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bstructive sleep apnea (OSA) is characterized by
periodic complete or partial upper airway obstruc-
tion during sleep, causing intermittent cessation

of breathing (apnea) or reduction in airflow (hypopnea)
despite ongoing respiratory effort. This disorder has been
described for decades, but its recognition has remained a
problem. OSA appears to be an independent cardiovascular
risk factor; several epidemiologic studies have identified
OSA syndrome as an independent risk for systemic hy-
pertension, coronary artery disease, stroke, and cardiac
arrhythmias.1–4

There are conflicting data in the literature on the associa-
tion between OSA and left ventricular (LV) hypertrophy.
Although some investigators have reported that patients
with OSA develop LV hypertrophy independently of hyper-
tension,5 others have found no difference between patients
with OSA and control subjects in LV mass (LVM).6,7 LV
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diastolic dysfunction is regarded as an early sign of myo-
cardial disease and an important determinant of symptoms
and clinical outcome in patients with cardiovascular dis-
ease.8 It has been shown recently that impaired LV diastolic
filling occurs in OSA patients with no other active pulmo-
nary or cardiac disease.9 Clearly, it is important to know
whether OSA alone constitutes an independent risk factor
for the development of LV dysfunction and hypertrophy,
and thus for increased cardiovascular morbidity and mor-
tality.

Aortic elastic properties are important determinants of
blood pressure (BP) and LV function. The aorta functions
not only as a conduit delivering blood to the tissues but also
as an important modulator of the entire cardiovascular
system, buffering the intermittent pulsatile output from the
heart to provide steady flow to the capillary beds. By virtue
of its elastic properties, the aorta influences LV function,
structure and coronary blood flow.10

Consequently, we hypothesized that OSA affects the
functional and structural properties of large arteries, con-
tributing to impaired LV function and changes in the LV
geometry.
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Background Obstructive sleep apnea (OSA) syndrome has a critical association with cardiovascular mortality
and morbidity. Aortic elastic parameters are important markers for left ventricular (LV) function and are deterio-
rated in cardiovascular disease.
Methods and Results Aortic elastic parameters and LV functions and mass were investigated in 40 patients
with OSA (apnea–hypopnea index (AHI) ≥5) (mean age 51.3±9 years, 32 males) and 24 controls (AHI <5) (mean
age 51.9±5.2 years, 19 males). All subjects underwent polysomnographic examination and recordings were
obtained during sleep. They also underwent a complete echocardiographic examination and systolic and diastolic
aortic measurements were noted from M-mode traces of the aortic root. There were no significant differences in
the demographic data of the patients with OSA and the controls. Subjects with OSA demonstrated higher values
of aortic stiffness (7.1±1.88 vs 6.42±1.56, p=0.0001), but lower distensibility (9.47±1.33 vs 11.8±3.36,
p=0.0001) than the controls. LV ejection fraction was significantly lower in patients with OSA when compared
with the control group (61.3±5.2% vs 65.9±8.4%, p=0.0001). LV diastolic parameters were also compared and
were worse in the subjects with OSA than in the control subjects (mitral E/A: 0.91±0.42 vs 1.35±0.66, p=0.001;
Em/Am: 0.86±0.54 vs 1.23±0.59, p=0.021). Respiratory disturbance index had a positive correlation with aortic
stiffness (r=0.63, p=0.0001 and negative correlation with distensibility (r=–0.41, p=0.001).
Conclusion Aortic elastic parameters are deteriorated in OSA, which has an extremely high association with
cardiovascular disease. Increased aortic stiffness might be responsible for the LV systolic and diastolic deteriora-
tion in OSA syndrome. (Circ J 2006; 70: 737 –743)
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Methods
Study Protocol

We selected 64 patients who were referred between
March 2004 and April 2005 for evaluation of snoring and
possible sleep apnea. All patients came to the sleep labora-
tory for a diagnostic overnight sleep study. Before the sleep
study, each patient completed a questionnaire regarding
medical and sleep history and current medications. This
information was subsequently reviewed by a physician
during a follow-up visit to the sleep clinic. Additional data
collected on the night of the sleep study included demogra-
phics and anthropomorphic measurements. Furthermore,
all subjects underwent a routine cardiological evaluation
(BP measurement, electrocardiogram) in order to rule out
primary heart disease. None of the study patients had a
history of either arterial hypertension or use of antihyper-
tensive medications. Supine systolic and diastolic BP were
measured with the cuff method after at least 10min of un-
disturbed rest. Hypertension was defined as BP >140mmHg
or equal to 140mmHg systolic and/or 90mmHg diastolic
pressure. On the morning after the sleep study, each patient
underwent Doppler echocardiography. Both the sonogra-
pher and the reporting cardiologist were unaware of the
patient’s sleep study findings. The study was approved by
the local Ethic’s Committee, and written informed consent
was given by each participant.

