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ABSTRACT

The brain is increasingly viewed in contemporary neuroscience as a predictive machine; its products, such as
movements and decisions, are indeed accompanied by predictions of outcomes at distinct levels of awareness. In
this conceptual review, we focus on corollary discharge, a basic neurophysiological mechanism that is allegedly
involved in sensory prediction and contributes to the distinction between self-generated and externally generated
actions. Failures in corollary discharge have been hypothesized as potentially relevant for the progressive develop-
ment of positive psychotic symptoms such as passivity delusions and auditory verbal hallucinations. We articulate
this framework adopting three confocal lenses, namely, the neurodevelopmental, phenomenological, and clinical
perspectives. Converging evidence from these research domains indicates a possible developmental cascade
leading to increased lifetime risk of psychosis. That is, early childhood alterations of corollary discharge mechanisms,
endophenotypically expressed in motor impairment, may concur with a progressive fading of the feeling of self-
agency on one’s own experiences. Combined with other age-dependent situational challenges occurring along
development, this may progressively hamper the ontogenesis of the embodied self, thereby facilitating the emer-
gence of anomalous subjective experiences such as self-disorders (a longitudinal index of schizophrenia spectrum
vulnerability) and broadly conceived clinical high-risk states. Overall, this condition increases the risk of developing
passivity symptoms, phenotypically expressed in a severity gradient ranging from intrusive thoughts to passivity
delusions and auditory verbal hallucinations. Empirical and clinical implications of this framework, as well as future
scenarios, are discussed.
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The brain is increasingly viewed by contemporary neurosci-
ences as a predictive machine that makes sense of the world
by predicting what we will experience and then updating these
predictions as the situation demands. In this framework, ac-
tions and decisions are accompanied by predictions of out-
comes, and in a reverberating feedback loop the mismatch
between predictions and outcomes enables an ongoing reca-
libration to achieve planned goals. These predictions are
generated at distinct levels of awareness—from nonconscious
sensory predictions generated for movements to conscious
predictions generated during decision making (1-4).

In this review, we focus on a specific basic neurophysio-
logical mechanism—corollary discharge (CD)—that is crucially
involved in sensory prediction. Briefly, CDs are copies of motor
commands used to form a prediction of sensations from self-
generated actions, which are identified in single-cell re-
cordings from a range of organisms (e.g., insects, crustaceans,
primates) and in multiple sensory domains (e.g., visual, audi-
tory) (5,6). The motor system continuously compares these
internally predicted outcomes with actual perceived outcomes
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and, if necessary, updates predictions based on received
sensory feedback (6,7). Being involved in the prediction of
sensations from self-generated actions, leading to sensory
attenuation in case of congruent matching between sensory
expectations and sensory consequences, CD mechanisms
contribute to, among other mechanisms (8), the distinction
between self-generated and externally generated actions (5).
In a historical perspective, Feinberg (9,10) was the first to
hypothesize that CD mechanisms analogous to those involved
in sensorimotor predictions could also be involved in the
distinction between endogenous and externally induced neural
events of consciousness and that the alteration of these
mechanisms in patients with schizophrenia could be involved
in the development of psychotic symptoms such as passivity
delusions and hallucinations. The presence of an altered sen-
sory prediction in schizophrenia spectrum disorders (SSDs)
was empirically confirmed (11,12), and this mechanism was
involved in causal models of psychotic symptoms, for
example, in terms of altered source monitoring (13). Delusion
of control and auditory verbal hallucinations (AVHs) were
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especially framed within this paradigm (14,15); for example, a
failure in the sensory prediction of inner speech (16,17) could
be involved in its external misattribution (18-20), and AVHs
would indeed emerge at the zenith of the external misattribu-
tion of inner speech, experienced and thematized in terms of
hearing one’s thoughts spoken aloud and/or externalized
commenting voices (21).

Starting from this empirical and theoretical background, we
extend this framework in three intertwined directions: neuro-
developmental, phenomenological, and clinical.

