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Background: Although the benefits of conventional pulmonary rehabilitation (PR) maintenance are well documented, it is challenged
by many difficulties. We investigated whether remote home-based PR maintenance strategy via social media (WeChat) is effective on
clinical improvements and reducing the risk for acute exacerbation of chronic obstructive pulmonary disease (COPD).
Methods: The eligible stable COPD patients completing an initial 8-week PR were allocated into three groups randomly. Group A:
PR maintenance via social media supervision at home. Group B: PR maintenance at hospital. Group C: Usual care. During a 12-month
follow-up, the frequency of acute exacerbation of COPD (AECOPD), 6 minutes walking test (6MWT), COPD assessment test (CAT),
and modified Medical Research Council scale (mMRC) were evaluated every 3 months.
Results: At the end of the follow-up, compared to the decline in the usual care group (n = 49), the clinical improvements of 6MWD,
CAT, and mMRC were sustained in both the home-based group (n = 47) and the hospital-based maintenance group (n = 44) (p <
0.001), no difference was observed between these two groups (p > 0.05). In multivariate analysis, the home-based PR maintenance and
hospital-based PR maintenance were independent predictors of lower risk for AECOPD (incidence rate ratio (IRR) 0.712, 95% CI
0.595–0.841, p < 0.001 and IRR 0.799, 95% CI 0.683–0.927, p = 0.002), respectively.
Conclusion: Remote PR maintenance via social media is effective in reducing the risk for AECOPD and keeping the clinical
improvement from decline. Remote PR maintenance via social media might be used to deliver alternatives to conventional PR.
Keywords: chronic obstructive pulmonary disease, pulmonary rehabilitation, maintenance, exacerbations, home monitoring

Introduction
Chronic obstructive pulmonary disease (COPD) is a major public health problem and is the third leading cause of death
in China.1 According to Global Strategy for the Diagnosis, Management, and Prevention of COPD (GOLD) 2022,2

pulmonary rehabilitation (PR) as one of the effective non-pharmacological therapies was recommended in COPD
patients, to improve their symptoms, activities of daily living, muscle and emotional function as well as quality of
life. Although the improvements of PR were well documented, these benefits could decrease gradually over time.3,4

Therefore, researches explored long-term maintenance strategies to extend PR benefits. Based on the results of recent
studies,5,6 GOLD 2022 stated that a maintenance program should be provided to patients to increase and maintain
activities of daily living.2

Despite the benefits, different PR maintenance programs were also challenged by many difficulties, such as distance
to obstacle,7 lower frequency8 and unsupervised maintenance exercise.9 Recently, the American Thoracic Society (ATS)/
European Respiratory Society (ERS) statement recommended that tele-rehabilitation was regarded as an alternative
approach to increase the long-term degree of participation for PR maintenance,10 making it more efficient and feasible.
Tele-rehabilitation involves the delivery of medical rehabilitation services to patients remotely via electronic information
and social media.11 For example, one study of 10 patients with COPD investigated the effectiveness of telerehabilitation
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maintenance indicating that the strategy can decrease the frequency of acute exacerbation of COPD, improve health
status and QoL.12 Recently, an intervention of PR maintenance strategy via tele-contact provided relevant clinical
benefits on reduction in risk of exacerbation of COPD, hospitalization at the end of one-year follow-up.13 Moreover,
Twitter and Facebook can provide convenient visual guidance and supervision to participants, results in improving the
maintenance efficiency.14 To date, accumulating evidence indicates improvement from telerehabilitation. Although the
results are promising, a system review showed that QoL, and exercise capacity could be possibly improved via
supervised PR maintenance (telephone or web platform) but with low strength evidence due to high risk of bias.15

Likewise, other limitations such as high dropout rate, short PR maintenance duration, small sample size or poor
adherence,16,17 made the value of telerehabilitation maintenance limited.

WeChat has rapidly developed into a comprehensive information platform integrating communication, entertainment,
search, office collaboration, corporate customer service and medicine in China.18 The recent study indicated that WeChat
app-based education and rehabilitation could reduce the emotional dysfunction such as anxiety, depression and improve
QoL in non-small lung cancer patients undergoing surgery.19 It is reasonable to apply new technology in PR maintenance
management in patients with COPD. Thus, we established a new system for PR maintenance under the WeChat platform.
To our knowledge, our study is the first prospective clinical trial to explore a new WeChat PR maintenance strategy to
maintain the clinical improvements of an initial PR program in Tianjin, North China.

