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The study of exercise-induced bronchospasm (EIB), alternatively called exercise-
induced asthma (EIA), by many investigators over 50 years provides an outstanding
example of how the techniques of classical physiology were applied in an attempt
to determine the mechanisms underlying a troublesome clinical problem. Following
the trail of this research in a more or less historical order enables the acknowledgment
of the contributions of these investigators and follows the manner in which physiologic
research was logically applied.
Perhaps the earliest description relating asthma to exercise was by Arataeus the

Cappadocian around end of first century AD, as related by Brewis1:

If from running, gymnastic exercises, or any other work, the breathing become
difficult, it is called Asthma (asqma)

The initial classical description of EIB was published in 1717 in a book by Sir John
Floyer,2 himself an asthmatic, who wrote:

All violent exercise makes the asthmatic to breathe short—and if the exercise be
continued it occasions a fit.

IS EIB A PROBLEM THAT NEEDS ATTENTION?

The practical implications of EIB were that 50 to 60 years ago, many asthmatics
avoided exercise either from past personal experience of EIB or because parents
restricted their children’s involvement in sports and exercise. Such avoidance of
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physical activity was unfortunate because the lower a person’s aerobic fitness, the
higher the percentage of their maximum oxygen consumption (VO2 max) that is required
to perform an exercise task.3 Because the onset and severity of EIB is related to ex-
ercise intensity,4 improved aerobic fitness allows asthmatics to undertake the same
exercise at a lower percentage of their VO2 max and thus reduce the resultant EIB.5

Conversely, in the very unfit, EIB is likely to appear even at low levels of exercise. How-
ever, although unaware of these principles of exercise physiology, there was a minor-
ity who had an alternative view that somehow exercise would benefit asthmatics and
demonstrated this admirably. Theodore Roosevelt, who was President of the United
States from 1901 to 1908, was a sickly child because of severe asthma. During adoles-
cence, on advice from his physician, he undertook a program of vigorous exercise to
grow into a fine athlete when he entered Harvard, only mildly inconvenienced by
asthma.6 Others would emulate Roosevelt and achieve great sporting success. One
notable person was Dawn Fraser, from Australia, who commenced swimming “to
lick asthma” and won the 100-m freestyle at 3 consecutive Olympic Games in 1956,
1960, and 1964, despite being troubled with asthma before her 1964 race.7 Subse-
quently, the better understanding of the physiology of EIB and the benefit of a range
of effective preventer medications has allowed those prone to EIB to achieve a level of
fitness and enjoy a physical lifestyle comparable to their counterparts without EIB.8

1946–1970: EARLY MODERN ERA—ESTABLISHING BASIC FEATURES OF EIB

In 1946 Herxheimer9 described 6 asthmatics with hyperventilation asthma, but in fact
he meant hyperventilation induced by exercise. He made a most important observa-
tion, namely that the asthma (EIB) usually occurred after stopping exercise and not
during the exercise.
A series of definitive studies of EIB were undertaken by a Liverpool, UK pediatrician,

R.S. Jones,10,11 and his colleagues from 1962 onwards,12 which outlined almost all the
important physiologic features. Brief exercise (running) of 1 to 2 minutes produced a
rise in forced expiratory volume in 1 second (FEV1) within 1 minute after stopping ex-
ercise, whereas prolonged exercise of 8 to 12 minutes produced a decrease in FEV1,
reaching its lowest level 1 to 5 minutes after exercise, which then rapidly returned to
the resting level. Fig. 1 shows an exercise challenge in a child with marked EIB in
which there was a decrease of 55% in FEV1 after exercise. They noted that the
Fig. 1. Exercise-induced bronchoconstriction in a child who ran for 6 minutes on a treadmill.
During the exercise there was a small rise in FEV1. After stopping exercise, FEV1 decreased to
its lowest level 12 minutes after the end of exercise and then began to return to baseline.
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intensity of exercise determined the severity of the response and that the EIB was
minimized or abolished by the inhalation of a b-agonist, isoprenaline (isoproterenol).
Subsequently Jones and colleagues13 reported that the level of exercise had to be suf-
ficient to produce moderate breathlessness. Even more importantly, they noted that in
some subjects with a greater tendency to bronchoconstriction, the FEV1 could
decrease below the resting level even during the exercise. Thus EIB could occur dur-
ing exercise—something that is discussed again later in this article. They also made an
attempt to relate the exercise-induced changes in lung function and the clinical
severity of asthma14 and noted exercise performance could be limited because of
bronchoconstriction during exercise.
About this time, McNeill and colleagues15 showed that adults also developed EIB

