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The relationship between moderate to vigorous physical activity and cognitive rigidity in anorexia nervosa

Introduction

Anorexia nervosa (AN) is a serious mental disorder characterized by persistent weight loss behaviors such as food restriction, vomiting and laxative abuse (American Psychiatric Association, 2013[START_REF] Zipfel | Anorexia nervosa: Aetiology, assessment, and treatment[END_REF]. In addition, a problematic, excessive and inappropriate physical activity can contribute to the negativity of the energy balance and weight loss [START_REF] Zipfel | Anorexia nervosa: Aetiology, assessment, and treatment[END_REF].

A persisting physical activity despite malnutrition is a particular behavior of AN [START_REF] Alberti | Assessment of Physical Activity in Anorexia Nervosa and Treatment Outcome[END_REF][START_REF] Davis | The role of physical activity in the development and maintenance of eating disorders[END_REF][START_REF] Hebebrand | Hyperactivity in patients with anorexia nervosa and in semistarved rats: Evidence for a pivotal role of hypoleptinemia[END_REF] and a negative prognostic factor, associated with higher severity of symptoms [START_REF] Stiles-Shields | The effect of driven exercise on treatment outcomes for adolescents with anorexia and bulimia nervosa: Driven Exercise and Adolescent Outcomes[END_REF], increasing resistance to treatment [START_REF] Davis | The prevalence of high-level exercise in the eating disorders: Etiological implications[END_REF] and incomplete recovery [START_REF] Strober | The Long-Term Course of Severe Anorexia Nervosa in Adolescents: Survival Analysis of Recovery, Relapse, and Outcome Predictors over 10-15 Years in a Prospective Study[END_REF][START_REF] Alberti | Assessment of Physical Activity in Anorexia Nervosa and Treatment Outcome[END_REF]. Nevertheless, progress is still limited in the diagnosis and management of this deleterious symptom [START_REF] Touyz | Is the neglect of exercise in anorexia nervosa research a case of "running out" of ideas or do we need to take a "LEAP" of faith into the future[END_REF].

A first potential explanation is that physical activity is difficult to assess: the multidimensional nature of this symptom yields a classification according to both qualitative (e.g. commitment, compulsivity, behavioral addiction) and quantitative criteria (e.g. duration, frequency, intensity) [START_REF] Noetel | The assessment and treatment of unhealthy exercise in adolescents with anorexia nervosa: A Delphi study to synthesize clinical knowledge: NOETEL ET AL[END_REF][START_REF] Rizk | Problematic Exercise in Anorexia Nervosa: Testing Potential Risk Factors against Different Definitions[END_REF].

Qualitative aspects are explored using questionnaires such as the Exercise Addiction Inventory (EAI) [START_REF] Griffiths | The exercise addiction inventory: A quick and easy screening tool for health practitioners[END_REF]. But quantifying physical activity is challenging: selfadministered questionnaires are subject to the risk of bias and inaccuracy of data [START_REF] Alberti | Assessment of Physical Activity in Anorexia Nervosa and Treatment Outcome[END_REF] because of poor insight [START_REF] Zipfel | Anorexia nervosa: Aetiology, assessment, and treatment[END_REF], denial and/or underestimation of the symptom [START_REF] Bratland-Sanda | I'm not physically active -I only go for walks": Physical activity in patients with longstanding eating disorders[END_REF]. Research objectively assessing physical activity in AN, mostly using accelerometers [START_REF] Bratland-Sanda | I'm not physically active -I only go for walks": Physical activity in patients with longstanding eating disorders[END_REF], is potentially biased by unnatural environment (inpatient setting), by missing some everyday physical activity (press-ups for example, do not activate wrist accelerometers), or by a lack of sufficiently long follow-up. Continuous heart rate monitoring (HRM), a reliable proxy for energy expenditure [START_REF] Buchheit | Monitoring training status with HR measures: Do all roads lead to Rome?[END_REF][START_REF] Eberenz | An examination of the internal consistency and factor structure of the eating disorder inventory-2 in a clinical sample[END_REF][START_REF] Keytel | Prediction of energy expenditure from heart rate monitoring during submaximal exercise[END_REF], is largely unexplored as an indicator of physical activity in the AN population [START_REF] Alberti | Assessment of Physical Activity in Anorexia Nervosa and Treatment Outcome[END_REF].

To date, there is still no consensus on the valid aspect of physical activity measurement [START_REF] Rizk | Problematic Exercise in Anorexia Nervosa: Testing Potential Risk Factors against Different Definitions[END_REF]. On the other hand, different assessments could also reflect different facets of physical activity, which could be considered as an asset,

given the potentially great heterogeneity of the concept of unhealthy physical activity [START_REF] Noetel | The assessment and treatment of unhealthy exercise in adolescents with anorexia nervosa: A Delphi study to synthesize clinical knowledge: NOETEL ET AL[END_REF][START_REF] Rizk | Problematic Exercise in Anorexia Nervosa: Testing Potential Risk Factors against Different Definitions[END_REF], Touyz et al., 2017).

