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Exercise-Induced Lung Disease:
Too Much of a Good Thing?

Pnina Weiss, M.D.,1 and Kenneth W. Rundell, Ph.D.2

Exercise in children has important health benefits. However, in elite endurance athletes, there is an increased
prevalence of exercise-induced bronchoconstriction and airway inflammation. Particularly at risk are those who
practice in cold weather, ice rinks, swimming pools, and air pollution. The inflammation is caused by repetitive
episodes of hyperventilation of cold, dry air, allergens, or toxins such as chlorine or air pollution. Children may be
particularly at risk for lung injury under these conditions because of the immaturity and ongoing development of
their lung. However, studies in pediatric athletes and exercising young children are sparse. Epithelial injury
associated with hyperventilation of cold, dry air has not been described in children. However, exercise in the
presence of air pollution and chlorine is associated with airway injury and the development of asthma in children;
the effect appears to be modulated by both atopy and genetic polymorphisms. While management of exercise-
induced bronchoconstriction and asthma is well established, there is little data to guide treatment or prevention of
remodeling in athletes or inhalational lung injury in children. Studies underscore the need to maintain high levels
of air quality. More investigations should be undertaken to better define the natural history, pathophysiology, and
treatment of exercise-induced pulmonary inflammation in both elite athletes and exercising children.

Introduction

Approximately 30 million children and adolescents in
the United States participate in organized sports.1 Ex-

ercise has widespread benefits. It improves physical fitness,
self-esteem,2 and cognitive and academic performance,3,4

and reduces cardiovascular disease risk factors5 and obesity.6

In children with asthma, an exercise program improves
quality of life and cardiovascular fitness,7 decreases exercise
dyspnea,8,9 and decreases the need for medications such as
inhaled corticosteroids.10

However, exercise can acutely precipitate bronchocon-
striction and airway obstruction. In addition, in elite endur-
ance athletes, there is an increased incidence of exercise-
induced bronchoconstriction (EIB); 21%–69% demonstrate
EIB and airway hyperresponsiveness (AHR), depending
upon the specific sport demands.11–16 Particularly at risk are
those athletes who practice in the cold weather,17–20 ice
rinks,21–24 and swimming pools.25,26

Atopy and lung inflammation have been shown to be
cardinal features in the pathogenesis of EIB.17,27,28 In en-
durance athletes, EIB has been associated with both eosino-
philic29 and neutrophilic inflammation,30–32 increased airway
vascular permeability,33,34 and inflammatory mediators such
as histamine, prostaglandin D2, tryptase, and cysteinyl leu-
kotrienes31,35 released from epithelial, eosinophil, and mast

cells. The airway injury and development of symptoms
probably represent a complex interplay between the atopic
response and epithelial injury due to repetitive episodes of
hyperventilation of cold, dry air and allergens or toxins such
as the chlorine bi-product trichloramine or air pollution36;
the epithelial injury produced by exercising in the presence
of toxins may produce allergic sensitization.37–39 The risk of
EIB and inflammation increases with the intensity of and
amount of time spent in training for the sport.26,40,41

Children may be more sensitive than adults to exercise-
induced lung injury because of the relative immaturity and
continued growth of their lungs. Most of the studies on
sports-related lung inflammation and EIB in elite athletes
focus on young adults (18–20 years); however, they do in-
clude older adolescents (16–18 years). Unfortunately, there is
little data on the relationship of exercise and lung inflam-
mation in younger athletes and exercising children. The goal
of this article is to review the literature on the interrelation-
ship between exercise-induced lung injury, inflammation,
and EIB in elite athletes and younger exercising children.

Pathophysiology and Diagnosis of EIB

EIB is a common entity and is described by the transient
narrowing of the airways during or most often after exer-
cise.42–45 It occurs in 10%–15% of children.46,47 The preva-
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lence of EIB in asthmatic children is reported to be 45%–
90%.48–50 The incidence of EIB correlates with the clinical
severity of asthma, but not consistently with the magnitude
of the response.48

Data on the prevalence of EIB in competitive pediatric
athletes are sparse, but it appears to be higher than in the
general population. In varsity high school football players
(14–18 years), the prevalence of EIB was 19% by submaximal
step test16 or free run.51 In youth soccer players, the preva-
lence was 33% by symptoms (8–20 years)52 and 40% by ex-
ercise challenge (8–13 years).53 In a cohort of high school
athletes, AHR was 38% by bronchial challenge.54