Exclusion Criteria
Exclusion criteria were as follows: (1) unstable cardio-

respiratory status, defined as the occurrence of respiratory
failure, bronchopulmonary infection, or congestive heart
failure in the previous 2 months; (2) coronary artery dis-
ease, defined as typical angina pectoris, prior myocardial
infarction, positive exercise test result, positive myocardial
scintigraphy or positive coronary angiography findings; (3)
valvulopathy, permanent atrial fibrillation, congenital heart
disease; (4) hypertension, diabetes, dyslipidemia, use of
drugs (antihypertensives, antidiabetics, lipid lowering treat-
ment); and (5) chronic severe alcoholism and smoking.

Sleep Studies
Overnight polysomnography was performed for all

patients. The equipment consisted of a Compumedics
(Abbotsford, Victoria, Australia) P series system, which
recorded the following channels: central electroencephalo-
gram, electrooculogram, chin electromyogram, pulse oxi-
meter, chest and abdominal excursion, airflow (by oronasal
thermistry), single bipolar electrocardiogram, and body
position. The respiratory disturbance index (RDI) was
defined as the number of apneas plus hypopneas per hour
of sleep time. Apnea was defined as a reduction in airflow
to <25% of baseline for >10s, and hypopnea was defined as
a decrease in airflow to <70% of baseline or thoracoabdom-
inal excursion for >10s, associated with a 3% fall in oxy-
hemoglobin saturation. Sleep staging was performed
according to Rechtschaffen and Kales criteria.11 OSA was
defined in patients with an apnea –hypopnea index (AHI)
≥5, and controls as an AHI <5.

Echocardiographic Measurements
M-mode, 2-dimensional and Doppler echocardiography

were performed while the subjects were in the left lateral
decubitus position, using a Vivid 7 Doppler echocardio-
graphic unit (GE Vingmed Ultrasound, Horten, Norway)

with 2.5 MHz probe. Echocardiographic tracings were
recorded on super VHS videotapes at a sweep speed of
50mm/s. LV dimensions in diastole and systole, and the
thickness of the interventricular septum and posterior wall
were measured by the M-mode technique. LVM was cal-
culated using Devereux’s formula:12 LVM =0.8×[1.04×
(septal thickness +posterior wall thickness +LV end-dias-
tolic diameter)3 –LV end-diastolic diameter3]+0.6g. LVM
was divided by body surface area to obtain the LVM index
(LVMI). The LV diameters, volumes and systolic functions
were measured according to the recommendations of the
American Society of Echocardiography.13 LV ejection frac-
tion (LVEF) was calculated as (diastolic volume–systolic
volume)/(diastolic volume) by Simpson’s method. Early
(E) and atrial (A) transmitral maximal flow velocities, the
E/A ratio and deceleration time of the E wave were regis-
tered. The following measurements of diastolic function
were determined by pulse Doppler tissue imaging (DTI).
Pulsed DTI of the LV basal inferior wall was performed in
the apical 2-chamber view. Early (Em) and atrial (Am)
diastolic waves (cm/s), peak velocity of the myocardial
systolic wave (Sm) (cm/s), Em/Am ratio, Em-wave decel-
eration time (DTm in ms) were measured. The pulmonary
venous flow parameters were defined as follows: S-wave,
peak systolic flow velocity in the pulmonary vein; D-wave,
peak diastolic flow velocity in the pulmonary vein; and
duration of pulmonary-atrial reversal signal. Diastolic func-
tion of the LV was divided into 4 patterns: normal, abnor-
mal relaxation, pseudonormal, and restrictive filling.

