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Abstract: Objective: Our aim was to investigate the role of appropriate physical training in relieving clinical symp-
toms of pediatric asthma. Methods: Databases of PubMed, EMBASE, and Cochrane Library were searched using 
keywords and citation information for collecting potential studies. Reviews were also checked for retrieving some 
relevant data (studies from January 1st, 1990, to June 30th, 2017, with no language restriction). Two reviewers 
independently selected randomized controlled trials (RCTs) regarding the effects of physical training on pediatric 
asthma, according to the inclusion and exclusion criteria, and assessed the quality of papers by using Cochrane’s 
risk of bias assessment tool. The main outcome measures consisted of forced expiratory volume in one second 
(FEV1), forced vital capacity (FVC), peak expiratory flow (PEF), incidence of bronchial hyperresponsiveness (BHR), 
incidence of exercise-induced bronchoconstriction (EIB), and endurance. RevMan 5.2 software was applied for 
meta-analysis with either the fixed effects model or random effects model. Categorical data were presented as risk 
ratios (RRs) while the measurement data were presented as standardized mean difference (SMD) with 95% confi-
dence interval (CI). Results: A total of nine RCTs were included in the present study, involving 881 cases of pediatric 
asthma. Results of the meta-analysis showed that patients who received appropriate physical training experienced 
better improvements in the following indices than those who didn’t: PEF (pooled SMD=1.50, 95% CI: (0.90, 2.10), 
P<0.00001), incidence of BHR (pooled RR 0.60, 95% CI: 0.43-0.84, P=0.003), incidence of EIB (pooled RR 0.38, 
95% CI: 0.21-0.68, P=0.001), and endurance (pooled SMD=7.86, 95% CI: (7.29, 8.43), P<0.0001). However, the 
value of FEV1 in patients who received physical training was lower than that in the control group: FEV1 (pooled 
SMD=-0.31, 95% CI: (-0.53, -0.09), P=0.007). There was no statistical difference between the two groups in FVC 
(pooled SMD=0.44, 95% CI: (-0.61, -0.09), P=0.41). Conclusion: Appropriate physical training can help to relieve 
asthma symptoms, decrease incidence of BHR and EIB, and increase endurance but it cannot help in improving 
FEV1 in asthmatic children.
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Introduction

Bronchial asthma is a common type of chronic 
allergic respiratory disease during childhood. It 
is defined as a chronic inflammatory disorder of 
the airways which involves various cells and 
cell components. During the onset of an asth-
ma attack there will often be increased air- 
way responsiveness with clinical symptoms of 
recurrent wheezing, dyspnea, chest distress, 
and coughing. The attack often occurs at night 
or during early morning hours. The incidence 
and development of asthma can severely affect 
children’s quality of life and can even be life-

threatening [1, 2]. According to an epidemio-
logic survey, asthma morbidity in the USA was 
8.4% in 2010 while the morbidity of pediatric 
asthma in China was 2%-5% [3].

Currently, clinical treatment of acute asthma 
normally focuses on relieving asthma, reducing 
inflammatory response, and dilating bronchial 
smooth muscles. Breathing exercise, as a type 
of non-drug therapy, is a type of special training 
for respiratory muscles. Exercise can enhance 
the force of contraction and efficiency in these 
muscles and bring about improvements in gas 
exchange and ventilation function in asthmatic 
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children [4-6]. However, it has been reported 
that physical exercise during acute attacks of 
asthma can aggravate patient clinical symp-
toms and as a result, there remain controver-
sies over non-drug therapy such as physical 
exercise. At present, drug therapy is a quite 
common way of treating asthma in clinic. It is 
still unclear whether appropriate physical train-
ing can truly bring improvement on the progno-
sis of pediatric asthma. Therefore, the present 
study adopted evidence-based meta-analysis 
to investigate the role of appropriate physical 
training in improving respiratory function in 
asthmatic children with the aim of obtaining 
some useful information for clinical interven-
tion for this disease.

Materials and methods

The reporting of this meta-analysis complies 
with PRISMA reporting standards [7].

Database

Databases of PubMed, EMBASE, MEDLINE, 
and Cochrane Library were searched in this 
study.

Keywords

The following terms were used to search for 
studies: (asthma* OR ((airway OR respiratory 
OR bronchial) AND (bronchoconstrict* OR bron-
chospas* OR hyperreact* OR hyperrespon-
siv*))) AND (training OR conditioning) AND 
(endurance OR strength OR exercise OR sport* 
OR “physical activity” OR run* OR swim* OR 
row* OR gymnastic OR (hyperpnoea OR hyper-
pnea) OR ventilatory OR threshold OR inspira-
tory OR expiratory OR respiratory). Studies were 
retrieved from January 1st, 1990, through June 
30th, 2017.

