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Background: Exercise-induced bronchoconstriction (EIB) describes
acute airway narrowing that occurs as a result of exercise. EIB occurs
in a substantial proportion of patients with asthma, but may also
occur in individuals without known asthma.
Methods:Toprovideclinicianswithpracticalguidance,amultidisciplinary
panel of stakeholders was convened to review the pathogenesis of EIB
and to develop evidence-based guidelines for the diagnosis and treat-
ment of EIB. The evidence was appraised and recommendations were
formulatedusing theGradingofRecommendations,Assessment,Devel-
opment, and Evaluation approach.
Results: Recommendations for the treatment of EIB were developed.
Thequalityofevidencesupportingtherecommendationswasvariable,
ranging from low to high. A strong recommendation was made for
using a short-acting b2-agonist before exercise in all patients with
EIB. For patients who continue to have symptoms of EIB despite
the administration of a short-acting b2-agonist before exercise,
strong recommendations were made for a daily inhaled corticoste-
roid, a daily leukotriene receptor antagonist, or a mast cell stabi-
lizing agent before exercise.
Conclusions: The recommendations in this Guideline reflect the
currently available evidence. New clinical research data will necessi-
tate a revision and update in the future.

EXECUTIVE SUMMARY

Exercise-induced bronchoconstriction (EIB) describes acute air-
way narrowing that occurs as a result of exercise. A substantial

proportion of patients with asthma experience exercise-induced
respiratory symptoms. EIB has also been shown to occur in sub-
jects without a known diagnosis of asthma.

Diagnosis

d The diagnosis of EIB is established by changes in lung
function provoked by exercise, not on the basis of
symptoms.

d Serial lung function measurements after a specific exercise
or hyperpnea challenge are used to determine if EIB is
present and to quantify the severity of the disorder. It is
preferable to assess FEV1, because this measurement has
better repeatability and is more discriminating than peak
expiratory flow rate.

d The airway response is expressed as the percent fall in
FEV1 from the baseline value. The difference between
the pre-exercise FEV1 value and the lowest FEV1 value
recorded within 30 minutes after exercise is expressed as
a percentage of the pre-exercise value. The criterion for
the percent fall in FEV1 used to diagnose EIB is >10%.

d The severity of EIB can be graded as mild, moderate, or
severe if the percent fall in FEV1 from the pre-exercise
level is >10% but ,25%, >25% but ,50%, and >50%,
respectively.

d A number of surrogates for exercise testing have been
developed that may be easier to implement than exercise
challenge. These surrogates include eucapnic voluntary
hyperpnea or hyperventilation, hyperosmolar aerosols, in-
cluding 4.5% saline, and dry powder mannitol.

Treatment

d For patients with EIB, we recommend administration of
an inhaled short-acting b2-agonist (SABA) before exercise
(strong recommendation, high-quality evidence). The SABA
is typically administered 15 minutes before exercise.

d A controller agent is generally added whenever SABA
therapy is used daily or more frequently.

d For patients with EIB who continue to have symptoms
despite using an inhaled SABA before exercise, or who
require an inhaled SABA daily or more frequently:

d We recommend against daily use of an inhaled long-
acting b2-agonist as single therapy (strong recommen-
dation, moderate-quality evidence). This is based upon
a strong concern for serious side effects.

d We recommend daily administration of an inhaled corti-
costeroid (ICS) (strong recommendation,moderate-quality
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evidence). It may take 2–4 weeks after the initiation of
therapy to see maximal improvement.

d We recommend against administration of ICS only before
exercise (strong recommendation,moderate-quality evidence).

d We recommend daily administration of a leukotriene
receptor antagonist (strong recommendation, moderate-
quality evidence).

d We recommend administration of a mast cell stabilizing
agent before exercise (strong recommendation, high-
quality evidence).

d We suggest administration of an inhaled anticholiner-
gic agent before exercise (weak recommendation, low-
quality evidence).

d In our clinical practices, we generally add a daily in-
haled ICS or a daily leukotriene receptor antagonist
first, with the choice between these agents made on a
case-by-case basis depending upon patient preferences
and baseline lung function. Mast cell stabilizing agents
and inhaled anticholinergic agents play a secondary role.

d For patients with EIB and allergies who continue to have
symptoms despite using an inhaled SABA before exercise,
or who require an inhaled SABA daily or more frequently,
we suggest administration of an antihistamine (weak rec-
ommendation, moderate-quality evidence). In contrast, we
recommend against administration of antihistamines in
patients with EIB who do not have allergies (strong rec-
ommendation, moderate-quality evidence).

d For all patients with EIB, we recommend interval or com-
bination warm-up exercise before planned exercise (strong
recommendation, moderate-quality evidence).

d For patients with EIB who exercise in cold weather, we
suggest routine use of a device (i.e., mask) that warms and
humidifies the air during exercise (weak recommendation,
low-quality evidence).

d For patients with EIB who have an interest in dietary
modification to control their symptoms:

d We suggest implementation of a low-salt diet (weak
recommendation, moderate-quality evidence).

d We suggest dietary supplementation with fish oils (weak
recommendation, low-quality evidence).

d We suggest against dietary supplementation with lyco-
pene (weak recommendation, low-quality evidence).

d We suggest dietary supplementation with ascorbic acid
(weak recommendation, moderate-quality evidence).

d An algorithm summarizing diagnosis and treatment of
EIB is provided in Figure 1.

INTRODUCTION

Exercise-induced bronchoconstriction (EIB) describes acute
airway narrowing that occurs as a result of exercise. The exact
prevalence of EIB in patients with asthma is not known, but ex-
ercise is one the most common triggers of bronchoconstriction
in patients with asthma, and a substantial proportion of patients
with asthma experience exercise-induced respiratory symptoms.

EIB has also been shown to occur in subjects without a known
diagnosis of asthma, with prevalence of up to 20% being reported
(1). As a result, this has led to controversy regarding nomenclature
related to bronchoconstriction occurring as a result of exercise.
Many experts advocate using the terminology “exercise-induced

bronchoconstriction” instead of “exercise-induced asthma,” as it
does not imply that the patient has underlying chronic asthma or
that exercise actually “caused” asthma. For the purposes of this
document, we will use the terminology “exercise-induced broncho-
constriction” without regard to whether it occurs in patients with
or without asthma.

There are substantial data showing that EIB occurs very com-
monly in athletes at all levels.Many studies have been performed
in Olympic or elite-level athletes that have documented preva-
lence of EIB varying between 30 and 70%, depending on the
population studied and methods implemented (1). Studies have
also been done on college, high school, and recreational athletes
that have shown a significant prevalence of EIB (2–4).

The symptoms of EIB are variable and nonspecific, and pres-
ence or absence of specific respiratory symptoms has very poor
predictive value for objectively confirmed EIB (4, 5). Clinical
presentation may include chest tightness, cough, wheezing, and
dyspnea. These symptoms may only be provoked by exercise or
may only occur in specific environments, such as ice rinks or
indoor swimming pools. The symptoms are often mild to moder-
ate in severity and may cause impairment of athletic performance,
but are not severe enough to cause significant respiratory distress.
However, severe episodes of EIB can occur, and respiratory fail-
ure and even death have occurred in rare cases (6).

Given the significant prevalence of EIB, it is critical that
evidence-based documents exist to guide health careproviderswith
regard to the pathogenesis, diagnosis, management, and treatment
of EIB, as well as other critical issues related to EIB, such as en-
vironmental influences and considerations in Olympic/elite-level
athletes. To provide such guidance, a multidisciplinary panel
was convened to develop evidence-based guidelines.

METHODS

These guidelines were developed in accordance with theAmerican Tho-
racic Society’s (ATS’s) standards for clinical practice guidelines (Table
1). The methods are described in detail in the online supplement.

PATHOGENESIS

A modest period of high-intensity exercise or, alternatively, in-
creased minute ventilation during isocapnic hyperpnea triggers
a prototypical response consisting of bronchoconstriction, which
occurs predominantly after the cessation of a short period of

TABLE 1. METHODS CHECKLIST

Yes No

Panel assembly

d Included experts for relevant clinical and nonclinical

disciplines

X

d Included individual who represents the views of patients

and society at large

X

d Included a methodologist with appropriate expertise

(documented expertise in conducting systematic reviews

to identify the evidence base and the development of

evidence-based recommendations)

X

Literature review

d Performed in collaboration with librarian X

d Searched multiple electronic databases X

d Reviewed reference lists of retrieved articles X

Evidence synthesis

d Applied prespecified inclusion and exclusion criteria X

d Evaluated included studies for sources of bias X

d Explicitly summarized benefits and harms X

d Used PRISMA1 to report systematic review N/A

d Used GRADE to describe quality of evidence X

Generation of recommendations

d Used GRADE to rate the strength of recommendations X
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hyperpnea and lasts from 30 to 90minutes in the absence of treat-
ment. The predisposition to the development of this syndrome
varies markedly among subjects with asthma, and is known to
occur in some groups of subjects without asthma, such as elite
athletes. Several studies indicate that subjects who are prone
to EIB have increased levels of exhaled nitric oxide (7), leuko-
trienes (8, 9), expression of mast cell genes (10), and epithelial
shedding into the airway lumen (9).

Although the events that trigger this syndrome are not fully
understood, it is clear that inflammatory mediators, including his-
tamine, tryptase, and leukotrienes, are released into the airways
from cellular sources in the airways, including eosinophils and
mast cells (11, 12). The activation of sensory nerves may play
an important role in the pathogenesis of EIB, and may be in-
volved in mucus release into the airways after exercise challenge
(13, 14). The epithelium may play a key role in sensing the trans-
fer of water and heat out of the lower airways, but the way in
which this epithelial response leads to cellular activation by leu-
kocytes remains incompletely understood. Each is described in
detail in the online supplement.

ROLE OF THE ENVIRONMENT

The high prevalence of EIB in populations of athletes may be
related to specific environmental demands of specific sports
(15). For example:

d The approximate 30% prevalence of EIB reported in ice
rink athletes has been linked to the inhalation of cold dry
air in combination with the high emission pollutants from
fossil-fueled ice resurfacing machines (16–18).

d The high prevalence of airway injury and bronchial hyper-
responsiveness reported among Nordic skiers has been
attributed to high ventilation inhalation of cold, dry air
during training and competition (19–21).

d The 11–29% prevalence of asthma and EIB reported
among competitive swimmers (22) has been associated
with the high levels of trichloramines in the indoor pool
air (23–25). The prevalence of EIB among distance run-
ners is higher than that of the general population, and has
been attributed to exercising in high allergen (26) and high
ozone environments (27).

