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Introduction: Schizophrenia (SCZ) is a complex mental disorder affecting
thought processes, perceptions, and emotional regulation.

Methods: This study investigated the relationship between brain-derived
neurotrophic factor (BDNF), tropomyosin receptor kinase B (TrkB), and cAMP
response element-binding protein (CREB) expression with violence risk and
cognitive function in first-episode, drug-naive SCZ patients. We recruited 62
SCZ patients and 62 healthy controls from the Affiliated Mental Health Center of
Kunming Medical University. Sociodemographic data and psychopathological
measures were collected. gRT-PCR and Western blotting assessed BDNF, TrkB,
and CREB expression. Cognitive function and violence risk were evaluated using
the Positive and Negative Syndrome Scale (PANSS), History of Violence, Clinical,
Risk Assessment Scale (HCR-20), Modified Wisconsin Card Sorting Test
(M-WCST), and Wechsler Memory Scale (WMS).

Results: Correlation and regression analyses explored relationships between
signaling factors and clinical measures. SCZ patients exhibited significantly lower
BDNF, TrkB, and CREB levels than controls, higher HCR-20 scores, and impaired
cognitive performance. BDNF negatively correlated with HCR-20 scores and
positively with nonpreservative errors. CREB positively correlated with memory
quotient. Multivariate linear regression suggested CREB plays a crucial role in both
violent behavior and cognitive function in SCZ patients. Principal component
analysis (PCA) combined highly correlated P_score, N_score, and PANSS_total
into one principal component PC1, with logistic regression identifying PC1 as an
associated factor for violence. A model incorporating BDNF, TrkB, and CREB
predicted SCZ with an area under the ROC curve of 0.733.

Discussion: Our findings suggest CREB plays a key role in SCZ-related violence
and cognition, while BDNF, TrkB, and CREB may serve as predictive markers and
potential therapeutic targets.
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1 Introduction

Schizophrenia (SCZ) is a mental illness with a global prevalence
of about 0.45% (1). It manifests a range of symptoms, including
negative symptoms (such as social withdrawal and aversion),
positive symptoms (such as hallucinations, delusions, and
disorganized thinking), and cognitive dysfunction (1). While the
exact cause of SCZ remains unclear, it is widely regarded as the
result of an interplay of genetic, biological, environmental, and
psychological factors (2). The primary treatment approaches for
SCZ include antipsychotic medications and psychotherapy,
particularly cognitive-behavioral therapy (2).

Among its symptoms, cognitive decline is a core feature of SCZ,
playing a crucial role in determining patient prognosis and functional
outcomes. This cognitive impairment often emerges early in the
disease course and tends to worsen over time (3). Major cognitive
areas, working memory, attention, executive function, and processing
speed, are significantly disrupted in individuals with SCZ (4). These
cognitive deficits are the primary contributors to disability among
SCZ patients (5). Therefore, improving cognitive deficits in patients
with SCZ is a top priority in treatment.

Meanwhile, individuals with SCZ are at an increased risk of various
adverse outcomes, such as violent behavior, compared to the general
population (6). This population is at a higher risk of violence compared
to the general population, though most of them never exhibit violent
behavior during lifetime (7). A meta-analysis by Fazel et al.
demonstrated a four-fold increase in the risk of violent crime among
men with SCZ and an eight-fold increase among women compared to
the general population (8). Psychiatric symptoms, cognitive
impairments, and the potential violent behavior leads to reduced
academic and professional performance, as well as a diminished
quality of life, placing a heavy burden on patients, their families, and
society. Therefore, identifying the risk of violence and implementing
strategies to reduce violent behavior are critical goals in SCZ treatment.

Due to the close association between cognitive impairment and
nerve damage, brain-derived neurotrophic factor (BDNF) is essential
for neuronal growth and synaptic plasticity (9, 10). In this context,
notably, the receptor of BDNF, tropomyosin receptor kinase B
(TrkB), and cAMP response element-binding protein (CREB) have
emerged as critical parts. A previous study have highlighted the
importance of BODNF/TrkB/CREB signaling pathway in ameliorating
neuronal damage and cognitive impairment (11). BDNF is vital in
neuroplasticity, which influences the survival, growth, and
differentiation of neurons (12). The interaction between BDNF and

Abbreviations: SCZ, schizophrenia; BDNF, brain-derived neurotrophic factor;
TrkB, tropomyosin receptor kinase B; CREB, cAMP response element-binding
protein; PANSS, Positive and Negative Syndrome Scale; HCR-20, Historical
Clinical Risk Management-20; M-WCST, Modified Wisconsin Card Sorting Test;
CR, Correct response; TCFC, Number of trials to complete the first category; CC,
Number of completed categories; TE, Total errors; PE, Preservative errors; NPE,
Non-preservative errors; WMS, Wechsler Memory Scale; MQ, memory quotient;
OR, odds ratio; CI, confidence interval; ROC, receiver operating characteristics
curve; AUC, area under the curve; M-WCST, Modified Wisconsin Card
Sorting Test.
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TrkB is essential for mediating the effects of BDNF on synaptic
plasticity, which is fundamental in learning and memory processes
(13). Emerging evidence suggests that alterations in BDNF levels may
correlate with various psychopathological conditions, such as
depression (14), SCZ (15), and anxiety disorders (16). CREB is a
transcription factor that plays a key role in mediating BDNF signaling
(17), and the dysregulation of neuroplasticity and memory processes
might alter CREB expression (18). Research found that CREB may be
a potential therapeutic target for SCZ (19). We noticed that the
expression of BDNF, TrkB, and CREB were generally reduced in
patients with SCZ (11), which may lead to impaired neuroplasticity,
which in turn affects cognitive function and increases the risk
of violence.

Therefore, in this study, we first examined mRNA and protein
levels of BDNF, TrkB, and CREB using qRT-PCR and western
blotting in first-episode, drug-naive patients with SCZ and controls.
We then explored the associations of these factors with cognitive
function and violent behavior. To determine whether these
signaling factors, along with demographic and psychopathological
characteristics, influenced the risk of violence and cognitive
performance, multivariate linear regression was employed.
Additionally, multivariate logistic regression was utilized to
identify potential predictors of violent behavior in SCZ patients.
Ultimately, we discussed the potential of using a logistic regression
model incorporating BDNF, TrkB, and CREB to predict SCZ. This
study provides an important theoretical basis for understanding the
pathophysiological mechanisms and clinical manifestations of SCZ.

