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Abstract
Background: Regular physical activity increases physical fitness and lowers ventilation during
mild and moderate exercise thereby reducing the likelihood of provoking exercise-induced asthma.
Regular exercise may also reduce the perception of breathlessness through a number of mechanisms
including strengthening respiratory muscles. Subjectively, many asthmatics report that they are
symptomatically better when fit, but results from trials have varied and have been diﬃcult to compare
because of different designs and training protocols.
Objectives: To assess evidence for the eﬃcacy and effectiveness of regular physical training in
patients with asthma. We searched the Cochrane database, Medline, Sportdiscus and Science citation
index. Randomised trials in asthmatic patients undertaking regular physical training aged 7 years and
older were considered for inclusion. Regular physical training had to involve at least 20 minutes, 2 to 3
times a week, over a minimum of four weeks.
Results: Eight studies could be included in this review. Physical exercise had no effect on resting
lung function or the number of days of wheeze. Physical exercise improved cardiopulmonary fitness
as measured by an increase in maximum oxygen uptake of 4.9 ml/kg/min (95% confidence interval 3.9
to 5.8). Regular exercise did not decrease any lung function measures. There were no data concerning
quality of life measurements.
Conclusion: In patients with asthma, pulmonary rehabilitation using regular exercise improves
cardiopulmonary fitness without changing lung function. There is no reason to withhold regular
physical exercise in patients with asthma for the fear of deteriorating lung function. It is not known
whether improved fitness is translated into improved quality of life.

Introduction
The diagnosis of asthma in majority of cases is based on
patient symptoms of intermittent wheeze, chest tightness and
response to bronchodilator medication. However, it is not as
simple to define asthma, mainly due to our poor understanding
of its causes. Asthma is defined by three characteristics:
bronchial hyper-responsiveness, reversible airway obstruction
and inflammation. Early definitions of asthma included
the presence of airways obstruction that could reverse
spontaneously or with treatment, and also the increased
narrowing of the airways to stimuli (e.g. histamine, cold air,
exercise, viral upper respiratory infection, cigarette smoke or
respiratory allergens) causing bronchial hyper-responsiveness.
Management of asthma has been enhanced by the recognition
that the airways sub-mucosa of patients with asthma are

chronically inflamed with a typical inflammatory infiltrate, and
that inflammatory processes are important in causing the main
characteristics of asthma of airways obstruction and bronchial
hyper-responsiveness. As a result of inflammation the airways
are hyper-responsive and they narrow easily in response to a
wide range of stimuli. This may result in coughing, wheezing,
chest tightness and shortness of breath with symptoms often
worse at night. Narrowing of the airways is usually reversible
with appropriate pharmacological intervention, but in patients
with chronic inflammatory condition it leads to irreversible
airflow obstruction [1-3]. Characteristic pathology of asthmatic
airways displays lung hyperinflation, smooth muscle
hypertrophy, mucosal edema, lamina thickening, epithelial
cell sloughing, cilia disruption and mucus hyper-secretion. Its
pathology is further characterized by the presence of increased
numbers of eosinophils, neutrophils, lymphocytes, and plasma
cells in the bronchial tissues, bronchial secretions, and mucus.
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Prevalence and severity of asthma is increasing and no
one doubts that the cause of this increase is due to multitude
of factors. However, there is a growing body of evidence that
implicates lifestyle changes, specifically decreased physical
activity as the single most important contributor to the
increase in asthma prevalence and severity, seen globally.
There has been a steady decrease in the levels of physical
activity of adults and children over the years and this decrease
corresponds in time course to the increased prevalence of
asthma [4-6]. Furthermore, most studies have shown that
asthmatic subjects have a lower aerobic fitness level than
their non-asthmatic peers and that this limited fitness level
in asthmatic subjects seems not to be related to their degree
of airway obstruction but rather to their decreased levels of
habitual activity [7]. Exercise has long been recognized as a
possible method of improving subjective and objective asthma
indices even though there is the potential for exercise-induced
asthma (EIA) while undertaking physical activity. However, it
has been well documented that the incidence of EIA after proper
medical (and pharmacological) prophylaxis is extremely low
[8] and the benefits and safety of exercise in asthmatic subjects
have been well demonstrated [7-9].
People with asthma have a unique response to exercise. In
some, exercise can provoke an increase in airways resistance
leading to EIA but regular exercise is also considered to be
useful in the management of asthma, especially in children
and adolescents [10]. However, the fear of inducing an episode
of breathlessness inhibits many people from taking part in
exercise. A low level of regular exercise leads to a low level
of physical fitness, so it is not surprising that a number of
studies [7-11] have found that patients with asthma have lower
cardiorespiratory fitness than their peers although not every
study has reported this finding [12].
Exercise programs have been designed for people with asthma
with the aim of improving physical fitness, neuromuscular coordination and self-confidence. Anecdotally, many patients
report that they are symptomatically better when fit, but
the physiological basis of this perceived benefit has not been
consistently shown in studies published to date. A possible
mechanism is that an increase in regular exercise of sufficient
intensity to increase aerobic fitness will raise the ventilatory
threshold thereby lowering the minute ventilation during mild
and moderate exercise. Consequently, breathlessness and the
likelihood of provoking EIA will both be reduced. Exercise
training may also reduce the perception of breathlessness
through other mechanisms including strengthening of the
respiratory muscles.
A systematic review was undertaken to gain a better
understanding of the effects of regular exercise on the health
of people with asthma. The systematic review focused on the
effects of exercise on resting pulmonary function, aerobic
fitness, clinical status and quality of life in people with
asthma. With this systematic review explicit criteria were
used to elect studies for inclusion and to assess their quality.
Various electronic medical databases were searched for studies
from their date of inception till November 2016. The reference

