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Abstract

Objectives: To study the prevalence of exercise-induced bronchoconstriction (EIB)
and exercise-induced laryngeal obstruction (EILO) in adolescent athletes.
Methods: All adolescents (n = 549) attending first year at a sports high school in 2016
and 2017, were invited to answer a questionnaire on respiratory symptoms. The 367
responding participants were divided into two groups based on whether they reported
exercise-induced dyspnea (dyspnea group) or not (nondyspnea group). Randomly se-
lected participants in each group were invited to undergo two standardized exercise
tests, an EIB test and a continuous laryngoscopy exercise (CLE) test, to investigate EILO.
Results: In total, 98 participants completed an EIB test, 75 of whom also completed
a CLE test. Positive EIB tests: eight of 41 in the dyspnea group and 16 of 57 in the
nondyspnea group. Positive CLE tests: 5 of 34 in the dyspnea group and three of 41
in the nondyspnea group. The estimated prevalence of EIB was 23.1% (95% con-
fidence interval [Cl]: 14.5-33.8) and of EILO 8.1% (95% Cl: 2.5-18.5) in the whole
study population. No differences in prevalence of EIB or EILO were found between
the dyspnea and the nondyspnea groups.

Conclusion: EIB was highly prevalent in this cohort of adolescent athletes. EILO was
less prevalent, but represents an important differential diagnosis to EIB. Self-
reported exercise-induced dyspnea is a weak indicator for both EIB and EILO and

standardized testing should be provided.
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1 | INTRODUCTION

Exercise-induced respiratory symptoms are common among adult elite
athletes,™” but knowledge about their occurrence among adolescent
athletes is limited. In this group, the prevalence of exercise-induced re-
spiratory symptoms, such as shortness of breath, wheezing, chest tight-
ness or cough has been reported to vary between 15% and 28%.%* This
is higher than the prevalence reported in adolescents in general
populations.”®

There are several different conditions that may cause exercise-
induced respiratory symptoms.” The most widely studied condition
is exercise-induced bronchoconstriction (EIB). This refers to a
transient airway narrowing that occurs in association with physical
activity.® EIB is present in 35%-39% of adult athletes,™’ even
higher among swimmers and athletes performing cold weather
sports.’>** In comparison, one study reported EIB in 13% of
recreationally active adults in the general population.’? In contrast
to adult athletes, EIB in adolescent athletes is less studied but
prevalence figures ranging from 10% to 20% have been reported.*
For adolescents in the general population, EIB prevalence has been
estimated at approximately 5%-20%.%"'% The wide span of
reported EIB prevalence rates can be explained by variation of
study designs and diagnostic methods.

Exercise-induced laryngeal obstruction (EILO) is a condition
where breathing is hampered by narrowing of the larynx upon ex-
ercise. This may occur either in the form of vocal fold adduction
(glottic EILO) or due to medial movement of the cuneiform tubercles
and the aryepiglottic folds obstructing the laryngeal inlet (su-
praglottic EILO).*>*® For adolescents in the general population the
prevalence of EILO has been estimated to 5.7%-7.5%.>” There are
no cross-sectional studies investigating prevalence of EILO in ath-
letes, though EILO is believed to be more prevalent in young athletes
than in the general population.’® Knowledge of respiratory symp-
toms in connection to EILO is scarce, but EILO may be misdiagnosed
as EIB due to respiratory symptoms occurring during exercise. Thus,
correct diagnosis cannot rely on history alone.”?° The continuous
laryngoscopy exercise (CLE) test is the recommended diagnostic test
for EILO.™

EIB and EILO have been described to coexist in some individuals,
demonstrating that a positive test for EIB does not exclude the
possibility of a positive CLE test and vice versa.’®?! Though these
conditions can have similar clinical manifestations, EIB and EILO are
physiologically different and require different clinical management.

t,>> whereas for

For EIB there is efficient pharmacological treatmen
EILO pharmacological treatment is not recommended. For selected
cases of EILO surgical treatment with supraglottoplasty may be

successful.?®

Given the potential negative impact of these conditions
on sports performance, investigating EIB and EILO in athletes is
important.?*

The aim of this study was to investigate the prevalence of
exercise-induced dyspnea, EIB and EILO among adolescent

athletes.

