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Introduction

Low back pain is a very common symptom and the leading cause of disability in the world [START_REF] Hartvigsen | What low back pain is and why we need to pay attention[END_REF]. Symptoms range from a dull ache to a stabbing or shooting sensation, leading to various difficulties including moving or standing up straight, which deeply impact the patients' quality of life. Over 60-70% of people are estimated to experience an episode of low back pain during their lives and the pain is considered to be chronic when persisting for more than 3 months [START_REF] Treede | A classification of chronic pain for ICD-11[END_REF]. In contrary to acute pain, chronic pain lacks the acute warning function of physiological nociception and has such been conceptualized beyond a purely biomedical view. In particular, chronic low back pain (cLBP) has been long envisaged as a 'biopsychosocial' condition [START_REF] Engel | The clinical application of the biopsychosocial model[END_REF], where social and psychological factors play a considerable role, acting as significant modulators of pain at the cognitive [START_REF] Koyama | The subjective experience of pain: where expectations become reality[END_REF] and neural level [START_REF] Apkarian | Towards a theory of chronic pain[END_REF]. This underscores that pain is a complex process, encompassing sensory, emotional and cognitive components [START_REF] Gilam | What is the relationship between pain and emotion? Bridging constructs and communities[END_REF].

The neural signature of pain has recently been described in a new theoretical framework [START_REF] Kucyi | The dynamic pain connectome[END_REF]. Within this frame-work, the prediction, perception and generation of pain strongly relate to interoception [START_REF] Gilam | What is the relationship between pain and emotion? Bridging constructs and communities[END_REF][START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF]. Defined as the sense of the body's internal physiological state, interoception allows us to infer, perceive and predict our own physiological state through the integration of multimodal sensory inputs arising from the body and environment [START_REF] Cameron | Interoception: the inside story-a model for psychosomatic processes[END_REF]. A significant literature supports the relationship between pain processing and interoception and its most recent developments suggest that chronic pain syndromes in particular are characterized by lower interoceptive abilities [START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF]. In this context, interoception has been proposed as a key aspect for the future development of treatments for chronic pain [START_REF] Bonaz | Diseases, disorders, and comorbidities of interoception[END_REF]. However, because the topic is still young, designing therapeutic interventions that would consider interoception requires to better characterize the interoceptive abilities in chronic pain conditions. In cLBP specifically, only three studies [START_REF] Flor | Discrimination of muscle tension in chronic pain patients and healthy controls[END_REF][START_REF] Flor | Deficient discrimination of EMG levels and overestimation of perceived tension in chronic pain patients[END_REF][START_REF] Mehling | Self-reported interoceptive awareness in primary care patients with past or current low back pain[END_REF] have been conducted on interoception: two reported a decrease of interoceptive accuracy (i.e., the ability to perceive interoceptive signal, such as heartbeat [START_REF] Flor | Discrimination of muscle tension in chronic pain patients and healthy controls[END_REF][START_REF] Flor | Deficient discrimination of EMG levels and overestimation of perceived tension in chronic pain patients[END_REF]) and one reported abnormal interoceptive sensibility/awareness (i.e., interoception measured through self-reported questionnaires [START_REF] Mehling | Self-reported interoceptive awareness in primary care patients with past or current low back pain[END_REF]). To emphasize the role of interoception in the therapy or management of cLBP, these findings have to be confirmed and extended.

Because interoception relies on constant inferences and perceptions about one's own internal state [START_REF] Petzschner | Computational models of interoception and body regulation[END_REF], there has been a strong interest in the role interoception could have in emotion processing and other's mental-state inference [START_REF] Shah | From heart to mind: linking interoception, emotion, and theory of mind[END_REF]. Interoception, formulated under active inference, is indeed increasingly considered to play a key role in such processes [START_REF] Khalsa | Interoception and mental health: a roadmap[END_REF]. Regarding emotions, the substantial overlap between the neural substrates of both mechanisms [START_REF] Critchley | Interoception and emotion[END_REF] aligns with the most modern theoretical views that consider interoception and emotional states within a common predictive coding system [START_REF] Barrett | Interoceptive predictions in the brain[END_REF]. The conceptualization of the brain as a 'prediction machine,' generating constant inferences about the inner and outer environment and adjusting their validity against incoming sensory or cognitive evidence, also provide a similar insight into the assumed overlap between interoception and mentalizing, the ability to infer other's mental states, also called theory of mind. Mentalizing is an important ability in daily social interactions as inferring other's feelings, thoughts or perspectives is critical for good social adaptation, adequate communication and, in a context of chronic condition, efficient social support. While it has only been recently pointed out, the relationship between interoception, emotion processing and mentalizing through a common predictive coding mechanism has already received support from a number of experimental and clinical studies [START_REF] Adolfi | Convergence of interoception, emotion, and social cognition: a twofold fMRI meta-analysis and lesion approach[END_REF][START_REF] Gao | Body influences on social cognition through interoception[END_REF], showing, in sum, a correlated decrease in interoceptive and social cognitive domains (i.e., mentalizing [START_REF] Shah | From heart to mind: linking interoception, emotion, and theory of mind[END_REF], empathy [START_REF] Fukushima | Association between interoception and empathy: evidence from heartbeat-evoked brain potential[END_REF], emotion recognition [START_REF] Adolfi | Convergence of interoception, emotion, and social cognition: a twofold fMRI meta-analysis and lesion approach[END_REF]).

