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Abstract: Introduction: Obstructive sleep apnea (OSA) is the most common sleep-breathing disorder. OSA is 

associated with cardiovascular diseases such as coronary artery disease (CAD) and arrhythmias with an 

increased risk of sudden cardiac death. Some changes in ECG markers are seen as an indicator of 

arrhythmogenicity, especially ventricular arrhythmias. The goal of this study was to investigate if OSA patients 

with CAD have QT dispersion and T peak to T end (TpTe) changes as a surrogate of arrhythmogenicity. 

Methods: We studied 75 patients with CAD who underwent polysomnographic studies. Patients were 

categorized into mild, moderate, and severe OSA according to the Apnea hypopnea index (AHI). Baseline ECG 

and echocardiography for assessing LV function and valvular heart disease were done for all of them. Results: 

Results showed that in patients with moderate and severe sleep apnea QT dispersion was higher in a group 

with more involvement of coronary artery disease, reduced ejection fraction, and a history of old MI. However, 

we didn’t find any significant statistical relationship between OSA and TpTe marker. Conclusion: Our results 

showed a positive relation between ECG arrhythmic indices such as QT dispersion and OSA severity in 

patients with CAD. 

Keywords: obstructive sleep apnea; coronary artery disease; qt dispersion; t peak to t end; 

multivessel coronary disease; cardiomyopathy 

 

1. Introduction 

Obstructive sleep apnea (OSA) is the most common breathing-related sleep disorder worldwide 

[1] characterized by snoring and collapsing of upper airways during sleep which leads to partial 

(hypopnea) or complete (apnea) hindrance of airway flow despite efforts to breathe. Apnea hypopnea 

index (AHI) is an index used to diagnose and classify OSA into mild, moderate, and severe. AHI 

includes the total number of apnea and hypopnea per hour of sleep [2].  

OSA now is an independent risk factor for cardiac disease especially coronary artery disease and 

arrhythmia. OSA has also a role in the pathogenesis of systemic hypertension, especially in 

multidrug-resistant hypertension [3]. Cardiovascular morbidity and mortality have been shown to 

be higher in OSA patients. Etiologies such as sympathetic overactivity, vascular endothelial 
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dysfunction, abnormalities in coagulation pathways, and metabolic dysregulation are to be 

mentioned in the pathogenesis of OSA-related cardiac disorders. [4] 

OSA has a close association with cardiac arrhythmias including both supraventricular such as 

atrial fibrillation (AF) and ventricular arrhythmias such as ventricular tachycardia and fibrillation  

(VT, VF)  and also sudden cardiac death (SCD). Transient nocturnal arrhythmias have also been 

higher in these patients. [5]  Measured corrected QT interval (QTc) and QT dispersion are known to 

be risk factors for cardiac arrhythmogenicity. Tpeak to Tend interval (Tpe) and Tp dispersion (Tpe-

D) are markers of arrhythmia susceptibility. Furthermore, the Tpe/QT ratio is reported to predict a 

cardiac arrhythmia risk. [6] 

OSA patients have higher major cardiovascular risk factors such as systemic hypertension, 

diabetes mellitus, smoking, previous myocardial infarction, obesity, and premature coronary artery 

disease.[7] Furthermore, patients with OSA have an increased prevalence of other respiratory 

disorders including chronic obstructive pulmonary disease, asthma, interstitial lung disease, and 

Pulmonary thromboembolism which may further exacerbate the respiratory condition. [8] QT 

dispersion is defined as the difference between the maximum and minimum QT intervals that can be 

measured on the 12-lead ECG. T peak to T end is defined as the measurement of T-peak as the 

maximum absolute T-wave deflection from the isoelectric line, and the T-end as the intersection of 

the isoelectric line and the tangent to the downslope of the T-wave. [9] The goal of this study was to 

investigate if OSA patients with CAD have QT dispersion and T peak to T end (TpTe) changes as a 

surrogate of arrhythmogenicity. 

2. Material and methods 

In this retrospective study, we enrolled 75 patients who were undergone coronary arteriography 

for acute coronary syndrome (ACS) with documented CAD artery disease based on angiography 

from 2018 up to 2019. This study was done under the approval of Shahid Beheshti Medical University 

Research Committee (IRB: IR.SBMU.MSP.REC.1397.32). 