2 | METHODS

In early autumn of the years 2016 and 2017, all students starting their
first year at a sports high school (2016: n=270, 2017: n=279, age
15-17 years) in Uppsala, Sweden, were asked to participate and fill out
a questionnaire. The questionnaire comprised questions on respiratory
symptoms, asthma and allergy. It was based on the International Study
of Asthma and Allergy in Childhood Questionnaire®® and European
Community Respiratory Health Survey,?® and has been previously used
in adolescent populations.”

In total, 367 participants consented to participate and filled out the
questionnaire (2016: n=172, 2017: n= 195), equaling 66.8% of all eli-
gible adolescents. One female with previously diagnosed EILO was not
included in the study and 181 adolescents declined all participation.

Based on their answers to the question “Have you had an attack
of shortness of breath that came during or following strenuous ac-
tivity at any time, in the last 12 months?”,?” the participants were
stratified into two groups. Participants who responded positively to
this question were assigned to the dyspnea group and participants
who responded negatively were assigned to the nondyspnea group.

The stratification was based on the hypothesis that the prevalence
rates of EIB and EILO would be higher in the dyspnea group than in the
nondyspnea group. The same method has been applied in a previous
epidemiological study of EIB and EILO.™® The intention was to perform
exercise tests in 100 participants, evenly distributed between the
dyspnea and the nondyspnea groups. To obtain a representative sample
for the whole population, participants within the dyspnea and non-
dyspnea groups were sequenced by computer randomization. Partici-
pants from both groups were invited in order of sequence number, to
undergo a standardized EIB test. For all participants undergoing the EIB
test, data regarding weight, height and average weekly training hours
were obtained. All participants who completed an EIB test were invited
to undergo a CLE test at a second visit.

All investigators (KE, HJ for EIB tests, EM, KN, LN for CLE tests)
were blinded to whether the participants belonged to the dyspnea or
nondyspnea group. CLE test investigators were also blinded to the
EIB test results.

In total, 98 participants (41 in the dyspnea group and 57 in the
nondyspnea group) completed an EIB test, 75 of whom (34 in the
dyspnea group and 41 in the nondyspnea group) also completed a
CLE test. All tests took place at Uppsala University Hospital during
September-November 2016 and 2017.

2.1 | Exercise-induced bronchoconstriction test

Before EIB testing, the participants were instructed to withdraw any
short-acting 32-agonists 8 h before the test, long-acting 2-agonists 24 h
before the test and leukotriene receptor agonists 72 h before the test.
The participants were instructed not to use inhaled corticosteroids on
the day of their test. They were also asked to avoid vigorous exercise,

heavy meals, nicotine and caffeine 4 h before their EIB test.”®
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Baseline spirometry was conducted in accordance with the
American Thoracic Society standards.?” The baseline value of forced
expiratory volume in one second (FEV,) was documented as the best
of three reproducible measurements (Cardio Perfect dynamic
spirometry; Welch Allyn). The EIB tests were performed on a
treadmill (Tunturi T50). Dry air (H,O <5mg/L, 18-22°C) was ad-
ministered through a breathing tube (Aiolos Asthmatest; Aiolos
Medical). The EIB test comprised 7-8 min of running. Heart rate was
monitored continuously using a heart rate monitor (Polar RCX5;
Polar Electro QY). The protocol required reaching a heart rate of
90% of the predicted maximum ((220 - age) x 0.9) within the first
2 min and maintaining this level for the remaining 5-6 min. The heart
rate level was maintained by continuous adjustment of the tread-
mill's speed and slope. FEV, was measured 5, 10, 15, 30, and 60 min
after the test. The best FEV, value of two measurements at each
time point was documented. EIB was defined as a decrease of
FEV; = 10% from baseline.”®

During EIB testing, two participants in the nondyspnea group
stopped running in minute four, that is, not completing the test in
accordance with the test protocol; one stopped due to throat
tightness and one due to nausea. However, lung function measure-
ments were performed according to protocol on these participants
and they have been included in the analyses of the study.

