
W ith the world’s best athletes gathered in Beijing
for the 2008 Olympic Games, the sport commu-
nity is waiting to see what the impact of the en-

vironment and air quality might be on athletes’ perform-
ance. Speculation by the media has painted an apprehensive
picture, but what are the real concerns regarding the per-
formance of these extraordinary athletes, especially those
who have asthma?

In this article, we describe the available evidence of the ef-
fect of air quality on performance, especially as it pertains to
athletes with asthma. We searched MEDLINE using the key
words “athletes,” “sports,” “asthma,” “respiratory,” “allergy,”
“airway hyperresponsiveness,” “air quality,” “pollution” and
“exercise.” We also participated in a review of past and recent
research in this domain by international experts during an In-
ternational Olympic Committee meeting in Lausanne, Switz-
erland, in January 2008.

Respiratory adaptations in Olympic athletes

The Olympic athlete is unique. Traditional views of the deter-
minants of physical performance in healthy individuals docu-
ment the importance of oxygen transport to the working
skeletal muscles. It is also viewed that the capacity of the pul-
monary system (respiratory muscles, airways and lung
parenchyma) is more than adequate to meet the demands for
ventilation and gas exchange. However, in Olympic athletes,
years of training have increased the capacity of cardiac and
skeletal muscles to deliver and use oxygen such that the de-
mands placed on the airways, chest wall and alveoli to main-
tain gas exchange cannot be met. During heavy exercise at
sea level, in many healthy, highly trained endurance athletes,
arterial oxygen concentration can fall precipitously from nor-
mal levels to values seen in patients with chronic obstructive
lung disease. This is reflected in the development of exercise-
induced arterial hypoxemia, which occurs transiently in about
50% of athletes during peak exercise.1

Changes in exercise-induced arterial hypoxemia have a
measurable effect on maximal aerobic capacity in highly
trained athletes. On average, the effect is about a 1% decre-
ment in maximal aerobic capacity for each 1% decrement in
percent arterial oxygen saturation.2 It has also been shown
that these athletes experience the greatest decrement in aero-
bic capacity when they perform in hypoxic environments.
Even relatively small changes in altitude (about 1000 m),
which does not effect arterial oxygen saturation or maximal

aerobic capacity appreciably in untrained individuals, pro-
duces substantial hypoxemia at the high work rates achieved
by elite athletes. This results in significant decrements in both
aerobic power and endurance performance.3,4

Respiratory problems in Olympic athletes

As a result of years of training in preparation for events such
as the Olympic Games, elite athletes often experience intra-
and extrathoracic respiratory problems and may also ex-
perience expiratory flow limitation. In our opinion, the most
difficult respiratory problem to treat in this population is the
sudden paradoxical narrowing of the glottis, usually a mani-
festation of vocal cord dysfunction. Inspiratory stridor is an
important differentiating symptom. The reported prevalence
among athletes competing outdoors is 8.3%.5 Vocal cord dys-
function usually occurs during very heavy exercise, when the
inspiratory flow rates are extreme. This condition immediately
results in dyspnea, hypoxemia, retention of carbon dioxide and
compromised performance. It is not uncommon for these ath-
letes to withdraw from competition when this problem occurs.
Treatment is difficult because it often involves a variety of
therapies and modification of activity. Approaches that may be
considered include the management of any associated condi-
tions (e.g., gastroesophageal reflux disease) as well as speech
and relaxation therapy.6 Other treatments that have been used
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Key points

• Many athletes with asthma compete successfully at inter-
national events, including the Olympics Games.

• The heat and humidity in the Beijing region present a for-
midable challenge to all athletes.

• Poor air quality can affect the performance of athletes, es-
pecially those who have asthma. Pollutants can trigger and
exacerbate symptoms, affect airways and increase the risk
of exercise-induced-bronchospasm.

• The risk of respiratory problems is greatest for athletes
participating in outdoor endurance events at sites with
poor air quality.

• Athletes in the Paralympic Games who have spinal cord le-
sions affecting coughing and breathing mechanics will also
be at increased risk.

