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The existence of disturbances in the perception of somatic states and in the representation of the body with the presence of cœnesthetic hallucinations, of delusional hypochondriac ideas or of dysmorphophobias is a recognized fact in the psychopathology of schizophrenia. Freudian psychoanalytic theory had accorded a privileged place to the alteration of the perception of the body in schizophrenia. Freud had attributed to these phenomena a primary and prodromal role in the psychopathology of psychosis. We propose to look at this theory in a new way, starting from the perspective of recent studies about the role of the insula in the perception and representation of somatic states, since this structure has been identified as underpinning the sense of interoception. The data in the neurobiological literature about abnormalities in the insular cortex in schizophrenia has shown that insula dysfunction could constitute one of the biological substrates of disorders of body perception in schizophrenia, and could be a source of the alteration of the sense of self that is characteristic of this psychiatric pathology. Moreover, this alteration could thus be involved in the positive symptomatology of schizophrenia.
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INTRODUCTION

The existence of disturbances in the perception of somatic states and in the representation of the body, together with the presence of cœnesthetic hallucinations and of delusional, hypochondriac ideas, or dysmorphophobias, is a recognized fact in the psychopathology of schizophrenia, which was observed in classical psychiatry. Freudian psychoanalytic theory had accorded an important place to this symptomology linked with the alteration of the perception of the body in schizophrenia. In particular, Freud had formulated the hypothesis that these phenomena would play an initial and prodromal role in the psychopathological process of psychosis, while the productive symptomology, and in particular delusional ideas and auditory hallucinations, would occur only in a second phase.

Recent discoveries in neurobiology, in particular A.D. Craig's work on interoception and the role of the posterior and anterior insula in the perception of somatic states and in the cortical representation of the image of the body (Craig, 2002), have opened up new avenues for research on the neurobiological substrates of the disorders in the perception of bodily states in schizophrenia. These results spurred researchers to investigate, using cerebral imaging techniques, the possibility of a structural and functional physiopathology in this cortical region in schizophrenic patients. The first studies have sought, in particular, to observe the existence of abnormalities in the anatomy of the insular cortex in schizophrenic patients, using data from structural magnetic resonance imaging (Parnas et al., 2005; Vollmer-Larsen et al., 2007; Jardri et al., 2008; Llorca et al., 2016). More recently, other studies have been concerned with functional abnormalities of the insula in these patients (Ardizzi et al., 2016). We propose, first of all, to review the Freudian theory of psychosis as a diachronic process with two steps, and Freud's theory of the existence of a hypochondriac “nucleus” of psychosis, in which cœnesthetic hallucinations and other alterations in the perception of somatic states play a major prodromal role. We will then return to the neurobiological data on the role of the insula in the perception of somatic states and in the representation of the image of the body. Next, we will review the results of various studies that have highlighted structural and functional abnormalities in the insular cortex in schizophrenic patients. We will study the possible correlations between the symptomatology tied to an alteration in the perception of somatic states in schizophrenia and the nature of the observed insular dysfunctions, in order to attempt to clarify how the physiopathology of the insula can appear to be one of the biological substrates of interoception disorder observable in the clinical pictures of schizophrenia. Finally, we will indicate new directions for research in the study of the correlations between the functional abnormalities of the insular cortex and the positive symptomatology of schizophrenia, with regard to the Freudian hypothesis of the primary character of the psychopathology linked with interoceptive perception in relation to delusional ideas and auditory hallucinations.



THE FREUDIAN HYPOTHESIS ABOUT THE EXISTENCE OF SOMATIC PERCEPTION DISORDER IN THE FIRST STEP OF SCHIZOPHRENIA

Freud conceived psychosis as a temporal and diachronic psychopathological process, marked by the succession of “two steps” (Freud, 1924, p. 184). Even if auditory hallucinations and delusional ideas generally appear to be the most visible symptomatology in the clinical pictures of schizophrenia, this positive symptomatology belongs, according to Freud, only to the second step of the disease process. During the first step of illness, the patient experiences an “internal catastrophe” (Freud, 1911, p. 70), a collapse of his entire psychic world, and that it was only in a second step that delusion began to be active in the manner of a “an attempt at recovery”: “The delusional formation, which we take to be the pathological production, is in reality an attempt at recovery, a process of reconstruction” (Freud, 1911, p. 71).

