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ABSTRACT 

 
Objective: This study was designed to determine 

changes in physical fitness inpatients with ischemic 

heart disease after aerobic exercises training 

program. Subjects, material and methods: Thirty 

male patients with coronary heart disease. Their 

age ranged between 43 to 52 years old and the 

subjects were divided into two equal groups. The 

first group performed aerobic exercise training 

program the duration of exercise was 16 weeks, at 

a frequency of 4 sessions per week in addition 

medical treatment and the second group received 

only medical treatment. Measurements included 

maximal oxygen consumption (VO2 max.), 

anaerobic threshold and work capacity (METs). 

Measurements taken before the study and after 16 

weeks at the end of the study. Results: Training 

group showed a significant improvement in 

maximal oxygen consumption (VO2max.), 

anaerobic threshold and work capacity (METs) but 

there was a significant difference between both 

groups. Conclusion: It is recommended to use 

aerobic exercise in clinical management of 

patients with ischemic heart disease. 

 

INTRODUCTION 

 

schemic heart disease (coronary heart 

disease) continues to be a leading cause of 

morbidity and mortality in most developed 

countries and many developing countries. 

While its incidence is decreasing in Europe 

and United States, it is steeply increasing in 

Africa and to some extent in Asia
25

.
 
Coronary 

heart disease (CHD) is definite when there is 

stenosis in any proximal or middle coronary 

artery of major branch equal or greater than 

fifty percent of diameter
18

. 

The American Heart Association 

classified physical inactivity as a major risk 

factor. All of the epidemiological studies 

examining the relationship between CHD and 

physical inactivity or physical fitness, and 

have observed lower rate among persons with 

level of physical activity, on average, about a 

two fold difference in risk exists
6
. 

Advice regarding physical activity is an 

important part of the management of 

cardiovascular disease. In addition to its role in 

primary prevention, it is now clear that 

patients with established ischemic heart 

disease and cardiac failure can benefit from 

exercise training. One study which randomized 

patients with stable coronary disease to either 

exercise therapy or percutaneous coronary 

intervention (PCI), found improved functional 

capacity and greater event-free survival in the 

exercise group
14

. 

Physical activity and exercises resulted 

in significant improvements in exercise 

capacity and total peak oxygen uptake VO2 

max. in diabetic and non-diabetic patients, so 

the combined cardiac training is well tolerated 

and useful in secondary prevention in patients 

with type 2 diabetes and ischemic heart 

disease
22

. 

Patients with established CHD are at 

serious risk of subsequent vascular events non-

fatal myocardial infarction, non-fatal strokes, 

and cardiac death. These risks can be reduced 

by effective clinical and preventive care
15

. 

Exercise training has now shown to 

improve exercise capacity, reduce various 

CHD risk factors, improve quality of life, and 

reduce subsequent hospitalization costs. As 

well, as reduces major CHD events, including 

fatal myocardial infarction (MI), sudden death, 

and all cause mortality
9
. 

Exercise training has assumed a major 

role in cardiac patient, mostly because of its 

positive effect on myocardial perfusion in 

patients with CHD
10

. 

Exercise capacity is the strong predictor 

of the risk of death in CHD Patients .The 

benefits of exercise training in patients with 

CHD include an improvement in exercise 

tolerance as assessed not only by exercise 

duration but also more importantly by peak 

myocardial oxygen consumption
16

. 

Formal exercise training in CHD patients 

and a prior MI has established benefits 

I 
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including improvement of ejection fraction 

(EF), metabolic activity and contractile reserve 

of myocardium
19

. 

The aim of this study was to detect 

changes in physical fitness in patients with 

ischemic heart disease after aerobic exercises 

training program. 

 

SUBJETS MATERIAL AND METHODS 

 

Subjects 
Thirty male patients with coronary heart 

disease selected randomly from the physical 

therapy department in the National Heart 

Institute. All patients had a history of anginal 

chest discomfort. 

This was proved by angiographic 

documentation of equal or lesser than 50% 

stenosis of a major epicardial coronary artery. 

Their age ranged from 43 to 52years. Patients 

with uncontrolled hypertension or those 

patients with diabetes mellitus (DM), or 

smokers were excluded. Patients with heart 

failure, cardiomyopathy, valvular disease or 

bundle branch block were also excluded. 

Also those with severe or moderate 

degree of degenerative joints disease or with 

BMI > 25 kg/m
2 

were excluded. 

Patients were randomly divided into two 

equal groups: Group 1 (training group) and 

group2 (control group). The program lasted for 

four months, three sessions a week and 

duration of each session was 40 minutes. 

