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REVIEW / SYNTHÈSE

Evidence-based risk assessment and
recommendations for physical activity clearance:
respiratory disease1
Neil D. Eves and Warren J. Davidson

Abstract: The 2 most common respiratory diseases are chronic obstructive pulmonary disease (COPD) and asthma. Growing evidence supports the benefits of exercise for all patients with these diseases. Due to the etiology of COPD and the
pathophysiology of asthma, there may be some additional risks of exercise for these patients, and hence accurate risk assessment and clearance is needed before patients start exercising. The purpose of this review was to evaluate the available literature regarding the risks of exercise for patients with respiratory disease and provide evidence-based recommendations to
guide the screening process. A systematic review of 4 databases was performed. The literature was searched to identify adverse events specific to exercise. For COPD, 102 randomized controlled trials that involved an exercise intervention were included (n = 6938). No study directly assessed the risk of exercise, and only 15 commented on exercise-related adverse
events. For asthma, 30 studies of mixed methodologies were included (n = 1278). One study directly assessed the risk of
exercise, and 15 commented on exercise-related adverse events. No exercise-related fatalities were reported. The majority of
adverse events in COPD patients were musculoskeletal or cardiovascular in nature. In asthma patients, exercise-induced
bronchoconstriction and (or) asthma symptoms were the primary adverse events. There is no direct evidence regarding the
risk of exercise for patients with COPD or asthma. However, based on the available literature, it would appear that with adequate screening and optimal medical therapy, the risk of exercise for these respiratory patients is low.
Key words: exercise, chronic obstructive pulmonary disease, asthma, rehabilitation, risk assessment, adverse events.
Résumé : La maladie pulmonaire obstructive chronique (COPD) et l’asthme sont les maladies pulmonaires les plus courantes. De plus en plus d’études soulignent les bienfaits que procure l’exercice physique aux patients souffrant de ces maladies.
Cependant, si on prend en compte l’étiologie de la COPD et la pathophysiologie de l’asthme, la pratique de l’activité physique peut constituer un risque additionnel chez ces patients; il y a donc lieu de faire une meilleure évaluation du risque et
de raffiner le dépistage avant de s’adonner à l’activité physique. Cette analyse documentaire se propose d’évaluer les études
disponibles traitant des risques associés à la pratique de l’activité physique chez des individus souffrant de maladie pulmonaire et, pour faciliter le dépistage, de formuler des recommandations basées sur des données probantes.On réalise une analyse documentaire systématique dans quatre bases de données électroniques; on cherche dans les études retenues les
événements indésirables associés à l’exercice physique. Dans le cas de la COPD, on retient 102 essais cliniques aléatoires
traitant d’intervention au moyen de l’activité physique (n = 6938). Aucune étude ne traite spécifiquement du risque associé
à l’exercice physique; seulement quinze études mentionnent des événements indésirables associés à l’exercice physique.
Dans le cas de l’asthme, on retient 30 études utilisant diverses méthodes (n = 1278). Une seule étude porte spécifiquement
sur le risque associé à l’exercice physique et quinze études mentionnent des événements indésirables associés à l’exercice
physique. Aucun décès n’est rapporté. La plupart des événements indésirables notés dans le cas de la COPD sont de nature
musculosquelettique ou cardiovasculaire. Au sujet de l’asthme, on note la manifestation de bronchospasme à l'exercice et de
symptômes de l’asthme à titre d’événements indésirables primaires. Il n’y a pas d’évidence directe concernant les risques associés à l’exercice physique chez les individus aux prises avec la COPD et l’asthme. Néanmoins, d’après les études disponibles, le risque associé à l’exercice physique chez ces patients est faible si le dépistage est bien fait et si les traitements
médicaux sont appropriés.
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[Traduit par la Rédaction]

Lay synopsis
The number of individuals suffering from lung disease is
on the rise. The 2 most prevalent lung diseases are (i) chronic
obstructive pulmonary disease (COPD), a preventable and
treatable respiratory condition characterized by airflow obstruction that is not fully reversible, and (ii) asthma, an inflammatory airway disease associated with a narrowing of
the airways and unpleasant breathing sensations that are often
reversible either spontaneously or with medication. Physical
activity (PA) or exercise training are known to reduce the adverse symptoms associated with exertion, improve exercise
capacity, and enhance the quality of life of lung disease patients. Consequently, treatment recommendations for both
COPD and asthma suggest that all patients should be physically active. However, little information is available to guide
patients, exercise specialists, and (or) physicians regarding
the risks of becoming more physically active. The purpose
of this review was to evaluate previous studies that have reported adverse events to assess the risk of performing PA or
exercise in patients with COPD and asthma and to provide
recommendations to help guide the screening process. A review of all available literature was performed, and exerciserelated adverse events were documented. In the studies reviewed, no patient with lung disease died as a direct cause
of performing exercise. The majority of adverse events in
COPD patients resulted from muscle soreness and pain or
heart disease, while in asthma patients, exercise-induced narrowing of the airways and adverse breathing symptoms were
the primary adverse events. Based on this review, we conclude that no study in COPD patients and only 1 in asthma
patients has directly investigated the risk of exercise for patients with respiratory disease. Secondary evidence obtained
from the reports of adverse events suggests that with adequate screening before starting exercise, the risk of exercise
for patients with these lung diseases is low.

Introduction
An aging population and an increase in smoking during
the past 50 years has led to a rise in the number of individuals suffering from chronic respiratory disease (Murray and
Lopez 1997; PHAC 2007). There is growing interest in treatments that can improve health-related quality of life, symptoms, and functional capacity in these patients. It is
estimated that >3.5 million Canadians suffer from respiratory
diseases (PHAC 2007). Of the wide range of respiratory disorders, the 2 most common are COPD and asthma, as approximately 750 000 and 2.75 million Canadians are
believed to have these conditions, respectively (PHAC
2007). Owing to the heterogeneous nature of both diseases,
patients with COPD and (or) asthma present a number of
unique challenges for exercise specialists and physicians who
are responsible for assessing the risks of PA and prescribing
exercise for these patients.

