in the laboratory was well related with the reports of exercise-related symptoms.
Sumilarly, 36 of 77 (47%) asthmatics with a history of exertional symptoms and 24 of 65 patients (40%) without a history
had a positive challenge. Asthmatics reporting exertional symptoms perceived a greater magnitude of dyspnea after ex-
ercise independently from the degree of bronchoconstriction. Overall, dyspnea was significantly, but loosely correlated
to the magnitude of decrease in FEV,, being also influenced by age, gender and BMI. Conclusions: We conclude that dys-
pnea recorded in the laboratory after exercise test is related to exertional symptoms reported during real life, but not
completely related to EIB. The rating of dyspnea is a well-suited model to study naturally occurring exercise-induced dys-
pnea and a useful tool to enlarge the results of an exercise challenge. © 2002 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION Despite its widespread prevalence and clinical signifi-

cance, very little information exists on the perception
Asthma is characterized by bronchial hypersensitivity to of dyspnea in EIB (4,5).

several triggers with recurrent attacks of bronchial ob-
struction and dyspnea. Exercise is one of the most com-
mon of these triggers (l). Many asthmatic subjects and
some individuals without a history of asthma show a sig-
nificant exercise-induced bronchoconstriction (EIB)
after strenuous physical exercise.

Dyspnea and wheezing after exercise are the clinical
(1) and epidemiological (2) hallmarks of EIB. Exercise-in-
duced symptoms may be responsible for substantial dis-
ability, mainly in children due to their high level of
physical activity. Dyspnea can succeed in limiting the level
of physical activity and leading to a sedentary lifestyle,
which, in turn, decreases fitness and exercise tolerance

Turcotte et al. (4) have shown a relationship between
breathlessness and EIB and, for a given level of broncho-
constriction, the perception of dyspnea did not seem to
differ whether it was provoked by exercise, or hista-
mine-or allergen challenge. However, this study com-
prised only eight subjects and may not have had
sufficient power to detect differences. Rietveld et al. (5)
did not accurately describe the time points after exercise
challenge where lung function measurements and dys-
pnea ratings were performed, failing to establish a
clear relationship between EIB and dyspnea. Killian and
co-workers (6) have compared the perceived level of
dyspnea on methacholine-induced bronchoconstriction
G- with that reported during exercise in a large number
of asthmatic subjects, concluding that subjects with

higher magnitude rating of dyspnea on challenge also
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bronchoconstriction, so that the relevance of their find-
ings to exercise-induced asthma (EIA) remains unclear.
Indeed, other authors have suggested that dyspnea may
vary depending on the trigger used to induce broncho-
constriction (7,8) or in naturally occurring asthma (9).

Due to these reasons, we report our observations on
the relationship between dyspnea and bronchoconstric-
tion in a large setting of outpatients undergoing exercise
challenge for the suspicion of EIB.

MATERIALS AND METHODS

From 1995 to 1998, we analyzed 200 consecutive outpati-
ents referred to our institution for exercise testing from
family physicians, sport physicians or pulmonary specia-
lists, who were able to perform a technically suitable ex-
ercise challenge and to rate the perceived intensity of
their dyspnea after challenge, and had a baseline FEV, of
at least 70% of the predicted value on the study day. The
test was performed when patients were in stable state
for at least 4 weeks prior to the study. All the subjects
gave written informed consent to the study.

For each patient, we recorded clinical history, symp-
toms, use of tobacco and, when available, the results of
allergen skin prick tests, using the clinical record includ-
ing specific questions on EIA.

There were 138 males and 62 females. The mean age
was 16.8 years, the median I3, and the range from 5 to
56 years. Smokers were 13% of the total. Baseline FEV|
was 95+1% (M+se) of predicted. Body mass index
(BMI) was 22.7+0.6 kgm 2. Skin-prick test was avail-
able for 152 subjects. Of these, 122 (80%) were found po-
sitive for at least one allergen (27 perennial allergens
only, 32 seasonal allergens, 64 both, and | only to food
allergen). Many subjects were untreated, whereas 48
had received the prescription of an inhaled corticoster-
oid and 115 of B,-agonists. Before the challenge, long-act-
ing [,-agonists and theophylline derivatives were
withheld for at least 24 h, antihistamines for 7 days, and
all other treatments for 12 h. Subjects were also asked to
refrain from physical exercise and to avoid beverages
containing caffeine on the study day.

