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Body misperception : a complex, multifaceted issue to be taken into consideration in
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Body misperception could predispose to obesity, by masking excess weight and/or hunger and satiety signals, and by promoting emotional eating and difficulties engaging in physical activity. Thus, it may also be an obstacle to the management of persons with obesity. This narrative review describes the different types of troubles of the relationship with the body that can be encountered in obese subjects, and groups them into three main categories, namely: silhouette distortion, alteration of internal bodily signals pertaining to food, and impaired perception of interoceptive input. Each of these categories is detailed in terms of its clinical phenotypes and potential mechanisms involved. The therapeutic challenges posed by these various disorders are also developped, as well as the limitations of the main instruments available to identify them.

The authors conclude that body misperception should be systematicaly investigated in the clinical management of obesity.

mass that is a source of multiple complications [START_REF] Garrow | Obesity and related diseases[END_REF] . This increase in body size is universally measured by the body mass index (BMI). It is a source of social stigmatisation and low self-esteem, which may generate or perpetuate emotional eating, thereby contributing in turn to excess weight gain [START_REF] Vartanian | Weight stigma and eating behavior: A review of the literature[END_REF] . However, excess weight is not always associated with negative stigma [START_REF] Hill | Obesity in Children and the 'Myth of Psychological Maladjustment': Self-Esteem in the Spotlight[END_REF] , and on the contrary, may actually be considered as a marker of social rank [START_REF] Cassidy | The good body: when big is better[END_REF][START_REF] Maruf | Differential perceptions of body image and body weight among adults of different socioeconomic status in a sub-urban population[END_REF] , which in turn may hamper recognition of obesity as a health problem.

In addition to these issues, the relationship to and with one's body is likely to be perturbed by excess weight, and can negatively influence the main factors regulating weight (namely eating and physical activity). The relationship of an individual with their body is a multi-dimensional concept and is the combined result of sensitivity to exteroceptive stimuli (sensory aspect), interoceptive input (internal body sensations related to the autonomic nervous system functions such as heartbeat, digestive functions...) and proprioceptive information (sensations relating to the position of one's body in space) [START_REF] Mehling | The Multidimensional Assessment of Interoceptive Awareness (MAIA)[END_REF] . All these different elements combine to constitute an unconscious image of the body that is the reflection of the emotions generated by these various sensibilities all through one's life [START_REF] Nasio | Mon corps et ses images[END_REF] . Body image is not a static phenomenon, but is also an action-image (when the body is moving) that plays an essential role, not only in defining the boundaries of the self, but also in differentiating the self from the surroundings being perceived [START_REF] Nasio | Mon corps et ses images[END_REF] .

In psycho-analysis, body image and perception of sensations are constituent elements of the psychological self (8) but are always somewhat out of synch with the objective reality, and this can create narcissistic gaps or an anxiogenic interpretation of certain bodily manifestations [START_REF] Lacan | Le séminaire, Livre IV, 1956-1957[END_REF][START_REF] Dolto | L'Image inconsciente du corps[END_REF] . Thus, body image is necessarily subjective and varies between individuals.

According to Hilde Bruch [START_REF] Bruch | Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within[END_REF] , a distorted body image and an impaired appreciation by the subject of their own capacity are important issues in obesity. Furthermore, Stunkard et al [START_REF] Stunkard | Obesity and the body image : I. Characteristics of disturbances in the body image of some obese persons[END_REF][START_REF] Stunkard | Obesity and the body image : II. Age at onset of disturbances in the body image[END_REF] showed that in adults with obesity, more than half of those who developed obesity before or during puberty, had a distorted image of their body, accompanied by impaired interpersonal relationships, which is rarely the case in those who become obese during adulthood.

