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SUMMARY

Background: Schizophrenia is a multifactorial neurodevelopmental disorder associated with cognitive dysfunction and changes
in primary sensory processing. This article aims to explore the current insights into the relationship between schizophrenia and
different visual disturbances.

Methods: To provide a literature review of visual impairments in schizophrenia, we performed a PubMed/MEDLINE and Scopus
search to identify all articles in English on the topic up to the end of 2018.

Results: Multiple retinal functional and structural abnormalities are found in patients with schizophrenia. Wider retinal venules
suggest chronically insufficient brain supply of oxygen and this could contribute to the occurrence of psychotic symptoms. Optical
coherence tomography studies showed that retinal nerve fiber layer, macular thickness, and macular volume were significantly
lowered in the chronic phase of schizophrenia. Results from electroretinogram recordings have demonstrated different declinations
such as abnormalities of a - wave activity in the photoreceptors or b - wave activity in the bipolar and Muller cells. Abnormalities in
eye movements, such as a notable decrease in saccades and smooth pursuit eye movements, are one of the most reliable and
reproducible impairments associated with schizophrenia. Disrupted visual processing of the magnocellular pathway may result in a
decrease of contrast sensitivity, sensory processing, orientation discrimination, visual integration, trajectory and spatial localization,
backward masking and motion tracking. Visual perceptual abnormalities occur in more than 60% of schizophrenic patients and
these are visual hallucinations, perceptual distortion of colors, shapes and light intensity, decrease in contour integration and
surround suppression. Other, frequently present eye disorders include impaired visual acuity, strabismus and nystagmus.

Conclusion: Visual impairments are one of the most important features of schizophrenia, which could help in defining the

disease state and assigning appropriate treatment.
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INTRODUCTION

Schizophrenia is a multifactorial neurodevelopmen-
tal disorder associated with cognitive dysfunction and
changes in primary sensory processing (Insel 2010,
Graticelli et al. 2015). The disease itself has several
main characteristics, which are classified into positive
symptoms such as hallucinations, delusions, disorga-
nized speech and behavior, and negative symptoms such
as apathy, social withdrawal, emotional flattening and
avolition (Nasrallah et al. 2011). While it is currently
still being defined according to the above-mentioned
features, schizophrenia remains a highly heterogeneous
disorder. Simply stated, two different patients with an
established diagnosis of schizophrenia could present
with unique and seemingly unrelated signs and symp,
probably reflecting different underlying psychopatho-
logical mechanisms and processes. Although our current
research and clinical approaches are still mostly based
on this “unifying” theory, the demand for stratification
of the disease on many different levels has also been
recognized (Hahn et al. 2017, Radic et al. 2018).
Contrary to previous understandings, recent research
has shown that schizophrenia is multisystemic rather
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than being a brain-centered disease (Pillinger et al.
2018). Numerous studies have shown that visual
impairments are one of the most important features of
schizophrenia, which could serve to define the disease
state and thus appropriate treatment (Kogata & lidaka
2018). In the early stages of the disease, patients often
display symptoms of visual deterioration, which can
gradually increase other clinical symptoms and ulti-
mately have an impact on their quality of life (Graticelli
et al. 2015). The retina is an embryonic extension of the
brain and may be involved in the pathophysiology of
visual impairment in patients with schizophrenia
(Silverstein & Rosen 2015). Findings of ophthalmo-
logical studies have indicated that schizophrenic pa-
tients present different visual abnormalities in the initial
components of the optic tract (Schonfeldt-Lecuona et al.
2016). There are many functional and structural deficits
of the eye that could lead to disorders in visual pro-
cessing and experiences that are exhibited in the
disease. These include poor visual acuity, cataracts, stra-
bismus, nystagmus, retinal venulae widening, various
retinopathies and maculopathies, retinal nerve fiber
layer (RNFL) thinning, dopamine and glutamate abnor-
malities in the retina and impaired color vision.
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Included also are reduced contrast sensitivity, visual
hallucinations, decreased saccades and smooth pursuit
eye movements (SPEMs), distortion of shapes and light
intensity, abnormal electroretinogram (ERG) wave-
forms etc. Some of these features are attributed to the
disease itself, while others could be related to other
comorbidities or medication usage (Levy et al. 2010,
Crook et al. 2014, Gonzales-Hernandez et al. 2014,
Adams & Nasrallah 2017, Torrey & Yolken 2017). The
connection between schizophrenia and the eye is even
more interesting if we consider that it has never been
documented that a congenitally blind person has schizo-
phrenia (Silverstein et al. 2013). It is hypothesized that
blindness serves as a protective mechanism through
strengthening and maintenance of certain cognitive
functions. Bearing in mind the above-described relation
between the eye and schizophrenia, and the numerous
questions the relationship raises, it is clear why the eyes
are starting to be called ,,the window to mental health".
Within this review article, the authors present recent
findings on the structural and functional abnormalities
of the retina and related structures involved in visual
processing, which could advance our knowledge and
understanding of schizophrenia.

