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Introduction

Alexithymia is a cognitive-affective disturbance characterized by difficulties in identifying, differentiating and communicating one's own emotional state and personal feelings [START_REF] Sifneos | The prevalence of "alexithymic" characteristics in psychosomatic patients[END_REF][START_REF] Taylor | Disorders of Affect Regulation: Alexithymia in Medical and Psychiatric Illness[END_REF]. The core feature of alexithymia is the inability to symbolize or mentalize emotions. Specifically, emotions are not cognitively elaborated by mental imaging or by words. This term was originally used to describe patients with psychosomatic disorders whose symptoms were thought to result from an impoverished emotional life and restricted verbalization of affect [START_REF] Sifneos | The phenomenon of 'alexithymia'. Observations in neurotic and psychosomatic patients[END_REF]. However, according to some authors, alexithymia is also conceptualized as a personality trait that contributes to the development and severity of somatic and psychopathological disorders [START_REF] Bach | Predictive value of alexithymia: a prospective study in somatizing patients[END_REF][START_REF] Parker | Alexithymia and depression: distinct or overlapping constructs?[END_REF]. More recently, results from other studies have suggested; instead, that alexithymia may be secondary to a variety of pathological conditions such as psychiatric depression [START_REF] Haviland | Alexithymia: subscales and relationship to depression[END_REF][START_REF] Honkalampi | Alexithymia and depression: a prospective study of patients with major depressive disorder[END_REF][START_REF] Nerissa | Neural connectivity of alexithymia: Specific association with major depressive disorder[END_REF], schizophrenia [START_REF] Henry | Alexithymia in schizophrenia[END_REF][START_REF] Kubota | Alexithymia and regional gray matter alterations in schizophrenia[END_REF][START_REF] Kubota | Alexithymia and reduced white matter integrity in schizophrenia: a diffusion tensor imaging study on impaired emotional selfawareness[END_REF]Fogeley et al., 2014), substance use disorders (Thorber et al., 2009;Haan et al., 2014;[START_REF] Cruise | Alexithymia and problematic alcohol use: A critical update[END_REF]), Parkinson's disease [START_REF] Costa | Prevalence and Characteristics of Alexithymia in Parkinson's Disease[END_REF][START_REF] Assogna | Alexithymia in Parkinson's disease: A systematic review of the literature[END_REF], multiple sclerosis, [START_REF] Chalah | Alexithymia in multiple sclerosis: A systematic review of literature[END_REF] and neurodegenerative diseases [START_REF] Sturm | Alexithymia in neurodegenerative disease[END_REF][START_REF] Ricciardi | Alexithymia in Neurological Disease: A Review[END_REF].

Ever since the description of alexithymia, a considerable amount of neuro-imaging studies has addressed its neural underpinnings. In alexithymia, facets of awareness, experience, and communication of emotion are impaired. An association between alexithymia and multiple regions involved in cognitive and emotion processing and emotion regulation networks has been noted, which is consistent with the complexity of this construct [START_REF] Phan | Functional neuroanatomy of emotion: A meta-analysis of emotion activation studies in PET and fMRI[END_REF]. In fact, emotion perception as an early step of emotion processing appears to play a central role in alexithymia and involves a ventral neural system made up of the amygdala, the insula, the anterior cingulate cortex, the prefrontal cortex and the striatum, [START_REF] Phillips | Neurobiology of emotion perception I: The neural basis of normal emotion perception[END_REF][START_REF] Bermond | Cognitive neuropsychology of alexithymia: implications for personality typology[END_REF][START_REF] Fusar-Poli | Functional atlas of emotional faces processing: a voxel-based meta-analysis of 105 functional magnetic resonance imaging studies[END_REF][START_REF] Van Der Velde | Neural correlates of alexithymia: a meta-analysis of emotion processing studies[END_REF][START_REF] Kugel | Alexithymic features and automatic amygdala reactivity to facial emotion[END_REF]. Other cerebral areas such as the motor and somatosensory cortices, the medial frontal regions, the anterior cingulated cortex and middle temporal gyrus play a central role in emotional awareness, emotion expressivity and experience [START_REF] Adolphs | A role for somatosensory cortices in the visual recognition of emotion as revealed by threedimensional lesion mapping[END_REF][START_REF] Craig | How do you feel? Interoception: The sense of the physiological condition of the body[END_REF][START_REF] Lane | Is alexythymia the emotional equivalent of blindsight?[END_REF][START_REF] Lane | Neural correlates of levels of emotional awareness: Evidence of an interaction between emotion and attention in the anterior cingulate cortex[END_REF][START_REF] Kano | Specific brain processing of facial expressions in people with alexithymia: An h-sub-2-sub (1-sup-5) 0-PET study[END_REF][START_REF] Borsci | Alexithymia in healthy women: a brain morphology study[END_REF][START_REF] Gündel | Alexithymia correlates with the size of the right anterior cingulate[END_REF]Paradiso et al., 2008). The ventromedial and orbitofrontal cortex participate in emotion learning through their connections with the limbic system [START_REF] Kandel | Principles of neural science[END_REF][START_REF] Malloy | The frontal lobes in neuropsychiatric disorders[END_REF], and the basal ganglia contribute to emotional experience through the dorsolateral prefrontal cortex and the orbitofrontal circuits [START_REF] Alexander | Basal ganglia-thalamocortical circuits: parallel substrates for motor, oculomotor, "prefrontal" and "limbic" functions[END_REF][START_REF] Moriguchi | The human mirror neuron system in a population with deficient self-awareness: An fMRI study in alexithymia[END_REF]. Thus, all these findings associate different facets of alexithymia to the abnormalities in the prefrontal cortex [START_REF] Berthoz | Effect of impaired recognition and expression of emotions on frontocingulate cortices: An fMRI study of men with alexithymia[END_REF][START_REF] Gündel | Alexithymia correlates with the size of the right anterior cingulate[END_REF][START_REF] Kano | The alexithymic brain: the neural pathways linking alexithymia to physical disorders[END_REF][START_REF] Borsci | Alexithymia in healthy women: a brain morphology study[END_REF], and also patients with frontal damage often exhibit alexithymic behavior [START_REF] Larsen | Cognitive and emotional characteristics of alexithymia. A review of neurobiological studies[END_REF]. However, despite the crucial implication of the prefrontal cortex as neural substrates of alexithymia (Henry & Crawford, 2004 a,b;[START_REF] Crawford | Assessment of executive deficits[END_REF] and cognitive control functions [START_REF] Rossi | The prefrontal cortex and the executive control of attention[END_REF][START_REF] Stuss | Functions of the Frontal Lobes: Relation to Executive Functions[END_REF][START_REF] Yuan | Prefrontal Cortex and Executive Functions in Healthy Adults: A Meta-Analysis of Structural Neuroimaging Studies[END_REF], the specific association between alexithymia and cognitive control has received limited attention.

