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Subjective and physiological response to emotions in temporal lobe epilepsy and psychogenic non-epileptic seizures
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Background: Temporal lobe epilepsy (TLE) and psychogenic non-epileptic seizures (PNES) are conditions frequently associated with dysfunction in emotional regulation leading to increased risk of affective disorders. This study investigates emotional processing with an objective measure of emotional reactivity in patients with TLE and patients with PNES.

Methods: 34 patients with TLE and 14 patients with PNES were evaluated on skin conductance responses (SCR) to emotions induced by short films and compared to 34 healthy controls. An attention and a suppression condition were performed while viewing the films.

Results: The both groups of patients disclosed lower SCR to emotions compared to controls, mainly in suppression condition. While TLE patients had lower SCR in attention condition than controls for fear, sadness and happiness, PNES had lower SCR only for happiness. In suppression condition, both had lower SCR than controls except for peacefulness in both groups and sadness in PNES. Subjective evaluations revealed that both patient's groups scored a higher intensity for sadness than controls in attention and lower for in fear and disgust in suppression only in TLE.

Limitations:

The sample size in the PNES group and the lack of a control group with similar levels of mood symptoms limited the interpretation of our results.

Conclusion:

As no correlation were found between SCR to emotions and scores of affective disorders, this pattern of responses might be underpinned by specific pathophysiological and cognitive mechanisms related to TLE and to PNES. Thus, therapeutic approaches targeting emotional autonomic responses can be of interest in the management of these conditions.

Introduction

In both epilepsy and psychogenic non-epileptic seizures (PNES) there is a high prevalence of comorbid mood disorders which are often described as the main factor contributing to poorer quality of life [START_REF] Garcia | Prevalence of depressive symptoms and their impact on quality of life in patients with drug-resistant focal epilepsy (IMDYVA study)[END_REF][START_REF] Szaflarski | Psychopathology and quality of life: psychogenic nonepileptic seizures versus epilepsy[END_REF]. PNES are involuntary episodes of alteration of consciousness and disturbance of sensory, motor, autonomic or cognitive functions that can be misdiagnosed as epileptic seizures. They are not caused by abnormal electrical discharges in the brain and are thought to be mainly triggered by emotional distress [START_REF] Brown | Psychogenic nonepileptic seizures[END_REF]. Although epilepsy and PNES are different medical conditions, similar psychiatric comorbidity occurs in both.

Depressive disorders and anxiety disorders are the most psychiatric comorbidity frequently associated with epilepsy [START_REF] Brandt | Prevalence of anxiety disorders in patients with[END_REF][START_REF] Gilliam | Depression in epilepsy: ignoring clinical expression of neuronal network dysfunction?[END_REF], especially in drug-resistant patients, and have been demonstrated to be main factors contributing to poorer quality of life (Kanner, Barry, Gilliam, Hermann, & Meador, 2010;[START_REF] Luoni | Determinants of health-related quality of life in pharmacoresistant epilepsy: Results from a large multicenter study of consecutively enrolled patients using validated quantitative assessments: Quality of Life in Pharmacoresistant Epilepsy[END_REF]. This has been attributed to different causes, such as a psychological reaction to a chronic disease, to the unpredictability of seizures and to the restriction of activities resulting in low self-esteem, to stigma and social rejection [START_REF] Boylan | Depression but not seizure frequency predicts quality of life in treatmentresistant epilepsy[END_REF][START_REF] Vazquez | Epilepsy and anxiety[END_REF]; but also to pathophysiological mechanisms common to epilepsy and depressive and anxiety disorders, which are stress-related comorbidities [START_REF] Maguire | Stress, seizures, and hypothalamic-pituitary-adrenal axis targets for the treatment of epilepsy[END_REF]. In patients with PNES, comorbid depressive and anxiety symptoms are also a main factor of decreased quality of life [START_REF] Myers | Psychogenic non-epileptic seizures: Predisposing factors to diminished quality of life[END_REF][START_REF] O'brien | Psychiatric and neuropsychological profiles of people with psychogenic nonepileptic seizures[END_REF][START_REF] Rawlings | Predictors of health-related quality of life in patients with epilepsy and psychogenic nonepileptic seizures[END_REF]. Depressive and anxiety disorders are known to be underpinned by dysregulation of emotions [START_REF] Campbell-Sills | Incorporating emotion regulation into conceptualizations and treatments of anxiety and mood disorders[END_REF][START_REF] Davidson | Affective style, psychopathology, and resilience: brain mechanisms and plasticity[END_REF]. Wellbeing and satisfying social interactions are underpinned by appropriate emotional expression, requiring
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A N U S C R I P T 5 adequate emotional regulation strategies [START_REF] Gross | Emotion regulation: Affective, cognitive, and social consequences[END_REF]. From a cognitive point of view, emotional dysregulation is characterized by modified attentional processing toward emotional stimuli and difficulties in control of emotional expression. In depressive disorders, attention is automatically captured by depressive-related stimuli [START_REF] Gotlib | Attentional biases for negative interpersonal stimuli in clinical depression[END_REF], and in anxiety disorders by threatening stimuli [START_REF] Bar-Haim | Threat-Related Attentional Bias in Anxious and Nonanxious Individuals: A Meta-Analytic Study[END_REF]. These cognitive biases are associated with deficits in cognitive control and may affect responses in emotional situations by altering relevant emotion regulation (Joormann & Quinn, 2014). In patients with temporal lobe epilepsy (TLE) an attentional bias toward threatening stimuli has also been described [START_REF] Bourgeat | Explicit and implicit emotional processing modifications in pharmacoresistant left temporal lobe epilepsy and anxiodepressive disorders[END_REF][START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF][START_REF] Lanteaume | Cognitive and metabolic correlates of emotional vulnerability in patients with temporal lobe epilepsy[END_REF], whereby these biases were expressed as vigilance or difficulty in disengaging attention from the stimulus in patients reporting stress as a seizure-triggering factor. However, in patients who did not report stress as a triggering factor for epileptic seizures, bias was expressed rather as an avoidance strategy. In PNES, a vigilance bias toward threat has been shown, which was positively correlated to basal cortisol levels [START_REF] Bakvis | Basal cortisol is positively correlated to threat vigilance in patients with psychogenic nonepileptic seizures[END_REF]. Slower approach behaviours to angry faces than healthy controls were also demonstrated [START_REF] Bakvis | Automatic avoidance tendencies in patients with psychogenic non-epileptic seizures[END_REF], arguing for the presence of an avoidance bias in these patients. While precise features of these biases are not yet clearly understood, impairment in emotional processing in PNES is well established [START_REF] Brown | Psychological and psychiatric aspects of psychogenic non-epileptic seizures (PNES): A systematic review[END_REF][START_REF] Roberts | Alterations of consciousness in psychogenic nonepileptic seizures: emotion, emotion regulation and dissociation[END_REF].

