Vanessa Bironneau 
  
Renaud Tamisier 
  
Wojciech Trzepizur 
  
Ramaroson Andriantsitohaina 
  
Mathieu Berger 
  
François Goupil 
  
Marie Joyeux-Faure 
  
Ingrid Jullian-Desayes 
  
Sandrine Launois 
  
Marc Le Vaillant 
  
Marie-Carmen Martinez 
  
Frédéric Roche 
  
Jean-Louis Pépin 
  
Frédéric Gagnadoux 
email: frgagnadoux@chu-angers.fr
  
  
  
Sleep apnoea and endothelial dysfunction: an individual patient data meta-analysis

Keywords: obstructive sleep apnoea, endothelial function, reactive hyperaemia index AHI: apnoea-hypopnoea index BMI: body mass index CV: cardiovascular COPD: chronic obstructive pulmonary disease FMD: Flow-mediated dilatation IPDMA: individual patient data meta-analysis OSA: Obstructive sleep apnoea PAT: Peripheral arterial tonometry PSG: Polysomnography PWV: Pulse-wave velocity RHI: Reactive hyperaemia index RP: respiratory polygraphy T90: sleep time with SaO2 <90% SaO2: oxyhaemoglobin saturation SaO2

We performed an individual patient data meta-analysis to investigate the association between obstructive sleep apnoea (OSA) severity and the reactive hyperaemia index (RHI) measured by peripheral arterial tonometry (PAT), a validated measurement of endothelial function, and a strong predictor of late cardiovascular (CV) events. Patients from 12 studies underwent PAT and overnight polysomnography or respiratory polygraphy for suspected OSA. Endothelial dysfunction was defined by a log-transformed RHI<0.51. Subgroup analyses were performed to investigate this relationship in specific populations. Among 730 patients without overt CV disease, 387 (53.0%) had severe OSA (apnoea-h popnea inde 30) and 164 (22.5%) exhibited endothelial dysfunction. After adjustment for age, gender, diastolic blood pressure, obesity, diabetes and chronic obstructive pulmonary disease, endothelial dysfunction was associated with severe OSA (odds ratio, OR [95% confidence interval]: 2.27 [1.12-4.60]; p=0.02), and nocturnal hypoxemia defined by >20 minutes with oxygen saturation <90% (OR: 1.83 [1.22-2.92]; p=0.004) or mean oxygen saturation <92% (OR: 1.52 [1.17-1.96]; p=0.002). On subgroup analyses, the association between severe OSA and endothelial dysfunction was not significant in patients with hypertension, obesity and/or diabetes. Among adults without overt CV disease, severe OSA is independently associated with an increased risk of endothelial dysfunction that may predispose to late CV events.

Introduction

The endothelium plays important roles in modulating vascular tone by synthesizing and releasing endothelium-derived relaxing factors. Endothelial dysfunction caused by reduced production or action of endothelium-derived relaxing factors is considered to be an initial step toward cardiovascular (CV) disease in at-risk patients [1,2]. In the clinical setting, noninvasive evaluation of peripheral endothelial function constitutes an excellent surrogate marker for prediction of incident CV events [2]. Many studies have correlated endothelial dysfunction with CV risk in patients with risk factors such as systemic hypertension, diabetes mellitus, dyslipidaemia and obesity/insulin resistance [3]. A recent systematic review and meta-analysis showed that brachial artery flow-mediated dilation (FMD), and reactive hyperaemia index (RHI) determined by peripheral arterial tonometry (PAT) significantly predicted CV events, with similar reliability [4]. From a technical viewpoint, PAT offers the advantages of being completely non-invasive, easy to perform, and less prone to interobservers variability and thus more reproducible than FMD [3,5].

