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Background
Schizophrenia is a severe mental disorder characterized by positive, negative and cognitive symptoms.

More than 21 million people are affected by this disorder all over the. Impaired facial emotion
recognition is one of the core features in schizophrenia and related the patients’ social functioning and
quality of life !. Also a growing literature supports an early sensory processing deficit in patients with
schizophrenia **. In this study the relationship of these core features of schizophrenia were investigated.

The human subcortical visual system can be divided into two main parts, the parvocellular and
the magnocellular pathway °. These pathways are the connection between the retina and the primary
visual cortex (V1, striate cortex) via the lateral geniculate nucleus. The information transmission across
the magnocellular pathway is rapid and low-contrasted, this system orients the attention to the space
(‘where’ system) and projects to the dorsal visual stream. The information transmission across the
parvocellular pathway is slower, but more detailed, this system is critical for object identification (‘what’
system) and projects to the ventral visual stream ®’. Therefore the magnocellular pathway is more
sensitive to low-spatial frequency (LSF) and the parvocellular system is more sensitive to high-spatial
frequency (HSF) stimuli ®.

Several behavioral studies have reported impaired backward masking *'°, motion processing

21LI2 " contrast sensitivity '°, object recognition '* and reading '° in patients with schizophrenia. Steady-

) 141619 studies have

state visual-evoked potential (ssVEP) '* and transient visual-evoked potential (VEP
demonstrated magnocellular deficit in patients with schizophrenia, reflecting in a decreased P100.
Furthermore, recent fMRI investigations have found decreased activation to low-spatial frequency, but
not to high-spatial frequency, which also indicate an exclusive magnocellular deficit in schizophrenia
42021

Previous studies reported face and emotion recognition impairments in schizophrenia . Since
EEG has a good temporal resolution, event related potential (ERP) paradigms have long been used to
study the different stages of facial emotion processing ». Early stage of perception can be linked to
P100, the structural decoding of the face indicated by the N170 and the higher level processing of facial
emotions indexed by N250 component. Several previous experiments have described deficits in these

24-28

three ERP components in schizophrenia , although some other studies have found no differences

between patients and healthy controls 22,

The bottom-up model of schizophrenia states that the early sensory impairments lead to higher
level process deficits such as facial emotion processing, which further contribute to the psychosocial
functioning impairments **. Early visual dysfunction and impaired emotion recognition have been
observed in patients with schizophrenia, and Butler et al. found that emotion recognition performance
was correlated with impaired magnocellular function **. Recent behavioral studies examined the
interaction between early visual processing deficit and impaired emotion recognition via spatial

frequency biased pictures of faces 7. Electrophysiological studies *** found an impaired P100

component for low spatial-frequency biased fearful faces in schizophrenia. In a recent study Martinez



et al. analyzed the correlation between visual sensory function and face emotion recognition. They
showed that reduced motion sensitivity correlated with impaired face-emotion recognition in patients
with schizophrenia and attenuated psychosis *°. Taken together, previous investigations indicate that
altered magnocellular pathway function contribute to impaired facial affect recognition, however the
exact neurobiological background is still unclear.

The ERP components linked to early visual perception and emotion recognition are well studied,
however only a few study analyzed the oscillatory correlation of these process *'*2. Event Related
Spectral Perturbation (ERSP) is a measure of spectral power change from baseline, allowing the analysis
of the change of EEG signal energy in time in specific frequency bands *. In the present study both
evoked and induced activity were investigated by calculating the ERSP. This approach gives the
possibility to fully understand the electrophysiological activity linked to early visual perception and
emotion processing.

Electrophysiological activity within the theta range (4-7 Hz) play an essential role in decoding
of facial and emotional information ****. However, in schizophrenia only a few studies analyzed theta
activity linked to face and emotion recognition. Decreased theta activity was found in patients with
schizophrenia compared to healthy controls over the frontal and central regions in a facial expression
recognition study “. In our previous investigation we analyzed event-related theta synchronization
(ERS, i.e. an increase in theta power) in a facial emotion recognition task, where a significantly
decreased theta synchronization in patients with schizophrenia was found *’. To our knowledge the
present investigation was the first to analyze ERS during early-visual perception and ERS during face
and emotion recognition tasks and the connection of these processes on the same population of patients
with schizophrenia.

Although the magnocellular pathway deficit and impaired emotion recognition have been well
documented in schizophrenia, the connection between these domains is still unclear. In this study the
connection between the electrophysiological correlates of the perception of magnocellular (LSF, low-
spatial frequency)/parvocellular (HSF, high-spatial frequency) biased visual stimuli and facial affect
recognition were analyzed.

