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Why do sleep disorders belong to mental disorder classifications? A network analysis of the "Sleep-Wake Disorders" section of the DSM-5

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

This DCSAD was immediately incorporated in 1980 into Appendix E of the DSM-III (American Psychiatric Association, 1980). Between 1985 and[START_REF] Spitzer | Diagnostic and statistical manual of mental disorders[END_REF], and encouraged by the members of the Sleep disorders community themselves who "wanted a unified diagnostic 'home' for their burgeoning interdisciplinary field" [START_REF] Wakefield | The myth of DSM's invention of new categories of disorder: Houts's diagnostic discontinuity thesis disconfirmed[END_REF], the American Psychiatric Association (APA) work group revising DSM-III decided that the "Sleep and Arousal disorders" Appendix in DSM-III should constitute a separate section of Mental disorders for Axis I in the new DSM-III-R edition [START_REF] Spitzer | Diagnostic and statistical manual of mental disorders[END_REF].

Since the DSM-III-R, sleep disorders have been a specific and independent section of DSM-IV, DSM-IV-TR and DSM-5 (American Psychiatric Association, 2013, p. 5). Interestingly, the running debate between [START_REF] Houts | The diagnostic and statistical manual's new white coat and circularity of plausible dysfunctions: response to Wakefield, part 1[END_REF]Wakefield from 1996 to 2003 [START_REF] Jean-Arthur | The concept of disorder as a foundation for the DSM's theory-neutral nosology: response to Follette and Houts, part 2[END_REF][START_REF] Houts | The diagnostic and statistical manual's new white coat and circularity of plausible dysfunctions: response to Wakefield, part 1[END_REF]Wakefield, 1999[START_REF] Wakefield | The myth of DSM's invention of new categories of disorder: Houts's diagnostic discontinuity thesis disconfirmed[END_REF] on the so-called "discontinuity thesis", i.e. the supposed invention of new categories of disorder in each revision of the DSM, was focused on what was called an "atypical example": Sleep disorders. Wakefield stated that all Sleep disorders currently diagnosed with the DSM-IV would fall into the general category of "disorder of sleep" in the DSM-II, and that all that the evolution of the DSM achieved was to make finer coded distinctions among conditions (named "refinement"). Indeed, the determination of the specificity of elements belonging to a medical discipline (e.g. psychiatry) could have serious repercussions on medical practice, from early prevention to personalized therapeutics [START_REF] Mcgorry | Biomarkers and clinical staging in psychiatry[END_REF][START_REF] Ozomaro | Personalized medicine in psychiatry: problems and promises[END_REF]. Three classical views have been proposed to define a Mental disorder as "mental" [START_REF] Brülde | What is Mental about Mental Disorder? Philosophy[END_REF], but remain largely debated in the literature [START_REF] Block | The mind as the software of the brain[END_REF][START_REF] Putnam | Philosophy and Our Mental Life, in: Mind, Language, and Reality[END_REF]Wakefield, 1999[START_REF] Wakefield | What Makes a Mental Disorder Mental? Philosophy[END_REF]. These three views can be simplistically summarized as follows.

Firstly, the internal cause view posits that a disorder is "mental" if the symptoms are -at least in part -caused by some "mental mechanism" (i.e. an internal factor at the origin of the symptoms). This view raises the question of what is a "mental mechanism", as all disorders can be related to internal causes related to a physiological dysfunction [START_REF] Boorse | Health as a Theoretical Concept[END_REF][START_REF] Wakefield | The concept of mental disorder. On the boundary between biological facts and social values[END_REF][START_REF] Wakefield | The concept of mental disorder. On the boundary between biological facts and social values[END_REF]. Secondly, the symptom view has it that a disorder is "mental" if the symptoms are "mental kinds" (i.e. manifestations are primarily symptoms of a psychological/behavioral nature). This view raises the question of what are the criteria of delimitation of a "mental symptom" [START_REF] Wakefield | What Makes a Mental Disorder Mental? Philosophy[END_REF]. Thirdly, the pluralist view is a mixture of the two previous views [START_REF] Brülde | What is Mental about Mental Disorder? Philosophy[END_REF][START_REF] Wakefield | What Makes a Mental Disorder Mental? Philosophy[END_REF].

