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Abstract: Blood gases and ventilatory function abnormalities are common in patients with chronic obstructive 
pulmonary disease (COPD). Exercise training has been proven to be an essential component of pulmonary 
rehabilitation. Participants and Methods: forty volunteer male patients with COPD completed this study that lasted 
12 weeks. Their ages ranged from 45 to 65 years old and had moderate COPD (FEV1 = 50-80 % predicted) with 
partial reversible airway obstruction. After taking full history and examinations for each patient; they were randomly 
assigned into one of the two groups; group A (n=20) received a supervised well-designed moderate intensity aerobic 
exercise training program, and group B (n= 20) received a supervised well-designed interval training program. Both 
groups performed their exercise training program 3 times per week for 12 weeks. All patients were continuously 
encouraged to maintain their medical treatment regimen throughout the study. Blood gases including (partial 
pressures of arterial oxygen (PaO2), carbon dioxide (PaCO2), and the arterial oxygen saturation (SaO2)) and 
ventilatory functions including forced vital capacity (FVC) and forced expiratory volume in the first second (FEV1) 
were assessed before and after the end of the study for each patient. Results: Three months of aerobic exercise 
training or interval training significantly improve blood gases and ventilatory function measures in COPD patients. 
Although there are non-significant difference in PaCO2 response to either aerobic or interval training; there are 
significant difference in PaO2, SaO2, FVC and FEV1 response to aerobic or interval training in favor of interval 
training. Conclusion: Aerobic training as well as interval training are two treatment modalities for COPD patients. 
Both aerobic and interval training modes produce significant improvement in blood gases and ventilatory function in 
COPD patient. Furthermore; blood gases and ventilatory function respond more favorably to interval training than 
aerobic training. Interval training can be considered as an alternative to aerobic training in patients with moderate 
COPD.  
[Mohamed AA. and Mousa GS. Effect of Exercise Therapy on Blood Gases and Ventilatory Functions in 
Chronic Obstructive Pulmonary Disease Patients: Randomized Control Study. J Am Sci 2012; 8(10):738-746]. 
(ISSN: 1545-1003). http://www.jofamericanscience.org. 99 
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1. Introduction 

Chronic obstructive pulmonary disease 
(COPD) is the fifth leading cause of death in the world 
and the mortality rate is expected to increase more than 
30% during the next 10 years (World Health 
Organization, 2011). Chronic obstructive pulmonary 
disease (COPD) is characterized by chronic presence of 
symptoms such as cough, sputum production and 
dyspnea; all caused by abnormalities in pulmonary 
mechanics and gas exchange (Fernanda et al, 2006 and 
Corbridge et al., 2012). Exercise and activity 
intolerance are the two main characteristic features of 
COPD patients. Pulmonary, cardiovascular as well as 
skeletal muscles dysfunctions are the main underlying 
elements in reduced exercise capacity of COPD 
patients. In spite of partially irreversible abnormalities 
in lung function of COPD patients; exercise training 
proved to improve exercise capacity for satisfactory 
long periods in those populations (Rochester, 2003). 

Airflow limitations in COPD patients may be clearly 
apparent during low and moderate exercise intensities 
or even at rest.  Intense dyspnea sensations in COPD 
patients limit their capacity to exercise continuously at 
high work rates (Puente-Maestu et al, 2005). In COPD 
patients; higher intensity training seems to obtain 
greater physiological benefits when compared to 
moderate intensity training (Casaburi et al, 1997). 
Patients with COPD can greatly benefit from aerobic 
exercise such as walking and cycling that utilize large 
muscle group and can be maintained continuously in a 
rhythmic manner. The main concept of aerobic exercise 
is to overload the heart and lungs and causes them to 
work harder than at rest (Chaitra and Maitri, 2011). 

High-intensity interval training (HIT) is repeated bouts 
of short to moderate duration exercise completed at an 
intensity level above the anaerobic threshold, it was 
recognized as an effective training method to improve 
endurance performance (Laursen and Jenkins,2002) . 
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Therefore, the purpose of this study was to 
evaluate effects of exercise therapy using either aerobic 
exercise or interval exercise training on the following 
outcomes: ventilatory functions and arterial blood 
gases in patients with moderate COPD. 

 
2- Subjects and Methods 

Forty sedentary, volunteer male, 45 to 65 
years old patients with partially reversible airway 
obstruction and moderate COPD, i.e. with FEV1 
ranged between 50-80% of predicted value with no 
clinical evidence of obvious exercise-limiting 
cardiovascular or neuromuscular diseases were 
included in the study. They were all recruited from 
chest department; Eldemerdash Hospital, Ain- Shams 
University. 