Among the environmental exposures that have been pro-
posed to contribute to EIB are cold air, dry air, ambient
ozone, and airborne particulate matter. Susceptible popula-
tions, such as children and those with pre-existing cardiovas-
cular disease, diabetes, or lung disease, are more sensitive to
an acutely increased fraction of particles deposited in the
lungs during exercise. Evidence supports increased airway
hyperresponsiveness and decreased lung function from
chronic exposure to air pollutants during exercise. The effects
of each exposure and the evidence for each are described in
detail in the online supplement.

DIAGNOSIS

The diagnosis of EIB is established by changes in lung function
after exercise, not on the basis of symptoms. Symptoms that are
often associated with vigorous exercise, such as shortness of
breath, cough, wheeze, and mucus production, are neither sen-
sitive nor specific for identifying those with EIB (4, 5, 28).
Among athletes with and without symptoms associated with
exercise, EIB can be identified in individuals without symptoms,
and many individuals with respiratory symptoms will not have
EIB (4, 5, 28–31).

Measuring and Quantifying EIB

Serial lung function measurements after a specific exercise or hy-
perpnea challenge are used to determine if EIB is present and to
quantify the severity of the disorder. It is preferable to assess
FEV1, as this measurement has better repeatability (32) and is
more discriminating than peak expiratory flow rate (33–35). The
measurement of FEV0.5 (in 3- to 6-year-old children) and air-
way resistance using the interrupt technique (in 5- to 12-year-
old children) have been used successfully to establish a diagnosis
of EIB (36, 37). Recovery from EIB is usually spontaneous, and
FEV1 returns to 95% baseline value within 30–90 minutes. In
a group of 7- to 12-year-old children, recovery occurred faster in
the younger children (38).

According to ATS/European Respiratory Society guidelines,
at least two reproducible FEV1 maneuvers are measured serially
after exercise challenge, with the highest acceptable value
recorded at each interval (39, 40). FEV1 is usually measured
at 5, 10, 15, and 30 minutes after exercise, but may be more

Figure 1. Diagnostic and treatment algorithm for exercise-
induced bronchoconstriction. EIB ¼ exercise-induced bron-

choconstriction; ICS ¼ inhaled corticosteroid; LABA ¼ long-

acting b2-agonist; LTRA ¼ leukotriene receptor antagonist;

MCSA ¼ mast cell stabilizing agent; SABA ¼ short-acting
b-agonist. *Or surrogate challenge, for example, hyperpnea

or mannitol.
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frequent if a severe response is expected. An FVC maneuver is
not required, as repeated efforts may tire the subject. The air-
way response is expressed as the percent fall in FEV1 from the
baseline value. The difference between the pre-exercise FEV1

value and the lowest FEV1 value recorded within 30 minutes
after exercise is expressed as a percent of the pre-exercise value
(40). The criterion for the percent fall in FEV1 used to diagnose
EIB is >10% in some guidelines (40–43). The >10% fall value
was based on the mean plus two SDs of the percent fall in FEV1

in normal healthy subjects without a family history of asthma,
atopy, or recent upper respiratory tract infection (35, 44, 45).
Higher values for percent fall in FEV1 (i.e., 15 and 13.2%) have
been recommended for diagnosing EIB in children (46–48). A
fall of >10% at two consecutive time points has been recom-
mended (49). Many laboratories use a criterion of >15% from
baseline because of the greater specificity of this criterion. The
reproducibility of EIB as determined by two separate tests is
good, with 76% agreement between tests. The response in
FEV1 (percent decline) is 614.6% when both tests demonstrate
a >10% fall, and 615.7% when only one test demonstrates
a >10% fall. Thus, two tests may be required when using exer-
cise to exclude a diagnosis of EIB (44). The severity of EIB can
be graded as mild, moderate, or severe if the percent fall in
FEV1 from pre-exercise level is > 10% but ,25%, >25% but
,50%, and>50%, respectively (50–52). This grading was based
on the range of measured values for EIB and before the wide-
spread use of inhaled steroids. Currently, a decline in FEV1 of
>30% in a person taking inhaled steroids would be considered
severe.

Exercise Challenge Testing to Identify EIB

The type, duration, and intensity of exercise and the temperature
and water content of the air inspired are important determinants
of the airway response to exercise (53–60). The time since the last
exercise is also important, because some subjects become refrac-
tory to another exercise stimulus for up to 4 hours (61–63). The
two most important determinants of EIB are the sustained high-
level ventilation reached during exercise and the water content of
the air inspired (54, 55, 64–67). The ventilation required for
a valid test is at least 17.5 times FEV1 and preferably greater
than 21 times FEV1 (68). Measurement of ventilation during
testing for EIB permits comparisons to be made on the effect
of the same stimulus over time and between subjects (68).
Although heart rate is often used as a surrogate measure of
the intensity of exercise, the relationship between heart rate
and ventilation varies widely based on fitness and other fac-
tors (69).

The ideal protocol to detect EIB involves a rapid increase in
exercise intensity over approximately 2–4 minutes to achieve
a high level of ventilation. Most protocols recommend breathing
dry air (,10 mg H2O/L) with a nose clip in place while running
or cycling at a load sufficient to raise the heart rate to 80–90% of
predicted maximum (predicted maximum heart ratez 2202 age
in years) (44, 47, 48, 69–71) or ventilation to reach 17.5–21 times
FEV1 (68, 72, 73). Once this level of exercise is attained, the
subject should continue exercise at that high level for an addi-
tional 4–6 minutes. These targets are more rapidly achieved with
running exercise compared with cycling. Sports-specific exercise
is probably the most relevant for elite athletes that can be tested
during the activity that causes symptoms (28). The use of short-
acting and long-term preventative asthma medications (68, 72,
73), recent intense or intermittent warm-up exercise (61–63),
recent use of nonsteroidal anti-inflammatory medication
(74), and recent exposure to inhaled allergens may alter the
severity of the response to exercise challenge (75–77).

Surrogates for Exercise to Identify EIB

Anumber of surrogates for exercise testing have been developed
that may be easier to implement than dry air exercise challenge.
These surrogates include eucapnic voluntary hyperpnea of dry
air and inhalation of hyperosmolar aerosols of 4.5% saline or
dry powder mannitol. Although none of these surrogate tests
are completely sensitive or specific for EIB, they all have utility
for identifying airway hyperresponsiveness consistent with a di-
agnosis of EIB (4, 78–88). The surrogates of exercise are de-
scribed in detail in the online supplement.

TREATMENT

Treatment for EIB can be broken down into pharmacologic and
nonpharmacologic therapy. Currently used pharmacologic ther-
apy includes short-acting b2-agonists (SABAs) and long-acting
b2-agonists (LABAs), leukotriene receptor antagonists (LTRAs),
and inhaled corticosteroids (ICSs). Mast cell stabilizing agents
(MCSAs) have traditionally been used to treat EIB, and, although
these agents are no longer available in the United States, they
remain available in other countries around the world. Other
drugs, such as inhaled anticholinergic agents (ipratropium)
and antihistamines, may play a minor role in treating some
patients with EIB. Nonpharmacologic therapy includes warm-
up to induce a refractory period, maneuvers to prewarm and
humidify the air during exercise (e.g., breathing through a face
mask or scarf), improving general physical conditioning, losing
weight if obese (89), and modifying dietary intake. The goals of
therapy are to relieve bronchoconstriction should it occur and
to minimize or prevent bronchoconstriction from happening in
the first place, thus allowing the athlete or patient with EIB to
continue to engage in physical activity or sports with minimal
respiratory symptoms.

Questions and Recommendations

Question 1: Should patients with EIB be treated with an inhaled
SABA before exercise?

The most common therapeutic recommendation to minimize
or prevent symptoms of EIB is the prophylactic use of short-
acting bronchodilators (b2-agonists), such as albuterol, shortly
before exercise (90). These agents work by stimulating b2-
receptors on airway smooth muscle, causing muscle relaxation
and bronchodilation, as well as possibly preventing mast cell
degranulation. SABAs, given by inhalation 5–20 minutes before
exercise, are usually effective for 2–4 hours in protecting against
or attenuating EIB (91, 92), but may fail to prevent broncho-
constriction in 15–20% of patients with asthma (72). In addition,
daily use of b2-agonists alone or in combination with ICSs may
lead to tolerance, manifested as a reduction in duration of pro-
tection against EIB, and a prolongation of recovery in response
to SABA after exercise (93, 94). Tolerance is thought to be due
to desensitization of the b2-receptors on mast cells and airway
smooth muscle. This is why b2-agonists are generally only used
on an intermittent basis for prevention of EIB, and why patients
who use SABAs on a more regular basis (e.g., daily) are gen-
erally started on a controller agent, such as ICS or LTRAs.

Our recommendation for an inhaled SABA before exercise is
based upon a systematic review of the literature that identified
eight randomized trials, of which five were pooled. Patients who
received an inhaled SABA had a maximum percent fall in FEV1

after exercise that was 26.03% less than that among patients
who received placebo. The large magnitude of effect was not
offset by risk of bias, indirectness, inconsistency, or imprecision.
Thus, the evidence provided high confidence in the estimated
effects of inhaled SABA. The recommendation is strong,
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because the committee is certain that the reduction of breath-
lessness associated with the lower maximum percent fall in
FEV1 after exercise outweighs the relatively minor potential
side effects, burdens, and cost of pre-exercise SABA therapy
(see Table E1 in APPENDIX 2).

Recommendation 1: For patients with EIB, we recommend
administration of an inhaled SABA before exercise (strong rec-
ommendation, high-quality evidence). The inhaled SABA is typ-
ically administered 15 minutes before exercise. Such use should
be less than daily, on average.

Question 2: Should patients with EIB be treated with an in-
haled LABA?

