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Background

Schizophrenia (SZ) is characterized by abnormalities in self-representation, including a disturbed sense of agency (SoA). The continuous processing of sensory information concerning the internal state of the body (interoception) is argued to be fundamental to neural representations of the self. We, therefore, tested if aberrant interoception underpins disturbances in SoA in SZ, focusing on cardiac interoceptive signaling.





Methods

Forty-two SZ and 29 non-clinical participants (healthy controls; HC) performed an intentional binding task to measure SoA during concurrent heartbeat recording. The effect of cardiac interoceptive signals on SoA was measured by the difference in intentional binding effect during systole and diastole. This measure was standardized based on the overall intentional binding effect to control for non-cardiac factors, and then compared between SZ and HC.





Results

Our study revealed a significant difference between SZ and HC groups, with opposite effects of cardiac systole on SoA. Specifically, cardiac systole disrupted SoA in SZ, contrasting with the enhanced SoA in HC. Across the SZ group, the extent to which SoA was disrupted by cardiac systole correlated significantly with a clinical proxy for symptom instability, namely the number of hospital admissions for hallucinations and delusions. Furthermore, the disruption was particularly observed in patients with severe hallucinations.





Conclusions

This study revealed a disturbance in the impact of cardiac interoceptive signals on an implicit index of SoA in schizophrenia. This supports the notion that pathophysiological disruption of the central integration of interoceptive information increases vulnerability to disturbances in self-representation and the associated expression of schizophrenic symptoms.
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1 Introduction

The sense of self is a fundamental aspect of human conscious experience. Alterations in the sense of self (i.e. ‘self-disturbances’) are argued to be a core feature of schizophrenia (1). Two aspects of the minimal (biological) self are proposed: The sense of agency (SoA) and the sense of ownership (2). SoA is the sense that “I” am the one who is causing or generating an action and its effect, while the sense of ownership is the sense that a body is “mine”. Abnormalities in the sense of self, especially in the SoA, have been experimentally demonstrated in individuals with schizophrenia (SZ) (3–8). The sense of self emerges from the integration of different factors (3, 8), yet recent studies highlight a core role of interoception in shaping self-representations (9–16).

Interoception encompasses the signaling, central processing, and (unconscious and conscious) representation of information about the internal bodily state (17–20). Interoception is distinct from exteroception, which addresses external information about the environment, and proprioception, which concerns the position of the body in space. A hierarchical framework is proposed for the central representation of interoceptive information, from basic neural signaling with implicit representation that can nevertheless influence actions, cognitions, and perceptions to higher-level, consciously accessible, explicit representations of internal bodily sensations, such as the feeling of one’s heart beating or stomach churning. The representation of cardiovascular information is of particular importance since dynamic changes in the state of cardiovascular arousal (e.g. increases in heart rate and blood pressure) accompany action-orientated behaviors and emotions. Arterial baroreceptors located in the aortic arch and carotid sinus are the origin of a major route for cardiac interoception. These stretch receptors increase their firing when blood is ejected from the heart at ventricular systole, informing the brain about the timing and strength of each heartbeat and, hence, the state of cardiovascular arousal. These phasic signals, conveyed by the vagus and glossopharyngeal nerves, are first processed in the brainstem (for blood pressure regulation) and ascend the neuraxis to influence behavioral and psychological functions via subcortical and cortical representations.

Cardiac interoceptive signaling influences both emotion and self-representation (11, 14, 16, 18). Accurate detection and awareness of heartbeat sensations may shape emotional feelings and the experience of anxiety: As a result, much attention has been given to examining individual differences in conscious perceptual sensitivity to heartbeat sensations (as indexed by neuropsychological tasks, such as the heartbeat counting task and the heartbeat discrimination tasks) (20, 21). However, phasic cardiac signals also influence many mental processes implicitly, i.e. independently of conscious awareness and appraisal. In self-representation, the sense of agency (SoA) captures one’s subjective experience of controlling one’s actions and action consequences. This can be measured objectively and implicitly using an intentional binding task (8). Intentional binding is a perceptual phenomenon characterized by the subjective compression of the temporal interval between a voluntary action and its subsequent outcome (8). Intriguingly, intentional binding has been shown to be sensitive to cardiac interoceptive signals (14, 16): In (non-clinical) participants, the SoA inferred from enhanced intentional binding is greater during cardiac systole than diastole (14). Moreover, people with greater perceptual sensitivity to heartbeat signals (more accurate performance on a heartbeat discrimination task) show enhanced SoA, particularly at cardiac systole, relative to individuals with poorer interoceptive accuracy, while heart rate and heart rate variability were not relevant to this effect (16).

There are several potential mechanisms that might explain why better performance on behavioral cardiac interoceptive tasks may modulate the SoA (16). First, since the sense of ownership and SoA interact mutually and positively, the previously demonstrated enhancement of body ownership by interoception may also bolster SoA (22, 23). Second, cardiac interoceptive signals improve the precision of appropriate action selection and control (24, 25), increasing the likelihood that the actual consequences of actions match the desired consequences in the forward models, thus enhancing SoA. Third, a refined ability to integrate interoception and exteroception contributes to SoA, particularly in tasks that rely on exteroceptive feedback, such as the intentional binding task. The beneficial impact of interoception on SoA was significantly associated with interoceptive accuracy that was specifically assessed by the heartbeat discrimination task, reflecting the ability to integrate interoception and exteroception (16). Conversely, abnormalities in interoceptive functioning could have detrimental effects on SoA, particularly in SZ.

There is accumulating evidence for differences and deficits in interoception in SZ, who perform less accurately on heartbeat detection and heartbeat discrimination tasks when compared to non-clinical comparison groups (26–29) or to individuals with other psychiatric diagnoses, including depression and anxiety (21). Several studies also demonstrate a significant association between positive symptoms (hallucinations and delusions) and poor performance accuracy on such tasks (26, 27), although this is not always observed (28). The presence of such interoceptive differences raises the novel proposal that, in schizophrenia, a failure of adaptive integration with interoceptive signals disrupts the SoA, as the expression of a fundamental neuropathological disturbance in the representation and sense of self.

Given the increasing evidence of interoceptive abnormalities in SZ, together with our previous demonstration of a detrimental effect of interoceptive signals on SoA in individuals with poor interoceptive accuracy (16), we hypothesized that there is a differential impact of interoceptive signals on SoA in patients with SZ compared to healthy individuals. More specifically, in the intentional binding task, we predicted a weaker intentional binding effect during systole than diastole in SZ, whereas in healthy individuals, intentional binding would be stronger during systole as has previously been demonstrated (14, 16). In the present study, we tested this hypothesis in an investigation that combines the intentional binding task with heartbeat monitoring. While this cross-sectional study cannot establish causal direction, the assumed pathophysiology associated with this hypothesis is that impaired interoceptive processing could lead to a disrupted SoA, contributing to some of the core symptoms of schizophrenia.