Selection of studies

Studies were searched using the aforemen-
tioned keywords and were selected based on 
the inclusion and exclusion criteria.

Inclusion criteria: Inclusion criteria: 1) The 
research was a type of randomized controlled 
trial (RCT) for analyzing the effects of appropri-
ate physical training versus non-physical train-
ing on relieving symptoms of pediatric asthma 

Figure 1. Process of study selection.
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with no restriction on blind method, follow-up 
period, and language; 2) Study subjects were 
children with asthma, with no restriction on 
gender, severity of disease, and other underly-
ing diseases; 3) The study had one of the fol-
lowing clinical indices: bronchial hyperrespon-
siveness (BHR), forced expiratory volume in one 
second (FEV1), forced vital capacity (FVC), peak 
expiratory flow (PEF), exercise-induced bron-
choconstriction (EIB), and endurance.

Exclusion criteria: Exclusion criteria: 1) Subjects 
were not children or animals; subjects did not 
meet the standards for physical training; 2) No 
valid data analysis in the study; 3) Non-RCT 
study; no major index was included in the  
study; 4) Data were incomplete; 5) Papers were 
reviews, commentaries, conference proceed-
ings, or lectures. If the study had been pub-
lished repeatedly, the version with the most 
complete data was taken for assessment.

Process of selection: One reviewer read the 
title of the papers to remove any duplicates 
while the other two reviewers independently 
read the title and abstract. They selected stud-
ies based on the inclusion and exclusion crite-
ria. Afterwards, the two reviewers read the  
full-text of the eligible studies carefully and 
extracted clinical indices independently for 
making data extraction tables. Discussions 
were carried out to resolve any disagreement 
by consensus.

Data extraction

The following information was extracted: publi-
cation date of the study, number of patients, 

random method, blind method, age, incidence 
of BHR, FEV1, FVC, PEF, incidence of EIB, and 
endurance. In order to ensure reliability of the 
extraction process, the two main reviewers 
adopted the double blind method to select  
indices in the included papers independently. 
Disagreement was resolved whenever possible 
by discussion. The process of study selection is 
presented in Figure 1.

Quality assessment of the study

Cochrane’s risk of bias assessment tool was 
used to assess the quality of our study. The tool 
included the following seven items for evaluat-
ing the risk of bias: random sequence genera-
tion, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome 
assessment, incomplete outcome data, selec-
tive reporting, and other bias. Based on the risk 
of bias assessment criteria, each item was 
rated as “low risk of bias”, “high risk of bias”, or 
“unclear risk of bias”. If the paper had a clear 
description for each index, it was rated as “low 
risk of bias”. If the paper claimed that the 
experiment was not conducted according to the 
above seven items, it was rated as “high risk of 
bias”. If the paper had no description about the 
relative risks of bias, it was rated as “unclear 
risk of bias”.

Outcome measures and statistical analysis

Outcome measures: Main outcome measures 
were indices that could reflect the changes of 
pulmonary function after physical training 
including BHR, FEV1, FVC, PEF, EIB, and 
endurance.

Table 1. Basic information of included studies

Included studies Type of  
research

Experiment  
group/control group

Sample 
size Nation Outcome indices

Aranelovic, M 2007 [13] RCT 45/40 85 USA FEV1, BHR, PEF, FVC
Bonsignore, M.R 2008 [14] RCT 25/30 55 USA FEV1, BHR, PEF, FVC
Moreria, A 2008 [15] RCT 59/61 120 USA BHR, PEF, endurance
Cevik Guner, U 2015 [8] RCT 55/55 110 USA PEF
Lin, H.C. 2017 [11] RCT 29/32 61 China FEV1, PEF, FVC
Santos-Silva, R 2014 [9] RCT 44/46 90 USA Endurance, EIB
Nnodum, BN 2017 [12] RCT 54/46 100 USA PEF, endurance, EIB
Kováčiková, Z 2017 [10] RCT 55/55 110 South Korea FEV1, PEF, FVC, EIB
Rezink, M 2017 [17] RCT 55/65 120 USA Endurance
Note: RTC, randomized controlled trial; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; BHR, bronchial 
hyperresponsiveness; PEF, peak expiratory flow; EIB, exercise-induced bronchoconstriction; endurance, duration of physical 
exercise.
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Statistical analysis: RevMan 5.2 from Cochrane 
Collaboration was used for statistical analysis 
of the effect size. The count data, such as inci-
dences of BHR and EIB, were presented as risk 
ratios (RRs) with 95% confidence intervals (CI) 
while the value of FEV1, FVC, PEF, and endur-
ance were expressed as standard mean differ-
ence (SMD), since different studies may use 
different measuring tools with various units. 
The effect size was expressed as 95% CI. I2 sta-
tistics were used to determine the level of het-

ed based on the risk of bias table from Coch- 
rane Collaboration (Figures 2 and 3). The result 
showed that each study had some level of bias 
mainly in allocation concealment, selective 
reporting, and incomplete outcome data.