On the basis of patients’ history recorded in the clini-
cal chart, two doctors of us (PS and GC), without direct
knowledge of the patients and blinded to the results of
the exercise challenge, divided the enrolled subjects in
four clinical groups. Asthmatic patients who clearly re-
ported repeated episodes of dyspnea with cough or
wheezing when running or practising sports were classi-
fied as having probable EIA. Asthmatic patients without
any reported exercise-induced symptoms as asthma only
(AO). Patients who reported exertional breathlessness
without any history of asthma were classified as having
exertion dyspnea (ED). Finally, patients who denied exer-
cise-related symptoms and had no evidence of asthma
were classified controls (C).

There were 77 patients in the EIA group, 65 in the AO
group, 36 in the ED group and 22 in the C group. To re-
strict the analysis to patients in whom the diagnosis
other than asthma could be excluded by objective mea-
surements, the clinical records of asthmatic patients
were screened for the presence of either documented
bronchial hyperresponsiveness to methacholine (PDyg <
400 1g), or reversible airway obstruction (FEV, improve-
ment of at least 19% over baseline after salbutamol
0.2 mg), or wheezing at chest auscultation directly re-
corded by a physician of our center at any visit. Accord-
ing to these criteria, objective documentation of
bronchoconstriction or bronchial hyperresponsiveness
was found in 62 patients, 26 having AO and 36 EIA. How-
ever, the failure of finding such a objective documenta-
tion on the clinical records did not exclude a diagnosis of
asthma, as patients could be free of symptoms at the
time of testing, and both the methacholine challenge
and the bronchodilation test were not routinely per-
formed, unless specifically requested by the referring
physician.

The exercise challenge test was performed according
to a standardized protocol on a motor-driven treadmill
(Runrace RHCI200, Technogym, Forli, Italy) with a slope
of 15%. Subjects always ran wearing a nose clip. During
the first 2 min, the speed of the treadmill was gently in-
creased until the subject reached 85% of the maximal
predicted heart rate for age. The exercise was therefore
continued for 8 min adjusting the speed to maintain the
required heart rate. Heart rate was continuously re-
corded using a Sport Tester PE2000 electronic device
(Polar Elektro, Kempele, Finland). Ve only included sub-
jects able to develop a technically suitable challenge to
provoke EIB in accordance to Haby et al. (10). One hun-
dred and ninety-six subjects maintained the required
heart rate during the exercise test, four others, where
the heart rate was lower than prescribed, had an esti-
mated oxygen consumption greater than 35 mlkg min—".
The distance run by each enrolled subject was measured
to provide, in conjunction with body weight, an indirect
estimation of oxygen consumption (Il). Due to an air-
conditioning system, room temperature was constantly
lower than 23°C and humidity less than 50% on the study
days.

Spirometry was performed before the test, immedi-
ately after stopping (t=0), at 3, 6, 10, I5, 20 and 30 min
after the end of exercise (mod. Altair 4000, Cosmed,
Roma, Italy). The best of three maneuvers of acceptable
quality were retained for analysis. Predicted lung func-
tion values were according to Quanjer et al. (12) and Za-
pletal et al. (13).

Immediately before each post-exercise spirometry,
the subjects rated the perceived intensity of their dys-
pnea at each chosen time point by matching and marking
it as they were in that moment on a modified bipolar
transitional Borg scale (14), but always with reference to
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the pre-exercise condition. The numbers of the bipolar
Borg scale ranged from —I0 (maximal worsening) to
+10 (maximal improvement), with a score of 0 indicating
no change from baseline and were tagged to descriptive
phrases, e.g. 0.5=%very,very slight”; 2="“slight”; 3=“mod-
erate”; 4=“somewhat severe”, etc. Subjects were not re-
stricted to the use of whole numbers, scores between
fixed intervals also being permitted. There was a differ-
ent scale for each chosen time point; the scales were
drawn as parallel 20 cm vertical lines on a single sheet of
paper. The subjects were allowed to see the values
scored at the previous time points, as suggested by
Guyatt and co-workers (I5). We anchored the extremes
of the scale on general experience of the same perceiver,
such as “the worst/best dyspnea which you have ever ex-
perienced”. To the aim of minimizing the problem of con-
founding bias, immediately before the exercise challenge,
each subject received a clear and standardized explana-
tion on the use of the scale and that the studied percep-
tion was dyspnea, neither leg muscle fatigue, nor the
awareness of increased ventilation, nor the sensation of
dryness in throat.

