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Abstract
Background

Chronic obstructive pulmonary disease (COPD) is the most common chronic lung disease creating
immense burden on social health care systems. Pulmonary rehabilitation (PR) has proven to be effective
in patients with COPD. However, exercise training as the basis of PR becomes extremely tedious,
occasionally causing loss of perseverance in patients. Therefore, we considered an approach that makes
this technique interesting and easier to persist. The aim of this project was to explore an exercise training
approach based on PR-integrated sports in medicine to promote the new exercise training approach as a
form of group rehabilitation activity in the future.

Methods

Participants were randomly divided into the trial and control groups. The trial group was treated with PR-
integrated sports into medicine (plus usual care). All exercise programs were guided by sports coaches
with a physical education background. Meanwhile, the control group received traditional PR and home
exercises, including walking and swimming. The study lasted for 12 weeks. The primary outcome
measure was exercise tolerance using the 6-min walking test and secondary outcomes were the peak
oxygen uptake of cardiopulmonary exercise tests, the COPD Assessment Test, and the St. Georges
Respiratory Questionnaire. Other evaluated outcomes included changes in postbronchodilator forced
expiratory volume at 1st second, forced vital capacity, body fat and muscle composition, and mental
status measured using the Hamilton Anxiety and Depression Scales.

Discussion

This study provides a simple, feasible, repeatable, and fun exercise training approach. To the best of our
knowledge, there are no randomized controlled trials in the existing literature on PR-integrated sports into
medicine. The protocol shared in our study can be used as a reference for exercise training in patients
with COPD.

Trial registration Ethical approval (BF2020-236-02) was obtained from the Guangdong Provincial
Hospital of Chinese Medicine Human Research Ethics Committee. All participants signed an informed
consent form. ChiCTR- 2100043543 (http://www.chictr.org.cn/showproj.aspx?proj=120298). The
registration date is 2021/02/21 and it is the third version.

Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable disease,
characterized by persistent respiratory symptoms and air�ow limitation. Airway obstruction leads to
continual dyspnea, cough, sputum production, and systemic effects.[1] In 2010, the global prevalence of
COPD was estimated at 11.7%, with an overall increasing trend.[2] According to the World Health
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Organization, COPD will become the �fth largest disease burden and the third largest cause of death by
2020.[3–5]

Pulmonary rehabilitation (PR) has been shown to be an effective therapeutic strategy to improve
shortness of breath, health status, and exercise tolerance in COPD and is an important part of integrated
patient management.[6] Supervised maintenance exercise training at least twice a week forms the
foundation of PR and encompasses endurance training, interval training, resistance or strength training,
�exibility, and inspiratory muscle training. All interventions are aimed at maximizing personal functional
gains.[7] Due to individual differences, development of a uniform exercise training program becomes
impossible. Walking is the most common form of training and is recommended at a constant speed of
80–120 steps per min, at least 45 min each time, to achieve a heart rate in the target range and maintain
it for more than 10 minutes.[8] The cycle ergometer is a frequent choice for endurance training.

Available evidence indicates that optimum bene�ts are achieved from programs lasting for 6–8 weeks.[7]
However, there are numerous challenges faced along the way and exercise training occasionally becomes
too monotonous to sustain for some patients. When the program is unsupervised, patients fail to
effectively carry on with the exercise training. Walking exercises without supervision cannot achieve the
targeted intensity.[9] Additionally, only a minority of patients favor cycling. A study in China showed that
only 3.8% of 80 patients approved of cycling.[10]

Recently, efforts have been made to provide more integrated, patient-centered PR programs and
engagement in sports has been suggested as a convenient setting for health promotion.[11] There are
sports clubs that organize and provide opportunities for competition and participation in community
sports. However, exercise-induced hypoxemia is a problem in patients with COPD.

The integration of medicine into sports training was �rst proposed in physical education to prevent
diseases. Sports coaches focus on helping patients by conducting exercise training in an effective and
interesting manner. Therefore, PR-integrated with sports and medicine may be a viable approach that
offers a patient-tailored, individualized intervention, targeting long-term adherence to health-enhancing
behaviors.

Considering the role of a sports coach in maintaining the e�ciency and persistence of exercise training,
we invited a sports coach to the PR team and designed a randomized, controlled clinical trial. The aim of
the project was to explore an exercise training pattern based on PR integrated with sports and medicine.