4849 we hypothesized that

Due to the deficit of the magnocellular pathway in schizophrenia
event-related theta synchronization to low-spatial frequency (LSF) stimuli would be decreased in
schizophrenia patients relative to control subjects, while no similar differences were expected between
the two study groups in the high-spatial frequency (HSF) condition, due to the intact parvocellular
pathway in schizophrenia.

Based on our previous investigation *’ we expected decreased theta synchronization in patients
compared to healthy controls in face the non-face and in the emotion recognition task.

While no previous investigation examined the relationship of ERS to emotion recognition and ERS to

basic visual magnocellular and parvocellular biased stimuli, we did not have one specific hypothesis in

this regard. However, we had two competing hypotheses. According to our first hypothesis we expected



that ERS in the magnocellular biased condition would be correlated with ERS in the face and facial

affect conditions. This hypothesis is in line with the bottom up model of schizophrenia. According to

our second hypothesis no such correlation would be found, which may raise the possibility that these

two impairments are two distinct endophenotypes of schizophrenia.

Paradigm development for EEG research

The following visual paradigms have been developed in the “Neurobehavioral Systems Presentation”

framework for EEG research and EEG has been registered in a Biosemi 128 channel system

(approximately 60 minutes):

1.

Early stage perceptual processing paradigm, where low and high frequency gratings are
presented to test magnocellular and parvocellular functioning: Stimuli were circular gratings
sinusoidally modulated with a 2D Gaussian envelope and composed of a fundamental frequency
of either 0.8 cycles per degree (Low Spatial Frequency, LSF) or 5 cycles per degree (High
Spatial Frequency, HSF) 4. The stimulus set consisted of 112 low spatial frequency and 112
high spatial frequency Gabor-patches and 25 faces of the Karolinska Directed Emotional Faces
5. Subjects were asked to identify the faces by button press. Each stimulus was presented for
100 ms with the stimulus onset asynchronies of 850-900 msec. 2 blocks of stimuli were run.

A higher-level visual paradigm, where houses and faces were presented to test face recognition.
Patients had to response by a button press if they see a face or a house: Stimulus displays
consisted images of faces 4 and houses. The stimulus set consisted of 40 different faces and 40
houses. Participants were instructed to press the right button whenever a face and the left button
whenever a house was presented. Each stimulus was presented for 100 ms with the stimulus
onset asynchronies of 2000-2500 msec. 2 blocks of 80 trial were run.

A high level facial expression recognition paradigm, where different emotional facial
expressions are presented to test emotion processing. In this experiment subjects had to
categorize happy, sad and neutral facial expressions by a button press: Subject had to identify
emotional expressions from photographs of 8 male and 8 female subjects. The pictures were
chosen from Karolinska Directed Emotional Face set 4. Non-facial parts of the faces (e.g. hair,
background) were removed from the pictures. There were 3 photographs from each faces
(happy, neutral, and sad). Subjects were instructed to press a button indicating whether the face
is happy, neutral or sad. Each stimulus was presented for 100 ms with stimulus onset
asynchronies of 2000-2500 msec. Altogether 5 blocks of 48 trial were run. Each block contained
16 sad, 16 neutral 16 happy faces.

A ‘Sternberg’ paradigm, where letters were presented in different colors. First in each block
letters in white are presented to memorize, then letters in green are presented, which should be

disregard. At the end of each block letters are presented in blue (probes), and subjects had to



respond by a button press if they saw the letters earlier in white. This test is a combined working
memory and noise filtering paradigm.
The following visual and acoustic paradigms have been developed in the “MATLAB Cogent”
framework for EEG research and EEG has been registered in a Neuroscan Synamps2 64 channels system
(approximately 60 minutes). In these experiments unattended deviant detection is tested, therefore
subjects had to play a basic ‘star wars’ game, whereas they had to avoid or catch the spaceships in
different colors on the top of the screen, while the paradigm is either presented on the bottom part of the
screen (visual part) or presented in the headphones (acoustic part).
5. Anacoustic mismatch negativity paradigm, where sounds with different durations are presented
to test unattended acoustic deviant detection (duration deviant detection).
6. A visual mismatch negativity paradigm, where images with different frequency gratings are
presented to test unattended visual deviant detection (frequency deviant detection).
The original grant proposal consisted only the paradigms 1-3, the further ones (Sternberg memory task
and visual/acoustic mismatch negativity paradigms) have been added later. While the results of 1-3
paradigms have already been published, the statistical analyses of these further investigations are in

progress.

Differences compared to the planned experiments:
As a result of the pilot studies slight changes were made to the paradigms, furthermore the experiments
are extended with two mismatch paradigms to study early visual and acoustic deviant detection.