A controller agent is typically added whenever SABA ther-
apy is used on a daily basis or more frequently. LABAs are ef-
fective in treating and preventing EIB (72, 95); however, similar
to the use of SABAs, the protective effect afforded by LABAs
decreases with daily use (96–98). Although LABAs may ini-
tially protect against bronchoconstriction for 6–12 hours, the
effect diminishes to lasting only 6 hours after daily use for
30 days (97). Unfortunately, concomitant use of daily ICS does
not mitigate this loss of effectiveness (96, 98). One study found
that formoterol remained effective as long as it was used three
times per week or less; so, as a single agent, LABAs may be
used for EIB at this frequency (99). However, there remains
serious concern about increased morbidity and mortality with
any use of LABAs as monotherapy, without concomitant ICS
in patients with asthma (100, 101).

Our recommendation against daily LABA monotherapy is
based upon our review of the literature, which identified two rel-
evant randomized trials (102, 103). Both trials compared LABA
monotherapy to placebo after the withdrawal of ICSs and found
an increased rate of treatment failures and acute exacerbations
among those receiving LABA monotherapy.

Other randomized trials and meta-analyses that evaluated
LABA therapy were also identified; however, most included
patients who were receiving concomitant ICSs. The studies that
either included a large proportion of patients receiving LABA as
monotherapy or analyzed patients who were receiving LABA
monotherapy separately supported the potential for increased
adverse effects among those receiving LABA monotherapy
(100, 101).

This evidence provides moderate confidence in the estimated
effects of LABA monotherapy, because the randomized trials
had indirectness (i.e., the trials included patients with asthma in
general, not patients with EIB specifically). The recommendation
against daily LABA therapy is strong, because the importance of
the potential downsides of LABA monotherapy (i.e., serious ad-
verse effects, including asthma-related mortality, exacerbations re-
quiring hospitalization, cost, and burdens) substantially outweigh
the upsides (i.e., less dyspnea, less need for inhaled SABAs), par-
ticularly in light of the availability of safer alternative therapies.

Recommendation 2: For patients with EIB who continue to
have symptoms despite using an inhaled SABA before exercise,
or who require an inhaled SABA daily or more frequently, we
recommend against daily use of an inhaled LABA as single
therapy (strong recommendation, moderate-quality evidence).

Question 3: Should patients with EIB be treated with ICSs?
Daily ICSs are considered themost effective anti-inflammatory

agents for EIB (104). This may be due not only to better control
of underlying asthma, but perhaps to a direct therapeutic effect
on airway inflammation that is associated with EIB (11, 105, 106).
ICS can be used alone or in combination with other treatments
for EIB. As mentioned previously here, ICS therapy does not
prevent the occurrence of tolerance from daily b2-agonist use.

Studies on inhaled steroids have shown that the maximum ben-
eficial effect in protecting against EIB may take as long as 4
weeks, and is dose dependent (104, 107). Although a single high
dose of beclomethasone dipropionate has been shown to have
a protective effect against hyperpnea-induced bronchospasm, this
strategy is not recommended clinically (108). Interestingly, ICS
do not seem to be as protective in elite athletes without asthma
who experience EIB compared with patients with asthma with
EIB (109). As with all inhaled medications, proper inhaler tech-
nique must be taught to the patient and reinforced at follow-up
visits.

Our recommendation for a daily ICS is based upon a system-
atic review that found six randomized trials, of which four were
pooled. Patients with EIB who received a daily ICS had a mean
maximum percent fall in FEV1 after exercise that was 10.98%
less than that seen among patients who received placebo. The
randomized trials were limited by imprecision (i.e., the ends of
the confidence intervals led to different clinical decisions), pro-
viding moderate confidence in the estimated effects. The rec-
ommendation is strong because the committee is certain that
the reduction of dyspnea associated with the decrease in the
maximum percent fall in FEV1 after exercise outweighs the re-
latively minor burdens, cost, and side effects of ICS therapy (see
Table E2A in APPENDIX 2).

Our recommendation against pre-exercise ICS is based upon
a systematic review that identified four randomized trials, of
which two were pooled. Patients with EIB who received pre-
exercise ICS had a mean maximum percent fall in FEV1 after
exercise that was similar to that seen among patients who re-
ceived placebo. The randomized trials were limited by impreci-
sion, providing moderate confidence in the estimated effects.
The recommendation is strong because the committee is certain
that the downsides of pre-exercise ICS exceed the upsides.
There appear to be no significant benefits, but there are potential
side effects, costs, and burdens (see Table E2B in APPENDIX 2).

Recommendation 3A: For patients with EIB who continue to
have symptoms despite using an inhaled SABA before exercise,
or who require an inhaled SABA daily or more frequently, we
recommend daily administration of an ICS (strong recommen-
dation, moderate-quality evidence). It may take 2–4 weeks after
the initiation of therapy to see maximal improvement.

Recommendation 3B: For the same patients, we recommend
against administration of ICS only before exercise (strong rec-
ommendation, moderate-quality evidence).

Question 4: Should patients with EIB be treated with LTRAs?
LTRAs, such as montelukast, given once daily, will reduce

EIB and also improve the recovery to baseline. There is no de-
velopment of tolerance when taken daily (110). The magnitude
of effect may be smaller for LTRAs than either ICS or pre-
exercise SABA. However, the duration of action is longer, last-
ing up to 24 hours, which may be very useful for patients or
athletes engaging in physical activity throughout the day (111,
112). LTRAs should be taken at least 2 hours before exercise to
have a maximal prophylactic effect (111). LTRAs appear to
protect against EIB regardless of whether patients have asthma
or are elite athletes without asthma (113).

Our recommendation for a daily LTRA is based upon a sys-
tematic review that identified 11 randomized trials, of which 7
were pooled. Patients with EIB who received a daily LTRA
had a mean maximum percent fall in FEV1 after exercise that
was 10.70% less than that seen among patients who received
placebo. The randomized trials were limited by imprecision,
providing moderate confidence in the estimated effects. The
recommendation is strong because the committee is certain that
the reduction of dyspnea associated with the decrease in the
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maximum percent fall in FEV1 after exercise outweighs the
comparatively minor burdens, cost, and side effects of LTRA
therapy (see Table E3 in APPENDIX 2).

The choice of whether to add daily ICS or daily LTRA to
as-needed use of SABA in patients with EIB who do not respond
to intermittent SABA therapy alone, in most cases, is a personal
one that should be made on a case-by-case basis. Strictly speak-
ing, the evidence supports efficacy of both types of medications
in EIB, although ICS therapy may have a more potent anti-
inflammatory effect in patients with EIB associated with airway
inflammation. This may be relevant to the patient with asthma
with EIB as opposed to the elite athlete without asthma with
EIB, in whom ICS may work better in the former. In cases where
baseline lung function is below normal, guidelines recommend
use of ICS initially (90). Both classes of medicines are readily
available in the United States in contrast to MCSAs. Some
patients would prefer to avoid using an inhaler and avoid using
daily ICS; in these situations, trying a daily LTRA would be
reasonable, or, if not exercising daily, then using montelukast at
least 2 hours before planned exercise. Other patients may prefer
to use inhaled ICS because they want to avoid any potential
systemic effects of daily LTRA therapy; in these cases, trying
daily ICS would be reasonable. In all cases, it is always es-
sential to ensure that underlying asthma is under control, and
continued and close follow up with the patient is important
to achieve therapeutic effect on minimal and acceptable
medication.

Recommendation 4: For patients with EIB who continue to
have symptoms despite using an inhaled SABA before exercise,
or who require an inhaled SABA daily or more frequently, we
recommend daily administration of an LTRA (strong recom-
mendation, moderate-quality evidence).

Question 5: Should patients with EIB be treated with anMCSA?
MCSAs, such as sodium cromoglycate and nedocromil so-

dium, provide protection against EIB by blocking degranulation
of mast cells and release of mediators, such as prostaglandin D2.
Cochrane Reviews (114, 115) have demonstrated consistent
protection against EIB, with an attenuation of EIB by about
50%. There are no significant differences between sodium cro-
moglycate and nedocromil sodium. MCSAs appear to be more
effective at attenuating EIB than anticholinergic agents, but less
effective than SABAs. There appears to be no advantage to com-
bining MCSAs with SABAs, as the effects are similar to using
SABAs alone.

Our recommendation for an MCSA before exercise is based
upon a systematic review that identified 24 randomized trials, of
which 20 were pooled. Patients with EIB who received anMCSA
before exercise had a mean maximum percent fall in FEV1 after
exercise that was 15.20% less than that seen among patients
who received placebo. The randomized trials had no serious
risk of bias, indirectness, inconsistency, or imprecision, thereby
providing a high degree of confidence in the estimated effects.
The recommendation is strong because the committee is certain
that the reduction of dyspnea associated with the decrease in
the maximum percent fall in FEV1 after exercise outweighs the
comparatively minor burdens, cost, and side effects of pre-
exercise MCSA therapy (see Table E4 in APPENDIX 2).

Although the evidence for MCSAs is high quality, it is impor-
tant to note that the lack of availability of these medications in
the United States may make this recommendation less clinically
applicable in the United States, although they are readily avail-
able worldwide.

Recommendation 5: For patients with EIB who continue to
have symptoms despite using an inhaled SABA before exercise,
or who require an inhaled SABA daily or more frequently, we

recommend administration of an MCSA before exercise (strong
recommendation, high-quality evidence).

Question 6: Should patients with EIB be treated with an an-
tihistamine?

Antihistamines have been studied as a treatment for EIB. The
results of these studies are variable, with some protection against
EIB seen in a small percentage of patients (116, 117). The in-
consistency in the data may be due to differences in the severity
of EIB studied and the ability of terfenadine, used in some of
the positive studies, to also inhibit leukotrienes, thus confound-
ing the specific role of an antihistamine effect (118). Because
controlling allergies in patients with atopy with asthma leads to
better asthma control in general, it seems prudent that allergic
patients with asthma with EIB may benefit from antihistamine
therapy (119).

A systematic review of the evidence identified three random-
ized trials, which were pooled. Patients with EIB who received
a daily antihistamine had no significant decrease in their mean
maximum percent fall in FEV1 after exercise compared with
patients who received placebo. The randomized trials were lim-
ited by imprecision, providing moderate confidence in the find-
ing of no effect (see Table E5 in APPENDIX 2).

Our recommendation for daily antihistamine therapy in aller-
gic patients indicates the committee’s belief that antihistamines
may be helpful in EIB, as controlling allergies improves asthma
control in general. The weak strength of the recommendation
reflects the uncertainty about the balance of potential benefits
versus harms, burdens, and cost, as the relevant trials did not
analyze individuals with atopy separately.

