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Background and Hypothesis: Corollary discharge mech-
anism suppresses the conscious auditory sensory perception
of self-generated speech and attenuates electrophysio-
logical markers such as the auditory N1 Event-Related
Potential (ERP) during Electroencephalographic (EEG)
recordings. This phenomenon contributes to self-identifica-
tion and seems to be altered in people with schizophrenia.
Therefore, its alteration could be related to the anomalous
self-experiences (ASEs) frequently found in these patients.
Study Design: To analyze corollary discharge dysfunction
as a possible substrate of ASEs, we recorded EEG ERP
from 43 participants with schizophrenia and 43 healthy
controls and scored ASEs with the ‘Inventory of Psychotic-
Like Anomalous Self-Experiences’ (IPASE). Positive and
negative symptoms were also scored with the ‘Positive and
Negative Syndrome Scale for Schizophrenia’ (PANSS)
and with the ‘Brief Negative Symptom Scale’ (BNSS) re-
spectively. The N1 components were elicited by two task
conditions: (1) concurrent listening to self-pronounced
vowels (talk condition) and (2) subsequent non-concurrent
listening to the same previously self-uttered vowels (/isten
condition). Study Results: The amplitude of the N1
component elicited by the talk condition was lower com-
pared to the listen condition in people with schizophrenia
and healthy controls. However, the difference in N1 am-
plitude between both conditions was significantly higher
in controls than in schizophrenia patients. The values of
these differences in patients correlated significantly and
negatively with the IPASE, PANSS, and BNSS scores.
Conclusions: These results corroborate previous data
relating auditory N1 ERP amplitude with altered corol-
lary discharge mechanisms in schizophrenia and support

corollary discharge dysfunction as a possible underpinning
of ASEs in this illness.

Key words: event-related potentials/N1/attenuation/speec
h/ipseity/symptoms

Introduction

Anomalous Self-Experiences (ASEs) have been repli-
cated as a relevant finding in people with psychosis,' even
in its early stages” and in at-risk states,’ and remain stable
in this syndrome.* These experiences translate into an im-
pairment or loss of the natural preconscious evidence by
which we identify our mental contents as our own, in-
cluding cognitive and somatic aspects. ASEs are also evi-
denced in the subject’s relationship with the surrounding
world, including dimensions such as personal involve-
ment or time, among others. Also, they are constituted by
non-psychotic aberrations of experience in the domain
of affect, perception, cognition, acting, and body, which
are acknowledged as relevant and early phenotypes of
schizophrenia.’ Thus, ASEs can potentially impair the
experience of ipseity, ie, the automatic and preconscious
experience of individual identity, which can be altered
in psychotic states. In this context, schizophrenia has
been proposed as a self-disorder.® According to this pro-
posal, both negative and positive symptoms dimensions
may arise from a basic disturbance of self-experience, re-
spectively relating to: (1) a diminished sense of existing
as an individual subject, and (2) a decreased subjective
self-agency, which could hamper the experience of one’s
own thoughts and can result in its attribution to external
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sources. In addition, ASEs may also influence motor be-
havior, which is included in the corresponding assessment
instruments.” In this sense, it has been shown that predic-
tion of the sensory consequences of one’s own actions is
hampered in people with schizophrenia.®

The gold-standard instrument for scoring ASEs is
the “Examination of Anomalous Self-Experiences”
(EASE),” whose scores show a high correlation with
those of the self-administered “Inventory of Psychotic-
Type Anomalous Self-Experiences” (IPASE).*!

Given their preconscious nature, it is likely that some
neural alteration underlies ASEs. This possibility is rein-
forced by the findings that neurocognition is significantly
related to ASEs as assessed by both the EASE! and the
IPASE! questionnaires. Indeed, in a resting-state func-
tional Magnetic Resonance Imaging (rs_fMRI) study,
functional connectivity between the parahippocampal
and cingulate cortexes was positively associated with
IPASE scores.!* Similarly, aberrant functional inter-
actions (background/intrinsic connectivity) of the right
ventral premotor cortex and bilateral posterior insula
with posterior cingulate cortex were directly related to
ASEs."