In light of these perspectives, how can one view two of the most emblematic Sleep-Wake disorders in terms of prevalence: Insomnia disorder [START_REF] Morin | Chronic insomnia[END_REF] and Obstructive Sleep Apnea Syndrome (OSAS) [START_REF] Eckert | Phenotypic approaches to obstructive sleep apnoea -New pathways for targeted therapy[END_REF][START_REF] Veasey | Obstructive Sleep Apnea in Adults[END_REF]. Insomnia disorder was conceptualized as a psychosomatic disorder in the 1970s [START_REF] Kales | Personality Patterns in Insomnia: Theoretical Implications[END_REF] with a significant relationship between major stressful events and the onset of insomnia [START_REF] Morin | Role of Stress, Arousal, and Coping Skills in Primary Insomnia[END_REF], then subsequently as a psychophysiological disorder (Association of Sleep Disorders Centers and the Association for the Psychophysiological Study of Sleep, 1979;[START_REF] Morin | Chronic insomnia[END_REF]. In fact, the internal factor that causes Insomnia disorder is much less well defined and the cerebral dysfunctions strongly resemble the dysfunctions described in psychiatry (e.g. cognitive and arousal, emotional, and behavioral mechanisms). In addition, the main symptoms of Insomnia disorder can be considered as psychological in nature, with a complaint of "dissatisfaction of sleep satisfaction in terms of sleep quality or quantity" (American Psychiatric Association, 2013). Concerning OSAS, the internal factor that causes OSAS is clearly not mental, unlike Insomnia disorder. It involves repetitive episodes of complete (apnea) or partial (hypopnea) upper airway (pharyngeal) obstruction occurring during sleep. Moreover, the core manifestation of OSAS is nocturnal breathing disturbances with snoring, snorting/gasping, or breathing pauses during sleep, that cannot be considered of a psychological nature (American Psychiatric Association, 2013). Thus, OSAS is an example of a Sleep disorder that unexpectedly has been included in the DSM, and one may wonder what the similarity is between Insomnia disorder and OSAS for them to be in the same section of the DSM-5.

Interestingly, debate has currently begun in the sleep community regarding what is pathological in Sleep-Wake disorder [START_REF] Morin | The Oxford Handbook of Sleep and Sleep Disorders[END_REF], and how to develop reliable, valid and practicable diagnostic criteria of these disorders [START_REF] Gauld | A systematic analysis of ICSD-3 diagnostic criteria and proposal for further structured iteration[END_REF]. The International Classification of Sleep Disorders (ICSD-3) (American Academy of Sleep Medicine, 2014), the classification of sleep disorders promoted by the American Academy of Sleep Medicine published in 2014 states the following in its introduction: "the current knowledge and understanding of the pathophysiological of many disorders is inadequate" (American Academy of Sleep Medicine, 2014), even for OSAS. The ultimate aim implicitly claimed in the ICSD-3 is that a classification of Sleep-Wake disorders should be based on an unambiguous etiology, in line with a classical view of disease whereby a latent variable reflects a set of clinical manifestations [START_REF] Borsboom | Psychometric perspectives on diagnostic systems[END_REF]. Indeed, in the classic medical model, clinical symptoms are explained through a "latent variable", i.e., a supposed or identified underlying mechanism. Recently, several authors encouraged the community to look at Sleep-Wake disorder through the lens of network analysis [START_REF] Blanken | Network outcome analysis identifies difficulty initiating sleep as a primary target for prevention of depression: a 6-year prospective study[END_REF][START_REF] Borsboom | A network theory of mental disorders[END_REF]Gauld et al., 2020b), i.e. modeling mathematically those complex entities as nodes and their relationship as edges. Compared to the classical latent variable approach, network analyses offer the opportunity to better understand pathophysiological processes by mapping and modeling complex relationships between symptoms and disorders [START_REF] Barabási | Network Medicine -From Obesity to the "Diseasome[END_REF].

