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Background: Since 2001 the International Olympic Committee-Medical Commission (IOC-MC) has
required athletes using inhaled b2 agonists to provide clinical evidence of their asthmatic condition. The
aim of this study was to compare the reported prevalence of asthma at the 2000 and 2004 Olympic
Games in the Great British Olympic team (Team GB).
Methods: Following local ethics committee approval, 271 athletes (165 men) from the 2004 Team GB
volunteered and provided written informed consent. An athlete was confirmed asthmatic if he or she had a
positive bronchoprovocation or bronchodilator test as defined by the IOC-MC. Pre-Olympic medical forms
from the 2000 Team GB were also examined to establish the prevalence of asthma among the members of
Team GB at the 2000 Olympic Games.
Results: The prevalence of asthma in the two teams at the 2000 and 2004 Olympic Games was similar
(21.2% and 20.7%, respectively). In the 2004 Olympic Games 13 of 62 athletes (21.0%) with a previous
diagnosis of asthma tested negative. A further seven with no previous diagnosis of asthma tested positive.
Conclusions: The prevalence of asthma within Team GB remained unchanged between 2000 and 2004.
The IOC-MC requirement that asthmatic athletes must submit documented evidence of asthma has
highlighted that 13 (21.0%) previously diagnosed as asthmatic failed to demonstrate evidence of asthma
while seven athletes with no previous history or diagnosis of asthma tested positive. Screening for asthma
within elite athletic populations using bronchoprovocation challenges appears warranted to assist athletes
in preparing more effectively for major sporting events.

E
xercise induced asthma (EIA) causes expiratory limita-
tion following exercise. It can be triggered by an increase
in the volume of ‘‘unconditioned’’ air inspired through

the mouth. During increased levels of activity ‘‘uncondi-
tioned’’ air cools and dries the upper and lower airways
inducing inflammation and smooth muscle contraction
leading to bronchial narrowing1 that is readily reversible
with inhaled short acting b2 agonists. The prevalence of EIA
in athletic populations has been shown to vary between 9%
and 55%,2 3 depending on the type of sport, diagnostic test
used, and environment. Participants in winter sports gen-
erally have a higher prevalence of EIA than those engaged in
summer sports.4–7

A number of studies have shown that therapeutic doses of
inhaled short acting b2 agonists have no performance
enhancing effects,8–11 yet the International Olympic
Committee-Medical Commission (IOC-MC) has stated that
a simple notification from the team medical officer stating
the athlete has EIA is no longer acceptable.12 A more rigorous
testing regime including maximal voluntary flow-volume
loops is now required.13

One of the main reasons the IOC-MC has given for the
enhanced level of evidence is an apparent increase in the
prevalence of asthmatic athletes since the 1984 Olympic
Games.13 At the 1984 Los Angles Olympics 11% of the US
Olympic team were using inhalers.14 The prevalence of
asthma reported within the US team at the 1996 Olympics
in Atlanta was 14%,4 and by 1998 at the Winter Olympics in
Nagano this figure had reached 17%.5 While there seems to be
a progressive rise in EIA within the US Olympic teams, there
are limited reports on the prevalence of asthma in the
Olympic teams of other nations. What remains unclear is
whether the observed increase in the prevalence of asthma in

the US teams is an indication of a global trend at the elite
athletic level. Further, there are few data available on sport
specific prevalence.15

Many studies have reported the prevalence of asthma by
the sole use of questionnaires and symptoms.4 5 14 16–19 This
approach, however, is regarded as a poor method of
assessment. For example, Rundell et al20 examined the
accuracy of symptom based diagnosis compared with an
exercise challenge to diagnose EIA in elite winter athletes by
comparing results from an asthma symptoms questionnaire
with those from exercise challenge. Of the 26% of partici-
pants who tested positive for EIA in response to the exercise
challenge, only 40% of these reported more than one
symptom of EIA in the questionnaire. Post-exercise cough
was the most common symptom reported by both EIA
positive and EIA negative athletes. The high number of false
positives and false negatives from questionnaire diagnosis
highlights the need for bronchoprovocation tests and sup-
ports the IOC-MC requirement for athletes to produce
quantitative evidence of their asthma.
The relative paucity of sport specific data examining the

prevalence of asthma/EIA, together with the IOC-MC
changes in criteria for asthma diagnosis, provide the rationale
for this study. The purpose of this study was to compare the
prevalence of EIA within the Great British Olympic Team
(Team GB) at the 2000 and 2004 Summer Olympic Games, to
quantify sport specific differences in the prevalence of EIA,
and to examine the implications of changes made in the IOC-
MC guidelines.

