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Abstract 

Background Physical exercise training is the central component of pulmonary rehabilitation. This study aimed to fur-
ther investigate the rehabilitative effects of pulmonary-based Qigong exercise (PQE) in stable patients with chronic 
obstructive pulmonary disease (COPD).

Methods In this randomized, assessor-blinded clinical trial, 44 participants with stable COPD were randomly assigned 
to 2 groups in a 1:1 ratio. Participants in the control group received usual care for 3 months. Participants in the inter-
vention group received usual care combined with PQE (60 min each time, 2 times per day, 7 days per week, 
for 3 months). The outcome included exercise capacity, lung function test, skeletal muscle strength, dyspnea, 
and quality of life were measured before and after intervention.

Results A total of 37 participants completed the trial. Compared to the control group, after 3 months of PQE, 
the mean change in exercise capacity, skeletal muscle strength, and quality of life were statistically significant (P < 0.05, 
for each), but no significant differences were observed in lung function (except for the forced expiratory volume 
in one second) and dyspnea (P > 0.05, for each).

Conclusion The findings of study suggest that the proposed program of 3 months of PQE intervention has signifi-
cant improvement in exercise capacity, skeletal muscle strength, and quality of life of COPD-stable patients.

Trial registration This study was registered in the Chinese Clinical Trial Registry (Trial ID: ChiCTR-1800017405 on 28 
July 2018; available at https:// www. chictr. org. cn/ showp roj. html? proj= 28343).
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Introduction
Currently, chronic obstructive pulmonary disease 
(COPD) is a global health emergency that affects peo-
ple from all countries, socioeconomic classes, and age 
groups, and it has become one of the top three causes 
of death worldwide [1]. COPD is a heterogeneous lung 
condition characterized by chronic respiratory symp-
toms due to abnormalities of the airways and/or alveoli 
that cause persistent, often progressive, airflow obstruc-
tion [2]. Importantly, COPD is a systemic disease that 
not only affects the local lungs, causing decreased lung 
functions and dyspnea, but also causes multisystemic 
implications and comorbidities including skeletal muscle 
function, which can lead to decreased exercise capacity 
and poor quality of life [3, 4].

Physical exercise training, as an active treatment rec-
ommended by the American Thoracic Society/European 
Respiratory Society with strong evidence, is the central 
component of pulmonary rehabilitation (PR) [5]. Tra-
ditional Chinese exercise (TCE) is an ancient Chinese 
system of gentle, self-healing physical exercise training 
designed to improve body function, and it is practiced in 
many Asian communities and has growing popularity in 
Western countries [6]. Previous meta-analyses have dem-
onstrated that TCE (including Tai Chi, Qigong, Liu Zijue, 
Wu Qinxi, and Ba Duanjin) is beneficial for improving 
lung function, mobility or physical performance, and 
quality of life in patients with COPD [7, 8], and a recent 
randomized controlled trial reported that Qigong exer-
cise and cycle ergometer exercise had similar rehabilita-
tion effects on the improvement of the cardiopulmonary 
endurance and quality of life of COPD patients [9]. How-
ever, those trials have focused on a single type of TCE 
as the intervention with inconsistent clinical effects on 
COPD patients based on the exercise type, and some 
movements are physically draining and do not help the 
patients improve.

Compared with a single type of TCE, pulmonary-based 
Qigong exercise (PQE) is more targeted and practical for 
COPD-stable patients’ functional recovery, which was 
developed by Liu et al. [10] based on the disease charac-
teristics of COPD. The PQE, following the basic theory of 
traditional Chinese medicine, combines and reorganizes 
elements from Liu Zijue, Wu Qinxi, Ba Duanjin, and Yi 
Jinjing to compile a new intervention of prescribed pul-
monary exercise for COPD rehabilitation. Basing on the 
traditional Chinese medicine theory, the vitality of the 
energy called Qi, and the vital energy flows through all 
of the organ systems and tissues of the body via channels 
called meridians and collaterals [7]. The main character-
istics of PQE include the “hu” sounding (regulating the 
spleen to ensure the production of Qi) and “si” sound-
ing (regulating the lung to ensure the Qi is dispersed and 