METHODS

To provide a literature review of visual impairments
in schizophrenia, we performed a PubMed/MEDLINE
and Scopus search to identify all articles on the topic up
to the end of 2018. We used the following search terms:
“schizophrenia AND visual impairments”, “schizo-
phrenia AND retinal abnormalities”, “schizophrenia
AND neurotransmitters”, “schizophrenia AND abnor-
malities in eye movements”, “schizophrenia AND vi-
sual processing", "schizophrenia AND perceptual
disturbances" and "antipsychotic drugs AND ocular
abnormalities". After the screening of all identified
articles in English, only those that met the criteria for
eligibility were included in the study. The reference list
of the articles included in the review was manually
checked for relevant studies.

STRUCTURAL AND FUNCTIONAL
CONSIDERATIONS OF THE RETINA

The retina develops from the neuroectoderm, and it
is the only part of the central nervous system that is
exposed to direct analysis. The retina is considered as
a "window to the brain" due to both being similar in
structure and function (Jindal 2015, Schonfeldt-
Lecuona et al. 2016). The axons of retinal ganglion
cells (RGC), which form RNFL, leave the retina as the
optic nerve and make synapses at the lateral geniculate
nucleus (LGN), where they provide input to the
magnocellular and parvocellular pathways. Observa-
tion of the retinal structure gives us insight into the
functioning of both pathways, which are usually

impaired in schizophrenia (Lalor et al. 2012, Jahshan
et al. 2017). Multiple retinal functional and/or struc-
tural abnormalities are found in patients with schizo-
phrenia. They may reflect the state of the brain
structure and function and serve as a marker of brain
tissue loss (Kemenyova et al. 2014). Moreover, retinal
changes in schizophrenic patients may indicate struc-
tural and functional deficits, which exist throughout
the brain and could be associated with the etiology of
the disease. Visual abnormalities include reduced visual
acuity, visual distortions, decreased contrast sensiti-
vity, impaired color vision and eye tracking dysfunc-
tion (Gagne et al. 2015, Silverstein & Rosen 2015).
Retinal changes include microvascular, functionnal
and structural abnormalities so that ophthalmological
findings may provide valuable information in clari-
fying the pathogenesis of the disease. However, retinal
abnormalities are not entirely particular to schizo-
phrenia, as they can also be present in other neuro-
developmental psychiatric disorders. These findings
could interfere with the presentation of the disease
itself and also alter the perception of comorbidities and
the side effects of medication. Retinal changes could
help in better diagnostic and therapeutic approaches or
serve as a predictive and preventive biomarker in the
case of schizophrenia (Hosak et al. 2018). Recent stu-
dies have indicated that schizophrenia may be asso-
ciated with retinal venulae widening. Thus, fundus
examination and retinal vessels’ documentation by
fundus photography provide an evaluation of retinal
microvasculature as an insight into cerebral vessels
and could serve as a marker of disease vulnerability
(Adams & Nasrallah 2017, Hosak et al. 2018). Wider
retinal venules in the patients with schizophrenia sug-
gest a chronically insufficient supply of oxygen to the
brain and could contribute to the appearance of psycho-
tic symptoms in childhood and adulthood. In addition,
wider venulae were found in children with temporary
psychotic symptoms, which could be an essential
marker for the subsequent development of psychosis
(Meier et al. 2015). It was also shown that the wide-
ning of the retinal venule correlates significantly with
childhood IQ and neurophysiological functioning du-
ring middle age (Shalev et al. 2013).