Methods And Analysis

Study setting
This study is a prospective, randomized, controlled clinical trial. Participants were recruited from the
Guangdong Provincial Hospital of Chinese Medicine Clinic and evaluated by two experienced respiratory
physicians. Patients are invited to meet with the research physicians to discuss any remaining questions
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and sign the informed consent. Thereafter, the participants were randomly assigned to either the trial or
control group. The trial group received PR integrated with sports and medicine. The control group received
a traditional PR program. Owing to the exercise intervention, it was not possible to blind participants or
those involved in the provision of care. However, the researchers collecting primary data and performing
statistical analyses were blinded to the allocation. The study design is shown in Fig. 1.

Eligibility criteria
We included participants aged between 40 and 80 years, diagnosed with COPD (a post-bronchodilator
FEV1 < 70% and < 80% of predicted normal values), who were clinically stable, had not experienced an
acute exacerbation for at least 4 weeks before the trial, did not participate in systematic exercise training
in the past 6 months, and had a 6-min walk test (6MWT) distance between 350 and 550 m.

We excluded participants with severe comorbidities, including coronary heart disease, arterial aneurysm,
severe hepatic and renal dysfunction, and uncontrolled hypertension. Patients with mental diseases,
deafness, limb activity disorder, and inability to cooperate were also excluded from the trial.

Patients can leave the study at any time for any reason. Intervention can also be ended by the
investigators if the patient is uncooperative and does not attend study visits. This study will be ended in
case of any abundance in adverse events or procedure-related complications.

Randomization
A list of random numbers was generated using IBM SPSS statistical software (version 23.0). Opaque
envelopes containing a number were used to randomly assign participants to either the trial or control
group.

Sample size calculation
For the primary outcome, a change of 25 m in the 6-MWT distance was considered to be the minimal
important difference (MID) in patients with COPD,[12] based on a two-sample independent t-test with a
given MID of 25 m, standard deviation of 44.6 m, power of 80%, and signi�cance level of 0.05.[13]
Accordingly, the calculated sample size of each group was 50. Assuming a dropout rate of 15% resulted
in 18 patients being included in the �nal study population.

Interventions
After baseline data collection, the patients were randomly divided into the trial or control group.
Participants in both the groups received usual care, and PR included health education, nutrition guidance,
psychological support, and exercise training. [6, 14] The intervention was performed three times per week
for 12 consecutive weeks. The only difference in intervention between both the groups was the exercise
training.
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In the control group, exercise sessions, which mostly included walking and swimming, lasted for at least
30 min, three times a week, with a weekly follow-up. In contrast, patients in the trial group received
exercise training guided by a sports coach, which lasted for 60 min, once a week at the hospital, and for
30 min, twice a week at home, conducted through a video. Exercise training for the trial group consisted
of warm-up exercise, aerobic exercise, resistance exercise, respiratory rhythm adjustment, and respiratory
muscle training.

Warm-up exercise

Warm-up exercise was based on Baduanjin combined with lip-constricted breathing and abdominal
breathing. Baduanjin is a traditional Chinese physical exercise that involves mild exercise and respiratory
regulation.[15]

Aerobic exercise

Considering the tolerance of patients with COPD, sports coaches integrated aerobic exercise into a set of
aerobics. Aerobics included eight movements and could be performed in the standing or sitting position
according to the patient’s condition. Each movement was performed in 4–6 sets of 8–16 repetitions.
Between each set, there was a break of 10 s. If the patient was unable to tolerate the exercise, the break
time could be extended.

Resistance training

Resistance training could also be performed while standing or sitting. The sports coach integrated
resistance exercises into a set of aerobics, including eight movements with a stretch belt (1.5 m, 22
pounds). Each movement consisted of 4–6 sets of 8–16 repetitions. Between each set, there was a break
for 10 s. If the patient was unable to keep up, the break time was extended.

Respiratory muscle training

Patients received respiratory muscle training through abdominal breathing, wherein the abdomen gently
puffed-up during inhalation and sank during exhalation. A sandbag weighing 5 kg was placed on the
abdomen, followed by abdominal breathing for 3 min.

In both the groups, each patient had an exercise log, which was completed by a supervisor who instructed
the sessions online. The exercise log contained adverse events, completed exercises, and record of vital
signs before and after exercise.

Outcome measures and follow-up
The primary outcome measure was exercise tolerance using the 6-MWT. Secondary outcomes were the
peak oxygen uptake (V̇O2) of cardiopulmonary exercise tests, the COPD Assessment Test (CAT), and the
St. Georges Respiratory Questionnaire (SGRQ). Other outcomes included changes in postbronchodilator
forced expiratory volume at 1st second (FEV1), forced vital capacity (FVC), body fat and muscle
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composition, mental status measured using the Hamilton rating scale for depression scores (HAMD-24)
and the Hamilton Anxiety rating scale (HAMA).