The lack of research exploring this link reflects a major gap in the literature given the possible implication of the executive functions as the mechanism underlying alexithymia. The term "executive functions" is conceptualized as an umbrella term comprising a set of cognitive processes and behavioral competencies that are necessary to achieve a goal [START_REF] Damasio | Toward a neurobiology of emotion and feeling: Operational concepts and hypotheses[END_REF][START_REF] Shallice | From neuropsychology to mental structure[END_REF][START_REF] Stuss | Multiple frontal systems controlling response speed[END_REF][START_REF] Stuss | The frontal lobes[END_REF][START_REF] Diamond | Executive functions[END_REF]. It includes verbal reasoning, problem-solving, planning, sequencing, the ability to sustain attention, resistance to interference, utilization of feedback, multitasking, cognitive flexibility, the ability to deal with novelty, the experience of reward and punishment, regulation of one's own social behavior, and decision-making involving emotional and personal interpretation [START_REF] Burgess | The cognitive and neuroanatomical correlates of multi-tasking[END_REF][START_REF] Damasio | Toward a neurobiology of emotion and feeling: Operational concepts and hypotheses[END_REF][START_REF] Grafman | Importance of deficits in executive functions[END_REF][START_REF] Shallice | From neuropsychology to mental structure[END_REF][START_REF] Stuss | The frontal lobes[END_REF][START_REF] Stuss | A multidisciplinary approach to anterior attentional functions[END_REF][START_REF] Stuss | Multiple frontal systems controlling response speed[END_REF][START_REF] Bechara | Different contributions of the human amygdale and ventromedial prefrontal cortex to decision-making[END_REF][START_REF] Bechara | Failure to respond automatically to anticipated future outcomes following damage to prefrontal cortex[END_REF][START_REF] Rolls | A theory of emotion and consciousness and its application to understanding the neural basis of emotion[END_REF]. They in fact, refer to the ability to dynamically adjust behavior to a changing environment. Studies have shown that impairments in components of executive functions may have devastating effects on people's everyday life activities or the ability to develop and maintain appropriate social relations [START_REF] Goel | A study of the performance of patients with frontal lobe lesions in a financial planning task[END_REF][START_REF] Grafman | Frontal lobe injuries, violence, and aggression: A report of the Vietnam Head Injury Study[END_REF][START_REF] Green | What are the functional consequences of neurocognitive deficits in schizophrenia?[END_REF][START_REF] Green | Neurocognitive deficits and functional outcome in schizophrenia: Are we measuring the "right stuff[END_REF]. Because executive functions involve a heterogeneous set of skills, it is important to define which functions are most associated with alexithymia. The few studies that have addressed this question in clinical populations showed diverging results with regards to such a relationship. [START_REF] Henry | Cognitive and psychosocial correlates of alexithymia following traumatic brain injury[END_REF] showed an association between difficulty in identification emotion facet "DIF" of the Toronto alexithymia scale (TAS-20) and both semantic and alternating fluency tasks in patients with traumatic brain injury. [START_REF] Wood | Neuropsychological correlates of organic alexithymia[END_REF] examined the prevalence of alexithymia in traumatic brain injured patients, and its relationship to injury severity and neuropsychological abilities. Their results confirm a high prevalence of alexithymia after traumatic brain injury, without noting a significant relationship between injury severity and the presence of alexithymia. A negative relationship was found between alexithymia and verbal and sequencing abilities, but there was no relationship with executive dysfunction or any other cognitive domain. Similarly, [START_REF] Dulau | Social cognition according to cognitive impairment in different clinical phenotypes of multiple sclerosis[END_REF] evaluated the relationship between alexithymia and cognitive measures and they also showed non-association between alexithymia and attention, information processing speed, memory, and executive functions. However, [START_REF] Costa | Neuropsychological correlates of alexithymia in Parkinson's disease[END_REF] investigated the neuropsychological correlates of alexithymia in a population of 70 non-demented Parkinson's disease patients and 70 controls. They found association between tasks requiring visuo-spatial processing and the "difficulty identifying feelings" facet of the Toronto Alexithymia . Also, the study of [START_REF] Bogdanova | Neurocognitive correlates of alexithymia in asymptomatic individuals with HIV[END_REF] noted significant correlation between higher levels of alexithymia and performance on neuropsychological measures of attention, executive and visuospatial functions in patients with human immunodeficiency virus (HIV).

Furthermore, studies with non-clinical samples also showed different patterns of relationship between alexithymia and executive functions. [START_REF] Lamberty | Evidence for a verbal deficit in alexithymia[END_REF] administered tests of verbal and visuo-spatial ability and the TAS-20 to a neurologically intact sample of combat veterans. They found that TAS scores negatively correlated with measures of verbal intelligence and Stroop test, suggesting that "non-organic" alexithymia may partly be a consequence of poorly developed verbal ability. [START_REF] Xiong-Zhao | A comparative study of Wisconsin Card Sorting Test in individuals with different degrees of alexithymia[END_REF]Zhu et al. (2006) explored the cognitive function of normal subjects with different degrees of alexithymia. Results indicate a significant negative correlation between TAS-20 scores and Wisconsin Card Sorting test (WCST) performance. These results suggest that alexithymia is related to poorer executive functioning abilities. Other studies which examined the relationship between alexithymia and specific domains of cognitive function indicate that alexithymia is associated with nonverbal/visuospatial abilities [START_REF] Onor | Alexithymia and aging: A neuropsychological perspective[END_REF] while others find that it is specific to verbal abilities [START_REF] Lamberty | Evidence for a verbal deficit in alexithymia[END_REF]. In the study by [START_REF] Koven | Mapping facets of alexithymia to executive dysfunction in daily life[END_REF], 104 normal adults completed the TAS-20, emotional intelligence and mood awareness scales as well as an ecologically-sensitive measure of discrete executive functions in daily life (BRIEF-A; [START_REF] Roth | Behavior rating inventory of executive function-adult version[END_REF]. To identify specific facets of alexithymia, a principal component analysis of all items of the TAS-20 was conducted. This yielded two specific factors: "Emotional Clarity", which measures the ability to identify and label emotions, and "Emotional Monitoring", which captures the ability to perceive and control one's emotions.

The results showed that only "Emotional Clarity" predicted worse performance across multiple executive function domains, including behavioural initiation/inhibition, set-shifting, self-monitoring, working memory, error recognition, and ability to plan and organize. No relationship was found between "Emotion Monitoring" and patterns of cognitive performance. [START_REF] Zhang | Impairment of conflict processing in alexithymic individuals[END_REF] used the Attention Network Test (ANT; [START_REF] Fan | Testing the efficiency and independence of attentional networks[END_REF] which assess three separate attention systems -alerting, orientating, and conflict-to explore potential deficits of executive functions in normal subjects with high TAS-20 scores. The authors found that normal subjects with higher alexithymia had significantly higher conflict scores on the conflict incongruent trials. No significant differences were found in the orientating and alerting attention systems. The selective impairment in conflict processing, considered as one core function of executive control, provides further evidence of an association between alexithymia and impaired executive functioning. In more recent studies, [START_REF] Santorelli | Alexithymia and Executive Function in Younger and Older Adults[END_REF] Given the findings of these studies, it remains unclear which specific aspects of executive functions are implicated in alexithymia. There are few studies is very small and the executive tasks used in most of them are limited. To our knowledge, no study to date has examined the relationship between facets of alexithymia and a large battery of executive functioning. To address this gap, this study uses a broadband measure of executive tasks to better understand the relationship between executive functions and alexithymia in patients with different degrees of prefrontal cortex damage compared to both control groups formed from patients with parietal lesions and normal control participants. The parietal control group allows us to specify whether higher levels of alexithymia are specific consequence of prefrontal lesions or results from simply having a general brain damage. The question of a lesion laterality impact on alexithymia is also addressed. Furthermore, we investigated the relationship between alexithymia and a large set of executive functions tasks assessing inhibition, flexibility and planning. We expected that patients with prefrontal cortex damage would be dysexecutive regarding their impaired performance on inhibition, flexibility and planning tasks, and would show a significantly higher level of alexithymia compared to both parietal patients and control participants.

Moreover, we hypothesized that different components of the alexithymia construct would be consistently but differentially related to the three executive processes of inhibition, flexibility and planning. For instance, the capacity for "identifying feelings" requires the ability to discriminate feelings and to update them in correspondence to the variations in the context. This could not be effective without the involvement of the both inhibition and flexibility processes. In fact, these processes sustain the cognitive and behavioral adaptive subject's ability to initiate new sequences of thought or action, to inhibit others, and to alternate between cognitive operations [START_REF] Burgess | Response suppression, initiation and strategy use following frontal lobe lesions[END_REF]. Similarly, the inhibition and shifting processes are important to alternate different thinking states such as internal and external thinking. Finally, the planning processes are also required for both aspects of identifying and describing emotions. They allow the subjects, through emotion processing, to generate a plan of actions, to organize their behavior and to set priorities in the face of two or more competing tasks in order to deal adequately with the environment demands [START_REF] Shallice | Deficits in strategy application following frontal lobe damage in man[END_REF]. So, we hypothesized that all facets of alexithymia construct would be associated, as already argued, with different aspects of executive control. Johnsen, 1989). The lesion etiologies of our patient group were heterogeneous including haemorrhagic contusion (n=7), meningioma (n=3), oligodendroglioma (n = 3), oligoastrocytoma (n = 2), astrocytoma (n = 2), haematoma (n = 2), and cavernoma (n = 1).

Method

The haematomas and haemorrhagic contusions were confirmed by CT scans, and different types of tumours were confirmed by magnetic resonance imaging (MRI: T1, T1injection, T2, Diffusion). Ten lesions were right-sided and 10 lesions were left-sided (see Table 1).