Definition of terms
PA is defined as any movement that increases energy expenditure above resting expenditure. Exercise is a subset of
PA that is planned, structured, repetitive, and aimed at improving or maintaining physical fitness (e.g., aerobic capacity
or strength) (Thompson et al. 2003). In COPD, risk was considered to be the chance of a cardiovascular or cerebrovascular event, hospitalization, or death. In asthma, risk was
considered to be the chance of worsening symptoms, hospitalization, or death.
PA screening and the AGREE guidelines
The following section was written by the consensus panel
that guided the overall revision of the PA clearance process.
This information is reprinted in each of the systematic review
papers so that these reviews can stand alone from the paper
describing the overall consensus process (Jamnik et al. 2011).
PA participation is recommended and beneficial for all
asymptomatic persons and for persons with chronic diseases
(Warburton et al. 2006, 2007). However, the PA participation
of persons with certain chronic disease conditions or constraints may need to be restricted. The Physical Activity
Readiness Questionnaire (PAR-Q) is a screening tool completed by persons who plan to undergo a fitness assessment
or to become “much more physically active”; for example,
when initiating PA participation that is beyond a person’s habitual daily activity level or when beginning a structured PA
or exercise program. Screening is also recommended when a
person is joining a health club, commencing a training program with a fitness professional, or joining a sports team. If
a person provides a positive response to any question on the
PAR-Q, he or she is directed to consult with his or her physician for clearance to engage in either unrestricted or restricted PA.
The Physical Activity Readiness Medical Evaluation
(PARmed-X) is a screening tool developed for use by physicians to assist them in addressing medical concerns regarding
PA participation that were identified by the PAR-Q. Recent
feedback from PA participants, fitness professionals, and
physicians has brought to light substantial limitations to the
utility and effectiveness of PA participation screening by the
PAR-Q and PARmed-X. In short, the exercise clearance process is not working as intended and at times is a barrier to PA
participation for those persons who may be most in need of
increased PA. The aim of the present project is for experts in
each chronic disease, together with an expert panel, to revise
and increase the effectiveness of the PAR-Q and PARmed-X
screening process using an evidence-based consensus approach that adheres to the established Appraisal of Guidelines for Research and Evaluation (AGREE).
An important objective of this project is to provide evidence-based support for the direct role of university-educated
and qualified exercise professionals (QEPs) in the exercise
clearance process. An example of a QEP is the Canadian SoPublished by NRC Research Press
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ciety for Exercise Physiology Certified Exercise Physiologist,
which is the highest nationally recognized certification in the
health and fitness industry. It recognizes the qualifications of
those persons who possess advanced formal academic preparation and practical experience in health-related and performance-related PA and exercise science fitness applications for
both nonclinical and clinical populations.
The AGREE Instrument was developed by a group of researchers from 13 countries to provide a systematic framework for assessing the quality and impact on medical care of
clinical practice guidelines (AGREE Collaboration 2003).
The AGREE Collaboration published the rigorous development process and associated reliability and validity data of
the AGREE Instrument based on a large-scale study focusing
primarily on clinical practice guidelines (AGREE Collaboration 2003). The AGREE Instrument is now a commonly used
tool for assessing clinical practice guidelines and other health
management guidelines (Lau et al. 2007). The AGREE
guidelines were applied in the present project to assess the
formulation of risk stratification and PA participation clearance recommendations for each of the critical chronic diseases. One of the authors of this project (J.M.) is an AGREE
Instrument Expert, and she was responsible for evaluating the
compliance of the overall process to the AGREE guidelines.
In addition to adhering to the AGREE process, the Level
of Evidence (1 = randomized control trials (RCTs); 2 =
RCTs with limitations or observational trials with overwhelming evidence; 3 =, observational studies; 4 = anecdotal
evidence) supporting each PA participation clearance recommendation and the Grade (A = strong; B = intermediate;
C = weak) of the PA participation clearance recommendation
was assigned by applying the standardized Level and Grade
of Evidence detailed in the consensus document (Warburton
et al. 2011).
In this series of articles, each chronic disease condition
was considered in reference to a continuum of risk from
lower-risk to intermediate (moderate) and higher-risk categories. Particular attention was paid to the short-term (acute)
risks of PA and exercise versus the long-term (chronic) benefits to the chronic disease. PA participation may transiently
increase the risk acutely while leading to physiological and
psychological adaptations that markedly reduce the longterm risk. Adverse events were considered to be any adverse
change in health status or a side effect that resulted in relation to PA or exercise participation.
COPD: definitions, epidemiology, and clinical significance
COPD is a preventable and treatable condition characterized by partially reversible airflow obstruction (Celli et al.
2004; O’Donnell et al. 2007; GOLD 2009). The airflow limitation is associated with an abnormal inflammatory response
of the lung to noxious particles or gases (GOLD 2009).
COPD also has significant extrapulmonary manifestations
that may affect disease severity (GINA 2009). The term
COPD includes the conditions of emphysema — with loss
of lung elastic recoil, small airway closure, and destruction
of lung parenchyma — and chronic bronchitis — with fibrosis, mucus hypersecretion, and airway narrowing (Barnes
2000). COPD is a heterogeneous disease, and patients often
present with varying degrees of both conditions. Cigarette
smoking is the primary cause of COPD, and it is well docu-
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mented that smoking elicits an inflammatory response in the
lungs (Mio et al. 1997; Domagała-Kulawik et al. 2003;
Glader et al. 2006) that has been causally linked with the
pathogenesis of the disease (Hoshino et al. 2007; Macnee
2007).
According to a recent study, 8% of Canadians self-reported
having COPD, chronic bronchitis, or emphysema (The Lung
Association–Canadian Thoracic Society 2005). However,
these numbers are likely vastly underestimated (Buist et al.
2007). For individuals >75 years old, the prevalence of
physician-diagnosed COPD is reported to be 9.3%, which is
important considering that we have an aging population
(PHAC 2007). COPD is currently the fifth leading cause of
death worldwide but will be the third by 2020 (Murray and
Lopez 1997; Paz-Díaz et al. 2007). In contrast to heart disease, stroke, and cancer, where mortality rates decreased between 1970 and 2002, deaths from COPD increased 103% in
North America (Jemal et al. 2005). In Canada, 4.5% of all
deaths can be primarily attributable to COPD (Chapman et
al. 2003; PHAC 2007), with mortality rates continuing to increase, particularly in women (Nici et al. 2006). In 2003, 3%
of all hospitalizations were due to COPD (Fixman et al.
2007), with risk of rehospitalization being around 40% (Nici
et al. 2006). The economic burden of COPD is immense,
with the direct and indirect costs in Canada estimated at
$1.5 billion and $905 million, respectively (Chapman et al.
2003).
Asthma: definition, epidemiology and clinical significance
Asthma is a chronic inflammatory condition that is associated with airway hyperresponsiveness and episodes of wheezing, breathlessness, chest tightness, and coughing,
particularly at night or in the early morning (GINA 2009).
These episodes are usually associated with widespread, but
variable, airflow obstruction that is often reversible either
spontaneously or with treatment (Lemière et al. 2004; GINA
2009). Several inflammatory cells and mediators identified in
the pathogenesis of asthma have been associated with subepithelial fibrosis, mucus hypersecretion, and smooth muscle
hypertrophy and hyperplasia, which can lead to structural
changes in the airways (Hirst 2000; Jeffery 2001; Fixman et
al. 2007). In addition, asthma is associated with airway narrowing, primarily in response to multiple bronchoconstrictor
mediators and neurotransmitters but also because of airway
remodeling, edema, and mucus hypersecretion (GINA 2009).
There are a number of asthma triggers, including exposure to
indoor allergens (mites, furred animal, fungi, etc.) and outdoor allergens (pollens, moulds, etc.), tobacco smoke, air
pollution, and viral infections (GINA 2009). One of the
main asthma triggers is exercise, which can lead to severe
bronchoconstriction and asthma symptoms, usually following
the exercise bout.
In Canada, at least 8% of the population suffers from
asthma, and rates are on the rise in both genders (PHAC
2007). The prevalence of asthma is higher in adult women
than in men and is responsible for 146 000 emergency room
visits and 250–500 adult deaths per year (PHAC 2007).
Asthma affects children of all ages, and it is currently reported that 15.6% of children 4–11 years old and 8.3% of
children >12 years old have the disease (PHAC 2007). In
contrast to adults, asthma is higher in male children and is
Published by NRC Research Press
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one of the primary causes of hospitalization. In Canadian
children <4 years old, asthma is the cause of ∼10% of all
hospitalizations (PHAC 2007). Child death rates from asthma
are low (<0.1 deaths per 100 000); however, that is still too
many, as asthma is a treatable disease.
Risks of exercise in patients with COPD
As smoking is the primary cause of COPD and a risk factor for a multitude of disorders such as cardiovascular disease, peripheral vascular disease, lung cancer, diabetes,
dyslipidemia, hypertension, osteoporosis, and psychological
disorders (Briggs 2004; Sin et al. 2006), it is not surprising
that patients with COPD commonly present with a wide variety of comorbidities (Chatila et al. 2008). In addition, smoking, medication interactions, and lack of treatment for
secondary conditions (Redelmeier et al. 1998) may also increase the incidence of comorbidities in this population (Chatila et al. 2008). As such, patients being referred to exercise
or rehabilitation programs could present with a number of
contraindications to exercise (i.e., hypoxemia, uncontrolled
angina or congestive heart failure, severe hypertension) that
a QEP should be aware of. In a large rehabilitation cohort
study of 2962 patients with COPD, Crisafulli et al. demonstrated that 51% reported at least 1 comorbidity, with 13% reporting 2 or more (Crisafulli et al. 2008). The 3 most
common comorbidities were metabolic disease (62%), heart
disease (24%), and musculoskeletal problems (7%). Another
study by Foy et al. reported that 36% of 140 patients being
randomized to either short- or long-term exercise therapy
had heart disease and 44% had hypertension (Foy et al.
2001). These studies highlight the complex nature of COPD
and the need for screening techniques that allow identification of patients who may be at risk from exercise.
Considering the high probability that patients with COPD
will present with more than 1 chronic condition and be at
higher risk of an adverse response to exercise than healthy
age-matched individuals, there are a number of contraindications to exercise that a QEP should be aware of (American
Thoracic Society and American College of Chest Physicians
2003). For example, patients with more advanced COPD and
reduced lung diffusion capacity may present with resting hypoxemia (defined as an oxyhemoglobin saturation (SpO2)
<90%) while breathing room air. Other patients may not
demonstrate hypoxemia until they start to exert themselves,
and as such it is important to assess arterial saturation levels
to identify those who may need O2 supplementation with exertion.
As ventilatory limitation prematurely limits exercise in
many patients (O’Donnell 2001; O’Donnell et al. 2001), it is
commonly believed that exercise will be terminated before a
cardiovascular limitation to exercise or cardiac ischemia is
observed. However, this is not always the case, and a number
of previous investigations report excluding COPD patients either before or during exercise interventions because of evidence of ischemia, angina, serious arrhythmia, uncontrolled
hypertension, and (or) unstable chronic heart failure (Simpson et al. 1992; Larson et al. 1999; Puhan et al. 2006).
Owing to the destruction of the lung parenchyma in emphysema, the increased dynamic hyperinflation and intrinsic
positive end-expiratory pressure associated with gas trapping,
and the hypoxemia and hypercapnia due to poor gas ex-
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change, patients with COPD can develop pulmonary hypertension at rest and (or) during exercise (Mahler et al. 1984;
Butler et al. 1988; Matthay et al. 1992). Ultimately, pulmonary hypertension can lead to right ventricular hypertrophy,
enlargement, and (or) failure (MacNee 1994), which is associated with poor prognosis for those affected (Incalzi et al.
1999). As such, the presence of significant pulmonary hypertension used to be considered a contraindication to exercise
(American Thoracic Society and American College of Chest
Physicians 2003). More recently it has been documented that
exercise can be beneficial for patients with pulmonary hypertension (Mereles et al. 2006). However, careful consideration
should be given to exercise prescriptions for these patients
(Nici et al. 2006).
Risks of exercise in patients with asthma
As asthma is a disease that often affects children, adolescents, and young adults, the risks associated with participating in exercise or PA is often less complex than for those
with COPD, as the majority do not have a significant smoking history or the comorbidities associated with a long-term
sedentary and (or) unhealthy lifestyle. The risk of adverse
events and complications with asthma do not necessarily increase with increased severity of disease but are more related
to the level of asthma control (Peters et al. 2006). Clinical
control of asthma can be defined in various ways but usually
includes minimal (<2 times per week) daytime symptoms, no
limitations of daily activities (including exercise), no nocturnal symptoms or awakening because of asthma, minimal (<2
times per week) need for reliever treatment, normal or nearnormal lung function, and no exacerbation (Bateman et al.
2008). Patients with inadequate asthma control are at higher
risk of serious morbidity (GINA 2009), and those with inadequately controlled severe persistent asthma are at considerably higher risk of exacerbations and mortality (Chung et al.
1999; GINA 2009). By definition (Lemière et al. 2004), patients with well-controlled asthma will have minimal symptoms, infrequent exacerbations, and no limitations to PAs
associated with their asthma. If a patient with controlled
asthma has no secondary comorbidities, they should have
risks similar to those of a healthy age-matched individual.
However, because of the high risks of severe bronchoconstriction triggered by PA in patients with severe uncontrolled
asthma, it is considered an absolute contraindication to exercise (American Thoracic Society and American College of
Chest Physicians 2003).
Benefits of exercise for patients with COPD and asthma
The benefits of exercise are well documented for patients
with COPD, and there is a large body of evidence that demonstrates that exercise can have a variety of clinical and
health benefits for these patients (Lacasse et al. 2006; Ries
et al. 2007). Performing aerobic exercise does not improve
pulmonary function but causes a number of physiological
adaptations in skeletal muscle, attenuating ventilatory demand (Casaburi et al. 1991; Vallet et al. 1997) and reducing
dynamic hyperinflation (Porszasz et al. 2005; Puente-Maestu
et al. 2006) and exertional dyspnea (Porszasz et al. 2005;
Puente-Maestu et al. 2006; Ries et al. 2007) at a given workload. While the effects of exercise on maximal oxygen consumption are varied (Maltais et al. 1996; Casaburi et al.
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1997; Porszasz et al. 2005), exercise training has consistently
been shown to improve exercise tolerance (Puente-Maestu et
al. 2000; Emtner et al. 2003; Casaburi et al. 2005; Porszasz
et al. 2005) and results in clinically important changes in
health-related quality of life (Lacasse et al. 2006; Ries et al.
2007). In the recent evidence-based clinical guidelines by
Ries et al., it was reported that there was the highest level of
evidence to support that exercise training should be a mandatory component in the treatment of patients with COPD. In
addition to the improvements in symptoms and health-related
quality of life, there is growing evidence that exercise training can also reduce exacerbations (Güell et al. 2000), health
care utilization (Goldstein et al. 1997), and mortality (Ries et
al. 1995) but larger well-designed studies are needed to fully
address these important questions.
The inclusion of resistance training in the rehabilitation of
patients with COPD has also been shown to have a number
of benefits that are complimentary but also additional to the
physiological benefits associated with endurance training
(Bernard et al. 1999). Resistance training has been demonstrated to improve muscle mass and lead to significant improvements in strength (Simpson et al. 1992; Bernard et al.
1999; Kongsgaard et al. 2004) and rate of force development
and mechanical efficiency (Hoff et al. 2007). These improvements lead to increased ability to perform tasks of daily living (Kongsgaard et al. 2004) and can improve health-related
quality of life (Kongsgaard et al. 2004).
There have been fewer studies that have investigated the
benefits of exercise training for patients with asthma, and
participation in exercise can present some interesting challenges. Acute bouts of exercise can provoke bronchoconstriction (defined as a reduction in postexercise forced expired
volume in 1 second (FEV1) > 10%) and induce asthma
symptoms in the majority of asthma sufferers (Bundgaard et
al. 1983; Villaran et al. 1999; Mickleborough et al. 2007),
while longer term exercise training, PA, and participation in
sports can assist in the management of the disease (Welsh et
al. 2005). With the proper education in how to prevent, reduce, and manage the adverse effects of exercise on bronchoconstriction, there are wide variety of physiological and
health benefits that can be gained by patients that are similar
to those in healthy individuals. A metaanalysis performed by
Ram et al. reported that exercise training improved peak oxygen
uptake (V_ O2 max) by an average of 5.4 mL·kg–1·min–1 (mean age
14.3 years and mean baseline V_ O2max∼41 mL·kg–1·min–1) in
patients with asthma (Ram et al. 2005). However, to date the
mechanisms associated with the improved exercise capacity
in individuals with asthma have not been addressed.
There is less evidence supporting the benefits of exercise
for reducing the prevalence of exercise-induced bronchoconstriction (EIB) and adverse respiratory symptoms postexercise. A number of studies have reported attenuated EIB and
(or) asthma symptoms (Matsumoto et al. 1999) following a
period of exercise training as assessed by a reduced percent
fall in FEV1 (Henriksen and Nielsen 1983; Svenonius et al.
1983; Fanelli et al. 2007) and peak expired flow rate (Henriksen et al. 1981). However, this is not always the case, as
other studies have not observed the same improvements (Sly
1972; Fitch et al. 1976; Schnall et al. 1982; Nickerson et al.
1983; Neder et al. 1999). Other benefits of exercise training
for asthmatic individuals can be gleaned from studies that
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have reported reductions in asthma attacks and number of incidents of wheezing, missed days from school, hospitalizations, and emergency room visits following a period of
exercise training (Szentágothai et al. 1987; Huang et al.
1989; Engström et al. 1991; Emtner et al. 1996). There are
also a number of studies that have reported improvements in
the subjective feelings of anxiety (Emtner et al. 1996) and in
health-related quality of life (Cambach et al. 1997; Fanelli et
al. 2007).
Purpose of this review
With the relatively large body of evidence supporting the
benefits of exercise training for patients with respiratory disease, less information is available to specifically guide the
decision-making process around which patients are safe to increase their current level of PA or to begin a structured exercise or rehabilitation program. The purpose of this review
was to specifically appraise the available literature regarding
the risks of performing PA and exercise for patients with
COPD and asthma and to provide evidence-based recommendations to help guide the screening process performed by
physicians and QEPs. It was hypothesized that with appropriate screening and understanding of an individual’s condition,
the benefits of exercise would outweigh the risks for patients
with COPD and (or) asthma.

