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OBSTRUCTIVE SLEEP APNEA SYNDROME IN ADULTS WITH DOWN SYNDROME: CAUSES AND CONSEQUENCES. IS IT A "CHICKEN AND EGG" QUESTION?

Highlights:

• OSAS is more prevalent in persons with DS because of their particular characteristics With a prevalence of 1 in 700 live births, it is the most frequent chromosomic abnormality and the most common genetic cause of intellectual disability [105] . This syndrome is associated with a wide spectrum of cognitive and physiological impairments, which include obesity, short height, hypotonia, macroglossia, and also delays in motor and neurological development. In addition, one of the most typical clinical features of DS is their susceptibility toward sleep disorders, such as obstructive sleep apnea syndrome (OSAS) which is frequently observed. Furthermore, the association of DS with hormonal dysregulations, dysautonomia or obesity seems to be able to condition, per se, an overexpression of OSAS [START_REF] Campana | Pathophysiology & genetics of obstructive sleep apnoea[END_REF]131] . OSAS, a chronic sleep disorder characterized by repetitive pharyngeal collapse during sleep; is receiving increased interest because of convincing data showing important neurocognitive and cardiovascular sequelae [170] and poor sleep quality. It can also lead to attention disorders, daytime sleepiness, cognitive disorders and learning problems [START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF] . Severity of OSAS is diagnosed in view of the apnea-hypopnea index (AHI). An apnea, defined as cessation of airflow for at least 10s, is classified as obstructive or central on the basis of presence or absence of respiratory effort. Hypopnea is defined as reduction in ventilation of at least 50% that results in a decrease in arterial saturation of 4% or more due to partial airway obstruction [START_REF]Sleep apnea: what is sleep apnea? NHLBI: Health Information for the Public[END_REF] . Obstructions are mainly caused by collapses of the pharyngeal airway, the half occurring at the palatal level and the other half at the hypo pharyngeal level [START_REF] Douglas | Pathogenesis of obstructive sleep apnoea/hypopnoea syndrome[END_REF] . OSAS during sleep leads to chronic hypoxemia and sleep fragmentation, enhancing the risk of severe diseases such as hypertension, hypercoagulability, cardiac dysfunction, stroke, or myocardial infarction.

•
The prevalence of OSAS ranges between 3 and 17% of the general population [179] but can reach 85 to 93% in individuals with DS [START_REF] Coverstone | Overnight pulse oximetry for evaluation of sleep apnea among children with trisomy 21[END_REF][START_REF] Dyken | Prospective polysomnographic analysis of obstructive sleep apnea in Down syndrome[END_REF]233] . In adults with DS, OSAS is usually more severe compared to controls because some factors are exacerbated by the clinical characteristics of this syndrome, such as anatomical, mechanical or endocrine factors which contribute to the physiopathology of sleep apnea. Associated with difficult access to healthcare, these characteristics increase the incidence of OSAS in this population. While the American Association of Sleep Medicine of pediatrics recommends screening for OSAS in all children with DS so that treatment can be implemented as early as possible, for adults these recommendations are less clear. Thus, regarding the possible outcomes of OSAS in individuals with DS, it seems necessary to better understand it in order to adequately identify and treat patients with DS.

The aim of this work is to present the risk factors, consequences and management of OSAS in the population with Down syndrome.

In this review, authors decided to select all publications that met the following criteria: 1) patients with DS; 2) adults participants older than 18 years who underwent a sleep study (i.e., polysomnography or polygraphy) for OSAS diagnosis (Children with DS and OSA were excluded because diagnosis criteria, risk factors and management of OSAS are not the same as the adults); 3) OSA diagnosis was based on apnea-hypopnea index (AHI) in the sleep studies; 4) article was published between 1960 and 2019 in peer-reviewed journals (unpublished works, dissertations, chapters, and abstracts were not included); 5) article was published in English language. The exclusion criteria were based primarily on the absence of one of the inclusion criteria.

Databases searched were PubMed Mesh, MEDLINE, Embase, and Science Citation Index.

Search terms were "Sleep apnea, obstructive [MeSH]" ; " sleep apnea syndromes [MeSH]"; "sleep disordered breathing"; "Down syndrome"; "adults"; "trisomy 21". More than 5,000 reports were first screened for key words and reduced to 755 articles with at least one inclusion criteria. Subsequently, 65 studies met all inclusion criteria (Fig. 1). **Here Figure 1** The selected literature, organized as a stepwise approach to the diagnosis and management of OSAS, is presented in tables 1 to 3. These tables serve as a presentation plan for this review focused specifically on adult with DS in comparison to general population.

II. ASSOCIATED FACTORS WITH OBSTRUCTIVE SLEEP APNEA SYNDROME

In DS, some sleep macro-architecture alterations exist. Subjects with DS spend more time in bed, have a higher percentage of wakefulness after sleep onset, a lower percentage of stage 2 NREM and therefore a lower sleep efficiency [START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF]109] .

The diagnosis of OSAS begins with a sleep history that is evoked during a health evaluation or when warning signs exist (such as fatigue, daytime sleepiness…). These factors associated with OSAS are listed in two essential groups: firstly 'Anatomic & Physiologic factors' and secondly 'Demographic factors ' (Table.1).

**here table 1** A. Anatomic and physiologic factors influencing an obstruction of the UA

A.1 Genetic factors

DS is a disorder arising during embryogenesis as a result of an additional chromosome 21 copy in the karyotype. This over-expression of genetic material produces structural and functional disorders and intellectual disabilities [109] , and there are dysmorphic features of DS that affect whole body function and play a significant role in screening and diagnosis.

Sleep disturbances are common in children and adults with intellectual disabilities, and several neurophysiological studies have been performed in the past in order to find specific polysomnographic phenotypes. Thus, it is still debated if sleep disturbances are related to specific genetic profiles. The two most studied syndromes with mental retardation from a sleep point of view are Down syndrome and Fragile-X syndrome [137] . They represent the most common causes of inherited mental retardation [197] . In population with DS, polysomnographic studies reported a high prevalence of OSAS. An association has been observd between the level of mental retardation and the amount of REM sleep, which has been suspected to have a role in the cognitive deficit of DS [START_REF] Ferri | Sleep Neurophysiopathology in Down syndrome[END_REF]152] . Fragmentation of sleep induced by apnea-hypopnea episodes can lead to reduced neurocognitive function, decreased quality of life, and increased risk of professional and occupational accidents.

Genetic factors influence the development of neurocognitive decline in OSA. The ε4 isoform of apolipoprotein E (Apo ε4) is strongly associated with an increased risk of early-onset Alzheimer disease [250] , and persons with DS are at high risk of developing Alzheimer disease.

As a consequence, this population may be at high risk for cognitive impairment associated with OSAS in view of their combined risk of severe OSAS and Alzheimer disease [126] .

A.2 Cranio-facial anthropometric characteristics

Another factor related to OSAS in the population with DS is the role of the anatomical structure's characteristics. Several factors have been implicated in the pathogenesis of OSAS in DS including facial (midfacial hypoplasia, mandibular hypoplasia) and other physical signs (hypotonia of upper airway, glossoptosis, hypopharyngeal collapse, an abnormally small upper airway, enlarged tonsils and adenoids) [START_REF] Arumugam | Down syndrome: A narrative review with a focus on anatomical features[END_REF]197] . Several studies hinted at the existence of a correlation between OSAS and the alteration of craniofacial growth in DS [START_REF] Ferrario | Three-dimensional assessment of nose and lip morphology in subjects with down syndrome[END_REF][START_REF] Ferrario | Soft tissue facial anthropometry in Down syndrome subjects[END_REF] . OSAS affects children and adults with DS, especially those with cranio-or dentofacial disharmonies.

Individuals with DS express characteristic facies, mainly due to anomalies of the underlying craniofacial skeleton. Some studies have found midfacial hypoplasia and small mandibular sizes in individuals with DS. The few analyses of soft-tissue morphology indicate that the faces of individuals with DS are smaller overall compared to the general population [START_REF] Ferrario | Soft tissue facial anthropometry in Down syndrome subjects[END_REF] , with a reduced nasal and lower lip surface area, and an increased upper lip area [START_REF] Ferrario | Three-dimensional assessment of nose and lip morphology in subjects with down syndrome[END_REF] . Moreover Hamilton et al. [102] observed that 13.8% of individuals with DS presented airway anomalies with majority of subglottic stenosis and tracheomalacias, leading to narrower upper airways.

Elasticity of the tissues surrounding the upper airways in individuals with DS is decreased, and lower stiffness is associated with an increased risk of obstruction [224] . Heterogeneous elasticity from a pharyngeal zone to another in a same individual can lead to numerous obstruction zones and an increased collapsibility [213] .

Many studies report a relative macroglossia in individuals with DS, described as a small mandible in regards to the volume of the tongue, which increases the risk of airway obstruction [START_REF] De Miguel-Diez | Prevalence of sleep-disordered breathing in children with Down syndrome: polygraphic findings in 108 children[END_REF][START_REF] Ferri | Sleep Neurophysiopathology in Down syndrome[END_REF][START_REF] Goffinski | Obstructive sleep apnea in young infants with Down syndrome evaluated in a Down syndrome specialty clinic[END_REF]101,236] . These morpho-anatomical characteristics of the face in individuals with DS may have a major impact on obstructive sleep apnea because they enhance the risk of upper airway obstruction.

A.3 Obesity and Body Mass Index (BMI)

Many adults with DS are diagnosed to be overweight or obese according to the BMI, and numerous studies in different countries and across different ages have reported a high prevalence of obesity in this population [START_REF] Bull | Health supervision for children with Down syndrome[END_REF] . The relation between obesity, fat mass deposition and sleep apnea severity has been well established in DS [START_REF] Basil | Retrospective study of obesity in children with Down syndrome[END_REF][START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF]215,233] . Obesity and OSAS often co-exist in adults with DS. In this population, an increased sedentary lifestyle and weight gain is associated with ageing [215,233] . In individuals with DS across different ages, a higher body mass index increases the risk of developing severe obstructive sleep apnea [START_REF] Austeng | Obstructive sleep apnea in younger school children with Down syndrome[END_REF][START_REF] Beebe | The association between obstructive sleep apnea and dietary choices among obese individuals during middle to late childhood[END_REF][START_REF] Dahlqvist | Sleep apnea and Down's syndrome[END_REF]212,233] . These results are confirmed by Trois et al. [233] in a study on 16 adults with DS, and a mean BMI value of 31kg/m². These authors reported that 88% had clinically diagnosed OSAS, showing a positive correlation between the apnea-hypopnea index and BMI. A recent study by Cornacchia et al. [START_REF] Cornacchia | The Prevalence of OSA Among an Adult Population With Down Syndrome Referred to a Medical Clinic[END_REF] confirmed the same association between BMI and OSA in adults with DS. Subjects with higher BMI were found to have greater AHI values and trended towards more severe OSA [187] .

Obesity is more frequent in persons with DS, for whom genetic causes are involved in the development of obesity [207] . Seo et al. [207] showed that Down syndrome critical region 1-4 (DSCR 1-4), a chromosomic part initially proposed as a "DS critical region", was involved in energy homeostasis. In their study, in transgenic mice for the DSCR1 gene, the hepatic glucose homeostasis was impaired, shown by higher levels of hepatic glucose compared to wild mice, after a 24h-fasting period. In addition, it has been suggested that DSCR 1-4 was involved in hepatic glucose production, as an increase of hepatic glucose levels in transgenic mice was observed after a pyruvate injection. The overexpression of DSCR 1-4 leaded to pyruvate intolerance, associated with insulin resistance. Hence in individuals with DS, where DSCR 1-4 is overexpressed, metabolic adjustments are impaired, described by increased neoglucogenesis, pyruvate intolerance and insulin resistance [START_REF] Flore | Oxidative stress and metabolism at rest and during exercise in persons with Down syndrome[END_REF] . These outcomes may explain higher prevalence of obesity and metabolic syndrome in the population with DS.

