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The different approaches that the International Olympic Committee (IOC) had adopted to
β2-agonists and the implications for athletes are reviewed by a former Olympic team physician
who later became a member of the Medical Commission of the IOC (IOC-MC). Steadily
increasing knowledge of the effects of inhaled β2-agonists on health, is concerned with the
fact that oral β2-agonists may be anabolic, and rapid increased use of inhaled β2-agonists by
elite athletes has contributed to the changes to the IOC rules. Since 2001, the necessity for
athletes to meet IOC criteria (i.e., that they have asthma and/or exercise-induced asthma [EIA])
has resulted in imporved management of athletes. The prevalence of β2-agonist use by athletes
mirrors the known prevalence of asthma symptoms in each country, although athletes in endur-
ance events have the highest prevalence. The age-of-onset of asthma/EIA in elite winter athletes
may be atypical. Of the 193 athletes at the 2006 Winter Olympics who met th IOC’s criteria,
only 32.1% had childhood asthma and 48.7% of athletes reported onset at age 20 yr or older.
These findings lead to speculation that years of intense endurance training may be a causative
factor in bronchial hyperreactivity. The distinction between oral (prohibited in sports) and
inhaled salbutamol is possible, but athletes must be warned that excessive use of inhaled
salbutamol can lead to urinary concentrations similar to those observed after oral administra-
tion. This article provides justification that athletes should provide evidence of asthma or EIA
before being permitted to use inhaled β2-agonists.
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Introduction
During the past three decades, the Interna-

tional Olympic Committee (IOC) has had many
changes in its approach to the use of inhaled β2

agonists by athletes. Contributing factors have
included the developing knowledge of the effects
of inhaled and oral β2-agonists on human physi-
cal performance, possible unnecessary use by
some athletes, and concerns over unfavorable
effects on the health of athletes.

The Availability of β2-Agonists
for Athletes at the Olympic Games

The widespread introduction of selective
β2-agonists into clinical medicine in the early
1970s coincided with the commencement of
antidoping measures at the Olympic Games.
At the 1972 Munich Games, inhaled salbutamol
was not permitted because the IOC’s Medical
Commission (IOC-MC) considered it a stimu-
lant. However, this decision was reversed prior
to the 1976 Olympics, although team doctors
were required to submit notification of intended
use of an inhaled β2-agonist. Only salbutamol
and terbutaline were permitted. A request for
an athlete to continue to inhale fenoterol at the
1980 Olympic Games in Moscow was granted
by the IOC-MC, and the athlete won a silver
medal. However, this decision was rescinded
in 1984, not because of clinical concerns relat-
ing to fenoterol (1), but because it was metabo-
lized to p-hydroxyamphetamine (2) and this
was detectable in urine. In 1985, the IOC-MC
was persuaded to permit three other β2-ago-
nists, biltolterol, isoprenaline (isoproterenol)
and rimiterol, in competition, and in 1986, an
article (3) convinced them to cease the neces-
sity for doctors to notify the use of inhaled
β2-agonists. Oral preparations remained pro-
hibited.

The increasing use of clenbuterol, initially
by body builders and later power athletes (4),
resulted in the prohibition of this drug in 1992,
and two athletes competing in field events at
the Olympic Games in Barcelona were banned

because they had used this substance. In the
same year, Martineau and her colleagues (5)
demonstrated that 16 mg of oral sustained-
release salbutamol taken daily for 3 wks had
anabolic effects. In 1993, the IOC-MC re-intro-
duced the notification requirement for inhaled
β2-agonists and reverted to allowing only
salbutamol and terbutaline. This decision re-
sulted from reports of the high prevalence of
asthmatic symptoms in cross-country skiers
and the extent of their use of inhaled β2-ago-
nists (6). Subsequently, to provide protection
against exercise-induced asthma (EIA) for ath-
letic events of longer duration, the IOC permit-
ted inhaled salmeterol in 1996, and to minimize
the use of two inhaled β2-agonists, formoterol
was permitted in 2001 (Table 1).