The goal of this study is to investigate emotional processing with an objective measure of emotional reactivity in patients with TLE and patients with PNES. Skin conductance response (SCR) is used since it has been identified to be a measure of peripheral sympathetic autonomic nervous system activity, and to assess arousal and non-conscious responses to emotional stimuli [START_REF] Grapperon | La mesure de la réaction électrodermale[END_REF]; Klorman, Wiesknleld, & Austin, [START_REF] Levenson | Blood, Sweat, and Fears: The Autonomic Architecture of Emotion[END_REF]. The groups of patients are compared to healthy controls in a condition of voluntary attention to emotional feeling, and in a condition of voluntary suppression of emotional expression using short film sequences inducing different emotions: fear, disgust, sadness, peacefulness and happiness. We hypothesized that more intense SCR and subjective evaluations for negative emotions, and less intense responses to positive emotions, would occur in TLE and PNES patients compared to healthy controls in an attending condition. Indeed, a physiological hyperactivity in TLE as well as in PNES could support the emotional vulnerability toward negative stimuli in both groups of patients. We also hypothesized less SCR to fear induction in a suppression condition in TLE and PNES patients compared to controls, which would indicate poorer control in patients.
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Methods and material

Participants

Thirty-four patients with TLE and fourteen patients with PNES were recruited for the study in the Clinical Neurophysiology Department of the Marseille University Hospital (France).

Inclusion criteria for TLE patients were as follows: EEG-verified diagnosis of TLE, drugresistant epilepsy (failure to control seizures despite adequate trials of at least 2 anti-epileptic drugs), duration of epilepsy more than 3 years. For patients with PNES we used the following criteria: diagnosed by video/EEG without ictal EEG discharge during the events and clinical interview (LaFrance, Baker, Duncan, Goldstein, & Reuber, 2013). None of the patients in both groups had comorbidity other than depressive and anxiety disorders, notably no peripheral nervous system disorder that might affect SCR. However, two patients in the PNES group had a history of previous epilepsy, but whose seizures are currently well-controlled.

