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Objectives: This study aimed to assess the effects of modified pulmonary rehabilitation (PR) on patients
with moderate to severe chronic obstructive pulmonary disease (COPD).
Methods: A total of 125 patients (63 in the PR group and 62 in the control group) were recruited in this
study. The patients in the PR group received 12 weeks of conventional treatment, nursing, and modified
pulmonary rehabilitation, while the patients in the control group underwent 12 weeks of conventional
treatment, nursing, pursed-lip breathing training, and abdominal breathing training. Baseline charac-
teristics, St. George's Respiratory Questionnaire (SGRQ), the six-minute walk test (6MWT), modified
medical research council (MMRC) dyspnea scale, and lung function were compared between the two
groups.
Results: A total of 112 patients (58 patients in the PR group and 54 patients in the control group)
completed the 12-week monitoring and follow-up. The SGRQ scores, symptoms (54.933 ± 11.900), ac-
tivity (52.644 ± 14.334), impact (55.400 ± 9.905), and total score (54.655 ± 10.681) of the PR group did
not significantly differ in pre- and post-treatments (P < 0.05). No significant change was also observed in
the control group (P > 0.05). 6MWT [(372.089 ± 67.149) m] was significantly improved in the PR group
(P < 0.05) but was not significantly different in the control group (P > 0.05). MMRC (actual rank sum
1719, rank sum 2047.5) was significantly reduced in the PR group (P < 0.05) but not in the control group
(P > 0.05). The lung function (FVC, FEV1, FEV1/FVC, FEV1% and PEF) of the patients in both groups did not
significantly change (P > 0.05).
Conclusion: Modified PR reduces the symptoms of dyspnea, increases exercise capacity, and improves
the quality of life of patients with moderate to severe COPD.
© 2017 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The Global Initiative for Chronic Obstructive Lung Disease
(GOLD) defined chronic obstructive pulmonary disease (COPD) as
the limitation of a partially reversible airflow usually progressive
and associated with an abnormal inflammatory response of the
lungs to noxious particles or gases [1]. COPD is a major cause of
mortality and morbidity worldwide [2]. This disease causes
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symptoms of breathlessness, which limits daily activities and
consequently reduces quality of life (QoL) [3]. A decreased QoL is
indicated as an exacerbated emotional status and is related to fa-
tigue [4]. COPD management aims to improve pulmonary function,
prevent deterioration, and enhance QoL [5].

Few guidelines are related specifically to the physiotherapeutic
management of COPD. Pulmonary rehabilitation (PR) is defined as a
“supervised therapeutic process of restoring a patient's function”
[6]. PR is an essential treatment for Patients with COPD [7]. A few
statements and guidelines have recommended PR as a first-line
management strategy for patients with COPD [8e11]. In China, PR
incorporates ventilatory muscle and breathing exercises.

PR usually includes physical exercise, education, psychosocial
therapy, and self-management [8,9]. The effectiveness of PR in
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exercise capacity, symptoms, and QoL of patients with COPD have
also been investigated [12,13].

Studies have yet to bridge the gaps between PR guidelines and
clinical implementation in China. Most of the publications on PR
have mostly focused on medications, education, oxygen therapy,
breathing exercises, and traditional Chinese exercise [14e16].

This study aimed to incorporate relaxation exercises and ex-
tremity muscle training to a conventional PR program and to assess
the effects of these exercises on QoL, dyspnea degree, exercise
tolerance, and pulmonary function of patients with COPD.

2. Methods

2.1. Study design

This study employed a prospective, randomized, and controlled
trial. Participants were recruited from patients in the Department
of Respiratory Disease discharged between September 2014 and
December 2015 and assigned either to the conventional care group
or to the PR group. These were then assessed upon enrollment in
the study and after a 12-week intervention.

2.2. Participants

The participants were recruited from the patients admitted in
the Department of Respiratory Disease and were discharged by the
study's principal investigator. The following inclusion criteria were
considered: age >50 years, diagnosed with moderate to severe
COPD [moderate, forced expiratory volume in one second (FEV1)/
forced vital capacity (FVC) < 70%, 50% � the percentage of FEV1 in
FVC (FEV1%) < 80%; severe, FEV1/FVC < 70%, 30% � FEV1% < 50%],
presence of a stable conditionwithout infection or exacerbation for
more than 4 weeks after hospital discharge, and could walk inde-
pendently and complete a questionnaire. The following exclusion
criteria were determined: severe and unstable cardiac disease,
pulmonary bulla, pneumothorax, orthopedic disease, malignant
tumor, or mental disorder. The followingwithdrawal criteria during
the 12-week observation were set: inability to complete exercises
and acute exacerbation, which was defined as the presentation of
productive cough or purulent sputum and worsened shortness of
breath or refusal to undergo follow-up visits [17].