Due to known properties of the visual cortex, some
aspects of functional visual impairment in schizophrenia
involve deficient orientation discrimination. It seems
that other aspects, such as reduced susceptibility to
certain visual illusions, imply the reduced influence of
stored knowledge on perception, which reflects dama-
ged connections between the frontal, parietal and
higher-level visual regions (Keane et al. 2013). The
retina consists of more than 20 types of RGC, where the
signals are integrated into LGN and each type of RGC
contributes to a different aspect of the visual stimulus
(Roska & Meister 2014). Therefore, some visual pro-
cessing damage may arise from the abnormal coordi-
nation of RGC signals into the LGN. Midget bipolar and
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ganglion cells (GC) project into the LGN parvocellular
pathway and play a role in color processing, while
parasol GC, which projects into the LGN magnocellular
pathway, is essential for contrast sensitivity. Dysfunc-
tion of these cells could explain the impaired color
vision and contrast sensitivity in schizophrenic patients
(Crook et al. 2014). The retina, as part of the central
nervous system, was established as being suitable for
examination of psychiatric disorders using ERG (Hebert
et al. 2017). Results from electrophysiological studies
have demonstrated different ERG abnormalities, which
indicate retinal signal processing dysfunction (Balogh et
al. 2008, Hebert et al. 2015). ERG studies in schizo-
phrenic patients have revealed abnormalities of a —
wave activity in the photoreceptors (both rod and cone)
or b — wave activity in the bipolar and Muller cells
(Warner et al. 1999, Hebert et al. 2015). It has been
suggested that during acute psychosis there is an ab-
normal retinal function at the level of photoreceptors
and bipolar and Muller cells. It is not yet clear if these
findings are caused by later visual processing impair-
ments or if they reflect parallel disturbances in brain
function (Silverstein & Rosen 2015). It has been
considered that reduced a—wave amplitude in patients
with schizophrenia arises due to the decreased level of
essential fatty acids in the cell membrane of photo-
receptors (Warner et al. 1999). There is also a notable
negative relationship between a—wave amplitude and
positive symptoms of the disease (Balogh 2008). Besi-
des, rod retinal response is reduced in youths with high
risk and in schizophrenic patients. Therefore, rod
response anomaly may represent an early and specific
biomarker before the onset of the disease and prove
meaningful for further genetic and prevention research.
It has been published that healthy children or adoles-
cents at risk have decreased amplitude in rod b- and
cone a-wave, which has also been found in adult
patients with the full-blown disorder. In other words,
ERG changes that occur many years before the onset
of the disease could help clarify the underlying patho-
physiological processes of schizophrenia (Hebert et al.
2015). A recent study, using portable flash electro-
retinography (fERG) confirmed the above-described
findings, pertaining to reduced photoreceptor and
bipolar cell functioning, and discovered that a portable
device can detect the same anomalies and thereby
opened further possibilities for more routine use of this
screening method (Demmin et al. 2018)

