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Original Article
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Background: Zheng’s supine rehabilitation exercise (ZSRE) can be performed by elderly patients with the 
acute exacerbation of severe or extremely severe chronic obstructive pulmonary disease (COPD) with high 
safety and compliance and was helpful for their recovery. Investigation is warranted of the compliance and 
rehabilitation effects of ZSRE performed at home in patients with COPD.
Methods: We performed telephone interviews with 157 patients with COPD who were hospitalized on 
the 26th floor of the National Clinical Research Center for Respiratory Disease and who received COPD 
education and ZSRE training from 1 September 2015 to 31 August 2016. We retrospectively analyzed the 
patients’ compliance with performing ZSRE at home after discharge and the frequency of hospitalization for 
treatment of acute exacerbation in both the previous and subsequent years.
Results: Among the 157 patients, 66 failed to complete home ZSRE after discharge (non-rehabilitation 
group), 41 performed home ZSRE once a day after discharge (one-session rehabilitation group), and 50 
performed home ZSRE at least twice a day after discharge (multiple-session rehabilitation group). The 
home ZSRE compliance rate was 57.96% (91/157). There were no significant differences in the mean 
number of hospitalizations in the year prior to receiving COPD education and ZSRE training among 
the non-rehabilitation group (1.06±0.75), one-session rehabilitation group (1.27±0.78), and multiple-
session rehabilitation group (1.16±0.91). However, there was a significant difference in the mean number 
of hospitalizations among the groups in the year following discharge (1.44±1.17, 0.78±0.82, and 0.66±0.75, 
respectively). The number of hospitalizations significantly increased in the non-rehabilitation group and 
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Introduction

Chronic obstructive pulmonary disease (COPD) is an 
airway disease characterized by progressive exacerbation 
of shortness of breath, declining exercise endurance and 
quality of life, and increasing annual medical expenses (1). 
Because the prognosis is related to the frequency of acute 
exacerbations, prevention of acute exacerbation events is one 
of the main objectives of long-term management of COPD 
(2-4). Pulmonary rehabilitation is an important technique for 
long-term management in patients with COPD because it 
can reduce medical expenses, improve dyspnea and exercise 
endurance, and reduce the frequency of acute exacerbations 
and hospitalizations (5-8). However, previous studies showed 
that because of inconvenient transport options (9). and 
lack of help from family members, up to 49.6% of patients 
were unwilling to go to medical institutions for pulmonary 
rehabilitation (10) and up to 31.08% of patients withdrew 
from pulmonary rehabilitation (11). 

We have developed a simple, safe, and easy-to-follow 

exercise called Zheng’s supine rehabilitation exercise (ZSRE) 
to enable patients with COPD to perform pulmonary 
rehabilitation exercise at home, improve the compliance 
of patients with advanced or severe COPD, reduce the 
dependence on family members to assist with pulmonary 
rehabilitation, and safely implement these procedures. 
ZSRE involves three actions (pull-ups, bridging, and air 
stepping) and is helpful for increasing exercise endurance, 
alleviating symptoms, and relieving dyspnea in patients with 
acute exacerbation of COPD (AECOPD) (12,13). Since 
2014, our department has been providing routine health 
education to patients hospitalized because of AECOPD, 
including education on the etiology, symptoms, treatment, 
inhalation methods, prognostic factors, and ZSRE for 
COPD. During hospitalization, patients are required to 
perform 3 sessions of ZSRE daily with at least 15 repetitions 
of each action per session, and there is no restriction on the 
completion time.

In the present study, patients who had received COPD 
education and ZSRE training were interviewed by telephone 
to investigate their compliance with ZSRE at home after 
discharge and its effect on rehospitalization due to acute 
exacerbation in both the previous and following years. 
We present this article in accordance with the SURGE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-779/rc).

Methods

Sample and design

This retrospective study was performed to assess 
compliance with home ZSRE and its rehabilitation effect 
on rehospitalization of patients with COPD. We used the 
hospital inpatient medical administration system to identify 
patients with AECOPD who were hospitalized on the 
26th floor of the National Clinical Research Center for 
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Respiratory Disease and who had received COPD education 
and ZSRE training from September 2015 to August 2016. 
We then contacted the patients and their family through 
the telephone records in our medical administration system. 
If the patients and their family agreed to be interviewed 
by telephone, the research group administered a follow-up  
survey. All patients provided informed consent to 
participate in the study. The last included patient follow-up 
was completed on 30 June, 2019. The study was approved 
by the ethics committee of the First Affiliated Hospital 
of Guangzhou Medical University (2016 No. 28). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). 

