S Réveillère 
  
Barrault 
  
Sarah El Archi 
email: sarah.elarchi@etu.univ-tours.fr
  
Paul Brunault 
  
Nicolas Ballon 
  
Christian Réveillère 
  
Servane Barrault 
  
Sarah El 
  
food addiction and eating-related characteristics in persons at risk for eating disorders

Keywords: Differential association between food craving, food addiction and eating-related characteristics Association différentielle entre le craving alimentaire, l'addiction

 

1

Introduction

Food craving, defined as an intense and irresistible desire or urge for special types of food (American Psychiatric Association, 2013), has been proposed as a central dimension that could be common to a varied range of eating disorders, including anorexia nervosa (AN), bulimia nervosa (BN) and binge eating disorder (BED) [START_REF] Moreno | Food cravings discriminate between anorexia and bulimia nervosa. Implications for "success" versus "failure" in dietary restriction[END_REF]; [START_REF] Van Den Eynde | State and trait food craving in people with bulimic eating disorders[END_REF]. DSM-5 AN is defined as a restriction of energy intake relative to requirements, persistent behavior that interferes with weight gain, influence of body weight or shape on self-evaluation and intense fear of gaining weight leading to a significantly low body weight. DSM-5 distinguishes binge-eating/purgative AN, in which weight loss is due to purging behavior as selfinduced vomiting or misuse of laxatives, between restrictive AN, in which weight loss is due to dieting or excessive exercise (American Psychiatric Association, 2013). BED and BN are characterized by recurrent episodes of consumption of a large amount of food in a discrete period of time (binge eating episode). This compulsive overeating occurs after a period of anxiety, relieved by food intake. Lack of control over eating during this episode, combining excitement, pleasure and guilt, is followed by compensatory behaviors especially for BN. [ajout de définition suite au commentaire #3 du reviewer] Food craving is related to weight gain [START_REF] Joyner | Food craving as a mediator between addictive-like eating and problematic eating outcomes[END_REF], obesity [START_REF] Potenza | How Relevant is Food Craving to Obesity and Its Treatment[END_REF], dieting failure [START_REF] Meule | Food cravings mediate the relationship between rigid, but not flexible control of eating behavior and dieting success[END_REF], dropping out of weight loss intervention programs [START_REF] Lim | Psychological Effects of Prescriptive vs General Lifestyle Advice for Weight Loss in Young Women[END_REF], and binge eating episodes (Van den [START_REF] Van Den Eynde | State and trait food craving in people with bulimic eating disorders[END_REF]. Main food craving characteristics involve thoughts or preoccupation with food, lack of control over eating, intentions and plans to consume food, emotions and cues that may trigger food craving. Low cognitive demands and high affective vulnerability accentuate intrusive thoughts and preoccupation with food, pushing to food intake [START_REF] Niemiec | Development and initial validation of the obsessive compulsive eating scale[END_REF]. Lack of control over eating, followed by food craving, is described in eating disorders such as BN, purging type AN and BED (American Psychiatric Association, 2013), and is associated with high levels of anxiety and negative mood [START_REF] Dingemans | Emotion Regulation in Binge Eating Disorder: A Review[END_REF]. Indeed, previous studies found difficulty in emotion regulation, mood and anxiety disorders, especially in individuals with eating disorders involving binge eating episodes [START_REF] Dingemans | Emotion Regulation in Binge Eating Disorder: A Review[END_REF]. Emotions and external food cues partly trigger food craving. Sensitivity to environmental stimulation (bottom-up mechanism) triggering food craving is related to reward sensitivity, which is associated with more food craving episodes and high body mass index (BMI) [START_REF] Franken | Individual differences in reward sensitivity are related to food craving and relative body weight in healthy women[END_REF]. Top-down inhibition is also involved in food intake regulation. Individuals with obesity or binge eating episodes show lower inhibitory control (Meule & Kübler, 2014). According to [START_REF] Van Strien | The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior[END_REF] there is three different types of eating behaviors: (1) external eating, which refers to the externality theory, is defined as an increase in food intake in response to external food cues rather than to an internal state of hunger or satiety, (2) restrained eating, which refers to the cognitive restraint theory, corresponds to an intentional effort to achieve or maintain a desired weight through reduced caloric intake [START_REF] Apfeldorfer | Cognitive restraint in obesity. History of ideas, clinical description[END_REF][START_REF] Brunault | The Dutch Eating Behavior Questionnaire: Further psychometric validation and clinical implications of the French version in normal weight and obese persons[END_REF], and (3) emotional eating, which refers to the psychosomatic theory, is defined as an increase in food intake in response to an internal state of emotional arousal, such as anger, fear, sadness or happiness. [Ajout suite au commentaire #2 du reviewer] Food intake followed by craving is characterized by emotional ambivalence, especially for individuals who meet the criteria of food addiction (FA). They experience "wanting" and "liking" for food despite knowing that it will not make them feel better and will be followed by negative mood and guilt [START_REF] Meule | Food cravings in food addiction: The distinct role of positive reinforcement[END_REF]. Some self-administered questionnaires have been developed to assess food craving, including the Attitudes to Chocolate Questionnaire [START_REF] Benton | The development of the attitudes to chocolate questionnaire[END_REF], the Food Craving Inventory [START_REF] White | Development and Validation of the Food-Craving Inventory[END_REF] and the Questionnaire on Craving for Sweet or Rich Foods [START_REF] Toll | Validation of a scale for the assessment of food cravings among smokers[END_REF]. The Food Craving Questionnaire-Trait (FCQ-T), developed by [START_REF] Cepeda-Benito | The development and validation of the state and trait food-cravings questionnaires[END_REF] has several advantages over the others, notably that it assesses food craving as a stable trait and is not limited to specific foods. There is a short version of the questionnaire (FCQ-T-reduced) focusing on the main characteristics of food craving mentioned above [START_REF] Meule | A short version of the Food Cravings Questionnaire-Trait: the FCQ-T-reduced[END_REF]. Through these questionnaires, food craving, one of the criteria of FA, has been identified as an essential mediator between FA and eating disorders. In an article validating the Yale Food Addiction Scale 2.0, which is a self-administered scale measuring FA using DSM-5 criteria for addictive disorders, the overall prevalence of FA was 14.6% [START_REF] Gearhardt | Development of the Yale Food Addiction Scale Version 2.0[END_REF]. This prevalence increased with BMI: 7.8% of normal-weight individuals met these criteria, compared to 24.6% of individuals with obesity [START_REF] Gearhardt | Development of the Yale Food Addiction Scale Version 2.0[END_REF]. In eating disorders, FA symptoms may indicate higher eating disorder severity, and the prevalence of FA is high: 85.7% for purgative AN, 81.7% for BN, 76.9% for BED, and 50% for restrictive AN [START_REF] Granero | Food Addiction in a Spanish Sample of Eating Disorders: DSM-5 Diagnostic Subtype Differentiation and Validation Data[END_REF]. These high FA prevalence rates illustrate the importance of considering FA in eating disorders.