Methodology
To assess the risk of increasing PA levels and (or) initiating a structured exercise program for individuals with COPD
and asthma, a systematic review of the literature was performed by 2 independent investigators using 4 different databases (Medline (1950–2008); Sport Discus (1985–2008);
EMBASE (1980–2008); and the Cochrane Controlled trials
registry). The literature was also searched to identify any adverse events and (or) contraindications to exercise previously
reported. Owing to differences in diseases and the potential
adverse events that could occur with exercise, a separate review was performed for COPD and asthma. The MeSH terms
consistent to each review included exercise, exercise therapy,
rehabilitation, motor activity, physical fitness, and weightlifting. Additional non-MESH terms searched included physical
activity, pulmonary rehabilitation, exertion, sports, walk, jog,
run, resistance training, strength training, circuit training,
aerobic exercise, aerobic training, and aerobic fitness. For
COPD, the MeSH terms incorporated in the search were obstructive pulmonary disease, COPD, pulmonary emphysema,
emphysema, and chronic bronchitis with the additional term
chronic airflow obstruction. For asthma, the MeSH term
used was asthma, with the additional terms airflow obstruction and reversible airflow obstruction also being searched.
Bibliographies of included studies were also checked to identify additional studies.
All studies that used a PA or exercise training intervention
that involved large muscle groups in individuals suffering
from COPD or asthma were deemed eligible. Studies that incorporated an adjunct therapy in addition to exercise (i.e.,
oxygen administration) were also considered appropriate.
Studies in non-English languages and those only available in
abstract form were excluded. Studies associated with other
respiratory diseases, review articles, medication comparison
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trials, cost-effectiveness trials, surgical intervention trials, respiratory muscle training studies (unless performed in combination with exercise), exercise test comparison trials, effect of
a pharmaceutical or nonpharmaceutical intervention on exercise performance studies, dose–response trials, and those performed in animals were excluded. If more than 1 manuscript
was published from the same data set, only the original study
was included. All titles and abstracts identified by the
searches as potentially relevant were selected for full-text review. From the publications included in the review, data were
abstracted using a standard form by the first reviewer and
checked by the second reviewer, with differences resolved
through discussion.

