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Abstract

Introduction: The objectives of study are to study and to evaluate the benefits and effectiveness of home-based pulmonary re-
habilitation in compliance with Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2020 nonpharmacological initiative
for Chronic Obstructive Pulmonary Disease (COPD).

Material and methods: This study was a quasi-experiment conducted from August to November 2020 involving 10 COPD stable
patients. In the first meeting at the hospital, patients were taught breathing techniques and upper-limb exercise movements
which subsequently had to be done and recorded at home. Patients then sent the videos to the research team via whatsapp to
be evaluated. Prior to starting the 4-week with twice-a-week frequency home-based rehabilitation, and again at the end of it,
patients’ conditions were evaluated based on the following factors: lung functional capacity was measured by 6MWD (6 Minutes
Walking Distance), Perceived Exertion Scale by mMRC (modified Medical Research Council) and Borg, the quality of life by SGRQ
(St. George's Respiratory Questionnaire) index, the severity of symptoms by CAT (COPD Assessment Test) and changes in muscle
mass. Statistical analysis was conducted using the Wilcoxon and paired t-test.

Results: After 4 weeks of home training with twice-a-week frequency, the results showed significant improvement, with p-value
< 0.05, in the increased 6MWD value (16.4 = 4.45 to 19.8 = 3.64), mMRC (1.90 = 1.10 to 0.90 + 0.87), Borg (3.05 = 1.53
to 1.40 = 1.42), CAT (15.7 = 6.63 to 11.8 + 5.24) and muscle mass (28.36 = 2.89 to 31.86 + 3.97).

Conclusion: The method produced positive outcomes in patients’ lung function capacity, severity of symptoms, exertion scale,
muscle mass, and general quality of life. Accordingly, the home-based rehabilitation programme was as effective as the pro-

gramme conducted at health-care centers.
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Introduction

Chronic obstructive pulmonary disorder
(COPD) is a type of respiratory disease which
is preventable and treatable, characterized by
a chronic obstructed airflow that can lead to a pro-
gressive and lifelong condition. The obstruction
in the air breathing passage triggers persistent
breathing difficulty, chronic productive cough,
fatigue, vulnerability to respiratory infection,
which results in a systemic effect that requires
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constant drugs consumption and healthcare treat-
ment e.g. training the respiratory muscles and
general physical exercise as part of the Pulmonary
Rehabilitation (PR) programme [1, 2].
Pulmonary rehabilitation (PR) is a nonphar-
macological intervention which basically aims
to manage COPD by reducing clinical symptoms,
improving patient’s exercise tolerance level
and as a tool of self-management [3]. There
is evidence that PR programme can increase
a patient’s physical/sports capability, improve
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the quality of life and reduce the frequency of
hospital visits [3, 4].

A comprehensive PR programme involves
physical exercises, health education as well as
psychological support; and it is proven to be
beneficial for patients regardless of their age,
gender, the severity of the airflow blockage, and
the training location (hospitals, health clinics, or
at home). In fact, recent studies have confirmed
that home-based lung rehabilitation is safe and
effective [5].

A systematic review of a number of con-
trolled random tests also shows that PR produces
at least a minimal or moderate improvement in
COPD patients’ health and overall quality of life,
in addition to lowering health-care costs by re-
ducing the number of COPD exacerbations treated
at the hospitals [6].

COPD patients are advised to do PR exercise
in their home environment, and even without ex-
pert supervision it is proven effective to increase
patients’ tolerance to physical activities [7, 8].
Recently, the use of telehealth has been tried and
tested as an alternative, as well as innovative,
way of delivering PR programme [9] directly to
a patient’s home in order to increase absorption
and to cater to those living in remote places and
having transportation problem [3].

Covid-19 pandemic has quickly made
pulmonary rehabilitation programme turn to
long-distance method. Several studies indicate
that it is highly possible to do online/long-dis-
tance physical training and counselling session,
training development and self-management, and
achieve the same results with center-based PR
program [10].

Many studies now focus solely on lower-body
exercise to reduce the impact of COPD, while few
discuss the importance of training the upper-
-extremity eventhough it can improve lung
function and functional capacity which reduce
symptoms and better quality of life of COPD
patients. Upper-limb exercise is considered to
be able to decrease the dyspnea scale, repair
respiratory muscles and adaptability necessary
for training. Some patients complain of dyspnea
or chest discomfort during exercise, especially at
the beginning of the session. Therefore, a combi-
nation of breathing techniques to regulate airflow
such as pursed-lips breathing is necessary to
minimize the impact of the exercise on patients’
condition during the session [11].

The objective of this study was to evalu-
ate the effectiveness of home-based supervised
lung telerehabilitation programme, consisted of

breathing and upper-limb exercises, as opposed
to center-based programme and whether it could
generate the same results.