The technicians supervising the exercise test and the
spirometry were blinded to the dyspnea scale rating.
None of the enrolled subjects had experience of dyspnea
evaluation prior to this survey. The subjects were blinded
to the results of their lung function testings.

Statistical analysis

The responses to the exercise challenge were initially
scored as positive for a reduction in FEV, of 20% or more
over baseline; doubtful ones, when the maximal de-
crease in FEV, was between 20 and 15% of baseline; and
completely negative responses for a reduction in FEV,
from baseline less than 15%. Since preliminary analysis,
showed that the doubtful responses were equally distrib-
uted in the groups with or without asthma (see results),
after a first description for subsequent analysis, all chal-
lenges with less than 20% decrease in FEV| were consid-
ered as negative responses. In patients who performed
more than one exercise challenge during the study peri-
od, only the first one was selected for analysis.

The association between a positive exercise challenge
and the different clinical groups was investigated using lo-
gistic regression. Differences between groups in continu-
ous variables were investigated by ANOVA or by
Student’s t-test. The Spearman rank test was used to ana-
lyze the correlation between changes in FEV, and dys-
pnea score. Backward stepwise multiple regression
analysis was used to investigate the correlation between
the degree of dyspnea (the dependent variable) and
other factors. These included the percent decrease in
FEV, and in PEF from baseline, percent predicted FEV,
at baseline, age, current smoking, and BMI. Probability

to enter and to remove variables in the model was set
to 0.1 and to 0.25, respectively. A level of P<0.05 for a
two-tail test was considered significant. In addition to
analyzing the data at each time point, we also examined
the correlation between the maximum fall in FEV, and
the minimum value of the dyspnea score over the entire
period of observation after exercise.

All the analyses were performed using the statistical
package Stata on a PC-compatible personal computer
(Stata Corporation, College Station, TX, U.S.A).

RESULTS

The distribution of the responses to the exercise chal-
lenge in terms of the maximal fall in FEV| from baseline
according the clinical classification and some anthropo-
metric characteristics of enrolled patients is reported in
Table I. We distinguished 69 positive (maximal fall in FEV|
of at least 20% from baseline), |9 doubtful (maximal fall in
FEVI from I5 to 19% from baseline) and 112 negative re-
sponses. A positive response was clearly associated with
the reports of either asthmatic features or exertional
dyspnea, whereas the presence of a doubtful response
was not associated to any clinical pattern. In the follow-
ing text, the subjects with the maximal decrease in FEV,
of less than 20% were therefore analyzed all together. In-
terestingly, the presence of a positive response in sub-
jects with a clear history of EIA (47%) was not
significantly more frequent than in asthmatics with less
suggestive findings (40%). There was no difference in the
percentage of patients reporting to use inhaled steroids
between asthmatics in the AO or in the EIA group.There
was no difference in the mean daily dose between sub-
jects who used inhaled steroids in the AO or in the EIA
group.

The time course of both FEV, and dyspnea score
changes from baseline after exercise in subjects with po-
sitive or negative bronchial obstructive response is
shown in Fig. I. In subjects with a positive challenge, dys-
pnea preceded bronchoconstriction, and also reverted
more quickly to baseline value. Only 4% of the subjects
with a positive challenge reached the maximum fall in
FEV| immediately after exercise, 39% at 3 min, 22% at
6 min, 17% at 10 min and 18% at later time points. By con-
trast, 39% of these subjects reported the worst dyspnea
score immediately after exercise (by definition), but an
appreciable worsening in the dyspnea score was ob-
served shortly after exercise, which reverted to values
above baseline afterwards. The group of patients with a
negative challenge had no significant change in FEV, after
exercise (by definition), but an appreciable decrease in
the dyspnea score was observed shortly after exercise,
which reverted to values above baseline afterwards.