2.2 | Continuous laryngoscopy exercise test

The CLE tests were performed 3-22 (median 14) days after the EIB
tests. Participants who regularly used asthma medication before phy-
sical exercise were instructed to do so before the CLE test. The parti-
cipants were asked to avoid vigorous exercise the day before the test.

The CLE tests were performed using bicycle ergometry (model
828E, Monark).

The bicycle seat was adjusted for each subject. Naphazoline-
lidocaine was sprayed in the nostrils to achieve local anesthetic and
decongestive effect in the nasal cavity. A fiber optic laryngoscope
(Olympus ENF-P3) was inserted in one nostril until its tip was just
above the epiglottis, providing a detailed view of the larynx. The
laryngoscope was fixed to the nose, fastened in a helmet to secure
position and connected to a camera (Ubicam; Sopro imaging). Normal
ad- and abduction ability of the vocal folds was confirmed.

The pedal frequency was 80 rotations per minute and the load
started at 80 watts and was increased by 40 watts every second minute
until exhaustion. The participants were instructed to continue pedaling
until they experienced disabling shortness of breath or until complete
exhaustion. The larynx was filmed during the entire test and con-
tinuously for two minutes after cessation. Laryngeal obstruction was
graded 0-3, at glottic and supraglottic levels according with the criteria
described by Maat et al.>° Obstruction of grade two or higher at the
supraglottic and/or the glottic level was defined as a positive CLE test,
consistent with EILO. All CLE test investigators were medical doctors in

the field of otorhinolaryngology (EM, KN, LN). The laryngeal obstruction
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was graded during the test by the attending investigator. For uncertain
cases and cases graded as 2 or higher, the recordings from the tests

were also evaluated by one additional investigator.

2.3 | Statistical analyses

The data were analyzed using STATA 14.2 (Stata Corp) and SAS 9.4
(SAS Institute Inc.). Anthropometric data, lung function, asthma
medication and exercise test results were summarized as arithmetic
means, standard deviations, and minimum and maximum for con-
tinuous variables, and as numbers and percentages for categorical
variables. Age, body mass index, and FEV, were compared between
groups using unpaired Student’s t tests. For all categorical variables,
a cross-tabulation versus groups was performed and groups were
compared using the chi square test or the Fisher exact test (if group
size <6). The results were considered to be statistically significant at
p <.05. The participants who underwent EIB and CLE tests were
assumed to be random samples from the two groups, dyspnea and
nondyspnea. Considering the larger drop-out rate among males
compared with females, post-stratification by sex was applied to
assign statistical weight to the participants.®’ Calculations were
based on four strata: dyspnea females, dyspnea males, nondyspnea
females, and nondyspnea males. The prevalence rates of EIB and
EILO were estimated by multiplying the proportions of positive tests
within the strata with their relative proportion of the study popu-
lation. Wald based confidence limits were calculated for estimates
>25% and modified Clopper-Pearson confidence limits were calcu-
lated for estimates <25%.°?

2.4 | Ethics

All participants signed a written informed consent form at inclusion
in the study. The ethical review board in Uppsala, Sweden, provided
ethics approval for this study (Dnr 2016/169).

3 | RESULTS

The characteristics of all participants and the dyspnea and non-
dyspnea groups are presented in Table 1.

