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Abstract
Electrophysiological de�cits in the visual cortical processing are reported in schizophrenia. Speci�cally,
studies support the hypothesis of a magnocellular impairment in the psychiatric illness. However, recent
�ndings reported electrophysiological anomalies as early as retina. Hence, question arises about the link
between these retinal and cortical alterations, especially during magnocellular biased conditions among
patients with schizophrenia. Their association with visual symptoms such as visual hallucinations was
also investigated in this population.

We recorded the P100 amplitude and latency in EEG during the projection of low or high spatial frequency
gratings (LSF or HSF ; 0.5 or 15 cycles/degree) presented statically or dynamically (Temporal Frequency
TF : 0Hz or 8Hz). We recruited 29 healthy controls (HC, n = 29) and 21 patients with schizophrenia (SZ, n 
= 21) divided in two subgroups according to the presence or absence of history of visual hallucinations :
VH group (n = 9) and auditory hallucinations or no hallucinations group (AHNH group, n = 12). We
compared P100 results to former results regarding retinal ganglion cells activity (N95) and visual
cognition performances in participants 1. Data were compared between groups by repeated measures
ANCOVA, linear regression analyses and mediation analyses.

First, analysis showed a decreased P100 amplitude and an increased P100 latency in SZ compared to HC
(p < 0.05). Second, analysis reported main effects of SF and TF without group interaction. More, P100
latency was correlated with the VOSP object score and the N95 latency in SZ group. Third, VH group
reported an increased P100 latency compared to HC (p < 0.05). P100 latency was also correlated with the
VOSP object score and the N95 latency in the VH group. Finally, we found a partial mediation between the
P100 latency, N95 latency and VOSP object score in the VH group.

P100 alterations in SZ are consistent with the early visual cortical processing de�cit shown in literature.
Importantly, these de�cits seem to be not related with the magnocellular processing but appears to be
associated with previous retinal measurements. Thereby, impairments in N95 and P100 were found only
in VH group and were associated with the VOSP object score, thus supporting the role of retina in VH.
Studies with coupled ERG-EEG measures are now required to clarify these �ndings.

1. Introduction
Sensory distortions are an integral part of the complex experience of schizophrenia 2. Concerning vision,
this point has been reported since the �rst descriptions of Kraepelin and Bleuler 3, and is also commonly
described in patients' �rst-person accounts 4. Thereby, visual symptoms such as visual hallucinations
(VH) are involved in at least 27% of patients 5. Knowledge of visual function being particularly developed
over the last decades, vision sciences reported numerous visual processing anomalies in schizophrenia
such as contrast sensitivity 6, visual reading 7, color vision 8, and recognition in objects, images and faces
9–11. In that sense, electrophysiology, and notably visual evoked potentials (VEP) is a key method to
highlight the nature of such visual de�cits. Numerous studies reported a decreased P100 amplitude in
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schizophrenia at the cortical level 12,13 during various low-level visual tasks such as contour processing
14, fragmented images 15 and simple stimuli perception 16, which also emphasized de�cits in the
processing of the �rst visual cortical areas in schizophrenia 17. More precisely, P100 impairments were
found in response to low spatial frequency (LSF) information 18–23 and stimuli biased toward the
magnocellular visual system 24,25. Although such potential magnocellular alteration is well supported in
schizophrenia, this theory remains controversial 26, thus challenging the origin of P100 alterations.

Besides, the literature reports both functional and architectural retinal abnormalities in schizophrenia
27,28. Using �ash electroretinography (f-ERG), Balogh et al. 29 reported a decrease in a-wave amplitude in
the acute stage of the disease, emphasizing an alteration in the cone response. On a larger sample,
Hébert et al. 30 showed a decrease in the amplitude of scotopic b-wave, both photopic a-b-waves, and an
increase in the peak time of the b-wave among 105 patients with schizophrenia than 150 controls.
Demmin et al. 31 also reported both alterations in the photopic and scotopic conditions with regard to the
a-wave as well as the b-wave in these patients. More recently using pattern electroretinography (PERG) 32,
our team reported a longer N95 latency in patients with schizophrenia than controls 1. As the N95
represents almost exclusively the retinal ganglion cell (RGC) activity 33,34 and is considered to be the best
marker of these cells 35,36, this result hence provides strong evidence for a delay in the retinal visual
transmission caused by RGC dysfunction. This RGC dysfunction was also supported by Moghimi et al. 28

and Demmin et al. 37 by using the photonegative response (PhNR) in f-ERG. Finally, Samani et al. 2018 27

found a decrease in the retinal contrast sensitivity regarding to LSF, correlated with thinning of the
parafoveal and temporal RGC complex in schizophrenia. Since RGC are divided into M and P cells at the
retinal level 38, authors hypothesized that these alterations may signify a disease-related loss of
magnocellular ganglion cells which could recall the magnocellular alteration at the cortical level. In sum,
these results highlight abnormalities in retinal synaptic transmission, affecting both photoreceptors as
well as RGC functions. As RGC constitutes the �rst link with the input of subsequent brain regions such
as the primary visual cortex (PVC) 38–40, and since retinal and cerebral neurons share similar anatomical
and functional properties 41, impaired retinal functions may affect signaling at the subcortical and
cortical levels 42.

