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A B S T R A C T

Schizophrenia (SCZ) patients show deficits in many domains, including cognition and perception. However,
results are often mixed. One reason for mixed results may be differences in medication. Very little is known
about the role of medication in visual processing. Here, we investigated the effects of typical vs. atypical
medication on contrast sensitivity (spatial frequencies ranging from 0.2 to 20 cycles per degree), vernier acuity,
and visual backward masking. From a large pool of patients, we selected 50 patients (Study 1, conducted in
Brazil) and 97 patients (Study 2, conducted in Georgia) taking either only typical or atypical medication.
Patients with atypical medication performed significantly better than patients with typical medication for
contrast sensitivity, vernier duration, and backward masking. As a secondary result, we found similar, but not
significant, trends for the cognitive tasks (Stroop, Flanker, Trail-Making Test-B, Wisconsin Card Sorting Test and
Continuous Performance Test) in the same patients. No correlations were found between demographics, psy-
chopathology, chlorpromazine equivalents and visual processing. A conclusion of our study is that one needs to
be careful comparing studies when medication is not comparable.

1. Introduction

Schizophrenia (SCZ) is a debilitating disorder affecting about 1.0%
of the population worldwide (Jablensky, 2010; Mathers and Loncar,
2006). Deficits of SCZ patients are ample, including many cognitive and
perceptual functions. One of the most important questions is to what
extent medication influences or even causes these deficits. This question
is not only important for SCZ research but also for neuroscience in
general because it addresses the question how drugs modify brain
processing. Here, we investigated how medication influences perfor-
mance in visual and, to a secondary extent, in cognitive tasks.

A major challenge of antipsychotic medication is to reduce positive
symptoms, caused by dopaminergic hyperfunction in mesolimbic
pathways, and negative symptoms, caused by dopaminergic hypo-
function in mesocortical pathways, without drastically reducing neu-
rotransmission (Brisch et al., 2014). Antipsychotic drugs are usually
subdivided into typical (or first-generation) and atypical (or second-

generation) drugs. Typical medication causes extrapyramidal side ef-
fects and tardive dyskinesia, which is not the case for atypical drugs.
Each antipsychotic drug has its own receptor specificity. Characteristic
for typical antipsychotics is their strong affinity to dopaminergic D2

receptors, whereas atypical antipsychotics have a lower affinity to D2

receptors acting on a spectrum of other receptors, such as e.g. 5-HT
(Meltzer, 2017; Li et al., 2016).

In general, SCZ patients perform worse than healthy controls in
most visual tests, including contrast detection (Cadenhead et al., 2013;
Fernandes et al., 2018d; Kiss et al., 2010; Shoshina et al., 2015;
Slaghuis, 1998;) and visual backward masking (Braff, 1981; Chkonia
et al., 2010; Green et al., 1994; review: Herzog and Brand, 2015). Very
little is known to what extent the visual deficits depend on medication.
In particular, there are only a few studies that investigated the effects of
typical vs. atypical medication on contrast detection (for a review, see
Silverstein, 2016). Kéri et al. (2002) found that the higher the dosage of
typical antipsychotic medication, the more impaired was contrast
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detection (n=20). Chen et al. (2003) found that contrast detection was
worse in typical (n=8) than atypical (n=25) medicated patients with
the latter performing at about the same level as healthy controls
(n=39). Unmedicated patients (n=6) performed even better than
healthy controls. Cadenhead et al. (2013) also found that unmedicated
patients (n=5) performed better than controls (n=53).
Shoshina et al. (2014) found that contrast detection was worse in ty-
pical medicated patients (n=20) for low spatial frequencies, but not
for medium spatial frequencies, for which atypically medicated patients
(n=25) performed worse. It needs to be noted that the sample sizes
were very small in these studies.

