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Exercise-induced bronchoconstriction (EIB) is a phenomenon
observed in asthma but is also seen in healthy individuals and
frequently in athletes. High prevalence rates are observed in
athletes engaged in endurance sports, winter sports, and
swimming. The pathophysiology of EIB is thought to be related
to hyperventilation, cold air, and epithelial damage caused by
chlorine and fine particles in inspired air. Several diagnostic
procedures can be used; however, the diagnosis of EIB based on
self-reported symptoms is not reliable and requires an objective
examination. The hyperosmolar inhalation test and eucapnic
voluntary hyperpnea test, which involve indirect stimulation of
the airway, are useful for the diagnosis of EIB. A short-acting f3-
agonist is the first choice for prevention of EIB, and an inhaled
corticosteroid is essential for patients with asthma. Furthermore,
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treatment should accommodate antidoping requirements in elite
athletes. Tailoring of the therapeutic strategy to the individual
case and the prognosis after cessation of athletic activity are
issues that should be clarified in the future. © 2020 The
Authors. Published by Elsevier Inc. on behalf of the American
Academy of Allergy, Asthma & Immunology. This is an open
access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/). (J Allergy Clin
Immunol Pract 2020;8:2183-92)
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Abbreviations used
ASL- Airway surface liquid
CC16- Clara cell secretory protein 16
CRTH,;- Chemoattractant receptor-homologous molecule
expressed on T-helper type 2 cells
CysLT- Cysteinyl leukotriene
EIB- Exercise-induced bronchoconstriction
EVH- Eucapnic voluntary hyperpnea
FEV;- Forced expiratory volume in 1 second
FVC- Forced vital capacity
GINA- Global Initiative for Asthma
ICS- Inhaled corticosteroid
LABA- Long-acting (3-agonist
LTRA- Leukotriene receptor antagonist
PCyy- Drug concentration required to reduce the FEVI by 20%
PEF- Peak expiratory flow
SABA- Short-acting 3-agonist
TUE- Therapeutic Use Exemption
WADA- World Anti-Doping Agency

Exercise-induced bronchoconstriction (EIB) is defined as
airway contraction associated with exercise." This phenomenon
was initially called exercise-induced asthma’ but was subse-
quently renamed EIB because airway contraction may be
observed in cases without asthma.” EIB typically develops within
15 minutes, after at least 5 to 8 minutes of high-intensity aerobic
training (>85% of maximal voluntary ventilation), although it
can also occur during exercise, and resolves spontaneously within
60 minutes.” EIB occurs in 70% to 90% of individuals with
asthma.”” Recently, EIB was separated into EIB with asthma
and EIB without asthma,’ the latter being particularly common
in athletes.” EIB without asthma in athletes is thought to be the
result of years of intensive training.” Athletes who perform
intense exercise on a daily basis require a large amount of
ventilation, so are exposed to respiratory stress, including
exposure to allergens (eg, pollen), air pollutants, inhalation of
large volumes of cold dry air, and respiratory muscle loading."’
Furthermore, intensive physical training may induce transient
immune downregulation with a shift toward a prevalent T-
lymphocyte helper-2 response that is clinically associated with an
increased prevalence of atopy and viral upper respiratory tract
infections, both of which are risk factors for the onset and
worsening of asthma.'" EIB that occurs in athletes without other
features of asthma has specific clinical and pathologic features.'”
Some elite athletes who are diagnosed with EIB do not have a
personal or family history of asthma, suggesting that environ-
mental factors are more important than genetic predisposition in
such cases.'” These athletes seldom experience symptoms of
asthma at rest but become symptomatic during high-intensity
exercise.* This article focuses on our current understanding of
EIB in athletes with special emphasis on the mechanism of EIB,
its treatment, and drug doping considerations.

PREVALENCE OF EXERCISE-INDUCED
BRONCHOCONSTRICTION

The reported prevalence rates for EIB in athletes widely range
from 3.7% to 54.8%'” depending on the study population and
the diagnostic criteria used (ie, questionnaires, antidoping
records, baseline spirometry, bronchial provocation challenge).
In a previous report,'® we investigated more than 2000 young
athletes (mean age 18 years) using a respiratory symptoms
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questionnaire and pulmonary function tests to detect undiag-
nosed asthma. The forced expiratory volume in 1 second (%
FEV,), peak expiratory flow (%PEF), and FEV,% (FEV,/forced
vital capacity [FVC]) values in the group with no history of an
asthma diagnosis but with respiratory symptoms associated with
exercise (possible bronchial asthma) were significantly lower than
those in the group with no history of an asthma diagnosis or
respiratory symptoms (nonbronchial asthma; Figure 1). There-
fore, it was thought that there were a considerable number of
cases with airway narrowing (clinical asthma) caused by repeated
episodes of EIB in the “possible bronchial asthma” group.