However, these studies reveal little about the possible
neural mechanisms underlying ASEs. In contrast, studies
of corollary discharge allow a more direct approach to
these phenomena. The corollary discharge is a neural
mechanism by which the sensory consequences of self-
initiated acts are attenuated or suppressed.'®> For example,
the auditory N1 Event-Related Potential (ERP) is signifi-
cantly attenuated when healthy participants listen to their
own voice during speech, whereas it is preserved when
they passively listen to their previously recorded voice.'¢
19 Therefore, this mechanism would allow a preconscious
identification of the origin of the sources of sensory stim-
ulation, ie, whether it comes from within or from outside
oneself, which would probably be involved in self-identi-
fication. Interestingly, alterations in corollary discharge
have been consistently reported in schizophrenia, with
patients showing significantly less attenuation of the N1
potential while speaking.'® Therefore, preconscious iden-
tification of mental contents as “sel/f” might be impaired
in this illness. Furthermore, corollary discharge mech-
anisms may also have a role in internal representations
not related to external stimuli*® and thus may contribute
to the natural, preconscious experience of the self and
the outside world whose disturbances are reflected in the
ASE:s. In this context, core ASEs may be likely contrib-
uted by abnormal corollary discharge mechanisms: this
can be the case of alterations in self-presence and self-a-
wareness (related to basic identity and connection with
the world), demarcation (related to the disintegration
of self-world boundaries) or cognition (where memory
plays a key role). Thus, neural mechanisms such as the
corollary discharge may play a role in both implicit motor
behavior (ie, below the threshold of consciousness), and
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self-experience, whose alterations may arise in case of this
mechanism dysfunction.

The possible relationship between ASEs and corollary
discharge alterations was proposed in a recent review,!
where the authors hypothesized that early dysfunction of
the corollary discharge may lead to a progressive fading
of the sense of self-agency about one’s own experiences.
This, in turn, may lead to ASEs and even to positive
symptoms, such as delusions of passivity or verbal hallu-
cinations. However, to our knowledge, this hypothesis has
not been tested to date.

Given the scarce knowledge about neural under-
pinnings involved in ASEs, we hypothesize here that
they would be significantly related to the corollary dis-
charge mechanism alteration. To this end, we (1) com-
pared the corollary discharge effect (assessed using
electroencephalographic [EEG] as a suppression of the
N1 evoked potential) between people with schizophrenia
and Healthy Controls (HC), and (2) assessed its relation-
ship with ASEs (measured as IPASE scores). Considering
the possible relations between ASEs and psychotic symp-
toms,?! and the discordant data supporting®>* or not>-?
their relation to corollary discharge measures, these asso-
ciations were additionally tested.

Materials and Methods

Sample

Forty-three participants with schizophrenia (18 first-
episode [FE] and 25 chronic stable; age range 19-56
years) and 43 HC (age range 18-54 years), all with
normal hearing ability, participated in the study. Patients
were diagnosed by two expert psychiatrists (VM and JSF)
according to the Diagnostic and Statistical Manual of
Mental Disorders (5th edition). Exclusion criteria were
(1) neurological disease, (2) history of head trauma with
loss of consciousness, (3) current substance abuse (except
nicotine or caffeine), (4) Intelligence Quotient (IQ) less
than 70, and (5) any psychiatric treatment (for controls)
or (6) current diagnosis other than schizophrenia (for
patients). Sociodemographic, behavioral, cognitive, and
clinical data are shown in table 1. All participants gave
written informed consent after receiving complete printed
information. The ethical committees of the participating
hospitals endorsed the study.

Abnormal Self-experiences Assessment

Abnormal Self-Experiences (ASEs) were evaluated using
the IPASE,!” a 57-item self-report scale with a 5-factor
structure in which participants, in the presence of the re-
searcher, indicate the extent to which they agree with state-
ments on a scale from 1 (Strongly Disagree) to 5 (Strongly
Agree). The Cognition factor consists of items related to
difficulties in thought processes, such as thought inter-
ference; the Self-Awareness and Presence factor contains



Table 1. Sociodemographic, Clinical Characteristics, and Neurophysiological Values of the Participants