Because of an increase of 212% in the noti-
fications of β2-agonist use between the 1984
Olympic Games in Los Angeles and 1996 Olym-
pic Games in Atlanta and a further increase of
151% in the 4 yr between the Olympic Games
in Atlanta and those in Sydney in 2000, in 2001
the IOC-MC resolved that Olympic athletes
who require an inhaled a β2-agonist must sub-
mit evidence of current asthma or EIA. This
decision was on the grounds of protecting the
health of athletes and was not a doping issue.
At that time, the IOC had relinquished the glo-
bal responsibility of doping policy and standards
to the newly established World Anti-Doping
Agency (WADA).

In 2001, an Independent Asthma Panel was
established by the IOC to oversee this regula-
tion. The criteria established by this panel in
2001 have varied marginally. Hypertonic saline
was added as an additional bronchial provoca-
tion test for the Games in 2004 and the PC20
forced expiratory volume in 1 s (FEV1) and PD20
FEV1 for methacholine were doubled for “cor-
ticosteroid-naïve” athletes prior to the Winter
Games in 2006. Currently, the athlete must pro-
vide evidence of a positive response to one of
the following (7):
• Positive bronchodilator response defined

as a 12% or greater increase in baseline
FEV1, after inhaling a permitted β2-agonist.
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• Positive bronchoconstrictor response
defined as a 10% or greater fall in FEV1
within 30 min of ceasing either an exer-
cise challenge in the laboratory or the
field or eucapnic voluntary hyperpnea
(EVH).

• Positive bronchoconstrictor response
defined as a 15% or greater fall in FEV1,
after inhaling a hypertonic aerosol (e.g.,
4.5% NaCl).

• After inhaling an aerosol of methacho-
line, a positive response is accepted if the
PC20 FEV1 was equal to or less than 4 mg/
mL or the PD20 FEV1 was equal to or less
than a cumulative dose of 2 mmol or 400
mg or 40 breath units in “steroid-naïve”
athletes. In athletes, treated with daily in-
haled glucocorticosteroids (GCS) for more
than 3 mo, a PC20 FEV1 � 13.2 mg/mL or
a PD20 FEV1 � cumulative dose of 6.6
mmol or � 1320 mg or 130 breath units is
accepted.

• For athletes who are unable to provide
evidence of any positive test, physicians
are requested to submit the results of

negative tests and clinical information,
including a detailed description of the
athlete’s asthma symptoms (both day and
night), trigger factors, consultations for
the treatment of asthma, hospital admis-
sion or emergency department attendance
for acute asthma, treatment with oral
GCS, other medications used, and results
of radioallergosorbent test, and so forth.

The outcomes of the responsibilities of the
IOC’s Asthma Panel in the 2002 Games in Salt
Lake City and in the 2004 Games in Athens
have been published (8,9). Since the introduc-
tion of this policy in 2001, evidence has accu-
mulated to support the IOC’s decision. Daily
use of short-acting β2-agonists (SABAs) may
increase the severity of EIA (10), and daily
administration of long-acting β2-agonists
(LABAs) decreases the duration of their pro-
tection (11) against EIA, and the recovery from
EIA following a bronchodilator is slower (12).
Tolerance to β2-agonists resulting from down-
regulation of the β2-receptors may develop

Table 1
History of β2-Agonists and the Olympic Games

1972 Permission to administer inhaled salbutamol refused by IOC-MC.
1975 Inhaled salbutamol and terbutaline permitted with prior notification.
1976 Olympic team doctors notified IOC-MC of intended use salbutamol or terbutaline.
1980 Permission to use fenoterol by inhalation granted prior to the Moscow Olympics.
1984 Fenoterol prohibited at the Sarajevo Winter Games because of metabolism to

p-hydroxyamphetamine.
1984 Because of concerns of the effect of air pollution on bronchial airways in Los Angeles, team doctors

are permitted to notify β2-agonists postadministration.
1985 Biltolterol, orciprenaline (isoproterenol), and rimiterol added as permitted β2-agonists.
1986 Notification of administration of β2-agonists to IOC-MC no longer required; oral β2-agonists