The frequency of EIB was reported to be 16.7% in 1996
(summer event) and 21.9% in 1998 (winter event) in the US
Olympic delegation.'”'® More recently, a 12-year study that
included 4 cross-sectional surveys performed between 2000 and
2012, before the 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%)."”

The most common sports events are cycling, swimming, and
marathons in summer and cross-country, ice hockey, and ice
skating in winter (Table 1).”” There are several types of sports
that have a high prevalence of EIB. Asthma is most commonly
found in athletes performing endurance activities, such as long-
distance running, cycling, triathlons, and pentathlons. Asthma
in these athletes is attributed to long-term ventilation load
through the mouth (bypassing the nasal filter) and exposure to
allergens and air pollutants.””** For example, in the study by
Robson-Ansley et al,>® 32% of 208 runners in the 2010 London
Marathon had asthma according to the validated Allergy
Questionnaire for Athletes.”* Cold hyperventilation load is also
an important factor in the development of EIB. It has been
reported that the prevalence of EIB is high in winter events such
as cross-country and skating. More than half (54.8%) of Swedish
cross-country skiers were shown to have EIB in the study of
Larsson et al.”” Similarly, the prevalence rates of bronchial
hyperresponsiveness and clinical asthma were 42% and 43%,
respectively, in 53 Swedish cross-country skiers investigated by
Sue-Chu et al.”® The high prevalence of EIB in athletes engaged
in winter sports has been attributed to hyperpnea in cold dry air,
which places significant environmental stress on the airways, and
it has been reported that exposure to cold air causes para-
sympathetic stimulation of the airways, contributing to EIB.”
Furthermore, elevated emission of pollutants from fossil-fueled
ice resurfacing machines has been found to contribute to the
onset of EIB in skating and ice hockey athletes.”® Swimming has
also been the subject of recent discussions. In the past, swimming
was considered an activity that could be recommended for
children with asthma because it is performed in a humid envi-
ronment.”” However, an increased risk of EIB has been reported
in swimmers.”’ The association between EIB and indoor
swimming facilities likely reflects the chemical disinfectants used
in pools and the poor air circulation in these facilities.

MECHANISM OF EXERCISE-INDUCED
BRONCHOCONSTRICTION

The hypothesized mechanism for EIB has been shown as a
flowchart (Figure 2°") whereby EIB is roughly divided into an
airway dehydration component and a mucosal cooling
component as a result of loss of inhaled water, resulting in
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FIGURE 1. Obstructive indices on pulmonary function tests (%FEV,, %PEF, and FEV,%) in athletes.'® The medical history question-
naires and pulmonary function tests of 2111 athletes (1549 male, 562 female) were reviewed. The athletes were categorized as having
current BA (confirmed and treated by a physician), possible BA (suspected based on history of allergy and/or symptoms), or no BA
(control cases without current or possible BA). The data are shown as the mean + standard deviation. *P <.001, Kruskal-Wallis test. BA,
Bronchial asthma; FEV/;, forced expiratory volume in 1 second; PEF, peak expiratory flow.

TABLE I. Sports with different levels of risk of exercise-induced bronchoconstriction?®

Risk Characteristics Examples of sports

Low Sports in which the athlete performs a <5- to 8-min effort Track and field: sprint (100, 200, and 400 m), middle distance
(800 and 1500 m), hurdles (100, 110, and 400 m), jumps,
throws, decathlon, heptathlon, tennis, fencing, gymnastics,
downhill skiing, boxing, golf, body building, weightlifting,
martial arts

Medium Sports in which the continuous effort rarely lasts more than Soccer, rugby, American football, basketball, volleyball,

5-8 min

High Sports in which the athlete performs a >5- to 8-min effort
and/or in a dry/cold air environment, and/or in a noxious
air environment (chlorine exposure, ultrafine particles,

traffic air pollution)

handball, baseball, cricket, field hockey

Swimming, water polo

Track and field: long distance (5000 and 10,000 m), 3000-m
steeplechase, pentathlon (mixed), walks (20 and 50 km),
marathon