Corollary Discharge and Anomalous Self-experiences

Healthy Schizophrenia Chronic Schizo-

Controls n=43 First-Episode phrenia

n=43 (25 CH/18 FE) n=18 n=25
Sex (M/F) 22/21 28/15 8/10 20/5%*
Age (years) 29.63 (10.94) 35.93 (11.69) 29.80 (9.75) 40.56 (10.89)**
Education (years) 14.51 (2.35) 13.15(2.99) 13.90 (2.90) 12.65 (3.05)**
Illness duration (months) — 73.17 (115.02) 11.05 (17.20) 132.06 (136.350)
CPZ equivalents (mg) — 386.10 (253.50) 292.65 (118.59) 475.24 (302.78)
TPASE-Total ASEs — 110.33 (40.09) 112.07 (38.65) 112.73 (44.38)
IPASE-Cognition — 12.28 (4.69) 12.07 (5.33) 13.09 (5.23)
IPASE-Self Awareness and Presence — 41.61 (17.64) 43.40 (16.07) 41.77 (19.71)
IPASE-Consciousness — 13.11 (5.85) 12.73 (6.30) 13.77 (5.81)
IPASE-Somatization — 34.42 (12.17) 35.33(11.99) 34.73 (13.05)
IPASE-Demarcation/Transitivism — 8.86 (4.07) 8.53(3.56) 9.27 (4.44)
PANSS-Positive symptoms — 11.53 (4.08) 13.10 (6.06) 11.18 (3.16)
BNSS-Negative symptoms — 19.58 (15.34) 22.70 (18.00) 18.50 (13.89)
WAIS-Total 1Q 110.84 (9.24) 95.22 (12.50)*** 94.47 (12.19)*** 94.75 (13.70)***
BACS-Verbal memory 52.96 (8.69) 45.03 (10.55)** 49.35 (6.86) 41.52 (11.81)***
BACS-Working memory 23.00 (3.12) 19.13 (4.53)*** 20.12 (3.44)** 18.33 (5.20)***
BACS-Motor speed 72.89 (13.80) 58.37 (12.03)*** 58.35 (11.19)*** 58.38 (12.94)***
BACS-Verbal fluency 28.10 (4.62) 22.05 (5.82)*** 22.29 (3.67)*** 21.86 (12.94)**
BACS-Processing fluency 70.25 (9.83) 48.84 (12.14)%** 53.18 (10.41)*** 45.33 (12.53)***
BACS-Problem solving 17.64 (2.84) 17.05 (3.61) 17.59 (3.47) 16.62 (3.75)
WCST-Perseverative errors (%) 8.35(3.73) 11.53 (7.23)* 9.37 (6.56) 13.26 (7.43)*
Amplitude N1 LS (uV) —3.29 (1.96) —2.42 (1.69)* —2.48 (1.77) —2.38 (1.66)*
Amplitude N1 TK (uV) —0.46 (2.38) —1.58 (2.09)* -1.28 (2.37) -1.79 (1.88)*
Amplitude P2 LS (uV) 0.32 (1.85) 0.83 (1.94) 1.10 (1.80) 0.64 (2.04)
Amplitude P2 TK (uV) 0.73 (3.16) 0.28 (2.28) 0.40 (2.61) 0.20 (2.06)

Note: Data are given as mean (standard deviation). Neurophysiological values correspond to the average of the electrodes and epochs

used in the statistics.

CH, Chronic schizophrenia; FE, First episode of schizophrenia; M/F, Masculine/Feminine; CPZ, Chlorpromazine; IPASE, Inventory of
Psychotic-Like Anomalous Self-Experiences; ASEs, Anomalous Self-Experiences; PANSS, Positive and Negative Syndrome Scale; BNSS,
Brief Negative Symptom Scale; WAIS, Wechsler Adult Intelligence Scale; 1Q, Intelligence Quotient; BACS, Brief Assessment of Cogni-

tion in Schizophrenia; WCST, Wisconsin Card Sorting Test; LS, Listen Self; TK, Talk.

*P <.05;
P < .01,

**% P < .001 (Chi square test or Student’s test when corresponding) in comparison to healthy controls.

items related to loss of self or basic identity, and loss of
connection with the world. The Consciousness factor in-
cludes items on alterations in the experience of time, al-
terations in intentionality, and difficulty distinguishing
between imagination and reality. The Somatization factor
includes items about disturbances in bodily experiences,
such as the feeling that the body changed shape or was
difficult to control, and thoughts of not feeling physi-
cally or psychically present in one’s own body. Finally,
the Demarcation/Transitivism factor consists of items re-
lated to the disintegration of boundaries between the self
and the world, or a feeling of nonexistence.