Methods
Study Design and Participants
A one-year single-center random clinical trial was conducted by Tianjin Chest Hospital to investigate the effect of home-
based maintenance strategy via WeChat and hospital-based maintenance compared with usual care (ChiCTR1900021320)
from January 2019 to March 2021. Patients were enrolled by respiratory department in Tianjin Chest Hospital, which is
a tertiary hospital offering specialized medical care in pulmonary and cardiovascular diseases. We included patients who
were 1) having a diagnosis of stable COPD in the first 4 weeks according to guideline,2 2) able to complete the PR
program and questionnaire survey successfully and independently, and 3) able to use WeChat proficiently. The exclusion
criteria included the following: 1) having asthma; obstructive sleep apnea syndrome; underdiagnosis of cancer; diagnosed
with Alzheimer’s disease or depression and anxious disorder, 2) having severe dysfunction of the heart, liver, or
kidney, 3) unavailable for exercise, 4) suffering emotional trauma in the previous 6 months such as relative death and
divorce, 5) life expectancy less than 1 year, and 6) history of PR exercise for a long time (≥3 times/week, ≥20 minutes/
time, persisting for more than 12 months). All of the patients were requested to perform an 8-week primary PR program.
Then, eligible participants were randomized after baseline post-PR measure on a 1:1:1 basis using a computer-generated
randomized sequence to two interventional groups and one control group of the following. After the generation of this
sequence, the envelopes were created, numbered in the appropriate order, and contained the result of the allocation. The
order of the envelopes’ number was defined based on the order of participants’ enrollment. Randomization was
independent of the control of the principal investigator, thereby maintaining a minimization randomization process.
Based on intervention during follow-up, patients were allocated into Group A: PR maintenance via WeChat at home,
Group B: PR maintenance at hospital, or Group C: Usual care throughout 12-month observation without maintenance.
All patients provided written and verbal informed consent. This study was approved by the Ethics Committees of Tianjin
Chest Hospital (No. 2019KY-004-01), and was conducted in accordance with the Declaration of Helsinki.

PR Intervention
The initial 8-week PR includes; (A) upper resistance training, (B) aerobic training, (C) balance and flexibility training,
(D) respiratory training, and (E) health education and self-management. The details of PR physical sessions are well
documented in our previous study.6 The session of health education and self-management help COPD patients to acquire
the skills they need to carry out disease-specific medical regimens, guide changes in health behavior and provide
emotional support to enable them to control their disease.20
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Maintenance Strategy
After the initial 8-week PR, the patients of Group A performed the maintenance exercises at home via WeChat
supervision. We established a PR maintenance group-chat platform team, which consisted of respiratory specialists,
physiotherapists, pharmacists, nutritionists, and nurses. The respiratory specialists and head nurse served as the team
leaders and were responsible for the operation and guidance of the project. The PR guideline video was uploaded once
a week by physiotherapists. The home-based PR maintenance program was requested twice a week and completion of
exercise had to be uploaded in time by participants. Patients could also upload their training pictures or speeches. Other
patients and PR teammates can interact with them by commenting or giving thumbs up, thus promoting not only peer
support between patients but also communication between doctors and patients. Moreover, the physiotherapists were also
responsible for making tailored prescriptions and sending it to the patients via private message. Patients could get the
electronic PR prescription and contact a nurse online if the training program needed to be adjusted. The pharmacists were
in charge of pharmacological therapy including the correct use of any prescribed respiratory medicine. Recognition of
exacerbations of COPD, information for the family and social support were also provided by nurses via the WeChat
platform. The PR teammates will answer the questions raised by patients in the platform by different message forms,
such as text, voice, picture and video from 8am to 8pm every day. The information of health education and skill of self-
management were also announced in this WeChat group regularly.

As for patients of Group B, they continued to perform the same maintenance training sessions twice a week at the out-
patients department in hospital when they accomplished the primary 8-week PR. The consultant for pharmacology and
nutrition was also offered by our PR team.

After the initial PR, the patients in Group C were only offered the health consultant including cigarettes cessation, long-
term oxygen therapy, correct use skill of respiratory medicine, symptoms management, and nutrition without any exercise.

Assessments
The assessments below were performed before and after the integrated PR program as well as every three months in the
outpatient department with the same physiotherapist during follow-up, aiming to supervise and evaluate the change of
health status in COPD patients.