2.3. Intervention

The patients in the control and PR groups received conventional
drug treatment and nursing care. All of the patients were given an
inhaled corticosteroid and an inhaled b-agonist or an anti-
cholinergic agent according to the physicians' prescriptions.
Health education included information about COPD, acute exacer-
bation of symptoms, and benefits of various habits, including
smoking cessation, healthy diet, and medication compliance.

2.4. Control group

The control group was given conventional treatment and
nursing care combined with breathing exercises incorporating
pursed lip breathing and diaphragmatic breathing. Pursed lip
breathing involves patients relaxing the muscles in the neck and
shoulders, breathing (inhaling) slowly through the nose with no
deep breaths, and keeping their mouths closed. During inhalation,
the patients puckered or “pursed” their lips as they counted to two.
As they exhaled, the patients breathe out through their pursed lips
as they counted to four. Diaphragmatic breathing involves slow
inhalation through the nose, usually to a count of 10, followed by an
exhalation to the same count. Inefficient ventilation during exercise
Please cite this article in press as: Xu J, et al., Effects of modified pulm
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is a key pathophysiological feature of COPD [18]. Respiratory
muscle training is an established effective method to increase
inspiratory muscle strength [19e21]. These two exercises were
repeated by participants five to 10 times, several times a day [22]. A
follow-up through telephone was conducted once a week and
lasted 12 weeks.

2.5. PR group

Relaxation exercises and extremity muscle training were
incorporated in the PR group. Relaxation exercises can increase the
SpO2 of patients with COPD [23]. Extremity muscle training can
enhancemuscle force and tolerance to hypoxia [24]. The patients in
the PR group received conventional treatment and nursing care
combined with a 12-week outpatient PR program, including the
same pursed lip breathing and diaphragmatic breathing as in the
control group. Relaxation exercises are performed in supine posi-
tion, with slow music, tensing muscles while inhaling and then
relaxing muscles while exhaling, starting at the toes and working
all the way up to the scalp. These exercises are performed for
approximately five minutes, twice a day, before getting out of bed
and before falling asleep. Upper extremity muscle training involves
slowly lifting the arms while inhaling and lowering the arms while
exhaling, 10 repetitions per set for three sets per day. For this ex-
ercise, the elbows are then flexed, with fists clenched, and punched
obliquely forward alternating fists, inhaling while stretching and
exhaling while drawing back, 10 repetitions per set, three sets per
day. Finally, lower extremity muscle training involves standing and
bending alternating knees to 90�, 10 repetitions per set, three sets
per day. Follow-up by telephone was conducted once a week for 12
weeks.

2.6. Quality control

Our study team, supervised by a chest physician, consisted of
respiratory nurses, occupational therapists, physiotherapists, a
dietician, a psychologist, and social workers. All team members
were trained for two weeks and qualified after inspection. The
training contents included the screening of study subjects,
communication skills with subjects, conventional treatment
methods and nursing, methods of PR, collection of data, and
methods of follow-up. Patients were instructed to practice the
program daily and were supervised by a respiratory therapist in the
hospital.

2.7. Measurements and outcomes

General characteristics of patients, such as sex, age, severity,
duration, and Barthel index were recorded during the baseline
assessment. Four outcome measures are as follows: QoL, level of
dyspnea, exercise tolerance, and pulmonary function. Related data
were assessed at baseline and again after 12-week intervention.
Questionnaires were independently completed by patients.

QoL was assessed using the St. George's Respiratory Question-
naire (SGRQ), a 76-item self-administered disease specific ques-
tionnaire for patients with COPD [25]. The translated Chinese
language versionwas used for this study. Scores were calculated for
the three domains of symptoms, activity, and impacts (Psycho-so-
cial) and for a total score. Scores ranged from 0 to 100, with higher
scores indicating poorer health.

The level of dyspnea was assessed through modified medical
research council (MMRC) dyspnea scale. The scores of MMRC were
determined as: 0 (patients breathless with strenuous exercise), 1
(patients short of breath when hurrying on level ground or walking
up a slight hill), 2 (patientswalk slower on level ground than people
onary rehabilitation on patients with moderate to severe chronic
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of the same age because of breathlessness or have to stop for breath
when walking at own pace), 3 (patient stops for breath after
walking about 100 yards or after a few minutes on level ground),
and 4 (patients too breathless to leave the house or breathless
when dressing).