A highly significant correlation (P <0.00l for all com-
parisons, Spearman rank test) was observed between
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TaeLe |. Classification based on the history of enrolled patients recorded in the clinical chart in reference to some anthropo-

metric data and the response to the exercise challenge

Clinical classification

EIA,No (%) AO ED C
Gender (males/females) 59/18 42/23 18/18 19/3
Mean age (£ sD) 16 (£ 10) 15(+£9) 26 (+ 13) 13(+7)
Mean BMI (+ sp) 22 (+4) 21 (+4) 23 (+4) 19(+ 3)
Greatest fall in FEV, from baseline
<20% 36 (47%) 26 (40%) 7 (19%) 0 (0%)
>15, <20% 6 (8%) 4 (6%) 5 (14%) 4 (18%)
< 15% 6 (8%) 35 (54%) 24 (67%) 18 (82%)
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the maximum fall in FEV, and greatest worsening in dys-
pnea score, as shown in Fig. 2. However, when the analy-
sis was performed pairing data of FEV| and dyspnea
recorded at the same time points, the correlation coeffi-
cient was rather small, although statistically significant,
immediately after exercise, increased to slightly higher
values between 3 and 10 min, to decrease again at subse-
quent time points.

The determinants of the degree of exercise-induced
dyspnea at different time points, as identified by stepwise
multiple regression analysis, are reported inTable 2. This
analysis was restricted to patients with symptoms of
asthma (with or without exercise-induced dyspnea) to
ensure a more homogeneous group of patients. How-
ever, similar results were obtained when the analysis
was repeated on the whole set of patients. The degree
of dyspnea was correlated with the decrease in FEV, and
with increasing age at all time points up to 20 min after
exercise, and the percentage of variability explained by
the regression model, expressed by the R-squared value,
was maximal at the points of the greatest fall in FEV,

T T T T T T T T T T T
-10 -8 -6 4 -2 0 2 4 6 8 10

Worst breathless score

Fic. 2. Individual values of boththe greatestfallin FEV,and the
maximum worsening in dyspnea score from baseline after exer-
cise challenge. Closed circles: asthmatic patients with exertional
symptoms (EIA Group); open circles: asthmatic patients without
any exercise-induced symptoms (AO Group); closed triangles:
patients with ED, but without any asthma-like features (ED
group); open triangles: subjects not reporting any symptom (C
group). Also reported in each panel is the univariate regression
line computed on all the data points in the plot and the Spearman
rank correlation rho between FEV, and dyspnea score.

(41%). Female gender and an increased BMI ware also
loosely correlated with dyspnea, the latter notably only
immediately after exercise. Percent predicted FEV, at
baseline, smoking, and changes in PEF never entered in
the model. Remarkably, however, a history of symptoms
after exercise was highly significantly associated with a
greater degree of dyspnea at all time points, even after
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TaeLe 2. Correlation coefficients of factors associated with perceived dyspnea at different times after exercise (stepwise re-

gression analysis)

Time (min) R-Squared Changein FEV, Age Female sex BMI EIA group
0 0.27 0.078%** —0.062% 09 —008 —090*
3 0.34 0.068%** —0.063* —008 —[.2] ***
6 0.3l 0.07] —0.063** —096*

10 0.25 0.070%** —0.069##* 063 —0.53

15 0.7 0.046*#*  —0.079%** 0.64

20 0.12 0.032* —0.089%#**

30 0.07 —0,078*#*

Maximum decrease?, all subjects 04! 0.07] —0.080%** 0.74 —[laf7=s

Maximum decrease?, subjects with confirmed asthma ~ 0.39 0.052%##* —0.083%** = 725

*Maximum decrease in FEV, vs. maximum worsening in dyspnea at any time after exercise challenge.

*P <0.05; #*P <00l ; ***P <0.005.

10 1 9L
% /%-‘-

= 01 / % P S -0
m e )
g -107 -1 3
2 2
g -20 2 8
a a
5

-30 4 =5

-40 T r — -4

-10 0 10 20

30 -10 0 10 20 30

Time after exercise (minutes)

Fic 3. Changesin FEV, (left panel) and in dyspnea score (right panel) after exercise in subjects with positive (solid lines) or negative
(dashed lines) response to exercise challenge and with (closed symbols) or without (open symbols) symptoms suggestive of exercise-

induced bronchoconstriction. Bars indicate the mean =+ st

adjustment for all these factors. Accordingly, when uni-
variate linear regression analysis between the greatest
fall in FEV, and the minimum dyspnea score was sepa-
rately computed in asthmatic patients with or without a
report of exercise-related symptoms, we found that the
slopes were very similar (M +sg; EIA —0.073+0.014; AO
—0.064+ 0.015), although the intercepts were markedly
different (EIA —2.21 +£043; AO —0.71 +£04l). Further-
more, substantially similar results were obtained when
the analysis was restricted to subjects with a
known objective parameter of asthma, such as expira-
tory wheezing on chest auscultation, reversible
airway obstruction, or hyperresponsiveness to metha-
choline.