1. During the pilot tests it turned out that the original setting of the early stage perceptual sensory
processing paradigm was too difficult even for healthy volunteers (university students).
Therefore subjects had to respond to facial stimuli (oddballs) and not to the slightly different
frequency gratings.

2. The five different response option in the emotion recognition paradigm were also seemed
complicated during the pilot tests therefore the different intensities were excluded from this task
to make the response easier for patients.

3. Two mismatch negativity paradigm had been included to study automatic visual and acoustic
deviant detection

4. The Sternberg task had been included to study memory performance and memory related
electrophysiology process

5. Also resting state EEG had been registered in ‘eyes open’ and ‘eyes closed’ setting to study

resting state networks

Enrollment
Altogether 79 subjects, 39 subjects with schizophrenia (mean age: 33.4 (SD=10.5), male to female ratio:
24:15, level of education: 3/25/11 (1=elementary school/ 2=high school/ 3=college/university), mean



illness duration: 8.3 years (SD=8.6)) and 40 socially matched control subjects (mean age: 32.8 (SD=9.6),

male to female ratio: 25:15, level of education: 0/28/12 (1=elementary school/ 2=high school/

3=college/university)) have been enrolled. Additionally to the paradigms (listed above), basic socio-

demographic data (level of disability, job status, etc.), clinical symptom severity (Positive and Negative

Symptom scale for patients and Symptom Checklist 90 for healthy controls), clinical data (e.g.:

medications, illness duration, etc.) have been collected from all subjects. Furthermore resting state EEG

with eyes open and with eyes closed (4-4 minutes) have been registered for all subjects. Demographic

information for the study groups and the clinical characteristic of the patients are presented in Table 1.

Table 1. Demographic information for both study groups and clinical characteristics of the Schizophrenia

Group
Schizophrenia Control
Group (n =39) Group (n=40) statistics p value
Mean (SD) Mean (SD)
Chi*=
Gender (male/female) 24/15 25/15 n.s.
0.008
Age 33.4(10.5) 32.8(9.6) =-0.23 n.s.
3/25/11 0/28/12
Education level* Fisher's
8% /64 %/ (0% /70% / n.s.
exact test
28%) 30%)
Illness duration (years) 8.3 (8.6) -
Day Care Unit/In-/outpatient 4/18/17 -
CPZ equivalent dose (mg) 508.8 (338) -
PANSS total score 62.3 (16.4) -
PANSS positive subscore 15.2 (4.6) -
PANSS negative subscore 16.2 (5.7) -
PANSS general subscore 30.9 (8.1) -

*Education level: 1 = elementary school/ 2 = high school/ 3 = college/university

CPZ = chlorpromazine equivalent dose

PANSS = Positive and Negative Symptoms Scale

Differences compared to the planned enrollments:

Last patient last visit was originally planned December, 2017, however further 3 months were needed

to enroll the remaining participants.



Procedures
The EEG recording took place in a dimmed, sound-attenuated room. The subjects were instructed to sit
in a comfortable chair in front of a table with a computer screen at a distance of about 50 cm. Presentation
of all stimulus material and the recording of the given responses was controlled by the Presentation 13.0
software (Neurobehavioral Systems, Inc.; Albany, CA) ',

During EEG recording subjects performed three different paradigms, a visual stimuli paradigm,

a face non-face paradigm and an emotion recognition paradigm (Figure 1).
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EEG recording and processing

EEG was recorded from DC with a low-pass filter at 100 Hz using a high-density 128-channel BioSemi
ActiveTwo amplifier *. The electrode cap had an equidistant-layout and covered the whole head. EOG
electrodes to monitor eye movement were placed above the right and below the left external canthi. Data
was digitized with sampling rate of 1024. Built-in and self-developed functions as well as the freeware
EEGLAB toolbox ° in the Matlab (MathWorks, Natick, MA) development environment were used for
subsequent off-line data analyses. EEG was re-referenced to the common average potential and filtered
off-line between 0.5 and 45 Hz using zero phase shift forward, and reverse IIR Butterworth filter '€,

Epochs from 600 ms pre-stimulus to 600 ms post-stimulus for the visual task and 1400 ms post-stimulus
for the face non-face and for the emotion recognition task were extracted from the continuous EEG for
further analysis and corrected for the pre-stimulus baseline. The removal of muscle and eyes movement
artifacts (detected by EOG) was performed by ADJUST 7 an ICA (Independent Component Analysis)

based automatic artifact detector. Furthermore, epochs with a voltage exceeding + 100 uV on any EEG



or EOG channel were rejected from the analysis. Data from one patient in the face non-face paradigm
and two patients in emotion recognition task were excluded due to numerous uncorrectable artifacts 6.

