Exercise-Induced
B ro n c h o c o n s t r i c t i o n
Background, Prevalence, and Sport
Considerations
Matteo Bonini,

MD, PhD

a,

*, William Silvers,

MD

b

KEYWORDS
 Asthma  Bronchoconstriction  Exercise  Athlete  Prevalence  Sport discipline
KEY POINTS
 Exercise-induced bronchoconstriction (EIB) is defined as the transient airway narrowing
that occurs as a result of exercise.
 Current guidelines recommend distinguishing EIB with underlying clinical asthma from the
occurrence of exercise-induced bronchial obstruction in subjects without other symptoms
and signs of asthma.
 EIB has been reported in up to 90% of asthmatic patients, reflecting the level of disease
control, but it may develop even in subjects without clinical asthma, particularly in athletes, children, subjects with atopy or rhinitis, and following respiratory infections.
 The intensity, duration, and type of training have been associated with the occurrence of
EIB with higher prevalence rates in endurance sports, winter disciplines, and swimming.
 When properly managed, EIB does not restrict exercise performance and does not prevent competition at elite level.

BACKGROUND

Regular physical activity is strongly recommended by all principal health care systems
and evidence-based guidelines as one of the most effective means to prevent chronic
diseases and maintain good health.1 Indeed, extensive evidence exists regarding the
beneficial effect of training and rehabilitation programs in respiratory diseases,
including asthma.2 It has been shown that physical activity can improve symptoms,
quality of life, exercise capacity, and pulmonary function, as well as reduce airway
inflammation and responsiveness in asthmatic subjects.3–5
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On the other hand, vigorous physical training may trigger airway symptoms by
imposing high demands on the respiratory system and by exposing subjects to
increased amounts of inhalant allergens, pollutants, irritants, and adverse environmental conditions.6 Furthermore, intense physical training may induce a transient status of immune downregulation with a shift toward a prevalent T-lymphocyte helper-2
response, clinically associated with an increased prevalence of atopy and viral upper
respiratory tract infections, both representing relevant risk factors for the onset and
worsening of asthma.7,8
The transient airway narrowing that occurs as a result of exercise is defined
exercise-induced bronchoconstriction (EIB).6 Already in the first century AD, Araeteus
the Cappadocian described respiratory symptoms induced by physical exercise: “if
from running, gymnastics, or any other work, breathing becomes difficult, it is called
asthma.”9 However, a scientific objective interest for this phenomenon can be dated
back to 1960, when Jones and coworkers10 focused on the physiologic response to
exercise in asthmatic children and named the airway obstruction after an exercise
challenge “exercise-induced asthma” (EIA). Subsequent studies defined the different
patterns of response to exercise in asthmatic patients, the effect of type, intensity, and
duration of challenges, and the influence of antiasthmatic drugs on EIA.11 In reviewing
these findings, Godfrey12 concluded that “despite of some exceptions, there has been
no evidence that EIA occurs in patients other than asthmatics, and although sporadic
cases have been reported where exercise appears to have been the only precipitant of
asthma in a patient, careful investigation has usually revealed other clinical and physiological manifestations of bronchial asthma.” Although some investigators consider
EIA a distinct asthma phenotype,13 it is quite evident that exercise may trigger bronchial obstruction and clinical symptoms in almost all asthmatic patients, independently from the underlying causes and mechanisms of asthma.14 However, the
concept that exercise may induce bronchial obstruction only in asthmatic patients is
currently under debate.15 In fact, despite the physiologic response to exercise, which
usually results in slight bronchodilation, EIB may develop even in subjects without clinical asthma.9 To bring some clarity to this still controversial issue, a Practice Parameter, jointly developed by the American Academy/College of Allergy Asthma and
Immunology,16 recommended to abandon the term of EIA, and more recently, an
American Thoracic Society Clinical Practice Guideline6 suggests naming EIB with
asthma (EIBa), the occurrence of bronchial obstruction after exercise in asthmatic patients, and EIB without asthma (EIBwa), the occurrence of EIB in subjects without
other symptoms and signs of clinical asthma.
EIB typically develops within 15 minutes following at least 5 to 8 minutes of highintensity aerobic training (>85% of maximal voluntary ventilation), although it can
also occur during exercise, and spontaneously resolves within 60 minutes.17 After
an episode of EIB, there is often a refractory period of about 1 to 3 hours during which,
if exercise is repeated, the bronchoconstriction is less accentuated.12 The increase in
airway osmolarity due to the respiratory water loss and the vasodilation associated
with airways rewarming has been reported to be the major determinants of EIB
(osmotic and thermal theories).18,19 Furthermore, a direct damage of the bronchial
epithelium caused by viral infections, occupational agents and exercise, as well as
an autonomic dysregulation may represent alternative causal mechanisms.11 Most
common symptoms include cough, dyspnea, breathlessness, wheezing, and chest
tightness.6 A careful history taking and physical examination is always recommended.20 The use of specific questionnaires for screening allergic and respiratory
diseases in athletes and exercisers represents a useful and easy-to-use additional
diagnostic tool.21 However, research performed over the years has consistently
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shown a poor relationship between the presence of “asthmalike” symptoms and
objective evidence of EIB.22 Furthermore, pulmonary function tests at baseline
seem to be poorly predictive of EIB in athletes, often being within the normal ranges
even in the presence of disease.23 Thus, in order to establish a secure diagnosis of
EIB, it is critical to perform objective testing to confirm dynamic changes in airway
function.6,24 The differential diagnosis of EIB should take into account several entities,
such as physiologic exercise limitations, exercise-induced laryngeal dysfunctions,
exercise-induced anaphylaxis, and shortness of breath with exercise due to lung diseases (other than asthma), and metabolic and cardiac diseases.6,25,26 Management of
EIB includes multiple effective pharmacologic and nonpharmacologic strategies,6,17,27 but should take into high consideration onset of tolerance,28 side effects,29
and, in elite athletes, anti–doping regulations.30
PREVALENCE