3.1 | Dyspnea group

Exercise-induced dyspnea was reported by 20.4% of all participants and
similar proportions were reported in 2016 and in 2017 (20.3% and
20.5%, respectively, p >.99). EIB tests were completed by 41 partici-
pants in the dyspnea group, eight of which were positive. Subsequently
34 of these participants also completed a CLE tests, of which five were

positive for EILO. One participant was positive in both tests.
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TABLE 1 Characteristics of all participants and participants in the dyspnea group and nondyspnea group

All participants (n = 367)

Female, n (%) 150 (40.8)
Age (years), mean (SD) 15.8 (+ 0.4)
BMI, mean (SD) 21.7 (£2.9)
Overweight and obesity”, n (%) 59 (17.3)
Current asthma®, n (%) 50 (14)
Rhinitis, n (%) 107 (29.9)
Wheeze, n (%) 72 (20.1)
Day time Dyspnea, n (%) 28 (7.8)
Nocturnal Dyspnea, n (%) 9 (2.5)
ICSS, n (%) 28 (7.8)
SABAS, n (%) 63 (18.3)
LABAS, n (%) 10 (2.9)
LTRAS, n (%) 5(1.5)

Dyspnea (n = 75) Nondyspnea (n = 292) p value
53 (70.7) 97 (33.2) < 0.001
15.7 (+0.48) 15.8 (+0.4) 0.45
21.5 (£3.1) 21.8 (+2.8) 0.46
10 (14.2) 49 (18) 0.58

33 (44) 17 (6) < 0.001
24 (33.3) 83 (29.2) 0.56

35 (48.6) 37 (12.9) < 0.001
13 (20.3) 15 (4.6) < 0.001
6 (8.1) 3(1) 0.003
16 (22.3) 12 (4.4) < 0.001
36 (50) 27 (9.9) < 0.001
4 (6.2) 6(2.2) 0.010

3 (4.5) 2 (0.7) 0.054

P-value: Dyspnea versus Non-dyspnea. BMI, body mass index (kg/mz); ICS, inhaled corticosteroids; SABA, short-acting $2-agonists; LABA, long-acting

B2-agonists; LTRA, leukotriene receptor antagonist.

Available data: All 367 subjects responded to all the questions in the questionnaire except BMI n = 342, physician-diagnosed asthma n = 357, rhinitis,
wheeze, day-time dyspnea, nocturnal dyspnea and ICS n = 358, SABA n = 345, LABA and LTRA n = 340.

2Overweight and obesity defined as BMI > 85th percentile.

bSelf-reported physician-diagnosed with symptoms and/or medication excluding SABA only.

“Any use in last three months.

3.2 | Nondyspnea group

The nondyspnea group comprised 292 of 367 participants (97 females,
195 males). EIB tests were completed by 57 participants in the
nondyspnea group, 16 of which were positive. Subsequently 41 of
these participants also completed a CLE test, of which three were
positive for EILO.

Characteristics and exercise test results for the participants who
underwent EIB test are presented in Table 2.

3.3 | Current asthma

Current asthma was defined as self-reported physician-diagnosed
asthma with concomitant symptoms and/or medication (excluding
treatment with short-acting 2-agonists only). This was reported
more often by participants in the dyspnea group than in the non-
dyspnea group. Self-reported wheeze, daytime- and nocturnal dys-
pnea and use of asthma medication were also reported more often

by participants in the dyspnea group (Table 1).

3.4 | Sports participation

The participants were competing at national or international level
(68%) or regional level (32%). Twenty-one different sports were

represented among the participants, with the most common being
soccer (21%), floorball (11%), American football (8%), basketball
(7%), and orienteering (6%). Cold weather sports, such as ice hockey
and alpine skiing, were practiced by 9% of the participants. Swim-
ming was performed by less than 3% of the participants.

The types of sports were evenly distributed among the partici-
pants in the dyspnea group and the nondyspnea groups, apart from
orienteering; ten of 21 (48%) orienteers reported exercise-induced
dyspnea (p =.032). The distributions of types of sports were similar
in the sample who underwent exercise tests and in all participants.

