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 Introduction 

 Cardiovascular (CV) diseases are the leading cause of 
mortality in developed countries  [1, 2] . Arterial hyper-
tension, obesity, hypercholesterolemia and diabetes are 
well-established CV risk factors  [3–5] . CV morbidity and 
mortality are increased in patients with obstructive sleep 
apnea syndrome (OSAS)  [6–11] . However, the mecha-
nisms underlying this association are unclear because 
most of the established CV risk factors (such as obesity, 
hypertension, hypercholesterolemia, diabetes and smok-
ing) often coexist in patients with OSAS  [12] . 

  Recent reports have suggested that OSAS may be as-
sociated with early development of atherosclerosis  [13, 
14]  and endothelial dysfunction  [15–17] . 

  The endothelium plays a pivotal role in the control of 
vascular tone by releasing several vasoactive substances 
such as nitric oxide (NO) or endothelin-1 (ET-1)  [18, 19] . 
Asymmetric dimethylarginine (ADMA) is an endoge-
nous inhibitor of NO production  [20] . There is evidence 
indicating that increased levels of ADMA can produce 
endothelial dysfunction and increase CV risk  [21–24] . 
Several studies have shown that abnormalities in NO me-
tabolism and endothelial dysfunction occur in OSAS  [15, 
25] . Furthermore, elevated ADMA plasma levels have 
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 Abstract 

  Background:  Cardiovascular (CV) diseases are a leading 
cause of mortality and they are frequent in patients with the 
obstructive sleep apnea syndrome (OSAS).  Objectives:  In 
this study we investigated if OSAS influences CV function 
independently of other CV risk factors frequently present in 
these patients (e.g. obesity, high blood pressure).  Methods:  
We compared plasma markers of endothelial dysfunction, 
asymmetric dimethylarginine (ADMA) and endothelin-1 (ET-
1), and atherosclerosis progression (soluble fraction of the 
CD40 ligand, sCD40L) in OSAS patients with (n = 23) and 
without (n = 18) concurrent CV risk factors, as well as in 
healthy subjects (n = 23).  Results:  Plasma ADMA (p  !  0.01) 
and sCD40L (p  !  0.05) were abnormally increased in patients 
with OSAS versus healthy controls, but they were not influ-
enced by the presence or absence of CV risk factors in OSAS. 
ET-1 levels were not different between the three groups of 
subjects studied.  Conclusions:  OSAS is associated with en-
dothelial injury and atherosclerosis progression indepen-
dently of other CV risk factors. 
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also been described in OSAS  [26] . However, the potential 
role of the confounding factors mentioned above was not 
specifically considered. On the other hand, ET-1, a potent 
vasoconstrictor produced by endothelial cells, has also 
been implicated in the pathogenesis of endothelial dys-
function and CV disease  [27, 28] , but studies in patients 
with OSAS have yielded conflicting results  [29, 30] .

  Increased plasma levels of the soluble fraction of the 
CD40 ligand (sCD40L) are considered a surrogate mark-
er for atherosclerosis and increased CV risk  [31] . This is 
because the CD40-CD40L system is a central signaling 
mechanism in the pathogenesis of atherosclerosis and a 
variety of cells associated with atheroma, including en-
dothelial cells, smooth muscle cells, mononuclear phago-
cytes and platelets, express CD40L when activated  [31–
33] . Increased sCD40L plasma levels have been detected 
in OSAS  [34] , but the potential confounding effects of 
classical CV risk factors discussed above were not spe-
cifically considered in this study.

  To distinguish the role of OSAS from that of these oth-
er established risk factors, we compared markers of endo-
thelial dysfunction (ADMA and ET-1) and atherosclero-
sis progression (sCD40L) in patients with OSAS in the 
absence or presence of classical CV risk factors, as well as 
in healthy controls.