Obesity predisposes to OSAS because it promotes excessive fat deposition under the mandible, in the neck and the tongue. This contributes to narrow the upper airway diameter during sleep and to increase the risk of obstruction [START_REF] Donnelly | Causes of persistent obstructive sleep apnea despite previous tonsillectomy and adenoidectomy in children with Down syndrome as depicted on static and dynamic cine MRI[END_REF] . Kaleth et al. [117] showed greater weight, neck and waist circumferences in individuals with OSAS compared to controls.

Similarly Hargens et al. [103] observed a positive correlation between AHI and body mass index, neck circumference and fat mass in subjects without DS. These authors confirmed than most adults with OSA are overweight, and they have shown that the development or worsening of OSA was linked to increasing weight. Neck circumference seems to have the strongest association with OSA, and waist-hip ratio is a risk factor especially in severe obstructive sleep apnea syndrome [103,117] . Neck circumference and waist-hip ratio seem to be better indicators of all-cause mortality than BMI. Thus, obesity is probably an important risk factor for the development of OSA, and in individuals with DS is carried from childhood into adulthood. In fact, it is a further risk for the development of metabolic syndrome and OSAS [158,247] .

A.4 Endocrine Disorders

Endocrine disorders are reported in individuals with DS and they indirectly influence OSAS prevalence, even more when individuals are obese [173,187,243] . Indeed, adipose cells secrete adipocytokines, such as leptin, TNF-α (tumor necrosis factor-alpha), IL-6 (interleukin-6) or adiponectin. As a result, excessive adipose tissue is often associated with high levels of leptin and insulin. These two hormones are linked with hypothalamic receptors and a hypersecretion leads to increased sympathetic activity, which stimulates thermogenesis. However in the long term a desensitization of β-adrenergic receptors is associated with thermogenesis reduction and an increases in fat mass storage [204] . Because of dysautonomia and the increase in fat mass, hyperleptinemia is associated with increased risk of sleep apnea.

a) Leptin

Leptin, also known as a satiety hormone, is released from the fat cells of adipose tissues. It sends signals to the hypothalamus and acts to suppress food intake and increase metabolic rate. The primary role of leptin is to regulate and maintain body weight, but is also involved in immunity, metabolism and inflammation [START_REF] Flier | Hormone resistance in diabetes and obesity: insulin, leptin, and FGF21[END_REF] .

A study on a model of trisomic mouse (Ts65Dn) [START_REF] Fructuoso | Increased levels of inflammatory plasma markers and obesity risk in a mouse model of Down syndrome[END_REF] showed that visceral fat mass accumulation promotes a pro-inflammatory state, evidenced by a correlation between obesity and increased plasma levels of inflammatory biomarkers. In this Ts65Dn model, mice consumed more calories, suggesting that the satiating effects of leptin were inefficient. In children and adolescents with DS, leptin concentrations could be associated with adiposity [148, 253] as studies observed higher leptin levels compared to control children [147,148,253] .

Authors explain these results with a possible greater leptin production per unit of adipose tissue. However, in individuals with DS who are not even obese, Tenneti et al. [228] found high leptin concentrations. If this hyperleptinemia is not only associated to obesity, it could be also related to the surnumerary 21 st chromosome [228] . In individuals without DS, plasmatic concentrations of leptin are highly associated with BMI and with the degree of adiposity.

Circulating leptin concentrations, generally thought to be the outcome of increased leptin resistance, are also markedly elevated in obese individuals [START_REF] Flier | Hormone resistance in diabetes and obesity: insulin, leptin, and FGF21[END_REF] . These high concentrations of leptin are associated with various health conditions such as hypertension, low-grade systemic inflammation and metabolic dysfunction. Intermittent hypoxia and/or sleep apnea, major factors of oxidative stress, increase peripheral leptin levels and induce leptin resistance [184] .

These hormonal dysregulations may be involved in the pathogenesis of sleep apnea-associated cardiovascular and metabolic morbidity and mortality. Thus, leptin is an important chemical messenger that activates the sympathetic nervous system, and its increase contributes to hypertension [178] . In populations who present obesity, hyperleptinemia is also positively associated with the severity of sleep apnea [173] . Given that leptin is upregulated by intermittent hypoxia and that its increase leads to cardiovascular complications, it is possible that high leptin concentrations contribute to cardiovascular complications of OSAS such as increased oxidative stress.

In individuals with DS, a high level of oxidative stress has been described as an outcome of an antioxidant enzymatic over activity, and specifically an increase of Cu-Zn superoxide dismutase, an enzyme coded on chromosome 21 [START_REF] De Haan | Reactive oxygen species and their contribution to pathology in Down syndrome[END_REF]177] . This oxidative stress exacerbates insulin resistance and metabolic syndrome, and contributes to sleep apnea [START_REF] Artioli | Understanding obesity in Down syndrome children[END_REF]169] . The association of OSAS and oxidative stress causes deleterious effects on the cardiovascular system, with an increased risk for stroke, heart failure and myocardial infarction. This association can also display more subtle endothelial dysfunctions and vascular remodeling.

These findings contribute to OSAS in obese persons who do not have DS, and may exist in those with DS. b) Insulin and glucose metabolism OSAS has been linked with abnormal glucose metabolism (hyperglycaemia, hyperinsulinemia), insulin resistance and development of type 2 diabetes independently of obesity [226] . Indeed, hypoxemia induced by OSAS has been shown to induce a number of serious outcomes in general population [241] :

1) impairs adenosine triphosphate synthesis in hepatic cells and hence inhibits insulin secretion, 2) decreases the insulin receptors sensitivity; 3) promotes the hyperactivity of sympathetic nerves, which can contribute to the blood glucose level increase and to an impaired glucose tolerance, 4) associated with hypercapnia, hypoxemia stimulates chemoreceptors, leading to increased catecholamine and cortisol secretions to antagonize the biological effects of the insulin, 5) associated with oxidative stress, hypoxemia causes the expression and release of inflammatory cytokines, resulting in insulin resistance.

In individuals with DS, the presence of low-grade inflammation reduces insulin sensitivity and glucose absorption by peripheral muscles [227,229] . As a consequence, glycaemic concentration increases [227] leading to a potential metabolic syndrome. Furthermore, some studies have reported that basal metabolism is reduced in individuals with DS, also contributing to the development of metabolic syndrome [227] , possibly due to prevalent defects in thyroid gland function in DS [188] .

Moreover, the development of insulin resistance and pancreatic beta cell dysfunction has been linked to chronic intermittent hypoxemia observed in OSAS. These impairments would also explain an increased risk of diabetes in individuals with DS that is often diagnosed earlier in this population. Nevertheless, the mechanism of diabetes apparition in DS is not clear. Butler et al. [START_REF] Butler | Down Syndrome-Associated Diabetes Is Not Due To a Congenital Deficiency in beta cells[END_REF] found no difference in beta-cells of pancreas of individuals with DS compared to controls. However, recent studies reported increased rates of diabetes-associated auto-antibodies in individuals with DS compared with a control population without the expected increase in diabetes-associated human leukocyte antigen genotypes [START_REF] Aitken | Early-onset, coexisting autoimmunity and decreased HLA-mediated susceptibility are the characteristics of diabetes in Down syndrome[END_REF][START_REF] Gillespie | Islet autoimmunity in children with Down syndrome[END_REF] . Abnormal expression of a precise gene located on chromosome 21 (21q22.3 region) has recently been identified as a likely cause for increased autoimmunity in DS [START_REF] Gimenez-Barcons | Autoimmune predisposition in Down syndrome may result from a partial central tolerance failure due to insufficient intrathymic expression of AIRE and peripheral antigens[END_REF] . Nonetheless, more research is needed on this point.

c) Thyroid function

Thyroid hormones play a critical role in growth, development of tissues, cellular differentiation and cellular metabolism, especially the maintenance of energy homeostasis and thermogenesis. They play a particularly crucial role in brain maturation (neuronal differentiation, cognitive development, activation of the sympathetic nervous system … [START_REF] Bernal | Thyroid hormones and brain development[END_REF] ).

In Down syndrome, the association of thyroid hormone deficiency potentially exacerbates the observed neurological disorders.

Dysfunctions of the hypothalamo-pituitary thyroid axis in DS can be linked with primary thyroid diseases or with disorders of TSH secretion dependent on insufficient dopaminergic control of pituitary secretion. These thyroid dysfunctions have been reported with high prevalence in persons with DS at all ages. Both hypo-and hyperthyroidism had been well documented in these patients, but the most frequently observed condition appeared to be hypothyroidism [186,233,242] with a prevalence ranging from 25% to 60% without gender preponderance [235] .

Diagnosis of a thyroid dysfunction is a part of health care guidelines for all children, adolescents and adults with DS [243] , and the regular screening for thyroid dysfunction is annually recommended in this population because the risk of hypothyroidism increases with age [START_REF] Bull | Health supervision for children with Down syndrome[END_REF] . The hypothyroidism in DS is heterogeneous, but an auto-immune type thyroiditis is often causative. It is possibly due to defects in thyroid gland function in individuals with DS. Some reports have shown that this hypothyroidism could induce sleep-disordered breathing via several different mechanisms; but it can also cause some others disorders. Patients with hypothyroidism and OSAS present some common clinical features such as apathy, fatigue, cognitive difficulties and excessive daytime somnolence. Several mechanisms contribute to weight gain in DS, among which hypothyroidism, a decreased basal metabolic rate, a preference for high carbohydrate foods, and an increased prevalence of eating disorders with age. Taken together, these factors contribute to the constant increase of BMI, which is well identified as contributive to OSAS. Some reports have shown that thyroid diseases could have an impact on OSAS but this relation has not been clearly explored. Trois et al. [233] observed hypothyroidism in most of the individuals with DS and OSAS, but no clear correlation between thyroid hormones and apnea severity has been proved. Thus, hypothyroidism can increase upper airway collapsibility because of soft tissue swelling in pharynx, neck and tongue especially since the prevalence of macroglossia is important in DS [START_REF] Cohen | Dental and facial characteristics in Down's syndrome (mongolism)[END_REF] . If there is a goiter in relation to a thyroid disorder, it can provoke symptoms due to the compression of local structures, induce upper airway narrowing and then obstruction. Large goiters may make the upper airway more susceptible to collapse due to extrinsic compression [199] . However De Oliveira et al. [START_REF] De Oliveira | Diagnosis of obstructive sleep apnea syndrome and its outcomes with home portable monitoring[END_REF] showed that the hypothalamo-pituitary-thyroid axis was partly under the control of the sympathetic nervous system. Thus, in individuals with DS, thyroid hormone resistance can be caused by decreased sympathetic tone in the hypothalamo-pitutary axis [START_REF] De Oliveira | Diagnosis of obstructive sleep apnea syndrome and its outcomes with home portable monitoring[END_REF] .

Further research needs to be carried out in individuals with DS to investigate the role of thyroid function in the physiopathology of sleep apnea because of the important consequences it would have on the global health of these individuals with DS.

d) Gonadal dysfunction

The relationship between gonadal hormones and sleep apnea has been well established since the 1980s [112] . In DS, young adolescents present a high prevalence of anomalies in sexual development. Delayed onset of puberty is reported in both genders, but is more frequent in male patients [112] .

