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Exercise and physical activity are common triggers of symptoms in patients with asthma, 
although some individuals – especially athletes – may have symptoms with exercise alone. 
Exercise-induced bronchospasm (EIB) describes airway hyper-reactivity that is observed following 
exercise in a patient who is not otherwise diagnosed with asthma; exercise-induced asthma 
(EIA) describes airway hyper-reactivity associated with exercise in a patient who has persistent 
asthma. Specific challenges affecting both the diagnosis and treatment of these conditions are 
discussed in this review. The past decade has seen substantial advances in our understanding 
of EIA and EIB, including new guidelines on their management. With appropriate therapy, all 
patients with exercise-related symptoms should be able to reach their desired level of performance.
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Exercise and physical activity are common trig-
gers of symptoms in patients with asthma, and 
the term exercise-induced asthma (EIA) has been 
used for almost 50 years to describe the character-
istic bronchial hyper-reactivity (BHR) observed 
in response to exercise or physical activity [1]. EIA 
is not a unique form of asthma, nor is it a sub-
type or phenotype of the disease and, while more 
than 90% of asthma patients develop respiratory 
symptoms following an appropriate exercise chal-
lenge, others respond to normal activities of daily 
life with symptoms requiring treatment [1,2].

EIA or exercise-induced bronchospasm? 
The EIA Work Group of the American Academy 
of Allergy, Asthma and Immunology has defined 
EIA as ‘the condition in which exercise induces 
symptoms of asthma in patients who have 
asthma’ [1]. Nonetheless, in many cases exercise is 
the primary – or only – apparent trigger of bron-
chospasm. While some investigators have labeled 
such cases as pure EIA [3,4], a better term might 
be exercise-induced bronchospasm (EIB). EIB 
describes airway hyper-reactivity that is observed 
following exercise in a patient who does not oth-
erwise present with daily and chronic asthma 
symptoms and who is not diagnosed with asthma 
according to current asthma management guide-
lines (Box 1) [1–3]. In other words, these patients 
only have symptoms with exercise. 

While patients with EIB do not have persis-
tent asthma, they may have underlying airway 

inflammation similar to that which exists in 
asthma; indeed, frequent exercise has been dem-
onstrated to be associated with proinflammatory 
changes; thus, symptoms observed only in rela-
tion to exercise or physical activity indicate the 
potential for increased expression of airway 
hyper-reactivity and the possible need for daily 
maintenance therapy. These patients should be 
monitored on a regular basis [3].

The different terminology may contribute to 
differences in the reported prevalences of EIA. 
For example, the prevalence of EIA in patients 
with asthma is estimated to be 90%, while esti-
mates of EIA in the general healthy population 
range from 5 to 20% [1]. Approximately 10% 
of otherwise healthy school children have been 
reported to have ‘EIA without other daily symp-
toms of asthma’ [5]. The reported prevalence of 
EIA in elite athletes ranges from 16 to 70% [1.3]. 
Many elite athletes only have symptoms with 
exercise, and the broad variation in prevalence 
rates probably reflects the association with specific 
sports and how the estimates were determined 
(e.g., an empiric trial of medication vs challenge 
tests). Athletes undertaking winter endurance 
sports have some of the highest incidences of 
reported EIB [1,3,6,7]. 

Pathophysiology of EIA & EIB 
An underlying pathology of asthma is airway 
inflammation. While the mechanism is not 
completely understood, in the patient with 
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EIA, the airway physiological response to exercise triggers or 
exacerbates the underlying inflammation of asthma [1,3]. 

Evidence indicates that alterations in airway humidity and 
temperature contribute to EIA. Vigorous physical activity is 
associated with increased inhalation by frequency and volume; 
the increased ventilatory rate results in evaporative changes 
affecting the respiratory mucosa. This airway drying leads to 
increases in the osmolarity of respiratory epithelial cells and 
subsequent inflammatory changes, including the activation of 
epithelial cells and airway mast cells, and the release of hista-
mine, leukotrienes and other chemokines. Additionally, vascu-
lar dilation of small blood vessels involved in rewarming the 
airways following exercise may contribute to congestion and 
further release of inflammatory mediators [3,8].  In patients who 
have asthma, these changes in airway osmolarity and tempera-
ture are believed to trigger the characteristic symptoms of BHR. 
Increased levels of airway inflammatory cells and mediators 
have been observed in exercising athletes with and without 
BHR [9,10]. 

Exercise-induced changes in airway function are exacerbated in 
cold and/or dry air, possibly reflecting the involvement of additional 
physiologic pathways (e.g., cholinergic stimulation, pulmonary 
vasoconstriction and secondary reactive hyperemia) [4,8]. 