Structural retinal changes in schizophrenia can be
measured by optical coherence tomography (OCT), a
non-invasive imaging technique, that can analyze retinal
structure in vivo. Data of OCT scans are highly reliable
and comparable to those of histologic examinations of
retinal tissue (Vajzovic et al. 2012). Results from OCT
studies on patients with schizophrenia have shown
RNFL thinning and macular volume reduction. They
have demonstrated that reduced macular volume was
related to an increased expression of positive symptoms
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(Chu et al. 2012), while RNFL thinning was related to
disease chronicity (Lee et al. 2013; Schonfeldt-Lecuona
et al. 2019). OCT studies have documented that RNFL,
macular thickness, and macular volume are significantly
decreased in the chronic phase of schizophrenia. The
authors have underlined that OCT may provide useful
findings that will help to control the progression of the
disease (Hosak et al. 2018). Although most OCT studies
among schizophrenic patients have shown a reduction
of RNFL and macular thickness (Lee et al. 2013;
Schonfeldt-Lecuona et al. 2019), Silverstein et al. did
not confirm these findings (Celik et al. 2016, Yilmaz et
al. 2016, Silverstein et al. 2017). In their studies, schizo-
phrenic patients and controls did not differ significantly
in RNFL or macula parameters, when age and medical
comorbidity adjustments were made. Besides this, hyper-
tension and diabetes, which often co-occur with schizo-
phrenia and are commonly inadequately managed, can
independently cause retinal thinning (Silverstein et al.
2017). It has also been proposed that acute psychosis is
in correlation with inflammation and tissue swelling,
which can disable the detection of retinal atrophy
(Ascaso et al. 2015). Furthermore, the cup-to-disc ratio
was enlarged and associated with cognitive symptoms
in patients with schizophrenia, which seems to be
mediated by RNFL thinning, loss of retinal capillaries
and an enlarged optic nerve (Geyman et al. 2017). On
the other hand, significant macular thinning predomi-
nantly occurred in the inner macula layers, suggesting
that macular thinning may be a sign of degenerative,
vascular and inflammatory processes that can co-occur
in the brain itself (Ascaso et al. 2015, Joe et al. 2018).
These parameters also correlated with the severity and
progression of the disease (Satue et al. 2016).

Choroid, as the main source of the vascular supply
of the outer retinal layers, recently came into focus as
a possible biomarker for schizophrenic patients.
Choroidal thinning was found mainly in those patients
who are resistant to standard therapy and in patients
with co-occurring diabetes who have no signs of
diabetic retinopathy (Querques et al. 2012, Celik et al.
2016). Additionally, schizophrenia has been singled
out as an independent risk factor for microvascular
dysfunction (Lizano et al. 2016, Hua et al. 2017).
Consequently, reduction of choroidal thickness could
be a marker of different types of vascular dysfunction
associated with schizophrenia (Joe et al. 2018). It has
also been observed that RNFL thinning is associated
with smoking in schizophrenic patients, although this
thinning has not been found in "healthy smokers." This
implicates that schizophrenia and smoking are not in a
direct relationship (Patel et al. 2016, Duman et al.
2017). It is considered that disturbances of visual pro-
cessing, which comprise color perception, contrast
sensitivity, and reading, may develop because of RGC
loss (Revheim et al. 2014). Because of that, RGC loss
as the leading cause of RNFL thinning could be used as
a biomarker for various retinal disorders.
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THE ROLE OF NEUROTRANSMITTERS
IN RETINAL FUNCTIONING

The role of dopamine is well described in the lite-
rature considering the pathophysiology of schizophre-
nia. It has been established that hypodopaminergia in
the mesocortical pathway is responsible for negative,
while hyperdopaminergia in the mesolimbic pathway is
responsible for positive symptoms in schizophrenic
patients (Littrell & Schneiderhan 1996). Dopamine is
the most crucial neurotransmitter and modulator in the
retina, which could explain the influence of schizo-
phrenia on the visual system and plays a major role in
the signaling of the retinal amacrine and interplexiform
cells (Carlsson 1988). The main influence of dopamine
on amacrine cells, which are primarily crucial for dark
adaptation of the retina, is to uncouple electronic
junctions that connect some of these cells. Dopamine
participates in the physiological activities of RGC, so its
dysfunction, which is present in schizophrenia, may
modify visual processing by remodeling the capacity of
the RGC receptive field. Animal studies have confir-
med that dopaminergic deficiency in the retina causes
a decrease in the number of retinal amacrine cells
(Frederick et al. 1982). Reductions and excesses in
dopamine activity in the brain also occur in the retina
of schizophrenic patients (Silverstein & Rosen 2015).
Dopamine deficiency may reduce, while dopamine
excess may increase color perception. In the acute onset
of schizophrenia, dopamine values are increased, while
those same values are normalized in phases of disease
remission (Kegeles et al. 2010). Therefore, visual distur-
bances during acute psychotic episodes are opposite to
those observed during antipsychotic treatment. Findings
implicate that hyperdopaminergia is in correlation with
excessive low spatial frequency processing and this is in
accordance with excessive magnocellular responsivity
and subjective visual changes that occur at the begin-
ning of the disease (Keri & Benedek 2007).