 

Instrumentation 
1- Treadmill (Track master 400E, gas fitness 

system, England) it was used in exercise stress 

test with other exercise test equipment to 

estimate exercise capacity and in aerobic 

exercise training. The treadmill has front and 

side rails to aid in subject stability. 

2- Electrocardiogram (ECG) (ES500, Hellige, 

Germany) to study the electricity of the heart 

at rest and during exercise stress test protocol. 

3- Mercurial sphygmomanometer (Speidel, 

Keller, Minia Tur 300, Germany) and 

Stethoscope (Littmann, classic II, USA) to 

measure blood pressure in order to exclude 

hypertensive patients. 

4- Weight and Height scale (Metro type-

England) was used to measure weight and 

height to calculate the body mass index (BMI) 

in order to exclude obese patients. 

 

Procedures of the study 
The procedures of this study were divided into 

two main procedures. 

1- Evaluation procedures 
Before starting the study, a concet form 

will be taken from each participant as an 

agreement to be included in the present study. 

Also before initiation of exercise training 

program each subject was examined medically 

by a physician in order to exclude any 

abnormal medical problems which previously 

mentioned. A brief description had been given 

about the tasks expected during the test. 

Cardiopulmonary exercise test procedure 

(CPET) 

Before conducting the exercise tolerance 

test, all subjects had to visit the laboratory to 

be familiarized with the equipment in order to 

be cooperative during conducting the test. 

Each subject underwent continuous 

progressive exercise tolerance test according 

to Bruce standard protocol which consists of 

warming up phase and five active phases and 

recovery phase. 

Measurements which were recorded 

included maximal oxygen consumption (VO2 

max.), anaerobic threshold and work capacity 

(METs) .Measurements taken before the study 

and after 16 weeks at the end of the study. 

 

2- Training procedures 
Group (1): Patients in this group received the 

usual medical treatment in addition to aerobic 

exercise training for 16 weeks as the following 

steps: 

A-warming up: Before the exercise program, 

include walking on the treadmill for 5 minutes 

at speed 1.5 km/h with zero inclination. 

B-Active phase: It was gradually increased 

from 20 to 40 minutes in the form of 

walking/running on electronic treadmill with 

zero inclination four times per week for twelve 

weeks, its intensity gradually from 60 to 70 % 

of each patient calculated training heart rate; 

according to Karovenen formula. 

C-Cooling down: Included walking on the 

treadmill for 5 minutes at speed 1 km/h with 

zero inclination and gradually decreased speed 

until reach zero. 
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Group (2): Patients in this group received only 

the usual medical treatment. 

 

Statistical Analysis 
The paired t-test was used to compare 

between pre and post test in both groups, 

where the independent t- test was used for the 

comparison between the two groups (P<0.05). 

 

RESULTS 

 

This study comprised thirty male 

patients with coronary heart disease. The data 

was collected from subjects and classified into 

pre and posttest values. The subjects were 

divided into 2 groups: Group (I) received the 

usual medical treatment in addition to aerobic 

exercise and group (II) received only the usual 

medical treatment. 

Table (1) and figure (1) show the 

difference of mean and standard deviation 

values of maximal oxygen consumption (VO2 

max.) between both groups before and after 

the exercise program. As noticed there was 

statistical no significant difference between 

both groups before treatment (P value <0.05), 

while after treatment it was 3.39 ± 0.15 

L/min/kg in the training group and 3.09± 0.16 

L/min/kg in the control group, which was 

statistically significant (P value <0.05). Also, 

There was statistically significant difference in 

the maximal oxygen consumption in the 

training group after the exercise program as 

compared with the pre-treatment value, which 

changed from 3.07 ± 0.16 to 3.39 ± 0.15 

L/min/kg. While there was statistical no 

significant difference in the control group after 

treatment as compared with the pre treatment 

value 

 
Table (1): Statistical analysis of maximal oxygen consumption (L./min./Kg) between both groups before 

and after the exercise program. 
 Training group Control group t-value Significance 

Pre 3.07±0.16 3.06±0.17 0.86 Non sig. 

Post 3.39±0.15 3.09±0.16 3.79 Sig. 

t-value 5.11 1.01   

Significance Sig. Non sig.   
Level of significance P<0.05  Sig. = Significant  L. = liter  Min.= minute Kg= kilogram 
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Table (2) and figure (2) show the 

difference of mean and standard deviation 

values of work capacity (METs) between both 

groups before and after the exercise program. 

