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Introduction

Obstructive sleep apnea syndrome (OSAS) is
a common breathing disorder depicted by the cyclic
partial (hypopnea) or complete (apnea) interruption
of ventilation during sleep caused by the closure of
the upper airway(1). The prevalence of OSAS is
presently affecting 2-4% of middle-aged adults and
this rate is increasing with each passing day(2).

The apnea-hypopnea index (AHI) is common-
ly used to classify the severity of OSAS as the total
number of apneas and hypopnea as per sleep hour.

Some large prospective studies have demon-
strated that individuals suffering from OSAS might
lead to higher incidence of cardiovascular disorders
such coronary heart disease myocardial infarction,
heart failure, cerebrovascular disease, hypertension
and thereby, increased morbidity/mortality as com-
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ABSTRACT

Introduction: Obstructive sleep apnea syndrome might have a deleterious effect on ventricular repolarization, reflected by an
altered frontal planar QRS/T angle.

Material and method: We retrospectively analyzed the medical records of a total 120 patients underwent overnight polysomno-
graphy test. Patients were divided into 4 groups according to apnea hypopnea index (AHI) values (< 5/h, 5-15/h, 15-30/h, and >
30/h). The frontal planar QRS/T angle was defined as absolute difference between the frontal QRS wave axis and T-wave axis on
resting 12-lead surface electrocardiography (ECG).

Results: The average frontal planar QRS-T angle of all participants was 42.79 ± 38.75°. The frontal planar QRS-T angle is
increased with the severity of obstructive sleep apnea syndrome (OSAS) and significantly highest in severe OSAS group (AHI >30/h)
(p< 0.001). In post hoc analysis, we found statistically significant differences as regard mean frontal planar QRS-T angle between
normal (AHI 0-5/h) and severe OSAS (AHI > 30/h) (p = 0.002), and between mild OSAS (AHI 5-15/h) and severe OSAS (AHI > 30/h)
(p = 0.002). Age, male sex, left ventricular ejection fraction and obstructive apnea index showed significant association with frontal
planar QRS/T angle in multivariate linear regression analysis (for all, p < 0.005).

Conclusion: The frontal planar QRS/T angle is significantly widened in patients with newly diagnosed OSAS compared with
controls and increased by the severity of the disease determined by AHI. This finding might help the underlying pathophysiological
mechanism of life-threatening ventricular arrhythmic susceptibility in OSAS patients.
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pared to the general population(3-6). Also, patients
with OSAS experience a variety of atrial and/or
ventricular arrhythmias during episodes of disor-
dered breathing(7). Although the pathophysiological
link between OSAS and fatal ventricular arrhyth-
mias has not yet been completely recognized, an
increase in the transmural dispersion of cardiac
repolarization has been proposed as a hypothetical
mechanism(7). Numerous surface electrocardiogra-
phy (ECG) markers provide information about the
electrical heterogeneity of the ventricles during
repolarization.

Recently popular of these ECG markers is
frontal planar QRS/T angle defined as the angle
between the mean QRS and T vectors, and shows
the basic direction of electrical heart activity during
ventricular depolarization and repolarization. Since
frontal planar QRS/T angle is an easily measured,
more robust and reproducible ECG parameter, it
has newly grown rather more interest. A number of
studies have demonstrated the predictive value and
availability of frontal planar QRS/T angle in vari-
ous patient groups (8-12). However, no report has
examined the relationship between the frontal pla-
nar QRS/T angle and OSAS. 

We assumed that episodes of disordered
breathing in OSAS patients might have a deleteri-
ous effect on ventricular repolarization, reflected by
an altered frontal planar QRS/T angle. To test this
hypothesis, the present study was undertaken to
investigate the frontal planar QRS/T angle in
patients with OSAS according to the severity of the
disease as determined by the AHI.