(Insert table 1)

All patients were right-handed and screened negative for history of psychiatric or neurological diseases. They were tested in the Department of Neurosurgery on average [M = 159.33, (SD = 37.6)] days after the surgery.

Then, using the mricro software (www. mricro.com; [START_REF] Rorden | Stereotaxic display of brain lesions[END_REF] lesions were reported on slices of a T1-Weighted template MRI scan from the Montreal Neuroradiological Institute, orientated to approximately matched Talairach space [START_REF] Talairach | Co-planar stereotaxic atlas of the human brain: Three dimensional proportional system: An approach to medical cerebral imaging[END_REF]. 

(Insert figure 1 and table 2)

Lesions were then superimposed onto the Automated Anatomical Labeling (AAL) template provided by Mricro [START_REF] Tzourio-Mazoyer | Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the MNI MRI single subject brain[END_REF]. The software allows us to calculate the total lesion volume (in cm 3 ) and to identify the cerebral regions affected by the lesion with reference to the list of anatomical ROIs (regions of interest) provided by [START_REF] Tzourio-Mazoyer | Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the MNI MRI single subject brain[END_REF]. The details of the lesion volume (cm 3 ) and the damaged anatomical structures for each patient are summarized in Table 2.

Parietal patients

Ten right-handed patients [8 men and 2 women, age: M= 38.17, SD 7.52; educational level: M= 8.14, SD = 1.56; "TONI-2" M = 95.12, SD = 2.81] with focal parietal damage were also recruited from the Department of Neurosurgery. All lesion characteristics were confirmed by MRI (T1, T1injection, T2, Diffusion).

Five patients showed right parietal lesions and five left parietal lesions. The lesion etiologies of all patients are shown in detail in table 3. Lesion volume for each patient and the damaged cerebral regions were identified using Mricro, and in the same way as for the frontal group (see Table 4 and Figure 2 a et b).

(Insert Figure 2 and Table 4)

The parietal patients showed a mean lesion volume of 9.56 cm 3 (SD: 7.65) which is significantly different from the lesion volume of the frontal patient group [t (28) = 3.26, p <01].

They were also without history of psychiatric or neurological disease. All patients were assessed on average M = 160.1 (SD = 19.85) days after the surgery and they provided informed consent in accordance with the declaration of Helsinki.

Control participants

The control participants group was composed of 30 men and four women (age: M = 39.03; SD = 12.86; years of education: M = 8.15, SD = 2.7; IQ in "TONI-2", M = 95.71, SD = 4.17)

with no known neurological or psychiatric disorders. They were matched by cultural and demographic characteristics to the prefrontal patients. Thus, non-significant difference was noted between control participants and frontal patient groups on age, intelligence and years of education [all p > 0.28].

Materials

Executive functions

A battery of neuropsychological tests was administered to assess executive functions. This battery is composed of a large set of tasks which investigate processes of inhibition, flexibility, planning, inductive reasoning and working memory. The neuropsychological tests are listed below in relation to the cognitive functions they investigate.

Inhibition Stroop Task

The Color Stroop task [START_REF] Stroop | Studies of interference in serial verbal reactions[END_REF] consists in a series of colour names or squares printed on sheets of paper and grouped by condition: Naming, Reading and Incongruence. Each condition entailed one test sheet containing 100 stimuli. In the Naming condition, the stimuli were coloured rectangles. In the Reading condition, the stimuli were colour word names printed in black. In the Incongruence condition, the stimuli were colour words, written in a different ink colour (eg. red written in blue). In each condition, subjects are instructed to read the words, name the colours or name the colour names printed in an incompatible colour of ink as quickly and accurately as possible. Measures relating to speed and accuracy are assessed.

The Hayling Sentence Completion Task

The Hayling task developed by [START_REF] Burgess | The Hayling and Brixton Tests[END_REF], was designed to assess both initiation speed and response suppression. The two sections of the test each consist of 15 sentences, each missing the last word. In the section "Response initiation", subjects were instructed to provide an appropriate word to complete a sentence from which the last word was missing "eg. The captain wanted to stay with the sinking SHIP". In the section "Response suppression", Subjects were required to provide a word which made no sense at all in the context of the sentence from which the last word was missing "eg. Most cats see very well at BANANA". For all trials, if a participant gave an erroneous response (related to the sentence, or the automatically activated word), the examiner repeated the instructions and told the participant that his or her response was too closely related to the sentence. No time limit was given for responding. However, most responses (whether correct or incorrect) were given within 60 seconds. Outcome measures are response latencies for the two sections and the categories of response-error scores for the "Response suppression" section.

Flexibility Verbal Fluency Tasks

Fluency tasks require the generation of words that meet specific criteria in a short time period.

Common types of fluency are semantic and phonemic. In the semantic fluency task, subjects are required to retrieve words by semantic category such as types of animal for two minutes.

In the phonemic fluency task, subjects must retrieve words beginning with a specific letter "P" also for two minutes. Scores are the number of words generated in each type of verbal fluency task.

The Trail Making Test

The Trail Making Test (TMT) was originally designed as a part of the Army Individual Test Battery (1944), and subsequently incorporated into the Halstead-Reitan Battery [START_REF] Reitan | The Halstead-Reitan neuropsychological test battery: Therapy and clinical interpretation[END_REF]. The purpose of the TMT is to test speed of processing, sequence alternation, cognitive flexibility, visual search, motor performance, and executive functioning. The TMT consists of two parts (A and B) that must be performed as quickly and accurately as possible.

TMT-A requires subjects to draw lines sequentially connecting in ascending order 25 encircled numbers randomly distributed on a sheet of paper (i.e., 1-2-3-4, etc.). In TMT-B, the subject must alternate between numbers (1-13) and letters (A-L) while connecting them (i.e.,

1-A-2-B-3-C, etc.
). The score on each part represents the amount of time required to complete the task. The difference score (B-A) is meant to remove the speed component from the test evaluation. Also, we quantify errors as an index of cognitive flexibility.

The Modified Card Sorting Test

The Modified Card Sorting Test (MCST; [START_REF] Nelson | A modified card sorting test sensitive to frontal lobe defects[END_REF] is a revised version of the Wisconsin Card Sorting Test [START_REF] Milner | Effects of different brain lesions on card sorting[END_REF]. The MCST consists of four stimulus cards, which are unique for colour, shape, and number of items, and two sets including 24 response cards each.

Each response card has one attribute in common with each of the stimulus cards. The subject has to sort the cards according to a specific criterion that, however, may change during the task. After each response, the examiner indicates whether it was right or wrong. A criterion is considered complete if the subject makes six consecutive correct responses. Three separate scores are computed for the time spent on the task, number of categories completed and the number of errors classified as perseverative and non-perseverative.

Planning The Modified Six Elements Task

The Modified Six Elements Task (BADS; Wilson, Alderman, [START_REF] Wilson | Behavioural assessment of the dysexecutive syndrome (BADS)[END_REF] is a simplified version of the original six elements task [START_REF] Shallice | Deficits in strategy application following frontal lobe damage in man[END_REF].

It was designed to assess abilities to plan, to organize and monitor one's own behaviour and to manage time. Participants must carry out three simple tasks (picture naming, arithmetic and dictation), each task divided into two sections (A and B) over a ten-minute period, whilst obeying a simple rule (do not carry out two of the same tasks consecutively). Whilst participants are not expected to complete each task, they must carry out at least part of all six.

It is not important how well the participant performs the individual component tasks.

Performance is measured as the number of tasks attempted, the number of rule breaks, and the maximum time spent on any individual subtask.

The Tower of London Task

The Tower of London Task (TOL; [START_REF] Owen | Planning and spatial working memory following frontal lobe lesions in man[END_REF] requires the movement of three different-colored balls (red, yellow and blue) across three different-sized pegs in order to duplicate the goal configuration in the designated number of moves. Participants were asked to transform the start state into the goal state in a predetermined number of moves while following three rules: (1) only one ball may be moved at a time, (2) a ball may not be placed on the table or held in the hand while another ball was being moved, and (3) three balls may be placed on the tallest peg, two balls on the middle peg, and only one ball on the shortest peg. The problems ranged in move length from three to six moves. The outcome measures are the latency time or preplanning time (time between seeing the beads and making the first move), the move time (time spent on executing the plan), and the number of movements.

