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Abstract

Background. Antipsychotics are widely used for treating patients with psychosis, and target
threshold psychotic symptoms. Individuals at clinical high risk (CHR) for psychosis are
characterized by subthreshold psychotic symptoms. It is currently unclear who might benefit
from antipsychotic treatment. Our objective was to apply a risk calculator (RC) to identify
people that would benefit from antipsychotics.
Methods. Drawing on 400 CHR individuals recruited between 2011 and 2016, 208 individuals
who received antipsychotic treatment were included. Clinical and cognitive variables were
entered into an individualized RC for psychosis; personal risk was estimated and 4 risk
components (negative symptoms-RC-NS, general function-RC-GF, cognitive performance-
RC-CP, and positive symptoms-RC-PS) were constructed. The sample was further stratified
according to the risk level. Higher risk was defined based on the estimated risk score (20%
or higher).
Results. In total, 208 CHR individuals received daily antipsychotic treatment of an olanza-
pine-equivalent dose of 8.7 mg with a mean administration duration of 58.4 weeks. Of
these, 39 (18.8%) developed psychosis within 2 years. A new index of factors ratio (FR),
which was derived from the ratio of RC-PS plus RC-GF to RC-NS plus RC-CP, was generated.
In the higher-risk group, as FR increased, the conversion rate decreased. A small group (15%)
of CHR individuals at higher-risk and an FR >1 benefitted from the antipsychotic treatment.
Conclusions. Through applying a personal risk assessment, the administration of antipsycho-
tics should be limited to CHR individuals with predominantly positive symptoms and related
function decline. A strict antipsychotic prescription strategy should be introduced to reduce
inappropriate use.

Psychosis, after its onset, has a debilitating course, and early intervention in the pre-morbid
phase of the disease is important (Solis, 2014). Increased scientific interest and research in
identifying individuals at the pre-morbid phase of psychosis led to the development of the
operationally defined criteria of ‘clinical high-risk (CHR)’. This has gained wide recognition
over the last two decades (McGlashan, Walsh, & Woods, 2010; Schultze-Lutter, Ruhrmann,
Berning, Maier, & Klosterkotter, 2010; Yung et al., 2005). The ongoing progression in this
field is not only in identifying these people but also in predicting psychosis through behavioral
and biological markers. Several individualized risk calculators (RC) were developed from large
cohort programs such as the second phase of the North American Prodrome Longitudinal
Study (NAPLS-2) (Cannon et al., 2016) and the Shanghai At Risk for Psychosis (SHARP)
study (Zhang et al., 2019a, 2019b). RC aims to assess personal risk and enable an accurate
early diagnosis of psychosis. However, these tools have not yet been widely used as an inter-
vention guide for the CHR population, largely because most RC measurements only predict
the risk level, but cannot analyze the causes of individual risk formation, which is the basis
of clinical treatment.
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The use of antipsychotic drugs as the preferred treatment for
CHR individuals remains controversial (Liu & Demjaha, 2013)
because of unnecessary and unethical antipsychotic exposure in
a number of individuals (about 2/3) (Fusar-Poli et al., 2012,
2013) who do not develop psychosis. However, previous rando-
mized controlled trials (RCTs) (McGlashan et al., 2006;
McGorry et al., 2002; Woods et al., 2003) on the use of antipsy-
chotics for treating CHR individuals showed that antipsychotics
seem to be effective in reducing the severity of attenuated symp-
toms and can potentially delay or prevent psychosis in the
short-to-medium term. Early recognition of which CHR indivi-
duals may benefit from the early use of antipsychotics is vital.
However, so far, little research has been conducted on this
issue. On the other hand, there is currently no evidence to
favor any one treatment (including antipsychotics) for the preven-
tion of psychosis onset in CHR individuals (Bosnjak Kuharic,
Kekin, Hew, Rojnic Kuzman, & Puljak, 2019; Davies et al.,
2018; Fusar-Poli et al., 2019). A common view is that it is likely
due to the one-size-fits all approach which does not account for
the high clinical heterogeneity of CHR populations (Fusar-Poli
et al., 2016a, b). As a result, the rationale for developing a preci-
sion medicine approach which is tailored to individual character-
istics appears reasonable and feasible for psychosis prevention.