Indeed, it is important to note that retinal abnormalities could affect the visual cortical processing in
ophthalmic diseases 43 and neurodegenerative disorders 44,45. For instance, using pattern VEP and PERG,
Krasodomska et al. 2010 46 reported an increased P50 latency, a decrease in N95 and P50 amplitudes,
and an increased P100 latency in 30 patients with early stage of Alzheimer disease. Similarly, Heravian et
al. 2011 47 found reductions in the P50 and P100 amplitudes and an increased P100 latency in patients
with anisometropic amblyopia. More recently, El-Shazly et al. 48 reported an increased N95 latency, a
decrease in N95 amplitude, a prolonged P100 latency and a decreased P100 amplitude in patients with
migraine during aura. Such results emphasized that retinal abnormalities may have consequences on the
visual cortical processing and especially the P100 wave. With that in mind, our group explored in a past
study the retinal function in patients with schizophrenia with and without history of VH 1 and found that
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the N95 would be associated to VH and high-level visual cognition 49. In such a way, the question arises
to elucidate the relationship between retinal dysfunctions and the subsequent visual processing in
schizophrenia and notably in patients with a history of VH. First, exploring P100 activities in these
patients compared with healthy controls could be a way to �nd the de�cit in the early visual cortical
processing mentioned in literature. Second, the use of a method such as VEP in EEG remains yet to
explore in these populations. Finally, this could be the opportunity to increase our understanding about
the effect of VH at the cortical level and to determine if there is a possible link between retinal and cortical
abnormalities as well as high-level visual cognition.

On this purpose, the primary goal of this study was to explore the visual cortical processing among
patients with schizophrenia compared to healthy controls. We used P100 activities in EEG such as
amplitude and latency in response to spatial frequency gratings stimuli to bias either the magnocellular
or parvocellular visual activity 50,51. Based on previous literature, we hypothesized P100 alterations
speci�cally on magnocellular biased stimuli. We also considered a potential link between previous PERG
results 1 and EEG measurements in the schizophrenia group. A secondary aim was to explore the link
between cortical and retinal electrophysiological abnormalities as well as visual symptoms such as VH in
patients with and without a history of VH. We hypothesized P100 alterations in patients with a history of
VH and a complex interaction between previous PERG measurements 1, EEG measurements and visual
hallucinations in this group.

2. Material And Methods

2.1. Clinical assessments and participants ethics statement
This study is a part of the CAUSAMAP project (Cannabis USe And MAgnocellular Processing) which aims
at studying the neurotoxic effect of cannabis on human vision. We initially planned to recruit 30 patients
with schizophrenia and 30 age-/sex- matched healthy controls. However, not all EEG plots were usable
due to missing EEG data or too much artifact recording. So, �nal recruitment consisted in 21 patients with
schizophrenia (n = 21, mean age= 29yo, standard deviation (SD = 8.15 years) and 29 healthy controls (n = 
29, mean age= 25.89yo, SD = 5.49 years). All participants were between 19 and 46 years old. They
provided a detailed psychoactive drug and their medical history. They had a normal fundoscopic
examination and a normal or corrected-to normal visual acuity veri�ed by the Monoyer chart. All
participants had a general psychiatric assessment using the MINI 5.0 52. Alcohol or cannabis disorder
were not an exclusion criterion to facilitate recruitment. Patients with an Alcohol Use Disorders
Identi�cation Test (AUDIT) and Cannabis Abuse Screening Test (CAST) indicating alcohol or cannabis
dependence were excluded.

Patients with schizophrenia ful�lled the DSM IV-TR Axis I Disorders criteria for schizophrenia. Current
(past month) and lifetime visual and auditory hallucinations were assessed using the Psycho-Sensory
hAllucination Scale (PSAS). The PSAS provides an index of the gravity of the hallucinations and
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represents the sum of scores for the clinical characteristics of hallucinations such as frequency, duration,
negative aspects, conviction, impact, control and sound intensity (for auditory hallucinations) 53. Patients
were therefore divided into two subgroups according to the absence or presence of a history of visual
hallucinations measured with the PSAS. Therefore, 9 patients had an history of VH (VH group : n = 9,
mean age= 30.11yo, SD = 9.47 years) and 12 patients had an history of auditory hallucinations or no
hallucinations (AHNH group : n = 12, mean age= 28.17yo, SD = 7.33 years). There were clinically stable on
antipsychotic medication and had no history of neurologic disease. They presented a negative urine
toxicology test for illicit drug or opiate substitution treatment use. Healthy controls had no actual or past
psychiatric disorder, no family or personal history of schizophrenia or bipolar disorder, no history of
neurological disease, no alcohol or THC dependance, no trouble meeting the DSM IV (Diagnostic and
Statistical Manual of Mental Disorders IV) and no history of ophthalmic disease or visual symptoms.