Another crucial problem is that of an insufficient knowledge of the factors involved in the development and maintenance of unhealthy physical activity in AN [START_REF] Rizk | Problematic Exercise in Anorexia Nervosa: Testing Potential Risk Factors against Different Definitions[END_REF]. The first cognitive-behavioral model of compulsive exercise in AN [START_REF] Meyer | Compulsive exercise and eating disorders[END_REF], providing a theoretical framework for interventions correcting exercise-related behaviors or cognitions, theorizes that socio-affective difficulties (that is emotional dysregulation), and core cognitive processing styles of AN (such as cognitive rigidity), pave the way to the pathological spiral of unhealthy physical activity in AN [START_REF] Meyer | Compulsive exercise and eating disorders[END_REF]. While there is sufficient evidence of the role of compulsive physical activity as a maladaptive mood-regulating strategy in AN (Dalle [START_REF] Dalle Grave | Features and management of compulsive exercising in eating disorders[END_REF][START_REF] Peñas-Lledó | Excessive exercise in anorexia nervosa and bulimia nervosa: Relation to eating characteristics and general psychopathology[END_REF][START_REF] Fairburn | Eating disorders[END_REF][START_REF] Klein | Exercise "addiction" in anorexia nervosa: Model development and pilot data[END_REF], cognitive rigidity as a potential factor of unhealthy physical activity in AN is a less explored, yet intriguing field of research.

Cognitive rigidity is a core neuropsychological feature of AN [START_REF] Zipfel | Anorexia nervosa: Aetiology, assessment, and treatment[END_REF][START_REF] Tchanturia | Cognitive flexibility in anorexia nervosa and bulimia nervosa[END_REF][START_REF] Holliday | Is Impaired Set-Shifting an Endophenotype of Anorexia Nervosa[END_REF][START_REF] Tchanturia | Poor Cognitive Flexibility in Eating Disorders: Examining the Evidence using the Wisconsin Card Sorting Task[END_REF] manifested in primary symptoms of AN like dietary restriction [START_REF] Coniglio | Won't stop or can't stop? Food restriction as a habitual behavior among individuals with anorexia nervosa or atypical anorexia nervosa[END_REF] and body image distortion [START_REF] Tchanturia | Perceptual illusions in eating disorders: Rigid and fluctuating styles[END_REF]. Inflexible behaviors, rigid rituals and difficulty in set-shifting [START_REF] Tchanturia | Poor Cognitive Flexibility in Eating Disorders: Examining the Evidence using the Wisconsin Card Sorting Task[END_REF][START_REF] Miyake | The Unity and Diversity of Executive Functions and Their Contributions to Complex "Frontal Lobe" Tasks: A Latent Variable Analysis[END_REF] are well established in AN phenomenology through rigid dieting rules [START_REF] Coniglio | Won't stop or can't stop? Food restriction as a habitual behavior among individuals with anorexia nervosa or atypical anorexia nervosa[END_REF] and stereotyped training routines able to persist despite emaciation and risk of death [START_REF] Dalle Grave | Features and management of compulsive exercising in eating disorders[END_REF]. Similarly, the persistence or even the increase of physical activity along illness course [START_REF] Kohl | Hyperactivity and anorexia nervosa: Behavioural and biological perspective[END_REF]) could translate such incapacity to shift behavior in line with changing environmental demands [START_REF] Godier | An investigation of habit learning in Anorexia Nervosa[END_REF][START_REF] Coniglio | Won't stop or can't stop? Food restriction as a habitual behavior among individuals with anorexia nervosa or atypical anorexia nervosa[END_REF][START_REF] Monteleone | Neuroendocrinology and brain imaging of reward in eating disorders: A possible key to the treatment of anorexia nervosa and bulimia nervosa[END_REF]. Additionally, cognitive rigidity may also contribute to explain the drive for activity in AN, described as a loss of voluntary control over the "urge" to exercise, in a compulsive and often egodystonic manner [START_REF] Sternheim | Drive for Activity in Patients with Anorexia Nervosa[END_REF].

Previous research already demonstrated higher prevalence of perfectionism in excessively exercising AN patients [START_REF] Shroff | Features associated with excessive exercise in women with eating disorders[END_REF], and particularly heightened cognitive rigidity in individuals with AN and high perfectionism [START_REF] Buzzichelli | Perfectionism and cognitive rigidity in anorexia nervosa: Is there an association?[END_REF], suggesting a potential but still indirect link between unhealthy physical activity and cognitive rigidity. But despite the existence of valid theoretical models (Meyer et al., 2011[START_REF] Pierce | Activity anorexia: An interplay between basic and applied behavior analysis[END_REF][START_REF] Stiles-Shields | The effect of driven exercise on treatment outcomes for adolescents with anorexia and bulimia nervosa: Driven Exercise and Adolescent Outcomes[END_REF][START_REF] Davis | The prevalence of high-level exercise in the eating disorders: Etiological implications[END_REF][START_REF] Achamrah | Physical activity in patients with anorexia nervosa[END_REF], there is still lack of an empirical demonstration of a relationship between these two features of AN, which represents a missed chance for appropriate prevention and management of unhealthy physical activity, and a further barrier to recovery [START_REF] Touyz | Is the neglect of exercise in anorexia nervosa research a case of "running out" of ideas or do we need to take a "LEAP" of faith into the future[END_REF].

Bridging this gap by finding the missing link between cognitive rigidity and unhealthy physical activity could represent an advancement in the prevention, diagnosis and therapy of this maladaptive behavior in AN. Identifying the role of cognitive rigidity, an endophenotype of AN [START_REF] Holliday | Is Impaired Set-Shifting an Endophenotype of Anorexia Nervosa[END_REF], in unhealthy physical activity could also contribute to explain the unique phenomenology of this symptom [START_REF] Hebebrand | Hyperactivity in patients with anorexia nervosa and in semistarved rats: Evidence for a pivotal role of hypoleptinemia[END_REF].