Inductive Reasoning

The Brixton Spatial Anticipation Task

In the Brixton Spatial Anticipation task [START_REF] Burgess | The Hayling and Brixton Tests[END_REF], participants were presented with a 56-page stimulus booklet. Each page contained an array of 10 circles (two rows of five circles) which were each numbered from 1 to 10. Participants are required to discover the rules underlying the placement of a filled black circle among this grid of unfilled circles. This meant that, participants were required to point to where they thought the filled circle would be on the next page based on the pattern or rule inferred from the previous pages.

Responses were considered correct if they followed the present pattern, and on trials where the rule changed, a response was correct if it followed where the blue dot would have next moved if the rule had not changed. The total number of errors and rule breaks across 56 trials was used as the outcome measure.

Working Memory

The Digit Span Task

In the Digit Span task, a series of digits are presented for subjects and they are asked to repeat these numbers in the same sequence order (Forward digit span) or the reverse sequence order (Backward digit span). The digit span consists of the length of the longest list a person can remember.

The Dual Task

The procedure for the dual-task paradigm proposed by Baddeley et al. (1986) consisted of performing a primary task concurrently with a secondary task. In the single-task condition, each participant performed the primary task alone for two minutes. In the dual-task conditions, the participant was instructed to perform both the primary and secondary tasks concurrently and as accurately as possible, also for two minutes. An index score "MU" is calculated based on comparisons between single-task performance on these two tasks, and performance on the tasks under dual-task conditions.

The Toronto Alexithymia scale

The Toronto Alexithymia Scale (TAS-20; [START_REF] Bagby | The twenty-item Toronto Alexithymia Scale: I. Item selection and cross-validation of the factor structure[END_REF] is the most widely used measure of alexithymia. It includes 20 items, rated on a scale from 1-5, yielding scores between 20 and 100, with higher scores representative of more severe alexithymic traits. The TAS-20 taps three distinct facets that correspond to the following sub-scales: "Difficulty Identifying Feelings" (DIF), "Difficulty Describing Feelings" (DDF), and "Externally-Oriented Thinking" (EOT). These facets can be considered to capture difficulties in the cognitive processing of emotions associated with alexithymia. The total score on the questionnaire allows categorizing subjects as non-alexithymic (scores ranging from 20 to 51), borderline alexithymic (scores ranging from 52 to 60), or alexithymic (scores ≥ 61; [START_REF] Taylor | Measurement of alexithymia: recommendations for clinical practice and future research[END_REF][START_REF] Taylor | Disorders of Affect Regulation: Alexithymia in Medical and Psychiatric Illness[END_REF] 

Data analysis

Statistical analysis was conducted using Statistica 7.0 from StatSoft (Inc. 1984-2006).

Application of the Kolmogorov-Smirnov normality test showed that data of the frontal patients and parietal patients are not normally distributed. Thus, between-group comparisons of frontal patients, parietal patients and control participants are made using the kruskall Wallis Anova test followed by the Mann-Whitney U-tests for pairwise comparison on executive tasks and TAS-20 alexithymia scale. The association between executive tasks and the three facets of TAS-20 were examined using Spearman Correlation analysis for the both groups.

Multiple regression analysis is also used to examine whether performance on executive tasks predicted performance on the different facets of the TAS-20. The threshold of significance in multiple comparisons and regression analysis was corrected using the Bonferroni test. All analyses with P value < 0.05 indicated statistical significance.

Results

Comparison between frontal patients, parietal patients and control participants on measures of executive functions

Table 5 summarizes performance of frontal patients, parietal patients and control participants group on all indices of executive tasks.

(Insert table 5)

The 

Comparison between frontal patients, parietal patients and control participants on the Toronto Alexithymia Scale (TAS-20)

The TAS-20 results of frontal patients, parietal patients and control participants group are shown in Figure 3.

(Insert Figure 3 and Figure 4)

The Kruskal-Wallis test indicated a main group effect [H = 14.24; p <.01] between all of these groups. Mann-Whitney post hoc tests noted significant difference between frontal patients and control participants on the total TAS-20 score [U= 195; p<.01] and the two facets of difficulty identifying feelings "DIF" [U= 205; p<.01] and externally oriented thinking "EOT" [U= 217.5; p<.01]. However, the difference for the difficulty describing feelings facet "DDF" [U= 281.5; p=.12] was not significant. Similarly, the same patterns of results were noted when we compared the frontal patients with parietal patients. The frontal patients were significantly impaired relative to parietal patients on total TAS-20 and both "DIF" and "EOT" facets [All p<.01] but not the "DDF" facet [U= 296; p=.16]. However, there were no significant differences between the parietal patients and control participants on the total TAS-20 score and its three facets [All p> .34]. Then, we compared TAS-20 performance between frontal patients with different hemispheric lesion sides (see Figure 4). There were no significant differences between right and left frontal subgroups on the "DIF", "DDF", "EOT" facets and the total TAS-20 score [All p >.31].

Correlation between executive measures and different facets of the TAS-20

The relationship between executive and working-memory tasks and the different facets of the TAS-20 are illustrated in Table 6 for frontal patients, parietal patients and the control participants.

(Insert Table 6)

For the control participants group, significant correlations were obtained between the "DIF" facet of TAS-20 and some indices of executives' tasks. The "DIF" was significantly For the frontal patients group, a significant negative correlation was noted between "DIF" facet of TAS-20 and number of correct words on the phonemic fluency task [r= -.59; p <.01] whereas significant positive correlations were noted between "DIF" and perseverative error scores of the MCST [r=.48; p <.01] and number of rule breaks of the modified six elements task [r=.47; p <.01]. These associations indicated that a higher degree of difficulty in identifying emotion is associated with impaired performance on flexibility and planning tasks.

Furthermore, only one significant positive correlation was found between the "DDF" facet of the modified six elements task. These patterns of association suggested that increasing alexithymia is associated with impaired executive functions.

Regression analysis

To determine whether significant correlates were uniquely predictive of difficulty identifying feelings "DIF", describing feelings "DDF", externally oriented thinking "EOT" and total level of alexithymia, multiple regressions were conducted. All executive indices that are been significantly correlated to different facets of the TAS-20 scale were entered as predictors in the regression analysis. The scores on "DIF", "DDF", "EOT" facets and Total-TAS-20 are entered as dependent measures. The results showed that for control participants, greater "DIF" was predicted by greater number of non-perseverative errors on the MCST [R 2 = .25; F = Thus, all of these results suggested that higher alexithymia is predicted by poorer executive performance.

Lesion analysis and lesion volume

The 

Discussion

The aim of this work was to study the impact of the focal prefrontal cortex damage on alexithymia and its relationship with executive functions. Therefore, in accordance with our predictions, frontal patients were dysexecutive and showed increased levels of alexithymia.

This effect was primarily driven, in our frontal group, by the significant difference on the executive measures and TAS-20 subscales of "DIF" and "EOT" compared to both parietal patients and control participants. In fact, impaired executive performances indicate that frontal patients have lost the efficiency of their cognitive control ability. Moreover, the impaired "DIF" facet of TAS-20 reveals the inability of frontal patients to accurately identify, symbolize and interpret their internal affective states, to experience continuous problems in processing their emotions at a cognitive level and regulating them. Whereas, an impaired "EOT" facet indicates that patients are less introspective as they engage in more external events over internal states relative to control participants. This could be understood to be a deficit in emotional or cognitive aspects which tap into different components of alexithymia from those measured by the "DIF" and "DDF" sub-scales. Therefore, "DIF" and "DDF" seem relatively closely related as both explicitly refer to emotions, whereas "EOT" specifically assesses a style of thinking which refers to the cognitive mode not necessarily including the experience of an emotion. However, the non-significant difference noted between frontal patients and both control groups on the "DDF" suggest at the very least the intriguing assertion that perceiving and expressing one's emotion are distinct processes. Beyond that, our results confirmed that the presence of frontal abnormalities impacts upon the control functions implicated in the regulation of cognitive and affect processes, which underlie different aspects of alexithymia [START_REF] Taylor | Disorders of Affect Regulation: Alexithymia in Medical and Psychiatric Illness[END_REF]Donges & Suslow, 2017). The present evidence for acquired alexithymia following circumscribed prefrontal damage is in agreement and also extends the previous data of brain lesion studies which suggested that alexithymia can be acquired following traumatic brain injury [START_REF] Henry | Cognitive and psychosocial correlates of alexithymia following traumatic brain injury[END_REF]Williams & Wood, 2001[START_REF] Kuppens | From Appraisal to emotion[END_REF] or neurodegenerative disease [START_REF] Sturm | Alexithymia in neurodegenerative disease[END_REF][START_REF] Assogna | Alexithymia in Parkinson's disease: A systematic review of the literature[END_REF] as well as the neuro-imaging findings showing a particular vulnerability of frontal cortical regions for alexithymia [START_REF] Berthoz | Effect of impaired recognition and expression of emotions on frontocingulate cortices: An fMRI study of men with alexithymia[END_REF][START_REF] Kano | Specific brain processing of facial expressions in people with alexithymia: An h-sub-2-sub (1-sup-5) 0-PET study[END_REF][START_REF] Gündel | Alexithymia correlates with the size of the right anterior cingulate[END_REF]Wingbermuhle et al., 2012;[START_REF] Van Der Velde | Neural correlates of alexithymia: a meta-analysis of emotion processing studies[END_REF][START_REF] Xua | Structure of the alexithymic brain: A parametric coordinate-based metaanalysis[END_REF]. In fact, our results

