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Introduction
Obstructive sleep apnea (OSA) is characterized 
by recurrent episodes of apnea, hypopnea, 
hypoxia, arousal, and sleep fragmentation, and 
also it is known to have various cardiovascular 
complications [1-3]. Prospective population-
based epidemiological studies have shown that 
individuals with OSA are two to three times more 
likely to develop hypertension than those without 
OSA [4,5]. A high apnea/hypopnea index (AHI) 
or a long period of sleep with oxygen saturation 
below 90% has a dose-response relationship with 
hypertension after adjusting the primary potential 
confounders (e.g., age, sex, BMI, alcohol intake, 
and smoking) [6]. We previously reported that left 
ventricular hypertrophy (LVH) in patients with 
severe OSA was more prevalent than those with 
mild OSA, suggesting that frequent episodes of 
oxygen desaturation and/or arousal during sleep 
may precipitate the long-term elevation in blood 
pressure (BP) and LVH [7]. Thus, early recognition 
of LVH in OSA is an important clinical issue in 
sleep and cardiovascular medicine.

LVH is a complication of hypertension that predicts 
a higher incidence of cardiovascular disease 

and death due to stroke, heart attack, and other 
atherosclerotic diseases [8]. Electrocardiography 
(ECG) is an inexpensive, noninvasive, and convenient 
method for screening LVH in large populations 
[9]. However, the accuracy and predictability of 
ECG as a diagnostic tool is practically tentative due 
to frequency of false-positive and false-negative 
findings, particularly in patients with OSA. From the 
technical view point, ECG for detecting LVH cannot 
always be reliable due to such extracardiac factors 
as sex, age, weight, and chest-wall configuration 
[9,10]. We hypothesized that obesity might influence 
discrepancies in detecting LVH with ECG and 
ecocardiography (Echo) in patients with OSA.

In this study, we examined the relationship between 
ECG-LVH, Echo-LVH, and 24-hour BP in patients 
with OSA.

Methods
Subjects
A total of 80 consecutive male patients with OSA 
(mean±SD, 58.1±7.6 years; range, 50-68) and 32 age-
matched healthy males (45.5±3.6 years; range, 40-60) 
without OSA were included in the study. Subjects in 
the control group without cardiovascular diseases 
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Abstract
Early recognition of left ventricular hypertrophy (LVH) in patients with obstructive sleep apnea 
(OSA) is an important clinical issue in sleep and cardiovascular medicine. Obesity may influence 
discrepancies in electrocardiographic and echocardiographic LVH detection in patients with OSA. 
Electrocardiography (ECG), echocardiography (Echo), and 24-hour ambulatory blood pressure 
monitoring were performed in 80 consecutive patients with OSA and 32 age-matched controls. 
Patients with OSA were classified into the following groups: group 1: ECG-LVH(+) and Echo-LVH(+); 
group 2  (false-negative ECG-LVH): ECG-LVH(-) and Echo-LVH(+); group 3(false-positive ECG-LVH): 
ECG-LVH(+) and Echo-LVH(-); and group 4: ECG-LVH(-) and Echo-LVH(-).The prevalence of ECG-LVH 
and Echo-LVH was 27.5% (22/80) and 37.5% (30/80), respectively. False-negative ECG-LVH results 
(group 2) were obtained in 50.0% (15/30) of patients. Overall, there was no correlation between QRS 
voltage and LV mass/body surface area. The ECG axis was significantly deviated to the left in groups 
1, 2 and 4 compared to the controls. RaVL and SV3+RaVL were higher in group 2 than the controls. 
Although the ECG axis and body mass index were similar in groups 1 and 2, LV mass/body surface 
area was significantly greater in group 1 than group 2. Mean 24-hour systolic and diastolic blood 
pressures were significantly elevated in groups 1 and 2 than groups 3 and 4. Obesity in patients 
with OSA may play an important role regarding differences in ECG amplitudes. Considering the high 
prevalence of false-negative ECG-LVH, evaluation of LVH using Echo is necessary to screen the risk of 
cardiovascular events in obese and hypertensive patients with OSA.
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or diabetes mellitus did not take any medications for other systemic 
complications. Exclusion criteria for the study were complete bundle 
branch block and Wolff-Parkinson-White syndrome in ECG, left 
ventricular dilation, right ventricular hypertrophy, and abnormal wall 
motion in Echo and histories of ischemic heart disease, cerebrovascular 
accidents, and current electrolyte imbalance. All of the above factors 
are known to interfere with detection of LVH [11]. The study protocol 
was approved by an institutional review committee. All subjects were 
informed of the experimental protocol, and written informed consent 
was obtained. 