General aspects and data collection

Data on age, sex, height, weight, lung function and blood 
gas analysis of patients with AECOPD hospitalized on the 
26th floor of the National Clinical Research Center for 
Respiratory Disease from 1 September, 2015 to 31 August, 
2016 were obtained from the hospital inpatient medical 
administration system.

The inclusion criteria of the study were as follows: (I) 
men or women aged 40 to 95 years, (II) the lung function 
in the previous year was: forced vital capacity rate of one 
second (FEV1)/forced vital capacity (FVC) <70% after 
using bronchodilator, (III) ability to perform ZSRE under 
instruction. AECOPD was confirmed by a set of criteria 
including signs, symptoms, and previous pulmonary 
function test results as per the COPD Diagnosis and 
Treatment Guidelines established by the Chinese Society of 
Respiratory Diseases, Chinese Medical Association, in 2013. 
The exclusion criteria were as follows: (I) severe malignant 
tumors, (II) audiovisual and cognitive dysfunction, (III) 
inability to complete the ZSRE, (IV) uncontrolled active 
tuberculosis, (V) heart, liver, or kidney failure, (VI) unstable 
angina or myocardial infarction in the past 6 months, (VII) 
connective tissue-related vascular disease, or (VIII) tracheal 
incision.

On the survey sheet, the patients and their family were 
questioned on the following: (I) the number of sessions 
of home ZSRE performed per day after discharge, over a 
period of 1 year, with at least 15 repetitions of each action 
per session (none, one session/day, or more than two 
sessions/day); (II) the number of hours of home oxygen 
treatment received after discharge (0, ≤15, or >15 h/day); 
(III) the number of hospitalizations in the year prior to 
completion of COPD education and ZSRE training (the 

number of readmissions mentioned in article was the 
number of readmissions to hospital for AECOPD within a 
timespan of a year after discharge obtained by questioning 
the patient and/or family members); (IV) the number of 
hospitalizations in the year following the completion of 
COPD education and ZSRE training; (V) the number 
of hours of home noninvasive ventilation after discharge 
(patients receiving noninvasive ventilation were classified 
as “yes”, otherwise was classified as “no”); (VI) home 
medication on sustained release theophylline formulation/
carbocisteine/long acting muscarine anticholinergic 
(LAMA)/long act ing β2-agonist  (LABA)/ inhaled 
corticosteroids (ICS); and (VII) deaths following 1 year 
after discharge from hospital.

ZSRE involves three actions (12): (I) pull-ups—the 
patient grasps the edge of the bed with his or her hand, 
pulls the upper body to the upright sitting position, and 
maintains this position for 5 s before slowly lying down 
while holding the edge of the bed; (II) bridging—the 
patient begins lying supine with both knees bent and feet 
flat on the bed, then raises the buttocks away from the 
bed by approximately 10 to 15 cm; and (III) air stepping—
the patient begins lying supine with both knees bent, then 
performs alternate cycling motions with the lower limbs 
raised while the upper body remains motionless; this is 
continued until the lower limbs are fatigued. ZSRE has 
the following advantages: (I) it can strengthen the upper 
and lower limbs, abdominal muscles, diaphragm, and back 
muscles; (II) the exercise intensity, frequency, and duration 
can be tailored to the individual patient’s needs; (III) the 
patient can rest in bed whenever tired; (IV) minimal care 
is required, and it can be performed anywhere at any time; 
and (V) it does not require any equipment.

Statistical analysis

The patients were divided into three groups according to 
the number of sessions of home ZSRE performed per day: 
the non-rehabilitation group, one-session rehabilitation 
group, and multiple-session rehabilitation group. The 
statistical analysis was performed using statistical software 
(SPSS v24.0; IBM Corp., Armonk, NY, USA). Measurement 
data are presented as mean ± standard deviation. 
Measurement data were presented as median (quartile) if 
the variable did not follow a normal distribution. One-way 
analysis of variance, Kruskal-Wallis test, the Chi-squared 
test, and Fisher’s exact probability method were used to 
compare differences among the groups. The frequency and 
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composition ratio were used to describe the distribution of 
qualitative data. All tests were bilateral. A P value of <0.05 
was considered statistically significant.

