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OBSTRUCTIVE SLEEP APNEA (OSA) IS WIDELY PREV-
ALENT AMONG PATIENTS WITH CARDIOVASCULAR 
DISEASE, HYPERTENSION, DIABETES MELLITUS, 
and stroke.1 It is characterized by repetitive interruption of 
ventilation during sleep caused by collapse of the pharyngeal 
airway resulting in interruption of airflow. The pathophysi-
ological effect of OSA on the cardiovascular system is com-
plex. Recurrent hypoxemia episodes caused by OSA heighten 
sympathetic drive, leading to increased endothelin produc-
tion, which, in turn, leads to vasoconstriction. 

Thoracic aortic dilatation is a potential predictor of subse-
quent aortic complication. Recent studies suggest that OSA 
causes thoracic aorta dilatation because of mechanical stress 
on the aortic wall from repeated episodes of apnea and hy-
popnea. However, these studies have not yielded consistent 
results.2-4 Arterial stiffness has also been shown to be posi-
tively correlated with severity of OSA.4,5 On the other hand, 
it is well accepted that hypertension can cause aortic dilata-
tion; and hypertension is a common finding in patients with 
OSA.3 We aimed to investigate the relative impact of OSA 
and hypertension on the structural and functional changes of 
the thoracic aorta.

METHODS

Study Population
This study was an echocardiography substudy of our pro-

spective OSA study involving 105 patients who were admitted 
to our institution for first acute ST elevation myocardial infarc-
tion from January 2007 to May 2008.6 All patients underwent 
successful primary percutaneous coronary intervention (PCI). 
Exclusion criteria included known OSA, mechanical ventila-
tion, cardiogenic shock, and inability to give informed consent. 
Ninety-four male patients (90%) who completed both echocar-
diography and polysomnography were included in our analysis. 
The study was approved by our institutional review board, and 
informed consents were obtained from all participants. Patient 
baseline demographic characteristics and cardiovascular risk 
factors were obtained during admission. 

Echocardiography
Most of the patients (89%) underwent transthoracic echo-

cardiography prior to discharge. In addition to routine echo-
cardiographic parameters, the thoracic aortic dimension was 
recorded at the level of sinus of Valsalva, sinotubular junction, 
and proximal ascending aorta, defined as 3 cm above the aortic 
valve in the parasternal long axis view. Aortic systolic diameter 
was measured at the time of full opening of the aortic valve, and 
end diastolic diameter was measured at the onset of Q waves of 
the simultaneously recorded electrocardiogram (ECG). 

All patients had blood pressure measured prior to echocar-
diographic assessment. Aortic distensibility and compliance 
were calculated. Aortic distensibility was defined as 2 × change 
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in diameter / [diastolic diameter × pulse pressure]; while aor-
tic compliance was obtained by dividing the change in aortic 
area during systole and diastole (ΔA) by the pulse pressure. The 
measurement and calculation were done off-line by a single 
blinded investigator.

Polysomnography
Polysomnography was performed using a portable diagnos-

tic device (Somte; Compumedics, Australia) between day 2 
and 5 post-myocardial infarction. The parameters measured in-
cluded nasal airflow (nasal cannula); thoracoabdominal move-
ments (inductive respiratory bands); arterial oxygen saturation 
(pulse oximetry); snoring episodes (derived from the integrated 
pressure transducer); limb movement; ECG; and body position 
(continuous actigraphy). 

The data were analyzed by 2 investigators without knowledge 
of the clinical characteristics of the patient. Apnea was defined as 
cessation of airflow > 10 sec; and hypopnea was defined as > 50% 
reduction of airflow lasting > 10 sec. An event was also consid-
ered to be hypopnea when there was a reduction in airflow that 
did not reach the 50% criterion, but was associated with arterial 
oxygen desaturation > 3%. The apnea-hypopnea index (AHI) was 
calculated as the number of apneas and hypopneas per hour of 
recording time in bed. The patients were categorized by AHI score 
into OSA and non OSA. OSA was defined as AHI ≥ 15 events per 
hour; and severe OSA was defined as AHI > 30. Percentage of to-
tal sleep time during which oxygen saturation was less than 90% 
(SatO2 < 90%) and 80% (SatO2 < 80%) were also determined.

Statistical Analysis
All analyses were performed using SPSS 17.0 

(SPSS Inc, Chicago, Illinois). Paired 2-tailed Stu-
dent t-test was used to compare the 2 groups. Cor-
relations between variables were assessed with the 
Spearman correlation coefficient (r). Univariate 
associations between age, body mass index (BMI), 
AHI, hypertension, and thoracic aortic size were 
evaluated. Multiple regression analyses were then 
used to assess the independent determinants of 
thoracic aortic size, with correction for antihyper-
tensive use prior to admission. Data are presented 
as mean ± standard deviation unless otherwise 

specified. P values less than 0.05 were considered 
significant (2-tailed). 