Whether the impairment of a common inference mechanism could explain the concomitant decline of interoception and social cognition is an important theoretical question, having the potential to enrich the predictive coding framework, while deepening our understanding of interoception and its proposed fundamental role in body ownership and selfhood [START_REF] Seth | Interoceptive inference, emotion, and the embodied self[END_REF]. Clinically, as social support plays an important role in chronic pain syndrome, and cLBP in particular [START_REF] Hoogendoorn | Systematic review of psychosocial factors at work and private life as risk factors for back pain[END_REF], it is of utmost importance to know if social cognitive skills are preserved or not, as they shape interpersonal relationships. We believe that it is indeed a critical dimension to consider in the management of pain, as social skills are relevant in the relationships with health professionals or within the patients' social circles. How-ever, among the clinical populations considered in the past when investigating interoception and social cognition, chronic pain conditions and cLBP in particular have been left behind. Investigations of social cognition in chronic pain population in general have been scarce (though see, Shin et al. [START_REF] Shin | Impaired recognition of social emotion in patients with complex regional pain syndrome[END_REF] and Sohn et al. [START_REF] Sohn | Impaired empathic abilities among patients with complex regional pain syndrome (Type I)[END_REF]) and no previous study investigated social cognition (emotion processing, mentalizing) in cLBP. Although studies of interoceptive abilities in cLBP suggest that some abnormalities could exist regarding the perception or inference of internal states [START_REF] Flor | Discrimination of muscle tension in chronic pain patients and healthy controls[END_REF][START_REF] Flor | Deficient discrimination of EMG levels and overestimation of perceived tension in chronic pain patients[END_REF], the question remains if patients with cLBP also suffer from a lower ability to perceive or infer other's internal states, and if both abilities are indeed related.

In this context, we conducted this study with the aim to: characterize interoception and other's mental-state inference abilities in cLBP, in delineating interoceptive abilities into accuracy and sensibility/awareness as well as social inference into emotion recognition and mentalizing; study the relationship between interoception and other's mental-state inference. We hypothesized to observe a decrease of interoceptive accuracy but not sensibility/awareness in cLBP, with the first being correlated to normal or subnormal social cognitive performances.

Materials & methods

Participants

A total of 102 participants were included in this study, including 28 participants (n = 18 women) with a diagnosis of cLBP and 74 healthy control participants (n = 41 women) matched on age, gender, education level and BMI. Patients were recruited from the pain clinic of the Lille University hospital from February 2019 to April 2021 with the following inclusion criteria: be aged between 25 and 75 years; have received a diagnosis of cLBP from a pain specialist, following the French National Authority for Health guidelines; be hospitalized in the pain clinic of the Lille University hospital; and the following exclusion criteria: the presence of severe cognitive impairments -as measured by the Montreal Cognitive Assessment [START_REF] Nasreddine | The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment[END_REF] (MoCA-that could negatively impact the administration of the proposed tests); the intravenous use of a psychoactive product (e.g., tricyclics, lidocaine, ketamine) within the 3 months before the study. All patients were volunteers and gave their informed consent prior to the participation in the study. Healthy control participants were seen in different centers. For the heart beat perception task (HBPT, n = 27), they were included as part of a previous study on interoception, originally seen at the Johannes Gutenberg-University Mainz in Germany [START_REF] Schaefer | Is interoceptive awareness really altered in somatoform disorders? Testing competing theories with two paradigms of heartbeat perception[END_REF]. Trained clinicians administered the Structured Clinical Interview for DSM-IV to ensure that no control participant fulfilled the diagnostic criteria for a current DSM-IV axis I disorder. For the Multidimensional Assessment of Interoceptive Awareness (MAIA, n = 21), control participants were seen at the Saint-Etienne University Hospital in France [START_REF] Borg Chouchou | Pain and emotion as predictive factors of interoception in fibromyalgia[END_REF]. For the Mini-Social cognition and Emotional Assessment (mini-SEA, n = 26), control participants were seen at the Pitié-Salpêtrière University Hospital in France and had normal cognitive efficiency testing. All controls were recruited through leaflets, local press releases or newsletters, had no prior psychiatric or neurologic antecedents or complain, and were only seen at the hospital for the purpose of the study. Local ethics committees have approved the study for all control participants, who all signed informed consents.

Procedure

All patients received a neurological and general examination prior to the study's assessment. When they engaged in the study, a general question on their cognitive well-being was asked: 'Does your pain affect your memory or cognition in your daily life?' Responses were recorded into yes/no. This was followed by an assessment of global cognitive efficiency using the MoCA. After the cognitive screening, a standardized assessment about their pain and anxious or depressive state was performed. Treatments used were recorded. Finally, we administrated an evaluation of interoception and social cognition abilities. The assessments related to pain, interoception and social cognition are described below in details. All assessments were performed in French, with validated version of tests or scales.

Pain evaluation

Brief pain inventory

This self-report questionnaire [START_REF] Larue | Multicentre study of cancer pain and its treatment in France[END_REF] assesses pain's severity and its impact on functioning. Answers are given across a 10-point Likert scale, from 0 (no severity/impact) to 10 (worse severity/maximum impact).