Regarding the “first phase” of the psychopathological process at work in psychosis, Freud will theorize the existence of a hypochondriac “nucleus” (Freud, 1911, p. 37), which constitutes the stage that is the precursor to schizophrenia (Freud, 1916–1917): the beginning of the psychotic process is dominated by the weight of a cœnesthetic disorder, that is to say, a disturbance of the perception and the representation of the states of the body whose principal psychopathological manifestations are cœnesthetic hallucinations, dysmorphophobias, and hypochondriac ideas. Psychoanalytic theory thus hypothesizes the existence of a disturbance of the representation of somatic states and of the perception of the general state of the body, which characterizes the first phase of the disease process at work in psychosis.

Freud gave an illustration of this symptomatology of an alteration of body perception with the study of the clinical case of Schreber. Daniel Paul Schreber, president of the Dresden Court of Appeals, had been hospitalized in the Leipzig Clinic during different periods between 1884 and 1894, and recounted, in an autobiographical text, Memoirs of My Nervous Illness, his experience of psychosis (Schreber, 2000). Before the appearance of delusional ideas of persecution and of the first auditory hallucinations, the patient presents a serious disorder of the perception and the representation of his body, and the psychopathological symptomatology is dominated by the presence of hypochondriac ideas and by a great variety of cœnesthetic hallucinations, experienced as being extremely painful, and which bear witness to a massive alteration in the perception of the entirety of his bodily functioning. The patient explains that, during the first years of his illness, “he suffered destruction of individual organs of his body, of a kind which would have brought death to every other human being, that he lived for a long time without stomach, without intestines, bladder, almost without lungs, with smashed ribs, torn gullet, that he had at times eaten part of his own larynx…” (Schreber, 2000, p. 334). At the beginning of the illness, the clinical picture of Schreber is thus essentially dominated by a disorder of interoceptive perceptions, his body becoming the theater of an entire series of awful sensations, which have to do with his various organs, and which he describes as a permanent torture. Thereafter, the hallucinations and the hypochondriac ideas will evolve progressively into a delusion of persecution, since Schreber will attribute these sensations to the intervention of a supernatural exterior force:

“This was an extremely painful, caries-like state of the lower vertebrae” (Schreber, 2000, p. 151); “my lungs were for a long time the object of violent and very threatening attacks […]that for a time I seriously believed I had to fear a fatal outcome in consequence of pulmonary phthisis […] I had the definite feeling that my diaphragm was raised high in my chest to almost directly under my larynx and that there remained only a small remnant of lung in between…” (Schreber, 2000, p. 143).

This clinical case thus highlights the absolutely serious nature of the disturbances in the perception and the representation of somatic states that can be observed in the psychopathology of schizophrenia. If one juxtaposes Freudian ideas with the recent results of contemporary neuroscientists, this hypothesis can be translated in terms of interoception disorder. According to the definition introduced by Craig in 2002, interoception designates the “sense of the physiological condition of the body” (Craig, 2002). Various studies have attested to the frequency of cœnesthetic hallucinations and of the presence of unusual visceral and bodily sensations in schizophrenic patients (Parnas et al., 2005); this sensorial modality is particularly specific to schizophrenia, compared with different types of hallucinations found into other clinical pictures (Llorca et al., 2016). A study of the cerebral structures involved in the perception and the representation of bodily states can thus help to shed light on the biological substrates of this interoception disorder in schizophrenia.



