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Abstract—Schizophrenia is characterized by a wide range of symptoms that also manifest themselves in other
disorders, which served as the basis for the emergence of ideas about schizophrenia spectrum disorders. Stud-
ies indicate inconsistency of data on the characteristics of visual contrast sensitivity in schizophrenia and
schizotypal disorder, which is part of the structure of schizophrenia spectrum disorders. The study involved
30 patients diagnosed with paranoid schizophrenia, 18 patients with schizotypal disorder, and 30 people with-
out psychopathology and neurological diseases. Contrast sensitivity was recorded when presenting Gabor
elements with a spatial frequency from 0.4 to 10 cycles/deg, using the adaptive staircase procedure. Contrast
sensitivity in both the schizophrenia group and the schizotypal disorder group was lower in the area of high
spatial frequencies, compared to the conditionally healthy control. Thus, the identified disorders are com-
mon to both schizophrenia and schizotypal disorder. The obtained data are considered as evidence of a spe-
cial nature of the discordance in the interaction of the magnocellular and parvocellular channels of the visual
system with a shift towards the dominance of the magnocellular system.
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INTRODUCTION
Schizophrenia is characterized by a wide range of

symptoms that also appear in other disorders, which
served as the basis for the emergence of ideas about
schizophrenia spectrum disorders. Schizotypal disor-
der is a diagnostic phenotype within the schizophrenia
spectrum with genetic, biological, and behavioral
characteristics common to schizophrenia [1]. The
most significant features for the clinical diagnosis of
schizotypal disorder are cognitive-perceptual and dis-
organizational symptoms [2]. Experimental study of
visual perception processes is important for clarifying
the mechanisms of cognitive-perceptual disorders in
both schizophrenia and schizotypal disorder.

Visual perception disorders occur in more than
60% of patients with schizophrenia and are repre-
sented by visual hallucinations, distortion of the per-
ception of spatio-temporal characteristics of visual
stimuli [3–9], decreased integration of contours [10,
11], perception of movement [12], and color [13].
There is very little data on visual perception disorders
in other disorders that have symptoms similar to

schizophrenia. J. Simon et al. [14], report high-level
impairments of visual perception (visual gnosis) in
patients with schizotypal disorder. The authors
obtained data on changes at all stages of the formation
of a complex image and its subsequent comparison
with images from memory. While B.F. O’Donnell
et al. [15], demonstrated no impairment of visual pro-
cessing in the early stages of perception, even in the
presence of pronounced schizotypal symptoms.

Although visual processing and attention deficits
account for a significant portion of the disability asso-
ciated with schizophrenia [16], the source of these
impairments remains unclear. The results of experi-
mental studies indicate the importance of coordinated
interaction of two large-scale neural networks, the
magno- and parvocellular systems, to ensure the
integrity of visual perception, which is impaired in
schizophrenia [3, 9, 17–20]. Magnocellular neurons
of the lateral geniculate nucleus (LGN) of the thala-
mus at the cortical level give rise to the dorsal, and the
parvocellular, to the ventral f low of information from
the caudal to the prefrontal zones of the cerebral cor-
569



570 SHOSHINA et al.

Table 1. Antipsychotic therapy outcomes in patients with schizophrenia and schizotypal disorder

Therapy Schizophrenia Schizotypal disorder

Antipsychotics
1st generation 5 0
2nd generation 22 13
3rd generation 10 5

Availability of enhancer
No 30 9

Trihexyphenidyl 5 0
Biperiden 2 1

Chlorpromazine equivalent 480(186) 412(195)
tex. Neurons of these systems are distinguished by
their sensitivity to contrast, which is often used in
studies of their functional activity. Contrast is the ratio
of brightness between the light and dark phases of a
pattern. Contrast sensitivity, recorded in different
ranges of spatial frequencies, is a value inverse to the
threshold contrast, i.e., the minimum distinguishable
value of the difference in brightness. Spatial frequency
is measured as the number of changes from light to
dark (sinusoidal cycles) per angular degree (ang. deg)
of the visual field. Patterns containing up to
0.5 cycles/deg have a low spatial frequencyand those
from 7 cycles/deg have a high spatial frequency. Large
cells of the magnocellular layers of the LGN of the
thalamus are specific to the perception of low spatial
frequencies, high frequencies are specific to small cells
of the parvocellular layers [21, 22].

