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Amongasthmatics, exercise-induced wheeze (EIW) is a frequent symptom,
and 40-77% of asthmatics demonstrate exercise-induced
bronchoconstriction (EIB). In the North-Trendelag population-based
survey of 8,571 adolescents (YOUNG-HUNT), 26% reported wheeze
during the previous 12 months (current wheeze). Of those subjects, 50%
reported EIW. The aim of the present study was to investigate the
association between EIW and EIB in randomly selected adolescents with
EIW as the only or predominant asthma-like symptom, and to relate our
findings to results from methacholine bronchoprovocation tests (MT) and
measurements of exhaled nitric oxide (ENO). Sixty-three subjects with
current wheeze induced by exercise, but not by allergen exposure, were
investigated using a treadmill exercise test (ET) and measurements of ENO.
Fifty-eight subjects completed a MT on a separate study day. EIB was
defined as a fall of > 10% in the forced expiratory volume in 1 second
(FEV)afterexercise (AFEV%cy). Twenty-one subjects (33%) had EIBand
33(57%) had a positive MT. The degree of reported dyspnea during the ET
was not correlated to the AFEV %, The correlation between EIB and
methacholine-induced bronchoconstriction (MIB) was poor, and the
AFEV%.x was more pronounced in smokers than in non-smokers.
Moreover, ENO wasnotincreased in subjects with positive vs. negative ET.
Hence, EIW, when reported as the only or predominant asthma-like
symptom, was linked to EIB in only one-third of the patients. We conclude
that EIW is a poor predictor of EIB in epidemiological studies. The poor
correlation between EIB and MIB indicates that these two tests measure
different mechanisms of bronchial hyper-responsiveness.
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Wheeze is a cardinal symptom of asthma, and
epidemiological studies of schoolchildren and
adolescents report a prevalence of current wheeze
of 5-30% (1-5). In asthmatics, wheeze is often
induced by exercise. Moreover, exercise-induced
bronchoconstriction (EIB), defined as a fall in the
forced expiratory volume in 1 second (FEV;) of
at least 10% within 15 min after an exercise test,
has been found in 40-77% of asthmatics (6,8).
Variation in the prevalence of EIB among
asthmatics may reflect differences in disease

severity as well as how asthma was defined in
each study.

In several population-based studies, the asso-
ciation of wheeze and bronchial hyperrespon-
siveness (BHR) to direct stimuli, such as
methacholine, or to indirect stimuli, such as
exercise, as well as the association between
methacholine and EIB, have been investigated
(8-12). However, these studies did not differ-
entiate between wheeze that was induced by
exercise or wheeze induced by other trigger
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factors. In our large-scale population-based
survey of 8,751 Norwegian adolescents (13,14),
exercise was a trigger factor in 50% of subjects
reporting wheeze. We speculated whether those
who reported exercise-induced wheeze (EIW) had
EIB.

Exhaled nitric oxide (ENO) is a potential
marker of lower airway inflammation, with
increased levels observed in  asthmatics
(5,15,16). An elevated level of ENO has also
been demonstrated in the exhaled air of asth-
matics with EIB when compared to controls (17).
Moreover, significantly increased concentrations
of NO derivatives are found in induced sputum of
asthmatics with EIB compared to asthmatics
without EIB (18).

As physical training is usually obligatory in
schools, both pupils with EIW and teachers
question how to deal with this symptom. In the
present study we wanted to find out whether EIW
was associated with EIB or other markers of
lower airway inflammation. The first aim was to
characterize the association between EIW and
EIB in adolescents with EIW as the only or
predominant asthma-like symptom. Second, we
wanted to compare the results from exercise tests
with methacholine bronchoprovocation tests,
and to study the relationship between EIB and
ENO.

