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A B S T R A C T

Brain-derived neurotrophic factor (BDNF) may be related to the pathophysiology of schizophrenia. This study
aims to examine the relation between plasma BDNF levels and the cognition of patients with schizophrenia. We
recruited 31 patients with chronic schizophrenia, 34 first-episode patients, and 35 healthy control subjects. We
examined the MATRICS Consensus Cognitive Battery (MCCB) and the plasma BDNF levels in all groups. The
schizophrenic symptoms were assessed using the positive and negative syndrome scale. The BDNF levels of
schizophrenic patients were remarkably lower than those of the controls. The cognitive MCCB global composite
scores and part index scores of schizophrenic patients were remarkably lower than those of the controls.
Moreover, remarkable correlations were observed between BDNF levels and partial cognitive dimensions, such
as visual learning, memory, and processing speed. Therefore, BDNF may be involved in the pathophysiology and
cognitive impairment of schizophrenia.

1. Introduction

Schizophrenia is a complex psychiatric disorder characterized by
severe impairment in different cognitive aspects, including intellectual
ability, processing speed, and attention (Bortolato et al., 2015). These
deficits not only appear during acute episodes but also persist during
the entire course of the illness, particularly in the chronic phase,
thereby leading to serious cognitive impairments. The damage to cer-
tain cognitive domains, such as information processing and executive
function, occurs at an accelerated rate (Cervellione et al., 2007; Bowie
et al., 2008). Moreover, the motor function, which is an important as-
pect of cognitive function, becomes increasingly worse with increased
follow-up time (Jaeger et al., 2003). Cognitive impairment is a core
symptom of schizophrenia that persists during acute and chronic phases
and is associated with reduced functional outcome. Researchers have
drawn inconsistent findings regarding the cognitive deficits in first-
episode and chronic patients. Several studies suggested that patients
with first-episode schizophrenia display superior cognitive function to

patients with chronic schizophrenia in various cognitive domains (Braw
et al., 2007; González-Blanch et al., 2007). Other studies demonstrated
that the severity of cognitive deficits of first-episode patients was si-
milar to that experienced by chronic patients (Hoff et al., 1992;
McCleery et al., 2014). Although cognitive damages and their adverse
effects are widespread in individuals with schizophrenia, limited in-
formation on their underlying neurobiological mechanisms are avail-
able (Wong et al., 2003). Many possible hypotheses have been posited
regarding the underlying mechanisms of cognitive deficits in schizo-
phrenia, and recent ideas suggest that schizophrenia is a neuroplasticity
disorder. This hypothesis offers a new perspective on the possible
mediators of cognitive function (Anderson et al., 2013). Neuroplasticity
in schizophrenia can be affected by neuropeptides, oxidative stress, and
inflammatory responses (Ng et al., 2008; Maas et al., 2017). In parti-
cular, neurotrophins play an important role in neurodevelopment, sy-
napse regulation, and synaptic plasticity. Thus, the low expression of
brain-derived neurotrophic factor (BDNF) is associated with cognitive
impairment (Zhang et al., 2012a,b; Asevedo et al., 2013).
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BDNF is a member of the neurotrophin family of growth factors and
is widely distributed in the central nervous system (CNS); it passes
freely through the blood–brain barrier (BBB) (Pan et al., 1998). The
BDNF levels in serum and plasma are highly correlated with those in
cerebrospinal fluid (CSF) (Pillai et al., 2010). Therefore, peripheral
BDNF levels can possibly reflect the BDNF levels in the brain. BDNF is
vital in adjusting memory-associated neuroplasticity given that it is
responsible for maintaining cell stabilization and maturation, pro-
moting synapse formation, and transmitting synapses (Hao et al.,
2017). Moreover, BDNF plays a critical role in long-term potentiation
(LTP) in the hippocampal, which is involved in learning and memory.
BDNF signaling regulates the morphologies of neurons and synapses.
For example, BDNF can increase the dendritic complexity in different
regional neurons in the brain (Calfa et al., 2012). Furthermore, BDNF
Val66Met polymorphism plays a key role in the correlation between
cognitive function and serum BDNF levels, thereby confirming that the
polymorphism of the BDNF gene is involved in the processing of hip-
pocampal memory (Zhang et al., 2012a,b; Hao et al., 2017).