The first direction concerns the developmental dynamic of
the impaired sensory prediction (based on altered CD mech-
anisms) detected in adult subjects with psychosis in light of the
neurodevelopmental hypothesis of schizophrenia and the
clinical staging of psychosis. Indeed, if psychosis is as an end-
stage phenomenon preceded by premorbid and prodromal
stages and clinically emerging during late adolescence or early
adulthood, in which stage (along disease progression) does
the alteration of CD mechanisms occur?

The second direction is phenomenological and concerns
the subjective experience associated with impaired CD
mechanisms. In this perspective, the distinct levels of self-
awareness (see Figure 1A) described by phenomenology,
and particularly the sense of ownership (SoO) and sense of
agency (SoA), may provide a useful heuristic framework.

The third direction is clinical and addresses the potential
psychopathological manifestations triggered or somehow
consolidated by altered CD mechanisms. Empirical studies
showed that some characteristic psychotic symptoms such as
passivity delusions and AVHs are associated with a failure of
CD mechanisms in terms of external misattribution of self-
generated actions; however, to better characterize the under-
lying pathogenetic sequence, it is crucial to define whether
altered CD mechanisms are all-or-none phenomena limited to
the genesis of psychotic symptoms or whether they could be
expressed through a gradient of severity spanning across
several symptomatic manifestations.

NEURODEVELOPMENTAL PERSPECTIVE

In the sensorimotor domain, CDs are copies of motor com-
mands used to form a prediction of the sensation from self-
generated movements and represent a neurophysiological
process identified in single-cell recordings from a range of
organisms and in multiple sensory domains (5). CD mecha-
nisms contribute, among other mechanisms (8), the distinction
between self-generated (accompanied by CD) and externally
generated (not accompanied by CD) actions; for example, if
sensory predictions of self-generated actions match sensory
consequences, sensations are felt as less intense (i.e., sensory
attenuation) (22).

Empirical evidence from developmental studies indirectly
suggests that CD mechanisms are likely to have an early
onset in human development; by 2 months of age, neonates
are already able to discriminate precisely between self-
stimulation and exogenous stimulation (23,24), and the
integrity of CD mechanisms is probably needed for such
discrimination.

If CD mechanisms have an early origin and are altered in
adult subjects with psychosis, a fundamental issue is the
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timing of occurrence of potential alterations and the beginning
of the related endophenotypic effects. Both the neuro-
developmental hypothesis of schizophrenia (25) and the clin-
ical staging model of psychosis (26) consider psychotic
manifestations as end-stage phenomena preceded by pre-
morbid and prodromal manifestations, which become pro-
gressively more specific along disease progression. In this
respect, the following questions remain unanswered:

1. Which are the critical stages, along the neurodevelopmental
trajectory leading to psychotic symptoms, during which
alterations of CD mechanisms occur?

2. Do they occur in late clinical stages (i.e., triggering frank
psychotic symptoms such as passivity delusions and
AVHs), or do they rather exert a more temporally remote
action already in premorbid and/or prodromal stages (e.g.,
triggering a set of endophenotypic manifestations not
directly related to psychotic symptoms)?

Although not directly evaluated, several empirical lines of
evidence indirectly suggest that alterations of CD mechanisms
may have an early premorbid origin, triggering complex long-
term developmental dynamics that may result in psychotic
symptoms in young adulthood.