These gonadal dysfunctions may contribute to the physiopathology of OSAS in individuals with DS, but these relations have yet to be explored. In DS, hypogonadism is characterized by cryptorchidism, small testes, and micropenis, associated with low levels of testosterone. Hypotestosteronemia associated with hypogonadism enhances fat mass increase because testosterone is a major actor of muscular anabolism and lipolysis [222] . Low concentrations of testosterone in men with DS can explain higher fat mass storage compared to control individuals. Accumulation of adipose tissue in the neck and the tongue can increase upper airway obstruction.

In men without DS, it has been shown that testosterone production is directly dependent on sleep, with a sleep-related increase in the amplitude of the pulses of luteinizing hormone secretion [251] . During daytime, the plasma concentration of testosterone declines proportionally to time spent awake, but the relationship between testosterone and sleep quality appears to be largely mediated by obesity [START_REF] Barrett-Connor | The association of testosterone levels with overall sleep quality, sleep architecture, and sleep-disordered breathing[END_REF] . Recent work has shown that in obese men, sleep apnea is associated with hypotestoteronemia. Moreover, a four-month testosterone treatment results in a decrease of OSAS severity [111] . Finally, the relationship between testosterone and the obstructive sleep apnea syndrome is bidirectional. OSAS seems to cause a decrease in testosterone production while hypotestosteronemia increases the risk of fat mass gain and obesity.

In addition to an accumulation of adipose tissue, hypotestosteronemia may induce a lower muscle mass, and then reduce muscle tone and major hypotonia, which is an additional risk factor of OSAS.

A.5 Hypotonia, muscle tone and consequences on sleep habits

In the population with DS, low muscle strength associated with hypotonia is common [START_REF] Esbensen | Health conditions associated with aging and end of life of adults with Down syndrome[END_REF] .

They induce an alteration of the voluntary control of muscles, of the development of gross motor skills, and finally the outcome is a motor clumsiness. In addition, generalized hypotonia increases the risk of airway collapse and is aggravated by other factors (thick neck, obesity, relative macroglossia, adenotonsillar hypertrophy). During sleep, obstruction of the airways (total or partial) can occur due to pharyngeal hypotonia, leading to snoring and to OSA in subjects with DS [START_REF] Giannasi | Evaluation of the masticatory muscle function, physiological sleep variables, and salivary parameters after electromechanical therapeutic approaches in adult patients with Down syndrome: a randomized controlled clinical trial[END_REF] . In this population, Pinheiro et al. [185] have reported positive results in the treatment of weakness muscle using neuromuscular electrical stimulation.

Sleep habits, such as sleep position, can also induce reductions of airway size, and patency with a decrease in the area of the upper airway particularly in the lateral dimension, while in the supine position [181] . In fact, the AHI has been reported to be 40% to 50% lower when adult patients with OSA sleep in the lateral position compared to supine position [168] , and supine position increases propensity to apnea events compared to off-supine positions. There are several reasons why sleep position may be different on OSA severity in the population with DS [171] . Persons with DS frequently adopt unusual sleep postures: sitting cross-legged and leaning forward; a posture facilitated by hypotonia. The reason for this is imprecise, but it might be a maneuverer that helps maintain an open airway in the face of collapse during obstructive breathing events [206] and an indicator of protecting the airway against OSA.

Positional effects may differ as a function of the etiology of OSA, considering the anatomical and cranio-facial characteristics of DS (relative macroglossia, posterior tongue position, etc.); sleep state effects may also differ as a result of the generalized hypotonia commonly observed in DS and also due to changes in sleep architecture, notably decreased amounts of REM sleep [158] .

A.6 Tonsil inflammation or hypertrophy

If OSAS presents a multifactorial etiology, it is often linked to adenotonsillar hypertrophy (especially in children but not exclusively) which may lead to an alteration of the breathing pattern. In children with DS, frequent adenotonsillar hyperplasia, associated with a small mandibular volume, is a risk factor for sleep apnea [START_REF] Dahlqvist | Sleep apnea and Down's syndrome[END_REF][START_REF] De Miguel-Diez | Prevalence of sleep-disordered breathing in children with Down syndrome: polygraphic findings in 108 children[END_REF][START_REF] Donnelly | Causes of persistent obstructive sleep apnea despite previous tonsillectomy and adenoidectomy in children with Down syndrome as depicted on static and dynamic cine MRI[END_REF]193] . Shires et al. [212] observed a positive relation between tonsillar volume and apnea-hypopnoea index and Thottam et al. [230] found a decrease in the AHI after adenotonsillectomy, confirming the relation between these parameters. Moreover, regardless of adenotonsillar volume, the airways of individuals with DS are narrower than their counterparts without DS which is a predisposing factor for OSAS.

A.7 Comorbidities

•

Individuals with DS present many comorbidities that can increase the risk of developing OSAS, like obesity [150] , upper airway infections, ear-nose-throat disorders or congenital heart disease [START_REF] Bush | Clinical Characteristics and Risk Factors for Developing Pulmonary Hypertension in Children with Down Syndrome[END_REF] . They can and should be attended to immediately, starting with early childhood and continuing throughout lifelong. For instance, a study conducted by Mitchell et al. [160] showed that children with DS and OSAS also present secondary ear-nosethroat disorders.

•

Children born with DS are at an increased risk of congenital heart disease (i.e. atrial or ventricular septal defects) [175] . Despite cardiac surgery in childhood, many adults with DS present progressive anatomical cardiac lesions and/or arrhythmias [106] . Congenital heart disease is also a well-known comorbidity in DS [244] and its relation with sleep apnea has been investigated [202,244] . Neonatal care and successful early cardiac surgery improve health and life expectancy [START_REF] Day | Mortality and causes of death in persons with Down syndrome in California[END_REF] , nevertheless the high prevalence of OSAS in DS is known to worsen the impact of cardiovascular diseases, lead to poorer prognoses, and decrease the quality of life [202] . The study of Sawatari et al. [202] investigated the relationship between sleep-disordered breathing and congenital heart disease in individuals with DS and concluded that the deterioration of heart failure may predispose central sleep apnea or lead to the narrowing of the upper respiratory tract by edema resulting in obstructive sleep apnea.

Mitral valve prolapse is also common among adults with DS (46-57%; [START_REF] Barnhart | Aging and Down syndrome: implications for physical therapy[END_REF]197] ). Early signs of mitral valve prolapse are comparable to those observed in the general population and include fatigue, irritability and weight gain [START_REF] Barnhart | Aging and Down syndrome: implications for physical therapy[END_REF] .

•

In addition, 83% of patients with DS present gastrointestinal reflux that may negatively impact sleep quality [161] . There is an increasing mass of evidence for a link between the OSAS and gastroesophageal reflux disease. The large negative intrapleural pressure swings during apnea should facilitate reflux events [START_REF] Bermudez | Gastrointestinal disorders in Down syndrome[END_REF] . Recognition and treatment of gastrointestinal reflux in DS population are important because it can be associated with decreased quality of life (including sleep disruption) and increased risk of serious complications [START_REF] Bermudez | Gastrointestinal disorders in Down syndrome[END_REF] .

B. Demographic factors

B.1 Increasing age

Over the last three decades, the life expectancy has increased in patients with DS, with about 14% who can reach the age of 70 [START_REF] Bittles | Clinical, social, and ethical implications of changing life expectancy in Down syndrome[END_REF]254] , but increasing age is reported to be an important risk factor of OSAS in DS [START_REF] Giménez | Prevalence of Sleep Disorders in Adults With Down Syndrome: A Comparative Study of Self-Reported, Actigraphic, and Polysomnographic Findings[END_REF]194] . It was found that older subjects with DS had higher rates of sleep apnea than peers without DS, which is consistent with previous results [START_REF] Akhtar | Down Syndrome (Trisomy 21)[END_REF][START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF] . Older adults with DS are at increased risk for OSA as all risk factors observed in general population become more prevalent in DS because of endocrine disorders, obesity, physical inactivity, premature aging, or Alzheimer disease [START_REF] Charlot | Non-psychiatric health problems among psychiatric inpatients with intellectual disabilities[END_REF]140] . OSAS might accelerate Alzheimer-like pathology in older adults with DS, who are high risk for dementia in later life [159,250] . It has been suggested that sleep impairment due to OSAS may induce Alzheimer biomarkers changes, such as the depositions of β-amyloid protein and amyloid plaque formation in the brain tissues. These signs were the main causes of neuropathological process of Alzheimer disease [250] . The observations of these signs in DS and the high risk of early onset Alzheimer disease support this hypothesis, given that the gene for amyloid precursor protein is located on chromosome 21 (encoded on Hsa21) [START_REF] Goldgaber | Isolation, characterization, and chromosomal localization of human brain cDNA clones coding for the precursor of the amyloid of brain in Alzheimer's disease, Down's syndrome and aging[END_REF] . In patients with DS this chromosome 21 is inherited in triplicate [250] , and trisomy of this protein is likely to be responsible for increased frequency of dementia in people with DS [250] . Thus, it is possible that in addition to the impact of the genetic aspects of DS, advanced in age associated with Alzheimer disease contributes to the high prevalence of OSA in DS [START_REF] Goldgaber | Isolation, characterization, and chromosomal localization of human brain cDNA clones coding for the precursor of the amyloid of brain in Alzheimer's disease, Down's syndrome and aging[END_REF]233] .

Moreover, older patients tend to exhibit greater upper airway collapsibility as well as reduced ventilatory demand as compared with younger patients [START_REF] Fan | Sleep apnea and hypoventilation in patients with Down syndrome: Analysis of 144 polysomnogram studies[END_REF] . In these older patients with DS and OSAS, it is possible that the obstruction and collapse events may increase with age due to modifications in pharyngeal anatomy, redistribution of body fat and/or the increased laxity of the pharyngeal muscular structures.

A careful investigation into these factors related to the ageing process should be undertaken with older adults with DS in order to propose the appropriate treatment [218] .

B.2 Male gender

Gender differences have been clearly identified in sleep physiology as well as in the obstructive sleep apnea syndrome [122] . In the general population, differences between men and women have been reported in hormonal status as well as in body mass index, which may contribute to gender differences in diagnosis and clinical characteristics of OSAS. However, it is not likely that these are the only factors responsible for gender differences in OSAS [129] . In population with DS, the gender effect had not been specifically addressed in a study with adults and DS. Numerous studies have reported no gender effect on OSAS prevalence in children with DS, but in adults, results are more concordant with those reported in the general population, (i.e. a higher prevalence of OSAS in men with DS) [215] . Anomalies in sexual development (cryptorchidism, micropenis, small testes) [112] are also noted to be significant in boys with DS which have an indirect effect on OSAS. The absence of hormonal secretions (related to these sexual anomalies) promotes the fat mass development, and consequently, male subjects had significantly higher body mass. Thus, the difference of fat distribution by gender exists and obesity can affect respiratory disturbance index through specific mechanisms which include fat deposition (narrowing upper airway) or abdominal obesity.

Specifically, fat is not evenly distributed between the men and women (in the upper body in men; in lower body and more subcutaneous fat in women [159] ).