Primary Outcomes Measure
The numbers of acute exacerbation of COPD, hospitalizations due to acute exacerbation of COPD and ED visits, were
compared among the three groups over one year following completion of the initial PR program. Acute exacerbation of
COPD is defined as an acute worsening of respiratory symptoms that result in additional therapy according to GOLD.2

Hospitalizations (severe exacerbations) and Emergency Department visits (ED visits) because of acute exacerbation of
COPD were also assessed.

Secondary Outcomes Measure
1) Spirometry, such as forced expiratory volume in 1 s (FEV1), FEV1% pred, forced vital capacity (FVC), FEV1/

FVC%. Spirometry was measured at the baseline and post inhaling bronchodilator respectively.2

2) Physical capacity assessment: Six-minutes walking test (6MWT) will be recommended. According to protocol of
American Thoracic Society,21 patients walk as long as they can in a 30-meter straight corridor in six minutes without any
interruption. The valid distances they completed were recorded when they finished the test.

3) Chronic Obstructive Pulmonary Disease Assessment Test (CAT),22 CAT was used to evaluate the Health-Related
Quality of Life (HRQoL) for follow-up.

4) Modified Medical Research Council scale (mMRC)23 was applied to assess the severity of breathless. The mMRC
is an effective and convenient evaluation of clinical methods for rating apnea, which can be performed under different
conditions for COPD patients.
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5) Beck Depression Inventory (BDI) and State-trait Anxiety Inventory (STAI).24 The content of BDI includes 21
items including evaluation of nervousness, dizziness, inability to relax. STAI is aimed at measuring severity of current
anxiety and tendency to be anxious.

6) Instrumental Activities of Daily Living (IADL). Measuring IADL is one of the best ways to evaluate the level of health,25

assess the progress of the disease, and evaluate the efficacy of rehabilitation or other treatments in patients with COPD.
Once any accident events of tachycardia (higher than 85% of target HR), hypoxia (pulse oxygen saturation (SaO2) is

lower than 10% of baseline), hypertension (blood pressure is higher than 200/100 mmHg), and syncope were observed
during exercise, patients are forbidden to continue training and given therapy immediately.

Study Procedures
The outcomes of all subjects were evaluated at baseline before primary 8-week PR, and immediately after completion of
the PR program in all three groups. Then, the patients of Group A performed the maintenance exercise described above at
home with WeChat supervision during 12-month follow-up, while Group B did the maintenance training at the out-
patient department in hospital for one year. For Group C, only health suggestions were provided without any form of
rehabilitation exercise following completion of the initial PR. The regular reviews were applied every three months
during the one-year follow-up by the same physiotherapists.

Sample Size
The sample size requirements for this study were intended to provide adequate power for the analysis of the primary
outcome. In the current study, the calculation of sample size was based on ANOVA repeated measurements between the
three groups. From the previous study with patients with similar characteristics,26 we estimated the power calculation by
using the minimum detectable difference in the number of acute exacerbations of COPD. This previous study assessed
the effect of PR program on frequency of acute exacerbation of COPD before and after PR. The mean number of acute
exacerbations of COPD was reduced from 4.56 in the year preceding PR to 3.18 (a mean difference (1.37) and SD (3.26),
an effect of size 0.4) in the year following PR. We calculated that a sample size of 114 patients would achieve a power of
0.90, with a type-I error (α) of 0.05 (two-sided). To compensate for a potential dropout rate of 20%, 136 patients (46
patients in each group) will be enrolled.

Statistical Analysis
The Shapiro–Wilk test revealed that all data were normally distributed. Descriptive data for the three groups are
presented as mean and SD for continuous variables and frequency for categorical variables. One-way analysis of
variance (ANOVA) was used to compare differences among the three groups at baseline for all variables. Pair-wise
Tukey’s post-hoc analysis was used to compare all pairs of variables in each group of pre- and post-initial PR. We applied
repeated-measure ANOVA and multivariate ANOVA to test the differences over time in 6WMD, CAT, mMRC, BDI,
SAI, TAI and between-group differences. Time to first AECOPD for each group were analyzed by Kaplan–Meier
survival curves and Log rank tests. We analyzed data via SPSS, version 22.0 software (SPSS Inc., Chicago, IL, USA).
A probability P-value of <0.05 was considered statistically significant.