Abbreviations: EIA, exercise induced asthma; EVH, eucapnic voluntary
hyperpnoea; FEV1, forced expiratory volume in 1 second
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METHODS
2004 Team GB
Following local ethical committee approval, British athletes
(165 men, 106 women) selected to compete in the 2004 Team
GB were recruited. All athletes were volunteers and provided
written informed consent. Athletes were only tested for
asthma if they had a previous diagnosis of EIA or reported
symptoms of EIA or were referred for testing by a team
medical officer.

IOC-MC criteria
Diagnosis of asthma for the 2004 Team GB members was
made according to the IOC-MC requirements, which included
a positive bronchodilator or bronchoprovocation test. The
IOC-MC criteria for a positive diagnosis in a bronchodilator
challenge were met if the forced expiratory volume in
1 second (FEV1) increased by 15% or more following a
therapeutic inhaled dose (200 mg) of a short acting b2 agonist
(salbutamol). The IOC-MC criteria for a positive diagnosis in
a bronchoprovocation challenge were met if the post-
challenge FEV1 fell 10% or more from the pre-challenge
FEV1 measurement. Both bronchodilator and bronchoprovo-
cation responses were assessed using maximal effort flow-
volume spirometry, measured with an electronic spirometer
that met American Thoracic Society guidelines (MicroLab
ML3500, Micro Medical, Rochester, UK). The best of three
criteria were applied for selection of recordings.
All asthma drug treatments including inhaled corticoster-

oids and long acting b2 agonists were withdrawn for a
minimum of 72 hours before each bronchial challenge.
Athletes were advised to use short acting b2 agonists if they
required any asthma relief during this period.

Bronchodilator challenge
The bronchodilator challenge involved measuring maximal
voluntary flow-volume loops before and 10 minutes after
a therapeutic dose (200 mg) of an inhaled b2 agonist
(salbutamol).

Bronchoprovocation challenges
The bronchoprovocation challenges consisted of either an
exercise challenge or eucapnic voluntary hyperpnoea (EVH)
challenge.21

Exercise
An exercise challenge involved measuring maximal flow-
volume loops before exercise and at 3, 5, 10 and 15 minutes
after stopping exercise. The exercise challenges were con-
ducted for a minimum of 4 minutes and were designed to be
as sport specific as possible, so could involve running, cycling,
rowing or swimming. The target heart rate (HR) during the
exercise challenge was 80–90% of HRmax (220 2 age).

Eucapnic voluntary hyperventi lation (EVH)
The EVH challenges involved measuring maximal voluntary
flow-volume loops before EVH (best of three) and at 3, 5, 10,
and 15 minutes after stopping hyperventilation (single
effort). The EVH challenge required the athlete to hyperven-
tilate for 6 minutes at a rate of 30 times their baseline FEV1.
To prevent hypocapnia during hyperventilation, subjects
inspired a gas mix containing 5% CO2, 21% O2, and 74% N2.

21

Prevalence of asthma in 2000 Team GB
Competitors’ medical forms from the 2000 Team GB (120
women, 152 men) were used to obtain the reported
prevalence of asthma before the IOC required quantitative
evidence of asthma. Data obtained from these forms included
the athletes’ asthmatic status and event.

Analysis of data
The prevalence of asthma within each sport for 2000 Team
GB and 2004 Team GB is reported descriptively by sport, sex,
and overall prevalence.

RESULTS
Seventy seven athletes who were members of 2004 Team GB
were tested for asthma using a test recognised by the IOC. All
athletes required to provide evidence of asthma were tested.
Sixty two of these athletes had been previously diagnosed
with asthma and were prescribed asthma medication; 13 of
these 62 (21%) failed to produce a positive test for asthma
under IOC criteria. Of the 13 athletes, all reported symptoms
of EIA with post exercise cough (n=10), wheezing (n=10),
and chest tightness (n=10). In addition to the 62 athletes
receiving medication, a further 15 athletes referred by a team
medical officer were tested. Seven of these 15 athletes (47%)
had no previous history or diagnosis of asthma tested positive
for asthma under IOC guidelines. Four of these seven athletes

Table 1 Prevalence of asthma in the British squads at the 2000 and 2004 Olympic
Games

