UNIVERSITA POLITECNICA DELLE MARCHE
Repository ISTITUZIONALE

Exploring three levels of interoception in people with functional motor disorders

This is the peer reviewd version of the followng article:

Original

Exploring three levels of interoception in people with functional motor disorders / Ricciardi, Lucia; Nistico,
Veronica; Andrenelli, Elisa; Cunha, Joana Macedo; Demartini, Benedetta; Kirsch, Louise P; Crucianelli,
Laura; Yogarajah, Mahinda; Morgante, Francesca; Fotopoulou, Aikaterini; Edwards, Mark J. - In:
PARKINSONISM & RELATED DISORDERS. - ISSN 1353-8020. - 86:(2021), pp. 15-18.
[10.1016/j.parkreldis.2021.03.029]

Availability:
This version is available at: 11566/306170 since: 2025-02-12T08:36:55Z

Publisher:

Published
DOI:10.1016/j.parkreldis.2021.03.029

Terms of use:

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing policy. The use of
copyrighted works requires the consent of the rights’ holder (author or publisher). Works made available under a Creative Commons
license or a Publisher's custom-made license can be used according to the terms and conditions contained therein. See editor’s
website for further information and terms and conditions.

This item was downloaded from IRIS Universita Politecnica delle Marche (https://iris.univpm.it). When citing, please refer to the
published version.

(Article begins on next page)

11 March 2025



EXPLORING THREE LEVELS OF INTEROCEPTION IN PEOPLE WITH
FUNCTIONAL MOTOR DISORDERS

Lucia Ricciardi®?’, Veronica Nistico’®d, Elisa Andrenelli®, Joana Macedo Cunha?,
Benedetta Demartini¢?f, Louise P. Kirsch9, Laura Crucianelli™, Mahinda Yogarajah?,

Francesca Morgante® Aikaterini Fotopoulou!, Mark J. Edwards?

aNeurosciences Research Centre, Molecular and Clinical Sciences Research Institute,

St George's University of London, London, UK

®MRC Brain Network Dynamics Unit, Nuffield Department of Clinical Neurosciences,
Oxford, UK

°Dipartimento di Scienze Della Salute, Universita Degli Studi di Milano, Milano, ltaly

d“Aldo Ravelli” Research Center for Neurotechnology and Experimental Brain

Therapeutics, Universita Degli Studi di Milano, Milano, Italy

®Department of Experimental and Clinical Medicine, Neurorehabilitation Clinic,

“Politecnica Delle Marche” University of Ancona, Ancona, Italy
fUnita di Psichiatria Il, A.O. San Paolo, ASST Santi Paolo e Carlo, Milano, Italy

SInstitut des Systemes Intelligents et de Robotique (ISIR), Sorbonne Université, Paris,

France
hDepartment of Neuroscience, Karolinska Institutet, Stockholm, Sweden

'Research Department of Clinical, Educational and Health Psychology, University

College London, United Kingdom
Keywords

Functional neurological disorder, Functional movement disorder, Interoception,

Metacognition, Bayesian models



Abstract
Introduction

A three-level model of interoception has recently been defined. We aim to study the

interoceptive processing in individuals with functional motor disorder (FMD).

Methods

Twenty-two patients with FMD were compared to 23 healthy controls. They underwent
a protocol measuring different levels of interoception including: accuracy (a heart-beat
tracking task), awareness (participant's confidence level) and sensibility (the Body
Awareness Questionnaire-BAQ). Depression, anxiety and alexithymia were assessed

by means of validated clinical scales.
Results

The FMD group showed a lower cardiac interoceptive accuracy and sensibility than
healthy controls but they did not differ in terms of awareness (p = 0.03 and 0.005
respectively). They were aware of their poor performance in the accuracy task.
Cardiac interoceptive accuracy positively correlated with the BAQ sub-scales “Predict
Body Reaction” (r = 0.49, p = 0.001) and “Sleep-Wake Cycle” (r = 0.52, p < 0.001). A
mediation analysis showed a significant indirect effect of group on cardiac
interoceptive accuracy through BAQ “Predict Body Reaction” (b =-2.95, 95% BCa
CI[-7.2;-0.2]). The direct effect of group on “Predict Body Reaction” was still significant
(b=-6.95,p=0.02, 95% CI[-13.18;-0.73]).