Total (presented) trial number was 224 low-spatial frequency Gabor-patches and 224 high-
spatial frequency Gabor-patches in the visual task, 80 faces and 80 houses in the face non-face task and
80 happy, 80 neutral and 80 sad faces in the emotion recognition task. After artifact rejection, the average
number of trials in the control group was 212.8 trials (SD = 19.3) and 199.0 trials (SD = 16.8) for the
LSF and HSF condition; 74.0 (SD = 8.7) and 73.7 (SD = 8.3) for the face and house condition and 71.8
trials (SD = 11.4), 71.8 trial (SD = 12.1), 71.8 trials (SD =12.0) for sad, neutral and happy condition,
respectively. For patients with schizophrenia the mean trial number was 203.9 trials (SD = 34.2) and
187.7 trials (SD = 30.9) for LSF and HSF condition; 69.5 trials (SD = 13.9) and 69.2 trials (SD = 15.0)
for the face and house condition and 65.7 trials (SD = 15.9), 66.5 trial (SD =13.9), 67.0 trials (SD =13.6)
for sad, neutral and happy condition, respectively.

The 128 channels were divided into 5 regions of interest (ROIs): a frontal, a central, a mid-
occipital, and two parieto-occipital regions (Figure 2). Mean values were calculated by averaging across

electrodes within ROIs in order to further attenuate noise.
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Data analysis

Stimulus-related theta (4-7 Hz) activity changes were measured by event-related spectral perturbation
(ERSP) that provides a 2-D representation of mean change in spectral power (in dB) from baseline 6%,
To compute the ERSP, baseline spectra are calculated from the EEG immediately preceding each event.
The epoch is divided into brief, over-lapping data windows, and a moving average of the amplitude
spectra of these is created. Each of these spectral transforms of individual response epochs are then
normalized by dividing by their respective mean baseline spectra. Normalized response transforms for

many trials are then averaged to produce an average ERSP, plotted as relative spectral log amplitude on



a time-by-frequency plane "*%%. The method described here generalizes the narrow-band measures of
event-related synchronization and desynchronization introduced by Pfurtscheller and Aranibar ° and
includes both phase-locked and non-phase-locked contributions.

The principle of calculating the ERSP is to compute the power spectrum of the EEG signal from a sliding
time window. For n trials, if Fi(f,?) is the power of trial k at frequency f and time t, the ERSP value is

calculated as

ERSP(f,t) = %Z | Fo(f, t) 12
k=1

In order to obtain the Fi(f,#) function (the signal power at a given frequency and time point), the EEG
signal was convolved with Hanning-windowed sinusoidal wavelets. The number of wavelet cycles
increased evenly with frequency (starting at 0.2 cycles at 0.3 Hz) for optimal time-frequency resolution.

The analysis was performed on epochs extending from 600 ms before to 600 ms after stimulus
onset in the visual task and extending from 600 ms before stimulus onset to 1400 ms after stimulus onset
in the face/non-face and in the emotion recognition tasks, respectively. The sliding window was 400 ms
wide, and it was applied 200 times. No zero padding was applied. The ERSP time-frequency matrices
were baseline corrected by the average power calculated from the 600 to 200 ms pre-stimulus period.
Dynamical changes in oscillatory activity were studied by computing ERSPs for each trial, then
averaging them separately for each condition. Mean ERSP values were calculated by averaging across
electrodes within scalp regions to further attenuate noise '°.

We selected the time windows for the theta ERS analysis according to the previous ERP and
ERSP experiments and the detected peak of the theta synchronization in the three different paradigms.

Based on the detected peak latencies and the previous EEG studies with
magnocellular/parvocellular biased stimuli we selected the 140-280 ms time window in LSF condition
and the 100-200 ms time windows in the HSF condition for further analysis '*'".

Previous electrophysiological experiments indicated a deficit in the structural decoding of faces
indexed by a decreased N170 component in patients with schizophrenia in face and facial affect
recognition tasks '*'*. A concurrent EEG and fMRI study reported that the fusiform face (FFA) and the
sulcus temporalis superior (STS) are associated with the electrophysiological activity of the N170
component '° over the right parieto-occipital region, consequently, we analyzed theta ERS over the same
region. Theta ERS over the occipito-temporal areas- in the 0-300 ms time window — presumably
associates with the facial feature decoding (i.e. N170 component) '°. Furthermore, in our previous ERSP
experiment we found a significant difference in the theta ERS between patients with schizophrenia and
healthy controls in the time interval of 140-200 ms 2. In addition we took into consideration the peak of

the theta ERS in the face, non-face task; therefore, we selected the 140-240 ms time window in the face

non-face paradigm.