The effects of BNDF on memory and cognitive function have been
reported in animal models or healthy adults (Gorski et al., 2003;
Komulainen et al., 2008). Although researchers have separately ex-
plored the relationship between BDNF levels and cognitive function in
chronic and first-episode schizophrenia (Xiao et al., 2017; Man, 2018),
no study has considered and compared the correlation between BDNF
levels and cognitive function in first-episode and chronic schizophrenia.
Therefore, this study aims to investigate whether BDNF levels are cor-
related with cognitive function in the different courses of schizo-
phrenia.

2. Participants and methods

2.1. Participants

This study was conducted in accordance with the recommended
guidelines prescribed by the National Health and Medical Research
Council of the Second Xiangya Hospital Ethics Committee. The protocol
was approved by the Second Xiangya Hospital Ethics Committee. All
subjects provided written informed consent in accordance with the
Declaration of Helsinki. This study was performed between 2015 and
2016. Sixty-five patients were recruited from the inpatients and out-
patients of Second Xiangya Hospital of Central South University.
Among the 65 patients, 31 were first-episode patients and 34 were
chronic patients. All patients satisfied the The Diagnostic and Statistical
Manual of Mental Disorders IV(DSM-IV) diagnosis of schizophrenia.
Among these patients, some were in the acute phase, whereas others
were in the outpatient clinic for regular follow-up visits and in remis-
sion. No patient manifested a comorbidity with other psychiatric dis-
orders. The course of chronic patients is approximately 7.6 ± 2.8
years. Patients with chronic schizophrenia mostly undergo mono-
therapy and combination therapy except for five untreated patients.
Antipsychotic drugs include atypical antipsychotic drugs, including
olanzapine, clozapine, and risperidone, and typical antipsychotic drugs,
namely, haloperidol, aripiprazole, chlorpromazine, and quetiapine. The
course of the first episode was basically within three months, where 20
patients take antipsychotics prior to joining the group and 14 patients
join the group without any antipsychotic drugs. In addition, the main
drug therapy is atypical antipsychotic drugs including olanzapine and
risperidone; the duration of drug use was within three months. All
antipsychotic drugs were converted to approximate chlorpromazine
equivalents for each subject using standard guidelines. The 35 healthy
controls were volunteers from the Changsha community and were
matched for patients’ sex. All subjects were Han Chinese, who were
recruited from the Changsha area during the same period.

All subjects underwent a comprehensive assessment, which in-
cluded medical history, physical examination, clinical evaluations of
psychiatric symptoms, and related laboratory tests. None of the subjects

had any physical disease or substance dependence. All subjects pro-
vided signed informed consent to participate in this study. The privacy
rights of human subjects must always be observed, as approved by the
Institutional Review Board, Second Xiangya Hospital of Central South
University.

2.2. Clinical and neuropsychological assessment

We assessed the cognitive function by using the MATRICS
Consensus Cognitive Battery, which was originally developed by the US
National Institute of Mental Health (NIMH). The MATRICS Consensus
Cognitive Battery (MCCB), which consists of 10 standardized cognitive
measure dimensions, is used to calculate the scores and global com-
posite scores of seven cognitive domains, including speed of processing
(symbol coding, category fluency, and trail making test), attention/
vigilance (continuous performance test), working memory (digital se-
quence and Wechsler memory scale spatial span), verbal learning
(Hopkins verbal learning test), visual learning (brief visuospatial
memory test), reasoning/problem solving (neuropsychological assess-
ment battery), and social cognition (Mayer–Salovey–Caruso Emotional
Intelligence Test) (Barch et al., 2009). In recent years, the MCCB has
been translated to Chinese and has been widely used in clinical practice.
Its clinical validity and test-retest reliability have been confirmed (Shi
and Kang et al., 2015; Wu et al., 2016a,b). Several psychiatrists use
positive and negative syndrome scale (PANSS) to evaluate the psy-
chiatric symptoms of patients. These psychiatrists conduct training
courses for PANSS assessment at the same time. After training, the
consistency between the scores of the evaluators was 0.8. We collected
blood samples in the morning of the day of assessment to ensure the
consistency of the BDNF levels and cognitive function.