A significant association has been shown between body image disturbance and binge eating disorder (BED) in a sample of obese females [START_REF] Lewer | Body image disturbance in binge eating disorder: a comparison of obese patients with and without binge eating disorder regarding the cognitive, behavioral and perceptual component of body image[END_REF] . Poor interoceptive awareness has been shown to be associated with the presence of eating disorders [START_REF] Leon | Prospective analysis of personality and behavioral vulnerabilities and gender influences in the later development of disordered eating[END_REF] , whereas greater interoceptive awareness is a protective factor against the development of disordered eating [START_REF] Gustafsson | Characteristics measured by the eating disorder inventory for children at risk and protective factors for disordered eating in adolescent girls[END_REF] . Indeed, it has been reported that sensitivity to interoceptive input is associated with the activation of specific brain areas, in particular the anterior insular cortex [START_REF] Craig | How do you feel_-now? The anterior insula and human awareness[END_REF] , which plays a key role in the regulation and appraisal of emotions [START_REF] Fu Sto S , Gramann | On the embodiment of emotion regulation: interoceptive awareness facilitates reappraisal[END_REF][START_REF] Garfinkel | Interoception, emotion and brain: new insights link internal physiology to social behaviour. Commentary on: "Anterior insular cortex mediates bodily sensibility and social anxiety[END_REF] .

The relationship of an individual to their body therefore seems to be an avenue worthy of further investigation in obese subjects. However, the evaluation of this relationship is not standardized in clinical practice.

The objective of this narrative review is not to perform a systematic or an exhaustive review of studies concerning body perception in subjects suffering from obesity, but rather to describe the state of knowledge in terms of the different disorders that exist, to describe them and to explain why it is relevant to take them into account in the clinical practice of obesity management.

To this end, a Working Group composed of experts from various disciplines and backgrounds was constituted and convened on three occasions. The group was comprised of: a psychiatrist-addictologist specialised in obesity; a nutrition physician specialised in the management of subjects with eating disorders; specialists in education science with experience of learning and body perception in chronic disease; a teacher of adapted physical activities specialised in working with obese subjects and who has previously developed various approaches to body-oriented therapies, a specialist in sports science, and a therapist for victims of psycho-sexual trauma specialised in helping victims reclaim their body.

The different types of body misperception likely to be encountered in obese subjects were classed by the Working Group. In addition, a detailed and focused search of the literature in Medline and PsychInfo was performed to ensure that all relevant categories were identified, and also to enrich descriptions of the categories identified by the Working Group. A non-exhaustive review of instruments used to evaluate body perceptions in adults was also performed.

The disturbances to the relationship with the body identified by this Working Group as most likely to be encountered in subjects with obesity were classed into three overriding dimensions, namely: Distortion of the silhouette; Alterations to internal foodrelated signals; and Impaired perception of interoceptive bodily input. Our search of the literature did not reveal any additional categories likely to be of clinical relevance in this population.

Distortion of the silhouette

The majority of studies investigating silhouette distortion have reported that the parents of obese children tend to under-estimate their child's weight (20)[START_REF] Lundahl | Parental Underestimates of Child Weight: A Meta-analysis[END_REF][START_REF] Mckee | The Role of Parental Misperception of Child's Body Weight in Childhood Obesity[END_REF] . This finding, widely reported in the literature, certainly cannot in its own right justify considering overweight as a health problem, but may be a contributing factor to weight gain [START_REF] Boyington | Maternal perception of body size as a determinant of infant adiposity in an African-American Community[END_REF][START_REF] Yilmaz | How does parents' visual perception of their child's weight status affect their feeding style?[END_REF][START_REF] Howe | Parents' Underestimations of Child Weight: Implications for Obesity Prevention[END_REF] .