Food craving has been studied in samples of individuals with BED [START_REF] Potenza | How Relevant is Food Craving to Obesity and Its Treatment[END_REF], BN and AN (Moreno et al., 2009). As far as we know, no studies have compared food craving between these three different DSM-5 eating disorders, especially in terms of prevalence and associations with eating behavior, BMI, FA and mood or anxiety disorders. Such a comparison would allow a better understanding of food craving in eating disorders.

The main purpose of this study was thus to compare food craving and its relations with BMI and eating behavior (emotional eating, external eating, restrained eating) in a non-clinical population of individuals at risk for DSM-5 eating disorder: AN, BN and BED assessed by online selfadministered questionnaires. Secondly, we examined the relationship between food craving and FA, anxiety and depressive symptoms in each eating disorder.

We hypothesized that food craving would be greater in individuals at risk for BED and BN, and would be positively correlated with emotional and external eating in these groups. Given that AN involves greater cognitive restriction, and BN and BED involve greater emotional dysregulation, we also hypothesized that individuals at risk for AN would show a lower prevalence of food craving and FA, higher restrained eating scores and lower external and emotional eating than others. We also hypothesized that food craving would be positively correlated with FA in all groups. Given that eating disorders are often associated with mood and anxiety disorders, we expected a positive correlation between food craving, depressive symptoms and anxiety symptoms in all groups.

Method

Procedure and Participants

The survey was available online, exclusively for students in Psychology from the University of Tours, through the Google Forms platform from January to March 2017. We encouraged students circulating the survey to their close families, in order to have a non-clinical population that is not exclusively student population. [Ajout suite au commentaire #4 du reviewer]

A brief introduction gave them information about the theme of the study, the time needed to complete the questionnaire (15 minutes) and the confidential and anonymized nature of the data. All participants provided written informed consent after the procedure had been fully explained and prior to their inclusion in the study. This study was approved by the Institutional Review Board of the University Hospital of Tours, France (IRB number: 2018-048). The research was conducted in accordance with the Helsinki Declaration as revised 1989. [Ajout suite au commentaire #5 du reviewer]

Inclusion criteria were to be at least 18 years old and to complete the questionnaire in its entirety. A total of 372 non-clinical participants completed the online questionnaire: 76 women were considered as being at risk for an eating disorder based on the online self-administered questionnaires described below. Our statistical analyses are based on this sample (n=76).