2 Methods



2.1 Participants

Patients with schizophrenia were recruited from Shimofusa Psychiatric Medical Center.

All patients had schizophrenia, according to Diagnostic and Statistical Manual of Mental Disorder-5 criteria and were clinically stable at the time of testing. Inclusion criteria included (1) 20-65 years old, (2) patients who can perform tasks adequately. Exclusion criteria included (1) patients who are expected to have difficulty in performing tasks due to severe mental symptoms, as determined by clinical judgment, based on patients’ daily life skills and routine medical interviews, (2) patients with physical health complications that affect task performance, such as stroke and brain injury. A comparison group of self-reported non-clinical participants was also recruited as age- and sex-matched healthy controls (HC). All participants were right-handed. To clarify the clinical status of patients, we used the Beck Depression Index-II (BDI) (30), the State-Trait Anxiety Inventory (STAI) (31), and the Positive and Negative Syndrome Scale (PANSS) (32). This study was approved by the Ethics Committee at Shimofusa Psychiatric Medical Center (202112001) and was registered at UMIN (UMIN000047287). All participants gave written informed consent prior to participation. Participants received a 1,000 Japanese Yen gift card as compensation for their participation in the intentional binding task.




2.2 The intentional binding task

The intentional binding task was developed to assess the implicit SoA (8). The validity of inferring SoA from this task has been questioned (33) and supported by recent evidence (34). During the task, each participant was required to look at a clock face displayed on a computer screen and to make responses, in accordance with each task condition, by pressing a key with the index finger of the dominant hand. There were 4 conditions and 20 trials in each condition. The order of the conditions was randomized. In the first and second conditions (action-tone condition), the participant was required to make a keypress once during the second rotation of the clock hand. This action caused a tone to be played 250 ms after the keypress. In the first condition, the participant was asked to report the clock hand position at which (when) they made the keypress. In the second condition, the participant was asked to report the clock hand position at which they heard the tone. The third (action-only condition) and fourth (tone-only condition) conditions serve as controls for the first and second conditions. These conditions do not include the causal link between action (button press) and action consequence (tone). In the third condition, the participant was asked to press the button and report the clock hand position at which they pressed the button. No tone occurred in this condition. In the fourth condition, the participant was asked to report the clock hand position at which they heard the tone. No action was required in this condition.

The intentional binding effect, the main outcome of this task, was calculated as the addition of both binding effects on action and tone. The intentional binding effect on action was defined as the difference in reported time between the first and third conditions. Similarly, the intentional binding effect on tone was defined as the difference in reported time between the second and fourth conditions. The (total) intentional binding effect was calculated as the addition of both binding effects. A positive value of the intentional binding effects indicates a shift in the subjective timings of both an action and a tone towards each other when the action is linked to its consequences.

To investigate how cardiac interoceptive signals influence an individual’s SoA, during the performance of this intentional binding task, the participant wore a pulse oximeter (Nonin Xpod 3012LP) on their left index finger, from which pulse times were recorded to identify relevant (systolic and diastolic) periods within the cardiac cycle. This method to identify cardiac cycles was already validated and used in our previous studies (20, 35, 36).




2.3 Statistics

Our main analysis was the comparison of the cardiac effect on the intentional binding effect, which was calculated based on the difference in the intentional binding effect between systole and diastole. The definition of whether the keypress and tone in each trial occurred during the systolic or diastolic period was based on a post hoc assessment of the pulse recording after the completion of the tasks. As in previous studies, the systolic period was defined as the period of 290 ± 100 ms after R-wave, which was estimated based on their pulse using 250ms as a canonical pulse transit time estimate (20, 24, 36, 37). The diastolic period was defined as the remaining period. Other procedures also followed our previous study (16), see below (Figure 1):




Figure 1 | The intentional binding effect was calculated as the discrepancy in self-reported event times between the action-tone condition and the condition involving only action or tone. The cardiac effect was determined by calculating as the difference in the binding effect between systole and diastole, based on objective timings of action or tone. The standardized cardiac effect was then calculated by dividing the cardiac effect by the intentional binding effect and subsequently compared between groups.



Action-tone trials and action-only trials were divided into trials with actions that occurred during systolic or diastolic periods. In a similar manner, action-tone and tone-only trials with reports about tones were divided into trials with tones during the systolic or diastolic period. Each binding effect during systole and diastole was calculated based on each division of trials in accordance with the usual calculation method as mentioned. For example, the binding effect on actions during systole was defined as the subtraction of the reported time of trials with action during the systolic period between the action-tone and action-only conditions. Finally, the cardiac effect on the intentional binding was defined as a subtraction between the binding effects during systole and diastole. A positive value indicates a greater level of the binding effect in systole than in diastole.

Here, as in previous studies, the intentional binding effect itself was greater in SZ than in HC. This difference, attributable to prospective and retrospective components underlying the development of SoA (8, 38), may affect the group comparison of the cardiac effect. To control for this issue, we employed the following formula.

	

The standardized cardiac effect refers to the purer cardiac effect, compared to the raw (uncontrolled effect), as it controls for specific, non-cardiac, factors (including prospective and retrospective components) that contribute to the development of SoA.

A general linear model was used to compare the standardized cardiac effect as dependent variables, with groups, age, sex, education, heart rate, BDI, and STAI-State as independent variables. In addition, the population median and the 95% confidence interval (CI) were estimated using the bootstrap method with 1000 iterations. To illustrate our data analysis process, we applied similar models to compare the total intentional binding effect and the unstandardized cardiac effect, respectively. The residuals of our models were normally distributed. Furthermore, to address differences in the total number of systolic trials, which were influenced by individual heart rates, and to account for multicollinearity, we developed another model using the total number of systolic trials instead of heart rate as a sensitivity analysis.