In visual backward masking, SCZ patients perform in general worse
than healthy controls (Braff, 1981; Green et al., 1994; Chkonia et al.,
2010). Comparing unmedicated and medicated SCZ patients,
Brody et al. (1980; n=6 unmedicated, n=6 medicated patients, re-
spectively), Braff et al. (1982; n=16; n=20), Butler et al. (1996;
n=7; n=7), and Cadenhead et al. (1997; n=14; n=76) did not find
any significant differences of medication on backward masking. Again,
sample sizes are small.

Here, we investigated whether typical medication has different ef-
fects than atypical medication on contrast detection, vernier duration
and backward masking. Patients were very carefully selected. In Study
1, conducted in Brazil, we assessed contrast sensitivity and three cog-
nitive measures (Stroop Test, Trail Making Test B and Flanker Test).
Out of a large pool of 158 patients, we selected 50 patients, who had
clear-cut either typical or atypical single drug medication (patients
were using the same class of antipsychotics for at least five years). In
Study 2, conducted in Georgia, we assessed vernier duration, backward
masking and two cognitive measures (Wisconsin Card Sorting Test and
Continuous Performance Test). From a pool of 276 SCZ patients, we
included 97 patients, who took either typical or atypical medication.
Some patients, however, took more than one antipsychotic drug.

In both studies, patients also performed cognitive tests. SCZ patients
usually suffer from a broad range of cognitive deficits (meta-analysis:
Fioravanti et al., 2012; but see Buchsbaum et al., 1990, for the Con-
tinuous Performance Test (CPT). Some studies explored the effects of
antipsychotic medication on cognition in schizophrenia. Results are
mixed ranging from no effect (see Harvey et al., 1990; Liu et al., 2000
for CPT) to improvements for medicated patients (Nestor et al., 1991;
Orzack et al., 1967). Several studies compared the medication effects of
typical and atypical drugs with mixed results again. Some studies re-
ported that atypical medication resulted in better neurocognitive per-
formance than typical medication (Désaméricq et al., 2014; Hagger
et al., 1993; Harvey and Keefe, 2001; Keefe et al., 2007a; Lee et al.,
1997; Woodward et al., 2005). In contrast, Keefe et al. (2007b) showed
in the CATIE study that atypical medication had no superior effects to
perphenzine. Since data of patients treated with one drug is scarce, we
report performance in the cognitive tests here as secondary results be-
cause the data may be of interest, for example, for meta-analysis. We do
not propose that there is a direct link between perception and cogni-
tion.

To preface our results, we found a reduction in visual performance
for all SCZ patients compared to controls in line with almost all studies.
Patients taking atypical antipsychotics performed better in all three
visual tasks than patients with typical antipsychotics. We found similar
trends for the cognitive tasks, where patients taking atypical performed
slightly (but not significantly) better than patients taking typical anti-
psychotics.

2. Study 1: contrast sensitivity and cognitive tests

2.1. Material and methods

2.1.1. Participants
Fifty healthy controls (HCs; mean age = 35.4 years, SD=8.05

years), 25 patients who were diagnosed with SCZ and using typical

antipsychotics (mean age=35.1 years, SD=8.14 years), and 25 pa-
tients who were diagnosed with SCZ and using atypical antipsychotics
(mean age= 38.4 years, SD=7.46 years) were recruited from the
Psychosocial Care Center. Psychiatrists at the same institution diag-
nosed SCZ according to the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5; American Psychiatric Association, 2013). The ex-
clusion criteria for SCZ patients were: (a) presence of neurological
disorders, such as intellectual disability, (b) presence of comorbidities,
such as depression or multiple diagnoses, (c) changes in medication in
the last 6 months, (d) discontinuation of medication at any time, and (e)
chronic heavy smoking (Fernandes et al., 2018b) as assessed by the
Fagerström Test for Nicotine Dependence (score > 6; Heatherton et al.,
1991). This information was obtained from a continuous study of the
medical records (Fernandes et al., 2018d).

