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The aim of this study was to determine the impact of exercise training on QT dispersion 

and risk factors for cardiovascular disease in patients after coronary artery bypass graft surgery 
(CABG). 

143 patients after CABG, in a sinus rhythm, without atrioventricular or branch blocks, 
average age 57.5 years, were involved in the study. Patients were randomly divided into the 
exercise training group (TG: 107 patients) and non-training group (NTG: 36 patients).  In 
addition to clinical examination and laboratory analysis, all the subjects had standard ECGs out 
of which, QTd was calculated and QT dispersion (QTdc) was corrected. The patients performed 
the exercise test according to Bruce’s protocol, after that the participants of the training group 
were involved in the exercise training. According to the results of the exercise test, the TG of 
patients was subjected to a certain degree of physical activity (gymnastic exercises, using the 
bicycle ergometer and walking). During the follow-up period, medication therapy was not 
changed. After the observed follow-up period of 21 days, the standard ECG and the exercise 
test were performed, once again. 

In TG of patients, after treatment with exercise training, there was a significant 
reduction in QTd and QTDc (p<0.005 for both parameters). In TG of patients, after 3 weeks, 
there was a significant reduction in systolic and diastolic blood pressure, heart rate, double 
product, total and LDL cholesterol (p<0.001 for all parameters). TG of patients, who were on 
the second exercise test, achieved significantly longer time, while the non-training group 
showed no significant changes.  

The study showed that exercise training has favourable effects on QT dispersion in 
patients after CABG. Exercise training led to significant reduction in blood pressure, heart rate, 
double product, cholesterol, as well as significantly improved physical exercise capacity, which 
has a beneficial effect on the prognosis in these patients. 
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Introduction 

 
Patients after coronary artery bypass graft 

surgery (CABG) are at risk of new cardiovascular and 
arrhythmic events, cardiac death and sudden cardiac 

death (1). After CABG, patients have a significant 

reduction in fitness, caused by myocardial damage 
and long bedding. As a result of prolonged bedding 

and long physical inactivity, the weakness of skeletal 

muscle, damage to peripheral circulation, and 
dysfunction of autonomic nervous system occur. A 

significant reduction in fitness is clinically manifested 
by a marked reduction in tolerance to physical effort, 

the presence of postural hypotension, tachycardia in 
rest, and mental disorders, most often in the form of 

depression or anxiety. The degree of reduction of 

fitness depends mostly on the length of the stay in 
the bed and the degree of damage to the left 

ventricular function. Decreased tolerance to effort is 
due to reduced left ventricular function and 

decreased skeletal muscle strength, due to 

decreased perfusion of skeletal muscle and increased 
peripheral resistance. Tachycardia in rest and 

disproportionate increase in the heart rate with less 



 

 

effort is due to the dysfunction of the autonomic 
nervous system, reduced parasympathetic tone and 

increased sympathetic tone (2). 
After CABG, good control of the risk factors of 

coronary disease is necessary for the purpose of 

secondary prevention of coronary disease. After 
CABG in patients who did not have physical activity, 

about 15% of restenosis were recorded in a year, 
and 88% of patients experienced adverse 

cardiovascular events: myocardial infarction, stroke, 

revascularization procedures and hospitalization due 
to angina pectoris (3). 

Arterial hypertension is a risk factor for 
myocardial infarction, stroke and myocardial left 

ventricular hypertrophy, and is a serious threat to 
the development of heart failure and cardiac death. 

Arterial hypertension is the cause of 2/3 of stroke 

and 1/2 of ischemic heart disease. Thus, arterial 
hypertension remains the leading cause of mortality 

and represents a major health problem, as well (4). 
Poor nutrition and physical inactivity are in favour of 

atherosclerosis (5). It has been noted that in 

individuals with low physical activity, intima of 
carotid arteries is intensified, while significant 

changes in individuals with higher physical activity, 
do not appear (6). 

 The rate of development of atherosclerosis 
under the influence of risk factors for cardiovascular 

disease depends on whether one or more risk 

factors, values of certain risk factors are present as 
well as the length of its duration. In addition to 

physical training, reduction of LDL cholesterol is 
easily achieved by statins and they should be 

administered immediately and intensively at high 

doses (7-11). 
QT dispersion (QTd) represents the 

heterogeneity in the repolarization of the ventricular 
myocardium and the marker is ischemia and 

electrical instability of the myocardium, reflecting the 
increased tendency towards ventricular arrhythmias. 

Several studies have shown that QTd is a significant 

prognostic marker for arrhythmic events, cardiac 
mortality and sudden cardiac death in coronary 

patients (12-17). 
Considering the fact that QT dispersion is a 

significant prognostic marker in coronary patients  

and that patients after CABG are at risk of new 
cardiovascular events, the aim of this study is to 

determine the impact of exercise training on QT 
dispersion and risk factors for cardiovascular disease 

in patients after CABG. 
 