The under-estimation by parents of their child's weight can be explained by the parent's desire to think that larger infants indicate good health, or reserves to protect against possible shortage [START_REF] Thompson | Whatever average is:" understanding African-American mothers' perceptions of infant weight, growth, and health[END_REF] . The fact that children with obese parents are more likely to have misperceptions about what normal weight is [START_REF] Maximova | Do you see what I see? Weight status misperception and exposure to obesity among children and adolescents[END_REF] suggests that this is an acquired disturbance of body image stemming from their environment, where they integrate the family's visual norms [START_REF] Robinson | Overweight but unseen: a review of the underestimation of weight status and a visual normalization theory[END_REF] . Accordingly, repeated exposure to heavy body weights was shown to cause overweight men to underestimate their own body weight [START_REF] Oldham | Visual weight status misperceptions of men: Why overweight can look like a healthy weight[END_REF] , and a positive association has been reported between the prevalence of obesity and the level of weight underestimation in the population [START_REF] Salcedo | Trends in overweight and misperceived overweight in Spain from 1987 to 2007[END_REF] . Failure to perceive a change in weight is frequent in the months following bariatric surgery, whereby the person continues to head for the "large sizes" clothes rack despite having lost a massive amount of weight [START_REF] Guardia | Body distortions after massive weight loss: lack of updating of the body schema hypothesis[END_REF][START_REF] Alegría | That's who I am: a fat person in a thin body": weight loss, negative self-evaluation, and mitigating strategies following weight loss surgery[END_REF] . This pleads in favour of the hypothesis that it takes time to integrate a new extrinsic or intrinsic body weight. However, it has been reported that during weight loss programmes, some patients expressed concerns about their change in body weight, and possible ego boundary permeability (33) . Furthermore, people from underprivileged socio-economic groups more frequently tend to under-estimate their body weight [START_REF] Dorsey | Racial/ethnic differences in weight perception[END_REF][START_REF] Peltzer | Underestimation of weight and its associated factors in overweight and obese university students from 21 low, middle and emerging economy countries[END_REF] , which pleads in favour of the idea that the reality of the body is effaced, unconsciously supporting the benefits of eating [START_REF] Bertin | Comportement alimentaire et obésité : place de la symbolique alimentaire[END_REF] and/or the symbolic dimensions (e.g. social status, protection) that are inherent to large body size [START_REF] Bruch | Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within[END_REF][START_REF] Faden | Obesity as a defense mechanism[END_REF][START_REF] Guy-Grand | Résistances à l'amaigrissement (Resistances to weight loss)[END_REF] . This situation is similar to anorexia nervosa, where overestimation of body weight serves to legitimize the control behaviour [START_REF] Clarke | Higher reward value of starvation imagery in anorexia nervosa and association with the Val66Met BDNF polymorphism[END_REF] . The arguments that underpin this effacing process include the fact that people with obesity often underestimate their own weight [START_REF] Larsen | Validity of self-reported weight and height and predictors of weight bias in female college students[END_REF] , and may suddenly become aware of their weight gain through coincidental discovery of their real image through social networks, for example. Some authors have postulated that this underestimation could be a protective mechanism against depression [START_REF] Jones | Psychological and behavioral correlates of excess weight: misperception of obese status among persons with Class II obesity[END_REF][START_REF] Thurston | Cross-sectional and Prospective Examination of Weight Misperception and Depressive Symptoms Among Youth with Overweight and Obesity[END_REF] . However, other mechanisms could also be implicated, such as impaired accuracy estimating tactilelyperceived cutaneous stimuli [START_REF] Scarpina | Tactile mental body parts representation in obesity[END_REF] .