Symptoms of EIB include dyspnea, increased effort or
work to breathe, chest tightness, shortness of breath,
wheezing, chest congestion, or cough.55,56 Often, EIB is di-
agnosed on the basis of these symptoms without objective
lung function tests. However, the presence of EIB cannot be
accurately determined on the basis of symptoms alone56; in
children with exercise-induced dyspnea, only 7%–24% truly
had EIB.47,57–59 In college athletes, only 20% of those using
bronchodilators had EIB.60

The diagnosis of EIB should be confirmed through stan-
dardized testing with spirometry and a formal challenge test.
A clinical suspicion for asthma should be confirmed by a
12% or greater increase in forced expiratory flow in the first
second of exhalation (FEV1) in response to a bronchodilator
or a positive bronchoprovocation challenge. To diagnosis
EIB, current guidelines require a 10% or greater decrease in
FEV1 in response to exercise61 or eucapnic voluntary hy-
perpnea (EVH)62,63 or a 15% or greater decrease in response
to inhaled powder mannitol.64 These challenges are partic-
ularly useful as they can correlate the symptoms that occur
during exercise with objective data documenting broncho-
constriction.

The pathophysiology of EIB is not completely under-
stood. During exercise, ventilation is increased. The in-
crease in airflow through the intrathoracic airways causes
evaporative water loss because inspired air must be hu-
midified and warmed to body temperature. The water loss
is associated with thermal cooling and increases in osmotic
concentration because of drying.45,65,66 EIB is likely initiated
by the increase in osmolarity, which activates mast and
epithelial cells and eosinophils and leads to a release of
inflammatory mediators.67 Alternatively, EIB may result
from the heat loss, which leads to vascular dilation when
the airways rewarm after exercise.68 However, this theory
does not account for the mediators released and the inhi-
bition of bronchoconstriction through pharmacologic in-
tervention.

Inflammation appears to play an important role in the
pathogenesis of EIB in asthmatics. Exercise produces
increases in histamine and tryptase (from mast cells) in in-
duced sputum.31 Cysteinyl leukotrienes likely play an im-
portant role in EIB; increases after exercise have been
documented in asthmatic patients with EIB in induced spu-
tum31 and urine.69 Treatment with a leukotriene receptor
antagonist reduces the EIB response in adults70 and chil-
dren.71 The severity of EIB in asthmatics correlates with eo-
sinophilic inflammation,29 airway vascular permeability,33

and fractional exhaled nitric oxide (FENO).72–74 Inhaled cor-
ticosteroids improve EIB in asthmatic individuals75–77 and
are associated with an improvement in eosinophilic inflam-
mation.29

EIB in Elite Athletes

EIB in elite endurance athletes has unique characteristics.
While studies focus on athletes 18–20 years, they do include
older adolescents (16–18 years). Cold-weather athletes,17–20

ice rink athletes,21–25,78 and swimmers32,40,79,80 have a par-
ticularly high prevalence of EIB. EIB in endurance athletes
develops relatively late and occurs during their sports ca-
reers.19 Unlike in ‘‘classic’’ asthmatics, EIB symptoms and
mucosal inflammation often do not respond to corticoste-
roids.81 Bronchial hyperresponsiveness and airway inflam-
mation typically improve when the athletes finish their
competitive careers26 or decrease their training intensity.81

The pattern of inflammation seen in endurance athletes
differs from those with classical asthma. Most endurance
athletes have an increase in epithelial cells and neutrophils in
induced sputum,26,32,82–84 bronchoalveolar lavage85 and
bronchial biopsy,30 which correlates with training intensity.86

Eosinophils are seen in swimmers exposed to chlorine32 and
in cross-country skiers,30 but are not as numerous as in
asthmatics.30 Accordingly, EIB in athletes has not consis-
tently correlated to elevations in FENO.60,82,87 The data on
sports-related lung injury and EIB in younger children is
sparse, but will be evaluated by risk factor.