Evidence from population-and clinic-based cohort studies supports a causal association between obstructive sleep apnoea (OSA) and the incidence of CV diseases, including hypertension, coronary heart disease, arrhythmia, heart failure, and stroke [6,7]. Endothelial dysfunction is considered to be a key trigger mechanism linking OSA and its hypoxia-related consequences with CV morbidity [8,[START_REF] Hoyos | Does obstructive sleep apnea cause endothelial dysfunction? A critical review of the literature[END_REF]. Given the marked heterogeneity of OSA in terms of clinical phenotypes [10,11], comorbidities and health outcomes [12], endothelial function could be used as a predictive tool to more accurately identify OSA patients with preclinical vascular disease at high risk of subsequent CV events. However, the evidence of the relationship between OSA and endothelial dysfunction needs to be strengthened, taking into account indices of sleep-disordered breathing severity and influencing covariates. Previous systematic reviews and meta-analyses in the field have included heterogeneous studies with a limited description of comorbid conditions with a potential important contribution to OSAassociated CV risk, such as hypertension and metabolic disorders [9, 13 15]. Furthermore, the majority of these studies were small single-centre studies evaluating endothelial function by FMD which is subject to intra-and inter-operator variability [3,5]. Approaches using individual patient data meta-analysis (IPDMA) do not aggregate summary data, but address study questions by including actual patient data from different data sources [START_REF] Riley | Meta-analysis of individual participant data: rationale, conduct, and reporting[END_REF]. Using individual data of OSA indices of severity overcomes limitations related to the selective cutoffs used in previous publications and allows specific subgroup analyses. Individual patient data concerning confounders allow more reliable adjustment.

The aim of this IPDMA was to investigate with appropriate adjustment for confounders the relationship between OSA severity indices and RHI, a validated and reproducible measurement of endothelial function. Patients with technical failure of PAT and/or history of CV disease, including coronary heart disease, heart failure, arrhythmias, and stroke, were excluded from the studies. All studies were approved by an independent Ethics Committee, and were conducted in accordance with applicable good clinical practice requirements in Europe, French law, ICH E6 guidelines and the ethical principles of the Helsinki Declaration (1996 and 2000). All randomized controlled trials were registered on the ClinicalTrials.gov site (online supplementary Table S1).

Methods

Clinical evaluation

All clinical examinations and evaluations were conducted during the morning following sleep studies. Clinical evaluation included anthropometric data, smoking habits, medical history, medication use and questionnaires. Obesity was defined by a body mass index (BMI) 30 kg/m 2 . Excessive daytime sleepiness was assessed by the Epworth sleepiness score [START_REF] Johns | A new method for measuring daytime sleepiness: the Epworth sleepiness scale[END_REF].

Clinic blood pressure was measured using a periodically calibrated mercury sphygmomanometer and an appropriate cuff size. Recorded blood pressure was the average of 3 consecutive readings during a 5-min period following at least 5 min of rest in the sitting position. Only patients who were previously diagnosed as hypertensive and who were taking antihypertensive medication were considered to have hypertension. Diabetes was defined on the basis of current use of antidiabetic medications and dyslipidaemia was defined on the basis of current use of lipid-lowering medications. Chronic obstructive pulmonary disease (COPD) was defined as a physician diagnosis combined with treatment with appropriate medication.

Sleep studies

All patients were investigated for suspected OSA using overnight in-laboratory respiratory polygraphy (RP), or polysomnography (PSG) while breathing spontaneously to characterize abnormal respiratory events during sleep. Recorded data included nasal-oral airflow (thermistor and nasal pressure cannula), chest and abdominal wall motion (respiratory inductance plethysmograph belts), arterial oxygen saturation (finger oximetry), body position and electrophysiological signals for sleep evaluation (PSG). Respiratory events were scored manually using recommended criteria [START_REF] Berry | Rules for scoring respiratory events in sleep: update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine[END_REF]. The apnoea hypopnoea index (AHI) was calculated as the number of apnoea and hypopnoea events per hour of sleep (PSG) or recording (RP).

Assessment of endothelial function

As previously described [START_REF] Gagnadoux | Impact of Mandibular Advancement Therapy on Endothelial Function in Severe Obstructive Sleep Apnea[END_REF], endothelial function was assessed in the morning following the sleep study by digital pulse amplitude, using PAT (EndoPAT ® , Itamar Medical Ltd., Caesarea, Israel). All participating centres followed the same procedure. Patients laid down in a quiet room with probes mounted on both index fingers and a blood pressure cuff around the right arm above the elbow for the hyperaemia testing. The left finger was used as the control.

