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ABSTRACT
Objective: The prevalence of asthma among elite endurance athletes is high, but less is
known about the incidence of asthma among athletes. The aim of this study was to exam-
ine the incidence rate of physician-diagnosed asthma among elite endurance athletes.
Method: An annual postal questionnaire was sent to an open prospective cohort of elite
endurance athletes between 2011 and 2015. Athletes from Swedish National teams, stu-
dents at universities with elite sport partnership, and pupils at Swedish National elite sport
schools, competing in cross-country skiing, biathlon, ski orienteering, or orienteering were
invited (n¼ 666). Incidence rate of physician-diagnosed asthma was calculated among those
without asthma at baseline (n¼ 449). Risk factors for incident physician-diagnosed asthma
were identified using a multivariate logistic regression analysis.
Results: Response rate was 88.7% (n¼ 591) at baseline. The median age of participants was
17 (range 15–36) years at inclusion. The study population included 407 (69%) skiers and 184
(31%) orienteers. The prevalence of asthma at baseline was 23.9% (n¼ 141). Incidence rate
(95% confidence interval [CI]) of physician-diagnosed asthma was 61.2 (45.7–80.3) per 1,000
person-years. Risk factors (odds ratio [OR (95% CI)]) for incident physician-diagnosed asthma
were family history of asthma (1.97 [1.04–3.68]), being a skier (3.01 [1.42–7.21]), and wheez-
ing without having a cold (4.15 [1.81–9.26]).
Conclusion: The incidence rate of physician-diagnosed asthma is high among Swedish elite
endurance athletes.
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Introduction

The prevalence of physician-diagnosed asthma in a
Swedish general population older than 15 years of age
has been estimated to 8.3–13.3% (1,2). The prevalence
of asthma among endurance athletes is higher but
varies widely, depending on study and sport (3,4). In
1993, 33% out of 42 Swedish cross-country skiers
were reported to have had asthma-like symptoms and
bronchial hyper-reactivity (BHR), and 31% had phys-
ician-diagnosed asthma (5). Almost 20 years later, the
prevalence of physician-diagnosed asthma among
Swedish adolescent elite skiers and orienteers has been
estimated at 29% and 17%, respectively (6).

The increased prevalence of asthma among endur-
ance athletes has mostly been attributed to increased

ventilation during exercise, leading to osmotic changes
and epithelial damage (7,8). Environmental factors,
such as the dry air in winter sports, also are believed
to enhance the harmful effect on the airways and may
increase the osmotic effect during high ventilation. In
aquatic sports, chlorine compounds in swimming
pools may lead to increased airway inflammation and
epithelial damage due to oxidative stress (9,10).

The incidence rate of asthma among adults in
Sweden has been estimated at 1.4–3.9 per 1,000 per-
son-years (11–13) and 1.9 per 1,000 person-years in a
population 16–35 years of age (11). There are a few
small longitudinal observational studies (n¼ 3–42) on
respiratory health among endurance athletes; some
show increased airflow limitation (14,15) or airway
inflammation (16), and one study did not show any
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lung function impairment (17) during the observation
period. However, to the best of our knowledge, there
are no published studies on the incidence of asthma
among endurance athletes.

The aim of this study was to estimate the incidence
rate of self-reported, physician-diagnosed asthma in a
population of elite endurance athletes, consisting of
skiers and orienteers. A secondary objective was to
assess risk factors for incident physician-diagnosed
asthma in this population.

Material and methods

Study design

This study was based on a prospective annual postal
survey conducted in Sweden from 2011 to 2015 (6).
The study was approved by the Regional Ethical
Review Board, Umeå. Written informed consent was
obtained from each participant.

Study population

The study population was composed of Swedish elite
endurance athletes competing in skiing (cross-country ski-
ing, biathlon, or ski-orienteering) and orienteering.
Athletes were eligible for inclusion if they belonged to one
of the following four groups: (1) the Swedish National
teams, (2) National elite upper secondary sport schools, (3)
students with elite sport contracts at one of three univer-
sities, or (4) National top-80 ranking in orienteering in
2011. The study cohort was open for inclusion annually
from 2011 to 2015, and each study participant received a
yearly questionnaire in August–September (Figure 1). In
total, 666 unique athletes were invited to participate.

Questionnaire and study variables

The athletes received a postal questionnaire based on
the European Community Respiratory Health Survey II
(ECRHS II) questionnaire (18), with additional ques-
tions about amount of training (hours/week) and main
sport. One reminder was sent to non-responders.