2 Materials and methods
2.1 Study population

This study was approved by the Institutional Review Board of
the Affiliated Mental Health Center of Kunming Medical
University, and all the study procedures were in accordance with
the Declaration of Helsinki. A total of 62 inpatients and outpatients
with SCZ and 62 healthy individuals were recruited from this
institute between 2022 and 2024.The healthy controls were
matched with the SCZ group in terms of sex, age, and education.

The inclusion criteria of SCZ were as follows:

1. Aged>18 years, male or female;

2. Met the diagnosis of SCZ according to the International
Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10);

3. No prior treatment with antipsychotic medications;

4. Ability to understand the content of the study, participate
voluntarily, and cooperate with the evaluation;

5. Informed consent signed by the patient’s guardian.

The inclusion criteria of control group were as follows:

1. Having no history of mental disorders, family history of
mental disorders;
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2. Male or female, aged>18;
3. Good compliance and ability to cooperate with the
completion of relevant inspections;

4. Signed informed consent.
The exclusion criteria were as follows:

1. Inability cooperate or complete the assessment;
2. Comorbid mental disorders;
3. Severe physical illness or critical healthy state.

2.2 Blood sample collection

To minimize variability, participants were instructed to avoid
emotional stress and strenuous physical activity prior to blood
collection. After an overnight fast, 5 mL of peripheral venous blood
was collected from each participant between 7:00 and 9:00 AM.
Blood samples were drawn using EDTA-anticoagulated vacuum
blood collection tubes. The collected blood samples were stored at
4°C for 4 h before processing. Samples were then centrifuged at
1500 g for 15 min at low speed to separate the plasma. Subsequently,
1 mL of PBS was added to the residual blood in the collection tube
for dilution purposes.

For lymphocyte isolation, 3 to 5 mL of lymphocyte separation
medium was placed in a new centrifuge tube, and the diluted blood
was carefully layered on top, ensuring a clear interface between the
two layers. The samples were centrifuged at room temperature at
500-1000 g for 20 to 30 min using a horizontal rotor. After
centrifugation, the buffy coat layer was carefully aspirated and
transferred into two clean 1.5 mL EP tubes. These samples were
then centrifuged at 250 g for 10 min. The supernatant was
discarded, and the cell pellets were resuspended in PBS and
centrifuged again at 250 g for 10 min. After the final
centrifugation, the supernatant was carefully removed, and the
isolated lymphocytes were stored at -80°C for future analysis.

2.3 Quantitative real-time PCR

Followed by thorough mixing through repeated pipetting to
ensure complete homogenization, Lymphocytes were treated with 1
ml of Trizol. The samples were then incubated at 4°C for 15 min to
facilitate cell lysis. Subsequently, chloroform was added at a ratio of
1:5 relative to the Trizol volume, and the mixture was vigorously
shaken until a stable emulsion formed. The samples were incubated
again at 4°C for 15 min. Centrifugation was performed at 12,000 rpm
for 15 min at 4°C, after which the upper aqueous phase was carefully
aspirated and transferred into a fresh 1.5 mL EP tube. An equal
volume of isopropanol was added, and the mixture was gently
homogenized and incubated at 4°C for an additional 15 min. After
the second centrifugation at 12,000 rpm for 15 min at 4°C, the
supernatant was discarded. The RNA pellet was washed with 1 mL of
75% ethanol, and then centrifugated at 7,500 rpm for 5 min at 4°C.
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The RNA pellet was air-dried at room temperature and subsequently
dissolved in an appropriate volume of RNase-free water based on the
yield of RNA. Reverse transcription was then performed to synthesize
cDNA, which was used in quantitative PCR (qPCR) assays to
quantify the mRNA levels of BDNF, TrkB, and CREB. The qRT-
PCR analysis included 62 patient samples and 62 control samples.
The following sequences of the primers were used for qPCR, which
were shown in Supplementary Table S1. Fold changes of expression
levels were calculated by the 2-ACt method.

2.4 Western blotting

Cultured lymphocytes were dissolved in RIPA buffer (Beyotime
Biotechnology) containing PMSF protease inhibitor for the
extraction of total protein, and lysed at 4°C for 30 min. The
protein quantification was then measured by BCA Protein Assay
Kit (Beyotime Biotechnology). Proteins (30 pg) were exposed to
10% SDS-PAGE and electroblotted onto a PVDF membrane (EMD
Millipore, Bedford, MA, USA). The membranes were incubated
overnight at 4°C with indicated primary antibodies (BDNF (1:1000,
cat.# ab205067;Abcam), TrkB (1:1000, cat.# ab134155;Abcam) and
CREB (1:1000, cat.# ab32515;Abcam), GAPDH (1: 1000,
cat.#10494-1-AP;Proteintech)). Secondary antibodies were
subsequently used for further incubation at 25°C for 1 h, which
was diluted at 1:2000. The information of the antibodies was shown
in Supplementary Table S1. For quantification, Image] software was
used to measure the grayscale intensity of each protein band. The
expression level of each target protein (BDNF, TrkB, and CREB)
was normalized to the intensity of the corresponding GAPDH band
within the same lane to correct for loading differences. The relative
protein expression was then calculated as the ratio of target protein
intensity to GAPDH intensity. These normalized values were used
for statistical comparisons between groups.

Due to sample quality issues—such as limited volume or RNA/
protein degradation during storage—a subset of samples failed to
meet the quality control criteria and were excluded. Importantly,
these exclusions were based solely on objective quality control
criteria and without systematic bias. As a result, Western blot
analysis was conducted on 40 participants out of the total 62 in
each group. All included samples met strict quality thresholds to
ensure the reliability of protein measurements.

