
The course of specific self-reported
exercise-induced airway symptoms in
adolescents with and without asthma
To the Editor:

Airway symptoms in conjunction with exercise can take on many forms and can have several contributory
factors such as exercise-induced bronchoconstriction (EIB), exercise-induced laryngeal obstruction or
hyperventilation [1]. Previous longitudinal studies on self-reported exercise-induced airway symptoms
among adolescents have primarily studied single symptoms, focusing on dyspnoea or wheeze, often as a
way to investigate the prevalence of asthma [2, 3]. To the best of our knowledge, there are, as yet, no
population-based studies investigating the difference between adolescents with and without current asthma
regarding the development of different specific exercise-induced airway symptoms. Therefore, we studied
the natural course of self-reported exercise-induced dyspnoea, throat tightness, wheeze, chest tightness,
cough, stridor and hoarseness over a 5-year period among adolescents with and without current asthma.

The ANDAS study is a prospective questionnaire-based cohort study of exercise-induced airway symptoms,
asthma and physical activity among adolescents in a general population from Uppsala, Sweden [4]. At
baseline in 2011, all adolescents, aged 12–13 years, in the city of Uppsala (n=3838) were contacted by post
and invited to complete a web-based questionnaire. In total, 60% of the adolescents responded. 5 years later,
in 2016, adolescents who had responded to the questionnaire in 2011 (now 17–18 years old) were invited to
complete the same questionnaire again. The response rate was 43% (n=1002). The recruitment procedure
and the characteristics of participants and nonparticipants have been described previously [5].

In the present study, two specified subpopulations from the ANDAS study were analysed: participants
reporting current asthma both in 2011 and 2016 (n=55; mean age 2011: 129 years; 2016: 17.6 years; 60%
females) and participants without asthma at both time points (n=844; mean age 2011: 12.7 years; 2016:
17.4 years; 56% females). 36 adolescents reporting asthma at baseline but not at follow-up and 67 adolescents
reporting asthma only at follow up were excluded from further analyses. Exercise-induced airway symptoms
were defined as reporting any of the following symptoms during or directly after exercise in the past year:
dyspnoea, throat tightness, wheeze, chest tightness, cough, stridor and hoarseness. Current asthma was
defined as ever having been diagnosed with asthma by a physician and having used asthma medication and/
or having had asthma symptoms (wheeze, or daytime or nocturnal dyspnoea) in the last 12 months. Level of
physical activity was defined as number of days per week with ⩾60 min of physical activity [6].

The data were analysed using STATA 14.2 (StataCorp, College Station, TX, USA). Differences in
percentages were calculated using a two-sided χ2-test or Fisher’s exact test between groups and McNemar
test for within-group comparisons. The Student’s t-test was used for comparisons between groups
regarding physical activity.

Among adolescents with current asthma, the prevalence rates of all the specific exercise-induced symptoms
were similar at baseline and follow-up. Exercise-induced dyspnoea, throat tightness and wheeze were the
most prevalent symptoms at both baseline and follow-up (figure 1). In contrast, in the group without
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current asthma, the prevalence of all the specific exercise-induced airway symptoms increased significantly
with age. Exercise-induced cough was the most common symptom at both time points (figure 1).

Among adolescents with asthma, the prevalence of rhinitis was 60% in 2011 and 63% in 2016. The
corresponding figures for the non-asthma group were 13% and 25%. The prevalence of overweight and
obesity was 26% in 2011 and 20% in 2016 among those with asthma. The corresponding figures for the
non-asthma group were 19% and 14%, respectively.

The level of self-reported physical activity decreased in both groups with age but did not differ between
participants with asthma compared to participants without asthma (baseline: 4.3 versus 4.1 days, p=0.46;
follow-up: 3.5 versus 3.6 days, p=0.97).