Cycling, cross-country skiing, ice hockey, ice skating, biathlon,
high-altitude sports

increased vascular permeability and associated changes in bron-
chial reactivity. The concentration of water in inspired air is an
important determinant of EIB.”” Loss of water by evaporation, in
humidifying large volumes of air in a short time, is thought to
cause a transient increase in the concentration of ions (eg, Na™,
ClY, Ca?") in airway surface liquid (ASL).>> This osmotic
stimulus occurs after intense exercise when dry air of any tem-
perature is inspired providing that the duration of exercise is
sufficient. Changes in the osmolarity in ASL lead to intracellular
movement of water, resulting in shrinkage of cells and release of
inflammatory mediators that cause smooth muscle contraction
and obstruction of the airway.34 On the other hand, cooling of
the airways, from heat lost through vaporization of water, was
initially identified as a potential stimulus for EIB and to lead to
vasoconstriction of the airway. Mucosal cooling of the airway also
stimulates cholinergic airway receptors, increasing smooth

. 35 . .
muscle tone and secretions.”” Chemical mediators, such as

cytokines and growth factors, released from epithelial cells,
smooth muscle cells, and inflammatory cells in the airway are
thought to further modify the disease state. Many mediators are
involved in the pathogenesis of EIB, but some, such as prosta-
glandin E,, act to dilate the airway and suppress inflamma-
tion.”®*” However, in the case of EIB, there are reports that
expression of prostaglandin E, is reduced in the airway epithe-
lium,”* and many mediators, such as cysteinyl leukotrienes
(CysLTs), prostaglandin D,, and neurokinin, provoke narrowing
and augment inflammation of the airway.”” Mast cells are widely
known to be involved in EIB and release chemical mediators,
such as histamine, CysLTs, and prostaglandin D,.*

These chemical mediators act on smooth muscle and cause
airway contraction.”””” In particular, CysLTs are chemical me-
diators produced through the arachidonic acid cascade, and
various cells, including mast cells, eosinophils, and epithelial
cells, have been reported to be source cells.*° Drugs targeting
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FIGURE 2. Both airway cooling and mucosal dehydration occur in
response to evaporative water loss from the airway surface.®'
These events lead to exercise-induced bronchoconstriction.
ASL, Airway surface liquid. Published with permission from
Rundell et al.®'

CysLTs have been shown to be effective in preventing and
suppressing EIB, including an inhibitor of 5-lipoxygenase,”'
which is the key enzyme of the arachidonic acid cascade, and
an antagonist of the CysLT1 receptor.”® Furthermore, desensi-
tization of the CysLT receptor has been reported to be the
mechanism underpinning the refractory period in EIB.*”” On the
other hand, prostaglandin D, is mainly produced by mast cells,
but its receptor is known as DP; and DP, (CRTH,: chemo-
attractant receptor-homologous molecule expressed on T-helper
type 2 cells); especially CRTH, is known to be expressed on T-
helper type 2 cells, type 2 innate lymphoid cell and eosinophil,
and the role of the inhibitor of CRTH, in eosinophilic airway
inflammation is now attracting research topic.”” The DP,
receptor may serve as the key receptor mediating bronchocon-
striction and cough in EIB because it is a key activator of
capsaicin-sensitive sensory neurons.”’ Mast cell stimulation and
airway contraction by substance P and neurokinin, which are
neurogenic mediators for nerves involved in the airways, are also
important mechanisms.”’