According to the results of most studies, a decrease
in the activity of the magnocellular system is observed
in schizophrenia [3, 23], while other authors, on the
contrary, report an increase in its activity [17, 19, 24];
some studies report hypofunction of the parvocellular
system [25], or a decrease in the function of both sys-
tems [3, 21, 26–28]. Most of these studies are based on
data on the contrast sensitivity of the visual system.
There are very few data regarding contrast sensitivity
in individuals with schizotypal disorder. B.W. Kent
et al. [29], in their study used only one spatial fre-
quency of 0.5 cycles/deg and several options of tempo-
ral modulation: 0, 1, 5, 10, and 15 Hz. The authors
demonstrated a decrease in contrast sensitivity in
schizotypal disorder when presented with a stationary
sinusoidal grating and a grating with a temporal fre-
quency of 15 Hz. Thus, the results of the study indicate
a decrease in the activity of the magnocellular system,
while in this case only indirect conclusions can be
made about the activity of the parvocellular system.

Objective—To investigate the characteristics of
visual contrast sensitivity in schizophrenia and schizo-
typal disorder.

METHODS AND MATERIALS
The study involved 30 people without a history of

neurological and psychiatric diseases (18 women,
31.0 ± 10.4 years); 37 patients (19 women, 35.6 ±
10.6 years) with a diagnosis of paranoid schizophrenia
(F20 according to ICD-10), and 18 patients
(10 women, 22.6 ± 3.4 years) with a diagnosis of
schizotypal disorder (F21 according to ICD-10).

According to the protocol, the criteria for inclusion
of patients in the study were:

— Age from 18 to 45 years.
— Diagnosis of paranoid schizophrenia (F20

according to ICD-10), as well as schizotypal disorder
(F21 according to ICD-10).

— Vision is normal or corrected with glasses or
lenses.

The exclusion criteria for patients were as follows:
— Ophthalmological diseases that are not cor-

rected by glasses or lenses and lead to a decrease in
visual functions.

— Organic lesions of the central nervous system
(CNS).

— The presence of severe acute and chronic
somatic diseases requiring the use of constant addi-
tional pharmacological therapy.

— Alcohol or drug addiction.
— For women: pregnancy or lactation period.
Patients were examined in a subacute state 1–

2 weeks after admission to a hospital for treatment. All
patients received antipsychotic therapy (Table 1).

For participants in the control group, the inclusion
criteria for the study were: age 18–45 years, no history
of neurological or psychiatric pathologies, and normal
vision or vision corrected to normal with lenses or
glasses. The exclusion criteria corresponded to those
in the patient group. The day before the study, partic-
ipants were asked not to drink alcohol, and on the day
of the study, not to drink caffeine, and to refrain from
smoking.

Contrast sensitivity was determined using the
adaptive staircase procedure [30, 31]. During binocu-
lar presentation, the threshold contrast was recorded
using a computer program that allows test images to be
generated on a monitor of any type without prior cali-
bration. The program was developed under the super-
vision of S.I. Lyapunov (Prokhorov General Physics
HUMAN PHYSIOLOGY  Vol. 50  No. 6  2024
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Fig. 1. Demonstration of the procedure for registering contrast sensitivity.

“I see” “I don’t see”
Institute, Russian Academy of Sciences, Moscow).
The stimuli used were Gabor elements—gratings with
a brightness distribution that obeys a sinusoidal law,
with a decrease in the amplitude of the sinusoid from
the center to the edges of the stimulus according to the
Gaussian law [32]. Stimuli with spatial frequencies of
0.4; 1.0; 3.0; and 10.0 cycles/deg were presented on the
screen of an HP Pavilion Aero 13-be0822nw
(61R48EA) AMD Ryzen 7 (size 13.3″) against a mask
in the form of additive white noise with a refresh rate
60 Hz. The distance from the subject to the monitor
screen was 53 cm. Stimuli were displayed to the left or
right of the center of the screen, starting with low spa-
tial frequencies. When analyzing the data, the fre-
quency of 0.4 cycles/deg was considered to be a low
spatial frequency range, the frequency of 1.0 and
3.0 cycles/deg was considered to be a medium spatial
frequency range, and the frequency of 10.0 cycles/deg
was considered to be a high spatial frequency range.
The subject’s task was to press the left mouse button
when he saw a stimulus, and the right mouse button
when the stimulus was absent (Fig. 1).