Conclusions

People with FMD have impaired cardiac interoceptive accuracy and sensibility but no
difference in metacognitive interoception compared to healthy controls.
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1. Introduction

In the last decade, the interplay between brain and heart has gained increasing
attention in both the healthy population and in people with neurological and psychiatric
conditions [1]. Interoception refers to the interaction between peripheral sensors and

effectors  of autonomic _ functionand the central nervous system. It

encompasses homeostatic _mechanisms, conscious awareness and appraisal of

autonomic activity and the influence of such activity on cognitive processes such as
emotion and action [2].

A three-level model of interoception has recently been defined, where interoceptive
accuracy refers to the performance on objective test of detection of one's bodily signal
(e.g. the Heartbeat Detection Task),; interoceptive sensibility indicates a subjective
report of one's ability to detect body signals (mostly evaluated through confidence
questions and self-report questionnaires); interoceptive awareness refers to

the metacognitive awareness of one's interoceptive accuracy, usually calculated as

the correspondence between accuracy and confidence [3]. Previous work suggested
that patients with functional neurological disorders, such as Functional Motor
Disorders (FMD) and functional seizures have disturbances in interoceptive
processing and specifically in interoceptive accuracy [4,5], although this has not
always been confirmed [6]. However, neither interoceptive sensibility nor
metacognitive aspects of interoception have been explored in these patients to date.
Investigating higher-order beliefs and body representation in this population may be
crucial, as highlighted in other clinical studies [7].

In people with FMD, prior beliefs or expectations, and attention towards the body, are
thought to be key mechanisms within a predictive coding aetiological framework of
FMD [8]. However, FMD patients are as susceptible as healthy controls to bodily
illusions such as the Rubber Hand lllusion, suggesting that multisensory
integration processes and their sense of body ownership are not impaired [9]. The
present study aims to deepen our knowledge about FMD patients’ metacognition and
bodily awareness, by assessing interoceptive sensibility and awareness together with
interoceptive accuracy. We hypothesized that patients with FMD would have poorer

cardiac interoceptive accuracy and sensibility compared to healthy controls.
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2. Materials and methods

Twenty-two patients with a diagnosis of FMD and 23 healthy controls (HC), matched
for age and gender consented to participate and were included in this study. Patients
were included if they had “clinically established and documented” FMD according to
Fahn & Williams criteria (Supplementary material for reference). Healthy controls were
visitors to the hospital and hospital staff. Exclusion criteria for both groups were as
follows: language difficulties, learning disability, concurrent neurological, cardiologic
or medical conditions, and treatment with medications with direct cardiac effects.
Participants signed an informed consent form before starting the procedure.
Institutional ethics approval was obtained and the experiment was conducted in
accordance with the Declaration of Helsinki.

Socio-demographic and clinical information were gathered, including: age, educational
level, current and former illness, medications taken and, for the patients, information
on disease onset, progression and duration and description of symptoms. Body weight

and height were measured.

Three levels of interoception were explored as follows:

1.Cardiac interoceptive accuracy. the Heartbeat Detection Task was performed
according to the protocol described by Schandry [10] and detailed in Ricciardi et al.
[4].

2.Interoceptive sensibility: (i) Confidence in the perceived accuracy of performance at
the Heartbeat Detection Task: immediately after each trial participants were asked:
“how confident are you in your answer?” and had to reply with a number ranging from
0 (“Total guess/No heartbeat awareness”) to 10 (“Complete confidence/Full
perception of heartbeat”), as in Refs. [3,7]. Participants did not receive any feedback
about their performance. (ii) Body Awareness Questionnaire (BAQ), an 18-items self-
report scale, with a a > 0.77, measuring beliefs about one's sensibility to physiological,
non-emotive body processes (Supplementary material for reliability analysis and
reference). The BAQ includes four subscales: “Note Response/Changes in Body
Process”, measuring the ability to read one's own body reaction to food, fatigue,
weather, and changing in energy levels; “Predict Body Reaction”, assessing the ability

to predict one's own body state from actual body signal; “Sleep-Wake Cycle”,
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assessing bodily signals related to circadian rhythm; “Onset of lliness”, assessing the
ability to recognize illnesses signals.