purged) in Liu Zijue, “pushing up the sky to regulate the 
triple warmer” (regulating Qi activity to dredge channels 
and collaterals) and “drawing a bow to shoot a vulture” 
(clearing the Lung Meridian of Hand-Taiyin to regulate 
the Qi of the lung) in Ba Duanjin, “crane spread its wings 
and crane exercise of the crane flies” (flowing the Qi of 
conception and governor vessels) in Wuqinxi, and “cross-
armed iron staff” (regulating the flow of Qi and reliev-
ing de-pression in the chest) in Yi Jinjing. Overall, the 
aforementioned characteristics of PQE are beneficial to 
tonify lung Qi, and to dredge channels and collaterals of 
body, thereby enhancing the physical functions of COPD 
patients. In addition to regulating Qi, PQE achieves the 
effect of strengthening muscles and bones through mild 
to moderate aerobic activity and strength training of the 
core muscles, upper and lower limbs muscles, and res-
piratory muscles, which are important aspects of COPD 
management. The Fig. 1 and Additional file 1 shows the 
details of PQE training.

A previous study has found that PQE intervention 
can significantly improve exercise capacity and facilitate 
activities of daily living and social participation com-
pared to conventional PR [11]. However, this study did 
not examine the effects of PQE intervention on skeletal 
muscle strength, lung function, and physical activity in 
COPD-stable patients. So, basing on prior research, the 
present trial further investigates the rehabilitative effects 
of PQE intervention on COPD-stable patients using 
multidimensional outcomes. We hypothesized that PQE 
intervention may improve lung function, exercise capac-
ity, skeletal muscle function, dyspnea, and quality of life 
of COPD-stable patients.

Methods
Study design
This study was designed as a randomized, superiority, 
assessor-blinded clinical trial with two parallel groups 
of intervention and control. The study protocol was 
reviewed and approved by the Institutional Review Board 
of Shanghai University of Traditional Chinese Medi-
cine Yueyang Hospital of Integrated Traditional Chi-
nese Medicine and Western Medicine, Shanghai, China 
(2018–080), and was registered on the Chinese Clinical 
Trial Registry (ChiCTR-1800017405). All participants 
provided written consent. This clinical trial adheres 
to the CONSORT 2010 guidelines for reporting rand-
omized trials [12].

Participants
From June 2018 to October 2019, participants with stable 
COPD were recruited and screened in the Department of 
Respiratory, Shanghai University of Traditional Chinese 
Medicine Yueyang Hospital of Integrated Traditional 
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Fig. 1 Main characteristics of pulmonary-based Qigong exercise. a Rise-up position. b “hu” sounding. c “si” sounding. d Pushing up the sky 
to regulate the triple warmer. e Drawing a bow to shoot a vulture. f Crane spread its wings. g Crane exercise of the crane flies. h Cross-armed iron 
staff. i Restore position
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Chinese Medicine and Western Medicine (Shanghai, 
China). Participants were mainly recruited through 
publishing recruitment announcements in posters, and 
WeChat promotions with the eligibility criteria of the 
trial.

The diagnosis of COPD was confirmed following the 
2017 Global Initiative for Chronic Obstructive Lung 
Disease criteria [13]. Inclusion criteria are as follows: 
(1) Participants were diagnosed with moderate to very 
severe COPD (stages II-IV) [13] and they have been clini-
cally stable in the 4 weeks before randomization; (2) No 
gender limitation, age 40 to 80  years; (3) Participants 
have not participated in any organized exercise training 
(at least twice a week) in the past 6  months. (4) Agree-
ment of the participants to voluntarily participate in the 
trial and signed informed consent. Able to understand 
and implement rehabilitation training.

Exclusion criteria are as follows: (1) Unable to com-
municate or unable to follow commands; (2) Acute 
exacerbation that requires a change in pharmacological 
management or hospitalization; (3) Coexistence of other 
chronic respiratory disorders; (4) Skeletal muscle dis-
ease or other disease hampering assessment of muscle 
strength; (5) Current participation in any experimental 
trial.

Sample size
Assessment of six minutes walking test (6MWT) as the 
primary outcome. According to the results of a similar 
study conducted previously [14], the sample size was 
based on detecting a minimum difference of 54 m in the 
6MWT between the control group and the intervention 
group and used a baseline standard deviation of 57 m. In 
this study, a two-tailed test was chosen (α = 0.05), con-
sidering 80% power, using the statistical formula of mean 
difference. The smallest sample size was determined to 
be 38. However, considering the attrition rate of 15%, 
the sample size was increased to 44, with 22 participants 
included in each group.