B.3 Prescription of various medications

Numerous studies have suggested a positive association between OSA and smoking, drugs, alcohol or caffeine consumption but no evidence was on association between OSA and these uses [START_REF] Baik | Associations of sleep apnea, NRG1 polymorphisms, alcohol consumption, and cerebral white matter hyperintensities: analysis with genome-wide association data[END_REF] . If their potential active role in OSAS is currently unknown, Linselle et al. [138] have reported that several groups of drugs can aggravate or reveal such a syndrome, and the drugs involved were mainly psychotropics (benzodiazepines, antipsychotics) or opioids [138] .

Nevertheless, only a few rare publications exist on this association. The studies [START_REF] Capone | Adolescents and young adults with down syndrome presenting to a medical clinic with depression: Co-morbid obstructive sleep apnea[END_REF][START_REF] Capone | Co-occurring medical conditions in adults with Down syndrome: A systematic review toward the development of health care guidelines[END_REF]108,189] in DS have showed that different medications such as stimulant drugs (pseudoephedrine and theophylline (sleeplessness) or sedative-hypnotic drugs (benzodiazepines, antihistamines, tranquillizers) have been associated with sleep disturbance [189] .

However, it has been previously reported that medications are often used to manage various comorbid health conditions in individuals with DS [START_REF] Capone | Co-occurring medical conditions in adults with Down syndrome: A systematic review toward the development of health care guidelines[END_REF] . This results in high rates of drug utilization by those with DS [121] . Charlot et al. [START_REF] Charlot | Non-psychiatric health problems among psychiatric inpatients with intellectual disabilities[END_REF] have shown that individuals with intellectual disabilities (some which are persons with DS) were diagnosed with medication side effects in this study. Many impatients were treated with multi-drug treatments, averaging close to three psychoactive medications per person. No study has so far focused on the effects of such treatments on OSAS in DS; because ethically, it is difficult to test the cessation of such treatments, and then make the link between their possible effects and the OSAS.

WHAT TO WITHHOLD?

Subjects with DS present many clinical characteristics that may be involved in the development of OSAS (Table 1):

• craniofacial morphology (midfacial and mandibular hypoplasia; glossoptosis; macroglossia; small upper airway; dentofacial disharmonies);

• obesity (higher body mass index; increased sedentary lifestyle);

• endocrine (hyperleptinemia; insulin resistance; thyroid and gonadal dysfunctions);

• inflammatory disorders (low-grade inflammation; adenotonsillar hypertrophy);

• demographic factors (increasing age; male gender; medications).

III. CONSEQUENCES OF SLEEP APNEA SYNDROME

Individuals with Down syndrome are at high risk of developing OSAS. This is associated with significant cardiovascular morbidity and mortality as a result of untreated OSAS. The sequelae encountered are potentially important and include cardiovascular and neurocognitive effects.

**here table 2** A. Cardiovascular and respiratory consequences of OSAS in DS

A.1 Cardiovascular consequences

Few studies have examined sleep apnea in adult patients with DS and congenital heart disease [106, 153] . A high prevalence of sleep apnea in adult patients with DS and congenital heart disease was observed compared with prevalence of sleep apnea in a healthy sample [START_REF] Capone | Co-occurring medical conditions in adults with Down syndrome: A systematic review toward the development of health care guidelines[END_REF] .

Obesity in DS population is associated with significant adverse clinical effects, and since OSA is more likely in persons with DS who are overweight and obese, the overweight association with OSA may contribute to cardiovascular disorders [106] .

Hayes et al. [106] found a high incidence of obesity-associated comorbidities such as obstructive sleep apnea, but also gastroesophageal reflux disease, thrombosis and pulmonary hypertension. Pulmonary hypertension is the primary predictor of adverse outcome. Many individuals with DS have pulmonary hypertension unassociated with, or out of proportion to, congenital heart disease [106] . Controversy exists as to the etiology of this association. It develops because of obesity related alveolar hypoxia from obstructive sleep apnea, or the presence of left ventricular diastolic dysfunction [106] . Other mechanisms include abnormal capillary morphology and pulmonary hypoplasia. The pulmonary hypertension may be reversible, at least in part, by relieving the airway obstruction. Likewise, treatment of upper airway obstruction has been found to induce beneficial effects [104] .

Moreover, it would be interesting to determine whether predominantly sleep apnea is related to DS per se or whether it is an association with congenital heart disease. In adults with DS and uncorrected congenital heart disease, complications may occur such as OSAS or pulmonary hypertension, and the incidence increases with advanced age [START_REF] Duffels | Down patients with Eisenmenger syndrome: is bosentan treatment an option?[END_REF]149] . However, in clinical practice the regular follow-up of repaired congenital heart disease throughout adulthood is well organized, and now it does allow the improvement of quality of life in individuals with DS [221] , and the limitations of cardiovascular complications such as Eisenmenger syndrome.

Therefore, OSAS is associated with increased cardiovascular mortality, because it exacerbates the cardio-metabolic risk associated with obesity and the metabolic syndrome [150,219] .

A.2 Hypertension

OSAS in adults is associated with cardiovascular diseases including systemic hypertension arising from these frequent cardiovascular perturbations [219] . The temporary augmentation of cardiovascular activity is « an appropriate response » when faced with the challenges of hypoxia, hypercapnia, and increasing ventilatory effort that occur during an obstructive apnea.

In patients with OSAS, tachycardia can also contribute to the development of hypertension.

Surprisingly in individuals with DS, the heart rate increase remains moderate after apnea and these patients rarely present hypertension. Low blood pressure has been described in individuals with DS, associated with parasympathetic hyperactivity [233] . It could be possible that in patients with DS and OSAS the parasympathetic hyperactivity has a protective role for the development of hypertension [166] .

A.3 Snoring

Snoring is a common sleep disturbance in DS [144] . Craniofacial anomalies are an important etiology for sleep apnea in DS [START_REF] Ferrario | Three-dimensional assessment of nose and lip morphology in subjects with down syndrome[END_REF][START_REF] Ferrario | Soft tissue facial anthropometry in Down syndrome subjects[END_REF]102] , and since sleep respiratory breathing disorders are linked with craniofacial anomalies it is not surprising to observe that snoring is a common sleep disturbance in individuals with a genetic syndrome associated with craniofacial anomalies. The report of snoring is obtained from the parents or from a close person of each individual with DS. This report is considered to be suggestive of OSAS if the patient, in addition to habitual snoring, presents difficult or interrupted breathing during sleep. In 2016, Esbensen et al. [START_REF] Esbensen | Sleep problems and associated comorbidities among adults with Down syndrome[END_REF] reported in DS an association between sleep apnea and a higher rate of respiratory concerns. This finding was particularly prevalent among adults with DS with mild to moderate intellectual disabilities. The hypoventilation observed in OSAS patients with DS may have resulted from partial airway obstruction, as periods of hypoventilation were associated with snoring [144] . Moreover, since OSAS is associated with craniofacial anomalies in DS population it is not surprising to find that snoring is a prevalent type of sleep disturbance in individuals with a genetic syndrome presenting abnormal craniofacial features as in Down syndrome [127] .

A.4 Sleep disruption

Some studies have reported the importance of sleep disruption in individuals with DS, noting that they displayed fragmented sleep, sleep anxiety, night waking, parasomnias, and daytime sleepiness [START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF] . The consequences of these anomalies are particularly serious, and it is essential to examine the impact of OSAS-induced sleep disruptions from infancy to adulthood.

Broadly, the consequences of this poor sleep in Down syndrome are visible on cognition, learning, fatigue and behavior [START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF][START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF]233] . Numerous studies have reported specificities of sleep disturbance in children with DS, but in adults, studies have been far fewer. However, functional impact of this sleep alteration may be an important factor whatever the age, including the relation between poor sleep and cognition [START_REF] Andreou | Cognitive status in Down syndrome individuals with sleep disordered breathing deficits (SDB)[END_REF][START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF]165] or poor sleep and Alzheimer disease development in adults [237] . It is also possible that in some individuals with DS, underlying developmental and behavioral disorders may be exacerbated by the hypoxemia and sleep disruption that accompany OSAS.

B. Autonomic nervous system and OSAS in DS

Individuals with DS present attenuated heart rate and blood pressure responses at rest but also during autonomic stimulation (orthostatic test [START_REF] Fernhall | Blunted heart rate response to upright tilt in people with Down syndrome[END_REF] isometric handgrip test [START_REF] Figueroa | Impaired vagal modulation of heart rate in individuals with Down syndrome[END_REF] ). These inappropriate responses are linked to inadequate sympathetic activation or blunted vagal withdrawal [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF][START_REF] Bunsawat | Cardiac autonomic modulation and blood pressure responses to isometric handgrip and submaximal cycling exercise in individuals with Down syndrome[END_REF][START_REF] Dumortier | Hormonal and autonomic responses to autonomic stimulation are altered in young men with Down syndrome[END_REF][START_REF] Fernhall | Blunted heart rate response to upright tilt in people with Down syndrome[END_REF]133] . These tests have been frequently used to observe the blood pressure adaptation, and in individuals with DS the vascular response was attenuated compared to control individuals, as well as cardiac response [START_REF] Bunsawat | Cardiac autonomic modulation and blood pressure responses to isometric handgrip and submaximal cycling exercise in individuals with Down syndrome[END_REF][START_REF] Fernhall | Attenuated responses to sympathoexcitation in individuals with Down syndrome[END_REF][START_REF] Figueroa | Impaired vagal modulation of heart rate in individuals with Down syndrome[END_REF] . In addition, some studies have found a lower baroreflex sensitivity in subjects with DS which could explain this lower blood pressure response [START_REF] Bunsawat | Cardiac autonomic modulation and blood pressure responses to isometric handgrip and submaximal cycling exercise in individuals with Down syndrome[END_REF]107] . All these results suggest that individuals with DS exhibit autonomic dysfunction, which itself contributes to lower the life expectancy and thus is associated with increased mortality and morbidity [130] .

During physical tasks, a strong parasympathetic activation and a prolonged heart rate recovery have been observed in subjects with DS [START_REF] Baynard | Effects of exercise on vasodilatory capacity in enduranceand resistance-trained men[END_REF][START_REF] De Carvalho | Cardiac autonomic modulation of children with Down syndrome[END_REF] . These symptoms evoke a chronotropic incompetence, defined as the inability of the heart to adapt its rate to an increased demand. In patients with cardiovascular disease, chronotropic incompetence is common and leads to exercise intolerance. It impairs quality of life and is an independent predictor of major adverse cardiovascular events and overall mortality [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF]133,155] .

In addition, in individuals with DS, autonomic disorders are also observed during stress stimulation [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF][START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF][START_REF] Dumortier | Hormonal and autonomic responses to autonomic stimulation are altered in young men with Down syndrome[END_REF]114,133] . In a review published in 2018, the authors reported that there is evidence for dysautonomia in subjects with DS independently of the presence of congenital heart disease. They also confirmed that during a orthostatic stimulation, subjects with DS presented a significant decrease in heart rate, reduced vagal withdrawal and smaller increase in sympathetic modulation [START_REF] De Carvalho | Heart rate variability in individuals with Down syndrome: A systematic review and meta-analysis[END_REF] .

Although sleep apnea may impact the autonomic nervous system, only a few studies have investigated the autonomic profile of individuals with DS during sleep [START_REF] Ferri | Sleep Neurophysiopathology in Down syndrome[END_REF][START_REF] Ferri | Heart rate variability and apnea during sleep in Down's syndrome[END_REF] . Individuals with untreated sleep apnea present symptoms of dysautonomia, and conversely some patients with autonomic dysfunctions can present sleep apnea. Sleep fragmentation and chronic exposition to hypoxemia, induced by apnea, stimulate sympathetic nervous activity, resulting in an increased catecholamine secretion [START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF]219] . Hypoxia with hypercapnia in OSAS patients elicits baroreflex dysfunction, altered cardiovascular and respiratory patterns, and a dysfunction in cardiac modulation [START_REF] Ferri | Heart rate variability and apnea during sleep in Down's syndrome[END_REF]114,205] . Higher heart rate and an abnormal activation of sympathetic nervous system during daytime have been observed in apneic individuals compared to subjects without DS [START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF][START_REF] Cholidou | Heart rate recovery post 6-minute walking test in obstructive sleep apnea[END_REF] .