Results

General data 

In total, 211 inpatients with AECOPD were hospitalized 
on the 26th floor of the National Clinical Research Center 
for Respiratory Disease and received COPD education 

and ZSRE training from 1 September 2015 to 31 August 
2016. Among the 211 patients, 157 (74.4%) were willing to 
conduct the telephone interview (Table 1). The patients were 
divided into three groups based on the number of sessions 
of ZSRE they performed at home after discharge: the non-
rehabilitation group (n=66), one-session rehabilitation 
group (n=41), and multiple-session rehabilitation group 
(n=50). There were no differences in age, height, weight, 
partial pressure of carbon dioxide or oxygenation index 
before discharge, FEV1, home oxygen therapy or received 

Table 1 General information, rehabilitation and hospitalization of patients with COPD

General information
Non-rehabilitation 

(n=66)
One-section rehabilitation 

group (n=41)
Multiple-sections 

rehabilitation group (n=50)
F/h value P value

Age (year) 70.38±8.69 70.02±8.08 67.8±8.59 1.413 0.247

Height (cm) 158.7±24.5 164.63±7.5 162.46±9.55 1.476 0.232

Weight (kg) 55.98±16.81 55.71±10.78 52.3±8.37 1.224 0.297

Blood oxygen level before discharge (%) 99.14±28.66 90.33±22.08 99.06±28.54 1.581 0.209

Carbon dioxide partial pressure (mmHg) 44.7 (19.3) 44.3 (14) 45.4 (12.6) 2.154 0.341

Oxygen saturation (%) 96.27±2.72 95.45±2.76 96.6±2.36 2.248 0.109

Oxygenation index 341.87±98.84 311.48±76.15 341.6±98.4 1.581 0.209

Home oxygen therapy groups (0, ≤15, or >15 h/day) 1.927 0.749

0 16 (24.24) 10 (24.39) 10 (20.0)

≤15 33 (50.0) 23 (56.1) 31 (62.0)

>15 17 (25.76) 8 (19.51) 9 (18.0)

Whether the family is non-invasive (yes/no) 4.871 0.088

No 52 (78.79) 28 (68.29) 30 (60.0)

Yes 14 (21.21) 13 (31.71) 20 (40.0)

Pulmonary function

FEV1 1.03±0.58 0.96±0.45 0.88±0.46 0.924 0.400

FEV1 (%) 42.39±26.43 38.99±17.95 36.18±19.7 0.893 0.412

FEV1/FVC (%) 58.88±21.43 60.69±17.48 58.65±21.27 0.095 0.909

Number of hospitalizations in the previous 
year (times/year)

1.06±0.76 1.27±0.78 1.16±0.91 0.829 0.438

Number of hospitalizations in the following 
year (times/year)

1.44±1.17##&& 0.78±0.82**&& 0.66±0.75**&& 10.641 <0.001

One year mortality (%) 13.64 12.20 10.0 0.353 0.838

Data are presented as n (%), mean ± standard deviation or median (quartile). Compared with non-rehabilitation group: **, P<0.01. 
Compared with one-section rehabilitation group: ##, P<0.01. Compared with the number of hospitalizations in the previous year before 
rehabilitative training: &&, P<0.01. COPD, chronic obstructive pulmonary disease; FEV1, forced vital capacity rate of one second; FVC, 
forced vital capacity.
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home-based noninvasive ventilation among the groups. 

Home medicines

There were no significant differences in the use of 
home medicines, including slow-release theophylline, 
carbocysteine, LABA, LAMA, or ICS, among the non-
rehabilitation group, one-session group, and multiple-
session group (P>0.05) (Table 2).