Materials and methods

Study Design

This research was a clinical study using one
group pretest-posttest quasi experimental design
on 10 test subjects of COPD stable patients from
the hospital of Universitas Sumatra Utara, Medan,
Indonesia. Subjects’ degree of smoking intensity
was measured by Brinkman index which was
classified into 3 categories: mild, moderate and
severe. Test subjects underwent telerehabilitation
involving breathing and upper-body exercises for
4 weeks and were monitored via videos sent by
the subjects through whatsapp. Prior to the start
of the home-based program, the subjects had been
taught breathing techniques, had their vital signs
checked and their height, weight, muscle mass,
6-minute walk, in addition to the quality of life,
the severity of symptoms (CAT), including dys-
pnea (Borg scale, mMRC) was assessed. All of the
data were used to observe any changes in subjects’
condition before and after the programme.

Participants

10 subjects were recruited in this study
through consecutive sampling method after re-
moving patients that did not meet the inclusion
criteria i.e those who had exclusion criteria. Writ-
ten informed consent was obtained the patients
before inclusion in the study. Ethics Committee
approval for the study was obtained from the
Local Ethics Committee of Universitas Suma-
tera Utara (No.255/TGL/KEPK FK USU-RSUP
HAM/2020. The inclusion criteria in this study
were as follows: COPD stable patients (FEV,/FVC
< 70%) based on their last spirometry test, age
40-70 years, mild-severe symptoms based on
mMRC 1-3, received therapy from outpatient clin-
ic based on their assigned group A-D, willing to
follow the entire research procedures from begin-
ning to end and sign the informed consent form.
Other COPD patients with existing comorbidity
in the form of cancer/tumor, acute cardiovascular
disease, severe muscular and musculoskeletal
disorder and those who did not comply with the
rules and procedures until the end of the pro-
gramme were removed from the study.

Protocol
Once all of the participants understood the
procedures and the framework of the research,
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Figure 1. Procedures for breathing exercise. Breathing exercise

Figure 2. The Bird move

they signed the letter of informed consent.
The participants were first trained at the hos-
pital on how to do the home-based telereha-
bilitation programme before they could do it
independently in their own house. Next the
participants were scheduled to go through
breathing exercises and were observed by the
researchers via videos. The following were the
procedures of the breathing techniques per-
formed by the participants:
1. Pre-exercise: subjects took fast-acting bron-
chodillators such as 2.5 mg salbutamol.
2. Subjects did 5-10 minutes of light warm-up
and stretching to prevent muscle strains.
3. Procedures for breathing exercise [11]:
a. Breathing exercise
A technique that involves breathing
(inhaling and exhaling) and gentle chair
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exercise move (exhaling while tilting
the head to the shoulders) illustrates in
Figure 1.

The Bird move

Using pursed-lips breathing technique,
Bird Move involves inhaling while
straightening theback and exhaling
while bending the body forward illus-
trates in Figure 2.

The No-Way move

This move incorporates pursed-lips
breathing and looking to the left and
right for neck exercise (looking to the left
and right while inhaling and exhaling)
illustrates in Figure 3.

The Whatever Move

The whatever move involves pursed-lips
breathing while shrugging the shoulders
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Figure 3. The No-Way move

Figure 4. The Whatever Move

(inhaling while shrugging the shoulders
up and exhaling as the shoulders go
down) illustrates in Figure 4.

The Fan

The fan move entails pursed-lips breath-
ing and twisting the body left and right
while the hands touching the shoulders
(hands on the shoulders, twist the body
left and right while inhaling and exhal-
ing) illustrates in Figure 5.
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Figure 5. The Fan

Figure 6. The Clucking Chicken

The Clucking Chicken

The clucking chicken involves pursed-
lips breathing, elevation and rotation
movement (put the hands on the shoul-
ders and rotate the shoulders while inhal-
ing and exhaling) illustrates in Figure 6.
The Vampire move

The vampire involves straightening both
arms in front of the body and twisting
the body left and right while breathing
through pursed lips (inhaling while
straightening the arms forward, and ex-

n
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Figure 7. The Vampire move

Figure 8. The Beckoning

12

haling while twisting the body left and
right) illustrates in Figure 7.

The Beckoning

The beckoning involves elevating the
arm up dan down diagonally to the oppo-
site side (putting one arm up and down
to the floor to the opposite side while
inhaling and exhaling, and then switch
the arm) illustrates in Figure 8.

The Butterfly

Straighten both arms forward in front
of the body and then open them wide to
the sides while inhaling and exhaling
slowly through pursed lips illustrates
in Figure 9.

The cool-down exercise

Elevate both arms over the head and lower
them down while doing pursed-lips inhal-
ing and exhaling illustrates in Figure 10.

