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Abstract
Background The effects of antipsychotic (AP) medications on cognitive functions in individuals at clinical high-risk 
(CHR) of psychosis are poorly understood. This study compared the effects of AP treatment on cognitive improvement 
in CHR adolescents and adults.

Methods A total of 327 CHR participants, with an age range of 13 to 45 years, who underwent baseline 
neuropsychological assessments and a 1-year clinical follow-up were included. Participants with CHR were 
categorized into four groups based on their age: adolescents (aged < 18) and adults (aged ≥ 18), as well as their 
antipsychotic medication status (AP+ or AP−). Therefore, the four groups were defined as Adolescent-AP−, 
Adolescent-AP+, Adult-AP−, and Adult-AP+.

Results During the follow-up, 231 CHR patients received AP treatment, 94 converted to psychosis, and 161 
completed the 1-year follow-up. The Adolescent-AP+ group had more positive symptoms, lower general functions, 
and cognitive impairments than the Adolescent-AP− group at baseline, but no significant differences were observed 
among adults. The Adolescent-AP+ group showed a significant increase in the risk of conversion to psychosis 
(p < 0.001) compared to the Adolescent-AP− group. The Adult-AP+ group showed a decreasing trend in the risk of 
conversion (p = 0.088) compared to the Adult-AP− group. The Adolescent-AP− group had greater improvement in 
general functions (p < 0.001), neuropsychological assessment battery mazes (p = 0.025), and brief visuospatial memory 
test-revised (p = 0.020), as well as a greater decrease in positive symptoms (p < 0.001) at follow-up compared to the 
Adolescent-AP+ group. No significant differences were observed among adults.
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Introduction
Cognitive impairment is common in patients with psy-
chosis and has been well documented in previous stud-
ies [1, 2]. These impairments not only exist in the chronic 
stages of psychosis [3] but also have varying degrees in 
the early and even prodromal stages [4–6]. Cognitive 
impairment plays a crucial role in the development of 
psychotic symptoms and is strongly associated with poor 
functional outcomes. Unfortunately, cognitive impair-
ment remains an unmet therapeutic challenge, and mini-
mizing it during treatment is a key focus for clinicians.

Since antipsychotic drugs (AP) remain the first-line 
treatment for patients with psychosis, their effects on 
cognitive function have attracted widespread attention. 
However, the results of these studies are often inconsis-
tent. Some studies [7, 8] have suggested that AP, espe-
cially second-generation AP, might have beneficial effects 
on cognitive function in patients with chronic psychosis 
[9]. Contrasting findings from real-world follow-up stud-
ies [10, 11] have indicated that psychosis exposure to 
AP has a negative effect on verbal learning and memory 
performance over time, suggesting that prolonged or 
higher-dose antipsychotic use is associated with adverse 
cognitive outcomes. In addition, naturalistic follow-up 
studies [12, 13] on the discontinuation of AP showed 
that discontinuation might be beneficial for cognitive 
function. However, Singh et al. [14] reported that reduc-
ing the dose of AP during the maintenance phase was 
associated with improved cognitive function without an 
increased risk of relapse, implying that dose reduction 
may be better than discontinuation.

Most studies on the cognitive impact of APs have been 
conducted in adult patients in whom the illness has pro-
gressed to the maintenance or chronic stages. These find-
ings make it difficult to determine whether the effects of 
AP on cognitive function follow a similar pattern in the 
prodromal phase of psychosis, that is, clinical high risk 
(CHR), in which individuals are often adolescents. Our 
previous study [15] found that compared with adult 
CHR, cognitive functions in adolescents at CHR showed 
more significant impairments and were associated with 
a higher risk of conversion to psychosis. How initiating 
AP treatment at the CHR stage of psychosis affects the 
trajectory of cognitive function in adolescents remains 
largely unknown. Given the large number of adoles-
cents with CHR who receive AP treatment in real-world 
clinical practice in our sample [16–18], it is important to 

establish whether there is a neutral, beneficial, or harm-
ful association between AP treatment and cognitive 
functioning.

We used an ongoing longitudinal program that 
included a 12-year naturalistic CHR cohort to assess and 
compare the effects of APs on cognitive function between 
adolescents and adults in the CHR phase of psychosis. 
Specifically, our aims were as follows: (1) to compare the 
cognitive performance between adolescents and adults 
who were treated with or without AP during the 1-year 
follow-up; (2) to compare the cognitive changes between 
adolescents with CHR and adults treated with or without 
AP; and (3) to examine the differences in the effects of 
AP on cognitive functions and clinical outcomes between 
adolescents and adults.

Methods
Study design and setting
Current data were collected from an ongoing longitudi-
nal study of the ShangHai At Risk for Psychosis-extended 
(SHARP-extended) program [19–21] conducted between 
2016 and 2021. CHR participants enrolled in a clini-
cal risk assessment and intervention for early psychosis 
program that was implemented at the Shanghai Mental 
Health Center (SMHC) in China, which is China’s larg-
est outpatient medication-management and psycho-
therapy-providing mental health clinic. The participants 
in this study did not receive psychotropic medications. 
They did not have any history of substance abuse or 
dependence according to the specific exclusion criteria. 
The research ethics committee of SMHC approved this 
study (IRB2016-009). All participants provided writ-
ten informed consent during study recruitment. Partici-
pants < 18 years of age had their consent forms signed by 
their parents and youths.

Three research assistants conducted the follow-ups. 
Individuals with CHR were followed up every 3 months 
through phone conversations on their medical condi-
tion and medication intake. Participants were told that 
they could contact the research assistants at any time to 
answer the questions. At the 1-year follow-up, partici-
pants were invited back for face-to-face interviews and 
cognitive function reassessment. The clinical outcome 
determination was based mainly on 1-year face-to-face 
interviews (out of 327 CHR individuals, 207 had at least 
one face-to-face interview during the follow-up), partly 
on telephone interviews of CHR individuals or their 

Conclusions Early use of AP was not associated with a positive effect on cognitive function in CHR adolescents. 
Instead, the absence of AP treatment was associated with better cognitive recovery, suggesting that AP exposure 
might not be the preferred choice for cognitive recovery in CHR adolescents, but may be more reasonable for use in 
adults.
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caregivers, and on the medical information confirmed 
using clinician reports and medical records.

Sample
This study included a subset of the main study (n = 400) 
consisting of participants who had completed at least 
baseline neuropsychological assessments and a 1-year 
clinical follow-up (n = 327). The participants had an age 
range of 13 to 45 years, with adolescents defined as those 
aged < 18 and adults as those aged ≥ 18. The mean ± stan-
dard deviation (SD) age was 18.8 ± 5.0 years and 177 
(54.1%) were female. During follow-up, 231 CHR were 
treated with AP, and 94 (28.7%) converted to psychosis. 
Among them, 161 (49.2%) completed the 1-year follow-
up neuropsychological reassessment. Inclusion criteria 
were: age 13–45 years; fulfilling the diagnostic criteria 
for one of three psychosis risk syndromes: (1) attenu-
ated positive symptom syndrome; (2) brief intermittent 
psychotic syndrome or (3) genetic risk and deterioration 
syndrome as defined using the Structural Interview for 
Prodromal Syndromes (SIPS) interview [22]; no current 
or lifetime psychotic episode; the symptoms are not bet-
ter explained by other non-psychotic disorders or sub-
stance abuse disorder; no a past usage of psychotropic 
medication, regardless of dosage; no present or past his-
tory of psychoactive drugs (e.g. methamphetamine, etc.); 
no known neurological or endocrine disorders; no men-
tal retardation; sufficient mastery of mandarin; and have 
the ability to understand and sign an informed consent 
form.