lists of all studies obtained were reviewed to identify trials
not captured by electronic and manual searches. In addition,
authors of included studies were contacted when required for
additional information or clarification and for any ongoing
studies. This systematic review was originally published
electronically [13] in 2000 on the Cochrane Library and has
since been updated to encompass literature search up to and
including November 2016.

Objectives
This systematic review was undertaken to gain a better
understanding of the effects of regular exercise on the health
of patients with asthma. The objective was to assess evidence
from high quality randomized controlled clinical trials (RCTs)
of the effects of regular exercise in the management of asthma.

Methods
Types of studies and participants
Only studies that involved subjects with asthma who
were randomized to regular exercise (intervention group) or
no exercise (control group) were selected. Subjects had to be
aged 7 years and older and their asthma had to be diagnosed
by a physician or by the use of objective criteria – for example
bronchodilator reversibility. Subjects with any degree of
asthma severity were included. To qualify for inclusion regular
exercise had to include whole body aerobic exercise for at least
20 minutes, two or more times a week, for a minimum of four
weeks.

Literature search and study identification
The following terms were used to search for studies:
asthma* AND (work capacity OR physical activity OR training
OR rehabilitation OR physical fitness). The Cochrane Trials
Database, CENTRAL, (November 2016) was searched for studies.
Additional searches were carried out on Medline (1966–2016),
Embase (1980–2016), SPORTDiscus (1949–2016), Current
contents index (1995–2016) and Science Citation Index (1995–
2016). The reference lists of all the papers that were obtained
were reviewed to identify trials not captured by electronic and
manual searches. Abstracts were reviewed without language
restriction. When more data were required for the systematic
review, authors of the study were contacted requesting
additional information or clarification.

Data extraction, analysis and study quality assessment
Following outcome measures were searched for:

•

bronchodilator usage, episodes of wheeze

•

symptoms (recorded in daily diary cards)

•

exercise endurance

•

work capacity

•

walking distance

•

quality of life
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•
−

physiological
following:

measurements

which

included

the

PEFR: peak expiratory flow rate, FEV1: forced expiratory
volume in one second, FVC: forced vital capacity, VO2max:
maximum oxygen consumption or uptake, VEmax:
maximum exercise ventilation, HRmax: maximum heart
rate, MVV: maximum voluntary ventilation.