have shown that higher scores on "DIF" and "EOT" facets and the overall TAS-20 score correlate with the lesion volume of the frontal patients group. Moreover, lesion analysis had linked alexithymia with damage of the medial and orbital prefrontal gyrus and the anterior cingulate gyrus. These regions have also been identified in past studies to be related to various features of alexithymia such as emotion processing (Donges & Suslow, 2017), conscious awareness of emotion and self [START_REF] Lane | Neural correlates of levels of emotional awareness: Evidence of an interaction between emotion and attention in the anterior cingulate cortex[END_REF][START_REF] Bird | The self to other model of empathy: providing a new framework for understanding empathy impairments in psychopathy, autism, and alexithymia[END_REF], interoceptive awareness, (Van der Velde et al., 2014;[START_REF] Brewer | Alexithymia: A general deficit of interoception[END_REF][START_REF] Murphy | Alexithymia is associated with a multidomain, multidimensional failure of interoception: Evidence from novel tests[END_REF][START_REF] Murphy | Is alexithymia characterised by impaired interoception? Further evidence, the importance of control variables, and the problems with the Heartbeat Counting Task[END_REF], experiencing a negative affect (Suslow & Donges, 2017) and processing reward [START_REF] Goerlich | Effects of alexithymia and empathy on the neural processing of social and monetary rewards[END_REF], and they are also a part of a larger network involving temporal areas, the amygdala [START_REF] Leweke | within narratives of schizophrenia: associations with multiple domains of neurocognition[END_REF][START_REF] Kugel | Alexithymic features and automatic amygdala reactivity to facial emotion[END_REF][START_REF] Reker | Individual differences in alexithymia and brain response to masked emotion faces[END_REF][START_REF] Pouga | Individual differences in socioaffective skills influence the neural bases of fear processing: the case of alexithymia[END_REF], and the insula [START_REF] Bird | Empathic brain responses in insula are modulated by levels of alexithymia but not autism Geoffrey[END_REF]Hogeveen et al., 2016;[START_REF] Xua | Structure of the alexithymic brain: A parametric coordinate-based metaanalysis[END_REF]. In summary, our findings provide causal support for the view that the prefrontal cortex regions are one of the key correlates of alexithymia.

In response to the second important issue of this work, interesting patterns of association between greater levels of alexithymia and different aspects of executive control were found within frontal patients, parietal patients, and control participants. More specifically, the two facets of difficulty in identifying feelings "DIF" and externally oriented thinking "EOT" were associated with a broad range of indices of the Hayling task, the six elements task, the MCST, the phonemic verbal task and the trail making test. While only one association was found between the facet of difficulty in describing feelings "DDF" and the six elements task. With control participants, the highest association was also noted between "DIF" and indices of rules breaks on the six elements task, correct words on the phonemic fluency task, and error scores on the MCST. The "DDF" was associated with only the rules breaks of the six elements task, whereas non-association was found between "EOT" and executive tasks. However, with parietal patients, the associations found were between "DIF" and indices of rules breaks on the six elements task, Shallice error scores on the Hayling task and non perseverative errors of the MCST. The "EOT" facet was associated only with the non perseverative errors of the MCST while non-association was noted between "DDF" and all executive tasks.

These patterns of results indicate that higher alexithymia levels on the three facets of TAS-20 were consistently but differentially associated with impairment in a set of executive control tasks that could be grouped into verbal tasks (eg, the Hayling task, the phonemic fluency task), and visuo-spatial tasks (eg: MCST, the six elements task, TMT). Along the same line, past studies by [START_REF] Lamberty | Evidence for a verbal deficit in alexithymia[END_REF], [START_REF] Henry | Cognitive and psychosocial correlates of alexithymia following traumatic brain injury[END_REF], [START_REF] Wood | Neuropsychological correlates of organic alexithymia[END_REF] and [START_REF] Santorelli | Alexithymia and Executive Function in Younger and Older Adults[END_REF] have provided preliminary evidence suggesting a relationship between alexithymia and verbal executive dysfunction or general verbal deficit. They considered executive verbal deficit to maybe underlie the "no words for feelings" concept of alexithymia and so could be considered as an indicator of left hemisphere dysfunction.

Whereas, other studies by [START_REF] Costa | Neuropsychological correlates of alexithymia in Parkinson's disease[END_REF], [START_REF] Bogdanova | Alexithymia and apathy in Parkinson's disease: neurocognitive correlates[END_REF], [START_REF] Onor | Alexithymia and aging: A neuropsychological perspective[END_REF] suggested a specific association between alexithymia and visual spatial dysfunction. Visual spatial deficit was considered as an indicator of right hemisphere dysfunction. This relationship between alexithymia and right hemisphere functioning could reflect a more basic association between the right hemisphere and emotional processing. In fact, a right hemisphere advantage in the processing of visual-spatial information [START_REF] Hamsher | Visuospatial judgment and right hemisphere disease[END_REF][START_REF] Haxby | Dissociation of object and spatial visual processing pathways in human extrastriate cortex[END_REF][START_REF] Nichelli | I disturbi spaziali e visuo-immaginativi[END_REF][START_REF] Warrington | Perceptual matching in patients with cerebral lesions[END_REF] and elaboration of emotional stimuli has been largely demonstrated in both normal subjects and neurological patients [START_REF] Borod | Hemispheric specialization for discourse reports of emotional experiences: Relationship to demographic, neurological, and perceptual variables[END_REF][START_REF] Hornak | Face and voice expression identification in patients with emotional and behavioural changes following ventral frontal lobe damage[END_REF][START_REF] Caltagirone | Autonomic reactivity and facial expression of emotions in brain damaged patients[END_REF][START_REF] Jacobs | Emotional facial imagery, perception, and expression in Parkinson's disease[END_REF][START_REF] Mandal | Effects of lesion variables and emotion type on the perception of facial emotion[END_REF][START_REF] Troisi | Emotional processing in Parkinson's disease. A study using functional transcranial Doppler sonography[END_REF]. However, based on our findings, alexithymia was associated with both executive verbal and visuo-spatial tasks and both patients with right or left prefrontal damage showed similar impaired alexithymic levels which suggested that verbal and visuo-spatial process could be both a basic mechanism underlying alexithymia. These findings provide further evidence of an interhemispheric transfer deficit in alexithymia and suggest that an alexithymic cognitive style reflects poor integration of the information processing of the two cerebral hemispheres [START_REF] Parker | Interhemispheric transfer deficit in alexithymia:An experimental study[END_REF], due to the more basic deficit of cognitive executive control mechanisms underlying emotion processing.

