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The effect of home-based inspiratory muscle training 
on exercise capacity, exertional dyspnea and pulmonary 
function in COPD patients
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AbstrAct
Background: Chronic obstructive pulmonary disease (COPD) is currently the fourth cause of mortality worldwide. Patients with 
COPD experience periods of dyspnea, fatigue, and disability, which impact on their life. The objective of this study was to investigate 
the effect of short-term inspiratory muscle training on exercise capacity, exertional dyspnea, and pulmonary lung function.
Materials and Methods: A randomized, controlled trial was performed. Thirty patients (27 males, 3 females) with mild to very 
severe COPD were randomly assigned to a training group (group T) or to a control group (group C). Patients in group T received 
training for 8 weeks (15 min/day for 6 days/week) with flow‑volumetric inspiratory exerciser named (Respivol). Each patient 
was assessed before and after 8 weeks of training for the following clinical parameters: exercise capacity by 6-min walking 
test (6MWT), exertional dyspnea by Borg scale, and pulmonary lung function by spirometry. Patients used training together with 
medical treatment. The data were analyzed using paired t-test and independent t-test.
Results: Results showed statistically significant increase in 6MWT at the end of the training from 445.6 ± 22.99 to 
491.06 ± 17.67 meters? (P < 0.001) and statistically significant decrease in dyspnea from 3.76 ± 0.64 to 1.13 ± 0.36 (P = 0.0001) 
in the training group but not in the control group. The values for exercise capacity and dyspnea improved after 8 weeks in group T 
in comparison with group C (P = 0.001 and P = 0.0001, respectively). No changes were observed in any measure of pulmonary 
function in both groups.
Conclusions: Short‑term inspiratory muscle training has beneficial effects on exercise capacity and exertional dyspnea in COPD 
patients.
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Asia‑Pacific countries suffer from this condition, which 
ranges from moderate to severe.[3] In 2001, the number 
of COPD patients per 100,000 people, who were mostly 
men living in cities, was estimated to be 105 patients aged 
15‑49 years and 1057 patients aged 50 years and over in 
18 provinces of Iran, respectively.[4] Many economic and 
social costs are imposed on the society by this disease, and 
we also saw a trend toward increased financial burden in 
the past decade.[5]

According to the Australasian Rehabilitation Nurses’ 
Association (ARNA), rehabilitation nursing aims to maximize 

IntroductIon

Chronic obstructive pulmonary disease (COPD) is a 
disease characterized by airflow limitation and small 
airways, which is an irreversible process.[1] According 

to a report by the World Health Organization (WHO), 
there are 80 million people with COPD worldwide[2] and 
more than 6.3% of the population over 30 years in the 
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self determination, restore the function, and optimize 
patients’ lifestyles.[6] In order to restore function, pulmonary 
rehabilitation is one of the most important aspects of 
treatment in patients with COPD,[7] and inspiratory muscle 
training (IMT) is a relatively accessible method in respiratory 
rehabilitation programs[8] because inspiratory muscle 
function is inappropriate in COPD patients.[9] Inspiratory 
muscle dysfunction is caused by increased residual volume, 
severe inflammation, and decreased range of motion of 
the diaphragm, which is also exacerbated by factors such 
as eating disorders, hypercapnia, hypoxemia, and the use 
of corticosteroids. This leads to the increased dyspnea, 
reduced exercise capacity, and impairment in patients’ 
quality of life.[10] Patients with COPD suffer from dyspnea 
and disability, regardless of the severity of the disease.[11] 
Dyspnea is among the most common causes that limit 
activities in these patients.[12] Jones et al. demonstrated 
that 70% with mild intensity and 74% with moderate 
intensity experience limitations in daily living activities 
such as shopping or walking with a group of peers.[13] 
It seems that such problems make it essential to find a 
simple approach to improve the situation of patients. In this 
regard, the American College of Chest Physicians and the 
American Association of Cardiovascular and Pulmonary 
Rehabilitation Committee (ACCP/AACVPR) have stated 
that further randomized controlled trials are needed to 
determine the role of IMT in patients with COPD.[14] In a 
meta‑analysis by Smith et al., it was shown that there is 
little clinical evidence on the benefits of respiratory muscle 
training in patients with COPD,[15] while the meta‑analysis 
study by Crow et al. showed that IMT, with all three types 
of threshold, resistive, and normocapnic devices, has 
beneficial effects on quality of life, exercise tolerance, and 
dyspnea in patients with COPD; but in the same study, 
it was noted that the clinical significance of the findings 
is unclear and further studies are needed with different 
protocols (in terms of intensity, frequency, and monitoring 
of training).[16] As rehabilitation programs are extensive due 
to the diversity in implementation, and most of the studies 
in this area have been performed in the long‑term periods 
of 6‑24 months[17‑19] and the role of short‑term periods of 
IMT (periods of 4 weeks to 3 months) has not been well 
established in previous studies,[3,20] the researchers intended 
to perform a study to determine the effect of short‑term 
period of home‑based IMT on dyspnea, exercise tolerance, 
and pulmonary function in patients with COPD.