Roland-Morris questionnaire

The Roland-Morris questionnaire is a short self-survey [START_REF] Coste | French validation of a disability rating scale for the evaluation of low back pain (EIFEL questionnaire)[END_REF], aiming to measure the functional impact of low back pain specifically. It has been validated in cLBP [START_REF] Zerkak | Validation of a French version of Roland-Morris questionnaire in chronic low back pain patients[END_REF] and is composed of 24 items related to activities of daily living. Total score ranges from 0 (no impact) to 24 (maximum impact).

Thymic evaluation Hospital anxiety & depression scale

The hospital anxiety and depression (HAD) scale [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF] was used to assess anxiety and depression through 14 questions focused on anxious (seven questions allowing the calculation of anxiety subscore) or depressive (seven questions allowing the calculation of depression subscore) symptoms. Anxiety and depression are considered as doubtful (subscores ≥8/21) or certain (subscores ≥11/21).

Interoception assessment Heart beat perception task

This mental tracking heartbeat task assesses interoceptive accuracy [START_REF] Schandry | Heart beat perception and emotional experience[END_REF]. After a 5-min rest period (in which patients must close their eyes and focus on their heartbeat), the participants are required to mentally count their heartbeats, without being able to take their pulse. Three heartbeat-counting trials of different duration (25, 35 and 45 s) are performed, separated by silent periods of 30 s. The beginning and end of each trial is indicated by a short audio recording asking the patient to 'count' or 'stop,' respectively. Then, patients report the number of heartbeats they counted. These estimated numbers are respectively compared with their actual numbers of heartbeats during these periods. Concerning the actual heartbeats, they are determined using a 12-channel Mortara 250c electrocardiogram (ECG). Five electrodes are used to record the ECG signal: two are placed at the shoulder and two on the wrist and one on the chest (fifth intercostal space in the midclavicular line). The ECG electrodes are placed before the rest period of 5 min. For each heartbeat-counting trial, the actual heartbeats are noted in parallel by the experimenter. Patients are not informed about their actual performance, nor about their actual number of heartbeats or about the duration of each trial. Accuracy is measured through a 'perception score' calculated from the relative difference between the actual and the counted number of heartbeats, perfect detection yields perception score of 1, whereas under-reporting or over-reporting the actual number of heartbeats yields perception score below 1. The 'number of correct responses' with one point by trial for which the calculated heartbeat is equal to the measured heartbeat ±2 is also collected as a performance indicator.

MAIA questionnaire

The MAIA [START_REF] Mehling | The multidimensional assessment of interoceptive awareness (MAIA)[END_REF] was used to assess interoceptive sensibility/awareness. In this questionnaire, participants are required to score, on a 0-5 Likert scale (0 = never, 5 = always), the frequency to which each one of the listed circumstances happens (e.g., I notice changes in my breathing, such as whether it slows down or speeds up). The 32 items are distributed in eight scales: Noticing (awareness of uncomfortable, comfortable and neutral body sensations); Not distracting (not ignoring or distracting oneself from sensations of pain or discomfort); Not worrying (not worrying or experiencing emotional distress with sensations of pain or discomfort); Attention regulation (ability to sustain and control attention to body sensation); Emotional awareness (awareness of the connection between body sensations and emotional states); Self-regulation (ability to regulate psychological distress by attention to body sensations); Body listening (actively listening to the body for insight); and Trusting (experiencing one's body as safe and trustworthy). The total score corresponds to the mean of all subscores.

Interoceptive trait prediction error

In line with Garfinkel et al. [START_REF] Garfinkel | Discrepancies between dimensions of interoception in autism: implications for emotion and anxiety[END_REF], we computed an Interoceptive trait prediction error (ITPE) for each patient to investigate the influence of the divergence between perceived and objective interoception. The ITPE was defined as the difference between subjective interoceptive sensibility/awareness (MAIA score) and objective interoceptive accuracy (performance at the HBPT). These scores were converted to standardized Z-values. ITPE values were then calculated as the difference between interoceptive sensibility/awareness and interoceptive accuracy, with positive values indicating a propensity to overestimate interoceptive ability, and negative values a propensity to underestimate interoceptive ability.

Facial emotion recognition

The facial emotion recognition test from the mini-SEA [START_REF] Bertoux | Social cognition and emotional assessment differentiates frontotemporal dementia from depression[END_REF] is composed from 35 faces originated from the Picture of Facial Affect set [START_REF] Ekman | Unmasking the Face: A Guide to Recognizing Emotions from Facial Clues[END_REF], which are presented sequentially to the participants. For each face, the participants have to identify which emotion is expressed by choosing, among a list of seven different labels presented below the photograph, between fear, sadness, disgust, surprise, anger, happiness and neutral. The maximum transformed score is 15.

Mentalizing

The modified faux pas test from the mini-SEA, adapted from [START_REF] Stone | Frontal lobe contributions to theory of mind[END_REF], is composed from ten written stories that are presented sequentially to participants after one example story. The participants have to read each story. After each reading, they have to report the presence (or absence) of a faux pas (i.e., someone involuntarily said something rude that they would not have said if they had access to the other character's knowledge) and, if they reported one, explain it through six specific questions. A faux pas is present in five stories. The maximum transformed score is 15.