Challenges in diagnosing EIA & EIB
The differential diagnosis of EIA should 
include other respiratory or cardiac condi-
tions that can cause exertional dyspnea, such 
as exercise-induced vocal-cord dysfunction, 
gastroesophageal reflux disease (GERD), 
exercise-induced hyperventilation, being 
‘out of shape’ and exercise-induced anaphy-
laxis [1–3]. Patients with seasonal symptoms 
or whose symptoms worsen at certain times 
of the year should also be evaluated for 

allergen sensitivities by skin-prick testing. In patients with chronic 
asthma, EIA may be a manifestation of poor asthma control, so 
overall control should be assessed along with an evaluation of 
comorbid conditions and  how to optimize controller therapy [2]. 

Is it EIA or EIB?
All patients with suspected asthma (including suspected EIA) should 
be evaluated by their medical history and a physical examination, 
which should include examination of the ears, nose, throat and 
chest, and lung function tests performed before and after admin-
istration of a short-acting bronchodilator [2]. EIA is distinguished 
by asthma symptoms (e.g., cough, wheezing, chest tightness, short-
ness of breath and/or excess mucus) after exercising for 6–8 mins. 
Symptoms may or may not resolve in patients who continue to 
exercise [1,3]. Whenever possible, self-reported symptoms of EIA 
should be confirmed with a positive challenge test (see later) to avoid 
false-positive and false-negative diagnoses [1]. An algorithm for diag-
nosing suspected EIA and EIB is shown in Figure 1. The patient with 
EIB usually has normal pulmonary function tests (PFTs); whereas 
the patient with EIA usually presents with a less than normal forced 
expiratory volume in 1 s (FEV

1
) and at least 12% reversibility fol-

lowing bronchodilator inhalation. Consultation with a respiratory 
specialist should be considered if the diagnosis is unclear. 

For patients with asthma, the expression of 
EIA is affected by: 

•	The baseline level of asthma control (e.g., a 
patient with poorly controlled asthma might have 
symptoms from climbing the stairs at home);

•	Comorbid conditions (e.g., rhinitis) that may 
alter the air-conditioning ability of the upper 
respiratory tract, thereby enhancing the 
likelihood of exercise-related symptoms;

•	The specific characteristics of the sport or 
physical activity (e.g., cross-country skiing may 
produce symptoms at a lower threshold than 
running in warm air) [1,7].

The timing of symptoms is important but may 
vary. Recreational athletes and children play-
ing hard or exercising during physical education 
class may complain of asthma symptoms that 
begin shortly (6–8 min) after strenuous activ-
ity. In other cases, particularly with prolonged 

Box 1. Exercise-induced asthma or exercise-induced bronchospasm?

Exercise-induced bronchospasm is bronchospasm that occurs with exercise in a patient 
who has no evidence of asthma, based on current asthma management guidelines:

•	 Normal pulmonary function tests at rest

•	 No symptoms with normal activities of daily living

•	 No need to use b
2
-agonists (other than with exercise) 

•	 Good Asthma Control Test score (or other questionnaire)
Exercise-induced asthma is bronchospasm that occurs in a patient who has documented 
persistent asthma, when they exercise
Data from [1–3].

Box 2. Some atypical symptoms of exercise-induced asthma (and  
exercise-induced bronchospasm). 

•	 Complaints of chest pain not associated with cardiac disease

•	 ‘Locker room cough’ or a dry cough lasting up to a day following exercise

•	 Difficulty sleeping related to nocturnal asthma symptoms that may be a 
manifestation of late-phase responses to exercise or physical activity

•	 Complaints of ‘heavy legs’ or ‘feeling out of shape’

•	 Fatigue

•	 Abdominal pain

•	 Headaches or dizziness

•	 Muscle cramps 

•	 Seasonal fluctuations of symptoms following exercise related to changes in 
humidity and levels of airborne allergens and pollutants

•	 Avoidance of activities, exercise and/or sports; children may not want to 
participate in ‘sleepovers’ or go to ‘camp’

•	 Inability to keep up with peers

•	 Symptoms in children while playing (especially in relation to other triggers, such as 
animal dander, house dust mites, mold, tobacco and other smoke, and cold air)

Data from [1,3].
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activity, symptoms may not appear until after exercising [3]. Some 
patients describe ‘running through’ their asthma – in other words, 
they compensate by reducing the intensity of the activity until 
symptoms subside, after which they then increase the intensity of 
their exercise. These patients often have symptoms after stopping 
the activity [3]. 