2000 2004

N No (%) asthmatic N No (%) asthmatic

Athletics 28 7 (25) 58 9 (16)
Badminton 13 2 (15) 11 1 (9)
Canoe/kayak 12 1 (8) 9 1 (11)
Cycling 27 12 (44) 23 9 (39)
Diving 7 3 (43) 7 1 (14)
Gymnastics 14 0 9 0
Hockey 31 3 (10) 16 5 (31)
Judo 10 2 (20) 8 1 (13)
Rowing 41 8 (20) 36 7 (19)
Sailing 17 0 18 0
Shooting 6 0 6 1 (17)
Swimming 41 17 (41) 36 16 (44)
Triathlon 8 0 6 0
Other 19 3 (16) 28 5 (18)
Overall
Men 152 29 (19.1) 165 34 (20.6)
Women 122 29 (23.8) 106 22 (20.8)
Total 274 58 (21.2) 271 56 (20.7)
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reported symptoms of EIA with post exercise cough (n=3),
wheezing (n=3), and chest tightness (n=3) being the most
common. The athletes who met the criteria to use asthma
medication at the 2004 Olympic Games (n=56) won a total
of 17 medals (seven Gold, seven Silver, three Bronze). The
athletes who failed to meet the IOC-MC criteria and were
subsequently removed from asthma medication (n=13) at
the 2004 Olympic Games won a total of two medals (both
Gold).
Of the 56 IOC-MC positive athletes, only two provided

evidence of asthma through bronchodilator challenge; all the
others required a bronchoprovocation challenge. The fall in
FEV1 elicited by the positive exercise challenges ranged from
10.5% to 23.3%. The fall in FEV1 elicited by positive EVH
challenges ranged from 10.0% to 61.3%. All athletes who
had a positive bronchoprovocation challenge demonstrated
reversibility.
The prevalence of asthma in the British squad at both the

2000 and 2004 Olympic Games is displayed in table 1 by sex,
sport, and overall prevalence.
Swimming had the third highest prevalence of asthma in

2000 (41%) and the highest in 2004 (44%). Other sports in
which the prevalence of asthma also remained similar
between 2000 and 2004 included canoeing (8% v 11%),
rowing (20% v 19%), and cycling (44% vv 39%). Sports in
which there was a fall in the prevalence of asthma from 2000
to 2004 included athletics (25% v 16%), badminton (15% v
9%), diving (43% v 14%), and judo (20% v 13%). Sports that
have seen an increase in the prevalence of asthma from 2000
to 2004 include archery (33% v 50%), men’s hockey (13% v
31%), shooting (0% v 17%) and tae kwon do (0% v 25%).
Sports that had no asthmatics in either 2000 or 2004 included
boxing, gymnastics, modern pentathlon, sailing, tennis,
weightlifting, and wrestling.

DISCUSSION
The main finding of this study was that the prevalence of EIA
in Team GB athletes was unchanged between the 2000 and
2004 Olympic Games whereas, within the US Olympic team,
it appears to be rising.4 5 14 Unfortunately, it is impossible to
determine precisely how the diagnoses of asthma in the US
Olympic team were made, as they were conducted at a time
when a range of different (unspecified) methods were
employed. In the case of our own data, 21% of athletes
previously diagnosed with asthma and using inhalers did not
meet the IOC-MC criteria. This indicates that a large number
of British Olympic athletes were receiving medication for
which there was no clinical indication. The percentage of
athletes in the 2004 Team GB squad who did not meet IOC-
MC criteria is similar to the percentage of athletes whose
application was declined by the IOC-MC at the 2002 Winter
Olympics;13 29 of 159 (18%) of those who submitted an
application to use b2 agonists at the 2002 Winter Olympics
were refused by the IOC-MC. We support the IOC-MC
contention that a large number of athletes may be
misdiagnosed and inappropriately medicated. The new IOC-
MC asthma/EIA guidelines may therefore improve athlete
care.
Despite identifying inappropriately medicated athletes and

their subsequent withdrawal from medication, there was no
overall change in the prevalence of asthma within Team GB
between 2000 and 2004. This outcome is probably due to the
identification of the small number (n=7) of athletes with no
previous history who had a positive response to bronchopro-
vocation. If diagnosis in the 2004 team had been based on
symptoms alone, then the prevalence rate would have been
27% ([62+12]/271), which is higher than the actual
prevalence rate and higher than the rate reported in 2000
(21%). This finding is consistent with previous studies that

have shown a continued rise in the prevalence of asthma at
Olympic Games.4 5 13 14 Our data require substantiation by
data from future Olympics using the new IOC-MC criteria.
The results from the present study show that there is

variation between sports in the prevalence of asthma in Team
GB Olympic teams, with swimming having one of the highest
at both the 2000 and 2004 Olympics Games (.40%). It has
been suggested that the high prevalence of asthma in
swimmers may be due to the environment in which they
train and compete, with a high concentration of chlorine
which may act as a potent trigger for EIA.22 23 Other sports
such as figure skating and cross country skiing have also
been reported to have a similarly high prevalence of asthma
(35%, and 50%, respectively), which has been associated with
training and competing in cold and dry or polluted
environments.6 24 25 This suggests that athletes who compete
in certain sports may be more susceptible to the development
of EIA than others. What is of great concern is that our data
indicate that the overall prevalence of asthma is higher in
elite athletes than it is in the general UK adult population
(7.8%).26 The factors underlying this observation require
urgent attention since they have implications—not only for
elite athletes—but also for the many recreational athletes in
the UK and elsewhere.
The small number of athletes within some of the squads