Results
150 eligible patients with COPD who met the inclusion criteria and accomplished the baseline assessments (Table 1)
undertook the primary pulmonary rehabilitation program at the out-patient department in Tianjin Chest Hospital for 2
months. At the end of the PR, 148 participants were randomized and evaluated again with the exception of two subjects
who were excluded due to transportation. During the one-year observation, 3 patients were excluded due to lack of
motivation in Group A, while 5 quit the maintenance PR because of transportation problems, lower exercise self-efficacy
and an adverse event in Group B (Figure 1).
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Effect of PR
Compared to pre-PR, the patients in all groups had statistically significant improvements in the 6MWD, mMRC, CAT
and emotional evaluation at the end of primary PR (post-hoc paired t-tests), particularly the difference for change in
6MWD in Group A and Group C that exceeded 26 m which is considered a minimal clinically important difference
(MICD) in patients with COPD.27 The between-group differences in each outcome measures after initial PR showed no
statistical significance analyzed by one-way ANOVA (Table 2).

Table 1 Demographic and Clinical Characteristics of Patients at Baseline (N = 150)

Group A Group B Group C p
n = 50 n = 50 n = 50

Sex 0.610

Female 9 12 13

male 41 38 37
Age (year) 65.9±8.9 65.6±8.8 64.8±9.3 0.823

BMI (kg/m2) 24.5±2.13 24.0±1.9 24.2±2.0 0.301

Smoking (package. year) 35.7±12.9 33.8±16.6 39.0±13.4 0.190
Education (year) 8.6±3.2 8.5±2.9 9.2±2.7 0.432

Single

Yes 4 7 2 0.202
No 46 43 48

IADL (scores) 17.4±3.8 16.5±3.6 17.4±3.5 0.317

FEV1 (L) 1.11±0.30 1.14±0.31 1.14±0.37 0.835
FEV1/FVC% 50.0±11.2 50.3±11.4 48.4±10.3 0.636

FEV1%pred 48.7±11.2 50.4±11.4 47.4±11.5 0.418

DLco%pred 62.6% 67.1% 63.4% 0.571
Comorbidities 0.482

Arterial hypertension 7 5 7

Diabetes mellitus 7 6 11
Coronary heart disease 8 10 7

Pharmacological therapy 0.549

SABA 3 1 3
LAMA 6 8 7

LABA+ICS 23 22 19

LABA+LAMA 9 13 11
LABA+ICS+LAMA 9 6 10

None-Pharmacological therapy 0.645
LTOT 14 10 12

NIV 10 9 7

6MWD (m) 383.1±36.9 380.3±38.7 376.1±36.1 0.909
mMRC (score) 2.7±0.95 2.8±0.84 2.5±0.79 0.145

CAT (score) 20.8±7.5 20.9±6.9 21.4±7.8 0.332

BDI (score) 11.6±4.4 11.3±5.9 12.4±4.1 2.025
SAI (score) 39.9±11.8 43.1±10.9 40.4±8.8 1.296

TAI (score) 46.1±12.1 46.0±11.0 45.3±9.0 1.064

Exacerbation, previous 12 months 3.4±1.5 3.2±1.3 3.4±1.6 0.317

Notes: Group A, PR Maintenance at home via WeChat. Group B, PR Maintenance at hospital. Group C, Usual care. For
categorical variables, the results are expressed as number; For continuous variables, the results are expressed as mean ±
standard deviation.
Abbreviations: BMI, body mass index; IADL, instrumental activities of daily living; FVC, forced vital capacity; FEV1, forced
expiratory volume in 1s; DLco, diffusion capacity of the lung for carbon monoxide; SABA, short-acting beta-agonist; LAMA,
long-acting muscarinic agonist; LABA, long-acting beta-agonist; ICS, inhaled corticosteroid; LTOT, long-term oxygen
therapy; NIV, non-invasive ventilation; 6MWD, six-minutes walking distance; CAT, COPD assessment test; mMRC,
modified Medical Research Council scale; BDI, Beck Depression Inventory; SAI, State Anxiety Inventory; TAI, Trait
Anxiety Inventory.
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Figure 1 Flow chart of the study population.
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The Frequencies of Acute Exacerbation, Hospitalization, and ED Visits
In comparison with the baseline, the frequencies of acute exacerbation of COPD, hospitalization, and ED visits all
showed a significant decline at the end of one-year follow-up both in Group A (3.4 ± 1.5 vs 2.6 ± 1.2, p = 0.011; 1.4 ± 0.9
vs 0.9 ± 1.2, p = 0.027; 3.1 ± 1.7 vs 1.5 ± 1.8, p < 0.001) and Group B (3.2 ± 1.3 vs 2.5 ± 1.6, p = 0.004; 1.5 ± 1.2 vs 1.0
± 1.4, p = 0.018; 3.3 ± 1.4 vs 2.6 ± 1.2, p < 0.001), analyzed by post hoc paired t-tests. Moreover, the frequencies of
AECOPD after one-year PR maintenance in Group A and Group B were both lower than Group C (2.6 ± 1.2, 2.5 ± 1.6 vs
3.5 ± 1.3, p < 0.05, respectively). Similarly, the numbers of hospitalization for AECOPD in Group A and Group B were
lower than Group C (0.9 ± 1.2, 1.0 ± 1.4 vs 1.4 ± 0.9, p < 0.05, respectively). Finally, the ED visits after one-year
observation in Group Awere lower than Group B and Group C (1.5 ± 1.8 vs 2.6 ± 1.2, 3.1 ± 1.9, p < 0.05, respectively).

