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Introduction: Numerous studies have established the roles of inflammation and angioneurins in the pathogenesis of schizophrenia 
(SCZ). This study aimed to compare the serum levels of tumour necrosis factor (TNF)-α and vascular endothelial growth factor 
(VEGF) in patients at clinical high risk (CHR) for psychosis or SCZ at baseline and one year after treatment.
Methods: A total of 289 CHR participants from the Shanghai At Risk for Psychosis Extended Program (SHARP) were tracked for 
a year. They were divided into two and four subtypes based on symptom severity according to the Structured Interview for Prodromal 
Syndromes (SIPS) and received standard medical care. At baseline and one-year follow-up, TNF-α and VEGF were detected using 
enzyme-linked immunosorbent assay, and pathological features were assessed using the Global Assessment of Function (GAF) score.
Results: Baseline TNF-α levels did not differ significantly, while VEGF levels were lower in patients with more severe symptoms. 
VEGF showed a negative correlation with negative features, both overall (r = −0.212, p = 0.010) and in the subgroup with higher positive 
scores (r = −0.370, p = 0.005). TNF-α was positively correlated with negative symptoms in the subgroup with higher negative scores 
(r = 0.352, p = 0.002). A three-way multivariate analysis of variance demonstrated that participants in Subtype 1 of positive or negative 
symptoms performed better than those in Subtype 2, with significant main effects and interactions of group and both cytokines.
Discussion: TNF-α and VEGF levels are higher and lower, respectively, in CHR patients with more severe clinical symptoms, 
particularly negative symptoms, which point to a worsening inflammatory and vascular status in the brain.
Keywords: ultra high risk, prodromal psychosis, inflammation, TNF-α, VEGF

Despite modernisation, psychotic disorders remain among the top ten leading causes of burden worldwide. Schizophrenia 
(SCZ) is a debilitating, chronic mental disorder that affects 0.5–1% of the world’s population, with 80–85% heritability 
and complex polygenic inheritance, and is linked to significant morbidity and mortality. SCZ usually has its onset in early 
adulthood and is characterised by reality distortion (delusions and hallucinations), disorganisation (formal thought 
disorder, disorganised behaviour, and the uncommon symptom of inappropriate effect), and negative symptoms.1,2
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SCZ is influenced by both genetic and environmental factors. Genome-wide association studies have identified 
numerous genetic loci associated with the disorder, highlighting the polygenic nature of schizophrenia. Rare copy 
number variants and gene-disrupting variants also contribute to the risk. Childhood trauma has been suggested as 
a potential environmental risk factor. The convergence of genetic and environmental factors on synaptic organization 
and transmission is implicated in schizophrenia pathogenesis.2

SCZ is a significant contributor to premature death and a leading cause of disability in young people globally.3 Early 
intervention seems to slow the disease progression and enhance the effectiveness of its treatment.4 The development of 
biomarkers and investigation of pathological mechanisms during the prodromal stage of SCZ will enable early disease 
prevention and enhance prognosis.5

Mounting evidence supports the idea that interactions between the immune system and brain dysregulation serve as key 
psychosis vulnerability factors.6,7 Compared to the healthy control group, the SCZ group displayed significant increases in the 
levels of inflammatory cytokines.8 According to a previous study, patients with SCZ had elevated levels of several cytokines.8 

Another study established clinical, neurocognitive, and neuroanatomical associations with increased inflammation and demon-
strated peripheral inflammatory marker alterations in psychotic disorders.9 Clinical studies on antipsychotic augmentation with 
nonsteroidal anti-inflammatory drugs have supported the link between inflammation and psychosis. Additionally, adjunctive anti- 
inflammatory drugs significantly reduced the severity of all symptoms in patients with SCZ.10 Patients with SCZ have an 
imbalanced proinflammatory response and antioxidant status, so these biological processes may be targets for SCZ 
management.11

Tumor necrosis factor (TNF)-α is secreted by T helper (h) 1 cells and promotes inflammation, as shown in earlier studies.12 

Vascular endothelial growth factor (VEGF), which acts as a neurotrophic factor, can neuroprotect the central nervous system 
(CNS).13 To assess the degree of inflammation-angioneurins balance and the severity of the illness, we measured the serum 
levels of TNF-α and VEGF in clinical high risk (CHR) for psychosis who presented with the syndrome as a recent emergence 
or worsening of attenuated (subthreshold) positive symptoms, which typically precede a full-blown psychotic illness.

Similar standards are applied in the DSM-5’s Attenuated Psychosis Syndrome Provisional Diagnostic Category. 
Individuals who fit the CHR criteria are distressed and seek treatment, and even when their symptoms are not 
subpsychotic in intensity, they still interfere with social and occupational functioning.14,15

In this study, we classified the participants into subtypes based on positive and negative symptoms. Previous research has 
indicated that there may be distinct underlying pathophysiological mechanisms among different subtypes characterized by 
prodromal symptoms and cognitive impairment of different severities of CHR individuals for psychosis.16 By stratifying our 
sample, we aimed to explore potential differences in inflammatory markers and angioneurins that may be associated with each 
symptom profile. Emerging evidence in the field of immunology and psychiatry indicates that inflammation plays a crucial 
role in the development and progression of psychotic disorders.17 Therefore, we hypothesized that examining the relationship 
between inflammation, angioneurins, and specific symptom profiles could provide valuable insights into the complex 
interactions underlying the onset of psychosis. Moreover, by conducting subgroup analysis, we aimed to identify potential 
biomarkers that could distinguish between the subtypes, which may have important implications for early intervention and 
personalized treatment strategies. Understanding the inflammatory profiles associated with positive and negative symptom 
subtypes may help in tailoring interventions to the specific needs of each subgroup.