2.5 Assessments

2.5.1 Negative and positive symptoms
Psychopathology was assessed using the Positive and Negative
Syndrome Scale (PANSS) (1991). PANSS evaluates the severity of
positive and negative symptoms in patients with schizophrenia, and
provided a quantitative measure for clinical research and treatment
outcome assessments. It consisted of 30 items and divided into three
main dimensions: (1) Positive Symptoms (7 items): assessing
symptoms such as hallucinations, delusions, and thought
disorder; (2) Negative Symptoms (7 items): assessing symptoms
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such as flat affect, social withdrawal, and lack of motivation. (3)
General Psychopathology: (16 items): assessing other psychological
symptoms such as anxiety, depression, and hostility. Each item is
rated on a scale from 1 to 7 (1: Absent; 2: Minimal; 3: Moderate; 4:
Moderate-severe; 5: Severe; 6: Extreme; 7: Extreme severity). In this
study, the scores for all items were used as dependent measures.

2.5.2 Assessment of violence

The Historical Clinical Risk Management-20 (HCR-20) (20)
[German version: (21)] is a widely used structured professional
judgment (SPJ) instrument for the assessment of risk for violent
behavior. The tool comprises 20 static and dynamic variables,
divided into ten historical (e.g., previous violence, young age at
first violent incident, employment problems), five clinical (e.g., lack
of insight, negative attitudes, impulsivity), and five risk
management factors (e.g., lack of personal support, non-
compliance with remediation attempts, stress).

Each item is scored on a 3-point scale (0-2), and the rater
assigns a structured final risk judgment (low, medium, or high). The
instrument demonstrates good concurrent validity (22) and
moderates to strong predictive accuracy (23, 24) in offender
populations. In this study, the SCZ and control groups were
assessed with the HCR-20 second version. Participants classified
as aggressive according to clinical criteria and scoring > 21 on HCR-
20 were assigned to violent group. Those considered nonaggressive
based on clinical criteria and scoring < 20 on HCR-20 were
categorized as the nonviolent group.

2.5.3 Cognitive functioning

The Modified Wisconsin Card Sorting Test (M-WCST) (25) is a
neuropsychological assessment tool used to evaluate cognitive
flexibility, abstract reasoning, and the ability to shift cognitive
strategies in response to changing environmental conditions. The
WCST is designed to assess an individual’s ability to organize
information, shift cognitive strategies, and adapt to changing
rules. It is commonly used in clinical settings to evaluate patients
with various neurological and psychiatric disorders.

The test consists of 4 key cards and 48 response cards. Each card
depicts figures that vary in color, shape, and number. The
participant is required to sort these cards according to specific
rules that change during the test.

Seven indices are calculated for the M-WCST:

Correct response (CR); Number of trials to complete the first
category (TCFC); Number of completed categories (CC); Total
errors (TE); Preservative errors (PE); Non-preservative errors
(NPE); Time for task completion (s).

The assessment was performed by the administration of the
Wechsler Memory Scale (WMS), with minor revised by Gong
Yaoxian et al. (26). The WMS is a set of memory test scales
commonly used at present, which can detect a variety of memory
functions. In our study, the counting, picture recall, visual recognition,
and reciting numbers in ascending or descending order were selected.
The count including 1-100, 100-1 assesses long-term memory. Picture
recall and visual recognition assesses short-term memory. Memorizing

numbers assesses instantaneous memory.
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The total scores for each subtest are summed, and the memory
quotient (MQ) is calculated based on the weighted total score. The
MQ is used to measure an individual’s memory and information
processing ability. It uses a series of memory tests to assess an
individual’s performance in areas such as short-term memory, and
long-term memory.

2.6 Statistical analysis

Statistical analysis was conducted using the R package.
Demographic and clinical variables were compared between
groups by nonparametric Mann-Whitney U test or Independent
Samples T-Test. A chi-square test was used for categorical variables.
Differences in PANSS, HCR-20, M-WCST, and WMS
performances were calculated between SCZ and control groups by
a nonparametric Mann-Whitney U test or Independent Samples
T-Test.

Correlations between serum protein factor concentrations were
analyzed using either Pearson (normal distribution variable) or
Spearman (non-normal distribution variable) correlations.

Spearman correlations between BDNF, TrkB, CREB and
psychopatological/cognitive/memory measures were made in SCZ
patients. In the patient group, with total HCR-20 score, total PANSS
score, and MQ scores as dependent variables, as well as signaling
factors, gender, marital status, age, BMI, smoking, and education as
independent variables, multivariate linear regression analysis was
performed to investigate the influential factors of risk of violence,
symptoms of mental disorders, and cognitive function scores.

Multivariable logistic regression analysis was performed using
stepwise logistic regression with forward selection and backward
elimination by removing variables with p-value greater than 0.05.
Results were expressed as odds ratio (OR) with 95% confidence
interval (CI). Finally, to evaluate the markers’ ability to predict CR,
analysis of the receiver operating characteristics curve (ROC) by the
area under the curve (AUC) was performed according to logistic
regression. We conducted binary logistic regression models to
examine factors that potentially contributed to violent behavior in
patients with SCZ. All statistical tests were two-tailed, and the
significance level was set at 0.05.

3 Results

3.1 Demographic and psychopathological
characteristics

Table 1 shows the demographic data of the SCZ group (n=62)
and the healthy control group (n=62). No statistically significant
differences were observed between groups in terms of gender,
smoking, age, and education (P > 0.05). However, statistically
significant differences were identified in marital status family
history and BMI between the two groups (P < 0.05).

Within the SCZ group, gender difference of PANSS severity
scores were analyzed. The result showed no significant difference
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TABLE 1 The demographic and clinical characteristics between SCZ patients and controls.

Characteristic SCZ(n=62)

Control(n=62)

t/Z/y?