Results
Results for COPD
The search was completed in June 2008. The electronic
search for COPD yielded 3904 studies. When this was filtered to identify only English-language, randomized controlled trials in adult humans, 807 studies were identified.
From reviewing the titles and abstracts of these studies, 137
were considered potentially relevant. On reading the full text
of these manuscripts, an additional 8 studies were identified
from bibliographies and a total of 102 were considered appropriate for inclusion in this review (Busch and McClements
1988; Lake et al. 1990; Dekhuijzen et al. 1991; Simpson et
al. 1992; Patessio et al. 1992; Martinez et al. 1993; Goldstein
et al. 1994; Reardon et al. 1994; Wanke et al. 1994; Wijkstra
et al. 1994, 1995; Ries et al. 1995, 2003, 2005; Bauldoff et
al. 1996, 2005; Berry et al. 1996, 2003; Clark et al. 1996,
2000; Strijbos et al. 1996; Bendstrup et al. 1997; Burdet et
al. 1997; Epstein et al. 1997; Rooyackers et al. 1997, 2003;
Casaburi et al. 2004, 2005; Elliott et al. 2004; Faager and
Larsen 2004; Holland et al. 2004; Kirsten et al. 1998; Nava
1998; Wedzicha et al. 1998; Bernard et al. 1999; Coppoolse
et al. 1999; Engström et al. 1999; Larson et al. 1999; Gimenez et al. 2000; Griffiths et al. 2000; Güell et al. 2000; Hernandez et al. 2000; Behnke et al. 2000, 2003; Garrod et al.
2000a, 2000b; Pompeo et al. 2000; Puente-Maestu et al.
2000a, 2000b; Ringbaek et al. 2000; Troosters et al. 2000;
Carrieri-Kohlman et al. 2001; Etnier and Berry 2001; Finnerty et al. 2001; Foy et al. 2001; Green et al. 2001; Wadell
et al. 2001, 2004; Brooks et al. 2002; de Torres et al. 2002;
Johnson et al. 2002; Normandin et al. 2002; Spruit et al.
2002; Stulbarg et al. 2002; Vogiatzis et al. 2002, 2005;
Creutzberg et al. 2003; Singh et al. 2003; Steiner et al.
2003; Emtner et al. 2003; Monninkhof et al. 2003; Oh 2003;
Kongsgaard et al. 2004; Mador et al. 2004, 2005; Man et al.
2004; Bjornshave and Korsgaard 2005; Boxall et al. 2005;
Broekhuizen et al. 2005; Fuld et al. 2005; Lindsay et al.
2005; Murphy et al. 2005; Norweg et al. 2005; Sewell et al.
2005, 2006; Arnardóttir et al. 2006, 2007; de Blok et al.
2006; Phillips et al. 2006; Puhan et al. 2006; Romagnoli et
al. 2006; Haugen and Stavem 2007; Hoff et al. 2007; Karapolat et al. 2007; Magadle et al. 2007; O’Neill et al. 2007;
O’Shea et al. 2007; Paz-Díaz et al. 2007; Varga et al. 2007;
Collins et al. 2008; Dolmage and Goldstein 2008). The main
reasons for exclusion of trials were as follows: lack of an exercise intervention; investigating the acute effects of pharmaceutical or nonpharmaceutical interventions on exercise
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performance; cost effectiveness trials; and the use of surgical
intervention. Two studies that were relevant to this review
were excluded because they combined patients with asthma
and COPD within the same rehabilitation program, and adverse events specific to each disease could not be identified
(Cambach et al. 1997; Foglio et al. 1999).
The overall characteristics of the studies included for patients with COPD are presented in Table 1. The 102 studies
included a total of 6938 patients with COPD. The main exclusion criterion was the presence and (or) symptoms of cardiac disease (e.g., uncontrolled angina, ischemic heart
disease, acute myocardial infarction, valvular disease, and
(or) the presence of potentially dangerous arrhythmias) in
86% of the trials that mentioned exclusion criteria. Other exclusion criteria identified included musculoskeletal or orthopedic problems that limited an individual’s ability to exercise
(66%), neurological or cognitive impairment (35%), peripheral vascular disease (27%), uncontrolled hypertension
(23%), other pulmonary disorders (23%), cancer (20%), and
diabetes (14%). Patients with resting or exertional hypoxemia
were excluded in 20% of trials, but the majority allowed inclusion of hypoxemic patients with the administration of O2
supplementation during exertion to maintain an appropriate
oxygen saturation level.
In addition to the aforementioned exclusion criteria, 61 trials (60%) included an incremental exercise test before the
start of the exercise program (Table 2). Of these 61 trials,
56% reported using continuous electrocardiogram monitoring
and 84% reported assessing arterial saturation either through
direct blood gas measurement or indirectly with pulse oximetry. An additional 10 studies (10%) incorporated a 6-min
walk test or incremental shuttle walk test with oxyhemoglobin saturation monitoring using pulse oximetry (SpO2) that
could assist in identifying patients with exertional hypoxemia.
Of the 102 trials included, no study was specifically designed to address the risk of exercise in patients with COPD.
Only 15 trials (15%), consisting of a total of 770 patients,
made a definite statement regarding adverse events either
during exercise testing or an exercise intervention (Table 2).
Of these trials, 3 (20%) reported that no adverse events occurred during exercise. In the remaining 12 studies, no deaths
directly associated with either exercise were reported. Thirtythree (of 770) patients reported musculoskeletal pain
(although 1 study reported that several of their 24 patients
experienced arm or lower back pain without quantifying the
precise number), 26 were excluded either during testing or
training because of cardiovascular-related problems (ischemic
events, angina, serious arrhythmia), 17 desaturated (reported
as a drop in SpO2 below 85%) with exertion, and 2 received
exercise-related injuries.
Several trials also reported adverse events that were considered unrelated to the exercise intervention, which highlights the complexity of COPD as a clinical condition
(Table 2). In total, there were 605 non-exercise-related adverse events reported, including 85 deaths and 402 exacerbations.
Results for asthma
The electronic search for asthma was also completed in
June 2008 and yielded 3227 studies. When this was filtered
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Table 1. Characteristics of chronic obstructive pulmonary disease
studies (n = 102).

