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Objective: This paper aims to perform a systematic assessment of the influence of physical exercise on asthma patients and discuss
the intervention effects of different exercises on the lung function FEV1 (%pred) and quality of life among asthma patients so as to lay
a scientific foundation for improving asthma symptoms.

Methods: Both Chinese and English databases were retrieved, including PubMed, Web of Science, Embase, The Cochrane Library,
CBM, CNKI, Wan Fang Data, and VIP, whose retrieval period started from the founding date of each database to 1st, November 2021.
Randomized controlled trials (RCT) studying the symptom indicators of asthma patients were collected. Those collected papers were
screened according to the Inclusion Criteria and Exclusion Criteria. Then, methodological quality assessments were conducted on the
included papers, and combined effect sizes were analyzed by using software ReMan 5.3.5.

Results: The meta analysis showed that physical exercise could significantly improve lung function FEV1 (%pred) and quality of life
score. Trails containing breathing exercise are the main source of heterogeneity, and the subgroup of breathing exercise may have
better performance than the subgroup of aerobic exercise in improving FEV1 (%pred).

Conclusion: Physical exercise can significantly improve the symptoms and quality of life of asthma patients. Except the breathing
exercise that showed heterogeneity, the subgroup of aerobic exercise could improve the capacity of FEV1 (%pred) more effectively,
which led to a significant difference in the influence of quality of life. However, with regard to the gymnastic exercise including
breathing exercise, there are limited same intervention methods and insufficient same outcome indicators. Therefore, more precise and
high-quality researches are needed to make deeper verification in the future.
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Introduction

Asthma is a heterogeneous disease which features chronic airway hyperresponsiveness with inflammation involving mast
cells, T lymphocytes and eosinophils. It is reported that asthma has caused damage to around one-tenth of child health
worldwide.” The authoritative magazine The Lancet released a newly published major achievement regarding China
Pulmonary Health Study (CPH Study) based on large-scale Chinese population, which shows that the prevalence rate of
asthma among people aged 20 and over in China is 4.2%, the number of patients reaches 45.7 million, among which
about 26.2% (13.1 million) patients suffer from pulmonary limited airflow function.

Asthma features limited reversible airflow, dyspnea caused by repeated wheezing, shortness of breath, and cough.’
There are many factors inducing asthma, and some studies have found that doing exercise can induce the onset of
Exercise-induced Asthma (EIA), most patients of which do not receive reasonable anti-inflammatory treatment.* As
a result, most patients who only have partial understanding of sports reduce or even refuse to take part in physical
exercise.” However, it is clearly stated in the Global Initiative for Asthma (GINA) that the purpose of treating asthma is
to achieve the normal level of physical activity and control the clinical symptoms of asthma.® Only relying on
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glucocorticoids to control asthma, besides the toxic and side effects of drugs, the long-term state of not doing exercise
will also impose adverse effects on body’s immunity and cardiopulmonary function.

Currently, asthma cannot be cured completely. But in recent years, increasingly literature shows that physical sports
are able to improve the quality of life of asthma patients to a certain extent, including relieving the inflammation of
asthma and improving physical exercise ability.”® There is enough evidence to prove that it is safe and effective for
asthma patients to take part in sports with proper management and effective medical supervision,” which makes more and
more scholars begin to pay attention to the relationship between physical exercise and asthma. Scholar Moreira and
Delgado put forward that there is a “U-shaped” dose-dependent relationship between exercise intensity and the incidence
rate of EIA, which indicates that moderate-intensity exercise can minimize the incidence of asthma and the patient is safe
during the exercise process.'” GINA mentions the normal physical activities of children with asthma, but does not give
detailed exercise prescription, and the improvement mechanism of asthma remains unclear. Throughout previous
literature, the research designs of sports explored by different scholars are not consistent, thus their results also vary
due to various factors such as sports methods, sports intensity and outcome indicators. Therefore, it is still hard to
determine the extent of improvement by different types of exercises as the intervention of asthma.

In light of the previous introduction, this paper used meta-analysis to conduct quantitative analyses on randomized
controlled trials aimed at the physical exercise intervention on asthma patients. At the same time, the physical exercises
written in the included literature were also conducted sub-group analyses in an effort to explore whether different types
of exercise could improve the lung function and quality of life scores among asthma patients.

Research Method
This paper adheres to the guide of The PRISMA Statement for Reporting Systematic Reviews and Meta Analyses of Studies

that Evaluate Health Care Interventions: Explanation and Elaboration when selecting and using research methods.''

Literature Inclusion and Exclusion Criteria
Research Method
The RCT of physical exercise intervention on the effects of improving the quality of life of asthma patients.

Subjects of the Study
Groups that have been diagnosed with asthma symptoms with no requirements on ethnicity, nationality or gender; have
no other organ diseases; and have good control over the asthma symptoms.

Intervention Measures

(1). At least one experimental group employed physical exercise as intervention method, the type of which is unlimited.
(2). Besides the differences of exercise intervention, the control group used the same intervention method as the
experimental group. Both the experimental group and the control group received regular medicine treatment to ensure
the safety of this experiment. (3). If there had been multiple groups of experimental data in one paper, those data would
have been counted as multiple research results. The two groups highlighted exercise intervention.

Outcome Indicators

Main outcome indicators were selected according to the literature content and the main indicators of asthma: 1)
Pulmonary function index: the ratio of forced expiratory volume in the first second (FEV1) to normal predicted value
is analyzed; and the higher the ratio, the better the asthma control effect; 2) The total scores of asthma quality-of-life
questionnaire (AQLQ) and pediatric asthma quality-of-life questionnaire (PAQLQ): the score range is 07, the higher the
score, the lower the impact of asthma symptoms on daily life.

The Exclusion Criteria of Literature
(1) Papers recruiting non-asthma patients or patients with other pulmonary diseases; (2) Intervention involving factors
other than exercise intervention; (3) Neither Chinese nor English literature; (4) Papers with poor quality evaluation that
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did not have detailed introduction to intervention measures and whose experimental data could not be extracted and
calculated; (5) The baselines of research indicators in different groups have significant difference.