In fact, feeling identification requires the ability to internally discriminate feelings, to symbolize them in the verbal domain and to continuously update these feelings in correspondence to the novelty in the context which suggests the inhibition of feelings that become irrelevant for the situation. This could not be achieved without the effective involvement of the inhibition and shifting process. Moreover, the planning processes are also important but for both aspects of identifying and describing emotions. They allow the subject, during emotion processing, to deal objectively with "him-or her-self" in relation to the environment, to figure out the abstract rules, to think of alternatives, to weigh and make choices [START_REF] Walsh | Neuropsychology[END_REF]. Planning processes also allow him or her to reflect on their emotions and to engage a strategic research in semantic or episodic memory to compare the current event with similar past emotion events, before they can pinpoint the affective state and verbalize it in respect to the actual context. This possibility is consistent with the broader literature on the interactions between neurocognition, metacognition and theory of mind (Lysaker et al., 2007[START_REF] Lysaker | Deficits in the ability to recognize one's own affects and those of others: associations with neurocognition, symptoms and sexual trauma among persons with schizophrenia spectrum disorders[END_REF][START_REF] Fett | The relationship between neurocognition and social cognition with functional outcomes in schizophrenia: A meta-analysis[END_REF][START_REF] Pickup | Relationship between Theory of Mind and Executive Function in Schizophrenia: A Systematic Review[END_REF], and related findings suggesting alexithymia entails a deficit in thinking about one's internal states [START_REF] Dimaggio | Impaired selfreflection in psychiatric disorders among adults: a proposal for the existence of a network of semi independent functions[END_REF].

Finally, an optimal level of externally oriented thinking requires efficient inhibition and shifting processes. This enables the subject to alternate between different thinking states such as internal and external thinking, and so to ovoid the disbalance of these mechanisms.

However, across specific clinical groups, the distribution of low-and high-scorers on the "EOT" and also on other factors of alexithymia should be different due to different central mechanisms of disorder development in these clinical groups [START_REF] Mattila | Age is strongly associated with alexithymia in the general population[END_REF]. For instance, the "EOT" should not be much present in depressed patients with perseverative rumination as a main central mechanism of the disorder development [START_REF] Davydov | An externally oriented style of thinking as a moderator of responses to affective films in women[END_REF][START_REF] Papageorgiou | Chichester, UK. and alexithymia: Association with reduced right rostral cingulate volume[END_REF][START_REF] Robinson | Negative cognitive styles and stress-reactive rumination interact to predict depression: A prospective study[END_REF]. However, it should be more frequently found in subjects with a "psychopathic personality", who may utilize this mechanism to detach their mind/behavior from external events and to demonstrate shallow emotions in high arousal surroundings [START_REF] Lander | The differential association between alexithymia and primary versus secondary psychopathy[END_REF]. To sum up, emotion processing requires an adequately cognitive evaluation of the environment and a person-environment interaction in relation with the context [START_REF] Moors | Appraisal Theories of Emotion: State of the Art and Future Development[END_REF], mediated by the executive control processes.

This refers to another potential explanation that comes from the concept of cognitive "appraisal" in emotion episode processing. Cognitive appraisal is recognized as an adaptive mechanism that allows a subject to weigh up the different aspects of a situation and to provide the response that is most appropriate to the context in an environment that fluctuates continuously [START_REF] Scherer | On the nature and function of emotion: A component process approach[END_REF][START_REF] Scherer | Appraisal considered as a process of multilevel sequential checking[END_REF][START_REF] Mehu | The Appraisal Bias Model of Cognitive Vulnerability to Depression[END_REF]. Such flexible appraisal patterns differ from situation to situation and imply that the subject has a number of response patterns available and that these responses turned out to be effective in the past. However, non-flexible or rigid appraisal patterns do not allow identification of subtle important differences between situations, resulting in similar evaluation outcomes for different events which decrease the potential for adaptation [START_REF] Kuppens | From Appraisal to emotion[END_REF][START_REF] Kuppens | Comment: Appraisal affords flexibility to emotion in more ways than one[END_REF]. Often, in a socially ambiguous life, the person is required to make emotional sense from how they appraise a situation based on the available external and internal information [START_REF] Barrett | The experience of emotion[END_REF]. Therefore, experienced feelings directly reflect the experienced pattern of appraised meaning, and the associated core affect, motivational and autonomous changes it implies. Thus, we suggest that frontal patients with acquired alexithymia showed deficit on the appraisal patterns that allow identifying, differentiating and communicating their emotion impairment of different cognitive mechanisms, such as a deficit of inhibition, set-shifting and planning aspects of executive control or also the appraisal bias in cognitive evaluation of emotions. These cognitive mechanisms play a central role not only in the regulation of emotional processes but also in the generation of affective states that fail to be regulated [START_REF] Taylor | Disorders of Affect Regulation: Alexithymia in Medical and Psychiatric Illness[END_REF].

Finally, some methodological issues should be considered in the present work. First, our patients group and matched control participants are mainly men. Hence, we do not know whether, for women, the same patterns of association between alexithymia factors and executive processes would be noted. Women have been reported to be more susceptible to negative emotions than men [START_REF] Yuan | Neural correlates of the females' susceptibility to negative emotions: an insight into gender-related prevalence of affective disturbances[END_REF], and studies have revealed gender differences in brain structure and function [START_REF] Domes | The neural correlates of sex differences in emotional reactivity and emotion regulation[END_REF]: Kong et al., 2014). Another finding deserving comment concerns the fact that the use of self-reported instrument, which inherently lacks objectivity, may be led to underestimation of the presence of alexithymic traits. The TAS-20 has been commonly used without controlling for biases that may arise due to self-report, perhaps because the measure was reportedly designed to limit such influences [START_REF] Bagby | The twenty-item Toronto Alexithymia Scale: I. Item selection and cross-validation of the factor structure[END_REF]. However, explicit self-report measures require the alexithymic individual to be aware of and able to report on their own reduced ability to identify and describe feelings [START_REF] Adenzato | Theory of Mind abilities in neurodegenerative diseases: an update and a call to introduce mentalizing tasks in standard neuropsychological assessments[END_REF][START_REF] Parling | Alexithymia and emotional awareness in anorexia nervosa: time for a shift in the measurement of the concept?[END_REF][START_REF] Günther | Predicting symptoms in major depression after inpatient treatment the role of alexithymia[END_REF]. Thus, it is to be recommended that future studies use multi-method measures such as performancebased measures for assessing of alexithymia in addition to self-report tests. Finally, little is known about the direction of causality between executive functions and alexithymia and therefore, future research is required to address this issue. Namely, which deficit occurs firsta general deficit in executive functions that impairs the ability to regulate emotions, or an 

  examined the associations between TAS-20 and different verbal and visuo-spatial executive tasks in healthy young and elderly adults. Results showed a greater difficulty describing feelings associated with poorer executive verbal fluency tasks. The authors explain the association between alexithymia and verbal executive measures due to shared prefrontal circuitry involved in emotion regulation. Correro et al. (2016) used a battery of neuropsychological tests and the TAS-20 to examine executive functions and alexithymia in a sample of young and elderly adults. They found that the executive function/processing speed component represented by the Trail-making Test, Symbol-Digit Modalities Test, and Category Fluency task showed significant prediction of the TAS-20 facet of difficulty describing feelings.

  Twenty patients with circumscribed prefrontal cortex lesions [16 men and four women] recruited from the department of neurosurgery participated in this study after giving their informed consent in accordance with the declaration of Helsinki. They showed an overall mean age of M = 40.95, SD = 13.03; years of education: M = 7.32, SD = 2.22; IQ in the Test of Nonverbal Intelligence ''TONI-2", M = 95.56, SD = 3.81 (see Brown, Sherbenou, &

Figure 1 a

 1 Figure 1 a et b shows the lesion location of each patient and the lesion overlay of the scans of

  Mann-Whitney U-test indicates that frontal patients are significantly impaired relative to the control participants in all indices of executive tasks assessing inhibition, flexibility and planning processes. The only measures in which non-significant difference was noted between the frontal patients and control participants is the forward span [U=368; p= .90]. Moreover, compared with parietal patients, the frontal patients were also significantly impaired on several executive measures except in the "rules breaks" of the Brixton task [U=256; p= .76], the six elements task [U=264; p= .88], the "number of movements" of the Tower of London Task [U=218; p= .66], and the forward span [U=248; p= .72]. Similarly, the pair-wise comparison between parietal patients and control participants showed that the patients group is significantly impaired relative to the control participants in the "Shallice error score" of the Hayling task, the "rules breaks" of the Brixton task, the six elements task and the "number of movements" of the Tower of London Task [All p< .01]. Finally, a comparison of the frontal patients regarding their lesion side did not show a significant difference between right and left frontal subgroups on all executive measures [all p>.23]. But, these two groups were significantly impaired compared to control participants on almost all executive measures except forward span [U=208; p= .69].