Thirty-four healthy volunteers, with no history of neurological or psychiatric impairments were recruited as controls. All participants were aged between 18 and 65 years (Table 1). All 

Clinical evaluations

Beck Depression Inventory (BDI)

The Beck Depression Inventory (BDI) [START_REF] Beck | An inventory for measuring depression[END_REF]) is a self-assessment instrument designed to assess the presence and the severity of current (past 2 weeks) depressive symptoms. It consists in a 21-item scale in which the sum scores are ranged from 0 to 63. The higher the score, the more severe the symptoms are. Each item is assessed from 0 to 3 to indicate the degree of the severity of the symptom screened. BDI is widely used for screening depression in epilepsy in clinical practice (de [START_REF] De Oliveira | Screening for depression in people with epilepsy: Comparative study among Neurological Disorders Depression Inventory for Epilepsy (NDDI-E), Hospital Anxiety and Depression Scale Depression Subscale (HADS-D), and Beck Depression Inventory (BDI)[END_REF][START_REF] Micoulaud-Franchi | Evaluating quality of life in epilepsy: The role of screening for adverse drug effects, depression, and anxiety[END_REF]. A cutoff point at 16 (>16) has been found to be the best performance score for screening depression in patients with epilepsy (de [START_REF] Oliveira | Beck depression inventory (BDI) and hamilton rating scale for depression (HAM-D) in patients with epilepsy[END_REF].

State-Trait Anxiety Inventory (STAI)

Anxiety symptoms were measured by the State-Trait Anxiety Inventory (STAI) [START_REF] Spielberger | Psychometric properties of the STAI: a reply to Ramanaiah, Franzen, and Schill[END_REF]. This self-reported measure is composed in two parts in order to evaluate state anxiety and trait anxiety. State anxiety refers to a transitory emotional state that varies in intensity and fluctuates over time. Trait anxiety is a stable susceptibility to feel stress and worry and may be considered as a personality trait. It is a 20-item scale in which each item is scored with a 4-point Likert scale from -not at all‖ to -very much so‖ according to the degree of the symptoms. The total score ranges from 20 to 80; the higher the score, the more severe the anxiety condition. A total score of 40 or more indicates an anxious condition.
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The material and procedure were those used by [START_REF] Reynaud | Voluntary Emotion Suppression Modifies Psychophysiological Responses to Films[END_REF]. This task consisted in presenting 5 films inducing emotional responses (fear, disgust, sadness, peacefulness and happiness). Each sequence lasted 45 sec. For inducing happiness the sequence was an excerpt of the French movie -Le Dîner de Cons‖ by Weber ; for inducing sadness the sequence was extracted from a report on the famine in Biafra by National Audiovisual Institute ; for inducing fear the sequence was an excerpt of -A Tale of Two Sisters‖ by Jee-Woon, which begins with suspense and ends with an intense burst ; for inducing disgust it was an excerpt of -Accro‖ by Mettling ; and for inducing peacefulness an excerpt of -Marche of the Penguins‖ by Jacquet.

This task was divided into two parts: 1) Attention condition: participants were asked to be attentive to the emotions they felt when watching the movies and experiencing them. 2) Suppression condition: participants were asked to control the emotions felt by trying to remove any emotional response. No control strategies were suggested, in an attempt to reproduce the patient's real-life approach to emotional regulation. Each subject underwent both conditions. The 5 movie sequences were randomly presented in pseudo-randomized order, but the order remained the same for each participant on both conditions (attention and suppression). The order of presentation of attention and suppression conditions was randomly counterbalanced between the participants. Between each sequence, a one-minute break was used for completing a questionnaire aimed at identifying the emotion the participants felt and the intensity with which they felt the induced emotion. The identification of emotions was selected from a choice between fear, disgust, sadness, peacefulness, happiness or -other‖. The rate of intensity was self-evaluated on a scale from 0 (no emotional intensity) to 9 (very high emotional intensity).

The films were presented by a computer running E-Prime (Psychology Software Tools, Inc., Pittsburgh, PA) and physiological data were acquired by another computer running AcqKnowledge software (Biopac Systems, Inc., Goleta, CA). Physiological channels were recorded at a rate of 1,000 Hz in continuous mode using the Biopac MP30 system including amplifiers for skin conductance responses (SCR) collection. Only phasic responses of skin
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conductance were recorded with the amplifier in the AC position. The module amplifiers used were 100C. SCR was recorded using 5-mm inner diameter Ag/AgCl electrodes filled with isotonic electrode paste. Electrodes were attached to the volar surface of the second phalanx of the second and third left fingers [START_REF] Fowles | Publication recommendations for electrodermal measurements[END_REF]. The mean amplitude of peaks of SCR were measured only during the 45 seconds' duration of each film. The number of peaks was manually counted. SCR was obtained by averaging peaks' amplitude for each film [START_REF] Boucsein | Electrodermal activity[END_REF]. SCR below 0.01 μS was not considered. Artifact correction for SCR consisted of a visual inspection of respiration and subsequent exclusion of SCR that seemed to be influenced by deep breath.