Retrieval Strategy

Two researchers joined in the retrieval of the literature, which contained eight databases (Chinese & English) including
PubMed, Embase, The Cochrane Library, Web of Science, CBM, Wanfang, CNKI, and VIP. The retrieval period started
from the founding date of each database to 1st, November, 2021. In addition, the retrieval method employed the method
of “subject words+free words”, and the included papers were also conducted reference tracking. To be specific, English

search terms used the PubMed format

Search (((((((Controlled Clinical Trials, Randomized) OR Trials, Randomized Clinical) OR Clinical Trials, Randomized) OR
Randomized Controlled Trials as Topic) OR RCT) OR Randomized Controlled Trial)) AND (((((C(C(CCCCCCCCC((((((((((Trainings,
Exercise) OR Training, Exercise) OR Exercise Trainings) OR Exercise Training) OR Exercises, Aerobic) OR Aerobic
Exercises) OR Aerobic Exercise) OR Exercise, Aerobic) OR Isometric Exercise) OR Isometric Exercises) OR Exercises,
Isometric) OR Exercise, Isometric) OR Exercises, Acute) OR Exercise, Acute) OR Acute Exercises) OR Acute Exercise) OR
Physical Exercises) OR Physical Exercise) OR Exercises, Physical) OR Exercise, Physical) OR Physical Activities) OR
Activity, Physical) OR Activities, Physical) OR Physical Activity) OR Exercises) OR Exercise)) AND ((((Asthma,
Bronchial) OR Bronchial Asthma) OR Asthmas) OR Asthma))

as the retrieval strategy. Chinese search terms used asthma (B, 55), physical exercise (3£3)]), randomized controlled
trial and RCT (FEHLAT UL, RCT).

Extraction and Screening of Literature
Papers that met the inclusion requirements were read and the relevant materials were extracted. First, the article titles and
abstracts were screened, and relevant articles that did not meet the contents and methods of this study were excluded. Second,
through reading the detailed information of the articles, we screened out the relevant articles with high quality and whose
research data could be extracted. Finally, the contents of literature extraction were as follows: publication year of the literature,
name of the author, age of study subjects, sample size, asthma disease severity, intervention measures (time, frequency,
method, and intensity), and outcome indicators. If the literature did not contain this study indicator, the literature was excluded.
Then the papers retrieved from each database were imported into Endnote software for editing. Articles were screened
by two researchers according to the inclusion and exclusion criteria in an independent, double-blind manner. After
screening, the two researchers compared the extracted papers. If there was any disagreement, the inclusion of the article
was decided through joint discussion by a third person.

Quality Assessment of Included Literature

Cochrane, a literature quality assessment tool, was used to evaluate the quality of included literature in seven aspects:
random sequence generation, concealment of allocation, blinding of subjects and researchers, blinding of outcome
evaluator, incomplete outcome data, selective reporting and other biases. For each indicator, “low risk of bias”,
“uncertain risk of bias” and “high risk of bias” were used for judgment.

Data Processing

The research data were processed by Reviewer Manager 5.3.5 software, including effect size combination, heterogeneity
test, sensitivity analysis, forest map drawing and so on. Since this study is a continuous variable, and the unit of
measurement and scale span between each study are the same, the Mean Difference (MD) effect size was combined. And
the 95% confidence interval was calculated. The P value and I* were used for the heterogeneity test. If the combined
result shows I2>50%, it is considered that a great heterogeneity exists in the results, which needs sensitivity analysis and
adopts combine data by using random effect; otherwise, fixed effect is used.
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Literature Retrieval Result

Overall 5485 papers were left for the first retrieval after examining eight databases including PubMed, Embase, The
Cochrane Library, Web of Science, CBM, Wanfang, CNKI, and VIP. No papers were gotten through other resources.
There were 2331 repeated papers after checking; 2787 unqualified papers after reading their titles and abstracts; and 349
papers that could not extract data or were irreverent with this research content were excluded after manual review. To

sum up, 18 papers were left that could be included in this study (see Figure 1).
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Figure | Literature screening process. # PubMed=908, EMbase=1090, The Cochrane Library=1742, Web of Science=519, CBM=151, Wan Fang=315, VIP=141, CNKI=199.
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Basic Information of Included Literature

Table 1 is the included literature information. A total of 1021 subjects were included in the 18 articles, including 530
subjects in the experimental group and 491 subjects in the control group. All the sample sizes adopted the outcome
indicator values after trials on the condition that their baselines showed no significant difference. One paper covered
subjects who were over 60-year-old, four papers covered subjects between 20—40-year-old, and the remaining 13 papers
covered subjects under 15-year-old.. Theresearch intervention method mainly adopted aerobic exercise,'>'*?! free-

22724 combined exercise,? resistive exercise,?® and breathing exercise.’’ ° Seven papers are

choice exercise by patients,
from China, and eleven from other countries, among which one is a master’s thesis, and the rest are journal papers. See

Table 1

Assessment of Bias Risks
Figures 2 and 3 present the bias of included papers. The 18 included papers were all RCTs, all the subjects of which had
signed informed consent forms. Therefore, there was no double-blind trial. There were three papers showing relatively

high quality, which clearly described the random allocation method and the process of allocation concealment;'* '8

one
paper did not adopt the random generation process;>’ another one paper lost the track of follow-up patients and did not
report the treatment of those lost subjects.'* Overall, there is a certain bias in the included papers, but the overall outcome

indicators are relatively complete.

Meta-Analysis Results

Effects of Physical Exercise on Lung Function of Patients with Asthma

Finally, 16 articles (a total of 18 studies) with FEV1 (%pred) indicators were included in the 18 papers, and the total
number of subjects was 966, including 506 in the experimental group and 460 in the control group. As shown in Figure 4,
the results of heterogeneity test showed that 1>=81%, and P < 0.01, indicating that there was high heterogeneity in each
study, thus random effect was adopted for analyzing. The results of combined meta-analysis showed that the combined
effect amounted MD=4.81, and the CI was [1.57,8.05], P < 0.05. It indicated that physical exercise intervention could
significantly improve the pulmonary function of patients with asthma.