First, motor coordination impairment in childhood is pre-
sumed to be subtended by copotentiating impairments in two
key basic processes involving movement circuits: CD mech-
anisms and the sensory feedback to estimate actual body
states (27-29). In comparison with typically developing peers,
in children with motor coordination impairment the sensori-
motor remapping is marked by a larger discrepancy between
sensory and motor signals in order to maintain continuous
learning and adaptation; that is, these children have difficulties
in processing error signals used for adjusting action that arise
from comparing sensory feedback with CD. The deficiencies in
error signal processing may be due to noisier or inefficient
sensory feedback and impaired CD mechanisms, both of
which have been directly documented in this condition (30,31).
Inspired by Wolpert et al.’s internal model (4), another model of
childhood motor impairment—the internal deficit model (32)—
suggests that these children have difficulties in generating or
using predictive estimates of body position as means of cor-
recting actions in real time; this would also affect their ability to
learn new internal models or modify existing ones. Thus, even
within the internal deficit model, impaired CD mechanisms may
be causally involved. Finally, neuroimaging studies have not
yet collected robust evidence, but they preliminarily support
the idea that performance deficits of these children tend to
map to functional and structural issues in a distributed neural
network (e.g., frontoparietal and parieto-cerebellar structures,
corticospinal tract) that enables motor control and learning and
could be characterized by both early deviance and maturation
delay (33).

Second, childhood motor impairment is longitudinally
associated with an increased risk of schizophrenia (34,35) and
schizotypy (36), and the childhood anamnesis of subjects who
will develop schizophrenia is characterized by increased rates
of later achievement of motor milestones (37) and motor
impairment (38) [see (39) for an illustrative example derived
from childhood home movies].
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Basic Core Self

Implicit pre-reflective level of awareness.
Includes the basic, tacit feeling of Ownership
and Agency that permeates subjective
experience

Reflective Self Awareness

Explicit, reflective level of experience.
Includes the thematic Senses of Ownership
and Agency

Extended Narrative Self

Self as a human person, biographically and
psychologically articulated.

Early CD impairment

Basic Self

>

Psychopathological proxies

Embodiment failure:

reduced feeling of T
agency Anomalous subjective

experiences (e.g. self-
disorders) and schizotypal
traits

levelsof ~ Reflective
~ Selfhood ~ Self

Early psychomotor
anomalies and

attenauted congnitive-

: N arra tl ve percep::sggarrr\:;ftfecﬁve
Self

Early passivity experiences

Clinically relevant
Symptoms and
Syndromic structures

Fully articulated passivity
symptoms (e.g. Transitivistic
delusions, auditory verbal
hallucinations)

Figure 1. Levels of self-awareness (A) and their psychopathological articulation along with the developmental cascade (B). CD, corollary discharge.

Within motor impairment, oculomotion is particularly rele- smooth pursuit system reveals a maturation delay in children
vant. Indeed, CD mechanisms have a crucial role in maintain- with motor impairment (41), and impairments in smooth pursuit
ing perceptual stability across eye movements (40). The tasks (42,43) and double step (44) are reported in SSDs since
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prodromal, ultra-high-risk states. Impairments of CD mecha-
nisms while performing a double-step task have been shown in
patients with schizophrenia (45), and prediction errors in ocu-
lomotor tasks have been related with clinical symptoms [for a
review, see (46)]. The continuity of impairment from premorbid
through prodromal to clinical stages, as well as their accurate
assessment, strongly suggests the potentiality of oculomotor
prediction tasks to study CD mechanisms in SSDs (47) even in
non—clinically overt conditions and in genetically high-risk
subjects (e.g., with schizotaxia).

Third, genetic risk for SSDs during childhood is associated
with phenotypic impairments at the motor level, as highlighted
by familial high-risk studies on offspring of subjects with a
diagnosis of schizophrenia (48). Possible effects of the
schizophrenia-related genetic load are early and substantial at
the phenotypic level, as confirmed by distinct empirical evi-
dence; a study reported early abnormalities in intermodal
integration (e.g., an infant’s ability to link movement with visual
perception and integrate perception across modalities) in 8-
month-old offspring of parents with schizophrenia (49), and
the schizophrenia polygenic risk score [i.e., proxy values
generated by combining multiple genetic markers, obtained
through genome-wide association studies, into a single score
indicative of specific lifetime risk for a disease (50,51)] is
associated with early phenotypic manifestations (52), including
nonoptimal overall infant neuromotor development at 2 to 5
months of age (53).