Full evaluation of each participant was 
performed prior to and at the end of the study 
(including medical history, clinical examination, 
electrocardiography (ECG) and Pre & post-
bronchodilator pulmonary function tests). All patients 
were initially aware about and fully understand the 
purpose and procedures of the study and so an 
informed consent was obtained from each patient 
agreed to participate in the study. Patients with 
significant or unstable cardiac, musculoskeletal or 
psychological problems or medication that could affect 
or interfere with their performance or affect their safe 
participation were excluded. Patients were randomly 
divided into two groups; Supervised aerobic exercise 
training group (group A; n=20) and supervised interval 
training group (group B; n=20). Patients in both groups 
continued their pharmacological treatment throughout 
the study period. 
Anthropometric characteristics of the patients 

Body weight was measured in light indoor 
clothes to the nearest 0.1 kg and patient standing height 
without shoes was measured to the nearest 0.1 cm 
using calibrated clinical weight scale and stadiometer. 
Body mass index (BMI) was calculated as the weight 
(kg) divided by the height squared (m2). 
Assessment of ventilatory functions 

Ventilatory function (FVC and FEV1) were 
measured for each patient using computerized 
electronic spirometer (ZAN-GP12.00, made in 
Germany) while patients were seated with back erect 
and supported. The best of at least three technically 
acceptable values for FVC and FEV1 were selected. 
Data were expressed as a percentage of the predicted 
values for age, height, and sex.  
Assessment of blood gases 

Blood gases (Partial pressure of arterial 
oxygen (PaO2), carbon dioxide (PaCO2), and the 
arterial oxygen saturation (SaO2) was measured for all 
patients through analyzing of the blood by radiometer 
(ABL800, made in USA). Ventilatory functions and 

blood gases evaluations were performed twice; before 
the beginning and at the end of the study for both 
groups. 
Interventions: 

Both groups adhered to their exercise 
regimens three times per week for twelve weeks in 
outpatient clinic, Faculty of Physical Therapy, Cairo 
University. 
Aerobic exercise intervention 

Each patient in group (A) participated in 
supervised moderate intensity aerobic exercise-training 
program on a cycle ergometer with intensity at 65-75 % 
of  HRmax  achieved during the incremental cycle 
ergometer test (incremental cycle ergometer test 
protocol began with patient cycling at 50 rpm at an 
external power of 0 watt (W) for the first 3 minutes (as 
warm up), with 20 W increments occurring every 3 
minutes thereafter until termination at the point of the 
patient’s volitional fatigue where HRmax and 
maximum work load were calculated) (Colberg et al., 
2003). Each session lasted for 45 minutes, 3 times per 
week for 12 weeks. 
Interval training intervention 

Each patient in group (B) participated in 
supervised interval exercise training program three 
times per week. Interval mode consisted of 30 seconds 
exercise training followed by 30 seconds rest with 
intensity equivalent to 80% of the maximal work load 
for 15 to 20 minutes during the first 3 sessions. Then 
work load was increased by 5% to10% of peak 
capacity when patients rate their perceived dyspnea as 
moderate on 10-point Borg scale (exercise training 
performed between 3 to 4 for dyspnea). Total exercise 
time was gradually increased from 30 to 90 minutes per 
session (including rest periods) (Puhan et al, 2004).  
Statistical analysis 

Data are presented as mean + SD. Changes in 
blood gases (PaO2, PaCO2 and SaO2) and ventilatory 
functions (FVC and FEV1) within each group before 
and after the study period were analyzed using paired t-
test. Between-groups differences in blood gases and 
ventilatory functions were analyzed using repeated 
measures analysis of variance (ANOVA). Also percent 
difference in these physiological variables before and 
after training interventions were calculated in each 
group. The level of significance was set at p < 0.05.  
 
3- Results 

This study started with 43 male patients. Their 
ages ranged between 45-65 years old. During the pre-
study evaluation, 3 patients withdraw from the program. 
Reasons for discontinuation included difficulties and 
fear of using bicycle ergometer (1 patient), developing 
serious cardiovascular signs (angina- like pain; 1 
patient) and dissatisfaction with the program (1 patient). 
The remaining 40 patients were assigned randomly into 



http://www.jofamericanscience.org )                                                   1012;8(20 Journal of American Science 

 

editor@americanscience.org 740 http://www.jofamericanscience.org 

two groups: (group A; n=20) underwent moderate 
intensity aerobic exercise training and (group B; n=20); 

performed interval training. All 40 patients underwent 
final analysis at the end of the 12-week period. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 1. Patient’s flow chart. 
Patients’ characteristics 

The general characteristics of the two groups before training (Age, body weight, height, BMI, FVC, FEV1, 
PaO2, PaCo2, and SaO2) are shown in table (1) as mean (M) ± standard deviation (SD). As evident from the table 
there were no statistically significant differences between the two groups. 
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Interval training 3 times/ week for 12 
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then work load was increased by 5% 
to 10% of peak capacity. 