Material and methods

Study population
We retrospectively analyzed the medical

records of a total 150 patient with nocturnal snoring
and/or excessive daytime symptoms underwent
overnight polysomnography (PSG) test at our insti-
tute between January 2007 and March 2010.
Exclusion criteria were the following conditions
that might have had an influence on the ECG para-
meters: drugs affecting cardiac conduction (such as
beta blockers, digitalis, dihydropyridines or vera-
pamil); arrhythmias during the sleep study such as
chronic atrial fibrillation, second or third atrioven-
tricular block, all bundle branch blocks (left, right,
or complete), premature extra systoles (atrial or
ventricular); presence of ventricular pacemaker;
history of previous cardiac surgery; valvular heart

disease; congenital heart disease and congestive
heart failure. Also, patients with inadequate or
incomplete ECG and PSG test data were excluded
from study. A total of 30 patients who met the
above criteria were excluded from the study.
Ultimately, a total of 120 patients were included in
the analysis. 

Polysomnography (PSG)
All study participants underwent PSG at our

sleep laboratory using a computerized PSG device.
Polygraphic sleep recording with breathing and
superficial leg electromyogram recording accompa-
nied by video monitoring were made in all patients
during spontaneous night sleep. Arterial oxygen sat-
uration (SpO2) was monitored continuously with a
pulse oximeter. Respirational actions were recorded
as follows: apnea was defined as a interruption of
airflow for more than 10 sec. Hypopnea was
defined as a decrease of at least 50% of the
oronasal flow amplitude during 10 sec (accompa-
nied by ≤ 3% desaturation from baseline) or at least
30% of the oronasal flow amplitude during 10 sec
(accompanied by ≤ 4% desaturation from base-
line)(13). The AHI was calculated by dividing the
number of apneic and hypopneic events by the
number of hours of sleep. AHI values were catego-
rized as normal (AHI < 5), mild sleep apnea (5 ≤
AHI < 15), moderate sleep apnea (15 ≤ AHI < 30),
and severe sleep apnea (AHI ≥ 30). The oxygen
desaturation event index was calculated as the num-
ber of oxygen desaturation events per hour of sleep.
Nocturnal heart rate was also recorded as mean,
minimal and maximal. All digitally stored parame-
ters were analyzed retrospectively.

Measurement of frontal planar QRS/T angle
A resting 12-lead surface ECG with a paper

speed of 50 mm/s and a signal size of 10 mm/mV
was recorded in the morning period of the PSG test.
Frontal plane QRS-axis and T-wave axis were
included in the reports of the automated ECG
machine. The absolute difference between the
frontal QRS wave axis and T-wave axis was
defined as frontal planar QRS/T angle. If such a dif-
ference exceeded 180 degrees, the difference was
calculated by subtracting from 180 degrees(14). Two
investigators unaware of the study hypothesis,
blinded to the patients’ clinical and PSG data ana-
lyzed the ECGs. 
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Statistical analysis
The data were tested for normal dis-

tributions using the Kolmogorov-Smirnov
test. Categorical variables are expressed
as numbers and percentages, and continu-
ous variables as the mean ± standard devi-
ation (SD). Chi-square test was used to
compare categorical data. The one-way
analysis of variance (ANOVA) was used
to determine whether there are any signifi-
cant differences between the means of
four groups. Spearman’s and Pearson’s
correlation coefficients were used to per-
form univariate correlation between
patients’ data and frontal planar QRS/T
angle. Following univariate correlations, a
linear regression analysis model was used
to explain the parameters, which may
have an independent effect on frontal pla-
nar QRS/T angle in OSAS patients.
Differences were considered significant at
p < 0.05. The Statistical Package for
Social Sciences (SPSS, Chicago, IL,
USA) version 20 was used to perform all
statistical analyses and calculations.

The study was in compliance with
the principles outlined in the Declaration
of Helsinki, and the local ethics commit-
tee of our institute approved the study
protocol.

Results

The ratio of male to female was about 4 to 1 (p
= 0.004) and mean age was 55.33 ± 12.12 years.
The mean body mass index (BMI) of all patients
was 30.60 ± 5.03 kg/m2. In relation to the fact that
OSAS patients have been associated with obesity, a
gradual increase in BMI was observed between
groups regarding severity of OSAS (p = 0.034). No
association was found for other baseline demo-
graphic and clinical data (Table 1).

In comparison of OSAS subgroups regarding
PSG test results, as expected, there were statistical-
ly significant differences for AHI, obstructive apnea
index, mixed apnea index, hypopnea index oxygen
desaturation event index, mean O2 saturation, the
percentage sleep time with SaO2<90%, periodic leg
movements sequences and limb movements
between OSAS subgroups regarding severity of dis-
ease (p < 0.005 for all) (Table 2).