Measures

Identification of persons at risk for eating disorder Anorexia Nervosa

The first four items of the Eating Disorder Diagnostic Scale (EDDS) assess AN [START_REF] Stice | Development and validation of the Eating Disorder Diagnostic Scale: a brief self-report measure of anorexia, bulimia, and binge-eating disorder[END_REF]. The French adaptation of this scale was administered. Participants had to assign a score to each item on a Likert scale ranging from "Not at all" (0) to "Extremely" (6). In order to meet DSM-5 diagnostic criteria, we considered an individual as presenting risk for AN when BMI was under 18.5 kg/m² (underweight) and when they scored over 4 on items 2, 3 and 4. These items refer to fear of gaining weight or becoming fat and the influence of weight on self-esteem. We chose this scale for its high psychometric features (sensitivity and specificity above 0.93) and its high agreement with structured psychiatric interview [START_REF] Stice | Development and validation of the Eating Disorder Diagnostic Scale: a brief self-report measure of anorexia, bulimia, and binge-eating disorder[END_REF][START_REF] Krabbenborg | The Eating Disorder Diagnostic Scale: Psychometric Features Within a Clinical Population and a Cut-off Point to Differentiate Clinical Patients from Healthy Controls[END_REF]. In this study, EDDS presented good internal consistency (Cronbach's α=0.90), as in the original article [START_REF] Stice | Development and validation of the Eating Disorder Diagnostic Scale: a brief self-report measure of anorexia, bulimia, and binge-eating disorder[END_REF].

Bulimia Nervosa and Binge Eating Disorder

To assess risk for BN and BED, we used a French adaptation of the Questionnaire on Eating and Weight Patterns-Revised (QEWP-R) [START_REF] Spitzer | The Questionnaire on Eating and Weight Patterns, Revised[END_REF], whose psychometric features are correct (sensitivity: 0.55 and specificity: 0.80) [START_REF] Borges | Validation of the portuguese version of the Questionnaire on Eating and Weight Patterns: revised (QEWP-R) for the screening of binge eating disorder[END_REF]. Its 8 items question about DSM-5 BN and BED criterion (BN: recurrent episodes of binge eating (criterion A) and inappropriate compensatory behavior to prevent weight gain, at least once a week for three month (criteria B-C), self-evaluation and self-esteem influenced by body shape and weight (criterion D), absence of AN (criterion E); BED: recurrent episodes of binge eating, at least once a week for three month (criterion A and D), eating behavior (eating rapidly, eating alone, guilt…; criterion B), distress (criterion C), absence of compensatory behavior (criterion E)). In our sample, the internal consistency was acceptable: α=0.79.

Psychological Features Food craving

The Food Cravings Questionnaire-Trait-Reduced (FCQ-T-r) is a 15-item questionnaire assessing food craving (Meule et al., 2014). This one-factor scale detects food craving episodes and estimates its intensity. Participants responded on a 6-point Likert scale ranging from "Never or not applicable" (1) to "Always" (6). A high total score indicates intense food craving episodes. The French version used in this study was validated [START_REF] Brunault | Validation de la version française du Food Cravings Questionnaire-Trait-reduced : un auto-questionnaire simple et de passation rapide pour mesurer le craving alimentaire[END_REF] in a control sample with high internal consistency (α=0.95) and showed a positive correlation with BMI (r=0.30; p<0.001) and the number of FA criteria (r=0.71; p<0.001). In the present study, the internal consistency was excellent: α=0.94.

Eating behavior: Emotional, external and restrained eating

The Dutch Eating Behavior Questionnaire (DEBQ) is a 33-item scale identifying eating behavior [START_REF] Van Strien | The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior[END_REF]). Participants answer using a Likert scale ranging from "Never" (1) to "Very often" (5). Each item refers to one eating style, providing a total score for each dimension: emotional, external and restrained eating. The French version of these sub-scales shows good to excellent internal consistency [START_REF] Lluch | Internal validation of a French version of the Dutch eating behaviour questionnaire[END_REF] as in the present study: Cronbach's α=0.96 for emotional eating, 0.88 for external eating and 0.91 for restrained eating.