  and negatively correlated with "B-A" time scores of the Hayling task[r= -.44; p <.01] and the number of correct words on the phonemic fluency task[r= -.48; p <.01]. This meant that higher scores on the "DIF" indicative of increasing difficulty in identifying emotions is associated with poorer performance on the Hayling and fluency tasks. Moreover, the "DIF" facet was also significantly but positively correlated with non-perseverative error scores of theMCST [r=.48; p <.01] and number of rule breaks of the six elements task [r=.47; p <.01]. So, the higher the alexithymia score on "DIF", the higher are the number of errors on these two tasks assessing flexibility and planning processes. Furthermore, only one positive correlation was noted between the "DDF" facet and number of rule breaks on the modified six elements task [r=.46; p <.01]. The total score on the TAS-20 scale was also positively correlated with non-perseverative error scores of the MCST [r= .42; p <.01] and number of rule breaks of the six elements task [r=.45; p <.01]. No correlation was found between the "EOT" dimension of the TAS-20 and all executive measures. Within the parietal patients, the "DIF" facet of the TAS-20 was significantly and positively correlated with the Shallice error scores of the Hayling task [r=.52; p <.01], the non perseverative errors of the MCST [r=.50; p <.01], and the number of rules breaks of the modified six elements tasks [r=.52; p <.01]. Thus, difficulty identifying emotion is associated with a deficit in the three executive processes of inhibition, flexibility and planning. For the "EOT" facet, only one significant positive correlation was noted with non perseverative errors of the MCST [r=.52; p <.01]. However, no correlation was noted for the "DIF" facet of the TAS-20 with all executive tasks. The total TAS-20 score is significantly and positively correlated with the same executive indices significantly associated to the "DIF" facet.
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  .76; p = .001], rule breaks on the modified six elements task [R 2 = .28; F =9.36; p = .001] and poorer phonemic fluency performance [R 2 = .23; F = 8.54; p = .001]. The "DDF" was predicted by the rule breaks of the six elements tasks [R 2 = .22; F = 8.32; p = .01] and the Total TAS-20 score was predicted by both the number of errors on the MCST [R 2 = .28; F = 9.24; p = .001] and rule breaks on the modified six elements task [R 2 = .29; F =9.56; p = .001].Within the parietal patients group, both of "DIF" facet and total TAS-20 score were predicted by non-perseverative errors of the MCST [R 2 = .24; F = 8.12; p = .001], rules breaks of the modified six elements task [R 2 = .25; F = 8.92; p = .001] and Shallice error scores of the Hayling task [R 2 = .23; F = 7.88; p = .001]. The "EOT" facet is predicted only by the rules breaks of the modified six elements task [R 2 = .24; F = 8.46; p = .001]. For the frontal patients group, the "DIF" facet was predicted by perseverative errors on the MCST [R 2 = .35; F = 9.89; p = .001], rules breaks on the modified six elements task [R 2 = .34; F =9.88; p = .001] and poorer performance on the phonemic fluency task [R 2 = .23; F = 7.89; p = .001]. However, only the rule breaks indices of the six elements task predicted difficulties in describing feelings "DDF" [R 2 = .24; F = 8.48; p = .001]. The "EOT" facet was predicted by several indices of executive tasks. Regressions were significant for the perseverative errors [R 2 = .30; F = 10.08; p = .001], non-perseverative errors [R 2 = .20; F = 7.68; p = .001], and the number of categories completed [R 2 = .32; F = 10.12; p = .001] on the MCST, the time "B-A" of the Trail Making Task [R 2 = .20; F = 7.64; p = .001] and Shallice error scores on the Hayling task [R 2 = .28; F = 10.08; p = .001]. Regarding overall level of alexithymia, analyses revealed that higher alexithymia was also predicted by the perseverative errors [R 2 = .20; F = 7.68; p = .001], non-perseverative errors [R 2 = .20; F = 7.64; p = .001], and the number of categories completed [R 2 = .21; F = 7.83; p = .001] on the MCST, poorer phonemic fluency [R 2 = .20; F = 7.66; p = .001], the time "B-A" of the Trail Making Task [R 2 = .20; F = 7.64; p = .001], the Shallice error scores on the Hayling task [R 2 = .20; F = 7.64; p = .001] and rules breaks on the modified six elements task [R 2 = .20; F = 7.65; p = .001].

  frontal patients group showed an average lesion volume of [M = 22.32 cm 3 ; SD = 19.46] and the parietal patients group a mean lesion volume of [9.56 cm 3 ; SD: 7.65]. Using regression analysis, we examined the possible association between different facets of the TAS-20 and the lesion volume of patients. For the parietal patients, no significant association was noted between lesion volume and different facets of the TAS-20 [R 2 =.10; F = 1.05; p= .33]. However, for the frontal patients group, a significant correlation was found between lesion volume and "DIF" [R 2 =.22; F = 5.84; p< 0.01], "EOT" [R 2 =.23; F = 6.08; p <.01] and total scores on TAS-20 [R 2 =.20; F = 5.78; p<.01]. However, non-significant association was noted between the lesion volume of our frontal patients and their scores on the "DDF" [R 2 = 0.10; F = 1.06; p =.32].Moreover, using overlap lesion images and lesion subtraction analysis provided by Mricro, we examined the anatomical lesions underlying alexithymia. As a first step, frontal patients were classified into two groups based on their overall score on the TAS-20. The nonalexithymic group consisted of ten patients with total "TAS-20 scores < "61" [6 patients considered non-alexithymic with scores ranging between "20 to 51" and 4 patients borderline alexithymic with scores ranging between "52 and 60"] and the alexithymic group also formed from ten patients with total "TAS-20 scores ≥ 61". Using mricro, the lesions from each patient were overlaid to identify the common cerebral regions damaged in each group (see Figure5a, b et c). (Insert Figure 5. a, b, c) Then, regions relevant for the alexithymia were identified by means of lesion-subtraction analysis (Fig.3.c). As these subtractions were made between groups of different sizes, relative percentages were used rather than absolute values. The red color indicates the common damaged brain regions involved in the decision-making deficit (41-60%). The blue color represents the damaged brain regions (1-40%) that were not involved in the decision-making deficit. Our results indicate that alexithymia was predominantly associated with a large prefrontal network including the right superior frontal gyrus (SFG), the right and left medial superior-frontal gyrus (MedSFG), the right middle-frontal gyrus (MFG), the right and left anterior cingulate gyrus (ACING), the right and left orbital part of the superior-frontal gyrus (OrbSFG), the right medial-orbital-frontal gyrus (OrbMFG) and the right and left orbital part of the inferior-frontal gyrus (OrbIFG).

  Fig 1: (A) Lesion location of each patient with prefrontal cortex damage; (B) Lesion overlay of 20 patients with prefrontal cortex damage.

  (normal controls vs frontal patients vs parietal patients) were performed with Kruskal-Wallis ANOVA. When Kruskal-Wallis ANOVA were significant, these were followed by pairwise comparison using Mann-Whitney U tests after Bonferroni correction.Between groups comparison (left frontal vs right frontal), with Mann-Whitney U tests after Bonferroni correctionTable 6: Correlation between executive tasks and TAS-20 for frontal patients, parietal patients and

  .54; p <.01] of the MCST. This TAS-20 facet also correlated significantly and positively with the Shallice error scores of the Hayling task [r=.66; p <.01] and the time "B-A" scores of the Trail Making task [r=.56; p <.01]. Finally, the total score of TAS-20 correlated

	significantly and negatively with the number of correct words on the phonemic fluency task
	[r= -.49; p <.01] and number of categories completed on the MCST [r= -.52; p <.01] but
	positively with both perseverative [r=.50; p <.01] and non-perseverative errors [r=.48; p <.01]
	of the MCST, the time "B-A" scores [r=.49; p <.01] of the Trail Making Task, the Shallice
	error scores of the Hayling task [r=.50; p <.01] and number of rule breaks [r=.50; p <.01] on
	TAS-20 and number of rule breaks on the modified six elements task [r=.50; p <.01]. The
	"EOT" facet of TAS-20 showed correlations with almost all indices of the MCST. The "EOT"

correlated significantly and negatively with the number of categories completed [r= -.71; p <.01] and positively with both perseverative [r=.67; p <.01] and non-perseverative errors [r=

  Zhu, X. Z.,Wang, X. Y., & Huang, Y. (2006). A comparative study of Wisconsin Card Sorting Test in individuals with different degrees of alexithymia. Chinese Journal of ClinicalPsychology, 14,[131][132][133] 

Table 1 : Main clinical characteristics of the frontal patients.