The average frontal planar QRS-T angle of all
participants was 42.79 ± 38.75°. The frontal planar
QRS-T angle was increased with the severity of
OSAS and was significantly highest in severe
OSAS group (AHI >30/h) (p< 0.001). We also per-
formed a post hoc Tukey test to evaluate intergroup
differences in detail. We found statistically signifi-
cant differences as regard mean frontal planar QRS-
T angle between normal (AHI 0-5/h) and severe
OSAS (AHI > 30/h) (p = 0.002), and between mild
OSAS (AHI 5-15/h) and severe OSAS (AHI >
30/h) (p = 0.002) (Figure 1).

In univariate correlation analysis, age, sex, left
ventricular ejection fraction, AHI, obstructive apnea
index, mixed apnea index, hypopnea index, mean
oxygen saturation, oxygen desaturation event index,
the percentage sleep time with SaO2 <90%, period-
ic leg movements sequences and limb movements
were found significantly correlated with frontal pla-
nar QRS/T angle (for all, p < 0.05). Then, we per-
formed a backward multivariate linear regression
analysis to determine the independent variables
likely to affect the frontal planar QRS/T angle
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All population AHI 0-5
(n= 22)

AHI 5-15
(n= 39)

AHI 15-30
(n= 21)

AHI > 30
(n= 38) P value

Male, n (%) 97 (80.8) 14 (63.6) 28 (71.8) 21 (100) 34 (89.5) 0.004

Smoke,
(n (%) 48 (40.7) 5 (25) 16 (41) 9 (42.9) 18 (47.4) 0.426

Diabetes,
n (%) 33 (28) 4 (20) 8 (20.5) 7 (33.3) 14 (36.8) 0.436

Hypertension,
n (%) 66 (55.9) 9 (45) 20 (51.3) 11 (52.4) 26 (68.4) 0.36

Age, years 55.33 ± 12.12 52.81 ± 11.20 53.41 ± 11.93 54.66 ± 12.56 59.13 (12.12) 0.125

Body Mass
Index, (kg/m2) 30.60 ± 5.03 29.44 ± 4.95 31.25 ± 3.76 32.27 ± 3.86 32.27 ± 3.86 0.034

Fasting Glucose,
(mg/dL) 110.92 ± 33.32 105.38 ± 23.11 111.76 ± 41.03 105.95 ± 16.32 115.89 ± 36.57 0.595

eGFR
(mL/min/1.73m2) 80.89 ± 16.92 85.73 ± 16.13 80.78 ± 17.81 82.56 ± 16.13 77.28 ± 16.66 0.293

Low Density
Lipoprotein,

(mg/dL)
129.70 ± 38.99 122.85 ± 30.70 128.13 ± 44.70 140.85 ± 36.33 128.86 ± 38.53 0.49

High Density
Lipoprotein,

(mg/dL)
47.56 ± 11.15 51.85 ± 10.55 45.62 ± 12.20 45.52 ± 9.36 48.27 ± 10.91 0.163

Total
Cholesterol,

(mg/dL)
210.19 ± 42.33 203.33 ± 37.23 208.65 ± 47.75 219.19 ± 35.87 210.56 ± 43.24 0.676

Triglyceride,
(mg/dL) 167.54 ± 90.54 141.42 ± 59.75 174.68 ± 87.64 188.71 ±

148.62 163.02 ± 59.43 0.362

Heart Rate,
(bpm) 72.44 ± 12.91 74.18 ± 14.53 68.84 ± 11.26 76.90 ± 14.00 72.65 ± 12.38 0.113

QTc, (msc) 413.00 ± 33.62 415.72 ± 26.73 406.35 ± 28.68 408.80 ± 32.29 420.52 ± 41.26 0.274

Frontal Planar
QRS/T angle,

(O)
42.79 ± 38.75 27.31 ± 24.02 33.23 ± 28.31 38.90 ± 26.88 63.71 ± 50.90 <0.001

Left Ventricular
Ejection

Fraction, (%)
62.31 ± 6.96 62.17 ± 7.55 63.94 ± 5.37 60.09 ± 8.80 62.02 ± 6.76 0.245

Table 1: Basal demographic, clinical and characteristics and laboratory
findings.



including variables, which were found significant in
univariate correlation analysis. Age, male sex, left
ventricular ejection fraction and obstructive apnea
index continued significant association with frontal
planar QRS/T angle in multivariate linear regres-
sion analysis (for all, p < 0.005) (Table 3).