Exercise tolerance was assessed using the six-minute walk test
(6MWT). 6MWT was originally designed to measure exercise
tolerance in heart disease [26]. 6MWT has also been used in pa-
tients with COPD [27]. 6MWT measures the distance by which an
individual can walk on a hard, flat surface in six minutes.

The pulmonary function tests performed included FVC, FEV1,
ratio of FEV1/FVC, FEV1%, and peak expiratory flow (PEF). Pulmo-
nary function tests were performed every four weeks.

Every patient was asked to record an exercise log that was
checked periodically by interdisciplinary team members.

2.8. Sample size calculation

With the assumption that the number of patients of the two
groups were equal, the necessary sample size in our study could be
calculated as N1 ¼ N2 ¼ 2 [(uaþub)s/d]2. d is defined as the dif-
ference between the averages of the PR group and the control
group. With the assumption of one-sided 10% a and 80% power, a
total of 50 eligible patients were required and observed for one
year. With a maximum lost-to-follow-up rate of 20%, the total
required sample size was estimated to be around 80 patients.

2.9. Randomization

Patients were randomly assigned to the control group or the PR
group. The trail statistician generated the random allocation
sequence using the random procedure in SPSS (v16.0, SPSS Inc.),
with a 1:1 allocation. Neither the patients nor the data collectors
were informed about the group allocation.

2.10. Statistical analysis

Data were entered into Excel software (v2013, Microsoft Inc.) by
two research team members independently and checked for ac-
curacy twice by two independent assessors. Data were analyzed
using SPSS software (v16.0, SPSS Inc.). Baseline demographic and
clinical characteristics of the two groups were compared using two
Independent Samples t-tests for continuous variables and either a
chi square test or Fisher exact test for categorical data comparisons.
The degrees of dyspnea (MMRC) were compared by a rank sum test.
The quality of life (SGRQ) was tested by RMANOVA. Pre- and post-
intervention data were compared using paired Student t-test. Sta-
tistical significance was set at P < 0.05.

2.11. Ethical aspects

This study was approved by the Ethics Committee of The Third
Affiliated Hospital of Soochow University. This study complied with
the principles of the Declaration of Helsinki and Good Clinical
Practice guidelines.

3. Results

3.1. Patient baseline characteristic

A total of 125 patients with COPD discharged from the Depart-
ment of Respiratory Diseases of The Third Affiliated Hospital of
Soochow University between September 2014 and December 2015
were enrolled in the study. Of the 125 patients recruited, a total of
112 completed the 12-week study period and were used in the data
Please cite this article in press as: Xu J, et al., Effects of modified pulm
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analysis (Fig. 1). In the PR group, two patients had an acute exac-
erbation or symptoms and three patients did not complete the PR
program as required. In the control group, three patients had an
acute exacerbation of symptoms, two patients did not complete the
PR program as required, and three patients refused follow-up. The
data of the 112 patients were collected for statistical analyses. Pa-
tients' baseline characteristics are presented in Table 1. No signifi-
cant difference exists between the baseline data of SGRQ scores,
MMRC scores, 6MWT scores or pulmonary function of the two
groups (P > 0.05).

3.2. Intra-group assessment pre- and post-intervention

The SGRQ score (Symptoms, Activity and Impacts and total
score) was significantly lower in pre-intervention than in post-
intervention (P < 0.05) in the PR group but not in the control
group (P > 0.05). The MMRC score was statistically significantly
lower pre-intervention than post-intervention (P < 0.05) but not in
the control group (P > 0.05). Walking distance results from the
6MWT were significantly longer pre-intervention than post-
intervention (P < 0.01) in the PR group but not in the control
group (P > 0.05).

No statistically significant differences were observed between
pre-intervention and post-intervention pulmonary function in
either PR group or the control group (P > 0.05). See Tables 2e5 for
detailed data.

3.3. Inter-group assessment between the PR group and control
group

After intervention, the SGRQ (Symptoms, Activity and Impacts
and total score) andMMRC scores were significantly lower in the PR
group than in the control group (P < 0.01). After intervention, the
distance of the 6MWTwas significantly longer in the PR group than
in the control group (P < 0.01). After intervention, no statistically
significant difference was observed in the pulmonary function re-
sults between the PR group and the control group (P > 0.05). See
Tables 6 and 7 for detailed data.