In a recent report, we developed and validated SHARP-RC
(Zhang et al., 2021) for individualized prediction of psychosis
over a 2-year period. This can be used to assess the overall risk
probability that a CHR individual will develop full psychosis.
Additionally, it can include personal risk components that con-
tribute to the overall estimated risk. Four risk components can
be generated by applying SHARP-RC: negative symptoms
(RC-NS), general function (RC-GF), cognitive performance
(RC-CP), and positive symptoms (RC-PS). The present study
aimed to evaluate whether these four risk components can help
clinicians determine who would benefit from antipsychotic treat-
ment. We hypothesized that there is only a small group of CHR
individuals with a particular risk component pattern that could
benefit from early antipsychotic treatment.

Methods

Sample and cohort study design

The data reported here were collected as part of the SHARP
cohort study, an early psychosis identification program at the
Shanghai Mental Health Center (SMHC) in China. A series of
longitudinal studies were conducted to enroll and follow-up
CHR individuals starting at 15 Feburary 2011 (first subject
recruited), so as to explore risk factors in individuals with CHR
who may be more likely to convert to psychosis. The authors
assert that all procedures contributing to this work comply with
the ethical standards of the relevant national and institutional
committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008. The SHARP study repre-
sents a collaboration between the Beth Israel Deaconess Medical
Center (BIDMC) in the USA (Boston, Massachusetts) and
the SMHC in China. The Research Ethics Committees at the
SMHC and the BIDMC approved these studies. Details of the
SHARP design, implementation, assessments, methods, and
sample characteristics are reported elsewhere (Zhang et al.,
2018, 2021, 2019a, 2019b).

The CHR individuals from all over China were identified from
those who were initially looking for mental health services at

SMHC, which is China’s largest outpatient medication-
management and psychotherapy-providing mental health clinic.
The CHR individuals enrolled in the SHARP program is an
ongoing early identification program for psychosis, implemented
at one site, the SMHC in China. The sample for the current
analysis was recruited and assessed during 2011–2016. Three
main characteristics of the SHARP sample should be mentioned.
First, all CHR individuals in the SHARP sample were psychotro-
pically naïve when they were recruited. They had not received
treatment of any kind for a psychiatric disorder. Second,
they had no history of drug (such as methamphetamine) abuse
or dependence, which was one of the exclusion criteria in
the current study. Third, more than 70% of the SHARP sample
began to receive antipsychotics after their first outpatient visit,
but very few received non-pharmaceutical therapies such as
psychotherapy.

All participants provided written informed consent at the
recruitment stage of the study. Subjects younger than 18 years
of age had their consent forms signed by their parents, but they
also expressed consent themselves. A total of 400 individuals
with CHR were identified by face-to-face interviews using the
Structured Interview for Prodromal Syndromes (SIPS). (Miller
et al., 2002, 2003) Among these, 289 (72.3%) had a risk estimate
completed using the SHARP-RC at baseline and after 2-years.
Overall, 208 individuals who were treated with antipsychotics
for at least 2-weeks were included in the current analysis. These
patients had a mean age of 18.7 years. The majority were
women (53.8%). Thirty-nine (18.8%) patients developed psych-
osis within 2 years (Table 1).

Measurements

Individuals with CHR were identified based on the SIPS (Miller
et al., 2003), which consists of 19 items that assess four symptom
domains: positive symptoms, negative symptoms, disorganized
symptoms, and general symptoms. In our previous studies
(Zhang et al., 2014, 2017), the Chinese version of SIPS (Zheng
et al., 2012) developed by the SHARP team, also demonstrated
good inter-rater reliability (intraclass correlation coefficient: r =
0.96, p < 0.01 for SIPS total score) and validity (26.4% of the sub-
jects converted to psychosis in the following 2 years) in China.
The first author received SIPS certification at Yale University-
sponsored SIPS training and had extensive experience in
Chinese CHR research projects. The global assessment of function
(GAF) was used to measure the participants’ global psychological,
social, and occupational functioning.