Most patients recognize the association between their asthma 
symptoms and exercise or physical activity. School-age children 
need to be questioned about specific symptoms that occur in 
school – on the playground, in gym class and during any sports 
activities [2,3]. All patients with asthma should be asked about 
symptoms that occur or increase during intermittent sports activi-
ties (e.g., racquetball and tennis) and with activity in cold, dry air. 
Patients with both EIA and EIB, including competitive athletes, 
may present with nonspecific or atypical symptoms, such as poor 
performance or poor conditioning, ‘feeling out of shape’ and 
fatigue (Box 2) [3]. One of the most common nonspecific symptoms 
is a dry cough after exercising that can last for up to a day [3]. 

Which tests support the diagnosis? 
Pulmonary function testing 
Pulmonary function testing by spirometry at rest and postexercise 
should be used to confirm the diagnosis of EIA. Peak flow meters 
are not recommended owing to device variability, but may be 
useful for an individual patient to monitor his or her EIA once 
diagnosed [2]. 

As shown in Figure 1, patients with EIB have normal resting 
spirometry, with changes in pulmonary function (of > 10%) evi-
dent after exercising; patients with EIA usually have abnormali-
ties at rest as well as with exercise [7,11]. While an empiric trial of 
pre-exercise medication with an inhaled short-acting b

2
 agonist 

(SABA) or cromolyn sodium is commonly used to confirm the 
diagnosis of EIA, it is not recommended nor supported by any 
data, and may result in an inaccurate or missed diagnosis.  

Persistent asthma is usually indicated by reduced FEV
1
 and/or 

at least 12% reversibility following inhalation of a short-acting 
bronchodilator [2]. For these patients, who have mild persistent 

Normal FEV1

Challenge testing 
recommended
• Mannitol*
• Eucapnic hyperventilation
• Exercise
• Methacholine

Respiratory symptoms and/or nonspecific
symptoms with activity or exercise

Spirometry

Suspected EIB

Baseline FEV1 < 90%
predicted

Suspected EIA

No change
 in FEV1

FEV1 increases 
by >12%

1 month ICS trial 
to look for delayed

bronchodilator response

Look for other
cause(s) of symptoms

Look for other
cause(s) of symptoms

Consider specialist consult

Short-acting bronchodilator

Consider specialist consult

Consider specialist consult

Negative

Consider specialist consult

Symptoms improve –
continue managing and/or

monitoring EIA/EIB

Trial of treatment for 2–3 weeks. 
Pretreatment 15 mins before exercise

with SABA or cromolyn with or without 
daily controller medication according 

to current management guidelines
Negative

No change

Posit
ive

Figure 1. Algorithm for diagnosing suspected EIA and EIB in a patient who presents with respiratory symptoms and/or 
nonspecific symptoms with exercise and/or physical activity.
*Currently in review by the US FDA, although not yet approved.
EIA: Exercise-induced asthma; EIB: Exercise-induced bronchospasm; FEV

1
: Forced expiratory volume in 1 s; ICS: Inhaled corticosteroid; 

SABA: Short-acting b
2
-agonist. 

Adapted from [1–3,7].
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asthma and who have exercise-induced exacerbations of symp-
toms, a treatment trial that includes daily anti-inflammatory 
medication (inhaled steroid or montelukast) in addition to pre-
exercise medication (as described previously) can help confirm 
the diagnosis. Follow-up is recommended after 3 weeks to allow 
the controller medication time to take effect [3]. 

For either empiric trial, further diagnostic evaluation is necessary 
if there is no obvious clinical improvement (Figure 1) [3].  

Challenge tests 
Exercise challenge
Exercise challenge is the most frequently used test, although it is 
not the preferred test by the International Olympic Committee 
(IOC) Medical Commission owing to its variability and lack of 
specificity. It is a direct way to confirm a diagnosis of EIA or EIB, 
and may be particularly useful when the clinic does not have the 
appropriate equipment for other types of challenge test [6,7]. 

The best type of exercise challenge is a sports-specific chal-
lenge or ‘field test’, with spirometry before and after exercise. 
This is often not possible, and testing for EIA usually involves 
standard treadmill, cycle ergometer, free-running, or step-test-
ing in the office or in a pulmonary laboratory [1,3]. Schools often 
use free-running as a simple method of screening for asthma [1]. 