Food addiction

Based on the DSM-5 substance-related and addictive disorder criteria, including craving, the Yale Food Addiction Scale 2.0 (YFAS 2.0) identifies and assesses FA symptoms as well as clinically significant impairment or distress associated with eating behavior [START_REF] Gearhardt | Development of the Yale Food Addiction Scale Version 2.0[END_REF]. This 35item scale concerns food behavior over the previous 12 months (rated from "Never" (0) to "Every day" ( 7)). The YFAS 2.0 provides two scoring options: a total score, which is the number of FA symptoms for a given individual (ranging from 0 to 11), and a diagnostic scoring option based on the number of FA symptoms and clinically significant distress or impairment. FA is diagnosed if scores indicate significant impairment and at least 2 out of 11 positive criteria are met (2-3 criteria: mild FA; 4-5 criteria: moderate FA; 6 or more criteria: severe FA). The French version of the YFAS 2.0, used here, shows good psychometric properties [START_REF] Brunault | Validation of the French Version of the DSM-5 Yale Food Addiction Scale in a Nonclinical Sample[END_REF]. In our eating disorder sample, Kuder-Richardson coefficient (0.90) and Cronbach's alpha (0.97) indicate excellent internal consistency.

Anxiety and depressive symptoms

The Hospital Anxiety and Depression Scale (HADS) consists of 14 items [START_REF] Zigmond | The Hospital Anxiety and Depression Scale[END_REF]) concerning depressive and anxiety symptoms over the past weeks. Two subscale scores are calculated: an anxiety score (7 items) and a depression score (7 items). Higher scores indicate a greater degree of severity. Its French version has acceptable to good reliability [START_REF] Lepine | Anxiety and depression in inpatients[END_REF], as in the present study: Cronbach's α=0.82 for the anxiety subscale and Cronbach's α=0.69 for the depression subscale.

Data analysis

The main purpose of this study was to compare food craving and its differential associations with eating-related characteristics in a non-clinical population of individuals at risk for DSM-5 eating disorder. Based on their answers on the eating disorder diagnosis scales (EDDS and QEWP-R), individuals screened positive were considered as at risk for eating disorder, and were divided into 3 groups, depending on the nature of the eating disorder identified: (1) anorexia nervosa, (2) bulimia nervosa, (3) binge eating disorder. We used Kruskal-Wallis tests to compare quantitative variables such as age, BMI and DEBQ score (non-normal data distribution) between these groups. Mann-Whitney tests were used for pairwise comparisons of these quantitative measures. To compare food craving intensity (FCQT-r score) between these groups, we carried out analyses of variance (ANOVA) (parametric test conditions were verified). To study the associations between food cravings, BMI and DEBQ scores in each groups, we used Pearson's correlation tests.

Next, we assessed the relationship between FA, anxiety and depressive symptoms and food craving in each eating disorder category. First, we compared the scores for these psychological features (non-normal data distribution) in the 3 groups using the Kruskal-Wallis test. We used Pearson's chi-squared test to compare FA prevalence between these 3 groups. The t-test was used to compare food craving scores with and without FA. We assessed the relationships between FCQ-T-r score and YFAS 2.0, anxiety and depression scores using Pearson's correlations.

All data analyses were conducted with a p-value threshold of 0.05 (two-tailed analyses) using Statistica 13 Software.

Results

Descriptive statistics

A total of 372 non-clinical participants completed the online questionnaire. 80 of them were screened as at risk for eating disorders: 76 women (95%) and 4 men (5%). In light of the group size difference between women and men, we chose to focus all the following analyses only on the 76 women. [Ajout suite au commentaire #6 du reviewer] Among the 76 participants, 44.7% of them were students (n=34), especially in psychology (n=18; 22.5%). Mean age was 26.8 (SD=9.8 years). Mean BMI was 23.0 kg/m² (SD=8.0 kg/m²). Most participants were underweight (n=28; 36.8%) or normal weight (n=29; 38.2%), but some were overweight (n=7; 9.2%) or obese (n=12; 15.8%). Results are presented in Table I.