Statistical analyses

We first compared the three groups in terms of demographic characteristics and psychoaffective scores using χ 2 test for categorical variables and a Student t-test (TLE vs Controls; TLE vs PNES ; PNES vs Controls) for quantitative variables. The effects of task condition (attention vs suppression) and emotions on change on SCR and subjective intensity was estimated using a linear mixed effect with two fixed effects (Group: TLE vs. PNES vs. Controls; and Condition: attention vs. suppression). Within-subject time factor and betweensubject group factor were examined. A Mann-Whitney U test was used to perform the comparisons according to laterality of seizures in the TLE group. For all the tests, the accepted significance level was 5%. For all the tests, the accepted significance level was 5%.

Data analyses were performed using ‗R' software.

Results

Sample characteristics

Mean age was 37.56 years (SD = 10.82, range 2). Concerning BDI, 13/34 TLE patient and 7/15 PNES patients scored higher than the cut-off ( 16) indicating a possible depression, although none of the control group did.

Subjective evaluation of emotional intensity (Fig.1)

In the TLE group the intensity evaluation was significantly higher in attention than suppression condition for all emotions : Fear (estimate: -2.058, standard error: 0.435, t value: -4.731, p value<.0001), Disgust (estimate: -2.753, standard error: 0.365, t value: -7.3674, p value<.0001), Sadness (estimate: -1.735, standard error: 0.654, t value: -4.758, p value<.0001), peacefulness (estimate: -1.058, standard error: 0.453, t value: -2.336, p value:

.02), happiness (estimate: -1.5, standard error: 0.439, t value: -3.411, p value: .001). In PNES group the intensity was scored significantly higher in attention condition for Disgust (estimate: -1.785, standard error: 0.555, t value: -3.215, p value: .002), Sadness (estimate: -1.357, standard error: 0.568, t value: -2.388, p value: .02) and Peacefulness (estimate: -2.071, standard error: 0.706, t value: -2.932, p value.004). In control group the intensity scores were significantly higher in attention condition for Disgust (estimate: -1.03, standard error: 0.36, t value: -2.858, p value: .005) and Peacefulness (estimate: -1.196, standard error: 0.457, t value:

A C C E P T E D M A N U S C R I P T 11
Comparisons between TLE and control groups reveal that TLE scored lower than controls in suppression condition for Fear and Disgust but not in attention condition. On the contrary, they scored higher than controls in attention but not in suppression condition for Sadness.

PNES group differed only with controls on Sadness with higher scores on attention condition (see Supplementary tables).

In summary, the TLE patients scored the intensity lower when they were asked to suppress their own emotional responses than when they were asked to pay attention to the emotion they felt. This was less clear in PNES and controls, but they appeared to tend to have a similar pattern, at least for some emotions. However, the groups did not show many differences between each other, only between TLE and controls with an intensity scored higher in attention condition for Sadness and lower in Fear and Disgust in suppression in TLE compared to controls, and between PNES and controls with higher scores for Sadness in attention condition for PNES

Electrodermal responses to emotions (Fig.2)

In the control group SCR was significantly greater in suppression than attention condition for Fear (estimate: 0.425, standard error: 0.112, t value: 3.792, p value: .0002) and significantly greater in attention than suppression condition for Happiness (estimate: -0.15 standard error: 0.065, t value: -2.322, p value: .02). In TLE and PNES groups, SCR did not differ between the task conditions in any of the five emotions.

Comparisons between TLE and controls revealed that group SCR was significantly lower in TLE than controls in the attention condition for Fear, Sadness and Happiness; and in the suppression condition for Fear, Disgust, Sadness and Happiness. Comparisons between PNES and controls revealed that group SCR was significantly lower in PNES than controls in the attention condition for Happiness only; and in the suppression condition for Fear, Sadness and
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Thus, in summary, TLE patients disclosed a very different pattern of SCR to emotions compared to controls. The results were not significantly different only for Disgust in attention condition and Peacefulness in both conditions. PNES patients disclosed a trend of lower responses, but it was only significant for Happiness in both conditions and for Fear and Sadness in the suppression condition.

Correlation between scores of depression and anxiety and electrodermal responses

No correlations were found between scores at BDI and STAI and electrodermal responses in any of the five emotions in both conditions in TLE and PNES group. In control group a negative correlation was found between BDI scores and electrodermal responses to Happiness in attention condition (r(33)=-0.360, P= .018).

Effect of epilepsy laterality

The TLE group was composed of 19 patients with left-sided TLE, 11 with right-sided and 4 with bilateral TLE. Due to small sample size, the 4 bilateral TLE were not included in the laterality analysis. Comparisons between left-sided and right-sided TLE patients revealed no significant differences for intensity rating or for SCR in any of the five emotions in the two task conditions.

Discussion

The goal of this study was to compare physiological changes and subjective evaluations in responses to emotional induction between TLE patients, PNES patients and healthy controls.