Hyperventilation/cold air

In elite athletes, the high ventilatory rates that are
achieved are theorized to cause lung injury; this is corrobo-
rated in animal models.88 High ventilation with cold air (ie,
low water content) is associated with more physiologic
consequences than warm air. The larger the thermal energy
that needs to be transferred, the more the airways narrow
and the greater the drop in FEV1 to challenge.45,65,89–91

Healthy adults demonstrated an increase in bronchoalveolar
lavage neutrophils and alveolar macrophages after 2 h of
exercise in cold air but not at room air temperature.92

Endurance athletes demonstrate a high prevalence of
EIB15,17,40,86,93,94; studies include a few older adolescents. In
one study, 26% of Finish National runners had EIB on ex-
ercise challenge; the occurrence of EIB increased with ato-
py.17 The degree of inflammation has correlated with the
intensity and duration of training.40,86

The highest incidence of EIB is seen in cold-weather en-
durance athletes18 to which the term ‘‘ski asthma’’ has been
applied. Elite skiers have demonstrated deterioration of lung
function during the course of their careers.95 In cross-country
skiers, bronchoscopy revealed macroscopic inflammation of
the proximal airways characterized by increased friability,
vascularity and edema of the bronchial mucosa, and secre-
tions; bronchoalveolar lavage has increased numbers of
lymphocytes, myeloperoxidase, and tumor necrosis factor-
a.85 Endobronchial biopsies have revealed a prevalence of
lymphoid aggregates,96 elevated neutrophil, T-lymphocyte,
macrophage, and eosinophil counts and tenascin expression
in the subepithelial basement membrane, which is a marker
for remodeling.30

There are no studies in children younger than 16 years on
the acute inflammatory effects of hyperventilation with cold,
dry air or on the presence of airway inflammation or re-
modeling in those that participate in cold-weather sports.
More investigation is necessary to determine whether the
changes seen in elite athletes have any correlate in younger
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children who participate in cold-weather sports on either a
competitive or a recreational level.

Air pollution

Air pollution is primarily caused by the combustion of
fossil fuels and is in part composed of sulfur oxides (such as
sulfur dioxide, SO2), nitrogen oxides (such as nitrogen di-
oxide, NO2), ozone, and particulate matter (PM) that have
been linked to respiratory disease. PM is further classified
depending on its aerodynamic diameter into coarse (2.5–
10 mm), fine ( £ 2.5 mm), and ultrafine ( < 0.10 mm). Other
components include carbon dioxide, carbon monoxide, vol-
atile organic compounds, and metals such as lead. It is often
difficult to sort out which component of air pollution is re-
sponsible for deleterious respiratory effects. The size of the
airborne particles and their surface area determine the po-
tential to elicit inflammatory injury, oxidative damage, and
other biological effects. These effects are stronger for fine and
ultrafine PM because they can penetrate deeper into the
airways of the respiratory tract.97 Exercise increases lung
deposition of PM.98,99

In children, high levels of air pollution have been posi-
tively associated with asthma,100 rates of asthma exacerba-
tions,101 EIB symptoms,102 impaired lung function103 and
growth,104 and atopy.105 Exercise in high air pollution envi-
ronments is associated with the development of pulmonary
dysfunction106 and increased airway permeability.107 In
children, a 4 hour exposure to exercise in a mixture of ozone,
SO2, and its oxidation product, sulfuric acid, produced
symptoms in those with mild asthma and/or allergy.108

Variants in arginase genes may modulate the expression of
asthma and atopy when exposed to air pollution.109

Importantly, the risk of developing asthma increases with
the number of sports that children play outdoors in com-
munities with high ozone levels. In the study by McConnell
et al., in communities with high ozone concentrations, the
relative risk of developing asthma in children playing 3 or
more sports was 3.3 (95% confidence interval 1.9–5.8) com-
pared to those who played no sport; the risk increased with
number of sports (relative risk 1.3 per sport, 1.1–1.6). The risk
of asthma was increased for children playing at least one
high activity sport.41 Genetic polymorphisms of molecules
involved in protection against oxidative stress have been
shown to be important in the development of new-onset
asthma in these children.110

Indoor air pollution is a potential health hazard for ath-
letes who participate in ice rink sports. In combination with
inadequate air exchange, fossil-fueled machines produce
high levels of air pollutants.111–113 The levels of NO2 in many
rinks far exceed the guidelines issued by the World Health
Organization for indoor air quality both directly on the ice
and in the spectator area. The highest levels of NO2 were
found when the resurfacer was powered by propane, fol-
lowed by gasoline and then diesel; electric resurfacers did
not have increased levels of NO2.111,112 Ultrafine and fine PM
concentrations in ice rinks, resurfaced with fossil-fueled
machines, is 20-fold higher than outside areas.