In Fig. 3, we reported the change in FEV, (left panel)
and in dyspnea score (right panel) after exercise chal-
lenge for the four groups of subjects with or without ex-

ertional symptoms and with or without asthma.
Subjects with a positive response to exercise showed si-
milar bronchoconstriction, regardless of the presence or
the absence of a report of exercise-related symptoms.
Similarly, no differences are observed in FEV; in subjects
with negative challenge. By contrast, among subjects
with a positive challenge those ones with a history of ex-
ertional symptoms showed significantly more dyspnea
than those without. In fact, the greatest change in dys-
pnea score was —4.I + 0.5 in the EIA group and —2.4 +
0.6 in the AO group (p<0.05). Surprisingly, also among
subjects with a negative exercise challenge, those with a
history of exercise-induced disturbances had more dys-
pnea than those without, despite the lack of broncho-
constriction in both groups. The greatest change in
dyspnea score was —1.5+0.3 in the ED group and
—0.5+ 0.4 in the C group (P <0.05).



226

RESPIRATORY MEDICINE

DISCUSSION

Our survey confirms the previous limited studies indicat-
ing that dyspnea is loosely, but significantly correlated
with EIB (4,5). This relationship is looser at the beginning
and at the end of the EIB, due to a decoupling in the time
course of exercise-induced dyspnea and bronchocon-
striction, as dyspnea peaked and recovered before the
decrease in FEVI. The early appearance of dyspnea might
be related to irritative/inflammatory phenomena pre-
ceding EIB, such as the release of tachykinins (16). On
the other hand, the shorter duration of dyspnea with re-
spect to the bronchial obstruction could be due to the
perception of ongoing resolution of bronchoconstrictor
response or temporal adaptation (14). Overall, we found
that the relationship between the decrease in FEVI and
the perception of dyspnea was relatively loose, as the lat-
ter was also influenced by age, gender, BMI, and, possibly,
other variables that we did not record in this study, such
as psychological condition and fitness. Likewise, our find-
ings show that the perception of dyspnea can occur even
independently from bronchoconstriction. This is particu-
larly evident looking at subjects with a negative challenge
who reported dyspnea without any significant broncho-
constriction. Accordingly, stepwise regression analysis
shows that the report of typical symptoms is significantly
correlated to the perception of dyspnea, particularly at
the earliest time points after exercise, independently
from the degree of bronchoconstriction. Fatigue is
widely recognized as a cause of exercise limitation differ-
ent from dyspnea and there is a considerable overlap on
the report of these symptoms (I7). It is possible that the
inclusion of a measure of fatigue might have accounted
for part of dyspnea not explained by bronchoconstric-
tion, improving the accuracy of our statistical model
and we suggest that future studies addressing this issue
will include the recording of exercise-induced fatigue.
However, our challenge was not limited by fatigue and
our subjects were clearly instructed to rate the per-
ceived intensity of dyspnea, so that we think that the va-
lidity of our data is not diminished by this absence. Other
conditions which might explain for some patients the
perception of dyspnea regardless of bronchoconstriction
are the occurrence of a vocal cord dysfunction (I8) and a
“functional breathing disorder” (19). The latter has been
described for a group of subjects reporting symptoms
very similar to EIA, but failing to show clinical features
of asthma and with a negative exercise challenge (20).
However, we think that it is unlikely that the occasional
presence of some of these subjects at least in the EIA
group with a negative response to the exercise challenge
has biased our results. This is confirmed by the fact
that we have obtained virtually identical results
when the analysis was repeated after exclusion of
all the asthmatic subjects for whom we had no objective
documentation of asthma or bronchial hyperresponsive-

ness, thus reducing the chance of including non-
asthmatic patients in the analysis. Therefore, what-
ever the factor associated to non-ElB-related exer-
tional dyspnea, it has to be present in a subgroup of
asthmatics.

A standardized exercise challenge is known to have a
good sensitivity to evaluate bronchial responsiveness
(10). Our findings confirm these remarks, because none
of the asthmatic subjects failing to report exercise-in-
duced symptoms showed an unambiguous positive re-
sponse to the exercise test, whereas the challenge
could also identify the asthmatic nature of exercise-in-
duced symptoms reported without any clinical features
suggestive of asthma, such as cough or wheeze.