The Kaplan–Meier curves evaluating the time to first acute exacerbation of COPD during our follow-up are shown in
Figure 2. In the univariate regression analysis, significant predictors of AECOPD were smoking status, exacerbation
numbers in the prior year and PR (either home-based maintenance via social media or hospital-based maintenance)

Table 2 The Differences of Clinical Improvements Between Pre- and
Post-PR in All Three Groups

Group A Group B Group C **p
n = 50 n = 49 n = 49

FEV1 (L) 1.1±0.4 1.14±0.34 1.13±0.39 0.832

FEV1% 48.5±11.3 50.8±11.3 47.3±12.4 0.709
FEV1/FVC 49.1±10.6 50.9±11.5 48.6±10.9 0.912

6MWD (m) 416.3±35.6* 406.1±43.1* 421.2±66.6* 0.198

mMRC (score) 2.5±1.1* 2.4±1* 1.9±0.9* 0.09
CAT (score) 16.3±7.9* 17.3±6.9* 17.1±7.8* 0.842

BDI (score) 8.1±4.8* 9.0±6.0* 6.9±4.0* 0.074

SAI (score) 34.6±12.3* 38.5±11.0* 35.3±9.2* 0.638
TAI (score) 40.2±13.4* 42.5±11.3* 39.5±9.3* 0.617

Notes: Group A, PR maintenance at home via WeChat. Group B, PR maintenance at hospital;
Group C, usual care. A p-value less than 0.05 is considered statistically significant and indicated
by an asterisk (*) (compared to pre-PR analyzed by post-hoc paired t-test). **P values for the
comparison of outcome variables between three groups analyzed by one-way ANOVA.
Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in 1s; 6MWD, six-
minutes walking distance; CAT, COPD assessment test; mMRC, modified Medical Research
Council scale; BDI, Beck Depression Inventory; SAI, State Anxiety Inventory; TAI, Trait
Anxiety Inventory.

Figure 2 Kaplan–Meier estimates of the time to next COPD exacerbation. Group A: PR Maintenance at home via WeChat. Group B: PR Maintenance at hospital. Group C:
Usual care. The COPD exacerbation refers to all types of acute exacerbation of COPD, including mild, moderate and severe.
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(Table 3). In multivariate analysis, PR is an independent predictor of lower risk for acute exacerbation of COPD in the
one-year follow-up for home-based maintenance via social media (incidence rate ratio (IRR) 0.712, 95% CI 0.595–0.841;
p < 0.001) and hospital-based maintenance (incidence rate ratio (IRR) 0.799, 95% CI 0.683–0.927; p = 0.002),
respectively (Table 3).

One-Year Follow-Up Maintenance
During one-year follow-up, the 6MWD in Group A and Group B increased over time from month 3 to month 12,
compared to month 0 (p < 0.001). In contrast, the result of 6MWD in Group C showed a decreased trend from month 6,
and it declined below the level of month 0 at the end of observation (p < 0.001). The between-group differences (F(2, 136)
= 5.834, p = 0.025), the time effect (F(4, 544)= 178.872, p < 0.001) and the time*group interact effect of 6MWD (F(8, 544)=
88.957, p < 0.01) showed significance when analyzed by repeat-measure ANOVA (Figure 3A).