There is a high incidence of EIB in elite ice rink athletes:
hockey,56,78,114,115 figure skaters,18,23,24 and short track speed
skaters.18 Ice hockey players demonstrated a decay in lung
function and increase in EIB symptoms when training in
rinks with high levels of fine and ultrafine PM.114 In the only

pediatric study, Thunqvist et al. found that the prevalence of
physician-diagnosed asthma in children (9–16 years) who
participated in ice hockey or figure skating was 15%. Of note,
there was no difference in asthma prevalence between those
that practiced in rinks with electric- or propane-powered
resurfacing machines. However, children exposed to high
levels of NO2 were more likely to have wheezing and nasal
symptoms.116

In cold-weather athletes, there are 2 additional potential
sources of inhalational toxins. First, there is the widespread
use of wood-burning stoves and fireplaces as a heating
source. In adults, the use of wood-burning stoves has been
associated with chronic bronchitis117 and interstitial lung
disease.118 In preschool children, it is associated with in-
creased lower respiratory tract symptoms119–124 and pul-
monary function abnormalities.125 Second, ski and
snowboard waxing produces fumes containing gaseous or-
ganofluorine compounds that cause pulmonary injury.126–129

Elevated levels of these compounds are found in the blood of
individuals chronically exposed to fluorinated ski wax
fumes.130,131 In a recent study, acute, short exposure to ski
waxing did not alter pulmonary function132; however, the
effect of repetitive exposures has not been studied, nor the
effect on pulmonary function in children.

Chlorine

Chlorine is the most common disinfectant used in swim-
ming pools; it is associated with respiratory disease, asthma,
and rhinitis.133,134,135 Chlorine hydrolyzes to form hypo-
chlorous acid, hydrogen ions, and chloride. It also reacts
with nitrogen-containing compounds from swimmers’ waste
products (urine, sweat, and skin) to form inorganic chlora-
mines (monochloramine, dichloramine, and trichloramine),
which are primarily responsible for the smell and irritating
properties of the swimming pool air.136 These compounds,
particularly trichloramine, are volatile and are released into
the air. Their concentration depends on the level of water
chlorination, density of bathers (and their hygiene), water
temperature, ventilation, and air recirculation.136,137 In out-
door pools, hypochlorous acid is the most likely irritant since
the trichloramine would rapidly evaporate.

Acute exposure to high levels of chlorine is associated
with oxidative injury and inflammation, epithelial injury,
and AHR in both animals138,139 and humans.133,140 Acute
respiratory distress syndrome and bronchiolitis may oc-
cur140; mortality after acute respiratory distress syndrome is
high; however, the pulmonary effects usually improve over
time.141 In children, after an acute inhalational exposure, the
most severe effects were seen in those with chronic respira-
tory disease and atopy.133 In another study, lung function
returned to normal after 15 days; however, elevations in
leukotriene B4 persisted up to 8 weeks postinjury.142

Swimming in chlorinated pools, especially indoor facili-
ties, has been linked to lung epithelial injury and airways
inflammation and hyperresponsiveness in elite ath-
letes.32,40,79,80,84,143 In adolescent swimmers, the prevalence
of EIB by cardiopulmonary testing was 36%.79 In induced
sputum, swimmers have elevated levels of neutrophils, epi-
thelial cells, and, also, eosinophils.32 Eosinophil count has
correlated with the severity of symptoms32; neutrophil count
correlated with the number of training hours per week.40

Training in an outdoor pool with low chlorine levels was
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associated with high neutrophil levels, but normal eosinophil
counts in induced sputum.83 In swimmers who stopped
high-level training, AHR, asthma symptoms, and sputum
eosinophilia improved.26

The effects of chlorine are not confined to elite athletes; they
occur in younger exercising children. In school children (ages
10–13 years), swimming in chlorinated pools is associated with
the development of airway permeability and asthma in a dose-
dependent manner; this effect is modulated by atopy.134,135,144

Airway permeability, as measured by serum levels of surfac-
tant protein A and surfactant protein B, was increased after
1 hour of exposure to chlorinated pool; it increased with cu-
mulative pool exposure and correlated with immunoglobulin
E (IgE) levels.144 The risk of asthma, as defined by a positive
EIB test or physician diagnosis, increased with cumulative
pool exposure only in atopic children with serum IgE
> 100 kIU/L (odds ratio for each 100-hour increase in cumu-
lative pool exposure = 1.79; 95% confidence interval, 1.07–2.72).
All these effects were dose related and most strongly linked to
pool attendance before 6–7 years of age.145,146