It has also been proposed that glutamate, another
essential neurotransmitter in the retina, causes the de-
struction of RGC and plays a role in the process of
neurodegeneration in schizophrenic patients (Sucher et
al. 1997, Javit 2007). Schizophrenia is characterized by
N-methyl-D-aspartate receptor (NMDAr) dysregulation
and hypoactivity that leads to increased dopamine and
glutamate release with consequent visual distortions and
hallucinations. Accordingly, the use of NMDAr anta-
gonists, like ketamine, may cause retinal hypoxia, cell
death and reduced visual evocated potentials (VEPs)
(Gonzales-Hernandez et al. 2014). Despite the present
knowledge, the relationship between neurotransmitter
changes and visual disturbances in schizophrenic pa-
tients has not yet been fully elucidated.

ABNORMALITIES IN EYE MOVEMENTS

Studies have revealed that the main pathological
substrate underlying schizophrenia is structural brain

damage (Keshavan et al. 2008). Although eye move-
ments are affected in many neurodegenerative di-
seases, their abnormalities are one of the most reliable
and reproducible impairments associated with schi-
zophrenia (Fernandez et al. 2015, Coubard 2016,
Dowiasch et al. 2016). Saccades and smooth pursuit
eye movements (SPEMs) are two different types of
oculomotor control, which act synergistically for visual
tracking. Saccades are primarily directed toward sta-
tionary targets, while SPEMs are elicited to track mo-
ving targets. Studies have revealed a notable decrease
in the control of saccades and SPEMs in schizophrenic
patients (Levy et al. 2010, Benson et al. 2012). Results
have shown that voluntary saccades are damaged,
whereas reflexive saccades are preserved (Picard et al.
2012, Bender et al. 2013). Schizophrenic patients with
mild neurological impairment have decreased saccadic
adaptation and a substantial vergence tracking deficit
(Bolding et al. 2014). Abnormal SPEMs suggest that
reduced tracking may serve as a biological marker for
schizophrenia (Morita et al. 2017). They are also
present more than normal in schizophrenia risk groups
and first-degree relatives, so it has been proposed that
SPEMs have a genetic origin (Mitropoulou et al. 2011,
Smyrnis et al. 2011, Roberts et al. 2013). Morita et al.
analyzed eye movement measures such as free
viewing, fixation stability, and smooth pursuit tests.
They found that only three out of 75 known eye
movement measures discriminate schizophrenic pa-
tients with more than 80% accuracy. They also
revealed that there is a significant correlation between
eye movements, clinical symptoms and the use of
antipsychotic drugs (Morita et al. 2017). Scanpath and
visual search impairments, such as decreased scanning
length and fewer fixations, were also found in
schizophrenic patients (Minassian et al. 2005, Nishiura
et al. 2007). Early defects of visual processing may be
associated with high order cognitive deficits such as
attention and memory deficits (Butler & Javitt 2005).
Considering perception and social interaction, head
movement is markedly reduced during activities such
as speaking (Leask et al. 2012). Thus, alerted head
movements may reflect on the eye movements and
cause abnormal eye-head coordination (Schwab et al.
2013). Schizophrenic patients showed a longer mean
duration of fixation, reduced eye fixations and shorter
mean scanning length. It has been published that a
decreased responsive search score (RSS) and grey-
matter loss have been found in individuals with schizo-
phrenia. RSS decline is associated with a reduction of
grey-matter density in occipito-temporo-frontal brain
parts, which underlie visual information and eye
movement processing (Qui et al. 2011). Thus, RSS
may be used as a reliable biomarker to predict the
severity of hallucinations in schizophrenic patients
(Qui at al 2018). Moreover, the brain structural abnor-
malities correlate strongly with cognitive function
deficits and positive psychotic symptoms (Liao et al.
2015, Mottahedin et al. 2017).
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VISUAL PROCESSING AND
PERCEPTUAL DISTURBANCES