Previous experiments reported synchronized occipital theta oscillations in paradigms with
emotional content "', Balconi & Lucchiari reported theta oscillatory activity associated with emotion
recognition in the 150-200 ms time window *°. Based on their and other emotion recognition studies 2
and the detected peak of theta ERS the analysis of the emotion recognition task was performed on the
140-200 ms time window.

The different effects on ERSP were tested by three-way analyses of variance (ANOVA) of study
group (healthy control (HC) vs. schizophrenia (SZ)) x ROI (a frontal, a central, a mid-occipital, and two
parieto-occipital) x stimulus type (HSF vs. LSF or face vs. non-face or sad vs. neutral vs. happy). All
the main effects and the 2-way and 3-way interactions are included into the ANOVA model. Since
between-group comparisons were evaluated over five regions, Hochberg correction for multiple
comparisons was applied to the post-hoc contrasts 62122,

The associations of emotion recognition performance with ERSPs were investigated by
Spearman correlation, since emotion recognition measures deviated from the normal distribution. For

the same reason correlations of CPZ equivalent doses and PANSS scores with ERSPs were also

investigated by Spearman correlation '.

Results

Behavioral results

Behavioral scores deviated from normal distribution, thus non-parametric Mann-Whitney U tests were
applied. In the emotion recognition task, the difference between hit rates of controls (mean hit rate =
89.1% SD = 3.7) and patients with schizophrenia (mean hit rate = 80.3%, SD = 10.7) was significant (U
=324, p <0.001). Reaction time in patients was significantly longer (t=2.97, p=0.004). Results of the

emotion recognition task are summarized in Table 2.

Table 2. Emotion recognition performance (mean (SD))

Subjects with Healthy control Statistics p value
schizophrenia (n =39) participants (n = 40)

Total hit rate 80.3% (10.7) 89.1% (3.7) U=324 <0.001
Sad hit rate 76.6% (12.1) 85.7% (6.3) U=434 <0.001
Neutral hit rate 75.8% (18.6) 88.2% (5.9) U=418 <0.001
Happy hit rate 88.8% (10.1) 93.9% (3.1) U=>554 0.03

Reaction time 783.8ms (125.9) 714.2ms (77.3) t=2.97 0.004

The between group comparison of Theta synchronization in visual task

In the visual stimuli task an increase in ERSP, in other words a theta synchronization (ERS) was

observable to LSF and HSF conditions, in both study groups (Figure 3).
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There was a significant main effect of study group (F(1,77)=10.87, p =0.0015) on theta ERS, indicating
a decreased theta synchronization in patients relative to controls. Region also had a significant effect on
theta ERS (F(4,77) = 20.15, p < 0.0001). A significant main effect of stimulus condition (F(1,77) =
11.45,p <0.001) was also detected indicating a stronger theta ERS to LSF (t=3.62, df =77, p=0.0005,
in right-parieto-occipital region) compared to HSF condition.

The 2-way interaction of study group and stimulus condition was also significant (F(1,77) = 9.65, p =
0.003). This interaction was analyzed further by post hoc t comparisons indicating that theta ERS for
LSF stimulus condition was decreased in patients relative to controls (t = 3.59, p = 0.0006), while no
similar between group difference was found for the HSF stimulus condition (t = 1.54, p=0.13) (Figure
4).
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The between group comparison of Theta synchronization in 140-240 ms time window in face non-face

task

A theta synchronization (ERS) was also observable to face and house conditions, in both study groups
(Figure 5).

There was a significant main effect of study group (F(1,76) = 6.88, p=0.011) on theta ERS in the 140—
240 ms time window, indicating decreased synchronization in the theta range in patients relative to
controls. Region also had a significant effect on theta ERS (F(4,76) = 23.63, p <0.0001). A significant
main effect of stimulus condition (F(1,76) = 20.19, p < 0.0001) was also detected indicating a stronger
theta ERS to face compared to house conditions. None of the interactions had a significant effect (p>0.1).
Effect size in term of cohen’s d (cohen’s d = meanl - mean2/ ((SD1 + SD2)/2); /1 = face, 2 = non-face/)
in the right-parieto-occipital region between conditions (face vs. house) in the control group was 0.41
and in the schizophrenia group 0.29, separately.