3.5 | Participants declining or not completing
exercise tests

In total, 152 participants declined all testing. In the dyspnea group 25 of
the 66 (37.9%) invited to testing declined: 14 of 45 (31%) females and 11
of 21 (52.4%) males. In the nondyspnea group, 127 of 184 (69%) invited
to testing declined: 32 of 58 (55.2%) females and 95 of 126 (75.4%)
males. The number of participants declining tests were significantly
higher among males compared with females (p <.0001) and in the non-
dyspnea group compared with the dyspnea group (p <.0001). The group
that declined testing did not differ from the tested sample with regard to
self-reported current asthma or types of sports participation.

After completion of EIB tests, 18 participants (3 in the dyspnea
group and 15 in the nondyspnea group) declined participation in the
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Age (years), mean (SD) 15.8 (+ 0.1)
Females, n (%) 57 (58.2)
Weekly training hours, median 12.5

BMI, mean (SD) 22.1 (£6.0)
Overweight and obesity” (%) 18 (19.4)
FEV4 % predicted®, mean (SD) 95.8 (£9.9)
Current asthma“, n (%) 21 (21.4)
Rhinitis, n (%) 26 (27.6)
Wheeze, n (%) 34 (35.4)
Day time Dyspnea, n (%) 11 (11.2)
Nocturnal Dyspnea, n (%) 2(2)

ICSY, n (%) 13 (13.5)
SABAY, n (%) 28 (29.2)
LABA, n (%) 4(4.3)
LTRA, n (%) 1(1.1)

Exercise tests, positive/all

tested, n (%)
EIB test 24/98 (24.5)

CLE test 8/75 (10.7)

Dyspnea (n=41) Nondyspnea (n=57) p-value
16 (+0.2) 15.8 (+0.1) (15,17) >0.99
29 (70.7) 28 (49.1) 0.053
12,5 125 >0.99
21.1 (£6.0) 22.2 (+6.1) 0.52

7 (18.4) 11 (20) 0.85
97.5 (+10.8) (+10.8) 94.6 (£9.2) 0.92
18 (43.9) 3(5.2) <0.001
13 (33.3) 13 (23.6) 0.30
21 (52.5) 13 (23.6) 0.002
6 (15) 5 (8.6) 0.34

0 2 (3.4) 0.51

9 (23.1) 4 (7.1) 0.035
18 (46.2) 10 (17.5) 0.002
2 (5.4) 2 (3.6) >0.99
0 (0) 1(1.8) >0.99
8/41 (19.5) 16/57 (28.1) 0.46
5/34 (14.7) 3/41 (7.3) 0.46

P-value: Dyspnea versus Nondyspnea. BMI, body mass index (kg/m?); ICS, inhaled corticosteroids; SABA, short-acting p2-agonists; LABA, long-acting
B2-agonists; LTRA, leukotriene receptor antagonist; EIB test, exercise-induced bronchoconstriction test; CLE test, continuous laryngoscopy exercise test.

Available data: all 98 subjects responded to all the questions in the questionnaire except wheeze, ICS and SABA n = 96, rhinitis n = 94, BMI, overweight

and obesity, LABA and LTRA n = 93.
2Overweight and obesity defined as BMI > 85th percentile.
PRefolded before exercise-induced bronchoconstriction test.

“Self-reported physician-diagnosed with symptoms and/or medication excluding SABA only.

dAny use in last three months.

CLE test. Another five participants (four in the dyspnea group and
one in the nondyspnea group) discontinued their CLE tests after
fainting upon insertion of the laryngoscope (Figure 1). These were

not included in the analysis of EILO prevalence.

3.6 | Prevalence of EIB

Twenty-four (24.5%) participants had positive EIB tests; 8 (19.5%) in
the dyspnea group (6 females of whom one also had a positive CLE
test) and 16 (28.1%) in the nondyspnea group (11 females) (Table 2).
The median fall in FEV, in the dyspnea group was -13.3% (inter-
quartile range [IQR]: 12.5-18.1) and in the nondyspnea group
-15.9% (IQR: 11.9-18.4).