Discussion

In this retrospective study, we found that
frontal planar QRS/T angle, which reflects the
increased heterogeneity of ventricular repolariza-
tion is significantly widened in patients with newly

diagnosed OSAS compared with controls.
Nonetheless, the frontal planar QRS/T angle
is increased by the severity of the disease
determined by AHI. 
Although it is known that OSAS is likely to
exert adverse effects on hemodynamics (6), a
controversy still remains as to whether
OSAS is an independent etiologic risk factor
for arrhythmias. In several studies, cardiac
arrhythmias during sleep were reported to
occur more commonly in OSAS patients(15).
On the other hand, some studies did not
demonstrate any or barely a feeble associa-
tion(16). Rhythm disturbances, such as sinus
bradycardia, sinus arrest, asystole and atri-
oventricular block are regarded as typical
features of OSAS(17). Nonetheless, a signifi-
cant set of evidence denotes cardiovascular
mortality (especially, sudden cardiac death at
night) might occur due to an increased inci-
dence of lethal ventricular arrhythmias in
OSAS patients(18).
The increased susceptibility to ventricular
arrhythmias in OSAS patients may be
explained by structural remodeling (resultant
formation of an arrhythmogenic substrate),
electrical remodeling (exhibiting as repolar-
ization abnormality), sympathetic overstimu-
lation, hemodynamic, humoral, neuroen-
docrine and mechanical changes (e.g. cardiac
stretch)(19-23). Apnea- and hypopnea-related
repetitive hypoxemia during sleep may result

in insufficient delivery of oxygen to the myocardi-
um leading to nocturnal angina and arrhythmias(18).
Intermittent hypoxia to nocturnal hypopnea or
apnea episodes and arousal reactions is related to
surges in sympathetic activity and decreases in
parasympathetic activity, and thereby, may facilitate
arrhythmogenesis by a re-entrant mechanism and
triggered activity(18, 24-27).

Also, large negative intra-thoracic pressure
(60-80 mmHg) due to repeated enforced inspiration
against the closed upper airway throughout each
obstructive apnea or hypopnea episodes might
enhance transmural pressure of ventricles and lead
to increases in ventricular wall stretch and myocar-
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All population AHI 0-5
(n= 22)

AHI 5-15
(n= 39)

AHI 15-30
(n= 21)

AHI > 30
(n= 38) P value

Apnea hypopnea
index, (/hour) 24.99 ± 23.71 2.05 ± 1.46 9.60 ± 3.06 23.63 ± 3.78 54.80 ± 17.73 < 0.001

Obstructive apnea
index, (/hour) 9.25 ± 13.58 0.47 ± 0.55 1.57 ± 2.09 6.51 ± 4.36 23.77 ± 16.06 < 0.001

Central apnea
index, (/hour) 0.76 ± 2.83 0.16 ± 0.57 0.19 ± 0.39 0.64 ± 1.45 1.77 ± 4.80 0.078

Mixed apnea index,
(/hour) 1.20 ± 5.17 0.21 ± 0.63 0.13 ± 0.42 0.46 ± 1.32 3.36 ± 8.80 0.024

Hypopnea index,
(/hour) 14.63 ± 14.16 2.81 ± 5.46 7.60 ± 2.77 15.98 ± 4.10 27.28 ± 17.55 < 0.001

Oxygen desatura-
tion event index

(/hour)
26.41 ± 23.83 3.97 ± 2.95 10.25 ± 5.62 23.49 ± 9.13 54.12 ± 18.48 < 0.001

Mean O2 satura-
tion, (%)

92.05 ± 2.30 92.91 ± 1.81 93.20 ± 1.54 91.76 ± 1.62 90.73 ± 2.71 < 0.001

The percentage
sleep time with

SaO2 <90%
13.37 ± 18.28 4.70 ± 8.79 4.81 ± .8.78 13.62 ± 13.86 24.54 ± 23.31 < 0.001