reconfirmed to be prohibited.
1992 Clenbuterol prohibited. Two athletes disqualified in Barcelona for using clenbuterol. β2-Agonists listed

as anabolic agents when administered systemically (orally or by injection).
1993 Biltolterol, orciprenaline, and rimiterol no longer permitted β2-agonists. Notification of administration

of permitted inhaled β2-agonists re-introduced.
1994 Permission to administer inhaled salmeterol refused by IOC-MC.
1996 Salmeterol permitted to provide prolonged protection from exercise-induced asthma.
2001 Formoterol permitted.
2001 Because of concerns at the large and increasing number of athletes inhaling β2-agonists, as a health

measure, the IOC-MC introduces the necessity of demonstrating that an athlete had asthma and/
or EIA.

IOC-MC, International Olympic Committee Medical Commission; EIA, exercise-induced asthma.
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following daily exposure (13) but is rapidly
reversible with cessation of the medication
(14). An article by Anderson and Brannan in
this issue provides a detailed examination of
the negative consequences on EIA of daily
therapy with inhaled β2-agonists.

Outcomes of the IOC’s Policy
on Asthma

These outcomes were reviewed by the Panel
(8,9) and in a recent European Respiratory
Monograph (15). Table 2 compares the intro-
duction of this policy for 2002 Salt Lake City,
2004 Athens, and 2006 Turin Games with the ne-
cessity of notifying the use of permitted inhaled
β2-agonists in the 1998 Nagano and 2000 Sydney
Games.

It is predicted that an additional 100 to 150
athletes may have inhaled a β2-agonist in the
Athens Games if the notification process had
been continued from Sydney. A similar pro-
portion of athletes were denied permission in
Salt Lake City. However, the high prevalence
of athletes who met the IOC criteria in Turin
was unexpected (Table 2). The IOC is conscious
of the considerable time, effort, and cost involved
in performing bronchial provocation tests, espe-
cially in national teams with 50 to 60 athletes
with asthma. Nevertheless, team physicians,
who were initially reluctant to subject their ath-
letes to such testing, have acknowledged that
this IOC requirement has assisted them to bet-
ter manage their asthmatic athletes, and some
athletes whose asthma had been undetected
have been identified (16). In 2003, the Interna-
tional Amateur Athletic Federation followed
the IOC’s lead and introduced identical regu-
lations for their athletes.

As previously reported (8,9,15), the preva-
lence of use of β2-agonists by Olympic athletes
has been consistent but markedly different
across sports and countries. High levels of use
of β2-agonists by athletes in endurance events
contrast with the low levels of use in nonen-
durance competitions. More than 11% of cyclists,

swimmers, and triathletes inhaled a β2-agonist in
both the Sydney and Athens Olympics com-
pared to less than 2% of weightlifters, wres-
tlers, and boxers at the same Games. Similar
outcomes were observed in winter sports, where
athletes in cross country skiing and speed skat-
ing events had a prevalence of β2-agonist use
in excess of 10.5% in Salt Lake City, but less
than 3% of competitors in luge, bobsleigh/skel-
eton, and alpine skiing were approved to inhale
β2-agonists. More than 70% of the approvals for
Salt Lake City were for those whose events
involved skating or skiing, and a similar
trend was observed in 2006. Perhaps the most
striking example of the different prevalence of
use between endurance and nonendurance
events is the Nordic combined competition,
where a ski jump is followed the next day by
15-km cross country skiing. In Salt Lake City,
10.6% athletes in the Nordic combined event
were approved for β2-agonist use compared
with only 2.6% of ski jumpers. A similar trend
was observed in Turin.