The primary aim of this research was to provide an empirical support to the model suggesting cognitive rigidity as a factor involved in unhealthy physical activity in AN, by exploring the correlation between cognitive rigidity and physical activity and testing AN as a moderator of this relationship. The complex nature of physical activity was taken into account by using different assessment tools, what allowed the research of latent dimensions constructed on the different measures.

It was preliminarily predicted that AN patients would exhibit poorer performance than healthy subjects in tests assessing cognitive flexibility.

It was hypothesized that a positive correlation would be found between one or more indicators of physical activity and cognitive rigidity in AN patients, and that AN would be a moderator of this relationship.

Methods

Study design

In a single-center observational setting, retrospective declarative measurement and prospective objective monitoring were used to assess different dimensions of physical activity. Each participant was seen twice within a 72-hour interval. At baseline, questionnaires and neuropsychological testing were completed, and each participant received an HRM device for prospective physical activity assessment.

Three days later, a self-assessment scale was administered for retrospective assessment of physical activity, the HRM device was removed and its transcript was analyzed. Figure 1 provides a timeline where the chronological sequence of assessments is reported.

Population

A sample of outpatients with AN, seeking for treatment in our center for diagnosis and treatment of eating disorders, was recruited. Inclusion criteria were age between 18 and 50 years and a DSM-5 diagnosis of AN. Exclusion criteria were a body mass index (BMI) > 18.5 kg/m 2 , impaired verbal IQ as detected by the Mill-Hill Test [START_REF] French | A clinical study of the automated assessment of intelligence by the Mill Hill Vocabulary test and the Standard Progressive Matrices test[END_REF], and the presence of psychotic symptoms as assessed using The Eating Disorder Inventory-2 (EDI-2) [START_REF] Garner | Eating disorder inventory-2: Professional manual[END_REF][START_REF] Criquillon-Doublet | Le "Eating Disorder Inventory[END_REF] is a self-rating inventory with 91 items and 11 subscales designed for the exploration of attitudinal and behavioral dimensions relevant to eating disorders. The internal consistency found for the eight original scales of the EDI was above .80 for AN patients and above .60 for healthy subjects [START_REF] Garner | Development and validation of a multidimensional eating disorder inventory for anorexia nervosa and bulimia[END_REF], whilst the three added scales showed a Cronbach's alpha ranging from .65 (ascetism) to .75 (impulse regulation) in an eating disordered sample [START_REF] Eberenz | An examination of the internal consistency and factor structure of the eating disorder inventory-2 in a clinical sample[END_REF].

Higher scores indicate more severe psychopathology [START_REF] Garner | Eating disorder inventory-2: Professional manual[END_REF].

The French version [START_REF] Lépine | Évaluation de l'anxiété et de la dépression chez des patients hospitalisés dans un service de médecine interne[END_REF] of the Hospital Anxiety and Depression Scale (HADS) [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF]) is a self-assessment scale measuring anxiety (HADS-A) and depression (HADS-D) in general medical populations. The internal consistency has been estimated between .68 and .93 for the HADS-A (mean .83), and between .67 and .90 for the HADS-D (mean .82) for patients of non-psychiatric clinics [START_REF] Bjelland | The validity of the Hospital Anxiety and Depression Scale[END_REF]. The internal consistency in general population samples appears to be comparable, with a Cronbach's alpha of .82 for the HADS-A and of .77 for the HADS-D [START_REF] Crawford | Normative data for the HADS from a large non-clinical sample[END_REF]. For both scales, a score of 7 or less is an indicator of non-cases, scores of 8-10 indicate doubtful cases and scores of 11 or more are indicators of definite cases [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF].

At baseline visit, participants also completed the Trail Making Test (TMT) [START_REF] Tombaugh | Trail Making Test A and B: Normative data stratified by age and education[END_REF] supervised by a trained neuropsychologist and administered by the author of the study (LD) or the neuropsychologist. The TMT is a neuropsychological test easy to administer [START_REF] Hobert | Poor trail making test performance is directly associated with altered dual task prioritization in the elderlybaseline results from the TREND study[END_REF] and particularly sensitive to cognitive flexibility impairment in AN patients [START_REF] Tchanturia | Cognitive flexibility in anorexia nervosa and bulimia nervosa[END_REF].

This test consists of two parts: the TMT-a requires drawing lines sequentially to connect 25 circled numbers. Task requirements are similar for the TMT-b except participants must alternate between numbers and letters. The score on each part indicates the amount of time required to complete that task. The difference between the TMT-b and TMT-a scores was recorded as a marker of cognitive rigidity. The choice of the derived measure of TMT b -a was aimed at removing eventual bias due to differences in upper extremity motor speed, simple sequencing, visual scanning and psychomotor functioning [START_REF] Hobert | Poor trail making test performance is directly associated with altered dual task prioritization in the elderlybaseline results from the TREND study[END_REF] potentially provoked by undernourishment in the AN sample.