Periodic leg move-
ments sequences 17.19 ± 23.96 4.67 ± 7.74 12.42 ± 20.27 15.75 ± 25.16 29.32 ± 27.53 0.001

Limb movements 28.34 ± 26.44 13.08 ± 10.32 21.80 ± 22.45 30.96 ± 30.52 41.37 ± 27.99 < 0.001

Snoring Time
(minute) 18.49 ± 19.78 16.18 ± 14.98 15.95 ± 19.88 18.23 ± 17.95 21.62 ± 22.42 0.669

The percentage of
supine position 33.92 ± 30.12 37.95 ± 31.35 28.85 ± 23.14 29.71 ± 21.39 38.92 ± 38.15 0.444

The percentage of
left-sided sleeping

position
27.70 ± 19.94 24.27 ± 20.44 30.09 ± 23.51 27.89 ± 17.39 27.01 ± 17.62 0.787

The percentage of
right-sided sleeping

position
36.46 ± 21.95 33.21 ± 20.13 36.13 ± 22.02 39.52 ± 21.92 36.79 ± 23.36 0.858

The percentage of
prone position 2.38 ± 7.83 2.37 ± 5.05 2.93 ± 10.21 1.84 ± 7.59 2.20 ± 6.67 0.969

Mean heart rate,
bpm 65.54 ± 8.49 65.94 ± 8.61 60.93 ± 5.88 68.20 ± 8.79 68.45 ± 8.79 < 0.001

Minimum heart
rate, bpm 48.21 ± 9.63 52.50 ± 11.23 47.83 ± 7.79 48.38 ± 8.33 46.32 ± 10.89 0.174

Maximum heart
rate, bpm 90.08 ± 15.92 91.22 ± 14.68 85.91 ± 17.85 95.42 ± 12.87 90.68 ± 15.47 0.169

Table 2: Polysomnographic results.

Figure 1: Frontal planar QRS/T angles of subjects accor-
ding to the apnea hypopnea index. Significant results of
post hoc Tukey test.



dial oxygen consumption(28, 29). These abnormal
physiologic events may result in increased hetero-
geneity in ventricular repolarization, which may
serve as a major determinant of fatal arrhythmias
and predispose OSAS individuals to life-threaten-
ing ventricular arrhythmias(19, 30). 

Ventricular depolarization or repolarization
abnormalities are important in arrhythmia provoca-
tion and have been shown to carry prognostic value
for various patient groups. In literature, most of the
studies demonstrating the disruption of ventricular
repolarization in OSAS patients are related to
increased QT or QTc dispersion, which have been
associated with increased risk of cardiac morbidity
and mortality(31, 32). Dursunoglu et al.(33) showed that
increased QTc dispersion is well correlated with the
severity of OSAS as determined by AHI. Nakamura
et al.(34) reported that nocturnal QTc dispersion was
longer during sleep than before sleep in patients
with OSAS and was decreased with CPAP therapy
independently of cardiac sympathetic function.

The QRS axis reflects the main orientation of
electrical activity of the heart during ventricular

depolarization, whereas the T axis reflects
it during ventricular repolarization(35).
Consequently, the QRS-T angle has been
regarded as a merged measurement of
ventricular depolarization and repolariza-
tion. Normally, as a result of the balanced
regulation of electric activity of the heart,
the direction of the ventricular depolar-
ization and repolarization axes is in a
similar course, which results in a narrow
QRS-T angle(36). When the spread of elec-
trical forces through the myocardial wall
is distorted with structural and functional
myocardial changes, ventricular repolar-
ization heterogeneity occurs and the
QRS-T angle widens(37). 
The concept of the QRS-T angle has been
known for a long time. Recent studies has
been shown that a wider QRS-T angle >
90o results is a powerful predictor of fatal
and non-fatal cardiovascular disease
events, independently of other clinical
and ECG predictors in the general popu-
lation(8, 38, 39) and in various patient groups(9-