Measurements
Face-to-face interviews were conducted using the SIPS 
[22] to identify individuals with CHR syndrome. In our 
previous studies [23, 24], the Chinese version of the SIPS 
[25], which was developed by our team demonstrated 
good inter-rater reliability (intraclass correlation coef-
ficient: r = 0.96, p < 0.01; SIPS total score) and validity 
(26.4% of the subjects converted to psychosis in the fol-
lowing 2 years) in China. The first author received SIPS 
certification at a Yale University-sponsored SIPS training 
course and has developed extensive expertise in its use 
by managing clinical assessments since the initiation of 
the original SHARP project [26–28]. Structured clinical 
interviews were conducted with three senior psychia-
trists who had completed the training required for this 
type of investigation. The inter-rater reliability for the 
SIPS ranged from 0.80 to 0.92 among the ratings of the 
trained interviewers.

Neurocognitive assessments were applied using the 
Chinese version of the Measurement and Treatment 
Research to Improve Cognition in Schizophrenia (MAT-
RICS) consensus cognitive battery (MCCB) [29–31]. 
The MCCB was administered according to standardized 

guidelines provided in the test manual. The Chinese ver-
sion of the following eight subtests were included in the 
present study: (1) Part A of the Trail Making Test (Trail 
Making A), (2) Symbol Coding of the Brief Assessment 
of Cognition in Schizophrenia (BACS) (BACS symbol 
coding), (3) Category Fluency Test (Category Fluency), 
(4) Continuous Performance Test-Identical Pairs (CPT-
IP), (5) Spatial Span of the Wechsler Memory Scale-
III (WMS-3 spatial span), (6) Revised Hopkins Verbal 
Learning Test (HVLT-R), (7) Revised Brief Visuospatial 
Memory Test (BVMT-R), and (8) Neuropsychological 
Assessment Battery: Mazes (NAB mazes). Test-retest 
reliability in a previous Chinese psychosis sample ranged 
from 0.73 to 0.94 [31]. Notably, except for the Trail Mak-
ing A test, higher scores on the other tests indicated bet-
ter performance.

The MCCB was selected as the primary cognitive 
assessment tool due to its widespread use in clinical 
research settings and comprehensive evaluation of cogni-
tive function across multiple domains relevant to schizo-
phrenia. MCCB assessments were conducted in a quiet 
and independent room, with operators and participants 
engaging face-to-face according to the MCCB operator’s 
manual. Operators underwent training in administering 
the MCCB cognitive tests and successfully completed 
assessments to ensure consistent administration. The 
entire testing session typically lasted approximately 1 h.

Medication exposure
The use of AP was examined every 2 months via tele-
phone and 1-year face-to-face follow-ups by asking 
about the participants’ medication history. Depending on 
whether AP was administered for at least 2 weeks during 
the follow-up period, the sample was divided into AP and 
AP+ groups. Using an olanzapine-equivalent dose of AP 
[32], the mean dosage in the AP+ group was 8.5 (SD = 6.1) 
mg/day, and the mean duration of administration was 
36.2 (SD = 20.0) weeks. Among the 231 CHR participants 
who were treated with antipsychotics, there were 101 
individuals treated with Aripiprazole (43.7%), 89 with 
Olanzapine (38.5%), 30 with Amisulpride (13.0%), and 11 
with Risperidone (4.8%). A small group of participants 
took psychoactive medication other than AP (67 indi-
viduals took antidepressants, with a fluoxetine-equivalent 
[33] dose of 22.9 [SD = 13.0] mg/day, and the mean dura-
tion for which it was taken was 34.0 [SD = 19.5] weeks). 
Additionally, 59 CHR individuals were treated with ben-
zodiazepines, and 37 had taken traditional Chinese medi-
cine at some point during the study period.

Data analysis
SPSS for Windows (version 20.0; IBM, Armonk, NY, 
USA) was used for data analysis. Statistical significance 
was set at p < 0.05. Participants with CHR were divided 
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into four groups (Adolescent-AP−, Adolescent-AP+, 
Adult-AP−, and Adult-AP+) based on their age (Adoles-
cent, 13–17 years), age (Adult, 18–45 years), and whether 
AP was taken. Quantitative variables are expressed as 
mean (SD) and qualitative variables as frequencies (%). 
Independent t tests were conducted to measure AP− 
vs. AP+ group differences in continuous variables, and 
Chi-square statistics were used to examine categori-
cal variables. Baseline and follow-up means and change 
from baseline to follow-up within each group (Ado-
lescent-AP−, Adolescent-AP+, Adult-AP−, and Adult-
AP+ groups) were analyzed separately using a paired 
sample t test. The Kaplan–Meier method and log-rank 
tests were used to plot survival curves and for compari-
sons between the AP and AP+ groups, further stratified 
by adolescents and adults. Repeated measures analysis 
of variance (RMANOVA) was performed on the AP+, 
AP−, Adolescent and Adult groups to estimate and com-
pare the trajectories of clinical features and neurocogni-
tive performances. RMANOVA with a factorial design 
(2 time points × 2 statuses) was performed to determine 
significant interactions between the groups (AP− vs. AP+, 

Adolescent vs. Adult) in terms of their effects on clinical 
features and neurocognitive performance.

Results
Sample baseline characteristics
The participants, aged between 13 and 45 years, were cat-
egorized as adolescents (< 18 years old) and adults (≥ 18 
years old). Within the adolescent group, the individu-
als in the Adolescent-AP+ and Adolescent-AP− groups 
did not differ in terms of demographic variables. The 
Adolescent-AP+ group had significantly higher positive 
symptom scores and lower baseline global assessment of 
function (GAF) scores than the Adolescent-AP− group. 
Individuals in the Adolescent-AP+ group performed sig-
nificantly worse than those in the Adolescent-AP− group 
on HVLT-R, NAB mazes, Category Fluency and CPT-IP 
at baseline. Within the adult group, individuals in the 
Adult-AP+ and Adult-AP− groups did not differ in terms 
of demographic and baseline clinical variables or cogni-
tive performances (Table 1).