Number of hospitalizations prior to and following 
education and training

The mean number of hospitalizations in the year prior to 
receiving COPD education and ZSRE training in the non-
rehabilitation group, one-session group, and multiple-
session group was 1.06±0.75, 1.27±0.78, and 1.16±0.91, 
respectively (P>0.05), while that in the year following 
the receipt of COPD education and ZSRE training was 
1.44±1.17, 0.78±0.82, and 0.66±0.75, respectively (P<0.05) 
(Table 1). Compared with the year prior to education and 
training, the number of hospitalizations in the following 
year was significantly increased in the non-rehabilitation 
group and significantly decreased in both the one-session 

and multiple-session groups. The difference did not 
reach statistical significance in spite of a lower number 
of readmissions to hospital for AECOPD within a year 
after discharge in the multiple-session group (0.66±0.75) 
compared with one-session group (0.78±0.82).

One-year mortality

The 1-year mortality rate at the end of the following year 
in the non-rehabilitation group, one-session group, and 
multiple-session group was 13.64%, 12.20%, and 10.00%, 
respectively (P>0.05); the multiple-session group showed a 
decreasing trend (Table 1).

Discussion

Similar to previous study, this study showed that adherence 
to in ZSRE at home in patients with COPD reduced 
the frequency of COPD exacerbations and the higher 
the patient adherence to ZSRE, the less the number of 
readmissions to hospital for AECOPD after discharge. 
Pulmonary rehabilitation is one of the main treatments 
for COPD and has the same clinical value as medical 
therapy. However, the duration of pulmonary rehabilitation 

Table 2 Discharge of drugs used in different groups

Drug Non-rehabilitation (n=66) Rehabilitation one group (n=41) Rehabilitation multiple group (n=50) P

Sustained release aminophylline 0.144

No 16 (24.24) 8 (19.51) 5 (10.0)

Yes 50 (75.76) 33 (80.49) 45 (90.0)

Carbocysteine 0.765

No 12 (18.18) 9 (21.95) 8 (16.0)

Yes 54 (81.82) 32 (78.05) 42 (84.0)

LAMA 0.168

No 11 (16.67) 7 (17.07) 15 (30.0)

Yes 55 (83.33) 34 (82.93) 35 (70.0)

LABA 0.454

No 20 (30.3) 12 (29.27) 20 (40.0)

Yes 46 (69.7) 29 (70.73) 30 (60.0)

ICS 0.155

No 45 (68.18) 27 (65.85) 41 (82.0)

Yes 21 (31.82) 14 (34.15) 9 (18.0)

Data are presented as n (%). LAMA, long acting muscarine anticholinergic; LABA, long acting β2-agonist; ICS, inhaled corticosteroids. 
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affects its efficacy (14,15). The effect of 6 to 12 weeks of 
pulmonary rehabilitation exercise begins to decline in the 
third month and (16) can only be maintained for 1 year 
(17,18). Therefore, long-term rehabilitation is needed to 
maintain the effect of pulmonary rehabilitation. As such, 
it is important to consider compliance with long-term 
pulmonary rehabilitation in patients with COPD (19,20).

The factors that affect compliance with long-term 
pulmonary rehabil itation in patients with COPD 
include the caregiver’s suggestion to undergo pulmonary 
rehabilitation (21,22), the patient’s health status (depression, 
exercise tolerance, and smoking), family and social support 
(transportation, economic status, and family support), 
and degree of entertainment provided by the pulmonary 
rehabilitation activities (9,10,23,24). The convenience 
of traveling to the rehabilitation site and assistance from 
family members are also crucial factors for elderly patients 
and patients with severe COPD (25).

As long as it is supervised, the effect of pulmonary 
rehabilitation at home is identical to that performed in 
hospitals or medical rehabilitation institutions (26-28).  
Therefore, pulmonary rehabilitation at home is a 

prerequisite for improving compliance with long-term 
pulmonary rehabilitation in patients with COPD. We have 
developed ZSRE, an innovative pulmonary rehabilitation 
regimen, to enable patients with COPD to safely perform 
pulmonary rehabilitation exercises at home, improve the 
compliance of elderly patients and patients with severe 
COPD, and reduce dependence on family members  
(Figure 1) (12). Since 2014, all inpatients with AECOPD 
admitted to our department have received COPD education 
and ZSRE training from the day of admission onward. 
The basic exercise prescription involves three sessions per 
day, with at least 15 repetitions of each action per session. 
However, the amplitude, speed, maximum repeat number, 
daily frequency of each action, and resting duration can be 
adjusted according to the conditions of the patient.