and found that with repeated exercise challenges on 6 occasions within 5 hours,
the decrease in FEV1 after exercise was less—the first recorded example of the devel-
opment of refractoriness. Later, colleagues in North America also became interested
in the diagnosis and treatment of EIB.16,17
1971–1976: STUDIES TO BETTER DEFINE THE STIMULUS OF EIB

Jones and colleagues13 reported that they used free-range running as their stimulus
for EIB because cycling was less effective, and a formal controlled study was under-
taken by Anderson and colleagues18 to compare treadmill running, free-range running,
and cycling. They also found free-range running caused the most EIB but could not
explain why this occurred. At the same time, Fitch and Morton19 compared running,
cycling, and swimming and found less EIA with swimming than running or cycling,
whereas again running caused most EIB. The confusing situation in which exercise
of different types but similar intensity caused different amounts of EIB resulted in
Anderson and colleagues20 writing a letter to the editor of the British Medical Journal
stating, “Finally, we would like to repeat our earlier suggestion that the mechanism of
exercise-induced asthma and the difference between the severe constriction due to
running compared with the virtual absence during swimming may reflect neuromus-
cular differences in the types of exercise.” How wrong we were! Various possibilities
were considered related to hyperventilation versus exercise and changes in blood
gases, which led to a vigorous exchange of letters in the Lancet by the major pioneers
Herxheimer, Jones, and Anderson9,21–27 but there was no convincing evidence to ac-
count for triggering EIB.
Although it had already been established that b-agonists could prevent EIB, pre-

sumably by a direct effect on bronchial smooth muscle, a new drug, sodium cromo-
glycate (cromolyn sodium), thought to block the release of mediators from mast
cells, was shown by Davies28 and Poppius and colleagues29 to be effective in reducing
the severity of EIB if inhaled before exercise but not if given once the attack had
begun.30 Oral glucorticosteroids, which by then were known to be highly effective in
treating troublesome asthma, and the newly developed beclomethasone dipropionate
taken by inhalation, were demonstrated to have little or no effect in preventing EIB in
most asthmatics.31 This latter outcome was so disappointing that it was more than a
decade before a study of a newer inhaled corticosteroid, budesonide, was shown to
be moderately effective in inhibiting EIB in children.32 In more recent times the efficacy
of regular use of inhaled corticosteroids in preventing EIB in both children and adults
became well established.33–35

Silverman and Anderson36 reported the results of carefully controlled studies to
define the stimulus needed to obtain the maximal EIB response in children who ran
or walked on a treadmill. EIB reached a maximum when the duration of exercise



Godfrey & Fitch286
was 6 to 8 minutes and when the gradient of the treadmill was 10% to 15%, represent-
ing exercise at about 70% of maximum exercise performance. Exercise for longer pe-
riods or at steeper gradients produced no significant increase in bronchoconstriction.
When tests were repeated at 2-hour intervals throughout the day, no significant dimi-
nution in EIB was found so that there was no refractoriness if the interval between
challenges was 2 hours. In 1975 Anderson and colleagues37 summarized what was
known about EIB up to that time but were forced to admit that the mechanisms
involved in the production of EIB remained largely unknown. Even something as
apparently obvious as the site of action of a b-agonist in preventing EIB received a
jolt when Anderson and colleagues38 found that while an oral b-agonist, terbutaline,
and an inhaled b-agonist, fenoterol, were equally effective as bronchodilators before
and during exercise, only the inhaled drug prevented a post-exercise fall in lung func-
tion. There was still a decrease after the oral drug, albeit from a higher pre-exercise
FEV1 level. They suggested that perhaps the inhaled b-agonists had a second site
of action “in or on the surface of the bronchial mucosa (perhaps the mast cell).”
The problems facing asthmatic athletes were reviewed by Fitch and Godfrey39 in

relation to the 1976 Olympic Games. They noted the ability of asthmatics to succeed
especially in swimming and the effectiveness of b2-agonists and sodium cromoglycate
in preventing EIB. Although asthmatics could clearly now take part in sports with
appropriate management, Fitch and colleagues40 also showed that swim training for
5 months in children could improve physical fitness but, unfortunately, did not affect
severity of EIB in response to running.