RESULTS
Table 1 summarizes the clinical characteris-

tics of the study cohort. The patients’ mean age 
was 53 ± 10 years; mean BMI was 24.6 ± 3 kg/
m2. Sixty-four (68.1%) patients had OSA. Of 
these, 39 (41.5%) patients had severe OSA. Pa-
tients with OSA had higher blood pressure dur-
ing transthoracic echocardiography than those 
without (P < 0.05). There was no difference in 
age, BMI, prevalence of diabetes, smoking, or 
hyperlipidemia between patients with OSA and 
those without OSA. 

Patients with OSA had significantly greater 
thoracic aortic size than those without OSA (P < 
0.05) (Table 2). A similar finding was noted in the 

hypertensive versus non-hypertensive patients (31.8 ± 3 mm 
versus 29.6 ± 3 mm, P = 0.001). The difference was especially 
marked between the normotensive non OSA patients and the 
hypertensive OSA patients, 28.5 ± 3 mm vs. 32.2 ± 3 mm 
(P = 0.002). We further subdivided the patients into subgroups 
based on severity of OSA (normal – AHI < 5; mild OSA – AHI 
5-14; moderate OSA – AHI 14-29; severe OSA – AHI > 30) and 
found that compared with normals, patients with severe OSA 
had slightly larger thoracic aortic diameter (28.5 ± 3 mm vs 
31.4 ± 3 mm, P = 0.048).

Patients with larger aortic root size were likely to be older, 
have a higher BMI, to be hypertensive, and to suffer from OSA. 
On univariate analysis, older age, BMI, AHI, and hypertension 
correlated positively with thoracic aortic size. Subsequent step-
wise multivariate regression showed that BMI (P = 0.024), old-
er age (P = 0.044), and hypertension (P = 0.025) were the only 
determinants. The percentage of total sleep time when oxygen 
saturation was less than 90% did not correlate with aortic size 
(r = 0.19, P = 0.70). There was also no correlation between any 
of the echocardiographic parameters and thoracic aortic size. 
BMI (P = 0.038) and older age (P = 0.018), but not OSA, re-
mained independent predictors of greater thoracic aortic size 
after being corrected for antihypertensive medication use prior 
to admission (Table 3).

We found that resting systolic blood pressure, but not AHI, 
correlated strongly with aortic compliance (r = −0.26, P = 0.022) 
and aortic distensibility (r = −0.40, P < 0.001). Hypertensive 
patients with underlying OSA had the lowest compliance and 

Table 1—Baseline patient characteristics

Total 
(n = 94)

OSA 
(n = 64)

Without OSA 
(n = 30) P

Age(year) 53 ± 10 54 ± 10 50 ± 9 NS
Male (%) 94 (100%) 64 (100%) 30 (100)% NS
Race 

Chinese (%)
Malay (%)
Indian (%)
Others (%)

52 (55.3%)
21 (22.3%)
16 (17.0%)

5 (5.3%)

36 (56.3%)
15 (23.4%)
10 (15.6%)

3 (4.7%)

16 (53.3%)
6 (20.0%)
6 (2.0%)
2 (6.7%)

NS
NS
NS
NS

Body mass index (kg/m2) 24.6 ± 3 24.9 ± 3 24.0 ± 3 NS
Hypertension 48 (51.1%) 33 (51.6%) 15 (50.0%) NS
Hyperlipidemia 79 (84.0%) 54 (84.4%) 25 (83.3%) NS
Smoker 57 (60.6%) 36 (56.3%) 21 (70.0%) NS
Diabetes mellitus 37 (39.4%) 29 (45.3%) 8 (26.7%) NS
Systolic blood pressure 
(mm Hg) 114 ± 17 117 ± 19 108 ± 12 0.020

Diastolic blood pressure 
(mm Hg) 68 ± 10 71 ± 11 65 ± 8 0.013

Anterior ST elevation 
myocardial infarction (%) 55 (57.9%) 35 (54.7%) 19 (63.3%) NS

Peak creatinine kinase (U/L) 2749 ± 1923 2700 ± 1999 2936 ± 1746 NS
Peak creatinine kinase MB 
(mcg/L) 171 ± 98 163 ± 97 194 ± 95 NS

Antihypertensive medication 
use prior to admission 43 (45.7%) 30 (46.9%) 13 (43.3%) NS
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distensibility values compared to OSA patients without hyper-
tension or hypertensive patients without OSA (Table 4).