Fourth, along the stages describing the neuro-
developmental trajectory to psychosis, empirical studies have
documented impairments that are consistent with altered CD
mechanisms in prodromal or ultra-high-risk individuals (54,55)
and in nonclinical subjects with high scores on the Schizotypal
Personality Questionnaire (56); both these groups present an
abnormality in suppressing cortical responsiveness to sensa-
tions resulting from their own motor actions as auditory stimuli
during vocalizations.

In sum, CD mechanisms probably represent a uniquely
informative opportunity and plausibly a key neurophysiological
domain to better understand the link between motor impair-
ment and developmental liability to psychosis. Indeed, several
subtypes of motor abnormalities, including athetosis, chorea,
dystonia, bradykinesia, tics, and stereotypies, are elevated in
clinical stages of schizophrenia, even among drug-naive in-
dividuals (57), but only motor lag and motor coordination
impairment emerge relatively early during developmental years
(85,38), and these domains are mainly dependent on sensori-
motor integration provided by CD mechanisms.

Available empirical evidence, on the basis of the tight
intertwine between CD integrity and harmonic motor devel-
opment, strongly suggests that an alteration of CD mecha-
nisms could occur relatively early along the
neurodevelopmental trajectory that increases the risk of later
psychotic states. However, is motor impairment just an indirect
phenotypic proxy of broad neurodevelopmental alterations
putatively associated with prospective risk of developing
psychosis (i.e., akin to an epiphenomenic flag) or, rather, is it a
pathogenetically central kernel (e.g., a direct manifestation of a
latent pathophysiological mechanism causally involved in the
neurodevelopment of psychosis) (58)? In the next sections, we
present and discuss data and hypotheses on this issue.
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PHENOMENOLOGICAL PERSPECTIVE

The predictive account of brain function posits that the brain
continually generates online models of the world, on the basis
of current context and past experiences, and constantly up-
dates them when the prediction and the actual input do not
match (1-3). At the sensorimotor level, this continuous activity
of prediction is based on CD mechanisms (4-7), mediating
sophisticated sensorimotor and neurocognitive operations
(e.g., perceptual stabilization, motor sequencing, sensorimotor
learning) and contributing to the subliminal scaffolding of the
experiential field.

The integrity of CD mechanisms is therefore necessary to
enable the implicit sense of mineness of psychomotor expe-
rience and lend coherence and fluidity to our immediate
interaction with the surrounding world. This tacit and implicit
level of the stream of consciousness is the focus of the
phenomenological analysis of subjective experience (59). In
normal conditions, although this immanent level of functioning
is always operative in the background of our experience, it is
not the object of reflective or conscious awareness and is
therefore referred to as antepredicative or prereflective. To this
level (which tacitly permeates our interaction with the sur-
rounding world) belong the SoO and the SoA, both of which
are crucial for understanding the potential subjective reso-
nances of altered CD mechanisms. SoO describes the imma-
nent automatic feeling of mineness that accompanies our
experiences (e.g., the sense that one is the person experi-
encing certain feelings or thoughts and in general undergoing
personal experiences), while SoA refers to the experience of
initiating and controlling an action (i.e., the feeling that one is
the agent of an action) (59). Although an extensive review of
So0 and SoA goes beyond the scope of this article [for review,
see (60,61)], we outline some features of these senses that fit
with sensorimotor predictions enabled by CD mechanisms.

Regarding SoO, differently conceptualized by bottom-up
(mainly based on multisensory integration) and top-down
(mainly based on internal body maps) cognitive models (62),
the phenomenological approach of Metzinger (63,64) hypoth-
esizes that a conscious self-representation is experienced as
mine (a feeling of mineness) if it is transparent, that is, if only its
content properties—but not its vehicle properties—become
introspectively accessible. In this perspective, transparency
occurs when the representational character of a representa-
tion’s phenomenal content is not corepresented anymore; if
this happens, the subject of experience “directly looks
through” its own mental representation as if it was in “direct
and immediate contact” with the representation’s content [see
(64), p. 236]. As a consequence, the subject of experience
perceives this representational content as real and, if it is self-
representational, as mine.

