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			Abstract

			Background: The mechanisms of cardiovascular adverse events in Obstructive Sleep Apnea Syndrome (OSAS) are not fully clarified, but vascular dysfunction plays a key role. However, the protocols for assessing vascular function are heterogenous and there are new vascular function parameters that could emerge into practice. 

			Methods: The vascular function was assessed through Intima Media-Thickness (IMT), “e-tracking” and “wave intensity” technologies in 60 subjects (55±12 years, 9 women): 20 patients with moderate to severe OSAS (mean apnea-hypopnea index 43±23) without diabetes; 20 patients with type 2 Diabetes Mellitus (DM), and 20 control, normal subjects (C), age, gender and cardiovascular risk factors matched. 

			Results: IMT in OSAS and DM groups were similar, but statistically higher compared to C group. Arterial stiffness parameters, like Peterson’s pressure-strain elastic modulus (Ep), beta stiffness index (β), Arterial Compliance (AC), First Systolic Peak (FP), and second Systolic Peak (SP) were similar between OSAS and DM group, but significantly affected compared to C group. Endothelial dysfunction quantified through Flow Mediated Dilation (FMD) was similar in the OSAS and DM groups and statistically significant lower compared to control group.

			Conclusion: Patients with moderate to severe OSAS have increased vascular remodeling, vascular stiffness and endothelial dysfunction, with similar vascular profile with patients with DM, suggesting that OSAS should be considered a disease associated with a high cardiovascular risk.
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			Abbrevations: OSAS: Obstructive Sleep Apnea Syndrome; IMT: Intima Media-Thickness; DM: Diabetes Mellitus; AC: Arterial Compliance; SP: Systolic Peak; FMD: Flow Mediated Dilation; PWV: Pulsed Wave Velocity; PP: Pulse Pressure; Aix: Augmentation Index

		

		
			Introduction

			Obstructive Sleep Apnea Syndrome (OSAS) is an independent risk factor for cardiovascular disease, associated with high morbidity and mortality [1,2]. The mechanisms of cardiovascular disease in OSAS are not fully elucidated, but vascular dysfunction plays a key role.

			Studies performed in the last decade used especially Intima-Media Thickness (IMT), Pulsed Wave Velocity (PWV) and Pulse Pressure (PP) as main parameters to diagnose the arterial remodeling and stiffness, whereas extensive protocols could bring a better insight into the pathology [3-6]. The current literature data provides heterogenous data regarding the assessing the vascular function, therefore an extension of the vascular function protocol with parameters of clinical importance could improve the management of patients with early stages of atherosclerosis.

			We applied a complex arterial function protocol to a group of patients with OSAS, and we compared the outcomes with a group of patients with type 2 Diabetes Mellitus (DM) and to a group of matched control subjects.  We have chosen a group of patients with DM in order to emphasize the fact that OSAS is not a benign disease, but a modifiable risk factor for cardiovascular disease, comparable with DM.

			Methods

			Study population

			We assessed the arterial function in three different groups: a group of 20 patients diagnosed with moderate-severe OSAS, a group of 20 patients with well controlled type 2 DM and a group of normal subjects, age, gender, and risk factors matched. The study protocol was approved by the Local Ethic Committee and all subjects gave their written informed consent.

			Arterial function

			The arterial function assessment protocol was complex, focused on the vascular remodeling, vascular stiffness and endothelial function.  The evaluation was made using the Aloka Prosound α10 ultrasound machine (Japan), with a 7.5 MHz linear array probe.

			Intima-Media Thickness (IMT) was measured at the right common carotid artery, 1 cm below bifurcation, according to the current guidelines [7].

			The arterial stiffness was analyzed at the level of right common carotid artery, using the high-resolution online tracking wall (“E-tracking”) technology to determine Peterson’s pressure-strain elastic modulus (Ep), beta stiffness index (β), the local Arterial Compliance (AC) and the Augmentation Index (Aix) and the “wave intensity” real-time analysis to determine the First Peak (FP), Second Peak (SP) and the Negative Area (NA), as previously reported [8,9]. Endothelial function was analyzed by Flow Mediated Dilation (FMD) on the right brachial artery [10].