Effects of Physical Exercise on Quality of Life of Patients with Asthma

At last, nine papers recording the quality of life questionnaire of asthma patients were collected from the results, which
recorded and compared the effect of exercise on life improvement among 642 subjects with 323 in the experimental
group and 319 in the control group. As shown in Figure 5, the heterogeneity test results showed 1°=100%, P > 0.05,
indicating that there was great heterogeneity in various studies of this result. Therefore, random effect was adopted for
analysis. The results of the combined meta-analysis showed that the combined effect was MD=0.84, and the CI was
[-0.29,1.97], P > 0.05. The results showed that physical exercise could improve the quality of life of patients with
asthma, but there was no statistical significance.

Subgroup Analyses of the Effects of Physical Exercise on Lung Function of Asthma Patients

To explore the possible factors for the heterogeneity of lung function in asthmatic patients caused by physical exercise,
a subgroup analysis was performed on 18 included studies. The exercise influence on asthma patients mainly lies in the
following aspects: different age groups, exercise cycles, exercise duration, exercise frequency, exercise intensity and
different types of exercise. In the included literature, symptom reports of asthma patients were mostly mild and moderate,
and the overall symptoms were similar. Therefore, this paper mainly performed subgroup analyses on six aspects,
including exercise style, exercise intensity, subject age, exercise frequency, exercise duration and exercise cycle.

First of all, the exercise styles in the literature on lung function indicators were grouped, which could be divided into
four subgroups: aerobic exercise (incremental or intermittent), combined exercise, free-choice exercise, and breathing
exercise. To facilitate grouping of exercise intensity, Turner et al'® used Borg scale 6-20 RPE subjective measurement
scale, and the maximum heart rate amounted to approximately 120 to 140 beats/min by multiplying the outcome
indicator by 10.>° According to the maximum heart rate calculator: actual heart rate/(220-age) equals that the exercise
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Table | Basic Features of the Included Literature

Literature Year of Sample Age TIC Country/ Severity of the Disease Intervention Features of Physical Exercise Outcome
Publication | Size T/ Region Indicators
C Type of Exercise Exercise Exercise Exercise Exercise Intensity
Cycle Duration Frequency
(Times/
Week)

Cochrane and 1990 18/18 27/28 UK (mild, moderate) Aerobic exercise (bicycle, | 3 months 30min 3 75% of the FEVI(%

Clark."? jogging, callisthenics maximum heart rate | pred)
exercise)

Van et al* 2001 23/24 10.5/10.7 Netherlands | (mild, moderate) Free choice by child- 3 months 30min 2 Individualized FEVI(%
patients intensity pred)

Counil et al'? 2003 717 14/13.9 France (mild, moderate) Oxygen escalation to 6 weeks 45min 3 Increase to FEVI(%
ventilation threshold anaerobic threshold | pred)
(bicycle)

Basaran et al”® | 2006 31/31 10.3/10.4 Turkey (moderate) Combined exercise 8weeks 50min 3 70—85% of FEVI(%
(basketball, callisthenics individual’s pred),
exercise) maximum capacity PAQLQ

Moreira et al'® | 2008 1717 12.9/12.5 Portugal (mild) Aerobic exercise, 12weeks 50min 2 70—85% of FEVI(%

individual’s pred),
maximum capacity PAQLQ
Wang and 2009 15/15 10/10 China Diagnosed as asthma by The Aerobic exercise 6weeks 50min 3 65% of the FEVI(%
Hung."® (Taiwan) American thoracic society (swimming) maximum heart rate | pred)
(ATS)

Cheng Boli.? 2010 50/49 9.1/9.1 China Diagnosed as asthma by Free choice by child- 4 months 20min 3 Individualized FEVI(%
Pediatric Branch of Chinese patients intensity pred),
Medical Association PAQLQ

Turner et al'® 2011 19/15 65.3/71.0 Australia (moderate, severe) Aerobic exercise 6 weeks 90min 3 12—-14 range of the AQLQ
(walking, bicycle, scale Borg6—20 RPE
muscular endurance
training

Chen and 2012 27/25 — China (moderate) Breathing exercise(Tai 4 years 60min 5 60-80% of the heart | FEVI(%

Yang?’ Chi), aerobic exercises rate pred)
(jogging, swimming)

Ll and Wang."” | 2016 15/12 12.5/10.8 China (moderate) Cycling at intervals 8 weeks 30s*4*4 3 90% of the FEVI(%
(intensity maximum heart rate | pred)
duration
8min)

14/12 11.7/10.8 Aerobic cycling 8 weeks 40min 4 50% of the FEVI(%
maximum heart rate | pred)

Abdelbassetet 2018 19/19 9.8/10.0 Saudi Arabia | (moderate) Incremental aerobic 10 weeks 40min 3 70% of the FEVI(%

al'® (running) maximum heart rate | pred)
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Carew and 2018 9/12 13.3/12.0 Ireland (mild, moderate) Aerobic exercise 6 weeks 40min — FEVI(%
Cox."? (swimming) pred)
9/12 13.2/12.0 Combined exercise
(football)
11712 13.5/12.0 Combined exercise
(basketball)
Toennesen 2018 29/34 39.4/38.2 Denmark Diagnosed as asthma Aerobic Incremental 8 weeks 10,15,20(min) 30%—60%-90% FEVI(%
etal®® Exercise (bicycle) increase by increase according pred),
weeks to individual’s AQLQ
capacity
Tan Jing et al®* | 2019 80/76 8.2/8.0 China Diagnosed as asthma Free choice by child- 3 months 30min Individualized FEVI(%
according to the standard of patients intensity pred),
Chinese Medical Association PAQLQ,
Verénica 2020 25/28 12.1/11.1 Spain (mild, moderate) Resistance exercise 12 weeks 60min 40%5RM-60% PAQLQ
et al®® 5RM*15
Gillcan and 2020 56/56 37.4/40.2 Turkey Diagnosed as asthma by local | Yoga (breathing exercise) | 6 weeks 70min — FEVI(%
Tan.2® thoracic hospital pred),
AQLQ
Gao Wei*’ 2020 60/60 40.6/40.9 China Diagnosed as asthma Aerobic exercises — 60min 60-80% of heart FEVI(%
(swimming, running) and rate pred)
breathing exercise(Tai
Chi)
Chen and 2020 20/20 11.4/12.1 China (mild, moderate) Aerobic exercise(fixed 3 months 30min 50%—60%—70% FEVI(%
Wang.2I treadmill) increase to pred),
maximum heart rate | AQLQ
Note: T for experimental group; C for control group; “—"” means no record in the papers.
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Figure 2 Risk of bias summary.