To conduct validated analyses, some participants were excluded from our main analysis, and sensitivity analyses were also conducted to address this issue. While most participants demonstrated the intentional binding effect, two SZ and two HC failed to show this effect, resulting in negative values for their total intentional binding effect, rendering standardization unfeasible. Recognizing the potential risk of heterogeneity in how some individuals conducted the intentional binding task (39), possibly due to inadequate task engagement and/or insufficient effort, we excluded these participants from our analysis. Also, due to the limited overall number of trials and no active synchronization, three SZ and one HC had insufficient systolic trials (only one trial under one of the conditions) to enter into data analysis and were thus excluded from this analysis. Outliers were determined by identifying values beyond the mean minus three times the standard deviation for our main outcome in each group sample, resulting in the exclusion of one SZ. Even after this exclusion, an additional outlier was detected in the remaining sample. To manage the risk of over-elimination and address inclusion concerns, we conducted an additional sensitivity analysis with a more limited sample that excluded the newly identified outlier.

Within the patient group, Spearman correlation analysis, as well as t-tests, were conducted to explore the relationship between the standardized cardiac effect and clinical information. This included scores on the PANSS, the number of hospital admissions, antipsychotic dosage, duration of illness, and patient status (inpatient or outpatient). To address the issue of multiple testing in correlation analyses, the false discovery rate was applied to these analyses. To address our specific research interest and overcome challenges in recruiting severely affected patients, we described the relationship with PANSS-P3 (hallucinations), with P1 (delusions) as a reference, by presenting the values at each level of the PANSS score. Within the diagnostic category of schizophrenia spectrum and other psychotic disorders, schizophrenia is characterized by hallucinations, in contrast to delusional disorder. Hallucination in schizophrenia can be considered a symptom involving a loss of agency (2, 40). A p-value of < 0.05 was considered significant. Statistical analyses were carried out using R (4.3.2).





3 Results



3.1 Characteristics of participants

Fifty-one SZ and 33 HC undertook the intentional binding task. Three SZ and one HC were excluded due to pulse recording failure. After excluding some participants for the aforementioned reasons for data validation, ultimately, 42 SZ (age 41.9 ± 9.2 years, 22 females) and 29 HC (age 42.7 ± 10.5 years, 15 females) were analyzed. Their characteristics are summarized in Table 1. Age and sex were well-matched between groups. SZ participants varied in the recorded number of hospital admissions with a median of 2.0 [2.8] times. The dominant reasons for admission were directly attributable to the expression of hallucinations and delusions, in 91% of cases. for which SZ patients were admitted at a median of 2.0 [2.0] times.


Table 1 | Characteristics of participants.






3.2 Comparison of cardiac effect on intentional binding effects

Across those included in the final data analyses, the total number of systolic trials was 26.8 ± 7.2 in the SZ group and 24.3 ± 4.3 in the control group (p = 0.01). For diastolic trials, it was 52.7 ± 7.9 in the SZ group and 55.4 ± 4.5 in the HC (healthy controls) group (p = 0.07). This reflects the group difference in heart rates. The total number of systolic trials and heart rate were significantly correlated (p < 0.01).

A comprehensive data report is described in Table 2. No significant differences were found in baseline judgment or in the cardiac effect on baseline judgment. The intentional binding effect was median 162.7 [95%CI: 124.7 to 210.6] ms in SZ and 135.8 [65.5 to 172.0] ms, and our model (Akaike information criterion (AIC) = 211) indicated greater intentional binding effects on median in SZ than in HC, although the statistics did not reach a significance (β = 0.31, p = 0.26). The cardiac effect, where a positive value indicates a greater level of the binding effect in systole than in diastole, was -2.6 [-35.2 to 9.3] ms in SZ and 17.8 [2.1 to 28.7] ms in HC, and our model (AIC = 208) indicated a significantly smaller cardiac effect in SZ than in HC (β = -0.63, p = 0.049). The standardized cardiac effect was -0.04 [-0.22 to 0.09] in SZ and 0.11 [0.03 to 0.28] in HC, and our model (AIC = 203) indicated a significantly smaller cardiac effect in SZ than in HC (β = -0.99, p = 0.002) (Figure 2, Table 3).


Table 2 | A comprehensive data report.






Figure 2 | Group differences were demonstrated along with the population median and 95% confidence intervals estimated using the bootstrap method. (A) Greater intentional binding effects were observed on average in individuals with schizophrenia (SZ) than in healthy control (HC), although the statistics did not reach a significance. (B) The unstandardized value of cardiac effect was significantly smaller in SZ than in HC after controlling for age, sex, education, heart rate, depression, and anxiety. (C) The standardized cardiac effect showed a more robust contrast, with a disruption of SoA in SZ and an enhancement in HC. The unit of the standardized cardiac effect is dimensionless.




Table 3 | Intentional binding effect, cardiac effect, and standardised cardiac effect.






3.3 Relationship to clinical information

The level of cardiac disturbance of SoA (i.e. negative value of standardized cardiac effect on intentional binding) was found to correlated significantly with the number of hospital admissions (rho = -0.39, p = 0.01). When limited to hospital admissions for delusions and hallucinations, the relationship was stronger and more robust (rho = -0.43, p = 0.004) (Figure 3). The standardized cardiac effect on intentional binding did not correlate with any other clinical factors, including PANSS-P (rho = -0.06, p = 0.69), -N (rho = 0.07, p = 0.66), -G (rho = -0.0, p = 0.70), antipsychotics dosage (rho = -0.21, p = 0.19), and duration of illness (rho = 0.02, p = 0.89). No difference was found between inpatients and outpatients (t = -0.71, p = 0.49). The significance of the correlation between standardized cardiac effect and hospital admissions for delusions and hallucinations persisted even after applying the false discovery rate correction (corrected p = 0.028). For our specific research interest, we observed a negative median value of the standardized cardiac effect among patients with severe hallucinations (e.g., median -0.27 [95%CI -0.50 to 0.43] in the most severe group), with slight gradation depending on the level of hallucinations, although the statistics did not reach a significance (rho = -0.13, p = 0.42). No gradation was found with the level of delusions (rho = 0.004, p = 0.98).




Figure 3 | Relationship to clinical information. (A) The level of cardiac disturbance of SoA was found to correlate significantly with the number of hospital admissions for delusions and hallucinations. This plot with the Spearman correlation is shown by the rank of each value on the x and y-axis. (B) We observed a negative median value of the standardized cardiac effect among patients with severe hallucinations (e.g., median -0.27 [95%CI: -0.50 to 0.43] in the most severe group), with slight gradation depending on the level of hallucinations, although the statistics did not reach a significance. (C) No obvious gradation was found with the level of delusions.






3.4 Sensitivity analysis

In our model using the total number of systolic trials instead of heart rate, no group difference in the intentional binding effect was found (β = 0.34, p = 0.19). The trend level group difference in the unstandardized value of cardiac effect was found (β = -0.61, p = 0.052), but the model of the standardized cardiac effect highlighted the significant group difference (β = -1.03, p = 0.001).