The investigator inquired about the occurrence of adverse events. The details of every adverse event were
reported in the case report form (CRF). The same investigator recorded all outcome measures to maintain
standardization in the procedure. Data on these outcomes were collected at baseline and after 12 weeks.
Patients were followed up weekly in the outpatient department or through online methods, including
telephone and Wechat.

Measurements

6-min walking test
This test measures the distance a participant can walk in 6 min. The patients were instructed to walk as
far as possible in 6 min and received recommended standardized encouragement. Two tests were
performed on each occasion, and the best distance was recorded. A 30-min rest was mandatory between
the �rst and second 6-MWT.[16, 17]

Peak oxygen uptake of cardiopulmonary exercise tests
Cardiopulmonary exercise testing (CPET) started with an initial rest of 3 minutes, followed by unloaded
cycling for 3 minutes and a subsequent increment of 5–15 W after each minute. The aim was achieving
a total exercise performance time of 8 to 12 min. Patients were asked to maintain a pedaling frequency
of 50–60 rpm on a cycle ergometer (SCHILLER CS- 200 Ergo- Spiro, Switzerland). If the patients displayed
symptoms such as unsustainable dyspnea or leg fatigue, chest pain, ECG-signi�cant ST-segment
depression, and a drop in systolic blood pressure or oxygen saturation (SpO2) ≤ 84%, the test was
stopped. V̇O2 was recorded as the mean value of VO2 during the last 20 s of the test. VO2 was expressed
both as an absolute value (l/min) and in terms of mL/kg/min.[18, 19]

COPD Assessment Test (CAT)
CAT is a patient completed 8-item questionnaire that assesses the impact of COPD on self-reported
health status and symptoms.[20] Each item is scored from 0 to 5 points (0 indicating no impact or
symptoms and 5 indicating the worst possible impact or symptoms) summing up to a total CAT score in
the range of 0–40 points.

St. Georges Respiratory Questionnaire
The SGRQ is a self-administered questionnaire designed to measure self-perceived impairments in health
and quality of life in individuals with airway diseases.[21] The three component scores of the
questionnaire, including symptoms, activity, and impact (on daily life) were calculated, giving a total
score between 0 and 100, wherein 0 indicates good health and 100 indicates very poor health.

Pulmonary function testing



Page 7/13

Pulmonary function tests were performed by spirometry using the same machine and the same
technician for all patients according to international recommendations. [22, 23] A �ow-sensing spirometer
and a body plethysmograph connected to a computer (Master Screen Diffusion Combined Pulmonary
Function Tester, Jaeger, Germany) were used for the measurements.

Body fat and muscle composition
Body fat and muscle composition were measured using multifrequency bioelectrical impedance analysis
(BIA) via a body composition analyzer (InBody 770, Biospace Co Ltd, Seoul, South Korea). The participant
stood barefoot on the platform of the device with the soles of their feet on the electrodes. The
participants then grasped the handles of the unit with their thumb and �ngers to maintain direct contact
with the electrodes and stood still for 1 min while maintaining their elbows at full extension and shoulder
joints abducted to approximately 30-degree angle. During the assessment, BIA analyzers introduced a
small electrical current into the body and measured the resistance or impedance to the current �ow to
calculate skeletal muscle, fat content, and other components of the body. Data on total body
composition, body fat percentage, muscle mass, and bone mass were also collected.

Hamilton Rating Scale for Depression (HAMD-24) and
Hamilton Anxiety rating (HAMA) scales
HAMD-24 and HAMA were used to evaluate depression and anxiety levels of participants.[24] The HAMD
scale includes 24 problem items, which can be classi�ed into seven factor structures:
anxiety/somatization, body mass, cognitive impairment, day-night change, block, sleep disturbance, and
sense of hopelessness. A total score of ≥ 8 indicates that the patient has positive depressive symptoms.
The HAMA scale contains 14 items, most of which can be scored on a 0–4 scale.