Two reviewers (EMM and FSFR) assessed the trials for
inclusion by only looking at the methods section of each paper
without reading the results of the study or conclusions [14]. Each
reviewer independently applied written inclusion/exclusion
criteria to the methods section of each study. Disagreement
about inclusion of a study was resolved whenever possible
by consensus and an independent person was consulted if
disagreement persisted. All trials that appeared potentially
relevant were assessed, and if appropriate were included in the
review.
The methodological quality of the included trials was
assessed with particular emphasis on treatment allocation
concealment, which was ranked using the following Cochrane
Collaboration approach:
•

Grade A: Adequate concealment

•

Grade B: Uncertain

•

Grade C: Clearly inadequate concealment

•

Grade D: Not used (no attempt at concealment).

Two reviewers independently extracted data from the
trials. The trials were combined for meta-analysis using
Review Manager 5.3.5 [15]. Fixed effect model was used for
statistical analysis. The outcomes of interest in this review were
continuous data. Data from each of the continuous outcomes
were analyzed as weighted mean difference (WMD) with 95 per
cent confidence intervals (95%CI).

Using the Cochrane approach for allocation concealment, the
trials reporting method of allocation (using coded random
numbers and drawing lots) were graded ‘A’ and all other trials
included in this review were allocated a grade ‘B’ indicating
that there was uncertainty as to the method of treatment
allocation used by the authors in their trials. All outcomes
were graded according to the quality of evidence obtained. This
was based on the number and size of trial(s) contributing data
towards any particular outcome. Table 1 lists details for each
outcome measure.
“A” grade level of evidence (randomized controlled trials
only) has been shown in this review which has been graded
as shown below. Arbitrarily, the following cut-off points for
study size have been used; large study ≥60 patients per study;
moderate study >40 patients per study; small study <40
patients in each study.
* A1: evidence from two or more large sized RCTs
A2: evidence from at least one large sized RCT
A3: evidence from two or more moderate sized RCTs
A4: evidence from at least one moderate sized RCT
A5: evidence from two or more small sized RCTs
A6: evidence from at least one small sized RCT
Figure 1 shows the effect of regular physical exercise on
VO2max. The output from the statistical software used (RevMan
5.3.5) shows the mean and standard deviation for the exercise/
training group and the control group (no exercise) for each of
the nine studies where VO2max was measured. On the right
hand side of Figure 1 the weighted mean difference (WMD) is
shown. This is the difference between the exercise and control
groups, weighted according to the precision of the study in
estimating the effect (precision is calculated as the inverse of
the variance). This method assumes that all of the trials have

Results

measured the outcome on the same scale and that for each study

The electronic search yielded 1,964 potential studies: 184
references were found in Embase, 708 in Medline/PubMed, 86
in SPORT Discus and 843 from the Cochrane Trials Database.
An additional 143 references were added from bibliographic
searching of relevant articles. Of a total of 1,964 abstracts, only
126 dealt with physical training in asthma. The full text of each
of the 126 papers was obtained and translated where necessary
(one each from French and German). Sixty-eight studies were
excluded as they were not relevant to the topic being reviewed,
leaving 58 studies for potential inclusion in the review. Upon
closer examination of the study methodology a further 34
studies were excluded (mostly due to not being an RCT) and the
remaining 24 were included in this systematic review [16-38].

control and experimental groups. Where the WMD lies to the

Corresponding authors of included studies were contacted
to clarify areas of uncertainty. Most of the trials did not
describe the method of randomisation and did not make any
references to allocation concealment (blinding). All trials
mentioned that subject allocation was carried out randomly.

the baseline VO2max was not significantly different between
right of the line of zero effect, it favours regular exercise. If
the 95 per cent confidence interval (represented by horizontal
black lines) does not cross the line of zero effect, the result is

Table 1: Summarising the evidence.
Outcome
measure

Results

Level of
evidence

PEFR

5 RCTs, two moderate and three of small size

A3

FEV1

11 RCTs, three of large size, six of moderate size
and two of small size

A1

FVC

9 RCTs, , three of larg e size, two of moderate size
and four of small size

A1

VEmax

5 RCTs, one of large size, two of moderate size and
two of small size

A2

VO2max

9 RCTs, one of large size, one of moderate size and
seven of small size

A2

HRmax

2 RCTs two of small size

A5
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statistically significant. The overall weighted mean difference
(95 per cent confidence interval) for the nine studies was 4.91
ml.kg-1min-1 (3.98 to 5.84), represented by the diamond at
the bottom of the figure – i.e. regular exercise resulted in an
increase in VO2max of 4.91 ml.kg-1min-1.
The Chi2 value (12.49) gives an indication of the
heterogeneity of the studies. The test of heterogeneity shows