  Methods 

 Subjects and Ethics 
 We studied 41 male patients with OSAS, 23 with and 18 with-

out traditional CV risk factors (obesity, hypercholesterolemia, 
diabetes, hypertension and smoking). The diagnosis of OSAS was 
established by full polysomnography (E-Series Compumedics, 
Abbotsford, Australia) and included recording of oronasal flow, 
thoracoabdominal movements, electrocardiography, submental 
and pretibial electromyography, electrooculography, electroen-
cephalography and transcutaneous measurement of arterial oxy-
gen saturation. OSAS was defined when the apnea-hypopnea in-
dex was higher than 10. Apnea was defined by the absence of air-
flow for more than 10 s. Hypopnea was defined as any airflow 
reduction that lasted more than 10 s and resulted in arousal or 
oxygen desaturation. We considered desaturation a decrease in 
arterial oxygen saturation greater than 4%. The apnea-hypopnea 
index was defined as the sum of the number of apneas plus hy-
popneas per hour of sleep. Patients were considered obese when 
their body mass index (BMI) was higher than 30. Arterial hyper-
tension was diagnosed if systolic blood pressure (SBP) was  6 140 
mm Hg and/or diastolic pressure (DBP) was  6 90 mm Hg or the 
individual was under specific treatment. 

  As a control group, we also studied 23 healthy nonsmoking, 
nonobese males of similar age without a personal or familial his-
tory of CV disease or diabetes. In these subjects, the diagnosis of 
OSAS was excluded by a cardiorespiratory sleep study that re-

corded nasal flow, thoracic movements, heart rate, snoring, body 
position and transcutaneus oxyhemoglobin saturation (EdenTec 
Corp., Eden Prairie, Minn., USA).

  No participant suffered from any chronic disease (chronic ob-
structive pulmonary disease, liver cirrhosis, thyroid dysfunction, 
rheumatoid arthritis, chronic renal failure and/or psychiatric dis-
orders), or was taking any type of medication. The study was ap-
proved by the Ethics Committee of our institution, and all par-
ticipants signed their consent after being fully informed of its goal 
and characteristics. 

  Blood Sampling 
 Venous blood samples were taken between 8 and 10 a.m. after 

an overnight fast and transferred into tubes (10 ml) containing (or 
not) EDTA. Samples were immediately centrifuged and stored 
at –80   °   C until analysis after separating serum and plasma ali-
quots. 

  Biochemical Analysis 
 Glucose and cholesterol concentrations were determined by 

standard enzymatic methods on a Hitachi 917 biochemical ana-
lyzer (Roche Diagnostics, Indianapolis, Ind., USA). HDL choles-
terol was measured by a homogeneous, enzymatic colorimetric 
method using a commercial reagent set (Roche Diagnostics). LDL 
cholesterol was calculated using the Friedewald equation. 

  ADMA Assay 
 ADMA concentration was quantified by high-performance 

liquid chromatography with fluorescence detection. ADMA was 
previously extracted from plasma by Oasis MCX solid-phase ex-
traction columns (Waters), evaporated under nitrogen and deri-
vated with  o- phthaldialdehyde reagent. After derivatization, 
ADMA was separated using a gradient method by reversed-phase 
chromatography on a 4.6  !  150-mm SunFire C 18  3.5- � m column 
(Waters). Mobil phase A consists of phosphate buffer, acetonitrile, 
methanol and tetrahydrofuran (96:   2:2:   0.2) and mobile phase B 
consists of phosphate buffer, acetonitrile, methanol and tetrahy-
drofuran (54:   30:   16:   0.4). 

  We used a flow rate of 1 ml/min and a temperature of 34   °   C. 
Fluorescence detection was performed at an excitation and emis-
sion set at 330 and 450 nm, respectively. The inter-assay coeffi-
cient of variation for ADMA was 1.6% and the recuperation was 
103%.

  sCD40L and ET-1 
 sCD40L and ET-1 plasma levels were determined by enzyme-

linked inmunosorbent assay using a commercially available kit 
(R & D Systems Inc., Minneapolis, Minn., USA, and BioMedica 
Diagnostic Systems, Vienna, Austria, respectively). Measure-
ments were always done in duplicate, and mean values were used 
for analysis.

  Statistical Analysis 
 Results are presented as means  8  standard error of the mean 

(SEM). One-way analysis of variance followed by post-hoc con-
trast (least significant difference) if appropriate, and the  �  2  test 
for proportions were used to assess the statistical significance of 
differences between groups. Correlations between variables were 
explored using Spearman’s rank test. Statistical significance was 
defined as p  !  0.05. 
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  Results 

 We studied 23 patients with OSAS and CV risk factors, 
18 with OSAS but without CV risk factors and 23 healthy 
subjects. OSAS patients with CV risk factors included 9 
patients who had more than 1 risk factor and 2 patients 
with arterial hypertension alone, 2 with hypercholester-
olemia, 6 obese and 4 smokers.