Eating disorder diagnosis scales revealed 19 individuals at risk for BN (25%), 29 individuals at risk for BED (38.2%) and 28 individuals at risk for AN (36.8%; restrictive subtype: n=16, binging/purging subtype: n=12). [Ajout suite au commentaire #3 du reviewer] Mean age was not statistically different between the three groups (p=0.90). The mean BMI of the AN group (BMIAN=16.9 kg/m²) was significantly lower than that of the BN group (BMIBN=24.6 kg/m²; Z=-5.76, p<0.001) and BED group (BMIBED=27.9 kg/m²; Z=-6.47, p<0.001). For more details, see Table I.

Insérer ici le Tableau I

Food craving and its correlations with BMI and eating behavior depending on the type of eating disorder

Mean FCQ-T-r score was 61.2 (SD=17.4). There was no difference between BN (mean=71.7, SD=11.5) and BED groups (mean=65.9, SD=1317) (t(49)=1.33; p=0.19), but the craving score of the AN group (mean=49.3, SD=18.1) was lower than that of the BN group (t(47)=-5.10; p<0.001) and the BED group (t(58)=-4.26; p<0.001) (Figure 1). Mean food craving AN binging/purging subtype (mean=55.2, SD=18.3) was not significantly different than mean food craving AN restrictive subtype (mean=44.9, SD=17.1) (Z=-1.90; p=0.057). [Ajout suite au commentaire #3 du reviewer]

Regarding DEBQ scores, BN and BED groups scored higher than the AN group for emotional (H(2,76)=15.23; p<0.001) and external eating (H(2,76)=14.82; p<0.001). For restrained eating, AN group scored higher than BED (AN vs BED: Z=2.15, p<0.05), but there was no difference between BN and others groups (BN vs BED: Z=1.77, p=0.08 ; AN vs BN : Z=-0.95; p=0.34) (Figure 2).

Only the BED group presented a positive correlation between food craving and BMI (rBED=0.54, p=0.003). AN and BED groups showed comparable results on the correlation between food craving and eating style. For these groups, food craving correlated positively with emotional eating (rAN=0.77, p<0.001; rBED=0.48, p=0.008) and external eating (rAN=0.77, p<0.001; rBED=0.68, p<0.001) but not with restrained eating (rAN=-0.03, p=0.86; rBED=-0.09, p=0.66). In BN group, only external eating correlated with food craving (rBN=0.45, p=0.05) (Table II).

Insérer ici les Figures 1, 2 et le Tableau II

Association between food craving, FA, and anxiety and depressive symptoms depending on the type of eating disorder risk identified

Food addiction

The number of FA criteria differed between eating disorder groups (H(2,76)=8.51, p≤0.01): BN group had higher FA scores than AN group (Z=2.78, p≤0.01) (Table I). FA prevalence in each group was as follows: 94.7% for BN, 46.4% for AN, and 65.5% for BED. FA prevalence was significantly higher in the BN group than in the other groups [more than AN group (χ²(1)=11.76, p≤0.001), more than BED group (χ²(1)=5.55, p≤0.05)]. The YFAS 2.0 craving criterion was positive for 62.1% of the BED group, differing significantly from individuals at risk for AN (35.7%, χ²(1)=3.96, p≤0.05) but not from those identified at risk for BN (73.7%, χ²(1)=0.70, p=0.40).

Food craving showed a large correlation with FA for each eating disorder (details in Table II).

Moreover, when FA was revealed, food craving scores were significantly higher (with FA: mean=68.6, SD=12.8, without FA: mean=47.1, SD=16.4; t=-6.30, p<0.001).

Anxiety and depression symptoms

On the HADS, AN (mean=13.0, SD=5.0) and BN groups (mean=14.0, SD=4.5) had higher anxiety scores than BED group (mean=10.5, SD=3.9) (H(2,76)=7.47, p<0.05). Depression scores were higher in individuals at risk for AN (mean=9.0, SD=4.2) than in individuals at risk for BED (mean=6.0, SD=3.7) (H(2,76)=8.41, p<0.05).

Regarding the relationship between food craving and these psychological disorders, only the BN group showed a positive correlation between the FCQ-T-r score and the anxiety scale score (rBN=0.48, p≤0.05).

Discussion

The aim of this study was to compare food craving and its differential relations with BMI and eating behavior in a non-clinical population of individuals, identified as at risk for DSM-5 eating disorder. As expected, the results revealed a lower intensity of food craving in persons at risk for AN than those at risk for BN or BED. Only the BED group demonstrated a positive correlation between food craving and BMI. Although we hypothesized that food craving would be correlated with emotional and external eating only for BN and BED groups, and with restrained eating only for AN group, we found that food craving was correlated with external eating in all groups, and with emotional eating only in the BED and AN groups.