In the model using a more limited sample, no group difference in the intentional binding effect was found (β = 0.51, p = 0.12). The trend-level group difference in the unstandardized value of the cardiac effect was found (β = -0.56, p = 0.08), but the model of the standardized cardiac effect highlighted the significant group difference (β = -0.84, p = 0.009). These sensitivity analyses demonstrated the robustness of our main findings.





4 Discussion

This is the first study demonstrating a significant and contrasting difference in the standardized cardiac effect on implicit SoA, as indexed by the intentional binding effect. Specifically, cardiac interoceptive signals, particularly those arising at ventricular systole coincident with each heartbeat, disrupt implicit SoA in SZ, whereas these same signals enhance SoA in HC. The standardization of the cardiac effect by the degree of intentional binding further highlighted this group difference, reinforcing the primacy of the purer cardiac effect by controlling for other factors that influence the development of SoA. Moreover, the group difference in the cardiac effect on implicit SoA cannot be attributed to the differences in heart rate or number of trials, as the significance remained after controlling for these factors. No significant difference in baseline tone or action judgments suggests that our findings pertain more to SoA rather than differences in time perception between the groups. While tone binding appears to contribute more to the cardiac effect than action binding, only total binding achieved significance, indicating the importance of both components. Although all patients were taking antipsychotic medication, the significant association between the magnitude of this disturbance and the number of hospital admissions suggests that this distinct interoceptive effect on SoA contributes to symptom instability. Our findings imply the presence of pathological alterations in brain function supporting interoception and its impact on SoA in schizophrenia: In other words, the interaction between the brain and the heart is compromised, culminating in the disrupted integration of internal bodily states within the representation of self-action.

In this way, the disturbance of the intentional binding effect by interoceptive signals in schizophrenia provides a fundamental pathophysiological mechanism for self-disturbance in schizophrenia that extends and elucidates traditional findings from studies of intentional binding. A pioneering study using this task revealed that the intentional binding effect is stronger in patients with schizophrenia than in non-clinical controls (8). Our finding of greater, but non-significant, intentional binding in SZ aligns with this, although the lack of statistical significance could possibly be due to differences in population and experimental settings. Similarly, explicit measures of SoA are also increased in schizophrenia (5, 41). Nevertheless, a straightforward interpretation of excessive SoA in schizophrenia is somewhat paradoxical when considering the characteristic psychotic symptoms, including loss of agency in actions and thoughts (i.e. delusions of being controlled and verbal hallucinations) (2). To reconcile this paradox, diverse studies, incorporating both prospective and retrospective components, lead to a prevailing theory that SZ patients’ SoA is largely reconstructed retrospectively, based on impaired predictions about action consequences. This contrasts with healthy individuals whose SoA is grounded on predictions (7). Alternatively, the amplification of SoA observed experimentally in patients with schizophrenia may reflect delayed predictions, perhaps attributable to deficits in white matter integrity that affect corollary discharge (6, 42). It should be noted that more recent studies have demonstrated the pathological role of weaker intentional binding in conditions like delusions of being controlled (43) and self-disturbance assessed by semi-structured examinations (44). These findings reflect an inconsistency in this area and highlight the pressing need for additional pathophysiological explanations. Our findings in the current study provide further insight; proposing that abnormalities in central interoceptive processing and representation, in which the interaction between the mind/brain and heart is compromised, underpins the pathological expression of SoA observed in these patients.

As part of normal brain functioning, cardiac interoceptive signals may have a beneficial influence on SoA, potentially in several ways, such as through a mutual and positive interplay with a sense of ownership, improved precision of appropriate action selection and control, and a refined ability to integrate interoception and exteroception (16, 23–25). Conversely, our findings suggest that in schizophrenia, characterized by abnormal interoceptive functioning, cardiac interoceptive signals have a detrimental effect on SoA. In a recently proposed model of the effect of cardiac activity on perception and action (25), the brain-heart interplay involves functional brain changes during the cardiac cycle, optimizing both action (from self to world) and perception (from world to self). This optimization can be conceptualized within frameworks of dynamic gain modulation and precision weighting in the predictive coding theory, that balances interoceptive and exteroceptive signals (20, 25). Here, exteroceptive input is arguably more weighted for perception, while interoceptive input for action. Adaptive functional modulation between action and perception may further support and reinforce self-world boundaries and have an important role in the judgment of self and others (11). SoA is fundamentally aligned to (voluntary) action rather than perception. Previous studies, and our current findings, indicate that SoA is typically strengthened during ventricular systole (14, 16), reflecting enhanced action precision and ownership during this period (23, 25). Thus, inappropriate cardiac modulation, particularly in the context of schizophrenia, may cause inaccurate action control and increase noise during information processing, compromising the experience of SoA. In the intentional binding task, the tone serves as an action consequence and is perceived exteroceptively. Thus, appropriate modulation of both actions and the perception of exteroceptive feedback concerning the consequences facilitate the experience of SoA. It is noteworthy that the strength of an individual’s implicit SoA is shown to be related to their performance accuracy on the heartbeat discrimination task, a test of interoceptive perception that reflects an individual’s ability to integrate interoceptive and exteroceptive information (16). Individuals with schizophrenia perform poorly on the heartbeat discrimination task (21), underscoring the relevance of perturbed coordination between interoception and exteroception to psychotic symptoms.

Furthermore, extending the theoretical role of aberrant or delayed sensory prediction to schizophrenia, aberrant or delayed interoceptive predictions likely contribute to impaired interoceptive functioning in schizophrenia. Heartbeats are involuntary, hence the higher-order generation of visceromotor interoceptive predictions is less direct than action-related predictions, arising from motor commands in a forward model. Nevertheless, efferent visceromotor drive, expressed in states of cardiovascular arousal, is yoked to physical activity and action-ready emotional states that provide both exteroceptive and interoceptive feedback. Here, the predictive coding model can be usefully applied to interoception (45) and offers a framework for self-representation and agency that posits that the brain consistently compares between predicted and actual viscerosensory signals, updating its predictions to minimize discrepancies. We recently observed in an electroencephalography study that individuals with schizophrenia exhibit differences from healthy controls in heartbeat-evoked potentials (a neural signature of cardiac afferent signaling in the brain) that indicate a failure to attenuate interoceptive prediction error (46). Within this predictive coding framework, one can also extend the ‘active inference’ model of prediction error minimization (where action both changes the sensory feedback and improves prediction accuracy) to the handling of interoceptive prediction errors. Here, coherent interaction between the subjective experience of motor action and interoceptive feedback is relevant (12). Thus, aberrant higher order interoceptive prediction may underlie the disrupted SoA observed in schizophrenia. Further studies will help address the question of whether disturbance in selfhood associated with schizophrenia is related to a primary impairment of the afferent interoceptive signals or descending interoceptive predictions (which determine the central representation and impact of interoceptive prediction errors). It is plausible (and likely) that both aspects are compromised. Correspondingly, individuals with schizophrenia exhibit anatomical and functional abnormalities within insular cortex (47), a central neural substrate for interoception, engaged in predictive processing (18, 48, 49).