Finger arterial pulse wave amplitude was recorded throughout the protocol which included 3 consecutive stages each of 5 min duration: 1-baseline recording; 2-occlusion of the brachial artery by inflating the blood pressure cuff to 50 mm Hg above the baseline systolic pressure and 3-post-occlusion recording after deflation of the cuff to measure of the generated reactive hyperaemia response. The RHI was calculated by a computer in an operator-independent manner, as the ratio of the average amplitude of the PAT signal post-to pre-occlusion of the tested arm, normalized to the concurrent signal from the contralateral finger. The logtransformed ratio, expressed as Ln-RHI, was calculated from the same ratio between the digital pulse volume during reactive hyperaemia and at baseline. Based on previous reports [20 22], a Ln-RHI cut-off value<0.51 was used to define the presence of significant endothelial dysfunction.

Statistical analysis

The IPDMA has been performed in accordance with the PRISMA-IPD Statement (see online Supplement for PRISMA-IPD checklist) and submitted for registration in PROSPERO.

Results are expressed as percentages, mean (standard deviation, SD) and odds ratio (OR), 95% confidence interval (CI). Statistical comparisons were performed using the Chi 2 test for categorical variables and the unpaired t-test for continuous variables. The primary dependent variable of interest was the presence of endothelial dysfunction (Ln-RHI<0.51). Factors significantly associated with endothelial dysfunction were introduced in a multivariate logistic mixed model with a random effect by study. The primary independent variables included the AHI and 2 different indices of nocturnal hypoxemia, mean oxyhemoglobin saturation (SaO2) during sleep and sleep time with SaO2 <90% (T90). The following commonly used cut-offs for AHI were used to define categories of OSA severity: <5 (no OSA), 5 to <30 (mild-tomode a e OSA), 30 ( e e e OSA). The d ample a g ouped into tertiles for the 2 nocturnal hypoxemia indices. To avoid potential bias when choosing an RHI cut-off value for endothelial dysfunction, multivariate linear mixed models with a random effect by study were performed to characterize the associations between Ln-RHI as a continuous variable and indices of OSA severity. In order to estimate the effect size of increasing OSA severity on endothelial function, adjusted means of Ln-RHI were calculated according to categories of OSA severity. Subgroup analyses were performed to determine whether there were any differences across categories of patients with OSA.

According to the DerSimonian and Laird method we use a two-level random logistic model to assess the heterogeneity between studies. The model provided an estimation of RHI variability between and within studies. The i2 consistency index deducted from these estimations provided an estimation of the part of variation due to heterogeneity. An i2 index greater than 60% reflects high heterogeneity. The result of the model estimation showed that the variation of RHI between studies is statistically significant (p=0.028) but the i2 index was estimated at 12%, which means that only limited heterogeneity was observed across the 12 studies.

All statistical analyses were performed with SAS software (SAS/STAT Package 2002 2003; SAS Institute Inc., Cary, NC). A two-tailed p value < 0.05 was considered significant.

Results

The details of the 12 studies included in the IPDMA are presented in the online supplement (Table S1). Seventy-two of the 802 eligible patients were excluded due to history of CV disease (n=42) or PAT technical failure (n=30). Our final sample size comprised 730 patients with clinical suspicion of OSA and no overt CV disease (Figure 1). Patient characteristics according to the original studies are presented in the online supplement (Table S2). As shown in Table 1, the prevalence of endothelial dysfunction increased from 14.9% in the no OSA group, to 26.9% in patients with severe OSA (p=0.0086). As expected, patients with severe OSA were older, with a marked male predominance, higher prevalence of obesity and hypertension. There were also significant differences between OSA categories for COPD prevalence. Patients with endothelial dysfunction were characterized by higher p e alence of obesity, diabetes and severe OSA, and higher diastolic blood pressure compared to subjects with normal endothelial function (Table 2).

On multivariate analysis, severe OSA was significantly associated with an increased risk of endothelial dysfunction (OR [95%CI], 2.27 [1.12-4.60]) after adjustment for age, gender, diastolic blood pressure, obesity, diabetes and COPD (Figure 2). We further investigated the association between endothelial dysfunction and 2 indices of nocturnal hypoxemia. As shown in Table 3, increasing nocturnal hypoxemia, as assessed by mean SaO2 and T90, was associated with a significant increase in the risk of endothelial dysfunction after adjustment for confounders.

Multivariate regression analyses were also performed to characterize the association between categories of OSA severity and Ln-RHI as a continuous variable. On subgroup analyses, the association between severe OSA and endothelial dysfunction was not significant in patients with hypertension, obesity and/or diabetes. (see figure S1 in the online supplement).