However, previous studies have investigated inflammation and angioneurins in post-onset patients with SCZ, but 
mostly in separate ways. Furthermore, psychosis is highly heterogeneous, and different symptoms may have different 
biological mechanisms. Previous studies considered psychosis as a whole, while this study hypothesises that the role of 
inflammation and angioneurins in different symptoms may differ. Based on positive and negative symptoms, we divided 
the participants into two and four subtypes for the Structured Interview for Prodromal Syndromes (SIPS). Our study tried 
to correlate the inflammation-angioneurins factors with clinical characteristics of different severities through subtype 
grouping.

We addressed the following issues in the current study: 1) Whether the level of inflammation and angioneurin factors 
was different in the CHR subtypes; 2) Whether there are different interactions between positive/negative symptoms and 
inflammation-angioneurins balance.
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Methods
Trial Design
The Shanghai At Risk for Psychosis Extended Program (SHARP-Extended) was launched at the Shanghai Mental Health 
Center (SMHC) in 2016. A total of 400 CHR participants aged 14–35 years were included. Among these, 289 (72.3%) 
completed comprehensive clinical assessments at baseline and 1-year follow-up. The inclusion criteria were: (i) 
participants fit into one of the three prodromal syndromes—attenuated positive symptom syndrome (APSS), brief limited 
intermittent psychotic syndrome (BIPS), or genetic risk and deterioration syndrome (GRDS)—and underwent face-to- 
face interviews using the SIPS; (ii) age of 15–45 years; (iii) individuals younger than 18 years were accompanied by 
either a parent or legal guardian; (iv) capacity to provide informed consent or assent if under 18; and (v) must have 
completed at least six years of primary education. Additionally, all patients were untreated before the start of the study, 
and treatment only began once the study started. The exclusion criteria included severe or unstable physical illnesses, 
such as diseases of the nervous and endocrine systems, cardiovascular diseases, cancers, low immune function, substance 
abuse, and pregnancy. Patients with axis I mental disorders, such as SCZ, affective disorder, anxiety spectrum disorder, 
acute or chronic renal failure, cirrhosis, or active liver disease, were also excluded.18 Before blood collection, each 
participant was confirmed to have no recent (within two weeks) use of nonsteroidal anti-inflammatory drugs. Blood was 
collected in only patients who did not take nonsteroidal anti-inflammatory drugs.

Our study divided the participants into two and four subtypes based on positive and negative symptoms. The 289 
samples in this study contained 181 from Subtype 1 and 108 from Subtype 2, as determined by positive symptoms. Total 
positive scores below ten on the SIPS indicated a moderate deficit in positive symptoms for Subtype 1, whereas total 
positive scores above ten indicated a potentially extensive and severe deficit in positive symptoms for Subtype 2. The 289 
participants in this study included 127 in Subtype 1 and 162 in Subtype 2, as determined by negative symptoms. Total 
negative scores below ten in the SIPS, indicative of moderate deficits in negative symptoms, are a feature of Subtype 1; 
total negative scores above ten in the SIPS, which may indicate extensive and severe deficits in negative symptoms, are 
a feature of Subtype 2. In addition, the 289 participants were categorised into four subtypes; 67 participants from Subtype 
1, 41 from Subtype 2, 95 from Subtype 3, and 86 from Subtype 4 were characterised by positive and negative symptoms. 
Total positive scores > 10 and total negative scores > 10 in SIPS were characteristics of Subtype 1, total positive scores > 
10 and total negative scores ≤ 10 were characteristics of Subtype 2, total positive scores ≤ 10 and total negative scores > 
10 were characteristics of Subtype 3, and total positive scores ≤ 10 and total negative scores ≤ 10 were characteristics of 
Subtype 4. Sociodemographic variables, such as age, years of education, and sex of participants, were collected at 
baseline. This study was approved by the Research Ethics Committee of the SMHC (2013–32C2) and was performed in 
accordance with the Declaration of Helsinki. Each participant signed an informed consent form, and those under the age 
of 18 had their guardians sign the forms (Figure 1).14–16