The Chinese version of the Measurement and Treatment
Research to Improve Cognition in Schizophrenia (MATRICS)
Consensus Cognitive Battery (MCCB) (Shi, He, Cheung, Yu,
& Chan, 2013) was used to assess cognitive performance,
which was one of the factors included in the SHARP-RC.
The MCCB assessment was administered according to the
standardized guidelines provided in the test manual.
Consistent with the original version of the MCCB (Kern et al.,
2008; Nuechterlein et al., 2008), the Chinese version included
the following eight subtests in the present study: (1) Part A of
Trail Making Test, (2) Brief Assessment of Cognition in
Schizophrenia Symbol Coding Test, (3) Category Fluency Test,
(4) Continuous Performance Test-Identical Pairs, (5) Spatial
Span of the Wechsler Memory Scale-III, (6) Hopkins Verbal
Learning Test-revised, (7) Brief Visuospatial Memory Test-
Revised, and (8) Neuropsychological Assessment Battery
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Mazes. Of these, (1), (2), and (7) were used to calculate personal
risk in SHARP-RC.

The SHARP-RC

As reported in the previous paper (Zhang et al., 2021), the
SHARP-RC was designed to help better understand and stratify
psychosis risk and improve the decision-making in terms of pre-
vention measures. Four factors were generated by the exploratory

factor analysis of 14 clinical and cognitive variables from SIPS
and MCCB measurements. Factor 1 was labeled ‘negative symp-
toms’ (RC-NS) with high loading coefficients (>0.35) for
N1-Social-Anhedonia, N2-Avolition, N3-Expression-of-Emotion,
N4-Experience-of-Emotions-and-self, N5-Ideational-Richness,
D4-Impairmentin-Personal-Hygiene. Factor 2 was labeled ‘general
function’ (RC-GF) with high loading coefficients for a Drop-in-
GAF-score, Current-GAF, N6-Occupational-Functioning. Factor 3
was labeled ‘cognitive performance’ (RC-CP) with high loading

Table 1. Baseline demographic, clinical, cognitive, and estimated risk characteristics of individuals with Clinical High-Risk who were treated with antipsychotics

Variables Mean/Number S.D./%

Cases (N ) 208 –

Conversion to psychosis [n(%)] 39 18.8

Demographic Characteristics

Age(years) [Mean (S.D.)] 18.7 4.881

Male [n(%)] 96 46.2

Education (years) [Mean (S.D.)] 10.5 2.811

Family Historya [n(%)] 17 8.2

Schizotypal Personality Disorder [n(%)] 6 2.9

Highest GAFb in past year [Mean (S.D.)] 78.5 4.294

Current GAFb [Mean (S.D.)] 54.9 6.936

Clinical Characteristics

Total- Positive Symptoms Scores [Mean (S.D.)] 10.0 3.360

Total- Negative Symptoms Scores [Mean (S.D.)] 12.3 5.710

Total- Disorganization Symptoms Scores [Mean (S.D.)] 6.5 2.976

Total- General Symptoms Scores [Mean (S.D.)] 9.2 2.921

Total- SIPS/SOPS Scores [Mean (S.D.)] 38.0 9.680

Cognitive Characteristics

Part A of Trail Making Test [Mean (S.D.)] 33.8 14.432

Symbol Coding Test [Mean (S.D.)] 56.4 10.123

Category Fluency Test [Mean (S.D.)] 18.9 5.430

Continuous Performance Test-Identical Pairs 2.4 0.815

Spatial Span of the Wechsler Memory Scale-III [Mean (S.D.)] 15.7 2.978

Revised Hopkins Verbal Learning Test [Mean (S.D.)] 23.3 5.007

Revised Brief Visuospatial Memory Test [Mean (S.D.)] 26.2 6.245

Neuropsychological Assessment Battery: Mazes [Mean (S.D.)] 15.9 6.330

Estimated Risk Characteristics

Estimated risk score [Mean (S.D.)] 28.2 20.145

Negative symptoms (RC-NS) Ratio [Mean (S.D.)] 29.4 17.399

General function (RC-GF) Ratio [Mean (S.D.)] 13.6 10.829

Cognitive performance (RC-CP) Ratio [Mean (S.D.)] 30.5 18.984

Positive symptoms (RC-PS) Ratio [Mean (S.D.)] 26.5 15.947

Antipsychotic Exposures

Olanzapine-equivalent Dose of Antipsychotics [Mean (S.D.)] 8.7 6.230

Duration of Taking Antipsychotics (Weeks) [Mean (S.D.)] 58.4 36.700

Significant P values are bolded.
aFamily History: at least one first-degree relative with psychosis.
bGAF: the global assessment of function.
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coefficients for Trail-Making-Test, Brief-Assessment-of-Cognition-
in-Schizophrenia, Brief-Visuospatial-Memory-Test. Factor 4 was
labeled ‘positive symptoms’ (RC-PS) with high loading coeffi-
cients for Total-Positive-Symptoms, D2-Bizarre-Thinking. The
model of SHARP-RC was developed for predicting conversion
to psychosis by using four factors as predictors.