Participants received €100 in vouchers (about US$110). They signed informed consent detailing all
aspects of research in compliance with the Helsinki declaration 54. All experiments were performed in
accordance with the ethics committee of Nancy Regional University Hospital Center (2013-A00097-38
CPP 13.02.02). The study was �rst registered on August 12, 2016 and is available on clinicaltrials.gov (ID
NCT02864680).

2.2. Neuropsychological assessment
This method description was previously made by our team in Bernardin et al. 2019 49. Thus, a French
version of the following neuropsychological tests were administered to evaluate speci�c cognitive �eld of
the participants : National Adult Reading Test 55; the California Verbal Learning Test 56; the verbal �uency
test 57; working memory, Go/No-go and divided attention subtests of the Test of Attentional Performance
58; coding subtest of the Wechsler Adult Intelligence Scale 59 and the VOSP battery 60. The VOSP battery
has two indices : the VOSP-Object index, which groups subtests that evaluate shape and object
recognition, and the VOSP-Space index, which groups subtests that evaluate spatial relationships of both
2D and 3D objects.

2.3. Experimental procedure, recording and EEG data
processing
This method description was previously realized by our team in Remy et al. 2021 61. Stimuli were
generated using the VSG system (Cambridge Research System). They consisted in black and white
sinusoidal vertical Gabor gratings presented at a size of 6 degrees of visual angle 51. We choose LSF and
High Spatial Frequency (HSF) gratings (0.5 and 15 cycles per degree respectively) in order to
preferentially stimulate magnocellular and parvocellular pathway 62,63. The gratings had a light/dark
contrast of 80% and were presented against an isoluminant grey �eld. Both types of gratings were
presented at two different temporal frequency (TF) conditions. In dynamic condition (which preferentially
stimulates the magnocellular pathway activity 64), black and white stripes alternated at a frequency of
8Hz. In static condition, the stripes did not alternate (0Hz). 20% of the stimuli were control stimuli at a



Page 7/28

contrast of 0% and were invisible. Five stimuli were used : LSF-static, LSF- dynamic, HSF-static, HSF-
dynamic and control stimuli.

Figure 1 shows experimental procedure with both stimuli in LSF and HSF. A total of 300 stimuli were
projected onto a CRT screen with a sampling rate of 120Hz, in an electrically shielded room with no
surrounding light. The participants sat on a chair at a distance of 57 cm. During each trial, a central
�xation cross was displayed during 500ms to 800ms and allowed participants to maintain their attention
in the central zone of the screen. A randomized grating presentation was then centrally presented for
500ms. During the following blank screen lasting 1500ms, participants had to indicate via a response
button if they had seen a grating. This task aimed to maintain the attention of the participants on the
stimuli. Each trial was separated by a supplementary blank of 1500ms. The entire procedure consisted of
300 trials in total with 60 trials per stimulus condition and was divided into 2 blocks of 150 trials.

[Insert Fig. 1 here]

EEG recording was performed by Ag/AgCl electrodes using a 64-electrode Micromed® headset (10–10
system, QuickCap ; Compumedics Neuroscan®) referenced to both ear lobes. The signal was recorded at
a sampling rate of 512 Hz (SD64 Headbox, Micromed®, Italy) with a bandwidth from 0.15Hz to 200Hz.
Electrode impedances were kept below 10 kΩ. Vertical and horizontal ocular electrodes were used for eye-
artifact rejection. Each epoch was created with 1000ms pre-stimulus and lasted for 1000ms post-
stimulus for each modality of spatial frequency (SF) relative to the stimulus onset. The data acquired
were processed with Brain Vision Analyzer 2.0® software (Brain Products GmbH, Munich, Germany). The
raw EEG signal was bandpass-�ltered (0.5Hz-40Hz). Artifact rejection for noise, eyes blinking, muscular
activity and non-biological component was performed using independent component analysis (ICA)65. A
manual artifact rejection was based on visual inspection to exclude the last remaining artifacts. Data
collection focused on 3 pairs of interest electrodes in the left (O1, PO3, PO7) and the right hemisphere (O2,
PO4, PO8). A grand average on all conditions determined the global aspect of P100 amplitude peak. A
root mean square (RMS) value calculation determined a temporal window for the extraction of the P100
component amplitude. Consequently, the P100 peak was extracted with a 28ms interval around the
maximum peak. P100 latency was extracted based on its mean appearance on the grand average.
Therefore, P100 latency was determined at 116ms for patients with schizophrenia and 113ms for healthy
controls.