In contrast, our recommendation against antihistamines in
nonallergic individuals is strong because the committee is certain
that the downsides exceed the upsides. Antihistamines appear to
confer no significant benefits in such patients, but have potential
side effects, costs, and burdens.

Recommendation 6A: For patients with EIB and allergies
who continue to have symptoms despite using an inhaled SABA
before exercise, or who require an inhaled SABA daily or more
frequently, we suggest using an antihistamine to prevent EIB
(weak recommendation, moderate-quality evidence).

Recommendation 6B: For nonallergic patients with EIB who
continue to have symptoms despite using an inhaled SABA be-
fore exercise, or who require an inhaled SABA daily or more
frequently, we recommend against using antihistamines (strong
recommendation, moderate-quality evidence).

Question 7: Should patients with EIB be treated with a
short-acting inhaled anticholinergic?

Like antihistamines, anticholinergic treatmentwith ipratropium
has variable effects on preventing or treating EIB. Our recommen-
dation for administration of an inhaled short-acting anticholinergic
agent before exercise is based upon a published systematic review
of 12 randomized trials, all of which were pooled (115). Patients
with EIB who received inhaled ipratropium bromide before ex-
ercise had a mean maximum percent fall in FEV1 after exercise
that was 9.80% less than that seen among patients who received
placebo. The evidence was limited by inconsistent results and
imprecision, providing low confidence in the estimated effects.
The recommendation is weak because the committee is uncertain
that the reduction of dyspnea associated with the decrease in
the maximum percent fall in FEV1 after exercise outweighs
the potential side effects, burdens, and cost. The uncertainty
derives from the small effect size and the low quality of evi-
dence (see Table E6 in APPENDIX 2).

Recommendation 7: For patients with EIB who continue to
have symptoms despite using an inhaled SABA before exercise,
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or who require an inhaled SABA daily or more frequently, we
suggest administration of an inhaled anticholinergic agent before
exercise (weak recommendation, low-quality evidence).

Question 8: Should patients with EIB engage in a physical
activity before exercise, to induce a refractory period?

An important nonpharmacologic strategy to minimize EIB
used by many athletes is to engage in physical warm-up before
the planned period of exercise or competition (62, 63, 120, 121).
Typically, the warm-up consists of 10–15 minutes of moderately
vigorous exercise, and subsequent EIB is reduced for the next
2 hours, resulting in a so-called “refractory period.” This phe-
nomenon does not occur in all athletes, and may not occur at all
in athletes without asthma with EIB. Various approaches, in-
cluding low-intensity, high-intensity, interval, or continuous ex-
ercise, and combinations of these, have been tried (93). A
recent review of this subject suggests that a warm-up consisting
of variable high-intensity exercise, as opposed to continuous
high- or low-intensity exercise, appears to be the most effective
strategy to attenuate EIB (122).

Our recommendation for interval or combination warm-up
exercise before planned exercise is based upon a published sys-
tematic review of four randomized trials of interval warm-up,
three randomized trials of low-intensity continuous warm-up,
two randomized trials of high-intensity continuous warm-up,
and two randomized trials of combination warm-up (115).
Patients with EIB who underwent interval, low-intensity con-
tinuous, high-intensity continuous, or combination warm-up be-
fore exercise had a mean maximum percent fall in FEV1 after
exercise that was 10.61, 12.60, 7.97%, and 10.94% less than that
seen among patients who did not undergo formal warm-up,
respectively. These improvements were statistically significant
only for interval and combination warm-up.

The evidence for interval and combination warm-up was lim-
ited by imprecision, providing moderate confidence in the esti-
mated effects. In contrast, the evidence for low-intensity and
high-intensity continuous warm-up was limited by inconsistent
results and imprecision, providing low confidence in the esti-
mated effects (see Tables E7A–E7D in APPENDIX 2). The rec-
ommendation is strong, because the committee is certain that
the reduction of dyspnea associated with the decrease in the
maximum percent fall in FEV1 after interval and combination
warm-up exercise and the effects of warm-up on injury preven-
tion outweigh the burden and risks of the warm-up exercise.

General physical conditioning may also help attenuate EIB
(89). This likely occurs not on the basis of any direct effect on
lung function, but, rather, indirectly due to the lower minute
ventilation required for any given workload once cardiovascular
conditioning has been improved.

Recommendation 8: For all patients with EIB, we recom-
mend interval or combination warm-up exercise before planned
exercise (strong recommendation, moderate-quality evidence).

Question 9: Should patients with EIB use a device to warm or
humidify the air when they exercise in cold weather?

Another technique to minimize EIB symptoms is to prewarm
and humidify the inhaled air. This strategy follows from the con-
cept that bronchoconstriction in EIB occurs as a result of the
cooling and drying of the airways during the high minute venti-
lation of exercise. Two strategies that have been employed are
breathing through the nose (123) and use of a facemask (124). In
one study, breathing through a heat exchanger mask was as
effective as albuterol in preventing EIB (125).

Our recommendation to use a device that warms and humidi-
fies air during exercise in cold weather is based upon a systematic
review that found a randomized trial and two nonrandomized

controlled trials. In the randomized trial, patients with EIB
who used a device to warm and humidify air had a mean max-
imum percent fall in FEV1 after exercise that was 14.70% less
than that seen among patients who did not use such a device.
The trial was limited by risk for bias and imprecision, providing
low confidence in the estimated effects. The result of the ran-
domized trial was consistent with both nonrandomized con-
trolled trials. The weak strength of the recommendation
reflects uncertainty about the degree of benefit—uncertainty
that derives from the low quality of evidence (see Table E8 in
APPENDIX 2).

Recommendation 9: For patients with EIB who exercise in
cold weather, we suggest the routine use of a device (i.e., mask)
that warms and humidifies the air during exercise (weak recom-
mendation, low-quality evidence).

Question 10: Should patients with EIB change their dietary
habits (e.g., low-salt diet, fish oil supplementation, lycopene, vi-
tamin C)?

There have been many studies examining the effects of die-
tary modification on EIB (126–134). Low-sodium diet (130), fish
oil (omega-3 polyunsaturated fatty acids) supplementation
(131), oral lycopene (132), and ascorbic acid supplementation
(1,500 mg/day) (129) have all been studied in relation to EIB.
All were found to have some effect in reducing the severity of
EIB, but all of these studies had important limitations, so their
findings should be considered preliminary until confirmed in
larger trials. With regard to fish oil, there may be a differential
effect of treatment depending on whether the patient has un-
derlying asthma (in which case, the fish oil supplementation
may not attenuate EIB) (133) or not (in which case, fish oil
supplementation may attenuate EIB) (134, 135). Given the lack
of obvious risk to patients in administering these adjunctive
therapies, it is reasonable to try them in interested patients,
but the evidence is not strong enough to conclude that they
are effective in a large majority of patients with EIB.

Our recommendation for a low-salt diet is based upon a sys-
tematic review that identified six randomized trials, which could
not be pooled due to insufficient reporting of the crude data. In
all of the trials, however, patients with EIB who received a low-
salt diet had a significantly smaller decrease in the mean maxi-
mum percent fall in FEV1 after exercise than patients who did
not receive a low-salt diet. These trials provided moderate con-
fidence in the estimated effect, because they were limited by
imprecision (see Table E9A in APPENDIX 2).

Our recommendation for fish oil supplementation is based upon
a systematic review that identified one relevant randomized trial in
which patients with EIB who received fish oil supplementation had
a mean maximum percent fall in FEV1 after exercise that was
11.50% less than that seen among patients who did not receive
fish oil supplementation. The evidence provided low confidence in
the estimated effect because it was limited by imprecision and
inconsistency (a subsequent trial that measured different out-
comes found no effect). See Table E9B in APPENDIX 2.

Our recommendation against lycopene supplementation is
based upon a systematic review that identified two relevant ran-
domized trials. In one trial, patients with EIB who received ly-
copene had a mean maximum percent fall in FEV1 after exercise
that was 11.80% less than that seen among patients who did not
receive lycopene. In contrast, the other trial found no effect
from lycopene supplementation. The evidence provided low
confidence in the estimated effect because of the inconsistency
of the results and imprecision (see Table E9C in APPENDIX 2).

Our recommendation for ascorbic acid (i.e., vitamin C) sup-
plementation is based upon a systematic review that identified
two relevant randomized trials. In both trials, patients with
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EIB who received ascorbic acid supplementation had a mean
maximum percent fall in FEV1 after exercise that was approx-
imately half of that seen among patients who did not receive
ascorbic acid supplementation. The evidence provided moder-
ate confidence in the estimated effect because it was limited by
imprecision (see Table E9D in APPENDIX 2).

All of the recommendations are weak because the committee
is uncertain that the reduction of dyspnea associated with dietary
supplementation outweighs the burden of dietary modification.
This uncertainty derives from the limitations of the supportive
evidence.

Recommendation 10A: For patients with EIB who have an
interest in dietary modification to control their symptoms, we
suggest a low-salt diet (weak recommendation, moderate-
quality evidence).

Recommendation 10B: For patients with EIB who have an
interest in dietary modification to control their symptoms, we
suggest dietary supplementation with fish oils (weak recommen-
dation, low-quality evidence).

Recommendation 10C: For patients with EIB who have an
interest in dietary modification to control their symptoms, we
suggest against dietary supplementation with lycopene (weak
recommendation, low-quality evidence).

Recommendation 10D: For patients with EIB who have an
interest in dietary modification to control their symptoms, we
suggest dietary supplementation with ascorbic acid (weak recom-
mendation, moderate-quality evidence).

General Comments Regarding Therapy

Our overall recommendations regarding therapy leave a lot of
options for the individual patient, which should be discussed with
the patient’s physician and tried and evaluated on an ongoing
basis. The mainstay of therapy remains maintaining good con-
trol of underlying asthma (if present) and preventing or treating
symptoms of EIB with SABAs. If such therapy does not work,
then the next best options are to add daily ICS or daily LTRA,
depending on patient preference. After this, the patient may try
adding or substituting with inhaled mast cell stabilizing, anti-
cholinergic, or oral antihistamine therapy. Pre-exercise warm-
up is recommended for all patients, as is wearing a mask or scarf
in cold weather for those with cold weather–induced symptoms.
Improving physical fitness and losing weight if obese seem pru-
dent. Finally, although there is not a lot of evidence to support
dietary modification, patients with an interest in this approach
may try a low-salt diet, or supplementing with fish oil or vitamin
C. The addition of lycopene is not strongly supported.