MAterIAls And Methods

This study is a single‑blind, randomized clinical trial that 
was performed on COPD patients who referred to the 
Specialized Pulmonary Clinic of Ahvaz in 2011. Patients 
eligible for the study were divided using simple random 
method into two groups ‑ IMT (18 males and 2 females) 

and control (19 males and 1 female). Inclusion criteria 
were: Patients with spirometric evidence of significant 
chronic airflow limitation (FEV1/FVC < 70% predicted) 
with mild to very severe COPD diagnosis according to the 
GOLD criteria, an age range of 45‑65 years, no history 
of pulmonary rehabilitation, and having an established 
treatment plan 1 month prior to the study. Exclusion criteria 
included: body mass index (BMI) >35; having comorbid 
conditions such as diabetes, musculoskeletal disorders, 
cardiovascular diseases, and neurological diseases that can 
affect the results of 6‑min walk distance test (6MWT);[21] 
having exacerbation for 1 month prior to the study; a 
history of long‑term oxygen therapy; and a history of 
spontaneous pneumothorax and rib fracture.[22] Sampling 
lasted 5 months, and 40 patients who met the inclusion 
criteria were selected from 72 patients.

After obtaining consent from the patients, who were 
randomly divided into two groups, basic data were collected 
from all subjects in each group, who were invited separately. 
The data, which included exercise capacity, exertional 
dyspnea, and pulmonary function test, were collected from 
both groups at baseline and the end of 8 weeks of IMT. IMT 
was given using Respivol (  Medinet, Milano, Italy), which is 
one of the types of incentive exerciser, as a personal device. 
It has been specifically designed to train the inspiratory 
muscles so that it can provide the conditions for evaluating 
the inspiratory flow and volume of a patient. The device 
consists of two chamber‑like piston cylinders, within each 
of which a movable indicator is located. The indicator in 
the measured cylinder shows the total inspiratory volume, 
while the indicator in the flow cylinder shows the patient 
when sufficient inspiratory flow is established. The chambers 
are connected between themselves and to the patient by 
a mouthpiece. A filter is placed at the beginning of each 
cylinder. A hydrodynamic damping of the indicators causes 
natural breathing. More precisely, because the cylinders of 
Respivol have no air leak and loss of air occurs very less 
between the cylinders and indicators, the device remains 
stable, even when the cylinders are polluted with dust. 
In addition, the indicators are heavy enough to cause 
slower reaction time of patients and delayed shortness of 
breath.[9,23]

In the first session, patients were taught to use the device, 
and the amount of their inspiratory volume was marked on 
the device. Patients were advised to consider a volume more 
than the marked amount as a target and try to achieve a 
higher level of inspiratory volume in each training session. 
Training was performed for 8 weeks (15 min/day for 6 days/
week) at home; and at the end of the first week, it was 
repeated under the supervision of the researcher so that the 
accuracy of the performed training could be proven for the 
researcher. Although home‑based training was performed 
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without the supervision of researchers, they were informed 
of the training sessions through phone calls during the 
8 weeks. A checklist, which was designed to be completed 
on weekdays, was prepared for the patients so that they 
could mark the relevant day after a training session. This 
study did not statistically analyze the patients who did not 
perform more than 20% of training (five or more sessions).

Tools for data collection in the study included the following. 
Spirometer: Lung volumes, including FEV1 and FEV1/FVC, 
were calculated by using Spirolab II (Italy). 6MWT: This test 
was performed according to the protocol provided by the 
American Thoracic Society (ATS) (21). The patients were 
encouraged to walk as far as they could in 6 min. The test 
was performed under the supervision of a therapist (the 
researcher) along a flat straight corridor with 30 m length. 
The length of corridor was marked every 3 m. At the 
beginning and end of the test, the researcher measured 
the heart rate and SPO2 by the pulse oximeter (NONIN, 
Ganshorn, Minnesota, USA) and the blood pressure by the 
sphygmomanometer (Richter, Germany). Borg dyspnea 
test: Dyspnea was evaluated base on Borg scale, which is a 
visual tool ranging from 0 (not noticeable) to 10 (maximum 
dyspnea).[24] Dyspnea was assessed at the beginning and 
end of the 6MWT.