THE ROLE OF THE INSULAR CORTEX IN INTEROCEPTION

From an anatomical point of view, the structures involved in the perception and the representation of bodily states are essentially located in the somatosensorial cortex, the insula, and the parietal lobes, but also in the evolutionarily older structures such as the limbic system, the hypothalamus, and the brain stem (Damasio et al., 2013)—the right hemisphere being dominant for each of these regions. Several pathways are implicated in the neural processing of interoceptive signals, beginning with a rich interface between autonomic afferents and the central nervous system (Khalsa et al., 2018): primarily spinal, vagal, and glossopharyngeal afferents (Janig, 1996; Craig, 2002; Critchley and Harrison, 2013; Shivkumar et al., 2016), and several brainsterm: nucleus of the solitary tract, parabrachial nucleus, and periaqueductal gray, thalamus, hypothalamus, hippocampus, amygdala, and also cortical regions (insula and somatosensory cortices; Khalsa et al., 2009; Critchley and Harrison, 2013; Hassanpour et al., 2018). The representation of the current state of the organism is distributed, from a cerebral point of view, between a number of structures, both cortical and subcortical, and not located in a single anatomical spot. The information about the state of the viscera is thus projected in these different cerebral structures, or it is distributed in the form of neuronal “maps,” like the information coming from muscles and joints (Damasio, 2000a).

The works of the neurophysiologist Arthur Craig in particular made it possible to indicate the crucial role of the insula in the representation of internal states of the body, and to describe the neuronal foundations of the interoceptive sense. The insula is shown to be a crucial cortical region for the perception of somatic states, a source of this “sense of the physiological condition of the body” (Craig, 2002). The data from functional imaging has also contributed to highlighting the crucial role of the insula in the treatment of emotional stimuli. The work of Craig (2009), Damasio (2003), and more recently of Critchley et al. (2004), has been able to confirm James's intuitions, according to which the emotions rely on the perception of the state of the different parts of the organism (James, 1890).

It has been established that the human insular cortices are involved in processing somatic states and body feelings (Damasio et al., 2000; Kupers et al., 2000; Brooks et al., 2002; Craig, 2002, 2010). But the Craig's view from which insula is the only source of feeling states perception in humans (Craig, 2009, 2011) is quite controversial, and L. F. Barett explicitly rejects it (Barrett and Simmons, 2015). Damasio et al. (2013) have studied a patient whose insular cortices were destroyed bilaterally as a result of Herpes simplex encephalitis, but whose all aspects of feelings were intact. From this study, they established that eventually the signals used to assemble the neural substrates of feelings hail from different sectors of the body and are conveyed by neural and humoral pathways to complex and topographically organized nuclei of the brain stem, prior to being conveyed again to cerebral cortices in the somatosensory, insular, and cingulate regions. They suggest that the neural substrate of feeling states is to be found first subcortically and then secondarily repeated at cortical level: the subcortical level would ensure basic feeling states while the cortical level would largely relate feeling states to cognitive processes such as decision-making and imagination.

However, insular cortices are an important cerebral region for the interoception. As Wyliea and Tregellas's article emphasized, interoception in the insula is demonstrated by its response during the perception of changes in the physiological state of the body (Wyliea and Tregellas, 2010), such as the observation of heart palpitations (Critchley et al., 2004), biofeedback using the changes of skin conductance (Critchley et al., 2002), thermal pain (Kong et al., 2006), pain induced electrically (Singer et al., 2004), and light touch (Lovero et al., 2009). In general, the insula is activated in the processing of signals tied to a series of somatic states: pain, body temperature, itching, tickling, visceral sensation, the state of smooth muscles, and of blood vessels. The data from functional neuroimaging has also shown an activation of the right anterior insular and orbitofrontal cortices during sexual excitation, and even during the onset of positive or negative sensations engendered by listening to a musical stimulus (Craig, 2002). This cerebral structure would thus make it possible to generate a direct thalamocortical representation of the state of the body in primates on the basis of the processing of all of these signals that convey information on somatic states.