In addition to SoA, patients with schizophrenia reportedly also demonstrate an opposite cardiac effect on perceptual ratings of emotional stimuli when compared to healthy individuals and individuals with other psychiatric illnesses (35). Here, this perception of fearful facial expressions as more intense and neutral faces as less intense when presented during systole more than diastole, is observed in healthy controls and this effect is further amplified in patients with anxiety. Conversely, individuals with schizophrenia were observed to rate fearful faces as less intense and neutral faces as more intense during systole compared to diastole. This observation suggests an aberrant state where normally attenuated exteroceptive information becomes heightened, aligning with the aberrant salience hypothesis wherein meaningless perception leads to delusional perception in schizophrenia (50). A predictive coding model may equally apply to this. Taken together, perturbed interplay between brain and heart, and abnormal central integration of interoceptive and exteroceptive signals, may lead to disrupted SoA and even delusional perception.

Across the SZ group, we observed a significant association between cardiac disturbances in the SoA and an important proxy measure of severity and clinical instability, i.e. the number of hospital admissions for hallucinations and delusions. This observation indicates a deeper vulnerability arising from a compromised SoA. Although poor adherence to pharmacological treatment is a well-documented contributing factor (51), relapses occur even in patients with good adherence. Thus, the frequency of hospital admissions likely mirrors instability in SoA. Furthermore, cardiac disturbances in the SoA have been particularly observed among patients experiencing severe hallucinations as a state, rather than delusions. Hallucination, especially auditory verbal hallucination, is a symptom specifically associated with schizophrenia compared to delusional disorder, and it can be characterized by a loss of agency (40). While further study is warranted to firmly establish the association among cardiac disturbances, loss of agency, and schizophrenic hallucinations, our findings indicate such potential connections.

The current study has limitations. First, acute patients with severe symptoms could not be included, possibly leading to insufficient power to detect links between the detrimental cardiac effect and positive symptoms. Second, compared to our previous study (16), the number of experimental trials was limited to ensure participating patients were able to perform the task. This also possibly constrained our power to detect some clinical correlations. Third, we used finger pulse to estimate the timing of baroreceptor firing and cardiac phase. This is challenging to do non-invasively even with electrocardiography and may have limiting the precision with which we categorized task events. Fourth, the potential impact of cognitive deficit in SZ cannot be completely denied. However, general cognitive effects (excluding interoception) on intentional binding during systole and diastole may be similar, potentially mitigating the impact on our findings through the subtraction of values between these phases. Fifth, the ‘classic’ intentional binding task cannot dissect the effects of interoception on prospective and retrospective components of the sense of agency. Sixth, given the cross-sectional design of the study, we cannot infer causal directions. Intervention studies involving treatment or manipulation around interoception are required. Some studies on mindfulness, which improves interoception, have shown its beneficial effect on hallucinations in schizophrenia (52, 53). Seventh, the effect of drugs has not been ruled out since all patients were taking antipsychotic medication. While there was no relationship between dosage and cardiac effect in the present study, future research involving drug-naïve patients and pharmacological intervention is required to thoroughly address this issue.




5 Conclusion

The observed opposite effect of cardiac interoceptive signals on implicit SoA in individuals with schizophrenia, when compared to non-clinical (healthy) controls, indicates the disrupted interplay between the brain and the heart, and a failure in the coordinated integration of interoceptive and exteroceptive signals within the brain. This pathophysiology likely contributes to the disturbances of coherent self-representation, marking one of the key facets in the development of schizophrenic symptoms. Our findings may have significant implications for the development of novel interventions for schizophrenia.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethics Committee at Shimofusa Psychiatric Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

AK: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Visualization, Writing – original draft, Writing – review & editing. YT: Conceptualization, Supervision, Validation, Writing – review & editing. AN: Methodology, Supervision, Writing – review & editing. HO: Conceptualization, Supervision, Validation, Writing – review & editing. HC: Conceptualization, Methodology, Supervision, Validation, Visualization, Writing – review & editing. MY: Conceptualization, Methodology, Supervision, Validation, Writing – review & editing. MO: Resources, Supervision, Validation, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. AK has received a Grant-in-Aid for Young Scientists (21K15739) from the Japan Society for the Promotion of Science (JSPS).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Feyaerts J, Sass L. Self-Disorder in Schizophrenia: A Revised View (1. Comprehensive Review-Dualities of Self- and World-Experience). Schizophr Bull. (2024) 50(2):460–71. doi: 10.1093/schbul/sbad169

2. Gallagher S. Philosophical conceptions of the self: implications for cognitive science. Trends Cogn Sci. (2000) 4:14–21. doi: 10.1016/s1364-6613(99)01417-5

3. Voss M, Moore J, Hauser M, Gallinat J, Heinz A, Haggard P. Altered awareness of action in schizophrenia: a specific deficit in predicting action consequences. Brain. (2010) 133:3104–12. doi: 10.1093/brain/awq152

4. Synofzik M, Thier P, Leube DT, Schlotterbeck P, Lindner A. Misattributions of agency in schizophrenia are based on imprecise predictions about the sensory consequences of one’s actions. Brain. (2010) 133:262–71. doi: 10.1093/brain/awp291

5. Maeda T, Kato M, Muramatsu T, Iwashita S, Mimura M, Kashima H. Aberrant sense of agency in patients with schizophrenia: forward and backward over-attribution of temporal causality during intentional action. Psychiatry Res. (2012) 198:1–6. doi: 10.1016/j.psychres.2011.10.021

6. Koreki A, Maeda T, Fukushima H, Umeda S, Takahata K, Okimura T, et al. Behavioral evidence of delayed prediction signals during agency attribution in patients with schizophrenia. Psychiatry Res. (2015) 230:78–83. doi: 10.1016/j.psychres.2015.08.023

7. Koreki A, Maeda T, Okimura T, Terasawa Y, Kikuchi T, Umeda S, et al. Dysconnectivity of the agency network in schizophrenia: A functional magnetic resonance imaging study. Front Psychiatry. (2019) 10:171. doi: 10.3389/fpsyt.2019.00171