Table 1 Baseline demographic, clinical and cognitive variables in adolescents and adults at clinical high risk for psychosis, comparison 
between the Adolescent-AP+ vs. Adolescent-AP− groups, and Adult-AP+ vs. Adult-AP− groups
Variables Adolescent-AP− Adolescent -AP+ AP− VS. AP+ Adult-AP− Adult-AP+ AP− VS. AP+

t/χ2 p t/χ2 p
Cases (n) 61 153 – – 35 78 – –
Age (years) 15.9 (1.6) 15.9 (1.4) t = 0.001 0.999 24.8 (4.6) 24.2 (4.4) t = 0.688 0.493
Male [n (%)] 26 (42.6) 73 (47.7) χ2 = 0.454 0.500 17 (48.6) 34 (43.6) χ2 = 0.242 0.623
Education (years) [mean (S.D.)] 9.3 (1.8) 9.3 (1.4) t = 0.033 0.974 13.0 (2.2) 13.0 (3.2) t = 0.016 0.987
Father education [mean (S.D.)] 11.1 (3.5) 10.8 (3.9) t = 0.592 0.555 9.8 (4.1) 9.7 (3.8) t = 0.118 0.906
Mother education [mean (S.D.)] 10.4 (4.3) 10.1 (3.9) t = 0.424 0.672 9.3 (3.8) 9.7 (4.0) t = 0.465 0.643
Family history (none) [n (%)] 54 (88.5) 14 (9.2) χ2 = 2.587 0.274 3 (8.6) 4 (5.1) χ2 = 1.321 0.517
Family history (low-risk) [n (%)] 5 (8.2) 16 (10.5) 2 (5.7) 9 (11.5)
Family history (high-risk) [n (%)] 2 (3.3) 123 (80.4) 30 (85.7) 65 (88.3)
Before GAF 78.0 (3.3) 78.7 (4.5) t = 1.092 0.276 79.0 (3.0) 77.6 (5.0) t = 1.595 0.114
Baseline GAF 56.2 (7.6) 53.8 (7.3) t = 2.180 0.030 54.5 (7.4) 55.4 (7.5) t = 0.590 0.556
Positive symptoms 9.2 (2.9) 10.7 (3.6) t = 2.828 0.005 9.3 (3.4) 9.4 (3.3) t = 0.248 0.805
Negative symptoms 11.4 (6.0) 12.8 (5.5) t = 1.637 0.103 12.7 (5.7) 11.5 (6.3) t = 1.007 0.316
Disorganized symptoms 6.2 (3.1) 6.8 (3.2) t = 1.287 0.207 6.6 (3.2) 6.0 (2.8) t = 0.912 0.364
General symptoms 8.8 (3.3) 9.1 (3.0) t = 0.710 0.479 8.2 (2.9) 9.7 (2.8) t = 2.598 0.011
Trail making A 31.8 (12.8) 33.3 (14.8) t = 0.710 0.479 34.8 (10.7) 35.3 (12.7) t = 0.190 0.850
BACS symbol coding 59.8 (10.5) 57.3 (10.0) t = 1.622 0.106 57.0 (11.3) 54.4 (10.7) t = 1.190 0.237
HVLT-R 25.1 (4.9) 23.4 (5.3) t = 2.150 0.033 23.2 (5.8) 22.5 (4.6) t = 0.637 0.525
WMS-3 spatial span 15.5 (3.2) 15.8 (3.1) t = 0.519 0.604 15.5 (3.3) 15.1 (2.8) t = 0.565 0.574
NAB mazes 19.2 (5.5) 16.2 (6.7) t = 3.098 0.002 15.7 (6.5) 15.0 (5.9) t = 0.631 0.529
BVMT-R 28.4 (5.9) 27.0 (5.8) t = 1.688 0.093 24.2 (6.9) 24.3 (7.0) t = 0.058 0.954
Category fluency 20.8 (4.4) 18.6 (5.3) t = 2.855 0.005 20.6 (5.3) 19.4 (5.7) t = 1.079 0.283
CPT-IP 2.6 (0.7) 2.4 (0.8) t = 2.078 0.039 2.7 (0.9) 2.4 (0.9) t = 1.609 0.110
Bold in significant

AP−  treated without antipsychotic medication, AP+  treated with antipsychotic medication, BACS  brief assessment of cognition in Schizophrenia symbol 
coding, BVMT-R brief visuospatial memory test-revised, CPT-IP continuous performance test-identical pairs, HVLT-R Hopkins verbal learning test-revised, GAF global 
assessment of function, Before GAF the highest GAF score in the past year from the baseline, Baseline GAF GAF score at baseline, None family history having no family 
members with mental disorders, Low-risk family history a first-degree relative with non-psychotic disorders, High-risk family history having at least one first-degree 
relative with psychosis, NAB neuropsychological assessment battery mazes, WMS-3 Wechsler memory scale–third edition spatial span
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Sample follow-up characteristics
Within the adolescent group, individuals in the Adoles-
cent-AP+ group had significantly lower follow-up GAF 
scores than the Adolescent-AP− group. Individuals in 
the Adolescent-AP+ group performed significantly worse 
than those in the Adolescent-AP− group on BVMT-R and 
Category Fluency at follow-up. Within the adult group, 
individuals in the Adult-AP+ and Adult-AP− groups did 
not differ in follow-up clinical variables and cognitive 
performances (Table 2).

Self-controlled comparisons of neurocognitive 
performances
Overall, the paired t-test sample (Fig.  1) showed that 
the trail making A (p < 0.001), WMS-3 spatial span 
(p = 0.001), NAB mazes (p < 0.001), and CPT-IP (p = 0.001) 
subtest performances improved significantly. In the 
Adolescent-AP− group, performance on the trail mak-
ing A test (p = 0.023) improved significantly. In the Ado-
lescent-AP+ group, the performance on the trail making 
A (p < 0.001), BACS symbol coding (p = 0.039), WMS-3 
spatial span (p = 0.010), NAB mazes (p < 0.001), and 
CPT-IP (p = 0.008) subtest performances improved sig-
nificantly. In the Adult-AP− group, performance on the 
CPT-IP test (p = 0.029) improved significantly. In the 
Adult-AP+ group, performance on the trail making A test 
(p = 0.010) improved significantly.

Antipsychotic taken and conversion
Overall, compared with the AP− group, CHR individu-
als in the AP+ group showed a significant increasing 
trend for risk of conversion to psychosis (p = 0.074). In 
adolescent CHR, compared with the AP− group, par-
ticipants in AP+ group showed a significant increase in 
the risk of conversion to psychosis (p < 0.001). In adult 

CHR, compared with the AP− group, participants in the 
AP+ group showed a significantly decreasing trend in the 
risk of conversion to psychosis (p = 0.088) (Fig. 2).

Changes in clinical characteristics and cognitive 
performances
In adolescent CHR, the mean increase in the GAF 
score (p < 0.001), NAB mazes (p = 0.025) and BVMT-R 
(p = 0.020) and the mean decrease in the positive symp-
toms score (p < 0.001), were greater for the AP− group 
than in the AP+ group at the 1-year follow-up (Tables 3; 
Fig. 3). In the adult CHR group, no significant differ-
ences were evident in clinical and cognitive variables 
between the AP and AP+ groups. In the AP− group, the 
mean increase in the NAB mazes (p = 0.018) and BVMT-
R (p < 0.001) were greater for the adolescent group than 
in the adult group. In the AP+ group, the mean increase 
in the GAF score (p = 0.007) and the mean decrease in the 
positive symptom score (p = 0.006) were greater in the 
adult group than in the adolescent group.