The intensity of the exercise is critical to performing an appro-
priate challenge test. According to the EIA Work Group, an exer-
cise challenge should be of sufficient intensity to raise the patient’s 
heart rate to 90% maximum for at least 2–4 min. A positive 
challenge is defined as one that produces at least a 10% reduction 
in FEV

1
 from baseline values and symptoms that correlate with 

the drop in FEV
1 
[1]. Ideally, temperature and humidity should 

be controlled; but this will not be possible for free-running or 
sports-specific challenges. High temperature and humidity may 
produce negative results. Under these conditions, if one test is 
negative, then a different challenge test should be carried out [3]. 
All challenge tests should include a flow/volume curve to evaluate 
for vocal cord dysfunction, which can mimic EIA. 

Inhalation challenges
Indirect and direct inhalation challenges are also useful for con-
firming the diagnosis of EIA or EIB (Table 1). Direct challenges 
induce airway smooth muscle contraction but are not very specific; 
indirect challenges are more accurate, since they cause the release 
of endogenous mediators that subsequently result in broncho
constriction [7,12,13]. The most common indirect challenges utilize 

eucapnic voluntary hyperventilation (EVH; formerly referred 
to as isocapnic hyperventilation) or hyperosmolar aerosols; the 
IOC Medical Commission recommends either EVH or hyper
osmolar challenge with mannitol dry powder to screen Olympic 
athletes [6]. Methacholine challenge is the most frequently used 
direct challenge test, but this is also the least specific test. Tests 
using other agents are available, but are not accepted by the IOC 
Medical Commission and will not be discussed here. 

Eucapnic voluntary hyperventilation
Eucapnic voluntary hyperventilation uses hyperventilation as 
a trigger of EIA and correlates well with EIA in trained ath-
letes [6,7,12–14]. The subject breathes rapidly (between 22 and 
30 times FEV

1
 in l/min) for 6 min while breathing dry air 

with 5% CO
2
 at between 20 and 25°C [6,7]. Although EVH is 

not difficult to set up, few respiratory physicians or pulmonary 
laboratories have the specialized equipment necessary to perform 
the test (Figure 2). 

Mannitol
Mannitol powder delivered from capsules using a dry pow-
der inhaler is an osmotic challenge test that is can be used as 
a surrogate for exercise challenge and EVH in elite athletes. 
Spirometry is performed before and after mannitol inhalation, 
and the postchallenge cumulative reduction in FEV

1
 correlates 

with the severity of the exercise-induced response [13]. Mannitol 
is currently used for EIA (and EIB) screening of athletes in 
Australia, Europe and Korea, but is not yet approved by the US 
FDA. This challenge has several advantages over other indirect 
and direct challenges: it is easy to administer, can be performed 
quickly and does not require specialized equipment  [13,14]. 
When approved in the USA, it should become a commonly 
used test due to its simplicity, safety and established diagnostic 
value [1,6,14]. 

Hyperosmolar (4.5%) saline 
Hyperosmolar (4.5%) saline aerosol inhalation can be used 
as a surrogate test for exercise challenge and EVH, simulat-
ing the effects of evaporative water loss on the airways. The 
hyperosmolar saline is delivered by a large-volume ultrasonic 
nebulizer, making this test less expensive and less complicated 
than EVH [14]. It has been shown to identify EIA in individu-
als with asthma, but with less accuracy than either EVH or 
mannitol [12,13]. 

Methacholine 
Methacholine is the direct stimulus that is currently most often 
used to evaluate athletes because it is easily available in most pul-
monary laboratories. It is not, however, a preferred test according 
to the IOC. Most guidelines recommend a provoking concentra-
tion to cause a 20% reduction in FEV

1
 (PC

20
) of less than or equal 

to 1 mg/ml to identify clinically recognized asthma [2]. However, 
methacholine responsiveness can vary depending on testing con-
ditions, even in the same individual, and results are not always 
reflective of EIA [7,15]. 

Table 1. Challenge tests for exercise-induced 
asthma and exercise-induced bronchospasm. 

Indirect Direct

Adenosine monophosphate*

Eucapnic voluntary hyperventilation
Mannitol‡

Hypertonic saline

Carbachol*

Histamine*

Methacholine 

*Not accepted by the International Olympic Commitee Medical Commission.
‡Currently in review by the US FDA, although not yet approved.
Data from [1,6,7,13].
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Exercise & the small airways 
The role of the small airways in EIA and EIB is not well under-
stood, but exercise may enhance the deep effects of exposure to 
allergens and irritants. Increased minute ventilation during physical 
activity pulls aeroallergens and pollutants deeper into the lungs. 
Indeed, some of the differences between the capacities of various 
sports to cause EIB may relate to environmental factors affecting 
the smaller airways, including exposure to seasonal and perennial 
allergens in sensitized individuals, cold or dry air and pollutants [6]. 