Discussion

To the best of our knowledge, this is the first IPDMA evaluating the association between OSA severity and endothelial dysfunction with appropriate adjustment for confounding factors. Our study included a relatively large sample of typical OSA patients, predominantly male, without overt CV disease. All data were obtained using standard operating procedures and a validated measurement of endothelial function with low inter-observer variability. We found that both severe OSA and nocturnal hypoxemia were significantly associated with an increased risk of endothelial dysfunction after adjustment for age, gender, diastolic blood pressure, metabolic comorbidities and COPD.

Recent reviews and meta-analyses have concluded that moderate-to-severe OSA might impair endothelial function [START_REF] Hoyos | Does obstructive sleep apnea cause endothelial dysfunction? A critical review of the literature[END_REF]13]. By pooling the summary data from 11 case-control studies including a total of 445 subjects, Wang et al. found that endothelial function assessed by FMD was lower in patients with OSA than in controls [13]. The authors performed meta-regression

to examine the impact of potential confounders on OSA-related changes in FMD. In the whole OSA population, the association between OSA and FMD was significantly modified by BMI and serum triglycerides. Conversely, none of the confounders significantly modified the association in the subgroup of patients with moderate-to-severe OSA. However, this metaanalysis has potential limitations related the use of FMD that may be prone to intra-and interoperator variability [3,5], heterogeneity of small single-centre studies, and the exclusion of patients with traditionally known CV risk factors, such as hypertension, diabetes, dyslipidaemia. By pooling pulse-wave velocity (PWV) data from 5 case-control studies including 253 patients, Wang et al. also concluded that OSA increased arterial stiffness [13].

This finding was not confirmed by a recent IPDMA [START_REF] Joyeux-Faure | Contribution of obstructive sleep apnoea to arterial stiffness: a meta-analysis using individual patient data[END_REF]. This meta-analysis used individual patient data from 9 studies performed by the same centre with 893 well-characterized patients and PWV measured using the same technique for all studies. The authors concluded that the elevation of arterial stiffness in patients with OSA was driven more by conventional CV risk factors (age, hypertension and the presence of diabetes) than by indices of sleep-disordered breathing severity [START_REF] Joyeux-Faure | Contribution of obstructive sleep apnoea to arterial stiffness: a meta-analysis using individual patient data[END_REF]. The current IPDMA provides evidence to support an independent association between OSA severity and endothelial dysfunction after adjustment for traditional CV risk factors. Several factors may have contributed to this apparent discrepancy. Joyeux-Faure et al. included patients with a very high prevalence of hypertension (78%) and diabetes (45%) [START_REF] Joyeux-Faure | Contribution of obstructive sleep apnoea to arterial stiffness: a meta-analysis using individual patient data[END_REF]. In line with previous reports from large clinic-based cohort studies [10,[START_REF] Kendzerska | Obstructive sleep apnea and the prevalence and incidence of cancer[END_REF], the prevalence of hypertension and diabetes was markedly lower in our IPDMA (39 and 15%, respectively). Another issue concerns a possible lack of correlation between endothelial function and arterial stiffness indices in patients with OSA. The major determinants of reflection wave magnitude are the vascular characteristics of the arterial branching regions and impedance mismatch between proximal and distal arteries, rather than the degree of peripheral vascular reactivity [START_REF] Yang | Augmentation index association with reactive hyperemia as assessed by peripheral arterial tonometry in hypertension[END_REF]. Recent studies have shown no correlation between endothelial function assessed by PAT and arterial stiffness measured by augmentation index and PWV in patients with hypertension or acute ischaemic stroke [START_REF] Yang | Augmentation index association with reactive hyperemia as assessed by peripheral arterial tonometry in hypertension[END_REF][START_REF] Tuttolomondo | Endothelial function and arterial stiffness indexes in subjects with acute ischemic stroke: Relationship with TOAST subtype[END_REF].