The following typical antipsychotics were used: haloperidol
(n=19), chlorpromazine (n=4), and levomepromazine (n=2). The
following atypical antipsychotics were used: quetiapine (n=7), olan-
zapine (n=8), risperidone (n=7), clozapine (n=2), and ziprasidone
(n=1). The SCZ patients in each group (typical and atypical) used the
same class of antipsychotic for at least five years (some of them used the
same class since the first-episode).

The HC were staff members at the Federal University of Paraiba and
recruited through newspaper advertisements. The HCs had no neu-
ropsychiatric disorders according to the Structured Clinical Interview
for the DSM (SCID; American Psychiatric Association, 2015). The global
exclusion criteria were: 〈 25 old or 〉 48 years old, current history of
neurological disorder, cardiovascular disease, history of head trauma,
history of contact with substances such as solvents, current or previous
drug or substance abuse, and current use of medications that may affect
visual processing and cognition (e.g. benzodiazepines; Fernandes et al.,
2018b).

Participants had no retinal abnormalities on fundoscopic examina-
tion or optical coherence tomography. All of the observers had normal
or corrected-to-normal (20/20) vision as determined by a Snellen chart.
All participants were matched for gender, age, and level of education.

2.1.2. Procedure
First, we conducted the neuropsychological tests. This procedure

lasted 1 h 30 min and was performed in a quiet and comfortable room.
In a second testing, participants were tested in CSF from 30 to 45 min.
In addition, and to avoid fatigue, participants were encouraged to take
breaks at their discretion.

2.1.2.1. Contrast sensitivity. Stimuli and apparatus. Stimuli were
presented on a 19-inch LG CRT monitor with 1024 × 786 resolution
and a refresh rate of 100 Hz. Stimuli were generated using a VSG 2/5
video card (Cambridge Research Systems Ltd., Rochester, UK), which
was run on a Precision T3500 computer with a W3530 graphics card.
The average luminance was 50 cd/m². All of the procedures were
performed in a room at 26 °C±1 °C, with the walls covered in gray to
better control luminance during the experiments. Measurements were
performed with binocular vision at a distance of 150 cm from the
computer monitor. Monitor luminance and chromatic calibrations were
performed using a ColCAL MKII photometer (Cambridge Research
Systems Ltd., Rochester, UK). Contrast sensitivity was determined by
the Metropsis software (Cambridge Research Systems Ltd., Rochester,
UK). The stimuli were linear, vertically oriented sine-wave gratings
with spatial frequencies of 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 cycles
per degree (cpd). The gratings were equiluminant of 5° of visual angle
(see Fig. 1) and were presented on the monitor at 2.5° from the central
fixation cross (for stimulus details, see Fernandes et al., 2017b,
2018a,c).

Prior to the start of the tests, detailed task instructions were pro-
vided. Accuracy was emphasized over speed. A practice session was
performed to familiarize participants with the procedure and to avoid
misunderstandings about the task. The Metropsis software incorporates
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a check on the validity of the data by using catch trials to detect random
responding. The participants easily understood the task. Participants
were instructed to maintain fixation on a small black fixation cross in
the center of the monitor. A two-alternative forced-choice (2-AFC)
method was used. The participants’ task was to identify, using a remote
control response box, whether the grating was presented on either the
left or right side of the computer screen (Fig. 1). The order of the spatial
frequencies was randomized within a session.

A three-down one-up logarithmic staircase with dynamic steps was
used to derive a contrast threshold with a level of accuracy of target
detection of 79.4% on a psychometric function (Levitt, 1971). Initially,
the contrast values appeared at the suprathreshold level, for which we
expected correct responses. Thus, after three consecutive correct re-
sponses, contrast decreased by 0.7 dB. After every incorrect response,
contrast increased by 1.0 dB. Each stimulus had an exposure time of
600ms. After responding, the next trial started after 300ms.

The session ended after 12 contrast reversals occurred. Higher va-
lues indicate better performance (for procedural details, see Fernandes
et al., 2017a,b,2018c).