2.1. Inclusion and exclusions criteria: 

We included patients with coronary lesions with more than 50 % stenosis who underwent 

percutaneous coronary intervention (PCI) for clinical indication. The range for age was 40 to 70 years 

old and BMI was 25 to 35. All of the study populations were stable at the time of the study. 

Excluded were patients who presented with acute coronary syndrome or sleep apnea diagnosis 

was not documented by a sleep study. Patients with < 50% coronary stenosis were also excluded. 

Excluded were also patients who didn’t cooperate, who were treated with medications that could 

change QT intervals such as antiarrhythmics and anti-psychotics, and patients with disorders that 

prolong or shorten QT intervals such as atrial fibrillation or bundle blocks. Patients with pacemaker 

or ICD,  liver disease, renal disease, history of cerebrovascular accidents, and other sleep disorders 

were also excluded. Any electrolyte abnormalities were also excluded. 

We categorized patients based on coronary involvement, Left ventricular ejection fraction, and 

history of previous myocardial infarction (MI). All of the patients underwent polysomnography in 

the sleep laboratory about 1 month after their coronary angiogram regardless of any sleep breathing 

disorders or complaints. 

2.2. Sleep apnea diagnosis: 

Sleep apnea was diagnosed based on the clinical history and Epworth sleep questionnaire and 

polysomnography criterion. After eight hours of polysomnography,  we used the Apnea-Hypopnea 

Index (AHI) to sub-classifying patients into different categories:  5 to 15 episodes per hour of apnea 

or hypopnea were categorized as mild, 15 to 30 episodes per hour of apnea or hypopnea as moderate 

and more than 30 episodes per hour of apnea or hypopnea as severe 

Apnea defines as the absence of nasal airflow for > 10 seconds while hypopnea defines as a 

reduction of O2 saturation level of 3% or more for > 10 seconds with polysomnographic arousal. All 
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patients with a history of hypertension were treated and were in a normal range during our study. 

All diabetic patients were euglycemic. Patients who used oral agents only for glycemic control were 

included. Echocardiography was done for all patients for assessing LV global function and any 

valvular heart disease. All patients were instructed to abstain from caffeine, alcohol, and tobacco for 

48 hours before their sleep study. 

2.3. QT dispersion and TpTe measurements: 

Participants rested in the supine position in a calm room with constant room light and 

temperature. Standard ECG was obtained from all patients before the sleep study. All ECG 

measurements included QT intervals and QTmax and QTmin are defined as the longest and shortest 

QT interval in the ECG. QT dispersion was defined as the difference between QTmax and QTmin. 

The TpTe interval was defined as the time from the peak of the T wave to the cutting point of the 

tangent to the downward slope of the T wave and the isoelectric line. Both of them were measured 

by the ruler as previous literature describes. [10] U waves were excluded. Leads in which QT and 

TpTe were low amplitude or with excessive noise were excluded. All patients with wide QRS 

complexes were excluded. 

2.4. Statistical analysis: 

Statistical analyses were done using IBM SPSS version 25. P-values less than 5 % were significant. 

This study was supervised by the Ethics Committee at Shahid Beheshti University of medical 

sciences. 

3. Results 

We studied 75 patients with CAD and OSA. Demographic data are as follows and can be seen 

in Table 1. The mean age of the study group was 59.19 for males and 57.19 for females. The average 

BMI for males and females was 31.55 and 31.7 respectively. There is no significant difference in age 

and BMI between males and females. We analyzed QT dispersion and TpTe in patients with mild, 

moderate, and severe OSA in groups with different coronary involvement, Ejection fraction, and 

previous MI. 

Table 1. Baseline characteristics. 