Definitions of study variables were as follows.
Physician-diagnosed asthma: “Have you ever had asthma?”
and “Was it diagnosed by a doctor?” Nasal allergies: “Do
you have any nasal allergies, including hay fever?” Family
history of asthma: “Have any of your parents or siblings
had asthma?” Shortness of breath: “Have you had an
attack of shortness of breath that came following strenu-
ous activity at any time in the last 12months?” Wheeze
without having a cold: “Have you had wheezing or whis-
tling in your chest at any time in the last 12months?” and
“Have you had this wheezing or whistling without having

a cold?” Training: “On average during the last 12months,
how many hours/week did you exercise so much that you
got out of breath or became sweaty?”

Statistics

Population at risk (PAR) was defined as participants with-
out physician-diagnosed asthma at baseline (at inclusion of
the study¼ year 1). Incidence rate of physician-diagnosed
asthma among the PAR was calculated by dividing the
number of athletes that fulfilled the study criteria for phys-
ician-diagnosed asthma during follow-up, that is, number
of incident cases of asthma, by the summarized time at risk
in person-years. Athletes in the PAR contributed with 1
person-year for every year of follow-upwithout being diag-
nosed with asthma. An athlete diagnosed with asthma con-
tributed with 0.5 person-years that year, since the exact
date of the diagnosis was unknown. Incidence rate was
expressed per 1,000 person-years. Participating athletes
who neither answered the last questionnaire (year 2015),
nor had incident physician-diagnosed asthma, were con-
sidered lost to follow-up. To analyze athletes lost to follow-
up from the PAR, baseline characteristics of athletes in the
PAR who were lost to follow-up were compared to those
who completed the follow-up.

All statistical analyses were conducted using R statis-
tical software (version 3.4.4) (19). Baseline characteristics
at inclusion among athletes were compared by Pearson’s
v2 for categorical variables and Student’s t-tests for con-
tinuous variables. When data was skewed, the
Mann–Whitney U test was used instead of the Student’s
t-test. P values <0.05 were considered significant.

Risk factors for incident physician-diagnosed
asthma were identified using a generalized linear
model with a binomial distribution with a logit link.
The variable “sport” was grouped into skiing (cross-

Figure 1. Baseline (year 1) and follow-up (year 2–5) of partici-
pants stratified per year of recruitment (2011–2014). Response
rate summarized column-wise per year of participation (years
1–5) and presented as % (number of participating athletes/
number of eligible athletes).
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country skiing, biathlon, ski-orienteering) and orient-
eering (orienteering), based on season of competition
(winter vs. summer sport). Variables included in the
bivariate and multivariate logistic regression models
were age, sex, family history of asthma, wheeze with-
out having a cold, and sport (skiing vs. orienteering).

Results

The response rate was 88.7% (591/666) at baseline
and decreased by year of follow-up (Figure 1). The
study population thus consisted of 407 skiers (279
cross-country skiers, 81 biathletes, and 47 ski orien-
teers) and 184 orienteers. In total, 107 athletes
belonged to a national team at baseline. Median age
was 17 (range 15–36) years.

At baseline, 141 (23.9%) reported physician-diagnosed
asthma, and among these, 110 (18.6% of the total popula-
tion) had used asthma medication during the last
12months. Median (IQR) age at onset of asthma was 13
(11–15) years. One athlete did not answer the question
regarding physician-diagnosed asthma and was excluded.
Thus, the PAR consisted of 449 athletes. Respiratory symp-
toms, such as wheeze without having a cold and shortness of
breath following exercise, were less common among athletes
in the PAR compared to those with physician-diagnosed
asthma at baseline, 8.2% vs. 37.4% and 5.4% vs. 30.5%,
respectively (both p< 0.001). Also, nasal allergy and family
history of asthma were less common in the PAR compared
to those with physician-diagnosed asthma, 28.3% vs. 58.3%
and 21.7% vs. 48.9% respectively (both p< 0.001) (Table 1).
At baseline, 5 athletes reported less than 5h of exercise per
week, compared to 11 athletes at year 4 of follow-up.

Incidence of physician-diagnosed asthma and
risk factors

The study contributed with 849 person-years at risk, and
during follow-up, 52 athletes were diagnosed with asthma.

The incidence rate of physician-diagnosed asthma (95%
confidence interval [CI]) was estimated at 61.2 (45.7–80.3)
per 1,000 person-years. Among athletes with incident phys-
ician-diagnosed asthma, it was more common to be female
(59.6% vs. 43.1%, p¼ 0.024), to have a family history of
asthma (42.3% vs. 26.5%, p¼ 0.017), and to report wheeze
without having a cold at baseline (23.5% vs. 6.2%,
p< 0.001), compared to those who were not diagnosed
with asthma during the observation period. There were no
significant differences regarding nasal allergy or shortness
of breath following exercise (Table 2).