Physical activity assessment

For a qualitative evaluation of physical activity, participants filled out the Exercise Addiction Inventory (EAI) [START_REF] Terry | The Exercise Addiction Inventory: A new brief screening tool[END_REF][START_REF] Ferreira | Sport à tout prix? Dépendance à l'exercice physique et soins de santé primaires en contexte français: Traduction française et validation de l'Exercise Addiction Inventory[END_REF], a six-item screening tool used to assess symptoms of exercise addiction with an internal consistency of .84 [START_REF] Griffiths | The exercise addiction inventory: A quick and easy screening tool for health practitioners[END_REF]. The EAI uses a summed score of all items on a 5-point Likert scale and distinguishes among individuals at risk for exercise addiction (with scores of 24 or higher), those with some symptoms (with scores between 13 and 23), and those with no symptoms of addiction (with scores between 0 and 12).

Before leaving the hospital at baseline visit, all participants were equipped with an electrocardiogram (ECG) holter recorder for continuous HRM, which was removed 72 hours later and the record analyzed by dedicated software. The ECG holter was applied by a trained nurse and supervised by the author of the study. The ECG record was firstly analyzed and cleaned from artifacts by the author of the study.

Then, each record was converted into an IHSNE file and analyzed by means of a program for biosignal processing elaborated on Python ® [START_REF] Carreiras | Target Heart Rate and Estimated Maximum Heart Rate[END_REF] to provide the time sequence of average heart rates per minute on the 72 hours period of observation. The variable of interest, as an objective proxy for the amount of physical activity undertaken, was the percentage of time spent in the cardiac zone that corresponded to moderate to vigorous physical activity (Center for Disease Control and Prevention, 2015[START_REF] Ignaszewski | The science of exercise prescription: martti karvonen and his contributions[END_REF][START_REF] Davis | A comparison of heart rate methods for predicting endurance training intensity[END_REF].

Cardiac zones for each participant were calculated with the Karvonen formula [START_REF] Karvonen | The effects of training on heart rate; a longitudinal study[END_REF]:

target heart rate = [(max HR -resting HR) × %intensity] + resting HR.

Maximum HR (max HR) was obtained from a standardized effort test practiced in the same center by each participant. Resting HR was taken from the HRM record of each participant. The difference (max HR -resting HR) corresponds to the participant's HR reserve. The Karvonen formula yields the advantage of taking into account the specificities of the AN sample, namely the occurrence of a lower resting HR, i.e. bradycardia, due to undernourishment and increased vagal tone [START_REF] Yahalom | The Significance of Bradycardia in Anorexia Nervosa[END_REF], and limited HR peaks under effort conditions [START_REF] Escudero | Echocardiographic Assessment of Ventricular Function During Exercise in Adolescent Female Patients With Anorexia Nervosa[END_REF], assessed in our study by a standardized effort test to avoid overestimation of max HR, since AN patients with severe symptoms experience fatigue that limits their physical capacity. The percentage of intensity (%intensity) chosen was 40% of the HR reserve, corresponding to the lower limit of the moderate physical activity cardiac zone (Davis andConvertino, 1975, Ignaszewski et al., 2017). The percentage of time spent between 40% and 90% of the HR reserve during the three days of assessment would estimate the amount of moderate to vigorous physical activities practiced by each subject (objectively assessed physical activities).

In the follow-up visit performed 72 hours later, participants filled in the Godin Leisure Time Exercise Questionnaire (GLTEQ) [START_REF] Godin | The Godin-Shephard Leisure-Time Physical Activity Questionnaire[END_REF], which asks "Over the last 7 days, how many times on average did you do the following kinds of exercise for more than 15 minutes during your free time?" This question is repeated for mild, moderate and vigorous physical activity. Each score (i.e., number of times) must be multiplied by its corresponding metabolic equivalents (MET) value according to the intensity of the physical activity practiced: mild (x 3), moderate (x 5), and vigorous (x 9

). An overall score of 24 METs or more identifies physically active subjects, total scores between 14 and 23 METs identify moderately active subjects and scores of less than 11 METs identify sedentary subjects. This study restricted the inquiry to the 3 days between baseline and follow-up visit. The variable of interest, as a declarative proxy for the amount of physical activity engaged in, was the number of METs spent in 'moderate to vigorous physical activities' in 72 hours.

The standardized effort test for max HR assessment was practiced by each participant on a bicycle connected to a computer by a TACX hometrainer ® software.

HR, power and speed were monitored during the effort test. To eliminate any interference of this standardized effort test with the assessment of spontaneous physical activity, the standardized effort test was performed immediately after the fulfillment of the GLTEQ and the ECG holter device was removed immediately after the end of the standardized effort test (figure 1). This procedure easily allowed removing the time of the standardized effort test from the analysis of the ECG transcript.

Statistical analysis

Mean comparisons for independent samples (two-tailed Student t test for parametrically distributed data, Mann-Whitney test for non-parametric distributions)

and chi-squared tests were run to validate the preliminary hypothesis of higher cognitive rigidity in AN and to compare attitudes toward physical activity, sociodemographic and psychopathological features of the two samples.

Bivariate pairwise correlation analyses were performed separately in the two groups to find if, and for which dimensions, physical activity would have a correlation with the cognitive rigidity index in AN patients. Separate correlations for the two groups would help understanding if such correlations were specific of the AN group.