Moreover, the effects of excessive athletic activity and long-
term load on the autonomic nervous system should be consid-
ered. One study found a parasympathetic-dominant state in
endurance athletes (long-distance runners) when compared with
a control group.”® The cholinergic parasympathetic nerves
stimulate bronchoconstriction, and this is the predominant type
of innervation at the bronchial level in humans.”® Furthermore,
type 2 cytokines and growth factors, such as vascular endothelial
growth factor, are factors that complicate inflammation in cases
with conventional asthma.”” Recently, respiratory epithelial
disorder has been recognized as an important cause of EIB in
athletes with severe respiratory conditions.”® There are several
processes via which airway epithelial cells can become disordered,
including damage to the cells themselves, impairment of the
barrier function of the epithelial cells (ie, impaired tight
junctions), and a change in the osmolarity of ASL."” Shedding of
epithelial cells into the airway lumen after exercise challenge has
been demonstrated in individuals with asthma and EIB.”’ In
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endurance sports, inhalation of large volumes of dry cold air
makes it easier for the epithelium of the narrow airways (diameter
<1 mm) to be damaged.”” This damage was found to proceed
promptly in the repair direction with infiltration of leukocytes
into the walls of the airway in a mouse model.”" Athletes
undergo these injury-repair processes many times during a
season. One study found that competitive cross-country skiers
without a diagnosis of asthma often showed airway hyper-
responsiveness to methacholine and had increased deposition of
tenascin, an extracellular matrix protein, in endobronchial biopsy
specimens.”” Repeated prolonged exposure of the airways to
harsh air conditions may be responsible for these early changes in
airway remodeling. Clara cell secretory protein 16 (CC16) is a
peripheral marker that can be used to assess epithelial barrier
injury in the lower airways. Acute exercise stress—induced
epithelial barrier injury can be confirmed by demonstrating
increased CC16 levels in urine’* and serum’” after exercise.
Epithelial barrier injury occurs when tight junctions in the
epithelium are destroyed and facilitates invasion of various
foreign antigens and toxins, thereby strongly augmenting im-
mune reactions and inflammation.'” Epithelial damage may also
affect sensitization to pollens. The increased IgE production that
occurs after acquisition of an atopic predisposition causes EIB by
acting directly on airway smooth muscle or by contraction of
airway smooth muscle in response to release of a chemical
mediator from mast cells via IgE.”*””

Although there have been few studies on changes in EIB after
cessation of sport, it has been reported that swimmers show
improvements in symptoms, airway hyperresponsiveness, and
airway inflammation after retirement.”” This suggests that airway
hyperresponsiveness, which is the hallmark of EIB, may be
reversible. Bougault et al’” performed a study in competitive
swimmers in which they performed a methacholine challenge test
and a eucapnic voluntary hyperpnea (EVH) test during a period
of intense training and after a rest period of 2 weeks. They found
that the PC,4 (the drug concentration required to reduce the
FEV; by 20%) was significantly higher after a nontraining period
and that the decrease in FEV| after EVH was clearly lower than
that during the training period. Therefore, airway hyper-
responsiveness in competitive swimmers might be reversible after
temporary cessation of training.

DIAGNOSIS OF EXERCISE-INDUCED
BRONCHOCONSTRICTION

It is important to have a reliable method for diagnosing EIB or
asthma in athletes that takes into account antidoping
requirements.”’ The methods used to diagnose EIB include self-
reported symptoms (questionnaire), biomarkers, respiratory
function tests, and provocation tests. The questionnaire asks
about symptoms during exercise, but these are difficult to
determine.”” According to Rundell et al,”" the diagnosis of EIB
by self-reported symptoms is unreliable when the diagnosis can
be confirmed by a provocation test (eg, an exercise test). The
Allergy Questionnaire for Athletes, which is used to screen for
allergic diseases in athletes, has been reported to have a positive
predictive value of only 26% for the diagnosis of EIB; however,
the negative predictive value is 92%, which suggests that this
questionnaire is useful for excluding a diagnosis of EIB.%”

The markers used for the diagnosis of asthma, such as
eosinophils (peripheral blood and sputum) and exhaled nitric
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FIGURE 3. Diagnostic and treatment algorithm for EIB. *or surrogate challenge, for example, hyperpnea or mannitol. £/B, Exercise-
induced bronchoconstriction; FEV;, forced expiratory volume in 1 second; /CS, inhaled corticosteroid; LABA, long-acting fB-agonist;
LTRA, leukotriene receptor antagonist; MCSA, mast cell stabilizing agent; SABA, short-acting B-agonist. Reprinted with permission of
the American Thoracic Society. Copyright © 2020 American Thoracic Society. Parsons et al." The American Journal of Respiratory and
Critical Care Medicine is an official journal of the American Thoracic Society.