The insula is thus at work in the processing of numerous interoceptive stimuli. But the data furnished by neuroimaging has also spurred authors such as Craig and Damasio to claim that the perception of physiological changes in the body and their evolution over time is at the origin of the sense of self (Damasio, 2000b; Craig, 2009). Furthermore, the interoceptive consciousness of the body as a whole also makes possible a representation of our organism as an entity distinct from the exterior environment: the insula thus appears to be a cortical region that is decisive for the distinction between the self and the “non-self” (Kircher et al., 2001; Devue et al., 2007).



STRUCTURAL ABNORMALITIES OF THE INSULAR CORTEX IN SCHIZOPHRENIA

The frequency of cœnesthetic hallucinations and of unusual corporeal and visceral sensations (such as “migrating inner sensations wandering through the body, electric, or thermal feelings, abnormal sense of pulling/pressure or heaviness/emptiness inside of the body, and dysesthetic crises involving the vegetative system” (Ardizzi et al., 2016), attested to by several neuroscientific studies (Parnas et al., 2005; Vollmer-Larsen et al., 2007; Jardri et al., 2008; Llorca et al., 2016)—suggests the existence of a grave alteration in the sensitivity of patients to internal bodily signals, just like what Freud had described in his observations on the Schreber case. This symptomatology relating to an alteration in interoception in schizophrenia could be put into perspective with the data attesting to the existence of structural and functional abnormalities of the insular cortex in schizophrenic patients. If one brings these different elements together, the physiopathology of the insula may appear to be one of the neurobiological substrates of disorders of perception and of the representation of somatic states observable in the clinical pictures of schizophrenia. The first neuroimaging studies aiming to explore the role of the insula in schizophrenia sought, in particular, to observe the existence of abnormalities in the anatomy of the insular cortex in schizophrenic patients, using structural magnetic resonance imaging. One of the first studies, conducted in 2000 by American researchers at the University of Iowa, having explored the morphology of the insular cortex in these patients, observed a reduction in the cortical surface and in the volume of left insular gray matter—a reduction amplified according to the severity of the patients' symptomatology: the more severe the symptomatology presented by the patients, the more one observes a significant diminution of the volume and the surface of the insular cortex (Jang et al., 2006). But other studies have subsequently shown the existence of a modification of the morphology of the frontal temporal sides of the right insula (which, as we have seen, is the region involved in the perception of interoceptive signals) in schizophrenic patients compared with healthy patients, without finding abnormalities in the left insular cortex (Wyliea and Tregellas, 2010). In addition to a simple reduction in the volume of the insular cortical surface, D. P. Jang and his collaborators showed that the morphological deformations concerning the length of the right side of the insula is smaller among patients than among control subjects. They also underscored that this deformation could have appeared at a relatively early stage of development of the patients, and they hypothesized a neurodevelopmental origin of this structural difference in the form of the surface of the insula (a deformation that could also be associated with frontal-temporal abnormalities; Jang et al., 2006).

The diminution of the insular gray matter, both bilateral and progressive over the course of the chronic development of the pathology, appears to be a recurring result in various studies, but it is not currently clear if these deficits are localized in a particular sub-region of the insula (Wyliea and Tregellas, 2010), since they have been observed in the anterior (Makris et al., 2006) as well as posterior insula (Saze et al., 2007), or in both regions (Kasai et al., 2003; Takahashi et al., 2005). The same is true for the observation of the thickness of the insular cortical layer—diminutions on the left side, on the right side, or on both sides have been reported (Wyliea and Tregellas, 2010). Post-mortem studies have also shown a diminution in the number of neurons in the outer layers of the insular cortex, as well as a reduction in neuronal and glial cells in the second layer (Pennington et al., 2008a). Moreover, an abnormal protein expression in this layer of the insular cortex has also been observed in schizophrenic patients—as abnormally expressed proteins are involved in neuronal growth, morphogenesis, and synaptic connections, they thus affect different levels of neuroplasticity (Pennington et al., 2008b).