Symptoms and Cognitive Assessment

Patients’ positive and negative symptoms were respec-
tively assessed using the positive subscale of the “Positive
and Negative Syndrome Scale for Schizophrenia”
(PANSS),* and the “Brief Negative Symptom Scale”
(BNSS).** Cognitive performance was assessed using the

Spanish version of the “Brief Assessment in Cognition
in Schizophrenia Scale” (BACS),**¢ and the “Wisconsin
Card Sorting Test” (WCST: percentage of perseverative
errors).”’ 1Q was estimated using the “Wechsler Adult
Intelligence Scale-1I1T” (WAIS-III).3%* The cognitive as-
sessment was done for descriptive purposes to ensure that
patients have equivalent impairment to that of our pre-
vious studies.

Experimental Procedure for the Evaluation of the
Corollary Discharge Mechanism

Participants were seated 60 cm from a computer screen
with a white cross in the center of a black background.
A microphone (model NT1) was placed 15 cm from the
subject’s mouth during the speaking condition. Each par-
ticipant accomplished two different conditions*:

o Tualk condition: participants were instructed to vo-
calize [a:] approximately every 1-2 s for 4 min, with a
30-s rest after the first 2 min. Concurrently with each
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vocalization, the sound was picked up by a micro-
phone, amplified, and heard by the participant in real-
time through headphones (model SE215).

o Listen condition: Subsequently, participants were in-
structed to listen passively to their own vocalizations as
recorded in the previous condition, also played through
headphones.

Prior to recording the falk condition, each participant
was trained to maintain a 15-cm space between their
mouth and the microphone, and to vocalize the phoneme
[a:] briefly (<300 ms) with a volume between 65 and 75
dB Sound Pressure Level (SPL). During this training,
feedback on their performance was given. Participants
were also instructed to remain still, open their mouths
before uttering the sound, fixate their eyes on the white
cross during the entire recording, and maintain a steady
tone of voice. Constant volume intensity was monitored
with a sound level meter (model PCE-353N-ICA), placed
6 cm in front of the mouth. The volume was the same in
all conditions, according to the balance of the headphone
audio output, measured with a dB-meter.* During the re-
cording of both conditions, a signal coincident to each
vocalization was sent, via a preamplifier (actiCHamp), to
a sound processing software (Audacity) so that it could
generate a trigger pulse. Each trigger pulse was produced
on the rising edge of the rectified signal and was included
in the EEG recording. There were no significant differ-
ences in mean speech loudness between the author’s re-
cordings and those of the participants. Participants were
trained to get used to emit vowels within the range of
65-75 dB, and the sensitivity level of the amplifier was
setup to generate triggers only when a minimum of 65
dB voice volume was generated by the participant. Trials
with a vocalization outside the 65-75 dB range were not
recorded. To mask the effect of bone conduction during
vocalization, the mean speech SPL reproduced through
headphones was increased by 15 dB over each subject’s
mean speech SPL in both conditions.?*?

The corollary discharge effect was assessed as the sup-
pression of sensory consequences following self-initiated
acts compared to those following passive external stim-
ulation (ie, the difference in amplitude of the studied
evoked potentials corresponding to the talk condition
minus the listen condition).

EEG Data Acquisition and Analysis

A 64-channel EEG system recorded the EEG data
(BrainVision, Brain Products GmbH). The active elec-
trodes were placed on an elastic cap using the interna-
tional 10-10 system (FP1, FP2, F7, F8, F3, F4, Fz, FC5,
FCeo, FC1, FC2, T7, T8, C3, Cz, C4, CPS5, CP6, CP1,
CP2, TP9, TP10, P7, P§, P3, P4, Pz, O1, 02, Oz, AF7,
AF3, AFz, F1, F5, FT7, FC3, FCz, C1, C5, TP7, CP3,
P1, P5, PO7, PO3, POz, PO4, POS, P6, P2, CPz, CP4,
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TP8, C6, C2, FC4, FT8, F6, F2, AF4, AF8). The im-
pedance did not exceed 5 k() and the sampling frequency
was 500 Hz. The in-line reference was the average mas-
toid ((TP9 + TP10)/2). Data pre-processing was per-
formed using EEGLAB v13.6.5b* and Matlab R2022b
(MathWorks Inc., MA, USA). A low-pass filter of 30
Hz and a high-pass filter of 0.05 Hz were applied. Each
continuous EEG recording during the ralk condition was
visually monitored trial by trial for excessive muscle arti-
facts at speech onset. Any trial onset whose noise signal
was indistinguishable from background EEG activity
was excluded from further analysis. Ambiguous speech
onsets involving some abnormal activity peaks were also
excluded.® Subsequently, eye movements, blinking and
any artifact related to facial muscle activity (especially
during the ralk condition) were identified and rejected
with an Independent Components Analysis (ICA).*
EEG data epochs were established from 100 ms prior
to the auditory stimulus onset (used for baseline cor-
rection) to 250 ms after the stimulus onset. Trials con-
taining artifacts (voltages greater than = 90 pV) were
rejected and 20 participants with less than 30% of trials
on average (13 patients and 7 controls out of the 106
initial participating volunteers) were excluded from the
analysis.