A network analysis of the DSM-IV symptoms was first conducted in 2011 [START_REF] Borsboom | The Small World of Psychopathology[END_REF], but did not focus on the "Sleep-Wake Disorders" section. Here, we propose to investigate what is "mental" in Sleep disorders by applying symptom network analysis to the diagnostic criteria of this specific section in the DSM-5. In this first exhaustive study on the general structure of the networks of symptoms in the "Sleep-Wake Disorders" section of the DSM-5, we used network analysis to establish the most central symptoms of Sleep disorders in Mental disorders [START_REF] Epskamp | Estimating psychological networks and their accuracy: A tutorial paper[END_REF]. Our aims are the following: i) to extract the symptoms of the DSM-5 diagnostic criteria of Sleep-Wake disorders, ii) to build the Sleep-Wake disorder DSM-5 network representation, and iii) to quantify its structure at local and global levels using cutting edge topological metrics [START_REF] Barabási | Network Medicine -From Obesity to the "Diseasome[END_REF][START_REF] Bringmann | What do centrality measures measure in psychological networks?[END_REF][START_REF] Burger | Reporting Standards for Psychological Network Analyses in Cross-sectional Data[END_REF]. We hypothesize that by analyzing the most central symptoms, and by investigating how Sleep disorders have been conceptualized within the DSM, the position of these disorders in DSM classifications will become clearer.

MATERIALS AND METHODS

The methodology used in this article is related to the conventional methodology developed for the analysis of the complete DSM-IV [START_REF] Borsboom | The Small World of Psychopathology[END_REF]. First, we extracted and labeled symptoms (sampling strategy carried out only on clinical manifestations) of the DSM-5 diagnostic criteria of the main Sleep-Wake disorders of the section "Sleep-Wake Disorders". In accordance with the previous nosological extraction methodology of the main criteria of the ICSD-3 [START_REF] Gauld | A systematic analysis of ICSD-3 diagnostic criteria and proposal for further structured iteration[END_REF], three Sleep disorders were excluded since they did not provide specific symptoms in the diagnostic criteria for addressing the aims of this study:

Central Sleep Apnea, Sleep-Related Hypoventilation, and Substance/Medication-Induced Sleep disorder. We propose to assign each symptom to one of 8 categories, used to classically and usefully describe the manifestations of patients with sleep disorders in clinical practice [START_REF] Malow | Principles and practice of sleep medicine, Approach to the patient with disordered sleep[END_REF]: "Sleepiness symptoms", "Insomnia symptoms", "Respiratory symptoms", "Psychiatric symptoms", "Behavioral symptoms", "Motor symptoms", "General symptoms", "Sleep period symptoms".

Secondly, we built the DSM-5 network by estimating the connections between symptoms as their magnitude of co-occurrence across disorders. Pearson correlations of the dataset were computed, and a matrix of correlation was drawn in order to shown side by side the association of two symptoms in the diagnostic criteria of sleep disorders. As symptoms are binary data (present or absent), we used the Ising Model to mathematically model these pairwise relationships with conditional dependence relations and network regularization [START_REF] Bringmann | What do centrality measures measure in psychological networks?[END_REF]. The symptoms network has been graphically represented according to a Fruchterman-Reingold algorithm. In this graph the weight of the connection between two nodes is proportional to the correlation measure, and the place of the node is positioned according to a force-directed graph measure, so that symptoms with stronger and/or more connections are placed closer to each other.

Thirdly, we computed network metrics to quantify the structure of this network at local (Strength: the weighted number of connections for a given node, Closeness: the shortest path length between node, Betweenness: the degree to which a given node acts as a "bridge" connecting different parts of the network and Expected Influence: the sum of all edges which extend from a given node) and global levels (Clustering coefficient, Average short path lengths, Small-word index) [START_REF] Epskamp | Estimating psychological networks and their accuracy: A tutorial paper[END_REF]. As these metrics are highly instable measures, we analyzed the robustness of the results by calculating the stability of these different metrics using bootstrapping (N=2,000 resampling using leave-on-out).

All analyses were performed on R (4.0.3). All the details of the methodology (extraction and labelling of the symptoms; construction of the symptoms network; computation of the network metrics) are given in Supplementary Material 1.

RESULTS

We extracted 34 different symptoms among the 53 DSM-5 diagnostic criteria of the 9 main disorders of the "Sleep-Wake Disorders" section (Insomnia Disorders, Hypersomnolence Disorders, Narcolepsy, Obstructive Sleep Apnea Hypopnea, Circadian Rhythm Sleep-Wake Disorders, Non-Rapid Eye Movement Sleep Arousal Disorders, Nightmare Disorders, Rapid Eye Movement Sleep Behavior Disorders, Restless Legs Syndrome).

