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bstract

Asthma, a chronic inflammatory disorder of the airways is associated with variable obstruction to the airways and is provoked by many
riggers including exercise. The management of asthma is primarily pharmacological, but exercise, despite causing bronchoconstriction in
lmost all asthmatics, is an important adjunct to treatment. With adequate control of the hyperresponsive airways obtained with inhaled
orticosteroids (ICS) and inhaled beta 2 agonists (IBA), used as both a pre-exercise preventive agent and a reliever if necessary, all asthmatics
hould benefit from an exercise program. Some have realised this benefit with such success as to become Olympic and world champions in
any sports. Exercise programs should be individually tailored, follow established guidelines and result in similar benefits to those obtained

y non-asthmatics. However asthmatics must try to avoid or minimise triggers whenever possible. A specific benefit of a physical training

rogram is that it allows asthmatics to exercise with less bronchoconstriction at the same exercise stress, although it does not abolish or reduce
irway hyperresponsiveness (AHR).

2011 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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. Introduction hyperresponsiveness (AHR) that leads to recurrent episodes
What is asthma? Asthma is defined as a chronic inflamma-
ory disorder of the airways involving many cells and cellular
lements. The chronic inflammation is associated with airway
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f wheezing, breathlessness, chest tightness and coughing.
hese episodes are commonly associated with widespread,
ariable obstruction to airflow that is mostly reversible either
pontaneously or with treatment.1 The airways may be nar-

owed by one or more of the following:

Contraction of the airway smooth muscle (bronchocon-
striction), airway swelling (oedema).
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Increased production of mucus coupled with inflammatory
exudates.
Thickening of the airways (remodelling) as a consequence
of structural changes that are not fully reversible.

There are over 2 million asthmatics in Australia includ-
ng: 1 in 7 primary school children, 1 in 8 teenagers, 1 in 9
dults; and 385 Australians died of asthma in 2007.2 Asthma
s a world-wide problem affecting an estimated 300 million
ersons.1 The prevalence of asthma is greatest in the first
ecade of life, occurs amongst members of all races and the
rst episode may occur at any age. It is more common in
oys than girls (3:2 ratio) and in older women than older
en.3 Many factors or “triggers” provoke asthma includ-

ng: allergens, cold air, exercise, infections, pollutants, and
ome drugs. Allergens may be indoor, including house-dust
ites, pets notably cats and dogs, fungi and specific foods

r outdoor, especially pollens. The primary indoor pollu-
ant is cigarette smoke, both passive and active (smokers)
nd also chloramines in indoor swimming pools. Outdoor
ollutants are predominately air pollutants such as particu-
ate matter (PM) from combustion engines and dust from
he construction industry. Others include ozone, nitrogen
xides, sulphur dioxide and carbon monoxide. Drugs that can
rovoke bronchoconstriction include beta blockers and non
teroidal anti-inflammatory drugs (NSAID). The response to
hese triggers varies amongst asthmatics and even in the same
sthmatic at different times. The severity of asthma can range
rom occasional episodes of breathing discomfort to frequent
erious life-threatening bouts of airways obstruction.

The vast majority of asthmatics will experience bron-
hoconstriction provoked by exercise which for many years
as termed exercise induced asthma (EIA). A small minor-

ty develop bronchoconstriction only after exercise which
ome authorities have called exercise-induced bronchocon-
triction (EIB). However, EIB, which is a self-explanatory
erm, is employed by most experts for both and will be used
hroughout.

There has been debate as to whether respiratory heat loss
r water loss is the primary cause of EIB with the latter now
enerally accepted as having the major role.4 Because of the
yperpnoea that accompanies exercise, the lungs are unable
o adequately humidify these increased volumes of inspired
ir, resulting in evaporative water loss with drying and cool-
ng of the airways. This releases inflammatory mediators and
ver time results in damage to the airways. These mediators,
ncluding prostaglandins and cysteinyl-leukotrienes, cause
ontraction of airway smooth muscle and altered vascular
ermeability.5 The resultant bronchoconstriction is assessed
y measuring the forced expiratory volume in one second
FEV1) which is compared with baseline FEV1 prior to an
xercise challenge. EIB is accepted by the American Tho-

6
acic Society as a fall of 10% or greater from the baseline
EV1 after a standard exercise challenge of 6–8 min dura-

ion. Currently, exercise challenge tests are being superseded
y indirect bronchial provocation tests such as mannitol,
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ucapnic voluntary hyperpnoea (EVH) and hypertonic saline
hallenge tests.7 Airway hyperresponsiveness can also be
onfirmed by a bronchodilator test, positive if a 12% or
reater increase in FEV1 occurs after inhaling a rapidly acting
BA.8