Challenges in treating EIA & EIB
As with asthma, treating EIA and EIB involves nonpharmacologic, 
pharmacologic and educational components. 

Nonpharmacologic approaches 
Warm-up 
Exercise or physical activity is a trigger of asthma symptoms that 
cannot be avoided for most patients. However, an appropriate 
warm-up to 90% of the maximum heart rate prior to formal 

exercise can reduce the severity of EIA and, in some cases, may 
completely mitigate EIA symptoms. This refractory period of 
protection can last for as long as 2 h, but the effect is not consis-
tent between individuals, or for the same individual on different 
days. Thus, warming up should be used to reduce the risk of EIA 
symptoms, but should not be relied on as a primary means of EIA 
prophylaxis [3,6].  

Environmental control
It is recommended that all asthma patients avoid their environ-
mental triggers that might increase airway hyper-reactivity and, 
thereby, increase susceptibility to exercise-induced symptoms. 
However, this may not be possible for all patients. Some recom-
mendations for recreational athletes and children at play include 
the following:
•	 For patients with seasonal allergies, exercise outdoors when aller-

gens are at their lowest (i.e., in the early morning or evening) [2]. 
Allergic patients should always be treated for their allergies. If 
outdoor exercise must be conducted during a period of high 

5% CO2

80% N
15% O2

Flow meter

Reservoir

One-way
Rudolph valve

Patient breathes
at 30 × FEV1 

per min for 6 min

Eucapnic voluntary hyperventilation testing
Positive test = 

10% drop in FEV1

Figure 2. Specialized equipment necessary for performing eucapnic voluntary hyperventilation.  
FEV

1
: Forced expiratory volume in 1 s.

Photo courtesy of the author.
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seasonal allergen counts (e.g., track meets in the autumn or 
spring), wearing a mask may be helpful. However, the use of a 
mask is not usually practical since many patients, particularly 
children, will not wear one;

•	 Avoid pollution, both outdoors and indoors. Air pollution can 
be subtle. Air quality data from the Environmental Protection 
Agency (EPA) confirms that students attending schools 
located near to industry and in areas of high exhaust from 
traffic may be exposed to toxic levels of air pollutants while 
on school property, including playing fields [101]. Asthmatic 
patients should be counseled to avoid exercising when air 
quality is impaired and/or under extreme conditions of tem-
perature and humidity [6]. However, avoiding high levels of 
air pollution was not possible for many of the athletes compet-
ing in outdoor events at the 2008 summer Olympic games in 
Beijing, China; news reports showed some competitors wear-
ing masks. Exposure to indoor air pollutants can be difficult 
to control, particularly for swimmers and ice skaters, as chem-
ical fumes tend to accumulate just above the surface of the 
water or ice. For these individuals, appropriate warm-up and 
pharmacotherapy are essential [6]. If symptoms cannot be 
controlled, the individual should look for other ways to 
enjoy exercise;

•	 Avoid cold air. Appropriate warm-up and breathing through 
the nose to condition the cold air when exercising may be 
helpful. Wearing a mask or scarf over the nose and mouth may 
also help reduce the effects of cold air. However, individuals 
who remain sensitive to exercising in cold air despite warming 
up and appropriate pharmacotherapy should be advised to 
pursue other activities [1,6,16]. 

Pharmacologic therapy
Controller therapy
The most commonly used pharmacologic therapy for EIB is 
an inhaled SABA, which can be used to both prevent and treat 
symptoms. For some patients, a SABA taken 10–15 min prior to 
exercise may be all that is needed to control their EIB. However, 
current guidelines recommend that SABAs, while effective first-
line therapy for exercise-induced symptoms, should not be used 
more than three times a week because of the tolerance that devel-
ops with constant b

2
-agonist use [1,3,16]. Most patients with EIA 

who exercise frequently should receive regular controller therapy 
for asthma (e.g., inhaled corticosteroids [ICS] or montelukast). 
Controller therapy should also be considered for patients who 
have EIB and who exercise regularly (i.e., daily – either year-
round or in-season). These patients may have an underlying 
airway inflammatory condition, even without expressing other 
asthma symptoms, and should be treated according to the rec-
ommendations of current practice guidelines [1,3,16]. In this 
case, controller therapy is used to minimize – ideally to prevent 
– exercised-related symptoms, as opposed to controlling daily 
asthma symptoms [3]. These recommendations are in agreement 
with the January 2008 IOC Consensus Statement, which states 
that athletes who use b