While 23 symptoms are present in only one disorder (67.6% of the symptoms), 11 symptoms are present in at least two main disorders (32.3% of the symptoms) (Supplementary Material 2). The most frequent occurrences across disorders are: "Daytime sleepiness", "Insomnia initiating" and "Insomnia maintaining" (N = 4; 11.8%), followed by "Altered Oniric Activity" and "Behavioral symptoms during sleep" (N = 3; 8.8%). Figure 1 shows the correlation matrix of the Sleep-Wake Disorders section of the DSM-5. The intensity of the red color indicates the strength of negative correlations, and the intensity of the blue color indicates the strength of positive correlations. A positive correlation means that two symptoms were frequently associated in the diagnostic criteria of a sleep disorder. The correlation matrix shows that symptoms of each category ("Sleepiness symptoms", "Insomnia symptoms", "Respiratory symptoms", "Psychiatric symptoms", "Behavioral symptoms", "Motor symptoms", "General symptoms", "Sleep period symptoms") tend to be associated. Finally, the network analysis appeared robust despite the frequency (variance) of the occurrences of symptoms. Robustness was judged acceptable as no centrality indices were outside the estimation of the confidence intervals on the edge weights (Supplementary Material 3). 

DISCUSSION

In this first exhaustive study on the general structure of the networks of symptoms in the "Sleep-Wake Disorders" section of the DSM-5, we used network analysis to establish the most central symptoms of Sleep disorders in Mental disorders [START_REF] Epskamp | Estimating psychological networks and their accuracy: A tutorial paper[END_REF].

Network analysis is of interest because the fact that certain symptoms occur in multiple sleep disorders and, in this way, are connected to other symptoms is not something that can also be estimated by just comparing symptoms between disorders. In addition, network symptom analysis allows detection of the centrality of a symptom in relation to all the other symptoms of the network, highlighting its importance in the overall architecture of the network.

"Daytime Sleepiness", the Insomnia symptoms group ("Insomnia initiating", "Insomnia maintaining" and "Non-restorative sleep"), and Behavioral sleep symptoms (such as "Altered oniric activity", "Ambulation" and "Abnormal responsiveness") were shown to be the most 1979).

Interestingly, the ICSD-2 thwarted the hope for a common framework with which to classify all Sleep-Wake disorders and decided to group the Sleep-Wake disorders into six categories according to what was called a "pragmatic" approach [START_REF] Hauri | Classification of sleep disorders[END_REF], categories that were transposed into the "Sleep-Wake Disorders" section of the DSM-5. The present results

suggest that the structure of the DCSAD has implicitly structured the organization of the "Sleep-Wake Disorders" section of the DSM-5. The network analysis indeed reveals that, despite an explicit decision to establish six main Sleep-Wake disorder categories [START_REF] Hauri | Classification of sleep disorders[END_REF], the focus remains on symptoms of Daytime Sleepiness, Insomnia, and Behavioral sleep symptoms, suggesting the rekindling of the hope for a common organizing principle with which to sort the many different Sleep-Wake disorders. The centrality of these types of symptoms is consistent with the suffering expressed by patients with Sleep-Wake disorders in terms of distress and disability [START_REF] Morin | The Oxford Handbook of Sleep and Sleep Disorders[END_REF], but also the medical conceptions of sleep clinicians who consider that these sleep symptoms are the entry point for sleep evaluation [START_REF] Borsboom | Network Analysis: An Integrative Approach to the Structure of Psychopathology[END_REF][START_REF] Buysse | Clinicians' use of the International Classification of Sleep Disorders: results of a national survey[END_REF]. Nightmare disorder) that is characterized by the dissociation between behavior and various aspects of consciousness [START_REF] Castelnovo | NREM sleep parasomnias as disorders of sleep-state dissociation[END_REF]. We observed similar centrality features for "Cataplexy", which appears only once in the networks but occupies an important position in the specific cluster of symptoms of Narcolepsy.