2.3. Plasma BDNF measurement

Plasma samples were collected from subjects between 7 a.m. and
9 a.m. after fasting overnight. The plasma was separated by cen-
trifugation at 3000 rpm for 10 min and then stored at −80 °C until
analysis. The BDNF levels were assessed by high-sensitivity sandwich
enzyme-linked immunosorbent assay (ELISA) using a commercially
available kit (R&D Systems, Quantikine). All samples were assayed by
the same technician, who was blind to the clinical status of the subjects
in the same assay batch. The BDNF levels of section samples were as-
sayed in duplicates. Testing was performed by technicians, and all
samples were coded prior to testing. Inter- and intra-assay variation
coefficients were 9% and 5%, respectively.

2.4. Statistical analysis

Between-group differences in demographic and clinical variables
were assessed using ANOVA for continuous variables and chi-squared
test for categorical variables. For the BDNF levels and the MCCB global
composite score and sub-scores, ANCOVAs were constructed, where the
groups were the independent variables; the BDNF/ MCCB global com-
posite score and sub-scores were the dependent variables; sex, age, and
education were the covariates. The relationships between BDNF levels
and MCCB scores were evaluated using Pearson's correlation analyses.
All statistical analyses were performed using SPSS version 23.0. The
statistical significance was set at p < 0.05.

3. Results

3.1. Sample characteristics

The demographic and clinical data are presented in Table 1. The
patients and healthy controls had no significant differences in terms of
gender but were different in age and education (p < 0.001). Educa-
tional level was remarkably higher in the control group than in both
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patient groups. These differences were controlled as covariates in the
following analysis. No significant differences were observed between
first-episode and chronic patients (p > 0.05).

3.2. BDNF levels in the control, first-episode, and chronic schizophrenia
patients

The mean ± standard deviation (SD) of the BDNF levels of the
patients with chronic schizophrenia was 40,429.59 ± 19,484.21 pg/
mL, whereas that of the first-episode patients was
44,437.08 ± 18,476.05 pg/mL. Compared with chronic and first-
episode patients, the controls had a significantly higher plasma BDNF
level of 53,016.15 ± 20,905.63 pg/mL (Fig. 1). Six subjects (one
chronic patient and five controls) failed to present detect BDNF levels.
The BDNF levels were significantly lower in the patients than in the
healthy controls (F= 3.241; df = 2,91; p= 0.044). Post-hoc analysis
revealed that the controls had significantly higher levels than both
patient groups (p= 0.015), and the controls only had a higher trend
relative to the first-episode schizophrenia group (p= 0.084). On the
contrary, these remarkable difference and trend were not observed
between the patients with chronic schizophrenia and those with first-

episode schizophrenia. Although chlorpromazine equivalent was in-
cluded as a covariate in the analysis, no significant difference was ob-
served (p > 0.05).

3.3. Cognitive performance of the control, first-episode, and chronic
schizophrenia patients

The MCCB global composite score and index scores of 65 patients
with schizophrenia and 35 healthy controls are shown in Table 2. The
MATRICS program was used to compute the T-scores for each test. We
used the Chinese norms for age, gender, and education to generate T-
scores for the seven domains and overall composite score. Compared
with the controls, the first-episode and chronic schizophrenia patients
had lower cognitive assessment test scores in many domains (speed of
processing, visual learning and memory, reasoning and problem sol-
ving, and comp MCCB total score) after their gender, age, and educa-
tion were controlled (p < 0.05). Post-hoc tests revealed that comp
MCCB total score (p= 0.005), speed of processing (p < 0.001), visual
learning and memory (p= 0.001), and reasoning and problem solving
(p= 0.022) were significantly lower in the first-episode and chronic
patients than in the controls (p < 0.05). However, the difference

Table 1
Sociodemographic, clinical and immunological characteristics of the sample.

