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Abstract

Introduction: Physical exercise can improve patient outcomes and reduce hospitalization and mortality rates among subjects
with chronic obstructive pulmonary disease. This study aimed to compare the effects of upper limb and breathing exercises on
six-minute walking distance among these patients.

Material and methods: This three-group randomized controlled clinical trial was conducted in 2017-2018 in Velayat hospital,
Qazvin, Iran. Seventy-five patients were purposively selected from the outpatient lung clinic of the hospital and randomly allo-
cated to either the 25-patient groups of upper limb exercise, breathing exercise, or control. The patients in the first group were
performing upper limb exercises thrice weekly for one month in the study setting. Their counterparts in the second group were
doing pursed-lip and diaphragmatic breathing exercises four times daily for one month at their homes. However, the patients in
the control group received no exercise intervention. Six-minute walk test was performed by each participant both before and
after the study intervention. The SPSS for Windows program (v. 23.0) was used to analyze the data via the Chi-square test, the
paired-sample t test, and the one-way analysis of variance.

Results: Before the intervention, the groups did not significantly differ from each other respecting six-minute walking distance.
During the study, walking distance in the control group did not change significantly, while it remarkably increased in both the upper
limb exercise and the breathing exercise groups (p < 0.05). After the intervention, walking distance in the upper limb exercise
group was significantly greater than the breathing exercise group (p < 0.05) and the control group (p < 0.05); however, the
difference between the breathing exercise and the control groups was not statistically significant (p > 0.05).

Conclusion: Upper limb exercise is more effective than breathing exercise in increasing walking distance among patients with
chronic obstructive pulmonary disease. Therefore, upper limb exercise can be used as a safe, simple, and inexpensive rehabili-
tation technique for these patients.
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Introduction The underlying cause of COPD is a chronic in-

flammation in the lung and airways in response to

Chronic obstructive pulmonary disease poisonous particles and gases [2]. During physical
(COPD) is a respiratory disorder which is asso- activity, COPD-associated limitation in the airflow
ciated with an ongoing limitation of airflow [1]. is exacerbated and the resultant dyspnea prevents
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patients from continuing physical activity [3].
Known factors in the pathophysiology of COPD
include environmental and genetic factors and
cigarette smoking [4, 5]. COPD has a high preva-
lence of 14-17% [2].

COPD is associated with different negative
outcomes such as activity limitation, infections,
huge costs, disability, and death [6]. According
to the World Health Organization, COPD will be
the third leading cause of death by 2030 [7]. Es-
timates also show that 1.5 million of all annual
emergency department admissions are related to
COPD and around 700,000 patients with COPD
are hospitalized each year [8]. Moreover, in the
European Union countries, around 6% of the total
health budget of the Union is spent on the direct
costs of COPD management. Besides its direct
costs, COPD has huge indirect costs related to its
negative effects on patients’ physical, occupatio-
nal, and social functioning [9].

Limitation of physical activity is one of the
major consequences of COPD. Afflicted patients
have limited functional capacity and experience
dyspnea and fatigue during daily activities [10, 11].
Dyspnea, in turn, is a major cause of disability,
fatigue, and physical activity limitation [12].
Consequently, patients with COPD need to reduce
their activities of daily living (such as bathing,
driving, cooking, and exercising) in order to pre-
vent or minimize dyspnea and fatigue [13, 14].
Besides dyspnea and fatigue, limitation of physi-
cal activity among patients with COPD is caused
by COPD-associated muscular problems because
COPD has negative effects on muscles and causes
muscular atrophy, weakness, and fatigue [15],
particularly in the upper limbs [11]. Such muscu-
lar problems further limit patients’ ability to per-
form physical activity. COPD-associated muscular
problems reduce the quality of life, increase
patients’ use of healthcare services, and elevate
mortality rate [16].