Material and methods 
 

The research was carried out at the Institute 

for Treatment and Rehabilitation Niška Banja, Niš. 

One hundred forty three patients after CABG, 

in a sinus rhythm, without atrioventricular or branch 

blocks, the average age 57.5 years, 38 women and 
109 men, were involved in the study. Patients were 

randomly divided into the exercise training group 

(107 patients) and non-training group (36 patients). 

Patients were of similar age and baseline stress test 

duration. Patients were included in the study within 3 

months after CABG. 

In addition to the clinical examination and 

laboratory analysis, all the subjects had standard 
ECGs out of which QTd was calculated and corrected 

QT dispersion (QTdc) as well.  The patients were 

subjected to the exercise test, after that the 

participants of the training group were involved in 

the exercise training.  

According to the results of the exercise test, 

the training group patients were subjected to the 

degree of physical activity (gymnastic exercises, 

using the bicycle ergometer and walking). During the 
follow-up period, medication therapy was not 

changed. After the observed follow-up period of 21 

days, the standard ECG and the exercise test were 

performed once again. 

QT interval was determined according to ECG, 

from the starting point of the Q or R peak to the end 

of the T wave-where the down-slope of the T wave 

merged with the isoelectric line. The QT interval was 

determined in each offset from three consecutive 
sinus cycles as a mean value. The values of QT 

intervals were corrected for the frequency of heart 

rate according to Bazett’s formula (18). QT 

dispersion was determined as the difference derived 

from the maximal and minimal value of QT interval 

found in any of the 12 offsets. Out of the corrected 

value of QT interval, where the minimal value was 

subtracted from the maximum value found in any of 

the ECG offsets, the corrected value for QT 
dispersion (QT dc) was obtained.  

All participants in the study were subjected to 

treadmill exercise test according to Bruce’s protocol 

(19). The criteria for discontinuation of the test were 

the following: 1) sub-maximal heart frequency 

(defined as 85% of heart frequency); 2) depression 

of ST segment greater than 2mm; 3) reduction of 

systolic blood pressure for 10 or more mmHg during 

the exercise; 4) increased values of blood pressure 
greater than 240/120 mmHg; 5) occurrence of 

significant symptoms or arrhythmias. ECG criteria for 

a positive exercise test were the following: the 

presence of the horizontal or downstream ST 

depression≥1mm than isoelectric line lasting longer 

than 0.08 seconds in three consecutive cycles; 

ischemic elevation of ST segment≥1mm in offsets 

without Q peak. 
 

Statistical Analyses 

 

Characteristics of study and control group 

were expressed as mean±SD (continuous variables), 

with number and % in brackets (categorical 

variables). We compared clinical and biochemical 

data of patients and the control group using Student 

t-test for normally distributed data (expressed as 
mean±SD). All analyses were performed with SPSS 

statistical analysis software, version 10.0 (SPSS, 

Chicago, IL, United States) at the significance level 

set at p<0.05.    

 

 

Results 

 



 

 

In patients after CABG, the baseline values of 
the monitored parameters did not differ between the 

two groups of subjects, Table 1. 
In the training group of patients, after 

treatment with exercise training, there was a 

significant reduction in QTd and QTDc parameters, 
systolic and diastolic blood pressure, heart rate, 

double product, total and LDL cholesterol, Table 2. 

The training group of patients who were on the 
second exercise test achieved significantly longer 

time, Table 2.  
In the non - training group of patients, after 

the 21 - day follow - up period, there were no 

significant changes in the monitored parameters, 
Table 3. 

 
 
 
Table 1. Baseline values of monitored parameters in examined groups of patients, compared with Student t-test 
 
 

Monitored parameters Training group of patients 
Non - training group  

of patients 
P 

N 107 36 - 

QTd (ms) 48.2 ± 15.9 47.8 ± 14.5 NS 

QTdc (ms) 50.5 ± 18.2 50.2 ± 16.5 NS 

Systolic blood pressure (mmHg) 138.7 ± 13.9 137.6 ± 14.4 NS 

Diastolic blood pressure (mmHg) 88.5 ± 8.4 87.9 ± 9.3 NS 

Heart rate (beats/min) 77.3 ± 7.8 76.9 ± 6.9 NS 

Double product (beat/min x mmHg) 11546.7 ± 912.5 11498.8 ± 1047.3 NS 

Total cholesterol (mmol/L) 5.1 ± 1.6 5.2 ± 2.1 NS 

LDL cholesterol (mmol/L) 3.1 ± 0.9 3.1 ± 1.1 NS 

Glycemia (mmol/L) 5.3 ± 2.1 5.1 ± 1.9 NS 

Time achieved on the exercise test (min) 5.3 ± 1.4 5.5 ± 1.4 NS 

-compared with Student-t test. 
QTd: QT dispersion; QTdc: corrected QT dispersion 