Randomization and blinding
All eligible participants were randomly assigned to two 
groups in a 1:1 ratio. Computerized random numbers 
were generated using the Statistical Package for the 
Social Sciences (SPSS) 26.0 statistical software. This work 
was conducted by an independent investigator and kept 
in a sealed, opaque envelope. When eligible participants 
were enrolled, the physiotherapists opened the envelopes 
in order of numbering on the envelopes to view the ran-
domly assigned groups. The occupational therapist will 
give the participant the corresponding intervention. The 
trial is an exercise therapy intervention study, therefore, 
the therapist and participants will not be blinded by the 

assigned treatment. However, the outcome assessors, 
data collectors, and data analysts were unaware of the 
group assignments to maintain blinding.

Interventions
Control group
Eligible participants who were assigned to the control 
group received the usual care provided based on the 
2017 Global Initiative for Chronic Obstructive Lung 
Disease guidelines [13], including prescribed medica-
tion, smoking cessation, and education. During the trial, 
participants did not receive any form of regular exercise 
intervention (> 2 times per week for > 60 min each), and 
the investigators conducted regular weekly telephone vis-
its to ask participants for information about their medi-
cation, exercise, and daily activity for the week to ensure 
compliance with the trial. Participants were classified as 
compliant if the completion of responses to the telephone 
calls was no less than 85%.

PQE group
The participants in the exercise group also accepted the 
usual care provided, which is identical to the control 
group. The difference between the two groups is that the 
exercise group conducted PQE intervention for 60  min 
each time, 2 times per day, 7 days per week, for 3 months. 
This exercise program is primarily based on participants 
themselves at home: On Sunday afternoons, ask partici-
pants to gather in the hospital to perform exercises under 
the supervision and instruction of a physiotherapist, and 
for the remaining 6  days to perform exercises at home. 
The exercise protocol consists of three actions, and the 
operation processes are as follows.

Action 1: Participants are instructed to perform a 
warm-up exercise for 5–10 min that focused primar-
ily on dynamic flexibility exercises of involved muscle 
groups and stretching muscles.
Action 2: Participants are instructed to perform PQE 
intervention for 40 min. The exercise consists of nine 
characteristics: rise-up position, the “hu” and “si” 
sounds in Liu Zijue, “pushing up the sky to regulate 
the triple warmer” and “drawing a bow to shoot a 
vulture” in Ba Duanjin, “crane spread its wings and 
crane exercise of the crane flies” in Wuqinxi, and 
“cross-armed iron staff” in Yi Jinjing, restore position 
(Fig.  1). The detailed action plans are presented in 
Additional file 1.
Action 3: Participants are instructed to perform a 
cool-down exercise for 5–10  min that focused pri-
marily on stretching and relaxing their muscles.
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To ensure participants’ compliance with the exer-
cise intervention, importantly, here are some important 
operation processes that should be performed before the 
formal training session: (1) Give training instructions 3 
times within 2 weeks to participants; (2) Deliver the video 
of the prescribed pulmonary exercises and the exercise 
record brochure to all participants; (3) Ask participants 
to study the complete action and breathing require-
ments of each intervention; (4) Ask participants to record 
detailed information after each exercise session in the 
exercise record brochure, including details about exer-
cise method, time, duration, intensity, and site, and sub-
mit the exercise record information of the week at each 
intensive training; (5) Ask participants to send videos of 
their daily home PQE training to the physiotherapist, and 
the physiotherapist gives the participants feedback based 
on the videos to ensure the effects of home exercises for 
patients; (6) Participants are instructed to take a break if 
they feel tired, labored, or have difficulty breathing dur-
ing the exercise and to wait until the abnormal sensations 
disappeared before continuing to complete the exercise. 
All exercise actions are administered by a trained physi-
otherapist. Additionally, evaluate the exercise intensity 
using the Borg category-ratio 10 (Borg CR-10) and ask 
participants to maintain a level of dyspnea in the range of 
4 to 6 [15]. In the hospital, the Borg CR-10 and heart rate 
monitor (Polar team 2) are both used to evaluate exercise 
intensity. Compliance was quantified by the completion 
of the exercise log by participants and attendance at the 
supervised training sessions in the hospital, with com-
pliance defined as no less than 85% of exercise sessions 
completed.

Outcomes
Outcome measures were performed by a certified, 
trained physiotherapist who is blinded to the group allo-
cation of the participants. The assessments were adminis-
tered at baseline and after completion of the intervention 
(3 months).

The primary outcome measure is a change in the dis-
tance on the 6MWT. The 6MWT is conducted following 
the American Thoracic Society guidelines. The partici-
pants are tested for the longest distance walked in 6 min 
over a flat 30  m linear distance, which is a submaximal 
exercise test used to quantify the functional exercise 
capacity in clinical populations [16].