After covarying for the LSF - HSF difference in the analysis of the face non-face task the group
difference did not remain significant (F(1,75) = 2.71, p = 0.1), while the LSF-HSF difference (F(1,75)
=44.15, p <0.0001) had a significant effect on theta ERS.
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The between group comparison of Theta synchronization in the 140-200 ms time window in the emotion

recognition task

During emotion recognition task theta ERS was observable to all conditions, in both study groups
(Figure 6).

There was a significant main effect of study group (F(1,75) = 8.5, p = 0.0047) on theta ERS in the 140—
200ms time window, indicating stronger synchronization in the theta range in controls relative to
patients. Region also had a significant effect on theta ERS (F(4,75) =29.0, p <0.0001) with a maximum
in the right parieto-occipital region in both study groups.



The main effect of stimulus condition and the 2-way and 3-way interactions were not significant (p >
0.05).

After covarying for the LSF - HSF difference in the analysis of the emotion recognition task the group
difference did not remain significant (F(1,74) = 2.99, p = 0.09),while the LSF-HSF difference (F(1,74)
=53.63, p <0.0001) had a significant effect on theta ERS.
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Correlation between Theta synchronization in visual task and face non-face task

Theta activity in LSF condition (magnocellular biased) correlated significantly with theta activity in face
non-face task in control group (face: r = 0.57, p = 0.0001; house: r = 0.59, p < 0.0001) and in
schizophrenia group (face: r = 0.42, p = 0.009; house: r = 0.57, p = 0.0002).

In contrast the correlations between theta activity in HSF condition (parvocellular biased) and in face
condition were not significant in any study groups (p > 0.05).

Correlation between Theta synchronization in the visual and in the emotion recognition task

Theta activity in the LSF condition (magnocellular biased stimuli) correlated significantly with theta
activity in the emotion recognition task in the control group (sad: r=0.67, p < 0.0001; neutral: r = 0.61,
p <0.0001; happy: r=0.67, p <0.0001) and also in the schizophrenia group (sad: r = 0.62, p < 0.0001;
neutral: r = 0.58, p = 0.0002; happy: r =0.56, p = 0.0003).

In contrast correlations between theta activity in HSF condition (parvocellular biased stimuli) and in
emotion recognition were not significant in any of the study groups (p > 0.05).

Correlation between Theta synchronization in the face non-face and in the emotion recognition task




Theta ERS in the face condition correlated significantly with theta activity in the emotion recognition
task in the control group (sad: r = 0.83, p < 0.0001; neutral: r = 0.84, p < 0.0001; happy: r = 0.83, p <
0.0001) and also in the schizophrenia group (sad: r = 0.83, p < 0.0001; neutral: r = 0.75, p < 0.0001;
happy: r=0.83, p <0.0001).

Theta ERS in the house condition correlated significantly with theta activity in the emotion recognition
task in the control group (sad: r = 0.72, p < 0.0001; neutral: r = 0.71, p < 0.0001; happy: r = 0.70, p <
0.0001) and also in the schizophrenia group (sad: r = 0.71, p < 0.0001; neutral: r = 0.63, p < 0.0001;
happy: r=0.65, p <0.0001).

Correlation between Theta synchronization and behavioral performance

In the patient group emotion recognition task performance correlated significantly with theta ERS to
(magnocellular biased) LSF condition (total hit score: r = 0.35, p = 0.03), but not correlated with ERS
to (parvocellular biased) HSF condition (total hit score: r = 0.12, p = 0.45).

Also in the patient group significant correlations were found between emotion recognition task
performance and theta ERS in the emotion recognition paradigm in the sad condition (total hit score: r
= 0.36, p = 0.03), in the neutral condition (total hit score: r = 0.37, p = 0.02) and also in the happy
condition (total hit scores: r=0.33, p = 0.049). Moreover, theta ERS in face condition (in the face/house
task) correlated significantly with the behavioral results (total hit score: r = 0.36, p = 0.03).

In the control group the correlation between emotion recognition task performance and theta ERS in any
tasks did not reach the significance (p > 0.05).

Correlations of Theta synchronization with clinical measures

No correlation was found between theta ERSs and clinical variables such as PANSS scores 2,

antipsychotic doses in term of CPZ equivalents ** (p > 0.05).

Discussion
While an early visual impairment in schizophrenia was also described by Kraepelin in the nineteenth
century, the exact neurobiological underpinning of this deficit is still untangled. The present study
examined the electrophysiological correlates of early visual perception, face and object (house)
perception and emotion recognition and their connection in patients with schizophrenia. Early sensory
perceptual processing within the magnocellular/parvocellular pathway was tested with low- (LSF,
magnocellular biased) and high-spatial (HSF, parvocellular biased) frequency Gabor-patches, while
structural decoding of faces was examined by presentation of faces. Facial emotion recognition was
tested with presentation of sad, neutral and happy faces. Behavioral performance in emotion recognition
and the electrophysiological correlates of the tasks were compared between patients and socially
matched controls.