Criteria for grouping and outcome

The clinical and cognitive variables were entered into the
SHARP-RC by two people independently. A new variable of the
risk ratio for each CHR and the 4 risk components (RC-NS,
RC-GF, RC-CP, and RC-PS) was constructed. The level of risk
is also an important factor. We further grouped CHR individuals
into either the higher-risk or low-risk group, based on their
SHARP-RC estimated risk score. The study of SHARP-RC devel-
opment has found that in CHR youths with SHARP-RC estimates
higher than 20%, the estimates had excellent sensitivity (84%) and
good specificity (63%) for the prediction of psychosis. Therefore,
according to the level of risk, the higher-risk group included CHR
individuals with SHARP-RC estimated risk scores that were 20%
or higher. The low-risk group included CHR individuals with risk
scores that were lower than 20%.

Individual risk components were generated by SHARP-RC,
which included the four factors presented as percentages.
These four factors are not only used for the calculation of psych-
osis risk but also provide critical information on individual risk
composition, which may be valuable for clinicians making early
decisions regarding antipsychotic prescriptions. According to
the highest proportion of the four risk components (the Top-1
in proportion), CHR individuals were divided into four groups.
For example, the RC-NS group in the Top-1 in proportion
represents that the RC-NS component had the largest propor-
tion of CHR individuals in this group. Similarly, according to
the components in the top two proportions among the four
risk components (the Top-2 in proportion), CHR individuals
were divided into six groups (RC-NS&RC-GF, RC-NS&RC-CP,
RC-NS&RC-PS, RC-GF&RC-CP, RC-GF&RC-PS, and RC-
CP&RC-PS).

The primary focus of this cohort study was the rate of conver-
sion to psychosis. Conversion was determined using the POPS
(Presence of Psychotic Symptoms in SIPS) criteria (McGlashan
et al., 2010). Conversion was identified when the subject showed
a level-6 positive symptom (severe and psychotic) that was either
dangerous, disorganized, or occurred on an average of at least 1 h
a day, 4 days a week.

Follow-up procedures

All CHR Individuals were informed that the study involved a
group of clinical and cognitive assessments at baseline, with
follow-ups every 6 months over at least a 2-year period. The
research staff were independent of the routine clinical treatment
procedure at SMHC. Both individuals with CHR and their care-
givers were informed that they could contact the interviewer
and clinicians at any time to ask questions and request progress
reports regarding the patients’ medical conditions. Except for
those who desired no further contact, CHR individuals were
re-assessed with SIPS by telephone or through face-to-face inter-
views. The outcome determination was based primarily on
face-to-face (n = 124) or telephone interviews (n = 84), depending
on the wishes of the CHR individuals. For information regarding

antipsychotic usage, participants were asked to report the details
of their medication usage at every follow-up visit. This informa-
tion was confirmed by their family members and verified using
clinician reports and medical records.

Statistical analysis

Means and standard deviations (S.D.) were used to describe con-
tinuous variables. Counts and percentages were used to describe
categorical variables. Demographic, baseline clinical, cognitive
features, and antipsychotics exposures were collected for the over-
all sample. CHR individuals were classified into conversion and
non-conversion groups, and risk component characteristics were
compared between the groups. According to the risk components
distribution in the converters and non-converters, there seemed to
be a pattern, that is CHR individuals with higher proportions of
RC-NS and RC-CP had an increased risk for conversion, while,
those subjects with higher proportions of RC-PS and RC-GF
had a decreased risk for conversion. Based on prior clinical
experience, RC-NS and RC-CP primarily reflect characteristics
associated with negative symptoms; in contrast, RC-PS and
RC-GF primarily reflect characteristics associated with positive
symptoms. Therefore, the ratio of RC-PS plus RC-GF to RC-NS
plus RC-CP was assumed to be a balance index of the positive/
negative clinical features. As a result, a new index of the factors
ratio (FR) is computed as a measure of the symptomatic balance
toward the ‘positive’ and ‘negative’ clinical characteristics, was
determined and applied for differentiating between converters
and non-converters. Survival analysis (Kaplan–Meier) methods
and Log-rank tests were performed to illustrate the relationship
of the FR to either conversion or non-conversion over time.
Based on the analysis described above and our findings, we pro-
pose that a subgroup of CHR individuals at higher risk (estimated
risk score ⩾20%) and FR >1 are more likely to benefit from anti-
psychotic usage.