EXERCISE BRONCHIAL CHALLENGE IN NONASTHMATICS

In a foretaste of what would become of significant clinical interest much later, Day and
Mearns41 studied the response to exercise in 52 children with cystic fibrosis and found
that most had increased bronchial lability or airway hyperresponsiveness (AHR), which
was often manifest as bronchodilation rather than bronchoconstriction. This showed
that AHR was not limited to asthmatics, although the pattern of response was different
in that the response in asthmatics was mainly the decrease in lung function after
exercise.

1976–1980: CLUES ABOUT THE MECHANISMS INVOLVED IN EIB START TO APPEAR

In 1976 Weinstein and colleagues42 presented a paper at a meeting of the American
Academy of Allergy in which he reported that 14 asthmatics exercising on a treadmill
developed a mean decrease of FEV1 of 29.5% breathing normal room air but only
13.5% breathing ultrasonically nebulized normal saline. He commented, “These re-
sults are similar to the results of others comparing the degree of bronchoconstriction
occurring during treadmill running versus swimming. Bronchial drying may be an
important mechanism in the development of EIA.” A year later Bar-Or and col-
leagues43 studied asthmatic children who exercised in a climate chamber. There
was no effect of climate on resting lung function but breathing warm humid air virtually
prevented EIB. Chen and Horton44 obtained an identical result with asthmatic adults
and suggested, “The results indicate that the primary stimulus for exercise-induced
asthma may be heat loss and/or water loss from the airways during exercise.” Strauss
and colleagues45 reported that subfreezing cold air had a negligible effect on lung
function in asthmatics at rest but substantially increased the amount of EIB.
In several studies Deal and colleagues46–48 measured respiratory heat exchange us-

ing inspired gas of differing temperature and humidity and showed a correlation be-
tween severity of EIB and respiratory heat loss. The emphasis in this study was on
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thermal load rather than drying of the airways and they concluded, “that themagnitude
of exercise-induced asthma is directly proportional to the thermal load placed on the
airways and that this reaction is quantifiable in terms of respiratory heat exchange.”
Subsequently they demonstrated that breathing cold dry air actually lowered
esophageal temperature during exercise. They also showed that asthmatics could
get bronchoconstriction with isocapnic hyperventilation (hyperventilation induced
bronchoconstriction, HIB) similar to that seen with exercise and that it responded simi-
larly to ambient conditions and severity of hyperventilation.
At this time there began a long controversy as to the relative importance of cooling

and drying of the airways in the triggering of EIB. That both the thermal effects on the
vasculature and the osmotic effects on mediator release could occur separately or
together to enhance one another was discussed in depth much later by Anderson
and Daviskas.49

The next clue was the refractory period. Although a study in 1966 had noted
reduced EIB with repeated exercise,15 it was 12 years later that Edmonds and col-
leagues50 undertook a formal study and showed that an episode of EIB was followed
by a refractory period and that the response in the second of a pair of challenges
decreased as the interval between them decreased. When exercise challenge tests
at varying metabolic loads were followed after 30 minutes by tests at a constant
load, the severity of EIB in the constant load challenge decreased in proportion to
the load in the first challenge of each pair. They commented that, “These results
were compatible with the suggestion that the development of EIB requires the release
of a stored mediator or enzyme precursor.” Another clue was provided by Schnall and
Landau,51 who showed that short warm-up sprints could prevent EIB in a subsequent
6-minute run. Not everyone agreed with this suggestion and Deal and colleagues52

measured arterial histamine and neutrophil chemotactic activity during hyperventila-
tion, which they considered was the same thing as exercise and found no changes
in either activity. They concluded that mediators derived from mast cells were not
involved in EIB. They chose to dismiss refractory period data because there could
have been persistent sympatho-adrenal activity between closely spaced challenges.
In other words, the secretion of adrenaline during the first exercise challenge could
have persisted and reduced the response in the second. Even so, a lot of similarities
were found between EIB and HIB, including refractoriness and cross-refractoriness
between the 2 types of challenge,53,54 making the sympatho-adrenal theory of refrac-
toriness very unlikely. The similarities led investigators to develop a protocol for using
voluntary hyperpnea with dry air containing 4.9% CO2 as a surrogate for exercise to
identify EIB in defense force recruits. This protocol is still widely used for identifying
EIB in athletes.55

