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Visual processing and BDNF levels in first-episode schizophrenia 

ABSTRACT 

Objective: Previous studies have shown that patients diagnosed with schizophrenia 

(SCZ) have deficits in early visual processing, namely contrast processing. These im-

pairments contribute to higher-level dysfunctions associated with abnormal neuronal 

plasticity. The brain-derived neurotropic factor (BDNF) is an important measure to in-

vestigate neuroplasticity in some visual functions like visual learning and visual percep-

tion. In this study, we investigated the relationship between contrast processing and 

BDNF levels in first-episode SCZ patients. Methods: Thirty-nine healthy controls and 

43 first-episode SCZ patients were enrolled. Contrast sensitivity measurements were 

conducted using spatial frequencies ranging from 0.2 to 16 cycles per degree (cpd). Re-

sults: Our results suggested that the SCZ group had higher contrast sensitivity than 

healthy controls for all frequencies, except for the middles. They also showed decreased 

BDNF levels compared to controls. Surprisingly, significant negative correlations were 

found between BDNF levels and contrast sensitivity for female patients for middle and 

high spatial frequencies. Conclusions: Our results provide support for (i) the association 

of SCZ with alterations of magno- and parvocellular pathway functioning and for (ii)  

decreased BDNF levels in first-episode SCZ patients. 

Keywords: Schizophrenia; contrast processing; visual functions; brain-derived neu-

rotrophic factor; first-episode. 
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1. Introduction 

Schizophrenia (SCZ) is a severe psychiatric disease, associated with significant 

health, social, and economic concerns (1). SCZ is also complex and heterogeneous, en-

compassing several symptoms like hallucinations or delusions, paranoia, disorganized 

thought or behavior, affective blunting, perceptual and cognitive dysfunctions. Attempts 

have been made to find reliable neurobiological markers for SCZ (Fernandes et al., 

2018; Peng et al., 2007; Tomasik et al., 2016). 

Low-level visual processing could serve as a biomarker since SCZ patients show 

impairments in contrast processing (Fernandes et al., 2019; Zemon et al., 2020) and 

color discrimination (Fernandes et al., 2018; Shuwairi et al., 2002). These impairments 

reflect dysfunctions in two main visual pathways – the magnocellular and parvocellular 

pathways. The magnocellular pathway processes low-resolution visual information (less 

than 3 cpd) which is forwarded to neurons in the dorsal visual pathway responsible for 

processing low contrast and moving stimuli (Fernandes et al., 2018; Merigan and Maun-

sell, 1993). Neurons of the parvocellular pathway relay high spatial frequencies and 

chromatic information to neurons primarily within the ventral visual pathway (Merigan 

and Maunsell, 1993). These pathways show a great deal of interplay between each other 

in cortex.   

Results of contrast sensitivity and color processing studies, however, were often 

mixed due to the use of antipsychotics or other medication to treat SCZ to treat schizo-

phrenia. Some studies reported that SCZ patients taking antipsychotics had impairments 

for contrast and color processing (6,7,10). Other studies found that unmedicated SCZ 

patients had better contrast processing than medicated patients (11), but that both group 

showed worse performance than controls (12). Such findings need to be considered 

carefully, though, as the sample size of unmedicated SCZ patients was often small, 
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which could have affected the findings. It is also important to mention, however, that 

studies investigating first-episode are scarcely, and then the picture is not that simple. 

Also, there is a consistency in studies showing that patients on later stages of the disease 

have visual impairments, which is still matter of study on first-episode SCZ. 

There is dysfunction in the magno- and parvocellular systems in SCZ (13–15), 

which increases the level of internal noise  in the perceptual system (16). The nature of 

the mismatch and the level of internal noise is determined by the stage of the disease. 

Most studies report a dysfunction of the magno- and parvocellular systems in SCZ (Do-

niger et al., 2002; Fernandes et al., 2019; Kantrowitz et al., 2009; Zemon et al., 2020). 