Electrocardiographic data
Twelve-lead ECGs were recorded and LVH was defined according to the 
voltage criteria of Sokolow and Lyon (RV5 or RV6 ≥2.6 mV; SV1+RV5 
and/or SV1+RV6 ≥3.5 mV) [12]. The ECG axis, RV1-6, SV1-6, SV1+RV5, 
SV1+RV6, RaVL, and SV3+RaVL were measured. 

Echocardiographic data 
Long-axis, short-axis, and apical two-chamber and four-chamber views 
of the two dimensional Echo were obtained for each subject. End-
diastolic left ventricular internal dimension (LVDd), left ventricular 
posterior wall thickness (LVPWT), and interventricular septal 
thickness (IVST) were measured using the Penn convention [13]. LV 
mass/body surface area (LV mass index) was estimated according to 
Devereux et al. [11,13]. 

24-hour ambulatory blood pressure monitoring
After attaching an appropriately sized cuff to the patient’s non-dominant 
arm, 24-hour ambulatory BP was measured continuously at 30-minute 
intervals using an oscillometric method (TM-2431, A&D Co. Inc., 
Tokyo, Japan). Subjects were allowed to perform routine daily activities 
during BP monitoring, and a diary was provided to record subjective 
symptoms or changes in physical or mental conditions. Artifact data 
were identified by experienced biomedical laboratory scientists and 
omitted from analyses. Hypertension based on 24-hour ambulatory BP 
was defined when the mean daytime systolic BP (SBP) was equal to or 
greater than 130 mmHg or the mean daytime diastolic BP (DBP) was 
equal to or greater than 80 mmHg according to established guidelines 
[14].

Polysomnographic data
Electroencephalograms and electrooculograms were continuously 
recorded during polysomnography. Respiration was monitored using 

an oronasal thermistor and thoracoabdominal strain gauge. Apnea was 
defined as a cessation of airflow through the mouth and nose for 10 
s, and hypopnea was defined as a reduction in airflow associated with 
either an oxygen desaturation of >3% or arousal, also for ≥10 s [15]. The 
apnea-hypopnea index (AHI) was determined as the number of apnea 
and hypopnea episodes per hour. Individuals with an AHI of ≥5/h and 
daytime sleepiness were diagnosed as OSA. The time during which the 
nocturnal oxygen saturation (SpO2) was <90% (oxygen desaturation 
time, or ODT) was measured with a pulse oximeter.

Statistical analysis
Patients with OSA were classified into the following groups: group 1: 
ECG-LVH(+) and Echo-LVH(+); group 2 (false-negative ECG-LVH): 
ECG-LVH(-) and Echo-LVH(+); group 3 (false-positive ECG-LVH): 
ECG-LVH(+) and Echo-LVH(-); and group 4: ECG-LVH(-) and 
Echo-LVH(-). Values are expressed as mean±SD. Data were analyzed 
with Statview (SAS Institute Inc., Cary, NC) using analysis of variance 
(ANOVA) with Scheffe's test for multiple comparisons. Correlations 
between ECG indices (RV1-6, SV1-6, SV1+RV5, SV1+RV6, RaVL, and 
SV3+RaVL) and Echo indices (IVST, LVPWT, (IVST + LVPWT)/2, 
and LV mass index) were assessed by linear regression. P < 0.05 was 
considered statistically significant. 

Results
Subject characteristics are shown in Table 1. The overall prevalence 
of ECG-LVH and Echo-LVH was 27.5% (22/80) and 37.5% (30/80), 
respectively. The proportion of subjects in groups 1, 2, 3, and 4 were 
18.8%, 18.8%, 8.8%, and 53.4%, respectively. The overall ratio of the 
discrepancy between ECG-LVH and Echo-LVH detection was 27.5% 
(22/80). False-negative ECG-LVH results (group 2) were obtained in 
50.0% (15/30).

There were no significant differences among the four groups regarding 
AHI. The oxygen desaturation time was significantly longer in group 
2 than groups 3 and 4. Mean 24-hour SBP and DBP were significantly 
higher in groups 1 and 2 than groups 3 and 4. Body mass index (BMI) 
was significantly greater in group 1 than group 4 (Table 1).

The ECG axis significantly deviated to the left in groups 1, 2, and 4 
compared to the controls. RV1 was significantly lower and SV5 was 
significantly higher in group 2 compared to the controls. SV3, SV4, and 
SV5 were significantly higher in group 2 than group 4. RaVL and SV3+ 
RaVL were higher in group 2 compared to the controls (Table 2). 

There was no correlation between QRS voltage and LV mass index in 
total group, groups 1, 2, 3, and 4 and subjects with Echo-LVH (+).