Visual sensory impairments and concomitant func-
tional deficits are well described in schizophrenia as
they occur because of structural and functional damage
of RGC, magnocellular pathway neurons and parvo-
cellular pathway neurons (Jahshan et al. 2017). It is
considered that neural connections and synapses are
affected in the visual cortex of schizophrenic patients.
Impairments in visual perception have been depicted as
resulting in experiencing the world in fragment parts as
opposed to the continuous streaming of visual infor-
mation (Anderson et al. 2017). Studies have confirmed
that disrupted visual processing of the magnocellular
pathway may result in the decrease of sensory pro-
cessing, orientation discrimination, visual integration,
trajectory and spatial localization, backward masking,
motion tracking and neurophysiological responses to
visual stimuli (Butler et al. 2005, Yeap et al. 2008,
Khosravani & Goodarzi 2013). Dysfunction in the
magnocellular pathway is especially presented with
reduced contrast sensitivity (Yeap et al. 2008), besides
it may contribute to cognitive deficits in attention,
working memory and executive functioning (Martinez
et al. 2008). Although the test of contrast sensitivity is
considered the best way to explore magnocellular
integrity, schizophrenic patients exhibit uniform reduc-
tions in contrast sensitivity, which may be related to
attention disorders or the effects of drugs (Skottun &
Skoyles 2007).

Visual perceptual abnormalities (VPAs) are present
in more than 60% of schizophrenic patients. Visual
distortions are associated with a worsening of negative
symptoms in remitted patients and an increased psycho-
sis risk in prodromal patients (Keri et al. 2005). These
symptoms usually occur in the chronic phase of the
disease and some visual deficits decline with its dura-
tion, such as contrast sensitivity, contour integration and
surround suppression (Keane et al. 2016). Schizophrenic
patients report more VPAs than patients with other psy-
chotic disorders. VPAs are associated with more posi-
tive symptoms, earlier age of the onset of the disease
and lower premorbid functioning (Keane et al. 2018).
Authors have investigated the clinical importance of
VPAs and found that the duration of the disease had less
notability for the occurrence of VPAs. Their findings of
more abnormal perception of faces, bodies and objects’
motion are consistent with previous reports of abnormal
visual behavioral performance and brain activation
(Bauser et al. 2012). However, in contrast to this, another
study showed that VPAs are in correlation with negative
but not positive symptoms (Kery et al. 2005). Electro-
physiological studies with VEP revealed deficits in the
perceptual organization and visual processing (Butler &
Javitt 2005, Silverstein & Keane 2011). The early stage
of schizophrenia is characterized by visual changes such
as a perceptual distortion of colors, shapes and light
intensity (Torrey & Yolken 2017). Schizophrenic patients
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also tended to have visual hallucinations in 73% of
cases and the use of antipsychotic drugs had a positive
effect on this (Phillipson & Harris 1985). The intensity
of hallucinations is significantly associated with volu-
metric changes of brain structures including grey matter
in frontal, parietal and temporal regions as well as in the
paralimbic system (Padmanabhan et al. 2015, Qui et al.
2018). Because of ocular misalignment, amblyopia and
difficulties in depth perception may occur. Schizo-
phrenic patients perform worse on visual tasks such as
contour integration (Silverstein et al. 2012). In the lite-
rature, there is no evidence of schizophrenia occurrence
in cases of congenital blindness, suggesting that blind-
ness has a protective role. However, congenital blind-
ness does not have a protective role in other psychiatric
conditions (Silverstein et al. 2013). Frequently present
eye disorders in schizophrenic patients are impaired
visual acuity, strabismus, and nystagmus. It has been
detailed that patients with schizophrenia had decreased
visual acuity for distance and near vision, limiting their
activities of daily living and social functioning (Vierto
et al. 2012). Children with impaired visual acuity at age
four had markedly increased the incidence of schizo-
phrenia as adults (Hassan et al. 2015). Patients with
schizophrenia also have strabismus more often than the
general population. It has been found that strabismus in
the form of exotropia was present in 13% of schizo-
phrenic patients (Yoshitsugu et al. 2006).