Nevertheless, a better visual contrast sensitivity of first-episode patients, in the low 

range of spatial frequencies, has been found using low spatial frequencies or different 

techniques. Then, it is essential to evaluate a wide range of spatial frequencies (13,19).  

An important role in ensuring neuroplasticity is played by the brain derived 

neurotrophic factor (BDNF), which is widely found in the neocortex, hippocampus, 

amygdala, and cerebellum (20). BDNF is one of the most widely studied molecules in 

psychiatric disorders (21). BDNF is involved in the transmission of nerve signals, 

enhancing synaptic transmission, and maintaining normal brain functions (22,23). 

The use of BDNF as a clinical marker of SCZ has been discussed in previous 

studies (21,24–26). Many studies have shown lower levels of BDNF in the serum and 

plasma of SCZ patients compared to control groups, even in SCZ patients who did not 

receive pharmacological treatment (Buckley et al., 2007; Chen et al., 2009; Chiou and 

Huang, 2017; Durany et al., 2001; Rizos et al., 2008; Toyooka et al., 2002). For exam-

ple, Chen and colleagues (2009) reported that the BDNF levels of 88 patients who expe-

rienced their first episode and who had never taken medication were significantly lower 

than healthy age- and gender matched control subjects. In addition, lower levels of 
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BDNF were observed in patients with the paranoid subtype of SCZ (ref?). Similar re-

sults were  reported in studies with SCZ patients treated with neuroleptics (24,29,32,33). 

In their meta-analysis of 41 studies, Fernandes et al., (2015) found that BDNF levels 

was accentuated with disease duration, but not correlated with the severity of symptoms. 

This might be explained by differences in BDNF levels in serum and plasma. The level 

of BDNF is considered as a marker of the stage of the disease, with more lower levels of 

BDNF indicating a later stage of SCZ (Fernandes et al., 2015). 

Studies of the level of BDNF in patients with the first episode of SCZ (Chen et 

al., 2009) and who did not receive long-term treatment suggest the possibility that de-

creased levels of BDNF may be a marker of SCZ, which in turn may be related to im-

paired visual performance. Visual dysfunctions in SCZ, in particular contrast sensitivity, 

has already been shown to serve as a marker of the stage of illness. However, despite 

some studies on first-episode SCZ patients, to this date there is no report of a study 

comparing a range of spatial frequencies and the association of BDNF levels with visual 

processing. To goal of the present study is address this gap in the literature. Our main 

hypotheses are that unmedicated first-episode SCZ patients (1) will show increased con-

trast sensitivity compared to controls; and (2) will show decreased levels of BDNF com-

pared to controls; and (3) will have a negative correlation between BDNF levels and 

contrast sensitivity.   

2. Method 

2.1 Participants 

Thirty-nine healthy controls (HCs; mean age = 21.3 years, SD = 3.0 years) and 43 

first-episode patients diagnosed with schizophrenia (SCZ; mean age = 21.4 years, SD = 

2.8 years) in the 18-48 year old age range were enrolled for this study.  
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The SCZ group were diagnosed according to the Diagnostic and Statistical Man-

ual of Mental Disorders (34). The exclusion criteria were: (a) current use of any antipsy-

chotic medication, (b) presence of comorbidities (psychiatric, cardiovascular, vascular, 

etc.) (Fernandes et al., 2018), and (c) current history of a neurological disorder (other 

than SCZ), cardiovascular disease, history of head trauma, history of contact with sub-

stances such as solvents, current or previous drug or substance abuse, and current use of 

medications that may affect visual processing and cognition (e.g., mood stabilizers). Pa-

tients were recruited from private clinics and never exposed to neuroleptics at the time 

of admission to the study and the HCs were recruited from the general population. The 

HCs had no neuropsychiatric disorders according to the Structured Clinical Interview 

for the DSM (35). For patients who used benzodiazepines (21 patients), we stipulated 

that the maximum dosage should be 20 mg/day (diazepam dose equivalent).  