The same statistical changes were also 

obtained when comparing the results of the 

work capacity in both groups. Again the 

statistical significant differences were only 

noticed in the post treatment values in the 

training group; which changed from 8.67 ± 

1.16 to 11.49 ± 1.14L/min/kg and when 

comparing the post treatment values of both 

groups; 11.49 ± 1.14 & 8.78 ± 1.12L/min/kg, 

respectively. While in the control group no 

statistical significant differences were 

obtained. 
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Table (2): Statistical analysis of work capacity (ml./min./Kg) between both groups before and after the 

exercise program. 
 Training group Control group t-value Significance 

Pre 8.67±1.16 8.23±1.11 0.98 Non sig. 

Post 11.49±1.14 8.78±1.12 4.75 Sig. 

t-value 4.12 0.87   

Significance Sig. Non sig.   
Level of significance P<0.05  Sig. = Significant  ml. = mili-liter Min.= minute Kg= kilogram 
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Table (3) and figure (3) show the 

difference of mean and standard deviation 

values of anaerobic threshold between both 

groups before and after the exercise program. 

One can noticed the statistical significant 

difference in the anaerobic threshold in the 

training group after treatment, which increased 

from 50.81± 2.67 to 56.32±3.12 (P value 

<0.05), but in the control group it changed 

only from 50.14 ± 2.98 to51.11 ± 3.15. Also, 

there was significant difference on comparing 

the post treatment values in both groups (P 

value <0.05), although the pre treatment values 

of both groups showed nonsignificant 

difference. 

 

 
Table (3): Statistical analysis of anaerobic threshold between both groups before and after the exercise 

program. 
 Training group Control group t-value Significance 

Pre 50.81±2.67 50.14±2.98 0.88 Non sig. 

Post 56.32±3.12 51.11±3.15 3.22 Sig. 

t-value 4.33 1.13   

Significance Sig. Non sig.   

Level of significance P<0.05 

 

46

48

50

52

54

56

58

F
ig

.3

Training Group Control Group

Pre

Post

 



Bull. Fac. Ph. Th. Cairo Univ., Vol. 14, No. (2) Jul. 2009 

 

 

15 

 

DISCUSSION 

 

This study was designed to detect 

changes in physical fitness in patients with 

ischemic heart disease after aerobic exercises 

training program. All patients had a history of 

anginal chest discomfort that proved by 

angiographic documentation of equal or lesser 

than 50% stenosis of a major pericardial 

coronary artery. 

Exercise capacity termed by metabolic 

equivalents (METs) improved in this study. 

This favorable change may be due to 

improvement in the endothelium –dependant 

vasodilatation both in epicardial coronary 

vessels and in resistance vessels in patients 

with Ischemic heart disease. Another 

explanation was that exercise training is 

commonly associated with increased in agonist 

–mediated blood flow velocity and coronary 

blood –flow reserve. This may be due to 

increase in the capacity of the cardiovascular 

system to deliver oxygen increased cardiac out 

put (COP) and the muscles to use that oxygen 

(greater arteriovenous difference). 

Exercise capacity consistently improved 

by 30-50% after three months of aerobic 

conditioning at an intensity of 70% to 85% of 

target heart rate. The possible physiological 

mechanism of aerobic conditioning in patients 

by central (cardiac) and peripheral (skeletal 

muscles and vascular) adaptations resolution 

in a widened  difference in oxygen content 

between arterial and venous blood during 

maximal exercise and an increased capacity to 

deliver substrate to skeletal and cardiac 

muscles
1,3,11

. 

Long-term exercise training is useful for 

maintaining or improving the beneficial results 

of the standard 3-month exercise training 

program on cardiovascular capacity and HRR. 

This observation may bear beneficial 

prognostic effects on patients after AMI
8,17

. 

A 3-month endurance exercise training 

program augments coronary collateral supply 

to normal vessels, and even to previously 

stenotic arteries having undergone 

percutaneous coronary intervention before 

initiating the program. There appears to be a 

dose-response relation between coronary 

collateral flow augmentation and exercise 

capacity gained. They showed increased 

endurance (VO2max in ml/min per kg) and 

performance (W/kg)
26

. 

The effect of six months of regular 

exercise training at 80% of target heart rate in 

patients who had Q-wave MI. They showed 

that a significant improvement in exercise 

capacity was only in the training group but not 

in control group. They explained their results 

because physical training induces peripheral 

changes in skeletal muscles and beneficial 

lipoprotein modulation
9
. 

Results also indicated that there was a 

significant increase in VO2 max and anaerobic 

threshold in training group and no significant 

change in the control group. 

The significant increase in VO2 max was 

due to improved the respiratory functions as 

vital capacity, inspiratory reserve volume and 

expiratory reserve volume of the lungs, also 

the stroke volume of the heart increased by 

regular exercise. These respiratory adaptations 

facilitate oxygen supply to tissues and add 

further evidence of respiratory fitness 

improvement
4,23

. 