Based on previous literature,**+*# the amplitudes at the
vertex of N1 and P2 ERPs were independently analyzed.
Nine electrodes around the vertex (FC1, FCz, FC2, CI,
Cz, C2, CP1, CPz, CP2) were selected for statistical anal-
ysis to check that possible differences were found over a
region and not limited to a single sensor. N1 was iden-
tified as a negative fronto-central peak between 60 and
120 ms after the onset of the phoneme [a:]; and P2 was
the subsequent fronto-central positivity between 120 and
220 ms.

Statistical Analysis

Sociodemographic, behavioral, cognitive, and ERP am-
plitude differences between people with schizophrenia
and HC were examined using Chi-squared or Student’s
t-tests for independent samples when corresponding. The
corollary discharge mechanism was analyzed by com-
paring the average amplitude of the potential trials (N1
and P2) between conditions (zalk vs. listen). The following
ERP analyses were performed separately for both N1 and
P2 potentials.

As a preliminary step, separately for people with schiz-
ophrenia and HC, differences between conditions at each
of the electrodes in the area corresponding the FCl1,
FCz, FC2, C1, Cz, C2, CP1, CPz, and CP2 electrodes
were analyzed using Student’s z-test for related measures.
In case all electrodes showed significant differences in
the same direction, it was planned to average their am-
plitude values (ie, mean voltages in their respective time
windows) for subsequent analyses.



Two types of analysis were then performed. First, a
within-group analysis to assess the differences between
conditions (talk vs listen) and, therefore, the occurrence
of the corollary discharge mechanism, for which a re-
peated measures /-test was used. Secondly, in order to
assess the differences between groups in corollary dis-
charge, the amplitude difference between conditions (talk
minus /isten) was used as a parameter of interest, since
this measure reflects the sensory suppression generated
by the corollary discharge mechanism. This analysis was
performed only for those ERPs that showed significant
differences in the preceding within-group comparisons
(ie, N1, P2, or both). Thus, a second Student’s z-test
was performed (in this case for independent measures)
where the patients and HC groups were compared on this
measure of corollary discharge.

Finally, we tested the main study hypothesis: the pre-
dicted relationship between the magnitude of corollary
discharge (ie, significant differences in the sensory sup-
pression measure in the previous step), and the intensity
of ASEs (IPASE scores) and symptoms (PANSS and
BNSS scores) in people with schizophrenia using linear
regression analysis.

a) b)

Corollary Discharge and Anomalous Self-experiences

Student’s z-test analyses (within and between group
comparisons) were conducted for all schizophrenia pa-
tients first, and then for FE and chronic patients alone.
To study possible differences generated by chronicity and
illness treatment, FE patients were also analyzed sepa-
rately with linear regression models. Additionally, to rule
out a possible major effect of the treatment, the relation-
ships with treatment dose (chlorpromazine equivalents in
mg/day) were also studied using regression models.

Results

There were no significant differences between groups
(schizophrenia patients vs HC) in age, sex, or years of
education. Schizophrenia patients showed generalized
deficits in cognitive scores compared to HC (table 1).
Figure 1 shows the waveforms of the two ERPs ana-
lyzed (N1 and P2) in schizophrenia patients and HC.
Supplementary figure 1 depicts the mean suppression in
N1 amplitude (ie, talk minus listen condition, our cor-
ollary discharge measure) averaged over the nine elec-
trodes around the vertex in schizophrenia patients and
HC. Figure 2 shows the significant results found in the