Table 2: Overall result for each outcome.
Outcome
measure
VO2 (ml/
max
kg/min)

Weighted mean 95% confidence Number of studies contributing
difference
interval
to outcome (total participants)
4.91

3.98 to 5.84

9 (279)

FEV1 (l)

0·02

-0·06 to 0·10

11 (756)

FVC (l)

0·03

-0·08 to 0·15

9 (674)

whether or not the differences in the results of the nine studies

VE

(l/min)

3.08

-0.63 to 6.79

5 (200)

are greater than would be expected by chance. In this instance
the Chi2 value has to be greater than 15.51 (critical value of

PEFR (l/min)

-6.46

-27.57 to 14.65

5 (161)

HRmax (bpm)

3.67

0.90 to 6.44

2 (34)

chi2 with 8 degrees of freedom and  = 0·05) before the studies

VO2max, maximum oxygen consumption or uptake; FEV1, forced expiratory
volume in one second; FVC, forced vital capacity; VE , maximum expiratory
max
flow; PEFR, peak expiratory flow rate; HR , maximum heart rate.

would be considered heterogeneous. For the VO2max outcome
measure it is 12.49 and therefore it can be concluded that

max

max

the RCTs contributing to this particular outcome were not
heterogeneous. This is also denoted by the p value of 0.13 (i.e.
heterogeneity being non-significant). The Z statistic (10.33)
indicates the level of significance of the overall result (with p
< 0.00001).
Table 2 provides a summary of the overall results. The
overall WMD is shown for each outcome measure along with
the 95 per cent confidence intervals.
Regular exercise led to a significant increase in VO2max (9
studies) and showed a trend towards improving VE

max

with

five studies (Figure 2). Six minute walk distance was reported
by one study [32] which improved significantly with regular
exercise. However, regular exercise did not change FEV1, FVC
or PEFR (Figures 3-5). Heart rate showed slight increase (3.67
bpm) with regular exercise.
No usable data were available for the following outcome
measures: maximum voluntary ventilation, bronchodilator
use, symptom diary scores, exercise endurance, work capacity,
quality of life or walking distance. There were insufficient
studies to justify subgroup analysis by gender, age or exercise
intensity.

Discussion
The clearest finding of this meta-analysis was that aerobic
power (VO2max) significantly increased with regular exercise.
This shows that the response of subjects with asthma to regular
exercise is similar to that of healthy people [39] and therefore
presumably the benefits of an increase in cardiorespiratory

fitness are also accessible to them. In addition, VEmax also
showed an increase with regular exercise, although the overall
result was not statistically significant it is consistent with the
observation that VO2max increased. Further studies would likely
confirm the increase in VEmax seen with regular exercise.
This review also showed convincingly that resting lung
function does not change with regular exercise. This is not
surprising since there is no obvious reason why regular exercise
should improve PEFR, FEV or FVC. It seems that any benefits
1
of regular exercise in patients with asthma are unrelated to
effects on lung function. On the other hand, evidence from
this review suggests that regular exercise does not have any
detrimental effect on lung function. This is reassuring for
the continued promotion of exercise prescription by health
professionals [40].
One study [32] reported both 6MWD and quality of life,
both of which improved significantly with regular exercise.
However, as only one study to date has reported these outcomes
further studies are required to confirm these findings, prior to
any conclusions being drawn on the benefits of regular exercise
on these outcome measures.
Typically physical training has no effect or slightly reduces
the maximum heart rate whereas maximum stroke volume, and
thus maximum cardiac output improves [41,42]. In the studies
that were included in this review [16-35], HR
increased after
max
physical training. This suggests that cardiac factors did not limit
maximum exercise capacity prior to training. Breathlessness

Figure 1: Details of VO2max (ml/kg/min) outcome.
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Figure 2: Details of VEmax (l/min) outcome. Although the solid diamond is situated on the right hand side of the line of no effect (favoring exercise/training indicating that
regular exercise increases VEmax), it does cross the line of no effect implying that the overall effect in not statistically significant.