The main result concerning physiological changes is that the groups disclosed different patterns of SCR to emotions. Globally, TLE and PNES patients showed no differences between the two task conditions whereas the control group had greater responses for fear in
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13 the suppression condition and for happiness in the attention condition. This pattern of results in controls has already been described since emotional suppression for fear [START_REF] Reynaud | Voluntary Emotion Suppression Modifies Psychophysiological Responses to Films[END_REF] and disgust (Gross, 1998a;[START_REF] Gross | Emotional suppression: Physiology, self-report, and expressive behavior[END_REF] increased SCR because the autonomic sympathetic nervous system is involved in the preparation of intellectual activity and tasks demanding attention [START_REF] Critchley | Book review: electrodermal responses: what happens in the brain[END_REF]. SCR are also increased by experiencing pleasant emotions and are mostly related to the arousal of the emotion [START_REF] Bernat | Effects of picture content and intensity on affective physiological response[END_REF][START_REF] Bradley | Emotion and motivation I: Defensive and appetitive reactions in picture processing[END_REF]; this could explain why SCR are greater for happiness when the participants are asked to pay attention to their emotions and to experience them fully. TLE patients and controls showed different SCR to most of the emotions in both conditions. This difference was less clear between patients with PNES and controls, but PNES patients also tended to disclose smaller responses than controls.

On subjective evaluations, the three groups did not globally score differently between each other. However, in each group participants tended to attribute smaller scores of intensity in the suppression condition, mostly in the TLE group which scored all emotions as less intense in the suppression than in the attention condition, although the PNES group did so only for disgust, sadness and peacefulness, and the control group for disgust and sadness. Moreover, the TLE group perceived fear and disgust as being less intense than controls did in the suppression condition, indicating that their self-perception of emotional suppression is higher.

Impairment in identifying emotions is well-known in TLE, particularly for identification of emotional facial expression (Amlerova et al., 2014;[START_REF] Bonora | Recognition of emotions from faces and voices in medial temporal lobe epilepsy[END_REF][START_REF] Hlobil | Impaired facial emotion recognition in patients with mesial temporal lobe epilepsy associated with hippocampal sclerosis (MTLE-HS): Side and age at onset matters[END_REF]Labudda, Mertens, Steinkroeger, Bien, & Woermann, 2014;[START_REF] Meletti | Impaired facial emotion recognition in early-onset right mesial temporal lobe epilepsy[END_REF][START_REF] Meletti | Facial emotion recognition impairment in chronic temporal lobe epilepsy[END_REF][START_REF] Yamada | Emotion recognition from facial expressions in a temporal lobe epileptic patient with ictal fear[END_REF]. A study shown that emotion recognition of facial emotions depends mainly on mesial temporal structures, particularly the amygdala [START_REF] Anderson | Contribution of the anteromedial temporal lobes to the evaluation of facial emotion[END_REF].

Findings in patients with mesial TLE showed that this involvement could be hemisphere-

A C C E P T E D M

A N U S C R I P T 14 dependent [START_REF] Bonora | Recognition of emotions from faces and voices in medial temporal lobe epilepsy[END_REF][START_REF] Meletti | Facial emotion recognition impairment in chronic temporal lobe epilepsy[END_REF], but other data did not find any differences according to epilepsy lateralization (Amlerova et al., 2014). The results in the present study are in line with Amlerova et al. ( 2014) findings, since there were no differences between left-sided and right-sided TLE patients in emotional intensity ratings, or for SCR to emotions. However, our sample was relatively small, so the conclusion must be taken with caution. Hemispheric lateralization in emotional processing remains a topic of debate. The asymmetric hypothesis suggests that each hemisphere is specialized in the processing of emotions according to their valence (positive emotions for right hemisphere and negative ones for left hemisphere) [START_REF] Davidson | Anterior Cerebral Asymmetry and the Nature of Emotion[END_REF][START_REF] Davidson | Approach-withdrawal and cerebral asymmetry: Emotional expression and brain physiology: I[END_REF].

Other findings suggest a dominance of right hemisphere for the processing of all kinds of emotions [START_REF] Gainotti | Emotions and the Right Hemisphere: Can New Data Clarify Old Models? The Neuroscientist[END_REF], although other studies found an advantage of right hemisphere only for conscious, but not unconscious, perception of negative emotion, but not for positive ones [START_REF] Smith | An examination of the right-hemisphere hypothesis of the lateralization of emotion[END_REF]. Nevertheless, these theories are not mutually exclusive in the processing of facial emotional expression [START_REF] Prete | Contrasting hemispheric asymmetries for emotional processing from event-related potentials and behavioral responses[END_REF] and the role played by the temporal lobe would be dependent on both hemispheres (Killgore & Yurgelun-Todd, 2007).