Several mechanisms might be involved in the pathophysiology of endothelial dysfunction in patients with OSA [START_REF] Stiefel | Obstructive sleep apnea syndrome, vascular pathology, endothelial function and endothelial cells and circulating microparticles[END_REF]. OSA is recognized as a condition that causes oxidative stress and systemic inflammation, resulting in a reduction in nitric oxide availability [START_REF] Lavie | Obstructive sleep apnoea syndrome--an oxidative stress disorder[END_REF][START_REF] Jelic | Inflammation, oxidative stress, and repair capacity of the vascular endothelium in obstructive sleep apnea[END_REF]. OSA is associated with increased levels of adhesion molecules (intracellular adhesion molecule-1

[ICAM-1], the vascular cell adhesion molecule-1 [VCAM-1] and E-selectin), as well as several disorders of coagulation and lipid metabolism [START_REF] Stiefel | Obstructive sleep apnea syndrome, vascular pathology, endothelial function and endothelial cells and circulating microparticles[END_REF]. Moreover, recent findings suggest that circulating micro particles might also contribute to the pathophysiology of OSAassociated vascular impairment by promoting endothelial dysfunction, inflammation and vascular hyper reactivity [START_REF] Trzepizur | Microparticles and vascular dysfunction in obstructive sleep apnoea[END_REF]. OSA, hypertension and diabetes are frequently associated and share several intermediate mechanisms that contribute to the development of endothelial dysfunction and CV diseases, including reduced plasma nitric oxide level, increased generation of reactive oxygen species, increased leukocyte adhesion to the vascular wall and consequent inflammatory load in the vasculature [START_REF] Zhang | Endothelial dysfunction in diabetes and hypertension: Role of microRNAs and long noncoding RNAs[END_REF]. In our IPDMA, OSA severity and nocturnal hypoxemia were associated with endothelial dysfunction independent of major CV risk factors, but the subgroup analysis suggested that the association might be less significant in the presence of hypertension, obesity and diabetes. In line with a recent trial showing no impact of OSA therapy on endothelial function in patients with multiple CV risk factors [START_REF] Gottlieb | CPAP versus oxygen in obstructive sleep apnea[END_REF],

these findings suggest that hypertension and diabetes have major vascular adverse effects, and that endothelial dysfunction could not be made any worse by OSA. However, the result from our subgroup analysis need to be interpreted with caution due to unbalanced sample sizes. It might simply reflect a lack of statistical power as hypertension, obesity and diabetes accounted for only 38.6, 30.4 and 15.5% of the entire cohort respectively. A recent study found that moderate-to-severe OSA was associated with endothelial dysfunction assessed by FMD among subjects with metabolic syndrome but not among subjects with normal metabolic function [START_REF] Korcarz | Combined effects of sleep disordered breathing and metabolic syndrome on endothelial function: the Wisconsin Sleep Cohort study[END_REF]. However, this population-based study included less than 5% of severe OSA. Using laser speckle contrast imaging in patients with diabetes, Tahrani et al.

found that OSA was not associated with endothelial-dependent micro-vascular reactivity after adjustment for confounders [START_REF] Tahrani | Obstructive sleep apnea and diabetic neuropathy: a novel association in patients with type 2 diabetes[END_REF].

The main limitation of our IPDMA is the observational design of the eligible studies, which prevents the demonstration of any temporal or causal relationship between severe OSA and endothelial dysfunction. Further studies are required to investigate whether PAT assessment of endothelial function predicts CV outcomes in patients with OSA. As up to 50% of OSA patients are minimally symptomatic [START_REF] Roure | Daytime sleepiness and polysomnography in obstructive sleep apnea patients[END_REF], targeting CV outcomes has emerged as a therapeutic objective in patients with OSA. Endothelial function assessment also has a potential value in identifying responders and non-responders to therapy [3,[START_REF] Modena | Prognostic role of reversible endothelial dysfunction in hypertensive postmenopausal women[END_REF]. Previous randomized controlled trials found no impact of continuous positive airway pressure or mandibular advancement therapy of OSA on endothelial function assessed by PAT [START_REF] Gagnadoux | Impact of Mandibular Advancement Therapy on Endothelial Function in Severe Obstructive Sleep Apnea[END_REF][START_REF] Gottlieb | CPAP versus oxygen in obstructive sleep apnea[END_REF][START_REF] Simpson | Effects of continuous positive airway pressure on endothelial function and circulating progenitor cells in obstructive sleep apnoea: a randomised sham-controlled study[END_REF]. However, these studies had potential limitations including small sample size [START_REF] Simpson | Effects of continuous positive airway pressure on endothelial function and circulating progenitor cells in obstructive sleep apnoea: a randomised sham-controlled study[END_REF], the inclusion of patients with multiple CV risk factors [START_REF] Gottlieb | CPAP versus oxygen in obstructive sleep apnea[END_REF] or baseline RHI values within the normal range [START_REF] Gagnadoux | Impact of Mandibular Advancement Therapy on Endothelial Function in Severe Obstructive Sleep Apnea[END_REF]. Future interventional studies should evaluate whether improvement of endothelial function after OSA therapy predicts a better CV prognosis in patients who exhibit endothelial dysfunction at diagnosis.