We did not find any significant difference in the occur-
rence of a positive response between asthmatic subjects
with or without report of exertional dyspnea. It has to
be remembered that most of our subjects were referred
to us for investigation of a suspicion of EIB and we classi-
fied them retrospectively on the basis of their reports. It
may be that, for some subjects not reporting asthmatic
symptoms, these had been observed by a third person,
such as a physician, a parent, or a teacher. However, di-
rect report by the patient is known to be mostly reliable,
including the pediatric setting (21-23). Likewise, this is
not surprising, because it is know since many years that
asthmatic subjects are not very good in judging naturally
occurring changes in bronchial tone (9,24) and the per-
ception of dyspnea may vary largely, so that, for a given
degree of bronchial obstruction, some patients show a
hypoperception, or under-reporting the importance of
their symptoms, as well as others disproportionately
over-perceive their level of dyspnea (14,25). This is con-
firmed by our findings that asthmatic patients with a his-
tory of exercise-induced symptoms rated a greater
magnitude of dyspnea for the same reduction in FEV,
than those without any report. Nevertheless, it is inter-
esting to note that the perception of exercise-induced
dyspnea in the laboratory was related with the report
of exercise-induced symptoms in real life.

We think that our survey has an adequate study design
to evaluate the relationship between exercise-induced
dyspnea and EIB. The method of execution for the exer-
cise challenge was in accordance with Haby et al. (10). Due
to an air-conditioning system, the indoor temperature
and humidity were also adequate for a suitable exercise
challenge (I). Due to its subjective nature, the rating of
dyspnea appears to be variable. However, it is known
that, under standardized conditions, the averaged results
across large groups of subjects are reliable in isolating
factors contributing to dyspnea (26). The Borg scale has
been used since many years for the assessment of exer-
cise-induced dyspnea (27). In our study, we used a modi-
fied bipolar Borg scale, because, after exercise, many
healthy subjects can show an improvement in FEV, (28).
This choice has been supported by our results, being not
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uncommon that subjects reported an improvement of
their breath after exercise. Likewise, dyspnea has already
been rated using a bipolar scale in asthmatic subjects
(29). As suggested by Rietveld et al. (5), our subjects
were always blinded to the results of lung function test-
ings for avoiding any influence on dyspnea ratings.

We conclude that, although a history of exercise-in-
duced symptoms is the clue to identify EIB, it always re-
quires the execution of an exercise challenge for it to be
confirmed, because exertional symptoms are poorly
predictive of EIB. Our results show that the exercise
challenge is also useful to detect EIB in asthmatic sub-
jects failing to perceive or report exertional symptoms.
On the other hand, our findings show that dyspnea is
loosely, but significantly related to EIB. We suggest that
the simultaneous rating of dyspnea to each spirometry
measurement on exercise test is a well-suited model to
study naturally occurring exercise-induced dyspnea and
to improve its clinical usefulness of challenge, giving an
evaluation of mastering daily life physical activities.

REFERENCES

I. Anderson SD. Specific problems: exercise-induced asthma. In:
O’Byrne PO, Thomson NC, eds. Manual of Asthma Management.
London: WB Saunders, 1995; Cap. 34: 621-645

2. Asher MI, Keil U, Anderson HR, et al. International Study of
Asthma and Allergies in Childhood (ISAAC): rationale and
methods. Eur Respir | 1995; 8: 483491

3. Taylor WR, Newacheck PW. Impact of childhood asthma upon
health. Pediatrics 1992; 90: 657—662

4. Turcotte H, Corbeil F, Boulet LP. Perception of breathlessness
during bronchoconstriction induced by antigen, exercise, and
histamine challenges. Thorax 1990; 45: 914-918

5. Rietveld S, Kolk AM, Prins PJ. The influence of lung function
information on self-reports of dyspnea by children with asthma. |
Pediatr Psychol 1996; 2I: 367-377

6. Killian KJ, Summers E, Watson RM, et al. Factors contributing to
dyspnoea during bronchoconstriction and exercise in asthmatic
subjects. Eur Respir | 1993; 6: 1004—1010

7. Marks GB, Yates DH, Sist M, et al. Respiratory sensation during
bronchial challenge testing with methacholine, sodium metabisul-
phite, and adenosine monophosphate. Thorax 1996; 51: 793-798

8. Sont JK, Booms P, Bel EH, Vandenbroucke JP, etal. The severity of
breathlessness during challenges with inhaled methacholine and
hypertonic saline in atopic asthmatic subjects. The relationship
with deep breath-induced bronchodilation. Am | Respir Crit Care
Med 1995; 152: 3844

9. Boudreau D, Styhler A, Gray-Donald K, et al. A comparison of
breathlessness during spontaneous asthma and histamine-induced
bronchoconstriction. Clin Invest Med 1995; 18: 25-32

20.