3.Metacognitive interoceptive awareness was explored performing confidence-
accuracy correlations (i.e. Pearson's r) during heartbeat tracking.

All  the participants also completed the following questionnaires: (i)
Toronto Alexithymia Scale (TAS-20) assessing: difficulties identifying feelings (DIF

)
difficulties describing feelings (DDF) and externally-oriented thinking (EOT);

(i) Hospital Anxiety and Depression Scale. (Supplementary material for references).

In order to control for a deficit in executive functions (in particular attention and
inhibition) that might have influenced the accuracy task performance, all participants

were assessed with the Stroop Color and Word Test (SCWT). Two variables were

extracted: time in naming the colour of the ink, regardless of the word, which is a
measure of attention; and accuracy in naming the word, regardless of the colour of the
ink which is a measure of inhibition of automatic response.

Severity of functional motor symptoms was assessed with the Simplified FMD Rating
Scale (S-FMDRS) [11].

2.1. Statistical analysis

Cardiac interoceptive accuracy was calculated using the following formula [4,9]: 1/3 >
[1 — (Jrecorded heartbeats — counted heartbeats|/recorded heartbeats)]. This formula
allows obtaining a score ranging from 0 (the worst estimation of heartbeats) to 1 (the
best estimation of heartbeats). To calculate the interoceptive awareness, the within-
participant Pearson correlation, r, between confidence rating and cardiac interoception
accuracy was computed.

When Kolmogorov-Smirnov test showed that the distribution of the values of each
variable, within each group, was normal (p > 0.05), independent sample t-tests were
employed and degrees of freedom reflect the Greenhouse-Geisser correction where
sphericity was violated. Otherwise, non-parametric Mann Whitney U test was
employed. Categorical variables were assessed with Chi-square analysis. To evaluate
a possible relationship between depression, anxiety, alexythimia and interoception
(accuracy, awareness and sensibility) we performed Spearman's correlation analyses.

Correlations between measures of interoception and demographic (age) and clinical


https://www.sciencedirect.com/topics/neuroscience/alexithymia
https://www.sciencedirect.com/topics/medicine-and-dentistry/hospital-anxiety-and-depression-scale
https://www.sciencedirect.com/topics/medicine-and-dentistry/stroop-test
https://www.sciencedirect.com/science/article/pii/S135380202100122X?dgcid=coauthor#bib11
https://www.sciencedirect.com/science/article/pii/S135380202100122X?dgcid=coauthor#bib4
https://www.sciencedirect.com/science/article/pii/S135380202100122X?dgcid=coauthor#bib9

variables (disease duration, S-FMDRS) were investigated using Spearman's bivariate
correlations.

Simple mediation analysis was run to examine the presence of a possible mediating
factor (interoceptive accuracy) in the relationship between Group and interoception
sensibility, as we hypothesized that possible differences between groups in
interocepitive sensibility (BAQ) might be related to differences in interoceptive
accuracy. In other words, interoceptive accuracy would be the underlying mechanism
of the relationship between groups and interoceptive sensibility (BAQ): X (group) - M
(Interoceptive Accuracy) — Y (Interoceptive Sensibility). It was performed with
PROCESS tool for Statistical Package for Social Sciences (SPSS), v4.3 by Andrew F.
Hayes. The index of the indirect effect are considered statistically significant if the 95%

Cl does not include zero.

All the analyses were conducted in SPSS 25. All reported results are based on two-
tailed p-values. Cut-off for statistical significance was set at p < 0.05.