The aortic diameter was recorded by M-mode echocar-
diography at a level 3cm above the aortic valve.14 Internal
aortic diameters were measured in systole and diastole by
means of a caliper as the distance between the trailing edge
of the anterior aortic wall and the leading edge of the pos-
terior aortic wall. Aortic systolic (AoS) diameter was
measured at the time of full opening of the aortic valve, and
diastolic (AoD) diameter was measured at the peak of
QRS. Ten consecutive beats were measured routinely and
averaged. The AoS and AoD indexes (AoS-I and AoD-I)
for each subject were calculated by dividing the AoS and
AoD by the body surface area. The percentage change of the
aortic root was calculated as %Ao=100× (AoS–AoD)/AoD
to obtain the aortic strain. All recordings were analyzed by
the same investigator without knowledge of the patient’s
category. For intraobserver variability, video recordings of
echocardiographic examinations were analyzed again with-
in 1 week by the same echocardiographer using Vingmed
analysis software. Intraobserver variability was minimal
(coefficient of variation for echocardiographic parameters
ranged from 6% to 8%).

BP
All patients had BP measured with a mercury sphygmo-

manometer while supine. Korotkoff phases I and V were
used to determine the systolic and diastolic pressures,
respectively, and the average of 3 readings was regarded as
the clinical BP. Pulse pressure (PP) was obtained as sys-
tolic minus diastolic BP, and the following indexes of the
elastic properties of the aorta were calculated: (1) aortic root
distensibility=2× (AoS–AoD)/PP×AoD, in cm2/dynes, and
(2) aortic stiffness index=ln (systolic blood pressure (SBP)/
diastolic blood pressure (DBP))/(AoS –AoD)/AoD (pure
number), where DBP is the diastolic BP, SBP is systolic BP,
and PP is PP.15–17 LV meridional systolic wall stress was
estimated by modifying previously published methods,
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assuming that LV geometry is spherical and wall thickness
is uniform.18

End-systolic wall stress (kdyne/cm2) = 0.334 × SBP ×
LVDS/[PWS× (1+PWS/LVDS)]

where LVDS = systolic LV diameter and PWS = systolic
posterior wall thickness.

Statistical Analysis
All analyses were performed with the SPSS 11.5 package

program (Chicago, IL, USA). Results are given as mean±
standard deviation. Student’s t-test or 1-way ANOVA, as
appropriate, was used to compare continuous variables, and
the chi-square test was used to compare proportions among
groups. Linear regression analysis with Pearson’s coeffi-
cients was used to assess the strength of association be-
tween variables. Multivariate regression analysis was used
to identify determinants of aortic stiffness and distensibility
and to evaluate the interaction between indices of OSA
[RDI and saturation of oxygen (SaO2) (during sleep)] and
known determinants of stiffness. The strength of these rela-
tionships was expressed as theβcoefficient and p value. A
p-value of <0.05 was considered statistically significant.

Results
Basic Characteristics of Subjects

The characteristics of the subjects are summarized in
Table 1. There was no statistically important difference
among the patients with OSA and controls (p>0.05),
according to age, gender, height, weight, body mass index
(BMI), SBP or DBP.

Echocardiographic Parameters
Table 1 also shows the echocardiographic data of the

groups. We compared the LVMI of the patients with OSA
and without OSA. Analysis of the 64 patients revealed that
LVMI was significantly greater in patients with OSA than
in controls. The potential determinants of LVMI included
age, BMI, RDI, SBP and SaO2 <90% (% of the total sleep
time (%TST)). LVMI was positively correlated with RDI
(β=0.281, p=0.04) and SaO2 <90% (%TST) (β=0.263,
p=0.032). No significant correlation was found between
LVMI and age, BMI or SBP.

None of the patients had LV systolic dysfunction. LVEF
was significantly higher in controls than in patients with
OSA (p=0.0001). LV diastolic dysfunction was present in
21 of the 40 OSA patients and in 5 of the 24 control
subjects (p=0.0001). Impaired relaxation was by far the
most common abnormal pattern in both groups (16 and 4
patients, respectively). Pseudonormal pattern was observed

Table 1 Comparison of Patients With OSA and Controls

OSA patients (AHI ≥5) Controls (AHI <5)
p value

(n=40) (n=24)