Nevertheless, as Haukvik emphasized in a general review, published in 2013, on the studies dealing with structural brain imaging in schizophrenic patients, even if these patients tend to have a thinner cortex in certain parts of the brain such as the insula, enlarged lateral ventricles, and smaller volumes of hippocampus, this data still does not suffice in order to distinguish, using structural brain imaging, schizophrenic individuals from those who do not present any psychiatric disorder (Haukvik et al., 2013). There is thus currently no “objective” and measurable criterium correlated in a reliable way with a diagnosis of schizophrenia, and this disease can be diagnosed today only in an exclusively clinical manner.



THE ROLE OF INSULA DYSFUNCTION IN THE DISTURBANCE OF INTEROCEPTION IN SCHIZOPHRENIA

The development of the recourse to functional MRI techniques in psychiatry for the purposes of research has also helped to indicate the potential role of different cerebral regions in the physiopathology of schizophrenia. Even if no anatomical region of the brain has thus far been judged to be essential, functional imaging has contributed in particular to a better understanding of the relations between these zones and the functional networks that connect them. Neuroscientific studies on schizophrenia have initially focused, basically, on the hippocampus and the prefrontal cortex (Sigurdsson and Duvarci, 2016), but the existence of insula dysfunction has also begun to be explored more recently.

Many neuroscientific studies linked self-consciousness to the processing and integration of multisensory bodily signals, but in particular, certain elements from functional imaging data contribute to the hypothesis of a link between the disturbance of perception and of the representation of the states of the body in schizophrenia, and the possibility of insula dysfunction.

Heydrich and Blanke (2013) performed quantitative lesion analysis in a group of patients with heautoscopy hallucination and compared the location of brain damage with those of control patients suffering from complex visual hallucinations. During heautoscopy, subjects report strong self-identification with the second own body, often associated with the experience of existing at and perceiving the world from two places at the same time. Heydrich and Blanke found that heautoscopy was associated with lesions to the left posterior insula.

In another functional magnetic resonance imaging study, Ebisch et al. (2014) provide new evidence for a cortical link between aberrant self-experience and social cognition in first-episode schizophrenia. Ventral premotor cortex and posterior insula are candidate brain regions underlying disturbances in both self-experience and self-other relationship due to their processing of predominantly externally guided and internally guided like interoception. Their results show aberrant functional interactions of right Ventral premotor cortex and posterior insular cortex with posterior cingulate cortex, a midline region that has been shown central in mediating self-experience. Their results show more particularly increased aberrant functional interactions are positively correlated with basic symptoms like subjective self-experience disturbances.

Otherwise, the question of the processing of pain, which significantly involves the insula from a neurobiological point of view, appears also to be a major issue for the problematic of the perception of the states of the body in psychosis. A high involvement of the posterior and anterior insula in the perception of pain has been observed. Moreover, this region is activated not only in cases of pain relating to real organic lesions, but also in cases of patients suffering from chronic and neuropathic pain. The posterior insula receives, in particular, sensorial input from the somatosensorial cortices and from the ventroposterior laterals of the thalamus, this sensorial information being integrated in the anterior insular to produce, through the connections with the limbic system and the prefrontal cortex, a subjective evaluation of the emotional elements of pain (Haukvik et al., 2013). The functions of these two sub-regions are thus complementary: the posterior insula codes, in a bilateral manner, the experience of thermal pain, while the anterior bilateral insula participates in the evaluation of the intensity of pain. The two regions are activated when a subject feels, subjectively, a sensation of pain (Kong et al., 2006).

Moreover, the vision of a person who seems to be the victim of sharp pains, who produces a feeling of “empathic pain,” activates solely the anterior insula (Oschner et al., 2008). On the contrary, the experiments aiming to distract a subject suffering from pain—for example by making him laugh or inciting him to concentrate on something else—imply a diminution of the activation of the anterior insula, observed by functional imaging (Brooks et al., 2002). Thus, the subjective evaluation of pain seems to be processed in the anterior insula in a somewhat autonomous and independent manner with regard to the state of the body as it is perceived at the level of the posterior insula. There would thus be a discontinuity between the reality of the physiological state of the organism, and the perception and representation of this state that is empirically observable and corroborated from a neurobiological point of view. Damasio describes this phenomenon as “either a body loop or an ‘as if' loop,” that is to say, as virtual neuronal maps of the body, which do not correspond to the reality of the state of the organism at a given moment (Damasio, 1996). This simulation mechanism thus operates exclusively within the central nervous system, by “short-circuiting” the body, rather than there being an authentic perception of a bodily modification happening in reality in the organism at a given moment.

