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Obstructive sleep apnea (OSA) is a serious, 
underdiagnosed disease1,2 associated with 
increased cardiovascular morbidity and mor-

tality, including systemic hypertension and pulmonary 
hypertension, coronary heart disease, heart rhythm and 
conduction disorders, and heart failure and stroke.2-6 

Given the strong link between OSA and hypertension, 
both left ventricular hypertrophy and left ventricular 
diastolic dysfunction (LVDD) are common echocar-
diographic abnormalities in OSA.7

Repeated episodes of hypoxemia, hypercapnia, and 
microarousal plus intrathoracic pressure fluctuations 
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BACKGROUND AND OBJECTIVES: Obstructive sleep apnea (OSA) causes increased cardiovascular morbidity 
and mortality, including systemic arterial hypertension, coronary heart disease, heart rhythm and conduction 
disorders, heart failure and stroke. In our study, we aimed to assess left ventricular mass and myocardial perfor-
mance index (MPI) in OSA patients.
DESIGN AND SETTING: A cross-sectional study conducted between May 2007 and August 2009 in a tertiary 
hospital in Istanbul, Turkey.
PATIENTS AND METHODS: Forty subjects without any cardiac or pulmonary disease referred for evaluation of 
OSA had overnight polysomnography and echocardiography. According to the apnea-hypopnea index (AHI), 
subjects were classified into three groups; mild OSA (AHI: 5-14/h; n=7), moderate OSA (AHI: 15-29/h; n=13), 
and severe OSA (AHI: ≥30/h; n=20). The thickness of the interventricular septum (IVS) and left ventricular poste-
rior wall (LVPW) were measured by M-mode along with left ventricular mass (LVM) and LVM index (LVMI). The 
left ventricular MPI was calculated as (isovolumic contraction time + isovolumic relaxation time)/aortic ejection 
time by Doppler echocardiography.
RESULTS: No differences were observed in age or body mass index among the groups, but blood pressures were 
higher in severe OSA compared with moderate and mild OSA. In severe OSA, the thickness of the IVS (11.6 [1.7 
mm]), LVPW (10.7 [1.7 mm]), LVM (260.9 [50.5 g]), and LVMI (121.9 [21.1g/m2]) were higher than in moderate 
OSA (9.4 [1.3 mm]; 9.9 [1.6]; 196.4 [35.2]; 94.7 [13.2 g/m2], respectively) and mild OSA (9.8 [2.4 mm], 8.9 [2.0 
mm], 187.6 [66.2 g], 95.8 [28.6 g/m2], respectively). In severe OSA, MPI (0.8 [0.2]) was significantly higher than 
in mild OSA (0.5 [P<.01]) but not significantly higher than moderate OSA (0.8 [0.1]).
CONCLUSIONS: OSA patients have demonstrable cardiac abnormalities that worsen with the severity of apnea. 
The MPI may have utility in subsequent OSA studies, possibly as a surrogate outcome measure.

trigger mechanisms such as sympathetic hyperactivity,8,9 
oxidative stress,10 systemic inflammation,11 hypercoagu-
lability,12 and even endothelial dysfunction.13 The pre-
vailing hypothesis is that these abnormalities combine 
chronically to yield vascular lesions. The large arteries 
play a crucial role in cardiac structure, so increased arteri-
al stiffness contributes independently to arterial pressure 
and to an increase in left ventricular afterload, thereby 
promoting left ventricular hypertrophy (LVH).14

Left ventricular diastolic dysfunction precedes left 
ventricular systolic impairment and accounts for 30% 
to 40% of overall patients with left ventricular fail-
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ure.15-17 Since systolic and diastolic dysfunctions fre-
quently coexist, combined measures of left ventricular 
performance might be more reflective of overall cardiac 
dysfunction than systolic or diastolic measures alone. 
The Doppler-derived myocardial performance index 
(MPI also denoted the TEI-Doppler index), an index 
of combined systolic and diastolic functions, is defined 
as the sum of isovolumic contraction time and isovolu-
mic relaxation time (IVRT) divided by the ejection 
time. Thus, MPI reflects global LV function as opposed 
to other measurements that reflect mainly either LV 
systolic or diastolic function.18 The MPI is a sensitive 
index of symptomatic heart failure and predicts future 
development of heart failure independent of other 
echocardiographic measurements.18 The MPI is a non-
invasive, quick, and reproducible technique that can be 
used to evaluate left ventricular global function.19