Results of meta-analysis

Incidence of BHR: BHR was taken as one of the 
outcome indices in three included studies, 
involving 260 cases. All three papers reported 

Figure 2. Summary of the 
bias in included studies.

erogeneity. An I2 of 0-25% in- 
dicated no heterogeneity, an 
I2 of 25-50% indicated mild 
heterogeneity, an I2 of 50-75% 
indicated moderate hetero- 
geneity, and an I2 of 75-100% 
indicated high heterogeneity. 
If the heterogeneity was not 
significant in studies (P≥0.1, 
I2<50%), the fixed effects 
model (FEM) was adopted for 
analysis. Otherwise (P<0.1, 
I2>50%), the random effects 
model (REM) was used. Sen- 
sitivity analysis was perform- 
ed to investigate the possible 
source of heterogeneity. The 
possible source may include 
year of study, multi/single-
center, author, and small 
sample size. The significance 
level of α was 0.05.

Results

Study selection and basic 
information

After selection based on the 
inclusion and exclusion crite-
ria, a total of 9 studies was 
finally included. They involved 
421 asthmatic children who 
received appropriate physical 
training and 430 cases as 
control [8-17]. The selection 
process and its results are 
shown in Figure 1 and Table 
1.

Bias in included studies

Evaluation of bias in the in- 
cluded studies was conduct-
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a lower incidence rate of BHR in patients who 
received appropriate physical training (physical 
training group) than those who didn’t (control 
group). Heterogeneity of the three reports was 
low (I2=0). Meta-analysis showed that appropri-
ate physical training could significantly lower 
the occurrence of BHR (pooled RR 0.60, 95% 
CI: 0.43-0.84, P=0.003, Figure 4).

Incidence of EIB: Three studies used EIB as 
one of the outcome indices, involving 300 
cases. All three papers reported a lower inci-
dence rate of EIB in the physical training group 
as opposed to the control group. Heteroge- 
neity among the studies was low (I2=0). Meta-
analysis indicated that appropriate physical 

training could reduce the incidence of EIB 
(pooled RR 0.38, 95% CI 0.21-0.68, P=0.001, 
Figure 5).

Pulmonary function: The value of FEV1 in the 
physical training group was much lower than 
that in control group: FEV1 (pooled SMD= 
-0.31, 95% CI (-0.53, -0.09), P=0.007). There 
was no statistical difference between the two 
groups in FVC: FVC (pooled SMD=0.44, 95% CI 
(-0.61, -0.09), P=0.41). The value of PEF in the 
physical training group increased more sig- 
nificantly as compared to the control group: 
PEF (pooled SMD=1.50, 95% CI (0.90, 2.1), 
P<0.00001). See Figures 6-8.

Figure 3. Bias of the included studies.

Figure 4. Forest plot of BHR. Experimental: appropriate training group.

Figure 5. Forest plot of EIB. Experimental: appropriate training group.
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Endurance: Four studies included endurance 
as one of the outcome indices, involving 430 
patients. All four studies reported longer endur-
ance in the physical training group than that in 
the control group. Heterogeneity in these 
reports was low (I2=0). Analysis showed that 
the physical training group had much longer 
endurance than the control group: endurance 
(pooled SMD 7.86, 95% CI: (7.29, 8.43), P< 
0.0001). See Figure 9.

Publication bias

Publication bias was assessed for studies that 
contained PEF as one of the outcome mea-
sures. The funnel plot for papers included was 
symmetrical, indicating no bias. See Figure 10.

Discussion

Results of the meta-analysis show that appro-
priate physical training can help to reduce inci-

Figure 6. Forest plot of FEV1. Experimental: appropriate training group.

Figure 7. Forest plot of FVC. Experimental: appropriate training group.

Figure 8. Forest plot of PEF. Experimental: appropriate training group.

Figure 9. Forest plot of endurance. Experimental: appropriate training group.
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dence of BHR and EIB, as well as improve FEV1, 
PEF, and endurance in asthmatic children.