			The reproducibility and repeatability of all echographic parameters were measured in our laboratory in 20 consecutive patients by two observers with similar experience, with good intra- and interobserver variability [10].

			Results

			60 patients were studied, with the mean age of 55±12 years, 9 women: 20 patients with moderate-severe obstructive sleep apnea, with an AHI of 43±23, 20 patients with DM, and 20 control subjects, similar as age, gender and risk factors. The general characteristics of the patients are presented in Table 1.

			Table 1: The general characteristics of the study groups.

			
				
					
					
					
					
					
				
				
					
							
							Study group

						
							
							OSAS

							(n = 20)

						
							
							DM

							(n = 20)

						
							
							Control

							(n = 20)

						
							
							p value

						
					

					
							
							Age (years)

						
							
							55±11

						
							
							59±9

						
							
							51±15

						
							
							NS

						
					

					
							
							Gender (% male)

						
							
							90

						
							
							90

						
							
							75

						
							
							NS

						
					

					
							
							Body mass index (kg/m2)

						
							
							36.2±5.6

						
							
							30±4.3

						
							
							26.7±2.8

						
							
							NS

						
					

					
							
							Waist-hip ratio

						
							
							0.91±0.22

						
							
							0.83±0.2

						
							
							0.78±0.31

						
							
							NS

						
					

					
							
							NYHA class

						
							
							I

						
							
							I

						
							
							I

						
							
							NS

						
					

					
							
							Systolic arterial pressure (mmHg)

						
							
							138±21

						
							
							141±13

						
							
							124±16

						
							
							NS

						
					

					
							
							Diastolic arterial pressure (mmHg)

						
							
							79±13

						
							
							89±6

						
							
							76±13

						
							
							NS

						
					

					
							
							Heart rate (beats/min)

						
							
							72±12

						
							
							71±9

						
							
							68±10

						
							
							NS

						
					

					
							
							Pulse Preasurre (mmHg)

						
							
							69±19

						
							
							52±11

						
							
							49±10

						
							
							NS

						
					

				
			

			Vascular remodeling

			The IMT was statistically significant higher in OSAS and DM group (0.94±0.15 and 0.89±0.15), compared to the control group (0.64±0.12, both p<0.01), but similar between OSAS and DM groups (p=0.8) (Table 2 & Figure 1).

			[image: ]

			Table 2: The results of vascular function assessment of patients with OSAS and DM, compared to controls.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							IMT (mm)

						
							
							Ep (kPa)

						
							
							Beta index

						
							
							AC (cm2/mmHg)

						
							
							FP

						
							
							SP

						
							
							FMD (%)

						
					

					
							
							OSAS

						
							
							0.94±0.15

						
							
							129.4±38.2

						
							
							10.0±2.9

						
							
							0.8±0.3

						
							
							8.0±7.4

						
							
							1.0±0.7

						
							
							7.7±2.9

						
					

					
							
							DM

						
							
							0.89±0.15

						
							
							128.4±35.5

						
							
							8.8±2.4

						
							
							0.9±0.5

						
							
							7.5±6.6

						
							
							1.6±1.0

						
							
							8.4±3.5

						
					

					
							
							Controls

						
							
							0.64±0.12

						
							
							87.1±43.3

						
							
							6.8±2.6

						
							
							1.4±2

						
							
							9.4±6.6

						
							
							0.6±0.4

						
							
							19.1±11.0

						
					

					
							
							p OSA vs. DM

						
							
							0.8

						
							
							0.8

						
							
							0.5

						
							
							0.08

						
							
							0.8

						
							
							0.2

						
							
							0.1

						
					

					
							
							p OSA vs. controls

						
							
							0.00

						
							
							0.05

						
							
							0.04

						
							
							0.05

						
							
							0.06

						
							
							0.06

						
							
							0.01

						
					

					
							
							p DM vs. controls

						
							
							0.00

						
							
							0.05

						
							
							0.04

						
							
							0.05

						
							
							0.05

						
							
							0.06

						
							
							0.01

						
					

				
			

			IMT = intima-media thickness; Ep = Young elastic module; AC= arterial compliance; FP= first peak; SP=second peak; FMD = flow mediated dilation. Data are expressed as means ± standard deviation.