Gender (male/female)® 32/30 31/31 0 1
smoking (yes/no)® 16/46 16/46 0 1
Marital status (single/married)® 44/18 27/35 8.4358 0.0036
Family history (yes/no)® 15/47 4/58 7.1599 0.00745
Ageb 33.66 + 12.00 3524 +10.29 5.12 0.2834
BMI® 22.44 + 4.10 24.80 + 4.07 -3.2131 0.0016
Education® 12.10 £ 3.00 12.42 + 3.57 6.05 0.6749
Time of illness (month) 7.403 + 3.713

Positive and Negative Syndrome Scale

positive score (P_score) 21.84 £ 7.05

negative score (N_score) 2335+ 494

PANSS total score 96.84 +10.21

“chi-square test.
bnonpalrame'rric test, Mann-Whitney U.
“t test.

between the male and female patients with respect to P_score and
PANSS total score (P < 0.05) (Table 2). However, female patients
demonstrated a significantly higher N_score (P = 0.02) (Table 2).
This finding suggested that female patients exhibited greater
impairment in emotional withdrawal, poor rapport, passive/
apathetic social withdrawal, lack of spontaneity/flow of
conversation, and active social avoidance. These results indicate
that first-episode drug- naive female SCZ patients were more likely
to be dominated by negative symptoms. These data would inform
subsequent analysis.

3.2 Expression differences in BDNF, TrkB
and CREB

Given the crucial role of the BDNF/TrkB/CREB signaling
pathway in SCZ, we analyzed the expression differences in BDNF,
TrkB, and CREB at both the mRNA and protein levels in peripheral
blood lymphocytes between the SCZ group and healthy controls.
The qPCR results revealed significant reduced BDNF, TrkB and
CREB mRNA levels in individuals with SCZ compared to healthy
controls (Figure 1A). Consistently, immunoblotting results
demonstrated a downregulated expression of BDNF, TrkB, and

TABLE 2 PANSS severity scores for male and female patients.

Measure

P_score * 22.97 + 5.46 20.63 + 8.35 -7.00773 0.67
N_score © 22.0 £ 459 24.8 £ 496 -2.3068 ‘ 0.02
PANSS total score”  96.125 + 8.01 97.600 + 12.24 -0.55768 ‘ 0.58

“nonparametric test, Mann-Whitney U
°t test
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CREB in SCZ groups (Figure 1B). Additionally, the correlations
among BDNF, TrkB and CREB protein level were analyzed using
Pearson correlation analyses. In both the SCZ and control groups,
BDNF was positively correlated with CREB and TrkB levels (P<
0.05). Moreover, there was a positively correlation between TrkB
and CREB (P< 0.05) (Table 3). These finding revealed significant
associations among BDNF, TrkB, and CREB in SCZ patients. In
summary, the reduced expression of BDNF, TrkB, CREB in SCZ,
along with their correlation, highlighted the disrupted neurotrophic
signaling. This disruption may underlie the pathophysiology of
this disorder.

3.3 Comparison of risk of violence
between SCZs and controls

We compared the differences in HCR-20 scores and HCR-20
subscale scores between the SCZ group and the control group. The
result demonstrated that the total HCR-20 score, as well as H, C, R
subscale scores were significantly higher in SCZ patients compared
to the controls (P< 0.001) (Figure 2A). Table 4 shows the descriptive
statistics distribution of HCR-20 total and subscale scores. The
mean item score on the total HCR-20 scale, an assessment of
violence risk, were 22.44 (SD 4.27) in SCZ patients and 11.23 (SD
7.36) in health controls (Table 4). In the SCZ patients, the medium,
min and max item of total HCR-20 score were 23.5, 14, 30,
respectively, and those for control group were 9.5, 2, and 26
(Table 4). Moreover, the mean item score on the H scale was 9.31
(SD 1.97) for SCZ (n = 62) and was 5.92 (SD 4.19) for control (n =
62) (Table 4). Regarding the C and R scales, the mean values in the
SCZ group were 7.26(SD 1.42) and 5.87(SD 1.41), respectively,
which were higher than those of the control group (Table 4).
Likewise, the medium values of C and R scales in the SCZ group
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FIGURE 1

(A) The mRNA levels of BDNF, TrkB, and CREB were determined via qRT-PCR; (B) The protein levels of BDNF, TrkB and CREB were determined by
western blot. Data are expressed as the mean + SD. **P < 0.01 or ***P < 0.001 was considered as significant.

were 7 and 6, respectively, surpassing those of the control group
(Table 4). Collectively, these findings illuminated the overall
distribution of HCR-20 scores and their subscale scores. The
evaluated total and subscale scores in SCZ group suggest a higher
risk of violent behavior.

3.4 Cognitive performance in M-WCST test

The results of the assessment of cognitive flexibility and shifting
attention, detailed in Table 5, provide a comprehensive comparison
of Modified Wisconsin Card Sorting Test (M-WCST) for both the
SCZ and control groups. The table includes mean scores, standard
deviations, F scores, and p-values for key cognitive metrics. The
comparative analysis encompassed various cognitive measure
indices, including correct responses, the number of trials required
to complete the first category, the number of completed categories,
total errors, perseverative errors, and non-perseverative errors.

TABLE 3 Pearson correlation analysis of BDNF, TrkB, and CREB
protein levels.

Variable SCZ (n=40) Control (n=40)

e r r P

BDNF& TrkB  0.607 <0.001 0.706 <0.001

BDNF&CREB = 0.397 0.011 ‘ 0.433 0.005

TrkB&CREB 0.334 0.035 ‘ 0.631 <0.001
Frontiers in Psychiatry 06

In the SCZ group, total errors (p< 0.001), perseverative errors
(p < 0.001), non-perseverative errors (p < 0.001), and the total
time required to complete the test (p < 0.001) were significantly
higher than those in the control group. Conversely, the number of
correct responses (p < 0.001) and the number of completed
categories (p < 0.001) in the SCZ group were significantly lower
compared to the control. There were no significant differences in
number of trials to complete the first category between the two
groups (p > 0. 05).

These findings suggested that individuals with SCZ may exhibit
notable deficits in cognitive flexibility and executive function. The
increased error rates and longer completion times, as well as their
reduced ability to generate correct responses and complete
categories indicated potential impairments in their cognitive
processing capabilities.