All SCZ patients underwent evaluation with structured interview including the 

Scale for the Assessment of Negative Symptoms (SANS) (36), the Positive and Nega-

tive Syndrome Scale (PANSS) (37), and the Brief Psychiatry Rating Scale (BPRS) (38). 

They rated according to their symptoms during the month before intake of any medica-

tion. This evaluation was further correlated with contrast values. 

All participants had a corrected or uncorrected acuity of at least 20/20 (binocular 

viewing) as assessed using a Snellen chart. Participants had no retinal abnormalities on 

fundoscopic examination or optical coherence tomography.  

2.2 Brain-derived neurotrophic factor - BDNF 

We measured BDNF in serum samples as they are more reliable than plasma sam-

ples (39). The serum was centrifuged within 20 minutes and stored at -50°C until analy-

sis (IRBLleida Biobanc). BDNF serum levels were measured with an enzyme immuno-
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assay (ELISA) kit (R&D Systems, Germany) according to the manufacturer's instruc-

tions. Results were expressed as ng/ml. Coefficients for intra- and inter-assay were 

<10%. We followed the manufacturer’s instructions to limit cross-reactivity (there were 

no cross-reactivity). 

2.3 Stimuli and Apparatus 

The stimuli were linear, vertically oriented sine-wave gratings with spatial fre-

quencies of 0.6; 2.8; 4.5; 8.0 and 16.0 cpd. Each grating pattern subtended 6.0 º deg at 

the viewing distance. They were presented at 2.5 º deg spatial offset from the fixation 

cross (left or right). The stimuli were presented on a 21.5” Apple iMac monitor 

(MHK23BZ/A) with a display resolution of 1920 × 1080 pixels and a refresh rate of 60 

Hz. All measurements were performed with binocular vision. The CS-100A Chroma 

Meter (Konica Minolta, Japan) was used for the gamma-correction. Mean luminance 

was 59 cd/m² and used as the background luminance. The viewing distance was 1.7 m. 

The participant's head were stabilized using forehead and chin rests. 

2.4 Procedures 

Detailed task instructions were provided to the participants prior to the start of 

the tests, and the need of accuracy over speed was emphasized. A practice session to fa-

miliarize participants with the procedure and to avoid misunderstanding was performed 

(5 minutes). This procedure was conducted in a quiet, comfortable, room. Each session 

lasted from 20 to 25 minutes. To avoid fatigue, participants were encouraged to take 

breaks at their discretion. 

The participants responded whether the grating was presented on either the left 

or right side of the computer screen (2-AFC). The task was easily grasped by the partic-

ipants. An adaptive staircase procedure varied the stimuli, which was computer con-
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trolled and depended on the participant’s response. After two consecutive correct re-

sponses, contrast was decreased by 0.6 log units, and after every incorrect response, 

contrast was increased by 1.0 log units. The staircase ended after 10 contrast reversals 

using the smallest step size (0.2 log units). The software calculated the contrast thresh-

old for each spatial frequency taking the mid-point between the mean for peaks and 

troughs. The average square of the deviations was used to calculate the peak variance, 

and the square root of variances was calculated and averaged. The average of the last 10 

reversals were used to determine the threshold for each spatial frequency.  

This staircase procedure translates to an accuracy of target detection of 75% on a 

psychometric function (40). The initial contrast for each spatial frequency was above 

threshold. Each stimulus had an exposure time of 600 ms with an intertrial interval of 

300 ms (note: participants had an unlimited amount of time to respond before the inter-

trial interval).  

2.5 Statistical Analysis 

The data distribution for each spatial frequency within each group was assessed 

using measures of central tendency and measures of dispersion. Distributions for each 

group were compared using the Monte Carlo method for skewness and kurtosis, and the 

cut-off value was >1.96.(41,42). 

Both groups’ data were characterized by normal distributions, and so parametric 

tests were performed to analyse continuous data. For comparisons between groups (bio-

socio-demographic), the t-test for independent measures was conducted. 

A general linear model was used to analyse the data from CSF measurements. 