Participant timeline
The study will last for 3 years. Recruitment of patients started in March 2021. Baseline information
including sex, age, body mass index, and history of smoking was collected at the beginning. Vital signs
including blood pressure, heart rate, oxygen saturation, and respiratory rate were collected every week
during the period of intervention to evaluate safety. Outcome data were collected before intervention and
at 12 weeks. The protocol follows the Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) 2013. [25] And A brief SPIRIT �ow diagram is shown in Table 1. A populated SPIRIT
checklist is provided in Additional �le.
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Table 1
Tabulated summary of study schedule

Timepoint Baseline

(t0)

Week 1–12

(t1)

Week 13

(t2)

ENROLLMENT:      

Eligibility screen ×    

Informed consent ×    

Demographics ×    

Medical history ×    

INTERVENTIONS:      

Trial group   ×  

Control group   ×  

ASSESSMENT:      

6-MWT ×   ×

V̇O2 of CET ×   ×

CAT ×   ×

SGRQ ×   ×

Pulmonary function testing ×   ×

Body fat and muscle composition ×   ×

HAMD-24 ×   ×

HAMA ×   ×

SAFETY MONITORING:      

Vital signs × × ×

Adverse event reporting   × ×

Adverse event reporting
Adverse events were recorded in CRF (Case Report Form). Serious adverse events were reported within 24
hours of the principal investigation. The steering committee consisting of a pulmonologist and a
respiratory nurse surveyed the study procedure and evaluated serious adverse events. If there is any
damage related to the study, the research group will pay the medical expenses and make corresponding
�nancial compensation according to laws and regulations.
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Data management and Statistical analysis
Researchers will make appointments for the next follow-up to promote participant retention. Data will be
collected in the CRF on paper by the same investigator. All the CRF on paper will be stored in a locked
cabinet. Access to the data sets was only available to the investigators in this study. Incomplete data of
patients who are lost to follow-up for various reasons will be eliminated. Ethics Committee of Guangdong
Provincial Hospital of Chinese Medicine makes a visits per year and checks the presence and
completeness of the investigation �le. All substantial amendments will be noti�ed to the Committee, and
non-substantial amendments will be recorded.

Outcome measures were analyzed using a t-test at the end of the trial. IBM SPSS statistical software for
Windows (Version 23.0) was used to analyze the data for the outcome measures. Data were presented as
the mean and standard deviation.

Dissemination
Results of this research will be disclosed completely in international peer-reviewed journals. Both positive
and negative results will be reported.

Discussion
Many previous studies have explored ways to increase adherence to the ongoing exercise training. Some
researchers integrated virtual reality into PR and suggested that a PR program supplemented with VR is a
bene�cial intervention to improve physical �tness in patients with COPD.[26] Home-based
telerehabilitation via real-time videoconferencing has been proven to improve endurance, exercise
capacity, and self-e�cacy in patients with COPD.[27] Additionally, modi�cations of traditional Chinese
medicine exercise training methods, including Baduanjin and Taiji, have been used as appropriate
substitutes for PR.[28, 29]

In this study, we incorporated exercise training into aerobic dancing because this is an interesting
approach to exercise, which makes it easier for patients to adhere to the program. This study integrates
sports coaches into the PR team, thereby providing a simple, feasible, repeatable, and fun exercise
training approach. To the best of our knowledge, there are no randomized controlled trials in the existing
literature on PR-integrated sports into medicine. The protocol shared in our study can be used as a
reference for exercise training in patients with COPD. We hope that video materials for exercise training
can be made available in the future to promote community and group focused rehabilitation activity.

This study has a few limitations. First, patients with mild or very severe COPD were not included. Second,
the �ndings were limited because of the single-center design of the study. Finally, patient and clinician
blinding were not possible because of the nature of the intervention.

Abbreviations
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COPD: Chronic obstructive pulmonary disease; PR: Pulmonary rehabilitation; 6-MWT : 6-min walking test;
MID : minimal important difference; V̇O2:peak oxygen uptake; CAT : COPD Assessment Test; SGRQ: St.
Georges Respiratory Questionnaire; FEV1: forced expiratory volume at 1st second ; FVC: forced vital
capacity; HAMD:Hamilton rating scale for depression scores; HAMA :Hamilton Anxiety rating scale; CRF:
Case report form; CPET :Cardiopulmonary exercise testing; SpO2:oxygen saturation; BIA :bioelectrical
impedance analysis.

Declarations
Trial status

This is the third and de�nitive protocol version. Participants will be recruited between March 1st, 2021,
and November 31, 2023. Study completion is expected to be June 2024. The study protocol has been
submitted before the end of the recruitment and before the last patient.