3. Results

There was no difference between groups in age, gender and BMI (Table 1). FEMD

illness duration was 55.5 £ 42.2 months and average score on the S-FMDRS was
11 £ 9.3. Demographical, clinical and psychophysiological data, together with
statistical indexes, are presented in Table 1.

FMD patients had lower cardiac interoceptive accuracy (p = 0.03) than HC. They also
showed lower interoceptive sensibility than HC, both as measured by the BAQ (BAQ
Total Score, p =0.005; Predict Body Reaction sub-score, p = 0.003; Sleep-Wake
Cycle sub-score, p < 0.001; Onset of lliness sub-score, p = 0.004), and by confidence
levels (p =0.008); however metacognitive interoceptive awareness was not

significantly different between groups (p = 0.2).

FMD patients were more depressed (p =0.01) and more alexithymic than HC
(p = 0.02).

There was no significant difference between groups at the SCWT (all p > 0.05),

suggesting no significant difference in attention and executive functions.
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To evaluate a possible relationship between depression, anxiety, alexythimia
and interoception (accuracy, awareness and sensibility) we performed Spearman
correlation analyses. There was no significant correlation between any measure of
interoception and any psychological variable neither when looking at the whole sample
nor when taking into account only the FMD group (Supplementary Table 1).

In the whole sample, cardiac interoceptive accuracy positively correlated with the BAQ
“Predict Body Reaction” (p =0.39, p=0.011) and “Sleep-Wake Cycle” (p = 0.44,
p = 0.003). Interoceptive awareness negatively correlated with Predict Body Reaction
(p =-0.51, p=0.004) and “Sleep-Wake Cycle” (p = -0.374, p = 0.042); interoceptive
awareness also negatively correlated with BAQ Total Score (p = -0.4, p = 0.025). In
the FMD patients group severity of symptoms (S-FMDRS) correlated with
interoceptive awareness (p = 0.888, p <0.001), while disease duration did not

correlate with measures of interoception (all p > 0.05).

Given that Group has an effect on both Interoceptive Accuracy and “Predict Body
reaction”, and that Interoceptive Accuracy and “Predict Body reaction” are correlated,
a mediation analysis was run with Group as predictor, “Predict Body Reaction” score
as Dependent Variable, and Interoceptive Accuracy as Mediator. A significant indirect
effect of Group on Interoceptive Accuracy through “Predict Body Reaction” emerged
(b =-2.95, 95% BCa CI[-7.2;-0.2]). The direct effect of Group on “Predict Body
Reaction” was still significant (b = -6.95, p = 0.02, 95% CI[-13.18;-0.73]), therefore the
relationship between Group and “Predict Body Reaction” is partially mediated by
interoceptive accuracy. Detailed coefficients are reported in Fig. 1.

4. Discussion

Our results showed that patients with EMD have lower cardiac interoceptive accuracy
and lower interoceptive sensibility than healthy controls; specifically they have lower
ability to predict their body reactions and are less confident than healthy controls about
their ability to perceive their heart rate. Our mediation analysis showed that one of the
reasons why people with FMD have lower ability to predict their body reactions is their
impaired interoceptive accuracy.

Our findings can be interpreted in the context of the hierarchic Bayesian predictive
model of FND according to which abnormal top-down predictions or priors of the
symptoms emerge in particular conditions (such as the presence of a physical or
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psychological precipitating event) [6,12]. When attention is turned towards the body,
these top-down predictions overwhelm any bottom-up sensory information that might
change them, with the subsequent production of physical symptoms related to the
abnormal top-down prediction. Here we make a step further hypothesizing that the
deficit in interoceptive accuracy observed in patients with FMD might predispose
constitutionally to down-weighing bottom-up interoceptive signalling and subsequently
to a reliance on top-down predictions. This means that if these top-down predictions
are abnormal and inaccurate they cannot be updated or adjusted by bottom up
information, further fostering a vicious circle where the entire system is compromised.
This model also supports the result of our mediation analysis, according to which the
lower ability to predict body reactions seen in patients with FMD is partially due to
lower interoceptive accuracy. Moreover, this model has recently been extended also
to specific interoceptive symptoms such as chronic pain and fatigue, potentially
explaining the frequent co-occurrence of these symptoms with FMD [13] and providing
a rationale for specific treatment options, such as motor rehabilitation programme for
FMD which is based in part on challenging and changing expectations about
symptoms [14].