Table 2. Adverse events and reasons for patient exclusion in
chronic obstructive pulmonary disease (COPD) studies (n = 102).

Characteristic
No. of patients
Female, %
Age, y
Age range, y
FEV1, % predicted
FEV1 range, % predicted
Type of exercise used
Aerobic training
General rehabilitation
Resistance training
Combined training or training comparison
trials
Circuit
Studies prescreening with PAR-Q or
PARmed-X
Studies performing exercise screening before
start of exercise
Type of test used for screening
Cardiopulmonary test with gas exchange
analysis
Incremental test without gas exchange analysis
Exercise monitoring reported during testing
Electrocardiogram
Arterial saturation (either pulse oximetry or
blood gases)

Characteristic
Studies reporting adverse events during exercise
Total no. adverse events reported during exercise*
Exercise-related adverse events reported
None
Death
Cardiovascular (ischemia, angina, arrhythmia, etc.)
Arterial desaturation (SpO2< 85%)
Musculoskeletal
Injury
No. studies reporting exclusion criteria
Reasons for exclusion
Cardiovascular
Peripheral vascular disease
Musculoskeletal
Hypertension
Unstable COPD
Other respiratory disorders (including
asthma)
Cerebrovascular
Cancer
Diabetes
Obesity
Neurological and cognitive disorders
Hypoxemia
Total no. of patients excluded
Clinical reasons reported for exclusion (not
exercise related)
Death
Exacerbation
Cardiovascular
Musculoskeletal
Other respiratory disorders
Cerebrovascular
Cancer
Hypoxemia
Other

No. of studies, %
6938
34±20
65±4
49–77
42±9
26–77
48, 47
38, 37
7, 7
8, 8
1, 1
0, 0
61, 60

46, 45
15, 15

34, 33
51, 50

Note: Data are reported as means ± SD, a range, or the number of studies, percentage of total studies.

to identify only English-language, randomized controlled trials in humans, 968 studies were identified. From reviewing
the titles and abstracts of these studies, 34 were identified as
potentially relevant according to the aforementioned inclusion
and exclusion criteria, and of these only 16 were considered
appropriate for the review. As this generated few data regarding adverse events, the titles and abstracts of the full 3227
studies were reviewed, and 123 studies were considered potentially relevant. On reading the full text of these manuscripts, an additional 12 studies were identified from
bibliographies. After reviewing the additional 135 manuscripts, a total of 30 studies were considered appropriate for
inclusion in this review (Fitch et al. 1976; Leisti et al. 1979;
Graff-Lonnevig et al. 1980; Bundgaard et al. 1983; Nickerson et al. 1983; Orenstein et al. 1985; Ramazanoglu and
Kraemer 1985; Ludwick et al. 1986; Haas et al. 1987; Szentágothai et al. 1987; Freeman et al. 1989; Cochrane and
Clark 1990; Engström et al. 1991; Varray et al. 1991,1995;
Girodo et al. 1992; Robinson et al. 1992; Ahmaidi et al.
1993; Emtner et al. 1998; Matsumoto et al. 1999; Neder et
al. 1999; Bingöl Karakoç et al. 2000; van Veldhoven et al.
2001; Counil et al. 2003; Weisgerber et al. 2003; Basaran et
al. 2006; Silva et al. 2006; Fanelli et al. 2007; Bonsignore et
al. 2008; Juvonen et al. 2008). The main reasons for exclusion of trials were as follows: lack of an exercise intervention; patients did not have asthma; and studies were in
athletes with EIB without a confirmed diagnosis of asthma.
The characteristics of the included studies are presented in
Table 3. The 30 studies included a total of 1278 children and

No. of studies, %
15, 15
84

3, 20
0, 0
4, 27
3, 20
7, 47
2, 13
86
74,
23,
57,
20,
33,
20,

86
27
66
23
38
23

10, 12
17, 20
12, 14
3, 4
30, 35
20, 23
605

85, 14
412, 68
31, 8
12, 2
9, 2
3, 1
11, 2
4, 1
38, 6

Note: Data are reported as means ± SD or number of studies, percentage of total studies. In the 15 studies reporting adverse events, mean age
was 67 ± 5 years and mean FEV1 = 38% ± 9% (predicted).
*One study reported that several subjects had arm and lower back pain,
but did not quantify the number of subjects with these symptoms. Please
note that studies can report more than 1 adverse event and can have more
than 1 exclusion criterion.

adults with chronic asthma. Originally, we separated the studies into those with children (n = 22) or adults (n = 8). However, because of the small number of studies in adults, the
comparable disease severity (FEV1 = 81% ± 5% predicted
and 87% ± 9% predicted in adults and children, respectively),
and the apparent similarities in the relative number of reports
of adverse events, we decided to combine the data. Exclusion
criteria were reported by 57% of trials (Table 4). An incremental exercise test with or without gas analysis was performed in 63% of trials before the start of an exercise
intervention, and continuous electrocardiogram (ECG) monitoring was performed in 23% of these trials. Twelve studies
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Table 3. Characteristics of asthma studies (n = 30).
Characteristic
No. of patients
Female, %
Age, years
Age range, years
FEV1, % predicted
FEV1 range, % predicted
No. of studies in children
Severity of asthma recruited (reported in %
of studies)
Severe
Moderate to severe
Moderate
Mild to moderate
Mild
All severities
Study design of included studies
Randomized controlled trials
Quasiexperimental design
Single-arm trials
Cross-sectional
Longitudinal
Type of exercise used
Aerobic
Other*
Studies prescreening with PAR-Q or
PARmed-X
Studies performing maximal incremental test
before exercise
Type of test used for screening
Cardiopulmonary test with gas exchange
analysis
Incremental test without gas exchange analysis
Exercise monitoring reported during testing
Electrocardiogram
Arterial saturation (either pulse oximetry or
blood gases)
Exercise provocation test performed before
staring exercise training

No. of studies, %
1278
37±19
16±10
8–38
85±8
69–99
22

14
7
14
50
7
7
16, 53
4, 13
7, 23
2, 6
1, 3
27, 90
3, 10
0, 0
19, 57

18, 60
1, 3

8, 26
2, 7
12, 40

Note: Data are reported as means ± SD, a range, or the number of studies, percentage of total studies unless otherwise stated.
*For other types of training used please see text.