USE OF ANTIPSYCHOTIC DRUGS
AND OCULAR ABNORMALITIES

Results of numerous studies have shown that the use
of antipsychotic drugs may contribute to visual impair-
ment (Viertio et al. 2007). Antipsychotic drugs cause
pupilar dilatation and blurred vision due to their anti-
cholinergic action. As a serotonin agonist, some types of
antipsychotics for schizophrenia treatment may increase
intraocular pressure and lead to glaucoma (Souza et al.
2008). Studies have reported that patients with schizo-
phrenia had lens opacities, cataract, and corneal pig-
mentation. Cataract was mostly present in patients
treated with the first generation of antipsychotic drugs
(Smith et al. 1997). The derivate of phenothiazine can
cause pigment deposition on the corneal endothelium,
conjunctiva and anterior lens capsule. Antipsychotic
drugs blockade retinal dopamine receptors, which may
cause the death of RGC resulting in the thinning of
retinal layers (Silverstein & Rosen 2015). Phenothiazine
has a toxic activity on the photoreceptors with conse-
quent damage and atrophy of retinal pigment epithe-
lium, manifesting as blurred vision, scotomas, dyschro-
matopsia, and nyctalopia. Use of thioridazine may cause
pigmentary retinopathy characterized with reduced
visual acuity, retinal pigment deposits, and suppression
of dark-adapted ERG responses (Adams & Nasrallah
2017). Therefore, retinal monitoring is vital at the be-
ginning of therapy and regular ophthalmologic control
exams are necessary to detect any retinotoxic effects of
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antipsychotic drugs (Andreoli et al. 2018). Although
psychotropic drugs may have an influence on eye
movements, it is considered that oculomotor deficits in
schizophrenic patients are primarily the result of the
disease itself (Anthony 2018). However, use of benzo-
diazepines has some effects on ocular motility such as
smooth pursuit tracking deficits, decreased saccadic
peak velocity and vestibular ocular reflex gain. Lencer
et al. reported that there was no notable correlation bet-
ween smooth pursuit measurements and antipsychotic
usage. However, some authors reported an increase of
smooth pursuit abnormalities both after the beginning and
prolonged treatment with antipsychotic drugs (Reilly et
al. 2008, Lencer et al. 2015). Schizophrenic patients
treated by dopamine receptor agonists showed visual
acuity deterioration, problems in contrast sensitivity and
longer VEP latency (Kelemen et al. 2013). Antipsy-
chotic drugs commonly did not affect visual acuity, but
phenothiazines could impair near vision through the
effect on the ciliary muscle during accommodation.

ENDOPHENOTYPES AND
FUTURE DIRECTIONS

Another important aspect of this review are endo-
phenotypes. Endophenotypes as such represent labora-
tory-based measures that show deficits in schizophrenia
patients and to a lesser extent deficit in their first degree
“unaffected” relatives (Braff & Tamminga 2016). Eye
movement impairment have been recognized in schizo-
phrenia patients for more than hundred years and were
considered as an endophenotype in general (Obyedkov
et al. 2019) while now distinct eye movement tasks such
as smooth pursuit eye movement (SPEM) disturbance,
antisaccade (AS) and memory-guided saccade (MGS)
are considered even more specific endophenotypes
(Park et al. 2009; Caldani et al. 2016). SPEM has been
proven to have a high heritability and accuracy with
schizophrenia patients (Kikuchi et al. 2018) and al-
though there is no correlation between SPEM abnor-
mality and six COMT gene polymorphisms (Park et al.
2009), 17 SNPs susceptibility loci have been identified
for SPEM in schizophrenia patients in an effort to elu-
cidate the genetic association of eye movements from a
different perspective in the smooth pursuit test (Kikuchi
et al. 2018). Increased rate of errors in tasks pertaining
to saccade eye movement are one of the most replicable
findings in schizophrenia research and have been linked
with poor inhibition control as well as agitation and
excitement (Obyedkov et al. 2019). On top of that,
recent finding in ERG and OCT (Demmin et al. 2018;
Schonfeldt-Lecuona et al. 2019) further advocate the
role of the eye, and eye movements as such, as a viable
source for endophenotypes in schizophrenia. It is
evident why endophenotypes are considered ideally
compatible with concepts such as the Research Domain
Criteria and thus “bridge genomic complexity and
disorder heterogeneity.” Furthermore, recent advances
in understanding underlying epigenetic mechanisms in