Nevertheless, the available literature in individuals with DS presents conflicting results. On the one hand, Sei et al. [205] have described a lower sympathetic component during rapid-eyemovement sleep in DS compared to control groups. On the other hand, Ferri et al. [START_REF] Ferri | Heart rate variability and apnea during sleep in Down's syndrome[END_REF] have observed an autonomic ambivalence with sympathetic dominance during sleep. These authors have also reported the presence of an abnormal control of the peripheral chemoreceptor reflex on respiration during sleep in DS. They have brought further evidence of a brainstem failure in DS, responsible for the abnormal imbalance between the sympatho-vagal balance, enhanced by the occurrence of apnea [START_REF] Ferri | Respiratory patterns during sleep in Down's syndrome: importance of central apnoeas[END_REF] .

Similarly, autonomic fluctuations during sleep apnea have been compared between individuals with and without DS. A lower heart rate during apnea and arousals have been reported in individuals with DS compared to individuals without DS [167] . O'Driscoll et al.

found that individuals with DS and sleep apnea have a reduced heart rate response and delayed reoxygenation post-event. Furthermore, urinary catecholamines are lower in these individuals, suggesting a lower catecholaminergic stimulation [166] . This study showed an autonomic dysfunction in DS, which leads to cardiovascular complications and can worsen the OSAS.

Autonomic and vascular impairments induced by OSAS have an impact on diurnal fatigability, learning and cognitive capacities, or physical fitness, especially when subjects work in occupations where physical strain is high.

C. Endocrine dysfunction and biological biomarkers of OSAS

In DS as well as in general population, recurrent respiratory events and hypoxia are linked with an increased risk of developing some pathologies such as chronic inflammation, metabolic syndrome, obesity and diabetes [109,131,151] . OSAS-induced endocrine and metabolic dysfunction, provoke modifications in multiple markers including erythropoietin, C-reactive protein, interleukin-6, uric acid, vitamin D and glycated hemoglobin (HbA1c) [109,131,151] .

Patients with DS have increased levels of inflammatory markers (IL-1β IL-10, and IL-7), tumor necrosis factor, and cytokines, and decreased levels of immunoglobulins [174] . There is also a significant increase in oxidative DNA damage, and plasma levels of uric [174] and these characteristics of DS are therefore enhanced by the OSAS.

C.1 Endocrine consequences of OSAS

The role of OSAS in the development of endocrine consequences stems from sleep fragmentation and hypoxia. These endocrine consequences include insulin resistance, obesity and consequently contribute to diabetes apparition [109,131,151] . On the other hand, OSAS can induce some biological alterations in DS population [START_REF] Campos | Evaluation of urinary biomarkers of oxidative/nitrosative stress in children with Down syndrome[END_REF][START_REF] Flore | Oxidative stress and metabolism at rest and during exercise in persons with Down syndrome[END_REF][START_REF] Garlet | Systemic oxidative stress in children and teenagers with Down syndrome[END_REF]119,123,190] .

Glucose homeostasis is impaired by sleep apnea-induced hypoxia. The impact of OSAS on glucose regulation is likely to be mediated by the effects of OSAS itself on insulin resistance and β-cell dysfunction. Some results showed that 5h of intermittent hypoxia resulted in blunted insulin secretion despite reductions in insulin sensitivity [141] . This reduced insulinemia can lead to β-cell dysfunction, increased inflammation [200] , and increased free fatty acid release inducing ectopic fat deposition in the liver [200] . In DS, the consequences of OSAS on the alteration of glucose homeostasis have not been specifically studied. There are few reports of increased risk of mortality due to diabetes in adults with DS as compared to the general population [START_REF] Anwar | Type 1 diabetes mellitus and Down's syndrome: prevalence, management and diabetic complications[END_REF]109,203] but none of them are studying the consequences of OSAS.

Nevertheless, the relationship between OSAS and diabetes is bidirectional in the general population, and the same observation can be made in the DS population. OSAS-induced intermittent hypoxia and arousals may result in decreased insulin sensitivity, sympathetic excitation, and systemic inflammation that lead to diabetes.

This statement is further aggravated by the alteration of leptin secretions observed in patients with OSAS [228,257] . Several studies confirm significantly elevated leptin concentrations in children as in adults with DS [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF]147,148,228,253] and increased leptin resistance was also seen in a 2017 cross-sectional case-control study of children with DS [228] .

Obesity is a major confounding factor in the association between OSAS and leptin. This protein is secreted in harmony with the circadian cycle, and its levels change due to sleep/wake cycle [182] , but due to the different sleep cycle in OSA, the leptin concentration increases.

These increases result in alterations of leptin-sensitive hormonal axes such as the hypothalamo-pituitary-adrenal axis and glucose regulation by insulin. In adults as well as in children or adolescents with DS and OSAS, all these metabolic alterations are presents and contribute to increase the BMI [START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF][START_REF] Dyken | Prospective polysomnographic analysis of obstructive sleep apnea in Down syndrome[END_REF]215,233] . During apnea events, chronic hypoxia, hypercapnia, and respiratory acidosis stimulate peripheral and central chemoreceptors that promote a cardiovascular and respiratory sympathetic reflex. This raise in sympathetic activity increases hyperinsulinemia by stimulating glycogenolysis and gluconeogenesis, and leads to an increase of circulating free fatty acids via a stimulation of lipolysis that induces insulin resistance.

Finally, other endocrine consequences of OSAS can be observed.

• Hypoxemia due to sleep disordered breathing is associated with increased serum erythropoietin (EPO). Since EPO stimulates production of oxygen-carrying red blood cells, the elevation in EPO that is observed in OSAS patients may represent a physiologic response to the hypoxemia caused by OSAS [START_REF] Barbosa | Translation of the human erythropoietin transcript is regulated by an upstream open reading frame in response to hypoxia[END_REF] .

• OSAS may possibly alter hormonal concentrations and sexual behavior. Testosterone is periodically secreted, mostly due to sleep patterns. Its concentration peaks in the blood during sleep in the first REM phase and reaches its nadir in the afternoon. Three hours of sleep with normal architecture should be sufficient to maintain testosterone secretion.

OSAS is associated with hypogonadism due to altered gonadotropin synthesis and release [128] . Some authors show that obesity in men is associated with reduced androgen secretion and that obesity is the major contributing factor to the reduced gonadal function in OSAS [142] .

C.2 Biological biomarkers a) Inflammatory biomarkers

Cytokines participate in many physiological processes including the regulation of immune and inflammatory responses. In a recent study published by Sullivan et al. [225] of the circulating proteome in people with DS, authors have shown that this syndrome causes profound immune dysregulation, such as of those observed in type I interferonopathies and other auto-inflammatory conditions [225] . Production of some cytokines in DS is depressed or increased, and in children as in adults with DS the immune function has been shown to be defective. This dysregulation is one characteristic pathological feature of the syndrome because the chromosome 21 carries genes that code for receptors and ligands of the interferon family. In DS an overexpression of interferon-γ and of TNF-α [217] has been shown and suggests a deregulation in cytokine production in DS [162] .

In OSAS patients, the TNFα release is significantly disturbed (disappearance of nocturnal physiologic peaks and appearance of additional daytime peak), and it has been found that these patients present increased levels of inflammatory mediators such as IL-6, IL-7 or IL-1β [START_REF] De La | Inflammatory proteins in patients with obstructive sleep apnea with and without daytime sleepiness[END_REF] . In OSAS patients with DS, very few studies have explored the consequences of hypoxic events on inflammation markers, because, in this population, it is very difficult to distinguish chronic inflammation induced by the OSAS from that initially induced by DS.

In this context, Ramia et al. [192] showed that respiratory infections (very frequent in subjects with DS) caused sleep alteration, with a consequent increase in inflammatory markers. Rosen et al. [198] and Mitchell et al. [161] showed that untreated gastroesophageal reflux disease can cause inflammation and swelling of the soft tissues of the upper airways and a further reduction in the size of the airways, thereby increasing OSAS, with a consequent increase in chronic low-grade inflammation.

Finally, a real vicious circle is created between the inflammation directly induced by DS and that resulting from OSAS. This pernicious loop is even more visible in the consequences of OSAS on neurodegeneration in older subjects with DS.

DS is associated with progressive neuronal loss in the brainstem and in the locus coeruleus [252] . These brain areas are involved in cognitive function [183] , but neuronal loss has been shown to increase neuro-inflammation and memory loss in Ts65Dn mice [139] . Given the prevalence of OSAS in DS, it is possible that in addition to the impact of the genetic aspects of the Down syndrome itself, OSAS could contribute to Alzheimer disease as well as dementia [238] through chronic inflammation related to OSAS-hypoxia. Some results [START_REF] Griffin | Brain interleukin 1 and S-100 immunoreactivity are elevated in Down syndrome and Alzheimer disease[END_REF] confirm increased pro-inflammatory responses in the DS brain including increased IL-1β expression in the DS brain and increased Interferon-γ. Interferon-γ can induce β-amyloid production and neurodegeneration in DS and contribute for cognitive impairment [217,249] .

In a recent study published by Giannasi et al. [START_REF] Giannasi | Evaluation of the masticatory muscle function, physiological sleep variables, and salivary parameters after electromechanical therapeutic approaches in adult patients with Down syndrome: a randomized controlled clinical trial[END_REF] focused on OSAS in adults with DS, authors reported that pharyngeal hypotonia can provoke a total or partial obstruction of the airways during sleep, leading to snoring and to OSA. The authors assessed the effects of surface neuromuscular electrical stimulation on the functions of masticatory muscles and physiological sleep variables. They used this therapeutic method because it can improve muscle strength, muscular tonus, blood circulation, and decrease edema caused by inflammatory processes.

b) Oxidative stress

During chronic intermittent hypoxia, deficiency of oxygen causes oxidative stress, which is characterized by excessive bioavailability of reactive oxygen species [START_REF] Dobutovic | Effects of ghrelin on protein expression of antioxidative enzymes and iNOS in the rat liver[END_REF] , and this increase of oxidative stress has been associated with development of cardiovascular diseases. Many studies have demonstrated that the DS phenotype is associated with oxidative stress, mainly due to the overexpression of SOD-1 [176] . In 2008, Flore et al. [START_REF] Flore | Oxidative stress and metabolism at rest and during exercise in persons with Down syndrome[END_REF] have reported greater oxidative stress in adults with DS, among them 30% had an AHI >30 events/h, and 58% had polysomnogram anomalies. These authors suggest that the greater oxidative stress in the DS is linked to the previously described overexpression in SOD1 [176] .

c) Vitamin D

A large body of evidence supports the association between OSAS severity and vitamin D [START_REF] Archontogeorgis | The role of vitamin D in obstructive sleep apnoea syndrome[END_REF] .