@@ See related News article for update on air quality, page 523



include Botox injections, inhalation of heliox (21% oxygen in
helium) and training of the respiratory muscles and breathing
mechanics with a resistive device.

In general, the airways are capable of meeting the respira-
tory demands of heavy work within the limits of the normal
maximal flow volume loop. However, in some athletes, the in-
crease in minute ventilation may cause a portion of the tidal
breathing loop to intersect with the maximal flow volume
loop. This expiratory flow limitation and may be present be-
cause of the substantial demand on the pulmonary system with
intense exercise. Trained female athletes may be particularly
susceptible to expiratory flow limitation because their airways
are smaller in diameter, they have lower peak flow rates and
their lung volumes are smaller than those of their male coun-
terparts.7 Expiratory flow limitation may influence perform-
ance by contributing to exercise-induced arterial hypoxemia

and by increasing the work of breathing at the expense of
meeting the metabolic needs of working skeletal muscles.

Much more common are conditions affecting the lower
airway, such as asthma. Asthma is highly prevalent in the
general population, and even more prevalent among ath-
letes.8,9 Airway hyperresponsiveness has been reported to oc-
cur in 25%–79% of athletes in endurance sports, and in about
20% of athletes in power and speed sports.10,11 The prevalence
of asthma and airway hyperresponsiveness, therefore, seems
to be influenced by the type of sport or the environmental
conditions during training, or both.

Asthma is a chronic inflammatory disorder of the airways
associated with airway hyperresponsiveness and variable air-
way obstruction and is considered responsible for recurrent
episodes of breathlessness, wheezing, chest tightness, phlegm
production and coughing.12 Asthma can be triggered by vari-

ous stimuli, including allergens in sensitized individ-
uals, respiratory irritants (e.g., air pollutants), cold
air and exercise. Exercise-induced asthma is consid-
ered to be due to the cooling, but mostly the drying,
of the airways following exercise-induced hyperven-
tilation. The result is the development of a hyperos-
molar airway fluid. Rewarming of the airways due
to a post-exercise increase in airway blood flow and
transient plasma transudation may also contribute to
the induced bronchoconstriction.13,14

Exercise and asthma

Physical activity is often recommended to patients
with asthma, and regular exercise can improve
asthma control. However, there is mounting evi-
dence that frequent, intense exercise by highly
trained athletes contributes to the development of
asthma. Indeed, long-term endurance training may
influence airway structure and function and lead to
airway hyperresponsiveness.10 Various factors could
contribute to the development of asthma in athletes,
including environmental exposures, mechanical
stress to the airways, increased prevalence of respi-
ratory infections and dysautonomia.10,15 The mecha-
nisms by which these factors could influence
asthma development may be related to their ability
to induce airway inflammation and structural
changes (remodelling). These processes are consid-
ered to be responsible for the development of air-
way hyperresponsiveness and variable or persistent
airway obstruction.11–17

Airway inflammation and remodelling have
been observed in athletes, even those without
asthma.18,19 In general, bronchial inflammation is of
a mixed type, with increased neutrophil and eosino-
phil counts. In swimmers, airway inflammation and
potentiation of the effects of allergens on airways
from chlorine derivatives result in epithelial dam-
age, which has been proposed as a mechanism that
leads to airway hyperresponsiveness, respiratory
symptoms and asthma.20 Furthermore, mechanical

Review

CMAJ • SEPTEMBER 9, 2008 • 179(6)544

Airway 
inflammation 

and remodelling 

Neurohumoral 
alterations 

Rhinitis 

Atopy 

Intense exercise 

Contents and
characteristics 
of inhaled air 

Physiologic 
adaptation

Lower 
airways 

Upper 
airways 

Symptoms 

Airway 
hyperresponsiveness 

Valuable airflow 
obstruction 

Symptomatic 
asthma  

Figure 1: Proposed mechanism leading to the development of asthma in
athletes. Intense, repetitive exercise, characteristic of highly trained ath-
letes, leads to high minute ventilation, which increases the exposure of the
airways to mechanical stress and environmental contaminants. This induces
airway inflammation and structural changes (remodelling), which are re-
sponsible for the development of airway hyperresponsiveness, airway ob-
struction and asthma.