The use of outdoor chlorinated pools has also been as-
sociated with an increase in asthma prevalence, FENO, and
sensitization to cat or house dust mite allergens in adoles-
cents.145 The risk of asthma increased with greater exposure;
it was 4-fold higher when the lifetime exposure was over
500 hours. The risk of asthma was increased among atopic
adolescents with total serum IgE > 25 kIU/L.145

Infant swimming produced higher rates of infection in the
first 2 years of life, including gastroenteritis, otitis media, and
airway infections146 It has been associated with asthma,134,147

atopy,145,147 and increased airway permeability134 in later
childhood and adolescence. Attendance at indoor or outdoor
chlorinated pools before the age of 2 years has been associ-
ated with an increased risk of bronchiolitis in those who
spent > 20 hours in chlorinated pools during infancy; those
infants demonstrated higher risks of asthma and respiratory
allergies later in childhood.147

Air Quality Control Measures

It is clear that environmental toxins such as chloramine
and air pollution, particularly in association with atopy, can
contribute to airway inflammation and hyperresponsiveness
in elite athletes and in younger children. The key to main-
taining pulmonary health in exercising children is the control
of environmental triggers and minimization of airborne
toxins. In those that have established EIB, measures to avoid
precipitating it are important. Exposure to environmental
tobacco smoke should be avoided. In the atopic athlete, ex-
posure to allergens should be minimized. For cold air en-
durance athletes, masks should be worn.148–150 It may be
beneficial to practice later in the day, when temperatures are
warmer and to moderate practice in frigid temperatures.

Outdoor exercise should be moderated or avoided on
days when the air quality is poor as reflected in an air quality
index > 50151; air quality is best in early morning and even-
ing. In addition, practice near roads with a high volume of
traffic, which have the highest level of air pollution, should
be avoided.

In indoor rinks, it is important to minimize ambient levels
of air pollutions.

Unfortunately, few states have laws that regulate air
quality in indoor rinks. Ice rink operators should optimize

ventilation in the rinks and maintain their resurfacing ma-
chines. Obviously, resurfacing machines powered by elec-
tricity are the safest, but are expensive. Indoor ice rink
operators should conduct air sampling for carbon monoxide
and NO2 and take remedial actions if the levels are high.

For indoor chlorinated pools, efforts should be made to
decrease the level of chloramines. It is important to optimize
ventilation, encourage preswimming showers and good hy-
giene practices, and use the lowest possible level of chlori-
nation. Chlorine level should be maintained at *1 mg/L;
chloramines should not be more than half of the free chlorine
levels and should ideally be < 0.2 mg/L.135 The pH should be
checked frequently. Infant swimming is of particular con-
cern. However, until further data are obtained, no overt ban
has been imposed. Obviously, if symptoms develop, then
exposure should be limited.

If air quality cannot be improved, then a switch to a dif-
ferent ice rink or pool may be necessary. However, if that is
not possible, then it may be necessary to limit exposure by
decreasing exercise time. In theory, decreasing the intensity
of the workout is an alternative, but few competitive athletes
realistically have the ability to do so on a long-term basis and
still succeed in their sports.

Treatment

Treatment of the pediatric athlete with exercise-induced
respiratory symptoms can be challenging. The first step is to
assess whether there is evidence of persistent classical asth-
ma characterized by early onset childhood asthma and at-
opy. Standardized testing with spirometry should be
performed. If it is normal, then a formal challenge test should
be performed to confirm EIB.

In the case of the athlete with classical asthma, daily
treatment with inhaled corticosteroids is of proven efficacy to
improve symptoms, pulmonary function, and attenuate
bronchial hyperresponsiveness and EIB in a dose-dependent
manner.75–77,152,153 Pre-exercise short- and long-acting
b2-agonists are very effective at preventing EIB; however,
tolerance to the protective effect occurs when they are taken
daily.90,154–158 In addition, chronic use of b2-agonists appears
to increase the severity of EIB.159,160 Montelukast mildly
reduces EIB, but does not induce tolerance; its effect with
b2-agonists is additive.70,161 Pretreatment with cromolyn
sodium (sodium cromoglycate) and nedocromil decrease
EIB,162,163 but they are increasingly difficult to obtain in the
United States. In asthmatics, medications may be effective
against the bronchoconstriction produced by exercising in
high levels of air pollution. For atopic individuals with rhi-
nitis, an antihistamine and topical nasal anti-inflammatory
can be beneficial.164,165 Antihistamines variably protect
against EIB; the difference may have related to the intensity
of the exercise and severity of asthma.31,164 Topical nasal
anti-inflammatory medications can improve EIB; they may
decrease mouth-breathing, which circumvents the ability of
the nasopharynx to warm the air, thus placing more stress on
the lower airways.166