¢) Talk minus Listen-self

4 Schizophrenia 4 Healthy controls
Listen
Talk
N N
2 2
== 8 oh=UN
2 N 2
3 3
. \ - k
— Healthy controls
— — Schizophrenia
CZ N
.5 .5 )
0 ) 300 ms 0 . 300ms 3§
time time 3
3 ~\
d) e) g v \
4 . . 4 . © /
First episode Chronic /
/
: : ON
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o ~ N\ @ .
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Fig. 1. ERP waveforms show N1 and P2 components during the talk (red) and /listen (blue) conditions recorded at Cz. The N1 amplitude
during the talk condition is reduced relative to listen in schizophrenia patients (first-episode and chronic patients averaged; a) and healthy
controls (b). This effect is attenuated in schizophrenia patients and, therefore, the waves and topographies show that the N1 amplitude
suppression (falk minus listen condition) is higher in healthy controls compared to schizophrenia patients (¢). There were no significant

amplitude differences for first-episode (d) and chronic patients (e).
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linear regression analyses conducted between measures
of evoked response suppression and ASEs and symptoms
scores. Supplementary figure 2 shows the correlations be-
tween the evoked response suppression and the specific
IPASE factors and BNSS symptoms.

In our preliminary analysis, in both the schizophrenia
patients and HC, all electrodes showed significant differ-
ences (P < .005) in the same direction between talk and
listen conditions. Therefore, the averaged amplitude for
these electrodes was used in the corresponding windows
of the N1 and P2 potentials for subsequent comparisons.

ERP Amplitude: Within-Group Comparisons

The within-group Student’s #-tests resulted in significant
differences due to a lower N1 amplitude in the falk con-
dition compared to the /isten condition, in both schizo-
phrenia patients (¢ = —3.13, P = .003; figure la) and HC
(t=-7.24, P<.001; figure 1b). The same results were
found for the FE patients’ group (z = —2.69, P <.015)
and for chronic patients (¢ = —1.36, P < .018). No differ-
ences were found between conditions for the P2 ampli-
tude measure in any group. Thus, further analyses were
limited to the N1 ERP.

ERP Amplitude: Between-Groups Comparisons

Student’s 7-test between schizophrenia patients and HC
showed significant differences in the measure of suppres-
sion in the N1 component (z = 3.81, P < .001; figure 1c),
with greater attenuation in HC than in patients. When
studying patients separately, the same results were found
in chronic patients compared to HC (¢ = 3.62, P <.001)
and a trend to statistical significance in FE patients when
compared to HC (r = —1.79, P = .077).

ERP Correlates of ASEs and Clinical Symptoms

Regressionanalysesinschizophrenia patientsshowed that
lower measures of N1 suppression correlated significantly
with higher scores in ASEs (IPASE; R>=0.14, P =.022),
positive symptoms (PANSS; R>=0.13, P=.021), and
negative symptoms (BNSS; R? = 0.25, P =.001) (figure 2).
The FE patients, when studied separately, showed the same
relationships with a trend toward statistical significance on
measures of ASEs (IPASE; R?=0.25, P =.057), positive
symptoms (PANSS; R?>=0.20, P=.058), and negative
symptoms (BNSS; R?=0.31, P = .016).

No significant relation was found between the N1 am-
plitude attenuation and antipsychotic doses in schizo-
phrenia patients.

Discussion

The main objective of this study was to evaluate the
suppression of speech-related potentials, as possible al-
tered substrates of the corollary discharge mechanism in
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Fig. 2. Significant linear correlations in the regression

analyses between N1 suppression measures (falk minus listen
condition), clinical symptoms and anomalous self-experiences in
schizophrenia patients (first-episode [red] and chronic patients
[blue]). Notice the higher scores in positive symptoms (PANSS;
a), negative symptoms (BNSS; b), and anomalous self-experiences
(IPASE; c) as the difference between the talk and listen condition
is smaller.

people with schizophrenia, and its relationship with the
severity of the ASEs presented by these patients.