Scales and Measurements
The participants underwent face-to-face interviews using the SIPS19 at baseline and 1-year follow-up. The SIPS contains 
four scales for measurement (Scale of Prodromal Symptoms (SOPS), Schizotypal Personality Disorder Checklist (DSM- 
IV), Family History Questionnaire, and Global Assessment of Functioning scale (GAF)) and two criteria (Presence of 
Psychotic Syndrome (POPS), Criteria of Prodromal Syndromes (COPS)). The SOPS comprises 19 items that assess four 
symptom domains: positive symptoms (scales P1–P5: P1, unusual thought content; P2, suspiciousness; P3, grandiosity; 
P4, perceptual abnormalities; and P5, disorganised communication); negative symptoms (scales N1–N6: N1, social 
anhedonia; N2, avolition; N3, expression of emotion; N4, experience of emotions and self; N5, ideational richness; and 
N6, occupational functioning); disorganised symptoms (scales D1–D4: D1, odd behaviour or appearance; D2, bizarre 
thinking; D3, trouble with focus and attention; and D4, impairment in personal hygiene); and general symptoms (scales 
G1–G4: G1, sleep disturbance; G2, dysphoric mood; G3, motor disturbances; and G4, impaired tolerance to normal 
stress).19 The Schizotypal Personality Disorder Checklist was used to distinguish CHR patients from those with 
schizotypal personality disorders. The family history questionnaire was used to determine whether participants had first- 
degree relatives with SCZ. During the SIPS interview, the GAF scale was used to evaluate overall functioning levels, and 
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the drop in GAF scores at baseline and follow-up represented functional rehabilitation or deterioration in the SIPS 
interview.20 The GAF, whose scores range from 1 to 100, covers the range from positive mental health to severe 
psychopathology; it is an overall measurement to communicate the level of impairment, indicate the need for professional 
help, and reflect improvement or change over time.20,21 The POPS requires one or more of the positive items from the 
SOPS to be scored at a psychotic level of intensity and describes psychotic symptom frequency and duration criteria. For 
the transition criteria of POPS, one or more of the five SOPS positive items in the psychotic range (rating of 6) should be 
met, and symptoms should last an average of four days per week for a month or one day if symptoms are seriously 
disorganising or dangerous. The CHR participants were required to meet one of the COPS criteria: (1) APSS: One or 
more of the five SOPS positive items scoring in the prodromal range (rating of 3 to 5), symptoms beginning within the 
past year or increasing by one or more points within the past year, and symptoms occurring at least once per week for the 
last month. (2) BIPS: One or more of the five SOPS positive items in the psychotic range (rating of 6), symptoms 
beginning in the past three months, and symptoms occurring currently at least several minutes per day at least once per 
month (less than an average of four days per week and less than three months), but not seriously disorganising or 
dangerous. (3) GRDS: First-degree relatives with a history of any psychotic disorder or criteria for schizotypal 
personality disorder in the patient and GAF drop of at least 30% over the last month vs one year ago. The SIPS was 
used at baseline and 1-year follow-up to determine the conversion and clinical features of the participants.19

Measurement of TNF-α and VEGF Concentrations
For CHR participants, baseline and 1-year follow-up blood samples were collected. Fasting blood samples were taken early in 
the morning, kept at room temperature for one hour, and then centrifuged (1710 × g, 20 min, 4°C) to separate the serum. The 

Figure 1 CONSORT flow diagram of participants.
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serum was then divided and stored at −80°C until analysis. The Luminex 200 System, Luminex 200 Validation Kit, Luminex 
200 Calibration Kit, and MILLIPLEX MAP Human Complement Magnetic Bead Panel 2 were used to perform enzyme- 
linked immunosorbent assay (ELISA) to measure the serum levels of TNF-α and VEGF in each sample in duplicate. All 
samples from each subject were analysed simultaneously to minimise the impact of assay variability on measurements from 
specific subjects. The unit of measurement for inflammatory cytokine concentrations was picograms of protein per millilitre of 
serum (pg/mL). TNF-α and VEGF standard curves were used to calibrate all data. Cytokine concentrations below the detection 
range of the standard curves were not included in the analysis.22

Statistical Analysis
The data were examined using SPSS version 26. The study groups’ baseline demographics and characteristics were 
described using mean and standard deviations (SD). Analysis of variance (ANOVA) and independent sample t-tests were 
used to compare quantitative data, including age, years of education, GAF, SIPS scores, and levels of inflammatory 
factors. Post-hoc comparisons were made using Bonferroni correction. To compare categorical variables such as sex, 
family history, prodromal syndromes, and clinical outcomes, χ2 and Fisher’s precision probability tests were used. To 
determine whether there was a strong correlation between TNF-α, VEGF, and the pathological symptoms indicated by 
baseline SIPS scores, correlation analysis and Spearman correlation coefficient were used. Additionally, correlograms 
were generated using GraphPad Prism 9.0. The differences between two points and subtypes and time changes for 
interaction were compared using a three-way multivariate analysis of variance (MANOVA) between groups divided by 
positive or negative symptom categories. The effect sizes of the subtypes were evaluated using partial eta squared (η2). 
The significance levels (p-values) used in these analyses were set at a predetermined threshold (p<0.05) to determine the 
statistical significance of the observed differences.