The two most studied strategies are the suppression of emotional expression, and cognitive reappraisal [START_REF] Gross | Individual differences in two emotion regulation processes: Implications for affect, relationships, and well-being[END_REF]. Both strategies focused on emotional responses and aim to hide the behavioral components of the response for suppression, and to reevaluate an emotional event to reduce its impact. In healthy subjects, it has been described that suppression does not modify the subjective experience of emotion but induces activation of autonomic responses, whereas reappraisal decreases subjective experience without any change in autonomic responses (Gross, 1998b). In the present study, the two groups of patients scored significantly lower in the suppression condition than the attention condition in several emotions, and no changes were observed on SCR. These results could argue for the
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A N U S C R I P T 15 use of a reappraisal strategy more than suppression of emotional expression. On the other hand, no instructions about emotional strategy were given for the suppression condition, and subjects were told only to suppress emotional reactions, so it was not possible to know what kind of emotional regulation strategies were used by the participants. It has previously been shown that patients with PNES tend to use more suppression and less reappraisal strategies than healthy controls [START_REF] Gul | Cognitive deficits and emotion regulation strategies in patients with psychogenic nonepileptic seizures: a task-switching study[END_REF]. Patients with epilepsy tend to use more often strategies focusing on emotions and particularly disengagement strategies consisting mainly in denial, avoidance or distraction from the source of the negative emotion than healthy controls [START_REF] Oosterhuis | Coping with epilepsy: the effect of coping styles on self-perceived seizure severity and psychological complaints[END_REF].

These results show that the processes of emotion suppression could be modified by TLE and by PNES. The fact of having lower SCR than controls but verbal assessment equal to controls in attention condition in TLE patients suggests a dissociation between their subjective experience of emotions and their physiological responses to them. These results suggest that TLE patients subjectively experience emotions (except sadness) in the same way as controls in the attention condition, but that they disclose dysfunctions in physiological responses.