Figure 3: Details of FEV1 (l/min) outcome. The solid diamond crosses the line of no effect therefore indicating that physical training does not alter
FEV1.

Figure 4: Details of FVC (l) outcome. The solid diamond crosses the line of no effect therefore indicating that physical training does not alter FVC.

or some other non-cardiac factor may have terminated the
baseline tests before a true HR
was achieved. The higher
max
heart rate following regular exercise may reflect the ability
of subjects to exercise for longer. An alternative explanation,
which is improbable, is that the medication taken to prevent
EIA caused the increased HR . Inhaled beta agonists can raise
max
heart rate above resting levels but prophylactic medication

was not changed during the study period and there is no
evidence that physical training alters the cardiac response to
beta-agonists. The significance of the effect of these agents
on heart rate lies in their alteration of the workload-heart rate
relationship and the possible consequences of this for exercise
prescription based on heart rate.
005
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Figure 5: Details of PEFR (l/min) outcome. The solid diamond crosses the line of no effect indicating that physical training does not significantly alter PEFR in patients
with asthma.

Unfortunately, there were no data available on a number
of outcome measures of interest for this review, the list
included exercise endurance (as distinct from VO2max), diary
symptoms (other than frequency of wheeze), quality of life and
bronchodilator use. This review has revealed an important gap
in our knowledge about the effects of regular exercise in the
management of asthma. There is, however, evidence from one
study [43] which was excluded from this review, suggesting
that regular exercise may improve these outcomes. The study
by Cambach et al., [43], included subjects with asthma, but was
not included in our review because they also received education
about their disease and breathing retraining. This means that
any benefit could not be ascribed solely to regular physical
exercise. Nonetheless, the intervention resulted in significant
improvements in exercise endurance time and the total score
for the Chronic Respiratory Disease Questionnaire increased by
17 points compared to the control group. In subjects with COPD,
pulmonary rehabilitation does not lead to an improvement
in these parameters unless the subjects undertake regular
exercise training [44] and the same may be true of asthma. A
study from Brazil [45], allocated children to physical exercise
or a control group. The study was not included in the review
because the allocation of the subjects was not truly random,
but it did find that regular physical exercise led to significant
reductions in the use of both inhaled and oral steroids.
Although there are a number of pitfalls in conducting
a systematic review (e.g. incomplete electronic databases,
bias in selection of relevant studies and quality of included
studies), we believe these were adequately dealt with the
methodology employed. Hand searching of journals was used
including reference check of all studies obtained, two reviewers
independently reviewed all studies obtained for inclusion and
the review was restricted to randomized controlled trials only,
thus eliminating a substantial source of lower quality study
data. Another potential weakness of this review is the small
number of subjects included. However, the studies which
measured VO2max were not heterogeneous and all studies
showed a similar effect which was statistically significant (p
< 0.00001).

Conclusion
This review has shown that aerobic power and ventilation
improves following regular exercise in patients with asthma.
The evidence included in this review suggests that a minimum

of 20 minutes of exercise, two or more times a week will lead
to improvement in cardiorespiratory fitness in patients with
asthma providing the same level of benefit afforded to people
who do not have asthma. This appears to be a normal training
effect and is not due to an improvement in resting lung function.
Examples of regular exercise that provided this benefit included
whole body aerobic exercise (for example, running or jogging,
gymnastics, basketball, cycling and swimming).
What is also clear from the evidence included in this review
is that regular exercise should not be limited due to perceived
(and unsubstantiated) limitations of asthma. Fear of inducing
an episode of breathlessness inhibits many asthmatic patients
from taking part in exercise. However, we found no evidence
of any detrimental effect on lung function, deterioration or
worsening symptoms in asthmatic patients included in this
review. There is no reason to withhold regular physical exercise
in patients with asthma. Therefore, it is recommended that all
patients with asthma should participate in regular exercise
without the fear of asthma inhibiting their participation. This
will not only improve asthma management but also provide
associated general health benefits.
There still remains a need for further trials for assessment
of the role of exercise in the management of asthma. It is
particularly important to determine whether the improved
exercise performance that follows regular exercise is translated
into fewer symptoms and an improvement in quality of life.
Further studies are required to confirm the improvements seen
in this systematic review especially symptoms and quality of
life.