Demographic characteristics
    Age (years) 51.3±9     51.9±5.2  NS
    Gender (M/F) 32/8  19/5  NS
    Weight (kg) 84.6±12  83.2±7.4  NS
    Height (cm) 1.67±5.2  1.68±9     NS
    BMI (kg/m2) 29.8±5.3  29.4±3.9  NS
    SBP (mmHg) 128.5±7.5    125.4±11.2  NS
    DBP (mmHg) 77.4±8.4  80.3±7.7  NS
    Pulse pressure 51.1±8.2  45.1±11   0.015  
Polysomnographic findings
    AHI 25.3±11.4    3±1.5 0.0001
    RDI 46.5±22.4 5.8±2.8 0.0001
    Lowest SaO2 (%) 67.2±12.4 90.3±8.7  0.0001
    Mean SaO2 (%) 87.2±2.6  94.6±3.4  0.022  
    SaO2 <%90 (%TST) 26.3±23.3 1.2±2.1 0.0001
Echocardiographic parameters
    IVS diastolic thickness (cm) 1.13±0.12 1.01±0.11 0.0001
    PW diastolic thickness (cm) 1.03±0.07 0.91±0.13 0.0001
    LV diastolic diameter (cm) 5.31±0.57 5.14±0.42 NS
    LV systolic diameter (cm) 3.48±0.38 3.26±0.46 0.011  
    LV mass index (g/m2) 117.2±18.4  94.3±18.7 0.0001
    LV ejection fraction (%) 61.3±5.2  65.9±8.4  0.0001
Doppler parameters
    Diastolic dysfunction (+/–) 21/19   5/29 0.0001
    Peak E/A ratio 0.91±0.42 1.35±0.66 0.001  
    Em/Am ratio 0.86±0.54 1.23±0.59 0.021  
Aortic elastic parameters
    Systolic diameter (cm) 3.48±0.53 3.42±0.45 NS
    Diastolic diameter (cm) 2.81±0.43 2.78±0.38 NS
    Distensibility (cm2·dyn–1·10–6) 9.47±1.33 11.8±3.36 0.0001
    Strain (%) 23.8±3.65 25.7±6.5  NS
    Stiffness index   7.1±1.88 6.42±1.56 0.0001
    End-systolic wall stress (kdyne/cm2) 64.8±14.8 56.5±11.6 0.025  

OSA, obstructive sleep apnea; AHI, apnea–hypopnea index; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; RDI, respiratory disturbance index; SaO2 <%90 (%TST), the percentage of the total sleep time that oxygen satura-
tion was less than 90%; IVS, interventricular septum; PW, posterior wall; LV, left ventricular; E, early diastolic peak flow velocity; 
A, late diastolic peak flow velocity; Em, early myocardial Doppler peak velocity; Am, late myocardial Doppler peak velocity.
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in 4 of the OSA patients and in 1 of the 24 control subjects,
and restrictive filling pattern was documented in only 1
among all patients with OSA. LV diastolic parameters were
also compared and were observed to be worse in patients
with OSA (Table1). Diastolic cardiac function, when ex-
pressed as the E/A and Em/Am ratios, were deteriorated
with increased severity of nocturnal hypoxemia (measured
with RDI and %TST, Table 3). E/A and Em/Am ratios
were inversely and significantly correlated with the aortic
stiffness index (Table 2).

The AoS, AoD and aortic strain were similar between
the 2 groups (Table1). Aortic distensibility was significant-
ly lower in patients with OSA than in controls (p=0.0001).
The aortic stiffness index and LV end-systolic wall stress
were significantly greater in OSA patients than in controls
(Table 1).

We found that in the correlation analyses the RDI
showed a positive correlation with aortic stiffness and
LVMI, and negative correlation with distensibility and
LVEF (Table 3). Aortic stiffness index correlated with

Table 2 Correlations Between Aortic Elastic Parameters and LV 
Diastolic Parameters

Aortic stiffness index Aortic distensibility

Coefficent p value Coefficent p value

E –0.43  0.007 0.33 0.021
A 0.31 0.008 –0.31  0.03  
E/A ratio –0.4    0.001 0.27 0.023
DT 0.21 NS –0.27  NS
Em –0.34  0.005 0.24 0.028
Am 0.26 0.033 –0.21  NS
Em/Am ratio –0.33  0.002 0.33 0.008
DTm 0.22 0.04  –0.27  0.005
Sm –0.38  0.001 0.37 0.005

DT, deceleration time of E wave; DTm, Em-wave deceleration time; Sm, 
peak velocity of myocardial systolic wave. Other abbreviations see in 
Table 1.