Numerous theories have been proposed
regarding why endurance athletes are more
prone to bronchial hyperreactivity (17). For
many years, children with asthma were recom-
mended to swim with favorable outcomes (18),
and this appears to be a factor in the high
prevalence of asthma in elite swimmers. How-
ever, the high prevalence of asthma and EIA in
sports such as cycling, triathlon, and cross
country skiing has no such association, and the
possibility that it results from years of endur-
ance training in the prevailing climatic condi-
tions cannot be excluded (19). Of 193 athletes
approved for β2-agonist use in Turin, only
32.1% had childhood asthma and as many as
48.7% had the onset of asthma and/or EIA at
age 20 yr or older. An examination of the use
of β2-agonists by countries is even more diver-
gent. More than 11% of athletes from Great
Britain, Australia, Finland, and New Zealand
were inhaling a β2-agonist in Sydney and Ath-
ens. Conversely, Russia. China, Korea, and
Ukraine had less than 1% of athletes inhaling a
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β2-agonist in the same two Games. Close ex-
amination of the use of β2-agonists by country
revealed that the proportion of athletes noti-
fying or approved for β2-agonist use closely
reflected the prevalence of symptoms compat-
ible with asthma as identified by their country’s
ISAAC ranking (20) or in the European Com-
munity Respiratory Health Survey (21).

Asthma Medication Used by Olympic
Athletes

Short-Acting β2-Agonists
Of the 420 athletes who applied to inhale a

β2-agonist in Athens and who stated the SABA
used, 94.5% were inhaling salbutamol. In Salt
Lake City, the percentage inhaling salbutamol
was 92.1% of 124 approvals.

Long-Acting β2-Agonists
In Sydney, 93 (15.3%) of the 607 athletes

reported inhaling salmeterol (the only LABA
permitted), and 20 (3.3%) of these athletes did
not report use of a SABA. In Salt LakeCity, 40
(30.8%) of 130 athletes who received approval
by the IOC inhaled both a SABA and a LABA.
A further 12 (9.2%) inhaled solely an LABA
(8 formoterol, 4 salmeterol). In both these
Games, GCS were unrestricted; it is unknown
how many athletes inhaled a LABA without a
GCS. In 2004, WADA required GCS use to be
reported by a process known an abbreviated

therapeutic use exemption. In Athens, 62 (12.7%)
athletes applied to inhale a LABA without a
SABA. Of these, 13 (2.7%) did not inhale a GCS.
Therefore, only a small percentage attempted
to control their asthma with a LABA only, with
no SABA or inhaled GCS.

Glucocorticosteroids
Of the 490 athletes who applied to the IOC-

MC for permission to inhale a β2-agonist in
2004, 325 (66.3%) advised on their application
that they were inhaling a GCS. An additional
37 athletes notified that they were inhaling a
GCS but not a β2-agonist. All but three of these
stated asthma as the reason. Therefore, 34
athletes managed their asthma solely with an
inhaled GCS, either because they were unable
to meet the criteria necessary to obtain approval
to inhale a β2-agonist or this was their custom-
ary method of managing their asthma and/or
EIA. There were 45 athletes who were refused
permission to inhale a β2-agonist. Of these, 14
(31%) inhaled a GCS. It is logical to assume that
they continued this treatment. Therefore, 48
(9.1%) athletes of a total of 524 managed their
asthma solely by inhaled GCS. Somewhat
unexpectedly, of the other 31 athletes who
were refused permission to inhale a β2-agonist in
Athens and who were not previously inhaling a
GCS, not one advised the IOC that they had com-
menced inhaled GCS because of this refusal.

Table 2
Proportion of Athletes Using of β2-Agonists in the Olympic Games Since 1998

Winter Summer

Nagano Salt Lake City Turin Sydney Athens
(1998)  (2002)  (2006)  (2000) (2004)

Total no. of athletes 2296 2517 2478 10,739 10,563
Notifications (pre-2002) 128 607
Applications (approvals) 159 (130) 208 (193) 490 (445)
Percentage of athletes 5.8% 6.3% (5.2%) 8.4% (7.8%)a 5.7% 4.6% (4.2%)

a52 (26.9%) were athletes who had been approved for Salt Lake City and were not required to undergo additional
testing. The validity of an approval includes the next Games of the same type (i.e., 4 yr).
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Has the Performance of Olympic
Athletes Denied Permission
to Inhale a β2-Agonists Been Affected?