Appropriate physical training can effectively 
reduce the incidence of BHR and EIB

Airway hyper-responsiveness refers to the  
tendency of airways to narrow too much or too 
easily in response to various stimuli. It is a key 
factor in the development of asthma and can 
directly reflect the severity of the disease [18]. 
BHR can occur when inflammatory cells in the 
airway increase, leading to intermittent and 
reversible airflow limitation. Currently, the com-
mon way of relieving BHR is to reduce the 
inflammatory response of the airway. Yarova et 
al. have reported that BHR can be significantly 
alleviated when the systematic or local inflam-
matory response is inhibited [19]. However, 
Shaaban et al. have documented that function-
al training could worsen the degree of BHR, 
contradictory to the results of our meta-analy-
sis [20]. This might be due to the fact that func-
tional training during the acute attacks of asth-
ma can bring about bronchial spasm, induce 
bronchoconstriction, and aggravate the inflam-
matory response of airway, thus leading to the 
increase of BHR. However, since the subjects in 
our present study were children during the 
remission stage of asthma, there would be 
either no such contraction in the bronchial 
smooth muscle or no airway inflammation, 
plus, appropriate physical training could relax 
these smooth muscles. Thus, the value of BHR 
decreased. EIB refers to dyspnea after physical 

Appropriate physical training cannot improve 
FVC and FEV1

Pulmonary function testing has been widely 
applied clinically, as it is a non-invasive and 
safe test with good diagnostic value. FVC and 
FEV1 are two of these items that can reflect 
pulmonary function. FVC refers to the volume of 
air exhaled with maximum effort and speed 
after full inhalation. FEV1 refers to the amount 
of air that can be forcibly exhaled in the first 
second, which has a wide spectrum of clinical 
applications [23, 24]. Researchers normally 
use FEV1 as an index for detecting irreversible 
pulmonary function deficit in asthma. The index 
is easy to be measured and can well reflect the 
changes in patient pulmonary function. Results 
of the meta-analysis show that appropriate 
physical training cannot effectively improve 
FEV1 and FVC. This might be due to the fact 
that the training time was not long enough to 
achieve improvements in FEV1 and FVC.

Appropriate physical training can effectively 
improve endurance

Endurance refers to the duration of physical 
exercise. Abdominal breathing, a common way 
of breathing in children, can effectively com-
pensate for some shortcomings of chest 
breathing during an asthma attack. Abdominal 
breathing with increased respiratory load can 
make both inspiratory and expiratory muscles 
more actively involved in breathing, improve the 
contraction and relaxation function of the respi-

Figure 10. Funnel plot of PEF. PEF: peak expiratory flow.

exercise, which is greatly re- 
lated to airway constriction. It 
can cause wheezing and dys-
pnea, affecting the patient’s 
daily life. Bronchoconstriction 
caused by excessive physical 
activity is quite common am- 
ong asthmatic children, there-
fore, these patients need to 
pay attention and take appro-
priate physical activity [21, 
22]. Results of the present 
meta-analysis demonstrate 
that appropriate physical trai- 
ning can effectively reduce 
the incidence of EIB and 
relieve patient clinical sym- 
ptoms.
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ratory muscles, promote gas exchange, in- 
crease lung volume, and ensure effective venti-
lation. Pursed lip breathing and deep breathing 
can increase alveolar ventilation volume and 
efficiency of respiratory muscles, which can 
effectively prevent respiratory muscle fatigue 
and improve respiratory efficiency. Appropriate 
physical training can not only adjust muscle 
coordination and function in an effective  
way but also motivate patients to exercise, 
which can help improve patient pulmonary 
function significantly. One study showed that 
breathing exercise can raise respiratory muscle 
strength and endurance by 35-55% and 19- 
55%, respectively [22]. Results of the meta-
analysis demonstrate that appropriate physical 
training can effectively prolong endurance and 
relieve the clinical symptoms of patients.

Due to the limited inclusion of the papers in this 
retrospective study and the fact that each 
included study didn’t cover all the outcome 
measures in this meta-analysis, heterogeneity 
was high. However, there were some limitations 
in the quality of the experimental methodolo-
gies. For instance, ‘other bias’ and the details 
of the blind method were not explained. Never- 
theless, the outcome indices in the present 
study were all objective indices, meaning that 
they could hardly be affected by whether or not 
the blind method was conducted. Taking all of 
these factors into consideration, the study 
results are reliable and can provide some clini-
cal guidance regarding the role of physical 
training in treating asthma during the remission 
stage. However, due to variation in the quality 
of the included methodologies, the study result 
may still have some bias.

In conclusion, appropriate physical training can 
help relieve asthma symptoms, lower incidence 
of BHR and EIB, improve pulmonary function, 
and prolong endurance in asthmatic children. 
Therefore, physical exercise can be recom-
mended as a supplementary therapy for treat-
ing pediatric asthma.
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