Alterations to internal food-related signals

Intuitive eating involves physiological regulation of food intake in response to the body's needs based on internal physiological cues (hunger and satiety) [START_REF] Avalos | Exploring a model of intuitive eating with college women[END_REF] , but these cues may be subject to a range of impairments. Hunger signals are often poorly recognized, or confused with just wanting to eat in subjects with obesity [START_REF] Stunkard | Obesity and the denial of hunger[END_REF][START_REF] Nathan | Psychological observations of obese adolescents during starvation treatment[END_REF] . As reported by Hilde Bruch [START_REF] Bruch | Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within[END_REF] , the construction of hunger cues it not innate and is acquired during early interpersonal experiences, which, when appropriate, make it possible to identify that specific bodily sensation in the same way as other bodily needs. A failure to properly integrate the hunger signal can generate confusion between actual hunger and other bodily events (such as those induced by stress and anxiety), leading the person to eat in order to relieve any perceived internal or external sensation of discomfort [START_REF] Bruch | Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within[END_REF] . The feeling of hunger can sometimes generate anxiety (archaic anxieties) further to inappropriate responses during early feeding experiences, or due to a period of prolonged starvation, leading the person to systematically eat in anticipation (and thus, excessively) in order to avoid feeling hungry [START_REF] Bruch | Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within[END_REF] . Other works have underlined that the feeling of satiety can also be suppressed by "forced" feeding, unconsciously intended to relieve a mother's anxiety about a potential lack of food for her child [START_REF] Schmit | L'obésité infantile et les expériences alimentaires précoces[END_REF] . Research by Françoise Dolto showed that certain areas of the organism were not mentally integrated, and the body image was thus incomplete, when the functionality of those areas was not respected [START_REF] Dolto | L'Image inconsciente du corps[END_REF] .

Impaired integration of internal hunger and satiety cues is not, however, the only causal factor in obesity. Indeed, other environmental factors occurring later in life and at different ages can interfere with these signals, such as sleep disorders and stress [START_REF] Braet | The assessment of eating behaviour in children who are obese: a psychological approach. A position paper from the European childhood obesity group[END_REF][START_REF] Huh | The time-varying association between perceived stress and hunger within and between days[END_REF][START_REF] Blumfield | Dietary disinhibition mediates the relationship between poor sleep quality and body weight[END_REF] .

Similarly, cognitive restriction, fostered by restrictive diets and the thin-ideal culture, makes it impossible to align with internal signals, and the frustration this creates can in turn foster the onset (or maintenance) of impulsive eating behaviours [START_REF] Herman | Restrained eating[END_REF] .

Increased eating rate (tachyphagia) is now established as a risk factor for over-eating during meals, and should systematically be screened for, because it mitigates sensitivity to food signals and contributes to altering satiety signals [START_REF] Canterini | Rapid eating is linked to emotional eating in obese women releving from bariatric surgery[END_REF] . Impaired external sensory stimulation, linked to an affective deficiency, may also lead to hyper-hedonic eating and thus, excess weight gain [START_REF] Bertin | Comportement alimentaire et obésité : place de la symbolique alimentaire[END_REF] .

Impaired perception of interoceptive bodily input

A number of emotions can cause a person ingest food to relieve them. This emotional eating, in a more or less impulsive manner, is frequent in case of a feeling of boredom, whose true origin warrants investigation. The boredom in question may indeed often be a feeling of "emptiness" or loneliness reflecting a lack of affection or a history of traumatic abandonment that is relieved by eating, both literally and figuratively, albeit temporarily [START_REF] Bertin | Comportement alimentaire et obésité : place de la symbolique alimentaire[END_REF][START_REF] Pretlow | Addiction to Highly Pleasurable Food as a Cause of the Childhood Obesity Epidemic: A Qualitative Internet Study[END_REF][START_REF] Moynihan | Eaten up by boredom: consuming food to escape awareness of the bored self[END_REF] .

Based on our own experience and on literature data, poor interoceptive awareness (considered as difficulty identifying internal bodily signals) is associated with alexithymia and contributes to increasing anxiety in these situations [START_REF] Herbert | On the relationship between interoceptive awareness and alexithymia: is interoceptive awareness related to emotional awareness?[END_REF] .