oxide, are useful for cases with an allergic predisposition. How-
ever, there are few data on the use of these parameters in athletes,
and their clinical relevance is not well established.> According to
Haahtela et al,*" the diagnostic value of blood eosinophils and
fraction of exhaled nitric oxide in EIB depends on whether or not
it is accompanied by asthma, indicating that the value of these
markers differs according to the type of disease. In a previous
study, we performed a cluster analysis based on the pretreatment
data for respiratory function tests and biomarkers in athletes with
asthma diagnosed by respiratory symptoms on exercise and
airway provocation test with methacholine, and separated the
athletes into several clusters.”” One of the clusters included
athletes with limited predisposition to atopy and mild symptoms
in whom the %FEV; value was significantly lower than that in
the other clusters. Presumably, there would be a structural
change in the airway after repeated episodes of EIB accompa-
nying athletic activity.”>

Spirometry is mainly used to detect obstructive impairment
(FEV,/FVC < 70%), which is unusual in athletes.®” However,
subclinical airway obstruction is present in a number of
individuals in whom all diagnostic criteria for obstructive
disorder are not met; the airway reversibility test with inhalation
of an aerosolized PB,-agonist such as albuterol or salbutamol is
useful for confirmation of airway obstruction in these cases. This
test is judged to be positive when an FEV| increase of 12% or
more than 200 mL is observed after the use of the [3,-agonist.
However, the reversibility test measures the reversibility by a
bronchodilator in the airways, so it is useful for diagnosing
asthma but not EIB.

Bronchial provocation tests can be broadly divided into direct
provocation of the airway by inhalation of methacholine or
histamine and indirect stimulation by exercise provocation tests,
hypertonic saline or mannitol inhalation tests, or an EVH test.”®
Although the feasibility of EVH testing is well established, the
practicalities and associated costs are substantial; therefore, this
test is not widely available as part of a routine diagnostic
examination in primary or secondary care.

Direct challenge with methacholine, an approved agonist, is
frequently used for the diagnosis of asthma. This procedure is
described in detail in the consensus statement by the American
Thoracic Society.”” This test provides an index of bronchial hyper-
responsiveness and is expressed as the PC,4. A PCyg of <4 mg/mL is
judged to be positive, although a value of up to 16 mg/mL is
considered positive in individuals who are established on inhaled
corticosteroids (ICS). However, given that methacholine acts
directly on airway smooth muscle, the bronchoconstriction by
methacholine is far from the EIB mechanism. In practice, the
methacholine challenge test can diagnose EIB reliably in athletes
engaged in winter competition, but its sensitivity in those engaged in
summer competition is as low as 40%.”° Therefore, it can rule out
asthma but is not recommended as a method for diagnosing EIB.”!

Indirect stimulation tests, such as an exercise challenge test,
hypertonic saline or mannitol powder inhalation test, and EVH,
may stimulate inflammatory cells in the respiratory tract, release
chemical mediators such as histamine and leukotrienes, and
cause the smooth muscle in the airway to contract. These tests
are thought to be reasonable for the diagnosis of EIB, and EVH
is considered the gold standard for this purpose.”’



2188 KOYA ETAL

There are 2 types of exercise challenge tests: a test using a
treadmill or ergometer in the laboratory and a test in the field
where the individual is monitored while performing an outdoor
activity (running or actual competition). Field tests have been
reported to be more sensitive than indoor exercise tests2;
however, weather conditions and exercise loads are not constant
and evaluation is difficult. More commonly used is the indoor
exercise test performed according to the American Thoracic
Society protocol,1 that is, exercise stimulation with 80% to 90%
of the predicted maximum heart rate under normal conditions
(20°C to 25°C, humidity less than 50%) for 6 to 8 minutes. If
the FEV after exercise decreases by >10% in comparison with
the FEV; before exercise, the test is deemed positive.

Hypertonic saline and mannitol powder inhalation tests (also
known as hyperosmolar inhalation tests) cause smooth muscle
contraction in the airway by a mechanism that involves evapo-
ration and dehydration of water in the airways. The hypertonic
saline provocation test can be performed with 4.5% saline using
an ultrasonic nebulizer (with an output of >1 mL/mL).””
Furthermore, if sputum is collected in a nebulizer, inflamma-
tory cells such as eosinophils and neutrophils can be analyzed.
Using the mannitol powder inhalation test, the concentration of
mannitol powder to be inhaled is increased stepwise, and FEV] is
measured after each increment to determine the degree of airway
contraction. However, the mannitol powder used in this test is
currently approved only in the United States, European Union
countries, Australia, South Korea, and a few other countries.”* In
both provocation tests, if a decrease in FEV; of >15% is
observed after inhalation, the result is judged to be positive.”"

