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Abstract
AIM: The aim of this study is to determine the impact of short-term combination of upper and lower limb training on 
lung functions, functional capacity, and quality of life in stable chronic obstructive pulmonary disease (COPD).

METHODS: This quasi-experimental study held in 2017 and included 20 participants diagnosed with COPD (forced 
expiratory volume in 1 second/forced volume capacity [FEV1/FVC] ≤70%). Combination of limb training with pursed-
lip breathing held twice a week for 8 weeks. Lung functions, functional capacity, dyspnea scale, and quality of life 
were measured before, 1 month, and 2 months after training.

RESULTS: In this study, there was a significant improvement of FVC after 2 months after training (p-value: 0.04), 
but not in FEV1. There was a significant improvement of CAT (p-value: 0.00) and modified medical research council 
(p-value: 0.04) after 1  month of training. There was a significant improvement of 6-min walking test mean after 
2 months of training (p-value: 0.00).

CONCLUSIONS: Short-term combination of limb training and pursed-lip breathing impacted positively on FVC, 
functional capacity, dyspnea scale, and quality of life in patients with COPD, but not in FEV1.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
begins a challenging disease in physicians to control 
the incidence and progression [1]. It is usually under-
diagnosed in the early stage, so the majority of patients 
usually ask for help after having significant impairment 
in daily life, particularly in Asia-Pacific region [2]. This 
make COPD burden in Asia is greater than in developed 
Western countries, measured by high mortality rate, years 
of life lost, and years that had spent with the disability [3].

Pulmonary rehabilitation (PR) has a significant 
role in the treatment of COPD (GOLD, 2018) [1]. 
Most studies showed significant improvement of lung 
functions, exercise capacity, and muscle strength lead 
to decrease dyspnea scale and improve quality of life in 
COPD after a short period of PR [4], [5]. A combination 
of PR and pharmacological treatment provides a better 
outcome in exercise capacity, health-related quality 
of life, and mental health rather than pharmacological 
alone [6], [7]. These facts made PR was considered to 
be part of comprehensive treatment in patients with the 

global initiative of lung disease (GOLD) criteria B, C, 
and D in GOLD consensus in 2018 [1]. However, another 
study showed that in mild obstruction severity in COPD, 
PR also gives a positive impact in improving exercise 
capacity and quality of life patients with COPD [8].

Exercise-related PR consists of a few type 
of training include endurance, strength, upper limb 
training, and breathing training [1]. A  combination of 
endurance and strength training can give a better 
outcome in patients with COPD [9]. From a study 
in India, upper limb training can synchronize and 
coordinate accessory muscles during respiration so it 
can decrease the thoracoabdominal desynchronized in 
COPD patients. Later, it reduced dyspnea and increase 
lung function in moderate to severe COPD [10]. This is 
line with a study that showed significant improvement 
of lung function, functional capacity, and quality of life 
in patients with COPD [11]. In another study, lower limb 
exercise proved to increase lung functions, lower limb 
strength, and exercise performance lead to significantly 
improve quality of life in patients with COPD after regular 
limb training [12]. This is in line with another study in 
Indonesia that showed a significant improvement of 
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lung functions and decrease dyspnea symptoms after 
8 weeks of lower limb training [11].

According to those studies, we conclude that 
PR is a considerable therapy in COPD. In the other 
hand, there was no definite type of exercise that gives 
the greatest impact in COPD regarding the duration, 
intensity, and supervision of the training [13]. Based on 
the studies above, the authors interest to examine the 
short-term effect of simple upper and lower limb training 
on functional outcomes, dyspnea scale, and quality of life 
in stable COPD. The aim of this study is to determine the 
impact of a combination of upper and lower limb training 
with breathing maneuver on lung functions, functional 
capacity, and quality of life in patients with stable COPD.

Materials and Methods

Study design

This was a quasi-experimental study which 
carried out in Pulmonology and Respiratory Medicine 
Department, Universitas Sumatera Utara in 2017. All study 
protocols had been approved by the Ethics Committee of 
Faculty of Medicine in Universitas Sumatera Utara.