intensity was about 80%~90%. van et al*? reported in the previous literature that the exercise level of the experimental
group was increased to the anaerobic threshold, and it was also reported in the previous literature that the anaerobic

threshold corresponded to its maximum intensity was about 86.3%.' Therefore, the exercise intensity could be divided
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Random sequence generation (selection bias)
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Other bias
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. Low risk of bias D Unclear risk of bias . High risk of bias
Figure 3 Risk of bias graph.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Abdelbasset 2018 83.6 5.3 19 759 7.6 19 6.5% 7.70 [3.53, 11.87] -
Basaran 2006 90.2 121 30 914 122 28 5.7% -1.20 [-7.46, 5.06] - 1
Carew 2018(1) 99.8 125 8 933 8.6 10 4.2% 6.50 [-3.67, 16.67] ]
Carew 2018(2) 93.2 121 8 933 8.6 10 4.3% -0.10[-10.04, 9.84] -1
Carew 2018(3) 1006 15.2 11 933 8.6 10 4.2% 7.30[-3.14, 17.74] 1
Chen Ming 2012 121.8 171 27 101.8 11.9 25 5.1% 20.00 [12.04, 27.96] -
Chen Qiong 2020 854 10.3 20 841 9.9 20 5.7% 1.30 [-4.96, 7.56] -1
Cheng Boli 2010 107.9 157 50 103.9 17.3 49 5.6% 4.00 [-2.51, 10.51] T
Cochrane 1990 87 15 18 88 21 18 3.7% -1.00[-12.92, 10.92] - 1T
Counil 2003 96.7 21 7 96.6 4.3 7 6.7% 0.10 [-3.45, 3.65] 1
Gao Wei 2020 121.84 17.11 60 106.9 13.92 60 6.0% 14.94 [9.36, 20.52] -
Giilcan 2020 106.75 19.42 56 80.75 17.9 56 5.5% 26.00[19.08, 32.92] -
Li Jia 2016(1) 85.3 8.8 15 86.6 9.2 12 5.5% -1.30 [-8.15, 5.55] - 1
Li Jia 2016(2) 86.2 9.1 14 86.6 9.2 12 5.4% -0.40 [-7.46, 6.66] -1
Moreira 2008 86 10.9 16 86 10.7 15 5.2% 0.00 [-7.61, 7.61] -1
Tan Jing 2019 105 7.9 80 103.5 6.8 76 7.0% 1.50 [-0.81, 3.81] I
Toennesen 2018 845 131 29 816 128 34 5.7% 2.90 [-3.52, 9.32] -
van 2001 97 13 23 98 19 24  46% -1.00[-10.27, 8.27] - 1T
Wang Jengshing 2009 107 18 15 105 19.8 15 3.2% 2.00[-11.54, 15.54] -
Total (95% CI) 506 500 100.0% 4.81[1.57, 8.05] A

Heterogeneity: Tau? = 37.40; Chi? = 92.74, df = 18 (P < 0.00001); I = 81% i

-2 -1 1 2
Test for overall effect: Z =2.91 (P = 0.004) 0 C%ntrol 0 Experirgental 0

Figure 4 Improvements of physical exercise to lung function FEV I (%pred).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random, 95% Cl
Basaran 2006 6.23 04 30 573 08 28 11.2% 0.50[0.17, 0.83] -
Chen Qiong 2020 5.09 0.39 20 452 03 20 11.3% 0.57[0.35, 0.79] -
Cheng Boli 2010 6.1 0.77 50 546 1.15 49  11.2% 0.64 [0.25, 1.03] -
Giilcan 2020 6.72 0.27 54 262 0.55 54 11.3% 4.10 [3.94, 4.26] 4
Moreira 2008 6.07 1.16 16 595 0.8 15 10.8% 0.12[-0.58, 0.82] -
Tan Jing 2019 6.16 0.09 80 5.82 0.17 76 11.3% 0.34 [0.30, 0.38] b
Toennesen 2018 6.2 0.5 29 57 07 34 11.2% 0.50 [0.20, 0.80] -
Turner 2011 57 08 19 54 14 15 10.7% 0.30 [-0.49, 1.09] -
Veronica 2020 6.61 1.2 25 6.22 1.05 28 11.0% 0.39[-0.22, 1.00] T
Total (95% CI) 323 319 100.0% 0.84 [-0.29, 1.97] —

Heterogeneity: Tau? = 2.94; Chi? = 1905.05, df = 8 (P < 0.00001); I? = 100% !

Test for overall effect: Z = 1.45 (P = 0.15) 2 _1Control OExperinlental 2

Figure 5 Effect of Physical Exercise on quality of life Scale.
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into four groups: 60% ~80%, more than 80% ~ 90%, individualized intensity, and unreported intensity; The age of the
subjects could be divided into two subgroups: those under 20 years old and those over 20 years old. The exercise duration
was mainly divided into three groups for subgroup analyses: 20min~40min, greater than 40 min~60min, and more than
60min.

The results of subgroup analyses in Table 2 show that all the I? values of three groups out of four subgroups (except
breathing exercise) divided by exercise type were less than 50%, which indicated that breathing exercise might be the
source of heterogeneity. The results of subgroup analysis divided by exercise intensity showed that except for indivi-
dualized intensity (I?=0), the I* values of the rest three subgroups were all >50%, so it was suggested that exercise
intensity was not the source of heterogeneity. Likewise, there were two groups of I? values >50% in the age subgroup, so
age factor might not be the source of heterogeneity. In addition, in the exercise duration subgroup, except that the
exercise duration >60min showed heterogeneity (I°=67), the I values of the other two groups were <50%, suggesting
that exercise duration might also be a factor contributing to heterogeneity. In conclusion, it could be concluded from
Table 2 that exercise type and duration may be the source of heterogeneity.