Materials and methods
Subjects

As part of a cross-sectional study conducted in
Nord-Trendelag County, Norway, 8,571 adoles-
cents were interviewed on allergic and asthma-
like symptoms — the YOUNG-HUNT Study
(13,14). Twenty-six per cent reported wheeze
within the preceding 12 months (current wheeze)
and 13% reported EIW. In a phase II study, 722
randomly selected adolescents were investigated
further (5,19,20). Of these, 150 subjects (110
females) reported current wheeze related to
exercise, but not related to exposure to pollen,
pets or house dust.

In the present study (the phase III study), 130
of the 150 adolescents, still residing in North-
Trondelag, were invited to undertake an exercise
test (ET). Seventy-four subjects attended, and 69
subjects also completed a methacholine bronch-
oprovocation test (MT) on a second study day.
Sixty-three of all 74 subjects, and 58 of the 69
subjects who completed a MT, reported wheeze
within 12 months preceding the phase III study.
Results from these subjects are presented in
Table 1.

204

There were no significant gender differences
with respect to age, body mass index (BMI), basal
FEV %, physical activity, cigarette smoking, or
inhaled B-agonists or steroids. Cigarette smokers,
however, exercised significantly less than non-
smokers, mean 1.9 [95% confidence interval (CI):
1.4-2.4] vs. mean 3.6 (95% CI: 3.2-3.9) h/week,
respectively (p <0.001), when adjusted for age.

Written, informed consent was obtained from
all participants and from parents of those
< 16 years of age. The study was approved by
the Regional Medicine Ethical Committee in
Trondheim.

Study design

Study day 1. The adolescents completed a ques-
tionnaire, performed an ET, marked their maxi-
mal degree (0-10) of breathlessness and leg pain
on a Borg scale, and reported whether they had
wheeze at the end of the test. Measurements of
ENO and capillary lactate were taken prior to,
and immediately after, the ET.

Study day 2 (2-7 days after study day 1). The
adolescents underwent an MT. Measurements
of ENO were taken prior to and immediately
after the MT.

Methods

Flow-volume spirometry (MasterScope spirom-
eter, software version 4.1; Erich Jaeger, Gmb-
Hochberg, Germany) and the MT (tidal volume
triggered equipment, Automatic Provocation
System APS; Erich Jaeger) were performed
using procedures identical to those previously
described in detail (5,19,20). A positive MT was
defined as a 20% fall in FEV; after a cumulative
dose of inhaled methacholine <2 mg PD»,. The
fall in FEV, during inhalation of methacholine
(%/mg) was expressed as dose-response ratio to
methacholine (DRR,cp)-

Measurements of ENO were performed in
accordance with the European Respiratory

Table 1. Subject characteristics

Subjects (females) 63 (47)
Age mean (95% Cl) 17.9 (17.6-18.3)
BMI mean (95% Cl) kg/height? 235 (22.6-24.4)
Basal FEV;% mean (35% Cl) 104 (100-107)
Physical activity hours/week, mean (95% Cl) 3.1 (2.8-3.5)
Cigarette smokers (%) 16 (25)
Subjects (%) on inhaled B,-agonists weekly 11 (18)
Subjects (%) on inhaled steroids weekly 4 (6.6)

BMI, body mass index; Cl, confidence interval; FEV;, forced expiratory volume in
1 second.



Exercise-induced wheeze in adolescents

Table 2. Association between reported wheeze during the exercise test (ET), recordings on the Borg scale, the change in forced expiratory volume in 1 second

(AFEV,%) after exercise (AFEV;%.,), and rise in lactate and heart rate (HR)

Reporting wheeze during the ET Yes* No*
Borg scale, dyspnea mean (95%Cl) 6.1 (5.3-6.8)** 45 (3.3-5.3)
Borg scale, leg pain mean (95%Cl) 5.8 (4.9-6.6) 6.0 (5.1-7.0)
AFEV, %y, median (95% Cl) 6.0 (4-12) 6.0 (3-9)
Mean HR (beats/minute) during the last 4 min of the ET mean (95%Cl) 191 (188-193) 193 (190-195)
Rise in lactate during the ET, mmol/l mean (95%Cl) 7.4 (6.7-8.0)** 5.9 (5.3-6.6)

Results are expressed as median (95% Cl).
Cl, confidence interval.