Participants

Sampling was carried out by consecutive 
sampling with total participants were 20  patients who 
matched inclusion criteria and had no exclusion criteria. 
The inclusion criteria were men with smoking history, age 
40–80 years, and had not been involved in any exercise 
program for this 2-month period. The diagnosis of COPD 
was established by history, physical examination, then 
confirmed by a spirometer examination with forced 
expiratory volume in 1  second/forced volume capacity 
(FEV1/FVC) ≤70%. The exclusion criteria of this study were 
patient in exacerbation state, had severe musculoskeletal 
or neuromuscular disease, cardiovascular problem with 
NYHA >1, and attend the exercise program irregularly.

Protocols

After all, participants understood the content of 
the study and signed the informed consent, they were 
examined by a physician to make sure either they were 
clinically stable or not. If they were in a stable state, 
they were given short-acting bronchodilator (salbutamol 
two puffs) with spacer. Then, they commenced 15 min 
consisted of chest physiotherapy and muscle stretching, 
10–15  min of upper limb training, and 5–20  min for 
lower limb training gradually increased.

Upper limb training was led by physiotherapist 
and video. It consisted of a few simple exercises using 
arms and shoulders with pursed-lip breathing and 

then cooled down. Lower limb training used stationary 
bicycle lasted 5–20  min gradually. These training 
programs held twice a week for 8  weeks. During the 
training program, physicians measured the vital sign 
and monitored participants’ status of health. If there 
was an exacerbation state, the participants would get 
immediate treatments with oxygen.

The followings were measured before the 
training, 1 month after training, and 2 months after training:
1.	 Lung functions were measured with FEV1 

and FVC. GOLD grade was made based on 
FEV1 that divided into four categories. GOLD 
1 for FEV1 > 80%, GOLD 2 for FEV1 50–79%, 
GOLD 3 for FEV1 30–49%, and GOLD 4 for 
FEV1 < 30% [1].

2.	 Dyspnea scale was measured with the modified 
medical research council (mMRC) which score 
≥2 means patients have severe dyspnea [1].

3.	 Functional capacity was measured by 6-min 
walking test (6MWT). Patients were instructed 
to walk as fast as they could for 6 min on the 
hospital corridor and decrease their speed if 
they experienced dyspnea or chest discomfort 
while the timer was not stopped [14]. In this 
study, the length track is 15 m.

4.	 Quality of life measured by the COPD 
assessment test (CAT). CAT questionnaire 
shows the impact of COPD on patients’ quality 
of life. The accumulative score ≥10 interpreted 
the impaired of patients’ quality of life [1].

Statistical analysis

All the collected data were entered and analyzed 
using Statistical Package for the Social Science for 
Windows version  16.0. Data were described in the 
distribution of frequencies then analyzed using paired 
t-test for bivariate analysis or Wilcoxon test if data were not 
normally distributed to determine the significant changes 
of lung functions, functional capacity, dyspnea scale, and 
quality of life from baseline to 1 month or 2 months after 
training. p < 0.05 was considered significant.

Results

Twenty patients participated in this study with 
adequate compliance and had completed all sessions 
of upper and lower limb training.

From Table 1, we showed that the majority of 
the subject was aged 60–69  years old with Brinkman 
index severe (≥600). Based on GOLD 2018 [1], most 
patients were in group D (high risk, more symptoms) with 
GOLD severity in Class III-IV (high risk), CAT score was 
≥10, and mMRC scores was ≥2 (more symptom). Mean 
of FVC in 44.8% which means the majority of patients 
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were in a severe restrictive state. Mean of 6MWT test 
was 297.65 meters which classified in low class.

From Table 2, there was an improvement of 
FEV1 from baseline (mean: 40.35 ± 19.4) to 1 month 
after training (mean: 44.95 ± 18.84) and 2 months after 
training (mean: 43.10 ± 17.84). However, there was no 
significant change in the statistical analysis of FEV1 
after training (Table 3).
Table 2: Mean and standard deviation of each parameter
Parameters Mean ± SD

Baseline 1 month training 2 months training
FEV1 40.35 ± 19.94 44.95 ± 18.84 43.10 ± 17.84
FVC 44.80 ± 21.37 53.70 ± 18.35 50.35 ± 17.72
mMRC 2.0 ± 1.522 1.40 ± 1.188 1.15 ± 1.23
6MWT 297.65 ± 38. 49 302.45 ± 47.99 339.40 ± 62.34
CAT 14.8 ± 10.7 9.25 ± 8.63 10.8 ± 8.24
FEV1: Forced expiratory volume in 1 second, mMRC: Modified medical research council, FVC: Forced 
volume capacity, 6MWT: Six-minutes walking test, SD: Standard deviation.