Group 1
ECG-LVH(+) 
Echo-LVH(+)

Group 2
ECG-LVH(-)
Echo-LVH(+)

Group 3
ECG-LVH(+)
Echo-LVH(-)

Group 4
ECG-LVH(-)
Echo-LVH(-)

n 15 15 7 43
Age (years) 57.4±10.1 58.6±9.52 60.9±6.69 56.1±8.38
Weight (kg) 80.2±15.6 71.4±11.3 70.0±10.6 71.1±10.5*
Height (cm) 168±6.55 164±6.65 166±6.32 166±4.74
BMI (kg/m2) 28.2±4.22 26.7±4.61 25.4±2.65 25.7±3.44*
AHI (/h) 32.5±17.9 36.9±22.1 20.6±7.60 28.6±17.7
ODT (min) 83.1±76.9 129±129 37.9±36.5# 52.8±61.6#

24-hour meanSBP (mmHg) 148±10.4 146±9.80 130±15.0*# 134±8.43*#

24-hour meanDBP (mmHg) 94.4±6.63 91.1±9.48 83.3±5.66*# 84.4±6.57*#

*: p < 0.05 vs group 1, #: p < 0.05 vs group 2. ECG, electrocardiography, LVH, left ventricular hypertrophy; Echo, echocardiography; 
BMI, body mass index; AHI, apnea/hypopnea index; ODT, oxygen desaturation time; SBP, systolic blood pressure; DBP, diastolic blood pressure

Table 1. Characteristics of subjects
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Table 2. Comparison of ECG findings among controls and patients with OSA

Discussion
We found the high prevalence of false-negative ECG-LVH (50.0%). 
The severity of OSA and BP were significantly higher in the ECG-
LVH(-)/Echo-LVH(+) group than the Echo-LVH(-) group. BMI was 
significantly greater in the ECG-LVH(-)/Echo-LVH(+) group than 
ECG-LVH(-)/Echo-LVH(-) group. These findings indicate that LVH 
detection using both 12-lead ECG and Echo is mandatory especially in 
obese and hypertensive patients with OSA.
Obesity is considered a cause left axis shift of ECG, which is associated 
with an upward shift of the diaphragm and a horizontal shift of heart at 
the anatomy. Increased subcutaneous fat in the upper body as a result 
of obesity can attenuate ECG amplitudes in the left lateral leads, such 
as RV5 and increased RaVL, due to elevated impedance in fat tissue and 
increased distance from the cardiac electrical source to recording sites 
[10]. In the present study, there was a significant left axis deviation in 
ECG, and the voltage of RaVL and RaVL+SV3 were significantly greater 
in patients with OSA in the ECG-LVH(-)/Echo-LVH(+) group than the 
controls. 
The relationship between voltage on body surface ECG(V) and cardiac 
electromotive force (H) is represented as V = lead vector x H [16-
18]. The lead vector is based on body fluid electric ratio, position of 
the heart and parapet, anisotropic lung tissue around the heart, and 
distance from the exploring electrode to the center of the heart [19]. 
The ECG axis and BMI were similar in the ECG-LVH(+)/Echo-LVH(+) 
and ECG-LVH(-)/Echo-LVH(+) groups. Therefore, the lead vector 
compared to electromotive force in the ECG-LVH(-)/Echo-LVH(+) 
group may be relatively greater than the ECG-LVH(+)/Echo-LVH(+) 
group, which could result in false-negative ECG-LVH results. 
There was no correlation between QRS voltage and LV mass index in 
all of the patients and patients with Echo-LVH(+). Generally, ECG has 
a relatively poor sensitivity for LVH, and there is a poor correlation 
between the criterion of Sokolow and Lyon and LV mass [20,21]. 
However, we showed a significant correlation between QRS voltage 

and LV mass in subjects with Echo-LVH(+), indicating that the lead 
vector influences body surface ECG [22]. Relationships between the 
lead vector and electromotive force could result in differences between 
groups with respect to correlation. Therefore, increased body weight in 
patients with OSA may play a significant role regarding differences in 
ECG amplitudes in subjects with and without Echo-LVH(+). 
Hypertension as a complication of OSA is attributed to a poor prognosis 
[23]. Continuous positive airway pressure therapy for OSA reduces 
the risk of cardiovascular complications secondary to endothelial 
dysfunction or increased sympathetic activity [24]. Our recent study 
showed that bilevel positive airway pressure therapy was effective for 
treating not only severe OSA but also sleep quality and autonomic 
activity [25]. LVH with diastolic left ventricular dysfunction is a major 
indicator of cardiovascular disease [8,26], and it predicts a higher 
incidence of clinical events attributable to cardiovascular diseases and 
death [8,27]. Therefore, evaluation of LVH using Echo is necessary for 
early diagnosis and treatment of LVH in patients with OSA and/or 
hypertension, particularly in obese patients. 
Conclusions
For cases in which ECG does not detect LVH, 24-hour ambulatory BP 
monitoring and Echo may be useful tools for preventing cardiac events 
in patients with OSA. 
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