Regarding SoA, it can be distinguished as a feeling of
agency —prereflective, low level, and nonconceptual—and a
judgment of agency operating at a conscious deliberate level
(65). Especially the implicit prereflective feeling of agency is
suited for the scope of this review; the feeling of agency, or
implicit SoA, is assessed through a behavioral or neurophysi-
ological correlate of voluntary action. In these empirical para-
digms, the participants are not explicitly asked about their own
agentic experience, but their experience is inferred from a
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measured correlate. The most widely used implicit SoOA mea-
sure is intentional binding (IB); the IB effect refers to the
subjective compression of time experienced between a
voluntary action and its external sensory consequences.
Usually, the time interval is underestimated only when the
action is voluntarily but not when it is involuntarily or passively
conducted (66).

Although the intertwine among motor control, perception,
and cognition is a controversial work in progress (67), we
approach the development of SoA according to one of the
most explanatory frameworks (14,68,69), namely, the
comparator model originally proposed by Frith et al. (70). This
model takes as its starting point the motor control system and
its computational processes (some of which are postulated to
inform the SoA) and is mainly based on CD mechanisms.
Indeed, if CDs match the actual sensory input (reafference), the
movement is felt as self-caused and SoA may arise; on the
contrary, in case of recurrent mismatch between CDs and
sensory input, SOA may be weaker or absent. Although
debated and criticized, provided empirical evidence against
the comparator model, it is not strong enough to falsify and
reject it, at least in the sensorimotor domain (68).

Although SoO and SoA are intertwined features of the tacit
and implicit level of the stream of consciousness, they have
been experimentally demonstrated as independent (71,72);
indeed, although far from conclusive with respect to both
constructs, empirical evidence in favor of an alteration of SoA
in SSDs is more substantial (61,73) in comparison with
empirical evidence on SoO, which is more controversial
(61,74,75).

In sum, 1) CD mechanisms are impaired in SSDs, 2) CD
mechanisms contribute to the emergence of SoA, according to
the comparator model, in plausible synergy with other mech-
anisms (61), and 3) SoA is reduced in SSDs. These points
jointly suggest that altered CD mechanisms, through their ef-
fects on implicit feelings of agency, may have a resonance at
the subjective level of experience. If alterations of CD mech-
anisms occur early and affect the implicit prereflective rela-
tionship with the world by interfering with the emergence of the
feeling of agency, it is likely that they may longitudinally
contribute to trigger the emergence of those subtler subclinical
modes of altered subjective experience (i.e., self-disorders)
(76) that precede, often by several years, the onset of posi-
tive symptoms (77-80). Self-disorders are traitlike nonpsy-
chotic anomalies of subjective experience that have been
recursively corroborated as SSD vulnerability phenotypes.
They encompass varieties of depersonalization, derealization,
and similar distortions of the subjective experience, charac-
terized by a diminished sense of existing as an embodied
coherent subject, vitally immersed in the world and author of
one’s own actions. Self-disorders are clinically closer to initial
disturbances of SoA than overt psychotic symptoms and
might constitute a more robust (and developmentally earlier)
phenotype to anchor the investigation of basic physiological
processes as CD mechanisms conferring premorbid (schizo-
taxic) vulnerability to psychosis.

The hypothesis of a contribution of early altered CD
mechanisms to the development of self-disorders in SSDs (76)
coheres with developmental models of self, stating that the self
unfolds from birth through multimodal perception and action