2.4. Experimental procedure, recording and ERG data
processing
Detailed information about the stimulation and recording processes are described in Schwitzer et al. 66.
Brie�y, we used the MonPackOne system (Metrovision) for stimulations, recording and analysis. The
exploration of RGC functions was performed using reversal checkerboards stimuli according to ISCEV
standards 36. PERG markers were the N95 and P50 waves.

2.5. Statistical analysis
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This paragraph was previously described by our team in Remy et al. 2021 61. Data were analyzed using
STATISTICA software (version 10.0) and R (version 4.0.5.). Both descriptive and comparative analyses
were conducted according to the nature and the distribution of the variables (normality assessed by
Shapiro-Wilk test). Qualitative variables are described with frequencies and percentages ; quantitative
variables were reported with the mean and standard deviation (SD). Since sociodemographic and clinical
characteristics followed a normal distribution given the non-signi�cant Shapiro-Wilk test, the differences
between groups were analyzed using an independent sample t-test. Given behavioral and EEG data
followed a normal distribution, indicated by a non-signi�cant Shapiro-Wilk test, and did not differ in
variances following a non-signi�cant Levene test, we used parametric tests. Behavioral data consisted of
2*2 factors ANOVA (TF [Dynamic/Static] x SF [LSF/HSF]). P100 amplitude and latency were analyzed
using 2*3*2*2 factors ANOVA (Hemisphere [left/right] x Electrodes [O1/2, PO3/4, PO7/8] x TF
[dynamic/static] x SF [LSF/HSF]). Pearson R- tests assessed correlations between experimental variables.
More information for PERG statistical analysis was given in Bernardin et al. 2019 (1). A mediation
analysis using structural equation model 67 was made between PERG measurements, EEG
measurements and the VOSP index score. For all tests, the signi�cance was α = 0.05.

3. Results

3.1. Comparison between patients with schizophrenia (SZ)
and healthy controls (HC)

3.1.1. Population characteristics
Sociodemographic and clinical characteristics of the participants are summarized in Table 1. Among the
21 patients with schizophrenia, 2 were cannabis users and 12 were alcohol users without dependance.

[Insert Table 1 here]

3.1.2. Behavioural data
SZ and HC displayed respectively a mean reaction time of 595.15ms (SD = 46.60ms) and 393.01ms (SD 
= 14.87ms). ANOVA analysis showed a signi�cant main group effect (F(1,47) = 22.98 ; p < 0.01) indicating
a higher mean reaction time in SZ patients compared to HC regardless the type of stimuli.

3.1.3. EEG results
P100 amplitude

The mean P100 amplitude in SZ and HC was respectively 2.25µV (SD = 0.52µV) and 3.42µV (SD = 
0.62µV). ANOVA showed a main group effect (F(1,48) = 7.88 ; p < 0.01) indicating a lower P100 amplitude
in SZ compared to HC (Fig. 2).

[Insert Fig. 2 here]
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A main SF effect (F(1,48) = 51.34 ; p < 0.001) highlighted a larger P100 amplitude for LSF gratings (mean 
= 3.80µV ; SD = 1.94µV) compared to HSF gratings (mean = 1.89µV ; SD = 1.49µV). The interaction
SF*Group was not signi�cant (F(1,48) = 0.04 ; p = 0.85). Analysis indicated a main TF effect (F(1,48) = 
8.79 ; p < 0.01) explained by a greater P100 amplitude for Dynamic condition (mean = 3.02µV ; SD = 
1.51µV) compared to Static condition (mean = 2.67µV ; SD = 1.49µV). The TF*Group interaction was not
signi�cant (F(1,48) = 1.17 ; p = 0.29). No main effect was found elsewhere.

P100 latency

The mean P100 latency in SZ and HC was respectively 117.04ms (SD = 2.65ms) and 112.46ms (SD = 
2.31ms). ANOVA showed main group effect (F(1,48) = 6.45; p < 0.05) indicating an increase in P100
latency in SZ than HC (Fig. 3).

[Insert Fig. 3 here]

Analysis exhibited a main SF effect (F(1,48) = 17.89 ; p < 0.001) explained by a shorter P100 latency for
LSF gratings (mean = 112.72ms ; SD = 7.04ms) than HSF gratings (mean = 116.72ms ; SD = 6.85ms). The
SF*Group interaction was not signi�cant (F(1,48) = 0.34 ; p = 0.56). No main effect was found elsewhere.

P100 correlation analysis

In the SZ group, the P100 latency was negatively correlated with the VOSP-Object score (n = 21 ; r=-0.52 ;
p < 0.05). Thus, the higher the P100 latency in SZ, the lower the VOSP object score. No correlations in
either the SZ or HC group were found between P100 amplitude or latency on the one hand (n = 50 ;
r=-0.01; p = 0.92) and between P100 amplitude or latency and CAST score, AUDIT score or number of
joints per week on the other hand (p > 0.05).