As assessed in the current study, we found no evidence of impairment in FMD
patients’ metacognitive interoceptive awareness, suggesting that they are aware of
their poor performance on the Heartbeat Detection Task. Poor metacognitive ability
has been suggested as a key mechanism underlying cognitive functional disorders
[15] and in one study in 10 patients with motor conversion disorders [16] using a motor
task, however our study is the first one evaluating metacognitve awareness of internal
signals and this might account for our apparently contrasting results.

We acknowledge our study limitations: first, the small sample size, which might limit
the generalization of the results and did not allow us to perform secondary analysis
looking for differences between different phenotypes of FMD; second, the use of the
Heartbeat Detection Task as a measure of interoceptive accuracy which has been
recently criticized [17] which however to date is still the most validated and widely-
used method to quantify interoception; third, the lack of a test evaluating sustained
attention to control for the role of a potential attentional deficit, although our
populations did not differ in performance at the Stroop test which is a measure of

attention and inhibition; finally we did not control for the potential confound of the
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medication use in the patients group and we did not perform a structured psychiatric
interview for depression and anxiety but we used self-administered questionnaires.

In conclusion, our findings showed that patients with FMD have lower interoceptive
accuracy and lower interoceptive sensibility than healthy controls. We propose an
interpretation of our findings within the framework of the hierarchic Bayesian predictive
model of FMD. Future studies are encouraged to further explore interoception as a
potential transdiagnostic biomarker which can be used to guide novel therapeutic

approaches for patients with FMD.
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Table 1. Demographic, clinical and psychometric data of the two study

population.

Age

Gender

BMI

Interoceptive Accuracy

BAQ -Total
BAQ - Note
Response/Changes In

Body Process

BAQ - Predict Body

Reaction

BAQ - Sleep-Wake Cycle

BAQ - Onset Of lliness

Confidence level

Interoceptive Awareness

HADS-D

HC FMD
415 448
[15] [14.8]
9M, 3 M,
14F  19F
227[3] 24.4
[3.6]
0.645  0.489

[.218] [0.266]

874 703
[17.7]  [19.3]

285  22.1
[7.8]  [10.8]
324 215

[7.80]  [12.5]

31.1 19.9
[5.1]  [11.5]
19.9 138

[3.898] [7.5]

5.1[2.1] 3[2.8]

0.1[0.7] 0.4[0.7]

4.1[3.3] 7.1[4]

t/chi/lU df
-0.7 41
3.7 1
-1.6 42
2.2 43
3 40
1.9 40
3.2 34.7
3.9 285
3.1 31.2
2.8 42
-1.2 31
-2.7 40

95% CI

[-12.5;
5.9]

N/A

[3.6;
16.1]

4.9;
15.6]

[1.9; 9]

[0.6;
3.5]

[-0.8;
0.2]

[-5.2;
-0.7]

effect

size

0.2

0.3

0.5

0.6

0.9

0.6

1.3

0.8

0.4

0.8

p-

value

0.5

0.053

0.1

0.037

0.005

0.06

0.003

<0.001

0.004

0.008

0.2

0.01



HC FMD tichi/lU df 95% Cl effect p-

size value

HADS-A 6.3[3.9] 86[5.3] -1.7 40 [52; 05 0.1
0.5]
TAS-20 Total 433 522  -24 40 [163; 0.7 0.02
[10.6] [13.3] ~1.5]
TAS-20 DDF 109 138 -2 38 [59; 0.6 0.049
[4.3]  [4.8] ~0.01]
TAS-20 DIF 14[5.7] 185 -2 38 [9; 0.6 0.049
8.3] -0.01]
TAS-20 EOT 179 198  -12 38 [52; 04 0.2
[5.6]  [4.5] 1.4]
Stroop_C 506 6318 284 44 NA 002 03
[16.2] [13.8]
Stroop_CW 104.6  98.1 1995 44 NA 002 0.3