Partial correlation controlling for BMI, age and illness duration was also performed to exclude a potential confounding effect of these variables [START_REF] Abbate-Daga | Cognitive flexibility in verbal and nonverbal domains and decision making in anorexia nervosa patients: A pilot study[END_REF][START_REF] Dmitrzak-Weglarz | Polymorphisms of the SNAP-25 gene and performance on the Wisconsin Card Sorting Test in anorexia nervosa and in healthy adolescent participants[END_REF][START_REF] Mathias | Neuropsychological Consequences of Extreme Weight Loss and Dietary Restriction in Patients with Anorexia Nervosa[END_REF][START_REF] Tchanturia | Cognitive Flexibility and Clinical Severity in Eating Disorders[END_REF][START_REF] Tchanturia | Cognitive flexibility in anorexia nervosa and bulimia nervosa[END_REF][START_REF] Rößner | Cognitive Flexibility in Juvenile Anorexia Nervosain Relation to Comorbid Symptoms of Depression, Obsessive Compulsive Symptoms and Duration of Illness[END_REF][START_REF] Grau | Cognitive impairment in eating disorder patients of short and long-term duration : a case-control study[END_REF]. All variables are reported with Pearson's correlation coefficient (r) for normally distributed data and Spearman's correlation coefficient (rho) for non-normally distributed variables besides their respective statistical significance, set at p < 0.05.

The next step was to ascertain the moderating role of group (AN) in the relationship between cognitive rigidity and physical activity. For this purpose, the measure(s) of physical activity having a significant correlation with the TMT b -a score at univariate analysis was (or were) introduced as dependent variable(s) in a moderated multiple regression model [START_REF] Aguinis | Methodology in the social sciences. Regression analysis for categorical moderators[END_REF]. In the first step, the independent variables were the TMT b -a score and group (AN vs controls), reported as a dummy variable. In the second step, the interaction term between group and the TMT b -a score was introduced. To avoid potentially problematic high colinearity with the interaction term, the continuous variable was centered [START_REF] Aiken | Multiple regression: Testing and interpreting interactions[END_REF]. The extent of change in R 2 and its level of significance were finally checked.

At 

Results

Descriptive results

A total population of fifty-two female participants, 28 with AN and 24 healthy controls, was included in the study. Table 1 shows clinical and socio-demographic information of the sample.

One patient did not fill-in all self-questionnaires but the GLTEQ, and for 6 participants heart rates were not collected and saved appropriately. Therefore, all statistics are based on N values of 52, 51 or 46 accordingly. All variables were normally distributed except for age and GLTEQ score, for which non-parametric statistics were used.

Patients with AN showed lower cognitive flexibility (p = .02). No difference was found in the declarative report of physical activity practiced in the 72 hours, with 16.11 METs of AN participants compared to the 15.04 METs of the healthy participants (p = .93). By contrast, a significant difference in objectively assessed physical activity was found (9.5% in the AN group vs 6.7% in healthy controls, p = .04), as well as a higher total score at the EAI in the sample of patients with AN (p = .03).

Restricting type AN patients were not different from binge eating/purging type patients in cognitive flexibility (p = .33), EAI score (p = .32), declarative report (p = .63) and objective assessment (p = .47) of moderate to vigorous physical activity.

The relationship between physical activity and cognitive flexibility in anorexia nervosa and the moderating role of AN

In the sample of patients with AN, cognitive rigidity (TMT b -a score) had a significant correlation with objectively assessed physical activity (r = .510; p = .008),

but not with the declarative measures of the EAI score (r = .328; p = .10) nor with the GLTEQ score for moderate to vigorous physical activities (rho = .220; p = .91).

Neither age (p = .35) nor BMI (p = .47), nor illness duration (p = .07) showed significant correlation with the TMT b -a scores in the AN sample. Accordingly, the partial correlation between objectively assessed physical activity and the TMT b -a score remained statistically significant after that BMI, age and illness duration were added as covariates (r = .532; p = .02). No correlation between cognitive rigidity (TMT a -b) and physical activity was observed in healthy controls, neither for the EAI score (p= .72), nor for the GLTEQ score (p= .18), nor for objectively assessed physical activity (p= .10).

The only measure of physical activity having a significant correlation with the TMT b -a score, i.e. physical activity estimated from objective assessment, was introduced in the multiple regression model as the dependent variable (table 2). In the first step, cognitive rigidity and AN showed to explain 15.3% of physical activity variance (p = .03). In the second step, the interaction term accounted for a significant proportion of the variance in physical activity, with a change in R 2 of 15.7% (p = .004) (table 2).

Principal component analysis

The PCA in the AN sample showed that each of the items used for physical activity assessment loaded into ten distinct factors, of which only three were relevant (eigenvalue > 1). For each item, only factor loading values >.40 were considered significant.

Exercise addiction components presented the strongest association to the first underlying latent variable (factor loadings between .633 and .857), explaining 42% of physical activity variance. Almost all quantitative measures of physical activity had the strongest association with the second principal component, explaining around 18% of the variance of physical activity (factor loadings between .728 and .872). The only item that significantly loaded into the third factor, explaining almost 12% of physical activity variance, was the declarative report of moderate intensity physical activity (table 3). Only the second principal component showed a positive correlation with the TMT b -a score (r = .481; p = .01), whereas the first and the third had no significant correlation with this cognitive rigidity index (p = .29 and .37 respectively).

In the healthy control group each measures of physical activity loaded into ten factors, of which only three were relevant. Qualitative measures had the strongest association with the first component, quantitative items with the second factor. None of them showed a correlation with the TMT b -a score (p = .75; p = .43; p = .55).