This was a retrospective study. We followed up patients 
who were hospitalized for AECOPD, received COPD 
education and ZSRE training, and had been discharged 
for >1 year. Ninety-one of 157 patients (57.96%) with 
COPD insisted on performing ZSRE at home; among 
them, 50 performed at least two sessions per day and 41 
performed one session per day. Even without long-term 

A B C

D E F

G H I

Figure 1 Protocol for the Zheng’s supine rehabilitation exercise. The three action groups are (A,D,G) pull-ups, (B,E,H) bridging, (C,F,I) air 
stepping. This image is published with the patient/participant’s consent.
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follow-up, the patients’ compliance with home ZSRE was 
much higher than compliance with inhaled drugs (29). 
This might be explained by the simple movements of 
ZSRE, the individualized exercise intensity and duration, 
no requirement for external help, and no restriction or 
requirement on the facilities. As some patients with COPD 
are elderly with decreased comprehension ability and 
memory, pulmonary rehabilitation exercises must be simple 
and easy to master. ZSRE is simple in this respect because 
patients only require one or two trainings by professional 
rehabilitation personnel during hospitalization. ZSRE also 
requires no specific facilities and induces no additional 
economic burden, and it can be performed in the early 
morning, daytime, or nighttime. Further, there is no need 
to travel to a hospital or medical rehabilitation institution. 
Finally, during exercise, the patients can stop at any time 
and lie directly on their bed, thus avoiding accidents that 
may occur during rehabilitation on the ground.

The treatment goal in patients with stable COPD is 
to improve symptoms, improve exercise tolerance, and 
prevent acute exacerbations. Our follow-up study showed 
significant differences in the number of rehospitalizations 
within 1 year following discharge among the non-
rehabilitation group, one-session rehabilitation group, and 
multiple-session rehabilitation group. Compared with the 
previous year, the number of hospitalizations increased 
in the non-rehabilitation group but decreased in both the 
one-session and multiple-session rehabilitation groups. 
This is consistent with previous research reports (30). 
However, there were no differences in the 1-year mortality 
rate in the following year among the three groups (non-
rehabilitation group, 13.64%; one-session rehabilitation 
group, 12.20%; and multiple-session rehabilitation group, 
10.00%; F value =0.353, P=0.838). This result may have 
been related to the low number of patients. Nevertheless, 
there was a decreasing trend in the 1-year mortality rate 
in the multiple-session rehabilitation group compared 
with the non-rehabilitation and one-session rehabilitation 
groups. This finding is inconsistent with the highest actual 
need for noninvasive ventilation in the multiple-session 
rehabilitation group.

In addition, although the mean age of the patients in the 
non-rehabilitation, one-session rehabilitation, and multiple-
session rehabilitation groups was as high as 70.38±8.69, 
70.02±8.08, and 67.8±8.59 years, respectively, and although 
their pulmonary function (FEV1 % predicted) was 
42.39%±26.43%, 38.99%±17.95%, and 36.18%±19.7% of 
the predicted value, respectively, 57.96% of patients insisted 

on performing ZSRE at home without supervision, and 
with no adverse events such as decreased hypoxemia, acute 
dyspnea, and arrhythmia.

Elderly patients and patients with severe COPD showed 
high compliance with ZSRE, which is simple, effective, 
safe, and economical and can reduce the number of 
rehospitalizations for AECOPD. 

We have to admit that there are limitations in this 
retrospective study. The number of sessions of home ZSRE 
performed per day after discharge in COPD patients 
may not be absolutely accurate because it depends on the 
patients’ responses over the telephone. But combined 
with our previous article show that home ZSRE can be 
performed with high compliance by elderly patients with 
severe or extremely severe COPD (12). We firmly believe 
that the conclusions of this study are credible. We also 
expect that a multicenter prospective study further confirms 
the effectiveness of home ZSRE on patients with COPD.

Conclusions

The research results show that home ZSRE can be 
performed with high compliance by elderly patients with 
severe or extremely severe COPD, and can reduce the 
number of readmissions.
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