EVH is a provocation test based on the theory that an
increased ventilation rate bronchoconstriction  in
susceptible individuals. The mechanism is thought to involve
drying of the ASL and increased osmolarity, similar to what
occurs during exercise.”” The general procedure involves
voluntary breathing of hypercapnic air (5% CO,, 21% O,
balance N,) at a predetermined rate of 60% to 85% maximal
voluntary ventilation.”” The recommended ventilation rate is
30 x FEV| (estimated 85% maximal voluntary ventilation) for 6
minutes.”® After 6 minutes of ventilation, spirometry is
performed to measure FEVy; if it is 10% lower than before
ventilation, the test is judged as positive. The International
Olympic Committee considers EVH to be the best of the airway
provocation tests for athletes.””

The differential diagnosis of EIB should take into account
physiologic limitations, anxiety, exercise-induced laryngeal
dysfunction, hyperventilation, and hypoxemia as a result of a
lung disease other than asthma, and cardiac disease.’

causes

MANAGEMENT OF EXERCISE-INDUCED
BRONCHOCONSTRICTION

Nonpharmacologic preventive strategies for EIB in athletes,
including pre-exercise warm-up, wearing a face mask, and
avoiding inhalation of cold air, are important given the harsh
conditions in which athlete activity may be performed.”®”” Tt has
often been suggested that the refractory period induced after a
first bout of exercise explains why high-intensity warm-up
activity protects against EIB. There is some evidence that weight
loss®® and dietary measures, such as a low sodium intake (<1500
mg per day),”’ a diet rich in omega-3 polyunsaturated fatty
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acids,*>" and supglementation with ascorbic acid (1500 mg per
day for 2 weeks),”" may help to decrease the risk of EIB and its
severity. In some cases, it may be necessary to advise that training
be discontinued.

Short-acting B-agonists (SABAs) are now considered the first-
line pharmacologic agents for protection against EIB based on
consistent results across multiple meta-analyses of head-to-head
comparisons with all other classes of medication commonly
used in this condition and the consensus guidelines.””"**” SABAs
are the most effective therapeutic agents for prevention of EIB.”!
Use of a SABA 15 minutes before exercise is very effective.”®
SABAs stimulate B, receptors on the surface of the airway
smooth muscle causing relaxation and bronchodilation." How-
ever, it has been reported that the regular use of a SABA alone
not only diminishes the efficacy of bronchodilation but also
increases airway hypersensitivity.””*” The mechanism for the
development of tolerance is suspected to be downregulation of B,
receptors on mast cells and airway smooth muscle.”® Therefore,
the current guidelines suggest that if a SABA is needed daily for
EIB, an additional agent, preferably an ICS, should be added to
decrease the frequency of use of the SABA."®

In individuals of EIB with asthma, EIB is often a sign of poor
asthma control; therefore, the treatment for asthma should be
strengthened. The treatment components are adjusted depending
on the guideline used, which is typically the one published by
Global Initiative for Asthma (GINA). An ICS is the standard
treatment for asthma. ICS therapy does not act rapidly in EIB but
has been proven to decrease its severity’’ and is the first-line
treatment for athletes with asthma.®® However, the results of the
only relevant long-term study in EIB, which was performed in
competitive cross-country skiers, suggested that daily treatment
with an ICS does not have any beneficial effect on respiratory
symptoms, airway inflammation, or airway responsiveness to
methacholine.”! In our study, there were a considerable number of
athletes with asthma who had less atopic predisposition and
cosinophilic inflammation in whom an ICS was ineffective.”
Moreover, it is thought that there is a “sports asthma”
syndrome, defined by the presence of exercise-induced respiratory
symptoms and airway hyperresponsiveness in the absence of
allergic features.”” Treatment with an ICS has a significant effect
on allergic eosinophilic airway inflammation but has been reported
to be less effective in types of disease with less eosinophilic
inflammation.”* Therefore, it is reasonable to suspect that ICS
would not be so effective for “sports asthma.” The development of
this pathophysiology is associated with specific training and
environmental conditions, especially exposure to cold dry air and
long exercise durations.” However, it is still unclear whether or
not athletes with the phenotype that involves less eosinophilic
inflammation can be treated with a bronchodilator without using
an ICS.