Previous studies assessing food craving in individuals without eating disorders showed a mean food craving clearly lower than observed in our non-clinical sample of individuals at risk for eating disorders (Meule et al., 2014). Higher food craving in eating disorders can be explained by higher sensitivity to food stimuli and considerable preoccupation with food. This sensitivity could be related to the inhibition dysfunction observed in eating disorders [START_REF] Yano | Dysfunction of response inhibition in eating disorders[END_REF], and consequently the difficulty to inhibit the intrusive thoughts about food involved in food craving [START_REF] Niemiec | Development and initial validation of the obsessive compulsive eating scale[END_REF].

BN and BED groups showed the same food craving level, higher than the AN group. These results are in line with those of a study indicating that individuals with eating disorders involving excessive consumption present lower executive control and motor inhibition than those with restrained eating disorders [START_REF] Claes | Out of control?: Inhibition processes in eating disorders from a personality and cognitive perspective[END_REF]. This could explain why individuals at risk for BN and BED showed greater food craving and lack of control during food intake than those at risk for AN, although the latter group had fairly high FCQ-T-r scores. Food craving, defined as a strong desire to consume a specific type of food, is not necessarily followed by food intake. Thus, individuals at risk for AN who restrain their food intake could display food craving. Moreover, restrained eating increases thoughts and preoccupations about food [START_REF] Rogers | Food and drug addictions: Similarities and differences[END_REF]. Our results support the hypothesis that excessive cognitive control presented by individuals with AN does not prevent food craving but might help reduce the physiological manifestations of hunger and thoughts about food, explaining why the intensity of food craving in persons at risk for AN is lower than others. Contrary to our results, [START_REF] Moreno | Food cravings discriminate between anorexia and bulimia nervosa. Implications for "success" versus "failure" in dietary restriction[END_REF] showed differences between AN binge-eating/purging subtype and AN restrictive subtype in terms of food craving. They assessed higher food craving for binge-eating/purgative AN than restrictive AN, suggesting that food craving is more associated to eating disorders with binge eating episodes than restrictive eating disorders, especially when purging behavior occurs. The nonsignificative difference showed between AN subtypes in the present study can be explain by a smaller AN group size. Future research could verify it in a larger clinical sample. [Ajout suite au

commentaire #3 du reviewer]

We found that food craving was associated with higher BMI in individuals at risk for BED. In restrictive AN, the lack of association between food craving episodes and BMI might be due to restrained eating, and in purgative AN or BN it might be due to use of compensatory behaviors that prevent weight gain. In BED, we can assume that food intake followed by food craving is not followed by compensatory behavior such as purgation, and hence BMI increases. This explanation is in line with previous research studying the increase in BMI and YFAS 2.0 association in individuals with BN (Vries & [START_REF] Van Strien | The Dutch Eating Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior[END_REF].

There was no correlation between restrained eating and food craving in any eating disorder.

Ten of the 15 items of the FCQ-T-r measure lack of control over eating and preoccupation with food.

The lack of correlation can be explained by the fact that restrained eating has different links with these features: it increases food preoccupation [START_REF] Rogers | Food and drug addictions: Similarities and differences[END_REF] and decreases lack of control. However, intense emotion or external food cues encourage food preoccupation and lack of control over eating, which explains the positive correlation between food craving and emotional and external eating among individuals at risk for AN, BN or BED. The lack of correlation between food craving and emotional eating in individuals identified as at risk for BN can be explained by the smaller group and heterogeneous eating behavior.

Next, we studied the differential association between food craving and FA, anxiety and depressive symptoms in persons at risk for eating disorders. In the present study, the prevalence of FA differed between eating disorder groups, in line with the results of Granero and colleagues [START_REF] Granero | Food Addiction in a Spanish Sample of Eating Disorders: DSM-5 Diagnostic Subtype Differentiation and Validation Data[END_REF], who studied FA in clinical population recruited in Hospital units of eating disorders.

Participants at risk for BN had the greatest number of FA criteria and the highest FA prevalence.

Compensatory behaviors, allowing a feeling of control, offset episodes of binge eating and prevented manifestations of excessive food intake such as weight gain in BN and also in binge-eating/purgative AN. We hypothesize that compensatory behaviors contribute to permissive belief, increasing the addictive process. Food craving is a symptom and proxy risk factor for FA, and they are clearly strongly correlated.