 
 
 
Table 2. Comparison of monitored parameters in the training group of patients before and after treatment with  

exercise training, compared with Student t-test 
 
 

Monitored parameters Before exercise training After exercise training P 

N 107 107 - 

QTd (ms) 48.2 ± 15.9 42.1 ± 14.2 0.005 

QTdc (ms) 50.5 ± 18.2 43.6 ± 15.7 0.005 

Systolic blood pressure (mmHg) 138.7 ± 13.9 129.2 ± 9.3 0.001 

Diastolic blood pressure (mmHg) 88.5 ± 8.4 83.6 ± 5.9 0.001 

Heart rate (beats/min) 77.3 ± 7.8 68.8 ± 6.9 0.001 

Double product (beat/min x mmHg) 11546.7 ± 912.5 10227.6 ± 628.4 0.001 

Total cholesterol (mmol/L) 5.1 ± 1.6 4.7 ± 1.2 0.025 

LDL cholesterol (mmol/L) 3.1 ± 0.9 2.9 ± 0.6 0.05 

Glycemia (mmol/L) 5.3 ± 2.1 4.6 ± 1.2 0.005 

Time achieved on the exercise test (min) 5.3 ± 1.4 8.2 ± 1.9 0.001 

-compared with Student-t test. 
QTd: QT dispersion; QTdc: corrected QT dispersion 

 
 
 
 
 
 
 



 

 

Table 3. Comparison of monitored parameters in the non - training group of patients before and after  
follow up period (three weeks), compared with Student t-test 

 
 

Monitored parameters Before exercise training After exercise training P 

N 36 36 - 

QTd (ms) 47.8 ± 14.5 47.6 ± 13.9 NS 

QTdc (ms) 50.2 ± 16.5 49.8 ± 15.9 NS 

Systolic blood pressure (mmHg) 137.6 ± 14.4 134.2 ± 13.9 NS 

Diastolic blood pressure (mmHg) 87.9 ± 9.3 86.2 ± 8.8 NS 

Heart rate (beats/min) 76.9 ± 6.9 74.2 ± 7.8 NS 

Double product (beat/min x mmHg) 11498.8 ± 1047.3 11258.4 ± 1273.5 NS 

Total cholesterol (mmol/L) 5.2 ± 2.1 5.1 ± 2.3 NS 

LDL cholesterol (mmol/L) 3.1 ± 1.1 3.1 ± 1.2 NS 

Glycemia (mmol/L) 5.1 ± 1.9 5.0 ± 2.1 NS 

Time achieved on the exercise test (min) 5.5 ± 1.4 5.9 ± 1.7 NS 

-compared with Student-t test. 
QTd: QT dispersion; QTdc: corrected QT dispersion 

 
 
 
 

Discussion 

 
In our patients after CABG, a significant 

reduction in blood pressure was found after 
treatment with exercise training. Reducing the high 

blood pressure leads to a significant reduction in the 
risk of stroke, heart and renal failure, aortic 
dissection, adverse cardiac events and total 
mortality rate, as well (5, 7). Reducing high blood 
pressure due to physical training in our patients 
after CABG contributes to a significant reduction in 

the risk of new cardiovascular events. Long-term 
resistant training contributes to the maintenance of 
the normal structure and function of the heart, 
maintains the elasticity of the aorta and maintains 
lower blood pressure, too (20). Physical training in 
cardiovascular patients improves survival and 
reduces hospitalization (7, 21). 

After a physical exercise was performed in our 
patients after CABG, a significant reduction in total 
and LDL cholesterol was found. In coronary patients, 
lipid reduction due to statin therapy leads to a 
significant increase in survival and decreases cardiac 
mortality, as well. In patients at very high risk, LDL 

cholesterol reduction is required below 1.8mmol / L 
(8, 11). Reducing total and LDL cholesterol in our 
patients after CABG indicates the significant 
importance of exercise training. The rate of 
development of atherosclerosis under the influence 
of risk factors for cardiovascular disease depends on 

whether one or more risk factors are present as well 
as the length of its duration. Comparing patients 
receiving a high dose of statins with those receiving 
a regular dose after CABG, the medium- and long-
term efficacy of a high dose showed significant 
reduction in LDL-C, lower occurrence of adverse 
cardiac events, and reduction in graft restenosis (9). 