Impaired facial affect perception, which contributes to poorer social cognition *, have been
extensively documented in patients with schizophrenia. In this study patients were less accurate and

showed a delay in recognizing facial affects across all three emotions compared to healthy controls.



These are consistent with previous investigations '*2

indicating impaired emotion recognition in
schizophrenia. Identification of neutral faces and sad emotions were more difficult for patients than the
recognition of happy facial displays, which is also in line with previous results describing a more
prominent deficit in negative emotion recognition "%,

Patients in this study showed a decreased theta ERS to magnocellular, but not to parvocellular
biased stimuli. This finding is in line with the work of Martinez et al. ', who also found a reduced theta
phase synchrony to stimulus attended and unattended LSF stimuli, but not to HSF stimuli in patients

1 23! electrophysiological '***** and fMRI * studies have also

with schizophrenia. Several behaviora
demonstrated a magnocellular deficit in patients with schizophrenia.

In the face non-face paradigm face stimuli induced greater theta ERS compared to non-face
stimuli in both study groups, which is in line with previous studies showing increased
electrophysiological activities to faces compared to non-face objects *°. Subjects with schizophrenia
responded with decreased theta ERS to both facial and non-facial stimuli compared to control subjects.
This finding supports our previous results describing decreased event-related theta ERS in patients with
schizophrenia relative to healthy controls %. Our results, namely that a decreased theta ERS in patients
were found not only in the face but also in the non-face condition support the general visual decoding
deficit hypothesis in schizophrenia 2**. An event related potential (ERP) analysis was also performed,
but no face specific between group differences was found in the N170 component. However several
previous studies showed face and facial affect specific impairments in patients with schizophrenia 47,
These results taken together with our findings support the notion that there is a general visual deficit in
schizophrenia which may contribute to the specific impairment seen in facial expression and emotion
recognition ¥,

In the emotion recognition task a decreased theta ERS was found to all emotion conditions in
the patient group relative to controls. This finding is consistent with our previous results, where
decreased event-related theta synchronization was detected in patients in the same time window (140-
200ms) and with a similar scalp distribution 2. Nevertheless, no difference in theta ERS between emotion
conditions was detected in this paradigm. Also the ERP analysis of the N170 and N250 components did
reveal any emotion specific differences between study groups. The possible explanation might be, that
only details of the faces are being processed in this early time window and the exact emotion processing
appears later ', so the deficit in the visual perception occurs before the emotion processing. This notion
is supported by the work of Knyazev and colleagues, who found that implicit emotion processing of
faces were associated with early (before 250ms) theta ERS, while explicit emotional content processing
associated with late (after 250ms) theta synchronization in healthy subjects “.

The significant group differences in theta ERS disappeared after covarying for the LSF - HSF
difference both in the face non-face task and in the emotion recognition task. Based on this result it

seems that the magnocellular deficit drives the differences in higher level functions — such as face-, non-



face- and emotion recognition. Thus, the deficit in the early stage visual perception lead to higher level
process impairments.

In the ERP analyses no significant between-group differences were detected in the N170 and
N250 components while significant group differences were found in theta ERS in the same time periods.
This discrepancy could be explained by the difference between the two techniques: the conventional
ERP technique could give only a partial insight into the electrophysiological process, because it reflects
only phased-locked evoked activity and the induced activity is not phase-locked to the stimuli, therefore
these potentially important induced activity will be averaged out. In contrast, ERSP technique captures
total power including both evoked and induced activity *'.

Furthermore, theta ERS in the magnocellular biased (LSF) condition but not in the parvocellular
biased (HSF) condition showed significant correlation with theta ERS to face, to non-face (house), and
also to emotional face stimuli in both study groups. Furthermore, theta ERS in the face and in the non-
face conditions showed correlations with theta ERS in the emotion recognition task in both study groups.
The processes behind the recognition of objects can be explained by the “frame and fill” model; the
information delivered rapidly by the magnocellular pathway — via the dorsal stream - creates a low-
resolution templates of the object in the frontal brain areas, than it gives a feedback to the ventral
temporal cortex, which then filled in with detailed information by the much slower parvocellular
pathway ****. The two main visual pathway provide different information about the details of the face;
the magnocellular pathway provides information about the global configuration, the shape of the face,
and emotional cues, while the parvocellular pathway gives the information about the fine details of the
faces **°. Based on our results it seems that global information is also vital for correct object, face and
emotion recognition. This notion is also supported by the work of Calderone *, who studied the
contributions of magnocellular (LSF) and parvocellular (HSF) information processing to the impaired
object recognition in schizophrenia by fMRI. In line with our results, they found a LSF biased stimuli
processing (magnocellular) impairment in schizophrenia. Furthermore, they found a decreased
activation in the primary visual cortex in the dorsal stream, and in the frontal and ventral temporal cortex
to magnocellular biased (LSF) objects in the patients group. In sum our findings lend support to the
notion by recent reviews, that altered object recognition and impaired face/facial affect recognition in
patients with schizophrenia are both caused by early sensory deficits in the magnocellular pathway ***7.