We expected positive links between food craving and anxiety and depressive scores in all groups. Surprisingly, we only found a positive correlation between food craving and anxiety in the BN group. These results suggest that anxiety, mood and food craving levels are independent. The positive correlation in BN group suggests that, for this population, food craving is associated with more anxiety, which can be linked to the high FA level in individuals at risk for BN and emotional regulation, which is particularly impaired in binge eating [START_REF] Dingemans | Emotion Regulation in Binge Eating Disorder: A Review[END_REF]. Anxiety and depressive scores were higher in the BN and AN groups than in BED. Previous studies found high alexithymia in a sample of individuals with BED [START_REF] Pinaquy | Emotional Eating, Alexithymia, and Binge-Eating Disorder in Obese Women[END_REF], explaining lower scores on the HADS and the absence of correlation with food craving in this group.

The difficulty is to understand the origin of these disorders [START_REF] Wandler | Eating disorders: Not just a diet gone wrong[END_REF]. On the one hand, food craving could be explained by individuals anticipating that food intake would provide relief from emotional problems. On the other hand, food craving contributes to eating disorders such as lack of control over eating, which has an impact on self-esteem and leads to significant distress and mood disorders. The relationships between food craving, eating disorders and mood disorders require further investigation.

Limitations

Our study has some limitations. First, it was cross-sectional, and it is not possible to draw conclusions about causality. Secondly, this study was design on a non-clinical population and eating disorder criterion was revealed using online self-administered questionnaires. BMI was self-reported and could have been either underestimated or overestimated. We are aware of the limitations of this study regarding online recruitment, and "diagnosis" that does not carry out through a structured interview. Online self-reported information question about the accuracy of them, especially in eating disorders, even more for AN individuals who show disturbance on body weight and shape selfevaluation. Consequently, it is necessary to be cautious about interpretations of reported BMI and eating disorder "diagnosis". We have chosen to use questionnaires that have been well investigated and have good parameters. The scales used are diagnostic scales, which have been designed for this purpose and reflect the elements that can be addressed during an interview. But obviously the quality of the participant answers is not as precise as in a structured interview carried out by a clinician. Previous researches are not unanimous about the differences between men and women when considering eating disorders [START_REF] Lydecker | Comparing men and women with binge-eating disorder and comorbid obesity[END_REF][START_REF] Quattlebaum | Sex differences in eating related behaviors and psychopathology among adolescent military dependents at risk for adult obesity and eating disorders[END_REF][START_REF] Udo | Sex differences in biopsychosocial correlates of binge eating disorder: a study of treatment-seeking obese adults in primary care setting[END_REF].

These studies converge on few points: higher eating disorder prevalence in women population (especially for AN and BN), early age of the significant loss of weight and the occurrence of the first diet in order to lose weight. The present study focuses on women population. Our results extrapolation is therefore valid only on this population. Even if eating disorder prevalence is higher in women population, it could be interesting to investigate food craving men population specific features. [Ajout suite au commentaire #6 du reviewer] Finally, the FA concept is still under debate: should it be conceptualized as a substance use disorder, an addictive behavior, or an addictive-like behavior?

Implications [Ajout de ce paragraphe suite au commentaire #9 du reviewer]

This study shows the interest of food craving assessment, through the FCQ, in the context both of eating disorder researches, providing additional information regarding eating behavior, and treatment for eating disorders, assessing severity, therapy efficiency or risks of relapse.

The implications of these results for therapy are large. It shows high prevalence of food addiction in population at risk for eating disorders. As part of food addiction, occurrence of food intake can be thinking as a strategy of emotional regulation, as in substance abuse such as dependence of tobacco, alcohol... Considering food as a possible source of addiction and the high prevalence of it among eating disorders, it will be opportune drawing inspiration from substance abuse therapies for AN, BN or BED treatment. Regarding substance abuse, craving is especially targeted in therapy because it has been identified as a relapse factor. In this way, targeted food craving can prevent relapse for eating disorder individuals or eating disorder occurrence in people at risk. According to our results, targeted food craving could involve food cues exposure therapy or emotional regulation, which is associated respectively to external eating and emotional eating identified as correlated with food craving especially in AN and BED.