*n=31.

**p<0.01.

Society Task Force (21) using an LR 2000 nitric
gas analyzer (Loagan Research Ltd, Rochester,
UK). Exhalation and sampling flow rates were
250 ml/s and 250 ml/min, respectively. For each
subject, the mean of three plateau levels from
acceptable ENO curves were registered in parts
per billion (p.p.b.).

The ET consisted of a 6-8 min standardized
run without nose-clip on a motor-driven tread-
mill (Technogym, Fitness &  Technical
Equipment, Gambettola, Italy) with a 5.5%
inclination. Exercise load was increased during
the first 2 min by increasing the speed of the
treadmill, aiming at a heart rate (HR) of 180
beats per minute. The load was further increased
to obtain a HR of 90% of 220 beats per minute
minus age during the last 4 min. HR (continuous
electronic recordings), speed, and running time
were registered. Lung function was measured
before, immediately after, and 3, 6, 10 and 15 min
after exercise. Assuming there was a reduction in
FEV, after 10 min, FEV,| was also recorded after
35 min. The mean room temperature and ambient
air humidity were 22°C (range 20-24°C) and 34%
(range: 33-35%), respectively. The difference bet-
ween the basal FEV value and the lowest FEV;
after exercise, as a percentage of basal FEV;, was
defined as AFEV%e¢. EIB was defined as a
AFEV %y value of > 10% within 15 min after
the ET.

Measurements of lactate were taken from
capillary blood before and immediately after
running on the treadmill, analyzed using a YSI

Table 3. Methacholine bronchoprovocation test (MT) vs. exercise-induced
bronchoconstriction (EIB)

MT* MT-
Subjects™ 33 (56) 25 (44)
EIB* 19 (33) 14 (24) 5 (8.6)
EIB™ 39 (67) 19 (33) 20 (35)

*Total no. of subjects = 58.
Results are expressed as n (% of total).

1500 Sport L-Lactate Analyzer (Yellow Springs,
OH, USA), and expressed in mmol/l.

Modified Borg scale. During the last minute of
the ET, the degree of dyspnea and leg pain
achieved during running were registered on a
scale of 0-10, where zero was ‘not at all’ and 10
was ‘extremely severe’ (22).

Questionnaire. The questionnaire in the phase II
and the phase III studies were identical and
contained questions on respiratory and allergic
symptoms as well as asthma medication. The
questions were selected from the phase I study
interview that contained questions adapted
from the International Study of Asthma and
Allergies in Childhood (ISAAC) (23).

Statistical analyses

Data from measurements of a decrease in the
FEV % after exercise and the dose-response ratio
to methacholine were not normally distributed
and therefore non-parametric tests (Mann-—
Whitney U-test or Spearman correlation coeffi-
cient) were applied and the results presented as
median with 95% CI calculated by the Bernouilly
Wilcoxon procedure. Levels of ENO were close
to a log-normal distribution; hence, parametric
tests (independent-samples z-tests and Pearson’s
correlation coefficient) were assessed on log
values and the results are presented as geometric
mean and 95% CI. Categorical data were ana-
lyzed using chi-square tests. A two-tailed p-value
of < 0.05 was regarded as statistically significant.

Results
The association between EIW and EIB

The mean (95% CI) running time was 7.7 (7.5—
7.8) min and mean heart rate values during the
last 4 and last 2 min were 191 (190-193) and 194
(193-196) beats/min, respectively. All but two
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Table 4. Effect of cigarette smoking on the dose—response ratio to methacholine (DRR,.;.), percentage fall in the forced expiratory volume in 1 second (AFEV;%) after

exercise (AFEV;%,y), and levels of exhaled nitric oxide (ENO)