3.5 Comparative analysis of WMS scores
between SCZ patients and controls

The presented data compared the memory performance
between individuals with SCZ and healthy controls. The mean
and standard deviation of the SCZ and control groups on the
Wechsler Memory Scale (WMS) indices and subtests are initially
presented in Table 6, accompanied by Z values derived from the
Mann-Whitney U test. The findings revealed that SCZ patients
exhibited significantly poorer performance than the control group
across all indices and subtest scores, with all differences reaching
statistical significance (p < 0.001).
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The MQ, derived from the weighted total of subtest scores,
served as an indicator of an individual’s memory capability. A
particularly striking finding was observed in MQ score. The SCZ
group had a mean of 60.92 with a standard deviation of 34.88. In
contrast, the healthy control group achieved a mean MQ score of
105.39 with a standard deviation of 10.69. This substantial
difference underscored a significant disparity in memory
performance between the two groups (p < 0.001, Table 6).

These results underscored profound memory impairments
experienced by individuals with SCZ, revealing the extent to
which their memory performance deviated from that of
individuals without the disorder. The significant differences across
all measured indices and subtests reflect the pervasive impact of
SCZ on cognitive functions, particularly memory-related tasks.

3.6 Correlations between BDNF, TrkB,
CREB and psychopatological/cognitive
measures

The relationship between BDNF, TrkB, and CREB with various
indices related to psychopathology and cognition function in
patients with SCZ remains undefine. To address this, we first
examined the correlations among these three signaling factors
and several key assessment scores, including total PANSS score,
total HCR-20 score and their subscale scores.

Our findings revealed no significant correlations between
BDNF, TrkB, or CREB and the total PANSS score, suggesting
that these signaling factors may not directly influence the overall

symptom severity of schizophrenia as measured by PANSS.
However, a significant negative correlation was found between
BDNF and the H-score, R-score, and the total HCR-20 score.
This finding suggests that lower levels of BDNF were associated
with higher risk factors and historical indicators of violence and risk
in these patients (Figure 3). Interestingly, BDNF was positively
correlated with NPE in patients with SCZ. This finding suggested
that higher levels of BDNF may be associated with increased non-
perseverative errors, indicating a potential link to difficulties in
attention and decision-making processes (Figure 3).

CREB, on the other hand, appeared to influence memory
functions in individuals with SCZ, which was evidenced by its
significant positive correlations with both (MQ and the 1-100
scores (Figure 3). This suggested that higher CREB levels may be
associated with better memory performance in this population.
Overall, these results indicated distinct roles for BDNF and CREB in
the cognitive and psychopathological profiles of schizophrenia, with
BDNF more closely linked to executive function and CREB more
associated with memory capabilities. This differentiation may
provide valuable insights for future research aimed at
understanding the underlying mechanisms of cognitive deficits
in SCZ.

Further analysis of pairwise correlation analysis among the
HCR-20, M-WCST, WMS, and PANSS scales and their respective
subscales provide additional insights. The HCR-20 total score and
its subscales showed significant positive correlations with the P-
score and the total PANSS score, indicating significant association
with violent risk and more severe psychopathological symptoms
(Figure 3). Conversely, the N-score exhibited a significant negative

TABLE 4 Descriptive statistics distribution of HCR-20 total score and subscale scores.

Measure SCZ (n=62) Control (n=62)

SD medium min max mean SD
HCR-20 H ‘ 931 1.97 9 5 13 592 ‘ 4.19 6 0 ‘ 14
HCR-20 C ‘ 7.26 1.42 7 5 10 1.14 ‘ 1.54 0 0 ‘ 4
HCR-20 R ‘ 5.87 1.41 6 3 8 4.16 ‘ 2.09 4 1 ‘ 8
HCR-20 total ‘ 2244 427 235 14 30 11.23 ‘ 7.36 9.5 2 ‘ 26

HCR-20, Historical Clinical Risk Management-20; H, Historical scale; C, Clinical scale; R, Risk Management scale; Min, minimum; Max, maximum.
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TABLE 5 Modified Wisconsin Card Sorting Test (M-WCST) performance in SCZ and control groups.

M-WCST index SCZ Control z P
Correct response (CR) 18.87 + 6.57 28.64 + 3.13 4.38 < 0.001
Number of trials to complete the first category (TCFC) = 14.27 + 13.51 12.14 + 4.02 6.28 0.8078
Number of completed categories (CC) 1.35 £ 1.28 3.63 +0.99 4.44 < 0.001
Total errors (TE) 29.13 £:6.57 19.35 + 3.13 17.64 < 0.001
Preservative errors (PE) 13.52 £ 5.66 10.60 £ 2.66 11.35 < 0.0016
Non-preservative errors (NPE) 15.61 + 6.44 8.76% 2.65 15.59 < 0.001
Time for task completion (s) 267.77 + 161.55 120.84 + 25.35 17.92 < 0.001

Nonparametric test, Mann-Whitney U.
Data are expressed as the mean + SD.

correlation with the H and R subscales, suggesting that higher
scores in these areas may be linked to lower negative symptoms.

Moreover, CR and CC were significantly positively correlated
with long-term memory (measured by the 100-1 task) and short-
term memory (as assessed through figural memory and picture
recognition tasks). This suggested the correlation between better
performance in these cognitive tasks with improved memory
function. Additionally, the MQ demonstrated a significant
positive correlation with both TCFC and CC, further supporting
the link between cognitive flexibility and memory performance
(Figure 3). Importantly, we did not find any significant correlations
between the PANSS subscales and the WMS indices (Figure 3).

In summary, these findings highlight the distinct roles of BDNF,
TrkB, and CREB in various psychopathological, cognitive, and
memory measures. They could provide valuable insights into the
neurobiological mechanisms underlying various mental health
disorders and highlight potential therapeutic targets for
enhancing cognitive function and memory resilience.