The secondary outcome measures include lung func-
tion tests, skeletal muscle strength, dyspnea, and qual-
ity of life. The lung function test is performed by a 
dedicated medical staff in the lung function room using 
a lung function device (Masterscreen-PFT, Jaeger, Ger-
many), which includes forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), percentage of 

predicted values of FEV1 (FEV1%pred), FVC% pred, and 
FEV1/FVC %. Skeletal muscle strength is assessed using 
the isokinetic muscle strength test (CON-TREX, Physi-
omed, Germany). The isokinetic muscle strength test can 
assess dynamic muscle strength, and the data output can 
reflect the functional status of specific muscles [17]. The 
tests are evaluated by trained staff following the relevant 
requirements for elbow and knee isokinetic strength tests 
given in the instrument guidelines, and the test indica-
tors include peak torque (PT), PT to body weight ratio 
(PT/BW), total work (TW), and endurance ratio (ER). 
The symptoms of dyspnea are assessed using the Modi-
fied Medical Research Council (mMRC) Dyspnea Scale, 
a five-point scale (0–4) of the severity of dyspnea, with 
a higher score indicating a higher severity [18]. The 
quality of life is assessed using St. George’s Respira-
tory Questionnaire (SGRQ). The SGRQ has a total of 
50 questions that can be categorized into three items 
including symptoms, activities, and impacts. Scores 
range from 0 to 100, with higher scores indicating 
poorer quality of life [19].

Statistical analysis
Data were analyzed using SPSS version 26.0 software 
(IBM Corporation, Armonk, USA). A normality test 
and variance homogeneity test were used to measure 
the continuous variables. The variables were described 
as means and standard deviations.

Inter-group comparison was performed using the analy-
sis of covariance, with the baseline values as the covariates. 
Intra-group comparison was performed using the paired 
t-test. Categorical variables were tested with Chi-squared 
test or Fisher’s exact test, and the variables were described 
as frequencies (in percentage). Statistical significance was 
set at a P value less than 0.05.

Results
Participant characteristics
Thirty-seven  participants completed the trial, with 19 
participants and 18 participants in the control group 
and PQE group, respectively. Figure  2 shows the flow 
of participants from registration to the end of the trial. 
Seven  participants were excluded from the study (3 in 
the control group and 4 in the PQE group) for the fol-
lowing reasons: unwillingness to continue the trial due 
to personal reasons (n = 6), and acute outbreak of COPD 
(n = 1). The characteristics of all participants are shown 
in Table 1, including age, gender, body mass index, year 
of COPD, COPD stage, and mMRC score. There was no 
statistically significant difference between the two groups 
in terms of participant characteristics (P > 0.05, for each; 
Table 1).
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Effect of PQE intervention on outcomes
Primary efficacy outcome

Exercise capacity In Table  2, inter-group comparison 
revealed a significant difference in 6MWT between PQE 
group and control group (P < 0.001). Additionally, intra-
group comparison showed a significant difference in PQE 
group (P = 0.005) and no significant difference in control 
group (P = 0.074), respectively.

Secondary efficacy outcome

Lung function test Inter-group comparison showed no 
significant difference in FVC, FEV1% pred, FVC% pred, 
and FEV1/FVC% between PQE group and control group 

(P > 0.05, for each; Table 2), while there was a significant 
difference in FEV1 (P = 0.044; Table 2). When performing 
intra-group comparisons of PQE group and intra-group 
comparisons of control group, it was found that no statis-
tically significant difference in FEV1, FVC, FEV1% pred, 
FVC% pred, and FEV1/FVC% (P > 0.05, for each; Table 2).

Skeletal muscle strength

Elbow isokinetic strength test Inter-group comparison 
demonstrated no significant difference in PT, PT/BW, 
TW of extensor and flexor muscle (P > 0.05, for each; 
Table  2), and ER of flexor muscle (P = 0.081; Table  2), 
while there was a significant difference in ER of extensor 
muscle (P = 0.001; Table 2).

Fig. 2 Flowchart of study participants
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Intra-group comparison of control group revealed no 
significant difference in PT, PT/BW, TW and ER of 
extensor and flexor muscle (P > 0.05, for each; Table  2). 
Furthermore, the analysis of intra-group comparison in 
PQE group showed a significant difference in PT/BW of 
extensor and flexor muscle, and TW of extensor muscle 
(P < 0.05, for each; Table 2), however, there was no signifi-
cant difference in PT and ER of extensor and flexor mus-
cle, and TW of flexor muscle (P > 0.05, for each; Table 2).