Discussion

This pilot study was intended to demonstrate a relationship between physical activity and cognitive rigidity in AN. After confirming higher cognitive rigidity in this group, the study found a significant correlation between physical activity and cognitive rigidity in patients with AN only. Our proxy of objectively assessed physical activity was significantly correlated to cognitive rigidity, and the interaction between AN and cognitive rigidity was confirmed as a significant predictor of physical activity.

An approach using PCA showed the possibility to extract different dimensions of physical activity, among which one had a significant correlation with cognitive rigidity in the AN group.

This research adds evidence to the postulate of impaired set-shifting as a characteristic of the AN cognitive profile [START_REF] Fassino | Attentional biases and frontal functioning in anorexia nervosa[END_REF][START_REF] Lauer | Neuropsychological assessments before and after treatment in patients with anorexia nervosa and bulimia nervosa[END_REF][START_REF] Rößner | Cognitive Flexibility in Juvenile Anorexia Nervosain Relation to Comorbid Symptoms of Depression, Obsessive Compulsive Symptoms and Duration of Illness[END_REF][START_REF] Tchanturia | Cognitive flexibility in anorexia nervosa and bulimia nervosa[END_REF][START_REF] Tchanturia | Cognitive Flexibility and Clinical Severity in Eating Disorders[END_REF], with traitassociated features such as the lack of correlation with nutritional status (BMI), illness duration and age [START_REF] Tchanturia | Cognitive flexibility in anorexia nervosa and bulimia nervosa[END_REF][START_REF] Tchanturia | Cognitive Flexibility and Clinical Severity in Eating Disorders[END_REF][START_REF] Holliday | Is Impaired Set-Shifting an Endophenotype of Anorexia Nervosa[END_REF][START_REF] Hatteea | La dérégulation de l'activité physique et son impact spécifique émotionnel sont-ils des endophénotypes de l'anorexie mentale ?[END_REF]. This cognitive rigidity may explain a range of pathological attitudes toward physical activity, which is per se highly rigid, repetitive and automatic in AN [START_REF] Noetel | The assessment and treatment of unhealthy exercise in adolescents with anorexia nervosa: A Delphi study to synthesize clinical knowledge: NOETEL ET AL[END_REF]. Cognitive rigidity could maintain a behavior that usually begins as aimed at losing weight, therefore initially associated with a rewarding outcome. If repeated enough, physical activity may become emancipate from this reward and acquire "habit-driven" features, like inflexibility and automatism [START_REF] Godier | An investigation of habit learning in Anorexia Nervosa[END_REF][START_REF] Coniglio | Won't stop or can't stop? Food restriction as a habitual behavior among individuals with anorexia nervosa or atypical anorexia nervosa[END_REF], and be felt as an "urge" that overrides prefrontal control (e.g. flexibility loss) and becomes compulsive in nature. This may arguably lead to a progressive increase of the amounts of physical activity practiced over time [START_REF] Ersche | Carrots and sticks fail to change behavior in cocaine addiction[END_REF] and to an inability to reduce or cease it even when the nutritional status invokes a drastic reduction of energy expenditure [START_REF] Dalle Grave | Features and management of compulsive exercising in eating disorders[END_REF][START_REF] Zipfel | Anorexia nervosa: Aetiology, assessment, and treatment[END_REF], Touyz et al., 2017). The moderating effect of AN on the relationship between physical activity and cognitive rigidity, if confirmed, would provide a sound explication of the unlikely occurrence of the same phenomenon in healthy subjects [START_REF] Hebebrand | Hyperactivity in patients with anorexia nervosa and in semistarved rats: Evidence for a pivotal role of hypoleptinemia[END_REF].

No correlation was found between cognitive rigidity and exercise addiction, according to the results of both univariate analysis and PCA. This can be explained by the role of other factors than cognitive rigidity in the development of exercise addiction, like personality traits such as neuroticism [START_REF] Di Lodovico | Vulnerability to exercise addiction, socio-demographic, behavioral and psychological characteristics of runners at risk for eating disorders[END_REF], or obsessive passion or dedication (De La Vega et al., 2016, Lane and[START_REF] Lane | Emotions and trait emotional intelligence among ultra-endurance runners[END_REF].

We would expect the EAI, based on general components of addictions such as salience, mood modification and withdrawal, to have a stronger link with mood dysregulation, another central maintaining factor of compulsive exercise according to the cognitive-behavioral model [START_REF] Meyer | Compulsive exercise and eating disorders[END_REF]. The results of the PCA seem to confirm the existence of two distinct latent dimensions, a qualitative and a quantitative one, only the latter showing a correlation with physical activity in AN.

Because of their complementarity, both qualitative and quantitative attributes of physical activity should be systematically used to thoroughly understand the phenomenon of physical activity in AN [START_REF] Calogero | Incorporating Exercise into Eating Disorder Treatment and Recovery[END_REF].

Besides the already cited pitfalls of retrospective, declarative measures of physical activity, the GLTEQ showed some limits for a reliable estimation of the amount of performed physical activity, as the time spent in each activity, an important feature for distinguishing physical activity as maladaptive [START_REF] Noetel | The assessment and treatment of unhealthy exercise in adolescents with anorexia nervosa: A Delphi study to synthesize clinical knowledge: NOETEL ET AL[END_REF], is not provided.