stress caused by intense breathing efforts may also damage
the airway epithelium and promote airway remodelling21

(Figure 1).
It is therefore possible that, in highly trained athletes, envi-

ronmental contaminants and environmental conditions during
training (e.g., chlorine derivatives in swimming pools, cold air,
presence of relevant allergens or high levels of pollutants) may
contribute to the development of variable airway obstruction,
airway hyperresponsiveness and symptomatic asthma. It is re-
assuring, however, that a few studies have suggested that these
long-term changes in lung function in athletes may be at least
partially reversible after cessation of training.22,23

The environment and asthma

The environment during summer Olympic Games often pro-
vides an additional challenge to athletes in the form of heat,
humidity and poor air quality. Such was the case at the
Olympic Games in 1984 in Los Angeles, in 1992 in Barcelo-
na, in 1996 in Atlanta and in 2004 in Athens. The 2008
Olympic Games have attracted a great deal of attention be-
cause of the record of poor air quality in the Beijing region.24

The Beijing Environment Protection Bureau collected en-
vironmental data (temperature, wind, humidity and air-quality
readings) from Aug. 8 to 29, 2007, the same time of year
when the Olympic Games would be held the following year.
Subsequently, the International Olympic Committee’s Med-
ical Commission evaluated the data on the basis of the World
Health Organization’s 2005 interim target standards. The
findings indicated that the health of athletes was largely not
impaired. This finding was upheld by the fact that no health
issues related to air quality were reported to the International
Olympic Committee by any of the team physicians who
looked after athletes competing during the August 2007 test
events. Nor were any such problems reported at the World Ju-
nior Athletics Championships that were held in August
2006.25

Although air quality is often flagged as a concern before
Olympic Games, it is rarely acknowledged as a factor that in-
fluenced performance once the Games are over. Increased
heat and humidity are a constant concern at the summer
Olympic Games. As a consequence, medical personnel,
coaches and athletes have developed preventive and treat-
ment strategies.

The relation between air quality and respiratory health
problems is substantial.26,27 The primary air pollutants are
ozone, sulfur dioxide, nitrogen dioxide and particulate matter.
Carbon monoxide is also of interest to the athlete because of
its ability to compete for oxygen on hemoglobin. Power-
generating plants, road transport and industry are the primary
sources of these compounds. Ozone is not emitted directly
from any industrial source in significant quantities. At ground
level, it is primarily generated by a series of chemical reac-
tions driven by sunlight. Particulate matter is associated with
a range of effects on health, including the respiratory and car-
diovascular systems. People with existing lung and heart dis-
ease are at risk of death from exposure to high levels of par-
ticulate matter.

Consequences of asthma in athletes

Many athletes with asthma compete successfully at interna-
tional events, including the Olympics Games. However, exer-
cise-induced bronchoconstriction may reduce their perform-
ance. Uncontrolled asthma may be associated with a reduced
effort tolerance and more marked exercise-induced bron-
choconstriction. In athletes with asthma, the diameters of the
large and small airways are likely compromised during exer-
cise, and even small changes will have negative effects on the
work of breathing and gas exchange. Consequently, exercise-
induced arterial hypoxemia is prevalent among athletes with
asthma during high-intensity exercise.28,29

With exposure to an environment that has poor air quality, air
pollutants may trigger asthma symptoms, usually in a dose-
dependent manner.30,31 McCreanor and colleagues,32 in a well-
designed, randomized crossover study, showed that exhaust
emissions from motor vehicles with diesel engines exacerbated
asthma and increased the severity of asthma symptoms and med-
ication use. Air pollutants may also enhance allergen-induced
airway responses, as has been shown in animal models.33 With
the high minute ventilation seen during exercise, the effects of
exposure to these pollutants are more noticeable in athletes than
in nonathletes and likely more evident in people with asthma
than in those without asthma. Even healthy people may experi-
ence the detrimental influences of pollutants. Rundell and col-
leagues31 found that, in athletes without asthma, acute exposure
to particulate matter, typical of urban environments, resulted in
reduced exercise performance. Inhalation of particulate matter
possibly induces bronchoconstriction through the production of
reactive oxygen species and their influence on leukotriene path-
ways. In this regard Rundell and colleagues34 reported that bron-
choconstriction provoked by inhalation of fine and ultrafine par-
ticulate matter was attenuated by a single dose of montelukast.