2.1.2.2. Cognitive measures. Stroop color-word interference
(Stroop, 1935). This test was used to measure executive function,
such as attention, cognitive flexibility, inhibition, and information
processing speed. A series of color words was presented. Participants

were asked to name the color of the words instead of reading the word.
Conflict occurs when the color of the word and the name are different.
We used four colors (red, blue, yellow, and green) in several
combinations that were randomly displayed on a computer screen
one at time, sequentially. The dependent measure was the reaction time
(in seconds) for the incongruent minus congruent stimuli (Bugg et al.,
2008).

Flanker task (Eriksen and Eriksen, 1974). This task was used to
evaluate attentional control and inhibition. Stimuli (letters, such as
ZXYQ) were centrally presented and flanked by peripheral stimuli. We
used reaction time as a measure of cognitive ability. A faster reaction
time indicated better performance.

Trail making test B (TMT-B) (Tombaugh, 2004). This test was used
to assess cognitive operations, such as visual search, psychomotor
speed, cognitive flexibility, and sustained attention. The participant
was presented with a sheet of randomly placed circles and instructed to
draw a line that connected numbers and letters in correct ascending
sequence. Fewer errors and a faster reaction time indicated better
performance. We computed the reaction time (in seconds) for the
completion time as the dependent variable.

2.1.3. Statistical analyses
Distributions for each group were compared using the Monte Carlo

methods for skewness and kurtosis (Antonius, 2003; Tabachnick, Fidel,
2007). The cutoff value was > 1.96 for both kurtosis and skewness.
Outliers were transformed using the Fractional Rank method (applying
inverse cumulative distribution functions; Beasley et al., 2009). We
analyzed the data of the CSF by a multivariate analysis with the groups
as between subjects factor and the spatial frequencies as dependent
variables. For further analysis, we calculated posthoc comparisons with
Bonferroni corrections. The assumption of variance homogeneity was
not violated. For the cognitive measures, separate ANOVAs were per-
formed. For categorical variables (gender), the chi-squared test was
used. Independent t-tests were used to compare clinical data between
both SCZ groups (e.g., duration of illness, CPZ, BPRS). Pearson's pro-
duct-moment correlation (r) and the point-biserial correlation (r) were
used to assess relationships between CSF data and biosociodemographic
variables (e.g., age, gender, level of education). Effect sizes > 0.50
were considered medium-to-large.

2.2. Results

2.2.1. Sample characteristics
Characteristics of participants are summarized in Table 1. The

groups did not differ in age, level of education, and the ratio of males to
females. A 3×2 chi-square was performed to compare the differences

Fig. 1. Contrast sensitivity function task. The task was to identify, using a re-
mote control response box, whether the gratings were presented either on the
left or right side of the computer screen. Each stimulus had an exposure time of
600ms, with an inter-trial interval of 300ms. The Metropsis algorithm rando-
mizes spatial frequencies (low, medium and high) and contrast values.

Table 1
Sample characteristics of study 1.

Variable HC (n=50) SCZ typical (n=25) SCZ atypical (n=25) P

Gender
Male 26 18 18 0.056a

Female 24 7 7 0.056a

Age, years (SD) 36.1 (7.3) 35.8 (7.5) 36.3 (7.0) 0.970b

Level of education, years (SD) 11.4 (2.1) 9.0 (2.5) 8.7 (2.1) 0.510b

Age of onset, years (SD) - 19.8 (2.0) 20.6 (3.3) 0.303#,c

Duration of illness, years (SD) - 15.5 (2.6) 13.9 (3.1) 0.556#,c

Number of hospitalizations - 6.6 (4.2) 6.4 (2.7) 0.891#,c

Comorbidities - - -
Brief Psychiatric Rating Scale (BPRS) - 40.42 (4.1) 42.30 (3.6) 0.088#,c

CPZ - 615 (412) 478(396) 0.882#,c

Results are indicated as means and standard deviations (in brackets).
# Between schizophrenia groups.
a χ2 test.
b One-way ANOVA.
c Student's t-test.
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between males and females, and the results indicated no significant
differences, χ=5.78, p=0.056. In addition, no differences on the
illness duration, BPRS and CPZ were found among SCZ patients.