The intensity and interpretation of emotions are strongly influenced by interoceptive input [START_REF] Bechara | Listening to your heart: interoceptive awareness as a gateway to feeling[END_REF][START_REF] Wiens | Interoception in emotional experience[END_REF] . People who are sensitive to their internal bodily cues have been shown to be better at dealing with their emotions than those who are less sensitive to interoceptive input [START_REF] Craig | Interoception: the sense of the physiological condition of the body[END_REF][START_REF] Barrett | Interoceptive sensitivity and 22 self-reportsself-reports of emotional experience[END_REF] . The most anxious patients are those who are least adept at perceiving their internal bodily cues [START_REF] Bogaerts | High symptom reporters are less interoceptively accurate in a symptom-related context[END_REF] . Evaluating anxiety sensitivity may contribute to improving our understanding of greater calorie consumption and physical activity avoidance in persons with obesity [START_REF] Hearon | The role of anxiety sensitivity in daily physical activity and eating behavior[END_REF] . Indeed, anxiety sensitivity refers to the fear of experiencing anxiety-related symptoms due to the belief that somatic stimulation, and the anxiety itself, will have catastrophic consequences [START_REF] Mcnally | Anxiety sensitivity and panic disorder[END_REF] .

Poor interoceptive sensitivity is also associated with increased body ownership malleability which may influence security perception towards others [START_REF] Tsakiris | Just a heartbeat away from one's body: interoceptive sensitivity predicts malleability of body-representations[END_REF] . This may be explained by neurophysiological findings showing that body representation requires multi-sensory stimulation (seeing, touching, proprioception) [START_REF] Makin | On the other hand: dummy hands and peripersonal space[END_REF] . Feelings of body ownership and kinesthetic memory are related to bodily aptitudes generally acquired through movement-and feelings-based stimulations, such as play, physical/sports activities, physical education [START_REF] Cornet | Corps Obèse et société : regard croisés entre médecins et patients[END_REF] .

People with obesity appear to have impaired interoceptive sensitivity compared to normal-weight subjects [START_REF] Herbert | Attenuated interoceptive sensitivity in overweight and obese individuals[END_REF] , although their pain threshold does not appear to be decreased [START_REF] Okifuji | The association between chronic pain and obesity[END_REF] . Obese individuals also appear to have a reduced ability to decode their emotions than normal-weight individuals [START_REF] Baldaro | Deficit in the discrimination of nonverbal emotions in children with obesity and their mothers[END_REF] .

It is probable that the pervasive pain caused by osteo-articular complications of obesity contributes to amplifying this poor interoceptive awareness. Indeed, the higher the body mass index, the more likely the person is experiencing pain in the lumbar or cervical region, or the feet, hands or hips [START_REF] Heuch | Body mass index as a risk factor for developing chronic low back pain: a follow-up in the Nord-Trøndelag Health Study[END_REF][START_REF] Nilsen | Physical exercise, body mass index, and risk of chronic pain in the low back and neck/shoulders: longitudinal data from the Nord-Trondelag Health Study[END_REF][START_REF] Hill | Prevalence and correlates of foot pain in a population-based study: the North West Adelaide health study[END_REF][START_REF] Grotle | Obesity and osteoarthritis in knee, hip and/or hand: an epidemiological study in the general population with 10 years followup[END_REF](73) . This may lead a person with obesity to engage in eating as a means to respond to the emotions caused by the pain [START_REF] Janke | The more pain I have the more I want to eat": Obesity in the context of chronic pain[END_REF] . In addition, kinesiophobia may develop, namely a fear of pain due to movement. This phenomenon needs to be taken into account in the management of patients with obesity [START_REF] Vincent | Musculoskeletal pain, fear avoidance behaviors, and functional decline in obesity: potential interventions to manage pain and maintain function[END_REF] , particularly those with morbid obesity (BMI ≥ 40 kg/m 2 ) [START_REF] Vincent | Morbid obesity is associated with fear of movement and lower quality of life in patients with knee pain-related diagnoses[END_REF] . Kinesiophobia may be present even in individuals who have no real functional impairment of amplitude or strength [START_REF] Vincent | Outpatient rehabilitation outcomes in obese patients with orthopedic conditions[END_REF] . This fearful behaviour can be caused by reactions to exercise commonly experienced in people with obesity (that is discomfort, dyspnea, musculoskeletal or joint pain). Cooper et al. showed that pain was firstly an important factor in the decision and motivation of obese patients to lose weight, but secondly, it was also a limiting factor on the type and amount of physical activity, and thus, a barrier to weight-loss efforts. This latter effect seems to stem from the belief that physical activity incurs a risk of injury and additional pain [START_REF] Cooper | Perceptions of adults with overweight/obesity and chronic musculoskeletal pain: An interpretative phenomenological analysis[END_REF] .