References
1. Chung KF, Adcock IM (2001) Pathophysiological mechanisms of asthma.
Application of cell and molecular biology techniques. Mol Biotechnol 18: 21332. Link: https://goo.gl/Rh09ri
2. Cressy DS, DeBoisblanc BP (1998) Diagnosis and management of asthma:
a summary of the National Asthma Education and Prevention Program
guidelines. National Institutes of Health. J La State Med Soc 150: 611-617.
Link: https://goo.gl/64lsFM
3. Foggs MB (2008) Guidelines management of asthma in a busy urban
practice. Curr Opin Pulm Med 14: 46-56. Link: https://goo.gl/etl6H4
4. Firrincieli V, Keller A, Ehrensberger R, Platts-Mills J, Shuﬄebarger C, et al.
(2005) Decreased physical activity among Head Start children with a history

006
Citation: McDonald EM, Ram FSF (2017) Pulmonary Rehabilitation Using Regular Physical Exercise for the Management of Patients with Asthma. J Nov Physiother
Phys Rehabil 4(1): 001-008. DOI: http://doi.org/10.17352/2455-5487.000038

McDonald and Ram (2017)

of wheezing: use of an accelerometer to measure activity. Pediatr Pulmonol
40: 57-63. Link: https://goo.gl/KFo31e
5. Huovinen E, Kaprio J, Laitinen LA, Koskenvuo M (2001) Social predictors
of adult asthma: a co-twin case-control study. Thorax 56: 234-236. Link:
https://goo.gl/KFo31e
6. Rasmussen F, Lambrechtsen J, Siersted HC, Hansen HS, Hansen NC (2000)
Low physical fitness in childhood is associated with the development of
asthma in young adulthood: the Odense schoolchild study. Eur Respir J 16:
866-870. Link: https://goo.gl/LYVwwY
7. Clark CJ, Cochrane LM (1988) Assessment of work performance in asthma
for determination of cardiorespiratory fitness and training capacity. Thorax
43: 745-749. Link: https://goo.gl/QRu7k2
8. Orenstein DM (2002) Pulmonary problems and management concerns in
youth sports. Pediatr Clin North Am 49: 709-21. Link: https://goo.gl/xITUsX
9. Satta A (2000) Exercise training in asthma. J Sports Med Phys Fitness 40:
277-283. Link: https://goo.gl/cJE7Yo
10. Orenstein DM (1996) The Child and the Adolescent Athlete. In: BarOr O, editor. Asthma and Sports. London: Blackwell 433-454. Link:
https://goo.gl/9f63EG
11. Garfinkel S, Kesten S, Chapman K, Rebuck AS (1992) Physiologic and
nonphysiologic determinants of aerobic fitness in mild to moderate asthma.
Am Rev Respir Dis 145: 741-745. Link: https://goo.gl/k2JKKw
12. Santuz P, Baraldi E, Filippone M, Zacchello F (1997) Exercise performance in
children with asthma: is it different from that of healthy controls? Eur Respir
J 10: 1254-1260. Link: https://goo.gl/t2cXRa
13. Ram FS, Robinson SM, Black PN (2000) Physical training for asthma.
Cochrane Database Syst Rev CD001116. Link: https://goo.gl/ZnsWAw
14. Oxman AD, Cook DJ, Guyatt GH (1994) Users’ guides to the medical literature.
VI. How to use an overview. Evidence-Based Medicine Working Group. JAMA
17: 1367-1371. Link: https://goo.gl/iMBfWG