Absence of multivariate outliers was checked assessing Cook's Distance ( 4
𝑛𝑛−𝑘𝑘−1

). There 

were no outliers. Canonical discriminant analysis was used as a post hoc test. Omega 

squared (ω²) was used to assess effect sizes (for small sample sizes, ω² reduces bias) 
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(43). Bonferroni's correction was applied to adjust the p-value and reduce the probabil-

ity of Type 1 errors. Product-moment and point-biserial correlation analysis were per-

formed to investigate determine any associations between demographics and the CSF 

results. 

2.6 Ethics statement 

The present study followed the ethical principles of the Declaration of Helsinki and 

was approved by the Committee of Ethics. Written informed consent was obtained from 

all of the participants.  

3. Results 

3.1 Demographics characteristics  

The characteristics of the participants are summarized in Table 1. The groups did 

not differ in age [t (80) = 0.32, p = 0.08], level of education [t (80) = 0.17, p = 0.86], or 

the ratio of males to females [χ² (1) = 0.09, p = 0.92].  

 Table 1. Demographics characteristics of the sample 

  Controls (N = 39) First-onset SCZ (N = 43) 

Mean (SD) Median 

(sIQR) 

Mean (SD) Median 

(sIQR) 

t / χ² 

Age, years  21.4 (2.8) 20.0 (4.5) 21.3 (3.2) 20.0 (5.5) 0.320 

Education, years 12.2 (1.8) 12.0 (2.5) 12.4 (1.9) 12.0 (2.5) 0.172 

Male/Female 28/15 - 25/14 - 0.009 

BPRS Total 0.0 0.0 35.0 (5.3) 34.0 (10.5) 22.4* 

SANS 0.0 0.0 4.9 (2.1) 5.0 (6.5) 14.1* 

PANSS Positive 0.0 0.0 8.7 (1.4) 8.4 (3.0) 41.3* 

PANSS Negative 0.0 0.0 7.2 (1.0) 7.0 (5.5) 52.3* 

PANSS Total 0.0 0.0 55.0 (8.9) 54.0 (19.5) 38.9* 
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BDNF (ml) 15.4 (1.3) 15.5 (2.9) 7.2 (2.8) 6.5 (5.5) 17.0* 

Note: *p < 0.001 

3.2 Contrast processing 

Identical statistical conclusions were obtained when patients treated with benzo-

diazepines were excluded from the analysis, and so we will report the results in the 

whole group of patients. 

The results of the CSF measurements are shown in Figure 1. There was statisti-

cally significant difference between the groups, (F (5, 76) = 42.97, p < 0.001; Pillai’s 

trace = 0.74, ω2 = 0.72 with a 95% CI of 0.63 to 0.78). Post hoc testing revealed signifi-

cant differences at all frequencies, except 4.5 cpd (p = 0.10). The first-episode SCZ group 

had better performance for the 0.6 cpd (p < 0.001, Hedges’ g = 1.76 with a 95% CI of 

1.26 to 2.30), 2.8 cpd (p = 0.034, Hedges’ g = 0.47 with a 95% CI of 0.04 to 0.92), 8.0 

cpd (p < 0.001, Hedges’ g = 1.99 with a 95% CI of 1.47 to 2.54) and 16 cpd (p = 0.006, 

Hedges’ g = 0.62 with a 95% CI of 0.18 to 1.06) compared to HCs. 
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Fig. 1. Contrast sensitivity values for the two groups (healthy controls and first-on-

set SCZ patients). Solid lines represent mean sensitivity, the boxes represent the quar-

tiles and the whiskers represent the range. 

3.3 Correlation analysis  

3.3.1 Correlation analysis between contrast sensitivity and BDNF 

No significant correlations between contrast sensitivity and BDNF levels in 

healthy controls were found. In the SCZ group, significant correlations between the level 

of BDNF and contrast sensitivity were observed only when they were divided by gender. 