These results show that the fact that Sleep-Wake disorders belong to Mental disorders classification has been associated with core symptoms in the diagnostic criteria, which can be considered as "Mental", meaning that it can be considered as psychological in nature, even if this conceptualization raises many epistemological questions [START_REF] Brülde | What is Mental about Mental Disorder? Philosophy[END_REF][START_REF] Putnam | Philosophy and Our Mental Life, in: Mind, Language, and Reality[END_REF]Wakefield, 1999Wakefield, , 1999)). Thus, the integration of sleep disorders in the DSMs (III, IV and 5) seems to be not based on the arbitrary voting of the APA Work Group without theoretical or research-based underpinnings, as suggested by Houts [START_REF] Houts | The diagnostic and statistical manual's new white coat and circularity of plausible dysfunctions: response to Wakefield, part 1[END_REF], or simply on the issue of reimbursement [START_REF] Brülde | What is Mental about Mental Disorder? Philosophy[END_REF]. Interestingly, even OSAS, which is defined as repetitive episodes of upper airway obstruction occurring during sleep, has been recently closely related to Daytime sleepiness and Insomnia symptoms, which have been proposed as core symptoms in an innovative model of a multicomponent grading system for OSAS severity, as proposed by the European Sleep Research Society and the European Respiratory Society [START_REF] Pevernagie | On the rise and fall of the apnea-hypopnea index: A historical review and critical appraisal[END_REF][START_REF] Randerath | Challenges and Perspectives in Obstructive Sleep Apnoea: Report by an ad hoc working group of the Sleep Disordered Breathing Group of the European Respiratory Society and the European Sleep Research Society[END_REF].

The clinical implications of these results are twofold: first, such network analysis highlights the importance of distinguishing core symptoms from more peripheral symptoms in the diagnostic criteria of Sleep disorders [START_REF] Gauld | A systematic analysis of ICSD-3 diagnostic criteria and proposal for further structured iteration[END_REF](Gauld et al., , 2020b)). The interest of core symptoms would be to offer a solid stable clinical framework over time, in order that clinicians share the same understanding of sleep disorders. The interest of more peripheral symptoms would be to ensure that the framework is dynamic and modifiable over time, in order to include the data from Evidence-Based Medicine, in the quest for a more personalized medicine of sleep disorders (Gauld et al., 2020a). Secondly, such network analysis would enable comparison of different sleep disorders classifications, in particular the ICSD-3 and the "Sleep Wake Disorders" section of the DSM-5. A limitation of the present network analysis could be that Sleep disorders seem to be conceptualized as Mental disorders because

we have analyzed only one classification, which is a Mental disorders classification.

Nevertheless, the same symptom network analysis conducted on the diagnostic criteria of the ICSD-3 (Gauld et al., in press) found results consistent with those described in this paper.

Such comparisons require however further analysis in order to better harmonize the classifications.

The research implication of these results is not claiming that Sleep-Wake disorders are mental and not physical disorders. In this respect, the value of network analysis is that it avoids being bound to a particular level of explanation (e.g., biological, psychological or environmental), and does not support any particular preferential hierarchy of mechanisms as the basis of the structure of Sleep-Wake disorders. Of course, a limitation of our study concerning this hierarchization is that the terms necessarily come from a theoretical corpus (DSM-5), and that the symptoms do not involve a multiscale perspective, which remains theoretical, albeit promising. Empirical data are very important to collect, and studies based on network analysis and its inferences would be helpful in order to construct a network of symptoms stemming from the clinical data. Potential underlying mechanisms that could explain the present findings in relation with specific core symptoms remain also to be identified. Nevertheless, such an theoretical analysis can be considered as an organizing framework [START_REF] Borsboom | Network Analysis: An Integrative Approach to the Structure of Psychopathology[END_REF][START_REF] Guyon | Modeling Psychological Attributes in Psychology -An Epistemological Discussion: Network Analysis vs. Latent Variables[END_REF], which could throw light on the complexity of Sleep-Wake disorders by promoting research aiming to link the architecture of the symptom network to relevant biological, psychological and sociocultural factors.

In conclusion, the symptom network analysis of the DSM-5 reveals the way in which Sleep 

1 INTRODUCTION

 1 Mental disorders and Sleep disorders share a common history of classifications. In 1979, the "Association of Sleep Disorders Centers" and the "Association for the Psychophysiological Study of Sleep" published in Sleep journal the first classification of Sleep disorders called the "Diagnostic Classification of Sleep and Arousal Disorders" (DCSAD) (Association of Sleep Disorders Centers and the Association for the Psychophysiological Study of Sleep, 1979).