There are few clinical studies on the use of medications to
prevent toxin-associated lung injury. In animal models, the
injury associated with acute chlorine exposure has been at-
tenuated variably with b2-agonists,167 inhaled and systemic
corticosteroids,167 and antioxidants.137,168,169 No correlate
clinical studies has been performed in humans for either
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acute or chronic chlorine exposure. In asthmatics exposed to
high SO2 concentrations during exercise, pretreatment with a
combination of b2-agonists and anti-inflammatory medica-
tion170 or montelukast171 improves EIB and inflammation.

The competitive athlete without preexisting atopic asthma
is more challenging to manage. Data are sparse on the effi-
cacy of medications in this population in treating symptoms
and attenuating inflammation and remodeling. It is clear that
b2-agonist pretreatment is effective against the bronchocon-
striction evoked by exercise and EVH156; however, tachy-
phylaxis will develop with repeated daily use.90,156,158

Inhaled budesonide for 22 weeks did not improve asthma
symptoms, AHR, inflammation, or the remodeling seen in
elite cross-country skiiers.81 In another study, pretreatment
with a single high dose of inhaled beclomethasone did de-
crease the response to EVH.172 In ice hockey players, treat-
ment with montelukast for 4 weeks did not improve
symptom scores, lung function, AHR, sputum eosinophil, or
neutrophil counts or FENO measurement.78 However, Run-
dell et al. showed that pretreatment with a single dose of
montelukast attenuated EIB when the exercise was per-
formed in an ice rink with high PM1.173,174 Fish oil supple-
mentation decreased the response to exercise challenge in
athletes with mild EIB.175

Conclusion

Exercise has unarguable benefits. Even in children with
asthma, exercise improves the quality of life and cardiovas-
cular conditioning7 and decreases the dyspnea associated
with exercise8,9 and the use of anti-inflammatory medica-
tions. However, elite endurance athletes, including older
adolescents, who achieve high levels of ventilation may
demonstrate evidence of ‘‘too much of a good thing’’; in this
population, chronic hyperventilation of cold, dry air seems to
be associated with airway inflammation and remodeling in a
dose-dependent manner. Similar effects have not been in-
vestigated in younger competitive athletes. It is unlikely that
this degree of airway remodeling occurs in most exercising
children because they do not attain the high levels of exercise
intensity and duration achieved by the elite athletes. On the
other hand, because their lungs are immature and are still
developing, it is possible that they are more susceptible to
epithelial injury. The effect of both chronic and acute expo-
sure to exercise in the presence of cold, dry air needs to be
further investigated in younger children.

Exercise in the presence of toxins such as chlorine and air
pollutants is clearly associated with lung inflammation, EIB,
and respiratory symptoms in both elite athletes and younger
children. Atopy appears to modulate this effect; the epithelial
injury produced by exercising in the presence of toxins may
produce allergic sensitization. In addition, variants in genetic
polymorphisms increase the susceptibility of certain indi-
viduals to injury associated with exercising in poor air
quality. In elite athletes, the pulmonary deterioration and
inflammation appears to resolve when they are ‘‘off-season’’
or retire from the sport. However, the data in young children
suggest the possibility that the effects may be long-lasting
and result in persistent pulmonary function abnormalities,
asthma, and atopy.

Further studies are necessary in children to characterize
the pathophysiology and natural history of lung inflamma-
tion associated with inhalational toxins, particularly in view

of children’s requisite lung growth and development. Be-
cause of their higher activity levels and ventilation, children
are more likely to be exposed than adults. Existing data
underscore the need to maintain high indoor and outdoor air
quality to minimize the risk of lung injury in children.
Treatment of respiratory symptoms and EIB in elite athletes
and children exposed to inhalational toxins is unclear; there
is insufficient data to guide treatment. Further studies are
necessary to determine the efficacy of medications in pre-
venting the epithelial injury, and, in elite athletes, the re-
modeling.
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