4. Discussion

This randomized controlled study aimed to determine the
beneficial effect of a modified PR. Breath exercises, relaxation ex-
ercises, and extremity muscle training were combined with con-
ventional care to improve the care of patients with moderate to
severe COPD. After 12 weeks, the modified pulmonary rehabilita-
tion program was associated with a significant improvement in
QoL, dyspnea level, and exercise tolerance but not with pulmonary
function.

After adjustment was performed for baseline values, the QoL
scores significantly differed between pre- and post-intervention in
the PR group. The QoL scores of the PR and control groups also
significantly differed. These differences have been detected in
varying degrees in previous studies in response to pulmonary
rehabilitation in patients with COPD [28].

Exercise tolerance measured by 6MWT and dyspnea level
determined through MMRC were significantly improved after 12
weeks of modified PR. Cheng et al. [29] observed significant im-
provements in maximal exercise performance after 12 weeks of
exercise twice a week. Altenburg et al. demonstrated that four
variables are correlated with an improvement in endurance exer-
cise capacity after 7 weeks of exercise in patients with COPD [30]. In
three other studies, the tidal volume and respiratory rate of par-
ticipants trained at a high intensity (70%e80%maximumworkload)
significantly change [31e33]. Sundararajan et al. investigated the
onary rehabilitation on patients with moderate to severe chronic
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Fig. 1. Flowchart of the trial.

Table 1
Baseline data comparison of two groups.

Group Age (yr) Sex [n (%)] GOLD grade [n (%)] Duration of disease (yr,Mean ± SD) Barthel index (Mean ± SD)

Male Female Moderate Severe Very severe

Control (n ¼ 54) 68.1 ± 9.3 43 (80.0) 11 (20) 23 (42.6) 20 (37.0) 11 (20.4) 20.6 ± 15.9 89.3 ± 13.7
PR (n ¼ 58) 68.9 ± 8.2 50 (86.2) 8 (13.8) 23 (39.7) 23 (39.7) 12 (20.6) 20.8 ± 16.9 84.5 ± 15.1

t/c2/Z �0.403 0.569 0.066 �0.273 0.713
P 0.689 0.451 0.968 0.761 0.239
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Table 2
Intra-group comparisons between the SGRQ scores pre- and post-intervention.

Group Pre-intervention Post-intervention t P

Control (n ¼ 54)
Symptoms 61.791 ± 10.414 61.093 ± 10.607 0.816 0.417
Activity 60.814 ± 14.817 61.860 ± 14.857 �0.596 0.553
Impacts 60.535 ± 8.776 60.674 ± 9.365 0.084 0.933
Total 61.086 ± 9.907 61.268 ± 10.280 �0.075 0.940

PR (n ¼ 58)
Symptoms 60.111 ± 11.050 54.933 ± 11.900 2.728 0.008
Activity 58.333 ± 14.206 52.644 ± 14.334 2.207 0.030
Impacts 60.978 ± 9.486 55.400 ± 9.905 2.916 0.005
Total 60.162 ± 10.312 54.655 ± 10.681 2.525 0.013

Table 3
Intra-group comparisons between the MMRC scores pre- and post-intervention.

Group Pre-intervention Post-intervention Z P

Control (n ¼ 54)
Median 2.0 1.0
IQR (1.0, 2.5) (1.0, 2.0) 0.224 0.822
Actual rank sum 1895 1846
Rank sum 1870.5 1870.5

PR (n ¼ 58)
Median 2.0 2.0
IQR (1.0, 3.0) (1.0, 3.0) 2.804 0.005
Actual rank sum 2376 1719
Rank sum 2047.5 2047.5

Table 4
Intra-group comparisons between the 6MWT pre- and post-intervention.

Group Pre-intervention Post-intervention t P

Control (n ¼ 54) 312.488 ± 62.460 300.954 ± 61.065 0.866 0.389
PR (n ¼ 58) 315.267 ± 61.838 372.089 ± 67.149 �4.176 0.000

Table 5
Intra-group comparisons between pulmonary function pre- and post-intervention.