Knee isokinetic strength test Intergroup comparison 
showed that the improvement in PT, PT/BW, and TW of 
extensor and flexor muscle in the PQE group was signifi-
cantly different compared with that in the control group 
(P < 0.05, for each; Table  2), however, no significant dif-
ference was observed in ER of extensor and flexor muscle 
(P > 0.05, for each; Table 2).

Intragroup comparison of control group demonstrated 
no statistically significant differences in PT and PT/BW 
of extensor and flexor muscle, TW and ER of extensor 
muscle (P > 0.05, for each; Table  2), however, there was 
a significant difference in TW and ER of flexor mus-
cle (P < 0.05, for each; Table  2). In addition, the analysis 
of intragroup comparison in PQE group revealed a sig-
nificant difference in PT of extensor muscle, and PT/BW 
and TW of extensor and flexor muscle (P < 0.05, for each; 
Table  2), and no significant difference in PT of flexor 
muscle, and ER of extensor and flexor muscle (P > 0.05, 
for each; Table 2).

Quality of life Inter-group comparison demonstrated 
that the improvement in total and item score of SGRQ 
in the PQE group was statistically significant com-
pared with that in the control group (P < 0.05, for each; 
Table 2).

Intra-group comparison of control group revealed no 
significant difference in total score, symptom score, and 
impact score (P > 0.05, for each; Table  2), while there 
was significant difference was observed in activity score 
(P = 0.011; Table 2). Additionally, intra-group comparison 
of PQE group showed the total and item score of SGRQ 
were decreased significantly (P < 0.05, for each; Table 2).

Dyspnea In Table  3, intergroup comparisons showed 
no statistically significant differences in mMRC score 
(P = 0.082). Meanwhile, intragroup comparison of con-
trol group and PQE group demonstrated no statistically 
significant differences in mMRC score (P > 0.05, for each; 
Table 3).

Discussion
This study is an assessor-blinded, parallel, superior-
ity, randomized clinical trial that evaluated the reha-
bilitative efficacy of PQE intervention for COPD-stable 
patients. The results may support our hypothesis that 
3  months PQE intervention improves exercise capacity, 
skeletal muscle strength, and quality of life of COPD-
stable patients and encourage the clinical use of PQE 

Table 1 Baseline characteristics of participants

Abbreviations: BMI Body mass index, COPD chronic obstructive pulmonary disease, mMRC modified Medical Research Council, PQE pulmonary-based Qigong exercise 

-Values are presented as means and standard deviations or n (%). P-value based on: † Independent t test; * Fisher’s exact test

Characteristics Control group (n = 19) PQE group (n = 18) P-value

Age (years) 64.58 ± 9.06 66.11 ± 9.08 † 0.611

Gender (male/female, n%)  14 (73.7%) /5 (26.3%) 15 (83.3%) /3 (16.7%) *0.693

BMI, kg/m2 22.90 ± 3.71 25.22 ± 0.82 † 0.058

Years of COPD 11.12 ± 4.66 10.28 ± 5.67 † 0.640

COPD stage, n (%) * 0.834

 Grade I 2 (11%) 1 (6%)

 Grade II 11 (58%) 10 (55%)

 Grade III 5 (26%) 7 (39%)

 Grade IV 1 (5%) 0 (0%)

mMRC score, n (%) * 0.598

 Grade 0 1 (5%) 2 (11%)

 Grade 1 3 (16%) 3 (17%)

 Grade 2 11 (58%) 12 (67%)

 Grade 3 4 (21%) 1 (5%)

 Grade 4 0 (0%) 0 (0%)
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Table 2 Comparison of outcomes in treatment groups before and after intervention