2.2.2. Contrast sensitivity function
There were significant differences in the CSF between groups

(F14,182= 9.230, p < 0.001; Pillai's trace= 0.985, partial ω2= 0.427
[95% CI: 0.286 to 0.552]) for all spatial frequencies (Fig. 2).

Post-hoc test revealed statistically significant differences for the CSF
of all spatial frequencies (p < 0.001). Both SCZ groups had lower
contrast sensitivity than HCs (patients taking typical antipsychotics: all
p-values < 0.001; patients taking atypical antipsychotics: all p-va-
lues < 0.001). SCZ patients taking typical antipsychotics had lower
contrast sensitivity than those with atypical drugs (all p-values < 0.01).

2.2.3. Cognitive tests
The results for the cognitive measures are summarized in Fig. 3.

There were no statistically significant differences between the groups in
the Flanker task (F 2, 97= 0.516, p=0.559), the Stroop Test (F 2,

97= 0.748, p=0.343) and in the Trail-Making Test-B (F 2, 97= 2.037,
p=0.136).

2.2.4. Correlation analysis
Separate correlation analyses were conducted to investigate re-

lationships between the demographic data and the CSF results. No
significant relationships between any of the pairs of variables were

found in both the control and the patient group (all p-values > 0.05).
There were no significant correlations between CPZ equivalents and
CSF.

3. Study 2: visual backward masking and cognitive tests

3.1. Materials and methods

3.1.1. Participants
Hundred and fifty-eight HCs (mean age= 34.7 years, SD=8.8

years), 49 SCZ patients taking typical antipsychotics (mean age= 38.2
years, SD=7.9 years) and 48 SCZ patients taking atypical anti-
psychotics (mean age=35.4 years, SD=8.8 years) were recruited
from the Asiatani psychiatric hospital or the rehabilitation center or
outpatients of the Gotsiridze psychoneurological dispensary. Patients
were diagnosed according to DSM-4 by means of an interview based on
the SCID, information of the staff, and the study of the records.
Psychopathology of SCZ patients was assessed by an experienced psy-
chiatrist (EC) by Scales for the Assessment of Negative Symptoms and
Scales for the Assessment of Positive Symptoms (SANS:
Andreasen, 1984a; SAPS: Andreasen, 1984b). HCs were recruited from
the general population. Patients were part of a large database that
contains participants who took part in different studies, some of which
are already published (Chkonia et al., 2010; Roinishvili et al., 2015;
Shaqiri et al., 2015). We have never investigated how medication could
affect performance on the different visual and cognitive tests.

General exclusion criteria were drug or alcohol abuse
(Fernandes et al., 2018c), neurological or other somatic illnesses that
might possibly impair cognitive functioning. All participants had
normal or corrected-to-normal vision, with a visual acuity of ≥ 0.8
(corresponding to 20/25) at least in one eye, as determined with the
Freiburg Visual Acuity Test (Bach, 1996). Participants were no older
than 55 years.

We included patients with either typical antipsychotic medication
or atypical medication. Fifty-four patients received one single anti-
psychotic drug, 37 patients used two antipsychotics, and two patients
received three antipsychotics. Each included patient took either typical
or atypical antipsychotic medication. Patients with a mixture of typical
and atypical drugs were excluded. Typical antipsychotic drugs were
haloperidol, trifluoperazine, chlorpromazine, fluphenazine, clo-
penthixol, sulpirid, triphtazine, levomepromazine. Atypical drugs were
clozapine, olanzapine, risperidone, quetiapine, amisulprid.

Most patients received additional drugs (n=68), in most cases
trihexyphenidyl against Parkinson symptoms (n=46), others took
mood stabilizers or antidepressants. Patients taking benzodiazepines
were excluded.