			Arterial stiffness

			The parameters of arterial stiffness were statistically significant modified in the OSAS and DM groups (Ep= 129.4±38.2 and 128.4±35.5, Beta index= 10.0 ± 2.9 and 8.8 ± 2.4, AC= 0.8±0.3 and 0.9±0.5) compared to the control group (Ep= 87.1 43.3, Beta index= 6.8±2.6, AC= 1.4±2). The values were similar between OSAS and DM groups (Table 2).

			Ventriculo-arterial coupling

			Ventriculo-arterial coupling was borderline affected in OSAS and DM groups (FP= 8.0±7.4 and 7.5±6.6, SP=1.0±0.7 and 1.6±1.0) compared to controls (FP=9.4±6.6, SP= 0.6±0.4), but similarly affected between the group of OSAS and DM patients (Table 2).

			Endothelial dysfunction

			Endothelial dysfunction analyzed through FMD was similar in the OSAS and DM groups (FMD=7.7±2.9 and 8.4±3.5) and was statistically significant affected compared to the control group (FMD=19.1±11.0, p<0.01). (Figure 2 & Table 2).
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			Discussion

			We performed a comprehensive arterial function study in a group of patients with moderate-severe OSAS and type 2 DM and we compared the results with control subjects. The main findings of our study define that patients with OSAS and DM have affected parameters of vascular remodeling, arterial stiffness, ventriculo-arterial coupling, and endothelial function. Furthermore, the vascular profile of the patients with OSAS is similar to those with DM, suggesting that OSAS should be addressed as a risk factor for atherosclerosis.  

			The mechanisms of cardiovascular dysfunction in OSAS are not entirely elucidated. The sympathetic nervous system dysfunction, the endothelial dysfunction, systemic inflammation, oxidative stress, the negative intrathoracic pressure, obesity, and thrombosis have an important contribution to the cardiovascular dysfunction [11].

			The present study brings into light a comprehensive practical approach of the vascular function assessment in patients with OSAS. Moreover, the protocol could be applied for other diseases, not only for patients with OSAS and DM, suggesting that the approach could validate a couple of parameters of tremendous importance for the arterial function assessment, not only the IMT, PWV and PP currently recommended by guidelines for the risk assessment of the hypertensive patients [12].

			The IMT is increasingly used as a surrogate marker of atherosclerosis [4]. Higher IMT was reported in patients with sleep apnea, compared to control subject, in concordance with our findings [13].

			According to a recent study, patients with OSAS have increased arterial stiffness, by reporting increased PVW and augmentation index and suggesting that there is a positive correlation between the gravity of the OSAS and the arterial stiffness [5].

			A recent meta-analysis of 18 studies about arterial stiffness in OSAS patients, analyzing 736 patients with OSAS and 424 controls, reported increased arterial stiffness, increased endothelial dysfunction and high level of serum inflammatory markers in OSAS patients, compared to controls [14]. The arterial stiffness assessment protocol focused mainly on PWV and augmentation index. The ventricular-arterial coupling was studied in obstructive sleep apnea compared to high-risk arterial hypertension and the results were similar between groups and ameliorated by CPAP [15].

			We have chosen to compare patients with OSAS with DM patients and controls, to point out the importance of OSAS, as a high-risk pathology, with high prevalence and responsible for the development of cardiovascular complications in this patient. The OSAS should not be considered as an isolated respiratory pathology, but an important high-risk pathology in the development of cardiovascular disease, comparable with DM [16].

			Conclusion

			Patients with moderate to severe OSAS have increased arterial remodeling, stiffness, and higher endothelial dysfunction, with similar vascular profile with patients with DM, when compared to control subjects. Our study offers an extensive protocol for the assessment of vascular function, that could be implemented in diagnosing early atherosclerosis. Further efforts should be invested in determining which therapeutically approach could improve the cardiovascular outcomes in these patients.
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Figure 2: Mean FMD in the study groups.

FMD = Flow Mediated Dilation; OSAS = Obstructive Sleep
Apnea Syndrome Group; DM = Diabetes Mellitus group; C =
Control Group
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Figure 1: Mean IMT values in the study groups.

IMT = intima media thickness; OSAS = obstructive sleep apnea
syndrome group; DM = diabetes melitus group; C = control
group
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