Discussion
Key findings
In this study, we prospectively investigated cognitive 
function in a large sample of adolescents and adults at 
the CHR stage in the pre-morbid phase of psychosis who 
did and did not receive AP over a 1-year period. To the 
best of our knowledge, this is the first study to compare 
the effects of APs on cognitive function between adoles-
cents and adults in a CHR population. The main finding 
was that initiating AP treatment in adolescents with CHR 
increases the risk of conversion to psychosis and results 
in poorer symptomatic, functional, and cognitive recov-
ery compared with initiating AP treatment in adults with 
CHR. In our previous study [15], cognitive functions in 

Table 2 Follow-up clinical and cognitive variables in adolescents and adults at clinical high risk for psychosis who completed the 
1-year reassessment of cognitive tests, comparison between AP+ and AP−
Variables Adolescent-AP− Adolescent-AP+ AP− VS. AP+ Adult-AP− Adult-AP+ AP− VS. AP+

t p t/χ2 p
Cases [n] 10 104 – – 9 38 – –
Follow-up GAF 73.7 (6.9) 66.4 (10.0) 2.247 0.027 68.8 (10.2) 70.8 (7.7) 0.660 0.513
Positive symptoms 2.9 (2.1) 5.0 (4.1) 1.602 0.112 5.0 (3.8) 3.4 (3.6) 1.191 0.240
Trail making A 25.9 (6.2) 29.4 (11.9) 0.924 0.357 30.9 (13.6) 30.3 (10.5) 0.151 0.880
BACS symbol coding 60.6 (15.0) 55.4 (9.6) 1.545 0.125 57.9 (18.5) 56.2 (13.0) 0.330 0.743
HVLT-R 26.2 (4.0) 23.6 (4.9) 1.635 0.105 23.1 (4.1) 23.8 (4.5) 0.426 0.672
WMS-3 spatial span 16.9 (2.5) 16.3 (2.8) 0.657 0.512 14.7 (3.6) 16.0 (3.2) 1.094 0.280
NAB mazes 21.3 (5.7) 16.9 (7.1) 1.898 0.060 15.0 (8.9) 15.4 (5.9) 0.151 0.881
BVMT-R 31.5 (3.2) 26.9 (5.9) 2.450 0.016 22.8 (7.5) 25.6 (6.1) 1.201 0.236
Category fluency 22.5 (4.0) 18.4 (5.2) 2.414 0.017 21.6 (7.0) 19.6 (5.1) 0.952 0.346
CPT-IP 2.5 (0.8) 2.6 (0.8) 0.142 0.888 3.0 (0.7) 2.6 (0.8) 1.541 0.130
Bold in significant

AP−  treated without antipsychotic medication, AP+  treated with antipsychotic medication, BACS  brief assessment of cognition in Schizophrenia symbol 
coding,  BVMT-R  brief visuospatial memory test-revised, CPT-IP  continuous performance test-identical pairs,  HVLT-R  Hopkins verbal learning test-revised, 
NAB neuropsychological assessment battery mazes, WMS-3 Wechsler memory scale–third edition spatial span
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adolescents with CHR showed more significant impair-
ments and were associated with a higher risk of conver-
sion to psychosis compared to CHR adults. The current 
findings add new evidence that the early use of AP in 
adolescents with CHR may negatively affect their cog-
nitive function recovery, leading to an increased risk of 
conversion.

AP− versus AP+
We found that 71.5% of adolescents and 69.0% of adults 
at the CHR stage of psychosis were treated for AP during 
the 1-year follow-up period. The approximate 70% AP 

exposure rate in our sample is in line with our prior inves-
tigations [17, 21, 34] of the AP assumption in the Chinese 
CHR population between 2011 and 2016, which showed 
that 68–72% of CHR individuals initiated AP treatment 
at the CHR stage. However, this rate is much higher than 
that in other CHR studies, which reported rates between 
20 and 33% [35–37]. We previously reported that AP pre-
scriptions by clinicians and assumptions made by CHR 
individuals largely cohere with respect to the target posi-
tive symptoms and global functions [16]. Consistently, 
this study found that AP+ group had a significantly higher 
level of positive symptoms, poorer baseline global func-
tions, and worse cognitive functions than those in the 
AP− group. Uniquely, this AP exposure pattern is only 
found in CHR adolescents.

Using linear mixed models, we found that those in 
the CHR without AP treatment group, the adolescent 
group improved significantly more compared with the 
adult group in the NAB mazes and BVMT-R tasks. For 
the conversion outcome, no significant difference was 
detected between the AP− and AP+ groups in terms of 
conversion rate, but a trend found to be significant was 
that those in the AP+ group were at an increased risk for 
psychosis than those in the AP− group. This result is in 
accordance with that of a previous meta-analysis [38] 
showing that baseline exposure to AP is associated with 
a higher risk of conversion to psychosis in comparison 
with antipsychotic-naïve individuals. Importantly, this 
study only supported this association in adolescents with 
CHR, although the opposite trend was found in adults 
with CHR, in which the Adu-AP+ group showed benefi-
cial effects on symptomatic and functional improvements 
and tended to have a lower risk of conversion than those 
in the Adu-AP− group. This may be an important clue for 

Fig. 2 Kaplan–Meier curves for overall survival, CHR adolescents and CHR 
adults, by comparison (log-rank test) between AP− and AP+ groups at the 
end point of follow-up.  AP−  treated without antipsychotic medication, 
AP+ treated with antipsychotic medication, CHR clinical high risk for psy-
chosis. AP−  treated without antipsychotic medication, AP+  treated with 
antipsychotic medication, CHR clinical high risk for psychosis

 

Fig. 1 Profile and paired tests for comparisons of neurocognitive changes 
in Trail Making A, BACS symbol coding, HVLT-R, WMS-3 spatial span, NAB 
mazes, BVMT-R, Category Fluency, CPT-IP in overall, Adolescent-AP−, 
Adolescent-AP+, Adult-AP− and Adult-AP+ groups. AP−  treated without 
antipsychotic medication, AP+  treated with antipsychotic medication, 
BACS brief assessment of cognition in Schizophrenia symbol coding, BVMT-
R brief visuospatial memory test-revised, CPT-IP continuous performance 
test-identical pairs, HVLT-R Hopkins verbal learning test-revised, NAB neu-
ropsychological assessment battery mazes, WMS-3  Wechsler memory 
scale–third edition spatial span. Bold in significant
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clinicians to be particularly vigilant about regarding AP 
prescriptions in adolescents with CHR.