(10.8)  (18.8)

Abbreviations: BAQ — Body Awareness Questionnaire; BMI = Body Mass Index;
Effect size: Cohen's d/Cramer's V/n? measure of effect size for t-test, Chi Square and
Mann-Whitney U test, respectively; Cl: Confidence Interval;; df: degrees of freedom;
DDF = Difficult  Describing Feeling; DIF = Difficult Identifying  Feelings;
EOT = Externally Oriented Thinking; FMD = Functional Movement Disorder; HC =
Healthy Controls; p = p value; t/x/U = statistical index for t-test, chi square and Mann-
Whitney U test, respectively; Stroop C = Stroop Color and Word Test, Color reading
condition; Stroop_CW: Stroop Color and Word Test, fColor-Word condition; TAS-20:
Toronto Alexithymia Scale-20 Items. Significant differences are depicted in bold.
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Direct effect; b = - 6,95, p = 0.029, 95% C| [ - 13.18; - 0.73]
Indirect effect: b=-2.95,95% BCaCl [-7.25;-0.22].
BAQ — Predict

Groups v Body Reaction

-
-
e
-

-

b= - 0.18, p= 0.02 \\,,, W'/ f b=16.41p=0.01;

95 % €l [ - 0.33; - 0.03] 95% €1 [3.96; 28.86]

Interoceptive
Accuracy

Fig. 1. Model of group as predictor of interoceptive sensibility measured via Body
Awareness Questionnaire, subscale: “Predict Body Reaction”, mediated by
Interoceptive Accuracy. The confidence Interval for the indirect effect is a BCa

bootstrapped Cl based on 5000 samples.



References

[1] S.S. Khalsa, R. Adolphs, O.G. Cameron, H.D. Critchley, P.W. Davenport, J.

S. Feinstein, et al., Interoception and mental health: a roadmap, Biol. Psychiatr.:
Cogn. Neurosci. Neuroimag. 3 (2018) 501-513.

[2] H.D. Critchley, S.N. Garfinkel, Interoception and emotion, Curr. Opin. Psychol. 17
(2017) 7-14.

[3] S.N. Garfinkel, A. Barrett, K. Suzuki, H.D. Critchley, Knowing your own heart:
distinguishing interoceptive accuracy from interoceptive awareness, Biol. Psychol.
104 (2015) 65-74.

[4] L. Ricciardi, B. Demartini, L. Crucianelli, C. Krah’e, M.J. Edwards A, A. Fotopoulou,
Interoceptive awareness in patients with functional neurological symptoms, Biol.
Psychol. 113 (2016) 68—74.

[5] A. Koreki, S.N. Garfkinel, M. Mula, N. Agrawal, S. Cope, T. Eilon, C. Gould Van
Praag, H.D. Critchley, M. Edwards, M. Yogarajah, Trait and state interoceptive
abnormalities are associated with dissociation and seizure frequency in patients

with functional seizures, Epilepsia 61 (2020) 1156—1165.

[6] J. Jungilligens, J. Wellmer, U. Schlegel, H. Kessler, N. Axmacher, S. Popkirov,
Impaired emotional and behavioural awareness and control in patients with
dissociative seizures, Psychol. Med. (2019) 1-9.

[7] S.N. Garfinkel, C. Tiley, S. O’Keeffe, N.A. Harrison, A.K. Seth, H.D. Critchley,
Discrepancies between dimensions of interoception in autism: implications for
emotion and anxiety, Biol. Psychol. 114 (2016) 117-126.

[[8]] M.J. Edwards, R.A. Adams, H. Brown, |. Parees, K.J. Friston, A Bayesian account
of ‘hysteria, Brain 135 (2012) 3495-3512.

