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Background: One of the problems of the patients with chronic obstructive pulmonary disease (COPD) is the weakness of the respiratory 
muscles that causes oxygen desaturation at rest and activity and decreases exercise tolerance.
Objectives: This study aimed to investigate the effect of inspiratory muscle training on arterial oxygen saturation (SPO2).
Patients and Methods: Forty patients with mild to very severe COPD were recruited for this study, which is a randomized control trail. 
The patients were randomized to IMT (inspiratory muscle training) and control group. Training was performed with Respivol (a kind 
of inspiratory muscle trainer) for 8 weeks (15 min/d for 6 d/week). SPSS software version 16 was used to analyze the data by performing 
independent t test, paired t test, and Fisher exact test.
Results: Results showed that, after 8 weeks of inspiratory muscle training, there was a little increase (but not statistically significant 
improvement) in SPO2 (from 92.6 ± 8.71 % to 95.13 ± 7.08 %, with P = 0.06), whereas it remained unchanged in the control group (from 96.0 ± 
3.46 % to 96.4 ± 3.35 % with P = 0.51). No statistically significant difference was seen between the two groups (P > 0.05).
Conclusions: Although inspiratory muscles training can prevent desaturation, which is caused by activity, it fails to improve it.
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1. Background
The American Thoracic Society defines chronic ob-

structive pulmonary disease (COPD) as “a disease pro-
cess that is progressive chronic airway limitation due 
to chronic bronchitis, emphysema, or both” (1). Ac-
cording to statistics reported by the World Health Or-
ganization, there are 80 million people with chronic 
obstructive pulmonary disease worldwide (2); of them 
12 million live in the United States (3). Iran’s statistics 
show that, on average, 10% of people are affected by 
chronic obstructive pulmonary disease (COPD), but the 
amount varies from 1% - 40% in different communities 
with different climatic conditions (4).

The disease incurs more than $ 30 million for the health 
system. In this context, disability-adjusted years (DALYs) 
are considered as a measure of being cost-intensive, and 
COPD will climb from the eleventh factor in 2002 to the 
seventh factor in 2030 (5). These patients suffer from 
many problems, including dyspnea, exercise limitation, 
reduced quality of life, poor airway clearance, lack of ef-

fective breathing pattern, impaired gas exchange, cyano-
sis, cough, sputum, sleep and eating patterns disruption 
due to dyspnea, feeling of uncertainty, pain, and changes 
in body image (6-8).

As a comprehensive care plan is needed for patients 
from COPD, pulmonary rehabilitation programs are 
considered to boost the treatment program, control 
symptoms, and enhance the practical capacity in these 
patients (9). Recent studies show that pulmonary reha-
bilitation leads to improvement in exercise tolerance, 
quality of life, daily functioning, psychosocial and cog-
nitive functioning, as well as an increase in the sense 
of self-control and improvement in capillary density in 
the muscles under exercise, which can result in fewer 
hospital admissions, bed days, the need for health care 
services, patient dependency, dyspnea and fatigue, and 
can reduce lactic acid, minute ventilation, and heart 
rate (10-14).

There are conflicting results on the effects of various 
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methods of pulmonary rehabilitation, especially pursed 
lip breathing and diaphragmatic breathing, regarding 
the level of arterial oxygen saturation (15-17). Inspiratory 
muscle training (IMT) is one of the pulmonary rehabilita-
tion methods (8) that a few studies have been done on its 
effects on the arterial blood oxygen saturation level and 
respiratory rate of patients with COPD. As the American 
College of Chest Physicians and the American Association 
of Cardiovascular and Pulmonary Rehabilitation com-
mittee (ACCP/AACVPR) have suggested that a large-scale, 
multicenter randomized controlled trial (RCT) should be 
performed with appropriate statistical power to better 
examine the role of IMT in treating patients with COPD 
(18), the researchers were intended to examine the effect 
of this pulmonary rehabilitation method on the arterial 
blood oxygen saturation level and respiratory rate in pa-
tients with COPD.

2. Objectives
This study aimed to investigate the effect of inspiratory 

muscle training on arterial oxygen saturation (SPO2).

3. Patients and Methods
This study was a randomized clinical trial, performed on 

40 patients with COPD referred to specialized pulmonary 
clinic of Aria Hospital in Ahvaz. Sampling procedure last-
ed for 5 months, and 40 patients who met the inclusion 
criteria were selected out of 72 patients. Then they were 
divided into inspiratory muscle training group (18 males 
and 2 females) and control group (19 males and 1 female), 
using simple random method. The following statistical 
equation was used to determine sample size. To increase 
the accuracy of the study, the number of samples in each 
group was increased to 20 (Equation 1).