A Sensitivity Analysis of Physical Exercise on Life of Asthma Patients
Since the overall number of included papers concerning the quality of life of asthma patients was limited, subgroup analysis
method for classifying possible factors was not suitable. Instead, the sensitivity analysis was adopted to eliminate individual
studies from the included literature one by one to find the source of heterogeneity (as shown in Table 3).

It can be clearly seen from Figure 5 that only after excluding the article Giilcan 2020 and combining the rest data, the
heterogeneity was significantly reduced to 18%, so it can be considered that this paper is the main cause of heterogeneity. After
removing Giilcan 2020, the effect size plot showed MD=0.41, the 95% CI was [0.32, 0.51], and P < 0.01, ’=18% in Table 3.

Combined Results After Eliminating Heterogeneous Indicators
Figure 6 shows that the combined results of subgroup analysis of FEV1 (%pred) were MD=1.84, and the 95% CI was

[0.47, 3.21], P < 0.01, and I’=0%. There was no heterogeneity between the papers, so the data results were reliable.
Figure 7 shows the combined results of MD=0.41, 95% CI was [0.32, 0.51], and P < 0.001 I>=18% for the subgroup
analysis of quality of life scores. The heterogeneity between the articles is small, thus the data results are reliable.

Table 2 Subgroup Analyses of the Effect of Physical Exercise on Lung Function FEVI (%) Among Asthma Patients

Research Groups Included Papers/ MD 95% ClI P value of %% Heterogeneity
Features Sample Size MD of P
Type of exercise | Aerobic exercise (9) 296 2.45 0.06, 4.84 0.04 19 0.27
Combined (2) 87 0.79 —3.94, 551 0.74 0 0.38
exercise
Free choice of (3) 302 1.63 —-0.48, 3.75 0.13 0 0.66
exercise
Breathing exercise | (3) 284 20.08 | 13.33,26.83 <0.01 67 0.05
Exercise intensity | <80% (8) 189 6.07 0.76, 11.83 <0.01 77 <0.01
80%~90% (6) 168 1.95 —0.28, 4.18 0.09 62 0.03
Individualized (3) 302 1.63 —-0.48, 3.75 0.13 0 0.66
intensity
Unrecorded (2) 166 13.48 | 9.00, 20.52 <0.01 87 <0.01
Age <10 (3) 283 3.05 1.12, 4.89 <0.01 70 0.04
10~20 year-old (10) 152 0.40 —1.69, 2.49 0.92 0 0.71
>20 year-old (4) 331 12.89 | 9.44, 16.33 <0.01 90 <0.01
Exercise duration | <40min (9) 295 2.50 0.83, 4.17 <0.01 4 0.41
40~60min “4) 132 -0.09 | —2.89, 2.70 0.95 0 0.97
260min (3) 284 19.46 | 15.65, 23.27 <0.01 67 0.05
948 https: Journal of Asthma and Allergy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhu et al

Table 3 A Sensitivity Analysis of Physical Exercise on Quality of Life of Asthma Patients

Excluded Literature MD 95% CI P (Combined Effect) %%

Giilcan2020 0.41 0.32, 0.51 <0.001 18

Effects of Breathing Exercise on Lung Function FEV | (%pred)

There was significant heterogeneity when the breathing exercise combined with other types of exercise to conduct sub-
analyses. Thus, the breathing exercise was singled out for an independent sub-analysis. The combined results of the sub-
group analysis of FEV1(%pred) in Figure 8 show that MD=20.08, the 95% CI was [13.33, 26.83], P < 0.001, and
>=67%, indicating heterogeneity between the three papers, and requiring further sensitivity analysis.

Discussion and Analysis

Improvements in Asthma Patient Symptoms Through Physical Exercise

The aim of this study is to analyze the improvement condition of asthma symptoms after doing different types and features of
exercise in an effort to find the best exercise in relieving the symptoms. However, a large number of previous studies showed
that asthma patients were prone to the onset of exercise-induced bronchoconstriction/bronchialspasm (EIB), which could
easily induce the occurrence of EIA in patients.*> Some studies have pointed out that exercise can induce asthma symptoms in
most patients who do not have reasonable anti-inflammatory therapy. The type and intensity of exercise can contribute to
respiratory depression caused by increased airway resistance after exercise.”> However, previous studies used one-time

experimental sampling with medium or above intensity and immediate after exercise,**>

which made the long-term recovery
of airway function and lung function after regular exercise to be unknown. The current study believes that exercise can reduce
asthma symptoms and improve the quality of life, which has been a consensus among researchers. Exercise can not only
improve lung function of patients with asthma FEV1 (%pred) but also reduce the symptoms of patients. Meta-analysis on the
effect of exercise on asthma confirms that exercise has a positive effect on improving the asthma symptoms. Swiss scholar

1*® included 17 studies in a meta-analysis in 2013, containing a total of 599 subjects. By measuring the

Eichenberger et a
indicators such as Forced Expiratory Volume in 1 Second (FEV1), peak expiratory volume, and maximum oxygen uptake, his
study found that exercise can significantly improve lung function indicators and the quality of life has significantly improved.

Scholar Avallone et al*’ pointed out in their research that asthmatic patients have lower physical activity levels than normal