8. Haggard P. Sense of agency in the human brain. Nat Rev Neurosci. (2017) 18:196–207. doi: 10.1038/nrn.2017.14

9. Damasio A. Feelings of emotion and the self. Ann N Y Acad Sci. (2003) 1001:253–61. doi: 10.1196/annals.1279.014

10. Craig AD. How do you feel-now? The anterior insula and human awareness. Nat Rev Neurosci. (2009) 10:59–70. doi: 10.1038/nrn2555

11. Ceunen E, Vlaeyen JW, Van Diest I. On the origin of interoception. Front Psychol. (2016) 7:743. doi: 10.3389/fpsyg.2016.00743

12. Marshall AC, Gentsch A, Schütz-Bosbach S. The interaction between interoceptive and action states within a framework of predictive coding. Front Psychol. (2018) 9:180. doi: 10.3389/fpsyg.2018.00180

13. Palmer CE, Tsakiris M. Going at the heart of social cognition: is there a role for interoception in self-other distinction? Curr Opin Psychol. (2018) 24:21–6. doi: 10.1016/j.copsyc.2018.04.008

14. Herman AM, Tsakiris M. Feeling in control: the role of cardiac timing in the sense of agency. Affect Sci. (2020) 1:155–71. doi: 10.1007/s42761-020-00013-x

15. Underwood E. A sense of self. Science. (2021) 372:1142–5. doi: 10.1126/science.372.6547.1142

16. Koreki A, Goeta D, Ricciardi L, Eilon T, Chen J, Critchley HD, et al. The relationship between interoception and agency and its modulation by heartbeats: an exploratory study. Sci Rep. (2022) 12:13624. doi: 10.1038/s41598-022-16569-6

17. Craig AD. How do You Feel?: An Interoceptive Moment with Your Neurobiological Self. Princeton, New Jersey, United States: Princeton Univ. Press (2014).

18. Critchley HD, Garfinkel SN. Interoception and emotion. Curr Opin Psychol. (2017) 17:7–14. doi: 10.1016/j.copsyc.2017.04.020

19. Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein JS, et al. Interoception and mental health: A roadmap. Biol Psychiatry Cognit Neurosci Neuroimaging. (2018) 3:501–13. doi: 10.1016/j.bpsc.2017.12.004

20. Koreki A, Garfkinel SN, Mula M, Agrawal N, Cope S, Eilon T, et al. Trait and state interoceptive abnormalities are associated with dissociation and seizure frequency in patients with functional seizures. Epilepsia. (2020) 61:1156–65. doi: 10.1111/epi.16532

21. Critchley HD, Sherrill SP, Ewing DL, van Praag CG, Habash-Bailey H, Quadt L, et al. Cardiac interoception in patients accessing secondary mental health services: A transdiagnostic study. Auton Neurosci. (2023) 245:103072. doi: 10.1016/j.autneu.2023.103072

22. Suzuki K, Garfinkel SN, Critchley HD, Seth AK. Multisensory integration across exteroceptive and interoceptive domains modulates self-experience in the rubber-hand illusion. Neuropsychologia. (2013) 51:2909–17. doi: 10.1016/j.neuropsychologia.2013.08.014

23. Braun N, Debener S, Spychala N, Bongartz E, Sörös P, Müller HHO, et al. The senses of agency and ownership: A review. Front Psychol. (2018) 9:535. doi: 10.3389/fpsyg.2018.00535

24. Rae CL, Botan VE, Gould van Praag CD, Herman AM, Nyyssönen JAK, Watson DR, et al. Response inhibition on the stop signal task improves during cardiac contraction. Sci Rep. (2018) 8:9136. doi: 10.1038/s41598-018-27513-y

25. Skora LI, Livermore JJA, Roelofs K. The functional role of cardiac activity in perception and action. Neurosci Biobehav Rev. (2022) 137:104655. doi: 10.1016/j.neubiorev.2022.104655

26. Ardizzi M, Ambrosecchia M, Buratta L, Ferri F, Peciccia M, Donnari S, et al. Interoception and positive symptoms in schizophrenia. Front Hum Neurosci. (2016) 10:379. doi: 10.3389/fnhum.2016.00379

27. Koreki A, Funayama M, Terasawa Y, Onaya M, Mimura M. Aberrant interoceptive accuracy in patients with schizophrenia performing a heartbeat counting task. Schizophr Bull Open. (2021) 2:sgaa067. doi: 10.1093/schizbullopen/sgaa067

28. Torregrossa LJ, Amedy A, Roig J, Prada A, Park S. Interoceptive functioning in schizophrenia and schizotypy. Schizophr Res. (2022) 239:151–9. doi: 10.1016/j.schres.2021.11.046

29. Yao B, Thakkar K. Interoception abnormalities in schizophrenia: A review of preliminary evidence and an integration with Bayesian accounts of psychosis. Neurosci Biobehav Rev. (2022) 132:757–73. doi: 10.1016/j.neubiorev.2021.11.016

30. Beck AT, Steer RA, Brown GK. Beck Depression Inventory - second edition: manual. San Antonio: The Psychological Corporation (1996).

31. Spielberger CD. State-trait Anxiety Inventory: Bibliography. 2nd ed. Palo Alto, CA: Consulting Psychologists Press (1989).

32. Kay SR, Flszbein A, Opfer LA. The positive and negative syndrome scale (PANSS) for schizophrenia. Schizophr Bull. (1987) 13:261–76. doi: 10.1093/schbul/13.2.261

33. Suzuki K, Lush P, Seth AK, Roseboom W. Intentional binding without intentional action. Psychol Sci. (2019) 30:842–53. doi: 10.1177/0956797619842191

34. Wiesing M, Zimmermann E. Intentional binding - Is it just causal binding? A replication study of Suzuki et al. (2019). Conscious Cognit. (2024) 119:103665. doi: 10.1016/j.concog.2024.103665

35. Critchley HD, Sherrill SP, Ewing DL, van Praag CG, Habash-Bailey H, Eccles JA, et al. Transdiagnostic expression of interoceptive abnormalities in psychiatric conditions. medRxiv. (2019), 19012393. doi: 10.1101/19012393. preprint.