2
-agonists (either SABAs or long-acting 

b
2
-agonists [LABAs]) daily be told that ‘their effectiveness to 

prevent EIB will diminish over time’ and that ‘frequent use 
of b

2
-agonists may increase the bronchoconstrictor response to 

exercise and allergens’ [102].
The goal of controller therapy for all patients with exercise-

induced symptoms is to reduce BHR and enhance disease control 
overall by treating the underlying airway inflammation, thereby 
permitting a greater level of physical activity. The preferred con-
troller treatment is an ICS but other options (e.g., montelukast, 
cromolyn or nedocromil) may better meet the needs of some 
patients [1,2,16] .

Through increased penetration and better distribution through-
out the lungs, small-particle ICS formulations might provide 
added clinical benefit and address some of the subtle inflamma-
tory changes associated with EIA and EIB. For example, because 
of a reduced particle size and reformulation into a solution, rather 
than a suspension, microfine hydrofluoroalkane beclomethasone 
dipropionate (HFA-BDP) shows comparable clinical efficacy 
to the older chlorofluorocarbon (CFC) formulation but at half 
the dose [17,18]. Approximately 55– 60% of inhaled HFA-BDP 
reaches the lung and distributes diffusely, reaching both cen-
tral and peripheral airways, compared with 4–7% of CFC-BDP, 
which deposits primarily in the central airway [18,19]. HFA-BDP 
has been suggested to reduce small-airway remodeling [20] and, 
as such, might have an impact on epithelial changes associated 
with the mechanical shear caused by high minute ventilation. 
More studies are warranted. Deposition of HFA-BDP is good 
even in patients with a poor inhaler technique [18], such as those 
who might use an inhaler ‘on the run.’ 

Pre-exercise medication 
Pre-exercise medication usually involves treatment with an inhaled 
SABA 10–15 min prior to exercise. Another option is inhalation 
of the mast-cell stabilizer, cromolyn sodium, four to eight puffs 
15 min prior to exercise. Cromolyn sodium can be used by itself 
or it may be added to a SABA in patients with more severe symp-
toms [2]. The leukotriene receptor antagonist, montelukast, an oral 
medication, may be helpful for some patients, particularly those 
who have difficulty using inhalers. For exercise, it should be taken 
once daily, at least 2 h prior to exercise [16,21]. Patients who are well 
controlled on their regular daily asthma medication may not always 
need pre-exercise therapy. For example, a well-controlled patient 
may be able to hike in warm weather, but might need premedica-
tion before exercising in cold, dry air. Nonetheless, no one can 
predict when symptoms will occur. As such, all patients with EIA 
or EIB should have a rescue inhaler easily available when exercising.

Albuterol metered dose inhalers (MDIs), propelled by CFCs, 
were phased out at the end of 2008 owing to their ozone-depleting 
chemistry. HFA-propelled MDIs are an ozone-friendly alternative 
with similar convenience and delivery systems. Albuterol HFA 
MDIs have been shown to deliver comparable doses to the lung 
and to have similar safety and efficacy profiles as the older CFC 
MDIs [22]. However, albuterol HFA MDIs may feel different on 
inhalation to some patients, owing to a more ‘mist-like’ spray. 
The new inhalers have been described as feeling ‘more gentle’ or 
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‘warmer’, probably related to a lower spray force than the CFC 
inhalers [23]. This may be preferred for some patients, as the gentler 
spray is less likely to cause coughing. 

As noted above, daily use of SABAs (or LABAs) should be 
avoided owing to the possibility of tachyphylaxis and partial loss 
of the effectiveness of the b

2
-agonist over time. Tolerance can 

develop, even when b
2
-agonists are used in combination with an 

ICS [3,16]. Patients who exercise daily and need premedication 
may need to start or increase appropriate controller medication 
in order to minimize their usage of b

2
-agonists [16,24]. 

Treating breakthrough symptoms
b

2
-agonists also are the best studied and most commonly used 

medications for relieving breakthrough symptoms of EIA (and 
EIB), and current guidelines recommend that every asthma 
patient has a SABA inhaler for acute symptoms [2,16]. By using 
a SABA and reducing the intensity of their activity for a short 
period of time, the average noncompetitive athlete with EIB can 
usually continue to exercise even after experiencing breakthrough 
symptoms. Inhaled SABAs have an almost immediate onset of 
action that lasts up to 4 h. LABAs are not recommended for 
treating breakthrough symptoms [2,16]. 