After treatment with exercise training, in our 
training group of patients, apart from significantly 
reduced heart rate, blood pressure and cholesterol, 

a significant reduction in QTd and QTdc was 
recorded. The most important factor responsible for 

reducing QTd parameters is the improvement of the 
function of the autonomic nervous system, as a 
significant reduction in the heart rate has been 
found. It is probable that an improvement in 
collateral myocardial circulation contributed to the 
reduction of QTd parameters, as many studies have 

shown that ischemia increases QTd (15, 22, 23). 
The function of the autonomic nervous system 

affects the values of QTd parameters, as circadian 
variation is observed in healthy individuals. These 
variations are probably the result of the change in 
the tone of the autonomic nervous system. There 

was a significant increase in QTd in the early 
morning hours. This morning rise in QTd values 
coincides with the time when there is increased 
myocardial vulnerability to ventricular tachycardia 
and fibrillation as well as sudden cardiac death. The 
increased QTd value is a significant marker for the 
development of malignant ventricular arrhythmias 

when sympathetic tone is increased. However, the 
same degree of QTd increase will not indicate the  
same degree of risk for malignant ventricular 
arrhythmias when the tone of the vagus is increased 
(24). Administration of insulin, which leads to 
hypoglycaemia and increased sympathetic tone, 

causes an increase in QTd values (25). It has been 
shown that administration of noradrenaline causes a 
significant increase in QTd values (26). Considering 
that a significant reduction in blood pressure and 
heart rate has occurred in our patients after a 
treatment with exercise training, we can conclude 

that there has been an improvement in the function 
of the autonomic nervous system, reducing 
sympathetic tone and increasing the tone of the 
vagus. 

In our patients after CABG, after the 
treatment with exercise training, a significant 
increase in physical exercise capacity was observed. 



 

 

Training group of patients on the second exercise 
test achieved a significantly longer time and higher 
load level. Also, training group of patients 
experienced a significant reduction in double 
product. Exercise training leads to an extension 
period of time for the appearance of angina pain at 

the time of loading or even eliminates it, since it 
increases VO max by reducing the heart rate and 
systolic blood pressure at a certain load. This 
reduction in the double product leads to the 
reduction of myocardial oxygen uptake, which 
prolongs the time until anginosis appears (3). 

Conclusion 
 
The study showed that exercise training has 

favourable effects on QT dispersion in patients after 
CABG. In patients after CABG, exercise training led 

to a significant reduction in blood pressure, heart 
rate, double product, and cholesterol, and 

significantly improved physical exercise capacity, 
which has a beneficial effect on the prognosis in 

these patients. 
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Cilj rada bio je da se ispita uticaj fizičkog treninga na QT disperziju i faktore rizika za 

kardiovaskularne bolesti kod bolesnika nakon hirurške revaskularizacije miokarda (CABG). 
Studijom je obuhvaćeno 143 bolesnika nakon CABG, u sinusnom ritmu, bez AV blokova 

i blokova grana, prosečne starosti 57,5 godina. Bolesnici su podeljeni u grupu sa fizičkim 
treningom (TG: 107 bolesnika) i ne-trening grupu (NTG: 36 bolesnika). Bolesnici su imali 
sličnu starost i trajanje testa opterećenja.  Svim ispitanicima je pored kliničkog pregleda i 
laboratorijskih analiza urađen standardni EKG iz kojeg je izračunavana QTd i korigovana QT 
disperzija (QTdc). Bolesnicima je takođe urađen test fizičkim opterećenjem na pokretnoj traci 
po Bruceovom protokolu, nakon čega su ispitanici TG uključeni u tretman fizičkim treningom. 
Na osnovu rezultata testa opterećenja, ispitanicima TG je određivan stepen fizičke aktivnosti 
(gimnastičke vežbe, terenske staze, vožnja na ergobiciklu). Tokom  perioda praćenja 
ispitanicima nije menjana medikamentna terapija. Nakon sprovedenog perioda praćenja koji 
je trajao 21 dan, bolesnicima je ponovo rađen standardni EKG i test fizičkim opterećenjem.  

Kod ispitanika TG, nakon sprovedenog tretmana fizičkim treningom, došlo je do 
značajnog smanjenja vrednosti parametara QTd i QTdc (p < 0,005 za oba parametra) i do 
značajnog smanjenja sistolnog i dijastolnog arterijskog pritiska, frekvencije srčanog rada, 
dvojnog proizvoda, ukupnog i LDL holesterola (p < 0,001 za sve parametre). Ispitanici TG na 
drugom testu opterećenja postigli su značajno duže vreme (p < 0,001). Kod ispitanika NTG 
parametri se nisu značajno promenili nakon perioda praćenja. 

Studija je pokazala da je kod bolesnika nakon CABG, fizički trening izazvao značajno 
smanjenje parametara QTd, arterijskog pritiska, frekvencije srčanog rada, dvojnog proizvoda i 
holesterola, a značajno je poboljšan funkcionalni radni kapacitet, što povoljno utiče na 
prognozu bolesti.  
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Ključne reči: fizički trening, hirurška revaskularizacija miokarda, QT disperzija, 
faktori rizika za kardiovaskularne bolesti 