Results
Study Characteristics
For positive symptoms, 181 patients were Subtype 1 (positive score ≤ 10), and 108 were Subtype 2 (positive score > 10); 
for negative symptoms, 127 were Subtype 1 (negative score ≤ 10), and 162 were Subtype 2 (negative score > 10); for 
both positive and negative symptoms, 67 were Subtype 1 (positive score > 10 and negative score > 10), 41 were Subtype 
2 (positive score > 10 and negative score ≤ 10), 95 were Subtype 3 (positive score ≤ 10 and negative score > 10), and 86 
were Subtype 4 (positive score ≤ 10 and negative score ≤ 10). Of the 289 participants, 190 (65.7%) completed the 1-year 
interview. Subtype 2 had lower GAF_Now and higher GAF_Drop and SIPS scores than Subtype 1 in the group with 
positive symptoms, except for negative scores. Subtype 2 showed a higher transition rate, GAF_Drop, and SIPS scores, 
except for a positive score, and lower GAF_Before, GAF_Now, and VEGF scores (t = 3.474, p = 0.001) than Subtype 1. 
GAF scores, SIPS scores, and VEGF levels (F = 4.660, p = 0.004) differed among the four subtypes divided by positive 
and negative symptoms, with Subtype 1 having the highest and Subtype 4 having the lowest SIPS scores. Additionally, 
Subtype 1’s VEGF level was significantly lower than that of Subtype 4, and Subtype 3’s SOPS ratings were significantly 
higher than those of Subtype 2 (Table 1 and Table 2).

Group and Cytokine Differences in Positive and Negative Symptoms
The three-way MANOVA showed that groups with total scores of positive or negative symptoms less than ten performed 
better than groups with total scores of positive or negative symptoms greater than ten at p < 0.001, p < 0.01, and p < 0.05, 
respectively. There were no discernible group differences in the domain of positive symptoms and VEGF. Significant 
differences were found in the domains of positive symptoms and TNF-α, positive symptoms and VEGF, and negative 
symptoms and VEGF of cytokines at p < 0.001. For the domain of negative symptoms and TNF-α, TNF-α also showed 
mild significance, F (1, 61) = 4.678, p = 0.034, Pillai’s trace = 0.071, partial η2 = 0.071. A significant interaction between 
cytokines and groups was found for both domains of positive and negative symptoms and TNF-α (p < 0.001). For the 
domain of positive symptoms and VEGF, F (1, 60) = 5.879, p = 0.018, Pillai’s trace = 0.089, partial η2 = 0.089, and for 
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the domain of negative symptoms and VEGF, F (1, 60) = 10.583, p = 0.002, Pillai’s trace = 0.150, partial η2 = 0.150 
(Table 3).

Correlation Analysis
VEGF was negatively correlated to negative scores when not grouping (r = −0.212, p = 0.010) and in the group with total 
positive scores > 10 (r = −0.370, p = 0.005). In the group with total negative scores >10, TNF-α was positively correlated 
with negative symptoms (r = 0.352, p = 0.002) (Figure 2).

Discussion
Key Findings
In this study, we have found that people with severe clinical symptoms would show a terrible inflammatory and vascular 
condition in the brain, especially the individuals with severer negative symptoms, were more likely to have the imbalance 
of inflammation and angioneurins and converse to the first-episode SCZ. As most recent literature focused on the pro-/ 
anti-inflammation and angioneurins between post-/first-onset or chronic patients with SCZ or general paychosis and 
healthy controls,23–25 and the inflammation in CHR group and different subtypes has seldom been descript; recent 
literature investigated the CHR with inflammatory mechanism divided the individuals into convertors and non- 

Table 1 Demographic and Clinical Characteristics of Different Subtypes with CHR of Positive and Negative Symptoms

Variable Statistic Positive Symptoms Negative Symptoms

Subtype-1a 

(n = 181)
Subtype-2b 

(n = 108)
t/χ2 p Subtype-1a 

(n = 127)
Subtype-2b 

(n = 162)
t/χ2 p

Age M (SD) 19.31 (5.43) 18.41 (4.84) 1.463 0.145 19.64 (5.62) 18.45 (4.86) 1.891 0.060

Education M (SD) 10.62 (2.90) 10.44 (2.53) 0.546 0.585 10.72 (2.86) 10.41 (2.69) 0.950 0.343

Male % (n) 46.4 (84) 45.4 (49) 0.029 0.864 41.7 (53) 49.4 (80) 1.677 0.195

First-degree Family History % (n) 6.6 (12) 7.4 (8) 0.144 0.931 5.5 (7) 8.0 (13) 1.140 0.566

Transition Rate % (n) 19.9(36) 25.0(27) 1.036 0.309 15.0(19) 27.2(44) 6.216 0.013
APSS % (n) 99.4 (180) 95.4 (103) 3.707 0.054 97.6 (124) 98.1 (159) <0.001 > 0.999

BIPS % (n) 0 (0) 6.5 (7) 9.437 0.002 2.4 (3) 2.5 (4) <0.001 > 0.999

GRDS % (n) 8.3 (15) 5.6 (6) 0.749 0.387 3.9 (5) 9.9 (16) 3.727 0.054

GAF_Before M (SD) 78.52 (4.18) 78.68 (3.78) −0.319 0.750 79.46 (2.81) 77.89 (4.67) 3.339 0.001
GAF_Now M (SD) 56.04 (7.34) 54.26 (7.08) 2.020 0.044 59.77 (6.47) 51.93 (5.91) 10.744 < 0.001
GAF_Drop M (SD) 22.48 (6.89) 24.42 (6.94) −2.306 0.022 19.69 (6.14) 25.96 (6.30) −8.507 < 0.001
Structured interview of 

prodromal syndromes  

(SIPS/SOPS)

Positive Scorec M (SD) 7.64 (2.01) 12.95 (1.92) −22.155 < 0.001 9.24 (3.26) 9.92 (3.22) −1.763 0.079