The estimated prevalence of EIB in the whole population was
23.1% (95% Cl: 14.5-33.8). The estimated prevalence of EIB among

females was 33.4% (95% Cl; 19.9-47.0) and among males 16.8%
(95% Cl: 6.4-33.1) (Table 3).

3.7 | Prevalence of EILO

Eight participants had positive CLE tests consistent with EILO; five
(14.7%) in the dyspnea group (four females of whom one also had a
positive EIB test) and three (7.3%) in the nondyspnea group (two
females) (Table 2). Two of those with positive CLE-tests had glottic
obstruction, four had supraglottic obstruction and two had both
glottic and supraglottic obstruction.

The estimated prevalence of EILO in the whole population was
8.1% (95% Cl: 2.5-18.5). The estimated prevalence of EILO among
females was 11.1% (95% Cl: 3.8-23.7) and among males 6.3% (95%
Cl: 0.4-24.8) (Table 3).
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Study Flow Diagram

Eligible participants
questionnaire n=549

Excluded n=182

> (Known EILO n=1 +declined n=61 + did
not fill out the questionnaire n=120)

Screening question: “Have you had an attack of shortness of breath that came during
or following strenuous activity at any time, in the last 12 months?” n=367

A/I\u

“Yes”=Dyspnea n=75
Randomly sequenced

“No”=Nondyspnea n=292
Randomly sequenced

v

¥

Contacted about tests n=66

Contacted about tests n=184

Declined participation n=10
Did not answer n=15

Declined participation n=53
] Did not answer n=74

EIB-test n=98
Dyspnea n=41 Nondyspnea n=57

Declines further participation

Declines further participation

Dyspnea n=3

Nondyspnea n=15

CLE-test n=80
Dyspnea n=38 Nondyspnea n=42

Fainted before or during test

Fainted before or during test

A

Dyspnea n=4

A4

Nondyspnea n=1

CLE-test n=75
Dyspnea n=34 Nondyspnea n=41

FIGURE 1 Participants' inclusion and exclusion. CLE test, continuous laryngoscopy exercise test; EIB test, exercise-induced

bronchoconstriction test

4 | DISCUSSION

In this sectional adolescents

attending the first year at a sports high school, 20.4% reported

cross study investigating
exercise-induced dyspnea. A positive EIB test was found in 24 of
98 tested participants (24.5%) and a positive CLE test consistent
with EILO was found in 8 of 75 tested participants (10.7%). There
were no statistically significant differences between the dyspnea
and nondyspnea group regarding prevalence rates of EIB and
EILO. EIB was numerically more prevalent in the nondyspnea
group.

Exercise-induced dyspnea was reported by 20.4%, which is a
figure in line with previous research in athletes.>®> Our results also
confirm previous findings that this symptom is more prevalent in

females than in males.”**

The estimated prevalence of EIB was 23.1%, which is somewhat
higher than in a general adolescent population.’® No sex difference
was found, which is in accordance with previous studies on EIB in the

TABLE 3 Estimated prevalence rates of EIB and EILO
post-stratified by sex

EIB EILO

All, % (95% Cl) 23.1 (14.5 - 33.8)" 8.1 (2.5 - 18.5)°

Females, % (95% Cl) 334 (19.9 - 47.0)° 11.1 (3.8 - 23.7)°

Males, % (95% Cl) 16.8 (6.4 - 33.1)° 6.3 (0.4 - 24.8)°

EIB, exercise-induced bronchoconstriction; EILO, exercise-induced
laryngeal obstruction.