836

Impaired Corollary Discharge in Psychosis

integration, progressively allowing the child to recognize him-
self or herself as distinguished from others (81-83). Moreover,
impairments in the integration of perceptual information across
distinct modalities (also enabled by CD mechanisms) were
proposed by Parnas et al. (84) as possible early neurocognitive
triggers of self-disorders (84), and such sensorimotor dysin-
tegration is plausibly considered as an early vulnerability trait
factor that could trigger primary diminished self-presence and
a disturbed cognitive or perceptual grip on the world (85,86).
In particular, the persistence of altered CD mechanisms
along the neurodevelopment, by interfering with the early,
prereflective implicit attunement of individual sensorimotor
acting with the surrounding world, may concur to the failure in
the ontogenesis of the embodied self (see Figure 1B). Ac-
cording to phenomenology, such failure (aka disembodiment)
conditions crucial features of the clinical stages of schizo-
phrenia (87), in which perplexity, psychocorporeal dysintegra-
tion, fading sense of presence, and expropriation of the privacy
of experience (e.g., passivity delusions) might come to the fore.
In this perspective, CD mechanisms could exert a progressive
longitudinal effect across development and—if altered —might
trigger the emergence of (initially nonpsychotic) disorders of
subjective experience (e.g., self-disorders). In the next section,
we discuss whether this framework fits only with SSDs or
might also intercept other psychopathological manifestation.

CLINICAL PERSPECTIVE

As mentioned in the introductory paragraphs, Feinberg (9,10)
was the first to suggest that a failure of CD mechanisms,
hampering the recognition of self-generated actions and
therefore fostering their external misattribution, could be
involved in the emergence of prototypical psychotic phenom-
ena such as passivity experiences involving the feeling that
individual thoughts, feelings, or actions are under external
control. Although the internal model of Wolpert et al. (4) was
not originally designed to distinguish between the use of CD
mechanisms to automatically adjust movements and their use
to consciously detect mismatch between the predicted and
real outcomes of the action, it is plausible that their impair-
ments might boost or at least increase the proclivity to develop
passivity symptoms. This should be realistically contextualized
on the background interaction of multiple mechanisms,
including action selection monitoring, timing deficits, body
representation, and CD mechanisms (46). The hypothesis that
impaired predictive mechanisms, together with other neuro-
cognitive mechanisms, are involved in the reduced feeling of
agency of patients with schizophrenia with passivity symptoms
received preliminary empirical confirmation (14,88,89) and then
extended to the development of AVHs (18-21). In this case, it is
inner speech that gets externally misattributed and is experi-
enced as one’s own thoughts spoken aloud or externalized
commenting voices.

The fundamental question we attempt to answer in this
section concerns the extension of the psychopathological re-
verberations of this mechanism. Do effects of altered CDs
manifest only in SSDs, or are they expressed through a
gradient of severity that could fit with a dimensional contin-
uum, potentially spreading outside SSDs?
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Regarding passivity experiences, ante litteram descriptions
of disturbances of the senses of ownership and agency could
be found in several historical sources. For example, in 1971
Taylor and Heiser (90) differentiated between influenced ex-
periences and alienated experiences. Influenced experiences
encompass those in which the patient knew that his or her own
thoughts, feelings, and sensations were controlled or imposed
on him or her by some external agent (in current terms, pre-
served SoO and reduced or absent SoA); in contrast, alienated
experiences refer to the patient’s awareness that his or her
thoughts, feelings, and sensations were not his or her own in
the sense that they were coming from an outside source (in
current terms, reduced or absent SoO and SoA). The authors
also acknowledged a continuum between influenced and
alienated experiences, including intermediate or hybrid expe-
riences; for example, the subject may be aware of his or her
own thoughts, feelings, and sensations as if in some way they
were not his or her own while simultaneously feeling that all
this was due to some external influence. Subsequently, in 1979
Koehler (91) proposed a passivity continuum ranging from the
mildest experience of passivity mood to the most severe
negative-passive experience of alienation, passing through
intermediated experiences such as general experience of in-
fluence, specific experience of influence, experience of influ-
enced depersonalization, positive experience of alienation
(e.g., thought insertion), and negative-active experience of
alienation (e.g., thought withdrawal).