23. Gonçalves RC, Nunes MP, Cukier A, Stelmach R, Martins MA, et al.
(2008) Effects of an aerobic physical training program on psychosocial
characteristics, qualityof-life, symptoms and exhaled nitric oxide in
individuals with moderate or severe persistent asthma [Efeito de um
programa de condicionamento físico aeróbio nos aspectos psicossociais, na
qualidade de vida, nos sintomas e no óxido nítrico exalado de portadores de
asma persistente moderada ou grave]. Revista Brasileira de Fisioterapia 12:
127-135. Link: https://goo.gl/cGzdjF
24. King M, Noakes T, Weinberg E (1989) Physiological effects of a physical
training program in children with exercise-induced asthma. Pediatric Exercise
Science 1: 137-144. Link: https://goo.gl/hOj24u
25. Ma J, Strub P, Xiao L, Lavori PW, Camargo CA, Jr., et al. (2015) Behavioral
weight loss and physical activity intervention in obese adults with asthma. A
randomized trial. Ann Am Thorac Soc 12: 1-11. Link: https://goo.gl/Om7rGV
26. I, Araki H, Tsuda K, Odajima H, Nishima S, et al. (1999) Effects of swimming
training on aerobic capacity and exercise induced bronchoconstriction
in children with bronchial asthma. Thorax 54: 196-201. Link:
https://goo.gl/bB73iC
27. Mendes FA, Almeida FM, Cukier A, Stelmach R, Jacob-Filho W, et al. (2011)
Effects of aerobic training on airway inflammation in asthmatic patients.
Med Sci Sports Exerc 43: 197-203. Link: https://goo.gl/8mqRBb
28. Mendes FA, Goncalves RC, Nunes MP, Saraiva-Romanholo BM, Cukier A, et al.
(2010) Effects of aerobic training on psychosocial morbidity and symptoms
in patients with asthma: a randomized clinical trial. Chest 138: 331-337. Link:
https://goo.gl/PWCpXD
29. Moreira A, Delgado L, Haahtela T, Fonseca J, Moreira P, et al. (2008) Physical
training does not increase allergic inflammation in asthmatic children. Eur
Respir J 32: 1570-1575. Link: https://goo.gl/FPEhwd
30. Silva CS, Torres LA, Rahal A, Terra Filho J, Vianna EO (2006) Comparison of
morning and afternoon exercise training for asthmatic children. Braz J Med
Biol Res 39: 71-78. Link: https://goo.gl/gUckjt

15. Review Manager (2014) (RevMan) [program]. 5.3.5 for Windows version.
Copenhagen.

31. Swann IL, Hanson CA (1983) Double-blind prospective study of the effect of
physical training on childhood asthma. In: Oseid S, Edwards A, editors. The
asthmatic child – In play and sport. London: Pitman Books Limited 318-325.

16. Ahmaidi S, Hardy JM, Varray A, Collomp K, Mercier J, et al. (1993) Respiratory
gas exchange indices used to detect the blood lactate accumulation
threshold during an incremental exercise test in young athletes. Eur J Appl
Physiol Occup Physiol 66: 31-36. Link: https://goo.gl/8AmF5T

32. Turner S, Eastwood P, Cook A, Jenkins S (2001) Improvements in
symptoms and quality of life following exercise training in older adults
with moderate/severe persistent asthma. Respiration 81: 302-310. Link:
https://goo.gl/3txkye

17. Boyd A, Yang CT, Estell K, Ms CT, Gerald LB, et al. (2012) Feasibility of
exercising adults with asthma: a randomized pilot study. Allergy Asthma Clin
Immunol 8: 13. Link: https://goo.gl/0JMqNn

33. van Veldhoven NHM, Vermeer A, Bogaard JM, Hessels MG, Wijnroks L, et al.
(2001) Children with asthma and physical exercise: effects of an exercise
programme. Clinical Rehabilitation 15: 360-370. Link: https://goo.gl/83hWMi

18. Cochrane LM, Clark CJ (1990) Benefits and problems of a physical
training programme for asthmatic patients. Thorax 45: 345-351. Link:
https://goo.gl/r9A6ku

34. Varray AL, Mercier JG, Prefaut CG (1995) Individualized training reduces
excessive exercise hyperventilation in asthmatics. Int J Rehabil Res 18: 297312. Link: https://goo.gl/514CgT

19. Fanelli A, Cabral AL, Neder JA, Martins MA, Carvalho CR (2007) Exercise
training on disease control and quality of life in asthmatic children. Med Sci
Sports Exerc 39: 1474-1480. Link: https://goo.gl/SQul7X

35. Varray AL, Mercier JG, Terral CM, Prefaut CG (1991) Individualized aerobic
and high intensity training for asthmatic children in an exercise readaptation
program. Is training always helpful for better adaptation to exercise? Chest
99: 579-586. Link:© https://goo.gl/4zS8kN