Wald confidence limits.

bClopper-Pearson (exact) confidence limits.
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general adolescent population®® and in college athletes.” The method
of using both inhaled dry air and exercise in the EIB test may have
contributed to higher prevalence of EIB than previously reported.
However, this method is recommended in European Respiratory
Society technical standard on bronchial challenge testing.”® Using
the threshold for a positive test of >10% postexercise fall in FEV4
may also have contributed to a higher prevalence rate of EIB in this
study. A threshold of 15%-20% has been reported to be more
specific for EIB,*® but the 10% threshold has been proposed when
assessing EIB in athletes.?®

A substantial number of positive EIB tests were found in both
the dyspnea and nondyspnea groups. This finding, together with the
fact that EIB was numerically more prevalent in the nondyspnea
group, confirms that self-reported exercise-induced dyspnea is a
poor predictor of EIB among young athletes. This is in line with other
studies in athlete populations”?*®” but in contrast to a previous
study on adolescents from the general population.’®

The dissociation between self-reported symptoms and results
from objective exercise tests demonstrates the need for screening
for EIB in young athletes. Considering young athletes' high ventila-
tory demands and accounting for previous findings of high EIB pre-
valence in adult athletes, prompt detection and subsequent
treatment of EIB could mitigate future airway dysfunction and thus
promote both health and performance.

To our knowledge, this is the first cross-sectional study on pre-
valence of EILO among athletes. The estimated prevalence of EILO was
8.1%. This figure is slightly higher than that reported in a cross-sectional
study of adolescents from a general population.”* However, in a retro-

I,>* where athletes were referred to a

spective study by Nielsen et a
tertiary clinic for evaluation of respiratory symptoms, 35% had a positive
CLE test and females more often had EILO compared with males. Sub-
stantial differences in study design may explain the diverging results
between the Nielsen study and the present, both regarding the overall
number of positive CLE tests and possible sex difference. In the present
study numerically more females than males had a positive CLE test, but
there was no sex difference regarding estimated prevalence of EILO. This
is in concordance with a previous study of prevalence of EILO among
adolescents from the general population.’® It is unlikely that laryngeal
immaturity could account for the lack of sex difference in this study, since
all participants were at an age where the larynx is expected to have
reached adult size in both females and males. However, the small total
number of positive CLE tests may have affected the lack of sex difference
in our estimates. Furthermore, a selection bias in the present study
cannot be ruled out, as there was a non negligible dropout among male
participants.

Participants with EILO were found to a similar extent in both the
dyspnea and nondyspnea groups, indicating that self-reported
exercise-induced dyspnea is a poor predictor also for EILO. Cer-
tainly, characterization of respiratory symptoms in connection to
EILO requires further investigation in larger populations.

This study has several strengths. The cross-sectional design with a

randomized sample provides new information about athletes in an age
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group where competitive sport is common. The EIB tests were per-
formed in accordance with international guidelines and the CLE test was
performed accordance with current recommendations.*>?® To prevent
the risk of assessment bias, all investigators were blinded to participants'
questionnaire outcomes, including their status as dyspnea or non-
dyspnea. The response rate to the questionnaire, 66.8%, is fairly good,
but a possible selection bias cannot be overlooked, as there is no in-
formation on the adolescents who declined all participation. Another
limitation is the use of bicycle ergometry during the CLE tests, instead of
running on a treadmill. It may be debated if use of bicycle ergometry is
less sensitive than running on a treadmill, resulting in false low pre-
valence of EILO in this study. However on comparison, the CLE score
outcome has been reported to be similar regardless of if a bicycle or a
treadmill is used.>® The larger dropout rate among males resulted in a
skewed representation of females versus males among participants
undergoing exercise tests. To account for this statistically, post-
stratification was used. Due to the relatively small sample size, the
confidence intervals of the estimates in this study are wide and over-
lapping. The lack of sex differences in the present study may also be

affected by the small sample size.

5 | CONCLUSION

EIB was highly prevalent in this cohort of adolescent athletes.
EILO was less prevalent, but represents an important differential
diagnosis to EIB. Self-reported exercise-induced dyspnea is a
weak indicator for both EIB and EILO. We suggest EIB screening
in elite athlete programs, regardless of respiratory symptoms.
Athletes with disabling exercise-induced respiratory symptoms,
who are either EIB negative or EIB positive and still symptomatic
despite successful EIB treatment, should be referred for CLE test

to investigate EILO.
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