Statistical analysis

All analyses were performed using IBM's SPSS 20. Data were plotted using GraphPad Prism 9. Normality of the data for interoception and social cognition tests was assessed with Kolmogorov-Smirnov and Shapiro-Wilk tests, both showing normal distributions (all p > 0.2). Intergroup differences were then explored using univariate analysis of variance (ANOVA). Age, education and gender were considered as covariates for all analyses. For the analyses that involved interoception scores, BMI was also added as a nuisance covariate considering its known impact on interoception. Eta-squared (η2) were computed as effect sizes for group differences. Interquartile range (IQR) was used to describe the non-Gaussian data. In the patient group, to study the relationship interoception and emotion recognition or mentalizing, Pearson's partial correlations were used with age and education and gender set as nuisance variables.

Results

Demographics & clinical data

Patients (mean age [years]: 48.9 ± 12.2; age range: 27-73, see Table 1 Regarding the question relative to their cognitive well-being, 19 (68%) patients reported that pain impacts their cognitive performance negatively.

Pain evaluation

The severity of pain was rated 5.7 in average by patients at the brief pain inventory (BPI; SD = 1.2) and interfered with their daily life at 5.7 (SD = 1.7). The pain was rated as having a moderate effect on their relationships with others, with a median of 4 (IQR = 1.8-5). The median Roland-Morris score of patients was 15 (IQR = 14-17), indicating the disabling nature of low back pain.

Thymic evaluation

According to the HAD scale, six (21%) patients had questionable anxiety symptoms and 13 (46%) patients had certain anxiety symptoms. Regarding depression, ten (36%) patients had a doubtful symptomatology and six (21%) had a definite symptomatology (see Table 2). 

Interoceptive functioning

Regarding interoception accuracy, the mean score of patients with CLBP (m = 0.65, SD = 0.18) at the HBPT was significantly lower (F = 32.58; p < 0.001, η2 = 0.399) than in controls (m = 0.87, SD = 0.10, see Figure 1). This result was very similar when the BMI was not considered in the model, and confirmed by a bootstrapping procedure (showing no overlap in the confident intervals between groups). Patients also had a lower median number of correct responses (0; IQR = 0-0.5) as compared with controls (2; IQR = 1-2). In more detail, patients were n = 20 (74%) to have zero correct answers, n = 4 (15 %) to have one correct answer, and n = 3 (11 %) to have three correct answers compared with the controls who were n = 24 (89%) to have two correct answers and n = 3 (11%) to have three correct answers. All percentages have been rounded up.

Regarding interoception sensibility/awareness, there was no significant difference (F = 0.008; p > 0.93; η 2 <0.005) in the MAIA total mean score between controls (m = 2.76, SD = 0.60) and patients (m = 2.61, SD = 0.60). No statistical differences were observed for any subscores of the scale. These findings were replicated when demographics or BMI were not considered as nuisance covariates. Similar results were indeed found for groups comparison on the HBPT (F = 29.427, p < 0.0001, η2 = 0.36) or MAIA (F = 0.017; p = 0.89; η2 = 0.0001) scores. 

Emotion recognition & mentalizing

No differences (F = 2.26; p = 0.14; η2 = 0.044) were observed in the recognition of emotions from facial expression, with patients having a mean score of 12.05 (SD = 1.2) versus 12.5 (SD = 1.2) in control participants (see Figure 2). No differences were observed when groups were contrasted on each emotion in a post hoc analysis. Regarding mentalizing abilities, as measured with the modified faux-pas test, the total score was significantly lower (F = 25.76; p < 0.001; η2 = 0.345) on average in patients with cLBP (m = 10.9, SD = 2.4) in comparison to controls (m = 13.7, SD = 1.4 [see Figure 2]). Here again, when no covariates of nuisance were considered, we observed no difference between the groups on facial emotion recognition (F = 1.153; p = 0.35; η2 = 0.23) and a similar difference regarding mentalizing (F = 2.754; p < 0.005; η2 = 0.68).

Relationship between interoception (accuracy, sensibility/awareness) & social cognition (emotion recognition, mentalizing) in patients with cLBP

No significant relationships (nor statistical trends: minimum p > 0.13) were observed between interoception dimensions (either accuracy, measured with the HBPT or sensibility/awareness explored with the MAIA) and social cognition scores (emotion recognition or mentalizing) when tested through correlation analyses in cLBP (see Figure 3). This remained true with and without considering age, education, gender and BMI as a set of covariates. No significant relationship (nor statistical trends) were neither observed between interoception measures nor between social cognition measures.

Post hoc analysis: impact of pain level, disease duration, anxiodepressive symptoms & medication

No significant correlations were observed between interoceptive dimensions (accuracy, sensibility/awareness), social cognitive performance (emotion recognition, mentalizing) and the severity/impact of pain (BPI total score), its functional impact (Roland-Morris total score), the duration of disease (in years). Interestingly, the performance at the HBPT was correlated to anxiodepressive symptoms. More specifically, it correlated both with the anxiety and depression subscales of the HAD (R = 0.47; p < 0.05 and R = 0.45; p < 0.05, respectively, see Figure 4). We also observed a moderate correlation between the severity/impact of pain (BPI total score) in the one hand and, in another, the duration of disease (R = 0.46; p < 0.05), the amount of depressive symptoms (R = 0.50; p < 0.05) and the functional impact of pain (R = 0.45; p < 0.05). 