36. Koreki A, Garfinkel S, Critchley H, Cope S, Agrawal N, Edwards M, et al. Impaired cardiac modulation in patients with functional seizures: Results from a face intensity judgment task. Epilepsia. (2023) 64(11):3073–81. doi: 10.1111/epi.17761

37. Garfinkel SN, Minati L, Gray MA, Seth AK, Dolan RJ, Critchley HD. Fear from the heart: sensitivity to fear stimuli depends on individual heartbeats. J Neurosci. (2014) 34:6573–82. doi: 10.1523/JNEUROSCI.3507-13.2014

38. Moccia L, di Luzio M, Conte E, Modica M, Ambrosecchia M, Ardizzi M, et al. Sense of agency and its disturbances: a systematic review targeting the intentional binding effect in neuropsychiatric disorders. Psychiatry Clin Neurosci. (2023) 78(1):3–18. doi: 10.1111/pcn.13601

39. Jo HG, Wittmann M, Hinterberger T, Schmidt S. The readiness potential reflects intentional binding. Front Hum Neurosci. (2014) 8:421. doi: 10.3389/fnhum.2014.00421

40. Ford JM. Studying auditory verbal hallucinations using the RDoC framework. Psychophysiology. (2016) 53:298–304. doi: 10.1111/psyp.12457

41. Franck N, Farrer C, Georgieff N, Marie-Cardine M, Daléry J, d’Amato T, et al. Defective recognition of one’s own actions in patients with schizophrenia. Am J Psychiatry. (2001) 158:454–9. doi: 10.1176/appi.ajp.158.3.454

42. Okimura T, Maeda T, Mimura M, Yamashita Y. Aberrant sense of agency induced by delayed prediction signals in schizophrenia: a computational modeling study. Schizophr (Heidelb). (2023) 9:72. doi: 10.1038/s41537-023-00403-7

43. Roth MJ, Lindner A, Hesse K, Wildgruber D, Wong HY, Buehner MJ. Impaired perception of temporal contiguity between action and effect is associated with disorders of agency in schizophrenia. Proc Natl Acad Sci U S A. (2023) 120:e2214327120. doi: 10.1073/pnas.2214327120

44. Nelson B, Lavoie S, Gawęda Ł, Li E, Sass LA, Koren D, et al. The neurophenomenology of early psychosis: An integrative empirical study. Conscious Cogn. (2020) 77:102845. doi: 10.1016/j.concog.2019.102845

45. Seth AK. Interoceptive inference, emotion, and the embodied self. Trends Cogn Sci. (2013) 17:565–73. doi: 10.1016/j.tics.2013.09.007

46. Koreki A, Ogyu K, Miyazaki T, Takenouchi K, Matsushita K, Honda S, et al. Aberrant heartbeat-evoked potential in schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry. (2024) 132:110969. doi: 10.1016/j.pnpbp.2024.110969

47. Wylie KP, Tregellas JR. The role of the insula in schizophrenia. Schizophr Res. (2010) 123:93–104. doi: 10.1016/j.schres.2010.08.027

48. Barrett LF, Simmons WK. Interoceptive predictions in the brain. Nat Rev Neurosci. (2015) 16:419–29. doi: 10.1038/nrn3950

49. Ficco L, Mancuso L, Manuello J, Teneggi A, Liloia D, Duca S, et al. Disentangling predictive processing in the brain: a meta-analytic study in favour of a predictive network. Sci Rep. (2021) 11:16258. doi: 10.1038/s41598-021-95603-5

50. Kapur S. Psychosis as a state of aberrant salience: a framework linking biology, phenomenology, and pharmacology in schizophrenia. Am J Psychiatry. (2003) 160:13–23. doi: 10.1176/appi.ajp.160.1.13

51. Correll CU, Martin A, Patel C, Benson C, Goulding R, Kern-Sliwa J, et al. Systematic literature review of schizophrenia clinical practice guidelines on acute and maintenance management with antipsychotics. Schizophr (Heidelb). (2022) 8:5. doi: 10.1038/s41537-021-00192-x

52. Liu YC, Li IL, Hsiao FH. Effectiveness of mindfulness-based intervention on psychotic symptoms for patients with schizophrenia: A meta-analysis of randomized controlled trials. J Adv Nurs. (2021) 77:2565–80. doi: 10.1111/jan.14750

53. Xue T, Sheng J, Gao H, Gu Y, Dai J, Yang X, et al. Eight-month intensive meditation-based intervention improves refractory hallucinations and delusions and quality of life in male inpatients with schizophrenia: a randomized controlled trial. Psychiatry Clin Neurosci. (2024) 78:248–58. doi: 10.1111/pcn.13641




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Koreki, Terasawa, Nuruki, Oi, Critchley, Yogarajah and Onaya. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt.2024.1441585_cover.jpg
& frontiers | Frontiers in Psychiatry

Altered sense of agency in schizophrenia:
the aberrant effect of cardiac interoceptive
signals





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Altered sense of agency in schizophrenia: the aberrant effect of cardiac interoceptive signals

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Participants

          



          		

            2.2 The intentional binding task

          



          		

            2.3 Statistics

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of participants

          



          		

            3.2 Comparison of cardiac effect on intentional binding effects

          



          		

            3.3 Relationship to clinical information

          



          		

            3.4 Sensitivity analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-15-1441585-g003.jpg
Standaradised cardiac effect rank

40

30

20

10

A) Correlation with admissions
for delusions and hallucinations

rho = 0.43, p = 0.004 o

0 10 20 30 40
Number of admission rank

Standardised cardiac effect

RN
o

o
o

o
o

C) Comparison among
the levels of hallucination

?*éﬁ

1 2 3 4 3)
(n=21) (n=4) (n=4) (n=7) (n=6)
PANSS-P3(Hallucinations)

Standardised cardiac effect

RN
o

o
3y

o
o

B) Comparison among
the levels of delusion

-

1 2 3 4 3)
(n=16) (n=5) (n=5) (n=14) (n=2)
PANSS-P1(Delusions)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Healthy