Outcome variables Measurement period Control group(n = 19) PQE group(n = 18) Pa

Exercise capacity

 6MWT (m) Before intervention 440.74 ± 82.00 501.26 ± 74.08  < 0.001

After intervention 434.07 ± 83.12 535.78 ± 55.09

Pb 0.074 0.005

Lung function test

 FEV1 (L) Before intervention 1.52 ± 0.57 1.63 ± 0.57 0.044

After intervention 1.37 ± 0.46 1.66 ± 0.58

Pb 0.091 0.717

 FVC (L) Before intervention 2.52 ± 0.85 2.74 ± 0.72 0.071

After intervention 2.37 ± 0.74 2.78 ± 0.64

Pb 0.246 0.633

 FEV1% pred (%) Before intervention 59.16 ± 18.15 59.18 ± 18.41 0.460

After intervention 57.49 ± 16.88 59.57 ± 20.01

Pb 0.326 0.876

 FVC% pred (%) Before intervention 74.67 ± 19.68 82.33 ± 27.63 0.140

After intervention 71.09 ± 20.02 83.56 ± 25.81

Pb 0.326 0.584

 FEV1/FVC% (%) Before intervention 60.00 ± 8.87 58.86 ± 10.42 0.901

After intervention 57.47 ± 13.59 58.53 ± 11.00

Pb 0.764 0.672

Skeletal muscle strength

 Elbow isokinetic strength test

  PT(Nm)-Extensor muscle Before intervention 36.83 ± 8.93 25.86 ± 9.03 0.415

After intervention 36.70 ± 8.75 29.95 ± 8.52

Pb 0.757 0.068

  PT(Nm)-Flexor muscle Before intervention 37.72 ± 8.66 30.86 ± 8.44 0.226

After intervention 37.43 ± 7.91 34.94 ± 8.51

Pb 0.598 0.083

  PT/BW(Nm/kg)-Extensor muscle Before intervention 0.59 ± 0.12 0.35 ± 0.13 0.919

After intervention 0.58 ± 0.11 0.44 ± 0.12

Pb 0.626 0.027

  PT/BW(Nm/kg)-Flexor muscle Before intervention 0.60 ± 0.12 0.42 ± 0.11 0.584

After intervention 0.60 ± 0.11 0.51 ± 0.14

Pb 0.532 0.049

  TW(J)-Extensor muscle Before intervention 374.17 ± 113.21 623.89 ± 120.37 0.281

After intervention 385.44 ± 151.85 658.97 ± 132.12

Pb 0.338 0.029

  TW(J)-Flexor muscle Before intervention 367.19 ± 148.22 699.39 ± 169.09 0.237

After intervention 360.53 ± 150.97 737.81 ± 181.89

Pb 0.168 0.069

  ER-Extensor muscle Before intervention 0.67 ± 0.12 0.83 ± 0.13 0.001

After intervention 0.64 ± 0.16 1.06 ± 0.67

Pb 0.347 0.264

  ER-Flexor muscle Before intervention 0.69 ± 0.11 0.87 ± 0.10 0.081

After intervention 0.69 ± 0.13 0.88 ± 0.07

Pb 0.441 0.659
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intervention as a safe and effective PR method in the 
family and community rehabilitation of COPD-stable 
patients.

TCE is a slow, gentle, self-healing aerobic exercise, 
which includes multi-component characteristics of 

isometric contraction, deep diaphragmatic breathing 
stretching muscle, and relaxation, with the main pur-
pose of strengthening the body. Several clinical studies In 
recent years, have shown that TCE is suitable for elderly 
COPD patients and has positive rehabilitation effects [7]. 

Abbreviations: 6MWT six minutes walking test, FEV1 forced expiratory volume in one second, FEV1%pred percentage of predicted values of forced expiratory volume 
in one second, FVC forced vital capacity, PT peak torque, BW body weight, TW total work, ER endurance ratio, SGRQ St. George’s Respiratory Questionnaire, PQE 
pulmonary-based Qigong exercise

-Values expressed as means and standard deviations

Pa values indicate comparison between groups by using the analysis of covariance, with the baseline values as the covariates

Pb values indicate comparison within groups by using paired t-test

Table 2 (continued)