Discussion

This study aimed to explore interoceptive and social cognitive abilities in a group of patients with cLBP. Given the significant links discussed in the literature between interoception and emotion recognition or mentalizing, we also aimed to study the statistical relationship between those dimensions, assuming that the variability of a common inference mechanism may impact the measures of both domains. Overall, this study identified a lower interoceptive accuracy performance and lower mentalizing abilities in patients with cLBP as compared with controls. By contrast, interoceptive sensibility/awareness and emotion recognition performance did not differ between the groups. Although it was hypothesized, no statistical correlation between interoceptive and social cognitive abilities was retrieved.

So far, lower interoceptive abilities have previously been reported in patients with cLBP across three studies [START_REF] Flor | Discrimination of muscle tension in chronic pain patients and healthy controls[END_REF][START_REF] Flor | Deficient discrimination of EMG levels and overestimation of perceived tension in chronic pain patients[END_REF][START_REF] Mehling | Self-reported interoceptive awareness in primary care patients with past or current low back pain[END_REF]. Patients with cLBP were found to present a lower accuracy in their perception of muscle contraction, underestimating the levels of their own muscle tension [START_REF] Flor | Discrimination of muscle tension in chronic pain patients and healthy controls[END_REF][START_REF] Flor | Deficient discrimination of EMG levels and overestimation of perceived tension in chronic pain patients[END_REF]. In the present study, we chose to explore interoceptive accuracy through another physiological dimension, relying on heartbeats perception. Using the HBPT was a novel but informed choice, as it was used in the same purpose with other chronic pain populations [START_REF] Ribera D'alcala | Interoception, body awareness and chronic pain: results from a case-control study[END_REF], such as fibromyalgia [START_REF] Duschek | Diminished interoceptive awareness in fibromyalgia syndrome[END_REF], noncardiac chest pain [START_REF] Schroeder | The relevance of accuracy of heartbeat perception in noncardiac and cardiac chest pain[END_REF], multisomatoform disorder [START_REF] Weiss | On the interaction of self-regulation, interoception and pain perception[END_REF], but never in cLBP. Observing significant difficulties to estimate their heartbeats across the different trials, our study confirmed that patients with cLBP present lower interoceptive accuracy abilities than control participants. Overall, three patients out of four failed to all HBPT trials, which is in stark contrast with the performance observed in the control group, where all participants succeeded at least two of the three trials. We believe that relying on another physiological measure to explore interoceptive accuracy allowed us to extend the current limited knowledge in cLBP regarding interoceptive abilities. Given that our exclusion criteria have ruled out a cognitive general decline in patients, it is unlikely that the differences observed here could be caused by an undetected general cognitive deficit. Our study rather supports the notion that a lower interoceptive accuracy may be a hallmark of chronic pain syndrome [START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF].

Following

the theoretical framework consensually adopted in the field of interoception [START_REF] Garfinkel | Interoception, emotion and brain: new insights link internal physiology to social behaviour. Commentary on: "Anterior insular cortex mediates bodily sensibility and social anxiety[END_REF], 'accuracy' has been distinguished from 'sensibility' or 'awareness' in our study. Accuracy represents the ability to detect internal body sensations (in our study, heartbeats). Sensibility refers to a self-evaluation of subjective interoception and awareness represents the global sense of the physiological body, which we view as equivalent or at least overlapping concepts. We thus decided to use these two terms in our study to account for the diversity of the theoretical frameworks on interoception (Di Lernia et al. [START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF]). Here, we did not observe any difference between patients with cLBP and controls at the MAIA, a scale consensually used to assess interoceptive sensibility/awareness. Interestingly, this contrasts with the single past exploration of this dimension conducted in patients with LBP [START_REF] Mehling | Self-reported interoceptive awareness in primary care patients with past or current low back pain[END_REF]. This last study did, however, include patients with LBP without specifying their level of pain chronicity that were compared with 'mind-body' trained participants (i.e., teachers of mind-body approaches such as yoga). This particularity could explain the difference with our findings alongside with other points discussed elsewhere [START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF]. The dissociation we observed here between interoceptive accuracy and sensibility/awareness in cLBP seems congruent with findings obtained in control participants [START_REF] Garfinkel | Knowing your own heart: distinguishing interoceptive accuracy from interoceptive awareness[END_REF] as well as in patients with depression [START_REF] Dunn | Heartbeat perception in depression[END_REF].

As compared with interoception, social cognition has been even more scarcely investigated in cLBP. Both domains were considered together in our study given the numerous theoretical, anatomical, experimental and clinical links retrieved, pointing out a possible common inferential mechanism at play [START_REF] Barrett | Interoceptive predictions in the brain[END_REF][START_REF] Ondobaka | The role of interoceptive inference in theory of mind[END_REF]. With the aim to provide a more detailed exploration of social cognition performance in cLBP, we chose to assess both emotion recognition and mentalizing performance. While we did not find any difference between patients and controls on the ability to recognize emotions, a lower ability to infer others' mental states was observed in patients with cLBP. Similar results (i.e., lower mentalizing performance) have been observed in patients suffering from chronic somatoform pain [START_REF] Zunhammer | Theory of mind and emotional awareness in chronic somatoform pain patients[END_REF] and severe migraine [START_REF] Bouteloup | Social and emotional cognition in patients with severe migraine consulting in a tertiary headache center: a preliminary study[END_REF]. Contrasting with our present findings, emotion recognition abnormalities have been reported in complex regional pain syndrome [START_REF] Shin | Impaired recognition of social emotion in patients with complex regional pain syndrome[END_REF].