Aerobic exercise training, 3 times 
per week for 12 weeks on a cycle 
ergometer, with intensity at 65-
75% of HRmax. Each session 
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Outcomes data and post-test analysis 
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Outcomes data and post-test analysis 
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produces  lower disturbing effect on arterial blood pH 
as compared to moderate intensity constant-load 
exercise (Sabapathy et al., 2004), hence it does not 
exacerbate the ventilatory requirement by reducing 
some of the acid stimulus to breathe, thereby allowing 
the patient to tolerate dyspnea sensations for a 
prolonged training periods of time (Kortianou et al, 
2010). 

Also; this came in consistence with Stringer et 
al., who postulated that the interval training associated 
acidosis causes an increase in VO2, rightward shift of 
the oxyhaemoglobin dissociation curve and hence 
raises capillary O2 tension (Stringer et al, 1994). These 
results are further supported by Vogiatzis et al., who 
stated that interval exercise allows work of maximal 
intensity to be performed with a relatively low 
perception of dyspnea by the introduction of properly 
spaced short exercise and rest periods so that the acute 
load on respiration does not exceed the limits of 
patient’s reduced capacity (Vogiatzis et al, 2002). In 
addition to that; subjects participating in the high-
intensity interval exercise sessions are enthusiastic 
about the variation provided by the high-intensity 
interval training and so their own perceptions of 
increased fitness encourage and motive them to 
continue interval training on their own afterwards 
(Tjonna et al, 2009).  

The present study demonstrates that interval 
training yield substantially higher improvements in 
measures of ventilatory function in COPD patients 
when compared with aerobic training. These come in 
line with Ahmaidi et al., who investigated the effects of 
interval training on ventilatory threshold and 
cardiorespiratory responses in elderly healthy 
individuals and noticed significant improvement of 
both maximal aerobic capacity and submaximal 
exercise tolerance, significant reduction in training 
heart rate, high adherence and attendance rate after a 3-
month training program, added to that; interval training 
was easily accepted and tolerated by the elderly 
(Ahmaidi et al, 1998). Results also agreed with a study 
by Hsieh et al., who studied the effect of 6 weeks high 
intensity exercise training on pulmonary functions, and 
concluded that only the patients who completed high-
intensity training had significant improvements in FVC, 
while those who did not achieve high-intensity levels 
did not show this improvement (Hsieh et al., 2007). 
Vogiatzis et al., also clarified that interval training -
even in patients with severe COPD- is associated with 
stable metabolic demands, low minute ventilation and 
rates of dynamic hyperinflation, and increased total 
training duration than that of constant-load exercise 
(Vogiatzis et al., 2004). 

It is now evident that the application of 
interval training in the rehabilitation settings has the 
ability to produce noticeable clinical benefits through 

loading the muscles intensively for sufficiently long 
period of time without provoking extra ventilatory 
requirements. It can be concluded that interval training 
is effective and is a good alternative to constant-load 
exercise training regarding improving compliance with 
training (Kortianou et al., 2010).  

Results of a systemic review conducted by 
Beauchamp et al., contradict our results as they failed 
to prove significant differences in responses of exercise 
tolerance and quality of life to interval or continuous 
training in patients with severe COPD (Beauchamp et 
al., 2010). The conflict may be simply explained on the 
basis of differences in utilized training protocols 
heterogeneity, disease severity and small sample sizes. 

Regarding cost and patient compliance; it was 
decided to limit training frequency to three times 
weekly in an attempt to ensure high rates of attendance 
and adherence. It is highly advised that a higher weekly 
exercise frequency would have been applied to gain 
higher effects in terms of inducing measurable 
improvements not only in blood gases and ventilatory 
responses but also in other physiological responses. 

According to the results of our study, it can be 
concluded that although COPD patients are limited by 
low exercise capacity and ventilatory constraints which 
are particularly apparent during exercise settings; both 
aerobic and interval exercise training yield beneficial 
improvements in both blood gases and ventilatory 
function measures in moderate COPD patients. 
Furthermore; results reported higher tolerability and 
better responses of blood gases and ventilatory function 
measures to interval training when compared with 
aerobic training. The exception is that there were none 
significant difference in PaCO2 response to either 
modes of exercise in COPD patients. 
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