Equation 1.

α = 0.05; β = 0.2; S1=17.3; S2 = 15.8; X-
1=66.1; X-

2 = 48.5
Patients with spirometric evidence of significant chron-

ic airflow limitation (FEV1/FVC < 70% predicted) manifest-
ing mild to very severe COPD symptoms, according to the 
GOLD criteria (19), and in the age range of 45 - 65 years, 
were enrolled. The patients with a BMI > 35, history of 
underlying diseases such as diabetes, musculoskeletal 
disorders, cardiovascular diseases, and neurological dis-
eases that affect the results of 6-min walking test (6 MWT) 
were excluded (20). Finally, 40 patients (37 males and 3 
females) were selected based on inclusion and exclusion 
criteria, and the above study was performed after obtain-
ing their consent and permission from Ahvaz Jundisha-
pur University of medical sciences.

In this study, a type of flow-volumetric inspiratory 
exerciser, called Respivol® (Medinet, Italy) was used, 

which consists of two chamber-like cylinders, within 
each of them, a floating indicator is located. In the 
graduated cylinder, the floating indicator shows the to-
tal inspiratory volume, while indicator in flow cylinder 
shows the patient the time when sufficient inspiratory 
flow is established (21, 22). In the first session, patients 
were taught to use the device, and the amount of their 
inspiratory volume was marked on the device, and 
achieving greater inspiratory volume was considered 
as the target level. Training was performed for 8 weeks 
(15 minutes/day for 6 days/week) at home. During these 
8 weeks, patients were followed up with phone calls. At 
the beginning and at the end of these eight-week pe-
riod , initial data were collected from all patients, and 
6-min walking test (6 MWT) was obtained from all pa-
tients according to the protocol provided by the Ameri-
can Thoracic Society (ATS). In this test, the activity in-
tended for patients included walking for 6 minutes on 
a flat surface, which was done under the supervision of 
a therapist. Patients were encouraged to walk for 6 min-
utes until the target heart rate (age in terms of years 
- 200) was obtained or the activity was limited because 
of dyspnea and fatigue (20). At the end of the 6-minute 
walk, the level of arterial oxygen saturation was evalu-
ated by pulse oximeter (NONIN, Ganshorn, USA). Finally, 
the data were analyzed by SPSS16 software. Paired t-test, 
independent t-test, and Fisher exact test were used for 
statistical analysis.

3.1. Ethical Considerations
This study was conducted after obtaining the confirma-

tion of the Ahvaz Jundishapur Ethics Committee and the 
informed consent from all subjects participating in the 
study (ruling number: U89295).

4. Results
The study results showed that 86.7% of the participants 

in inspiratory muscle training group and 93.3% of cases 
in the control group were male. Since the duration of 
the disease in the intervention and control groups were 
4 and 5.8 years, respectively, the two groups were similar 
in this respect. At the beginning of the study, there were 
no statistically significant differences between the two 
groups in terms of the variables of age, sex, body mass in-
dex, pack/year, disease severity and the number of smok-
ers and non-smokers (P > 0.05) (Table 1).

After examining the post-exercise SPO2 level [6-min 
walking test, according to the protocol provided by the 
American Thoracic Society (ATS)] (20), a slight but non-
significant increase (from 92.6 ± 8.71% to 95.13 ± 7.08%, 
with P = 0.06) in oxygen saturation was observed in the 
inspiratory muscle training group after 8 weeks, whereas 
it remained unchanged in the control group (from 96.0 
± 3.46% to 96.4 ± 3.35 % with P = 0.51). Furthermore, there 
was no statistically significant difference between the 
two groups (P = 0.13) (Table 2).
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Table 1. Demographics Characteristics (n = 30) a, b

Demographic 
Factor

IMT b Control P Value

Age, y 58.8 ± 6.82 54.2 ± 8.09 P = 0.103

BMI, kg/m2 24.88 ± 5.02 24.97 ± 4.72 P = 0.95

Gender, Male/
Female

13/2 14/1 P = 1.0

Smoker/
Nonsmoker, No.