For the patient with persistent asthma, breakthrough symptoms 
or poor endurance can be an indication of poor control and the 
need to increase daily controller therapy. Appropriate controller 
therapy should minimize the need for reliever medication [2,16]. 
Consultation with a respiratory specialist should be considered if 
the patient does not respond to treatment. 

Monitoring EIA
Patients with EIA need to be monitored according to the guide-
lines for managing asthma, while those with EIB can be followed 
up, by phone or office visit, sooner, since the medications for EIB 
alone work quickly [2]. Follow-up should evaluate whether a step-
up or step-down in therapy is needed, the patient’s technique for 
using his or her inhaler (as appropriate) and whether there are any 
comorbid conditions to be addressed. EIA symptoms may become 
more prevalent at certain times of the year – specifically, in the 
winter owing to cold air, during the patient’s allergy season, when 
humidity changes, during times of stagnant air and pollution, 
following a viral respiratory infection, or with allergic rhinitis. At 
these times, airway hyper-reactivity and the risk of breakthrough 
symptoms can increase and the patient may need to adjust his 
or her therapy. Treatment changes may be needed whenever the 
patient changes the intensity of their exercise. Temporarily limit-
ing activity or changing sports or type of exercise can be con-
sidered as a last resort during times of severe symptoms; most 
patients should be able to exercise at their maximum level with 
proper treatment.

Patient education
Patient education for EIA should include discussion of which 
activities are most likely to cause symptoms and under what 
conditions, thereby increasing the patient’s awareness of his or 
her symptoms and how they respond to various environmental 

triggers. Discussion of how or when to avoid environmental 
triggers is critical, and should include allergens, irritants and 
air pollution.

Information should also be provided on the role of pharmaco
therapy, particularly controller medications, in treating EIA, and 
consideration of nonpharmacologic approaches to minimizing EIA 
symptoms. Discussion of nonpharmacologic approaches should 
include demonstration of appropriate warm-up techniques and, for 
some patients, discussion of nasal breathing to warm and humidify 
the inspired air. Patients should likewise be aware of any nasal 
symptoms or other cormorbidities (e.g., GERD and upper respira-
tory infections) that may increase the severity of their EIA, and 
should learn how to treat them promptly and appropriately [1,3]. 

Patients should recognize that different levels of exercise and 
training require a step approach to managing EIA; medications 
need to be increased or decreased according to the intensity of 
the exercise. Just as training for a marathon differs from warm-
ing up for a five-mile jog, so too does managing EIA for these 
circumstances. Patients and physicians should know that even 
Olympic athletes who have asthma can compete, and that every 
patient should be able to perform at his or her desired level of 
activity with proper medical therapy.

What about the elite athlete?
Exercise-induced asthma is not uncommon in elite athletes who 
do not otherwise have asthma symptoms, and presentation, 
pathology and evaluation of elite athletes may be different from 
asthma patients who have symptoms with normal exercise [6,7]. 

Exercise-induced asthma in elite athletes may be associated with 
a mixed neutrophil–eosinophil-type airway inflammation versus 
the eosinophil-dominant inflammatory cascade reported with 
asthma and with EIA in recreational athletes. The underlying air-
way inflammation in elite athletes may be exacerbated by the high 
intensity of physical training and high minute ventilation, which 
can damage the bronchial epithelium [7]. The high minute venti-
lation may also aggravate the effects of environmental exposures 
during physical activity, permitting airborne allergens and irritants 
(e.g., chlorine derivatives in swimming pools, particulate matter 
from combustion as seen in the 2008 Summer Olympic Games and 
fumes related to machines used to groom ice rinks) to be drawn 
deeper into the lungs. Indeed, differences between the capacities of 
various sports to cause EIA may result in part from environmental 
irritants reaching the smaller airways, including exposure to sea-
sonal and perennial allergens in sensitized individuals, as well as 
cold and dry air and pollutants [6,7]. 

Diagnosing EIA in elite athletes may be complicated by their 
seemingly excellent physical condition. Many elite athletes do 
not present with daily asthma symptoms, and baseline pulmo-
nary function tests may not indicate EIA in these individuals. In 
fact, many athletes have ‘super-normal’ pulmonary function tests, 
which may be misleading. Challenge testing by EVH is recom-
mended by the IOC Medical Commission, and it is now accepted 
that mannitol testing has comparable sensitivity to EVH [6,7,14]. 