In our study, the consideration of emotion recognition and mentalizing allowed us to distinguish between a low level and a high level of mental-state inference, respectively [START_REF] Quesque | What do theory-of-mind tasks actually measure? Theory and practice[END_REF]. While the recognition of an emotion in real life does involve complex inference mechanisms, classical facial emotion recognition tests (such as the one we used in this study) only involve limited levels of inference, as the physical clues associated with each emotion are prototypical and static. In addition, the set of available answers were written below the photograph through the test, and no context was presented. By contrast, to explore mentalizing abilities, we relied on the modified faux pas test, which is based on stories that strongly rely on context analysis, social expertise and the integration of different mental perspectives in the absence of any physical clues, thus involving a higher level of inference. The fact that we observed, in patients with cLBP, lower performance in mentalizing but not in emotion recognition could be congruent with the notion that a common mechanism is at stake in interoception and mentalizing, as both rely on a high level of inference regarding internal states that are not directly accessible [START_REF] Ondobaka | The role of interoceptive inference in theory of mind[END_REF]. However, the absence of correlation between interoceptive accuracy and mentalizing remains an obstacle to an interpretation favoring the role of a common inferential mechanism. In this context, it would be purely speculative to bring any definitive interpretation for the lower performances retrieved in our study in both domains, especially as the literature is relatively new and inconclusive regarding this point. Chronic pain could indeed inherently involve interoceptive abnormalities associated to nociceptive disturbances. But, on the contrary, people with lower interoception could be at a greater risk for chronic pain given their difficulties to predict or interpret internal signals. Without clear answers so far, complementary questions could be asked regarding mentalizing: in other words, does chronic pain directly (through a shared-interoceptive component) or indirectly (through the negative evolution of the patients' social role, e.g., [START_REF] Bailly | The impact of chronic low back pain is partly related to loss of social role: a qualitative study[END_REF]) impact mentalizing abilities? To bring some elements of answer in cLBP, future studies should compare patients' groups defined on different duration of disease, pain intensity and social support. In our study, however, post hoc analyses revealed that duration of disease and pain intensity had no significant effect on interoceptive or social cognitive abilities. Brain imaging investigations in cLBP could also provide the regional functional or structural correlates of both interoceptive and mentalizing abilities in cLBP.

Regarding this last point, at the neuroanatomical level, a possible interpretation of the concomitant mentalizing and interoceptive difficulties observed here could rely on the functional and structural abnormalities of the insular cortex, which have been reported in recent studies in cLBP [START_REF] Caeyenberghs | Associations between measures of structural morphometry and sensorimotor performance in individuals with nonspecific low back pain[END_REF][START_REF] Ceko | Partial recovery of abnormal insula and dorsolateral prefrontal connectivity to cognitive networks in chronic low back pain after treatment[END_REF]. Numerous studies pointed the role of this region in a wide range of cognitive abilities, and especially those related to the integration of internal and external states such as interoception and social cognition [START_REF] Craig | How do you feel-now? The anterior insula and human awareness[END_REF][START_REF] Namkung | The insula: an underestimated brain area in clinical neuroscience, psychiatry, and neurology[END_REF]. However, with no imaging data available, our study could not directly test the link between insular functioning and social cognitive or interoceptive abilities. Furthermore, although functional specificity has been described within the different regions of the insula, the lack of correlation retrieved in our study would rather support the notion that different networks are at play in both domains.

We observed a positive correlation between the severity of anxiodepressive symptoms and interoceptive accuracy. Anxiety and depression are common co-morbidities in patients treated in pain clinic [START_REF] Kossond | Analysisofanxiety,depressionandaggressioninpatientsattendingp ain clinics[END_REF], partly because of the dysfunction of the serotonergic and noradrenergic systems. A recent meta-analysis [START_REF] Eggart | Major depressive disorder is associated with impaired interoceptive accuracy: a systematic review[END_REF] suggested that depression has a complex relationship with interoceptive accuracy: while moderate depression seems to lower interoception accuracy performance, severe depression seems to have indeed a paradoxical effect by normalizing interoception accuracy performance. Interestingly, some randomized controlled trials (RCT) performed in the field of psychiatry and psychosomatic disorders found that interventions with interoception were effective in ameliorating symptoms [START_REF] Khoury | Interoception in psychiatric disorders: a review of randomized, controlled trials with interoception-based interventions[END_REF]. These RCTs used different techniques (e.g., cognitive behavioral therapy with interoceptive training or mindfulness) targeting different aspects of interoception. Future studies should focus on this issue by comparing strategies targeting interoceptive accuracy (e.g., therapy based on biofeedback [START_REF] Quadt | Interoceptive training to target anxiety in autistic adults (ADIE): a single-center, superiority randomized controlled trial[END_REF][START_REF] Schaefer | Improving heartbeat perception in patients with medically unexplained symptoms reduces symptom distress[END_REF]) or sensibility (e.g., mindfulness [START_REF] Gibson | Mindfulness, interoception, and the body: a contemporary perspective[END_REF][START_REF] Garland | Therapeutic mechanisms of a mindfulness-based treatment for IBS: effects on visceral sensitivity, catastrophizing, and affective processing of pain sensations[END_REF]) to determine the most efficient treatments.