schizophrenia (Jakovljevic & Borovecki 2018) make the
endophenotypes, relating to the eye, an even more
interesting source of information as the eye is easy to
research and track the changes in shorter intervals. The
combination of endophenotypes research and epigenetic
profiling could be used to identify certain diseases sub-
types and help to administer adequate medication accor-
dingly. Considering the therapeutic aspects of schizo-
phrenia, one should be aware of the complexity of
human beings. Unique and specific features of the
disease highlight the importance of person-centered care
(Jakovljevi¢ 2015). In other words, such care should be
personalized, integrative and creative, considering diffe-
rent visual impairments, treatment modalities and pa-
tients' wellbeing (Jakovljevic¢ 2015, Jurisic et al. 2018).

CONCLUSION

Visual impairments are one of the most important
features of schizophrenia, which could serve to define
the state of the disease and therefore aid with the admi-
nistering of appropriate treatment. The most common
visual disturbances in schizophrenic patients include
abnormalities in retinal structure and function, eye posi-
tions and movements, visual processing, visual percep-
tion and visual acuity. Moreover, retinal changes in
these patients may reflect structural and functional
deficits of the brain and serve as a marker of brain tissue
loss. The notion that visual impairments, or even com-
promised multisensory integration, is a risk factor for
schizophrenia is even more prominent in the context of
undocumented schizophrenia in congenitally blind
people. Different parameters derived from fundus exa-
mination, ERG and OCT seem to be able to discriminate
healthy subjects from high-risk individuals or ones who
are burdened by schizophrenia. These methods provide
valuable diagnostic and prognostic stratification with
high practical potential by enabling insight into vas-
cular, inflammation and degenerative status of the retina,
but also brain itself (as the retina is an embryonic
extension of the brain, and it is the only part that can be
directly examined). Although all these findings need to
be replicated by more extensive research, it is evident
that the intricate relationship between visual impair-
ments and schizophrenia could provide new insights
into the etiology and pathophysiology of the disease, as
endophenotypes. These findings could also enable more
reliable signs of disease staging and progression as well
as clarify distinct questions that are still unanswered in
schizophrenia.

Finally, these findings currently provide a useful aid
in answering the question, with limited possibilities to
answer why, when and how questions. In other words,
the question on what could be the cause and what the
consequence (of the disease itself, co-occurring condi-
tion, and/or treatment) remains. This dichotomy might
be of special relevance here, as recently, the classical
theory of visual processing has been questioned. Within
the prediction and error processing (PEP) paradigm, it
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has been recognized that retina does not serve as a
purely passive “converter” of sensory signals which are
later integrated in constructs representations in visual
cortex (Clark, 2015, Summerfield et al. 2006). In other
words, when sensory signal reaches retina cells they are
confronted with certain “predictions” embedded in retina
and only signals that are dissonant with those predic-
tions are the ones that are transduced to a higher level
brain regions (which than reduces dissonance either by
refining predictions embedded in retina or by modifying
sensory inputs) (Clark 2015, Summerfield et al. 2006).
So, as perception cannot be separated from prediction,
examining retina could possibly provide insight in
erroneous inferences brain burdened with illness makes
in the environment filled with ambiguous signals.

In order to move forward, we believe there is a great
need for “vertical” and ‘“horizontal” integration of
knowledge, where ophthalmology and its respected
subjects should be able to provide a valuable “piece of
puzzle” for establishing a comprehensive theory of
schizophrenia-related disorders that would be able to
emphasize clinically quite evident each individual
patient's uniqueness.
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