Both knowledge of the ameliorating effect of humidity and the development of
refractoriness to repeated exercise were put into practice as nonpharmacologic
methods of ameliorating EIB. Warm-up exercises, whether continuous or intermittent,
were shown to result in modest reductions of EIB.56,57 The use of face masks to hu-
midify and heat the inspired air in an attempt to attenuate EIB was investigated in
1980 and did produce modest protection.58,59
1981–1985 AND THEN OSMOLARITY AS A STIMULUS FOR EIB AND SOME OTHER
OBSERVATIONS

Exploring a different type of challenge, Schoeffel and colleagues60 in Anderson’s lab-
oratory found that an attack of asthma could be provoked in asthmatics but not in
normal subjects by having them breathe an ultrasonically nebulized aerosol, which
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was either hypertonic or hypotonic, but not by breathing an isotonic aerosol. Later
when Anderson and colleagues61 measured respiratory heat and water loss in young
asthmatics exercising under various ambient conditions, they showed that EIB
became worse as the water content of the inspired air was reduced, although some
subjects experienced EIB, albeit to a lesser degree, when breathing warm humid
air. The authors postulated that water loss from the airways during exercise may
induce a change in osmolarity similar to that observed with the inhalation of hypertonic
saline. Moreover, at the high levels of ventilation during exercise with “hot wet” air,
there could be a net gain in water in the airways in some patients leading to a reduction
in osmolarity of the respiratory tract fluid. Anderson and colleagues61 postulated “A
unifying hypothesis for the bronchoconstricting effect from water gain and water
loss from the airways may be a change in the tonicity of the fluid lining the respiratory
tract.” This hypothesis emphasized for the first time, the very small volume of fluid in
the generations of airways involved in conditioning the inspired air, and the capacity
for the osmolarity of this small volume to change rapidly.62

In 1982 Bar-Yishay and colleagues63 finally tackled the problem of swimming versus
running as the challenge for EIB by having children run and swimwhile breathing either
dry or humid air. Although the EIB was less under both conditions with swimming,
nevertheless the children had substantial EIB swimming while breathing dry air and
so the difference between running and swimming in earlier studies must have been
climatic.
Despite an earlier study that failed to detect any mediator release during HIB,52

neutrophil chemotactic factor (NCF) was shown by Lee and colleagues64 to be
released during exercise in asthmatics but not in normal subjects. The level peaked
10 minutes after exercise and returned to baseline by 1 hour and paralleled the
decrease in lung function. Later they demonstrated that NCF was liberated in asth-
matics breathing cold dry air but not warm humid air65 and that NCF was also liberated
in hyperventilation-induced asthma.66 The present authors and many others were all
very excited by these observations but, as it is now known, NCF is almost certainly
interlukin-8 and not a mast cell–liberated mediator at all!
By placing a probe in a segment of the right lower lobe in normal subjects who

hyperventilated, McFadden and colleagues67 showed that the airways can get very
cold when breathing cold air. In a further study in 198568 using multiple probes,
they showed that the intrathoracic and intrapulmonary airways can undergo profound
thermal changes that extend into the periphery of the lung.
1986–1990: A NEW HYPOTHESIS—REWARMING AND REACTIVE HYPEREMIA IS THE
TRIGGER FOR EIB