In our sample, the auditory N1 potential was, as ex-
pected,?3% suppressed in both HC and people with
schizophrenia while speaking compared to the passive lis-
tening to one’s own voice, although this attenuation was
significantly lower in the schizophrenia group (figure 1).
Additionally, the amount of N1 suppression was associ-
ated with the severity of ASEs as well as with positive and
negative symptoms in schizophrenia patients (figure 2).
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Both FE and chronic patients showed similar attenua-
tion, and there was no significant relationship between
antipsychotic doses and attenuation of N1 or the severity
of ASEs, thus ruling out chronicity and treatment as
major determinants. On the other hand, in comparison
to HC, schizophrenia patients showed no significant dif-
ferences in the P2 component, indicating that listening to
one’s own voice during the talk condition is indeed pro-
cessed by the cortex, thus supporting that the lack of N1
suppression when speaking is not a peripheral sensory
problem, but is likely caused by central mechanisms as
other previous studies have reported.*

The paradigm in our study relies on the attenuation
of the sensory consequences of the self-generated motor
acts, such as talking, via corollary discharge. The relation
between the deficit in this sensorimotor attenuation and
ASEs in our patients seems coherent with the broader
functions that have been attributed to corollary dis-
charge, including the disengagement of the brain from its
environment.”® According to this idea, starting from navi-
gation without explicit external clues, corollary discharge
contributes to the representation of current and past ex-
periences and thus to memory and planning. ASEs may
thus be contributed by difficulties in self-positioning in
the world (past or present), projecting itself into the future
and/or integrating memories, among other possibilities.

Despite the altered suppression of N1 during the talk
condition, schizophrenia patients showed a normal NI
potential while listening to their own pre-recorded voice
(listen condition). This also indicates that the sensory
recognition of their own voice is not impaired in these
patients. Thus, the dissimilar attenuation shown in both
groups (schizophrenia patients and HC) during the talk
condition would be likely secondary to the effects of the
corollary discharge, ie, a signal sent from the motor areas
(where the action is initiated) to the receiving sensory
areas which attenuates the sensorial consequences of self-
initiated acts.

In addition to the likely alteration of this corollary
discharge mechanism in people with schizophrenia, the
novel finding in this report is that the amount of such
suppression is inversely related to ASEs in our patients.
In other words, ASEs are likely associated with a def-
icit in corollary discharge which, as previously stated, is
a neural mechanism that may be key in identifying the
source of action as one’s own, ie, playing a role in self-i-
dentification and thus making its dysfunction a likely
neural signature of altered ipseity.

The smaller N1 suppression in people with schizo-
phrenia indicates that the neural processing for mental (or
internal) contents linked to the subject’s actions is similar
to that of sensory stimulation with an external source
or, at least, more similar than in HC. Consequently, this
would make it more difficult for schizophrenia patients to
discriminate the source of mental contents, which is very
consistent with the characteristics of the ASEs and may

Corollary Discharge and Anomalous Self-experiences

contribute to the diminished ipseity reported in schizo-
phrenia. Additionally, given the automatic, early, and
preconscious nature of the corollary discharge, as well
as the normal N1 under the passive listening condition
and the unaltered P2, it seems highly unlikely that lack of
collaboration could play a role in the disturbance of this
mechanism in people with schizophrenia.

Concerning the correlations between corollary dis-
charge alterations and symptoms, our data support that
such alterations may increase the likelihood and/or se-
verity of both positive and negative symptoms. The as-
sociation between positive symptoms and corollary
discharge deficits seems easier to explain since a loss of
subjective self-agency could lead to experiencing one’s
own thoughts as external stimuli, in the form of auditory
hallucinations, or delusions of passivity, for example. In
particular, Auditory Verbal Hallucinations (AVH) may
be underpinned by a decreased sense of agency related
to inner speech, that may progressively lead to a speech
misattribution to an external source, thus resulting in
the experiencing of at least some own thoughts as a re-
sult of other addressing the subject (ie, AVHs). Since
the corollary discharge alterations may underpin the de-
creased self-agency experience, it may be proposed that
corollary discharge alterations might progressively lead
to AVHs development. The relations with negative symp-
toms would be less evident. However, Sass and Parnas*
propose in their model of ipseity disturbance a central
role for diminished “self-affection” (ie, a diminished ex-
perienced sense of existing as a living and unified sub-
ject of awareness). In this context, self-agency alterations
underpinned by corollary discharge dysfunction may also
contribute to negative symptoms. Moreover, corollary
discharge also contributes to sensorimotor learning and
planning, according to findings in different mammals:
while low-order corollary discharge would have a major
role in sensory filtration, high-order corollary discharge
would enable predictive control for perceptual cohesion
and action sequencing.*® These authors propose that “zhe
corollary discharge signal impinges on higher-level struc-
tures that are highly sensory andlor executive in nature. As
a result, appropriate behaviors can be prepared for the fu-
ture (planning) and modified based on the lessons of the
past (learning).” As a consequence, it could be explored
the role that corollary discharge disturbance might have
in the neuromotor alterations described in schizophrenia,
even at premorbid states, where ASEs can be also found.?