In our study, the fact that control participants were recruited in different centers may constitute a confound for intergroup comparisons. However, as the current literature mostly supports the cultural universality of embodiment and associated representations of internal body states [START_REF] Volynets | Bodily maps of emotions are culturally universal[END_REF], we believe that the probability of a cultural influence on interoceptive measures remains low. Another limit of our methodology is the limited sample size of the groups considered. Although exploratory, we believe that this study has several notable strengths such as relying on a multidimensional assessment of interoception and social cognition, through the use of well-established measures. In addition, these two domains were here explored in a context where severe cognitive impairments are ruled out, as compared with other clinical population where both domains have been investigated together (i.e., [START_REF] Van Den Stock | Behavioural variant frontotemporal dementia: at the interface of interoception, emotion and social cognition?[END_REF]). Put in other words, in contrast to these previous settings, it is unlikely that in our study, a general cognitive decline had impacted interoceptive and mentalizing performance of patients with cLBP, although future studies should definitely rule out this possibility. Other limitations could be acknowledged given the preliminary nature of our study, and will need to be overcomed in future studies. For example, use of the HBPT could be criticized mainly because participants may perform the task by estimating the time and using their knowledge of their heart rate rather than counting their felt heartbeats [START_REF] Brener | Towards a psychophysics of interoceptive processes: the measurement of heartbeat detection[END_REF][START_REF] Desmedt | Contribution of time estimation and knowledge to heartbeat counting task performance under original and adapted instructions[END_REF]. Moreover, we considered many confounding factors during the statistical analyses, which may have impacted the results negatively. Although we performed additional analyses to confirm that they had no significant effect on our results, which tend to support their robustness, future studies should therefore take this point into account in their design. For example, as paracetamol has been shown to impact empathy [START_REF] Mischkowski | From painkiller to empathy killer: acetaminophen (paracetamol) reduces empathy for pain[END_REF], registering its use in control participants in future studieswhich was not possible in our study -would be recommended. More generally, the effect of medications on interoception, mentalizing or emotion recognition is so far unclear and should be a relevant subject in future investigations.

From a clinical point of view, this study offers perspectives for innovative interventions in cLBP regarding interoception. Cognitive behavioral therapy has been recommended in the last evidence-based clinical guidelines for the treatment of cLBP given its impact to reduce the level of pain [START_REF] Kreiner | Guideline summary review: an evidence-based clinical guideline for the diagnosis and treatment of low back pain[END_REF]. Cognitive relearning focusing on fear-avoidance and pain-perception are effective in the treatment of cLBP [START_REF] Vitoula | Behavioral therapy approaches for the management of low back pain: an up-to-date systematic review[END_REF]. Because methods such as interoceptive exposure are classically employed in other disorders (e.g., panic disorder), interoception is not an unknown tool for psychologists. However, to our knowledge, interoceptive modeling treatments or therapy have been rarely theorized and developed from a practical point of view so far [START_REF] Lernia | Pain in the body. Altered interoception in chronic pain conditions: a systematic review[END_REF], despite encouraging results in irritable bowel syndrome [START_REF] Garland | Therapeutic mechanisms of a mindfulness-based treatment for IBS: effects on visceral sensitivity, catastrophizing, and affective processing of pain sensations[END_REF] or in a pilot study in chronic pain patients [START_REF] Cayoun | Immediate and lasting chronic pain reduction following a brief selfimplemented mindfulness-based interoceptive exposure task: a pilot study[END_REF]. Similarly, interoceptive abilities are still poorly taken into account in the evaluation of chronic pain patients. In parallel, activities such as yoga or mindfulness-based stress reduction [START_REF] Veehof | Acceptance-and mindfulness-based interventions for the treatment of chronic pain: a meta-analytic review[END_REF][START_REF] Garland | Mind-body therapies for opioid-treated pain: a systematic review and meta-analysis[END_REF] are often cited as a second-line or adjunctive treatment option for chronic pain [START_REF] Foster | Prevention and treatment of low back pain: evidence, challenges, and promising directions[END_REF] and are thus increasingly proposed by algologists, or requested by patients. There is increasing evidence that these approaches produce functional effects leading to an increase of body awareness and a decrease of pain [START_REF] Cayoun | Immediate and lasting chronic pain reduction following a brief selfimplemented mindfulness-based interoceptive exposure task: a pilot study[END_REF][START_REF] Rivest-Gadbois | What are the known effects of yoga on the brain in relation to motor performances, body awareness and pain? A narrative review[END_REF][START_REF] Shires | The efficacy of mindfulness-based interventions in acute pain: a systematic review and meta-analysis[END_REF] through insular neuroplasticity [START_REF] Gibson | Mindfulness, interoception, and the body: a contemporary perspective[END_REF]. Taken together, significant elements support the association between body awareness, pain management and interoceptive abilities. This suggests that the effectiveness of these aforementioned approaches depends on, at least in part, an improvement of interoceptive abilities [START_REF] Cayoun | Co-emergence reinforcement and its relevance to interoceptive desensitization in mindfulness and therapies aiming at transdiagnostic efficacy[END_REF]. Interoception should thus be one of the focus among the future therapeutic approaches for cLBP. In this line, biofeedback-based interoceptive training [START_REF] Meyerholz | Contingent biofeedback outperforms other methods to enhance the accuracy of cardiac interoception: a comparison of short interventions[END_REF] and mindfulnessbased interoceptive exposure task [START_REF] Cayoun | Immediate and lasting chronic pain reduction following a brief selfimplemented mindfulness-based interoceptive exposure task: a pilot study[END_REF] have been recently proposed as promising options.