Based on the above findings, we evaluated left ven-
tricular mass (LVM) and left ventricular global func-
tion in OSA patients, including the relationship be-
tween apnea-hypopnea index (AHI) and MPI. This 
aim would allow us to test the hypothesis that OSA 
had important influences on cardiac functions as as-
sessed by MPI. These data would allow us to explore 
the potential utility of the MPI in future OSA studies, 
eg, as a biomarker or to assess response to therapy or 
possibly as a robust marker of disease severity.

PATIENTS AND METHODS
Forty patients were referred to the sleep clinic between 
May 2007 and August 2009 with symptoms of noc-
turnal snoring and/or excessive daytime sleepiness. 
Patients who had known cardiac (including angina or 
arrhythmia) or lung disease, diabetes mellitus, angina 
pectoris, chronic renal and hepatic diseases, and serum 
electrolytes imbalances were excluded from the study. 
The Epworth sleepiness scale20 was used to assess all 
participants; patients with a score above 10/24 (indica-
tive of excessive daytime sleepiness) were recruited into 
the study. Blood pressure was measured according to 
European Society of Hypertension-European Society 
of Cardiology guidelines.21 Hypertension was defined 
as a blood pressure >140/90 mm Hg. The heart rate 
(HR) per minute was measured in the sitting position 
and the body mass index (BMI) of the patients was cal-
culated as weight divided by height squared (kg/m2). A 
12-lead surface electrocardiogram was taken from every 
subject to ensure normal sinus rhythm.

Overnight-attended polysomnography was per-
formed in our sleep laboratory during which we ob-
tained a 3-channel electroencephalogram (EEG), an 
electro-oculogram, and a submental electromyogram 

using surface electrodes. The airflow was measured 
by monitoring nasal pressure through nasal cannulae 
(Ultima Dual Pressure Sensor 0585. Braebon Medical 
Corporation. Carp. Ontario, Canada). The respiratory 
effort was measured by inductance plethysmography 
with transducers placed on the chest and abdomen 
(Respitrace, Ambulatory Monitoring, Ardsley, New 
York, USA). The arterial oxyhemoglobin saturation 
(SaO2) was recorded with a pulse oximeter (Biox 3740, 
Ohmeda. Boulder, Colorado, United States). All vari-
ables were recorded continuously by a computerized da-
ta-acquisition system and stored electronically for later 
analysis (Sandman, Tyco Healthcare, Kanata, Ontario, 
Canada). All-night polysomnographic recordings were 
scored visually according to the Rechtschaffen and 
Kales (R and K) rules by experienced sleep scorers.22 
Briefly, sleep was scored as stage 1 to 4 non-rapid eye 
movement (NREM) or REM. Total sleep time (TST) 
was defined as the duration of sleep from “lights out” 
at the beginning of the study to “lights on” the follow-
ing morning. Sleep latency was defined as the time from 
lights out to the first 30-second period of sleep. Sleep 
efficiency was defined as the TST expressed as a per-
cent of the total study duration. Apnea was defined as 
the absence of airflow for ≥10 seconds associated with 
continued respiratory efforts (obstructive), absence of 
respiratory efforts (central), or features of central apnea 
followed by obstructive apnea (mixed). Hypopnea was 
defined as a 50% reduction in airflow for ≥10 seconds 
or a marked reduction in airflow associated with 4% ox-
ygen desaturation and/or arousal from sleep. The num-
ber of apneas and hypopneas per hour of sleep were ex-
pressed as AHI. Arousal was defined as an abrupt shift 
of EEG frequency including alpha, theta, and/or fre-
quencies greater than 16 Hz (but not spindles), lasting 
at least 3 seconds in duration and preceded by at least 
10 seconds of stable sleep. Desaturations were accepted 
as a ≥4% decrease in oxygen saturation. Desaturation 
index (DI) was defined as the number of oxygen de-
saturation events per hour of sleep.23