Cœnesthetic hallucinations consist in a subjective sensation of pain, which does not correspond to the reality of the physiological state of the body, since this sensation has no anatomical mooring. Nevertheless, no functional imaging study has so far attempted to evaluate precisely what could be the possible role of the insula in the processing of pain in schizophrenia, and in particular its involvement in the cases of cœnesthetic hallucinations generally perceived by the patient as disagreeable or painful. It is pertinent to explore if insular cortex abnormalities in schizophrenia could be correlated with the presence of cœnesthetic hallucinations and hypochondriac delusional ideas. More generally, alteration of the interoceptive precision in schizophrenia was observed (Ardizzi et al., 2016). But it would also be expedient to determine if significant correlations can be observed between the alteration of interoception in schizophrenic patients and anatomic-functional abnormalities of the insular cortex. Finally, if a correlation between the severity of the interoception disorder and the clarity of a positive symptomatology in schizophrenic patients has been observed, it would likewise bear studying these links more closely in order to observe whether the interoception disorder in schizophrenia could, secondarily, engender abnormalities in higher cognitive functions, and if it could be at the origin, as Freud postulated, of auditory hallucinations and delusional ideas.

Indeed, Craig and Damasio have defended the thesis that the perception and the representation of states of the body plays a major role in the advent of a sense of self (Damasio, 2000b; Craig, 2009). It can thus be hypothesized that the anatomical-functional abnormalities of the insular cortex, in so far as they can be considered to alter the first level of the sense of self, which Damasio has described as the “proto-self” (Damasio, 2000b) with regard to the perception and representation of states of the body, could eventually engender disorders for the higher forms of feeling that constitute the sense of self. Thus, if one follows the psychoanalytic hypothesis of a prodromal and nodal role of a disorder of perception and of the representation of the state of the body in psychosis, it would be expedient to explore the repercussions of this disorder for the more complex forms of the sense of self (and in particular for the “core self and autobiographical self”; Damasio, 2000b) in order to find out whether the alterations of higher levels of consciousness in psychosis, involved in delusional ideas and auditory hallucinations (which affect exteroceptive perception and, more generally, the relation to the surrounding environment) could be conceived of as continuous with the alterations of the “proto-self,” which relate to the disturbance of perception and of the representation of the states of the body. It could thus be supposed that the disorder of interoception may have consequences for more complex cognitive functions, and that it may be at the origin of the productive symptomatology, which would thus need to be considered to be chronologically secondary.



EMBODIED PREDICTIVE INTEROCEPTION CODING MODEL AND INSULAR ABNORMALITIES

Intuition suggests that perception follows sensation and therefore bodily feelings originate in the body. However, recent evidence goes against this logic: interoceptive experience may largely reflect limbic predictions about the expected state of the body that are constrained by ascending visceral sensations. In this Opinion article, we introduce the Embodied Predictive Interoception Coding model, which integrates an anatomical model of corticocortical connections with Bayesian active inference principles, to propose that agranular visceromotor cortices contribute to interoception by issuing interoceptive predictions. We then discuss how disruptions in interoceptive predictions could function as a common vulnerability for mental and physical illness.

The hypothesis that insular abnormalities in schizophrenia can be associated with schizophrenia disturbance of perception of the states of the body and more generally with schizophrenia as a pathology of self, may be completed with contributions of the embodied predictive interoception coding model. According to Friston (2010) and Clark (2013) views, Lisa Feldman Barrett and W. Kyle Simmons suggest that bodily feelings from the body are not first sensations and become after perceptions, but that interoceptive experience may largely reflect limbic predictions about the expected state of the body that are constrained by ascending visceral sensations.