In conclusion, among adults without overt CV disease, severe OSA is independently associated with an increased risk of endothelial dysfunction that may predispose to a higher risk of late CV events.

Practices points

1. Endothelial dysfunction is considered to be a key trigger mechanism linking OSA and its hypoxia-related consequences with CV morbidity 2. The RHI assessed by PAT is a validated measurement of endothelial function with low inter-observer variability and a strong predictor of late CV events in at-risk subjects 3. The present IPDMA demonstrates that among adults without overt CV disease, severe OSA and nocturnal hypoxemia are independently associated with an increased risk of endothelial dysfunction that may predispose to late CV events.

Research agenda

Future research should determine whether:

1. Endothelial dysfunction assessed by PAT predicts CV outcomes in patients with OSA 2. Improvement of endothelial function after OSA therapy predicts a better CV prognosis in patients who exhibit endothelial dysfunction at diagnosis. OR were adjusted for age, gender, diastolic blood pressure, presence of obesity, diabetes and chronic obstructive pulmonary disease.
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 3 presents adjusted mean [95%CI] values of Ln-RHI according to tertiles of T90 and mean SaO2. The adjusted mean value of Ln-RHI decreased from 0.76 [0.71-0.80] in the lowest tertile of T90 to 0.69 [0.66-0.71] in the highest tertile (p=0.0004), and from 0.75 [0.71-0.78] in highest tertile of mean SaO2 to 0.68 [0.65-0.72] in the lowest tertile (p<0.0001).
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Table 1 :

 1 Characteristics of the study population according to categories of obstructive sleep

	apnoea severity					
		All	No OSA	Mild-to-	Severe OSA	p value
				moderate		
				OSA		
	n	730	67	276	387	-
	Age, years	54.3 (11.6) 46.8 (12.3)	54.8 (11.8)	55.3 (11.0)	<0.0001
	Females, %	20.1	32.8	23.9	15.3	0.0006
	BMI, kg/m 2	28.7 (5.9)	26.9 (6.4)	27.9 (5.7)	29.6 (5.8)	<0.0001
	Obesity, %	30.4	25.4	21.7	37.5	<0.0001
	SBP, mmHg	130.5 (16.0) 124.7 (15.0) 131.2 (15.4) 131.0 (16.4)	0.0072
	DBP, mmHg	78.1 (11.6) 73.4 (13.8)	77.2 (10.6)	79.5 (11.7)	<0.0001
	Hypertension, %	38.6	25.4	32.6	45.2	0.0003
	Diabetes, %	15.5	18.2	17.5	13.6	0.3243
	COPD, %	7.0	6.0	11.6	3.9	0.0006
	Dyslipidaemia	20.5	17.7	21.2	20.4	0.8280
	Non-smokers, %	48.1	50.8	47.3	48.2	0.8750
	Epworth score	9.3 (4.8)	8.2 (4.5)	9.0 (5.0)	9.8 (4.6)	0.0209
	EDS, %	40.4	29.0	38.2	44.3	0.0556
	T90, min	32.9 (65.4) 14.3 (54.6)	22.5 (56.9)	45.1 (71.4)	<0.0001
	Mean SaO2, %	92.8 (2.5)	94.1 (1.9)	93.1 (2.6)	92.4 (2.5)	<0.0001
	Ln-RHI	0.72 (0.27) 0.74 (0.25)	0.75 (0.27)	0.70 (0.27)	0.0490
	Endothelial	22.5	14.9	18.1	26.9	0.0086
	dysfunction*, %					
	Data are expressed as mean (standard deviation) or percentages.		
	Abbreviations: OSA, obstructive sleep apnoea; BMI, body mass index; SBP, systolic blood
	pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; EDS,
	excessive daytime sleepiness (Epworth score > 10); T90, sleep time with oxygen saturation <
	90%; SaO2, oxygen saturation; Ln-RHI, natural logarithmic transformation of the reactive
	hyperaemia index.					
	* Endothelial dysfunction was defined by Ln-RHI<0.51		

Table 2 :

 2 Comparison of patients with and without endothelial dysfunction

	Data are expressed as mean (standard deviation) or percentages.
	Abbreviations: OSA, obstructive sleep apnoea; BMI, body mass index; SBP, systolic blood
	pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; EDS,
	excessive daytime sleepiness (Epworth score > 10); AHI, apnoea-hypopnoea index; T90,
	sleep time with oxygen saturation < 90%; SaO2, oxygen saturation; Ln-RHI, natural
	logarithmic transformation of the reactive hyperaemia index.