Being a skier (compared to being an orienteer),
having a family history of asthma, and reporting
wheeze without having a cold in the previous
12months were independently associated with inci-
dent physician-diagnosed asthma (Table 3).

Baseline characteristics of skiers and orienteers

The orienteers were older than the skiers; median (inter-
quartile range [IQR]) age 18 (16–22) vs. 17 (16–20),
p¼ 0.036. Among the elite endurance athletes, the pro-
portions of females were similar among skiers (46%)
and orienteers (49%) (p¼ 0.577). At baseline, a higher
proportion of skiers had physician-diagnosed asthma
(24% vs. 13%, p< 0.001), reported wheeze without hav-
ing a cold (18% vs. 8%, p¼ 0.002), and had more hours
of training per week during the past year (median
[IQR] 10 [8–13] vs. 8 [6–10], p< 0.001), compared to
orienteers. Shortness of breath following exercise was
reported by 12% of the skiers compared to 9% of the
orienteers (p¼ 0.290). There were no significant differ-
ences in family history of asthma, or nasal allergy
between skiers and orienteers (30% vs. 38% and 30% vs.
29%, p¼ 0.065 and p¼ 0.862), respectively.

Analysis of participants lost to follow-up

A total of 241 (53.7%) athletes of the PAR completed
the follow-up, whereas the remaining 208 athletes

Table 1. Basic characteristics at baseline (year 1) of the total study population, and comparison of athletes with and without
physician-diagnosed asthma (asthma vs. PAR).

N Total population (n¼ 591) Asthma (n¼ 141) PAR (n¼ 449) P value

Agea, median (IQR) 591 17 (16� 20) 18 (16� 22) 17 (16� 20) 0.003
Female 591 279 (47.2) 77 (54.6) 202 (45.0) 0.046
Trainingb, median (IQR) 579 10 (8� 13) 11 (9.8� 14) 10 (8� 12) <0.001
Family history of asthma 573 202 (35.3) 77 (58.3) 125 (28.3) <0.001
Nasal allergy 525 153 (29.1) 69 (48.9) 83 (21.7) <0.001
Skierc 591 407 (68.9) 117 (83.0) 290 (64.6) <0.001
Wheezed 578 88 (15.2) 52 (37.4) 36 (8.2) <0.001
Shortness of breathe 584 67 (11.5) 43 (30.5) 24 (5.4) <0.001
N denotes number of answers. Data are presented as n (%) unless otherwise stated. Significant p values in bold.
aYears (age range 15–36). IQR¼ Interquartile range.
bHours per week (range 2–22).
cSport grouped into skiing (cross-country skiing, biathlon, ski orienteering) and orienteering.
dWheeze without having a cold. eShortness of breath following exercise.
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were lost to follow-up during the study period.
Although the proportion of females was higher among
who completed the follow-up compared to those lost
to follow-up, 50.6% vs. 38.5% (p¼ 0.010), the sex dis-
tribution did not differ significantly between the PAR
at baseline and the group lost to follow-up (45.0 vs
38.5, p¼ 0.137). Furthermore, there were no signifi-
cant differences regarding age, training, family history
of asthma, nasal allergy, sport, wheeze without having
a cold, or shortness of breath following exercise at
baseline between the athletes who were lost to follow-
up and those who completed the study (Table 4).

Discussion

In this large, prospective, five-year annual postal sur-
vey of Swedish elite endurance athletes, the incidence
rate of self-reported, physician-diagnosed asthma dur-
ing follow-up was high, it was estimated to 61 per
1,000 person-years. Family history of asthma, wheeze
without having a cold, and skiing (when compared to
orienteering) were independently associated with inci-
dent physician-diagnosed asthma.