Ethics approval and consent to participate

The study was registered with the Chinese Clinical Trial Registry (ChiCTR- 2100043543). Ethical approval
(BF2020-236-02) was obtained from the Guangdong Provincial Hospital of Chinese Medicine Human
Research Ethics Committee. All participants signed an informed consent form and their personal
information was stored in hospital and only used to this study to protect con�dentiality. There is no
anticipated harm and compensation for trial participants.

Consent for publication

Not applicable.

Availability of data and materials

The datasets analyzed during the current study are available from the corresponding author on
reasonable request. The data will be available after the main publication of them; for other
circumstances, they should consult the corresponding author. Any data required to support the protocol
can be supplied on request.

Competing interests

The authors declare no �nancial relationships with any organization that might have an interest in the
submitted work.

Funding

This work was supported by grants from the Technology Planning Project of Guangzhou (Grant Number
202002020042), Zhou Zhongying Academic Experience Inheritance Studio in Guangdong, and the double



Page 11/13

�rst-class and high-level university discipline collaborative innovation team project of Guangzhou
University of Chinese Medicine (2021XK27).

Author contributions

YX is the Chief investigator, she conceived the study, led the proposal and protocol development. LL
contributed to study design and development of the proposal. YJ, YM, and HZ were joint �rst authors,
 main executor, and drafted the manuscript. HZ contributed to exercise training guidance. ZW, HL, YL, MH
contributed to the protocol design. YX contributed to the critical revision of the manuscript for important
intellectual content and approved the �nal version of the manuscript. All authors have read and approved
the �nal manuscript.

Acknowledgements

We thank Dr Lan Cheng for providing the exercise venue, and the patients at Guangdong Provincial
Hospital of Chinese Medicine Clinic.

References
1. Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global strategy for the diagnosis,

management and prevention of chronic obstructive pulmonary disease. https://goldcopd.org/2021-
gold-reports/ 2021 [Report].

2. Adeloye D, Chua S, Lee C, et al. Global and regional estimates of COPD prevalence: Systematic
review and meta-analysis. J Glob Health. 2015;5:020415. https://doi.org/10.7189/jogh.05-020415.

3. Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990–2020: Global
Burden of Disease Study. Lancet. 1997;349:1498–504. https://doi.org/10.1016/S0140-
6736(96)07492-2.

4. Chapman KR, Mannino DM, Soriano JB, et al. Epidemiology and costs of chronic obstructive
pulmonary disease. Eur Respir J. 2006;27:188–207.
doi:https://doi.org/10.1183/09031936.06.00024505.

5. World Health Organization. Chronic Obstruct Pulm Dis. 2015;2017.
http://www.who.int/respiratory/copd/en/.

�. McCarthy B, Casey D, Devane D, et al. Pulmonary rehabilitation for chronic obstructive pulmonary
disease. Cochrane Database Syst Rev. 2015;2:CD003793.
https://doi.org/10.1002/14651858.CD003793.pub3.

7. Alison JA, McKeough ZJ, Johnston K, et al. Guidelines Australian Respirology. 2017;22:800–19.
https://doi.org/10.1111/resp.13025.

�. Wootton SL, Hill K, Alison JA, et al. Effects of ground-based walking training on daily physical
activity in people with COPD: A randomised controlled trial. Respir Med. 2017;132:139–45.
https://doi.org/10.1016/j.rmed.2017.10.008.



Page 12/13

9. Jenkins AR, Gowler H, Curtis F, et al. E�cacy of supervised maintenance exercise following
pulmonary rehabilitation on health care use: A systematic review and meta-analysis. Int J Chron
Obstruct Pulmon Dis. 2018;13:257–73. https://doi.org/10.2147/COPD.S150650.

10. Committee E-BR, Chinese Association of Rehabilitation Medicine, Research Institute of Rehabilitation
Information, et al. Evidence-based practice guidelines for clinical rehabilitation of chronic obstructive
pulmonary disease. Chin J Rehabil Theor Pract 2021;27:15–26.
https://doi.org/10.3969/j.issn.1006 9771.2021.01.002.

11. Donaldson A, Finch CF. Sport as a setting for promoting health. Br J Sports Med. 2012;46:4–5.
https://doi.org/10.1136/bjsports-2011-090743.

12. Holland AE, Hill CJ, Rasekaba T, et al. Updating the minimal important difference for six-minute walk
distance in patients with chronic obstructive pulmonary disease. Arch Phys Med Rehabil.
2010;91:221–25. https://doi.org/10.1016/j.apmr.2009.10.017.