For many years, athletes with asthma expe-
rienced success at the Olympic Games. Over a
period of 24 yr (between 1956 and 1980), asth-
matics won medals in swimming events at
every Olympic Summer Games (22). This
trend was continued by Australian Olympic
swimmers with asthma in Los Angeles (1984),
Seoul (1988), and Barcelona (1992). Numerous
medal-winning successes by asthmatics from
the United States and Australia occurred in the
pool at Atlanta. In Sydney, 115 (19.0%) of the
607 athletes who notified using a β2-agonist
won one or more medals. Forty-seven of the
115 athletes won 57 individual medals, and as
a group, the 115 athletes won 85 team medals.
(The definition of a team was two or more
members.)

There is little or no evidence that denying
athletes permission to inhale a β2-agonist has
resulted in unfavorable outcomes on their per-
formance. In Salt Lake City, 30 (23.1%) of the
130 athletes who were approved to inhale a β2-
agonist won 46 medals (30 individual and 16
team medals). Seven (24.1%) of the 29 athletes
who were denied permission to inhale a β2-
agonist won a total of eight medals (two indi-
vidual and six team medals). In Athens, 6
(8.5%) of the 45 athletes who were refused per-
mission to inhale a β2-agonist won six medals
(three gold, two silver, and one bronze medal).

β2-Agonists and Athletic Performance
In 1972, the IOC prohibited β2-agonist use

in athletics because of concerns that they pos-
sessed stimulant properties. At that time,
stimulants and narcotics were the only two
classes of drugs prohibited in sport. Anabolic
agents were prohibited in 1975. During the
1980s, body builders and power athletes began
to take the β2-agonist clenbuterol as an anabolic
agent (3,23). Predominately used in veterinary
science as a repartitioning agent for cattle prior

to sale and to treat asthma in large animals
(24), clenbuterol was marketed for human use
in southern Europe and South America. In
1992, the IOC prohibited clenbuterol use both by
inhalation and orally.

Prior to this decision, a series of studies
began to be published regarding the effect of
inhaled salbutamol on performance. The major-
ity demonstrated by double-blind studies that
therapeutic doses of inhaled salbutamol (25–
28), salmeterol (29,30), formoterol (31,32), and
terbutaline (33) did not enhance physical perfor-
mance. However, the article by Martineau (5),
which confirmed that oral salbutamol can
improve performance, provoked further studies
demonstrating that oral salbutamol improved
endurance during intense submaximal exercise
(34), increase strength following resistance
exercise (35,36), and increase strength and
endurance (37) and power (38), although side
effects could be unpleasant (37). Consequently,
the IOC considered it important to be able to
distinguish oral from inhaled administration of
salbutamol. A study was funded to focus on
estimating the concentration of nonconjugated
S(+) and R(–) enantioners of salbutamol excreted
in the urine and their ratio (39). Because of higher
rates of conjugation of the S(+) compared with
the R(–) enantiomer after oral rather than inhaled
administration of salbutamol, the ratio of S(+) to
R(–) enantiomers proved a valuable aid in
identifying the method of administration.

Sixteen healthy nonasthmatic subjects were
administered 1600 µg of inhaled salbutamol
over 24 h, with 800 µg in the last 4 h. This dos-
age was selected because the IOC-MC consid-
ered it to be the maximum advisable dosage for
asthmatic subjects prior to competition (40)
and it was within the manufacturer’s recom-
mendations. Urine samples were collected 60
min after the last dose. With an interval of at
least 7 d between treatments, these 16 subjects
took five 4-mg tablets orally six times per hour,
and urine was collected 2 h after the last dose.
The ratio of S(+) to R(–)after oral salbutamol
exceeded 2.5 conversely to the ratio after the
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inhaled drug, when the majority had a ratio
less than 2.5. This is because salbutamol is me-
tabolized in the intestine and the liver, whereas
little metabolism occurs in the lungs. However,
because a variable proportion of the inhaled
drug is swallowed, this distinction was not
absolute. Urinary concentrations of total free
salbutamol were greater than 500 µg/L after
oral administration, and in almost all subjects,
the urinary concentration was less than 500
µg/L after the inhaled drug and all had a con-
centration less than 1000 µg/L. Therefore, both
the concentration of total free salbutamol and
the ratio of S(+) to R(–) were considered valu-
able indices to distinguish oral from inhaled
administration. A discriminant function was
developed from the data:

D = –3.776 + 1.46 × 10–3 ([S(+)] + R(-)]) + 1.012 ×
([S(+)]/[R(–)] where D = 1.06 or greater indicates

oral consumption (41).

In 2000, the IOC introduced a cutoff at no
more than 500 ng/mL of salbutamol to distin-
guish between inhaled (permitted) and oral
(prohibited) administration; however, a year
later, this was increased to no more than 1000
ng/mL. This was considered a conservative
level. The same year, the IOC permitted labo-
ratories to screen and not confirm concentrations
of less than 100 ng/mL urinary salbutamol. Sub-
sequently, WADA continued the IOC’s policy
and stated that a urinary concentration of
salbutamol (free and conjugated) greater than
1000 ng/mL would be considered an adverse
analytical finding, unless the athlete proved
that the abnormal result was the consequence
of the therapeutic use of inhaled salbutamol
(42). At the Olympic Games in Sydney and Salt
Lake City, a total of 26 urine samples were
identified by the laboratory as having a urinary
concentration of salbutamol greater than 100
ng/mL. All athletes had notified their intention
(Sydney) or received approval (Salt Lake City)
to inhale a β2-agonist. The highest concentrations
were 264 ng/mL in Sydney and 280 ng/mL in

Salt Lake City. In Athens, 39 urine samples had
a concentration of salbutamol greater than 100
ng/mL, but no concentration levels were pro-
vided by the laboratory. However, at least six
athletes are known to have had a urinary con-
centration greater than 1000 ng/mL, and three
of these cases warrant a closer examination.

Case 1
A 15-yr-old fencer with documented asthma

from age 6 yr was stabilized on fluticasone and
salmeterol twice daily plus “rescue salbutamol.”
During an international junior competition,
when she experienced increased problems
with asthma because of the cold weather and
cigarette smoke in a poorly ventilated stadium,
she was selected for a doping control. The ath-
lete and her coach considered that she had
taken two inhalations of salbutamol via a
spacer four to five times (800–1000 µg) during
a 3-h period prior to her urine sample collec-
tion. The pH of the urine was 6.0, the SG was
1015, and the salbutamol concentration was
reported as 1270 ng/mL. The Barcelona labo-
ratory reported the S(+)/R(–) ratio as 2.49 and
the D value as –0.19, compatible with inhaled
salbutamol. The athlete was exonerated.

Comment
High doses of inhaled salbutamol during a

brief period had resulted in this athlete exceed-
ing the threshold of 1000 ng/mL in urine of
normal density. The use of a spacer is unlikely
to be a factor because no difference in either
urinary concentrations or the S(+)/R(–) enan-
tiomer ratio was noted after administration by
a metered-dose inhaler (8).