   Table 1  shows the main clinical characteristics and 
biochemical parameters of the participants included in 
this study. OSAS patients with CV risk factors (n = 23) 
included 2 patients with arterial hypertension (SBP  6 140 
mm Hg and/or DBP  6 90 mm Hg), 2 patients with hyper-
cholesterolemia (cholesterol  6 220 mg/dl and/or LDL 
 6 140 mg/dl), 6 obese patients (BMI  6 30) and 4 smokers. 
Nine patients presented more than 1 of these risk factors 
or in combination with glucose  1 126 mg/dl as the thresh-
old for diabetes.

  Age was not significantly different between groups, 
although healthy subjects tended to be slightly younger 
than patients with OSAS. Apnea-hypopnea index, mean 
and minimal nocturnal oxygen saturation and daytime 
somnolence were similar in both groups of patients with 
OSAS ( table 1 ). BMI, SBP and DBP values were signifi-
cantly higher in patients with CV risk factors (vs. both 
healthy subjects and patients with OSAS and no other 
risk factor) ( table 1 ). 

   Figure 1  shows the mean  8  SEM values of the plasma 
levels of ADMA and sCD40L in the three groups of sub-
jects studied. Compared to healthy controls (0.87  8  0.07 
 � mol/l), the levels of ADMA were significantly increased 
in patients with OSAS, both with (1.17  8  0.09  � mol/l) 
and without (1.27  8  0.13  � mol/l) CV risk factors. By con-
trast, values were not significantly different between the 
two groups of patients with OSAS. A similar pattern was 

observed for sCD40L ( fig. 1 b) because OSAS patients, 
both with (3,776  8  537 pg/ml) and without CV risk 
 factors (4,137  8  744 pg/ml), showed similar levels of 
sCD40L, but these were significantly higher than those 
detected in healthy controls (2,148  8  392 pg/ml). 

  Finally, ET-1 levels were similar in the three groups of 
subjects studied: 0.96  8  0.39 (OSAS with CV risk factors) 
versus 0.64  8  0.04 (OSAS without CV risk factors) versus 
0.76  8  0.18 fmol/ml (healthy subjects).

  Interestingly, when data from all participants were 
pooled, we found a significant relationship (r = 0.498, 
p  !  0.001) between sCD40L and ADMA plasma concen-
trations ( fig. 2 ).

Table 1. Clinical characteristics of subjects studied

OSAS with 
traditional risk 
factors (n = 23)

OSAS without 
traditional risk 
factors (n = 18)

Healthy 
subjects 
(n = 23)

Age, years 4982 4482 4282
AHI, events/h 3886 4684 381a

Mean SaO2 9281 9281 9581a

Min. SaO2 7981 7385 8881a

Epworth scale 1181 1281 681a

BMI 3181 2781b 2681b

SBP, mm Hg 13684 11982b 11383b

DBP, mm Hg 8482 7382b 7583b

Glucose, mg/dl 10785 10483 9482b

Cholesterol total, mg/dl 21087 20089 18387b

LDL cholesterol, mg/dl 12987 12689 11287b

Smoking, pack-years 2085 0b 0b

AHI = Apnea-hypopnea index; SaO2 = arterial oxygen satura-
tion; LDL = low-density lipoprotein. a p < 0.05 versus both groups 
of OSAS; b p < 0.05 versus OSAS with traditional risk factors.
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  Fig. 1.  Mean  8  SEM values of ADMA ( a ) 
and sCD40L ( b ) in the three groups of sub-
jects studied.  *  p  !  0.05, NS = nonsignifi-
cant. 
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  Discussion 

 The main and novel finding of this study is that mark-
ers of endothelial dysfunction (ADMA) and atheroscle-
rosis progression (sCD40L) were abnormal in patients 
with OSAS irrespectively of the presence or absence of 
other, more established CV risk factors ( fig. 1 ). This indi-
cates that OSAS is an independent CV risk factor.