Figure 1 .

 1 Figure 1. Correlation matrix of Sleep-Wake Disorders section of DSM-5. Positive correlations in blue and negative correlations in red. Strength of correlations is shown by intensity of color. The names of the main groups are shown to the left of the Figure.

Figure 2 .

 2 Figure 2. DSM-5 Sleep-Wake Disorders section symptom network. When a symptom is present in only one disorder, the initial of this disorder is associated with the symptom number. The blue edges (links) represent the positive associations between symptoms and the red edges the negative associations. H: Hypersomnolence Disorder; I: Insomnia Disorder; O: Obstructive Sleep Apnea Hypopnea; Rem: Rapid Eye Movement Sleep Behavior Disorders; NRem: Non-Rapid Eye Movement Sleep Arousal Disorders; N: Narcolepsy; Res: Restless Legs Syndrome; C: Circadian Rhythm Sleep-Wake Disorders. Among the 34 symptoms and depending on the types of symptoms, the frequency of the most frequent symptoms are as follows: 4 are Sleepiness symptoms (11.8%, in light pink), 5 are Insomnia symptoms (14.7% in coral), 3 are Respiratory symptoms (8.8% in olive), 1 is a Psychiatric symptom (2.9% in green), 9 are Behavioral symptoms (26.5% in turquoise), 3 are Motor symptoms (8.8% in light blue), 3 are General symptoms (8.8% in violet) and 6 are Sleep period symptoms (17.6% in dark pink). The thickness of the lines (edges) represents the level of correlation between two symptoms.

Figure 3 .

 3 Figure 3. Network metrics of DSM-5 Sleep-Wake Disorders section symptom network ordered by "Strength".

  frequent and central symptoms. The fact that these symptoms that occur in multiple sleep disorders are more central can be attributed to the way sleep disorders have been conceptualized in the DSM-5. Moreover, this suggests that they could be a way to enable clinicians to move rapidly among different symptoms, allowing them to look for the other symptoms of a disorder and to navigate between pathways in the "Sleep-Wake Disorders" section of the DSM-5. Interestingly, the central role of these symptoms (Daytime Sleepiness, Insomnia symptoms and Behavioral sleep symptoms) seems to be reminiscent of the terminology used in the DCSAD (Association of Sleep Disorders Centers and the Association for the Psychophysiological Study of Sleep, 1979), as it is in the ICSD-3 (American Academy of Sleep Medicine, 2014). The DCSAD structure differentiated Disorders of excessive somnolence (DOES), Disorders of initiating and maintaining wakefulness (DIMS) and Disorders of partial arousals (Parasomnia). The concepts of DOES, DIMS and Disorders of partial arousals in the DCSAD may be seen as the first attempt to seriously consider sleep symptoms (Daytime Sleepiness, Insomnia symptoms and Behavioral sleep symptoms) as playing a central role in the structure of a Sleep-Wake nosological classification (Association of Sleep Disorders Centers and the Association for the Psychophysiological Study of Sleep,

  The network analysis simultaneously reveals the position of Sleep-Wake disorder in Mental disorders classifications (American Academy of Sleep Medicine, 2014; American Psychiatric Association, 2013). Indeed, Daytime Sleepiness, Insomnia complaints, and Behavioral sleep symptoms can be considered as Mental symptoms, given their phenomenality (qualitative nature of the experience) and subjectivity (in personal mental lives). In the DSM-5, Insomnia is defined as "a subjective complaint of difficulty falling or staying asleep or poor sleep quality" and Daytime Sleepiness as "a state of near-sleep, a strong desire for sleep" (American Psychiatric Association, 2013). Concerning Behavioral sleep symptoms, even if the level of conscious awareness can vary, the link with oniric activity is an important feature of these behaviors. The network centrality of "Altered Oniric Activity" (metrics of Betweenness and Closeness) indeed highlights its importance among the cluster of symptoms of parasomnia disorders (NREM Sleep Arousal Disorders, REM Behavior Disorder,

  disorders have been conceptualized within the DSM. Daytime sleepiness, insomnia symptoms and behavioral sleep symptoms play a central role in the way in which Sleep disorders have been conceptualized in the DSM, and encourage the psychiatric community to pay attention to these sleep symptoms.