3.1.4. PERG results
PERG results were described previously in Bernardin et al 2019 1 and are in the supplementary material.
The main result was a signi�cant effect of group for N95 latency (F(1,54) = 18.0 ; p < 0.001) indicating an
increase in N95 latency in SZ (mean = 95.7ms ; SD = 7.5ms) than HC (mean = 88.4ms ; SD = 5.4ms).

3.1.5. Association between EEG results and previous PERG
results
We found a positive correlation between the N95 latency and the P100 latency in the SZ group (n = 21 ; r 
= 0.85 ; p < 0.05). Thus, the higher the N95 latency, the higher the P100 latency in the SZ group. No other
signi�cant correlations were found elsewhere (p > 0.05).

3.2 Comparisons between patients with schizophrenia and
VH (VH), patients with schizophrenia and auditory
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hallucinations or no hallucinations (AHNH) and healthy
controls (HC).

3.2.1. Population characteristics
Sociodemographic and clinical characteristics of the participants are summarized in Table 2.

[Insert Table 2 here]

3.2.2. Behavioural data
HC, VH and AHNH group displayed respectively a mean reaction time of 389.11ms (SD = 22.08ms),
549.66ms (SD = 43.86ms) and 632.45ms (SD = 75.92ms). ANOVA analysis evidenced a signi�cant main
group effect (F(2,46) = 12.42 ; p < 0.01) indicating a higher mean reaction time in VH (F(1,36) = 17.86 ; p < 
0.01) and AHNH group (F(1,38) = 21.15 ; p < 0.01) compared to HC regardless the type of stimuli.

3.2.3. EEG results
P100 amplitude

The mean P100 amplitude in HC, VH group and AHNH group and was respectively 3.42µV (SD = 0.30µV),
2.84µV (SD = 0.41µV) and 1.84µV (SD = 0.22µV). ANOVA showed a group factor effect (F(2,47) = 5.28 ; p 
< 0.01). Analysis indicated a decrease in P100 amplitude in the AHNH group compared to both VH group
(p < 0.05) and HC (p < 0.01)(Fig. 4).

[Insert Fig. 4 here]

A main SF effect (F(1,47) = 41.74 ; p < 0.001) indicated that P100 amplitude was greater in the LSF
gratings (mean = 3.67µV ; SD = 2.14µV) than HSF gratings (mean = 1.73µV ; SD = 1.63µV). The SF*Group
interaction was not signi�cant (F(2,47) = 0.05 ; p = 0.95). Analysis indicated a main TF effect (F(1,47) = 
5.04 ; p < 0.05) explained by a greater P100 amplitude for Dynamic condition (mean = 2.85µV ; SD = 
1.64µV) than Static condition (mean = 2.55µV ; SD = 1.65µV). The TF*Group interaction was not
signi�cant (F(2,47) = 0.75 ; p = 0.48).

P100 latency

The mean P100 latency in HC, VH and AHNH group was respectively 112.46ms (SD = 0.98ms) ; 117.41ms
(SD = 2.11ms) and 116.63ms (SD = 2.01ms). ANOVA showed a group factor effect (F(2,47) = 3.20 ; p < 
0.05). Interestingly, analysis indicated an increase in P100 latency in VH compared to HC (F(1,36) = 4.74 ;
p < 0.05) but not on other comparisons (p > 0.05) (Fig. 5).

[Insert Fig. 5 here]
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A main SF effect (F(1,47) = 16.29 ; p < 0.001) showed a shorter P100 latency for LSF gratings (mean = 
113.45ms ; SD = 7.9ms) than HSF gratings (mean = 117.55ms ; 7.51ms). The SF*Group interaction was
not signi�cant (F(2,47) = 2.45 ; p = 0.10).

P100 correlations in SZ subgroups

The P100 latency was negatively correlated with the VOSP object score (n = 9 ; r=-0.63 ; p < 0.01) in the VH
group, but not in the AHNH group (n = 12, r=-0.46 ; p = 0.14). Thus, the lower the VOSP object score, the
higher the P100 latency in the VH group. No correlations in either the AHNH, VH or HC group were found
between P100 amplitudes or latency on the one hand and between P100 amplitudes or latency and CAST
score, AUDIT score or number of joints per week on the other hand (p > 0.05).

3.2.4. PERG results
PERG results were described previously in Bernardin et al 2019 1 and are in the supplementary material.
One of the main results concerned a signi�cant effect of group for N95 latency (F(2,54) = 10.5, p < 
0.0001) where post-hoc Tukey test revealed a strong trend towards an increased N95 latency in the VH
group compared to HC (p ~ 0.06).

3.2.5. Association between EEG results and previous PERG
results
Pearson’s analysis showed a positive correlation between the mean N95 latency and the mean P100
latency in VH only (n = 9; r = 0.71 ; p < 0.05). Thus, the higher the N95 latency, the higher the P100 latency
in the VH group. No other signi�cant correlations were found elsewhere between the N95 or P50 and the
P100 (p > 0.05).