A history of sexual abuse at the root of obesity, notably when the abuse occurred during childhood [START_REF] Felitti | Relationship of Childhood Abuse and Household Dysfunction to Many of the Leading Causes of Death in Adults[END_REF] , frequently leads to the suppression of sensations that spontaneously arise in the body, such as hunger and satiety (respectively generating a feeling of "filling" while eating, and "relaxation" afterwards), via a phenomenon of deconnection or dissociation from the body [START_REF] Young | Sexual abuse and the problem of embodiment[END_REF][START_REF] Kremer | Body Image Among Victims of Sexual and Physical Abuse[END_REF] . This may be improved by approaches based on bodyoriented therapy [START_REF] Price | Body-oriented therapy in recovery from child sexual abuse: an efficacy study[END_REF] .

The bodily "me" schematically corresponds to the perception of feelings generated by multiple mental, emotional and physical inter-connections; if all of these stimuli are not harmoniously integrated, then the individual may feel disconnected from their body [START_REF] Damasio | Mental self: The person within[END_REF][START_REF] Herbert | The body in the mind: on the relationship between interoception and embodiment[END_REF] . A distinction has been described between the body one has, and the body one is, in the case of excess body weight [START_REF] Van Den Berg | A different existence: Principles of phenomenological psychopathology[END_REF][START_REF] Glenn | Weight-ing: the experience of waiting on weight loss[END_REF] . The body is under-employed, cumbersome, useless, and becomes a problem. Body awareness is progressively losing its importance in today's society. Restrictions in both physical activities and sensations, due to this body disconnection, result in limitations on the field of action and initiative and this can cause unhappiness [START_REF] Breton | L'adieu au corps[END_REF] . In the case of obesity, the body comes to the individual's attention again in the form of symptoms. Thus, certain bodily cues can be felt to generate anxiety, such as the perception of one's heart beat during exercise [START_REF] Barsky | Panic disorder, palpitations, and the awareness of cardiac activity[END_REF][START_REF] Dunn | Listening to your heart. How interoception shapes emotion experience and intuitive decision making[END_REF] . This acts as a barrier to the implementation of therapeutic modifications in lifestyle, particularly physical activity, which is recommended in obesity as well as in several other chronic diseases.

Discussion

This narrative review shows that the relationship to the body is complex and multifaceted in individuals with obesity, and there is the potential for disorders among any of the three dimensions identified. The presence of a disordered relationship to the body should prompt suspicion of an impaired overall body image, although without prejudging the semiological heterogeneity of such an impairment, either among the different dimensions, or within each individual dimension.

Accordingly, a subset of individuals with obesity may present, for example, a lack of awareness of the real size of their body, difficulties identifying hunger and satiety cues, a feeling of insecurity towards certain bodily sensations that lead to emotional eating and/or difficulty performing physical activity.

In spite of these important points, which have been well established in the literature in recent years, the majority of diagnostic tools habitually used in the clinical management of obese subjects are mainly focused on diet, physical activity and the various complications of excess weight. The evaluation of the relationship to the body in obese individuals is primarily considered once its consequences are apparent, notably the disability or handicap that it may entail.

Identifying body misperception

Integrating management of body misperception into the pathway of care for subjects with obesity calls for easy and clear identification of such disorders. Indeed, 43 different means of assessment were found in the non-exhaustive literature review, including scales, questionnaires, one simple question, or other evaluation processes using mirrors or video recording.

Identifying impaired perception of interoceptive bodily input seems the most difficult.