 Male  Female  

Number of patients  51  24  

Age (Average)  59.9  57.19  

BMI (Average)  31.55  31.7  

Single  vessel  disease  

(number)  
24  14  

Two vessel disease (number)  23  9  

Three  vessel  disease  

(number)  
3  2  

Diabetes mellitus   27  16  

Hypertension  40  22  

Hyperlipidemia  24  13  

Smoking  28  6  

CABG (history)  4  2  

Premature CAD  4  6  

Previous MI (history)  27  10  

EF less than 50 %  31  11  

EF less than 40 %  15  5  

COPD   11  4  

Asthma  1  4  
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Interstitial lung disease (ILD)  0  0  

Pulmonary  

thromboembolism (history)  
6  3  

Sleep apnea positive history   32  13  

Mean  O2  saturation  %  

(night)  
88.5 ± 3.5   89 ± 2.5   

Total sleep time (hours)  7.4   7.6  

Systolic  blood  pressure  

(average)  
130.6 ± 10.4  129.9 ± 10.8  

Diastolic  blood  pressure  

(average)  
85.5 ± 35.3  77.4 ± 28.9  

Epworth sleepiness scale  9.2 ± 3.5  10.1 ± 4.1  

AHI index   21.33  19.49  

Sleep apnea(Mild)  15  10  

Sleep apnea(Moderate)  20  5  

Sleep apnea(Severe)  16  9  

3.1. Comparison of QT dispersion and TpTe in OSA patients with CAD severity: 

In patients with mild OSA, there are no significant changes in QT dispersion in patients with 

different coronary territories. (P-value: 0.69) and the mean of QT dispersion also didn’t differ within 

these groups. TpTe also did not show any significant differences between these groups (P-value: 

0.91).  In patients with moderate OSA however, QT dispersion was significantly higher in patients 

with more coronary involvement (P-value: 0.045) but TpTe didn’t differ with the severity of vascular 

involvement (P-value: 0.9).  However, in patients with severe and moderate OSA, 

3.2. Comparing QT dispersion and TpTe in OSA patients with an  ejection fraction of  less than or over 40 

%: 

In patients with mild OSA, the mean of QT dispersion was higher in EF less than 40 % but the 

p-value was not significant (0.47). Also, TpTe was not significant between the groups (P-value: 0.37). 

In patients with moderate OSA, QT dispersion was statistically different between these groups (P-

value: 0.012). The mean of QT dispersion was 67.8 inpatient with low EF vs 50.0 in patients with high 

EF respectively. TpTe didn’t differ (the mean of TpTe was higher in EF less than 40 % (89.4 vs 94.28). 

In patients with severe OSA, QT dispersion was also higher among patients with EF less than 40 % 

(0.048 vs 0.211) but TpTe didn’t differ significantly between these groups (mean of TpTe in patients 

with EF less than 40 % was 113.33 vs 130.0 with EF >40%). Figure 1 
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Figure 1. Mean QTd in moderate obstructive sleep apnea (OSA) based on Multi-vessel coronary 

disease (SVD=Single vessel disease, 2VD= 2 vessel disease, 3VD=3 vessel disease) , ejection 

fraction(EF) and history myocardial infarction (MI). 

Comparison of QT dispersion and TpTe in OSA patients in previous MI history: In patients with 

mild OSA, QT dispersion and TpTe didn’t differ between groups with a history of previous MI. In 

patients with moderate OSA, QT dispersion was statistically higher in groups with previous MI 

history (P-value: 0.005) but TpTe didn’t differ (P-value: 0.18). In patients with severe OSA, QT 

dispersion was higher (P-value: 0.05)v but TpTe values didn’t differ in these groups (0.86). Figures 2 

and 3. 

. 

Figure 2. Mean QTd in severe obstructive sleep apnea (OSA) based on Multi-vessel coronary disease 

(SVD=Single vessel disease, 2VD= 2 vessel disease, 3VD=3 vessel disease) , ejection fraction(EF) and 

history myocardial infarction (MI). 

 
coronary involvement 

(P-value) 

Ejection fraction 

(P-value) 

previous MI history 

(P-value) 

mild sleep apnea 

TpTe 0.91 0.37 0.6 

QT dispersion 0.69 0.47 0.8 

moderate sleep apnea 

TpTe 0.9 0.6 0.18 

QT dispersion 0.045 0.012 0.005 

severe sleep apnea 

TpTe 0.1 0.6 0.86 

QT dispersion 0.01 0.04 0.05 

Figure 3. comparison of QTd and TpTe in severe/moderate and mild obstructive sleep apnea (OSA) 

patients based on coronary involvement , ejection fraction(EF) and history of myocardial infarction 

(MI). 