3.3. Mediation analysis between EEG results and previous
PERG results 1

The primary visual cortex (PVC) extends to pre-striated areas such as the ventral visual pathway, which
could be re�ected by the VOSP object score 68. So, we made further regression analysis integrating the
N95 latency, the P100 latency and the VOSP object score to investigate the potential link between retinal
abnormalities, cortical abnormalities, and high-level visual cognition.

A �rst linear regression equation showed a signi�cant relationship between the N95 latency and the
VOSP object score in the VH group (n = 9, F(1,7) = 18; r=-0.31 ; p < 0.01). A second linear regression
showed a signi�cant association between [1] [N95 latency - P100 latency](n = 9 ; r = 0.77; p < 0.05) and [2]
[P100 latency - VOSP object score](n = 9, r=-0.14 ; p < 0.05).

Given the continuity of visual pathways, the P100 latency could therefore be considered as a mediator for
the N95 latency onto the VOSP score in patients with VH. According to this model, we found with a partial
mediation analysis a signi�cant standardized estimate of the causal paths for the direct effect [N95
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latency- VOSP object score] when including the mediator [P100 latency] in the equation (n = 9 ; r=-0.26 ; p 
< 0.01). The summary of the paths with coe�cients which presented this mediation model is presented in
Fig. 6.

[Insert Fig. 6 here]

We found no signi�cant differences for linear regression performed on the SZ group or in the other
groups (AHNH or HC group) (p > 0.05).

4. Discussion
This study aimed to explore the visual cortical processing among patients with schizophrenia compared
to healthy controls and to explore its link with previous retinal electrophysiological processing and visual
cognition such as visual hallucinations. First, we found a decreased P100 amplitude and an increased
P100 latency in SZ compared to HC. Importantly, these results were independent of either SF or TF nature
of the stimuli. In the SZ group, P100 latency was correlated with the VOSP object score and previous
retina results such as N95 latency 1. Third, P100 amplitude was decreased in AHNH compared to both VH
and HC and P100 latency was increased in VH compared to HC. In the VH group, P100 latency was
correlated with the VOSP object score and previous retina results such as the N95 latency 1. Finally, a
mediation analysis reported both causal and temporal relations between retinal and cortical measures as
well as visual cognitive abnormalities in VH group, shown by a longer N95 latency, a longer P100 latency
and weaker performances in the VOSP object score.

Our primary goal was to explore the visual cortical processing among patients with schizophrenia
compared to healthy controls. Thereby, we found P100 alterations in the SZ group, which are consistent
with the most studies which refers to impairments in the very �rst step of the early visual cortical
processing and notably the primary visual cortex 69,70. Analysis also mentioned a higher P100 amplitude
and shorter P100 latency for LSF stimuli and dynamic condition 19,21−23, consistent with the
magnocellular sensitivity to LSF information and movements 64. Despite, our analysis failed to �nd any
SF*Group interaction or TF*Group interaction. Such results hence undermine this potential magnocellular
alteration in schizophrenia although well described in the literature. For instance, Butler et al. 22 reported a
P100 reduction in response to magnocellular biased stimuli with gratings very similar to those in this
present study. Nevertheless, and compared to our study, their patients were older (35.9 ± 2.2 years vs. 29 
± 8.15 years in our study), with a duration of illness twice as long (16.7 ± 1.8 years vs. 94.67 ± 93.21
months in our study) and chlorpromazine equivalent rates nearly three times higher (1365.4 ± 157.7
mg/day vs. 544.55 ± 241.29 mg/day in our study). In this regard, literature mentions that visual
abnormalities in schizophrenia may be more pronounced with age, duration, stage, and severity of the
illness (Joseph 2013). Similarly, the use of antipsychotic medications may impair visual performance,
including contrast perception, to a greater extent than without the use of antipsychotic medication 8,71. In
sum, several factors could have an in�uence on this potential magnocellular alteration listed in
schizophrenia, which would be less visible here in our patients.
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If our results are not conditioned by the use of visual stimuli preferentially oriented towards the
magnocellular or parvocellular system, it is important to consider the interaction between retinal and
cortical processing. In our paradigm, we found a positive correlation between the N95 latency at the
retinal level and the P100 latency at the cortical level in the SZ group. Hence, one hypothesis would be
that P100 cortical alterations rather re�ect retinal dysfunctions than thalamic magnocellular
dysfunctions. This hypothesis also �ts with previous studies which have shown that retinal anomalies
can have repercussions at the cortical level in ophthalmic and neurological disorders such as
anisometropic amblyopia 47, Alzheimer disease 46 and migraine 48, as evidenced by multiple de�ciencies
on electrophysiological measurements of N95, P50 and P100 waves.