DISCUSSION
This study evaluated the relative impact of OSA and hy-

pertension on the structural and functional changes of the tho-
racic aorta. We found that aortic root diameter was increased 
in patients with OSA and hypertension. Multivariate analysis, 
however, showed that only older age, BMI, and hypertension 
were independent predictors of greater thoracic aortic size. 
There was no significant independent relationship between 
OSA/AHI and thoracic aortic size. Additionally, systolic 
blood pressure, but not AHI, correlated significantly with aor-
tic distensibility and compliance. Thus, in patients with OSA, 
increased afterload from systemic hypertension rather than 
mechanical stress on the aortic wall determines the thoracic 
aortic size and abnormalities in aortic functional indices. Age 
and BMI were also independent predictors of thoracic aortic 
dilatation. 

Previous studies have shown that in patients with OSA, re-
petitive apneic episode results in repeated inspiratory effort 
against an occluded airway. Such repetitive inspiratory ef-
fort against an occluded airway can generate severe negative 
intrathoracic pressures, which can in turn affect intrathoracic 
hemodynamics. During each apneic episode, there is a marked 
increase in transmural pressure of the aortic wall, resulting in 
aortic dilatation.1,7 An animal study showed that the intratho-

racic aorta can be distended during diastolic phase in the setting 
of negative intrathoracic pressure, presumably due to dimin-
ished antegrade flow out of the thorax.7 Furthermore, marked 
cyclical fluctuations in sympathetic activity and blood pressure, 
which have been shown to progressively increase during apneic 
episodes in patients with OSA, may also result in thoracic aortic 
dilatation. Even though these pathophysiological changes occur 
during sleep, it is believed that the hemodynamic and neuro-
humoral disturbances persist throughout 24 hours.8 Hence, it 
is possible that the repetitive changes in intrathoracic pressure 
coupled with hemodynamic fluctuations in patients with OSA 
may result in thoracic aortic dilatation.9 In addition, Cistulli et al 
showed that the rate of aortic dilatation was attenuated in OSA 
patients treated with nasal continuous positive airway pressure 
(CPAP).10 In this study, we found that hypertension, but not 
OSA, was directly linked to aortic dilatation. The percentage 
of total sleep time when the oxygen saturation was less than 
90% did not correlate with aortic size. Thus, the mechanical ef-
fect of OSA on the thoracic aorta probably does not translate to 
thoracic aortic dilatation. Although Cistulli and others10-12 have 
shown reduction of blood pressure with CPAP use, there are 
marked differences in severity of OSA in different treatment 
trials and in inclusion/exclusion criteria.13

It is well accepted that hypertension can cause thoracic aortic 
dilatation. Increased afterload, impaired nitric oxide mediated 
vasodilatation, and prolonged vasoconstriction by endotheli-
um-derived vasoconstrictors are some of the mechanisms that 
promote vascular remodelling and hypertrophy in hypertensive 
patients. Hypertension is a common finding in patients with 
OSA. Sixty-seven percent of our hypertensive cohort suffered 
from OSA. In fact, numerous epidemiological and animal stud-
ies have shown that OSA leads to hypertension.13-15 Our find-
ings suggested that in patients with OSA, increased afterload 
from systemic hypertension rather than changes in intrathoracic 

Table 4—Aortic elastic properties in different subgroups

Group

Aortic Elastic Properties
Compliance 

(mm2mm Hg-1)
Distensibility 
(10-6cm2 dyn-1)

+Hypertension −OSA
(n = 25) 1.71 ± 1.98 2.68 ± 1.14

+Hypertension +OSA
(n = 29) 1.54 ± 0.82 2.05 ± 1.41

+OSA −Hypertension
(n = 15) 2.10 ± 1.44 3.17 ± 2.95

P values were not significant between the groups.