3.7 Influential factor and predictor related
to violence and cognitive function

To investigate the relationships between various biological and
clinical factors and their influence on violent behavior and

cognitive function in first-episode drug-naive SCZ patients, we

TABLE 6 Wechsler Memory Scale-Revised scores of the participants.

conducted a multivariate linear regression analysis using the total
HCR-20 score and the MQ score as dependent variables.
Independent variables included several factors: BDNF, TrkB,
CREB, gender, time of illness, marital status, age, BMI, smoking
status, family history of mental illness, education level, P-score, N-
score, and total PANSS score. The analysis identified CREB
(estimate< 0), N-score (estimate< 0), and total PANSS score
(estimate>0) as significant predictors of the total HCR-20 score
(P <0.05) (Table 7). This suggests that higher levels of CREB and
N-score were associated with a decreased risk of violent behavior,
whereas a higher total PANSS score, reflecting more severe
psychopathological symptoms, correlated with an increased risk
of violence in patients with SCZ. Furthermore, CREB emerged as a
significant predictor of the MQ score (P < 0.05), highlighting its
potential role in cognitive functioning (Table 8). Those suggest
that CREB may play a crucial role in both violent behavior and
cognitive function in patients with SCZ.

To further explore the predictors of violence in SCZ, we
employed multivariate logistic regression analysis. According to
the Meyer et al. ’s report (27), patients with a total HCR-20 score of
> 21 were categorized as the violent patient group, and those with a
total HCR-20 score of < 21 were assigned to the nonviolent patient
group. During the analysis, to address the multicollinearity among
variables, principal component analysis (PCA) was used to combine
the three highly correlated variables P_score, N_score and
PANSS_total into a single principal component, PC1. Among all

Index Subtests SCz Control Z P
Memory quotient (MQ) 60.92 + 34.88 105.39 + 10.69 4.94 < 0.001
Long-term Memory 1-100 5.87 £3.97 9.79 £2.34 1.29 < 0.001
100-1 8.34 + 3.67 12.21 +2.35 275 < 0.001
accumulation 7.02 +:3.00 9.69 + 1.65 0.66 < 0.001
Short-term Memory Picture memory 577 +2.54 7.69 + 1.92 0.71 < 0.001
Picture recognition 321 +3.14 8.35 + 3.82 2.64 < 0.001
Immediate Memory recitation of numbers = 12.66 + 4.93 15.77 £1.25 217 < 0.001

Nonparametric test, Mann-Whitney U test. 1-100: counting from 1 to 100. 100-1: counting down from 100 to 1.
Accumulation: initiate at 1, increment by 3 in each step, and terminate upon reaching or exceeding 49.
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FIGURE 3
Correlations among BDNF, TrkB, CREB and PANSS, HCR-20, M-WCST WMS indices. *P < 0.05 was considered as significant.

variables analyzed, only PCl showed a statistically significant  significant effects (Table 9). These findings suggest that the
positive association with the likelihood of violent behavior in  composite information reflected by P_score, N_score and
individuals with SCZ (P < 0.05, OR = 2.32). In contrast, other =~ PANSS_total might be a critical factor influencing violent
variables such as gender, age, and BMI did not demonstrate  behavior in this population.

TABLE 7 Multivariate linear regression analysis of total HCR-20 score and demographic index in patients- stepwise regression method.

Estimate std.error t value ) 95%Cl

UL
(Intercept) 0.67 0.05 12.66 <0.0001 0.57 0.78
CREB -0.15 0.06 245 0.02 -0.28 -0.03
education 0.08 0.06 1.49 0.14 -0.03 0.19
BMI 0.09 0.05 1.74 0.09 -0.01 0.19
P_score -0.26 0.17 -1.54 0.13 -0.60 0.08
N_score 033 0.12 -2.62 0.01 -0.57 -0.08
PANSS_total 0.47 0.12 374 <0.0001 0.22 0.72

TABLE 8 Multivariate linear regression analysis of MQ score and demographic index in patient-stepwise regression method.

95%ClI
Estimate std.error Statistic
UL
(Intercept) -0.61 0.13 453 <0.0001 -0.88 034
CREB 043 0.15 2.87 0.01 0.13 0.73
BDNF 023 0.17 -1.40 0.17 -0.56 0.10
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TABLE 9 Association between the violence and BDNF, TrkB, CREB, and demographic index using multivariate logistic regression analysis.

se(coef) Chisq p.value
(Intercept) -0.22 0.86 0.06 081 0.80 -2.10 1.60
BDNF 028 042 039 053 133 -0.64 1.18
CREB 0.64 039 258 0.11 1.89 -0.13 1.61
TRKB 0.70 0.64 1.14 029 201 -0.55 224
Time of illness -0.31 042 047 049 0.73 -1.24 0.59
gender -0.21 0.77 0.06 0.80 081 2,04 1.46
smoking -0.57 0381 045 0.50 0.56 -2.36 L11
age -0.15 038 0.14 071 0.86 -0.99 0.64
education -0.47 0.35 1.65 0.20 0.63 -1.25 0.24
BMI 0.16 036 0.17 0.68 117 -0.58 0.96
marital status 0.78 0.72 1.05 031 217 -0.68 245
family history 024 0.79 0.08 0.78 1.27 -1.36 207
PCl 0.84 026 13.06 <0.001 232 036 1.49

OR, Odds Ratio; CI, confidence interval; LL, lower limit; UL, upper limit; After principal component analysis, PC1 was used to replace these three original variables (P_score, N_score and

PANSS_total) for modeling.

3.8 Multivariable logistic regression and
ROC curve analysis of the three signaling
factors for patients with SCZ

To identify the independent variables that significantly
influenced the risk of developing SCZ, we further examined the
relationship between BDNF, TrkB, CREB, and SCZ. We found that
BDNF, TrkB, and CREB were independently associated with SCZ
(OR < 1, P < 0.05), demonstrating a statistically significant
association with the disorder (Table 10). To evaluate the
predictive validity of these factors in relation to SCZ, we
conducted a ROC curve analysis. The results revealed that the
AUC for each individual predictor was as follows: 0.647 for BDNF,
0.643 for TrkB, and 0.635 for CREB. These values suggested that
each biomarker possess moderated the diagnostic accuracy in
predicting the possibility of SCZ (Figure 4A). Moreover, when
incorporating BDNF, TrkB, and CREB into a multivariate logistic
regression model, the AUC increased to 0.733. Figure 4B shows the
AUC for each fold in the cross-validation process, which was

conducted to assess the stability and generalizability of our model.
A total of 10 folds were used, yielding an average AUC of 0.7226
across all folds. These results suggest that the model possessed
reasonable discriminatory power. Additionally, in the histogram
from the bootstrapping analysis, the AUC distribution is centered
around 0.870, with the spread reflecting the variability in the
performance of the model (Figure 4C). This indicated that the
combination of the three independent variables worked better than
applying any variable alone. The enhanced AUC underscored the
importance of a multifactorial approach in assessing the risk of SCZ,
allowing a comprehensive evaluation of the interplay between
biological markers and the disorder (Figure 5). Our findings
emphasized the significance of BDNF, TrkB, and CREB as
independent factors associated with SCZ. ROC curve analysis
highlighted their individual predictive capabilities and illustrated
the advantages of a multivariate model in improving predictive
accuracy. These insights could guide future research and clinical
practices aimed at early identification and intervention for
individuals at risk of developing SCZ.