All echocardiographic measurements were per-
formed with the subjects in the lateral decubitus po-
sition using a 2.5 MHz probe. All echocardiographic 
examinations were performed by the same cardiologist 
who was blinded to the presence or absence of OSA. 
Ventricular diameters, volumes, and functions were 
measured according to the recommendations of the 
American Society of Echocardiography.24 Basic mea-
surements of left ventricular dimensions in diastole 
and systole, and thicknesses of interventricular septum 
(IVS), left ventricular posterior wall (LVPW), and 
LVM were measured by the M-mode technique; LVM 
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was divided by body surface area to obtain LVM index 
(LVMI). The left ventricular ejection fraction (LVEF) 
was calculated by the Simpson method as (diastolic vol-
ume – systolic volume)/diastolic volume.

The early (E) and atrial (A) transmitral maximal 
flow velocities, the ratio (E/A), and the deceleration 
time of E-wave were registered. The IVRT was mea-
sured by the continuous wave Doppler technique. The 
velocity of mitral flow propagation was estimated using 
color Doppler M-mode. The left ventricular MPI was 
calculated as: (isovolumic contraction time + IVRT)/
aortic ejection time. The global left ventricular dys-
function was defined as an MPI ≥0.50 [0.39 (0.05) 
normal level].25

Data were presented as mean (standard deviation), 
and the Kruskal-Wallis test was used for group com-
parisons. The Mann-Whitney U test was used when 
only two groups were compared. A P value <.05 was 
considered statistically significant.

RESULTS
A total of 31 males (77.5%) and 9 females (22.5%) were 
included in the study. Patients were classified into three 
subtypes according to their AHI scores; mild (AHI 
5-14 events/h), moderate (AHI 15-29 events/h), and 
severe (AHI ≥30 events/h). Twelve percent of patients 
were using alcohol and 42% of patients were cigarette 
smokers. Basic characteristics of the patients with OSA 
are shown in Table 1. No significant differences were 
observed in their sex, BMI, and HR among the OSA 
patients (P>.05). However, mean of age, systolic blood 
pressure , and diastolic blood pressure were higher in 
severe OSA patients than in moderate and mild OSA 
patients. Of the 40 OSA patients, 15 were hyperten-
sive and the majority (50%) were in the severe group. 
As expected, AHI and DI were highest in patients with 
severe OSA (P<.0001), and these patients had both 
the lowest average and nadir oxygen saturation (SaO2) 
(P<.0001). The percentage of sleep duration at <90% 
SaO2 was significantly higher in the severe OSA group, 
while it was the lowest in the mild OSA group.

Basic echocardiographic measurements of the left 
ventricle in patients with OSA are shown in Table 2. 
The left atrial diameter and left ventricular end-diastol-
ic and end-systolic diameters were not statistically dif-
ferent among groups of OSA patients in severe OSA 
patients. The thickness of IVS, LVPW, LVM, and 
LVMI were higher than both the moderate and mild 
OSA patients. Basic measurements in the different 
OSA groups are shown in Table 3. 

The left ventricular systolic and diastolic functions 
in patients with OSA are shown in Table 4. The left 
ventricular systolic function was not significantly differ-
ent in the three groups of OSA patients and was within 
normal limits. While mild OSA patients had normal 
left ventricular diastolic function, moderate and severe 
OSA patients had LVDD. The left ventricular MPI was 
significantly higher in severe OSA patients than in mild 
OSA patients (P=.01), but it was not statistically differ-
ent between mild and moderate OSA patients (P>.05).

A positive correlation was shown between left ven-
tricular MPI and AHI reflecting the severity of OSA 
(P=.001, r = 0.33). The correlation between MPI and 
AHI in OSA patients is shown in Figure 1.

DISCUSSION
OSA has important influences on cardiac functions 
such as left/right ventricular dysfunction, cardiac ar-
rhythmia, and pulmonary hypertension.26 Since these 
dysfunctions are closely related with cardiac and sys-
temic complications, we need a reproducible, widely 
applicable, and a simple noninvasive method for the 

Table 1. Basic characteristics of patients with obstructive sleep apnea (OSA) syndrome.