These physiological dysfunctions could also be related to their associated anxious and depressive comorbidity. However, Rudolf [START_REF] Hoehn-Saric | Anxiety and arousal: physiological changes and their perception[END_REF] found that patients with anxiety disorder exhibited reduced physiological reactivity (heart rate, skin conductance, electromyography) when exposed to stressful stimuli compared to control subjects. In depression, data remain unclear, but most of the studies tend to converge to lower overall SCR than in controls without depressive disorder [START_REF] Sarchiapone | The association between electrodermal activity (EDA), depression and suicidal behaviour: A systematic review and narrative synthesis[END_REF]. A similar pattern of results has been observed in studies with emotional induction by reading emotional eliciting stories [START_REF] Branković | System identification of skin conductance response in depression-an attempt to probe the neurochemistry of limbic system[END_REF] or viewing affective pictures [START_REF] Mardaga | Autonomic aspect of emotional response in depressed patients: relationships with personality[END_REF]. On the other hand, increased SCR have also been observed in depressed patients in responses to affective video-clips compared to neutral ones and to healthy controls (Schneider 16 et al., 2012). Thus, heterogeneity of results and study designs do not allow clear conclusions to be drawn, and it cannot be presumed that the results observed in TLE patients here are clearly related to associated depressive and anxiety disorders. Indeed, no correlations were found between scores of depression and anxiety and SCR to emotions in TLE and PNES, and both groups did not disclose exactly the same pattern of SCR although they were equal on depression and anxiety scores.
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It is possible that the observed hypoactivity compared to healthy controls is related to specific mechanisms involved in these conditions. Dysfunctions and changes in autonomic nervous system have been shown in epilepsy and considered related to risk of Sudden Unexpected Death in Epilepsy (SUDEP) [START_REF] Devinsky | Effects of Seizures on Autonomic and Cardiovascular Function[END_REF][START_REF] Evrengül | Time and frequency domain analyses of heart rate variability in patients with epilepsy[END_REF][START_REF] Sevcencu | Autonomic alterations and cardiac changes in epilepsy[END_REF]. These alterations are not only related to seizures themselves since they also exist during interictal periods [START_REF] Devinsky | Interictal autonomic nervous system function in patients with epilepsy[END_REF], and are more evident in drug-resistant TLE [START_REF] Ansakorpi | Interictal cardiovascular autonomic responses in patients with temporal lobe epilepsy[END_REF]. These studies focused on cardiovascular autonomic activity, but others were also conducted on SCR. [START_REF] Poh | Autonomic changes with seizures correlate with postictal EEG suppression[END_REF] investigated autonomic functioning during ictal and postictal periods and demonstrated increase in electrodermal activity during complex partial seizures and generalized tonic-clonic seizures [START_REF] Poh | Autonomic changes with seizures correlate with postictal EEG suppression[END_REF]; increase in electrodermal activity also correlated with the increase in the duration of EEG suppression in postictal period. However, an inverse relationship has been observed between SCR and cortical excitability. Indeed, Nagai, Goldstein, [START_REF] Nagai | Influence of sympathetic autonomic arousal on cortical arousal: implications for a therapeutic behavioural intervention in epilepsy[END_REF] demonstrated that sympathetic nervous activity, measured by SCR, decreases when cortical excitation increases, and conversely it increases when cortical excitation decreases in healthy participants as well as in patients with epilepsy [START_REF] Nagai | Changes in Cortical Potential Associated With Modulation of Peripheral Sympathetic Activity in Patients With Epilepsy[END_REF]. This observation could be a possible explanation of why patients with TLE disclose reduced SCR to emotions compared to controls. However, in the present study, TLE and control groups did not differ on SCR to peacefulness, which can Emotional processing using attentional mechanisms has been shown in TLE. Indeed, an attentional bias toward threatening stimuli has been described [START_REF] Bourgeat | Explicit and implicit emotional processing modifications in pharmacoresistant left temporal lobe epilepsy and anxiodepressive disorders[END_REF][START_REF] Lanteaume | How do cognition, emotion, and epileptogenesis meet? A study of emotional cognitive bias in temporal lobe epilepsy[END_REF]. However, the attentional biases in TLE appear to depend on stress vulnerability as a seizure trigger. Patients with stress sensitivity disclose a disengaging problem to threatening stimuli, whereas those without stress sensitivity disclose avoiding behaviour to those stimuli. The attentional bias was correlated with hypometabolism in the anterior temporal lobe, including amygdala and hippocampus, in patients with stress-triggered seizures, but not in the non-stress-triggered ones [START_REF] Lanteaume | Cognitive and metabolic correlates of emotional vulnerability in patients with temporal lobe epilepsy[END_REF]. This neurocognitive pattern may underlie seizure stress sensitivity but not depressive or anxiety disorders comorbid to epilepsy, because the two groups did not differ on depressive and anxiety scales scores. These results argue for specific processing of negative emotional information in the early stages of attentional processing in patients with epilepsy. However, in a group of patients with comorbid negative affect evaluated by the Beck Depression Inventory [START_REF] Beck | An inventory for measuring depression[END_REF], an event-related potential study showed impairment during later stages of emotional regulation processing but not in early stages involving attentional processing [START_REF] De Taeye | Event-Related Potentials Reveal Preserved Attention Allocation but Impaired Emotion Regulation in Patients with Epilepsy and Comorbid Negative Affect[END_REF]. Studies are not all in agreement with regards to differences in emotional processing between patients with epilepsy and controls; some reports found differences only for neural stimuli but not emotional ones. Concerning the valence of emotions, [START_REF] Banks | The Insular Cortex: Relationship to Skin Conductance Responses to Facial Expression of Emotion in Temporal Lobe Epilepsy[END_REF] found no differences for emotional faces, but neutral faces were less accurately recognized by patients with epilepsy. In another study, the judgment of the intensity and the arousal were also different for neutral stimuli which are
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A N U S C R I P T 18 judged with higher intensity [START_REF] Bourgeat | Explicit and implicit emotional processing modifications in pharmacoresistant left temporal lobe epilepsy and anxiodepressive disorders[END_REF] and higher arousal [START_REF] Hennion | Arousal in response to neutral pictures is modified in temporal lobe epilepsy[END_REF] by patients with epilepsy than controls, but not for positive and negative ones.

Limitations

A main limitation of the study is the sample size in the PNES group, and the lack of a control group with similar levels of mood symptoms to allow interpretation as to whether the psychophysiological results derive from internalizing disorders more generally, or from epilepsy or PNES more specifically. Future research would benefit from comparisons with patients with depressive and anxiety disorders in an attempt to evaluate if specific psychiatric diagnoses may directly explain the physiological responses to emotions. Another limitation of these results is that antiepileptic drugs as well as antidepressant drugs can influence autonomic nervous system activity and most of the patients were on medication. Indeed, some anti-epileptic drugs can cause increased sympathetic activity during sleep [START_REF] Hennessy | Sudden withdrawal of carbamazepine increases cardiac sympathetic activity in sleep[END_REF], arrhythmias or elevations of body temperature or [START_REF] Devinsky | Interictal autonomic nervous system function in patients with epilepsy[END_REF]. Results investigating electrodermal activity and antidepressants have shown mixed results: some found no correlations between them, whereas others found reduction in electrodermal activity in subjects taking medications [START_REF] Sarchiapone | The association between electrodermal activity (EDA), depression and suicidal behaviour: A systematic review and narrative synthesis[END_REF]. Otherwise, dissociative symptoms can also influence the autonomic nervous system [START_REF] Pick | Autonomic and subjective responsivity to emotional images in people with dissociative seizures[END_REF][START_REF] Schäflein | The enemy in the mirror: selfperception-induced stress results in dissociation of psychological and physiological responses in patients with dissociative disorder[END_REF], and are known to be frequently associated with PNES [START_REF] Reuber | Psychogenic nonepileptic seizure manifestations reported by patients and witnesses[END_REF][START_REF] Roberts | Alterations of consciousness in psychogenic nonepileptic seizures: emotion, emotion regulation and dissociation[END_REF]. Dissociative symptoms were not evaluated in the present study, but should be considered in future studies. Another limitation lies in the gender diversity in the groups. All three groups are composed by a larger proportion of women, and gender differences could influence emotional responses and sensitivity to aversive information [START_REF] Bale | Stress sensitivity and the development of affective disorders[END_REF]. Studies have shown differences in emotional recognition between women and men, in which women performed better in recognition of emotional prosody [START_REF] Demenescu | Age-and gender-related variations of emotion recognition in pseudowords and faces[END_REF]Lambrecht, Kreifelts, & Wildgruber, 2014) and of emotional facial expressions [START_REF] Saylik | Sex Differences in Emotion Recognition and Working Memory Tasks[END_REF].