The absence of a current mood disorder in our patient sample may be surprising,

given that the lifetime prevalence of mood disorders has been found at 42.1% in a representative community sample with AN [START_REF] Hudson | The prevalence and correlates of eating disorders in the National Comorbidity Survey Replication[END_REF]. Several explanations could be given to our results. First, the recruitment of a population of treatment seeking AN outpatients could have biased this prevalence. Anhedonia and/or apragmatism, among depressive symptoms, could have limited some patients to refer to the center or even to come to the scheduled visit, hindering their motivation to treatment. Second, the absence of a current mood disorder does not exclude the occurrence of past episodes of unipolar or bipolar depression, what is highly likely given that four patients were under antidepressant medication at the moment of inclusion.

This pilot study introduces several innovations in the research on physical activity in AN, to be confirmed in a larger sample. First, the hypothetical finding of a correlation between physical activity and cognitive rigidity in AN may shed more light on the factors involved in this maladaptive behavior. Second, HR is adopted as an indicator of physical activity. Its reliability and accuracy for moderate to vigorous physical activity assessment [START_REF] Butte | A Youth Compendium of Physical Activities: Activity Codes and Metabolic Intensities[END_REF] have already been proven in healthy subjects [START_REF] Strath | Evaluation of heart rate as a method for assessing moderate intensity physical activity[END_REF]). Nevertheless, in our pilot study, this tool is adopted for the first time for an underweight population, imposing two caveats in results interpretation. First, it is still to be discussed if the special clinical features of the AN group render the estimates less precise than in healthy subjects, because of complex physiological adaptations to undernourishment. A criticism that could be raised is that bradycardia could have led to an overestimation of the HR reserve in the AN group.

To limit this risk, nevertheless, we computed the actual maximum HR under effort conditions instead of adopting the maximum theoretic heart rate. HR peaks under effort conditions are diminished in AN subjects compared to a healthy population [START_REF] Escudero | Echocardiographic Assessment of Ventricular Function During Exercise in Adolescent Female Patients With Anorexia Nervosa[END_REF], we thus expected that taking into account specificities in both resting state and effort conditions in the AN group could yield better interpretability of results. Third, physical activity assessment was performed in an ecological setting, with a non-invasive method and by continuous monitoring, which represents a novel approach in this field of research.

On the other hand, this study was limited in several ways. First, the small sample size may limit the confidence in the observed effects. This underlines the importance of replication studies to clarify the potential relationship between physical activity and cognitive rigidity in AN. Another limit is that the methods used for the assessment of physical activity were unable to capture low-intensity physical activity, mostly represented by walking, fidgeting or standing up for prolonged time [START_REF] Dalle Grave | Features and management of compulsive exercising in eating disorders[END_REF]. As walking is the most practiced physical activity in AN patients [START_REF] Rizk | Problematic Exercise in Anorexia Nervosa: Testing Potential Risk Factors against Different Definitions[END_REF], it is important to stress that the results of the present study concern moderate to vigorous physical activity. Further research is welcome to find other strategies to grasp physical activities with minor impact on HR.

The existence of a statistical difference of age between the two populations could be considered as a potential confounder. Nevertheless, as age was neither correlated to cognitive rigidity nor to physical activity, its chance to bias the detected correlation between cognitive rigidity and physical activity is weak.

A methodological issue on the PCA could be raised, since we included the GLTEQ score despite its non-parametric distribution. Nevertheless, the absence of clear requirement of normal distribution to perform a PCA [START_REF] Jolliffe | Principal component analysis[END_REF] was the reason why we performed this analysis, reminding how cautious one should be for the results given by the PCA.

Another criticism could be made on the construct validity of HR-based assessment of physical activity. Other physiological adaptive changes in energy expenditure in AN (as a sum of resting energy expenditure, thermal effect of feeding, non-exercise related thermogenesis and exercise related energy expenditure) might have not been caught by the sole HR estimation in this group. In order to address this question, validation studies are required to better assess the construct validity of this measure and its comparability with other already validated measures for physical activity and energy expenditure assessment.

In conclusion, this pilot study suggests the possibility of a relationship between one of the cognitive hallmarks of AN, that is cognitive rigidity, and one of the main symptoms of this illness, that is maladaptive physical activity. We hereby present the potential of objective, ecological assessment of physical activity through the use of HRM, to be validated by future research.

Such results, if confirmed, could have diagnostic and therapeutic implications. As unhealthy exercise is a major prognostic marker in AN, depicting its relationship with cognitive flexibility could help in disentangling its mechanisms and in calibrating prevention strategies. For instance, since cognitive rigidity is an endophenotype of AN [START_REF] Holliday | Is Impaired Set-Shifting an Endophenotype of Anorexia Nervosa[END_REF][START_REF] Tchanturia | Poor Cognitive Flexibility in Eating Disorders: Examining the Evidence using the Wisconsin Card Sorting Task[END_REF], unhealthy physical activity could be more easily predicted in AN, with a benefit on prevention strategies. Furthermore, all approaches devoted to ameliorate cognitive flexibility could arguably have a beneficial effect on unhealthy physical activity in AN. For example, cognitive remediation therapy to improve cognitive rigidity could partially improve the drive for physical activity or, to approach it the other way around, treatment devoted to controlling and smoothing physical efforts could have a beneficial effect on cognitive rigidity. 30 

  the last, since physical activity was assessed as a construct based on different assessments, principal component analysis (PCA) was used to analyze the correlation of physical activity, as a unique construct, with cognitive rigidity. All physical activity items measured in the study (EAI and GLTEQ items, and the percentages of time spent in the cardiac zones corresponding to moderate and vigorous physical activities) were standardized to zero mean and unit variance before inclusion in the PCA. Varimax rotation was used to derive orthogonal factor loading. Only PCs with eigenvalues greater than 1 were considered to be relevant. Factorloading values with an absolute value greater than .40 were considered relevant. All variables were initially tested for normal distribution by evaluation of skewness and kurtosis and inspection of Q-Q plots. Statistical analyses were performed using SPSS (IBM Corp. Released 2012. IBM SPSS Statistics for Macintosh, Version 21.0. Armonk, NY: IBM Corp).
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 1 Figure 1: timeline of the study