22.

23.

24.

25.

26.

. Haby MM, Anderson SD, Peat JK, et al. An exercise challenge

protocol for epidemiological studies of asthma in children:
comparison with histamine challenge. Eur Respir | 1994; T: 43—49

. Givoni B, Goldman RF. Predicting metabolic energy cost. | Appl

Physiol 1971; 30: 429433

. Quanjer PH, Tammeling GJ, Cotes JE, et al. Lung volumes and

forced ventilatory flows. Official statement of the European
Respiratory Society. Eur Respir | 1993; 16 (Suppl): 540

. Zapletal A, Samanek M, Paul T. Lung function in children and

adolescents. Methods, reference values. Prog Respir Res 1987; 22:
113-218

. Burdon ]G, Juniper EF, Killian K], et al. The perception of

breathlessness in asthma. Am Rev Respir Dis 1982; 126: 825-828

. Guyatt GH, Townsend M, Keller JL, etal. Should study subjects see

their previous responses: data from a randomized control trial. |
Clin Epidemiol 1989; 42: 913-920

. Ichinose M, Miura M, Yamauchi H, etal. A neurochinin |-receptor

antagonist improves exercise-induced airway narrowing in asth-
matic patients. Am | Respir Crit Care Med 1996; 153: 936-941

. Killian KJ, Summers E, Jones NL, et al. Dyspnoea and leg effort

during incremental cycle ergometry. Am Rev Respir Dis 1992; 145:
13391345

. McFadden ER Jt, Zawadski DK. Vocal cord dysfunction masquer-

ading an exercise-induced asthma. Am Rev Respir Dis 1996; 153:
942947

. Ringsberg KC, Akerlind I. Presence of hyperventilation in patients

with asthma-like symptoms but negative asthma test responses:
provocation with voluntary hyperventilation and mental stress. |
Allergy Clin Immunol 1999; 103: 608—610
Ringsberg KC, Wettergvist H, Lowhagen O, etal. Physical capacity
and dyspnea in patients with asthma-like symptoms but negative
asthma tests. Allergy 1997; 52: 532-540

. Ponsonby AL, Couper D, Dwyer T, et al. Exercise-induced

bronchial hyperresponsiveness and parental ISAAC questionnaire
responses. Eur Respir | 1996; 9: 1356—1362
Guyatt GH, Juniper EF, Griffith LE, et al.
adult perceptions of childhood asthma. Pediatrics
165-168

Renzoni E, Forastiere F, Biggeri A., et al. Differences in parental-
and self-report of asthma, rhinitis and eczema among ltalian
adolescents. SIDRIA Collaborative Group. Eur Respir | 1999; 14:
597-604

Kendrick AH, Higgs CM, Whitfield M), Laszlo G. Accuracy of
perception of severity of asthma: patients treated in general
practice. Br Med | 1993; 307: 422—424.

Rubinfeld AR, Pain MC. Perception of asthma. Lancet 1976; I:
882-884

Killian KJ. Measurements of dyspnoea during bronchoconstriction.
Eur Respir | 1999; 13: 943-946

Children and
1997; 99:

. Wilson RC, Jones PW. A comparison of the visual analogue scale

and modified Borg scale for the measurement of dyspnoea during
exercise. Clin Sci 1989; 76: 277-282

. Mannix ET, Farber MO, Palange P, etal. Exercise-induced asthma in

figure skaters. Chest 1996; 109: 312-315

. Lewis RA, Lewis MN, Tattersfield AE. Asthma induced by

suggestion: is it due to airway cooling? Am Rev Respir Dis 1984;
129: 691-695



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	TABLE 1
	FIGURE 1
	FIGURE 2
	TABLE 2
	FIGURE 3

	DISCUSSION
	REFERENCES