The evaluation of interoceptive capacity classically relies on the heartbeat-perception task, which calculates the difference between the number heartbeats counted by the subject (without feeling for their pulse) and the number of heartbeats actually recorded on the ECG, at rest [START_REF] Eshkevari | An investigation of interoceptive sensitivity in eating disorders using a heartbeat detection task and a self-report measure[END_REF] . Specific psychometric scales for interoception have also been developed. The Scale of Body Connection (SBC) is one of the first such tools to have been validated. It includes items measuring body awareness, but also bodily dissociation [START_REF] Price | Scale of Body Connection: A multi-sample construct validation study[END_REF] .

Another such tool is the Multidimensional Assessment of Interoceptive Awareness (MAIA), designed to evaluate mind-body awareness [START_REF] Mehling | The Multidimensional Assessment of Interoceptive Awareness (MAIA)[END_REF] , and the MAIA has become a widely-used tool in research in the fields of behavioural therapy and neuropsychology.

The 44-item Body Attitude Questionnaire (BAQ) was also developed with a view to assess the range of attitudes women hold towards their bodies [START_REF] Ben-Tovim | The development of the Ben-Tovim Walker Body Attitudes Questionnaire (BAQ), a new measure of women's attitudes towards their own bodies[END_REF] . It explores six distinct dimensions, including feelings of overall fatness, self-disparagement, strength, salience of weight, feelings of attractiveness and consciousness of lower body fat, with this latter dimension being of particular interest in obesity [START_REF] Traverso | Weight loss after dieting with behavioral modification for obesity: the predicting efficiency of some psychometric data[END_REF] .

Kinesiophobia or fear of movement can be evaluated using the 17-item Tampa Scale for Kinesiophobia (TSK) [START_REF] Kori | Kinesiophobia: A new view of chronic pain behavior[END_REF] . Questionnaires have also been designed to assess the efficacy of therapies specifically intended to address interoceptive impairment (e.g. mindfulness interventions), such as the Five Facet Mindfulness Questionnaire (FFMQ) [START_REF] Goldberg | Does the Five Facet Mindfulness Questionnaire measure what we think it does? Construct validity evidence from an active controlled randomized clinical trial[END_REF] .

Limitations of instruments to detect a disordered relationship to the body

The main criticism levelled at these different tools is that they fail to clearly distinguish between two dimensions of the supposed interoceptive deficit, namely 1, the failure to perceive the signals ; and 2, non-acceptance of these sensations in case of affective arousal [START_REF] Merwin | Interoceptive awareness in eating disorders: Distinguishing lack of clarity from non-acceptance of internal experience[END_REF] . According to Merwin and colleagues, non-acceptance of affective arousal, rather than difficulty identifying affective states, was significantly associated with avoidance behaviours, which may take the form of binge eating in obese individuals. This is of particular relevance in the management of eating disorders, where therapy mainly targets the regulation of emotions [START_REF] Merwin | Interoceptive awareness in eating disorders: Distinguishing lack of clarity from non-acceptance of internal experience[END_REF] . Recently, a three-dimensional characterisation of interoception was proposed, comprising: 1, interoceptive accuracy (performance on objective behavioural tests of heartbeat detection); 2, interoceptive sensibility (self-evaluated assessment of subjective interoception, gauged using interviews/questionnaires); and 3, interoceptive awareness (metacognitive awareness of interoceptive accuracy, e.g. confidence-accuracy correspondence). These three dimensions appear to be relevant, given that they are independent and dissociable [START_REF] Garfinkel | Knowing your own heart: Distinguishing interoceptive accuracy from interoceptive awareness[END_REF] .