Variable Chronic N= 31 First-episode N= 34 Control N= 35 F or X2 DF P-Value

Sociodemographics
Agea(years),mean (SD) 27.35(3.71) 22.29(5.21) 25.57(1.77) 14.819 2,97 <0.001
Sex(M/F) 16/15 19/15 16/19 21.083 2 0.698
Education(years),mean (SD) 10.41(2.73) 11.17(2.56) 16.33(2.20) 49.225 2,86 <0.001
illness duration(years),mean (SD) 7.6 (2.8)
PANSS
PANSS Positive, mean (SD) 18.03(6.21) 17.55(5.30) 0.101 1,56 0.751
PANSS General, mean (SD) 32.90(7.54) 31.93(5.13) 0.325 1,56 0.571
PANSS Negative,mean (SD) 19.76(7.94) 18.34(7.89) 0.463 1,56 0.499
PANSS Total, mean (SD) 70.69(18.64) 67.83(14.35) 0.429 1,56 0.515
Antipsychotic 26 20
Blood makers
BDNF (pg/ml) , mean (SD) 40,429.59(19,484.21) 44,437.08(18,476.05) 53,016.15(20,905.63) 3.241 2,91 0.044

a Data presented as mean (SD).

Fig. 1. BDNF levels were significantly lower in patients than healthy controls (F= 3.241, p= 0.044). There is no significant difference between the chronic
schizophrenia and the first-episode schizophrenia (p > 0.05).
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between chronic and first-episode patients was insignificant (p > 0.05).
Considering the effects of drugs on cognitive function, we included
chlorpromazine equivalent as a covariate in the analysis, and still no
significant difference in cognitive function was found between the two
groups (p > 0.05).

3.4. Correlation between BDNF levels and cognitive performance

Neuropsychological assessment was performed on the first-episode
and chronic patients and the healthy controls, and the results revealed a
remarkable positive correlation between BDNF levels and partial cog-
nitive dimensions. The BDNF levels were significantly correlated with
the speed of processing score (r= 0.221, p= 0.046; Fig. 2), the visual
learning and memory score (r= 0.305, p= 0.005; Fig. 3), and the
MCCB global composite score (r= 0.261, p= 0.026; Fig. 4). On the
contrary, no significant associations were detected between BDNF le-
vels and working memory, verbal learning and memory, attention/
vigilance, and social cognition (p>0.05). Subsequent stratified analyses
were conducted between controls and patients. For the healthy con-
trols, no significant association was observed between the BDNF levels
and the MCCB global composite score or any subgroup scores
(p > 0.05). For the patient groups, the BDNF levels were positively
related to visual learning and memory (r= 0.276, p= 0.034). In ad-
dition, the BDNF levels were positively correlated with the PANSS
(r= 0.277, p= 0.037). However, for the patient subgroup, we did not
detect a correlation between BDNF levels and any dimension of cog-
nitive function in either first-episode or chronic schizophrenic patients
(p > 0.05).

In addition, correlation analysis was conducted to detect the re-
lationships between the PANSS total and its subscale scores and cog-
nitive performance on the MCCB total and its subscale scores in pa-
tients, thereby showing negative associations between the PANSS
negative subscale score and multiple dimensions of cognitive perfor-
mance on MCCB. Verbal learning and memory were not only correlated
with the negative symptoms of PANSS, but also with the positive
symptoms of PANSS and the total score of PANSS (all P < 0.05)
(Table 3).