Negative Scored M (SD) 11.76 (5.85) 12.70 (5.99) −1.319 0.188 6.74 (2.51) 16.32 (4.12) −24.395 < 0.001
Disorganized Scoree M (SD) 5.61 (2.88) 7.53 (2.82) −5.528 < 0.001 5.27 (2.79) 7.15 (2.90) −5.577 < 0.001
General Scoref M (SD) 8.67 (3.14) 9.44 (2.63) −2.238 0.026 8.24 (3.07) 9.52 (2.79) −3.707 < 0.001
SOPS Scoreg M (SD) 33.67 (9.22) 42.63 (9.05) −8.044 < 0.001 29.50 (7.56) 42.92 (7.66) −14.867 < 0.001
Cytokines

TNF-α M (SD) 9.60 (2.32) 9.64 (2.41) −0.092 0.927 9.72 (2.37) 9.52 (2.33) 0.525 0.600

VEGF M (SD) 74.47 (58.97) 61.63 (40.53) 1.429 0.155 84.35 (62.22) 54.88 (36.46) 3.474 0.001

Notes: aSubtype-1 had total positive scores/total negative scores ≤ 10 in SIPS. bSubtype-2 was characterised by total positive scores/total negative scores > 10 on the SIPS. 
cPositive score was calculated as the sum of each of the five items assessing positive symptoms of unusual thought content, suspiciousness, grandiosity, perceptual 
abnormalities, and disorganised communication. dNegative score was calculated as the sum of each of the six items assessing negative symptoms of social anhedonia, 
avolition, expression of emotion, experience of emotions and self, ideational richness, and occupational functioning. eThe disorganised score was calculated as the sum of 
each of the four items assessing disorganised symptoms of odd behaviour or appearance, bizarre thinking, trouble with focus and attention, and impairment in personal 
hygiene. fThe general score was calculated as the sum of each of the four items assessing general symptoms of sleep disturbance, dysphoric mood, motor disturbances, and 
impaired tolerance to normal stress. gSOPS scores were calculated as the sum of the positive, negative, disorganised, and general scores. 
Abbreviations: n, number of participants; M, mean; SD, standard deviation; bold text represent p value < 0.05; APSS, attenuated positive symptom syndrome; BIPS, brief 
limited intermittent psychotic syndrome; GRDS, genetic risk and deterioration syndrome; GAF, Global Assessment of Functioning; GAF_BEFORE, Highest GAF score in 
past year; GAF_NOW, Current GAF score; GAF_Drop, GAF score at baseline from highest in the past year; TNF-α, Tumor Necrosis Factor-α; VEGF, Vascular Endothelial 
Growth Factor; t/χ2, analyzed with independent sample t-test or χ2 tests.
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Table 2 Demographic and Clinical Characteristics of Different Subtypes with CHR of Both Positive and Negative Symptoms

Variable Statistic Subtype-1a 

(n = 67)
Subtype-2b 

(n = 41)
Subtype-3c 

(n = 95)
Subtype-4d 

(n = 86)
Statistic Value Total 

df
p Post-Hoc Contrastj

Age M (SD) 18.13(4.66) 18.85(5.16) 18.67(5.01) 20.01(5.81) F 1.831 288 0.142

Education M (SD) 10.27(2.34) 10.71(2.81) 10.52(2.91) 10.73(2.89) F 0.404 288 0.750
Male % (n) 44.8(30) 46.3(19) 52.6(50) 39.5(34) χ2 3.171 3 0.336

First-degree Family History % (n) 9.0(6) 4.9(2) 7.4(7) 5.8(5) χ2 2.324 6 0.888

Transition Rate % (n) 28.4(19) 19.5(8) 26.3(25) 12.8(11) χ2 7.047 3 0.070
APSS % (n) 97.0(65) 92.7(38) 98.9(94) 100.0(86) χ2 7.823 3 0.050

BIPS % (n) 6.0(4) 7.3(3) 0(0) 0(0) χ2 14.148 3 0.003
GRDS % (n) 7.5(5) 2.4(1) 11.6(11) 4.7(4) χ2 5.122 3 0.163
GAF_Before M (SD) 77.91(4.20) 79.93(2.55) 77.87(4.99) 79.23(2.92) F 3.987 288 0.008 2>3

GAF_Now M (SD) 51.36(6.29) 59.00(5.61) 52.33(5.63) 60.14(6.84) F 39.106 288 < 0.001 1<2**, 1<4**, 2>3**, 3<4**
GAF_Drop M (SD) 26.55(7.11) 20.93(5.03) 25.55(5.66) 19.09(6.55) F 25.394 288 < 0.001 1>2**, 1>4**, 2<3*, 3>4**

Structured interview of prodromal 

syndromes (SIPS/SOPS)
Positive Scoree M (SD) 12.96(1.80) 12.95(2.11) 7.78(2.05) 7.48(1.96) F 163.420 288 < 0.001 1>3**, 1>4**, 2>3**, 2>4**

Negative Scoref M (SD) 16.36(4.31) 6.73(2.53) 16.29(4.00) 6.74(2.51) F 176.189 288 < 0.001 1>2**, 1>4**, 2<3**, 3>4**