The prevalence of EIB varies from 5% to 20% in the general population and has been
reported to be up to 90% in asthmatic subjects, reflecting the level of disease control,
with EIBa occurring more frequently in more severe and uncontrolled asthmatic
patients.14 EIBwa is also particularly frequent in athletes,31 children,32,33 subjects
with rhinitis,34 and following respiratory infections.35
In particular, several studies called attention to an increased occurrence of asthma
and EIB in athletes, with prevalence rates widely ranging from 3.7% to 54.8%
(Table 1) depending on the study population and the criteria used for diagnosis (ie, questionnaires, anti–doping records, baseline spirometry, bronchial provocation challenges).
Independently from these potential confounders, studies performed in comparable
samples and with similar diagnostic methodologies seem to indicate that the asthma
incidence is on the increase: from 9.7% in 1976 to 11.2% in 1984, 16.7% in 1996 and
21.0% in 2000 in the US Olympic delegation.36–38 More recently, a 12-year study
including 4 cross-sectional surveys performed between 2000 and 2012, before Summer
and Winter Olympics, showed that the prevalence of asthma in 659 Italian Olympic
athletes was 14.7%, with a significant increase from 2000 (11.3%) to 2008 (17.2%).
With regards to a gender effect,39 a study recently performed in 187 elite athletes
(101 swimmers and 86 tennis players) showed a higher prevalence of asthma symptoms in women, although there was no significant difference in the prevalence of
EIB when measured through a mannitol and a sport-specific challenge.40 Norqvist
and colleagues41 also reported that, compared with men, elite female athletes had
a higher prevalence of asthma, respiratory symptoms, use of medications, and health
care services.
It has been also extensively reported that asthma and allergic rhinitis frequently
coexist, with symptoms of rhinitis being reported in 80% to 90% of asthma patients,
and asthma symptoms reported in 20% to 40% of patients with allergic rhinitis.34 Prospective studies also suggest that rhinitis frequently precedes the development of
asthma42 and that many patients with rhinitis alone show nonspecific bronchial hyperresponsiveness after exercise or methacholine, this being a risk factor for developing
asthma.43 Furthermore, it has been proven that the severity of allergic rhinitis and
asthma is related and that proper management of allergic rhinitis improves asthma
control.34 In addition, exercise can be a trigger for rhinitis, especially in outdoor sports
and even greater with cold dry air exposure in winter sports, for example, the “skier’s
nose.”44 On the basis of all the above, the Alergic Rhinitis and its Impact on Asthma
(ARIA) recommendation34 to screen every subject with rhinitis for asthma should be
also extended to athletes.45
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Table 1
Prevalence of asthma and exercise-induced bronchoconstriction among athletes
Prevalence, Methodology for
%
Diagnosis