Because breathlessness is normal after all but low-
ntensity exercise, many asthmatics are unaware that they
evelop EIB post exercise. They assume that their dyspnoea
s just lack of fitness, fail to seek medical advice, and exercise
t a disadvantage because of a lack of appropriate medication.
ecause of asthma and EIB, many asthmatics avoid exercise
hich results in low aerobic fitness and at times, obesity. By

ontrast, there is evidence that a number of elite athletes have
een mistakenly diagnosed with asthma and treated but do not
ave either asthma or EIB.9 Of the 266 athletes in the 2004
ritish Olympic team, asthma was misdiagnosed in 21% but
ndiagnosed in 2.6%.10

How is asthma managed? Poorly treated asthma can
e a very debilitating condition. However, by following a
uitably prepared management program, developed with a
nowledgeable physician, an asthmatic can lead a full and
ctive life. An “Asthma Action Plan”11 is a written set of
nstructions developed for each asthmatic assisting him/her
o recognise worsening asthma symptoms, promptly modify
reatment as the plan instructs and seek appropriate medical
ssistance. The asthmatic and his/her family must under-
tand how to provide asthma first-aid. Brochures covering the
rst-aid procedures are available from all State Asthma Foun-
ations. It is recommended that physicians also develop an
EIB Action Plan” in addition to the general “Asthma Action
lan” for their patients and emphasize that it is difficult to pre-
ent EIB if asthma is not adequately controlled. As part of
he Asthma Action Plan, it is recommended that asthmatics
urchase an inexpensive peak flow meter or FEV1 meter and
onitor their lung function on a regular basis. Change in peak
ow values or FEV1 values may signal the need to modify
osage or type of medication. Asthma medications are cat-
gorized by Global Initiative for Asthma (GINA)1 into two
ain groups: (i) Controllers and (ii) Relievers.
Controllers are usually taken daily with the aim of reduc-

ng the inflammatory mechanisms associated with asthma.
nhaled glucocorticosteroids (ICS) including beclometha-
one, budesonide, ciclesonide and fluticasone are the
ainstay and are assisted by the long acting inhaled beta
adrenoceptor agonists (IBA) formoterol and salmeterol,

nd at times, add-on agents, the leukotriene receptor antago-
ists (LTRA) such as oral montelukast and/or the cromones,
nhaled cromoglicate and nedocromil. Other controller medi-
ations include oral anti-IGE therapy with omalizumab which
s expensive and of value only in severe IGE-mediated aller-
ic asthma and oral theophylline, rarely used today.6

Relievers of which the principal group are the rapidly

cting IBA such as inhaled salbutamol and terbutaline are
ffective in relieving bronchoconstriction and should be
nhaled only when needed and in the lowest dose necessary.
ncreased need and use of these agents is indicative of loss
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Table 1
Prevention of EIA/EIB.

• Obtain good control of asthma with ICS
• Add LABA and when necessary LTRA, chromones, anticholinergics

(rarely)
• Ensure appropriate care of MDI and spacers
• Pre-exercise warm-up
• Pre-exercise medication

◦ SABA
◦ LTRAs and/or chromones (uncommonly)

• Avoid unfavourable environmental conditions when possible
• Reduce the effects of cold air with masks during training
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improvement will occur with more frequent sessions.
ey: ICS, inhaled corticosteroids; LABA, long acting IBA; LTRA,
eukotriene receptor antagonists; SABA, short (and rapid) acting IBA.

f control of asthma and a review of the treatment regime
s essential. Other relievers include anticholinergics such
s inhaled ipratropium and systemic glucocorticosteroids,
hich are mostly taken orally for severe exacerbations of

sthma that are unresponsive to inhaled therapy.1

A third category, preventers, may be added when dis-
ussing EIB. These are the rapidly acting IBA which are
nhaled pre-exercise and are very effective in preventing EIB
n the majority of persons. Long acting IBA are useful in phys-
cal or sporting activities of longer than 90–120 min duration.
ther medications with a lesser role as preventers include

romones and LTRA. Daily use of IBA, both rapid acting
nd long acting, can induce tolerance with loss of their effec-
iveness as preventers of EIB and relievers of asthma and EIB
nd additionally, increased severity of asthma and EIB.12 This
olerance which is not prevented by concomitant use of ICS,
s rapidly reversed by ceasing daily IBA for a few days.13

ong acting IBA should never be prescribed as monotherapy
nd must be inhaled in association with an ICS.14 Because
ost medications for asthma and EIB are inhaled, optimum

se of inhalers is important, but it is not commonly achieved.
sthmatics must be taught how to use their metered dose

nhaler (MDI) to ensure that all of the drug(s) is adminis-
ered into the lungs and not deposited in the oropharynx.
he use of a spacer with an MDI will assist. Care of the
DI including regular washing of the mouth piece and the

pacer is important but is often neglected6 (Table 1). For
sthmatics participating in elite sporting events, drug ther-
py must meet the requirements of the World Anti-Doping
gency.15