There are several mechanisms by which 

endurance training may improve the relative 

balance between myocardial oxygen supply –

demands and thereby result in an anti-ischemic 

effect. Increased metabolic capacity and 

improved mechanical performance of 

myocardium are well-substantiated adaptation 

to endurance training. Lowered heart rate and 

systolic blood pressure during submaximal 

exertion reduce myocardial work, its oxygen 

demands and coronary blood flow needed. 

Among patients with coronary heart disease, 

this allows a greater absolute workload to 

accomplish before reaching the ischemic 

threshold. In addition, heart rate slowing with 

training allows more time during diastole for 

coronary flow to perfuse the myocardium
5,16

. 

Older sedentary men subjects who 

exercised for ten months at 60-70 % of VO2 

max and increase progressively to 70-80 % of it, 

resulted in a 28% increase in exercise capacity. 

In addition to improvement in ejection 

fraction, these improvements may be due to 

increased pre-load and /or lowered aortic 

impedance afterload
21

. 
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Brief but intense sprint interval training 

can result in an increase in both glycolytic and 

oxidative muscle enzyme activity, maximum 

short-term power output, and VO2 max
2
. Also, 

there was a significant improvement in VO2 

max and minute ventilation after moderate and 

severe exercise program
7
. 

Cardiopulmonary functions improved 

after aerobic exercise (walking) and anaerobic 

exercise (vigorous activity) and the 

improvement in maximum oxygen 

consumption (VO2 max) after vigorous 

exercise group was greater than after walking 

exercise group
13

. 

After regular aerobic training there was a 

peripheral vascular adaptation, which may 

arise from structural modifications of the 

vasculature and alterations in the control of 

vascular tone. An increase in the capillary 

density of muscle has also been shown after 

training. Both capillary density and blood flow 

increase in proportion to the rise in maximal 

aerobic power during long-term aerobic 

training
12

. 

Regular aerobic training induces 

significant adaptations both at resting and 

during maximum exercise in a variety of 

dimensional and functional capacities related 

to the cardiovascular and respiratory 

regulation system; enhancing the delivery of 

oxygen into active muscles these changes 

include decreases in resting and maximal 

exercise heart rate, enhanced stroke volume 

and cardiac output and as a result increase 

maximum oxygen consumption (VO2 

max)
20,24

. 

Finally, it was concluded that exercise 

training base on cardiac rehabilitation program 

is a cornerstone in treating ischemic heart 

diseased patients. Aerobic training in 

particularly, improved physical fitness in those 

patients through improving maximum oxygen 

consumption (VO2 max.), work capacity and 

anaerobic threshold. Such improvement may 

be related to cardio-pulmonary adaptations and 

exercise conditioning. The results of this study 

emphasis also on the communication between 

physician and physical therapists that concern 

cardiac rehabilitation programs not only after 

cardiac surgery or post infarction, but should 

extend to prevention program for patients who 

are at coronary risk factors. 
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 الملخص العربي
 

تأثير التمرينات الهوائية على اللياقة البدنية في مرضى قصور الشريان التاجي 
 

أجرى البحث على ثالثٌن  شخص .  هدف الرسالة هو دراسة تأثٌر التمرٌنات الهوائٌة على اللٌاقة البدنٌة فً مرضى قصور الشرٌان التاجً
المجموعة األولى تلقت تمرٌنات هوائٌة لمدة ستة  عشر أسبوعا :  ٌعانون من قصور الشرٌان التاجً وتم تقسٌمهم إلى مجموعتٌن متساوٌتٌن

وقد تم قٌاس القٌمة  . فقط يتلقت العالج الدوائ (الضابطة)المجموعة الثانٌة  . يالعالج الدوائ لىإبمعدل أربعة جلسات أسبوعٌا باإلضافة 
وقد أظهرت النتائج وجود .   قبل بدء البرنامج وبعد االنتهاء من البرنامجة والكفاءة التدرٌبًةالهوائًلالقصوى الستهالك األكسٌجٌن والعتبه ا

 حٌن لم تظهر المجموعة يف،  فقط ة تلقت تمرٌنات هوائًيفروق ذات داللة إحصائٌة تشٌر إلى وجود تحسن ملحوظ فً المجموعة األولى الت
 ي مع مرضى قصور الشرٌان التاجةلذلك ٌوصى باستخدام برنامج تمرٌنات هوائً.  جمٌع القٌاسات يٌة فروق ذات داللة إحصائٌة فأالثانٌة 

 .  البدنٌة لدٌهمةلتحسٌن اللٌاق
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