4. Discussion

The inter-group analysis revealed the following. 1) The BDNF levels
were remarkably reduced in patients with chronic schizophrenia and
had lower tendency in first-episode patients. 2) Compared with the
healthy controls, the chronic and first-episode patients exhibited poor
cognitive function in several areas. 3) Low BDNF levels were associated
with cognitive impairments in schizophrenia, particularly in speed of
processing, visual learning, and working memory domains. The BDNF
levels were remarkably lower in chronic patients than in the healthy
controls. This finding is consistent with previous studies (Zhang et al.,
2012a,b; Wu et al., 2015). However, some studies reported increased
levels (Gama et al., 2007; Reis et al., 2008) or indistinguishable dif-
ferences (Huang et al., 2006; Niitsu et al., 2011). These contradictory
findings may be attributed to differences in techniques, samples, and
stages of the disease. A lower trend was observed only in first-episode
patients. This finding is also consistent with the results of most previous
studies, which found reduced BDNF levels in first-episode schizo-
phrenia (Rizos et al., 2008; Song et al., 2015; Chiou et al., 2017). In
addition, we did not observe remarkable differences in BDNF levels
between chronic schizophrenia and first-episode schizophrenia, con-
sistent with a recent study (Heitz et al., 2018). The result may be re-
lated to smaller sample size and drug use, given that first-episode
schizophrenia and chronic schizophrenia patients both use anti-
psychotic drugs. Recently, a prospective longitudinal study has shown
that olanzapine treatment can improve psychiatric symptoms and
cognitive dysfunction, parallel with increased plasma BDNF levels.
Thus, the effects of drugs cannot be completely ruled out (Zhang et al.,Ta
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2018).
BDNF plays an important role in different courses of schizophrenia

and may, therefore, play a role in the pathogenesis of schizophrenia
(Buckley et al., 2011; Favalli et al., 2012). To our knowledge, BDNF is
widely distributed in the CNS and is involved in the development and
survival of neurons (Hariri et al., 2003), specifically in the prefrontal
and hypothalamus brain regions, where it promotes various neuromo-
dulatory processes, such as neuronal survival, differentiation, and sy-
napse formation (Nawa et al., 2000; Pang 2004). The BDNF levels were
decreased in the hypothalamus and prefrontal cortex in patients with
schizophrenia in postmortem studies and animal models (Lipska et al.,
2001; Banerjee et al., 2013). BDNF can freely cross the BBB (Pan et al.,
1998). A research has demonstrated that parallel changes occurred in
the BDNF levels in plasma and CSF of patients with schizophrenia
(Pillai et al., 2010), thereby confirming that the BDNF levels in

peripheral serum or plasma are strongly correlated with the CNS con-
centrations. Abnormal BDNF expression levels in brain tissues may in-
fluence brain function (Schmidt et al., 2010), and such influence may
be a potential mechanism of schizophrenia, thereby supporting the
hypothesis of neurodegenerative process in schizophrenia (Shoval et al.,
2005; Favalli et al., 2012). However, BDNF is not a specific biomarker
for schizophrenia. Changes in BDNF levels can be described in other
mental illnesses, such as depression and bipolar disorder (Lee et al.,
2016; Caldieraro et al., 2018), as well as other neurodegenerative dis-
eases, such as Alzheimer's disease (AD) and Parkinson disease (PD)
(Zuccato et al., 2009; Borba et al., 2017).

Abnormal levels of oxidative stress and inflammatory activation
have been reported in schizophrenic patients (Norbert Müller, 2010;
Maas et al., 2017), and interaction may exist between oxidative stress,
inflammatory factors, and BDNF levels (Zhang et al., 2015; Zhang et al.,

Fig. 2. Plasma BDNF was positively associated with the speed of processing index in total study population. (p < 0.05).