(archery, boxing, fencing, modern pentathlon, shooting, tae
kwon doe, triathlon) makes it difficult to obtain an accurate
impression of the prevalence of EIA/asthma by sport. Indeed,
the prevalence data for triathlon appears to be inconsistent
with our other findings. At the 2000 and 2004 Olympic
Games the Team GB triathlon squad did not have one athlete
diagnosed with asthma, yet swimming and cycling were
among the sports with the highest prevalence of asthma at
both the 2000 and 2004 Olympic Games. It is possible that
the absence of triathletes with asthma in Team GB may be
due to the small size of the squad and may not be a true
representation of triathlon as a whole. Future investigations
could overcome this by polling prevalence data from the
Olympic teams of several countries. Multicentre data collec-
tion is indicated to support collection of prevalence data.
In a unique study by Alaranta et al19 sports were classified

into four main groups and the prevalence of EIA was reported
on the basis of whether the sport was endurance, team,
speed/power, or motor skill. The prevalence of EIA was
highest in endurance sports (22.2%) and team sports (14.5%)
compared with 8.8% for speed and power sports and 8.2% for
motor skill sports. Unfortunately, the study relied solely on
physician diagnosis and it lacked individual sport prevalence
data. Our data used recognised EIA tests to gain the
prevalence data at the 2004 Olympics and also examined
the individual sports. It is difficult to make a direct
comparison with the data from the study by Alaranta et al19

as sports such as swimming and athletics have many
different events ranging from sprinting to endurance events.
Subdividing events into groups based on their aerobic
requirement seems to suggest that events with a longer
exposure to inhalation of ‘‘unconditioned’’ air (such as
endurance events) could have a higher prevalence of EIA
than events that involve shorter exposure to ‘‘unconditioned’’
air (such as sprint events), supporting the implication of the
study by Alaranta et al.19 Furthermore, sports/events that take
place in environments that have a high potency for triggering
EIA (such as dry/polluted air) may have the highest
prevalence of asthma regardless of the duration of the
activity (for example, winter sports/swimming). This inter-
pretation suggests that the development of EIA may be
exacerbated, or even caused, by a process of airway
remodelling in response to training and competing in an
environment that triggers EIA. This remodelling process may
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occur at different speeds, depending on the individual, type
of event, and environment.
The introduction of more rigorous testing procedures for

the diagnosis of EIA/asthma resulted in 21% of athletes who
were thought to be EIA positive being confirmed as EIA
negative. This rate of misdiagnosis is not as high as that
reported by Rundell et al20 in their comparison of ques-
tionnaire diagnosis and diagnosis via exercise challenges
(60%). One of the reasons for this could be the variety of
different methods used to diagnose asthma in Team GB
athletes in the past. Thus, not all of the athletes who took
part in our study would have received a previous diagnosis
based on symptoms alone. At present no systematic
programme exists for the diagnosis of EIA/asthma in Team
GB athletes. Such a programme could reduce the chance of
false positive diagnoses and reduce the needless use of
medication which may have potentially damaging side
effects, such as downregulation of airway b2 receptors.27

Perhaps more importantly, this study identified seven
athletes with no previous history or diagnosis of asthma,
three of whom reported no symptoms of EIA on questioning.
Some of them presented with falls in FEV1 of more than 40%
following EVH challenge. The implications of untreated EIA/
asthma for the performance, health, and wellbeing of these
athletes can only be speculated upon and argues strongly for
the routine screening of all athletes.
In conclusion, the prevalence of asthma in 2004 Team GB

athletes remained similar to that in 2000 Team GB athletes,
despite changes in IOC-MC requirements. The improved
diagnostic techniques, however, identified a large number of
false positive diagnoses and also identified a number of
previously unknown asthmatics. These athletes were either
removed from unnecessary treatment or placed on appro-
priate medication, and therefore received an improved level
of care. Screening for EIA within elite athletic populations
using bronchoprovocation challenges such as EVH and
exercise appears warranted, not only to assist athletes in
preparing for major sporting events but also to ensure the
best possible level of care.
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