We observed that Craig (2009) had asserted that the insular cortex plays a part in transforming ascending interoceptive signals into a “global emotional moment,” with the anterior insula being a crucial area for human awareness. But Barrett and Simmons (2015) criticized his views, and they proposed a model that does not focus on the anterior insula as a necessary area for consciousness or emotional awareness per se. This is because, in their model, multiple pathways within the combined cortical interoceptive network and the ascending pathways can construct interoceptive perceptions thereby making conscious presence and emotional awareness more resilient to brain injury.

They have introduced the Embodied Predictive Interoception Coding model, which integrates an anatomical model of corticocortical connections with Bayesian active inference principles, to propose that agranular visceromotor cortices and insula contribute to interoception by issuing interoceptive predictions. According to the EPIC model, Interoceptive sensation is largely prediction: “there is an interoceptive system in the brain in which agranular cortices send visceromotor predictions to the body and transmit interoceptive predictions about the viscerosensory consequences of those predictions” (Barrett and Simmons, 2015). Barrett and Simmons suggest that agranular visceromotor cortices (including the cingulate cortex, the posterior ventral medial prefrontal cortex, the posterior orbitofrontal cortex, and the most ventral portions of the anterior insula) estimate the balance between the autonomic, metabolic, and immunological resources that are available to the body and the predicted requirements of the body, based on past experience. They also explain that disruptions in interoceptive predictions could function as a common vulnerability for mental and physical illness. The EPIC model predicts that aberrant interoceptive predictions can lead to mental diseases, for example depression (Barrett et al., 2016). Philip Gerrans has also use this model for understanding the phenomenon of pain asymbolia, a condition in which nociceptive signals of bodily damage are not attributed to the self (Gerrans, 2020). According to his view, we can suggest that insular abnormalities showed by fMRI in schizophrenia may also generate interoception predictive disorders, and have an impact in body states perception and representation, and also in self-awareness.

Furthermore, alterations of the insular cortex functioning and interoceptive system were described in many different clinical contexts, neurological and psychiatric, such as depression and anxiety disorders (Vicario et al., 2020). Nevertheless, the presence of insular alterations in other neuropsychiatric disorders does not straight determine cœnesthetic hallucinations or delusional ideas and auditory hallucinations. A future direction of research is to investigate the reasons why these insular abnormalities manifest differently in schizophrenia and other mental disorders.



CONCLUSION

The demonstration of the critical role of the insula in the perception of states of the body and in the generation of a cortical representation of somatic states opens a promising field of research in psychiatry, and makes it possible to pursue new avenues of investigation on the physiopathology of the insula in schizophrenia. Some studies have indeed shown the existence of significant anatomical and functional abnormalities of the cortex of the insula in schizophrenic patients, which could constitute the biological substrate of the alteration of interoception observed in these patients. These results help to shed new light on the importance accorded by Freudian psychoanalytic theory to the symptoms connected to corporeal perception, such as cœnesthetic hallucinations and hypochondriac ideas.

If the insula is particularly involved in the processing of pain, it would be useful to explore in greater detail what might be the role played by insula dysfunction in the disturbances of the subjective processing of pain in schizophrenic patients, in order to better understand the involvement of abnormalities of the cortical structure in cœnesthetic hallucinations, generally perceived by patients as disagreeable and painful. In particular, it would be worthwhile to study whether or not the substance of these abnormalities is correlated with the presence of cœnesthetic hallucinations in schizophrenia.

Finally, if a correlation between the severity of the interoception disorder and the clarity of a positive symptomatology in schizophrenic subjects has been observed, these links should be studied in greater detail in order to discern if the interoception disorder in schizophrenia, insofar as it engenders an alteration in the sense of self, could have, as a secondary consequence, abnormalities in higher cognitive functions, and be a source of auditory hallucinations and delusional ideas.
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