Fig. 3. Plasma BDNF was positively associated with the Visual learning and memory index in total study population (p < 0.05).
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2016). Therefore, abnormal levels of BDNF may be related to chronic
stress state induced by schizophrenia, and this change is, in turn, in-
volved in the pathological mechanism of schizophrenia, thereby af-
fecting its clinical symptoms. In addition, our subjects are not drug-
naive first-episode schizophrenia patients. Although previous studies
have shown remarkable decreases in BDNF levels in first-episode drug-
naive patients and patients with chronic schizophrenia, the effect of
drug therapy on BDNF could not be excluded even when controversy
about the effect of antipsychotics on BDNF levels exists. For example, a
recent study has shown no change in serum BDNF levels in first-episode
schizophrenic patients after four weeks of antipsychotic treatment
(Chiou et al., 2017). However, this finding contradicts the results of
another research, which has reported an evident elevation of BDNF
levels in peripheral blood after 16 weeks of olanzapine treatment.
Therefore, a further research is required in the future for verification.

The current study has assessed the neuropsychological performance
at two phases of schizophrenia. Our work indicated that, compared
with the healthy controls, patients with schizophrenia experienced
cognitive deficits in different domains regardless of whether it was a

case of first-episode or chronic schizophrenia. This finding is consistent
with that of previous studies (Sharma et al., 2003; Condray et al., 2011;
Wu et al., 2016a,b). Several meta-analysis studies and reviews indicated
that patients with schizophrenia had poorer cognitive functions in
many fields than healthy controls (Bortolato et al., 2015; Healey et al.,
2016; Moustafa et al., 2016). Animal models of schizophrenia also va-
lidated this hypothesis. The performance of these schizophrenia-like
rodent models displayed altered social interaction as well as learning
and memory impairment (Jones et al., 2011). Post-hoc tests showed
that the comparative results of chronic and first-episode schizophrenia
patients presented no difference in cognitive function, thereby sug-
gesting that cognitive impairments in first-episode and chronic schi-
zophrenia are similar. This conclusion is consistent with existing evi-
dence (Sponheim et al., 2010) . Nonetheless, other studies have
reported cognitive deterioration with the progression of the disease
(Braw et al., 2007; González-Blanch et al., 2007). This contradiction
may be related to the different courses of disease and the drugs used by
the subjects in different studies, and may also be related to the different
methods of cognitive assessment. The deficiency of cognitive function
in schizophrenia may be related to an abnormal brain structure. For
example, neuroimaging techniques revealed abnormal functional and
structural changes in the brain, particularly in the hippocampus (Asami
et al., 2012; Shepherd et al., 2012; Singh et al., 2018), and those ab-
normalities in the structure of the hippocampus are related to the
neurocognitive function in schizophrenia (Tamminga et al., 2010;
Wible 2013). These results suggested that the cognitive performance of
patients with schizophrenia may be influenced by brain abnormalities.

Correlation analysis indicated a remarkable positive relationship
between plasma BDNF levels and cognitive function. This correlation
was detected not only in the total subjects but also in the patient group.
Thus, we speculated that poor cognitive function in schizophrenia may
be related to lower plasma BDNF levels. This hypothesis is similar to
that in previous studies (Zhang et al., 2012a,b; Wu et al., 2015; Xiao
et al., 2017). A recent study similar to our work also reported a cor-
relation between BDNF levels and cognitive function, but reported
higher levels of BDNF in the first-episode patients and chronic patients
than with high-risk groups. However, the study did not include a con-
trol group; thus, determining whether the BDNF levels were higher or
lower than that of the control group is impossible (Heitz et al., 2018).
No correlation was found in first-episode and chronic schizophrenia.
This finding contradicted a number of previous reports but was

Fig. 4. Plasma BDNF was positively associated with the MCCB global composite score in total study population (p < 0.05).

Table 3
Associations between neurocognitive function and PANSS score.