13. Puhan MA, Chandra D, Mosenifar Z, et al. The minimal important difference of exercise tests in
severe COPD. Eur Respir J. 2011;37:784–90. https://doi.org/10.1183/09031936.00063810.

14. Spruit MA, Spruit MA, Singh SJ, Garvey C, et al. An o�cial American Thoracic Society/European
Respiratory Society statement: Key concepts and advances in pulmonary rehabilitation. Am J Respir
Crit Care Med. 2013;188:e13–64. https://doi.org/10.1164/rccm.201309-1634ST.

15. Huang M, Lu W, Liang G, et al. A summary of creation of respiratory Baduanjin. New Chin Med.
2019;51:302–4. https://doi.org/10.13457/j.cnki.jncm.2019.11.091.

1�. Holland AE, Spruit MA, Troosters T, et al. An o�cial European Respiratory Society/American Thoracic
Society technical standard: Field walking tests in chronic respiratory disease. Eur Respir J.
2014;44:1428–46. https://doi.org/10.1183/09031936.00150314.

17. Sciurba F, Criner GJ, Lee SM, et al. Six-minute walk distance in chronic obstructive pulmonary
disease: Reproducibility and effect of walking course layout and length. Am J Respir Crit Care Med.
2003;167:1522–27. https://doi.org/10.1164/rccm.200203-166OC.

1�. American Thoracic Society, American College of Chest Physicians. ATS/ACCP Statement on
cardiopulmonary exercise testing. Am J Respir Crit Care Med. 2003;167:211–77.
https://doi.org/10.1164/rccm.167.2.211.

19. Pierson WE. Principles of exercise testing and interpretation. Taylor & Francis. 2009;5:24.
https://doi.org/10.3109/02770908709070958.

20. Jones PW, Harding G, Berry P, et al. Development and �rst validation of the COPD Assessment Test.
Eur Respir J. 2009;34:648–54. https://doi.org/10.1183/09031936.00102509.

21. Jones PW, Quirk FH, Baveystock CM, et al. A self-complete measure of health status for chronic
air�ow limitation. The St. George’s Respiratory Questionnaire. Am Rev Respir Dis. 1992;145:1321–27.
https://doi.org/10.1164/ajrccm/145.6.1321.

22. Wanger J, Clausen JL, Coates A, et al. Standardisation of the measurement of lung volumes. Eur
Respir J. 2005;26:511–22. https://doi.org/10.1183/09031936.05.00035005.



Page 13/13

23. Bokov P, Delclaux C. Interpretation and use of routine pulmonary function tests: Spirometry, static
lung volumes, lung diffusion, arterial blood gas, methacholine challenge test and 6-minute walk test.
Rev Med Interne. 2016;37:100–10. https://doi.org/10.1016/j.revmed.2015.10.356.

24. Zhang H, Fan Q, Sun Y, et al. A study of the characteristics of alexithymia and emotion regulation in
patients with depression. Shanghai Arch Psychiatry. 2017;29:95–103.
https://doi.org/10.11919/j.issn.1002-0829.216098.

25. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hróbjartsson A,
Schulz KF, Parulekar WR, Krleža-Jerić K, Laupacis A, Moher D. SPIRIT 2013 Explanation and
Elaboration: Guidance for protocols of clinical trials. BMJ. 2013;346:e7586.
https://doi.org/10.1136/bmj.e7586.

2�. Rutkowski S, Rutkowska A, Kiper P, et al. Virtual reality rehabilitation in patients with chronic
obstructive pulmonary disease: A randomized controlled trial. Int J Chron Obstruct Pulmon Dis.
2020;15:117–24. https://doi.org/10.2147/COPD.S223592.

27. Tsai LL, McNamara RJ, Moddel C, et al. Home-based telerehabilitation via real-time
videoconferencing improves endurance exercise capacity in patients with COPD: The randomized
controlled TeleR Study. Respirology. 2017;22:699–707. https://doi.org/10.1111/resp.12966.

2�. Cao A, Feng F, Zhang L, et al. Baduanjin exercise for chronic obstructive pulmonary disease: An
updated systematic review and meta-analysis. Clin Rehabil. 2020;34:1004–13.
https://doi.org/10.1177/0269215520926635.

29. Polkey MI, Qiu ZH, Zhou L, et al. Tai chi and pulmonary rehabilitation compared for treatment-naive
patients with COPD: A randomized controlled trial. Chest. 2018;153:1116–24.
https://doi.org/10.1016/j.chest.2018.01.053.

Figures

Figure 1
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