11/4 11/4 P = 1.0

Pack/Year, No. 26.39 ± 28.45 30.36 ± 51.42 P = 0.79

Disease severity 2.13 ± 1.35 1.93 ± 1.21 P = 0.81
a  Values are expressed as Means ± SD.
b  Abbreviations: BMI, Body Mass Index; IMT, Inspiratory Muscle 
Training.

Table 2. Comparison of SPO2 Preintervention and Postinterven-
tion Among two Groups a, b

IMT Control P Value

SPO2 before 
training,%

92.60 ± 8.71 96.00 ± 3.46 P = 0.17

SPO2 after 
training,%

95.13 ± 7.08 96.40 ± 3.35 P = 0.53

a  Values are expressed as Means ± SD.
b Abbreviation: SPO2, O2 saturation.

5. Discussion
 COPD, which directly affects the lungs, can lead to sys-

temic complications, including respiratory and periph-
eral muscle dysfunction. With regard to the pathophysi-
ology of respiratory muscle dysfunction, it can be said 
that the poor inspiratory muscle function is the result 
of structural changes in the thorax and diaphragm, fol-
lowed by hyperinflation, potential structural changes in 
the muscle and the effect of systemic factors. Recent evi-
dence suggests a fundamental defect in the flexibility of 
diaphragm fibers in COPD patients (10). Such a defect can 
cause respiratory muscle weakness, which consequently 
leads to shallow breathing (9) and in turn reduces the 
level of arterial blood oxygen saturation.

In the study by Ramos et al. it was found that the level 
of arterial oxygen saturation increases during pursed lip 
breathing (15). In the study by Faager et al. in 2008, it was 
also shown that pursed lip breathing during the shuttle 
test increases the amount of distance traveled by patients 
with COPD. Although these patients undergo a decrease 
in arterial oxygen saturation during walking, the de-
crease was 1.2% less than that in those who did not use 
the pursed lip breathing during activity (16). In a study by 
Izadi Oonji et al. it was shown that pursed lip breathing 
at rest can increase arterial oxygen saturation, which is 
maintained for one hour after training (9). Petty’s study 
showed that breathing retraining techniques such as dia-
phragmatic breathing and pursed lip breathing have no 

effect on PaO2 (23). In the study by Hill et al. a slight but 
non-significant increase was observed in the SPO2 level of 
patients with COPD after 8 weeks of high-intensity inspi-
ratory muscle training, while in the low-intensity inspira-
tory muscle training group, a slight and non-significant 
decrease was observed in the SPO2 level (24). In the study 
by Chawla et al. it was shown that the level of arterial oxy-
gen saturation had a significant increase after inspiratory 
muscle training. It should be noted that in this study, the 
oxygen saturation level was calculated at rest (25). Based 
on the results of various studies and this study, we con-
clude that, although in studies of pursed lip breathing, 
an increase can be seen in arterial oxygen saturation af-
ter exercise, this increase was observed immediately after 
pursed lip breathing, and therefore appears to be related 
to the hyperventilation, rather than inspiratory muscle 
strength. As it was seen in the study of Faager, pursed lip 
breathing during activity does not increase the level of 
arterial oxygen saturation, but actually reduces the SPO2 
level (16).

It should be noted that the rate of decline in this group 
was less than that of the control group, while in the 
study of Hill et al. (24) and this study, inspiratory muscle 
training not only caused a decrease in arterial oxygen 
saturation, but also a slight and nonsignificant increase 
occurred, showing that inspiratory muscle training ac-
tually prevents a drop in SPO2 in patients with COPD 
through inspiratory muscle strength (instead of hyper-
ventilation), and consequently will increase the toler-
ance of these patients to activity. It is also noteworthy 
that, based on the oxyhemoglobin dissociation curve, 
changes of SPO2 are less than those of PaO2. As a result, if 
PaO2 was used instead (for the study), perhaps significant 
changes would be observed. Since respiratory problems 
occur more in severe state of the disease, the effects of in-
spiratory muscle training would seem to be better char-
acterized if patients with severe and very severe degree 
were selected. Accordingly, to clarify further the effects 
of this type of breathing exercises, additional studies are 
recommended by removing the limitations mentioned 
in this research.

The results of this study show that, although inspirato-
ry muscle training does not increase the SPO2 level after 
exercise in patients with chronic obstructive pulmonary 
disease, it prevents a decrease in SPO2 level after exercise, 
and, therefore, can lead to an increase in exercise toler-
ance in these patients. Consequently, it seems that nurses 
and physiotherapists should teach this simple method of 
pulmonary rehabilitation to the patients.
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