DRRuneh AFEV; %y ENO
Median Median Geometric mean
Subjects (%) with EIW (95% Cl) %/mg (95% Cl) (95% Cl)
All subjects, n=63 12 (7.5-24) 7.6 (5-9) 6.1 (5.2-7.0)
Cigarette smokers, n=16 (25%) 20 (5.5-193) 9.5 (4-18)* 5.1(3.8-7.0)
Non-smokers, n=47 (75%) 11.5 (7.0-23) 6.0 (4-8) 6.4 (5.4-7.6)

Cl, confidence interval; EIW, exercise-induced wheeze.

subjects reached a mean heart rate of > 90% of
220 beats per minute minus age during the last
2 min. Among the 63 adolescents with EIW as the
only or predominant asthma-like symptom, 21
(33%) had EIB, Table 2. Moreover, 16 subjects
(25%) had a AFEV%ex value of > 12% and
seven subjects (11%) had a AFEV%.x value of
> 15%.

In subjects reporting wheeze at the end of the
ET, the median AFEV%., value was not sig-
nificantly greater than in those who did not report
wheeze, but scores on the Borg dyspnea scale and
increase in capillary lactate were significantly
higher in the former group, Table 2. However, six
(86%) of the seven subjects with a AFEV%ey
value of > 15%, reported wheeze (p<<0.05) at the
end of the ET. Moreover, scores reported on the
Borg dyspnea scale were not correlated to the
AFEV 1%y, but to the increase in capillary lactate
(r=0.091; p = 0.5) and (r=0.35; p <0.07),
respectively.

Methacholine vs. EIB

Of the 58 subjects with EIW who completed the
ET and the MT, 33 (57%) had a positive MT
(Table 3). Subjects with a positive MT had a
significantly greater AFEV %y value than those
with a negative MT (Fig. 1). Furthermore, the
DRR,, was significantly increased in subjects
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Fig. 1. Percentage fall in the forced expiratory volume in
1 second (FEV) after exercise test in subjects with a negative
vs. a positive methacholine bronchoprovocation test (MT).
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with EIB, compared to those without EIB, when
cigarette smokers and subjects on inhaled steroids
were excluded: median (95% CI), 28%/mg (2.0-
400) vs. 8%/mg (5.5-19) p<<0.02.

Four (80%) of the five adolescents with EIB, but
a negative MT, were habitual cigarette smokers
(p=0.001) (Fig. 2). In cigarette smokers, the
AFEV %y, but not the DRR,,.;,, was significantly
increased compared to non-smokers (Table 4).
Moreover, the correlation coefficient between the
DRR,,, and the AFEV %, value increased from
r=0.33 (p=0.01) to r=0.46 (p=0.002) when
cigarette smokers were excluded from the model.

ENO vs. exercise- or methacholine-induced
bronchoconstriction

ENO was not increased in subjects with EIB, or in
subjects with a positive MT, compared to subjects
with negative tests, and there was no significant
correlation between ENO and DRR,. or
AFEV %y (r=0.18 and r=0.09, respectively).

Discussion

In this study we demonstrated that EIW, as the
only or predominant asthma-like symptom, was
associated with EIB only in 33% of the adoles-
cents when EIB was defined as a decrease in FEV
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Fig. 2. Association between the dose-response ratio to
methacholine (DRR-METHACHOLINE) and percentage
fall in the forced expiratory volume in 1 second (FEV) after
exercise in cigarette smokers (s) vs. non-smokers (O).



after exercise of at least 10%. Moreover, four of
the five subjects with EIB, but a negative MT,
were cigarette smokers. No agreement was found
between the percentage fall in FEV| after exercise
(AFEV1%ex) and reported wheeze at the end of
the ET or scores on the Borg dyspnea scale.