Fig. 2. Contrast sensitivity as a function of spatial frequency (cpd) in healthy
controls and schizophrenia patients taking atypical and typical antipsychotics,
respectively. The data are shown as the mean sensitivity (reciprocal of contrast
threshold). Error bars represent the standard errors of the mean.

Fig. 3. Differences between the three groups for three cognitive tests. (A) Mean reaction time (s) for the Mixed-Flanker task; (B) Mean reaction time (s) for the Stroop
task comparing differences for the congruent vs. incongruent responses; (C) Mean reaction time for the Trail-Making Test-B completion time. The data are presented
as means and standard error (SEM) of the means.
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3.1.2. Procedure
3.1.2.1. Visual processing. The shine-through paradigm is described
in detail in Herzog et al. (2004) and Chkonia et al. (2010). In the first
step, verniers, two vertical white bars, were presented on a black
background. The lower bar was slightly offset either to the right or left
(the direction was chosen randomly). Observers were asked to indicate
this offset direction by button press. In this step, we determined the
shortest vernier duration (VD) in order to perform Vernier offset
discrimination below 40″. The starting VD was of 150ms and we
reduced durations until the Vernier offset was above 40″ (4A). In the
second step, a grating followed the Vernier. The grating comprised 25
or 5 Verniers without offset of the same length as the target Vernier.
Conditions were presented in blocks of 80 trials. After the Vernier, an
inter-stimulus-interval (ISI) followed, i.e., a blank screen, and then the
grating for 300ms (Fig. 4B). We adaptively assessed the target-mask
stimulus-onset-asynchrony (SOA) which yields a performance level of
75% correct responses. The results are plotted as SOA=VD+ ISI. For
more details see Herzog et al. (2004) and Chkonia et al. (2010).

3.1.2.2. Cognitive tests. We administered a computerized version of the
Nelson Test (Nelson, 1976), a modified Wisconsin Card Sorting Test
(WCST) with 48 cards. This test is assumed to assess executive
functions. We also tested participants with the degraded Continuous
Performance Test (CPT; 240 digits, 10% targets, degradation 40%) with
a duration of 4 min. Observers had to detect the pair ‘‘1–9′’, which
means that they had to press a button when the digit 9 was presented
just after the digit 1. The digits were presented randomly with a rate of
one per second with a presentation time of 50ms. For a detailed
description of the used tests see Chkonia et al. (2010).

3.1.3. Statistical analyses
For gender as a categorical variable, the chi-squared test was used.

The other data (demographical and psychopathological, backward
masking, CPT and WCST) was analyzed by separate ANOVAs with post
hoc tests using a Bonferroni correction. The effect size of the differences
in backward masking, CPT and WCST was calculated as Cohen's d and
values > 0.50 were considered as medium-to-large effects. Correlations
were calculated as bivariate Pearson's product-moment correlation (r).

3.2. Results

3.2.1. Sample characteristics
The sample characteristics are summarized in Table 2. All three

groups differed in age mainly driven by the difference between HCs and

the atypical medication group. The three groups were also different
with regard to the level of education, the ratio of males and females and
visual acuity. However, between the groups with typical and atypical
drugs, respectively, there were no significant differences with regard to
age, years of education, illness duration, SANS, SAPS, visual acuity or
CPZ. A 3× 2 chi-square was performed to compare the differences
between males and females, and the results indicated significant dif-
ferences, χ=8.50, p=0.015.

3.2.2. Visual tests
For the visual tests, we found significant differences for all variables

(VD: F [2,252]=42.74, p < 0.001; SOA25: F [2,252]=61.4,
p < 0.001; SOA5: F [2,252]= 54.75, p < 0.001; see Fig. 5). These
significances are mainly due to the difference between controls and
patients. Post hoc comparisons between the typical and the atypical
group of SCZ patients, however, were significantly different only for VD
(p < 0.0001, Cohen´s d=0.68), SOA25 (p=0.03, Cohen´s d=0.34)
and SOA5 (p=0.003, Cohen´s d=0.37). There were no significant
post hoc effects for the CPT and the WCST between patients with typical
vs. atypical drugs.