The lack of association between corollary discharge
mechanisms and symptoms in other studies may specu-
latively relate to the heterogeneity of substrates for these
symptoms, being the corollary discharge alterations just
one of its possible underpinnings. For instance, dopamin-
ergic over-reactivity is associated with positive symptoms,
and may not be necessarily related to corollary discharge
alterations.” Moreover, differences in sample size and
clinical assessments performed by personnel not involved
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in the clinical care of the patients may also play a role in
those discrepancies.

During vocalization, corollary discharge mechanisms
would be activated through an inhibitory feed-forward
process in which interneurons located in the auditory
cortex inhibit pyramidal neurons.”*>3 The neural under-
pinnings of corollary discharge could be related in this
way to synchronization meditated by inhibitory trans-
mission between the efferent motor area and the sensory
region receiving the corresponding signal.?>**% In this
context, the expected deficit in corollary discharge mech-
anism in our patients seems compatible with the conse-
quences of an overactive cortex, in turn, consistent with
GABA deficits in the cortex reported in schizophrenia.*
According to some previous data using a P300 paradigm,
task-related modulation of brain activity is significantly
decreased in schizophrenia, which has been proved in
three different samples,*”* and this hypomodulation was
predicted by a hyperactive basal state.® This allows us to
speculate that basal hyperactivity might hamper corol-
lary discharge and thus interfere with self-identification
in people with schizophrenia.

The spatiotemporal model of psychopathology®! pro-
poses a relationship between the functional charac-
teristics of the brain at rest and self-experience. Thus,
self-experience may be rooted in spontaneous functional
networks of the brain. If these functional networks are
hypomodulated, the neural operations that allow discrim-
inating the origin of experiences may be impaired. For
instance, the hypomodulation reflected in the smaller N1
change in schizophrenia patients, speculatively related to
GABA hypofunction, could hamper the discrimination
of the source of mental experiences. The spatiotemporal
model proposes a link between subjective-experiential
and objective-neuronal measures that can be directly re-
lated to subjective experience, as well as a distinction be-
tween “deeper” and “superficial” symptoms linking both
to different forms of neural activity. Thus, the deeper level
refers to the subjective experience of the self, where pre-
conscious operations such as corollary discharge would
play a relevant role in the experience of ipseity.

The correlative association between ASEs and corol-
lary discharge deficits would imply that corollary dis-
charge might be preserved in a subset of schizophrenia
patients without ASEs. This would be consistent with
the likelihood of multiple biotypes coexisting within the
schizophrenic syndrome. In this line, a schizophrenia bi-
otype, characterized by a decrease in task-induced mod-
ulation of bioelectrical activity has been described.®
Similarly, we have reported in a biotype defined based on
cognitive deficit a hyperactive cortical activity associated
with a deficit of P300-induced modulation.®

Among the limitations of our study, we did not include
a treatment-naive sample, but the similar profiles of FE
and chronic patients, as well as the absence of differ-
ences in the P2 waveform, make it unlikely that treatment
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explains our findings. We used the IPASE to assess ASEs,
rather than the gold-standard EASE. However, scores
using both instruments show a high correlation,” and a
researcher was present to assist the participant in case
of misunderstanding item phrasing. The correlation be-
tween ASEs and corollary discharge does not indicate
causation, but corollary discharge is a neural mechanism
likely underlying the ipseity experience. A larger sample
of FE patients is required to statistically confirm the
trend of the results. We did not include patients with
other functional psychoses, such as bipolar disorder,
where dissimilar findings could be found.

Conclusions

Our brain recognizes its own voice through a process
that occurs before the perception of the emitted sound.
Through the activation of the corollary discharge, we
can predict the consequences of our actions based on
pre-existing connectivity and dynamics. People with
schizophrenia present alterations in this mechanism,
which could be the origin of the so-called abnormal self-
experiences that are identified in this disorder. The present
study shows that alterations in corollary discharge may
underpin psychotic symptoms and ASEs in people with
schizophrenia.
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