Finally, the data were statistically analyzed using SPSS17 
software. Baseline measurements were compared between 
groups using independent t‑test and Fisher’s exact 
test. Pre‑ and post‑training differences within IMT and 
control groups were analyzed using paired t‑tests. Pre‑ and 
post‑training differences between IMT and control groups 
were analyzed using independent t‑test. P <0.05 was 
considered significant.

Ethical consideration
This study was conducted after obtaining the confirmation of 
the Ahvaz Jundishapur Ethics Committee and the informed 
consent from all subjects participating in the study (ruling 
number: U89295).

results

There were no statistically significant differences between 
the two groups in baseline measures of age, sex, BMI, pack/
year, the number of smokers and non‑smokers, and disease 
severity [Table 1]. Finally, 30 of 40 patients entering the 
study completed the trial (15 in the IMT group and 15 in 
the control group). Eight patients withdrew from the study 
due to the transportation problems and 2 patients were 
excluded from the study because of failure to complete the 
training period.

Spirometry
There was no statistically significant difference between 
the two groups in terms of pulmonary function tests FEV1 
and FEV1/FVC [Table 2].

6-min walk distance test
At baseline, no statistically significant differences were 
observed between the two groups, while at the end 
of the 8‑week intervention, an increase of 45 m (from 
445.6 ± 89.05 to 491.06 ± 68.44 m, P = 0.0001) was 
observed in the training group but not in the control 
group (from 464.0 ± 66.39 to 464.4 ± 57.81 m, P = 0.957). 
At the end of the study, statistically significant difference was 
observed between the two groups (P = 0.001) [Table 3].

Dyspnea (Borg scale)
There was no difference in dyspnea between the two 
groups before training; following the training period, there 
was statistically significant decrease in dyspnea in the IMT 
group (from 3.76 ± 2.49 to 1.39 ± 1.13, P = 0.0001) 
but not in the control group. There was a significant 
difference between the two groups at the end of the 
study (P = 0.0001) [Table 3].

dIscussIon

This study shows that home‑based IMT using Respivol is 
suitable to improve symptoms of patients with mild to very 
severe COPD. A significant increase in exercise tolerance 
was observed after 8 weeks training, which is consistent 
with the findings of similar studies,[9,25,26] whereas in the 
studies by Newall[27] and Larson,[28] no additional benefits 
were observed in the IMT added to other rehabilitation 
methods because in their studies, the subjects had no or 
mild weakness in inspiratory muscle at the beginning of 
the study. In a systematic review conducted by Shoemaker 
et al., an increase of 54 m in the 6MWT was considered 
to be clinically significant.[29] In a critical review performed 

Table 1: Characteristics of the enrolled patients (N=40)
IMT group Control group

Male/female 13/2 14/1

Age (years) 58.8±6.82 54.2±8.09

BMI (kg/m2) 24.88±5.02 24.97±4.72

Smokers/nonsmokers 11/4 11/4

Pack/year 26.39±28.45 30.36±51.42

Stage of COPD

Mild 8 7

Moderate 1 4

Severe 2 2

Very severe 4 2
IMT: Inspiratory muscle training; BMI: Body mass index
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by Morgan on Kopper’s paper, it was proposed that 
although there is a statistically significant increase in the 
6MWT, this increase (23 m) is not clinically significant.[30,31] 
Increase observed in this study is equal to 45.46 m, which 
cannot be said to be clinically significant, as described 
above. However, since in the study by Beckerman,[20] an 
increase of 56 and 68 m was observed in the 6MWT after 
3 and 9 months, respectively, it can be said that perhaps 
a significant increase in exercise capacity can also be seen 
clinically with increasing duration of training.

In this study, exertional dyspnea showed a significant 
decrease, which is consistent with previous studies,[32,33] 
while in the study of Hill et al., no improvement was seen 
in dyspnea after high‑intensity IMT, because training with 
a maximum inspiratory pressure of 101% seems to cause 
faster fatigue of the diaphragm and respiratory muscles and 
to reduce the effectiveness of this method.[25]

This study and similar studies indicate that inspiratory training 
cannot cause changes in lung volumes,[17,20] while in the study 
of Ahmad et al., an increase in lung volume was observed 
after 4 weeks of intervention.[3] The subjects examined in 
his study were patients admitted to hospital. As hospitalized 
patients are generally under corticosteroid therapy without 
an established treatment plan, changes in lung volumes seem 
to occur as a result of the treatment, because this disease is 
defined as an irreversible lung problem.