A similar course is described for AVHs, considered as the
end-stage psychotic result of a progressive transformation of
the experiential field. Such change was accurately described in
terms of psychopathological transition sequences by Ebel
et al. (92). Such transitions intervene along a coherent
sequence leading from nonpsychotic experiential precursors
to auditory hallucinations through a series of progressive
experiential changes of increasing severity. These include
basic disturbances of the thought stream (e.g., thought inter-
ference, thought block, pressure of thought), progressive
depersonalization with intensified experience of thought spa-
tialization, alienation, and/or autonomization of the interior
dialogue (e.g, repeated inner self-instructions, self-comments,
and/or self-conversations become progressively sonorized,
automatized, and interfering), and loss of the ego boundaries,
eventually culminating in omnipotent and omniscient alien
voices and/or transitivistic experiences (93-95).

These basic alterations in the stream of thoughts, which
might culminate in passivity delusions and/or AVHs, reveal a
certain descriptive affinity and sometimes overlap with ego-
dystonic intrusive thoughts characteristic of obsessive-
compulsive disorder (OCD). Although in OCD the ego-dystonic
and alien nature of such intrusion is generally related to their
content rather than to their mode of presentation, the clinical
overlap between OCD and SSDs is rather frequent and con-
stitutes a challenge for early differential diagnosis. Notably,
patients with OCD and their offspring present an increased risk
for schizophrenia (96), obsessive-compulsive features are
overrepresented in SSDs in comparison with the general
population, and increased schizotypy is reported in OCD (97).
This overlap may have a neurodevelopmental origin, hypoth-
esized for SSDs (25) as for OCD (98); the neurodevelopmental
account for OCD is suggested by neuroimaging (99,100) and
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by the increased prevalence of perinatal risk factors also in
OCD (101), representing possible triggers of an altered neu-
rodevelopment. Indeed, considering neurological soft signs as
a proxy of an altered neurodevelopment, they are meta-
analytically reported with higher rates in OCD in comparison
with healthy control subjects (102), especially in domains such
as motor coordination and sensory integration that are
particularly dependent on the integrity of CD mechanisms.
Interestingly, poor fine motor abilities during childhood predict
the persistence of early OCD symptoms during adulthood
(108), and the severity of comorbid schizotypy in patients with
OCD is associated with velocity gain in a smooth pursuit
task (104), where performance is also based on CD mecha-
nisms (46).

In sum, motor impairment in OCD could be considered of
probable neurodevelopmental origin and in an intermediate
position in a gradient of clinical severity from healthy subjects
to the schizophrenia spectrum, in which motor impairment is
more pronounced and worsening along clinical staging (57);
this pattern could indirectly suggest an alteration of CD
mechanisms in OCD, although with milder severity in com-
parison with SSDs. This hypothesis was preliminarily
confirmed in an electroencephalographic study on patients
with OCD (105). The authors measured suppression of the N1
component of the event-related potential during active gen-
eration and passive observation of visual feedback in patients
with OCD, reporting significantly reduced N1 suppression to
actively generated feedback as compared with passively
observed feedback in comparison with control subjects;
moreover, in patients with OCD, the N1 was not modulated by
additional predictive motor cues as observed in control sub-
jects. Overall, the findings showed a failure of patients with
OCD in the sensory prediction of consequences of their own
actions not accompanied by a sensory attenuation, suggesting
a possible alteration of CD mechanisms in this clinical popu-
lation. Further recent studies empirically confirmed a reduced
implicit feeling of agency through the IB paradigm (106) and on
intrusive thoughts (107) in patients with OCD.

Therefore, it is possible to hypothesize that a fraction of the
co-occurrence of SSD and OCD features may rely on a
common low-level ground of altered sensorimotor prediction
of inner mental phenomena, from performed actions to
generated thoughts. The experiential correlates of such al-
terations may be subjectively felt as a gradient of lack of
control, fading sense of mineness (i.e., the intrinsic sense of
ownership of one’s own experience), and increasing passivity;
milder alteration of sensorimotor predictions may lead to
feelings of passivity and lack of subjective control of thoughts,
which in turn may be experienced as intrusive, alien, and ego
dystonic-dystonic. The failure of sensorimotor prediction and
its further exacerbation in terms of external misattribution of
self-generated stimuli to the environment may ultimately lead
to more severe manifestations (e.g., AVHs, passivity de-
lusions) (108).