Case 2
After playing a full game in a semifinal of

an international club competition, a 26-yr-old
100-kg rugby hooker (who had asthma treated
with salbutamol since prior to his second birth-
day) was selected for a doping control test. He
was dehydrated, had widespread postgame
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cramps, and needed to drink copious fluids
before producing initially an inadequate uri-
nary volume (partial sample). It was 100 min
after the game before he could produce the nec-
essary 80 mL of urine that was recorded on site
as having a pH of 5.0 and a SG 1030. In the labo-
ratory, these were reported as being 5.5 and
1024, respectively. The athlete stated that he
had used his salbutamol metered-dose inhaler,
as was customary prior to this and other
matches. He took two inhalations on arrival
at the stadium, two at the start of warm-up,
two immediately prior to the game, and two at
half time (800 µg). The urinary salbutamol was
reported as 1644 ng/mL. Analysis of enanti-
omers in Barcelona revealed 1036 ng/mL
S(+)and 538 ng/mL R(–). The S(+)/R(–) ratio
was estimated to be 1.9 and the D-value was
0.47 and considered compatible with inhaled
therapy. Two weeks earlier, the athlete had
played a full game in a quarterfinal match and
had also been a random selection for a doping
test. He had declared an identical use of his
metered-dose inhaler and the urine (pH 5.7
and SG 1012) was analyzed in a different labo-
ratory and was reported to have a concentra-
tion of salbutamol of approx 80 ng/mL. This
was on screening and was unconfirmed because
the concentration was less than 100 ng/mL. The
athlete was charged with a doping offense, was
convicted of using an anabolic agent by a tri-
bunal arranged by his sport, and was sanc-
tioned for 2 yr. On appeal, the conviction was
overturned.

Comment
Although dehydration can be anticipated

to raise the urinary concentration significantly,
a threefold (but not a 20-fold) increase in con-
centration may be expected between urines
with specific densities of 1012 and 1024. The
initial tribunal decision was in error, partly
because of their rejection of the enantiomeric
analysis.

Case 3
A 22-yr-old track athlete who had aller-

gic asthma from age 4 yr inhaled 800 µg of
salbutamol in the 4 h prior to his race and a
“further dose” immediately after the race. He
provided a urine sample 2 h later that was
reported as having a concentration of salbutamol
of about 8000 ng/mL. He was investigated
by the Swiss Anti-Doping Commission. This
included administering 900 µg (3 × 3 × 100 µg)
of salbutamol over a 5-h period on each of 2 d,
and a total of 22 urine samples were obtained
and analyzed. On both days, 2 to 3 h after the
last dose, the concentration of salbutamol rose
rapidly to a maximum. These were assessed as
peaking at 3000 to 4000 ng/mL on both days.
No analysis of enantiomers was performed.
The athlete received a warning (43).

Comment
This case confirms that the excretion of

salbutamol after inhalation can result in unpre-
dictably high urinary concentrations. Jacobson
et al. (44) demonstrated “enormous inter-
patient variability” in urinary salbutamol con-
centrations when studying inpatients with
asthma on inhalation therapy. In a study by
Glaxo (45), 15 healthy volunteers were admin-
istered a single dose of 1200 µg of inhaled
salbutamol, and 7 of the 15 subjects had total
salbutamol levels exceeded 1000 ng/mL, with
one subject exceeding 3000 ng/mL.

It must be stressed that athletes with asthma
who are subjected to doping controls should be
advised by their physicians against excessive
use of their metered-dose inhalers at the time of
competition because they may exceed the uri-
nary threshold for salbutamol. This likelihood
increases if the competition results in signifi-
cant dehydration. Doping authorities must ac-
knowledge that when a laboratory reports a
urinary concentration greater than 1000 ng/
mL of salbutamol, enantiomeric analysis must
be undertaken to assist discrimination between
inhaled (permitted) and oral (prohibited) admin-
istration.
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Conclusion
The IOC has had many changes to its

policy on β2-agonists. The current approach
that requires athletes to provide evidence of
current asthma and/or EIA is a health measure
and has been successful. Athletes without
documented evidence of asthma who have
been denied use inhaled β2-agonists do not
appear to have experienced unfavorable out-
comes in their Olympic performances. Recent
evidence of undesirable effects of daily use of
SABAs and LABAs and advice from team doc-
tors that testing of their asthmatic athletes has
resulted in improvements in their medical
management provide support for this policy.
Athletes from countries with known high or
low prevalences of asthma apply to the IOC to
inhale a β2-agonist with a similar high or low
frequency. The reasons that competitors in
endurance events have the highest use of β2-
agonists remains a topic for further research.
Although there have been no reports of ath-
letes using oral salbutamol as an anabolic
agent, athletes must be warned that multiple
doses of inhaled salbutamol at the time of com-
petition can result in the urinary salbutamol
concentrations exceeding the threshold permit-
ted by WADA.
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