20. Farid R, Azad FJ, Atri AE, Rahimi MB, Khaledan A, et al. (2005) Effect of
aerobic exercise training on pulmonary function and tolerance of activity
in asthmatic patients. Iran J Allergy Asthma Immunol 4: 133-138. Link:
https://goo.gl/skMHHG
21. Franca-Pinto A, Mendes FA, de Carvalho-Pinto RM, Agondi RC, Cukier A,
et al. (2015) Aerobic training decreases bronchial hyperresponsiveness
and systemic inflammation in patients with moderate or severe asthma: a
randomised controlled trial. Thorax 70: 732-739. Link: https://goo.gl/wnHrv7
22. Girodo M, Ekstrand KA, Metivier GJ (1992) Deep diaphragmatic breathing:
rehabilitation exercises for the asthmatic patient. Arch Phys Med Rehabil 73:
717-720. Link: https://goo.gl/9nJc4Z

36. Wang JS, Hung WP (2009) The effects of a swimming intervention for
children with asthma. Respirology 14: 838-842. Link: https://goo.gl/9DYQfH
37. Weisgerber MC, Guill M, Weisgerber JM, Butler H (2003) Benefits of
swimming in asthma: effect of a session of swimming lessons on symptoms
and PFTs with review of the literature. J Asthma 40: 453-464. Link:
https://goo.gl/ZvGSWn
38. Wicher IB, Ribeiro MA, Marmo DB, Santos CI, Toro AA, et al. (2010) Effects of
swimming on spirometric parameters and bronchial hyperresponsiveness in
children and adolescents with moderate persistent atopic asthma. J Pediatr
(Rio J) 86: 384-390. Link: https://goo.gl/RwClb4

007
Citation: McDonald EM, Ram FSF (2017) Pulmonary Rehabilitation Using Regular Physical Exercise for the Management of Patients with Asthma. J Nov Physiother
Phys Rehabil 4(1): 001-008. DOI: http://doi.org/10.17352/2455-5487.000038

McDonald and Ram (2017)

39. Robinson DM, Egglestone DM, Hill PM, Rea HH, Richards GN, et al. (1992)
Effects of a physical conditioning programme on asthmatic patients. N Z
Med J 105: 253-266. Link: https://goo.gl/ECMi9y
40. Chakravarthy MV, Joyner MJ, Booth FW (2002) An obligation for primary
care physicians to prescribe physical activity to sedentary patients to reduce
the risk of chronic health conditions. Mayo Clin Proc 77: 165-173. Link:
https://goo.gl/BysEYD
41. Brooks GA, Fahey TD, White TP (1996) Exercise physiology: Human
bioenergetics and its applications. Mountain View, Canada: Mayfield
Publishing Co. Link: https://goo.gl/lni2IG
42. Haas F, Pasierski S, Levine N, Bishop M, Axen K, et al. (1987) Effect of aerobic
training on forced expiratory airflow in exercising asthmatic humans. J Appl
Physiol 63: 1230-1235. Link: https://goo.gl/8qYJIL

43. Cambach W, Chadwick-Straver RV, Wagenaar RC, van Keimpema AR, Kemper
HC (1997) The effects of a community-based pulmonary rehabilitation
programme on exercise tolerance and quality of life: a randomized controlled
trial. Eur Respir J 10: 104-113. Link: https://goo.gl/9KTMTZ
44. Ries AL, Kaplan RM, Limberg TM, Prewitt LM (1995) Effects of pulmonary
rehabilitation on physiologic and psychosocial outcomes in patients with
chronic obstructive pulmonary disease. Ann Intern Med 122: 823-832. Link:
https://goo.gl/3ZGQdC
45. Neder JA, Nery LE, Silva AC, Cabral AL, Fernandes AL (1999) Short-term
effects of aerobic training in the clinical management of moderate to severe
asthma in children. Thorax 54: 202-206. Link: https://goo.gl/3fgg5O

Copyright: © 2017 Kullich W, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and r eproduction in any medium, provided the original author and source are credited.

008
Citation: McDonald EM, Ram FSF (2017) Pulmonary Rehabilitation Using Regular Physical Exercise for the Management of Patients with Asthma. J Nov Physiother
Phys Rehabil 4(1): 001-008. DOI: http://doi.org/10.17352/2455-5487.000038