A further criticism of these psychometric tests is that they fail to explore certain aspects of the deficits in bodily perception described above. Prior sexual abuse is substantially under-estimated, even by the most experienced psychiatrists, due to the phenomenon of post-traumatic dissociation [START_REF] Wilson | Health consequences of childhood sexual abuse[END_REF] . This generally leads to unconscious resistance to weight loss, or even psychiatric decompensation after bariatric surgery, fully justifying the development of clinical tools that would make it possible to diagnose this type of "defensive" reactional obesity. To this end, the bodily dissociation subscale of the SBC may be relevant to assess bodily dissociation (i.e. disconnection between sensations and emotions), and merits further investigation, since an improvement in the bodily dissociation score has been reported after body-oriented therapy in victims of childhood sexual abuse [START_REF] Price | Body-oriented therapy in recovery from child sexual abuse: an efficacy study[END_REF] .

Improved detection of body misperception in the form of silhouette distortion, should also be explored in the search to deepen our understanding of this category of misperception, often present in individuals with obesity. Detecting distorted body image based primarily on the use of Stunkard's Figure Rating Scale (99) is relatively easy to implement, but not very sensitive in clinical practice of obesity management, due to weight cue reactivity (100,101) . Therefore, it is clearly necessary to better identify body misperception, in order to propose targeted therapeutic solutions, and thus, better meet the needs of individuals with obesity.

Therapeutic avenues towards addressing body misperception

In perspective, several supportive cares can be highlighted, and could be explored in regards to body misperception management.

Therapeutic approaches for silhouette distortion correction have been shown to be promising, such as those based on improving the integration of proprioceptive cues [START_REF] Guardia | Body distortions after massive weight loss: lack of updating of the body schema hypothesis[END_REF] or body perception using a virtual reality body-swapping protocol (102) .

The body scan, a method derived from mindfulness-based stress reduction techniques was shown to improve interoception (103) and could have potential for use among obese subjects who eat to control boredom or anxiety. Mindfulness contributes to improving emotion regulation by increasing interoceptive awareness (104) , thereby enabling improved integration of psychological distress, limiting the propensity to eat in this context, even reducing binge eating (105) . The practice of yoga or meditation has also been shown to be associated with increased mental awareness of, and reactivity to bodily cues (106) . Body consciousness and mental representations are often impaired in obese subjects, and these dimensions, as well as body perception at rest or in motion can be improved through a dance therapy workshop, for example, in the framework of specific management programmes (107) . Engaging in adapted physical activity could be a promising intervention to reduce kinesiophobia, in addition to being one of the fundamental recommended practices for the management of obesity (108) . In addition, optimising interoceptive awareness could increase the individual's motivation to engage in physical activity by reducing the physical load, and reduce the incidence of musculoskeletal injury (109) .

The identification and integration of hunger and satiety signals is a therapeutic strategy that is becoming common practice, and has been used in specific studies targeting meal time to foster more intuitive eating regulation (110) . The educational approach deserves to be broadened since non-intuitive eating may potentially be the expression of a widespread interoception impairment. Indeed, as Herbert et al. reported, the cardiac awareness was positively related to greater sensitivity for gastric filling (111) .

It should also be underlined that the non-acceptance of their body by obese individuals, because of its "size", is a potential limiting factor that can hamper the efficacy of interventions targeting interoceptive awareness, and can require prior intervention to improve self-esteem. Excess weight limits physical activity (112) , while the depressed mood that results from painful comorbidities reduces the feeling of self-efficacy in this population [START_REF] Cooper | Perceptions of adults with overweight/obesity and chronic musculoskeletal pain: An interpretative phenomenological analysis[END_REF] . These are not the only factors involved in cutting off obese individuals from their body, since individuals who have experienced past trauma, or whose education from their parents favoured concealing emotions and ignoring bodily sensations, tend to have a relational deficit with their body, and poorer interoceptive awareness (113,114) .

Conclusion

Body misperception in individuals with obesity is complex, multifaceted and persondependent. They should be screened for systematically using multidimensional

instruments, in order to offer the most appropriate therapeutic strategies. Such an approach would not only favour multidisciplinary management of obesity, but would also be more meaningful for the patients, and could help the patients to perceive the recommendations given to them as being less restrictive.
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