Disorganized Scoreg M (SD) 7.84(2.91) 7.02(2.64) 6.67(2.82) 4.43(2.46) F 22.335 288 < 0.001 1>3, 1>4**, 2>4**, 3>4**
General Scoreh M (SD) 10.04(2.62) 8.46(2.37) 9.16(2.85) 8.14(3.37) F 5.950 288 0.001 1>2, 1>4**

SOPS Scorei M (SD) 47.19(7.61) 35.17(5.60) 39.91(6.14) 26.79(6.86) F 126.950 288 < 0.001 1>2**, 1>3**, 1>4**, 2<3*, 2>4**, 3>4**

Cytokines
TNF-α M (SD) 9.11(2.51) 10.24(2.17) 9.79(2.19) 9.43(2.45) F 1.248 143 0.295

VEGF M (SD) 46.30(31.71) 79.33(42.88) 60.86(38.67) 87.19(71.15) F 4.660 144 0.004 1<4*

Notes: aSubtype-1 was characterised by total positive scores > 10 and total negative scores > 10 on the SIPS. bSubtype-2 was characterised by total positive scores > 10 and total negative scores ≤ 10 on the SIPS. cSubtype-3 was 
characterised by total positive scores ≤ 10 and total negative scores > 10 on the SIPS. dSubtype-4 was characterised by total positive scores ≤ 10 and total negative scores ≤ 10 on the SIPS. ePositive score was calculated as the sum of 
each of the five items assessing positive symptoms of unusual thought content, suspiciousness, grandiosity, perceptual abnormalities, and disorganised communication. fThe negative score was calculated as the sum of each of the six items 
assessing the negative symptoms of social anhedonia, avolition, expression of emotion, experience of emotions and self, ideational richness, and occupational functioning. gThe disorganised score was calculated as the sum of each of the 
four items assessing disorganised symptoms of odd behaviour or appearance, bizarre thinking, trouble with focus and attention, and impairment in personal hygiene. hThe general score was calculated as the sum of each of the four items 
assessing general symptoms of sleep disturbance, dysphoric mood, motor disturbances, and impaired tolerance to normal stress. iSOPS scores were calculated as the sum of the positive, negative, disorganised, and general scores. 
jAdjustment for multiple comparisons: Bonferroni. *p < 0.01. **p < 0.001. 
Abbreviations: n, number of participants; df, degrees of freedom; M, mean; SD, standard deviation; bold text represent p value < 0.05; APSS, attenuated positive symptom syndrome; BIPS, brief limited intermittent psychotic syndrome; 
GRDS, genetic risk and deterioration syndrome; GAF, Global Assessment of Functioning; GAF_BEFORE, Highest GAF score in past year; GAF_NOW, Current GAF score; GAF_Drop, GAF score baseline from highest in the past year; 
TNF-α, Tumor Necrosis Factor-α; VEGF, Vascular Endothelial Growth Factor; χ2/F, analyzed with Pearson χ2 tests, one-way analysis of variance.
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convertors, but did not show other heterogeneity in CHR.26,27 Our study demonstrated the inflammation and angioneurins 
in the CHR, and further grouped CHR and explored the subtypes of CHR, which supplement an extensive insight into the 
pathogenesis of SCZ. By the combination of categorization of CHR and pro-/anti-inflammatory factors, we illustrated the 
heterogeneity of the SCZ and related different symptoms with different biological mechanisms.

The results of our study demonstrated that lower VEGF levels were associated with more severe symptoms, 
particularly negative symptoms. Additionally, when not grouping and in the subtype with positive scores > 10, VEGF 
levels were negatively associated with negative symptoms, whereas TNF-α levels were positively associated with 
negative symptoms in the subtype with negative scores > 10. Meanwhile, CHR individuals with higher negative scores 
were more likely to develop first-episode SCZ. Additionally, according to the three-way MANOVA, certain main effects 
and interactions of group, TNF-α, and VEGF were demonstrated, with mild positive or negative symptoms outperform-
ing the severe ones, and negative symptoms tending to have higher partial η2 of effects of groups, cytokines, and 
interactions than positive symptoms, suggesting that negative symptoms represented more severe inflammation and 
vascular damage in the brain.

Negative symptoms were recently demonstrated to be essential characteristics of SCZ and linked to poor functioning, 
poor prognosis, higher conversion rate, and refractoriness.28,29 According to previous studies, conversion was more likely 
when CHR-negative symptoms were more severe and persistent, which increased the risk of developing psychosis.30

The association between inflammatory markers and CHR suggests the importance of early intervention. Detecting and 
monitoring inflammatory markers, such as TNF-α and VEGF, in individuals at CHR can help identify individuals who 
may be at greater risk for developing psychosis. This enables timely interventions aimed at reducing inflammation, 
managing symptoms, and potentially preventing or delaying the onset of full-blown psychosis. The early identification 
and intervention based on inflammatory profiles may improve long-term outcomes and reduce the burden of illness in this 
population.