Patients with OSA AHI 5-14/h AHI 15-29/h AHI ≥30/h P

No. of subjects 7 13 20

Mean age (years) 38.3 (6.1) 42.7 (9.1) 48.9 (7.4) .01

Male, n (%) 4 (57.1) 10 (76.9) 17 (85.0) NS

Female, n (%) 3 (42.9) 3 (23.1) 3 (15.0) NS

Body mass index 
(kg/m²) 27.5 (5.1) 31.4 (4.6) 31.5 (4.9) .275

Systolic blood 
pressure (mm Hg) 122.1 (12.7) 127.6 (17.6) 136.5 (18.2) .005

Diastolic blood 
pressure (mm Hg) 75.3 (10.0) 78.5 (9.9) 81.4 (8.7) .016

Heart rate 
(pulse/min) 92.9 (12.9) 86.4 (9.9) 87.7 (12.0) .579

Hypertension, 
n (%) 1 (14.3) 4 (30.8) 10 (50.0) .005

Apnea-hypopnea 
index (AHI)
 (per hour)

8.5 (2.2) 21.5 (3.8) 50.5 (15.3) .001

Desaturation 
index (per hour) 9.8 (8.4) 22.0 (6.0) 39.7 (18.4) .001

Minimum 
saturation of 
nocturnal arterial 
oxygen (SaO2) (%)

87.3 (8.9) 85.3 (4.2) 75.7 (8.3) .001

Average SaO2 (%) 96.1 (1.8) 94.2 (1.9) 91.6 (4.2) .001

Sleep duration 
(%) a 8.6 (11.9) 2.5 (5.0) 18.5 (22.7) .002

Data are presented as n, n (%), or mean SD. 
aAt SaO2 <90%
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estimation of left ventricular global function in patients 
with OSA. For this purpose, we investigated LVM and 
left ventricular global function in OSA patients by MPI 
including the relationship between AHI and MPI. 
These data would allow us to explore the potential util-
ity of the MPI in future OSA studies.

Although the mechanism of impairment in myo-
cardial contraction and relaxation seen in patients with 
OSA is poorly understood, OSA may increase cardiac 
risk due to an imbalance of myocardial oxygen demand 
and supply as a result of hypoxemia, hypercapnia, and 
increased sympathetic activation occurring during ap-
nea.27 Diseases, such as hypertension, obesity, and dia-
betes mellitus, which often accompany OSA, also con-
tribute to the development of LVH. In our study, diabe-
tes mellitus and coronary artery disease were excluded 
and no significant differences were observed in BMI 
between the patient groups. However, in our study, 15 
of 40 OSA patients were hypertensive, and the major-
ity (50%) were in the severe OSA group. Because of 
the compelling evidence of a causal link between OSA 
and hypertension, we believe that it would be inap-
propriate to exclude hypertensive patients from these 
analyses since the causal pathway underlying LVDD 
from OSA may well involve hypertension. In a study by 
Lavie et al28 in 2677 people attending a sleep clinic, the 
relationship between the severity of OSA significantly 
contributed to hypertension independent of all known 
confounding variables. Each apneic event per hour of 
sleep added about 1% to the risk of having hyperten-
sion. Apnea and hypopnea cause temporary elevations 
in blood pressure in association with blood oxygen de-
saturation, arousal, and sympathetic activation and may 
cause elevated blood pressure during the daytime and 
ultimately sustained hypertension.29 In our patients, the 
percentage of sleep duration <90% SaO2 was the high-
est in the severe OSA group, while it was the lowest 
in the mild OSA group. The severe OSA patients had 
more hypoxic duration in their sleep compared with the 
moderate and mild OSA groups. Because OSA may 
cause hypertension that may then lead to LVH, we 
do not view the imbalance of blood pressure between 
groups as a confounder, but rather an important factor 
on the causal pathway of interest.