Based on Table 2, there was also the increased 
of FVC from the base line (mean: 44.8  ±  21.36) to 
1  month after training (mean: 53.7  ±  18.39) and 
2 months after training (50.35 ± 17.71). There was a 
significant change of FVC 2 months after training with 
p < 0.05 in the paired t-test, but there was no significant 
change of FVC after 1 month, neither between 1 month 
and 2 months after training in statistical analysis.
Table 3: p-value of each observed parameters
Variables Baseline – 1-month 

training
Baseline – 2 months 
training

1 month – 2 
months training

FEV1 0.20 0.42 0.67
FVC 0.10 0.04a 0.38
mMRC 0.04a 0.09 0.29
CAT 0.00a 0.04a 0.16
6MWT 0.58 0.00a 0.00a

Paired t-test was used to analyze FEV1 and FVC. Wilcoxon test was used to analyze mMRC, CAT, 
and 6 MWT. *p-value was considered significant if <0.05. FEV1: Forced expiratory volume in 1 second, 
mMRC: Modified medical research council, FVC: Forced volume capacity, 6MWT: Six-minutes walking test.

Dyspnea scale was measured by the mMRC. 
The results showed that mean value was decreasing 
between baseline and next 2  months after training. 
There was a significant change of mMRC mean 
between baseline and 1 month after training (Table 2) 

with p  value  <  0.05 in Wilcoxon test, but not after 
2 months of training (Table 3).

A functional capacity test was measured by 
6 MWT. The results showed an increased mean from 
baseline to 1 month and 2 months after training. Further, 
in statistical analysis using Wilcoxon test, there was a 
significant change of means after 1 and 2  months of 
training compared with baseline with p < 0.05 (Table 3).

Quality of life in patients with stable COPD 
measured by COPD assessment test (CAT) that 
showed a decreasing mean from baseline to 1 month 
and 2 months after the exercise program. There was 
a significant change of CAT mean in 1  month and 
2 months after training with p < 0.05 in Wilcoxon test 
(Table 3). However, there was no significant change 
between 1 month and 2 months after training.

Discussion

Upper and lower limb training is the main 
component of PR for stable COPD [15]. These programs 
contain endurance and strength component which 
give a good outcome for patients’ physical activity and 
decrease dyspnea [16].

Limb training impacts on lung functions remain 
controversial in few studies [7], [9], [11], [12], [14], [16], [17], 
[18], [19],  [20], [21], [22], [23], [24], [25], [26]. In this 
study, lung functions showed an increase if compared to 
baseline, although FEV1 was not significantly changed in 
statistical analysis. Few studies found that there was an 
improvement of lung functions after a short period of limb 
training, but it was not significant in statistical analysis [17], 
[18], [27]. These studies stated that short term of aerobic 
physical activity did not really modify lung functions. 
This might be because the destruction of airways in 
COPD is almost irreversible, so it is difficult for restoring 
and improving the lung function in COPD, especially in 
moderate to severe COPD patients [18]. However, when 
modifying with sitting calisthenics method for 3 months, a 
study showed a significant improvement of lung functions 
after upper and lower limb training [16]. Another study also 
found a significant improvement of lung functions after a 
short term of PR (6–8 weeks) in the supervised aerobic 
training group, but not in inspiratory muscle training and 
without supervised [28].

In this study, there was a significant 
improvement of FVC after 2  months of training 
compared with baseline and 1  month after training. 
These showed that combined upper and lower training 
could improve the lung vital capacity. Modifying limb 
training, particularly in upper limb training, could modify 
the ventilatory and postural muscles which impact in 
mechanical breathing of the ribcage and abdominal 
muscles compartment [20].