The cognitive test
scores

PANSS P PANSS N PANSS sum

r P r p r P

Speed of processing −0.018 0.546 −0.291 0.027* −0.209 0.116
Attention/vigilance −0.045 0.744 −0.219 0.108 −0.163 0.233
Working memory −0.132 0.322 −0.131 0.328 −0.140 0.295
Verbal learning and

memory
−0.297 0.024* −0.291 0.027* −0.290 0.027*

Visual learning and
memory

−0.210 0.113 −0.377 0.004 −0.302 0.021*

Reasoning and
problem solving

−0.066 0.621 −0.313 0.017* −0.213 0.109

Social cognition −0.204 0.128 −0.166 0.216 −0.184 0.171
Comp MCCB total

score
−0.192 0.176 −0.234 0.099 −0.206 0.148

Correlations are Pearson correction coefficient.
PANSS P: Positive and negative symptom positive score;
PANSS N: Positive and negative symptom negative score;
PANSS Sum: Positive and negative symptom total score.

⁎ p < 0.05.
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consistent with studies that reported no correlation between BDNF le-
vels and cognitive performance in patients with schizophrenia
(Niitsu et al., 2011; Man, 2018). The discrepancy may be due to the
differences in cognitive assessment methods and disease duration. Our
research suggests that the small sample size might have prevented
further subgroup analyses and impeded the detection of correlation.
However, this correlation still existed when we considered first-episode
schizophrenia and chronic schizophrenia as different stages in the
continuous course of schizophrenia and included them in the correla-
tion analysis as a whole. Many reviews have suggested that BDNF plays
an important role in the regulation of neurogenesis and synaptic plas-
ticity in the brain of schizophrenia (Nieto et al., 2013; Calabrese et al.,
2016). In addition, a recent meta-analysis reported a positive associa-
tion of peripheral BDNF levels with reasoning/problem solving
(Ahmed et al., 2015). Therefore, BDNF may be an important regulator
of cognitive processes. A recent clinical observation further confirms
this hypothesis. After 12 weeks of olanzapine treatment, a parallel re-
lationship was found between the improvement of cognitive function
and the increase in serum BDNF level (Zhang et al., 2018). In addition,
a remarkable negative correlation was observed between the negative
score of PANSS and the cognitive function of different dimensions of
MCCB. Therefore, a parallel relationship exists between the severity of
the patient's condition and cognitive impairment, thereby further sup-
porting our findings. All correlations were weak (r 0.1–0.3), except for
the correlation between BDNF levels and visual learning and memory
score ((r= 0.305, p= 0.005), although they passed the Pearson cor-
relation.

Accumulating evidence suggests that lower levels of BDNF are as-
sociated with cognitive impairment in different disorders, including
depression, AD, bipolar disorder, and even diabetes. This finding pro-
vides a new perspective for understanding the cognitive impairment of
schizophrenia (Diniz et al., 2014; Lee et al., 2016; Murillo et al., 2016;
Borba et al., 2017). Considerable evidence posits that BDNF is asso-
ciated not only with neurodevelopment and neuroprotection but also
with synaptic plasticity (Vicario-Abejon et al., 2002; Favalli et al., 2012;
Gómez-Palacio-Schjetnan A 2013). The BDNF gene knockout animal
model experienced impaired spatial learning and memory retention
associated to hippocampal-related memory (Gorski et al., 2003). These
findings suggested that BDNF plays an important role in hippocampal-
dependent learning and memory (Lu and Christian et al., 2008;
Calfa et al., 2012; Jindal and Pillai et al., 2010).