This study also aimed to determine the links between electrophysiological visual abnormalities, both at
retinal and cortical level, and the presence or absence of visual symptoms such as VH in schizophrenia.
Although electrophysiological abnormalities appear to be present in all subgroups, both at the retinal and
cortical level and either in the VH or the AHNH group, the delay at the cortical level appears to follow the
delay at the retina level in the VH group, as re�ected by a greater N95 latency and a greater P100 latency.
Moreover, the P100 delay in the VH group was associated with lower VOSP object-score which is also
consistent with our recent retina results mentioning that greater N95 latency was associated with weaker
performances at the VOSP score predicted the risk of having VH 49. In patients with VH, there would
therefore be a potential association between the retinal abnormalities, the visual cortical abnormalities
and processing in high-level visual cognition such as VH. On this purpose, our mediation analysis
performed in the VH group also emphasize cognitive models of VH that hypothesized the role of impaired
retinal input as a risk factor for developing VH 72. For instance, the Activation Input Modulation model
proposed by Diederich, Goetz and Stebbins in 2005 73 hypothesizes that the retina may cause a
dysregulation of the input dimension leading to release of internally generated visual images causing VH
in Parkinson's disease 74. This may be consistent with our �ndings and previous studies linking retinal
dysfunction, cerebral dysfunction, and visual symptoms 49,75 and also be applicable here in the VH group
for schizophrenia. In sum, one hypothesis could be that patients with VH would be potentially more
sensitive to changes in the retinal processing, which impact therefore the visual cortical measures in EEG
and the visual clinical performances. However, no existing model are perfectly tailored for VH in
schizophrenia as they aim to explain VH in neurological disorders 72 and further research are required to
clarify the role of the early visual processing in VH.

The main strength of our study is that our �ndings are the �rst to raise potential arguments for a relation
between retinal and visual cortical abnormalities in psychosis. More, such results concerning the
symptomatology of VH coupled with high-level visual cognition has never been reported. First, this
possible link would suggest that retinal anomalies could potentially have repercussions on the visual
cortical processing in patients with schizophrenia and VH. This is especially important since our
regression analyses integrated the VOSP object score, which assesses perceptual processes independent
of potential disease-related cognitive and motor impairments 76,77. Moreover, electrophysiology provides
good objectivity, reliability, and reproducibility in the results, especially during measurements involving
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low-level visual stimuli that are poorly sensitive to attentional factors. As VH are associated with a severe
psychopathology, a low prognosis 78–80 and a high risk of mortality 81, electrophysiology could be used
to study patients in clinic for better therapeutic management.

Our study has also certain limitations. First, our sample sizes were small and additional studies are
needed to validate these results on a larger scale. Second, the AHNH group included patients with a
history of auditory hallucinations or patients with no history of hallucinations at all. Thus, interpretation
of the results on this group was very di�cult and further studies are needed among patients with AH only.
Third, although there were no differences between groups in terms of clinical characteristics, substance
use must be considered. Indeed, Schwitzer et al. 82 found an increase in N95 latency among regular
cannabis users. At the cortical level, we recently found a P100 impairment in regular cannabis users in
response to the same stimuli to those described in this study 61. Similarly, smoking nicotine would affect
the P100 latency in studies using visual modality tasks 83 and alcohol could also have effects by causing
a P100 latency delay, even in healthy subjects 84. Nevertheless, we did not �nd any correlations between
cannabis or cigarettes, or number of alcohol glasses consumed daily and the P100 results. Moreover,
only two patients were cannabis users, and they were not alcohol dependent. Additional studies in
patients with schizophrenia without substance use are now necessary. Fourth, although we had the same
patients as in our previous retina study 1, stimulations were different for both electrophysiological
methods and measures were decoupled. As the stimuli used tested low-level visual processing for both
techniques, we assume to compare the retinal and brain measures. However, simultaneous ERG-EEG
recordings are now necessary to con�rm these results.

5. Conclusion
Understanding the electrophysiological mechanisms underlying visual de�cits in psychiatric disorders
constitute a scienti�c challenge since last decades. Our results indicated low-level visual alterations in
patients with schizophrenia, consistent with the de�cit in the early visual cortical processing in the
literature. However, these alterations are apparently not speci�c to visual stimuli strongly biased towards
the magnocellular system, a hypothesis that is very much supported in the psychiatric illness. In fact,
these cortical abnormalities seem to be more related to retinal electrophysiological abnormalities as well
as to clinical visual performance. Such outcomes also reinforce the role of the retina and visual
hallucinations in psychosis and state the �rst correlates that cortical anomalies could potentially be
caused by retinal anomalies in schizophrenia. Further studies with simultaneous and comparable
electrophysiological methods are now necessary to con�rm the relation between both visual stages. Their
particular interest in the psychiatric �eld could undoubtedly improve the prevention and early detection of
psychosis in the clinic.
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Tables
Table 1. Sociodemographic and clinical characteristics of the participants between SZ and HC group.
Data are presented as mean unless otherwise is indicated. Standard deviation is in brackets. n.s. : not
signi�cant, NA : not applicable, AUDIT : Alcohol Use Disorders Identi�cation Test score, CAST : Cannabis
Abuse Screening Test Score
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  Control Group

(n=29)

SZ Group

(n=21)

p value of

t-test

Sex : No. women/ No. men (%) 8/21 (28/72) 3/18 (14/86) n.s.