In 1986 McFadden and colleagues69 reported that the temperature of the air breathed
on rewarming after the airways were cooled during exercise affected the severity of
EIB such that the quicker the rewarming, the worse the EIB, which led them to postu-
late that perhaps the trigger for EIB was a type of reactive hyperemia of the airway
vasculature. “This in turn could result in luminal narrowing from vascular engorgement
and edema in the mucosa and submucosa.”69 By contrast, however, Hahn and col-
leagues70 found that the airway response to exercise was not significantly different
when inspired air temperature varied considerably provided the amount of water
required to saturate the inspired air remained the same. They concluded that it was
the osmotic and not the cooling effects induced by the vaporization of water that
was the more important factor determining EIB. Moreover, Smith and colleagues71

also undertook a rapid rewarming study and were unable to show any difference in
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the severity of EIB in relation to the rate of rewarming. Continuing the “battle” over the
trigger for EIB, Gilbert and colleagues72 presented calculations showing that the fluid
loss from the airways in relation to the amount available during exercise would not be
enough to cause a change in osmolarity. These conflicting hypotheses, drying-
osmolarity versus cooling-hyperemia, were summarized in detail by Anderson in
198973 and Anderson and colleagues in 1992,74 who presented strong arguments
against the hyperemia hypothesis and in favor of the osmolar hypothesis. Suffice to
say that it was and remains very difficult for the hyperemia hypothesis to explain the
appearance of EIB in many subjects during exercise while the airways were still
cold and when no rewarming had occurred, nor why the duration of exercise affects
the severity of EIB. It also does not explain why severe EIB can occur when hot dry
air is inspired during exercise and the airways do not cool abnormally.75

ANOTHER POSSIBLE PATHWAY TO EXPLAIN REFRACTORINESS

Although the release of a chemical mediator in response to a trigger was attractive to
many as the intermediary pathway to explain why EIB exhibits refractoriness, there
were several problematic observations. Some years ago Ben Dov and colleagues76

were surprised to find refractoriness to EIB in subjects exercising and breathing
cold, dry air following a previous exercise challenge breathing warm, humid air, which
itself did not provoke EIB. In fact, such an observation can be deduced from an earlier
study by Henriksen and colleagues77 and was repeated in 1990 with exactly the same
results by Wilson and colleagues.78 Interestingly NCF did not show any reduction in
release by exercise when the subject was refractory79 but it is now known that it is
not a mediator. A totally new light on the refractoriness issue was shed by O’Byrne
and colleagues80 in 1986 and later by others who showed that the prostaglandin inhib-
itor, indomethacin, could prevent the appearance of refractoriness to EIB and osmot-
ically induced bronchospasm but not to HIB,81,82 which suggests that refractoriness,
at least to exercise and hyposmolar challenges, is due to the release of an inhibitory
prostaglandin, the effect of which persists for 30 to 60 minutes or so after the initial
challenge and whose release does not require that the initial challenge causes actual
bronchoconstriction. However, not everyone agreed with the observation of refracto-
riness after a challenge that did not provoke asthma. Studies by Hahn and col-
leagues83 using exercise and by Bar-Yishay and colleagues53 using hyperventilation
failed to demonstrate refractoriness after such challenges. The 3 major mediators
considered important in EIB were histamine, prostaglandins, and leukotrienes. Hista-
mine and prostaglandins were implicated in EIB, however, by the finding that alone or
in combination an antihistamine terfenadine and a prostaglandin synthetase inhibitor,
flurbiprofen, gave significant protection from EIB.84 One of the first studies to investi-
gate concentrations of all 3 mediators used 5 minutes of dry air hyperpnea at 22�C as
the stimulus and measured changes in bronchoalveolar lavage fluid. They showed sig-
nificant increases in levels of leukotriene B4 and SRS-A (a mixture of other leukotri-
enes).85 As with the earlier studies, some, but not all, subjects had increases in
prostaglandin D2 and histamine levels. It is still a mystery as to what causes refracto-
riness to EIB and a challenge for a new generation of investigators.