SCREENING FOR EIB

Screening is defined as the strategy used in a population to detect
a condition in a preclinical or asymptomatic phase with the aim
of providing timely intervention to favorably influence outcome.
In contrast, case detection is the identification of individuals with
disease who are symptomatic, but undiagnosed.

A number of organizations and investigators advocate screening
for asthma in both the general population (136) and in athletes (137–
139), yet evaluation of screening based upon the World Health
Organization criteria (described in the online supplement) reveals
important deficiencies in the data required to ensure the validity of
this approach (140, 141). Accordingly, an ATS report on screening
for asthma that was published in 2007 concluded that there was
insufficient evidence to support the adoption of population-based
asthma case detection, based primarily upon a lack of detail regard-
ing health outcome (142). It was, however, felt that case detection
programs may be appropriate in areas where there is a high

prevalence of undiagnosed asthma, and where newly detected cases
have access to high-quality care. This recommendation is pertinent
to the athletic population, and, indeed, some sporting organizations
have established EIB screening programs for their internationally
competitive athletes (137, 143). Yet, to date, expert working groups
have not directly addressed EIB screening policy (1, 41, 144).

We were unable to locate any randomized controlled trials or
large, well done observational studies (i.e., case control, cohort
studies) evaluating the overall efficacy of a screening program for
EIB on either health or performance outcome. Such studies are
difficult to conduct (145), but, nevertheless, they remain a pre-
requisite for a rigorous evaluation of a screening policy. There-
fore, there presently remains major uncertainty in the estimates
of benefits, harms, and burdens of a screening/case detection
policy for EIB. For individuals who engage in athletic activity,
more evidence is needed before the value of screening for EIB
can be determined.

There is a small number of observational studies in which
population subgroups or athletic teams have undergone an
EIB “screening” assessment. These evaluations have typically
involved athletic individuals who were members of competitive
sporting associations (138, 146, 147), and were predominately
conducted with the aim of evaluating prevalence and/or the
utility of detection methods as opposed to a direct appraisal
of a screening policy. Extrapolating the findings of these studies,
which primarily involve referred, selected populations, to a gen-
eral screening policy is inappropriate, but does provide insight
to target further work evaluating the feasibility and potential
methodological limitations of screening for EIB. The studies are
described separately in the online supplement.

EXERCISE, ASTHMA, AND DOPING

Doping is defined as the use of any banned substance (including
drugs and blood products) to improve athletic performance. The
International Olympic Committeemaintains a list of “substances
and methods prohibited in-competition, out-of-competition and
in particular sports.” Many of the standard therapies employed
to treat EIB have restricted use in competitive athletes, and it is
important for athletes and healthcare providers to be aware of
these restrictions (www.globaldro.com).

For example, all b2-agonists are banned in competition ex-
cept short-acting inhaled albuterol (salbutamol) and LABAs
salmeterol and formoterol. Other inhaled LABAs may be
added in the future. Some LABAs, such as clenbuterol, have
been shown to enhance athletic performance and are banned
entirely from use both in and out of competition based on their
anabolic capacities. Beginning in 2010, the use of albuterol and
salmeterol by inhalation no longer requires a therapeutic use
exemption (TUE). As of January 1, 2013, inhaled formoterol up
to a maximum dose of 54 mg/24 hours is no longer prohibited
and, hence, does not require a TUE. The therapeutic maximum
daily dosage of albuterol is 1,600 mg/24 h by inhalation (148,
149). When albuterol is found in urine in excess of 1,000 ng/ml,
it is presumed that the albuterol was not intended to be used
therapeutically and is considered an adverse analytical finding
unless pharmacokinetic data are available in the athlete to re-
fute the finding to demonstrate otherwise. All b2-agonists are
prohibited if administered orally or by injection.

All glucocorticoids are prohibited when given by oral, intra-
venous, or intramuscular route. Inhaled steroids are permitted,
as are oral and inhaled treatments with LTRAs, cromones (not
readily available in the United States), and muscarinic receptor
antagonists. None of these agents enhance performance in ath-
letes without asthma and, therefore, they do not require a TUE
(150, 151).

American Thoracic Society Documents 1023

http://www.globaldro.com


The history of the International Olympic Committee and
World Anti-Doping Agency policies are described in the online
supplement.

This official Clinical Practice Guidelinewas prepared by an ad hoc
committee of the American Thoracic Society Assembly on Al-
lergy, Immunology, and Inflammation.

Members of the committee:

JONATHAN P. PARSONS, M.D., M.Sc. (Chair)
TEAL S. HALLSTRAND, M.D., M.P.H.
JOHN G. MASTRONARDE, M.D., M.Sc.
DAVID A. KAMINSKY, M.D.
KENNETH W. RUNDELL, PH.D.
JAMES H. HULL, PH.D.
WILLIAM W. STORMS, M.D.
JOHN M. WEILER, M.D., M.B.A.
FERN M. CHEEK, A.M.L.S.
KEVIN C. WILSON, M.D.
SANDRA D. ANDERSON, PH.D., D.Sc.

Author Disclosures: J.P.P. received lecture fees from AstraZeneca ($10,001–
50,000), GlaxoSmithKline ($10,001–50,000), Merck ($1,001–5,000), and Scher-
ing Plough ($1,001–5,000). T.S.H. received lecture fees from Genentech
($1,000–9,999) and Merck ($1,000–9,999). J.G.M. received lecture fees from
GlaxoSmithKline ($1,001–5,000) and research support from Pfizer ($10,001–
50,000). D.A.K. received lecture fees from Medical Graphics Corp. ($1,000–
9,999) and Merck ($1,000–9,999). K.W.R. received lecture fees from Merck
($10,001–50,000). J.H.H. received training support from GlaxoSmithKline (up
to $1,000). W.W.S. served on advisory committees of Alcon Labs ($10,001–
50,000) and Merck ($10,001–50,000), and received lecture fees from Alcon Labs
(up to $1,000), AstraZeneca ($10,001–50,000), Genentech ($10,001–50,000),
Merck ($10,001–50,000), and Teva ($5,001–10,000); he received research sup-
port from Alcon Labs ($10,001–50,000), Amgen ($10,001–50,000), Genentech
($10,001–50,000), and Sunovian ($10,001–50,000), and held stock or options in
Strategic Biosciences ($10,001–50,000) and Strategic Pharmaceutical Advisors
($10,001–50,000). J.M.W. was employed by CompleWare Corporation and as
an employee held stock or options in CompleWare Corporation. F.M.C. reported
no commercial interests relevant to the subject matter. K.C.W. was employed by
UpToDate, Inc. and the American Thoracic Society, and held investment
accounts with State Street Bank that were independently managed by Moody,
Lynn & Co. and may at times have included healthcare-related holdings. S.D.A.
served as a consultant for Merck ($5,001–10,000) and Pharmaxis ($5,001–
10,000), and on advisory committees of Pharmaxis (up to $1,000); she received
lecture fees from Pharmaxis ($1,001–5,000), Pulmocor ($1,001–5,000), Romedic
($1,001–5,000), and Trimedal ($1,001–5,000); she held stock or options in Phar-
maxis ($10,001–50,000) and received royalties from a patent for mannitol test-
ing held by the Central Sydney Area Health Service ($5,001–10,000).

References

1. Weiler JM, Bonini S, Coifman R, Craig T, Delgado L, Capao-Filipe M,

Passali D, Randolph C, Storms W. American Academy of Allergy,

Asthma & Immunology work group report: exercise-induced asthma.

J Allergy Clin Immunol 2007;119:1349–1358.

2. Mannix ET, Roberts M, Fagin DP, Reid B, Farber MO. The prevalence

of airways hyperresponsiveness in members of an exercise training

facility. J Asthma 2003;40:349–355.

3. Mannix ET, Roberts MA, Dukes HJ, Magnes CJ, Farber MO. Airways

hyperresponsiveness in high school athletes. J Asthma 2004;41:567–574.

4. Parsons JP, Kaeding C, Phillips G, Jarjoura D, Wadley G, Mastronarde

JG. Prevalence of exercise-induced bronchospasm in a cohort of

varsity college athletes. Med Sci Sports Exerc 2007;39:1487–1492.

5. Hallstrand TS, Curtis JR, Koepsell TD, Martin DP, Schoene RB,

Sullivan SD, Yorioka GN, Aitken ML. Effectiveness of screening

examinations to detect unrecognized exercise-induced bronchocon-

striction. J Pediatr 2002;141:343–349.

6. Becker JM, Rogers J, Rossini G, Mirchandani H, D’Alonzo GE Jr.

Asthma deaths during sports: report of a 7-year experience. J Allergy

Clin Immunol 2004;113:264–267.

7. Scollo M, Zanconato S, Ongaro R, Zaramella C, Zacchello F, Baraldi

E. Exhaled nitric oxide and exercise-induced bronchoconstriction in

asthmatic children. Am J Respir Crit Care Med 2000;161:1047–1050.

8. Carraro S, Corradi M, Zanconato S, Alinovi R, Pasquale MF, Zacchello

F, Baraldi E. Exhaled breath condensate cysteinyl leukotrienes are

increased in children with exercise-induced bronchoconstriction. J

Allergy Clin Immunol 2005;115:764–770.

9. Hallstrand TS, Moody MW, Aitken ML, Henderson WR Jr. Airway

immunopathology of asthma with exercise-induced bronchocon-

striction. J Allergy Clin Immunol 2005;116:586–593.

10. Hallstrand TS, Wurfel MM, Lai Y, Ni Z, Gelb MH, Altemeier WA, Beyer

RP, Aitken ML, Henderson WR. Transglutaminase 2, a novel regulator

of eicosanoid production in asthma revealed by genome-wide expression

profiling of distinct asthma phenotypes. PLoS One 2010;5:e8583.

11. Hallstrand TS, Moody MW, Wurfel MM, Schwartz LB, Henderson WR

Jr, Aitken ML. Inflammatory basis of exercise-induced broncho-

constriction. Am J Respir Crit Care Med 2005;172:679–686.

12. Mickleborough TD, LindleyMR, Ray S. Dietary salt, airway inflammation,

and diffusion capacity in exercise-induced asthma.Med Sci Sports Exerc

2005;37:904–914.

13. Freed AN, McCulloch S, Meyers T, Suzuki R. Neurokinins modulate

hyperventilation-induced bronchoconstriction in canine peripheral

airways. Am J Respir Crit Care Med 2003;167:1102–1108.