Adolescents versus adults
The comparison of the effects of APs on cognitive func-
tion between adolescents and adults in the CHR groups 
separately reflects the age effects in the two groups. The 
patterns of the effects of AP on cognitive function seemed 

to vary in the adolescent group compared to the adult 
group. We found that the NAB mazes and BVMT-R tasks 
differed significantly between the AP and AP+ groups, 
and that adolescents without AP treatment performed 
better than those treated with AP. Our findings revealed 
that the effect of AP on cognitive improvement was 
diverse in different age groups and not balanced across 
all domains. A possible explanation for such diverse AP 

Table 3 Mean changes of clinical features and neurocognitive performances in AP+ and AP−, Adolescent and Adult groups at 
baseline and follow-up. Repeated-measures analysis of variance shows the difference in change over time between the groups
Subtests Adolescent Adult AP− AP+

AP− VS AP+ AP− VS AP+ Adolescent VS Adult Adolescent VS Adult

Variables Estimated 
change 
difference

Between 
groups(p)

Estimated 
change 
difference

Between 
groups(p)

Estimated 
change 
difference

Between 
groups(p)

Estimated 
change 
difference

Between 
groups(p)

GAF 4.5 (0.9) < 0.001  − 0.3 (1.3) 0.840 2.4 (1.3) 0.73  − 2.4 (0.9) 0.007
Positive symptoms  − 1.7 (0.4) < 0.001 0.2 (0.6) 0.773  − 0.8 (0.6) 0.153 1.1 (0.4) 0.006
Trail making A − 1.2 (3.9) 0.749  − 0.6 (4.3) 0.896  − 2.3 (5.4) 0.666  − 1.7 (2.2) 0.458
BACS symbol coding 3.6 (3.4) 0.291 0.9 (3.8) 0.659 3.5 (4.7) 0.453 0.9 (1.9) 0.659
HVLT-R 1.9 (1.4) 0.184  − 0.6 (1.6) 0.703 2.9 (2.0) 0.146 0.4 (0.8) 0.643
WMS-3 spatial span 0.6 (0.5) 0.452  − 1.1 (1.0) 0.243 2.2 (1.2) 0.071 0.4 (0.5) 0.427
NAB mazes 4.6 (2.0) 0.025  − 1.1 (2.4) 0.658 7.0 (2.9) 0.018 1.3 (1.2) 0.273
BVMT-R 4.1 (1.7) 0.020  − 2.6 (1.9) 0.183 8.6 (2.4) < 0.001 1.9 (1.0) 0.053
Category fluency 2.9 (1.5) 0.059 0.6 (1.7) 0.724 1.0 (2.1) 0.655  − 1.4 (0.9) 0.125
CPT-IP 0.1 (0.2) 0.811 0.2 (0.3) 0.391 − 0.3 (0.4) 0.443  − 0.1 (0.1) 0.573
Bold in significant

AP−  treated without antipsychotic medication, AP+  treated with antipsychotic medication, BACS  brief assessment of cognition in Schizophrenia symbol 
coding,  BVMT-R  brief visuospatial memory test-revised, CPT-IP  continuous performance test-identical pairs,  HVLT-R  Hopkins verbal learning test-revised, 
NAB neuropsychological assessment battery mazes, WMS-3 Wechsler memory scale–third edition spatial span

Fig. 3 Mean score trajectories for clinical features and neurocognitive performances based on the repeated-measures analysis of variance, compared 
between AP− and AP+, Ado and Adu groups at baseline and follow-up. AP− treated without antipsychotic medication, AP+ treated with antipsychotic 
medication, BACS brief assessment of cognition in Schizophrenia symbol coding, BVMT-R brief visuospatial memory test-revised, CPT-IP continuous per-
formance test-identical pairs, HVLT-R Hopkins verbal learning test-revised, NAB neuropsychological assessment battery mazes, WMS-3 Wechsler memory 
scale–third edition spatial span. *p < 0.05; **p < 0.01; ***p < 0.001
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effects between adolescent and adult participants with 
CHR may be the differences in the trajectory of neuro-
psychological development [39, 40]. For example, previ-
ous studies have shown that cognitive functions, such as 
executive functions and other more complex tasks, do 
not mature until early school years, adolescence, or even 
early adulthood [41, 42]. Therefore, premature use of AP 
in adolescents may have a negative impact on neural net-
working, plasticity and cognitive development [43].

Cognitive trajectory
The cognitive trajectories of the performances of the 
NAB maze and BVMT-R tasks were significantly differ-
ent between the adolescent and adult groups in individu-
als with CHR without AP treatment and between the AP 
and AP+ groups in adolescents with CHR. Compared to 
other tests, these two tests may be more complex and 
may be included in the reasoning, problem-solving, and 
visuospatial learning domains of cognition, represent-
ing executive functioning and working memory abilities 
[44–46]. Our previous studies have suggested that execu-
tive functioning and working memory abilities are par-
ticularly valuable in capturing CHR states and predicting 
psychosis [6, 15, 47, 48]. Considering the central role of 
the impairment of visuospatial learning and working 
memory abilities in the development of psychosis from 
the CHR stage, especially for adolescents [15], the results 
of this study may further suggest the underlying reasons 
for the negative effects of AP usage in CHR adolescents.

Limitations
This study has a few limitations. First, the sample was 
recruited from a single site; although it has the advan-
tage of homogeneity, the generalizability of the find-
ings is limited. Second, it is important to note that the 
SHARP-extended cohort was surveyed naturalistically, 
and the number of individuals with CHR who were not 
exposed to AP was significantly lower than that of those 
treated with AP. However, this reflects the prescription 
patterns, and not the design. Third, a small proportion of 
individuals with CHR were treated with antidepressants, 
benzodiazepines, and other psychotropic medications, 
which may have confounded the findings. Fourth, our AP 
data may have been subject to inaccuracies and poten-
tial recall biases. We performed tripartite checks involv-
ing individuals with CHR, family members, and medical 
records to confirm their medical details. However, these 
approaches are less accurate than other strict methods, 
such as pill counts.

Additionally, it is important to acknowledge the chal-
lenge of distinguishing between false positives and false 
negatives regarding the impact of AP on cognition. While 
high doses of AP may indeed have a negative effect on 
cognition, separating this from cognitive decline driven 

solely by the underlying disease poses a significant chal-
lenge. False positives, individuals who exhibit minimal 
cognitive decline despite increased AP doses, may exist 
because they are unlikely to progress through the disease 
regardless of AP adjustments. Conversely, false negatives, 
who experience more pronounced cognitive decline 
despite low AP doses, may be predisposed to develop 
psychosis regardless of AP usage. This inherent complex-
ity in differentiating AP effects from psychosis progres-
sion should be considered when interpreting the findings 
of this study.

Furthermore, the study is based on naturalistically col-
lected data with a non-random assignment of individuals 
with CHR to AP medication. It cannot be excluded, and 
it is actually likely, that clinicians prescribed AP to those 
individuals with CHR who presented with more worri-
some clinical and/or functional features and who there-
fore were at greater risk of a worse outcome. Under these 
conditions, it is not possible to draw causal inferences, 
but only to point to suggestive associations. Thus, the 
conclusions regarding the effect of early AP use on cogni-
tive function should be interpreted with caution.

Finally, it is important to note that the exploratory 
nature of this study and the limited sample size may have 
constrained our ability to further explore the differen-
tial impact of AP on cognitive function between more 
detailed age groups, as the continuum of physiologi-
cal and psychological changes associated with aging is 
continuous. We may not have captured nuances in the 
relationship between AP use and cognitive outcomes, 
such as specific ages at which the effects become more 
pronounced.