Because poor air quality may exacerbate asthma, increase
symptoms and result in poor performance, optimal control of
this condition is essential to allow highly trained athletes to
compete. In the last decade, much has been written about the
optimal management of asthma. Current consensus guide-
lines, such as the Global Initiative on Asthma35 and Canadian
guidelines,36 have integrated these findings into their recom-
mendations. Recent task forces have summarized the current
knowledge regarding highly trained athletes.37,38

Management of asthma in Olympic athletes

Current recommendations indicate that asthma in highly
trained athletes should be managed according to existing gen-
eral national and international asthma management guide-
lines.35,36 Special consideration, however, should be given to
the diagnosis of asthma in athletes and assessment of asthma
control; preventive measures; the management of exercise-in-
duced asthma; and medication use, which should comply with
the criteria of regulatory agencies. The overall management
of asthma in the athlete is summarized in Box 1.

In the Olympic athlete, the prevention of exercise-induced
bronchoconstriction will help maximize sport performance. In
the presence of symptoms compatible with asthma, the diag-

Review

CMAJ • SEPTEMBER 9, 2008 • 179(6) 545



nosis needs to be confirmed by objective means, according to
criteria requested by sports authorities for athletes competing
at high level. This information can be found on the website of
the International Olympic Committee.39 Triggering factors,
particularly exposure to sensitizing agents, should be identi-
fied. Allergy skin tests should be conducted if results of such
tests are not already available. Comorbid conditions frequently
observed in athletes, such as rhinitis, vocal cord dysfunction or
gastroesophageal reflux, may affect asthma control or act as
confounders, and investigation and treatment is necessary.41,42

Education is an essential component of asthma management,
especially among athletes.43 Environmental control and avoid-
ance of triggers are also important for Olympic athletes. The po-
tential detrimental effects of chlorine derivatives in swimming
pools should be minimized by proper management of the pool
environment.44 Emotions and stress may worsen asthma symp-
toms, but good asthma control may help reduce their effects.

Pharmacotherapy for asthma in athletes should be individual-
ized. It should be based on reduction of inflammation, mainly
with the use of inhaled corticosteroid therapy (the best drug
therapy for asthma control), and optimization of airway control
with other add-on therapies as needed. Rapid-acting β2-agonists
are the most frequently used medications to relieve acute inter-
mittent symptoms and to prevent exercise-induced bronchocon-
striction. Protection against exercise-induced bronchoconstric-
tion diminishes, however, when these agents are used regularly.
The minimum dose and frequency required to minimize this
loss of effect are recommended.45 Such tachyphylaxis to their
bronchoprotective effects occurs after only a few days of use

and is not antagonized by inhaled corticosteroid therapy, which
can reduce exercise-induced bronchoconstriction in most people
with asthma after a few weeks of regular use.46

If asthma is not controlled by a low dose of inhaled corticos-
teroid therapy, current guidelines suggest that a long-acting β2-
agonist should be prescribed to improve such control. Therapy
with a leukotriene receptor antagonist, such as montelukast, is a
second option for this purpose.35,36 Monotherapy with a long-
acting β2-agonist may be associated with a worsening of asthma
and trigger severe asthma events and should be avoided. For the
prevention of exercise-induced bronchoconstriction, inhaled β2-
agonist therapy is best for preventing exercise-induced bron-
choconstriction and, when used 10–15 minutes before exercise,
may reduce airway response to exercise.47 A low-intensity exer-
cise (warm up) before exertion may induce a “refractory period”
to exercise and reduce the likelihood of exercise-induced bron-
choconstriction for a period of about 2 hours.48