Schizophrenia control
Action-tone condition 29.2 £104.1 -22.0 + 60.6 0.20
Time about action, ms Action condition -13.7 £ 757 -46.7 + 35.3 0.10
Action binding 429 + 629 24.7 £ 509 0.80
Action-tone condition -140.2 £ 125.2 -151.3 + 81.3 0.68
Time about tone, ms Tone condition -10.8 + 82.7 -35.5 + 54.6 0.52
Tone binding 129.4 £ 86.0 1158 + 83.3 0.28
1722 £97.9 140.6 + 90.3
Intentional binding effect, ms Action + Tone binding - 0.26
162.7 [149.7] 135.8 [152.5]
Action-tone condition 33.6 £ 108.1 -18.0 £ 70.2 0.21
Time about action, systole, ms Action condition -5.8 +104.7 -48.3 £ 39.6 0.06
Action binding 39.4 +69.1 30.3 + 60.6 0.55
Action-tone condition 257 £102.3 -23.2 £ 59.0 0.25
Time about action, diastole, ms Action condition -13.6 £ 71.1 -45.1 + 369 0.13
Action binding 393 +63.1 21.9 + 494 0.82
Action-tone condition 7.9 +34.2 52+295 0.53
Cardiac effect around action, ms (Systole > Diastole) Action condition 7.7 £56.9 -3.2+282 0.14
Action binding 0.2 £55.0 84 £ 379 0.31
Action-tone condition -1449 £ 131.1 -148.5 + 83.0 0.73
Time about tone, systole, ms Tone condition -158 £92.2 -30.1 + 483 0.86
Tone binding 129.1 +103.1 1184 + 85.4 0.59
Action-tone condition -140.0 + 126.8 -152.0 + 834 0.59
Time about tone, diastole, ms Tone condition -6.3 £ 81.5 -37.1 £ 59.0 0.37
Tone binding 1337 + 84.5 114.9 + 85.4 0.14
Action-tone condition -4.8 £ 48.5 35+378 0.61
Cardiac effect around tone, ms (Systole > Diastole) Tone condition -9.5 £38.7 6.9 £ 34.1 0.16
Tone binding -4.7 +62.0 34+473 0.18
-45 £ 71.9 11.8 £ 51.9
Cardiac effect on intentional binding, ms Cardiac effect on action + tone binding 0.049
226 [79.2] 17.8 [54.7]
-0.1 £0.7 03+07
Standardised cardiac effect Cardiac effect / Intentional binding effect 0.002
-0.04 [0.57] 0.11 [0.47]

‘The values are presented as mean + SD. For our main comparisons, both mean + SD and median [interquartile range] are shown. * P-values were estimated using general linear models with
group, age, sex, education, heart rate, depression, and anxiety as independent variables. The unit of the standardised cardiac effect is dimensionless. Bold values highlight the main results.





OEBPS/Images/fpsyt-15-1441585-g001.jpg
tentional binding effec

(action + tone) Objective timing

Subjective |' |

. I 1
timing ] I
Action binding Tone binding
If an action (recording) occurred during If a tone (recording) occurred during the
the systolic period in a certain trial, systolic period in a certain trial,
this trial was classified as a systolic trial. this trial was classified as a systolic trial.
1 1
Systolic trials I I |
! I
systole systole
! 1
Diastolic trials  } ‘ |
! I
diastole diastole

Cardiac effect
(difference in intentional binding
effect between systole and diastole)





OEBPS/Images/table3.jpg
Variable | Standardised § = Standard t-value p-value

error

Intentional binding effect

SZ (vs HC) 0.36 0.32 1.14 0.26
Age 0.17 0.13 1.34 0.19
Female
(vs male) 0.19 0.26 0.73 0.47
Education -0.01 0.16 -0.05 0.96
Heart rate -0.06 0.13 -0.48 0.64
Depression 0.17 0.18 0.96 0.34
Anxeity -0.15 0.19 -0.78 0.44

Cardiac efferct on intentional binding effect

SZ (vs HC) -0.63 0.31 -2.01 0.049

Age 0.07 0.12 0.54 0.59
Female
(vs male) 0.17 0.25 0.66 0.51
Education -0.13 0.16 -0.84 0.40
Heart rate 0.05 0.13 0.36 0.72
Depression 0.14 0.18 0.76 0.45
Anxeity 0.17 0.18 0.90 0.37

Standardised cardiac efferct on intentional binding effect

SZ (vs HC) -0.99 0.30 -3.29 0.002

Age -0.11 0.12 -091 0.37
Female

(vs male) 0.36 0.25 1.45 0.15

Education -0.24 0.15 -1.59 0.12

Heart rate -0.11 0.12 -0.92 7 0.36

Depression -0.08 0.17 -0.45 0.65

Anxeity 0.24 0.18 1.33 0.19
Bold means significant. SZ, Individuals with schizophrenia; HC, Healthy control. Depression
and anxiety were assessed by the beck depression inventory and the state-trate anxiety

inventory-state.





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/M1.jpg
_ the candiac efec on he binding effct
Standardised cardiac effect “the total binding effect





OEBPS/Images/fpsyt-15-1441585-g002.jpg
A) Intentional Binding Effect by Group B) Cardiac Eftect by Group C) Standardised Cardiac Effect by Groug

400 .t

p=0.26 150 p = 0.049 R
n ’ s
£ 350 00 é
© 300 M Ll
Q & 90 8
I"anzso T 1<
0 ® 0 ©
j 4= @)
S 200 L g
— QO -
= g 5
— 150 o B
@
= © -100 T
= 100 O e
o -150 %
£ 50

: ~200 .- 3 -4

Healthy control Schizophrenia Healthy control Schizophrenia Healthy control Schizophrenia





OEBPS/Images/table1.jpg
General information

Schizophrenia

N = 42

Healthy
control

N =29

Age, years, mean + SD 419 £9.2 42.7 + 10.5 0.75
Male, N (%) / Female, 14 (48) /
N (%) 20 (48) / 22 (52) 15 (52) 1.00
Education, years, mean
+ SD 135+ 2.1 17.0 + 2.1 <0.01
BMI, kg/mz, mean + SD 23.6 £43 241 +£52 0.68
HR, bpm, mean + SD 833 +174 729 £ 114 <0.01
BDI, mean + SD 129 + 104 7.6 £ 6.6 0.01
STAI-Trait, mean + SD 455+ 114 416 +78 0.09
STAI-State, mean + SD 47.5 £ 119 409 + 8.7 0.01
Clinical information
Duration of illness, years,
median [IQR] 16.0 [12.5] -
Number of hospital
admissions, median [IQR] 2.0 [2.8] -

Outpatient, N (%)
/Inpatient, N (%)

21 (50) / 21 (50)

Drug dosage, CP-
equivalent mg,

median [IQR 625.0 [525.0] =
PANSS-Positive,

median [IQR 10.0 [7.0] -
PANSS-Negative,

median [IQR 13.5 [8.0] -
PANSS-General,

median [IQR 28.5 [11.5] -

PANSS-Total,

median [IQR 53.0 [25.5] -

BMI, body mass index; BDI, beck depression inventory; CP, chlorpromazine; HR, heart rate;
IQR, interquartile range; PANSS, positive and negative syndrome scale; SD, standard

deviation; STAI state-trate anxiety inventory.