Age (years) 25.89 [5.49] 29 [8.15] n.s.

Education (years) 15.03 [1.57] 12.05 [1.40] *p<0.01

AUDIT score 3.35 [2.69] 2.43 [3.41] n.s.

Disease duration (months) NA 94.67 [93.21] -

Fagerström score 0 [0] 2.19 [2.77] n.s.

CAST score 0 [0] 0.43 [1.36] n.s.

PANSS Global 0 [0] 65.24 [13.40] n.s.

PANSS Positive 0 [0] 14.48 [4.31] n.s.

PANSS Negative 0 [0] 18.29 [5.57] n.s.

PANSS General 0 [0] 32.48 [6.76] n.s.

Chlorpromazine equivalent 0 [0] 544.55 [241.29] n.s.

Diazepam equivalent 0 [0] 1.56 [9.64] n.s.

Table 2. Sociodemographic and clinical characteristics of the participants between VH, AHNH and HC
group. Data are presented as mean unless otherwise is indicated. Standard deviation is in brackets. n.s. :
not signi�cant, NA : not applicable, AUDIT : Alcohol Use Disorders Identi�cation Test score, CAST :
Cannabis Abuse Screening Test Score
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  Control
Group

(n=29)

VH Group

(n=9)

AHNH Group

(n=12)

p value of

t-test

Sex : No. women/ No. men
(%)

8/21
(28/72)

1/8 (11/89) 2/10 (17/83) n.s.

Age (years) 25.89 [5.49] 30.11 [9.47] 28.17 [7.33] n.s.

Education (years) 15.03 [1.57] 12.11 [1.16] 12.00 [1.60] p<0.01**

(VH/HC and
AHNH/HC)

AUDIT score 3.35 [2.69] 0.89 [1.45] 0.89 [4.03] n.s.

Disease duration (months) NA 137.33
[113.52]

72 [92.90] n.s.

PSAS Lifetime : NA      

Lifetime repercussion score
of VH

-  12.89 [5.39] NA - 

Lifetime repercussion score
of AH

-  15.22 [8.57] 5.08 [7.63] p<0.05

PSAS Current : NA      

Current repercussion score of
VH

-  1.22 [3.67] NA - 

Current repercussion score of
AH

-  1.78 [5.33] 1.17 [4.04] n.s.

PANSS Global 0 [0] 64.44 [17.19] 65.83 [10.52] n.s.

PANSS Positive 0 [0] 15.22 [5.56] 13.92 [3.23] n.s.

PANSS Negative 0 [0] 17.11 [5.30] 19.17 [5.83] n.s.

PANSS General 0 [0] 32.11 [9.08] 32.75 [4.79] n.s.

Chlorpromazine equivalent 0 [0] 517.06
[187.16]

565.17
[281.60]

n.s.

Diazepam equivalent 0 [0] 0.93 [2.78] 2.54 [10.97] n.s.

Figures
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Figure 1

Representation of the experimental procedure with both LSF and HSF gratings presented during the
study.
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Figure 2

Main group effect on P100 amplitude between the SZ group and the HC group. Data were obtained from
the average activity of the 3 pairs of interest electrodes (O1/O2, PO3/PO4, PO7/PO8). Means are displayed
with their standard error (SEM). **p<0.01
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Figure 3

Main group effect on P100 latency between the SZ group and the HC group. Data were obtained from the
average activity of the 3 pairs of interest electrodes (O1/O2, PO3/PO4, PO7/PO8). Means are displayed
with their standard error (SEM). *p<0.05
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Figure 4

Main group effect on P100 amplitude between the VH group, AHNH group and the HC group. Data were
obtained from the average activity of the 3 pairs of interest electrodes (O1/O2, PO3/PO4,
PO7/PO8). Means are displayed with their standard error (SEM). The signi�catively is present between the
AHNH group and the VH group and between the AHNH group and HC group. **p<0.01 ; *p<0.05
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Figure 5

Main group effect on P100 latency between the VH group, AHNH group and the HC group. Data were
obtained from the average activity of the 3 pairs of interest electrodes (O1/O2, PO3/PO4, PO7/PO8).
Means are displayed with their standard error (SEM). The signi�catively is present between the VH group
and HC group only. *p<0.05
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Figure 6

Mediation model (red) in the VH group. P100 latency is considered here as the mediator. Correlation test
is displayed in green (Pearson), linear regression models are displayed with blue arrows. Coe�cients (r)
are also displayed. *p<0.05 **p<0.01
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