The deficiency is correlated with the severity of the OSAS. In population with DS, vitamin D deficiency is due to several factors like malabsorption secondary to celiac disease, inadequate intake of vitamin D, or among other factors (exposure to sunlight; anticonvulsant therapy) [258] . OSAS by decreasing vitamin D, besides an adverse effect on bone structure, impairs its desirable anti-inflammatory and neoplasm preventing role [START_REF] Archontogeorgis | The role of vitamin D in obstructive sleep apnoea syndrome[END_REF]258] .

d) Hyperuricemia

The major causes of hyperuricemia are chronic conditions, including sleep apnea [209] , Down syndrome, metabolic or genetic disease [START_REF] Fuller | Serum uric acid in mongolism[END_REF] . Some studies report that hyperuricemia in Down syndrome appears in early infancy [119,190] . The underlying cause of this association in DS is proposed to be increased levels of purine metabolizing enzymes [190] and lifestyle related factors such as obesity or low physical activity [119] . In 2013, Garlet et al. [START_REF] Garlet | Systemic oxidative stress in children and teenagers with Down syndrome[END_REF] proposed the hypothesis that the hyperuricemia is a compensatory response to the redox imbalance observed in Down syndrome [START_REF] Garlet | Systemic oxidative stress in children and teenagers with Down syndrome[END_REF] .

D. Neurocognitive consequences of OSAS

Obstructive sleep apnea syndrome is associated with negative outcomes, both physical and behavioral. In children with Down syndrome, hypoxemia and sleep disruption that accompany OSAS can provoke developmental and behavioral abnormalities [START_REF] Bosch | Health maintenance throughout the life span for individuals with Down syndrome[END_REF] . In Down syndrome, OSAS may be present throughout the life and it potentially affects critical periods of cognitive development.

Breslin et al. [START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF] have reported the importance to investigate the impact of OSAS in toddlers with DS, as they often show a decline in intellectual quotient. They have shown that the relation between OSAS and the cognitive deficiencies is secondary to daytime sleepiness, poor attention during the testing session, or generalized difficulty. In this study, slow-wave sleep was most affected by the presence of OSAS, and its simultaneous impact on verbal learning is particularly outstanding. The consolidation of cognitive learning is dependent on sleep, and consequences of OSAS in children with DS are important with a lasting impact throughout the ageing process [START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF][START_REF] Esbensen | Sleep problems and associated comorbidities among adults with Down syndrome[END_REF] . This observation is further aggravated by the fact that OSAS could potentially exacerbate Alzheimer disease-related decline in this group with DS, with cognitive deficit, brain functional and morphological changes [START_REF] Fernandez | Poor sleep as a precursor to cognitive decline in Down syndrome: a hypothesis[END_REF] .

Finally, poor cognitive observed among individuals with DS and OSAS are probably related to hypoxemia deficits and sleep disruption [START_REF] Andreou | Cognitive status in Down syndrome individuals with sleep disordered breathing deficits (SDB)[END_REF]127] and exacerbated by the genetic factors specific to DS itself [120] .

E. Additional consequences of OSAS

A limited number of studies have investigated the relationships among fatigue and OSA in DS because it may be difficult for persons with DS to verbalize their feelings, and the risk exists that they may be incorrectly diagnosed, particularly if the use of fatigue or sleepiness questionnaires is not adapted to their cognitive disability. In the population with DS, the main manifestations of fatigue associated with OSAS are objective with an attentional deficit, excessive daytime sleepiness and hypersomnolence [START_REF] Andreou | Cognitive status in Down syndrome individuals with sleep disordered breathing deficits (SDB)[END_REF][START_REF] Breslin | Obstructive sleep apnea syndrome and cognition in Down syndrome[END_REF][START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF][START_REF] Devita | Cognitive and motor reaction times in obstructive sleep apnea syndrome: A study based on computerized measures[END_REF][START_REF] Esbensen | Sleep problems and associated comorbidities among adults with Down syndrome[END_REF]127,166] . There is also an increased fatigability during tasks with a major physical component, inducing decreased exercise tolerance [28, 87, 133 , 134] . This fatigability and exercise limitation is accompanied by physiological characteristics. These last ones include low blood pressure and reduced heart rate at rest. During exercise, low levels of aerobic fitness accompanied by low maximal heart rate are also observed [START_REF] Baynard | Heart rate variability at rest and during exercise in persons with Down syndrome[END_REF][START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF][START_REF] Fernhall | Physical fitness and exercise training of individuals with mental retardation[END_REF][START_REF] Fernhall | Cardiorespiratory capacity of individuals with mental retardation including Down syndrome[END_REF] .

It has been proposed that this cardiac dysautonomia may partially explain the blunted HR response in this population [START_REF] Fernhall | Physical fitness and exercise training of individuals with mental retardation[END_REF][START_REF] Fernhall | Cardiorespiratory capacity of individuals with mental retardation including Down syndrome[END_REF] , and may be the results of a poor sleep quality [START_REF] Chen | Walking performance in adolescents and young adults with Down syndrome: the role of obesity and sleep problems[END_REF][START_REF] Ferri | Heart rate variability and apnea during sleep in Down's syndrome[END_REF]158] .

Guerra et al. [100] described these signs as chronotropic incompetence characteristic in persons with DS. Baynard et al. [START_REF] Baynard | Effects of exercise on vasodilatory capacity in enduranceand resistance-trained men[END_REF] suggest that this chronotropic incompetence is due to low catecholamine concentration or sensitivity [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF] . Catecholaminergic impairments in individuals with DS have been observed in many studies, during exercise and stimulation tests. Léti et al.

[ 133] found a lower heart rate after exercise associated with lower catecholamine concentration in subjects with DS compared to control individuals. Moreover, these results were emphasized for individuals with DS who present chronotropic incompetence [133] . Fernhall et al. [START_REF] Fernhall | Catecholamine response to maximal exercise in persons with Down syndrome[END_REF] have reported that during exercise, epinephrine and norepinephrine concentrations did not increase in individuals with DS as much as in control individuals. Furthermore, low concentrations of beta-hydroxylase dopamine, which is a converting enzyme of dopamine to epinephrine, have been observed in individuals with DS [125] . It is possible that poor enzymatic activity in individuals with DS can explain their low catecholamine concentrations.

Moreover in individuals with DS, it has been shown that there is poor hormonal regulation during physical exercise [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF][START_REF] Eberhard | Physical aptitudes to exertion in children with Down's syndrome[END_REF] . No increase of glycaemia with exercise appeared despite the epinephrine and norepinephrine increase. Subjects with DS did not present the same increase of insulinemia compared to healthy participants, especially when physical exercise is prolonged. In this study, adults with DS have shown a moderate increase of catecholamines which appears to be involved in a less efficient gluco-regulation during intense exercise. This may represent a limit in effort prolongation. Consequently, functional ability, in part determined by physical fitness, may limit long-term employment and independence in this population, resulting in a decreased quality of life. Therefore, these consequences of OSAS (fatigue, functional and physical limitation associated with endocrine and autonomic dysfunctions) are powerful contributors to a reduced life expectancy. Nevertheless, advances in the diagnosis and management of OSAS allowing individuals with DS to live into their sixties [START_REF] Bittles | Clinical, social, and ethical implications of changing life expectancy in Down syndrome[END_REF] . However, it is still essential to be very attentive to the signs of depression and psychiatric disorders (i.e. dementia) which may also be a consequence of OSAS in the aging subjects [196] .

WHAT TO WITHHOLD?

In population with DS, OSAS induces many deleterious consequences (Table 2):

• cardiovascular and respiratory consequences (hypertension, snoring, sleep disruption);

• dysautonomia (increased diurnal fatigability, physical exercise limitation);

• Endocrine disorders (insulin resistance, obesity and diabetes);

• Biological anomalies (increased inflammatory biomarkers and oxidative stress, Vitamin D deficiency, hyperuricemia);

• Neurocognitive consequences (decreased cognitive capacities; developmental and behavioral anomalies).

IV. MANAGEMENT OF OSAS

Individuals with DS have a moderate response to standard OSAS treatments, but if OSAS remains untreated, various comorbidities and deleterious consequences may arise. The use of clinical decision-making algorithms makes it possible to propose either conventional or alternative therapeutic approaches [START_REF] Aurora | Practice parameters for the surgical modifications of the upper airway for obstructive sleep apnea in adults[END_REF][START_REF] Epstein | Clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults[END_REF] . Basically, treatment of any sleep apnea syndrome in an individual with DS can proceed along the same lines as for other patient with surgery, lifestyle modifications, or treatment by specific equipment.

**here table 3** A. Surgical approaches

In children, adolescents or adults with DS, surgical approach is often proposed because their upper airway configuration may predispose them to velopharyngeal insufficiency.

Surgical indications may be those related to macroglossia [101,118] or to an enlargement of tonsils and/or adenoids tissues [START_REF] Baumer | Supporting a happy, healthy adolescence for young people with Down syndrome and other intellectual disabilities: recommendations for clinicians[END_REF][START_REF] Bosch | Health maintenance throughout the life span for individuals with Down syndrome[END_REF] . In children with or without DS, adenotonsillectomy is the gold standard first-line treatment for OSAS. However, in population with DS, when surgical interventions are possible, they are often associated with complications [START_REF] Capone | Co-occurring medical conditions in adults with Down syndrome: A systematic review toward the development of health care guidelines[END_REF]256] . Bower and Richmond [START_REF] Bower | Tonsillectomy and adenoidectomy in patients with Down syndrome[END_REF] observed oxygenation needs for 2/3 of individuals with DS, with AHI remaining elevated high after surgery. Inflammatory relapses of adenotonsillar tissue can occur after surgery and explain a persistence of OSAS in individuals with DS [START_REF] Donnelly | Causes of persistent obstructive sleep apnea despite previous tonsillectomy and adenoidectomy in children with Down syndrome as depicted on static and dynamic cine MRI[END_REF] . Finally, hospitalization time is longer in individuals with DS compared to control patients, with frequent need of additional treatment [230] . In cases in which tonsillectomy and adenoidectomy have not been successful or are not possible, CPAP has been an option. When required, uvulopalatopharyngoplasty (removal of tissue from the posterior pharyngeal region) and tracheostomy have been used as the least preferred options [223] .

B. Lifestyle modifications

B.1 Diet and physical exercise

Weight reduction might play a part in adults with DS who are often overweight and with a metabolic syndrome [START_REF] Bosch | Health maintenance throughout the life span for individuals with Down syndrome[END_REF]150] . Interventions that decrease body weight and adipose mass have multiple positive benefits [START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF] . Nevertheless, interventions aimed at controlling obesity in DS can be complicated to set up [150] . A decrease in BMI with a hypocaloric diet is an independent determinant in the reduction of the AHI and of the frequency of apnea and hypopnea events per hour. This weight loss will be all the more effective if it is associated with exercise training [START_REF] Chen | The impact of sleep disruption on executive function in Down syndrome[END_REF]150] , because weight loss via exercise not only improves physical function but also sleep duration and sleep quality in obese participants [START_REF] Chen | Walking performance in adolescents and young adults with Down syndrome: the role of obesity and sleep problems[END_REF] .

The benefits of exercise training in a population with DS have been shown to improve quality of life and to have many positive effects on their health [39-41, 60, 136, 172, 195, 211] even if various barriers exist. Several authors reported the difficulties for people with DS to overcome environmental and social barriers and engage in physical activity [START_REF] Bartlo | Physical activity benefits and needs in adults with intellectual disabilities: Systematic review of the literature[END_REF][START_REF] Bodde | A review of social and environmental barriers to physical activity for adults with intellectual disabilities[END_REF]116,180,210,248] .