14. Hallstrand TS, Debley JS, Farin FM, Henderson WR Jr. Role of

MUC5AC in the pathogenesis of exercise-induced bronchocon-

striction. J Allergy Clin Immunol 2007;119:1092–1098.

15. Rundell KW, Jenkinson DM. Exercise-induced bronchospasm in the

elite athlete. Sports Med 2002;32:583–600.

16. Rundell KW. High levels of airborne ultrafine and fine particulate

matter in indoor ice arenas. Inhal Toxicol 2003;15:237–250.

17. Rundell KW. Pulmonary function decay in women ice hockey players:

is there a relationship to ice rink air quality? Inhal Toxicol 2004;16:

117–123.

18. Rundell KW, Spiering BA, Evans TM, Baumann JM. Baseline lung

function, exercise-induced bronchoconstriction, and asthma-like

symptoms in elite women ice hockey players. Med Sci Sports Exerc

2004;36:405–410.

19. Rundell KW, Spiering BA, Baumann JM, Evans TM. Bronchoconstriction

provoked by exercise in a high-particulate-matter environment is at-

tenuated by montelukast. Inhal Toxicol 2005;17:99–105.

20. Sue-Chu M, Henriksen AH, Bjermer L. Non-invasive evaluation of

lower airway inflammation in hyper-responsive elite cross-country

skiers and asthmatics. Respir Med 1999;93:719–725.

21. Sue-Chu M, Larsson L, Moen T, Rennard SI, Bjermer L. Bronchoscopy

and bronchoalveolar lavage findings in cross-country skiers with and

without “ski asthma.” Eur Respir J 1999;13:626–632.

22. Helenius IJ, Rytila P, Metso T, Haahtela T, Venge P, Tikkanen HO.

Respiratory symptoms, bronchial responsiveness, and cellular

characteristics of induced sputum in elite swimmers. Allergy 1998;

53:346–352.

23. Agabiti N, Ancona C, Forastiere F, Di Napoli A, Lo Presti E, Corbo

GM, D’Orsi F, Perucci CA. Short term respiratory effects of acute

exposure to chlorine due to a swimming pool accident. Occup

Environ Med 2001;58:399–404.

24. Bernard A, Carbonnelle S, Dumont X, Nickmilder M. Infant swimming

practice, pulmonary epithelium integrity, and the risk of allergic and

respiratory diseases later in childhood. Pediatrics 2007;119:

1095–1103.

25. Bernard A, Carbonnelle S, Michel O, Higuet S, de Burbure C, Buchet

JP, Hermans C, Dumont X, Doyle I. Lung hyperpermeability and

asthma prevalence in schoolchildren: unexpected associations with

the attendance at indoor chlorinated swimming pools. Occup

Environ Med 2003;60:385–394.

26. Helenius I, Haahtela T. Allergy and asthma in elite summer sport athletes.

J Allergy Clin Immunol 2000;106:444–452.

27. McCreanor J, Cullinan P, Nieuwenhuijsen MJ, Stewart-Evans J, Malliarou

E, Jarup L, Harrington R, SvartengrenM, Han IK, Ohman-Strickland P,

et al. Respiratory effects of exposure to diesel traffic in persons with

asthma. N Engl J Med 2007;357:2348–2358.

28. Rundell KW, Im J, Mayers LB, Wilber RL, Szmedra L, Schmitz HR.

Self-reported symptoms and exercise-induced asthma in the elite

athlete. Med Sci Sports Exerc 2001;33:208–213.

29. Dickinson JW, Whyte GP, McConnell AK, Nevill AM, Harries MG.

Mid-expiratory flow versus FEV1 measurements in the diagnosis of

exercise induced asthma in elite athletes. Thorax 2006;61:111–114.

1024 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 187 2013



30. Holzer K, Anderson SD, Douglass J. Exercise in elite summer athletes:

challenges for diagnosis. J Allergy Clin Immunol 2002;110:374–380.

31. Langdeau JB, Day A, Turcotte H, Boulet LP. Gender differences in the

prevalence of airway hyperresponsiveness and asthma in athletes.

Respir Med 2009;103:401–406.

32. Enright PL, Beck KC, Sherrill DL. Repeatability of spirometry in

18,000 adult patients. Am J Respir Crit Care Med 2004;169:235–238.

33. Anderson SD, Silverman M, Konig P, Godfrey S. Exercise-induced

asthma. Br J Dis Chest 1975;69:1–39.

34. Cropp GJ. The exercise bronchoprovocation test: standardization of

procedures and evaluation of response. J Allergy Clin Immunol

1979;64:627–633.

35. Kattan M, Keens TG, Mellis CM, Levison H. The response to exercise

in normal and asthmatic children. J Pediatr 1978;92:718–721.

36. Song DJ, Woo CH, Kang H, Kim HJ, Choung JT. Applicability of

interrupter resistance measurements for evaluation of exercise-

induced bronchoconstriction in children. Pediatr Pulmonol 2006;

41:228–233.

37. Vilozni D, Bentur L, Efrati O, Barak A, Szeinberg A, Shoseyov D,

Yahav Y, Augarten A. Exercise challenge test in 3–6 year old

asthmatic children. Chest 2007;132:497–503.

38. Hofstra WB, Sterk PJ, Neijens HJ, Kouwenberg JM, Duiverman EJ.

Prolonged recovery from exercise-induced asthma with increasing

age in childhood. Pediatr Pulmonol 1995;20:177–183.

39. Anderson SD. Indirect challenge tests: airway hyperresponsiveness in asthma:

its measurement and clinical significance. Chest 2010;138:25S–30S.

40. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin

CG, MacIntyre NR, McKay RT, Wanger JS, Anderson SD, et al.

Guidelines for methacholine and exercise challenge testing—1999.

Am J Respir Crit Care Med 2000;161:309–329.

41. Carlsen KH, Anderson SD, Bjermer L, Bonini S, Brusasco V, Canonica

W, Cummiskey J, Delgado L, Del Giacco SR, Drobnic F, et al.

Exercise-induced asthma, respiratory and allergic disorders in elite

athletes. Epidemiology, mechanisms and diagnosis: Part I of the report

from the joint task force of the European Respiratory Society (ERS)

and the European Academy of Allergy and Clinical Immunology

(EAACI) in cooperation with GA(2)LEN. Allergy 2008;63:387–403.

42. Roca J, Whipp BJ, Agustí AGN, Anderson SD, Casaburi R, Cotes JE,

Donner CF, Estenne M, Folgering H, Higenbottam TW, et al. Clinical

exercise testing with reference to lung diseases: Indications, standardization

and interpretation strategies. ERS Task Force on Standardization

of Clinical Exercise Testing. European Respiratory Society. Eur

Respir J 1997;10:2662–2689.

43. Sterk PJ, Fabbri LM, Quanjer PH, Cockcroft DW, O’Byrne PM, Anderson

SD, Juniper EF, Malo J-L. Airway responsiveness: standardized

challenge testing with pharmacological, physical and sensitizing stimuli

in adults. Eur Respir J 1993;6:53–83.

44. Anderson SD, Pearlman DS, Rundell KW, Perry CP, Boushey H,

Sorkness CA, Nichols S, Weiler JM. Reproducibility of the airway

response to an exercise protocol standardized for intensity, duration,

and inspired air conditions, in subjects with symptoms suggestive of

asthma. Respir Res 2010;11:120.

45. Custovic A, Arifhodzic N, Robinson A, Woodcock A. Exercise testing

revisited: the response to exercise in normal and atopic children.

Chest 1994;105:1127–1132.

46. Godfrey S, Springer C, Bar-Yishay E, Avital A. Cut-off points defining

normal and asthmatic bronchial reactivity to exercise and inhalation

challenges in children and young adults. Eur Respir J 1999;14:659–

668.

47. Haby MM, Anderson SD, Peat JK, Mellis CM, Toelle BG, Woolcock

AJ. An exercise challenge protocol for epidemiological studies of

asthma in children: comparison with histamine challenge. Eur

Respir J 1994;7:43–49.

48. Haby MM, Peat JK, Mellis CM, Anderson SD, Woolcock AJ. An

exercise challenge for epidemiological studies of childhood asthma:

validity and repeatability. Eur Respir J 1995;8:729–736.

49. Weiler JM, Anderson SD, Randolph C, Bonini S, Craig TJ, Pearlman

DS, Rundell KW, Silvers WS, Storms WW, Bernstein DI, et al.

Pathogenesis, prevalence, diagnosis, and management of exercise-

induced bronchoconstriction: a practice parameter. Ann Allergy

Asthma Immunol 2010;105:S1–S47.

50. Anderson SD, Brannan JD. Methods for “indirect” challenge tests

including exercise, eucapnic voluntary hyperpnea, and hypertonic

aerosols. Clin Rev Allergy Immunol 2003;24:27–54.

51. Folgering H, Palange P, Anderson S. Clinical exercise testing with

reference to lung diseases: indications and protocols. Eur Respir

Mon 1997;6:51–71.

52. Freed AN, Anderson SD. Exercise-induced bronchoconstriction: hu-

man models. In: Kay AB, editor. Allergy & allergic diseases. Oxford:

Blackwell Scientific Publications; 2008. pp. 806–820.

53. Anderson SD, Daviskas E, Schoeffel RE, Unger SF. Prevention of severe

exercise-induced asthma with hot humid air. Lancet 1979;2:629.

54. Bar-Or O, Neuman I, Dotan R. Effects of dry and humid climates on

exercise-induced asthma in children and preadolescents. J Allergy

Clin Immunol 1977;60:163–168.

55. Chen WY, Horton DJ. Heat and water loss from the airways and

exercise-induced asthma. Respiration 1977;34:305–313.

56. Fitch KD, Morton AR. Specificity of exercise in exercise-induced

asthma. BMJ 1971;4:577–581.

57. Noviski N, Bar-Yishay E, Gur I, Godfrey S. Exercise intensity determines

and climatic conditions modify the severity of exercise-induced asthma.

Am Rev Respir Dis 1987;136:592–594.

58. Silverman M, Anderson SD. Standardization of exercise tests in

asthmatic children. Arch Dis Child 1972;47:882–889.