Use of medications before and during
the Olympic Games

Olympic athletes must comply with regulations of the Inter-
national Olympic Committee39 and the World Anti-Doping
Agency40 for the use of all medications. There are severe
sanctions for violation of these rules. For most asthma med-
ications, a Therapeutic Use Exemption application form must
be completed by the athlete and a physician. Athletes wishing
to use an inhaled β2-agonist at the Olympic Games must doc-
ument the need for this medication via pulmonary function
testing and submit an application to the International Olympic
Committee’s Medical Commission, which is responsible for
doping control during the Olympic Games. Only formoterol,
salbutamol, salmeterol and terbutaline, when administered by
inhalation, are approved β2-agonists.

Beijing’s preparation for the Olympic Games

In response to concerns about air quality in the Beijing region and
with a desire to present a positive picture to the rest of the world,
the government of China has implemented several strategies to
improve air quality during the Olympic and Paralympic Games.
Private traffic has been reduced by 50%, and 70% of government
vehicles have been taken off the roads. There are driving restric-
tions for trucks, improvement in fuel quality, and all construction
will be stopped. Chemical, steel and building plants will be
closed, and power generation reduced by 30%. However, a signif-
icant percentage of the pollution (about 35%) at the Olympic
Stadium can be attributed to sources outside of Beijing.24 Control-
ling only local sources of pollution may not be sufficient to
achieve the air quality goal set for the Beijing games.

Athletes’ preparation for the Beijing
Olympic Games

Heat and humidity represent a clear threat to performance at the
Beijing Olympic Games. These conditions are predictable, and
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Box 1: Individualized management plan for athletes 
with asthma* 

• Confirm diagnosis with appropriate tests† 

• Identify triggers (particularly allergens and air 
pollutants) 

• Check for comorbid conditions (e.g., rhinitis, 
gastroesophageal reflux disease, vocal cord dysfunction) 

• Determine severity of asthma and level of asthma 
control according to current guidelines 

• Explain goals of treatment 

• Initiate an education program; refer athlete to an 
asthma educator if possible 

• Determine environmental control measures to be 
undertaken 

• Prescribe medication needed to achieve and maintain 
asthma control in keeping with current regulations  for 
medication use by athletes* 

• Explain how to minimize exercise-induced 
bronchoconstriction 

• Design an action plan for the management of 
exacerbations 

• Regularly assess asthma control, effort tolerance, inhaler 
technique, comorbidities, environmental exposures, and 
treatment and educational needs 

*It is important to comply with the anti-doping regulations of the 
International Olympic Committee39 and the World Anti-Doping Agency.40 
†Eucapneic voluntary hyperpnea, exercise, methacholine, hypertonic 
saline, mannitol challenge tests. 

 



prevention and treatment protocols are in place for all athletes.
Air quality is not predictable, and there is significant day-to-
day variability in the measured levels of pollutants at the differ-
ent Olympic venues. Accordingly, it is prudent to prepare for
situations that have the potential to influence performance.

Some teams are staging (last preparation phase) in areas
that have good air quality, permit acclimatization to the heat
and humidity and are in a time zone close to Beijing’s. Singa-
pore, Japan and Australia have been mentioned in this regard.
This strategy allows the athletes to arrive in Beijing just be-
fore competition and would minimize their exposure to air
pollution. Other teams are staging in Beijing to familiarize
themselves with the area, participate in opening ceremonies
and adjust to the media attention and the excitement that ac-
company the Olympic Games. Although acclimatization to
most of the air pollutants is not possible, a tachyphylaxis to
the effects of ozone does occur over 1 or 2 days of exposure.
It is quite possible that medical officers from different coun-
tries will request approval from the International Olympic
Committee’s Medical Committee for athletes without asthma
to use inhaled corticosteroids if respiratory symptoms de-
velop. The empirical use of montelukast as prophylaxis for
poor air quality is an option that will be considered by many
clinicians at the Olympic Games.

Whenever possible, athletes should train early in the day
or the evening, when air quality is best. They should avoid
training in the extreme conditions of temperature and humid-
ity. Mechanical barriers such as facemasks may counteract
the effects of some pollutants or cold air, but they are usually
not tolerated during exercise given the high minute ventila-
tion required during training and competition.