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelbasset 2018 83.6 5.3 19 759 7.6 19 10.8% 7.70[3.53, 11.87] -
Basaran 2006 90.2 121 30 914 122 28  4.8% -1.20 [-7.46, 5.06] I
Carew 2018(1) 99.8 125 8 933 8.6 10 1.8% 6.50 [-3.67, 16.67] ]
Carew 2018(2) 93.2 121 8 933 8.6 10 1.9% -0.10[-10.04, 9.84] - 1
Carew 2018(3) 1006 15.2 11 933 8.6 10 1.7% 7.30[-3.14, 17.74] ]
Chen Ming 2012 1218 171 27 1018 11.9 25 0.0% 20.00[12.04, 27.96]
Chen Qiong 2020 854 10.3 20 841 9.9 20 4.8% 1.30 [-4.96, 7.56] -
Cheng Boli 2010 1079 157 50 103.9 17.3 49  4.4% 4.00 [-2.51, 10.51] T
Cochrane 1990 87 15 18 88 21 18 1.3% -1.00[-12.92, 10.92] —
Counil 2003 96.7 21 7 96.6 4.3 7 14.9% 0.10 [-3.45, 3.65] 1T
Gao Wei 2020 121.84 17.11 60 106.9 13.92 60  0.0% 14.94 [9.36, 20.52]
Gllcan 2020 106.75 19.42 56 80.75 17.9 56  0.0% 26.00[19.08, 32.92]
Li Jia 2016(1) 85.3 8.8 15 86.6 9.2 12 4.0% -1.30 [-8.15, 5.55] - 1
Li Jia 2016(2) 86.2 9.1 14 86.6 9.2 12 3.8% -0.40 [-7.46, 6.66] - 1
Moreira 2008 86 10.9 16 86 10.7 15  3.2% 0.00 [-7.61, 7.61] - 1
Tan Jing 2019 105 7.9 80 103.5 6.8 76  35.0% 1.50 [-0.81, 3.81] ™
Toennesen 2018 845 131 29 816 128 34  45% 2.90[-3.52, 9.32] -1
van 2001 97 13 23 98 19 24 22% -1.00[-10.27, 8.27] Y B
Wang Jengshing 2009 107 18 15 105 19.8 15 1.0% 2.00[-11.54, 15.54] -
Total (95% CI) 363 359 100.0% 1.84[0.47, 3.21] ¢

Heterogeneity: Tau? = 0.00; Chi? = 14.07, df = 15 (P = 0.52); I = 0% !

Test for overall effect: Z = 2.64 (P = 0.008) -20 1C% ntrol 0 Expe :ir?q ot a|20

Figure 6 Improvements on lung function FEV | (%pred) after eliminating heterogeneous papers.
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people, and the long-term lack of exercise makes the symptoms of asthma appear more negative. Regular aerobic training can
improve the management of asthma symptoms and lung function. The results of the quantitative meta-analysis of the effect of
different types of exercise on improving asthma symptoms in this paper are basically consistent with previous studies.’’
However, the relationships among exercise types, exercise intensity, and exercise duration had not been discussed in the
previous literature, so this paper analyzed exercise effects based on the previous literature in a more precise manner.

Lung function is an important objective indicator for detecting respiratory diseases. Observation of pulmonary
function can effectively assess the severity of asthma symptoms after exercise. There were two main presentations in
the included literature: FEV1 (%pred) and FEVI/FVC. It is generally believed that the ratio of FEV1 to its expected
value is a reliable indicator of the severity of airflow obstruction, while FEV1/FVC is a sensitive indicator of obstructive
ventilatory dysfunction.®® Therefore, FEV1 (%pred) was used as the observation indicator in this study. It is also
controversial whether exercise can significantly improve FEV1 (%pred) in the included literature. Among the 18
included literature, only four studies showed that exercise significantly improved FEV1 (%pred). The results of the
other six studies favored the experimental group but showed no significant difference. The results in Figure 4 show that
exercise can significantly affect lung function FEV1 (%pred). But as 50% < I? = 81% indicates a high heterogeneity of
the results, the conclusions obtained are not reliable and require further subgroup analysis.

Asthma causes damage to the physiological health of patients. Besides, children with asthma feel disturbed in their
daily life from sleeping, learning ability, social communication, exercise, entertainment to leisure activities, which could
severely decrease the life of quality of them. Nonetheless, all included papers showed significant differences in quality of
life scores, which may preliminarily indicate a common understanding that exercise can reduce asthma symptoms.
Extreme heterogeneity in QOL score 1’=100% as shown in Figure 5 also led to unstable analysis results, thus further
sensitivity analysis is required to reach a final conclusion.

Effects of Physical Exercise on Lung Function FEVI(%pred) of Patients with Asthma
There is great heterogeneity among the included literature after performing combined effects. The subgroup analyses
combined with Table 2 and Figure 6 show that: 1) Physical exercise can improve FEV1 (%pred) of patients with asthma
by 0.05 > P = 0.008; 2) There is currently insufficient evidence to prove whether the age and the intensity of exercise can
significantly affect the performance of lung function; 3) Aerobic exercise had a significantly greater effect on FEV1 (%
pred) than combined exercise and free-choice exercise 0.05 > P = 0.04; 4) The source of heterogeneity was most likely
from exercise containing breathing exercise or intervention method lasting >60min each time,”” 2° When groups with
heterogeneity were excluded, the rest 15 included studies were highly homogeneous (I>=0%) and significantly different
overall. It had been found in clinical trials that regular exercise can reduce the risk of asthma in children. A RCT study by
Min et al*’ showed that after three months of treatment with high-intensity exercise combined with drugs, the levels of
lung function parameters—FVC (forced vital capacity), FEV1 and PEF (peak expiratory flow) in the exercise group—
were higher than those in the control group, and the serum contents of inflammatory factors—IL-1, IL-2, HMGB1 and
TNF-o—were lower than those in the control group, which indicated that exercise could reduce the symptoms of asthma
to a certain extent. Another study showed that regular exercise played a role of resisting Immunoglobulin E (IgE),'* thus
reducing the level of antigen-specific IgE in the blood of patients, which are the main mechanisms for improving lung
function.