Given the significant role of respiratory and
muscular problems in reducing physical func-
tioning among patients with COPD, physical
and breathing exercises may help improve their
physical functioning. Studies have shown that
exercise can positively affect functional capacity
and reduce disability, hospitalization, morbidity,
and mortality among these patients [17, 18]. Thus,
promoting patients’ engagement in physical and
breathing exercises is among the major priorities
in COPD management [19]. A study reported
that increases in the level of physical exercise
among patients with COPD are associated with
improvements in the ability to perform physical

activity and reductions in hospitalization and
mortality rates [20].

Despite the potential advantages of physical
exercise to patients with COPD, few studies had
assessed the effects of upper limb exercise on
COPD-related outcomes. Most studies in this area
had been on the results of lower limb exercises
[21, 22]. To fill this gap, the present study was
conducted to compare the effects of upper limb
and breathing exercises on six-minute walking
distance among patients with COPD.

Material and methods

This three-group randomized controlled cli-
nical trial was conducted in 2017-2018.

The study population comprised all patients
with COPD who referred to the outpatient lung
clinic of Velayat teaching hospital, Qazvin, Iran.
Based on the findings of an earlier study [23].

Sample size with ¢ = 0.05 and § = 0.2, and
the mean of FEV, in the control group (34.67 =
13.7)and in the Aerobic group (51 = 5.97) was
calculated as follows:

o Gran T2 )’(@F +03) _ (1.96+0.84)*(13.7° +18.97°)

17
(1, —my)’? (51-34.67)°

Seventeen people in each group were estima-
ted, but with considering the 10% of missing, 25
people in each group were enrolled in the study.

Accordingly, 75 patients with severe to
moderate COPD (as determined basing on the
GOLD system for COPD classification) were
purposively selected. Selection criteria were an
age of 30-90, a definite diagnosis of COPD by
a pulmonologist, and stable physiological and
hemodynamic conditions. The patients were
excluded if they experienced symptom exacer-
bation, developed serious cardiopulmonary or
neuromuscular problems which interfered with
performing exercises, failed to complete exercise
checklist, and did not refer to the study setting
for doing exercises based on the predetermined
schedule. Through block randomization, selec-
ted patients were randomly allocated to either
an upper limb exercise (n = 25), a breathing
exercise (n = 25), or a control group (n = 25).
Accordingly, triple blocks were generated out of
the upper limb exercise (A), breathing exercise
(B), or control (C) groups as the following: ABC,
ACB, BAC, BCA, CAB, and CBA. Then, for each
three patients, one block was randomly selected
using a random number table and then, the sub-

jects were allocated to the groups based on the
selected block.
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Initially, all selected patients were invited to
attend an instructional session about the study,
during which they were informed about the study
aim and were asked to read and sign the infor-
med consent for participation. Then, data on the
demographic characteristics of the patients who
consented for participation were collected and
they underwent the six-minute walk test. After
that, the study intervention started.

While the patients in the control group
received no exercise intervention, the study
intervention for the subjects in the upper limb
exercise group consisted of strengthening exer-
cises thrice weekly for one month — twelve
thirty-minute sessions in total. All sessions were
held by the second author in the cardiopulmo-
nary rehabilitation center of Velayat hospital.
In each session, the patients’ vital signs and
arterial oxygen saturation were monitored and
then, they sat on chairs to perform light upper
limb warm-up exercises for five minutes, light
upper limb strengthening exercises using one- or
two-kilogram dumbbells for twenty minutes, and
cool-down exercises for five minutes. Initially, the
participants watched each strengthening exercise
done by the first author and then, they did it ten
to twelve times with 2-3 minute rest intervals
during the exercises. The patients were allowed to
repeat the exercises according to their preferences
and abilities. Finally, their vital signs and arterial
oxygen saturation were re-monitored at the end
of each session.

The intervention for the patients in the bre-
athing exercise group consisted of pursed-lip and
diaphragmatic breathing. These exercises were
taught to patients by the second author in three
one-hour personal face-to-face sessions held on
three successive days in the cardiopulmonary
rehabilitation center of Velayat hospital. Then,
they were asked to do these exercises four times
daily (morning, noon, evening, and night) for
one whole month. The patients were taught to
do each breathing exercise for one minute and
consider a one-minute rest between each two
exercise. Moreover, they were provided with an
exercise checklist and were asked to complete
it after each session of breathing exercise. Each
evening throughout the study, the second author
telephoned patients in this group to remind them
of doing the breathing exercises.