In this study, IVS and LVPW diameters and LVM 
and LVMI were slightly higher in severe OSA patients, 
whereas they were within normal limits in mild and 
moderate OSA patients. Moreover, severe OSA pa-
tients had slight LVH. Our study did not define the 
mechanism underlying LVH; however, LVH could be 
caused by hypertension, intermittent blood pressure 
surges, and/or nocturnal hypoxemia. Noda et al30 re-

Table 2. Echocardiographic measurements of the left ventricle in patients with 
obstructive sleep apnea (OSA) syndrome. 

Patients with OSA AHI 5-14/h AHI 15-29/h AHI ≥30/h P

No. of subjects 7 13 20

Thickness and 
diameters

  Left atrium 
  (19-40 mm)a 37.0 (5.1) 36.2 (3.4) 37.5 (4.1) .619

  Interventricular   
  septum thickness in  
  diastole 
  (6-11 mm)a

9.8 (2.4) 9.4 (1.3) 11.6 (1.7) .004

  Posterior left 
  ventricular wall 
  thickness in     
  diastole 
  (37-56 mm)a

8.9 (2.0) 9.9 (1.6) 10.7 (1.7) .033

  Left ventricular 
  end-diastolic   
  diameter 
  (37-56 mm)a

46.2 (4.7) 46.7 (6.3) 49.5 (4.2) .278

  Left ventricular  
  end-systolic   
  diameter  
  (19-40 mm)a

28.7 (4.4) 29.5(4.4) 31.2 (3.4) .383

Left ventricular 
mass

  Left ventricular 
  massb 187.6 (66.2) 196.4 (35.2) 260.9 (50.5) .001

  Left ventricular  
  mass indexb 95.8 (28.6) 94.6 (13.2) 121.9 (21.1) .020

Data are presented as mean (SD) or n. AHI: Apnea-hypopnea index
aNormal values; <198 g in females, <294 g in males; b<110 g/m2 in females, <134 g/m2 in males.

Table 3. Statistical comparison of the basic measurements in the 
different obstructive sleep apnea syndrome groups. 

Group 1 
vs 2a

Group 2 
vs 3a

Group 1 
vs 3a

Systolic blood 
pressure .145 .017 .006

Diastolic blood 
pressure .281 .042 .011

Interventricular 
septum thickness in 
diastole

.498 .001 .090

Posterior left 
ventricular wall 
thickness in diastole

.150 .111 .019

Left ventricular 
mass .452 .001 .017

Left ventricular 
mass index .937 .001 .043

Myocardial 
performance index .001 .495 .001

Data are presented as P values obtained using the Mann-Whitney U test. 
aGroup 1: apnea-hypopnea index (AHI)=5-14, Group 2: AHI=15-29, Group 3: AHI=≥30.
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ported echocardiographic evidence of LVH in 50% of 
patients with an AHI >20 per hour compared with 
21.4% in those with an AHI <20 per hour.

In our study, we found that moderate and severe 
OSA patients had LVDD and also had global dysfunc-
tion diagnosed with increased MPI, although they had 
normal LVEF. In contrast, Laaban et al31 suggested that 
OSA may be a direct cause of daytime LV systolic dys-
function. However, several cross-sectional studies32,33 
concordant with our results have demonstrated that the 
daytime LVEF was normal in patients with OSA and 
did not significantly differ between patients with OSA 
and control subjects. In theory, the discordance between 
our study and Laaban’s study may be because of our 
relatively small sample size or perhaps because of a high 
risk of technical failure of echocardiography in patients 
with severe obesity. We would advocate for future stud-
ies using radionuclide angiography or cardiac magnetic 
resonance in a large group of OSA patients.

The mechanisms underlying diastolic dysfunction in 
OSA patients are not clear; however, elevations in noc-
turnal blood pressure and sympathetic nervous system 
activity34 in OSA subjects create ventricular pressure 
overload.35 It could be speculated that as it occurs in 
other processes, such as chronic hypertension and aortic 
stenosis, increased pressure overload at the cellular level 
would mainly result in decreased levels of sarcoplasmic 
reticulum calcium adenosine triphosphotase pump, 
and increased phospholamban.36 This process could 
slow the removal of calcium from the cytosol, which 
leads to impaired ventricular relaxation. However, the 
pressure overload causes activation of multiple cellular 
signals that create myocardial tissue hypertrophy and 
interstitial fibrosis, increasing passive stiffness.37 Indeed 
an impaired coronary flow reserve would cause silent 
ischemia, worsening ventricular active relaxation when 
left ventricular diastolic pressure begins to rise.