1991–1995: EXERCISE CHALLENGE HAS A DIFFERENTIAL DIAGNOSTIC ROLE

In 1991 Godfrey and colleagues86 began to explore the use of bronchial challenges as
an aid in the differential diagnosis of pediatric lung diseases. Bronchial provocation
challenges with exercise and methacholine were performed on the same day or within
a short interval in 52 children with asthma, 22 with other types of chronic lung disease
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(including cystic fibrosis), and 19 control subjects with no evidence of chronic lung dis-
ease. In the methacholine challenges 94% of patients with asthma and 82% of pa-
tients with chronic lung disease responded abnormally. However, in the exercise
challenges 79% of asthmatic patients but none of those with chronic lung disease
responded abnormally. Thus the response to the 2 types of challenge was able to
distinguish asthma from other types of chronic lung disease in children. The same in-
vestigators87 compared the responses of asthmatic children, children with chronic
obstructive pulmonary disease (COPD), and normal controls, to challenges by exer-
cise, by the inhalation of methacholine (thought to act directly on bronchial smooth
muscle), and by the inhalation of adenosine 50-monophosphate (AMP), thought to
act indirectly by liberating mediators. They found the direct challenge by methacholine
distinguished both asthma and pediatric COPD from controls with a sensitivity of 82%
to 92%, but did not distinguish between asthma and pediatric COPD. In contrast, both
exercise and AMP distinguished asthma from controls with a sensitivity and specificity
of 84% to 98% but they also distinguished asthma from pediatric COPD with a sensi-
tivity and specificity of 85% to 90%. The similarity of the exercise and AMP results also
suggested that exercise acted through a mediator-related intermediary pathway like
that activated by AMP.

AN UPDATED REVIEW OF EIB

In 1993 Godfrey and Bar-Yishay88 updated the review of EIB published in 1975.37 They
concluded that after 18 years of exciting research their original conclusion still stood
with the addition of one word—complete. “There is as yet no complete explanation for
themechanism of exercise-induced asthma, but it is a tool of potentially great value for
research into the physiology and treatment of clinical asthma.”
A possible further piece of the jigsaw puzzle came to light when Manning and col-

leagues89 undertook crossover challenges with exercise and the leukotriene D4 (LTD4)
with and without flurbiprofen (a prostaglandin synthetase inhibitor). They found refrac-
toriness occurred with all types of paired challenges and was reduced by flurbiprofen
in all cases. They proposed that EIB was partly due to release of LTD4 and this in turn
released an inhibitory prostaglandin. Subsequently, Reiss and colleagues90 showed
that montelukast, a potent cysteinyl leukotriene receptor antagonist, attenuated EIB,
providing further evidence of the role of leukotrienes in the pathogenesis of EIB.

1999: WHEN IS EIB REALLY ABNORMAL EIB?

Throughout most of the time that EIB has been studied, different investigators have
chosen different criteria to define a decrease in lung function, which was considered
a positive asthmatic response. In almost all cases there was no serious attempt to use
statistical techniques to define the cutoff between a normal and an asthmatic
response. The same applied to bronchial challenges by other means, such as an inha-
lation challenge by methacholine. In 1999 Godfrey and colleagues91 addressed this
problem by extracting much data from published reports of the response of young
normal subjects and asthmatics to challenges with exercise or methacholine. Using
receiver operating characteristic curves, they found that the optimal cutoff point to
distinguish asthmatics from normal subjects was a decrease in FEV1 after exercise
of 13%, with a sensitivity of 63% and a specificity of 94%. For inhalation challenges,
the optimal cutoff point for the dose of methacholine (or histamine) causing a 20%
decrease in FEV1 was 6.6 mm, with a sensitivity of 92% and a specificity of 89%. Un-
fortunately, despite the availability of this evidence, many studies continue to be re-
ported using arbitrary criteria to define a positive response and even the Guidelines



Celebrating 50 Years 291
for Methacholine and Exercise Challenges published by the American Thoracic Soci-
ety92 state that “A decrease below 90% of the baseline FEV1 (ie, a 10% decrease) is a
generally accepted abnormal response. Some authors suggest a value of 15% is more
diagnostic of EIB, particularly if exercise has been performed in the field.”

SO WHAT MORE HAS BEEN LEARNED ABOUT EIB SINCE THEN, IN THE PAST FEW
YEARS?

To be honest, despite the impressive amount of information accumulated by many
talented investigators, there still remains much for future generations to sort out.

� Although there is a general consensus that both drying and cooling are involved
in the triggering of EIB, how this occurs is still uncertain and other articles in this
series discuss this important issue.

� It is still not known for sure whether mediators are liberated by the trigger and, if
so, what mediators are involved.

� It is still not known for sure what makes an asthmatic refractory to EIB shortly
after a previous attack.

Work on these and other aspects of EIB has continued and an interesting new
aspect of the subject has opened up with competitive athletes giving us much more
to think about.