Table 1: General characteristics of study and baseline value of 
lung function, functional capacity, dyspnea scale, and quality 
of life of population subject
Characteristics n % Mean ± SD
Age (years old) 64.45 ± 5.3

40–49 0 0
50–59 4 20
60–69 10 50
70–79 6 30

Brinkman index 730.30 ± 4.56
Mild (<200) 1 5
Moderate (200–599) 8 40
Severe( ≥600) 11 55

Group of patients -
A 0 0
B 0 0
C 5 25
D 15 75

GOLD severity (FEV1) (%) 40.35 ± 19.4
I (≥80) 2 10
II (50–70) 4 20
III (30–49) 7 35
IV (<30) 7 35

CAT score 14.8 ± 10.73
<10 7 35
≥10 13 65

mMRC 2 ± 1.52
0–1 9 45
≥2 11 55

FVC (%) 44.8 ± 21.36
6MWT (m) 297.65 ± 38.49
FEV1: Forced expiratory volume in 1 second, GOLD: Global initiative of lung disease, mMRC: Modified 
medical research council, FVC: Forced volume capacity, SD: Standard deviation.
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Limitation in doing a physical activity using the 
upper and lower limb is one of the main complaints in 
COPD patients [29]. An objective assessment of the 
functional capacity in this study was the 6MWT test 
with minimum increase track length which considered 
clinically significant is 50 m after PR [7]. British thoracic 
society (BTS) recommends a minimum increase which 
considered clinically significant is 54 m [30]. In this study, 
there was an increase of mean about 4.8 m after 1 month 
of training (297.65 ± 38.49–302.45 ± 47.99), and 41, 75 m 
after 2 months of training (297.65 ± 38.49–339.4 ± 62.34). 
Although it was not considered significant according to 
the meta-analysis study and BTS recommendation, it 
was significant in statistical analysis using Wilcoxon test. 
This is in line with few studies. A study in Egypt stated that 
there was a significant difference of 6 MWT in moderate-
severe COPD after 4  weeks of upper and lower limb 
training [18]. Another study found that PR for 8–12 weeks 
can improve the functional capacity not only for moderate 
to severe COPD but also in all grades of COPD [31]. 
Another study also found an increase about 59  m of 
6MWT after 6 weeks of PR in COPD patients [32].

Dyspnea effect after PR may vary among 
individual, depend on GOLD grade and the duration of 
training. In this study, dyspnea scale had been decreased 
in patients after 1 month of training programs. This is in 
line with the few studies that showed a dyspnea decrease 
after short-term limb training [31], [33]. A meta-analysis 
study stated that short term of PR gives a greater impact 
for reducing dyspnea compare with long duration of PR 
[22]. There are four mechanisms describing the impact 
of limb training in dyspnea and all these mechanisms 
correlate each other. These mechanisms include 
changing in cardiovascular factors such as improving 
maximal oxygen uptake while exercise, decreasing 
ventilatory demand by increasing aerobic capacity, 
reducing neuromuscular decoupling by increasing 
inspiratory effort, end-expiratory-lung-volume, and 
respiratory rate. The last mechanism is exercise improve 
the breathing pattern such as slowing respiratory rate and 
decrease diaphragm and accessory muscle used [33].

Quality of life which measured by CAT 
questionnaire showed improvement after 2  months of 
the limb training. There has been several studies that 
stated limb training program has been associated with 
the improvement of quality of life in COPD, one of those 
were a study in Brazil with combined limb training in 
COPD patients that showed significant improvement of 
quality of life after 12 weeks of training [33]. Tarigan et 
al. also found a significant improvement of quality of life 
after 8 weeks of the upper limb training program  [11]. 
A  study in Japan stated that PR could ameliorate 
symptoms and increase exercise tolerance that leads to 
improve quality of life [27]. Lei Pan’s study also found a 
significant improvement in health-related quality because 
it decreases dyspnea, improves muscle endurance and 
strength, so patients with COPD are able to do their 
daily activities as usual or with mild limitations [22]. 
Further, another study stated that PR could improve the 

psychological effect, included motivation and decreased 
anxiety or fear to exercise [10].

There are some limitations of this study. For the 
rehabilitation program, a larger group of participants and 
the need of a control group were needed to decrease 
host internal factor which can interfere the result of the 
study. Further, the track length which used to measure 
6 MWT is usually 30 m, or in 20–50 m range. However, 
due to the limitation in our hospital corridor, we just 
used 15 m track length.

Conclusions

From this study, we can conclude that short-
term combination of upper and lower limb training with 
pursed-lip breathing improved the functional capacity, 
dyspnea scale, and quality of life in patients with COPD.
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