Table 2—Echocardiographic parameters of the patients

OSA Without OSA P
Ejection fraction (%) 48 ± 12 48 ± 9 NS 
Left ventricular mass index (g/m2) 99 ± 27 105 ± 20 NS 
Left atrium volume (mL) 38 ± 5 35 ± 5 NS 
Mitral E 69.8 ± 18 70.8 ± 18 NS 
Mitral A 63.6 ± 16 57.2 ± 13 NS 
E/A 1.1 ± 0.4 1.3 ± 0.5 NS 
Deceleration time (msec) 170 ± 40 171 ± 40 NS 
PASP (mm Hg) 32 ± 11 30.8 ± 7 NS 
Septal E′ 7.5 ± 2 8.3 ± 2 NS 
Septal A′ 10.5 ± 2 10.0 ± 4 NS 
Septal E′/A′ 0.72 ± 0.2 0.90 ± 0.3  0.001 
Septal E/E′ 10.5 ± 7 8.7 ± 2 NS 
Lateral E′ 9.5 ± 3 10.3 ± 3 NS 
Lateral A′ 11.2 ± 3 10.5 ± 3 NS 
Lateral E′/A′ 0.88 ± 0.4 1.06 ± 0.5 NS 
Lateral E/E′ 8.2 ± 4 7.2 ± 2 NS 
Aortic root diameter (mm) 31.2 ± 3.4 29.7 ± 3.0 0.047
Aortic root diameter/BMI 1.26 ± 0.2 1.25 ± 0.2 NS
Aortic root diameter/BSA 17.3 ± 2.1 16.9 ± 2.1 NS
Aortic distensibility
 (10-6cm2 dyn-1) 2.34 ± 1.32 2.89 ± 2.70 NS
Aortic compliance
 (mm2mm Hg-1) 1.62 ± 0.79 2.00 ± 1.68 NS

Table 3—Multivariate predictors of aortic root dilatation after correction 
for antihypertensive use prior to admission

Variables
Standardized 
coefficients

95% Confidence 
Interval P

BMI 0.214 0.014-0.480 0.038
Age 0.238 0.015-0.153 0.018
OSA 0.133 -0.381-2.281 NS
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due to repeated episodes of apneas and hypopneas determines 
the thoracic aortic size and abnormalities in aortic functional 
indices. BMI and age are the other independent predictors of 
thoracic aortic dilatation.

ABBREVIATIONS
AHI, apnea-hypopnea index
AMI, acute myocardial infraction
BMI, body mass index
CPAP, continuous positive airway pressure
OSA, obstructive sleep apnea
R, correlation coefficient. 
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hemodynamics caused by repetitive inspiratory effort against 
closed upper airway determines the thoracic aortic size.

Age and BMI were the other independent determinants of 
thoracic aortic size. Previous studies have demonstrated the re-
lationship between thoracic aortic size and BMI. On the other 
hand, the relationship between age and thoracic aortic size is still 
controversial; studies to date have yielded conflicting results.5,9

Aortic elastic properties are important predictors of car-
diovascular morbidity and mortality. We did not find any in-
dependent relationship between OSA/AHI and thoracic aortic 
compliance. Hypertensive patients with OSA have the lowest 
aortic compliance compared with hypertensive patients with-
out OSA or patients with OSA without hypertension. Thus, it 
seems that the principal determinant of aortic compliance in 
these patients is hypertension. Systolic blood pressure is known 
to hasten the fragmentation of fibrin, collagen deposition with 
secondary stiffening of the aortic wall. Although we did not find 
an independent effect of OSA on aortic compliance, the pres-
ence of hypertension and OSA result in lower aortic compliance 
compared with hypertensive patients without OSA, indicating 
that in hypertensive patients, the presence of OSA may have 
additional negative impact on the aortic compliance. Previous 
study has shown that increased sympathetic drive in OSA can 
accelerate the subclinical atherosclerotic process leading to ad-
ditional impairment of aortic elasticity property in the setting 
of hypertension.3 Besides, Narkiewicz et al demonstrated that 
hypertensive patients with OSA has underlying autonomic ner-
vous system deregulation, characterized by reduced baroreflex 
sensitivity throughout the day conferring higher afterload on 
the vessel wall.16

To date, there is no specific treatment to attenuate dilata-
tion of thoracic aorta in these patients besides antihypertensive 
medication and use of CPAP. We propose that early aggressive 
treatment of hypertension in OSA patients could potentially at-
tenuate or reverse aortic dilatation.

Limitation
Our study has several limitations. The study population was 

predominantly male with AMI thus, the result of our study 
cannot be extrapolated to female patients as well as patients 
without AMI. In addition, the diagnosis of hypertension was 
based on the information given by the patients. All the subjects 
have underlying significant coronary artery disease and other 
comorbidities, so it is likely that their other comorbidities can 
affect the aortic distensibility. In addition, compared to studies 
using CT scan, echocardiographic measurement of the ascend-
ing aorta might not be as precise although we could not deny 
that transthoracic echocardiogram is a safe and easily available 
screening tool. Interobserver and intraobserver variabilities in 
the measurement of aortic diameter were not obtained in the 
present study. However, previous studies have demonstrated 
that aortic measurements using echocardiography has excellent 
reproducibility. 

CONCLUSIONS
Hypertension is a common finding in male AMI patients 

with OSA. In these patients, increased afterload from systemic 
hypertension rather than mechanical stress on the aortic wall 