 1 

	Patients	Gender	Age	Etiology	Lesion	Lesion location	Time since	Glasgow	Mini Mental	Medication
					Side		lesion	Coma Scale	State	
							(days)		Examination	
	W.Z	F	54	Oligodendroglioma	Left	DL	132	15	28	Sodium valproate
	L.R	H	23	Hematoma	Left	VM	162	15	29	None
	M.C	H	54	Oligodendroglioma	Left	DL	185	15	28	Sodium valproate
	M.A	H	19	Haemorrhagic	Right	VM	158	15	29	None
				contusion						
	M.M	F	32	Oligoastrocytoma	Right	VM	120	15	28	Sodium valproate
	E.F	H	39	Haemorrhagic	Left	DL	147	15	29	None
				contusion						
	L.A	H	43	Haemorrhagic	Left	DL	165	14	29	None
				contusion						
	M.H	H	56	Meningioma	Right	VM	196	15	28	Sodium valproate
	H.Z	H	57	Hematoma	Right	VM	300	15	28	None
	A.K	H	40	Oligodendroglioma	Right	DL	143	15	29	Sodium valproate
	M.G	H	59	Meningioma	Right	DL	149	15	28	Sodium valproate
	B.M	H	49	Haemorrhagic	Left	DL	208	14	29	None
				contusion						
	N.T	H	35	Cavernoma	Right	DL	169	15	29	Sodium valproate
	H.D	H	21	Haemorrhagic	Left	VM	124	15	29	None
				contusion						
	A.A	H	24	Haemorrhagic	Right	VM	158	14	29	None
				contusion						
	S.M	H	56	Astrocytoma	Right	DL	194	15	28	Sodium valproate
	O.B	F	54	Meningioma	Left	VM	183	15	28	Sodium valproate
	B.R									
	S.B									
	J.F									

F H H 29 30 51 Astrocytoma Haemorrhagic Contusion Oligoastrocytoma Right Left Left DL VM VM 184 287 151 15 15 15 29 29 29 Sodium valproate None Sodium valproate DL: dorsolateral; VM: ventromedial Table 2: Description of lesion volume and anatomical structures damaged in frontal patients group

  

	Patients	Etiology	Lesion side Lesion location	Lesion site	Lesion volume cm 3
	W.Z	Oligodendroglioma	Left	DL	SFG; MedSFG; MFG	13.2
	L.R	Hematoma	Left	VM	OrbSFG; OrbMFG; GR	21
	M.C					

Oligodendroglioma

Left DL

Table 5 : Comparison of frontal patients with parietal patients and control participants to different executive tasks.
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	Test	CP	F	P	All subgroup	CP.vs F	CP vs P	F vs P	RF	LF	RF vs LF
		N=34	N=20	N=10	P Level				N=10	N= 10	
	Executive tasks										
	Stroop										
	Inhibition time	109.06 (15.38)	132.3 (41.58)	118.34 (19.2)	H=8.41 ; p<.001	*	ns	*	132.7 (42.32)	131.9 (40.84)	ns
	Number of errors	0.82 (0.78)	3.8 (3.6)	1.12 (0.43)	H=8.68; p<.001	*	ns	*	3.72 (3.5)	3.88 (3.7)	ns
	Hayling										
	B-A	1.49 (0.65)	2.34 (0.66)	1.72 (0.54)	H=12.03 ; p<.001	*	ns	*	2.28 (0.62)	2.4 (0.7)	ns
	Shallice error scores	3.44 (2.06)	8.4 (4.78)	6.34 (3.67)	H=23.13; p<.001	*	*	*	8 (4.66)	8.8 (4.9)	ns
	Verbal Fluency										
	Semantic: Number of word (animals)	22.79 (3.92)	17.2 (5.26)	20.22 (3.78)	H=9.83; p<.001	*	ns	*	16.9 (5.12)	17.5 (5.4)	ns
	Phonemic: Number of word (p)	15.88 (2.85)	9.6 (3.36)	14.11 (2.7)	H=13.16; p<.001	*	ns	*	9.2 (3.22)	10 (3.5)	ns
	MCST										
	Time in second	179.62 (41.58)	269.2 (88.14)	188.44 (44.23)	H=21.39; p<.001	*	ns	*	279 (90.2)	259.4 (86.08)	ns
	Number of category	5.70 (0.21)	4.6 (1.7)	5.4 (0.32)	H=23.97; p<.001	*	ns	*	4.2 (1.5)	5 (1.9)	ns
	Perseverative errors	1.46 (.12)	4.88 (6.28)	1.85 (1.4)	H=42.12; p<.001	*	ns	*	5.21 (6.72)	4.55 (5.84)	ns
	Non perseverative errors	2.79 (1.7)	12.18 (9.47)	4.02 (1.9)	H=18.5; p<.001	*	ns	*	13.2 (10.2)	11.16 (8.74)	ns
	Trail making test										
	Time in second B-A	54.74 (19.28)	96.46 (38.4)	64.54 (11.12)	H=23.74; p<.001	*	ns	*	100.4 (40.3)	92.52 (36.5)	ns
	Number of errors	0.32 (0.04)	1.34 (0.9)	0.3 (0.07)	H= 11.1; p<.001	*	ns	*	1.7 (0.96)	0.98 (0.84)	ns
	Brixton										
	Number of errors	3.35 (1.72)	12.9 (6.6)	4.4 (1.48)	H=39.57 ; p<.001	*	ns	*	14.8 (7.4)	11 (5.8)	ns
	Number of rule breaks	0.7 (0.84)	2.36 (1.2)	1.99 (0.74)	H=.8.67; p<.001	*	*	ns	2.8 (1.4)	1.92 (1)	ns
	Six Elements										
	Profil score	3.97 (0.17)									
	Number of rules breaks	0.03 (0.17									

states. The appraisal theories have assigned a central role to this process in triggering and differentiating emotional episodes and in determination of the intensity and quality of feelings through synchronic changes in other components such as physiological and behavioral responses [START_REF] Clore | memory are predictive of alexithymia across the lifespan[END_REF][START_REF] Frijda | The laws of emotion[END_REF][START_REF] Lazarus | Emotion and adaptation[END_REF][START_REF] Roseman | Appraisal theory: Overview, assumptions, varieties, controversies[END_REF][START_REF] Scherer | Appraisal considered as a process of multilevel sequential checking[END_REF][START_REF] Moors | Appraisal Theories of Emotion: State of the Art and Future Development[END_REF]. They also specified the most important appraisal criteria that allowed differentiating emotions, such as goal relevance and goal congruence for concerns, certainty, agency and coping potential or control. Some other authors also propose criteria of novelty, expectancy, urgency, intentionality, legitimacy, fairness, and norm compatibility, which contribute to differences in emotions (for review see, Donges & Suslow, 20017). It follows based on the appraisal criteria and mechanisms described above, that the "cognitive appraisal process" taps several aspects that are specific for executive control. Therefore, its role appears to be somewhat similar to that assigned to the Supervisory Attentionnel System (SAS; [START_REF] Norman | Attention to action: Willed and automatic control of behaviour[END_REF]. The SAS is responsible for regulating non-routine and novel tasks, in particular, where routine, automatic activation of behavior would not be sufficient for optimal performance [START_REF] Norman | Attention to action: Willed and automatic control of behaviour[END_REF]. These include situations that involve planning or decision-making, error correction, responses that are not well-learned or contain novel sequences of actions or when anticipation of danger is required. However, even if authors suggest that the "appraisal process" is unconscious by default, [START_REF] Scherer | The dynamic architecture of emotion: Evidence for the component process model[END_REF] has already noted that part of it can become conscious and hence become part and one determinant of the content of feelings [START_REF] Scherer | The dynamic architecture of emotion: Evidence for the component process model[END_REF]. Thus, the appraisal process cannot operate only at the automatic level. Therefore, we suggest that increased neuropsychological attention should be directed to the relation between a neuro-cognitive model of executive functions (SAS; [START_REF] Norman | Attention to action: Willed and automatic control of behaviour[END_REF]Shallice & Burgess, 1988) and the cognitive appraisal theory in understanding cognitive processing of emotion. In summary, all previous arguments suggest that alexithymia, like several other affective disorders, could result from inability to identify, describe, and understand emotional feelings that causes high baseline arousal, which then impairs executive functions.