  The endothelium plays a pivotal role in the control of 
vascular tone by releasing several vasoactive substances 
such as NO or ET-1  [18, 19] . NO is synthesized from  L -
arginine by endothelial NO synthase  [35–37]  and is in-
volved in a number of key CV regulatory mechanisms, 
including endothelium-dependent vasodilation, inhibi-
tion of platelet adhesion and aggregation, and inhibition 
of smooth muscle cell proliferation. ADMA is an endog-
enous inhibitor of NO production, and ADMA plasma 
levels are elevated in diseases characterized by endothe-
lial dysfunction and impaired NO metabolism such as 
arterial hypertension, hypercholesterolemia and type 2 
diabetes mellitus  [22, 38] . The results of the multicenter 
CARDIAC study indicate that increased ADMA levels 
are an independent risk factor for coronary heart disease 
 [24] . Abnormalities in NO metabolism and endothelial 
dysfunction occur in OSAS  [15, 25] . In these patients, el-
evated ADMA plasma levels have also been described 
 [26] . However, because other CV risk factors, including 
hypertension, hypercholesterolemia, diabetes and obesi-
ty, can also cause endothelial injury  [39–41] , it was un-

clear if the increased ADMA levels described in OSAS 
could be ascribed to the disease itself or not. Our results 
confirm that ADMA levels are increased in these patients 
and extend previous studies by showing that they can be 
elevated even in the absence of other CV risk factors, sug-
gesting that OSAS is contributing to this abnormality. 
This interpretation is further supported by the observa-
tion that treatment of OSAS with continuous positive air-
way pressure reduces ADMA concentration in plasma 
 [26] . 

  By contrast, we found that ET-1 levels were not abnor-
mal in patients with OSAS (irrespective of the presence 
or absence of other CV risk factors). Previous reports in 
these patients have yielded conflicting results  [29, 30] . It 
is likely that the discrepancy between results is in part 
due to the differences in patient characteristics. Former 
studies that have reported elevated ET-1 levels studied se-
verer OSAS  [42, 43] . On the other hand, Jordan et al.  [30]  
found increased plasma levels of the ET-1 precursor (but 
not of ET-1 itself), and suggested that, perhaps, cross-re-
activity between different forms of endothelins explain 
the variable results of ET-1 published so far in OSAS.

  The CD40-CD40L system plays a central role in the 
pathogenesis of atherosclerosis. A variety of cells associ-
ated with atheroma, including endothelial cells, smooth 
muscle cells, mononuclear phagocytes and platelets, ex-
press CD40L when activated  [31–33] . An increased plas-
ma level of sCD40L is considered a surrogate marker for 
atherosclerosis and increased CV risk  [31] . Increased 
sCD40L plasma levels have been described in patients 
with OSAS, but the potential confounding effect of other 
CV risks was not considered  [34] . Our results confirm 
that OSAS is associated with increased plasma levels of 
sCD40L and show that this effect occurs irrespective of 
other CV risk factors. This further supports the notion 
that OSAS is a CV risk factor in itself.

  Finally, we found that the plasma levels of ADMA cor-
relate with those of sCD40L. Recent studies have shown 
that OSAS is associated with early signs of atherosclerosis 
 [13] . The mechanism(s) by which OSAS ultimately leads 
to atherosclerosis is (are) incompletely understood. Our 
observation of a relationship between a marker of endo-
thelial dysfunction and a marker of atherosclerosis pro-
gression ( fig. 2 ) further supports that OSAS damages the 
arterial wall and contributes to atherogenesis.

  Potential Limitations 
 We did not measure the plasma levels of ADMA and 

sCD40L after continuous positive airway pressure treat-
ment, and this may be a limitation in the assessment of 
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  Fig. 2.  Relationship between sCD40L and ADMA levels in all pa-
tients with OSAS.  
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the independent effects of OSAS on these markers. There-
fore, our results require confirmation in large popula-
tions to determine the impact of all these observations on 
CV risk of OSAS patients.

  In summary, we found that plasma levels of ADMA 
and sCD40L were increased in patients with OSAS irre-
spective of the presence or absence of other CV risk fac-
tors. These observations support the notion that OSAS 
plays an independent role in endothelial injury and ath-
erosclerosis progression. 
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