Future directions
We acknowledge that the 1-year follow-up period in 
our study may limit our ability to capture individu-
als who conversion to psychosis after this time frame. 
As such, the impact of AP on long-term cognitive out-
comes remains uncertain. We recognize the importance 
of conducting long-term follow-up studies to address 
this limitation. Future research endeavors should con-
sider extending the follow-up period to at least 2–3 
years to comprehensively assess the sustained effects of 
AP on cognitive function. Additionally, detailed analysis 
of cognitive function changes in patients following the 
conversion to psychosis is warranted. By incorporating 
these considerations into study design, we can better 
elucidate the relationship between AP use and cognitive 
outcomes in individuals at risk for psychosis. Further-
more, in future studies, we also aim to conduct more 
rigorously controlled clinical trials to further investigate 
the relationship between AP dose and changes in cogni-
tive function among individuals at CHR. Specifically, we 
plan to implement detailed documentation of medication 
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doses, types, durations, and adherence levels to allow for 
a more nuanced analysis of medication effects. By con-
ducting clinical trials with stricter control over AP use, 
we hope to elucidate whether there is a linear relation-
ship between AP dose and cognitive function changes in 
this population.

Not only will we explore the linear relationship 
between AP dose and cognitive function in future stud-
ies, but we will also consider the possibility of a non-
linear relationship between AP dose and changes in 
cognitive function among individuals at CHR. Drawing 
from past research by Andreasen’s group [49, 50], which 
has explored the relationship between AP dose and brain 
volume in schizophrenia, we recognize the importance of 
investigating potential adverse effects that may emerge 
at moderate doses of AP. Therefore, we plan to incorpo-
rate analyses that explore the possibility of non-linear 
effects of AP dose on cognitive outcomes in CHR indi-
viduals. By examining dose-response relationships and 
potential threshold effects, we can better inform clinical 
decision-making regarding the optimal use of AP to miti-
gate cognitive decline in this population. Additionally, we 
will explore potential moderators and mediators of these 
relationships to provide a more comprehensive under-
standing of the factors influencing AP effects on cogni-
tive function.

Conclusion
Initiating AP treatment in adolescents with CHR is asso-
ciated with less improvement in cognitive recovery than 
initiating AP treatment in adults with CHR, potentially 
leading to an increased risk of conversion to psychosis 
and poorer symptomatic and functional recovery. Given 
that cognitive function serves as a crucial predictor of 
conversion and functional outcomes, clinicians must 
carefully weigh the decision to initiate AP treatment in 
adolescent CHR individuals against the potential impact 
on cognitive recovery. Furthermore, there may be a need 
to exercise even greater caution when initiating AP treat-
ment in this population and to explore the provision of 
alternative therapeutic non-pharmacological strategies 
[51].

Abbreviations
AP  Antipsychotic
BACS  Symbol coding of the brief assessment of cognition in 

Schizophrenia
BVMT-R  Revised brief visuospatial memory test
CHR  Clinical high-risk
CPT-IP  Continuous performance test-identical pairs
GAF  Global assessment of function
HVLT-R  Revised Hopkins verbal learning test
MCCB  Measurement and treatment research to improve 

cognition in Schizophrenia (MATRICS) consensus 
cognitive battery

NAB  Neuropsychological assessment battery
SD  Standard deviation
SHARP-extended  Shanghai at risk for psychosis-extended

SIPS  Structural interview for prodromal syndromes
SMHC  Shanghai mental health center
WMS-3  Wechsler memory scale-III

Acknowledgement
None.

Author contributions
THZ and JJW. conceptualized the study, wrote the first draft of manuscript and 
conducted the statistical analyses. HRC, YYT and XCT helped in the design of 
the study and edited the manuscript. LHX and YYW, interviewed participants 
and collected and organized the primary data. CBL, TC, YGH, HCL, ZXW, 
and QH managed the literature searches, statistical analyses and edited the 
manuscript THZ and JJW designed the study and provided supervision in the 
implementation of the study.

Funding
This study was supported by National Key R&D Program of the Ministry 
of Science and Technology of China (2023YFC2506800), National Natural 
Science Foundation of China (82171544, 82371505, 82151314, 82101623) 
and Clinical Research Plan of SHDC (SHDC2022CRD026, SHDC2020CR4066, 
and SHDC12022113). None of the funders had any role in study design; in the 
collection, analysis and interpretation of data; in the writing of the report; and 
in the decision to submit the paper for publication.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This observational study was conducted following the principles of good 
clinical practice, the Declaration of Helsinki, and current ethical standards. 
Data are collected within the framework of guideline-based routine care. The 
study was approved by the research ethics committee of Shanghai Mental 
Health Center (IRB Approval Number: IRB2016-009). Consent from patients 
and parents/legal guardians (depending on the patients’ age) was obtained.

Consent for publication
Not applicable.

Competing interests
The authors report no conflict of interest regarding the subject of this study.

Author details
1Shanghai Key Laboratory of Psychotic Disorders, Shanghai Mental 
Health Center, Shanghai Engineering Research Center of Intelligent 
Psychological Evaluation and Intervention, Shanghai Jiaotong University 
School of Medicine, 600 Wanping Nan Road, 200030 Shanghai, China
2Department of Psychiatry, ZhenJiang Mental Health Center, Zhenjiang, 
People’s Republic of China
3Department of Automation, Shanghai Jiao Tong University,  
200240 Shanghai, China
4Shanghai Xinlianxin Psychological Counseling Center, Shanghai, China
5Big Data Research Lab, University of Waterloo, Waterloo, ON, Canada
6Labor and Worklife Program, Harvard University, Cambridge, MA, USA
7Center for Excellence in Brain Science and Intelligence Technology 
(CEBSIT), Chinese Academy of Science, Shanghai, People’s Republic of 
China
8Institute of Psychology and Behavioral Science, Shanghai Jiao Tong 
University, Shanghai, People’s Republic of China

Received: 9 January 2024 / Accepted: 24 April 2024

References
1. Mollon J, Reichenberg A. Cognitive development prior to onset of psychosis. 

Psychol Med. 2018;48(3):392–403.



Page 10 of 11Zhang et al. Child and Adolescent Psychiatry and Mental Health           (2024) 18:53 

2. Green MF, Horan WP, Lee J. Nonsocial and social cognition in schizophrenia: 
current evidence and future directions. World Psychiatry. 2019;18(2):146–61.

3. Stone WS, Cai B, Liu X, Grivel MM, Yu G, Xu Y, Ouyang X, Chen H, Deng 
F, Xue F, et al. Association between the duration of untreated psychosis 
and selective cognitive performance in Community-Dwelling individu-
als with chronic untreated Schizophrenia in Rural China. JAMA Psychiatry. 
2020;77(11):1116–26.

4. Millman ZB, Roemer C, Vargas T, Schiffman J, Mittal VA, Gold JM. Neuropsy-
chological performance among individuals at clinical high-risk for psychosis 
vs putatively low-risk peers with other psychopathology: a systematic review 
and Meta-analysis. Schizophr Bull. 2022;48(5):999–1010.

5. Hedges EP, See C, Si S, McGuire P, Dickson H, Kempton MJ. Meta-analysis of 
longitudinal neurocognitive performance in people at clinical high-risk for 
psychosis. Psychol Med. 2022;52(11):2009–16.