Reference

Olympic teams US 1998 Olympic team
(170)
US 1998 Olympic team
(196)
Australian 2000
Olympic team (214)
US 1996 Olympic team
(699)
Italian Olympic
athletes (659)
Polish 2008 Olympic
team (222)

23.0

Wilber, 2000

21.9

Spirometry, exercise
challenge
Questionnaire

21.0

Questionnaire

16.7

Questionnaire

14.7

US 1984 Olympic team
(597)
Italian 2000 preOlympic team (265)
Australian 1976
Olympic team (185)
Australian 1980
Olympic team (106)
Spanish 1982 Olympic
team (495)

11.2

9.7

Questionnaires, lung
function tests
Questionnaire,
spirometry,
methacholine
challenge
Questionnaire,
exercise challenge
Questionnaire,
spirometry
Physical examination

Katelaris et al,38
2000
Weiler et al,37
1998
Bonini et al,11
2015
Kurowski,
2016

8.5

Physical examination

Fitch, 1984

4.4

Questionnaire

Drobnic, 1994

Cross-country skiers
(42)

54.8

Larsson et al,54
1993

Swedish and
Norwegian crosscountry skiers (171)

42.0/12.0

Type of Sport

Winter sports

Study Population (n)

11.3

10.9

Voy,36 1984
Lapucci, 2003
Fitch, 1984

Cross-country skiers
(20)

10.0

Questionnaire,
spirometry,
methacholine
challenge
Questionnaire,
spirometry,
methacholine
challenge
Questionnaire,
spirometry,
histamine
challenge
Questionnaire,
spirometry,
methacholine and
exercise challenge
Exercise challenge

Swimmers (90)
US swimmers
(738)

39.0
13.4

EVH challenge
Questionnaire

Bougault, 2010
Potts, 1996

32.0

Questionnaire

15.5

Questionnaire

Robson-Ansley
et al,51 2012
Tikkanen, 1994

Ice hockey players (88) 21.5

Ice hockey players (50) 11.5

Swimming

Weiler, 2000

Track and field Marathon runners
(208)
Finnish runners
(103)

Sue-Chu et al,55
1996

Lumme, 2003

Leuppi, 1998

Pohjantähti,
2005

(continued on next page)
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Table 1
(continued )
Prevalence, Methodology for
%
Diagnosis

Reference

US college athletes
(80)
Summer athletes
(162)

42.5

Burnett, 2016

Swiss athletes (2060)

3.7

Figure skaters (124)
US football players
(151)

35.0
50.6

Type of Sport

Study Population (n)

Various sports

22.8

Questionnaire,
exercise challenge
Questionnaire,
spirometry,
histamine
challenge
Questionnaire
Exercise challenge
Questionnaire,
methacholine
challenge

Helenius et al,70
1998

Helbling,
1990
Mannix, 1996
Weiler, 1986

Despite extensive epidemiologic data, EIB evolution in athletes has not been yet
fully studied. However, in athletes who stopped intensive training, EIB attenuated or
even disappeared, whereas symptoms and airway inflammation increased among
those who remained active during the follow-up period, irrespective of treatment
strategies. Thus, EIB in athletes seems to be only partly reversible, and active training
appears to be a causative factor of airway inflammation and symptoms.46
SPORT CONSIDERATIONS

The intensity, duration, and type of training have been associated with the occurrence
of bronchial symptoms, airway hyperresponsiveness, and asthma in elite athletes
(Table 2).
Table 2
Sport disciplines and risk of exercise-induced bronchoconstriction
Low-Risk Sports

Medium-Risk Sports

High-Risk Sports

All sports where the exercise
lasts <5–8 min
Track and field:
 Sprint (100, 200, and 400 m)
 Middle distance (800 and
1500 m)
 Hurdles (100, 110, 400 m)
 Jumps
 Throws
Tennis
Fencing
Gymnastics
Boxing
Golf
Weightlifting
Body building
Martial arts

Team sports where
continuous exercise rarely
lasts more than 5–8 min
Soccer
Rugby
American football
Basketball
Volleyball
Handball
Baseball
Cricket
Field hockey