The management of EIA in elite athletes is similar to that 
for recreational athletes, and should include reducing relevant 
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Key issues

•	 Exercise-induced asthma (EIA) is a common problem affecting the general population of asthmatics, whereas the prevalence of 
exercise-induced bronchospasm (EIB) as a sole respiratory symptom in persons not otherwise diagnosed with asthma is reported to be 
high among some recreational and elite athletes. 

•	 The diagnosis of EIA, and its differentiation from EIB, can be difficult due to reliance on symptoms for diagnosis. Confirmation of the 
diagnosis by an appropriate trial of medication and/or challenge test (the latter of which is preferred) is important. 

•	 Respiratory symptoms indicative of EIB, such as breathlessness, cough, wheezing and chest tightness, which occur regularly upon 
exercising, are suggestive of asthma and should be regarded as a ‘red flag.’ Patients presenting with these symptoms should be 
carefully monitored for additional signs of underlying airway inflammation. 

•	 Inhaled mannitol is a simple indirect challenge test that is under review by the US FDA. It does not require specialized equipment, can 
be performed quickly and safely and, when approved, should become a commonly used test to confirm the diagnosis of asthma and to 
screen athletes for EIA and EIB. 

•	 Short-acting b
2
-agonists are the most commonly used medications to treat EIA and EIB; however, a daily controller medication is 

recommended for all patients with persistent symptoms and to reduce the need for (and tolerance to) bronchodilators. 

•	 The role of the small airways in EIA is a topic of current debate; however, medications that reach the peripheral airways may reduce 
damage associated with mechanical shear related to high minute ventilation. 

•	 All patients with EIA and EIB should recognize and understand what causes their symptoms and what makes their symptoms worse. In 
addition to treating their condition with medications, patients should be informed about nonpharmacological methods to reduce 
their symptoms. 

environmental exposures as much as possible, treating associated 
comorbid conditions, appropriate pharmacotherapy for control, 
prophylaxis and rescue, and patient education [6]. Controller 
pharmacotherapy is recommended using ICS and, if EIA is 
not controlled despite appropriate technique and adherence to 
therapy, treatment can be stepped up by increasing the dose or 
by adding other medications [2,6]. However, asthma symptoms 
in elite athletes have been reported to be less responsive to ICS, 
perhaps reflecting the mixed airway inflammation [6]. 

Ideally, elite athletes should only use b-agonists infrequently 
owing to the potential for tolerance described previously [6,16]. 
A lack of appropriate response to therapy requires additional 
evaluation of the athlete. 

Expert commentary 
One of the most common triggers for patients with asthma is 
exercise or physical activity, and it is important for physicians 
to understand the best methods of diagnosing and treating EIA. 
However, transient EIB also may occur in isolation, without other 
regular symptoms of asthma. EIB is particularly prevalent in 
athletes, and its appropriate diagnosis and management is critical 
so that these individuals can participate in their chosen sports. 
The question of whether EIB is a distinct entity or whether it is 
a subtype of asthma has not been settled. However, the diagnosis 
and management of both EIA and EIB are similar. Symptom-
based diagnoses should be confirmed by challenge testing, and 
treatment should include controller medication for most patients. 
Appropriate management should allow almost any patient to 
exercise at whatever level they desire. 

Five-year view
It is this author’s opinion that the next 5 years will see a substan-
tial increase in awareness about EIA and EIB, not only among 
respiratory physicians and athletes, but also among primary care 
physicians and the general population of patients. The major 

challenges to date have been appropriate diagnosis, particularly 
in elite athletes who otherwise may not have symptoms of asthma, 
followed by appropriate treatment – one that does not simply treat 
the symptoms, but also addresses the underlying pathology. The 
recommendation that patients who exercise regularly should use 
a daily controller medication is a significant step forward, and 
the number of athletes using controller medications (even if only 
during their athletic ‘season’) will undoubtedly grow with better 
understanding of tolerance to regular b

2
-agonist use and how 

controller therapy reduces airway hyper-reactivity and decreases 
the need for (and, therefore, potential tolerance to) b

2
-agonists. 

This author also believes that we will see a better understanding 
of the impact of the exercise environment and air quality on lung 
symptoms, with recommendations for improving air quality being 
driven by athletes and associated organizations such as the IOC. 
Until then, we will probably see more athletes with EIA using 
air masks to filter, warm and humidify their inhaled air. Finally, 
FDA approval of the mannitol inhalation challenge test will be a 
big step forward for confirming the diagnosis of asthma and for 
screening athletes for EIA and EIB in the USA. The simplicity 
of the test and its documented safety and efficacy for diagnosing 
EIA (and EIB) will reduce errors of over- and under-diagnosis, 
thereby ensuring that patients get the treatment they need.
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