Table 3 Correlations Between Severity of OSA and Aortic Elastic 
Parameters, Blood Pressures, LV Function and Mass

RDI SaO2 <%90 (%TST)

Coefficent p value Coefficent p value

Aortic stiffness index   0.63 0.0001 0.33 0.021
Aortic distensibility –0.41 0.001  –0.31  0.03  
LVEF –0.34 0.006  –0.28  0.009
LVMI   0.45 0.0001 0.37 0.007
SBP   0.26 NS 0.24 0.038
DBP –0.2  NS –0.21  NS
E/A ratio –0.28 0.04    –0.33  0.008
Em/Am ratio –0.21 NS –0.27  0.006

LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index. 
Other abbreviations see in Tables 1,2.

Fig1. Correlation between respiratory disturbance index (RDI), aortic stiffness index, aortic distensibility (cm2·dyn–1·
10–6), left ventricular ejection fraction (LVEF, %) and left ventricular mass index (LVMI, g/m2).
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LVEF and LVMI (Fig1). Potential determinants of aortic
stiffness were evaluated by performing multivariate regres-
sion analysis between transformed values of the aortic stiff-
ness (dependent variable), and transformed values of BMI,
age, RDI, and SaO2 <90% (%TST) (independent variables).
Tests for multicollinearity were also performed which
found no evidence that relationships between the indepen-
dent variables may lead to inaccurate results. Aortic stiff-
ness was positive correlated with RDI (β=0.357, p=0.012)
and duration of SaO2 <90% (β=0.312, p=0.026), but was
not significantly correlated with BMI and age. Multiple
regression analysis was performed for potential determi-
nants of LV structural and functional changes (Table4).

Discussion
The main findings of this study are: (1) patients with

OSA syndrome exhibited a mild decrease in LV systolic
function, deteriorated diastolic function and increased
LVMI; (2) systolic and diastolic LV dysfunction in the
OSA patients could not be attributed to the usual causes of
LV functional disturbances, such as coronary artery dis-
ease, congestive heart failure because of cardiomyopathy or
valvular heart disease (for systolic LV dysfunction), chronic
systemic hypertension, hypertrophic cardiomyopathy or
aortic stenosis; (3) LVEF and LVMI correlated with the
severity of OSA (according to RDI and/or the severity of
nocturnal arterial desaturation) and the aortic stiffness
index; and (4) elastic properties of the aorta were deterio-
rated in patients with OSA.

There has been much study of the association between
OSA and LV hypertrophy and LV function,5,6,9,19–24 and the
current findings are in close agreement with those other
reports. We found that decreased LVEF and impaired LV
filling pattern in the present patients with OSA without any
cardiac or pulmonary disease. Niroumand et al found that
the E/A ratio was marginally lower (indicating more
impaired LV diastolic function) in patients with OSA than
in those without OSA, although the difference did not reach
statistical significance.22 In our study we used mitral and
pulmonary Doppler flow and tissue Doppler parameters for
determining the diastolic function, and those methods
might be more reliable for the detection of diastolic dys-
function. Noda et al found that hypertension was the most
important factor in the development of cardiac hypertrophy
in OSA patients;24 however, their study data suggested that
severity of OSA correlated with LVM. In agreement with
our result, Hedner et al found that LV structural changes
were independent of hypertension in patients with OSA,
and they suggested that cardiac hypertrophy not explained
by hypertension may be related to increased sympathetic
stimulation in OSA or to repeated short-term increases in
afterload caused by apnea.5

Increased aortic stiffness might be an important factor in

assessing the effects of OSA on LV function and mass.
Jelic et al have shown reversible increases in arterial stiff-
ness associated with obstructive apneas and hypopnea in
sleep and they claim that the timing of the major increase in
arterial stiffness, during late apnea but before EEG arousal,
suggests that asphyxia of the obstructive event, or the
mechanical stimulus of increasingly negative intrathoracic
pressure, is likely to contribute to this change.25 It has been
suggested that the chronic intermittent hypoxia associated
with obstructive apneas during sleep may contribute to
arterial endothelial damage and dysfunction, leading to re-
versible perturbations in vascular tone and blood flow.26–28