59. Strauss RH, McFadden ER Jr, Ingram RH Jr, Deal EC Jr, Jaeger JJ.

Influence of heat and humidity on the airway obstruction induced by

exercise in asthma. J Clin Invest 1978;61:433–440.

60. Strauss RH, McFadden ER Jr, Ingram RH Jr, Jaeger JJ. Enhancement of

exercise-induced asthma by cold air. N Engl J Med 1977;297:743–747.

61. Anderson SD, Schoeffel RE. Respiratory heat and water loss during

exercise in patients with asthma: effect of repeated exercise

challenge. Eur J Respir Dis 1982;63:472–480.

62. Edmunds AT, Tooley M, Godfrey S. The refractory period after

exercise-induced asthma: its duration and relation to the severity

of exercise. Am Rev Respir Dis 1978;117:247–254.

63. Schnall RP, Landau LI. Protective effects of repeated short sprints in

exercise-induced asthma. Thorax 1980;35:828–832.

64. Anderson SD, Schoeffel RE, Follet R, Perry CP, Daviskas E, Kendall

M. Sensitivity to heat and water loss at rest and during exercise in

asthmatic patients. Eur J Respir Dis 1982;63:459–471.

65. Kivity S, Souhrada JF. Hyperpnea: the common stimulus for bronchospasm

in asthma during exercise and voluntary isocapnic hyperpnea. Respiration

1980;40:169–177.

66. Kivity S, Souhrada JF, Melzer E. A dose–response–like relationship

between minute ventilation and exercise-induced bronchoconstriction

in young asthmatic patients. Eur J Respir Dis 1980;61:342–346.

67. McFadden ER Jr, Stearns DR, Ingram RH Jr, Leith DE. Relative

contributions of hypocarbia and hyperpnea as mechanisms in postexercise

asthma. J Appl Physiol 1977;42:22–27.

68. Anderson SD, Lambert S, Brannan JD, Wood RJ, Koskela H, Morton

AR, Fitch KD. Laboratory protocol for exercise asthma to evaluate

salbutamol given by two devices.Med Sci Sports Exerc 2001;33:893–900.

69. Davies CT. Limitations to the prediction of maximum oxygen intake

from cardiac frequency measurements. J Appl Physiol 1968;24:

700–706.

70. Carlsen KH, Engh G, Mork M. Exercise-induced bronchoconstriction

depends on exercise load. Respir Med 2000;94:750–755.

71. Weiler JM, Nathan RA, Rupp NT, Kalberg CJ, Emmett A, Dorinsky

PM. Effect of fluticasone/salmeterol administered via a single device

on exercise-induced bronchospasm in patients with persistent

asthma. Ann Allergy Asthma Immunol 2005;94:65–72.

72. Anderson SD, Rodwell LT, Du Toit J, Young IH. Duration of

protection by inhaled salmeterol in exercise-induced asthma. Chest

1991;100:1254–1260.

73. Woolley M, Anderson SD, Quigley BM. Duration of protective effect of

terbutaline sulfate and cromolyn sodium alone and in combination on

exercise-induced asthma. Chest 1990;97:39–45.

74. Wilson BA, Bar-Or O, O’Byrne PM. The effects of indomethacin on

refractoriness following exercise both with and without a broncho-

constrictor response. Eur Respir J 1994;7:2174–2178.

75. Henriksen JM. Exercise-induced bronchoconstriction: seasonal varia-

tion in children with asthma and in those with rhinitis. Allergy 1986;

41:499–506.

American Thoracic Society Documents 1025



76. Karjalainen J, Lindqvist A, Laitinen LA. Seasonal variability of

exercise-induced asthma especially outdoors: effect of birch pollen

allergy. Clin Exp Allergy 1989;19:273–278.

77. Mussaffi H, Springer C, Godfrey S. Increased bronchial responsiveness

to exercise and histamine after allergen challenge in children with

asthma. J Allergy Clin Immunol 1986;77:48–52.

78. Anderson SD, Charlton B, Weiler JM, Nichols S, Spector SL, Pearlman

DS; A305 Study Group. Comparison of mannitol and methacholine

to predict exercise-induced bronchoconstriction and a clinical diag-

nosis of asthma. Respir Res 2009;10:4.

79. Brannan JD, Anderson SD, Perry CP, Freed-Martens R, Lassig AR,

Charlton B. The safety and efficacy of inhaled dry powder mannitol

as a bronchial provocation test for airway hyperresponsiveness:

a phase 3 comparison study with hypertonic (4.5%) saline. Respir

Res 2005;6:144.

80. Brannan JD, Koskela H, Anderson SD, Chew N. Responsiveness to

mannitol in asthmatic subjects with exercise- and hyperventilation-

induced asthma. Am J Respir Crit Care Med 1998;158:1120–1126.

81. Holzer K, Anderson SD, Chan HK, Douglass J. Mannitol as a challenge

test to identify exercise-induced bronchoconstriction in elite athletes.

Am J Respir Crit Care Med 2003;167:534–537.

82. Hurwitz KM, Argyros GJ, Roach JM, Eliasson AH, Phillips YY.

Interpretation of eucapnic voluntary hyperventilation in the diagnosis

of asthma. Chest 1995;108:1240–1245.

83. Kersten ET, Driessen JM, van der Berg JD, Thio BJ. Mannitol and

exercise challenge tests in asthmatic children. Pediatr Pulmonol

2009;44:655–661.

84. Lombardi E, Morgan WJ, Wright AL, Stein RT, Holberg CJ, Martinez

FD. Cold air challenge at age 6 and subsequent incidence of asthma:

a longitudinal study. Am J Respir Crit Care Med 1997;156:1863–1869.

85. Mannix ET, Manfredi F, Farber MO. A comparison of two challenge

tests for identifying exercise-induced bronchospasm in figure skaters.

Chest 1999;115:649–653.

86. Riedler J, Gamper A, Eder W, Oberfeld G. Prevalence of bronchial

hyperresponsiveness to 4.5% saline and its relation to asthma and

allergy symptoms in Austrian children. Eur Respir J 1998;11:355–

360.

87. Riedler J, Reade T, Dalton M, Holst D, Robertson C. Hypertonic

saline challenge in an epidemiologic survey of asthma in children.

Am J Respir Crit Care Med 1994;150:1632–1639.

88. Rundell KW, Anderson SD, Spiering BA, Judelson DA. Field exercise

vs laboratory eucapnic voluntary hyperventilation to identify airway

hyperresponsiveness in elite cold weather athletes. Chest 2004;125:

909–915.

89. Ram FS, Robinson SM, Black PN, Picot J. Physical training for asthma.

Cochrane Database Syst Rev 2005;CD001116.

90. National Asthma Education and Prevention Program. Expert panel

report 3 (EPR-3): guidelines for the diagnosis and management of

asthma—summary report 2007. J Allergy Clin Immunol 2007;120:

S94–S138.

91. Carlsen KH, Anderson SD, Bjermer L, Bonini S, Brusasco V, Canonica

W, Cummiskey J, Delgado L, Del Giacco SR, Drobnic F, et al.

Treatment of exercise-induced asthma, respiratory and allergic dis-

orders in sports and the relationship to doping: Part II of the report

from the Joint Task Force of the European Respiratory Society

(ERS) and the European Academy of Allergy and Clinical Immu-

nology (EAACI) in cooperation with GA(2)LEN. Allergy 2008;63:

492–505.

92. Tan RA, Spector SL. Exercise-induced asthma: diagnosis and man-

agement. Ann Allergy Asthma Immunol 2002;89:226–235; quiz 235–

227, 297.

93. Dryden DM, Spooner CH, Stickland MK, Vandermeer B, Tjosvold L,

Bialy L, Wong K, Rowe BH. Exercise-induced bronchoconstriction

and asthma. Evid Rep Technol Assess (Full Rep) 2010;(189):1–154, v–vi.

94. Hancox RJ, Subbarao P, Kamada D, Watson RM, Hargreave FE,

Inman MD. Beta2-agonist tolerance and exercise-induced broncho-

spasm. Am J Respir Crit Care Med 2002;165:1068–1070.

95. Weinberger M. Long-acting beta-agonists and exercise. J Allergy Clin

Immunol 2008;122:251–253.

96. Nelson JA, Strauss L, Skowronski M, Ciufo R, Novak R, McFadden

ER Jr. Effect of long-term salmeterol treatment on exercise-induced

asthma. N Engl J Med 1998;339:141–146.

97. Ramage L, Lipworth BJ, Ingram CG, Cree IA, Dhillon DP. Reduced

protection against exercise induced bronchoconstriction after chronic

dosing with salmeterol. Respir Med 1994;88:363–368.

98. Simons FE, Gerstner TV, Cheang MS. Tolerance to the bronchopro-

tective effect of salmeterol in adolescents with exercise-induced

asthma using concurrent inhaled glucocorticoid treatment. Pediat-

rics 1997;99:655–659.

99. Davis BE, Reid JK, Cockcroft DW. Formoterol thrice weekly does not

result in the development of tolerance to bronchoprotection. Can

Respir J 2003;10:23–26.

100. Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorinsky PM. The

salmeterol multicenter asthma research trial: a comparison of usual

pharmacotherapy for asthma or usual pharmacotherapy plus salmeterol.

Chest 2006;129:15–26.

101. Salpeter SR, Buckley NS, Ormiston TM, Salpeter EE. Meta-analysis:

effect of long-acting beta-agonists on severe asthma exacerbations

and asthma-related deaths. Ann Intern Med 2006;144:904–912.

102. Lemanske RF Jr, Sorkness CA, Mauger EA, Lazarus SC, Boushey HA,

Fahy JV, Drazen JM, Chinchilli VM, Craig T, Fish JE, et al. Inhaled

corticosteroid reduction and elimination in patients with persistent

asthma receiving salmeterol: a randomized controlled trial. JAMA

2001;285:2594–2603.

103. Lazarus SC, Boushey HA, Fahy JV, Chinchilli VM, Lemanske RF Jr,

Sorkness CA, Kraft M, Fish JE, Peters SP, Craig T, et al. Long-acting

beta2-agonist monotherapy vs continued therapy with inhaled cor-

ticosteroids in patients with persistent asthma: a randomized con-

trolled trial. JAMA 2001;285:2583–2593.

104. Koh MS, Tee A, Lasserson TJ, Irving LB. Inhaled corticosteroids compared

to placebo for prevention of exercise induced bronchoconstriction.

Cochrane Database Syst Rev 2007;CD002739.