(40%) also performed an exercise provocation test to assess
the magnitude of EIB before the initiation of exercise.
One study was specifically designed to determine the
safety of exercise in individuals with asthma. This study reported a number of adverse events to exercise, but none
were fatal. Following exercise testing, half of all subjects
consistently developed EIB, and it was reported that 1 child
had a 13 mm Hg drop in transcutaneous oxygen partial pressure during exercise that was associated with a 21% reduction
in FEV1 5 min following exercise. Of the remaining 29 trials,
14 reported adverse events, none of which were fatal. One
study reported no adverse events following exercise testing
or training. Among the 674 patients in the trials reporting exercise-related adverse events, 103 individuals were reported
to have EIB following exercise training sessions. Five additional studies mentioned that subjects had EIB, asthma at-

Table 4. Adverse events and reasons for patient exclusion in
asthma studies (n = 30).
Characteristic
Studies reporting adverse events during exercise
Adverse events reported with exercise
None
Death
Exercise-induced bronchoconstriction
Arterial desaturation
Exacerbations
Asthma symptoms
Decrease in peak flow rates
Asthma attacks
No. studies reporting exclusion criteria
Reasons for exclusion
Nonclinical diagnosis of asthma
Uncontrolled asthma
Negative test for exercise-induced bronchoconstriction
Severe asthma
Other pulmonary diseases
Cardiovascular disease
Other comorbidities
Total no. of patients excluded
Reasons reported for exclusion (not exercise
related)
Health problems
Exacerbations
Upper respiratory tract infections
Bone fracture
Physical problems
Worsening symptoms

No. of studies, %
15

1, 7
0, 0
7, 47
1, 7
2, 13
2, 13
2, 13
1, 7
17
7, 41
7, 41
1, 6
4, 23
1, 6
1, 6
2, 12
41

23, 56
10, 24
3, 7
1, 2
1, 2
3, 7

Note: Data are reported as means ± SD or number of studies, percentage of total studies. In the 15 studies reporting adverse events, mean age
was 17 ± 11 years and mean FEV1 = 87% ± 10% (predicted). Please note
that studies can have more than 1 exclusion criterion.

tacks of various intensities, and reductions in peak flow rates
following exercise, but these statements were not quantified.
One study reported that 12 patients were hospitalized during
the exercise intervention period, but it was not clear whether
these were exercise-related hospitalizations or caused by
other asthma triggers.

Discussion
This is the first systematic review to evaluate the evidence
associated with the risk of performing exercise in patients
with respiratory disease. Only 1 study in patients with asthma
was directly designed to address this question (Nickerson et
al. 1983). As such, secondary-level evidence was obtained
by assessing the number of adverse events reported by trials
that performed an exercise intervention in patients with
COPD or asthma. In total, there were no fatalities and only a
minimal number of adverse events directly related to exercise.
Owing to exclusion of patients with more severe comorbidities and contraindications to exercise in the majority of studies, it is difficult to make a definitive statement regarding the
risk of exercise for all patients with COPD and (or) asthma.
However, the available evidence supports that the risk of exPublished by NRC Research Press
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ercise is low compared with the known benefits of exercise
for patients with these disorders, especially when patients
have been appropriately cleared to exercise.
Evidence of risks and contraindications to exercise in
patients with COPD
The systematic review identified no study that was specifically designed to evaluate the risk of exercise in patients with
COPD. Additionally, only 15 of 102 randomized controlled
trials made a specific statement regarding whether any adverse events occurred during exercise testing or training
(Busch and McClements 1988; Simpson et al. 1992; Martinez et al. 1993; Wedzicha et al. 1998; Larson et al. 1999;
Garrod et al. 2000b; Johnson et al. 2002; Rooyackers et al.
2003; Singh et al. 2003; Casaburi et al. 2004; Man et al.
2004; Boxall et al. 2005; Phillips et al. 2006; Puhan et al.
2006; Varga et al. 2007). From these 15 studies, potentially
more serious cardiovascular adverse events related to exercise
occurred in only 3.4% of patients. However, this is likely
lower than what would be expected if patients had not been
excluded from these studies for known cardiovascular disease, cerebral vascular disease, and hypertension. Interestingly, 23 of 26 cardiovascular adverse events reported were
observed during routine incremental cardiopulmonary exercise testing by just 1 study (Larson et al. 1999), which demonstrates the value of this type of testing in determining
which patients are safe to exercise. As only 34 studies reported performing an incremental test with continuous ECG
monitoring before starting an exercise program, it is possible
that additional patients had cardiovascular contraindications
to exercise that went undetected. However, as 74 studies reported excluding patients with cardiovascular contraindications and 61 studies performed some form of preexercise
incremental test to symptom limitation, it is likely that more
studies performed some form of screening process to determine the severity of cardiovascular disease than is actually
being reported. Even with the large number of studies reporting that they excluded patients with cardiovascular contraindications to exercise, 34 additional patients were excluded or
withdrawn during studies because of cardiovascular or cerebral vascular events unrelated to exercise. These data demonstrate the difficulty in actually evaluating the precise risk of
exercise, as a number of cardiovascular adverse events are
also reported in those not exercising. It is also impossible to
determine how many of the 84 deaths reported were caused
by cardiovascular events. The combination of these findings
highlight that a number of patients with COPD can present
with cardiovascular contraindications to exercise in conjunction with their respiratory disease. As such, appropriate
screening before starting exercise appears to be a necessary
consideration to reduce the risk of adverse events occurring
during exercise in this population.
The majority of events reported were associated with musculoskeletal pain or injury (∼41%) related to exercise. A
large number of these (71%) were reported in a study that
performed eccentric exercise training (Rooyackers et al.
2003). Subsequently, these findings are not particular worrisome and are similar to what might be expected within a
group of age-matched healthy but previously sedentary individuals starting exercise. This is especially true considering
that the patients with COPD were older (66 years) and a
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large number likely had secondary comorbidities (Crisafulli
et al. 2008) (i.e., arthritis), which could increase their susceptibility to musculoskeletal pain.
A clinically relevant arterial desaturation is often referred
to as a decrease in SpO2 > 5% with exercise. However, few
studies report this level and only report more significant saturations with exercise, i.e., a decreasing SpO2 < 85%. Such a
decrease in SpO2 was reported in 1 in every 45 patients in
trials that reported adverse events. However, it should be
noted that 20% of studies reported excluding patients with
known hypoxemia at rest or with exertion, and a large number of trials reported that if a patient was hypoxemic or desaturated during exercise they were supplied with supplemental
oxygen for testing and training. Nevertheless, the low incidence of exertional hypoxemia reported in these trials supports that, with regular monitoring of SpO2 and with the
administration of supplemental O2 to patients who need it
during testing or training, the risk of hypoxemia as a contraindication to exercise is relative low.
Based on the literature, there is no direct evidence regarding the risk of performing exercise in patients with COPD
and regarding that the evidence was generated from randomized controlled trials that were not specifically designed to
assess the risk of exercise in patients with COPD, the evidence can only be considered Level 2, Grade B (Table 5). It
should be acknowledged that the risk of an exercise-related
adverse event presented by this review is likely biased by the
studies that actually reported patients having an adverse event
and may actually be lower than that presented. It is feasible
that a number of the studies did not make a comment about
exercise-related adverse events, as none occurred during the
study. However, the overall reporting of exercise-related adverse events in the COPD literature is poor, so this may not
be an accurate assumption. Nevertheless, with appropriate
screening such as a properly supervised incremental cardiopulmonary exercise test (with ECG monitoring and pulse oximetry), the risks of exercise to patients with COPD is low.
Figures 1 and 2 are presented to assist QEPs with the risk
stratification of patients with COPD before they initiate PA
or an exercise program.
Evidence of risks and contraindications to exercise in
patients with asthma
The findings of the systematic review for asthma identified
1 single-armed trial of 15 children (mean age of 11 years)
that was specifically designed to determine the safety of exercise in individuals with asthma (Nickerson et al. 1983). This
study reported no fatalities during exercise testing or training
in children with severe asthma who took part in a 6-week
running program. Following outdoor distance running, half
of the 15 subjects repeatedly developed EIB, which in all
cases was successfully reversed with the administration of a
b2-agonist. One child had a drop of 13 mm Hg in transcutaneous oxygen partial pressure during exercise that was associated with a 21% reduction in FEV1 following exercise.
Although it is promising that there were no serious adverse
events reported, some caution is warranted in the interpretation of these findings, as it is not clear whether all children
were optimally medically managed.
Fifty percent of studies reporting adverse events documented a worsening of asthma symptoms or EIB in a least 1
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Table 5. Levels of Evidence from the chronic obstructive pulmonary disease studies that reported exercise-related adverse
events (n = 15).
Level of Evidence
1
1
1
2
2
2
3
3
3
4
4
4