An ICS combined with a long-acting P-agonist (LABA) is
often used to treat patients with asthma in GINA step 3 or
higher and is recommended for use on demand in GINA step 1
or 2.%°° A combination of budesonide and formoterol on demand
has been reported to be extremely successful for reducing EIB.”
Athletes with EIB who respond poorly to ICS alone often show
improvement when switched to an ICS/LABA combination.®’
Although a LABA used alone has a preventive effect in EIB,”
the US Food and Drug Administration has issued a warning
against the use of LABA without an ICS for EIB.”
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Respiratory symptoms of recurrent breathlessness,
cough, wheezing, chest tightness, phlegm production.

»

Baseline airway obstruction
FEV,<80%, FEV,/FVC <0.7

| Normal expiratory flows

— ; prommeemmmemennen .| Confirm variable airway hyperresponsiveness by one of the
Administer inhaled | Provocation test | following:
salbutamol 200-400ng i negative ! | >10% fall in FEV, after exercise or EVH
‘ 215% fall in FEV, after a hyperosmolar (saline or mannitol)
challenge
No significant 220% fall in FEV, after methacholine test — PC20< 4
change mg/mL(steroid-naive)
‘ Post-BD FEV, Asthma
1 12% or more confirmed | Provocation test positive |
Look for another cause ¥
of symptoms

Identify potential triggers/inducers of asthma and comorbid conditions

®|nitiate patient education (refer to an asthma educator whenever possible)

®Determine environmental control measures to be prioritized

®Assess current asthma medication needs (to achieve asthma control)

®|nitiate treatment according to current guidelines

®Design and review an action plan for management of exacerbations

®Inhibit exercise-induced bronchoconstriction optimize asthma control,
(pre-exercise warm-up, preventative medication)

P

For the elite athlete: consider WADA
recommendations for use of asthma medication
(in order to provide the required TUEs)

—

Ensure regular follow-up and regularly confirm asthma control,
comorbidities, environmental exposures, inhaler technique,
benefits and side effects of therapies, and educational needs

FIGURE 4. Management of asthma in the athlete.?® BD, Bronchodilator; EVH, eucapnic voluntary hyperpnea; FEV;, forced expiratory
volume in 1 second; FVC, forced vital capacity; PC,p, drug concentration required to reduce the FEV1 by 20%; TUE, Therapeutic Use

Exemption; WADA, World Anti-Doping Agency. From Fitch et al.®°®

TABLE Il. Relationship between asthma medication and availability and need for a TUE application

Agent Route Use TUE Attention
Glucocorticoid* Oral or injected OK Required Retrospective TUE application required
Inhalation OK Not required —
B3, stimulant Inhalation OK Required No TUE application required for salbutamol,
salmeterol, or formoterol
Oral, injected, or pasted NO Required Normally TUE applications are not approved. In
particular, clenbuterol, which is used as a
bronchodilator in Asia, is classified as an anabolic
agent
Leukotriene receptor Oral OK Not required —
antagonist
Theophylline Oral or injected OK Not required —
Anticholinergic agent Inhalation OK Not required —
Cromone Oral or inhalation OK Not required —
Anti-IgE, anti-IL-5, Injection OK Not required —

anti-IL-5R antibody

TUE, Therapeutic Use Exemption.

*Systemic (eg, oral or intravenous) administration of a glucocorticoid is prohibited in competition only and requires a TUE if the athlete competes before the drug has ceased to
be identifiable in his or her urine. In emergency situations, a retrospective TUE application should be submitted as soon as possible to the appropriate antidoping organization if
the athlete intends to compete while taking the systemic glucocorticoid or soon afterward.

fMaximum inhaled dose allowed. Salbutamol: 1600 [ig over 24 hours and in divided doses of 800 [1g over 12 hours. Salmeterol: 200 pg over 24 hours. Formoterol: 54 ug over

24 hours.

Alternatively, a leukotriene receptor antagonist (LTRA) can be
used. LTRAs are theoretically effective because the CysLT
pathway has been demonstrated to be involved in the
pathophysiology of EIB.”>”® Although LTRAs are not as effec-
tive as B-agonists,”” tolerance does not develop with long-term

se.'%%!%" Allergic rhinitis is a common finding in atopic
patients with asthma, and LTRAs are also an effective treatment
allergic rhinitis'°%; therefore, the use of these agents is convenient

in EIB with rhinitis. LTRAs can be used easily by athletes
because they are not prohibited by the World Anti-Doping
Agency (WADA).'” Montelukast was shown to protect
against EIB in college hockey players in environments containing
low and high particulate matter.'”* However, Helenius et al'”’
reported that LTRA was ineffective in hockey players, and data
reported by our group and others show that montelukast is not as
effective as an ICS in EIB with asthma.'*®'%”
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TABLE lll. Characteristics of exercise-induced bronchoconstriction with and without asthma

Feature

EIB with asthma

EIB without asthma

° ° 5,92
Pediatric asthma®

Comorbid allergic disease

FeNQ©392:93

Airway hyperresponsiveness®
5.