Compared to month 0, the mMRC scores in Group A showed significant decrease in month 3, and then increased
gradually from month 6 to month 12, but was still lower than the level of month 0 (p < 0.05). Similarly, the trend of
mMRC scores in Group B showed a decline from month 3 to the end without any increase (p < 0.05). To the contrary, in
Group C, the mMRC scores decreased initially and increased over time to the end (p < 0.001). The between-group
differences (F(2, 136)= 23.433, p < 0.001), the time effect (F(4, 544)= 57.976, p < 0.001) and the time*group interact effect
(F(8, 544)= 52.25, p < 0.001) showed significance when analyzed by repeat-measure ANOVA (Figure 3B).

The scores of CAT in Group A and Group B showed a similar trend which decreased from month 3 to month 12 (p <
0.001), while after the initial smooth decrease by month 3, the scores of CAT in Group C increased from month 6 to the
end of observation. The between-group differences, the time effect and the interact effect of CAT showed significance
analyzed by repeat-measure ANOVA (F(2, 136)= 12.489, p = 0.014; F(4, 544)= 150.404, p < 0.001; F(8, 544)= 20.764, p <
0.001, respectively) (Figure 3C).

During maintenance observation, BDI (Figure 3D), SAI (Figure 3E) and TAI (Figure 3F) did not show significant
between-group differences over time (p > 0.05). Similarly, neither time effect (p > 0.05) nor interact effect (p > 0.05) of
BDI, SAI, or TAI showed significant difference when analyzed by repeat-measure ANOVA.

Discussion
The main finding of the present study was that the PR maintenance strategy (both home-based WeChat-supervised
maintenance and hospital-based maintenance) could preserve, even extend the effect of initial PR benefits on the
performance of exercise tolerance, HRQL. After one-year follow-up, the frequency of AECOPD, hospitalization due to
AECOPD and ED visits all showed significant decline in patients with COPD applying PR maintenance in Groups A and B,
compared to the non-maintenance group. Moreover, home-based PR maintenance was as effective as the hospital-based PR

Table 3 Predictors of Acute Exacerbations of Chronic Obstructive Pulmonary Disease

Univariate Analysis Multivariate Analysis

Variables IRR 95% CI P IRR 95% CI P

Age (year) 0.955 0.871–1.106 0.170
Sex (female) 0.902 0.844–1.073 0.086

Smoking 1.324 1.208–1.496 0.003* 0.954 0.891–1.166 0.73

FEV1 (pred%) 1.051 0.889–1.175 0.26
Frequency of AE in prior year 1.277 1.112–1.394 0.009* 1.194 1.103–1.388 0.013*

Home-based PR maintenance 0.766 0.612–0.873 <0.001* 0.712 0.595–0.841 <0.001*

Hospital-based PR maintenance 0.804 0.698–0.941 <0.001* 0.799 0.683–0.927 0.002*
Non-PR maintenance Ref Ref

Note: A p-value less than 0.05 is considered statistically significant and indicated by an asterisk (*).
Abbreviations: IRR, incidence rate ratio; CI, confidence interval; FEV1, forced expiratory volume in 1s; AE, acute
exacerbation; PR, pulmonary rehabilitation.
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maintenance and superior to non-maintenance in reducing the acute exacerbation of COPD during long-term follow-up.
Finally, PR maintenance was an independent predictor of decreased risk for acute exacerbation of COPD.

In a previous study, the improvements pulmonary rehabilitation provided to COPD patients was preserved for a short
term, most of the PR gains diminished over time without any maintenance.28 In the present study, we reached a similar
conclusion that the effect of the initial 8-week PR provided to the patients in Group C faded gradually during the one-
year follow-up. By contrast, the PR maintenance which was provided in Group A and Group B preserved, even extended,
part of the benefits of initial PR at the end of follow-up. Therefore, PR maintenance strategy was recommended in GOLD
2022 recently.2 With respect to the reduction of risk for acute exacerbation of COPD in our study, the patients in PR
maintenance groups were at a lower risk of deterioration than the non-PR maintenance group. This result was consistent
with previous randomized controlled trials (RCT) which applied the similar long-term PR maintenance strategy.29,30

Indeed, program components including the suitable intensity of exercise, integrated skill for recognition of exacerbation,
encouragement and support from family or physicians, even the nutrition and medicine information were provided to
patients regularly during the maintenance follow-up. As a result, these patients taking part in and completing the
structured maintenance program will have more chance to alleviate symptoms as well as decrease the risk for deteriora-
tion of COPD, hospitalization and ED visits, compared to the usual care strategy. Therefore, these findings implied that