The possible mechanism underlying hippocampus dependent
learning and memory is widely hypothesized to be LTP, which can be
inducted by BDNF. A study has reported that BDNF and its high-affinity
receptor, TrkB, play important roles in organizing persistent neural
activity at the single-neuron and network levels, thereby regulating the
working memory (Galloway and Woo et al., 2008). Meanwhile, another
research has explored the relationship between serum BDNF levels and
hippocampal volume in patients with first-episode schizophrenia and
healthy control subjects, and they found a parallel decreasing re-
lationship between serum BDNF and hippocampal volume (Rizos and
Papathanasiou et al., 2011). Another study on elderly adults drew a
similar conclusion that poor memory in the elderly was associated with
decreased hypothalamus volume and reduced serum BDNF levels
(Erickson and Prakash et al., 2010). This indication can also be ob-
served in patients with AD (Borba et al., 2017). From these observa-
tions, we speculate that peripheral BDNF levels may be associated with
abnormal brain structures, which may be a factor contributing to ab-
normal brain function. Moreover, the BDNF gene expression, tran-
scription, and protein expression in the brain tissues of schizophrenia
patients differed from those of the normal controls. A previous study
showed an association between the BDNF Met variant and poor vi-
suospatial/constructional performance, thereby suggesting that the
connection between cognitive defects and decreased BDNF levels in
schizophrenia depended on the BDNF Val66Met polymorphism (Zhang
et al., 2012a,b). BDNF serum levels were remarkably increased in

patients with chronic schizophrenia after cognitive training, thereby
indicating that a parallel change occurred in BDNF levels and cognitive
performance (Katsumi et al., 2017), consistent with another study
(Skilleter and Weickert et al., 2015). Therefore, peripheral BDNF is a
candidate biomarker of impaired learning ability in schizophrenia

However, the exact mechanism responsible for the association be-
tween BDNF levels and cognitive impairments in schizophrenia remains
unclear. The hypothesis of neuroprotective effect of BDNF has been
well-established. Binding and activating to TrkB can induce various
intracellular signaling pathways, including mitogen activated protein
kinase/extracellular signal-regulated protein kinase (MAPK/ERK),
phosphoinositide 3-kinase (PI3K), and phospholipase Cg (PLCg) path-
ways (Schlessinger, 2000; Rössler et al., 2004; Numakawa et al., 2010).
Animal studies have shown that BDNF can mediate neuroprotective
effects of glutamate and norepinephrine (NE) on hippocampal neurons
via PI3K and MAPK signaling pathways (Almeida et al., 2005; Chen
et al., 2007). These observations from preclinical studies are supported
by clinical research. A recent study has shown that in the prefrontal
cortex of schizophrenic patients, the protein expression of ERK sig-
naling pathway, such as MEK1, ERK1/2, and B-Raf, was remarkably
reduced, limiting the neuroprotective effect of BDNF in schizophrenic
patients (Yuan et al., 2009). Further research using a longitudinal and
prospective approach is necessary to explore the precise mechanism of
the relationship between BDNF and cognitive performance in schizo-
phrenia.

This study has several limitations. The primary limitation of our
study is the small sample size due to the difficulty in completing the
assessment of cognitive function in patients with the first-episode acute
phase, limiting the acquisition of sample size. We only carried out re-
levant research without causality studies. Therefore, the underlying
accurate causality is unclear. Furthermore, BDNF level was assessed in
plasma, which reflected an indirect measurement of the brain BDNF
levels. However, whether the peripheral BDNF level can reflect the level
of CNS remains to be explored. Another limitation is that BDNF levels
may be affected by stress and inflammatory responses. Long-term stu-
dies may be required to assess the effects of stress and inflammation on
the BDNF levels. In addition, in our study, all subjects, including those
with first-episode and chronic schizophrenia, were recruited from cross-
sectional study populations. Thus, given that longitudinal follow-up
studies have not been conducted, this work cannot be considered a
continuous course of schizophrenia. Large-scale longitudinal follow-up
studies must be conducted for further exploration.

The present results suggest that BDNF was decreased in patients
with schizophrenia, including first-episode and chronic schizophrenia,
thereby confirming that BDNF may be a biomarker of cognitive deficits
in schizophrenia, particularly in the speed of processing, visual learning
and memory, reasoning, and problem solving. However, the specific
mechanism of the connection between BDNF and cognitive deficits has
yet to be clarified. BDNF levels are expected to be markers for further
investigating cognitive deficits in schizophrenia. Large-sample studies
must be conducted to verify and examine the role of BDNF in the
cognitive deficits in schizophrenia.
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