Outcome variables Measurement period Control group(n = 19) PQE group(n = 18) Pa

 Knee isokinetic strength test

  PT(Nm)-Extensor muscle Before intervention 75.46 ± 23.45 74.56 ± 30.79 0.005

After intervention 73.86 ± 22.39 79.92 ± 28.00

Pb 0.178 0.023

  PT(Nm)-Flexor muscle Before intervention 47.28 ± 19.38 45.18 ± 18.82 0.025

After intervention 45.63 ± 18.46 49.16 ± 15.85

Pb 0.108 0.090

  PT/BW(Nm/kg)-Extensor muscle Before intervention 1.18 ± 0.28 0.96 ± 0.37 0.017

After intervention 1.15 ± 0.27 1.12 ± 0.40

Pb 0.172 0.019

  PT/BW(Nm/kg)-Flexor muscle Before intervention 0.73 ± 0.23 0.59 ± 0.23 0.012

After intervention 0.71 ± 0.23 0.72 ± 0.27

Pb 0.118 0.021

  TW(J)-Extensor muscle Before intervention 850.12 ± 351.37 1204.58 ± 482.78 0.003

After intervention 836.87 ± 332.09 1284.01 ± 513.53

Pb 0.381 0.003

  TW(J)-Flexor muscle Before intervention 647.67 ± 237.43 805.01 ± 298.48 0.001

After intervention 587.66 ± 214.76 836.46 ± 302.80

Pb 0.016 0.016

  ER-Extensor muscle Before intervention 0.63 ± 0.22 0.91 ± 0.16 0.376

After intervention 0.61 ± 0.19 0.86 ± 0.14

Pb 0.183 0.199

  ER-Flexor muscle Before intervention 0.67 ± 0.13 0.85 ± 0.10 0.351

After intervention 0.62 ± 0.14 0.80 ± 0.09

Pb 0.001 0.141

Quality of life

 SGRQ score

  Total Before intervention 37.16 ± 15.02 36.18 ± 11.76  < 0.001

After intervention 37.47 ± 17.82 23.29 ± 10.59

Pb 0.833  < 0.001

  Symptom Before intervention 52.16 ± 18.43 53.24 ± 17.89  < 0.001

After intervention 51.79 ± 25.48 27.41 ± 11.84

Pb 0.936  < 0.001

  Activity Before intervention 41.58 ± 17.30 48.12 ± 13.02  < 0.001

After intervention 49.05 ± 23.11 35.47 ± 13.83

Pb 0.011 0.002

  Impact Before intervention 29.42 ± 14.27 24.18 ± 15.17 0.003

After intervention 32.42 ± 19.62 15.41 ± 13.19

Pb 0.274 0.006
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As a modified TCE, the PQE reorganizes elements from 
Liu Zijue, Wu Qinxi, Ba Duanjin, and Yi Jinjing, and it has 
been developed from the basic theory of traditional Chi-
nese medicine and aims at providing more targeted and 
practical exercise prescriptions for COPD-stable patients’ 
functional recovery, as compared to a single type of TCE. 
Liu et  al. [11] found that rearranged PQE significantly 
improved exercise capacity and activity of life, however, 
the effects on skeletal muscle strength, lung function, 
and physical activity are unclear. So, this trial aims to fur-
ther evaluate the effects of PQE in COPD-stable patients 
using multidimensional outcomes.

Compared to conventional exercise training, TCE 
is easy to perform at home without any equipment or 
space limitations. Li et  al. [20] proved that home-based 
Liu Zijue could improve lung function (FEV1), exer-
cise capacity (6MWT), 30-s sit-to-stand test, and qual-
ity of life (SGRQ), furthermore, previous studies have 
also shown that 6  months of home-based Ba Duanjin 
and home-based Yi Jinjing significantly improved exer-
cise capacity and quality of life [14, 21]. In brief, TCE can 
play a positive role in the long-term regular home-based 
rehabilitation of COPD-stable patients. Compared to the 
previous home-based TCE, this present study provides 
an easier-to-learn, more targeted, more practical, and 
effective home-based PQE intervention for COPD-stable 
patients, and the PQE intervention video, exercise record 
brochure registered by participants themselves, and 
encouragement and instruction from physiotherapists. 
In addition, the completion rate of 84% after 3 months of 
intervention in this trial is higher than 65% in a previous 
study that adopted the Ba Dunjin intervention in COPD-
stable patients [14]. The high completion rates in this 
trial suggest that home-based PQE intervention is more 
accepted by COPD-stable patients based on practical 
clinical situations. In addition, we speculate that the age 
of the participants may have contributed to the attrition. 

Elderly COPD-stable patients may have difficulties with 
adhering to the PQE training for the full 3 months due to 
unstable disease states. Significantly, systemic and com-
prehensive methods should be conducted to determine 
the possible factors influencing attrition rates when PQE 
is used as an intervention.

Low to moderate-intensity aerobic training is effec-
tive in improving 6MWT and walking ability in 
COPD-stable patients [22, 23]. In this study, the PQE 
intervention, as low-moderate intensity aerobic train-
ing, showed a significant improvement in the exercise 
capacity of COPD-stable patients, as demonstrated by a 
mean increase of 34.52 m in 6MWT compared to pre-
intervention. Noteworthy, Xiao et al. [24] obtained only 
a mean increase of 20.5  m in 6MWT after a 6  month 
of home-based Liu Zijue intervention for patients with 
COPD. It suggested that PQE might be more beneficial 
to improve 6MWT than a single TCE. Skeletal mus-
cle dysfunction (SMD) is an independent risk factor 
for predicting mortality in patients with stable COPD 
[25] and is closely associated with decreased physical 
activity, exercise capacity, and quality of life [26]. Pre-
vious studies using TCE interventions for COPD-stable 
patients have rarely focused on SMD, in this trial, we 
used an isokinetic muscle strength test to objectively 
assess SMD in COPD-stable patients. Consequently, 
the study results showed that compared with the con-
trol group, 3  months of PQE intervention had a more 
significant advantage in improving the strength and 
endurance of the flexors and extensors of in COPD-
stable patients, as demonstrated by significant improve-
ments in the PT, PT/BW and TW of extensor muscle 
and flexor muscle of knee, and the ER of extensor mus-
cle elbow. It is consistent with previous studies that 
found significant improvement in the isokinetic mus-
cle strength test of the elbow in COPD-stable patients 
(age: 51 ± 10 years, FEV1%pred: 76 ± 23) after 12 weeks 