All sports where the exercise
lasts >5–8 min and/or is
performed in special
environments (ie, dry/cold
air, chlorinated pools)
Track and field:
 Long distance (5000 and
10,000 m)
 3000 m steeplechase
 Walks (20 and 50 km)
 Marathon
Cycling
Cross-country skiing
Downhill skiing
Ice hockey
Ice skating
High-altitude sports
Triathlon
Pentathlon
Swimming
Water polo
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Carlsen and colleagues47 first reported that the exercise load was related to the degree of bronchial hyperreactivity in both asthmatic and healthy swimmers. Some years
later, the same investigators showed that the maximum decrease in forced expiratory
volume at 1 second (FEV1) after a treadmill test performed at 85% of maximal predicted heart rate (220, age) was significantly lower than the one recorded following
a challenge at 95% (8.84% vs 25.11%; P<.001). Furthermore, although only 9 subjects
(40%) fell 10% in FEV1 after an exercise load at 85%, all the 20 subjects (100%)
developed EIB after a 95% exercise test.48
Moreover, the longitudinal changes in the methacholine concentration needed to
determine a 10% FEV1 decrease in cross-country skiers were negatively correlated
with the changes in the volume of physical activity only at an intensity level greater
than 90% of maximal heart rate.49 In addition, Stensrud and colleagues50 observed
increased airway reactivity to methacholine in elite athletes with increasing age and
training volume.
Asthma is then most commonly found in athletes performing endurance activities,
such as long-distance running, cycling, triathlon, and pentathlon. For example, in
the study of Robson-Ansley and colleagues,51 32% of 208 runners from the 2010
London Marathon had asthma according to the validated Allergy Questionnaire for
Athletes.21 The high prevalence of EIB among endurance athletes has been mainly
attributed to an increased minute ventilation through the mouth (bypassing the nasal
filter) and exposure to allergens and pollutants.52,53 In major national and international
competitions, local pollen counts and forecasts (ie, www.polleninfo.org) should be
therefore always made available in advance to athletes, their coaches, and medical
teams.
Environmental factors also play a relevant role for athletes practicing winter sports.
More than 1 out of 2 (54.8%) Swedish cross-country skiers were shown to have EIB
in the study of Larsson and colleagues.54 Similarly, the prevalence of bronchial
hyperresponsiveness and clinical d asthma was 42% and 43%, respectively, in the
53 Swedish cross-country skiers studied by Sue-Chu and colleagues.55 Such a
high prevalence of asthma and EIB reported among Nordic and ice rink athletes
has been attributed to the high ventilation of cold dry air during training and competition, in combination with the elevated emission of pollutants from fossil-fuelled ice
resurfacing machines.56,57
Swimming has been long considered a safe and recommended sport activity for
subjects with asthma because of the inhalation of humid air58; however, despite
conflicting data,59 an increased risk of EIB with swimming and pool attendance
has been reported.60,61 Furthermore, an association was shown between the number of chlorinated pools in the country and the prevalence of childhood asthma,
independently from environmental conditions and subjects’ socioeconomic status.62
Bernard and colleagues63 also reported that asthma development during adolescents was clearly associated with cumulative pool attendance before the age of
7. Competitive swimmers show a high prevalence of asthma and EIB,64–66 with
increased levels of leukotriene B4, a mixed eosinophilic-neutrophilic airways inflammation and evidence of bronchial epithelial damage.63,67 These findings are thought
to be the result of repeated hyperventilation challenges together with the exposure
to chlorine-based derivatives, commonly used to disinfect swimming pools, such as
trichloramine. This hypothesis is further supported by studies on occupational
asthma in swimming pool workers and lifeguards68 and by studies comparing exposures to non–chlorinated pools (copper-silver pools) versus chlorinated pools.69
At last, it is of interest to report that when the risk factors “type of sport” and “atopy”
are combined in a logistic regression model, the relative risk of asthma is considerably
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high: 25-fold in atopic speed and power athletes, 42-fold in atopic long-distance runners, and 97-fold in atopic swimmers compared with nonatopic control subjects.70
SUMMARY

Although regular physical activity is strongly recommended for a proper prevention
and management of chronic diseases, including asthma, evidence has been accumulating that intense and repeated exercise is associated with a higher prevalence of EIB
both with and without underlying clinical asthma. EIB has been reported to be particularly frequent in swimming, endurance, and winter sports. Furthermore, in athletes,
EIB seems to be only partly reversible, representing exercise itself as a causative factor of airway inflammation and symptoms. However, it is reassuring that, when properly diagnosed and optimally treated,71 athletes with EIB are able to participate on the
highest level with their peers with even more chances to succeed and win medals than
others in the Olympic Games and other major international competitions.72
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