CONCLUSIONS

In previous sections, we collected multilevel (neuro-
developmental, phenomenological, and clinical) evidence that
could be integrated in a unitary view. We hypothesize a
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possible developmental cascade starting from early childhood
alterations of CD mechanisms, expressed in the endopheno-
type as difficulties of sensorimotor integration and delay of
motor development; the persistence of altered CD mecha-
nisms may concur to a progressive fading of the feeling of
agency. This in turn could interfere with the ontogenesis of the
embodied self, progressively distorting lived experience and
resulting in self-disorders (i.e., traitlike anomalies of subjective
experience specifically indexing vulnerability to SSDs). A
reduced feeling of agency could be clearly central to the
development of self-disorders and, in more severe cases,
could contribute to the progressive emergence of attenuated
psychotic symptoms, ultimately giving rise to passivity de-
lusions and AVHs (see Figure 1B).

The long-term effects of this developmental cascade start-
ing from altered sensorimotor predictions is unlikely to be an
all-or-none phenomenon. Indeed, while the severe failure of
sensorimotor prediction by conditioning the development of an
altered feeling of agency represents a substrate for the pro-
gressive buildout of some psychotic symptoms, milder alter-
ations of sensorimotor predictions (and related milder
attenuation of feeling of agency) may represent an enabling
condition for the development of milder clinical conditions.
Current data suggest that at least intrusive thoughts, passively
felt as perturbing the normal flow of thoughts in OCD, could be
interpreted in light of this hypothesized (neurodevelopmental
and phenomenological) gradient and such gradient may
contribute to explain the overlap between SSDs and OCD in
terms of both partial symptom affinity and comorbidity (108).

In light of this hypothesis, alterations of CD mechanisms
and their potential subjective resonance (at least for the feeling
of agency) should be further investigated also outside the
SSDs. This investigation should consider in particular clinical
conditions characterized by a motor impairment of neuro-
developmental origin (109) and especially impairments in do-
mains of sensorimotor integration and motor coordination that
could reveal alterations of CD mechanisms. In this perspective,
it is interesting to report a study that applied the IB paradigm in
adults with autism spectrum disorder, reporting a reduced IB
effect and a reduced feeling of agency in comparison with
control subjects (110), providing a preliminary empirical basis
to discuss the potential role of SoA as a precursor of social
impairment in this clinical population (111), characterized since
childhood by motor difficulties (112).

Finally, it must be highlighted that in addition to this hy-
pothesized developmental cascade starting from altered CD
mechanisms, a multitude of other co-occurrent pathophysio-
logical mechanisms, such as early life events and social
deprivation, exposure to xenobiotics (e.g., cannabis), and/or
dopaminergic systems’ dysregulation (113), might intervene in
the longitudinal construction of psychotic symptoms. None-
theless, altered CD mechanisms may specifically contribute to
such trajectory by interfering with the development of the
embodied self in its implicit prereflective levels of experience.
This constitutes the experiential substrate on which other
pathophysiological mechanisms could intervene incrementally,
accelerating the longitudinal development of psychotic
manifestations.

Therefore, this framework has potential clinical implications.
The presence of motor impairment should be more
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systematically investigated through standardized instruments
in clinical practice, and once it is detected, clinicians should be
aware that this may be accompanied by alterations at the
subjective level (as reduced agency and anomalous self-
experience of disembodiment) and may represent a substrate
for psychopathological manifestations of passivity ranging
from intrusive thoughts to psychotic symptoms. This is
particularly relevant in children and adolescents presenting
with putatively premorbid or prodromal stages of psychosis
because detecting early alterations at the subjective level
before the development of full-blown psychotic symptoms
could radically modify the risk trajectory. In this respect, al-
terations of CD mechanisms at this phase might still be
modified by early rehabilitative motor interventions. In fact,
these interventions may also have beneficial effects on the
subjective level, promoting a better embodiment of lived
experience and reducing perspectival psychopathological risk.
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