105. Duong M, Subbarao P, Adelroth E, Obminski G, Strinich T, Inman M,

Pedersen S, O’Byrne PM. Sputum eosinophils and the response of

exercise-induced bronchoconstriction to corticosteroid in asthma.

Chest 2008;133:404–411.

106. Helenius I, Lumme A, Haahtela T. Asthma, airway inflammation and

treatment in elite athletes. Sports Med 2005;35:565–574.

107. Subbarao P, Duong M, Adelroth E, Otis J, Obminski G, Inman M,

Pedersen S, O’Byrne PM. Effect of ciclesonide dose and duration

of therapy on exercise-induced bronchoconstriction in patients with

asthma. J Allergy Clin Immunol 2006;117:1008–1013.

108. Kippelen P, Larsson J, Anderson SD, Brannan JD, Delin I, Dahlen B,

Dahlen SE. Acute effects of beclomethasone on hyperpnea-induced

bronchoconstriction. Med Sci Sports Exerc 2010;42:273–280.

109. Sue-Chu M, Karjalainen EM, Laitinen A, Larsson L, Laitinen LA,

Bjermer L. Placebo-controlled study of inhaled budesonide on indi-

ces of airway inflammation in bronchoalveolar lavage fluid and bron-

chial biopsies in cross-country skiers. Respiration 2000;67:417–425.

110. Edelman JM, Turpin JA, Bronsky EA, Grossman J, Kemp JP,

Ghannam AF, DeLucca PT, Gormley GJ, Pearlman DS. Oral

montelukast compared with inhaled salmeterol to prevent exercise-

induced bronchoconstriction: a randomized, double-blind trial. Ex-

ercise Study Group. Ann Intern Med 2000;132:97–104.

111. Pearlman DS, van Adelsberg J, Philip G, Tilles SA, Busse W, Hendeles

L, Loeys T, Dass SB, Reiss TF. Onset and duration of protection

against exercise-induced bronchoconstriction by a single oral dose of

montelukast. Ann Allergy Asthma Immunol 2006;97:98–104.

112. Philip G, Pearlman DS, Villaran C, Legrand C, Loeys T, Langdon RB,

Reiss TF. Single-dose montelukast or salmeterol as protection against

exercise-induced bronchoconstriction. Chest 2007;132:875–883.

113. Rundell KW, Spiering BA, Baumann JM, Evans TM. Effects of montelukast

on airway narrowing from eucapnic voluntary hyperventilation and cold

air exercise. Br J Sports Med 2005;39:232–236.

114. Kelly K, Spooner CH, Rowe BH. Nedocromil sodium vs. sodium

cromoglycate for preventing exercise-induced bronchoconstriction

in asthmatics. Cochrane Database Syst Rev 2000;CD002731.

115. Spooner CH, Spooner GR, Rowe BH. Mast-cell stabilising agents to

prevent exercise-induced bronchoconstriction. Cochrane Database

Syst Rev 2003;CD002307.

116. Baki A, Orhan F. The effect of loratadine in exercise-induced asthma.

Arch Dis Child 2002;86:38–39.

1026 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 187 2013



117. Manjra AI, Nel H, Maharaj B. Effect of desloratadine on patients with

allergic rhinitis and exercise-induced bronchoconstriction: a placebo

controlled study. J Asthma 2009;46:156–159.

118. Anderson SD, Brannan JD. Exercise-induced asthma: is there still

a case for histamine? J Allergy Clin Immunol 2002;109:771–773.

119. Bousquet J, Van Cauwenberge P, Bachert C, Canonica GW, Demoly P,

Durham SR, Fokkens W, Lockey R, Meltzer EO, Mullol J, et al.

Requirements for medications commonly used in the treatment of

allergic rhinitis. European Academy of Allergy and Clinical Immu-

nology (EAACI), Allergic Rhinitis and its Impact on Asthma (ARIA).

Allergy 2003;58:192–197.

120. McKenzie DC, McLuckie SL, Stirling DR. The protective effects of

continuous and interval exercise in athletes with exercise-induced

asthma. Med Sci Sports Exerc 1994;26:951–956.

121. Rundell KW, Spiering BA, Judelson DA, Wilson MH. Bronchocon-

striction during cross-country skiing: is there really a refractory pe-

riod? Med Sci Sports Exerc 2003;35:18–26.

122. Stickland MK, Rowe BH, Spooner CH, Vandermeer B, Dryden DM.

Effect of warm-up exercise on exercise-induced bronchoconstriction.

Med Sci Sports Exerc 2012;44:389–391.

123. Shturman-Ellstein R, Zeballos RJ, Buckley JM, Souhrada JF. The

beneficial effect of nasal breathing on exercise-induced broncho-

constriction. Am Rev Respir Dis 1978;118:65–73.

124. Schachter EN, Lach E, Lee M. The protective effect of a cold weather

mask on exercised-induced asthma. Ann Allergy 1981;46:12–16.

125. Beuther DA, Martin RJ. Efficacy of a heat exchanger mask in cold

exercise-induced asthma. Chest 2006;129:1188–1193.

126. Mickleborough TD. A nutritional approach to managing exercise-

induced asthma. Exerc Sport Sci Rev 2008;36:135–144.

127. Mickleborough TD, Fogarty A. Dietary sodium intake and asthma: an

epidemiological and clinical review. Int J Clin Pract 2006;60:1616–1624.

128. Mickleborough TD, Lindley MR. Diet and exercise-induced broncho-

constriction. Chest 2006;130:623–624, author reply 624.

129. Tecklenburg SL, Mickleborough TD, Fly AD, Bai Y, Stager JM.

Ascorbic acid supplementation attenuates exercise-induced broncho-

constriction in patients with asthma. Respir Med 2007;101:1770–1778.

130. Gotshall RW, Mickleborough TD, Cordain L. Dietary salt restriction

improves pulmonary function in exercise-induced asthma. Med Sci

Sports Exerc 2000;32:1815–1819.

131. Mickleborough TD, Lindley MR, Ionescu AA, Fly AD. Protective

effect of fish oil supplementation on exercise-induced bronchocon-

striction in asthma. Chest 2006;129:39–49.

132. Neuman I, Nahum H, Ben-Amotz A. Reduction of exercise-induced

asthma oxidative stress by lycopene, a natural antioxidant. Allergy

2000;55:1184–1189.

133. Arm JP, Horton CE, Mencia-Huerta JM, House F, Eiser NM, Clark TJ,

Spur BW, Lee TH. Effect of dietary supplementation with fish oil

lipids on mild asthma. Thorax 1988;43:84–92.

134. Mickleborough TD, Murray RL, Ionescu AA, Lindley MR. Fish oil

supplementation reduces severity of exercise-induced bronchocon-

striction in elite athletes. Am J Respir Crit Care Med 2003;168:1181–1189.

135. Sadeh J, Israel E. Airway narrowing in athletes: a different kettle of

fish? Am J Respir Crit Care Med 2003;168:1146–1147.

136. Erhola M, Makinen R, Koskela K, Bergman V, Klaukka T, Makela M,

Tirkkonen L, Kaila M. The asthma programme of Finland: an evaluation

survey in primary health care. Int J Tuberc Lung Dis 2003;7:592–598.

137. Dickinson JW,Whyte GP,McConnell AK, HarriesMG. Impact of changes in

the IOC-MC asthma criteria: a British perspective.Thorax 2005;60:629–632.

138. Dickinson JW, Whyte GP, McConnell AK, Harries MG. Screening

elite winter athletes for exercise induced asthma: a comparison of

three challenge methods. Br J Sports Med 2006;40:179–182.

139. Holzer K, Brukner P. Screening of athletes for exercise-induced

bronchoconstriction. Clin J Sport Med 2004;14:134–138.

140. Boss LP, Wheeler LS, Williams PV, Bartholomew LK, Taggart VS,

Redd SC. Population-based screening or case detection for asthma:

are we ready? J Asthma 2003;40:335–342.

141. Yawn BP. Asthma screening, case identification and treatment in

school-based programs. Curr Opin Pulm Med 2006;12:23–27.

142. Gerald LB, Sockrider MM, Grad R, Bender BG, Boss LP, Galant SP,

Gerritsen J, Joseph CL, Kaplan RM, Madden JA, et al. An official

ATS workshop report: issues in screening for asthma in children.

Proc Am Thorac Soc 2007;4:133–141.

143. Wilber RL, Rundell KW, Szmedra L, Jenkinson DM, Im J, Drake SD.

Incidence of exercise-induced bronchospasm in Olympic winter

sport athletes. Med Sci Sports Exerc 2000;32:732–737.

144. Schwartz LB, Delgado L, Craig T, Bonini S, Carlsen KH, Casale TB, Del

Giacco S, Drobnic F, van Wijk RG, Ferrer M, et al. Exercise-induced

hypersensitivity syndromes in recreational and competitive athletes:

a PRACTALL consensus report (what the general practitioner should

know about sports and allergy). Allergy 2008;63:953–961.

145. Elston J, Stein K. Public health implications of establishing a national

programme to screen young athletes in the UK. Br J Sports Med

2011;45:576–582.

146. Rundell KW, Wilber RL, Szmedra L, Jenkinson DM, Mayers LB, Im J.

Exercise-induced asthma screening of elite athletes: field versus lab-

oratory exercise challenge. Med Sci Sports Exerc 2000;32:309–316.

147. Rupp NT, Brudno DS, Guill MF. The value of screening for risk of

exercise-induced asthma in high school athletes. Ann Allergy 1993;

70:339–342.

148. Schweizer C, Saugy M, Kamber M. Doping test reveals high concen-

trations of salbutamol in a Swiss track and field athlete. Clin J Sport

Med 2004;14:312–315.

149. van Baak MA, de Hon OM, Hartgens F, Kuipers H. Inhaled salbutamol

and endurance cycling performance in non-asthmatic athletes. Int J

Sports Med 2004;25:533–538.

150. Rundell KW, Spiering BA, Baumann JM, Evans TM. Montelukast has

no ergogenic effect on cycle ergometry in cold temperature. Med Sci

Sports Exerc 2004;36:1847–1851.

151. Sue-Chu M, Sandsund M, Holand B, Bjermer L. Montelukast does not

affect exercise performance at subfreezing temperature in highly trained

non-asthmatic endurance athletes. Int J Sports Med 2000;21:424–428.

American Thoracic Society Documents 1027