Individuals with DS have low levels of work capacity and peak oxygen consumption (VO2max) [START_REF] Bricout | Are hormonal responses to exercise in young men with Down's syndrome related to reduced endurance performance[END_REF][START_REF] Fernhall | Limitations to physical work capacity in individuals with mental retardation[END_REF]100] . As a result the ability of the participant with DS to exercise aerobically is diminished [START_REF] Fernhall | Limitations to physical work capacity in individuals with mental retardation[END_REF] . Low levels of physical activity in DS are also associated with hypotonia (which provokes of decreased bone mass accrual and predisposition to fractures [105] ), with a higher BMI and lower levels of lean mass [START_REF] Gonzalez-Aguero | Fat and lean masses in youths with Down syndrome: gender differences[END_REF] . The consequences of this reduced physical activity on sleep quality and some of these relationships are beginning to be explored in youth and adults with DS but their potential interactions require a better understanding [START_REF] De Winter | Overweight and obesity in older people with intellectual disability[END_REF] .

Chen and Rigenbach [START_REF] Chen | Dose-response relationship between intensity of exercise and cognitive performance in individuals with Down syndrome: a preliminary study[END_REF][START_REF] Chen | Assisted cycling exercise improves fine manual dexterity in persons with Down's syndrome[END_REF] have reported that the severity of OSAS may be related to physical inactivity and motor dysfunction in the population with DS. In 2018, these authors concluded that adults with DS are characterized by lower performance (slower walk speed) related to the obesity and physical fatigue that result from sleep fragmentation

Exercise programs have been shown to improve physiological responses in individuals with DS [156,195,208,234] . Some studies have reported effects of regular physical activity on weight loss, cardiovascular fitness and muscular strength [195,234] however Varela et al. [240] demonstrated no change following a 16-week training program. This disparity could be explained by the exercise modality used. Varela et al. [240] used rowing on ergometer to investigate physical activity effects whereas others [156,195,234] used jogging, walking and stepping. Physiological responses to these forms of exercise are clearly different, explaining the different results between studies. Other authors [208] observed a decrease of BMI and waist circumference in adolescents with DS who attended a 12-week aerobic program, while control subjects increased their fat-mass percentage. Mendonca et al. [157] observed also improvements in heart rate recovery, oxygen consumption and muscular mass in adults with DS, after a 12-week program of combined aerobic and resistance training.

Interestingly it has been reported that obesity has been related to an altered autonomic function [154,232] . Therefore correcting obesity could improve autonomic dysfunctions and sleep apnea, as shown in the study of Mendonca et al. [157] . Moreover it has been suggested that exercise training would have better results on cardiorespiratory fitness in subjects with greater levels of dysautonomia [START_REF] Fernhall | Reduced Work Capacity in Individuals with Down Syndrome: A Consequence of Autonomic Dysfunction?[END_REF] .

A 6-months exercise training program showed an improvement in sympathovagal balance [START_REF] Giagkoudaki | Effects of exercise training on heart-ratevariability indices in individuals with Down syndrome[END_REF] and in heart rate recovery [157] in these individuals. However, the autonomic impairments induced by sleep apnea can impact exercise tolerance. For instance, lower heart rate recovery, chronotropic incompetence and lower baroreflex sensitivity have been reported in individuals with OSAS when compared with controls [117,146,163] . In addition, an inverse relation between sleep apnea severity and heart rate recovery has been demonstrated in several studies [145,146,163] . CPAP treatment can decrease dysautonomia by lowering sympathetic activation [150,191,231] and it has been shown to increase exercise tolerance and cardiopulmonary capacity [191,205,231,246] . In a clinical case study, Léti et al. [134] observed a better exercise tolerance in an individual with DS treated with CPAP compared to a non-treated individual. In this work, the AHI and the cardiorespiratory capacities during exercise were only improved in the treated individual. In the absence of treatment the other patient's exercise tolerance decreased over time [134] .

Therefore, in individuals with DS, physical activity could enhance exercise tolerance and sleep-induced dysautonomia.

B.2 Position change

In the population with DS, some studies reported that the AHI was higher during sleep in the supine position than in the nonsupine position [START_REF] Bosch | Health maintenance throughout the life span for individuals with Down syndrome[END_REF][START_REF] Dyken | Prospective polysomnographic analysis of obstructive sleep apnea in Down syndrome[END_REF]124,164,206] and specifically during the non-rapid eye movement sleep period [164] . According to Nisbet et al. [164] it would be possible that this positional effect would be compounded by underlying hypotonia inherent to DS. As well, in subjects with DS and with positionally related OSA (supine position), positional therapy can be considered [START_REF] Dyken | Prospective polysomnographic analysis of obstructive sleep apnea in Down syndrome[END_REF] and positioning with pillows may also be helpful [START_REF] Bosch | Health maintenance throughout the life span for individuals with Down syndrome[END_REF] . However, Kuroda et al. [124] have shown that an unusual sleep posture might be a self-defending behavior to fight against upper airway obstruction in the population with DS.

Persons with DS, especially those with unusual sleep postures, should be intensively monitored for the presence of OSAS.

B.3 Pharmacological treatment

Several types of pharmacological treatment have been tested in SAS in patients with DS.

In the search for alternatives treatment, research has focused on medical management with anti-inflammatory medications such as nasal corticosteroids, antihistamines, and leukotriene inhibitors. In patients with OSAS, the production of leukotrienes is increased in relation to OSAS severity and thus leukotriene inhibitors can be used in young people with DS and with a mild OSAS [START_REF] Baumer | Supporting a happy, healthy adolescence for young people with Down syndrome and other intellectual disabilities: recommendations for clinicians[END_REF] . If it exist a nasal congestion, intranasal corticosteroids can also be proposed [START_REF] Baumer | Supporting a happy, healthy adolescence for young people with Down syndrome and other intellectual disabilities: recommendations for clinicians[END_REF] with a significant correlation between a reduction in and improvement in sleep quality [START_REF] Awad | Nasal Obstruction Considerations in Sleep Apnea[END_REF] .

Treatment of gastro-esophageal reflux should be considered if necessary because it is a very frequent gastrointestinal disorder in the population with DS [START_REF] Bermudez | Gastrointestinal disorders in Down syndrome[END_REF] , considered moreover within this population as a comorbidity [START_REF] Bermudez | Gastrointestinal disorders in Down syndrome[END_REF]161,198] .

Adults with DS have more predisposing factors for OSAS associated with hypothyroidism (4-18%), with risk increasing with age. Thus, normal thyroid function and/or appropriate thyroid management (Thyroid replacement therapy with levothyroxine) should be checked regularly (once a year minimum) in patients with DS and OSAS [113,127,198,233] .

C. Specific equipment

C.1 Continuous positive airway pressure

The CPAP device is still the standard criterion for the treatment of OSA. It uses pressure to provide a pneumatic splint to maintain airway patency. In DS, patients need a rigorous training protocol to obtain good compliance to CPAP treatment [143] . Trois et al. [233] have published some results of the OSAS treatment efficiency by CPAP in adults with DS. In this study, 9 adults with DS were treated. Of these 9 patients, 5 had excellent use (6-8 h/night), one used CPAP for 2 h/night, and the other three did not receive this treatment. In this study, a significant proportion of subjects were able to tolerate CPAP, with a subjective improvement in daytime function and alertness [109] but it seems necessary to associate it with a cognitive behavioral therapy to improve CPAP compliance. Luijks et al. [143] obtained the same results in a cohort of adults with intellectual disabilities with and without DS as well as Hill et al. [110] in a group of 28 adults with DS. In 2017, A follow-up study on 11 individuals with DS (age 0.2 to 24.7 years old) showed that 81% of patients had CPAP usage >4 hours per night 1-3 years after starting treatment [START_REF] Dudoignon | Obstructive sleep apnea in Down syndrome: Benefits of surgery and noninvasive respiratory support[END_REF] .

CPAP represent a very effective therapeutic option in case of persistent OSAS. The major problem of this option treatment is compliance but good results may be achieved by an experienced behavioral supervision [214] .

C.2 Mandibular advancement device or tongue-retaining devices

Oral appliances are proposed increasingly in the treatment of OSAS or in subjects who cannot tolerate CPAP. They can be of two types: tongue-retaining devices and mandibular advancement devices. The most effective for patients with DS are mandibular advancement devices (similar to an athletic mouthguard) [255] .

Structural alterations that are characteristic of the DS phenotype (skeletal and soft-tissue structural alterations) predispose to sleep disordered breathing and airway obstruction. In DS these specific alterations include midfacial and mandibular hypoplasia, macroglossia, choanal atresia, and small upper airways [START_REF] De Miguel-Diez | Prevalence of sleep-disordered breathing in children with Down syndrome: polygraphic findings in 108 children[END_REF][START_REF] Goffinski | Obstructive sleep apnea in young infants with Down syndrome evaluated in a Down syndrome specialty clinic[END_REF] . Dental appliances are useful in treating mild to moderate OSAS in DS [115,127,220] . Given the relationship of these structural alterations and OSAS [132] , it seems interesting to carry out a radiological examination of the face to better correlate the presence, absence, or degree of any of these structural alterations with the upper airway obstruction in this population [115,127,201,216,220] . Dental equipment can be tongueretaining devices, which retain the tongue in a forward position. Patients with DS can present both macroglossia and mandibular hypoplasia (micrognathia) [START_REF] Donnelly | Causes of persistent obstructive sleep apnea despite previous tonsillectomy and adenoidectomy in children with Down syndrome as depicted on static and dynamic cine MRI[END_REF] which can be an obstacle to tolerating such appliances; but mandibular advancing devices may be a viable treatment option for mild to moderate OSAS in patients with DS [245] . Nevertheless, the various causes of the upper airway obstruction in adults with DS can explain why mandibular advancement device may be less efficacious in this population [127] .

Recently, Slaats et al. [216] proposed a study to show that upper airway imaging has an extra value in treatment selection of children with DS and OSAS. This imaging interpretation allows to evaluate how much the tongue encroaches upon and intermittently obstructs the retroglossal airway or displaces the soft palate posteriorly and obstructs the posterior nasopharynx.

C.3 Upper airway stimulation

For some years now, one of the treatment proposals for the population with DS has been based on upper airway stimulation [START_REF] Diercks | Hypoglossal nerve stimulator implantation in an adolescent with Down syndrome and sleep apnea[END_REF]135,239] . This therapy requires an implantation of three components during a surgical procedure, in order to generate a respiration synchronized stimulation of the hypoglossal nerve while sleeping. Results published by Van de Perk et al.

[ 239] on an adult with OSAS+DS clearly illustrate the potential value of upper airway stimulation therapy when patient with OSA is refractory to conventional treatments such as CPAP. The same observation had been brought in a preliminary study by Diercks et al. [START_REF] Diercks | Hypoglossal nerve stimulator implantation in an adolescent with Down syndrome and sleep apnea[END_REF] on an adolescent with DS and a severe OSAS. Li et al. [135] confirmed as well this positive effect in three adults with severe OSA and DS. They showed that upper airway stimulation by hypoglossal nerve stimulation resulted in significant reductions in the AHI and improved quality of sleep.

What to withhold?

Therapeutic approaches are multiple in DS population (Table 3):

• Surgical approaches (glossectomy, adenotonsillectomy, uvulopalatopharyngoplasty);

• Lifestyle modifications (diet and physical exercise, position change, and pharmacological treatment);

• Specific equipment (CPAP, mandibular advancement or tongue-retaining devices, upper airways stimulation).