In the patient group a worse performance in the emotion recognition task was also associated
with decreased theta ERS in the magnocellular (LSF) condition, while no similar association was found
between emotion recognition and theta ERS to parvocellular (HSF) condition. Also a decreased theta
ERS to face, non-face and emotional stimuli were associated with a decreased emotion recognition
performance in patients but not in controls. These findings also support the notion that a magnocellular
deficit contributes to higher level functioning impairments. The lack of correlation between ERS and
emotion recognition performance in the control group might be explained by a smaller variance in

magnocellular functioning and emotion recognition performance in healthy subjects.



In sum our findings suggest that in the patients with schizophrenia the early visual perception
dysfunction may play a critical role not only in the general perception of objects but also in the emotion
recognition deficit. Thus, our results further support the growing evidence to the bottom-up model of
disrupted cognition in schizophrenia, which indicate that early sensory deficit contribute to the impaired
higher level dysfunction 263036464851

There are some possible limitations of this study. First, we applied different photos of faces in
the face non-face paradigm and in the emotion recognition task. Second, all patients were on medication
during testing. However, no significant correlations were found between chlorpromazine equivalent
doses and theta synchronization in any paradigm. The EEG experiment was long and complex, hence
we included patients with good compliance and thus symptom severity scores were in the low/medium

range (mean PANSS total score was 62.3). It might have caused a lack of correlation between theta ERS

and symptoms scores.

Conclusions

In this study we found that patients with schizophrenia show decreased magnocellular function
relative to healthy controls and this deficit correlated with impaired affect recognition performance, and
also correlated with the electrophysiological correlates of face and emotion recognition. Overall, our
findings suggest that the deficit in magnocellular pathway contributes to impaired face and facial affect
recognition in patient with schizophrenia, which finding gives further support to the bottom-up model

of disrupted face perception and emotion recognition in schizophrenia.

Publications and conference abstracts
Four papers and a poster presentation supported by the present grant have been published:

1. Szabd AG, Farkas K, Marosi C, Kozak LR, Rudas G, Réthelyi J, Csukly G. Impaired mixed
emotion processing in the right ventrolateral prefrontal cortex in schizophrenia: an fMRI study.
BMC Psychiatry. 2017 Dec 8;17(1):391. doi: 10.1186/s12888-017-1558-x.

2. Gyebnar G, Szab6 A, Siraly E, Fodor Z, Sakovics A, Salacz P, Hidasi Z, Csibri E, Rudas G,
Kozéak LR, Csukly G. What can DTI tell about early cognitive impairment? - Differentiation
between MCI subtypes and healthy controls by diffusion tensor imaging. Psychiatry Res.
Neuroimaging 2017 Oct 31. pii: S0925-4927(17)30128-2. doi:
10.1016/j.pscychresns.2017.10.007. [Epub ahead of print]

3. “Brain networks and connectivity in psychiatric disorders: an fMRI review” at
“Orvostoviabbképzo Szemle”

4. The poster titled “Emotion recognition in schizophrenia: An ERP study” was presented at the

FENS regional meeting (20-23 September 2017. Pécs - Hungary).



5. Marosi C, Fodor Z, Csukly G. From basic perception deficits to facial affect recognition
impairments in schizophrenia. Sci Rep. 2019 Jun 20;9(1):8958. doi: 10.1038/s41598-019-
45231-x.

A presentation titled “Emotion recognition in schizophrenia: an ERP study” (presenter: Barbara Sebe,
student) and based on the results of the present study won first prize at the “33™ Annual Congress of the
Students National Scientific Association 2017” and a second prize on the ‘8™ Science4Health Congress’
(April 2017, RUDN University, Moscow, Russia).

A further publication titled “Fronto-thalamic structural and effective connectivity and delusions in
schizophrenia: A combined DTI/DCM study” are under review in Psychological Medicine.

Two further publications on the working memory (Sternberg task) and mismatch negativity results are

in preparation phase.
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