Data collection tool was a demographic and
clinical characteristics questionnaire which con-
tained items on participants’ age, gender, marital
status, educational status, employment status,
COPD duration, cigarette smoking, and COPD

medications. Moreover, through the six-minute
walk test performed according to the American
Thoracic Society guideline, the patients’ physical
exercise ability was assessed. Accordingly, be-
fore the test, the intended patient was provided
with detailed information about the test and was
asked to wear a pair of walking shoes and com-
fortable clothes. Then, a portable pulse oximeter
(CMS501) was attached to his/her wrist, baseline
oxygen saturation and heart rate were monitored,
and he/she was asked to walk as many times as
possible on a thirty-meter line up to six minutes.
The line had been marked every three meters to
facilitate distance measurement. There were se-
veral chairs across the line on which the patient
could sit and rest during the test. Finally, the total
length every person walked was measured and
documented in the six-minute walk test checklist.
Besides the length item, this checklist contained
items such as age, gender, height, weight, and pre-
test and posttest heart rate and oxygen saturation.

The SPSS for Windows program (v. 23.0) was
used to analyze the data. The measures of de-
scriptive statistics (i.e. mean, standard deviation,
frequency, and percentage) were used for data
description. Moreover, the Chi-square test and
the one-way analysis of variance were conducted
for group comparisons in terms of gender, marital,
educational, and employment status, cigarette
smoking, age, COPD duration, body mass index,
and pretest and posttest walking distances. In
addition, within-group comparisons in terms
of walking distance were made through the pa-
ired-sample t test. All statistical analyses were
performed at a significance level of less than 0.05.

This study was registered in the Iranian
Registry of Clinical Trials (registration number:
IRCT20171006036584N1) and approved by the
Ethics Committee of Qazvin University of Medical
Sciences, Qazvin, Iran (approval code: IR.QUMS.
REC.1365.293). The participants were informed
about the study aim and ensured of the confiden-
tial handling of their information.

Results

All of the 75 included patients completed the
study (Fig. 1). The study participants characteri-
stics has been shown in Table 1. Most subjects
were male (73.3%), married (98.8%), and retired
(57.3%), and more than one third of them had
elementary education (34.7%). The three groups
of the study participants did not significantly
differ from each other respecting their age, COPD
duration, body mass index, gender, marital, edu-
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The six-minute walk test at the
end of the study
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at the end of the study

The six-minute walk test at the
end of the study

Figure 1. The flow diagram of participants in the study

Table 1. Study participants characteristics

Groups Control Upper limb exercise ~ Breathing exercise Total p-value*
Characteristics (Mean = SD) (Mean = SD) (Mean = SD) (Mean = SD)
Age (years) 64.2 = 13.4 5/11 + 3/57 8/11 + 16/61 5/12 + 61 p > 0.05
COPD duration (years) 4/7 + 4/8 4/8 + 5/9 4/10 = 11 7/8 = 6/9 p > 0.05
Body mass index (kg/m?) 5/6 = 7/24 6/4 + 5/25 5 + 5/25 42/5 = 29/25 p > 0.05
N (%) N (%) N (%) N (%) p-value *
Gender Male 18(72) 18(72) 19 (76) 55 (73.3) p > 0.05
Female 7(28) 7(28) 6 (24) 20 (26.6)
Marital status Single 1(4) 0(0) 0(0) 1(1.3) p > 0.05
Married 24 (96) 25 (100) 25 (100) 74 (98.7)
Employment Employed 8(32) 14 (56) 10 (40) 32(42.7) p > 0.05
status Retired 17 (68) 11 (4) 15 (60) 43 (57.3)
Educational lliterate 11 (44) 4(16) 9 (36) 24 (32) p > 0.05
status Elementary 6 (24) 10 (40) 10 (40) 26 (34.7)
Secondary 6 (24) 3(12) 4 (16) 13(17.4)
Diploma 2(8) 3(12) 2(8) 7(9.3)
University 0(0) 5(20) 0(0) 5 (6.6)
Cigarette No 13 (52) 11 (44) 15 (60) 39 (52) p > 0.05
smoking Yes 12 (48) 14 (56) 10 (40) 36 (48)

*The results of the one-way analysis of variance; ” The results of the Chi-square test

cational and employment status, and cigarette
smoking.