In the present study, the incidence rate of phys-
ician-diagnosed asthma among elite endurance ath-
letes was remarkably high in comparison to that of an
adult general population (1.4–3.9 per 1,000 person-
years) and a population of 16–35-year-olds (1.9 per
1,000 person-years) (11–13). To the best of our know-
ledge, this study is the first large prospective study on
the incidence of asthma among elite endurance ath-
letes. However, the results are in line with previous
studies in which different longitudinal aspects of
asthma in athletes were investigated. In a small-scale
study of Swiss elite triathletes (n¼ 7), bronchial
reactivity increased yearly, and the athletes were
postulated to develop BHR within a few years of a
continued active career (14). Among Finnish elite
swimmers (n¼ 42), a five-year follow-up showed an
increased eosinophilic inflammation among those ath-
letes who were still active. In a study of Norwegian
cross-country skiers, skiers older than 25 years of age
had a higher frequency of BHR than younger skiers
did (20). Another Norwegian study showed that
among cross-country skiers, the prevalence of phys-
ician-diagnosed asthma increased with increasing age,
in contrast to a matched control group in which no
such increase was observed (21). We have recently
shown that the age at onset of asthma among elite
cross-country skiers is mainly during adolescence, a
time that is usually characterized by an increased
amount of training to pursue an elite career (22). The
present study shows that the incidence of asthma is
also high during their career. The high incidence rate
of physician-diagnosed asthma likely reflects the elite
endurance athlete’s risk of developing asthma; how-
ever, it is unclear whether, and if so to what extent,
increased awareness of asthma and diagnostic activity
affect the results. An elite endurance athlete does have
a high demand on ventilator capacity and may there-
fore experience more and tolerate less respiratory

Table 2. Basic characteristics of the population at risk at baseline (year 1) comparing incident cases of
physician-diagnosed asthma (incident asthma) and subjects who remained without asthma diagnosis
(no asthma) during follow-up.

N Incident asthma (n¼ 52) No asthma (n¼ 395) P value

Agea, median (IQR) 449 17 (16� 19) 17 (16� 20) 0.549
Female 449 31 (59.6) 171 (43.1) 0.024
Trainingb, median (IQR) 438 10 (8� 12) 10 (8� 12) 0.427
Family history of asthma 441 22 (42.3) 103 (26.5) 0.017
Nasal allergy 383 11 (22.0) 72 (21.6) 0.952
Skierc 449 44 (84.6) 246 (62.0) 0.001
Wheezed 438 12 (23.5) 24 (6.2) <0.001
Shortness of breathe 443 5 (9.8) 19 (4.8) 0.141

N denotes number of answers. Data are presented as n (%) unless otherwise stated. Significant p values in bold.
aYears. IQR¼ Interquartile range.
bHours per week.
cSport divided into skiing (cross country skiing, biathlon, ski orienteering) and orienteering.
dWheeze without having a cold. eShortness of breath following exercise.

Table 3. Risk factors at baseline for incident physician-diag-
nosed asthma, analyzed in bivariate and multivariate logistic
regression models.

Bivariate analyses Multivariate analyses

OR 95% CI OR 95% CI

Agea 0.94 0.85� 1.02 0.94 0.85� 1.03
Female 1.96 1.092 3.56 1.70 0.92� 3.21
Family history of asthma 2.04 1.112 3.68 1.97 1.042 3.68
Skierb 3.38 1.632 7.92 3.01 1.422 7.21
Wheezec 4.65 2.112 9.89 4.15 1.812 9.26

Presented as odds ratios (OR) and 95% confidence intervals (CI).
Significant odds ratios and confidence intervals in bold.

aAge in years, continuous variable.
bSport divided into skiing (cross-country skiing, biathlon, ski orienteering)
and orienteering.

cWheeze without having a cold.
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symptoms compared to a non-athlete; which may
contribute to a lower threshold for seeking
health care.

The risk factors for incident physician-diagnosed
asthma were wheeze without having a cold, family
history of asthma, and skiing (compared to orienteer-
ing). Wheeze is a common respiratory symptom in
both the general population and an athletic popula-
tion; it is a typical symptom of asthma, although not
all who wheeze have asthma (23–25). Family history
of asthma is a recognized risk factor for asthma in the
general population (1,26). Moreover, we recently pub-
lished a study in which family history of asthma was
associated with physician-diagnosed asthma among
elite endurance athletes (22). Skiing, compared to ori-
enteering, was identified as a risk factor for incident
physician-diagnosed asthma in our population. Both
are endurance sports and thus associated with an
increased risk of asthma; however, winter sports ath-
letes may be at a greater risk because of the repeated
and prolonged inhalation of cold, dry air. Others have
also found that winter sport is a risk factor for the
specific phenotype of sports asthma (27).