Another plausible mechanism to explain the pres-
ence of diastolic dysfunction is related to futile inspira-
tory efforts.38 These efforts result in exaggerated nega-
tive intrathoracic pressure, which leads to an increase 
in left ventricular transmural pressure and hence after-
load without increasing blood pressure. Another con-
sequence of the increased negative intrathoracic pres-
sure is the leftward shift of the IVS related to enhanced 
venous return and right ventricle dilatation. All of the 
aforementioned effects of the enhanced negative intra-
thoracic pressure have been demonstrated to affect left 
ventricular filling.35 It is difficult to define how each of 
those mechanisms affects diastolic function in a single 
OSA patient because of their complex interactions. 
However, in the initial stages of the disease, we hy-

pothesize that mechanical effects of obstructive events 
mainly create ventricular pressure overload that by itself 
might lead to slowed ventricular relaxation.

Our study has strengths, including its novelty, but 
we acknowledge a number of limitations. We had a 

Figure 1.  Correlation between myocardial performance index (MPI) and apnea-
hypopnea index (AHI) in obstructive sleep apnea syndrome patients (r=0.33; P<.05).

Table 4. Left ventricular functions by echocardiography in patients with obstructive 
sleep apnea syndrome.

  AHI 5-14/h AHI 15-29/h AHI ≥30/h P

N 7 13 20  

Left ventricular 
ejection fraction in 
two dimensions by 
Simpson’s method 
55-75%a

67.4 (7.9) 67.6 (4.9) 66.1 (5.6) .514

Early mitral flow 
velocity (m/sec) 0.8 (0.1) 0.7 (0.2) 0.7 (0.2) .601

Atrial mitral flow 
velocity (m/sec) 0.7 (0.2) 0.6 (0.2) 0.7 (0.2) .481

Ratio of early and 
atrial mitral flow 
velocity >1a

1.2 (0.3) 1.2 (0.4) 1.0 (0.3) .369

Mitral deceleration 
time, <220# (m/sec)a 220.6 (46.5) 224.3 (54.5) 225.8 (64.0) .965

Isovolumic 
relaxation time, 
<100# (m/sec)a

75.1 (10.2) 100.4 (19.7) 105.0 (19.3) .002

Myocardial 
performance index, 
0.39 (0.05)a

0.5 (0.1) 0.8 (0.2) 0.8 (0.2) .001

Data presented as mean (SD).
AHI: Apnea-hypopnea index 
aNormal values.
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relatively small sample size and thus we were likely un-
derpowered for some of our assessments particularly 
in subgroup analyses. We also realize that a number of 
covariates are present such that we are unable to distin-
guish the effects of severe OSA from those of hypox-
emia. Although hypertension is quite prevalent among 
those with severe OSA, we would argue that hyper-
tension may be on the causal pathway from OSA to 
LVH, such that it may be inappropriate to control for 
hypertension or to exclude it. That is, if we were to se-
lect severe OSA patients without hypertension, we may 
be choosing those patients who are somewhat resistant 
to OSA consequences. Ultimately, we acknowledge that 
control of BMI and hypertension in future studies as 
well as controlled interventional studies will be required 
to show the isolated effect of AHI on the measured pa-

rameters and to draw rigorous conclusions. However, 
we believe that our data represent an important addi-
tion to the published studies based on their novelty and 
the hypotheses that we have generated for subsequent 
research. We believe the MPI may have utility in subse-
quent OSA research, potentially as a surrogate outcome 
measure.

In conclusion, we found that the OSA may result in 
left ventricular dysfunction. A strong positive correla-
tion was observed between MPI and severity of OSA. 
The MPI is a reproducible, widely applicable, and a sim-
ple noninvasive method for the estimation of left ven-
tricular global function in patients with OSA. Since the 
ventricular function provides prognostic information in 
patients, the results from this study should be further 
confirmed with several longitudinal studies.
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