Table 3 :

 3 Adjusted odds ratios for endothelial dysfunction according to variables of nocturnal hypoxemia.Odds ratios were adjusted for age, gender, diastolic blood pressure, presence of obesity, diabetes and chronic obstructive pulmonary disease.

	Predictor	Adjusted	95% confidence	p value
		odds ratio	interval	
	Sleep time with oxygen saturation			
	below 90%, min			
	<1.7 min (ref)	1	-	-
	1.7-20 min	1.52	1.21-1.92	0.0003
	>20 min	1.83	1.22-2.92	0.0041
	Mean oxygen saturation during			
	sleep, %			
	>94.0% (ref)	1	-	-
	92-94.0%	1.32	1.04-1.69	0.0291
	<92%	1.52	1.17-1.96	0.0016

Table S1 .
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	BOSAS	NCT0077	consistency. Comment on any concerns regarding network 07/11/2007** RCT Ambulatory Patients with		14
	Conclusions BPCO	7985 26 NCT0040	blood geometry (e.g., avoidance of certain comparisons). OSA and Provide a general interpretation of the results in the context pressure hypertension monitoring of other evidence, and implications for future research. 10/01/2007** Observationa Endothelial Patients with	13	40
		4430		l study	function	exacerbated	
	FUNDING Funding BPCO-SAS NCT0119 27 5064	COPD surgery or some of the authors are content experts with professional bypass graft manufacturers of treatments in the network and/or whether coronary artery regarding whether funding has been received from with planned systematic review. This should also include information OSA or COPD other support (e.g., supply of data); role of funders for the l study arterial tone suspected for Describe sources of funding for the systematic review and 16/10/2009** Observationa Peripheral Patient		91
			conflicts of interest that could affect use of treatments in vascular	
			the network.			surgery	
	DIAMETA	NA	02/08/2006**	RCT	Flow-	Patients with		25
	SAS				deviated	metabolic	
					vasodilatation	syndrome	
	DIVAS	NA	17/05/2011*	Observationa	Peripheral	Patients with		62
				l study	arterial tone	type 2 diabetes	
						and suspected	
						OSA	
	INFRASAS NCT0108	04/07/2007** Observationa	Anatomic and	Patients with	108
		9257		l study	functional	suspected OSA	
					vascular study		
	MIRSAS	NA	20/11/2012*	Observationa	Circulating	Patients with	127
				l study	micro	suspected OSA	
					particles		
	NIV-OHS	NCT0060	10/05/2006**	RCT	Diurnal	Patients with		71
		3096			PaCO2	OHS	
	POLYSAS	NCT0197	16/06/2013*	RCT	Peripheral	Patients with		40
		7924			arterial tone	severe OSA	
	STATINFA	NCT0066	07/11/2007**	RCT	Peripheral	Patients with		52
	SAS	9695			arterial tone	OSA and	
						hypertension	
	VALSAS	NCT0040	07/06/2006**	RCT	Ambulatory	Patients with		22
		9487			blood	OSA and	
					pressure	hypertension	
					monitoring		
	VASOAM	NCT0142	20/07/2010*	RCT	Peripheral	Patients with	150
		6607			arterial tone	severe OSA	
						intolerant to	
						CPAP	
	* Comité de Protection des Personnes-OUEST II			
	** Comité de Protection des Personnes-SUD EST V IRB0006705		

2

PICOS = population, intervention, comparators, outcomes, study design. * Text in italics indicateS wording specific to reporting of network meta-analyses that has been added to guidance from the PRISMA statement. † Authors may wish to plan for use of appendices to present all relevant information in full detail for items in this section. Abbreviations: NA, not applicable since confidential trial; OSA, obstructive sleep apnoea; RCT, randomized controlled trial; CPAP, continuous positive airway pressure; OHS, obesity hypoventilation syndrome; COPD, chronic obstructive pulmonary disease.
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