The pretest and posttest mean values of
walking distance in the control group were
366.5 + 44.1 and 366.7 * 43.6 meters, with no
statistically significant difference (p > 0.05).

However, the mean values of walking distance
in the upper limb exercise and the breathing
exercise groups significantly increased from
respectively 389. = 5.8 and 355.3 * 47.9 at pre-
test to 409.5 = 29.8 and 376.9 * 37.0 at posttest
(p < 0.05; Table 2).
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Table 2. Comparison of the groups respecting walking distance

Group Control Upper limb exercise Breathing exercise p-value*
Time (Mean = SD) (Mean = SD) (Mean = SD)

Before 366.5 + 44.1 389.8 £ 5.8 355.3 + 47.9 p > 0.05
After 366.7 = 43.4 409.5 + 29.8 376.9 = 37 p < 0.05
p-value © p > 0.05 p < 0.05 p < 0.05 —

*The results of the one-way analysis of variance; ~ The results of the paired-sample t test

At pretest, the groups did not significantly
differ from each other respecting the mean value
of walking distance (p > 0.05). However, there
was at least one statistically significant difference
among the groups regarding the posttest mean
value of walking distance (p < 0.05). Post hoc
analysis indicated that walking distance in the
upper lib exercise group was significantly greater
than the breathing exercise and the control gro-
ups (p < 0.05 and p < 0.05, respectively), while
walking distance in the breathing exercise group
did not significantly differ from walking distance
in the control group (p > 0.05; Table 2).

Also, after intervention, the mean walking
distance in the patients of three groups was eva-
luated using post hoc test by LSD method. Results
showed that there was a significant difference
between the mean distance of the control group
and the upper limb exercise group (p < 0.05)
and upper limb exercise and respiratory training
groups (p < 0.05).

Discussion

This study aimed to compare the effects of
upper limb and breathing exercises on six-minute
walking distance among patients with COPD.
Findings revealed that both upper limb and bre-
athing exercises had significant positive effects on
walking distance. Moreover, findings showed that
the results of upper limb exercise were significan-
tly greater than the effects of breathing exercise.

In line with our findings, a former study sho-
wed that arm and shoulder exercises together with
lower limb endurance exercises had positive con-
sequences on exercise capacity among patients
with COPD [24]. Another study reported that
persons with COPD who performed inspiratory
muscle and peripheral muscle exercises were able
to walk significantly greater distances compared
with their counterparts who solely performed
peripheral muscle exercises [25]. Moreover,
a study found that both aerobic and respiratory
exercises were effective in significantly impro-
ving the results of six-minute walk test among

patients with COPD [23]. Short-term endurance
and strengthening exercises of the arm were also
found to have positive effects on the exercise and
the endurance capacities of the arm, while com-
bined supported and unsupported arm exercises
were more effective than unsupported exerci-
ses in improving arm endurance capacity [26].
Similarly, a study showed that respiratory muscle
exercises had significant roles in improving tre-
atment outcomes and the quality of life among
patients with COPD [27].

The limitations of this study were related to
the variations among participants respecting their
walking clothes and shoes, lengthiness of the stu-
dy intervention, and some patients’ reluctance to
participate in the study due to its lengthy course.

Conclusion

This study suggests that both upper limb and
breathing exercises are effective in increasing
walking distance among patients with COPD,
though the effects of upper limb exercise are si-
gnificantly greater than the results of breathing
exercise. Therefore, upper limb exercise can be
used as a safe, simple, and inexpensive technique
for improving patient outcomes in pulmonary
rehabilitation programs for persons with COPD.
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