. Role of exercise in the treatment of asthma

The primary management of asthma and EIB is pharma-
ological with exercise having a secondary role. The role
f exercise is to assist asthmatics to lead as normal a phys-
cal lifestyle as possible, which should allow participation
n sports. Regular exercise should be part of the lifestyle

f all humans to maintain health and fitness. A major ben-
fit of regular exercise for asthmatics is improved aerobic
tness (i.e. Increased VO2 max) which means that a given

s
a

d Medicine in Sport 14 (2011) 312–316

evel of exercise can be carried out at a reduced percent-
ge of his or her VO2 max, so providing a lesser stimulus
or EIB.16 Psychological benefits follow and countless asth-
atics have become elite athletes, and world and Olympic

hampions despite some having severe asthma. Between
pisodes of asthma, in many asthmatics the cardiorespira-
ory system is normal and does not interfere with physical
erformance. However, if an asthmatic exercises with sig-
ificant airways constriction, exercise performance will be
mpaired.

. Exercise prescription

With the benefit of pre-exercise medication, the majority
f asthmatics can participate equally with non-asthmatics of
imilar size, skill and fitness level. As the training programme
or an elite athlete in any given sport is the same regardless
f whether he/she is asthmatic or non-asthmatic, only a gen-
ral aerobic fitness programme will be outlined here. The
anagement of asthma in the elite athlete, with the many

dditional problems caused by long-term intense endurance
raining, particularly in unfavourable environments, has been
ecently detailed.8

Warm-up. All training sessions and games should be pre-
eded by a warm-up, which continues at least until mild
weating occurs. The warm-up should consist of rhythmic
ow-level activity such as walking progressing to jogging or
quivalents for other modes of activity. This should be fol-
owed by some light flexibility exercises for major muscle
roups, with a special emphasis on those muscles involved in
he specific activity or event. A period of strengthening exer-
ises for the same muscles can also be included. An early
arm-up session may produce a refractory period which is

onsidered to be a useful preventive time during which a
erson has a reduced propensity to develop EIB.17

The aerobic segment. Exercise should begin at a low level
f intensity and gradually increase in severity as the fit-
ess level improves. The aim should be to stress the system
ithout straining it. The activity should utilize large muscle
roups in a rhythmic fashion such as in walking, jogging,
unning, cycling, swimming and various endurance game
ctivities. The intensity should be such that it exceeds the
hreshold required for cardiorespiratory improvement; thus
n intensity of 40–60% of one’s Oxygen Uptake Reserve is
ecommended. When prescribing exercise it is recommended
hat the guidelines provided by the American College of
ports Medicine are observed.18

Duration and frequency. Each session should last between
0 and 60 min and 3–5 times a week is adequate. Initially,
he very unfit may need to limit sessions to 20 min but should
im to increase the duration to a minimum of 30 min. Greater
Exercise loading. If the asthmatic is unfit, the programme
hould commence with continuous walking, as this has a low
sthmagenicity and prepares the muscles for future higher
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ntensity exercise. As the fitness level improves, especially
f the musculoskeletal system, one can increase the inten-
ity by progressing to low-level interval training consisting
f walking and jogging and later continuous running. One can
rogress to high intensity exercise, using training intervals of
0–30 s followed by 30–90 s rest periods. Many team sports
re ideal, as they require an intermittent pattern of energy
xpenditure. Regular or frequent participation in fitness pro-
rams necessitates an adequate level of enjoyment and such
ctivities that are predominately aerobic and interesting are
herefore preferred. In general, the prescription of training for
ndividual asthmatics should be based on the types of exercise
hey prefer. Because it is less asthmagenic and benefits the
espiratory system, swimming remains an excellent activity
or asthmatics although problems of breathing air contami-
ated with chloramines in indoor pools remains a concern.
henever possible non-chlorinated indoor pools should be

sed. If only chlorinated pools are available, outdoor loca-
ions are better.

Warm-down. Every training session or game should
e followed by a warm-down (or cool-down) segment.
his can be accomplished by continuing light rhythmic
ctivities such as walking until the heart rate returns
o within about 20 beats min−1 of the pre-exercise level.
he warm-down segment should conclude with a repeti-

ion of the flexibility exercise regime performed during
arm-up.