At baseline, among participants with asthma, more females reported exercise-induced wheeze and
inspiratory stridor compared with males (75% versus 25% p<0.001; 45 versus 18%, p=0.03, respectively). At
follow up, females reported higher prevalence of exercise-induced throat tightness and inspiratory stridor
compared with males (75% versus 24%, p<0.001; 74% versus 26%, p<0.001, respectively). More females
than males also reported exercise-induced dyspnoea, wheeze, chest tightness and hoarseness (p<0.05). In
addition, in the group without asthma, females had a higher prevalence of exercise-induced dyspnoea,
chest tightness, inspiratory stridor and throat tightness at baseline (p<0.05), and all symptoms at follow-up
(p<0.05), except for cough and hoarseness.

In the group without current asthma, the rate of remission of symptoms decreased with increasing
number of exercise-induced symptoms reported at baseline. Adolescents reporting three or more
exercise-induced symptoms at baseline had a significantly lower remission rate compared with
adolescents reporting one symptom (21.2% versus 51.7%, p=0.004) and two symptoms (21.2% versus
46.8%, p=0.03).

Among adolescents without asthma, we found a significant increase in the prevalence of all specific
exercise-induced airway symptoms over a 5-year period. Previous studies, investigating single symptoms,
have reported increased prevalence of cough and wheeze with age [7, 8]. The prevalence of
exercise-induced dyspnoea, the second most common symptom in the group without asthma in the
present study, was more than double at follow-up. Although exercise-induced dyspnoea can be related to
EIB [9], several studies have shown dyspnoea to be a poor predictor of EIB [10–12]. Several other
conditions can cause dyspnoea during exercise, deconditioning being reported to be the most common
one [11, 13].

Among participants with current asthma, the prevalence of symptoms did not increase with age. Four out
of five participants with asthma reported exercise-induced airway symptoms, in line with a previous
cross-sectional study [14].

Within the asthma group, exercise-induced dyspnoea and throat tightness were the two most common
exercise-related symptoms. Exercise-induced cough was the most common symptom in the non-asthma
group. Symptoms usually associated with disorders in the larynx or upper airways were far more prevalent
among females than males, both in the asthma and the non-asthma group. Indeed, in females with current
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FIGURE 1 Percentage of participants a) with and b) without current asthma reporting specific
exercise-induced airway symptom at baseline in 2011 and at follow-up in 2016. *: p<0.05 for change in
prevalence of symptoms from baseline to follow-up.
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asthma, almost two thirds reported exercise-induced throat tightness and almost half reported inspiratory
stridor. To our knowledge, this has not previously been described among adolescents with asthma. The
clinical significance of these findings needs to be further investigated.

A larger proportion of adolescents reporting three or more exercise-induced symptoms at baseline were
found to have persistent symptoms at follow-up, compared with those with fewer symptoms. This may
imply that a clinical history, covering on a wide range of symptoms, might better identify who is likely to
have persistent exercise-induced airway symptoms.

The strength of the present study is the relatively large unselected sample of adolescents from the general
population investigated, that it encompassed a wide range of questions regarding exercise-induced
symptoms and its longitudinal design. Therefore, this study adds information to the limited data available
on the course of specific exercise-induced airway symptoms from adolescence to young adulthood. The
results should, however, be interpreted with caution, as symptoms, in the absence of objective tests, lack
diagnostic sensitivity and specificity. To draw a firm conclusion, future studies of larger populations and in
different geographical locations are needed. The response rate dropped from 60% to 43% from baseline to
follow-up, implicating a possible responder bias. However, the nonresponders did not differ significantly
from responders according to baseline data, suggesting that the cohort studied at follow-up was
representative of that studied at baseline [5].

In young subjects without asthma, the prevalence of exercise-induced throat tightness, inspiratory stridor,
cough, chest tightness, wheeze and dyspnoea increased with age from adolescence to young adulthood. In
contrast, among subjects with asthma, the prevalence of individual respiratory symptoms was consistent
over time. Nonasthmatic subjects reporting multiple exercise-induced symptoms during adolescence are
less likely to report remission of symptoms 5 years later.
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