TABLE 10 Association between the SCZ and BDNF, TrkB, CREB using multivariate logistic regression analysis.

95%Cl

Estimate Std. Error z value Pr(>|z|)
UL
(Intercept) -0.07 0.20 -0.34 073 0.93 0.62 1.38
BDNF -0.60 0.22 271 0.0067 0.55 0.34 0.83
CREB -0.44 021 211 0.035 0.64 0.42 0.96
TRKB -0.67 0.28 -2.40 0.016 051 0.27 0.83
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4 Discussion

SCZ is a complex psychiatric disorder characterized by
cognitive impairments and a potential risk of violent behavior,
presenting significant challenges for both individuals and society.
Recent studies by Guo et al. have indicated that BDNF, TrkB, and
CREB play crucial roles in mental health (11). These molecules are
not only involved in the growth and survival of neurons, but also
closely play a role in emotional regulation and cognitive function. In
this study, we assessed the expression levels of BDNF, TrkB, and
CREB in peripheral blood lymphocytes of first-episode drug- naive
patients with SCZ. We hope to reveal the potential role of these
biomarkers in SCZ and provide new insights into early intervention
and treatment strategies. We found that both the mRNA and
protein levels of BDNF, TrkB, and CREB were significantly
downregulated in SCZ patients than those in healthy controls.
This reduction was accompanied by significant differences in
HCR-20, WMS, and M-WCST-related scores. Furthermore, the
three factors were associated with scores on the PANSS, the HCR-
20, as well as WMS and WCST. These findings provide robust
support for the role of BDNF, TrkB, and CREB in the
pathophysiology of SCZ, offering a new lens through which to
understand their impact on cognitive impairments and violent
tendencies. Multivariate linear regression and logistic regression
analyses further revealed key factors influencing cognitive function
and violence risk, providing a scientific basis for early intervention
and treatment strategies for SCZ.

In our study, we observed significant differences in
demographic characteristics, such as marital status, family history,
and BMI, between the SCZ and control groups. It is worth noting
that PANSS total score did not differ significantly between male and
female patients, though differences were significant for negative
symptoms. This finding aligns partially with the study of Patrick
et al. (28), which reported no significant gender in positive
symptoms or the positive symptom total score. In our study, the
female first-episode, drug-naive patients mainly characterized by
negative symptoms such as emotional flatness, social withdrawal
and lack of motivation. However, while Patrick et al. found that
male patients exhibited more severe negative symptoms (P < 0.05),
our results did not support this observation. We hypothesize that
these discrepancies may stem from differences in sample
characteristics. Patrick et al.’s study involved geriatric chronic
psychiatric inpatients and continuously institutionalized for at
least 10 years, while our study focused on patients with shorter
durations of illness. Chronic institutionalization, with its associated
factors such as social isolation, lack of stimulation, and limited
opportunities for social interaction, could exacerbate negative
symptoms, potentially explaining the observed severity in male
patients in their study. Other research further supports the
variability in gender differences depending on illness duration and
treatment history. For example, one study reported no significant
difference in PANSS Positive scores between men and women, but
male scored higher on PANSS negative and general scales than
females (29). It may also be due to the illness duration of the
included patients. Conversely, another investigation (30) reported
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that in first-episode drug-naive SCZ male patients scores higher
than females on the PANSS total, positive psychopathology subscale
scores, but not on the negative subscale score. These findings
suggest that gender differences in SCZ symptomatology may vary
depend on the stage of the illness and treatment history. The
discrepancy in results between studies could be attributed to
differences in patient populations, such as the stage of the
disorder (first-episode versus chronic) and whether patients have
been previously treated with antipsychotic medications. In first-
episode, drug-naive patients, the absence of significant differences
in negative symptoms between genders might indicate that such
symptoms become more pronounced with prolonged illness and
treatment. This underscores the importance of considering the
illness stage and treatment status when evaluating gender
differences in schizophrenia symptoms. Future research should
focus on longitudinal assessments to better understand how these
factors interact over the course of the illness to influence symptom
profiles in male and female patients.

BDNF plays a vital role in neurogenesis, synaptic plasticity,
cognition, and neurotransmission (31), with the BDNF/TrkB/CREB
signaling pathway being critical for ameliorating neuronal injury
and cognitive impairment (11). In the present research, we observed
significantly reduced levels of BDNF, TrkB, and CREB in SCZ
patients, both at the mRNA and protein levels, aligning with
findings from previous studies. Studies have demonstrated that
animal models of SCZ typically exhibit low levels of BDNF (32).
Additionally, decreased mRNA levels of BDNF and its receptor,
TrkB, have been detected in plasma in SCZ patients (33). CREB, an
upstream regulator of BDNF, was also shown decreased expression
in SCZ patients (34). Furthermore, several studies have linked low
level of BDNF with depressive mood and cognitive dysfunction
(35-38). These findings suggest the significant correlation between
these signaling factors and SCZ, indicating their potential as key
molecular targets for understanding the pathogenesis and
progression of SCZ. Targeting the BDNF/TrkB/CREB pathway
offers promising therapeutic strategies for alleviating symptoms
and improving cognitive and emotional outcomes in SCZ patients.
This evidence highlights the pathway’s role as a critical area for
future research and potential clinical applications.