West and colleges found EIB in 57% of a
random sample of children aged 12-13 years with
reported wheeze within the preceding 12 months,
1.e. current wheeze (11). In comparison, we found
EIB in only 33% of adolescents with EIW. In
contrast to West et al., we had excluded subjects
with wheeze related to allergen exposure. As a
result, we may have excluded a group of patients
with severe asthma. This assumption was further
supported by the finding that MT was positive
only in 57% of the subjects, which contrasts with
our previous study of adolescents with allergy-
related wheeze, where 75% had a positive MT (5).
Thus, compared to current wheeze, it appears
that EIW is a very non-specific symptom when
reported as the only or predominant asthma-like
symptom. This is further underlined by the fact
that scores on the Borg dyspnea scale were
significantly correlated to a rise in lactate, but not
to AFEV %y, indicating that the scores on the
Borg scale merely reflected the degree of exhaus-
tion rather than bronchoconstriction.

As EIW was explained by EIB in only 33% of
the cases, other potential causes of EIW should
be considered. This was a cross-sectional study
aimed to investigate whether there existed a
point-by-point correlation between exercise-
induced symptoms and EIB. However, we are
aware of a certain variation in the degree of BHR
over time. Thus, if the exercise tests were
repeated, an increase in the percentage of subjects
with at least one positive test would be expected.
Moreover, a variety of disorders arising in the
structures of the upper respiratory tract, such as
infections, congenital anomalies and vocal cord
dysfunction (VCD), can cause coughing, wheez-
ing, and dyspnea (24,25). As VCD is most
common in females, the preponderance of girls
among adolescents with EIW may indicate that
VCD is an important differential diagnosis to
EIB. However, the subjects were carefully
observed during the ET, and no indications of
such conditions were found. Furthermore, it is
known that hyperventilation may be associated
with hypocapnia without bronchospasm and lead
to chest discomfort perceived as dyspnea (7,26).
Although this is a plausible explanation for EIW
in some cases, we believe that exhaustion was the
most common explanation for sensation of
wheeze or dyspnea during exercise in subjects
where EIB could not be confirmed.

Exercise-induced wheeze in adolescents

In the present study, levels of ENO were not
increased in adolescents with EIW. Furthermore,
there was no difference in the ENO levels between
subjects with EIB and those without EIB, either
in cigarette smokers or in non-smokers. In a
study by Scollo and colleges, 24 asthmatic
children and 18 healthy controls were investi-
gated using the ET (17). Twenty of the asthmatics
and none of the controls had positive skin-prick
tests. Baseline levels of ENO were significantly
increased in asthmatic children with EIB com-
pared to healthy controls, but not compared to
asthmatic children without EIB. Scollo and
colleges also demonstrated a correlation between
baseline ENO and the maximal fall in FEV after
exercise. In previous work, a close correlation
was found between an increase in ENO and
confirmed sensitization to airborne allergens
(5,19,20). Thus, the normal ENO levels found
in the present study may be the result of exclusion
of subjects with allergy-related wheeze.

Surprisingly, there was a significant association
between cigarette smoking and bronchoconstric-
tion caused by exercise, but not by methacholine.
We are not aware of any previous reports of such
a finding. Furthermore, in a former study of the
association between wheeze and methacholine-
induced bronchoconstriction (MIB), no signifi-
cant association between smoking and MIB was
found (5). However, it is known that both active
and passive smoking increase the inflammatory
burden of the lower respiratory tract through a
number of mechanisms. An association between
maternal smoking during pregnancy and
impaired fetal airway development, as well as
altered lung function during early childhood,
have been demonstrated (27). In Norway, an
increasing number of girls tend to take up
cigarette smoking (13,14). As girls reported
EIW more frequently than boys, girls may be at
a greater risk of developing EIW and EIB, as a
result of smoking, than boys.

In summary, we demonstrated that EIW, as the
only or predominant asthma-like symptom, was
associated with EIB in only 33% of the subjects.
Bronchoprovocation caused by exercise, but not
by methacholine, was significantly increased in
cigarette smokers. Furthermore, ENO was not
increased in subjects with EIB.

We conclude that when wheeze is experienced
mainly during exercise, it is easily confused with
exercise-induced exhaustion and is not a reliable
indicator of EIB. Furthermore, the relatively
poor correlation between response to exercise and
response to methacholine indicates that these two
tests reflect different mechanisms of reactivity in
the lower airways.
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