The head position of the study participant was
maintained immobile using a standard forehead-chin
rest.
HUMAN PHYSIOLOGY  Vol. 50  No. 6  2024

Table 2. Clinical characteristics of groups of patients sufferin

* p < 0.01.

Clinical characteristics Schizophren

Duration of the disease 10.9(8.9)
SAS 2.2(1.5)
PANSS positive scale 14.3(3.9)
PANSS negative scale 19.8(5.8)
PANSS General Psychopathology Scale 32.7(6.9)
PANSS total score 66.8(13.7)
Chlorpromazine equivalent 480(186)
Statistical processing was carried out using IBM
SPSS Statistics 26. As a statistical method of data
analysis, nonparametric criteria for two or more unre-
lated samples were chosen: Mann–Whitney U-crite-
rion and Kruskal–Wallis H-test; the choice is related
to the fact that the Kolmagorov–Smirnov test did not
reveal a normal distribution at all frequencies, and also
due to the unequal dispersions of the compared groups
[33]. In this case, the arguments of the functions were
two numerical vectors (two samples). The groups were
analyzed in pairs: healthy norm–schizotypal disorder,
healthy norm–paranoid schizophrenia, paranoid
schizophrenia–schizotypal disorder. Bonferroni cor-
rection for multiple comparisons was used. Correla-
tion analysis was performed using Spearman’s correla-
tion coefficient.

RESEARCH RESULTS

Clinical picture. Results of the assessment of the
clinical picture of the condition of the study partici-
pants suffering from schizophrenia and schizotypal
disorder, using PANSS are presented in Table 2. Sig-
nificant differences between patient groups were
found only for the total scale of positive symptoms.
g from schizophrenia and schizotypal disorder

ia Schizotypal disorder p-value of Kruskal–Wallis

7.0(3.4) 0.172
2.6(2.2) 0.595

10.2(2.5) 0.006*
15.9(5.4) 0.174
32.4(4.6) 0.638
58.5(9.1) 0.188
412(195) 0.631
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Fig. 2. Contrast sensitivity in different spatial frequency
ranges in schizophrenia, schizotypal disorder and in a
healthy control group.
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Contrast sensitivity. The average values of contrast
sensitivity (mean ± standard deviation) in the group of
patients with paranoid schizophrenia when presented
with Gabor elements containing a low spatial fre-
quency of 0.4 cycles/deg were 11.4 ± 4.4, average fre-
quencies of 1.0 cycles/deg were 15.7 ± 7.2 and
3.0 cycles/deg were 13.3 ± 5.7, and high spatial fre-
quency of 10 cycles/deg was 3.3 ± 2.0 (Fig. 2).

In the group of patients with schizotypal disorder,
the indicators were, respectively, 13.6 ± 4.34, 19.1 ±
9.9, 9.9 ± 3.4, and 2.2 ± 0.6; in the healthy control
group, 12.4 ± 4.1, 19.2 ± 6.6, 15.6 ± 5.1, and 5.4 ± 3.0,
respectively.

Results of statistical analysis using the Kruskal–
Wallis criterion indicates a decrease, compared with
the participants of the control group, in contrast sen-
sitivity in patients with paranoid schizophrenia when
perceiving stimuli with a spatial frequency of
10 cycles/deg (Z = –2.772, p = 0.017), in patients with
schizotypal disorder when perceiving stimuli with a
spatial frequency of 3 cycles/deg (Z = –0.001, p =
0.004) and 10 cycles/deg (Z = –3.878, p = 0.000). No
significant differences were found between the con-
trast sensitivity indices of the groups of patients with
paranoid schizophrenia and schizotypal disorder at all
spatial frequencies.