4. Discussion 

OSA causes transient respiratory airway collapse which leads to transient hypoxemia and 

cardiac electrical instability [11]. These effects may progress to supraventricular and ventricular 

arrhythmia and finally to sudden cardiac death. Ventricular repolarization and arrhythmogenesis 

can be assessed by several electrocardiographic parameters including QT interval, QT dispersion, 

and TpTe. [12] Kilicaslan examined 23 patients with moderate to severe OSA without any cardiac 

abnormality and 23 patients within the control group. Only TpTe was longer in the OSA group but 
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QT and QTc were not.[12] . However, they did not include any patients with cardiac disease. TpTe is 

used as an indicator of trans-mural dispersion in ventricular repolarization. Prolonged TpTe may 

predict ventricular arrhythmias and mortality. [13].  Alonso Fernandez et al. reported more daytime 

and especially nocturnal PVCs and bigeminies in patients with OSA but VT and AF were not found. 

Again they did not study patients with cardiac disease. [14] Yamashita et al. showed QT dispersion 

increased in patients with old MI and also increased in hypertension and OSA which may affect some 

bias in the study. [15] however, they didn’t specify any relation between CAD severity and OSA. 

Dursunoglu et al. studied QT dispersion changes in 96 patients without any previous cardiac and 

respiratory disorders. QTc was higher in patients with more AHI but patients with CAD were 

excluded. [16] Some studies also discussed the effect of obesity in QT interval, QT dispersion, and 

other ECG parameters but Pontiroli et al. didn’t find this relationship. [17] Kilicaslan et al. reported 

increased QT dispersion and TpTe in patients with moderate to severe OSA with CPAP therapy 

significantly reducing these parameters with a reduction in ventricular bigeminies and 

tachyarrhythmia. [12]  Tasci et al. measured Pro-BNP as an indicating marker for congestive heart 

failure in patients with OSA [18]. They showed that Pro-BNP increased in patients with heart failure 

and OSA and effective CPAP therapy would reduce this level. [18] Jarrah et al. assessed 398 patients 

who underwent coronary angiography for one year and classified them into high-risk and low-risk 

for OSA based on a questionnaire. They found important relationship between coronary artery 

stenosis and OSA. [20] However, severity was classified only based on symptoms and not based on 

polysomnography. Konishi et al. studied 21 patients with OSA and 30 patients within the control 

group by OFDI-PCI. They found non-significant more severe stenosis with fibrous cap in the OSA 

group but the p-value did not reach statistical significance and they did not evaluate QTd or TpTe.  

[21] Silveria et al. found no relation between OSA and coronary angiographic findings based on the 

Gensini score in 80 patients. [22]. Mustafa Umut et al. did their study on patients with mild to 

moderate risk for CAD and based on the severity of OSA, they divided them into three categories. 

They found that patients with more severe findings in polysomnography had more calcified plaques 

found on CT angiography.  [23] In this study, only patients with CAD risk factors were included and 

they didn’t include any patients with documented CAD. Based on our experiences, the risk of 

arrhythmias is higher in patients with prolonged QT and QT dispersions. We suggest that the above 

indices be followed closely in patients that may represent a group of patients at higher risk for cardiac 

events. 

5. Conclusion 

In our study, we evaluated 75 patients with documented CAD based on angiographic findings 

who underwent PCI. Moderate to severe OSA patients had higher QTd, especially in more severe 

cAD patients based on angiography, low EF, and history of previous MI. No significant differences 

were seen in these groups for TpTe interval.  Our results suggest that OSA is an independent risk 

factor for QT changes, especially in precordial leads which would result in a higher possibility of 

arrhythmogenicity. 

Shortcoming and future directions 

We did not follow our patient over a longer period in order to evaluate our results in regard to 

sudden death. Furthermore, the effect of treatment was not studied. Larger clinical trials are 

warranted to confirm our results. Enrolling patients with acute coronary syndrome can further 

expand our knowledge about the importance of these indices for the occurrence of cardiac events. 
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