1993–2012: WINTER AND SUMMER ATHLETES AND ASTHMA/AHR

The finding of a high prevalence of bronchial hyperresponsiveness in athletes was re-
ported in 1986 and many studies followed. Weiler and colleagues93 documented a
positive response to methacholine challenge in 76 of 151 young adult footballers,
although only 12% admitted to a history of asthma. In 1993 Larsson and colleagues94

noted a high prevalence of asthma in cross-country skiers and undertook methacho-
line challenges in 42 skiers and 29 controls. No less that 33 skiers had either asthma
symptoms or AHR compared with just one in the control group, raising the question of
the relationship between exercise and asthma, although inspiring cold air was consid-
ered to be a major factor. However, a later study by Helenius and colleagues95 iden-
tified a higher prevalence of physician-diagnosed asthma in elite long-distance Finnish
runners compared with their counterparts who participated in speed and power
events. This discrepancy seemed to incriminate years of endurance exercise training
as a factor, actually provoking AHR and thus being prone to EIB. In time, this would be
considered to be due to an inability to condition large volumes of inspired air during
years of endurance training causing airway injury.96 A high prevalence of EIB was
found by Mannix and colleagues97 among competitive ice skaters. Other indoor ath-
letes, such as ice hockey players, were also reported to be at risk and initially consid-
ered to be at risk because of the lower air temperatures in ice rinks,98 but later inhaling
particulate matter from diesel-powered ice resurfacers was found as the incriminating
factor.99

When the International Olympic Committee demanded in 2001 that athletes who
wished to use an inhaled b-2 agonist (IBA) at the Olympic Games must confirm
asthma/AHR by either a positive bronchodilator or a positive bronchial provocation
test,100 this resulted in the accumulation of considerable data over the next 5 Olympic
Games.101,102 Not only did it confirm that athletes engaging in endurance training had
a higher prevalence of asthma/AHR and were approved to use IBA but also that many
did not have any history of childhood asthma with their onset of asthma/AHR being
after the age of 16 years. One additional and perhaps surprising finding was that
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athletes who had been approved to use IBA at Olympic Games actually outperformed
their rivals. The reason was unclear because IBAs do not enhance performance. It is
postulated that these athletes train harder and longer and thus became superior ath-
letes, but in doing so, sustain more airway injury because they are unable to condition
the increased volumes of inspired air. However, what occurs to the airways of these
endurance trained athletes when they cease training? There is some anecdotal evi-
dence that they may lose their AHR and proneness to EIB and this has been reported
to occur in Finnish swimmers 5 years into their retirement103; however, more research
is necessary to confirm this outcome.
In 2010 Sue-Chu and colleagues104 studied bronchial responsiveness in 58 elite

cross-country skiers to several challenges including eucapnic hyperventilation, exer-
cise, methacholine, AMP, and mannitol. They found that although 25 (43%) skiers had
hyperresponsiveness, in the large majority the hyperresponsiveness was to metha-
choline, which according to the work discussed earlier is relatively nonspecific.87

Only 5 and 3 subjects, respectively, were hyperresponsive to AMP and mannitol,
which are much more specific for asthma. Even more surprising, methacholine hyper-
responsiveness was more prevalent in subjects without asthmalike symptoms. They
concluded that the low prevalence of hyperresponsiveness to indirect stimuli (exer-
cise, hyperventilation, AMP, and mannitol) may suggest differences in the pathogen-
esis of methacholine hyperresponsiveness between elite skiers and nonathletes. In a
review of asthma and airway hyperresponsiveness in Olympic athletes, Fitch sug-
gested that the increased incidence of abnormal responses was likely to have been
a consequence of their training.105 Some might suggest that the symptoms in most
athletes are due to a type of airway trauma and not to genetically based atopic allergic
asthma, which is the common pattern seen in children and young adults.

SUMMARY

Therefore, for over 50 years, from the first modern studies in 1946, a large number of
investigators have gradually pieced together most, but not all, of the pathophysiologic
pathways involved in EIB. The story of EIB surely provides a case for the need to un-
derstand and apply classical physiology in this era of molecular genetics. As a conse-
quence of this research, the burden of EIB has largely been removed from asthmatics
of all ages, who can now lead much more normal lives.
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