TNF-α is a multifunctional proinflammatory cytokine with modulatory effects on nerve cell growth, differentiation, 
apoptosis, and synaptic function.12,31 It is primarily expressed by macrophages and produced by neurons and glial cells in 
the CNS.12,32 TNF-α plays a crucial role in the coordination of both peripheral and central immune processes,12 

influencing transforming growth factor (TGF)-β, which is altered in patients with SCZ33 and is related to dissociative 
pathology.34 Among the proinflammatory cytokines, multiple studies have focused on the elevation of serum TNF-α 
levels which can cause inflammation, oxidative stress, vascular permeability increasing and apoptotic cell death by 
stimulating macrophages.12,35 Findings provided evidence that the negative effects of TNF-α on the brain-derived 
neurotrophic factor (BDNF) may confer susceptibility to SCZ and cognitive dysfunction.31 Several studies have 
shown significantly increased serum TNF-α levels in SCZ compared to those in healthy controls which are related to 

Table 3 MANOVA Results for Each SIPS and Cytokines Domain Including Main and Interaction Effects

SIPS and Cytokines Domain Effect Pillai’s Trace F P Partial η2

Positive Symptoms and TNF-α Group 0.135 9.522 0.003 0.135
TNF-α 0.331 30.219 < 0.001 0.331

Group × TNF-α 0.356 33.721 < 0.001 0.356

Positive Symptoms and VEGF Group 0.056 3.560 0.064 0.056
VEGF 0.627 100.984 < 0.001 0.627

Group × VEGF 0.089 5.879 0.018 0.089

Negative Symptoms and TNF-α Group 0.352 33.096 < 0.001 0.352
TNF-α 0.071 4.678 0.034 0.071

Group × TNF-α 0.428 45.596 < 0.001 0.428
Negative Symptoms and VEGF Group 0.066 4.250 0.044 0.066

VEGF 0.636 105.041 < 0.001 0.636

Group × VEGF 0.150 10.583 0.002 0.150

Abbreviations: F, analyzed with multivariate analysis of variance (MANOVA); SIPS, Structured interview of prodromal syndromes; P_TOTAL, total 
scores on the positive symptoms; N_TOTAL, total scores on the negative symptoms; TNF-α, tumor necrosis factor-α; VEGF, vascular endothelial 
growth factor; Partial ηp

2, Partial Eta Squared; bold text represent p value < 0.05.
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the negative symptoms,8 indicating that TNF-α and disturbance of oxidative stress status, as well as their interaction, may 
be involved in the pathophysiology of SCZ.12 Studies have found that TNF-α decreases the nodes and total dendritic 
length and inhibits cortical neuron dendrite development, contributing to the impairment of neuronal survival and 
development.36 Activation of microglia increases the production of proinflammatory cytokines and oxygen species and 
disturbs the development and function of neuronal circuits in the brain, leading to excessive synaptic pruning; loss of 
cortical gray matter in stress-sensitive regions, such as the prefrontal cortex, dentate gyrus, and hippocampus; and 
disinhibition of subcortical dopamine, resulting in deficits in neural connectivity, changes in the balance between the 
excitatory and inhibitory signals of neurons, which triggers immune dysfunction in the cerebral cortex and affects 
neurotransmitters, especially glutamate and aminobutyric acid, thereby causing psychotic symptoms.5,11,12,35,37–41 

Research has demonstrated that the breakdown of connectivity between the cerebellum and right dorsolateral prefrontal 
cortex and gray matter reductions of certain frontal lobe components, such as inferior and superior frontal gyri, medial 

Figure 2 Correlations between cytokines and clinical symptoms. (A) Levels of VEGF were negatively correlated with negative scores when not grouping, (B) and the group 
which positive scores > 10. (C) Levels of TNF-α were positively correlated with negative scores in the group which negative scores > 10. Spearman correlation coefficients 
were calculated.
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and dorsolateral prefrontal cortices, orbitofrontal cortex, and anterior cingulate cortex, were associated with negative 
symptom severity.42,43 Our results indicated that the subtype of positive scores > 10 and negative scores ≤ 10 performed 
better than the subtype of positive scores ≤ 10 and negative scores > 10 in GAF_Before, GAF_Now, and GAF_Drop, and 
implied greater significance in negative symptoms of GAF_Drop compared to the positive symptoms. In addition, we 
found that the VEGF levels of the subtype with positive scores > 10 and negative scores >10 were much lower than those 
of the subtype with positive scores ≤ 10 and negative scores ≤ 10. Although no significant TNF-α was shown at baseline, 
the obvious synergy of TNF-α along with time and clinical symptoms was exhibited by MANOVA. The findings of more 
severe negative symptoms leading to worse clinical outcomes were aligned with previous studies. Thus, we assumed that 
VEGF is a protective factor in the CNS to balance the proinflammatory and destructive effects of TNF-α. When patients 
suffer from stressors, the rising levels of TNF-α may cause apoptosis, raise the levels of other proinflammatory cytokines, 
reduce BDNF, increase oxidative stress in the brain, and damage nerve tissues, leading to a decrease in cortical volumes 
and impaired brain function connectivity which may result in severe negative symptoms and a high transition rate. The 
corpus callosum, thalamus, hippocampal formation, subiculum, parahippocampal gyrus, superior temporal gyrus, pre-
frontal and orbitofrontal cortices, and amygdala-hippocampal complex have been shown to have decreased volumes in 
SCZ by imaging studies.33