Fig. 4. (A) We first presented a Vernier alone (A) and as a second step (B), this Vernier was followed by a blank screen (ISI) and a grating comprised of 25 (or 5, not
presented) aligned Verniers (SOA=VD+ ISI).

Table 2
. Sample characteristic for study 2.

HC (n=158) SCZ (typical
antipsychotics)
(n=49)

SCZ (atypical
antipsychotics)
(n=48)

P

Gender
Male 85 27 37 0.015a

Female 73 22 11 0.015a

Age
Age, years (SD) 34.7 (8.8) 38.2 (7.9) 35.4 (8.8) 0.05b

Level of
education,
years (SD)

15.0 (2.9) 12.8 (2.8) 13.6 (2.5) 0.0001b

Illness duration 12.5 (9.1) 12.6 (8.1) 0.96#,b

Visual acuity 1.6 (0.4) 1.4 (0.3) 1.5 (0.4) 0.005b

SANS 10.7 (6.0) 10.5 (5.6) 0.84#,b

SAPS 10.1 (3.1) 10.5 (10.8) 0.83#,b

CPZ 598.5 (521.0) 654.0 (738.7) 0.67#,b

Results are indicated as means and standard deviations (in brackets).
SANS, scale for the assessment of negative symptoms; SAPS, scale for the as-
sessment of positive symptoms; CPZ, chlorpromazine equivalents.

# Between schizophrenia groups.
a Chi-square.
b One-way Anova.
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3.2.3. Cognitive tests
In the WCST and the CPT, there were statistically significant dif-

ferences between the controls and the patients (CPT: F [2,243]= 18.91,
p≤ 0.0001; WCST: F [2,251]= 10.52, p≤ 0.0001), such that controls
performed better in the CPT and had fewer errors in the WCST test
(Fig. 6). Post hoc analysis revealed that for the WCST, both groups of
SCZ patients performed at the same level (p=0.6) and the typical or
atypical medication did not have an effect on the performance on the
CPT either (p=0.55).

3.2.4. Correlation analysis
WCST errors showed a significant negative correlation with educa-

tion, not all other tests correlated with education, neither in patients
nor in controls. There were no significant correlations of performance
with CPZ. Some of the patients with typical antipsychotics received
trihexyphenidyl against Parkinson symptoms (n=34). Comparing both
subgroups, there were no effects on performance in the visual tasks,
however.

4. Discussion

We investigated how typical and atypical antipsychotics influence
vision and, to a secondary extent, cognition. For contrast detection,
patients with atypical antipsychotics had superior performance than
patients treated with typical medication for all spatial frequencies.
Similarly, we found that patients with atypical medication performed
better in vernier duration and visual backward masking than patients
with typical medication. We did not observe any influence of symptom
severity (using BPRS, SANS, SAPS) and CPZ equivalents on visual
performance. For the cognitive tests, we found only trends but they
were always in the same direction: atypical treatment led to better re-
sults than typical medication.

We can only speculate why patients with atypical medication per-
form better than those with typical antipsychotics because there are no
reliable data for drug free patients. Cadenhead et al. (2013) and
Chen et al. (2003) found that unmedicated patients performed better
than healthy controls in contrast detection. However, the sample sizes

for the unmedicated patients (n=5, n=6, respectively) were ex-
tremely small. In backward masking, SCZ patients in general perform
worse than healthy controls, unmedicated as well as medicated patients
(Brody et al., 1980 (n=6); Braff et al., 1982 (n=16); Butler et al.,
1996 (n=7) and Cadenhead et al., 1997 (n=14)).