Response to ICS®>*

Sponsil),ﬁ{()(),l)l

Disease prognosis after retirement

65,92,93

58,59

Persist treatment

Often Few

Often Few

Elevated Normal

+ (methacholine) + (EVH)

Good Poor

Any Winter, swimming

Possible to quit treatment

EIB, Exercise-induced bronchoconstriction; EVH, eucapnic voluntary hyperpnea; FeNO, fraction of exhaled nitric oxide; ICS, inhaled corticosteroid.

Inhaled cromolyn sodium and nedocromil sodium (available
in the United Kingdom, Austria, and Italy), which have no
bronchodilator activity, attenuate EIB when used before exercise
but have a short duration of action of only 1 to 2 hours and are
not as potent as a SABA.'”® Cromolyn sodium is thought to
alleviate EIB by suppressing the release of prostaglandin D, from
mast cells.'”” Long-term use of either drug is not accompanied
by tolerance.'*®

Short-acting muscarinic antagonists, including ipratropium,
target the muscarinic receptors on bronchial smooth muscle and
provide bronchoprotection and bronchodilation in EIB.'""
Ipratropium is not as effective a bronchodilator as a SABA but
may be effective in cases of SABA tolerance.''”""" An inhaled
long-acting muscarinic antagonist containing tiotropium has
been reported to suppress exacerbations and improve quality of
life in patients with moderate or severe asthma that cannot be
controlled by medium to high doses of ICS and LABA."'>""”
However, there are no data to evaluate the effectiveness of
bronchoprotection in EIB.

The diagnosis and treatment of EIB have been described
above. Figure 3 shows the algorithm, which summarizes the
diagnosis and treatment of EIB. Of importance, although the
algorithm provides a reliable diagnosis and identifies appropriate
treatment, in clinical practice, it is often difficult to reliably di-
agnose EIB and evaluate treatment efficacy. Moreover, medical
treatments are commonly interrupted even in cases that require
continuous treatment.

In the survey of athletes who died from asthma attacks during
sports activities, there were many cases of teenagers.1 A survey
of asthma treatment history has shown that most cases do not use
long-term management agents.'' With the use of appropriate
therapeutics, the worst situation of asthma death might be
avoided.

MANAGEMENT FOR ANTIDOPING

Medication for athletes with EIB requires compliance with the
rules of WADA regardless of whether or not asthma is diagnosed.
Even prohibited agents can be used by applying for a Thera-
peutic Use Exemption (TUE) because some have exemptions for
treatment purposes and certain routes of administration.' %’
Therefore, athletes can receive systemic steroids when they
have an exacerbation of asthma with an appropriate application
for TUE. However, a TUE application requires an objective
diagnosis of asthma (after taking of a medical history, physical
examination, pulmonary function, and airway responsiveness).
The WADA provides a chart for management of asthma in
athletes (Figure 4). Table II shows a list of the agents that are
allowed under the current WADA regulations. For

bronchodilators, an inhaled SABA (salbutamol; also known as
albuterol) and an inhaled LABA (salmeterol and formoterol) are
allowed. More information is available online at www.wada-ama.
org.

CONCLUSIONS

The following points are important when treating athletes
with EIB: (1) prevention of sudden death during exercise; (2)
avoiding use of ineffective drugs; (3) compliance with doping
standards; and (4) prevention of a decline in athletic performance
as a result of EIB symptoms. Although there are differences
between EIB with and without asthma, it is important that
athletes deal with EIB appropriately (Table III). According to
statistics from the 2000 to 2006 Olympics (Sydney, Salt Lake
City, Athens, Turin), the percentage of medalists with asthma
was higher than that of those without asthma, especially in
winter sports.(’0 Therefore, it should be possible for athletes with
EIB to maintain a level of performance comparable with that of
athletes without EIB, if EIB is diagnosed as early as possible and
treated appropriately.
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