. Special considerations

Road cyclists and runners are at risk of developing airway
yperresponsiveness due to inspiring significant quantities
M from vehicle emissions while ice athletes including
katers and ice hockey players have been demonstrated to
e prone to AHR from inhaling PM from diesel powered
ambonis (ice resurfacing machines).19 Although swimming
as been long favoured as the optimal exercise for asthmat-
cs because it provokes less EIB than running and cycling,
esearch has demonstrated that interaction between chlo-
ine gas and inorganic compounds causes the production
f chloramines, notably nitrogen trichloride which is highly
rritating to the lungs. These have been incriminated as a
ikely factor in increased asthma in very young children20

nd adolescents21 who are exposed to these gases in indoor
wimming pools. Endurance athletes training in cold climates
re at risk of sustaining injury to their airways because of
reathing large volumes of cold dry air when respiratory
eat loss is superimposed on water loss. Over time, this
ay result in remodelling of the airways. Avoiding training

n extremely cold conditions and using surgical face masks
nd similar devices have been beneficial during training

essions to warm and humidify the inspired air but can-
ot be used in competition.5 Occasionally weather alerts
dvise asthmatics not to exercise outdoors and should be
eeded.
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. Contra-indications

It is important to exercise only if controller and preventive
edications have been administered pre-exercise. Reliever
edication, rapid acting IBA, should always be available to

everse EIB should it occur. Should this be unsuccessful, asth-
atics should cease exercise or continue with caution. The

vailability of a peak flow meter or FEV1 meter is prudent
nd if the peak flow value or FEV1 value is less than 75%
f normal, exercise is unwise. Performing vigorous physi-
al activities while the airways are significantly constricted
an lead to a severe drop in the arterial oxygen saturation,
ccumulation of carbon dioxide and hyperinflation of the
ungs with an increased residual volume. Severe dyspnoea
nd worsening of the bronchoconstriction with fatigue of
he respiratory muscles may ensue. Death from asthma dur-
ng exercise is rare but can occur.22 Scuba diving is a sport
hat poses significant dangers for all participants and this is
specially true for asthmatics who are generally advised to
void it. Those with chronic or poorly controlled or labile
sthma should never dive. In Australia, it is necessary for all
ntending scuba divers to pass a diving medical examination
erformed by a diving medical doctor before being certi-
ed as fit to scuba dive. Recently some persons with mild to
oderate well controlled asthma have been permitted to dive.
pirometry must not reveal chronic airways obstruction and
negative bronchial provocation test with hypertonic saline

s mandatory for some authorities.23 The physical exertion
nvolved with scuba, the inhalation of dry, cold compressed
ir and the possibility of inhaling salt or fresh water can cause
irways obstruction, air trapping and hyperinflation of the
ungs. This increases the chance of pulmonary barotrauma
nd pneumothorax as the diver returns to the surface. Baro-
rauma allows air to be introduced directly into the blood and
ravel to the brain and can cause a fatal air embolism.24

. Gaps in the literature

Since a swimming study examining the effects of five
onths swimming training (mostly in outdoor pools) on 46

sthmatic children was published more than three decades
go,25 few comparable studies have followed,26 with only
ne27 that can be construed as including an adequate period
f training. There is a major need for others. Recent stud-
es appear to demonstrate that many elite endurance athletes
n sports where training is performed in an environment
hich is challenging to the respiratory system such as road

yclists, swimmers, skaters, ice hockey players, triathletes,
ross country skiers and biathletes may develop asthma
nd/or AHR as a consequence of years of training.8

Indeed, asthma is the most common medical condition

xperienced by Olympic athletes with >7% of athletes have
een confirmed to have asthma at each Olympic Games 2006,
008 and 2010.28 Further research is necessary and also to
etermine if after cessation of endurance training in such
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nvironments, the AHR will cease, as shown in elite Finnish
wimmers.29

. Conclusions

Although exercise can induce EIB, regular physical activ-
ty is an important component in the management of asthma.
t is critical to obtain adequate control of asthma with con-
roller medication to minimise EIB.

All asthmatics should have and adhere to a personalised
sthma Action plan and monitoring the state of their airways
ith a peak flow meter or FEV1 meter is recommended.
The use of pre-exercise medication allows most asthmatics

o perform in exercise and sporting events with mild or no
isadvantage.

The success of asthmatics at the highest levels, in almost
ll sports, is testimony to the benefits of exercise in over-
oming their disability and a stimulus for others to include
hysical activity and sports in their daily lives.
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