Data collection: variables, methods and instruments

  

	same as for the AN sample except for the BMI criterion and were collected, for both
	populations, by one author of the study (LD) through a structured interview created
	ad-hoc for the protocol.				
	All participants provided informed consent to participate. This protocol received
	the approval of the local Ethical Committee.			
	2.3					
	At baseline visit, medical and sociodemographic information, AN subtype and
	disease history were collected through a clinical interview made by a trained
	psychiatrist who also established AN diagnosis. A trained psychologist working in the
	same center administered the MINI 7.0.2 to patients.		
	Two questionnaires were administered in a computerized form using Visual
	Basic for Applications on Microsoft Excel ® version 14.0.0.		
	the Mini-International Neuropsychiatric Interview (MINI) 7.0.2 for DSM-5. Moreover,
	since a standardized effort test was performed (figure 1), additional exclusion criteria
	were the following: contra-indication to physical exercise formulated by a medical
	practitioner, personal history of stroke, phlebitis, hypertension and/or heart attack;
	surgical,	musculoskeletal,	osteoarticular	and/or	neurological	pathology
	contraindicating physical exercise, first degree familial history of stroke at the age of
	<45 years, and/or first degree familial history of heart attack or sudden death at the
	age of <55 years.				
	In parallel, a comparable population of healthy volunteers was recruited after
	description of the research protocol at medical university, research laboratory and at
	the hospital. Participants were asked to refer friends or colleagues. Inclusion criteria
	were: age between 18 and 50 years, a BMI ≥ 18.5 kg/m 2 , and no history of or
	diagnosis for eating disorders assessed by the MINI 7.0.2. Exclusion criteria were the

Table 1 :

 1 Comparisons between anorexia nervosa (AN) subjects and healthy control (HC) samples.Standard deviations are reported in brackets. Student's T test was used for mean comparison of normally distributed variables.Mann-Whitney test was used for used for mean comparison of non-normally distributed variables (age and GLTEQ scores). Chi-squared test was used for comparing categorical data. All results are reported with level of significance set at p < 0.05.BMI = Body Mass Index; EAI = Exercise Addiction Inventory; HADS = Hospital Anxiety and Depression Scale; EDI-2 = Eating

	Student's		
	T / Mann-Whitney	DF	P value
	U/ χ 2		

Disorder Inventory-2; TMT = Trail Making Test; GLTEQ = Godin Leisure Time Exercise Questionnaire.

Table 2 :

 2 moderated multiple regression analysis explaining the variance of physical activity estimated from objective assessment.Physical activity estimated from objective assessment. (% time spent in moderate to vigorous physical activities)

	Predictors	β	Step 1 t	p	β	Step 2 t	p
	TMT b -a score	0.265	1. 736	0.090	-0.268	-1.199	0.237
	AN	0.207	1. 358	0.182	0.097	0.673	0.505
	Interaction AN x TMT b -a score	-	-	-	-0.704	-3.055	0.004
	Change in R 2 (ΔR 2 )		0.153			0.157	
	Change in F (ΔF)		3.798			9.333	
	R 2		0.153			0.310	
	Adjusted R 2		0.113			0.260	
	Significance in F change		0.030			0.008	
	TMT = Trail Making Test ; AN= Anorexia Nervosa.					

Table 3 :

 3 Principal component analysis of three proxies for physical activity assessed in patients with anorexia nervosa. Factor loadings after Varimax rotation and Kayser normalization are presented.

				Factor loading		
			AN			Controls	
		Factor 1	Factor 2	Factor 3	Factor 1	Factor 2	Factor 3
	Eigenvalue	4.155	1.793	1.177	3.748	1.566	1.147
	% of the variance explained	41.550	17.926	11.769	37.478	15.660	11.469
	Factors						
	Exercise Addiction Inventory						
	Question 1 (salience)	.729	-.095	-.294	.413	-.523	.374
	Question 2 (conflicts)	.633	.038	-.264	.012	.364	.844
	Question 3 (mood modification)	.785	.299	-.057	.570	-.072	.017
	Question 4 (tolerance)	.807	.070	.173	.884	.016	.135
	Question 5 (withdrawal symptoms)	.851	.198	-.019	.670	-.154	.262
	Question 6 (relapse)	.857	.057	.064	.813	-.187	.115
	GLTEQ						
	Vigorous physical activities	.364	.728	.250	.820	.078	.109
	Moderate physical activities	-.067	-.032	.907	.459	.655	-.046
	Objective Assessment						
	% time spent in vigorous physical activities over 72 h	.157	.808	-.355	-.272	.786	.182
	% time spent in moderate physical activities over 72 h	-.090	.872	.029	-.268	.240	-.681
	GLTEQ = Godin Leisure Time Exercise Questionnaire.