Furthermore, a large body of research points to a link between blood flow, regional cellular energy metabolism, and micro- 
and macrovascular abnormalities in the brain in patients with SCZ.44–46 The pathogenesis of neuropsychiatric diseases is 
influenced by VEGF.46 Its production can be stimulated in various cells, including endothelial cells, monocytes, astroglial 
cells, and T-cells, and ultimately produced in hypoxic cells.13,44 As one of the vascular endothelial biomarkers, it is a signal 
protein and neurotrophic factor involved in angiogenesis, poised at the nexus of inflammatory response and vascular risk.47,48 

VEGF promotes neurogenesis, neuronal plasticity, genesis, differentiation, regeneration or degeneration, growth, and axon 
outgrowth13,46 and induces vascular endothelial cell proliferation, migration, and vasopermeability in various tissues49 

suggesting its neuroprotection of the CNS. VEGF has been shown to protect the brain from cell loss, blood–brain barrier 
(BBB) dysfunction, dendritic spine loss, spatial memory impairment, and cognitive decline in response to injuries in both 
animal and human studies,50 and antipsychotics have been shown to increase cyclic adenosine monophosphate (cAMP) 
response element-binding protein phosphorylation in the hippocampus and enhance VEGF expression.49

Additionally, the fact that VEGF is a crucial regulator of glutamatergic synaptic function suggests that it plays a role in the 
pathophysiology of psychiatric disorders; genetic studies have revealed that VEGF-related polymorphisms are linked to 
SCZ,51 and decreased mRNA levels of VEGF genes have been demonstrated in patients with SCZ.33 According to previous 
studies,46,49 VEGF levels in pre-treatment patients were significantly lower than those in healthy controls and increased in 
post-treatment patients; VEGF levels gradually decreased with the severity of cognitive impairment in psychosis.50 A previous 
study shows a statistically significant positive correlation between VEGF levels and the Positive and Negative Syndrome 
Scale (PANSS) negative subscale.46 Lower baseline VEGF levels predicted resistance to drug therapy in acute-stage SCZ, 
according to a study that found a significant positive correlation between baseline serum VEGF levels and antipsychotic 
efficacy.48 In postmortem studies, the dorsolateral prefrontal cortex and thalamus showed reduced VEGF expression.13,44

These stressors can induce inflammation that causes hypoxia in the brain tissue, ultrastructural damage to capillaries, 
and endothelial maladaptation and dysfunction.44,48 These effects may have been triggered by TNF-α/soluble TNF 
receptor 1 signalling and transduced through AP-1/c-FOS signalling to modify VEGF-C-VEGF receptor 3 and the VEGF 
promoter.52,53 A lack of VEGF may cause alterations in cellular energy metabolism, including decreased glucose 
metabolism and blood flow,44,50 which raises vascular permeability and changes the BBB, encourages the infiltration 
of inflammatory cells and cytokines into the CNS,48 and further impairs BBB integrity.9

Our findings have significant clinical implications in the context of CHR. By identifying different subtypes based on 
positive and negative symptoms, and their associated inflammatory profiles, we gain valuable insights into the underlying 
mechanisms and potential treatment targets. These findings offer opportunities for personalized treatment approaches and 
early intervention strategies in CHR individuals.
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Limitations
This study has some limitations that should be considered. First, the study’s participants were all Chinese and were chosen from 
a single centre, and the sample size was quite small; hence, it is unlikely that the traits identified in these participants would apply 
to other populations. Second, the high missing rate might have impacted the complete and final results. Third, there is insufficient 
information when only two cytokines are considered. It has been noted that SCZ has high VEGF levels.9 However, this might 
have been brought on by the retaliatory rise in stress and will eventually wane upon exhaustion. Fourth, the absence of healthy 
controls contributes to unknown differences between participants with mild clinical deficits and healthy individuals. Finally, the 
current CHR individuals received natural treatments, such as various medications with different dosages, types, durations, and 
compliance rates, which may have confounded the changes in cytokines and conversion outcomes.

Future Directions
More attention should be paid to the inflammatory marks examinations and combined use of anti-inflammatory agents may 
also be taken into account in clinical practice. Nevertheless, the department concerned may draft relevant policies to allow 
CHR or SCZ individuals to enjoy a free physical examination about the pro-/anti-inflammatory cytokines per year to better 
evaluate their condition. Moreover, for future research, more CHR, healthy controls, cytokines, and the transition rate of the 
individuals who use anti-inflammatory agents in combination compared with those do not use or use placebo in combination 
should be included and investigated. In addition, understanding the interplay between genetic susceptibility and environmental 
factors, facilitating the translation of research findings into evidence-based guidelines and clinical practice are critical for 
elucidating the complex etiology of psychotic disorders, and long-term follow-up studies should also be warranted. By 
addressing these specific research directions, future studies can build upon the foundation laid by this research and contribute 
to a more comprehensive understanding of the immunological mechanisms underlying CHR individuals for psychosis. 
Additionally, the implementation may lead to advancements in early detection, intervention, and personalized treatments, 
ultimately improving patient outcomes and the overall management of psychotic disorders.

Conclusion
Higher TNF-α and lower VEGF levels are found in people with more severe clinical symptoms, especially negative 
symptoms, which points to a terrible inflammatory and vascular condition in the brain. The pathogenic potential of the 
cytokines and the subtypes we discovered suggests that novel clinical diagnosis and therapeutic targeting may be 
a promising strategy for halting the debilitating disease in its prodromal stage.
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