However, a recent study found a difference limited to facial expression of disgust recognized more accurately by women [START_REF] Connolly | Sex differences in emotion recognition: Evidence for a small overall female superiority on facial disgust[END_REF]. The groups in the present study are not statistically different in terms of gender, but they are too small to 

Conclusion

To date, little is known about physiological responses to emotions in patients with TLE and patients with PNES. Our data showed differences in SCR to several emotions in these both groups of patients with global physiological hypoactivity, especially in TLE compared to healthy controls. Further studies are needed to better understand emotional processing and regulation in these patients, in order to better orientate therapeutic approaches to the frequently associated psychiatric comorbidity. Management by SCR biofeedback has already shown some efficacy on these comorbidities in patients with TLE and stress-sensitivity [START_REF] Micoulaud-Franchi | Skin conductance biofeedback training in adults with drugresistant temporal lobe epilepsy and stress-triggered seizures: A proof-of-concept study[END_REF]. Insofar as this approach aims to increase skin conductance over sessions in order to reduce the seizure onset, this increase could also underlie its efficacy on depressive and anxiety disorders. Thus, studies are needed to investigate how physiological responses can be modified by various therapeutic methods and if they are related to clinical improvement in patients with epilepsy as well as in patients with PNES. 



  TLE and PNES patients have increased risk of comorbid affective disorders  Patients with these conditions disclose globally lower SCR to emotions than controls  Differences with the controls are mainly observed in suppression condition  Therapeutic methods targeting autonomic responses can be of interest for TLE and PNES A C C E P T E D M A N U S C R I P T

  information and gave written informed consent for the present research.

  years old) for TLE group (20 women, 14 men) and 32.93(SD = 12.88, years old) for PNES group (11 women, 3 men) and31.65 (SD = 10.59, years old) for the control group (24 women, 12 men).The groups did not differ on age(TLE vs controls (t[66] = 0.896, p=.375) ; TLE vs PNES A C C E P T E D M A N U S C R I P T 10 (t[46] = -1.258, p=.215) ; PNES vs controls (t[46] = 0.378, p=.707)) nor gender (TLE vs controls (χ2 [1, n= 68] = 1.03, p =.310) ; TLE vs PNES (χ2 [1, n= 48] = 1.691, p =.194) ; PNES vs controls (χ2 [1, n= 48] = 0.320, p =.572)). Statistical analyses reveal that the psychiatric comorbidity scores were significantly higher in TLE than controls: BDI (t[66] = -6.869, p<.001); STAI-A (t[66] = -4.268, p<.001) ; STAI-B (t[66] = -3.652, p<.001). TLE and PNES were not different on scores for BDI (t[46] = 0.896, p=.375) ; on STAI-A (t[46] = 1.275, p=.209) ; and STAI-B (t[46] = -0.033, p=.974). PNES and controls were different on BDI (t[46] = 9.167, p<.001) ; STAI-A (t[46] = 5.601, p<.001) ; STAI-B (t[46] = 3.117, p=.003) (table

  an emotional baseline, meaning that the pattern of SCR observed in TLE is mainly related to physiological emotional dysregulation rather than a global dysfunction of the autonomic sympathetic nervous system.

  between gender in each one, especially in PNES group. Further study should investigate whether gender differences in subjective evaluations and SCR to emotions exist in TLE patients and PNES patients.

Fig. 2 :

 2 Fig.2 : Plots of the mean amplitude of electrodermal responses of the three populations (TLE in blue, PNES in orange, Controls in green) as a function of the various emotions in both task conditions (left/A : attention condition ; right/B : suppression condition. Means and standard error bars are reported). * p=0.05 ; ** p <0.001
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