Conclusion

Despite its limitations, the present study provides a better understanding of the differential involvement of food craving in persons at risk for eating disorders. Results suggest higher addictive profile for eating disorders involving binge eating episodes than restriction, especially when compensatory behaviors occur. The fact that food craving is associated with different variables depending on the type of eating disorder suggests that it is a transdiagnostic and can be used to set up suitable and differential medical or psychological treatment for these patients depending on their type of eating disorder. More, these results suggest the importance of investigating food craving in eating disorders, which encourage the realization of a larger study designing on a clinical population, with larger group size. Future research should therefore organize interviews to measure BMI and diagnose eating disorders. It would be also interesting to investigate with more precision the food craving in accordance to AN subtypes, the evolvement of food craving in emotional regulation, or to monitor food craving during eating disorder therapy.
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 12 Figure 1: Comparison of the FCQ-T-r scores of individuals at risk for AN, BN or BED. Note: *** p<0.001; FCQ-T-r=Food Craving Questionnaire-Trait-reduced; AN=Anorexia Nervosa; BN=Bulimia Nervosa; BED=Binge-Eating Disorder [modification suite au commentaire #8 du reviewer]

  

Table I : Comparison of BMI, food craving, eating behavior, FA, and anxiety and depressive symptoms between eating disorder groups.

 I 

		Anorexia nervosa (n=28)	Bulimia nervosa (n=19)	Binge eating disorder (n=29)	Statistics value	p
	Age (years)	27.07 (11.04)	26.42 (10.20)	26.72 (8.57)	H(2;76)=0.22	0.90
	BMI (kg/m²)	16.94 (1.31)	24.60 (6.89)	27.89 (8.71)	H(2;76)=53.17	≤ 0.001
	Food craving (FCQ-T-r)	49.29 (18.05)	71.68 (11.52)	65.93 (13.12)	F(2;73)=15.31	≤ 0.001
	Eating behavior (DEBQ)					
	Restrained eating	3.76 (1.27)	3.71 (0.78)	3.28 (0.82)	H(2;76)=5.96	0.050
	Emotional eating	2.61 (1.35)	4.06 (0.92)	3.80 (0.88)	H(2;76)=15.23	≤ 0.001
	External eating	2.91 (0.94)	3.77 (0.67)	3.63 (0.65)	H(2;76)=14.82	≤ 0.001
	Food addiction (YFAS 2.0)					
	Mean number of positive FA criteria FA prevalence Positive food craving criteria	4.14 (4.02) 46.4% (13) 35.7% (10)	7.63 (2.67) 94.7% (18) 73.7% (14)	6.03 (3.77) 65.5% (19) 62.1% (18)	H(2;76)=8.51 χ²(2)=11.74 χ²(2)=7.48	0.014 0.003 0.024
	FA severity: Mild FA	7.1% (2)	0.0% (0)	6.9% (2)	χ²(4)=4.20	0.38
	Moderate FA	7.1% (2)	5.3% (1)	10.3% (3)		
	Severe FA	32.1% (9)	89.5% (17)	48.3% (14)		
	Anxiety and depressive symptoms					
	(HAD)					
	Anxiety score	13.00 (5.00)	13.95 (4.52)	10.45 (3.92)	H(2;76)=7.47	0.023
	Depression score	9.04 (4.15)	8.21 (3.72)	6.00 (3.71)	H(2;76)=8.41	0.014

Note: Mean (SD) or % (number) BMI=Body Mass Index; FCQ-T-r=Food Craving Questionnaire-Trait-reduced; DEBQ=Dutch Eating Behavior Questionnaire; YFAS 2.0=Yale Food Addiction Scale 2.0; FA=Food Addiction; HAD=Hospital and Anxiety Depression scale

Table II : Correlations between FCQ-T-r score and eating behavior, food addiction and anxiety/depression variables

 II 

		Anorexia nervosa	Bulimia nervosa	Binge eating disorder
			(n=28)		(n=19)		(n=29)
		r	p value	r	p value	r	p value
	Age	0.09	0.65	-0.11	0.65	0.22	0.26
	Body Mass Index	0.13	0.52	0.24	0.32	0.54	0.003
	Eating behavior (DEBQ)						
	Restrained eating	-0.03	0.86	-0.26	0.28	-0.09	0.66
	Emotional eating	0.77	<0.001	0.28	0.25	0.48	0.008
	External eating	0.77	<0.001	0.45	0.05	0.68	<0.001
	Number of positive FA criteria (YFAS 2.0)	0.74	<0.001	0.58	0.01	0.67	<0.001
	Anxiety and depressive						
	symptoms (HAD)						
	Anxiety score	0.10	0.60	0.48	0.04	0.10	0.60
	Depression score	0.06	0.77	0.20	0.41	0.20	0.30

Note: DEBQ=Dutch Eating Behavior Questionnaire; YFAS 2.0=Yale food Addiction Scale 2.0; HAD=Hospital and Anxiety Depression scale.