Group FVC (L) FEV1 (L)

Control (n ¼ 54)
Pre-intervention 2.006 ± 0.627 1.081 ± 0.426
Post-intervention 2.052 ± 0.598 1.073 ± 0.410
t �0.530 �1.000
P 0.599 0.323

PR (n ¼ 58)
Pre-intervention 1.868 ± 0.520 1.032 ± 0.378
Post-intervention 1.974 ± 0.580 1.088 ± 0.417
t �0.829 �1.00
P 0.411 0.323

Table 6
Inter-group comparisons of the SGRQ scores and 6MWD variety in the PR and control gr

Group SGRQ (score)

Symptoms Activity

Control (n ¼ 54) 0.698 ± 2.932 �1.047 ± 4.467
PR (n ¼ 58) 5.178 ± 2.773 5.689 ± 3.197

t 4.860 5.034
P 0.000 0.000
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specific effect of a 6-week outpatient PR program and found an
improvement inwalking distance, dyspnea score, and health status
[34].

Other investigators have examined whether or not PR can
enhance exercise capacity. Differences in results may be due to
variations in patient selection, interventions, outcome measures,
and statistical methods. Garrod et al. investigated the effects of a 7-
week PR, measured 6MWT for exercise capacity, and observed no
changes in exercise capacity [35]. Plankeel et al. indicated that the
benefits of PR depends on the initial factors that limit exercise [36].
Our findings vary from previous results possibly because of differ-
ences in sample sizes, population, and study settings.

In addition to exercise training, progressive relaxation was
included in the PR program. Anxiety is a common comorbid con-
dition in patients with COPD, and this condition can intensify
symptom perception [37]. Singh et al. found that progressive
muscle relaxation effectively reduces anxiety, dyspnea, and physi-
ologic measures, such as systolic blood pressure (SBP), diastolic
blood pressure (DBP), heart rate(HR), and respiratory rate (RR), in
patients with COPD [38].

No significant difference was observed in pre- and post-
intervention and between the two groups in our study. Lit-
tlejohns et al. also revealed that no significant difference exists in
the predicted change in FEV1% [39]. Bavarsad et al. [40]showed a
significant decline in the mean FEV1% predicted in the control
group.

Some limitations remain in our study. The intervention for the
PR group lasted only 12 weeks. As a result, the long-term effect of
PR on patients with COPDwas not observed. The time points of data
collectionwere pre-enrollment and 12 weeks after pre-enrollment.
Additional time points might reflect the short-term, intermediate,
and long-term effects of PR. Furthermore, a real-time heart rate and
degree of blood oxygen saturation were not collected during the
intervention. In future studies, vital signs can be monitored to
obtain additional information. Intervention approaches for patients
with different degrees of COPD were similar. As such, intervention
approaches should be varied.

Our study demonstrated that PR is an effective treatment to
alleviate dyspnea symptoms in patients with COPD, increase their
exercise capacity, and improve their QoL.
FEV1/FVC (%) FEV1% PEF (L/min)

52.952 ± 8.762 44.696 ± 14.079 2.543 ± 1.110
52.044 ± 9.049 45.314 ± 13.976 2.560 ± 1.101
1.845 �0.865 �0.255
0.072 0.392 0.800

54.598 ± 10.288 46.235 ± 14.645 2.491 ± 1.081
54.789 ± 10.330 47.574 ± 14.463 2.441 ± 0.923
�0.273 �1.558 0.752
0.786 0.126 0.456

oups post-intervention.

6MWT (m)

Impacts Total score

�0.140 ± 2.965 �0.181 ± 1.917 �56.822 ± 8.448
5.578 ± 3.450 5.507 ± 1.866 11.535 ± 14.006

3.877 6.598 7.614
0.000 0.000 0.000

onary rehabilitation on patients with moderate to severe chronic
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Table 7
Inter-group comparisons of pulmonary function and MMRC variety in the PR and control groups post-intervention.

Group Pulmonary function MMRC

FVC (L) FEV1 (L) FEV1/FVC (%) FEV1% (%) PEF (L/min) Media(n) IQR Actual rank sum Expected rank sum

Control (n ¼ 54) �0.046 ± 0.323 0.009 ± 0.146 0.908 ± 3.010 �0.618 ± 4.149 �0.017 ± 0.516 1.0 (1.0, 2.0) 1509 1913.5
PR (n ¼ 58) �0.106 ± 0.372 �0.056 ± 0.198 �0.191 ± 4.930 �1.339 ± 5.918 0.050 ± 0.683 2.0 (1.0, 3.0) 2407 2002.5

t/Z �305 0.255 1.748 1.535 �0.614 3.944
P 0.762 0.800 0.088 0.132 0.542 0.001
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