Table 3 Comparison of mMRC in treatment groups before and after intervention

Abbreviation: mMRC Modified Medical Research Council, PQE pulmonary-based Qigong exercise 

- Values are presented as means and standard deviations or n (%)

Pa values indicate inter-group comparison by using Fisher’s exact test

Pb values indicate intra-group comparison by using Fisher’s exact test

Control group (n = 19) PQE group (n = 18)

Before intervention After intervention Pb Before intervention After intervention Pb Pa

Dyspnea

 mMRC 0.947 0.083 0.082

 Grade 0 1 (5%) 1 (5%) 2 (11%) 2 (11%)

 Grade 1 3 (16%) 3 (16%) 3 (17%) 9 (50%)

 Grade 2 11 (58%) 9 (47%) 12 (67%) 5 (28%)

 Grade 3 4(21%) 6 (32%) 1 (5%) 2 (11%)

 Grade 4 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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of endurance combined with resistance exercise (exer-
cise intensity: 70% of maximum movement capacity), 
but with no significant improvement in elbow strength 
[27]. We speculated that the possible reason for the 
improvement of SMD by PQE intervention was that the 
prescribed pulmonary exercise includes more isometric 
contractions and slow isotonic contractions at different 
angles in the lower extremities, which could effectively 
stimulate the skeletal muscles of the lower extremities 
in COPD-stable patients. Furthermore, after interven-
tion with PQE, both total and item scores of SGRQ 
decreased significantly and exceeded the minimum 
clinically important difference (MCID) of 4 points for 
the quality of life, as demonstrated by Jones [28], and 
the positive intervention effect of PQE on COPD-stable 
patients’ quality of life was consistent with the inter-
vention effect of TCE in previous studies [14, 21, 24].

TCE has been shown to significantly improve lung 
function in patients with stable COPD [7], surprisingly, 
3  months of PQE intervention had no significant effect 
on lung function (except for the outcome of FEV1) in 
the present study, and the MCID (FEV1: 100  ml, FVC: 
100  ml) has not been reached [29, 30]. We speculated 
that the possible reasons for no significant effect on the 
lung function test were that the participants included 
in this trial had inherently good levels of lung function 
(FEV1%pred: 59.18 ± 4.34), with less room for improve-
ment, and that the 3  months intervention duration was 
short and had not yet reached the threshold for sig-
nificant improvement. For the outcome of dyspnea, one 
study using the Borg scale to assess COPD patients after 
3 months of Tai Chi intervention did not show a signifi-
cant improvement in dyspnea, which was the same as 
the results of this study [31]. We speculated that this trial 
with a small sample size and included COPD patients 
under stable drug control, resulting in no significant dif-
ference in dyspnea. Thus, further studies are needed to 
show whether PQE intervention can have benefits on 
lung function and dyspnea.

Limitations
Some limitations of this study should be acknowledged. 
First, there was no follow-up, so it is difficult to assess 
the effect of PQE intervention in improving the sus-
tained rehabilitation of PR. Second, the sample size was 
relatively small, which might make it difficult to achieve 
significant differences in partial outcomes. Third, the 
sample of this trial was from a single source (single-
center trial) and included a small number of women, 
so there might be regional differences and it was not 
possible to determine whether there were gender differ-
ences in the effects of the intervention. Future studies 

should improve these deficiencies to provide more 
definitive results.

Conclusion
The findings of our study suggest that compared with the 
usual care provided, the proposed program of 3 months 
of PQE intervention has significant improvement in exer-
cise capacity, skeletal muscle strength, and quality of life 
of COPD-stable patients. Furthermore, the PQE can be 
used as an alternative exercise program for COPD-stable 
patients in family and community rehabilitation. Further 
studies are needed to confirm the effects of this program 
and explore the optimal ways of clinical promotion.
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