In this study, the subgroup of Table 2 (Figure 8) shows that aerobic exercise had shown significant differences
compared with other intervention methods in the subgroup. So it is feasible to improve lung function parameters by
exercise, and aerobic exercise may have a better effect on lung function than other types of exercise. In an RCT study of
adult asthmatic patients, Mends et al*” found that the total number of cells and eosinophils in induced sputum (P = 0.004)
and the level of Fractional Exhaled Nitric Oxide (FeNO) (P = 0.009) were decreased in the experimental group after three
months of aerobic exercise. The days of asymptomatic asthma and VO,max were also significantly improved (P <
0.001), and the exacerbation of asthma in the experimental group was reduced (P < 0.01). In addition, there was a strong
positive correlation between the baselines—FeNO and eosinophil counts—and improvement after training. Regular
aerobic exercise also affects airway remodeling. In the asthma mouse model, aerobic exercise increases glucocorticoid
receptor and anti-inflammatory cytokines, reduces the expression of inflammatory mediators and restores airway
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl IV, Random, 95% Cl
Basaran 2006 6.23 04 30 573 038 28 7.5% 0.50[0.17, 0.83] T
Chen Qiong 2020 5.09 0.39 20 452 03 20 15.2% 0.57 [0.35, 0.79] -
Cheng Boli 2010 6.1 0.77 50 5.46 1.15 49 5.7% 0.64 [0.25, 1.03] -
Giilcan 2020 6.72 0.27 54 262 0.55 54 0.0% 4.10 [3.94, 4.26]
Moreira 2008 6.07 1.16 16 595 0.8 15 1.8% 0.12[-0.58, 0.82] -
Tan Jing 2019 6.16 0.09 80 5.82 0.17 76  56.9% 0.34 [0.30, 0.38] |
Toennesen 2018 6.2 0.5 29 57 07 34 9.0% 0.50 [0.20, 0.80] -
Turner 2011 57 038 19 54 14 15 1.4% 0.30 [-0.49, 1.09] ]
Verobnica 2020 6.61 1.2 25 6.22 1.05 28 2.4% 0.39 [-0.22, 1.00] T
Total (95% CI) 269 265 100.0% 0.41 [0.32, 0.51] ¢
Heterogeneity: Tau? = 0.00; Chi? = 8.50, df = 7 (P = 0.29); 1> = 18% 2 1 0 1 2
Test for overall effect: Z = 8.45 (P < 0.00001) Control Experimental
Figure 7 Improvements on quality of life after eliminating heterogeneous papers.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 aerobic exercise
Abdelbasset 2018 83.6 53 19 759 76 19 6.9% 7.70[3.53, 11.87] -
Carew 2018(1) 99.8 125 8 933 86 10 4.5% 6.50 [-3.67, 16.67] -1
Chen Qiong 2020 854 10.3 20 84.1 9.9 20 6.1% 1.30 [-4.96, 7.56] I
Cochrane 1990 87 15 18 88 21 18 3.9% -1.00[-12.92, 10.92] —
Counil 2003 96.7 21 7 96.6 4.3 7 7.1% 0.10 [-3.45, 3.65] 1
Li Jia 2016(2) 86.2 9.1 14 86.6 9.2 12 57% -0.40 [-7.46, 6.66] - 1
Moreira 2008 86 109 16 86 10.7 15  55% 0.00 [-7.61, 7.61] N
Toennesen 2018 845 131 29 816 128 34  6.0% 2.90[-3.52,9.32] T
Wang Jengshing 2009 107 18 15 105 19.8 15 3.4% 2.00[-11.54, 15.54]
Subtotal (95% CI) 146 150 49.2% 2.45[0.06, 4.84] ‘
Heterogeneity: Tau? = 2.48; Chiz =9.90, df =8 (P = 0.27); I? = 19%
Test for overall effect: Z = 2.01 (P = 0.04)
1.1.2 free-choice exercise
Cheng Boli 2010 1079 157 50 1039 173 49  6.0% 4.00 [-2.51, 10.51] T
Tan Jing 2019 105 7.9 80 1035 6.8 76 7.4% 1.50 [-0.81, 3.81] I
van 2001 97 13 23 98 19 24  49% -1.00[-10.27, 8.27] - 1
Subtotal (95% CI) 153 149 18.2% 1.63 [-0.48, 3.75] g
Heterogeneity: Tau? = 0.00; Chi? = 0.83, df =2 (P = 0.66); 1> = 0%
Test for overall effect: Z=1.51 (P = 0.13)
1.1.3 combined exercise
Basaran 2006 90.2 1241 30 914 122 28 6.1% -1.20 [-7.46, 5.06] - 1
Carew 2018(2) 93.2 121 8 933 86 10 4.6% -0.10[-10.04, 9.84] - 1
Carew 2018(3) 100.6 15.2 11 933 86 10 4.4% 7.30[-3.14, 17.74] ]
Subtotal (95% CI) 49 48 151% 0.79 [-3.94, 5.51] -
Heterogeneity: Tau? = 0.00; Chi? = 1.91, df =2 (P = 0.38); I = 0%
Test for overall effect: Z = 0.33 (P = 0.74)
1.1.4 breathing exercise
Chen Ming 2012 121.8 171 27 101.8 119 25 5.4% 20.00 [12.04, 27.96] -
Gao Wei 2020 121.84 17.11 60 106.9 13.92 60 6.3%  14.94[9.36, 20.52] -
Giilcan 2020 106.75 19.42 56 80.75 17.9 56  5.8% 26.00[19.08, 32.92]
Subtotal (95% CI) 143 141  17.5% 20.08 [13.33, 26.83] e
Heterogeneity: Tau? = 23.58; Chi? = 5.97, df = 2 (P = 0.05); I? = 67%
Test for overall effect: Z = 5.83 (P < 0.00001)
Total (95% CI) 491 488 100.0% 5.17 [1.80, 8.54] ‘
Heterogeneity: Tau? = 38.52; Chi? = 90.49, df = 17 (P < 0.00001); I? = 81% _2‘0 _1’0 5 1‘0 2‘0
Test for overall effect: Z = 3.00 (P = 0.003) Control  Experimental
Test for subgroup differences: Chi? = 27.09, df = 3 (P < 0.00001), I* = 88.9%
Figure 8 Subgroup analyses of the effect of physical exercise on lung function FEVI (%) among asthma patients.
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remodeling.*' At the same time, aerobic exercises such as swimming and jogging can improve the exercise tolerance of
the body, enhance the respiratory muscle strength, improve the thoracic volume, and promote the air exchange in the lung