Training period in this study was considered to be 8 weeks, 
which seems to be the least amount of time in which 
inspiratory muscles can be strengthened. This issue was 
mentioned in a guideline study presented by Hill et al.[22] 
In this study, the types of a flow‑volumetric inspiratory 
exerciser called Respivol were used. Battagilla et al. 
reported appropriate effects by using the same device in a 
period of 6 months and 12 months.[9,23] The present study 
also indicates that the short‑term period of training with 
the types of flow‑volumetric exerciser also has positive 
effects on the problems caused by COPD. Most studies 
have already been performed by different threshold, 
resistive, and normocapnic types.[16] In the threshold 
type, when patients breathe in through the device, they 
must generate a preset threshold load to open the valve 
and allow inspiratory flow. As soon as the pressure 
generated drops below the threshold load, the valve 
closes and airflow stops. In the resistive type, the degree of 
resistance (inspiratory load) is related to the speed of the 
airflow. Thus, individuals who slowly inhale through the 
device experience less resistance than those who quickly 
inhale. As a result, to use the device, it is necessary to 
train the patient to learn the respiratory pattern;[28] while 
in Respivol, the intensity level of IMT is characterized by 
daily practice (i.e. the intensity is determined by the patient 
rather than the device) and increases with increasing levels 
of inspiratory volume during each training, which can be 
considered as a positive point.

Some limitations of this study are: (1) the lack of a 
double‑blind design; (2) the number of female subjects (it 
is for cultural reasons that the prevalence of smoking is very 
low among women; and (3) lack of patients’ follow‑up after 
completion of the study, and therefore, lack of information 
on the longevity of the effects of rehabilitation, which 
requires further studies in this area to evaluate the patients 
even in terms of the number of admissions.

Table 3: The effect of training on exercise capacity and dyspnea
IMT group Control group

Baseline Post IMT Baseline Post IMT
Mean SD Mean SD Mean SD Mean SD

6MWT 445.6 89.05 491*# 68.44 464 66.39 464.4 57.81

Dyspnea 3.76 2.49 1.13*# 1.39 2.40 2.26 2.60 2.22
Data expressed as mean±SD. IMT: Inspiratory muscle training; 6MWT: 6‑min walk 
test;*P<0.01 compared with baseline measure; #P<0.01 versus change seen in control group

Table 2: The effects of training on resting lung function
IMT group Control group

Baseline Post IMT Baseline Post IMT
Mean SD Mean SD Mean SD Mean SD

FEV1 before bronchodilator (l) 1.93 1.01 1.97 0.95 2.08 0.81 2.04 0.79

FEV1 post bronchodilator (l) 1.98 0.96 1.90 0.91 2.12 0.83 2.02* 0.79

FEV1 (% predicted) 62.53 27.95 65.0 26.15 63.33 22.72 63.40 22.99

FVC (l) 3.26 1.22 3.23 1.13 3.32 1.0 3.15 0.88

FVC (% predicted) 84.73 25.84 85.53 22.56 81.86 19.20 79.73 17.13

FEV1/FVC 71.20 17.31 73.0 15.63 74.66 15.36 76.13 15.38

FEF 25-75 (l) 1.21 0.80 1.27 0.81 1.40 0.68 1.46 0.68

FEF 25-75% predicted 37.73 21.61 40.80 22.90 41.06 21.59 43.80 21.42
Data are presented as mean±SD, unless otherwise stated. IMT: Inspiratory muscle training; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; FEF25-75: Forced expiratory 
flow the middle 50% of the FVC. *P<0.05 compared with baseline measure
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conclusIon

In general, home‑based IMT using types of flow‑volumetric 
exerciser with low levels of supervision can also be said to 
have good effects on the major problems in COPD patients, 
including dyspnea and exercise tolerance. Therefore, this 
rehabilitation method can be useful for the patients with 
a reduced exercise tolerance who suffer from exertional 
dyspnea. However, since no changes are made in lung 
volumes after rehabilitation, the disease can cause structural 
changes, and besides the common treatment methods, 
rehabilitation methods should be used to improve the 
quality of life of these patients.
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