Given that our study is the first to uncover mentalizing difficulties in cLBP, it seems too preliminary to advocate targeting social cognition abilities in therapy or educational training. First, it will be crucial to replicate and deepen these findings as well as to explore the variables that modulates these difficulties (in our study, post hoc analyses revealed no effect of pain intensity or its impact on these measures). The topic is, however, not trivial as social cognition difficulties have been already observed in chronic pain syndromes, and has the potential to provide key knowledge relevant to the patients' social functioning, an essential aspect of coping strategies and therapeutic intervention in chronic pain and cLBP in particular.

Conclusion

This study retrieved less efficient interoceptive accuracy and mentalizing abilities in cLBP patients without any correlation between these two performances. We believe that our study provides some interesting theoretical contribution, but above all, has a clinical usefulness. If our results on social cognition are replicated, health practitioners dealing with chronic pain conditions should first ensure that the patients' mental-states inference skills are not reduced, and conduct their communication more explicitly if they are. Finally, our study underlines that interoception should be envisaged as a target or an approach for future treatments in chronic pain conditions. This domain would offer innovative path of interventions, at the interface between the mind and the body.

  ) did not differ significantly from the control's population (mean age [years]: 50.0 ± 11.0; age range: 21-69) or subgroups. No difference was observed on the median education level (in years) between patients (14.5; IQR = 14-17) and for controls (15; IQR = 13-18). The median BMI for cLBP patients was 26.4 kg/m 2 (IQR = 22-34.6) and did not significantly differ from controls median BMI, which was 23.5 kg/m 2 (IQR = 22.3-26.9). The gender ratio did not differ between the groups and was of 64% of women in patients versus 56% in controls. Mean MoCA score for patients was 26.4 (1.8).

Figure 1 .

 1 Figure 1. Performance of interoception abilities in chronic low back pain patients (orange) and controls (blue). Interoceptive accuracy was assessed with the heart beat perception task (HBPT, left panel). Interoceptive sensibility/awareness was explored with the Multidimensional Assessment of Interoceptive Awareness (MAIA, right panel). In the violin plots, the dotted line represents the interquartile segment; group median is indicated by a broken line. * Indicates p<.001

Figure 2 .

 2 Figure 2. Performance in social cognition abilities in chronic low back pain patients (orange) and controls (blue). Facial emotion recognition (FER, left panel) was assessed with the FER test from the mini-SEA. Mentalstate inference or mentalizing (mFP, right panel) was explored with the modified faux pas test from the same battery. In the violin plots, the dotted line represents the interquartile segment; group median is indicated by a broken line. * Indicates p<.001

Figure 3 .

 3 Figure 3. Statistical relationship in patients with cLBP between interoceptive and social cognitive measures, through (A) between-domain plots with interoceptive accuracy (IAc), interoceptive sensibility/awareness (IAw/s), mentalizing and emotion recognition; (B) within-domain plots. No correlations were found to be significant. Note that the plots do not reflect the consideration of nuisance covariates.

Figure 4 .

 4 Figure 4. Statistical relationship in patients with cLBP between interoceptive accuracy (HBPT) and the severity of anxio-depressive symptoms (HAD scale).

Finally, in

  order to control for potential effect of medication, additional analyses were conducted, comparing patients with and without paracetamol / acetaminophen treatments. No difference was retrieved (p's > 0.21).
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Summary points

• Chronic low back pain (cLBP), the leading cause of disability in the world, has historically been envisaged as a 'biopsychosocial' condition, where social and psychological factors play a considerable role. • Lower interoceptive abilities have recently been proposed to be a characteristic of chronic pain conditions and interoception is increasingly envisaged to be a central aspect of therapeutic interventions.

• Predictive coding models of the brain recently brought interoception closer to mental-state inferences mechanisms at play in social cognition, which received support from experimental and clinical studies. • However, whether a common cognitive inference mechanism supports both interoception processing and mental-states decoding remains an open question. • By administering a multidimensional assessment of interoception and social cognition, this study aimed to characterize the performance of patients with cLBP and to explore the relationship between both domains. • We identified lower interoceptive accuracy and mentalizing abilities in patients with cLBP, as compared with controls. • By contrast, interoceptive sensibility/awareness and emotion recognition performance did not differ between patients and controls. • There was no statistical correlation between interoceptive and social cognitive abilities.
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