A statistically significant negative correlation between the BDNF level and contrast sen-

sitivity was found in female patients for 4.5 cpd and 16 cpd (r = -0.58; r = -0.53, p < 0.05) 

(Figure 2). 

 

 

Fig. 2. Correlation between the BDNF levels and contrast sensitivity in female pa-

tients for 4.5 cpd (A) and 16 cpd (B). 

3.3.2 Correlation analysis between contrast sensitivity, BDNF and clinical variables 

A significant correlation was found between CS at low spatial frequency (0.6 cpd) 

and negative symptoms assessed with the SANS in males (r = 0.48, n = 28, p < 0.05) and 

females (r = 0.58, n = 15), p < 0.05). There was also a significant correlation between CS 



11 
 

at high spatial frequency (16.0 cpd). Females also showed a significant correlation be-

tween CS at high spatial frequency (16.0 cpd) and SANS score (r = 0.55, p < 0.05) as 

well as a pronounced inverse correlation between negative symptoms and the level of 

BDNF (r = -0.72, p < 0.05). A significant correlation was found between duration of 

disease and PANSS total score (r = 0.48, p < 0.001) as well as duration of disease and CS 

at mid-spatial frequency (give spatial frequency, r = 0.6, p < 0.05). 

In connection with the detection of sex differences and the influence of the dura-

tion of the disease, a correlation analysis of contrast sensitivity and BDNF levels was 

performed for subgroups of patients with a disease duration of up to 3 months (0-3 

months, n = 25) and more than 3 months (3-6 months, n = 18). All patients with a disease 

duration of less than 3 months showed a significant correlation between contrast sensitiv-

ity in the range of low spatial frequencies (0.6 cpd) and the severity of both positive and 

negative symptoms (r = 0.49, p = 0.01; r = 0.40, p = 0.05). 

 Female SCZ patients with less than 3 months of disease had a strong correlation 

between BDNF levels and contrast sensitivity for mid-spatial frequency (4.5 cpd; Figure 

3A; r = -0.73, p = 0.04), as well as negative symptoms (r = -0.72, p = 0.04). In the sub-

group of women suffering from the disease for more than 3 months, the level of the BDNF 

correlated with contrast sensitivity at 16 cpd (Figure 3B; r = -0.79, p = 0.03), the severity 

of positive (r = 0.79, p = 0.03) and negative symptoms (r = 0.86, p = 0.01). There was 

also a correlation between negative symptoms and contrast sensitivity at 16 cpd (r = -

0.81, p < 0.05). 
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Fig. 3. Correlation between BDNF levels and contrast sensitivity in female patients 

suffering from SCZ for less than 3 months (A) and more than 3 months (B). 

Male SCZ patients (n = 17) with less than 3 months of disease presented also a 

strong correlation between negative and positive symptoms at 0.2 cpd (r = 0.70, p = 0.002; 

r = 0.58, p = 0.01). In a subgroup of men suffering from SCZ for more than 3 months (n 

= 11), there was a correlation between negative symptoms and contrast sensitivity at 16 

cpd (r = -0.81, p < 0.05). 

4. Discussion 

First episode patients with schizophrenia showed better contrast sensitivity than 

controls.  Increased CS in the low-spatial frequency range indicates association with the 

magnocellular pathway and   increased CS in the high-spatial frequency range association 

with the parvocellular pathway. Previous studies performed conducted on untreated first-

time episodes of SCZ have shown an increase in sensitivity only in the low spatial fre-

quencies (5,14). High spatial frequencies have not been previously examined in first epi-

sode SCS to our knowledge.  

Kéri and Benedek (44) also observed an increase in contrast sensitivity to magno-

cellular system-specific stimuli in people at high risk for psychosis compared to healthy 

controls. Contrast sensitivity at the lower spatial frequencies is believe to be mediated by 

the magnocellular system. The magnocellular system also mediates peripheral vision and 



13 
 

motion perception (13,45). An increase in contrast sensitivity in the low spatial frequency 

range in the untreated first episode of SCZ, compared with a healthy control, was shown 

by the authors in the task of comparing two Gabor elements (13,45). Cadenhead et al. 