12, 14, 40). Despite many studies about this
new parameter on several cardiac disor-
ders, we cannot find any paper in the lit-
erature about the role of QRS/T angle in
patients with OSAS. To the best of our
knowledge, our study is the first study in

this era. We found that frontal planar QRS/T angle
significantly widened in OSAS patients. We pro-
posed that repetitive partial or complete interrup-
tion of ventilation during sleep might affect the
electrical activity of the heart and predispose to
development of malignant ventricular arrhythmias
in subjects with OSAS. However, the pathophysio-
logical mechanisms underlying ventricular repolar-
ization abnormalities were not investigated in our
study.  Patients suffering from OSAS are commonly
obese(41). Most of the previous studies concluded
that obesity might cause ventricular repolarization
abnormalities as determined by QT dispersion(42).
We found a significant correlation between BMI
and AHI (r= 0.313, p < 0.001), between BMI and
obstructive apnea index (r=0.188, p=0.048), and
between BMI and hypopnea index (r=0.317,
p=0.001). However, we did not find a relationship
between BMI and frontal planar QRS/T angle
(r=0.115, p=0.210). In the previous studies, patients
were morbidly obese; while our subjects’ mean
BMI was only 30.60 ± 5.03kg/m2.
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Univariate analysis Multivariate analysis

r P value Unstandardized Coefficients
B (95% CI) P value

Age 0.226 0.013 0.654 [(0.121) – (1.187)] 0.017

Male sex 0.217 0.017 19.122 [(2.340) – (35.903)] 0.026

Left Ventricular Ejection
Fraction -0.192 0.047 -1.092 [(-2.077) – (-0.106)] 0.03

Apnea hypopnea index 0.423 < 0.001 -3.98 [(-1.965) – (1.170)] 0.615

Obstructive apnea index 0.426 < 0.001 0.959 [(0.459) – (1.459)] < 0.001

Mixed apnea index 0.23 0.014 10.393 [(-6.914) – (27.700)] 0.236

Hypopnea index 0.236 0.011 0.315 [(-1.161) – (0.790)] 0.192

Mean oxygen saturation -0.361 < 0.001 -0.721 [(-4.094) – (2.652)] 0.672

Oxygen desaturation event
index 0.437 < 0.001 0.358 [(-0.783) – (1.500)] 0.534

The percentage sleep time
with SaO2 <90% 0.341 < 0.001 -0.251 [(-1.020) – (0.518)] 0.518

Periodic leg movements
sequences 0.243 0.008 0.021 [(-0.762) – (0.804)] 0.958

Limb movements 0.254 0.006 -0.043 [(-0.355) – (0.269)] 0.784

Table 3: The variables significantly correlated with frontal planar
QRS/T angle in univariate and multivariate analyses.



Study limitations
The present study has a number of inherent

limitations. The main limitation of the present study
is its retrospective design, with a relatively small
sample size. In addition, our single center registry
used here may not reflect the findings in the general
community, and the results should be further con-
firmed with several longitudinal studies. Although
the measurement of frontal planar QRS/T angle is a
basic and relatively rough method of measuring
heterogeneity of ventricular repolarization, it has
been shown that the spatial QRS/T angle has supe-
rior role for cardiac risk prediction than frontal pla-
nar QRS/T angle(43). Measurement of the spatial
QRS/T angle is very complicated and necessitates
studious electrophysiological knowledge, and a
dedicated computer program, which is not generally
available in most centers. On the other hand, the
measurement of frontal planar QRS-T angle
exhibits less methodological limitations and most
current ECG machines report automatic QRS and T
axes. Therefore, we measured the frontal planar
QRS-T angle, not the spatial QRS-T angle. Finally,
since it is beyond the scope of this study, we did not
focused on the question as to which pathophysio-
logical mechanisms underpin the association
between OSAS and the widened frontal planar
QRS/T angle in this investigation. 

In conclusion, the present observations sug-
gest that the heterogeneity of ventricular repolariza-
tion as determined by wider frontal planar QRS/T
angle is associated with the severity of the OSAS as
determined by AHI. Our study can give inspiration
for understanding the predisposing of the OSAS
patients to life-threatening ventricular arrhythmic
susceptibility. Further large, prospective studies are
needed to confirm its predictive value and elucidate
the reasons for wider frontal planar QRS/T angle in
patients with OSAS.
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