There are two hypothetical scenarios for explaining the effects of
typical vs. atypical medication. If unmedicated patients performed
better than medicated ones including atypically treated patients (like in
the contrast detection studies cited above), medication would have
deleterious effects on vision, with stronger deterioration for patients
with typical medication than atypical medication. In this hypothetical
scenario, reduction of positive symptoms would come at the cost of
visual deficits. If, on the other extreme, unmedicated patients perform
similar to patients with typical medication (like in the backward
masking studies mentioned above), atypical medication does not only
reduce positive symptoms but also improves vision. Results from con-
trast detection favor the first scenario, backward masking results the
second one. However, samples sizes are, as mentioned, too small to
draw proper conclusions and further investigations are needed.

Not only typical vs. atypical medication changes backward masking
and contrast sensitivity but also benzodiazepines (e.g., lorazepam) can
prolong backward masking dramatically (see Giersch and
Herzog, 2004). It might be hypothesized that not the specific type of
medication but solely the dose of antipsychotics produces differences in
performance. We did not observe differences in CPZ equivalents be-
tween both groups and no significant correlation between performance
in the studied tests and CPZ. It also might be hypothesized that the
differences in performance are due to differences in severity of the
psychopathology in both groups. However, psychopathology (BPRS and
SANS/SAPS) were not statistically different in both groups.

One important conclusion of our study is that medication needs to
be tightly controlled when comparing results from different studies. The
effect sizes of typical and atypical medication are substantial (e.g., 0.68
for VD) and, thus, mixed results in the literature may be caused by
different ratios of typically vs. atypically medicated patients. One op-
tion could be to plot results separately for the two patient groups.
However, medication is usually very heterogeneous including many

Fig. 5. Performance on Vernier duration (VD), Stimulus-Onset-Asynchrony 25 (SOA25) and Stimulus-Onset-Asynchrony 5 (SOA5). Results are displayed as means
and standard errors of the mean (error bars). All three tests revealed significant differences between SCZ.

Fig. 6. Performance for the cognitive tests
Continuous Performance Test (CPT) and
Wisconsin Card Sorting Test (WCST) is
higher in patients treated with atypical
than with typical drugs. These differences,
however, are not significant. Both groups
of patients performed significantly worse
than healthy controls. Results are indicated
as means and standard errors.
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drug combinations and thus collapsing data is not an easy task.
Moreover, subdividing antipsychotics into typicals and atypicals is
usually an oversimplification since most atypical antipsychotic have
different receptor profiles (Li et al., 2016; for example NMDA re-
ceptors).

The masking deficits of the SCZ patients are well reflected in
strongly reduced amplitudes in the EEG of chronic patients
(Plomp et al., 2012), first episode patients (Favrod et al., 2018) and in
students scoring high in cognitive disorganization (Favrod et al., 2017)
but not relatives who show even increased amplitudes (da Cruz et al.,
under review). Future work needs to show how medication influences
EEG. We proposed that the nicotinic receptor α7 subunit gene
(CHRNA7) influences backward masking because patients with a spe-
cific mutation showed increased masking (Bakanadize et al., 2013;
Herzog et al., 2013). In general, it needs to be seen whether medication
plays a role only for patients with a specific genetic make up and
whether there are gender differences in medication (Shaqiri et al.,
2018). Finally, it remains an open question why certain visual tasks,
such as crowding (Roinishvili et al., 2015; 2008) and non-retinotopic
integration (Lauffs et al., 2016), are not affected by the disease and
whether medication plays a different role for these tasks than contrast
detection and backward masking. For all these questions, larger sample
sizes and meta-analyses are needed.

Our study has the following limitations. First, our findings need to
be confirmed by larger studies and with different paradigms. Since the
patients were not randomly assigned to groups (typical vs. atypical) we
cannot determine whether performance differences are caused pri-
marily by the differences in the drugs or specific patient characteristics
(e.g. metabolic, inflammatory problems, and systemic diseases). It is
important to note that less-expensive typical antipsychotic medications
can have a higher percentage of prescription in economically less-de-
veloped countries (Puyat et al., 2013).

In summary, we found that atypical medication is superior to typical
medication for vision. To properly evaluate the effects of medication,
studies with unmedicated patients are needed.
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