Several national Olympic committees and individual
teams have recommended screening athletes for airway hy-
perresponsiveness and asthma. Anecdotally, this has resulted
in some notable surprises, particularly among swimmers. Be-
cause poor air quality will affect athletes with asthma, it is

reasonable to identify individuals that may have this condi-
tion (tested on the basis of family history, allergies and symp-
toms) and optimize airway control in athletes with evidence
of asthma before they arrive in Beijing.

Most air pollutants act as irritants, and treatment of their
effects is primarily symptomatic. Suggestions for providing
relief from these symptoms are listed in Table 1.

Knowledge gaps

The Olympic athlete is rare, and the majority of testing is
done to monitor training. It is difficult to attract this popula-
tion to participate in randomized controlled studies that do not
have performance as the primary outcome measure.

Although there are an increasing number of publications on
the topic of asthma and exercise, recommendations for the man-
agement of asthma in highly trained athletes come from consen-
sus statements for the most part and a limited number of ran-
domized clinical trials involving small numbers of participants. 

For ethical reasons, there is little experimental research
that has involved exposing highly trained athletes to an envi-
ronment with poor air quality.

There is no research into the effects of exercise and poor
air quality on athletes, with or without asthma, who partici-
pate in in the Paralympic Games. Many of these individuals
have compromised respiratory health because of spinal cord
lesions that lead to altered breathing mechanics and a poor
cough reflex. The potential for difficulties in Paralympic ath-
letes would appear to be substantial, yet this has not received
any attention in the literature.

More studies are needed on the mechanisms of develop-
ment and remission of asthma in athletes and on how to pro-
tect the airways against these changes.

More research is also needed into the optimal management
of asthma in athletes and the long-term consequences of par-
ticipating in sport on their respiratory health.
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Table 1: Management of symptoms in athletes competing in venues with poor air quality 

Location Symptoms Suggested treatment* 

Oral cavity Cough, sore throat Hydration, treatment of symptoms with 
mouth rinses, gargles and lozenges 

Nose and 
sinus 

Rhinitis (allergic or not), sinus 
discomfort/congestionheadache 

Nasal spray (saline, cromolyn sodium, 
ipratropium bromide or inhaled nasal 
corticosteroid), antihistamine, 
decongestant 

Eyes Eye discomfort/burning, conjunctivitis, 
watery discharge 

Lubricating eye drops, artificial tears, 
antihistamine if allergic conjunctivitis 

Skin Rash in athletes with allergic 
sensitivities 

Treatment of symptoms with topical 
creams (with or without corticosteroids), 
sunscreen 

Airways Cough, dyspnea, chest tightness, 
wheezing, symptoms of asthma 
(diagnosis should be confirmed) 

Inhaled corticosteroid,† β2-agonist,‡ 
montelukast, inhaled sodium cromolyn 

*Treatments to be considered according to the underlying condition. The 2008 list of prohibited medications issued by the 
World Anti-Doping Agency (www.wada-ama.org/rtecontent/document/2008_List_En.pdf) should be reviewed before any 
medication is given, regardless of the route of administration. 
†Medication to be prescribed according to current guidelines. 
‡The use of β2-agonists at the Olympic Games requires testing to document need.  



Summary

The environment can have a significant effect on performance
of Olympic athletes. The heat and humidity in the Beijing re-
gion, as in previous summer Olympic events, present a formi-
dable challenge to athletes. Poor air quality, if present, will
have a psychological and possibly physiologic effect on the
performance of all athletes. Athletes who have asthma may be
further compromised by poor air quality. Ozone, oxides of
sulfur and nitrogen as well as particulate matter increase air-
way inflammation, which in turn will trigger or exacerbate
symptoms and possibly decrease performance. The risk is
greatest among athletes with asthma who will be competing
outdoors in endurance events at Olympic venues where the
air quality is poor. In addition, Paralympic athletes with
spinal cord lesions are at increased risk because of their com-
promised ability to cough and altered breathing mechanics.
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