Subsequently, we compared the differences in violence and
cognition between the SCZ and control groups. Risk estimates
based on the HCR-20 scores indicated that the total H, C, and R
subscale scores were significantly higher in the SCZ group,
suggesting a markedly increased risk of violence compared to the
control group. The WCST analysis revealed that the SCZ group
exhibited significantly higher levels in total errors (p < 0.001),
perseverative errors (p < 0.001), non-perseverative errors (p <
0.001), and total time required to complete the test (p < 0.001).
The findings of WMS revealed that SCZ patients exhibited
significantly poorer performance than the control group in long-
term memory, short-term memory, immediate memory, as well as
MQ. These findings underscore the profound cognitive deficits and
heightened risk of violence in individuals with SCZ. The high
violent risk observed in SCZ patients aligns with the study of
Zhou et al., who conducted a meta-analysis of 3941 SCZ
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inpatients in China. They found that an average of 35.4% of patients
exhibited aggressive behavior, with rates as high as 53.2% in some
cases (39). These findings emphasize the urgent need for targeted
interventions to manage violence risk in this population.

The WCST results are consistent with prior research by James
et al, who found that patients with SCZ performed poorly on
multiple cognitive tasks, including completing fewer categories
successfully, making more perseverative errors and responses,
requiring more trials to succeed at the first category, and having
significantly lower conceptual level responses compared to controls
(40). This cognitive profile suggests that therapeutic strategies
focusing on cognitive rehabilitation could be beneficial. Moreover,
the consistency between our findings with those reported by James
et al. reinforces the validity of our results, emphasizing the
importance of ongoing research in understanding and addressing
the complex challenges faced by individuals with SCZ. These
findings also support previous studies indicating that cognitive
impairment in both a diagnostic criterion and treatment target
for SCZ (41).

We further comprehensively analyzed the effects of three
signaling factors, along with demographic and psychopathological
characteristics on the risk of violence and cognitive function in
patients with a first-episode of SCZ. The result showed that
the CREB, N_score, and PANSS_total score significantly influenced
the total HCR-20 score, with CREB being crucial in determining the
MQ. Further investigation revealed that PCl score was an
independent factor associated with the occurrence of violence in
first-episode drug-naive SCZ patients. These results underscore the
critical role of CREB in both the propensity for violence and cognitive
function among SCZ patients. They also highlight the importance of
CREB in violence and cognitive function of SCZ patients. Animal
studies have reported the association between phosphorylation of the
CREB, CREBI polymorphisms and aggression or major depressive
disorder (MDD) (42). In humans, the CREBI gene is located on
chromosome 2, and it encodes the cyclic adenosine phosphate
reactive element binding protein (CREB), which is broadly
expressed in the human brain and active only when
phosphorylated (43). CREB contributes to neuronal signal pathway
and emotional reactivity (44, 45). In an investigation of male Chinese
adolescents, Zhang et al. reported that CREB1 rs4675690 T allele was
significantly associated with an increased risk of aggression (46).
These results demonstrate the potential role of CREB in violence risk.
Moreover, the involvement of CREB in both aggression and cognitive
processes suggests that it could serve as a valuable biomarker for
assessing the risk of violence and cognitive impairment in SCZ
patients. Given its central role in neuronal signaling pathways and
emotional regulation, CREB’s modulation might offer new
therapeutic avenues.

Our study identified PANSS as a factor associated with violence,
aligning with previous studies. Several studies have explored the
relationship between the PANSS and violent behavior in the context
of SCZ. Yi et al. found that the PANSS positive subscale significantly
contributed to the development of violent behavior in SCZ patients
(47), consistent with our study. This association may be attributed
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to hallucinations caused by positive symptoms, which can provoke
the patient’s unpleasant feelings (anger, sadness). An investigation
also highlights that total PANSS scores and Positive subscales are
associated with increased violence risk (48). Moreover, a meta-
analysis of 110 studies on risk factors for violence in psychosis
concludes that higher general symptom ratings and higher total
PANSS ratings are linked with violence (49). With regards to
specific positive symptoms, violence is associated with higher
excitement ratings and higher positive symptoms ratings (50).
According to their findings, the violence risk of SCZ may increase
with increasing total PANSS score and P scores.

Our study had several limitations that should be acknowledged.
Firstly, the relatively small sample size (62 patients and 62 healthy
controls) may limit the generalizability of the findings to broader
populations. Secondly, the logistic regression model used in this
study may have inherent limitations such as potential biases in
variable selection and model assumptions, affecting its predictive
accuracy. Third, as a cross-sectional study, our research only
identifies associations and cannot establish causality between
these observation factors and violence. Additionally, the samples
were drawn from a single center (the Affiliated Mental Health
Center of Kunming Medical University), potentially limiting the
applicability of the results to other regions or populations. In
addition, despite efforts to control for key clinical variables,
residual confounding from unmeasured factors, such as
environmental influences, trauma history, or substance use,
cannot be entirely excluded. Future research involving larger
sample sizes, longitudinal designs, and multi-center studies would
enhance further validate and deepen the study’s conclusions. We
also highlight the need for further investigate the role of CREB in
patients with SCZ. Longitudinal studies could observe changes in
these factors over time and their impact on treatment response.
Such research would deepen insights into the mechanisms
underlying SCZ and help tailor more effective interventions.

In conclusion, this study found that patients with SCZ exhibited
significantly downregulated levels of BDNF, TrkB, and CREB
compared to healthy controls. These reductions were associated
with distinct sociodemographic, psychopathological, and cognitive
differences between the two groups. Specifically, lower levels of
these signaling factors were correlated with higher risk of violent
behavior and poorer cognitive performance in in first-episode drug-
naive SCZ patients. Additionally, BDNF, TrkB, and CREB emerged
as important indices for predicting SCZ. These results highlight the
importance of integrating neurobiological factors with clinical
assessments to better manage violence risk and cognitive deficits
in SCZ. Targeting CREB expression, in particular, may offer a novel
therapeutic avenue, paving the way for more effective interventions
to improve outcomes for SCZ patients.
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