Figure 9. The Butterfly

Figure 10. The cool-down exercise

4. Participants had to perform each move/ex-
ercise in 10 repetitions with the intensity of
13-minute duration. This upper-extremity
exercise was based on the video previously
shown by the researchers.

5. The training session would be temporarily
stopped if subjects reported muscle pain,
breathing difficulty or headache. It would
be resumed when the symptoms receeded.

6. After the training session was over, subjects
did the cool-down exercise for 5-10 minutes.
After the participants concluded the twice-a-

week upper-limb and breathing exercise rehabil-
itation programme for 4 weeks, they were invited
back to the hospital to have their muscle mass,
6-minute walk, exertion scale, severity symptoms
and quality of life evaluated again.

Statistical Analysis
The data collected were processed using
SPSS software version 23. A univariant analysis
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was conducted to determine the values of mean
and standard deviation before and after the inter-
vention. Then a bivariant analysis was used to
compare the pre- and post-intervention data. Next,
Shapiro-Wilks test was performed to test the nor-
mality of the data with p value (< 0.05). If the data
had a normal distribution, they would be analyzed
using paired t-test; if the data were not normally
distributed, Wilcoxon test would be utilized.

Results

In this study, the largest age group was 60-69
years (70%), and the majority of the test samples
was a cigarette smoker (90%), and based on the
Brinkman index 50% of them was a heavy/severe
smoker with the highest average number of cig-
arettes smoked/day > 30 cigarettes/day (40%).
The characteristics of the test samples could be
found in Table 1.

Table 2 shows significant changes in the func-
tional capacity, exertion scale, severity of symp-
toms, quality of life, and muscle mass after the
test samples went through the breathing and
upper-body exercises for 4 weeks. Lung functional
capacity measured by 6-Minute Walking Distance
indicated a significant improvement (16.4 = 4.45 to
19.8 = 3.64) after paired t-test analysis with p-value
< 0.05. The indicators of the perceived exertion
scale i.e. Borg and mMRC also showed significant
improvement: Borg (3.05 = 1.53 to 1.40 = 1.42)
analyzed by Wilcoxon test with p-value < 0.05, and
mMRC (1.90 = 1.10 to 0.90 =+ 0.87) also analyzed by
Wilcoxon test with p-value < 0.05. The quality of
life was evaluated using SGRQ parameters (which
will be shown in the following graph). Based on
the total points of the questionnaire, paired-t test
analysis showed a decrease severity of symptoms
by CAT (15.7 + 6.63 to 11.8 = 5.24) with p-value
< 0.05. The results of paired t-test analysis on mus-
cle mass showed a significant increase with p-value
< 0.05 (28.36 = 2.89 to 31.86 + 3.97).

Based on the answers of SGRQ questionnaire
given during interview, test subjects reported
positive and significant changes in their condition
after the breathing and upper-limb exercise pro-
gramme, the line graph illustrates in Figure 11. At
the end of the rehabilitation programme, in terms
of the severity of symptoms, activity and impact,
there was a significant reduction of 12.68 (symp-
toms), 15.4 (activity) and 9.66 (impact).

Discussion

Pulmonary rehabilitation programme aims
to strengthen peripheral muscle, increase muscle

Table 1. Characteristics of test subjects

Characteristics n %

Age Group (Years)

40-49 1 10.0

60-69 7 70.0

> 69 2 20.0
Gender

Male 10 100.0
Height

< 160 i 70.0

> 160 3 30.0
Smoking Status

Smoker 9 90.0

Non-smoker 1 10.0
Degree of Brinkman Index

Mild 1 10.0

Moderate 3 30.0

Heavy/Severe 5 50.0

Non-smoking 1 10.0

Cigarettes Consumption
(cigarette stick/day)

<20 3 30.0
20-30 2 20.0
> 30 4 40.0
None 1 10.0
CAT Score (Pre)
<10 1 20.0
>10 9 80.0
mMRC Score (Pre)
0-1 4 70.0
>2 6 30.0
BORG Score (Pre)
Extremely mild dyspnea 1 10.0
Very Mild dyspnea 1 10.0
Mild dyspnea 1 10.0
Moderate dyspnea 3 30.0
Slightly severe dyspnea 2 20.0
Severe dyspnea 2 20.0

Data was presented in frequencies and percentage (%). CAT — COPD Assess-
ment Test; mMMRC — modified Medical Research Council; Borg Socre — Borg
rating of perceived exertion scale.

oxygen utilization, improve the performance of
patient’s physical exercise and reduce dyspnea
[12]. Croitoru et al. observed a thrice-a-week PR
programme that lasted for 7 weeks by focusing on
exercise tolerance level, exertion scale, and qual-
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Table 2. Standard deviation dan mean of lung functional capacity, quality of life and perceived exertion scale