Grade
A
B
C
A
B
C
A
B
C
A
B
C

No. of studies
0
0
0
6
9
0
0
0
0
0
0
0

Proportion
0
0
0
6/15 (40%)
9/15 (60%)
0
0
0
0
0
0
0

Fig. 1. Risk continuum for patients with diagnosed chronic obstructive pulmonary disease. Patients who have been screened and
cleared to exercise are at lower risk of an adverse event if they have
no comorbidities, are free from cardiovascular disease, and are nonhypoxemic at rest or with exertion. The risk of initiating a physical
activity or any exercise program increases with the severity of disease, and if the patient is a smoker, has other risk factors for (or
known) cardiovascular disease, pulmonary, and (or) systemic hypertension and (or) hypoxemia. The level of risk refers to the chance of
a cardiovascular or cerebrovascular event or death.

subject during or following exercise (Fitch et al. 1976;
Bundgaard et al. 1983; Nickerson et al. 1983; Orenstein et
al. 1985; Szentágothai et al. 1987; Freeman et al. 1989;
Girodo et al. 1992; Emtner et al. 1998; Larson et al. 1999;
Neder et al. 1999; van Veldhoven et al. 2001; Counil et al.
2003; Basaran et al. 2006; Silva et al. 2006; Fanelli et al.
2007; Bonsignore et al. 2008). The large majority of these
adverse events appeared to be of minimal severity, as almost
all were associated with either the development of EIB and
(or) asthma symptoms and all were reported to be relieved
following the administration of a bronchodilator. One study
(Svenonius et al. 1983) reported that 12 patients were hospitalized because of their asthma symptoms during the duration
of the study, but it is not clear whether any of these were exercise related. A further 4 studies (2 each) reported asthma
attacks and exacerbations associated with exercise, but these
are difficult to quantify, as the specific number of patients
that these adverse events apply to were not reported. In the 4

studies that recruited patients with severe asthma, only 1
study reported adverse events, and these were all associated
with EIB in 65% of patients. How the severity of airflow obstruction changes the risk of performing exercise independently of the level of asthma control is difficult to interpret
from the available literature. Furthermore, even though 41%
of studies reported excluding patients with uncontrolled
asthma, very few studies actual reported that patients were
optimally controlled. As such, it is likely that a number of
the adverse events reported in these studies are due to suboptimal asthma control.
No cardiovascular contraindications to exercise were reported; however, this is not surprising considering that 22 of
30 studies were performed in children. Eight studies were
performed in adults, with the mean age of individuals in
these studies (31 ± 7 years) being below that traditionally associated with an increased risk of cardiovascular disease
(AHA–ACSM 1998). To date, no investigation has studied
older individuals exclusively with asthma, as these individuals have commonly been included in rehabilitation trials with
patients who have COPD (Cambach et al. 1997; Foglio et al.
1999).
Based on the available literature, there is little direct evidence regarding the risk of exercise in patients with asthma,
and the evidence can only be considered Level 2, Grade B
(Table 6). Nevertheless, based on the best available information generated by this review, it would appear that even
though a number of patients with asthma experienced asthma
symptoms or bronchoconstriction with exercise, when their
asthma was under optimal medical control the risk for patients with all severities of the disease appeared to be low.
Based on the best available information generated by this review and the opinions of the authors, Figs. 3 and 4 are presented to assist QEPs with the risk stratification of patients
with asthma before initiating PA or an exercise program.
Clearing patients with COPD and asthma to perform
exercise using the PAR-Q and PARmed-X
In the 132 studies reviewed in this systematic review, no
study reported using the PAR-Q for screening individuals before they participated in an exercise program. As such, it is
impossible to base any decision on the appropriateness of
the PAR-Q on available evidence. There are a number of possible reasons why the PAR-Q was not used by any study in
this review. First, the PAR-Q is intended for healthy individuals, 15–69 years old, with no known disease. The majority
of individuals included in this review were older and had
known respiratory disease. Second, 54% of all studies used
an incremental exercise test with some objective monitoring
of the patient’s physiological condition, which allowed risk
assessment before the start of an exercise program. Finally,
the 7 questions that make up the PAR-Q are focused on
screening for the presence of cardiovascular disease, musculoskeletal abnormalities, and hypertension. A diagnosis of
respiratory disease is not a question on the current PAR-Q,
and in theory a patient with severe hypoxemia or uncontrolled asthma who has no known cardiovascular disease or
musculoskeletal problem could answer in the negative to all
questions and be cleared for exercise.
Recommendation no. 1: To help identify persons with
respiratory disease (or individuals who may have respiratory
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Fig. 2. Decision tree for the screening of patients with chronic obstructive pulmonary disease before they become more physically active.

disease and not be aware of their condition), questions directly asking whether an individual has a diagnosis of respiratory disease or if they experience adverse respiratory
symptoms during or following exertion (i.e., shortness of

breath, chest tightness, wheeze or cough) should be added to
the PAR-Q (Level 4, Grade C).
A positive answer to these questions would not necessarily
exclude patients from starting PA, but it would allow a QEP
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Table 6. Levels of Evidence from the asthma studies that reported
exercise-related adverse events (n = 15).
Level of Evidence
1
1
1
2
2
2
3
3
3
4
4
4

Grade
A
B
C
A
B
C
A
B
C
A
B
C

No. of studies
0
0
0
7
2
1
2
1
2
0
0
0

Proportion
0
0
0
7/15 (47%)
2/15 (13%)
1/15 (7%)
2/15 (13%)
1/15 (7%)
2/15 (13%)
0
0
0

to assess whether physician clearance and further evaluation
is necessary (Figs. 2 and 4).
Similar to the PAR-Q, no study in this review reported using the PARmed-X for screening of patients with respiratory
disease. The use of such a document may not be considered
necessary in clinical trial research, where commonly at least
1 member of the investigative team is a physician who often
may know a patient’s medical history and (or) can help evaluate a patient’s risk of performing exercise. However, with
more respiratory disease patients being encouraged to perform PA, it is essential that there is a simple, accurate screening tool that can identify individuals at risk from exercise
while minimizing the barriers for lower-risk patients to start
exercising quickly.
The current PARmed-X has no specific absolute or relative
contraindications associated with respiratory disease to make
decisions on the risk of exercise for these patients. Although
no direct evidence was found to support any contraindication
to exercise in either COPD or asthma, the secondary evidence supports the notion that patients with significant hypoxemia (SpO2 < 90%) at rest and (or) exertion, uncontrolled
asthma, and the presence of pulmonary hypertension should
be properly optimally medically managed before starting exercise (Level 4, Grade C) (Tables 5, 6).
The decision trees provided in Figs. 2 and 4 are designed
to help guide some of the decision-making process regarding
patients of any age with a known diagnosis of COPD or
asthma who want to start exercise training or performing a
greater amount of PA. The joint ATS–ERS statement on pulmonary rehabilitation (Nici et al. 2006) states that all patients
with COPD should perform a maximal cardiopulmonary exercise test (which includes continuous ECG monitoring) to
evaluate the patient’s safety before they initiate a rehabilitation program. Considering (i) the secondary evidence of the
prevalence of cardiovascular disease in these patients, (ii) the
known risks of long-term habitual cigarette smoking, (iii) the
higher number of comorbidities associated with COPD, and
(iv) the prevalence of exertional hypoxemia, there is little evidence to reject such a recommendation for patients who want
to start exercising at an intensity above habitual levels. Consequently, we make the following recommendation:
Recommendation no. 2: Persons with known COPD who
want to become more physically active ideally should be
evaluated using a properly supervised incremental cardiopul-

Fig. 3. Risk continuum for patients with asthma. Patients with wellcontrolled asthma have a similar risk of an adverse event as those in
the “healthy” population. Patients with uncontrolled asthma are at a
higher risk of an adverse event from their disease. There is currently
little evidence to comment on how the severity of airflow obstruction may change the risk of exercise to patients with asthma. The
level of risk refers to the increased likelihood of worsening symptoms, hospitalization, or death.