In our study, asthma was defined as self-reported,
physician-diagnosed asthma based on the validated
ECRHS II questionnaire (18,28). Self-reported, phys-
ician-diagnosed asthma based on questionnaires is a
common and widely used definition of asthma in epi-
demiological surveys. However, the lack of a standard
definition of asthma in epidemiological studies has
resulted in a variation of definitions of asthma that
obviously limits the comparability of results between
studies (29). Furthermore, we defined our population
at risk as athletes without physician-diagnosed asthma
at baseline. However, our population at risk could still
have asthma-like symptoms such as wheeze. In this
setup, we cannot exclude that wheeze among athletes
in the population at risk was a sign of asthma but still
without a physician diagnosis. The study aim was to
describe the incidence rather than relapse of asthma,

therefore, all athletes with physician-diagnosed asthma
were excluded at baseline, irrespective of whether they
used asthma medication or not. Indeed, the definition
of population at risk of incident asthma will affect the
incidence rate, and this needs to be taken into account
when interpreting the results (12,30).

In the present study, winter and summer sport ath-
letes were pooled to obtain a larger population sample.
We lacked power to perform a stratified analysis of win-
ter and summer sports, mainly due to the limited num-
ber of participating orienteers. It should be recognized
that, according to the proposed mechanisms of develop-
ment of asthma in athletes, winter and summer athletes
may be exposed to different amounts of airway stress
due to different exposure to environmental irritants, air-
borne allergens, and cold air. In fact, skiers were at a
higher risk of incident physician-diagnosed asthma in
our study; however, previous studies show somewhat
conflicting results regarding the importance of season of
competition (27,31).

Study strengths were the high baseline response rate
and prevalence of physician-diagnosed asthma. The high
asthma prevalence is in line with previous studies and
affirms that the study population is a representative
selection of elite endurance athletes [3]. There are, how-
ever, also some limitations in our study that merit dis-
cussion. First, the diagnosis of asthma was based on
questionnaire data, and we had no objective verification
of asthma such as airflow variability, bronchial revers-
ibility, or BHR. In fact, exercise-induced laryngeal
obstruction (E-ILO) is an important differential diagno-
sis from asthma in athletes with exercise-related respira-
tory symptoms and has gained increased attention
during the last decade. The two conditions are often
similar in symptomatology and may also be prevalent at
the same time (23,32). Second, we cannot exclude a
recall bias, because the questionnaire was distributed
only once a year. Third, the study lacks a control group.
However, studies on incidence rate of asthma in general
populations have used similar methodology allowing us

Table 4. Comparing athletes who completed follow-up and athletes who were lost to follow-up in the
population at risk at baseline (year 1).

N Completed (n¼ 241) Lost to follow-up (n¼ 208) P value

Agea, median (IQR) 449 17 (16� 21) 17 (16� 19) 0.515
Female 449 122 (50.6) 80 (38.5) 0.010
Trainingb, median (IQR) 438 10 (8� 12) 10 (8� 12) 0397
Family history of asthma 441 72 (30.1) 53 (26.2) 0.367
Nasal allergy 383 51 (24.9) 32 (18.0) 0.102
Skierc 449 158 (65.6) 132 (63.5) 0.643
Wheezed 438 21 (8.9) 15 (7.4) 0.576
Shortness of breathe 443 12 (5.0) 12 (5.9) 0.690

N denotes number of answers. Data is presented as n (%) unless otherwise stated. Significant p values in bold.
aYears. IQR¼ Interquartile range.
bHours per week. cSport divided into skiers (cross-country skiing, biathlon, ski orienteering) and orienteering. dWheeze without
having a cold. eShortness of breath following exercise.
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to do some comparisons (11–13). Fourth, there is a risk
of selection bias, since athletes with asthma may be
more prone to answer the questionnaire, yielding a risk
for overestimation of the incidence rate. Even though
the response rate was high at baseline, it declined during
follow-up, which may introduce a risk of a selection
bias. On the other hand, a response rate of 62% did not
result in any substantial selection bias in another
Swedish questionnaire study on respiratory health (33).
When comparing baseline data among those who were
lost to follow-up with those who completed the study,
there were no significant differences besides that a
higher proportion of men than women were lost to fol-
low-up; however, there was no significant difference in
the sex distribution between the PAR at baseline and
the group lost to follow-up. This indicates that the given
results are representative for the whole study population,
despite loss to follow-up during the study. Taking into
account the specific study population, we consider our
population to be fairly large. However, the study sample
is still of limited size; consequently, the subgroup analy-
ses should be interpreted cautiously.

Conclusion

The incidence rate of self-reported, physician-diag-
nosed asthma among elite endurance athletes was very
high in this prospective postal questionnaire study.
We believe that the high prevalence and incidence of
asthma among athletes should be met with thorough
diagnostic procedures within the health care. The
results indicate that there is a need to evaluate pri-
mary preventive measures, especially among skiers.
Future studies are also important to evaluate to what
extent there is a remission of asthma among elite
endurance athletes and whether it is possible to iden-
tify measures that contribute to increased remission.
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