Mean + SD P
Pre-Treatment Post-Treatment
6 Minutes Walking 16.4 + 4.45 19.8 + 3.64 0.001**
BORG 3.05 = 1.53 1.40 = 1.42 0.028*
mMRC 1.90 = 1.10 0.90 = 0.87 0.015%*
CAT 15.7 = 6.63 11.8 £5.24 0.028*
Muscle Mass 28.36 = 2.89 31.86 = 3.97 0.028*

Data was presented in mean = SD. CAT — COPD Assessment Test; mMRC score — modified Medical Research Council; Borg Socre — Borg rating of perceived
exertion scale; *p-value from paired T-test, considered significant if p < 0.05; **p-value from Wilcoxon Test, considered significant if p < 0.05

70
60 60,87

SGRQ Chart

43,11 45,47
33,85
30 30,43

= 24,19
20
10
0
Before After
s Symptoms 43,11 30,43
s Activity 60,87 45,47
== Impact 33,85 2419
s Symptoms === Activity == |mpact

Figure 11. Comparison of the quality of life: before and after the upper-limb and breathing exercises

ity of life. When the observation was concluded,
there was a notable improvement in each 6MWD,
mMRC and SGRQ [13]. Similarly, our study also
produced positive results wherein 6MWD in-
creased from 16.5 *+ 4.45 to 19.8 + 3.64, mMRC
improved from 1.90 * 1.10 to 0.90 = 0.87, and
SGRQ declined significantly which can be seen
from Figure 1. Another research further supported
this finding and reported a positive development
in 6MWD of COPD or ILD (Interstitial Lung Dis-
ease) patients who participated in a 22-week lung
rehabilitation programme [14].

This study also utilized CAT to assess pa-
tients’ severity of symptoms pre- and post-rehabil-
itation, and the result was a significant decrease
from 15.7 + 6.63 to 11.8 = 5.24. Vasilopoulou et
al. investigated the effectiveness of home-based

lung telerehabilitation as opposed to hospi-
tal-based rehabilitation in reducing the risk of
acute COPD exacerbation, and the result stated
that there was a significant decrease in CAT from
before the intervention and 14 months after [15].

Other researches also touted the effectiveness
of pulmonary rehabilitation program in lessening
the symptom of dyspnea in patients waiting for
a lung transplant who underwent twice-a-week
PR programme to improve lung capacity for
8 weeks [16]. Likewise, our study also found
a significant decrease in Borg scale value of the
test subjects before rehabilitation (3.05 = 1.05)
and after rehabilitation (1.40 = 1.42).

Cachexia refers to a condition of extreme
weight loss that includes disproportionate loss
of muscle (muscle wasting). This syndrome of-
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ten occurs in many chronic diseases including
COPD [17]. Chronic diseases such as COPD can
gradually lead to loss of muscle mass due to the
breakdown of muscle protein and the develop-
ment of skeletal muscle atrophy. This condition
will eventually cause a decline in lung function
and exercise capacity, poor quality of life and
increase patient’s mortality [12]. Training and
rehabilitation are therapeutic strategy often
recommended to treat diseases related to loss of
skeletal muscle which potentially reduce muscle
wasting and increase muscle mass [17].

Jipa Duna et al. conducted a test study on
10 patients (5 COPD patients, 2 Bronchiectasis,
1 Cystic Fibrosis, 1 Lung Cancer and 1 Idiophatic
Pulmonary Fibrosis) who underwent a rehabilita-
tion programme. At the end of the programme, the
muscle mass increased from 53.03 kg to 56.84 kg
[18]. The data also correlated with our study re-
sults where the increase in muscle mass was quite
significant, from 28.36 = 2.89 to 31.86 * 3.97.
This study has some limitations such as research-
er cannot directly evaluate participants when
doing exercises, only videos sent by participants
through whatsapp application and cannot ensure
whether the participant underwent a rehabilita-
tion program with excessive or less frequency
while doing the recommended exercise.

Conclusion

The home-based method of lung telereha-
bilitation consisted of breathing techniques and
upper-extremity exercises conducted for 4 weeks
with a frequency of twice a week had resulted
in significant positive effects. According to the
results of this study, home-based pulmonary tel-
erehabilitation was just as effective as hospital
or health center-based rehabilitation programme.

Main Points

* COPD disease not only has an impact on
decreased lung function but also can have
systemic effects.

* COPD sufferers are advised to perform pul-
monary rehabilitation exercises to reduce the
adverse effects of COPD disease.

* Effectiveness of Upper Limb Exercises and
Breathing Exercises has many positives impact
on exercise tolerance level, exertion scale, in-
crease in muscle mass and the quality of life
COPD patients.

* Home lung telerehabilitation methods can be
used as an alternative during covid-19 pan-
demic era to pulmonary rehabilitation which

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

is usually implemented in hospital or health
center-based rehabilitation programme.
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