monary exercise test (with ECG monitoring and pulse oximetry) (Level 4, Grade C) (Table 5).
This recommendation is not taken lightly, as it clearly imposes a barrier to patients becoming more physically active
and may involve patients having to pay for the test to be performed. If a patient presents with known cardiovascular disease, then the QEP should appropriately assess the patient
according to the accompanying systematic review on the recommendations for PA clearance in established cardiovascular
disease (Thomas et al. 2011).
In patients with asthma, if the disease is well controlled,
then the risk of exercise with a few disease-specific considerations (see exercise guidelines for patients with asthma) are
likely similar to those for a healthy nonasthmatic individual.
Recommendation no. 3: To reduce the risk of an exerciserelated adverse event, persons with asthma should make sure
that their disease is properly controlled before becoming
more physically active. Persons with poor or partial control
of their asthma should be referred back to their physician before becoming more active (Level 2, Grade A) (Table 6).
Exercise guidelines for patients with COPD
There are considerable data to support the idea that PA of
any kind can have some benefit for reducing exertional
symptoms and improving quality of life in patients with
COPD (Lacasse et al. 2002, 2006; Ries et al. 2007). Current
recommendations suggest that aerobic exercise of a moderate
to high intensity (60%–80% of workload maximum, Wmax)
(Casaburi et al. 1991; Maltais et al. 1997) leads to many positive physiological adaptations, if performed on at least
3 days of the week (Ringbaek et al. 2000; Nici et al. 2006).
However, it should be highlighted that because of ventilatory
limitation occurring in a large number of patients around the
point of respiratory compensation, these intensities are often
more reflective of a percentage of ventilatory threshold than
a workload associated with a true maximal oxygen consumption.
Owing to the large heterogeneity in where ventilatory limitation occurs in patients with COPD, it is difficult to prescribe exercise routinely from a generic prescription for heart
rate reserve or as a percentage of maximal heart rate. A potentially more appropriate way to prescribe exercise in this
Published by NRC Research Press
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Fig. 4. Decision tree for the screening of patients with asthma before they become more physically active.

population is to use symptom rating, as a moderate intensity
can be determined by having patients exercise at dyspnea levels between 4 and 6 on the modified Borg Scale (Borg
1982). However, the QEP must describe the scale in detail
and should be aware of those who are more desensitized to
the sensation of dyspnea or who are less motivated, as in
these individuals this method for gauging exercise intensity
may not be appropriate.
Although higher intensity exercise of a continuous nature
may result in better outcomes for patients with COPD, it can

often reduce adherence because of the adverse exertional
symptoms that accompany it (Maltais et al. 1997). A practical alternative may be interval training, as many studies have
demonstrated that interval training is well tolerated by patients with COPD and results in similar physiological adaptations to a continuous endurance exercise (Coppoolse et al.
1999; Gimenez et al. 2000; Vogiatzis et al. 2002, 2005; Puhan et al. 2006; Arnardóttir et al. 2007). The intermittent nature of interval training allows patients to work at higher
intensities than can normally be achieved, but allows dynamic
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hyperinflation to be reduced during recovery, which gives patients relief from their dyspnea. As a result the average dyspnea reported through an interval training session is lower
(Vogiatzis et al. 2005). Intervals of 30 s to 3 min, working
at 80%–100% Wmax with either complete rest or active recover at 30%–40% Wmax have been shown to be tolerable for
patients with COPD (Coppoolse et al. 1999; Vogiatzis et al.
2002, 2005; Arnardóttir et al. 2007).
As mentioned above, resistance training has also been
shown to be beneficial for patients with COPD. Similar to
interval training, resistance training allows patients to avoid
dyspnea due to the short periods of work being separated by
periods of recovery. As a result, resistance training has been
reported to be well tolerated by patients of all severities
(Simpson et al. 1992; Bernard et al. 1999; Kongsgaard et al.
2004; Arnardóttir et al. 2007; Hoff et al. 2007) and is often
associated with good adherence rates (Phillips et al. 2006).
Resistance exercise of 1–4 sets of 6–12 repetitions at 50%–
80% of 1RM have been shown to be appropriate for patients
with COPD (Simpson et al. 1992; Bernard et al. 1999; Arnardóttir et al. 2006; Phillips et al. 2006). In some patients,
alterations in loading and the type of exercises may be
needed, especially for upper-body exercise, to avoid musculoskeletal injury. Progression to heavy resistance exercises
(>80% of 1RM), especially for the lower extremities, may
also produce greater benefits for some individuals (Phillips
et al. 2006; Hoff et al. 2007).
Exercise guidelines for patients with asthma
When controlled, patients with asthma are not often ventilatory-limited and can achieve similar types, intensities, and
durations of exercise as their age-matched peers. Subsequently, exercise of any type can be prescribed depending on
the desired goal of exercise. In general, exercise prescription
for patients with asthma who are participating in exercise for
general health can follow guidelines supplied by the American College of Sports Medicine, which recommends exercise
of 20–60 min duration at 55%–90% of maximum heart rate
on 3–5 days per week (Pollock et al. 1998). Exercise of
higher intensities, frequencies, and durations are also applicable to individuals who want to improve their physical fitness
or want to participate in sporting competition. A number of
studies included in this review have demonstrated that aerobic exercise of intensities associated with the ventilatory
threshold or higher are well tolerated in patients with asthma
and can result in considerable improvement in maximal oxygen consumption (Cochrane and Clark 1990; Varray et al.
1991; Ahmaidi et al. 1993; Matsumoto et al. 1999; Counil et
al. 2003; Fanelli et al. 2007). For individuals who may have
developed more fixed airway obstruction, the recommendations provided above for patients with COPD are probably
more realistic and would result in similar benefits for these
patients.
Even though all types and intensities of exercise appear to
be appropriate for individuals with well-controlled asthma, a
number of special considerations are recommended for individuals wanting to perform exercise (Miller et al. 2005). For
individuals who develop EIB and (or) asthma-like symptoms
with exercise, a rapid-acting b2-agonist (salbutamol, formoterol, terbutaline) should be taken before exercise. Individuals
with asthma should also incorporate a progressive warmup
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and should try and avoid exercising in the excessive cold or
environments with known asthma triggers.
Areas of research requiring additional evidence
From the current review, a number of important areas can
be identified where there is a need for future investigation.
(i) There is an need for well-designed trials that can better
identify the specific risk of exercise for individuals with respiratory disease, including COPD and asthma, to clearly
guide the PA screening and clearance process. With these
data it may be feasible to design more economical and practical evaluation procedures, especially for COPD patients, to
provide clearance to lower-risk patients to initiate PA and exercise programs safely. (ii) The limited data in this area also
necessitate that patients with mild to very severe COPD who
want to start exercising are treated in a similar fashion for the
PA screening process. Intuitively, patients with milder disease
would seem at lower risk of exercise-related complications (i.
e., exercise-induced arterial desaturation and pulmonary arterial hypertension), but this group is still at risk of associated
underlying cardiovascular disease. Consequently, there is a
need for research that documents the risk of performing exercise in patients with a variety of disease severities. (iii) Similarly, in individuals with asthma, research is needed to better
understand the risk of exercise in controlled patients with different severities of airflow obstruction. In addition, as more
asthma phenotypes are identified, studies are needed to determine the benefits and risks of exercise in these specific subgroups of patients. (iv) Finally, although the benefits of PA
and exercise are well documented for both asthma and
COPD, research needs to determine more optimal exercise
prescriptions to maximize the benefits of exercise for disease
modification in both these populations.
Summary
The findings of this systematic review demonstrate that
there is little direct evidence regarding the risk of exercise in
patients with COPD or asthma. However, secondary evidence
supports that with the appropriate screening of patients with
respiratory disease, the benefits of exercise appear to outweigh the risk and can help a patient to manage their disease
and live a healthy life.
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