so as to effectively increase the rate and function of lung ventilation.*

The Influences of Quality of Life on Patients with Asthma

Individual paper was gradually examined one by one through the sensitivity analysis. Finally, after one article with high
heterogeneity was excluded, seven articles containing quality of life scoring parameters were included for comprehensive
analysis, whose results showed that there was a high degree of homogeneity among the seven studies and had significant
difference from the control group. A comparative study of patients with bronchiectasis found that sedentary behaviour
was the only factor leading to hospitalization, and the sedentary group was 5.91 times the hospitalization rate of the
exercise group.*”® The sensitivity analysis showed that all exercises could significantly improve the quality of life scoring
of patients with asthma. Long-term lack of exercise resulting in decreased physical activity is an important factor
affecting the treatment effect and quality of life of patients with asthma.** Most of the body functions of asthma patients
in daily life belong to the sub-health level, so physical exercise can improve their bodies’ ability to adapt to the
environment. Studies have found that the diversity of intestinal microorganisms in athletes is higher than that in normal
people by comparing the composition of microbial communities of them, which has also produced the view of
“biodiversity hypothesis”.*> Metagenomics and other studies focusing on healthy and diseased individuals have shown
that decreased biodiversity and altered microbiota composition in the gut and skin are associated with a variety of
inflammatory states including asthma, allergy, inflammatory bowel disease, type I diabetes and obesity.*® Mancuso et al*’
made an assessment of longitudinal asthma status in 256 patients in New York who joined in increased physical activity
in life, the results of which showed significant improvement in AQLQ scores as exercise cycle increased. Therefore,
forming regular exercise habits is a scientific method to reduce and control the incidence of asthma. Although the mean
difference of 0.41 (Figure 7) was statistically significant, it was slightly less than the minimal clinically significant
difference (0.5) reported in the study of Juniper et al*®. Therefore, overall speaking, disease symptoms may not improve
significantly among patients. But Figure 9 aerobic exercise subgroup shows high homogeneity and statistical significance
and achieves the minimal clinically significant difference (0.52). It also showed that aerobic exercise could provide
minimal improvement in patients’ quality of life.

Scholar Sanz-Santiago et al*®

adopted the 60min-resistance exercise test in studying patients’ quality of life score
scale, and the result is not significantly heterogeneous with other studies, which may also indicate that exercise duration
is not a factor causing heterogeneity. As shown in Figure 8, FEV1 (%pred) lung function was significantly improved by
Yoga and Tai Chi, which emphasized breath training. Breath training mainly included abdominal breathing exercise and
chest expansion exercise. The combination of chest breathing and abdominal breathing could effectively increase
thoracic movement, promote gas exchange in the lung and improve lung function.** Compared with other exercises,

the exercise containing respiratory training might show more significant improvement in lung function. There is a study

Experimental Control Mean Difference Mean Difference
| Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Basaran 2006 6.23 04 30 573 038 28 20.9% 0.50[0.17,0.83] —
Chen Qiong 2020 5.09 0.39 20 452 03 20 48.8% 0.57[0.35,0.79] L
Cheng Boli 2010 6.1 0.77 50 546 1.15 49  0.0% 0.64[0.25, 1.03]
Gulcan 2020 6.72 0.27 54 262 0.55 54 0.0% 4.10[3.94, 4.26]
Moreira 2008 6.07 1.16 16 595 0.8 15 47% 0.12[-0.58,0.82] I
Tan Jing 2019 6.16 0.09 80 5.82 0.17 76 0.0% 0.34[0.30, 0.38]
Toennesen 2018 6.2 05 29 57 07 34 25.6% 0.50[0.20, 0.80] =
Turner 2011 57 038 19 54 14 15  0.0% 0.30[-0.49, 1.09]
Veronica 2020 6.61 1.2 25 6.22 1.05 28  0.0% 0.39[-0.22, 1.00]
Total (95% ClI) 95 97 100.0% 0.52[0.37, 0.67] L 2

ity 2 = = = - 12 =09 T T
Heterogeneity: Chi? = 1.50, df = 3 (P = 0.68); I = 0% B B 0 1 2

Test for overall effect: Z = 6.72 (P < 0.00001) Control Experimental

Figure 9 Improvement of quality of life by aerobic exercise.
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Table 4 Sensitivity Analysis of FEV| (%pred) in Respiratory Exercise Group

Excluded Papers MD 95% CI P (Combined Effect) 1/%
Giilcan and Tan2020 16.64 11.96, 21.33 <0.01 4

Gao Wei 2020 23.34 17.49, 29.18 <0.01 20
Chen and Yang 2012 20.27 9.44, 31.11 <0.01 83

that selected 92 cases of asthma patients who were admitted to a hospital and those cases were randomly divided into
experimental group and control group. The intervention measures were lip-abdominal breathing and vertical breathing
exercise. After three months of intervention training, lung function recovery was promoted and exercise tolerance and
quality of life were improved as well.”° In the included papers, the author Giilcan adopted yoga intervention in his study,
while yoga exercises mainly emphasized the body posture and breath method for breathing adjustment. And Gao Wei,
Chen Ming and other authors adopted the combination of Tai Chi breathing exercise and other conventional interven-
tions. As a result, the sensitivity analysis in Table 4 shows that the results of the studies by Gao Wei and Chen Ming have
relatively high homogeneity, which can significantly improve lung function FEV1 (%pred).

Limitations and Inadequacies

1) This study merely focuses on two indicators, pulmonary function FEV1 (%pred) and quality of life score. Therefore,
to some extent, the study is not comprehensive. 2) Exercise that includes respiratory training can promote FEV1 (%pred).
However, due to the limited amount of included literature and relatively high heterogeneity, the experimental conclusion
needs to be further improved. 3) All the subjects had signed the informed consent form in the 17 included articles,
leading to a non-double-blind trial. The lack of blinding may make the measurement and study results, such as quality of
life evaluation, deviate from the reality, showing a certain degree of subjectivity.

Conclusion

Current evidence from the included literature suggests that physical exercise interventions positively improve lung
function FEV1 (%pred) and quality of life scores in asthma patients. Different types of exercise have different effects on
patients with asthma as well. Exercises that contain respiratory training and aerobic exercise have a greater effect on
FEV1 (%pred). These interventions may serve as a method that is cost-effective and easy to have feasible adjunctive
therapy. There were certain limitations in terms of research methods, such as limited observation indicator, small amount
of literature on certain exercises, and not having blinding method. However, this paper still sheds lights on improving
asthma patient symptoms by exercise and offers references on future research on asthma by exercise for medical staff.
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