In the current study, the severity of the decrease in SaO2

associated with the obstructive events was significantly cor-
related with the degree of aortic stiffness, suggesting that
the hypoxia of the obstructive event played a significant
role in the change in aortic elastic properties. However,
increased arterial stiffness in OSA is unlikely to reflect a
response to hypoxia alone. Apnea-related hypoxemia and
arousals from sleep increase sympathetic nervous system
activity, which results in systemic vasoconstriction.29 Forced
inspiration against increased airway resistance during wake-
fulness raises aortic transmural pressure, thereby increasing
aortic stiffness and LV systolic load.30 Increased aortic stiff-
ness over several hours of apnea may cumulatively lead to
LV dysfunction and LV hypertrophy. Hypoxemia related to
apnea can also increase aortic stiffness and impair LV
function.

Previous studies have shown that a less compliant aorta
may affect both LV systolic energies and mechanics. When
the aorta was experimentally stiffened, there was an in-
crease in cardiac energetic cost for a given stroke volume.31

Moreover, in isolated prepared hearts and in dogs, stroke
volume varied inversely with aortic stiffness.10,32 In addi-
tion, a stiffer aorta with higher pulse wave velocity may
have a detrimental effect on the systolic function of an
already depressed LV through changes in the reflected
waves that arise from the periphery.

Stiffer central vessels may influence LV relaxation,33 and
the association between increased aortic stiffness and a
more restrictive mitral filling pattern is consistent with this.
A link between greater aortic stiffness and a restrictive
mitral filling pattern could occur as a result of cardiac
hypertrophy, changing the properties of both the myocytes
and the interstitium, which is known to be a factor that
influences LV diastolic filling.34

A reduction in aortic distensibility may worsen the
burden of a weakened heart through changes in BP. The
consequences of aortic stiffening during the aging process
with preserved LV systolic function are higher SBP and
lower DBP.35 In the present subjects, higher SBP and lower
DBP were associated with a stiffer aorta. A possible expla-
nation could be in the earlier reflections merging with the
incoming wave during systole instead of diastole, thus

Table 4 Potential Determinants of Structural and Functional Left Ventricular Changes

LVMI End-systolic wall stress LVEF

β p value β p value β p value

Aortic stiffness index 0.32 0.011 0.34 0.008 –0.27 0.002
RDI 0.16 0.042 –0.15  0.038 –0.14 0.034
SaO2 <%90 (%TST) 0.12 0.058 0.14 0.048 –0.13 0.056
Age 0.02 0.85  0.11 0.52  –0.18 0.04  

Abbreviations see in Tables 1,3.
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decreasing aortic diastolic pressure, which might impair
coronary perfusion. In experimental models, greater aortic
stiffness was associated with subendocardial ischemia
through a reduction in DBP.36 Recently, increased PP in
cardiac heart failure was associated with DBP reduction
rather than SBP increase.37 Because PP results from both
cardiac and arterial factors,35 we speculate that the absence
of a significant relationship between aortic stiffness and PP
in the present study population might be a consequence of
impaired LVEF.

Increased stiffness can be a potential factor for wall
stress. When afterload is increased, an increased intraven-
tricular pressure has to be generated, first to open the aortic
valve and then during the ejection phase these increases in
afterload and intraventricular pressure lead to an increase
in myocardial wall stress. In animal models, loss of aortic
distensibility directly affects the mechanical performance
of the LV, with increases noted in LV systolic pressure and
wall tension.38

Study Limitation
We ruled out hypertension by clinical BP measurement.

However, OSA patients tend to have increased BP during
the night, even if they are normotensive when assessed in
the outpatient setting during the day. Previewing ambula-
tory BP measurements of our study group would have
eliminated cases with possible nocturnal hypertension.

Conclusions
The present study has demonstrated that a significant

proportion of OSA patients without any other active lung or
cardiac disease develop LV systolic and diastolic dysfunc-
tion, compared with non-apneic snorers of similar BMI.
Our data suggest a possible mechanism whereby aortic
stiffness may affect LV function and mass in patients with
OSA. A stiffer aorta may interfere with both systolic and
diastolic function. Changes in aortic stiffness may be a clin-
ically important parameter in predicting LV function and
mass in OSA and there is a need to investigate that effect of
nasal continuous positive airway pressure treatment on
changes in aortic elasticity.
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