6. Cui H, Giuliano AJ, Zhang T, Xu L, Wei Y, Tang Y, Qian Z, Stone LM, Li 
H, Whitfield-Gabrieli S, et al. Cognitive dysfunction in a psychotropic 
medication-naive, clinical high-risk sample from the ShangHai-At-Risk-for-
psychosis (SHARP) study: associations with clinical outcomes. Schizophr Res. 
2020;226:138–46.

7. Desamericq G, Schurhoff F, Meary A, Szoke A, Macquin-Mavier I, Bachoud-
Levi AC, Maison P. Long-term neurocognitive effects of antipsychot-
ics in schizophrenia: a network meta-analysis. Eur J Clin Pharmacol. 
2014;70(2):127–34.

8. Weickert TW, Goldberg TE, Marenco S, Bigelow LB, Egan MF, Weinberger DR. 
Comparison of cognitive performances during a placebo period and an 
atypical antipsychotic treatment period in schizophrenia: critical examination 
of confounds. Neuropsychopharmacology. 2003;28(8):1491–500.

9. Cuesta MJ, Peralta V, Zarzuela A. Effects of olanzapine and other antipsychot-
ics on cognitive function in chronic schizophrenia: a longitudinal study. 
Schizophr Res. 2001;48(1):17–28.

10. Husa AP, Rannikko I, Moilanen J, Haapea M, Murray GK, Barnett J, Jones PB, 
Isohanni M, Koponen H, Miettunen J, et al. Lifetime use of antipsychotic 
medication and its relation to change of verbal learning and memory in 
midlife schizophrenia—an observational 9-year follow-up study. Schizophr 
Res. 2014;158(1–3):134–41.

11. Takeuchi H, Suzuki T, Remington G, Bies RR, Abe T, Graff-Guerrero A, 
Watanabe K, Mimura M, Uchida H. Effects of risperidone and olanzapine 
dose reduction on cognitive function in stable patients with schizophre-
nia: an open-label, randomized, controlled, pilot study. Schizophr Bull. 
2013;39(5):993–8.

12. Albert N, Randers L, Allott K, Jensen HD, Melau M, Hjorthoj C, Nordentoft M. 
Cognitive functioning following discontinuation of antipsychotic medica-
tion. A naturalistic sub-group analysis from the OPUS II trial. Psychol Med. 
2019;49(7):1138–47.

13. Faber G, Smid HG, Van Gool AR, Wiersma D, Van Den Bosch RJ. The effects of 
guided discontinuation of antipsychotics on neurocognition in first onset 
psychosis. Eur Psychiatry. 2012;27(4):275–80.

14. Singh A, Kumar V, Pathak H, Jacob AA, Venkatasubramanian G, Varambally 
S, Rao NP. Effect of antipsychotic dose reduction on cognitive function in 
schizophrenia. Psychiatry Res. 2022;308:114383.

15. Zhang T, Cui H, Wei Y, Tang X, Xu L, Hu Y, Tang Y, Chen T, Li C, Wang J. Neuro-
cognitive assessments are more important among adolescents than adults 
for Predicting psychosis in clinical high risk. Biol Psychiatry Cogn Neurosci 
Neuroimaging. 2022;7(1):56–65.

16. Zhang T, Raballo A, Zeng J, Gan R, Wu G, Wei Y, Xu L, Tang X, Hu Y, Tang Y, 
et al. Antipsychotic prescription, assumption and conversion to psychosis: 
resolving missing clinical links to optimize prevention through precision. 
Schizophrenia (Heidelb). 2022;8(1):48.

17. Zhang T, Xu L, Tang X, Wei Y, Hu Q, Hu Y, Cui H, Tang Y, Hui L, Li C, et al. Real-
world effectiveness of antipsychotic treatment in psychosis prevention in a 
3-year cohort of 517 individuals at clinical high risk from the SHARP (Shang-
Hai at risk for psychosis). Aust N Z J Psychiatry. 2020;54(7):696–706.

18. Zhang T, Xu L, Wei Y, Tang X, Hu Y, Cui H, Tang Y, Xie B, Li C, Wang J. When to 
initiate antipsychotic treatment for psychotic symptoms: at the premorbid 
phase or first episode of psychosis? Aust N Z J Psychiatry. 2021;55(3):314–23.

19. Zhang T, Tang X, Zhang Y, Xu L, Wei Y, Hu Y, Cui H, Tang Y, Liu H, Chen T, et al. 
Multivariate joint models for the dynamic prediction of psychosis in individu-
als with clinical high risk. Asian J Psychiatr. 2023;81:103468.

20. Zhang T, Zeng J, Wei Y, Ye J, Tang X, Xu L, Hu Y, Cui H, Xie Y, Tang Y, et al. 
Changes in inflammatory balance correlates with conversion to psychosis 
among individuals at clinical high-risk: a prospective cohort study. Psychiatry 
Res. 2022;318:114938.

21. Zhang T, Wang J, Xu L, Wei Y, Tang X, Hu Y, Cui H, Tang Y, Li C, Ling Z, et al. 
Further evidence that antipsychotic medication does not prevent long-
term psychosis in higher-risk individuals. Eur Arch Psychiatry Clin Neurosci. 
2022;272(4):591–602.

22. Miller TJ, McGlashan TH, Rosen JL, Cadenhead K, Cannon T, Ventura J, McFar-
lane W, Perkins DO, Pearlson GD, Woods SW. Prodromal assessment with the 
structured interview for prodromal syndromes and the scale of prodromal 
symptoms: predictive validity, interrater reliability, and training to reliability. 
Schizophr Bull. 2003;29(4):703–15.

23. Zhang T, Li H, Woodberry KA, Seidman LJ, Zheng L, Li H, Zhao S, Tang Y, 
Guo Q, Lu X, et al. Prodromal psychosis detection in a counseling center 
population in China: an epidemiological and clinical study. Schizophr Res. 
2014;152(2–3):391–9.

24. Zhang TH, Li HJ, Woodberry KA, Xu LH, Tang YY, Guo Q, Cui HR, Liu XH, Chow 
A, Li CB, et al. Two-year follow-up of a Chinese sample at clinical high risk for 
psychosis: timeline of symptoms, help-seeking and conversion. Epidemiol 
Psychiatr Sci. 2017;26(3):287–98.

25. Zheng L, Wang J, Zhang T, Li H, Li C, Jiang K. The Chinese version of the 
SIPS/SOPS: a pilot study of reliability and validity. Chin Mental Health J. 
2012;26(8):571–6.

26. Zhang T, Tang X, Li H, Woodberry KA, Kline ER, Xu L, Cui H, Tang Y, Wei Y, Li C, 
et al. Clinical subtypes that predict conversion to psychosis: a canonical cor-
relation analysis study from the ShangHai at risk for psychosis program. Aust 
N Z J Psychiatry. 2020;54(5):482–95.

27. Zhang T, Xu L, Tang Y, Li H, Tang X, Cui H, Wei Y, Wang Y, Hu Q, Liu X, et al. 
Prediction of psychosis in prodrome: development and validation of a simple, 
personalized risk calculator. Psychol Med. 2019;49(12):1990–8.