[9] B. Demartini, L. Ricciardi, L. Crucianelli, A. Fotopoulou, M.J. Edwards, Sense of
body ownership in patients affected by functional motor symptoms (conversion
disorder), Conscious. Cognit. 39 (2016) 70-76.

[10] R. Schandry, Heartbeat perception and emotional experience, Psychophysiology
18

(1981) 483-488.

[11] G. Nielsen, L. Ricciardi, A.M. Meppelink, K. Holt, T. Teodoro, M.J. Edwards,

A simplified version of the psychogenic movement disorders rating scale: the
simplified functional movement disorders rating scale (S-FMDRS), Movement
disorders clinical practice 4 (2017) 710-716.



[12] R.J. Brown, Psychological mechanisms of medically unexplained symptoms: an
integrative conceptual model, Psychol. Bull. 130 (2004) 793—-812.

[13] O. Van den Bergh, M. Witth"oft, S. Petersen, R.J. Brown, Symptoms and the body:
taking the inferential leap, Neurosci. Biobehav. Rev. 74 (2017) 185-203.

[14] G. Nielsen, M. Buszewicz, F. Stevenson, R. Hunter, K. Holt, M. Dudziec,

L. Ricciardi, J. Marsden, E. Joyce, M.J. Edwards, Randomised feasibility study of
physiotherapy for patients with functional motor symptoms, J. Neurol. Neurosurg.
Psychiatry 88 (2017) 484—490.

[15] R. Bhome, A. McWilliams, J.D. Huntley, S.M. Fleming, R.J. Howard,
Metacognition

in functional cognitive disorder- a potential mechanism and treatment target,

Cognit. Neuropsychiatry 24 (2019) 311-321.

[16] I. B'egue, R. Blakemore, J. Klug, Y. Cojan, S. Galli, A. Berney, S. Aybek,

P. Vuilleumier, Metacognition of visuomotor decisions in conversion disorder,
Neuropsychologia 114 (2018), 251-26.

[17] O. Corneille, O. Desmedt, G. Zamariola, O. Luminet, P. Maurage, A heartfelt
response to Zimprich et al., And Ainley et al.(2020)’'s commentaries:

acknowledging issues with the HCT would benefit interoception research, Biol.
Psychol. 152 (2020), 107869, 2020.



	EXPLORING THREE LEVELS OF INTEROCEPTION IN PEOPLE WITH FUNCTIONAL MOTOR DISORDERS
	Lucia Ricciardia,b,*, Veronica Nistico’c,d, Elisa Andrenellie, Joana Macedo Cunhaa, Benedetta Demartinic,d,f, Louise P. Kirschg, Laura Crucianellih,i, Mahinda Yogarajaha, Francesca Morgantea, Aikaterini Fotopouloui, Mark J. Edwardsa
	aNeurosciences Research Centre, Molecular and Clinical Sciences Research Institute, St George's University of London, London, UK
	bMRC Brain Network Dynamics Unit, Nuffield Department of Clinical Neurosciences, Oxford, UK
	cDipartimento di Scienze Della Salute, Università Degli Studi di Milano, Milano, Italy
	d“Aldo Ravelli” Research Center for Neurotechnology and Experimental Brain Therapeutics, Università Degli Studi di Milano, Milano, Italy
	eDepartment of Experimental and Clinical Medicine, Neurorehabilitation Clinic, “Politecnica Delle Marche” University of Ancona, Ancona, Italy
	fUnità di Psichiatria II, A.O. San Paolo, ASST Santi Paolo e Carlo, Milano, Italy
	gInstitut des Systèmes Intelligents et de Robotique (ISIR), Sorbonne Université, Paris, France
	hDepartment of Neuroscience, Karolinska Institutet, Stockholm, Sweden
	iResearch Department of Clinical, Educational and Health Psychology, University College London, United Kingdom
	Keywords
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	1. Introduction
	2. Materials and methods
	2.1. Statistical analysis

	3. Results
	4. Discussion
	Declaration of competing interest