CONCLUSION

Individuals with DS present specific characteristics and comorbidities that increase the risk of developing sleep apnea. Genetic, morphologic, metabolic and endocrine factors may influence each other, and explain OSAS development, but can also be exacerbated by OSAS itself. These complex interactions then ask the chicken and egg question in the population with DS.

Given the health care of patients with DS, numerous studies have shown that follow-up is still inadequate. This is in part due to lack of awareness of caregivers regarding medical needs of these patients, as well as lack of knowledge of the parents and health professionals regarding the specific needs in DS. The lack of awareness of caregivers towards needs of patients with DS, the limited knowledge health professionals and or parents may explain this finding. In view of this scientific review, providing early OSAS screening should give answers concerning diagnostic accuracy and potential benefits of different therapeutic options (lifestyle modifications, surgical approaches, pharmacological treatment; or specific devices).

While the health impact of OSAS has been widely assessed in the general population, it is also very important to study it in this population with DS who is unfortunately, very concerned by this problem. Marcus et al. 1991 Ferri et al. 1997 Ferri et al. 1998a Lindblom at al. 2001 Lal et al. 2012 Lott 2012

A.2 Cranio facial anthropometric characteristics

Abnormalities of the craniofacial skeleton Midfacial hypoplasia Small mandibular size Macroglossia Uong et al.2001 Roizen et al. 2003 de Miguel Diez et al. 2003 Ferrario et al. 2004a-b Shott et al. 2004 Guimaraes et al. 2008 Kent et al. 2010 Maas et al. 2012 Malt et al. 2013 Goffinski et al. 2014 Lal et al. 2015 Hill et al. 2016b Arumugam et al. 2016 Hamilton et al. 2016 

A.3 Obesity (especially neck circumference) and Body Mass Index

Small height and excessive fat mass Sedentary lifestyle, Energy homeostasis dysfunctions Prasher 1995 Dyken et al. 2003 Dahlqvist et al. 2003 Donnelly et al. 2004 Flore et al. 2008 Miano et al. 2008 Trois et al. 2009 Esbesen et al. 2010 Kent et al. 2010 Bull & al. 2011 Chen et al. 2013 Austeng et al. 2014 Ono et al. 2015 Shires et al. 2015 Basil et al. 2016 Hill et al. 2016 Fan et al. 2017 Skotko et al. 2017 Capone et al. 2018 Chen et al. 2018 Gimenez et al. 2018 Seo et al. 2018 Cornacchia et al. 2019 

A.4 Endocrine factors

All endocrine disorders (hypothyroidism; diabetes, gonadal dysfunctions) et al. 1965 Hsiang et al. 1987 Hultcrantz 1991 De Han et al. 1996 Prasher 1999 Tuyuz et al. 2001 Pastore et al. 2003 Magni et al. 2004 Gillepsie et al. 2006 Virgi Babul et al. 2007 Magge et al. 2008 Trois et al. 2009 Esbensen et al. 2010 Tenenbaum et al. 2011 Prasher et al. 2011 Bull et al. 2011 Yahia et al. 2012 Lott 2012 Aitken et al. 2013 Malt et al. 2013 Gimenez-Barcons et al. 2014 Lal et al. 2015 Villani et al. 2016 Artioli et al. 2017 Fructuoso et al. 2017 Butler et al. 2017 Tenneti et al. 2017 Bush et al. 2018 
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A.5 Hypotonia, muscle tone and consequences on sleep habits

Hypotonia & muscle tone Weakness muscle Supine position More frequent abnormal sleep positions in DS Miano et al. 2008 Esbesen et al. 2010 Senthivel et al. 2011 Lott 2012 Malt et al. 2013 Nisbet et al. 2014 Ono et al. 2015 Hill et al. 2016a Pinheiro et al. 2018 Giannasi et al. 2019 A.6 Tonsil/adenoid inflammation or hypertrophy

Immune disorders and inflammation Dahlqvist et al. 2003 Bosch et al. 2003 de Miguel Diez et al. 2003 Donnelly et al. 2004 Tenenbaum et al. 2011 Rosen 2011 Ramia et al. 2014 Gimenez-Barcons et Goldgaber et al. 1987 Smith et al. 2001 Yang et al. 2002 Bittles et al. 2006 Trois et al. 2009 Esbensen et al. 2010 Charlot et al. Lott 2012 Malt et al. 2013 Fernandez et al. 2013 Breslin et al. 2014 Coverstone et al. 2014 Wisman et al. 2015 Wilcock et al. 2016 Fan et al. 2017 Gimenez et al. 2018 Aktar et al. 2018 

B.2 Male gender

Abnormal testosterone secretion Hsiang et al. 1987 Larsson et al. 2003 Maas et al. 2012 Hill et al. 2016a Fan et al. 2017 Skotko et al. 2017 

B3. Prescription of various medications

More frequent use of medications like serotonin or mixed reuptake inhibitors, antipsychotics, anticonvulsant, mood-stabilizer, anxiolytic Kerins et al. 2007 Trois et al. 2009 Maas et al. 2012 Capone et al. Hill et al. 2016a Hefti et al. 2017 Gimenez et al. 2018 Capone et al. 2018 Sei et al. 1995 Ferri et al. 1997 Ferri et al. 1998b Fernhall et al. 2003 Fernhall et al. 2005 Figueroa et al ; 2005 Fefferman et al. 2005 Iellamo et al. 2005 O'Driscoll et al. 2005 Bricout et al. 2008 O'Driscoll et al. 2012 Fernhall et al. 2013 Bunsawat et al. 2014 Léti et al. 2015 Dumortier et al. 2018 

C. Endocrine dysfunction and biological markers of OSAS C.1 Endocrine consequences

Elevated risk of developing some endocrine pathologies such as chronic inflammation, metabolic syndrome, obesity, diabetes Puukka et al. 1986 Bernal et al. 1995 Anwar et al. 1998 Dyken et al. 2003 Magni et al. 2004 Bricout et al. 2008 Flore et al. 2008 Magge et al. 2008 Mendonca et al. 2010 Campos et al. 2011 Pagano et al. 2012 Schmidt et al. 2012 Yahia et al. 2012 Chen et al. 2013 Garlett et al. 2013 Malt et al. 2013 de Carvalho et al. 2015 Léti et al. 2015 Hill et al. 2016 Skotko et al. 2017 Tenneti et al. 2017 Kubota et al. 2019 Lavrentacki et al. 2019 Trois et al. 2009 Kashima et al. 2014 

C.2 Biological alterations

Inflammatory biomarkers, oxidative stress, vitamin D concentrations and hyperuricemia are altered Fuller et al. 1962 Puukka et al. 1986 Griffin et al. 1989 Mitchell et al. 2003a Mitchell et al. 2003b Pallaro et al. 2006 Smigielska et al. 2010 Rosen et al. 2011 Lockrow et al. 2011 Xue et al. 2011 Garlet et al. Ramia et al. Kashima et al. 2014 Phillips et al. 2016 Wilcok et al. 2016 Zubillaga et al. 2016 Sullivan et al. 2017 Vacca et al. 2019 Giannasi et al. 2019 

D. Neurocognitive consequences

Developmental and behavioral disorders

Aggravated by cognitive deficiencies (low intellectual quotient) Andreou et al. 2002 Bosch 2003 Kent et al. 2010 Fernandez et al. 2013 Breslin et al. 2014 Lal et al. 2015 Esbensen et al. 2016 

E. Additional consequences

Quality of life

Increased fatigability Lower physical fitness Eberhard et al. 1989 Fernhall 1993 Fernhall et al. 1996 Ferri et al. 1998a Andreou et al. 2002 Baynard et al. 2003 Baynard et al. 2004 Bittles et al. Bricout et al. 2008 Flore et al. 2008 Miano et al. Fernhall et al. 2009 Léti et al. 2012 O'driscoll et al. 2012 Chen et al. 2013 Breslin et al. 2014 Léti et al. 2015 Lal et al. 2015 Roche et al. 2015 Esbensen et al. 2016 Chen et al. 2018 Table 3. Management of obstructive sleep apnea syndrome

IV. MANAGEMENT OF OBSTRUCTIVE SLEEP APNEA SYNDROME CLASSICALLY DESCRIBED IN DOWN SYNDROME REFERENCES related to DS

A. Surgical approaches

A. Surgical approaches Related to macroglossia or to an enlargement of tonsils and/or adenoids tissues Strome 1986 Bower et al. 1995 Kanamori et al. 2000 Bosch 2003 Shott et al. 2004 Donnely et al. 2005 Guimaraes et al. 2008 Baumer et al. 2014 Thottam et al. 2015 Yumusakhuylu et al. 2016 Capone et al. 2018 

B. Lifestyle modifications B.1 Diet and physical exercise

Interventions (exercise program) that decrease body weight and adipose mass have multiple positive benefits Sei et al. 1995 Fernhall et al. 2001 Varela et al. 2001 Guerra et al. 2003 Tsimaras et al. 2003 Rimmer et al. 2004 Dodd et al. 2005 Ordonnez et al. 2006 Whitt et al.2006 Shields et al. 2008 Bricout et al. 2008 Johnson et al. 2009 Hawli et al. 2009 Bodde et al. 2009 Mendonca et al. 2009 Giagkoudakai et al. 2010 Bartlo et al. 2011 Gonzales Aguero et al. 2011 Shields et al.2012 Léti et al. 2012 De Winter et al. 2012 Mendonca et al. 2013 Chen et al. 2013 Fernhall et al. 2013 Li et al. 2013 Pett et al. 2013 Chen et al. 2014 Seron et al. 2014 Chen et al.2016 Chen et al.2018 

B.2 Position change

Positional therapy can be considered Bosch 2003 Dyken et al. 2003 Senthivel et al. 2011 Nisbet et al. 2014 Kuroda et al. 2017 

B.3 Pharmacological treatment

Pharmacological treatments have been tested in patients with OSAS+DS (i.e. nasal corticosteroids, antihistamines gastroesophageal reflux; thyroid replacement) Hulcrantz et al. 1991 Mitchell et al. 2003 Rosen 2003 Trois et al. 2009 Baumer et al. 2014 Lal et al. 2015 Bermudes et al. 2019 C. Specific equipment 
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	A.1 Genetic factors	The genetic of Down syndrome determine a characteristic phenotype of OSA	
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		III. CONSEQUENCES of OBSTRUCTIVE SLEEP APNEA SYNDROME	
		A. Cardiovascular and respiratory consequences	
	CLASSICALLY DESCRIBED	IN DOWN SYNDROME	REFERENCES related to DS
			Marcus et al. 1991	Martinez Quintana et	Wilcock et al. 2016
			Hawkins et al. 2001	al. 2010	Esbensen et al. 2016
	A.1 Cardiovascular consequences	More prevalent because of congenital factors	Roizen et al. 2003 Barnhart et al. 2007	Kent et al. 2010 Hawkins et al. 2011	Arumugam et al.2016 Hayes et al. 2017
			Duffels et al. 2009	Sobey et al. 2015	Capone et al. 2018
			Majdalany et al. 2010		
	A. 2 Hypertension	Not observed in DS	Trois et al. 2009	O'Driscoll et al. 2012	
		More prevalent because of anatomical	Maas et al. 2012	Lal et al. 2015	Esbensen et al. 2016
	A.3 Snoring	characteristics			
	A.4 Sleep disruption	parasomnias Fragmented sleep, sleep anxiety, night waking,	Urv et al. 2010 Andreou et al. 2002	Breslin et al. 2014 Chen et al. 2013	Nixon et al. 2016
		B. Autonomic nervous system and OSAS		
	Dysautonomia	Increased sympathetic nervous activity			
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