28. Zhang T, Li H, Tang Y, Niznikiewicz MA, Shenton ME, Keshavan MS, Stone 
WS, McCarley RW, Seidman LJ, Wang J. Validating the predictive accuracy 
of the NAPLS-2 psychosis risk calculator in a clinical high-risk sample 
from the SHARP (Shanghai at risk for psychosis) program. Am J Psychiatry. 
2018;175(9):906–8.

29. Kern RS, Gold JM, Dickinson D, Green MF, Nuechterlein KH, Baade LE, Keefe 
RS, Mesholam-Gately RI, Seidman LJ, Lee C, et al. The MCCB impairment 
profile for schizophrenia outpatients: results from the MATRICS psychometric 
and standardization study. Schizophr Res. 2011;126(1–3):124–31.

30. Kern RS, Nuechterlein KH, Green MF, Baade LE, Fenton WS, Gold JM, Keefe 
RS, Mesholam-Gately R, Mintz J, Seidman LJ, et al. The MATRICS Consensus 
Cognitive Battery, part 2: co-norming and standardization. Am J Psychiatry. 
2008;165(2):214–20.

31. Shi C, He Y, Cheung EF, Yu X, Chan RC. An ecologically valid performance-
based social functioning assessment battery for schizophrenia. Psychiatry 
Res. 2013;210(3):787–93.

32. Leucht S, Samara M, Heres S, Davis JM. Dose equivalents for antipsychotic 
drugs: the DDD Method. Schizophr Bull. 2016;42(Suppl 1):S90–94.

33. Hayasaka Y, Purgato M, Magni LR, Ogawa Y, Takeshima N, Cipriani A, Barbui 
C, Leucht S, Furukawa TA. Dose equivalents of antidepressants: evidence-
based recommendations from randomized controlled trials. J Affect Disord. 
2015;180:179–84.

34. Zhang T, Xu L, Li H, Cui H, Tang Y, Wei Y, Tang X, Hu Y, Hui L, Li C, et al. Indi-
vidualized risk components guiding antipsychotic delivery in patients with 
a clinical high risk of psychosis: application of a risk calculator. Psychol Med. 
2021;51:1–10.

35. Ziermans TB, Schothorst PF, Sprong M, van Engeland H. Transition and 
remission in adolescents at ultra-high risk for psychosis. Schizophr Res. 
2011;126(1–3):58–64.

36. Yoviene Sykes LA, Ferrara M, Addington J, Bearden CE, Cadenhead KS, Can-
non TD, Cornblatt BA, Perkins DO, Mathalon DH, Seidman LJ, et al. Predictive 
validity of conversion from the clinical high risk syndrome to frank psychosis. 
Schizophr Res. 2020;216:184–91.

37. Kristensen TD, Glenthoj LB, Ambrosen K, Syeda W, Raghava JM, Krakauer K, 
Wenneberg C, Fagerlund B, Pantelis C, Glenthoj BY, et al. Global fractional 
anisotropy predicts transition to psychosis after 12 months in individuals at 
ultra-high risk for psychosis. Acta Psychiatr Scand. 2021;144(5):448–63.

38. Raballo A, Poletti M, Preti A. Meta-analyzing the prevalence and prognostic 
effect of antipsychotic exposure in clinical high-risk (CHR): when things are 
not what they seem. Psychol Med. 2020;50(16):2673–81.

39. Best JR, Miller PH. A developmental perspective on executive function. Child 
Dev. 2010;81(6):1641–60.

40. Ferguson HJ, Brunsdon VEA, Bradford EEF. The developmental trajectories of 
executive function from adolescence to old age. Sci Rep. 2021;11(1):1382.



Page 11 of 11Zhang et al. Child and Adolescent Psychiatry and Mental Health           (2024) 18:53 

41. Luciana M, Conklin HM, Hooper CJ, Yarger RS. The development of nonverbal 
working memory and executive control processes in adolescents. Child Dev. 
2005;76(3):697–712.

42. Davidson MC, Amso D, Anderson LC, Diamond A. Development of cogni-
tive control and executive functions from 4 to 13 years: evidence from 
manipulations of memory, inhibition, and task switching. Neuropsychologia. 
2006;44(11):2037–78.

43. Huang XF, Song X. Effects of antipsychotic drugs on neurites relevant to 
schizophrenia treatment. Med Res Rev. 2019;39(1):386–403.

44. Cai Y, Yang T, Yu X, Han X, Chen G, Shi C. The alternate-form reliability study of 
six variants of the brief visual-spatial memory test-revised and the Hopkins 
Verbal Learning Test-revised. Front Public Health. 2023;11:1096397.

45. Tam JW, Schmitter-Edgecombe M. The role of processing speed in the brief 
visuospatial memory test-revised. Clin Neuropsychol. 2013;27(6):962–72.

46. Buczylowska D, Petermann F. Age-related differences and heterogeneity in 
executive functions: analysis of NAB executive functions module scores. Arch 
Clin Neuropsychol. 2016;31(3):254–62.

47. Zhang T, Cui H, Tang Y, Xu L, Li H, Wei Y, Liu X, Chow A, Li C, Jiang K, et al. 
Correlation of social cognition and neurocognition on psychotic outcome: a 
naturalistic follow-up study of subjects with attenuated psychosis syndrome. 
Sci Rep. 2016;6:35017.

48. Zhang T, Cui H, Wei Y, Tang Y, Xu L, Tang X, Zhu Y, Jiang L, Zhang B, Qian Z, et 
al. Progressive decline of cognition during the conversion from prodrome to 
psychosis with a characteristic pattern of the theory of mind compensated 
by neurocognition. Schizophr Res. 2018;195:554–9.

49. Andreasen NC, Liu D, Ziebell S, Vora A, Ho BC. Relapse duration, treatment 
intensity, and brain tissue loss in schizophrenia: a prospective longitudinal 
MRI study. Am J Psychiatry. 2013;170(6):609–15.

50. Ho BC, Andreasen NC, Ziebell S, Pierson R, Magnotta V. Long-term antipsy-
chotic treatment and brain volumes: a longitudinal study of first-episode 
schizophrenia. Arch Gen Psychiatry. 2011;68(2):128–37.

51. Zheng Y, Xu T, Zhu Y, Li C, Wang J, Livingstone S, Zhang T. Cognitive behav-
ioral therapy for Prodromal Stage of psychosis-outcomes for transition, func-
tioning, distress, and quality of life: a systematic review and Meta-analysis. 
Schizophr Bull. 2022;48(1):8–19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Cognitive functions following initiation of antipsychotic medication in adolescents and adults at clinical high risk for psychosis: a naturalistic sub group analysis using the MATRICS consensus cognitive battery
	Abstract
	Introduction
	Methods
	Study design and setting
	Sample
	Measurements
	Medication exposure
	Data analysis

	Results
	Sample baseline characteristics
	Sample follow-up characteristics
	Self-controlled comparisons of neurocognitive performances
	Antipsychotic taken and conversion
	Changes in clinical characteristics and cognitive performances

	Discussion
	Key findings
	AP− versus AP+
	Adolescents versus adults
	Cognitive trajectory
	Limitations
	Future directions

	Conclusion
	References