(46) reported that untreated SCZ (n = 5) showed an enhancement of sensitivity for achro-

matic grating pattern that would be detected by the magnocellular system, but a decrease 

in chromatic sensitivity which is believed to be mediated by the parvocellular system. 

The parvocellular system provides local image analysis, and according to the authors, a 

similar violation of the parvocellular system was typical for patients with schizotypal dis-

order. According to the authors, a similar violation of the parvocellular system was typical 

for patients with schizotypal disorder. The number of non-treated SCZ patients in those 

studies was limited, though, which precludes further comparisons.  

The increased sensitivity of the parvocellular system in untreated first episode 

SCZ patients was unexpected, since the literature suggests no change or a reduction in 

sensitivity (46).  

The significant decrease in BDNF in patients with untreated first episode of SCZ, 

compared to healthy controls, here is also consistent with previous studies (27,28,47,48). 

Thus, our data provide additional supporting evidence to the idea that low levels of a 

neurotrophic factor contribute to the abnormal neuron plasticity observed in patients with 

SCZ. We did not observe any age-related effects on the BDNF levels, but a trend in the 

influence of the gender of patients, with a large decrease in BDNF levels of patients with 

SCZ. 

In a study by Jindal and colleagues (2010), serum BDNF levels were measured in 

41 patients with an untreated first episode of psychosis (24 with SCZ, schizoaffective 

disorder, or schizophrenic-like disorder, and 17 with psychotic disorders unrelated to 

SCZ) and 41 their age-matching healthy  controls. Patients with SCZ had lower serum 
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BDNF levels than the control group, while patients with non-schizophrenic psychosis did 

not differ from the control group. The authors did not observe any age-related effects on 

the BDNF level but reported a trend in the influence of the gender of patients, with a large 

decrease in patients with SCZ. 

Interestingly, in our study, significant correlations between BDNF levels, contrast 

sensitivity, and symptoms were observed almost exclusively in female SCZ patients, al-

beit male SCZ had a few significant correlations too. Similar results  were reported in 

Chinese female patients (49), who had lower levels of BDNF compared to the males and 

other female patients with SCZ, compared to male patients, as well as women in the con-

trol group  (50). Thus, gender differences may affect the results of the analysis of BDNF 

protein levels in patients with SCZ, but the reasons for this phenomenon are unknown 

and further research is needed. 

The influence of the disease duration factor was also established. Patients with a 

disease duration of less than 3 months showed a correlation of BDNF levels with contrast 

sensitivity of perception of average spatial frequencies and negative symptoms. At the 

same time, patients with a disease duration of more than 3 months (3-6 months) showed 

a correlation between the level of BDNF and the contrast sensitivity of perception of high 

spatial frequencies and both negative and positive symptoms. The results of a study by 

Rizos et al. (2010) show that low serum BDNF levels at the onset of SCZ are associated 

with the duration of untreated psychosis, and this may be associated with an acute neuro-

degenerative reaction during the untreated phase of psychosis. It is important to mention, 

however, that we are unable to make such strong assumption between BDNF levels and 

improvement of contrast sensitivity. This might be related to an increase of dopamine on 

first-episode, but a longitudinal study can bring light to this discussion. However, our 
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study was the first to investigate contrast sensitivity, BDNF levels and correlate with clin-

ical variables using different techniques and a range of spatial frequencies. 

The main limitation of this study was that the ELISA set used in this study cannot 

distinguish between the isoforms of BDNF (proBDNF and matureBDNF). Second, some 

patients took antidepressants (escitalopram, fluoxetine, paroxetine, mirtazapine, and 

venlafaxine). In addition, since sleep deprivation affects BDNF levels (51), the lack of 

sleep quality control the night before data collection may also have affected our results. 

The possibility of generalizing our results may also be limited by the heterogeneity of the 

sample, since we did not separate patients by the form of SCZ. 
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