Correlation analysis of clinical indicators of
PANSS patients with schizophrenia showed a signifi-
cant correlation of scores on the general psychopa-
thology scale with contrast sensitivity in the range of
average spatial frequencies (3 cycles/deg, r = 0.37, p =
0.02). Whereas in the group of patients with schizo-
typal disorder, a significant correlation was found for
scores PANSS scales of negative symptoms with con-
trast sensitivity, also in the range of medium spatial
frequencies (r = 0.67, p = 0.04). Thus, for these groups
of subjects, a correlation was found between clinical
indicators and contrast sensitivity in the range of aver-
age spatial frequencies, the perception of which is pro-
vided by neurons of both the magno- and parvocellu-
lar systems.

No correlations were found between the contrast
sensitivity indices in the studied spatial frequency
ranges and the chlorpromazine equivalent value or the
Parkinsonism severity scale scores in any of the patient
groups. However, this does not remove the limitation
of the present study related to the possible influence of
antipsychotic therapy on the magnitude of contrast
sensitivity.

DISCUSSION OF RESULTS

The results of the present study indicate changes in
contrast sensitivity of the visual system in both schizo-
phrenia and schizotypal disorder, compared with
healthy controls. In both cases, differences are
observed in the perception of high spatial frequencies,
to which parvocellular neurons are more specific [21,
22]. The decrease in the activity of this system, com-
pared to the magnocellular system, the sensitivity of
which does not differ from the indicators of healthy
controls, indicates a special nature of the discordance
of these neural systems in patients with similar symp-
toms. The obtained data are considered by us as con-
firmation of the hypothesis about the dominance of
the magnocellular system of information perception
over the complementary parvocellular system in
schizophrenia and schizotypal disorder. That is, the
results of the present study indicate a special nature of
the interaction of the magno- and parvosystems in
schizophrenia and schizotypal disorder.

The importance of the coordinated work of these
complementary systems is determined by the fact that
their interaction at different levels of information pro-
cessing ensures the integrity of perception. The dis-
crepancy in the work of the magno- and parvocellular
systems also manifests itself in the perception of aver-
age spatial frequencies, in the processing of which they
mutually participate [21]. Misalignment in their work
can be considered as one of the factors increasing the
level of internal noise in the visual system in psychopa-
thology [21, 34]. In the group of patients with schizo-
typal disorder, the dispersion of the contrast sensitivity
index in the range of average spatial frequencies is
much higher than in the group of patients with schizo-
phrenia. It is possible that the reason is the smaller
number of subjects in this group.

Several studies of contrast sensitivity in individuals
with different durations of schizophrenia have shown
increased activity of the magnocellular system, in par-
ticular in patients with a first psychotic episode who
have not received long-term antipsychotic therapy [17,
19, 24, 35, 36]. In this case, the activity of the parvo-
cellular system remained consistent with healthy con-
trols or was reduced. Thus, in these cases, a different
nature of the mismatch in the interaction of the
HUMAN PHYSIOLOGY  Vol. 50  No. 6  2024
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magno- and parvocellular neural systems was
observed. The present study included patients in a
subacute condition. In this regard, we expected to see
higher values of contrast sensitivity to stimuli contain-
ing low spatial frequencies, to which neurons of the
magnocellular system are more specific.

The absence of such differences, compared with
healthy controls, in both groups of patients may be due
to the absence in our sample of patients with a first
episode who did not receive drug treatment [24, 35].
Accordingly, the influence of antipsychotic therapy
that patients received over many years, including at the
time of participation in the study, on the contrast sen-
sitivity indices cannot be ruled out.