A B

C D

E F

Figure 3 Patterns of change of 6MWD, mMRC, CAT (A–C), BDI, SAI, TAI (D–F) over study of 12-month follow-up between groups. Data shown are mean values with
error bars representing SE. Circles are values for the home-based PR maintenance via WeChat group (Group A), squares are values for hospital-based PR maintenance
group (Group B), triangles are values for usual care group (Group C). Month 0 is the time point when patients completed the initial 8-week PR. *Significant differences of
between-group over time (p < 0.05).
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the PR maintenance strategy should be continued to be offered to patients who have a higher risk of exacerbation and
more symptom burden in daily lives following an initial PR program, and as an extension of pulmonary rehabilitation.
Moreover, maintenance could not only provide potential sustaining clinical improvements but also reduce the substantial
healthcare cost to society.

In the last decade, studies have demonstrated the efficacy and safety of the technology-based interventions in promoting
the physical activity, improving HRQL, monitoring physiological signs and reducing acute exacerbation in COPD.31–33 With
the rapid development of internet technology, smart devices, and social media, information communication via network is
convenient and accurate. WeChat is the most popular social network platform in China.34 In recent years, the “Internet
Medical” model covers the shortage of unbalanced distribution of medical resources around the world, such as Twitter and
Facebook, have been steadily applied in medical education.35,36 Likewise, WeChat has been gradually used in medical
education and the follow-up of patients in China, and it has reported benefits in clinic. The recent study indicated that WeChat
app-based education and rehabilitation could reduce emotional dysfunction such as anxiety, depression and improve HRQLin
non-small lung cancer patients undergoing surgery.19 Another recent clinical trial demonstrated that WeChat PR strategy
provided a greater improvement in HRQL, lung function, and showed better adherence.37 In the current study, we applied
WeChat PR maintenance strategy in Group A. The patient-physician communications in this remote model were accom-
plished via smartphone applications which provided all PR maintenance components to patients and gave feedback or
suggestions by clinicians according to uploaded patients’ vital signs during exercise. As a consequence, the novel remote PR
maintenance model has a similar effect on clinical improvements and reduction of risk for AECOPD to the hospital-based PR
maintenance group. This conclusion may be useful to inform the decision-making on resource allocation.38

Despite the clear evidence of benefit of hospital-based PR on physical activity and HRQL, the insufficient funding,
imbalance resource allocation, and distance obstacle made value of traditional PR limited.39 Recently, many more studies
have focused on implementing behavior-targeted interventions to improve physical activity via technology and the
internet,40–42 and demonstrated the positive effect on reducing on risk for AECOPD. A systematic review from Cochrane
database also illustrated that social media intervention may be effective at improving physical activity and well-being,
which included 88 studies (871378 participants).14 Therefore, this novel remote maintenance model might be used to
deliver alternatives to conventional PR across wide geographical areas, especially during the COVID-19 pandemic.

Although the PR is recommended2 and well documented in high-income countries’ COPD guidelines,3,43 the PR services
are not widely available in low-income and middle-income countries (LIMICs) where the prevalence of COPD is higher and
evidence of benefit of PR is very small.44 Whether the PR as implemented in high-income countries is the suitable model for
LIMICs is also a critical question. The present study, to our knowledge, is the first clinical trial in regard to the PR
maintenance via social media supervision in north China. The positive result of this research provided more evidence of PR
and maintenance strategy benefits and verified the feasibility of this model in the local region. So, there was an important
implication that it is necessary to explore the different forms and culturally appropriate PR program in LIMICs.

Limitations
There are several limitations to this work. First, this study is not a blinded design. The patients were given general
information about the allocation and related intervention even different medical resources. Second, although the
convenient and clear, the CAT and emotional function assessments could not evaluate the patients’ HRQL comprehen-
sively, compared to St George’s Respiratory Questionnaire (SGRQ). Third, the technology applications were not familiar
to elder COPD patients with likely recognition dysfunction. This led to uploaded vital sign being incorrect and made
communication ineffective between patients and clinicians. Future studies need to explore more convenient and effective
methods with comprehensive evaluation for PR maintenance delivery.

Conclusion
The remote PR maintenance via WeChat is effective at reducing the risk for AECOPD and keeping the improvements in
6MWD, mMRC, and CAT from decline. The remote PR maintenance via WeChat might be used to deliver alternatives to
conventional PR.
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