Contrast perception, which begins at the level of
the retina, is associated with the level of its dopamine
activity [37]. Dopamine improves visual contrast
detection by mediating lateral inhibition via D2 recep-

tors [38]. In research J.P. Harris et al. [39], in eight
patients with schizophrenia, contrast thresholds were
measured during the presentation of stationary grat-
ings with spatial frequencies of 0.5, 2.0, and
8.0 cycles/deg first before and then 2 to 3 days after a
therapeutic injection of a typical depot neuroleptic
(stelazine, haloperidol). The drug increased contrast
sensitivity at low and decreased it at medium and high
spatial frequencies. The results of our early studies
have shown that patients with schizophrenia treated
with atypical antipsychotics demonstrated a more pro-
nounced decrease in contrast sensitivity in the low
spatial frequency region than patients treated with typ-
ical antipsychotics [18]. Then, as in the study by
Y. Chen et al. [35], patients receiving atypical antipsy-
chotics showed unimpaired visual contrast detection
(for the perception of a grating with a spatial frequency
of 0.5 cycles/deg and a temporal modulation of 5 Hz),
while those receiving typical neuroleptics showed
higher contrast detection thresholds.

Most of the patients in the present study were
receiving second-generation antipsychotic therapy.
The therapeutic efficacy of drugs in this group is deter-
mined by the coefficient reflecting the ratio of 5-HT2a
affinity to D2-affinity. That is, such drugs have an

effect on both dopamine and serotonin receptors and
are dopamine–serotonin antagonists (sertindole,
olanzapine, aripiprazole, etc.). Blockade of 5-HT2a
receptors in mesocortical structures indirectly pro-
motes an increase in dopamine content in the prefron-
tal cortex of the brain, which may determine the pro-
cognitive effect of second-generation antipsychotics.
Third-generation drugs, which some of our patients
also received, are partial dopamine receptor blockers.
In any case, all antipsychotic drugs used to treat
schizophrenia spectrum disorders affect dopamine
receptors, reducing the level of dopamine in the meso-
cortical structures.

It can be assumed that patients with schizotypal
disorder are characterized by less subcortical dopami-
HUMAN PHYSIOLOGY  Vol. 50  No. 6  2024
nergic hyperreactivity than patients with schizophre-
nia [1, 40]. Indeed, in our group of participants with
schizotypal disorder, positive clinical symptoms were
significantly less pronounced than in the group of
patients with schizophrenia. However, in terms of
PANSS, the patients did not differ on the general psy-
chopathology scale. This may be why we did not
observe differences in contrast sensitivity of the visual
system in patients with schizophrenia and schizotypal
disorder. No such differences were found in contrast
sensitivity and B.F. O’Donnell et al. [15].

Several studies have reported that patients with
schizotypal personality disorder exhibit more specific
visual processing deficits, which are evident when per-
forming tasks involving working memory [2, 15, 41,
42]. L.J. Siever and K.L. Davis [1] reported preserva-
tion of prefrontal cortex volume in individuals with
schizotypal disorder and reduced dopamine activity in
the striatum, compared with chronic schizophrenia
patients. These factors explain the results of A.A. Che-
peliuk and M.G. Vinogradova on the presence of
compensatory strategies in individuals with schizo-
typal disorder that increase the efficiency of task per-
formance to a normative level [2]. In the present study,
we failed to detect differences in performance on an
early-level contrast detection task between patients
with schizophrenia and schizotypal disorder.

Also, significant correlations of scores on the scales
were established for both groups of patients. PANSS
and contrast sensitivity in the range of medium spatial
frequencies. Direct correlation dependences indicate
that the increase in scales is associated with an
increase in contrast sensitivity in the range of medium
spatial frequencies. Processing of average spatial fre-
quencies is carried out by neurons of both the magno-
cellular and parvocellular systems. The obtained data
can be considered as evidence of the importance of the
interaction of these systems and that the change in
state will be reflected, first of all, in contrast sensitivity
in the range of medium spatial frequencies. Confirma-
tion or refutation of such a justification can be
obtained as a result of the analysis of data from longi-
tudinal studies currently being conducted.

CONCLUSIONS

Participants in the study with schizophrenia and
schizotypal disorder demonstrated reduced contrast
sensitivity in the high spatial frequency range com-
pared to healthy controls. The obtained data are con-
sidered as evidence of the peculiar nature of the dis-
cordance in the interaction of the magnocellular and
parvocellular channels of the visual system with a shift
towards the dominance of the magnocellular system.

It can be assumed that disturbances in low-level
sensory processes can affect high-level cognitive pro-
cesses and lead to the manifestation of psychotic
symptoms characteristic of schizophrenia [34, 43, 44].
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