Results

Medication exposure

In total, 208 CHR individuals treated with antipsychotics received
daily olanzapine-equivalent doses (Leucht, Samara, Heres, &
Davis, 2016) of 8.7 mg, with a mean administration duration of
58.4 weeks. A total of 176 individuals (84.6%) received anti-
psychotic monotherapy. The four most commonly used anti-
psychotic in current sample were aripiprazole (n = 57, 27.4%),
olanzapine (n = 41, 19.7%), risperidone (n = 32, 15.4%) and
amisulpride (n = 29, 13.9%).

Estimated risk and risk components

According to the cut-off point (20%) (Zhang et al., 2019a) of the
estimated risk score, CHR individuals were stratified into the
higher-risk (> = 20%) or low-risk group (<20%). We examined
the risk components distribution in the converters and non-
converters in both subgroups. As shown in Table 2, in the higher-
risk group, CHR individuals with the highest proportion of
RC-PS had the lowest conversion incidence, while subjects with
higher proportions of RC-NS and RC-CP had an increased risk
for conversion.
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Factors ratio

The characteristics of the risk components which are presented in
Table 2 further hint that the FR may be able to differentiate con-
verters from non-converters. Figure 1 illustrates the trend in the
higher-risk group that, as the FR increased, the conversion rates
decreased.

Survival analysis

Kaplan–Meyer survival curves were constructed for the overall
sample, with the higher-risk and low-risk groups separated. The

higher-risk and low-risk groups were further divided by the FR
(>1, v. < = 1). Figure 2 shows that the conversion rate was signifi-
cantly lower in those who had an FR>1 in the higher-risk group.

Summarized profile for those that potentially benefit from
antipsychotic treatment

Our analysis revealed that CHR individuals at a higher-risk and
an FR>1 could potentially benefit from antipsychotic treatment.
This group covered less than 15% of all CHR individuals and
were characterized by lower general function and more severe

Table 2. Risk component characteristics of clinical high-risk individuals treated with antipsychotics who converted and did not convert to psychosis

Categories N Conversion n(%) Non-Conversion n(%)

Comparisons

χ2 p

Overall sample 208 39(18.8) 169(81.3) – –

Estimated risk score

Higher-Risk 114 32(28.1) 82(71.9) χ2 = 14.383 p < 0.001

Low-Risk 94 7(7.4) 87(92.6)

Higher-Risk group

Risk components (the Top-1 in Proportion)

Negative symptoms (RC-NS) 37 13(35.1) 24(64.9) χ2 = 1.354 p = 0.245

General function (RC-GF) 4 1(25.0) 3(75.0) χ2 = 0.019 p = 0.889

Cognitive performance (RC-CP) 40 14(35.0) 26(65.0) χ2 = 1.466 p = 0.226

Positive symptoms (RC-PS) 29 4(13.8) 25(86.2) χ2 = 3.927 p = 0.048 *

Risk components (the Top-2 in Proportion)

RC-NS & RC-GF 10 1(10.0) 9(90.0) χ2 = 0.927 p = 0.336

RC-NS & RC-CP 30 13(43.3) 17(56.7) χ2 = 4.698 p = 0.030 *

RC-NS & RC-PS 27 8(29.6) 19(70.4) χ2 = 0.043 p = 0.836

RC-GF & RC-CP 8 1(12.5) 7(87.5) χ2 = 0.370 p = 0.543

RC-GF & RC-PS 4 0(0) 4(100.0) χ2 = 0.498 p = 0.480

RC-CP & RC-PS 31 9(29.0) 22(71.0) χ2 = 0.020 p = 0.889

Low-Risk group

Risk components (the Top-1 in Proportion)

Negative symptoms (RC-NS) 30 0(0) 30(100.0) χ2 = 2.136 p = 0.144

General function (RC-GF) 3 0(0) 3(100.0) χ2 = 0.249 p = 0.618

Cognitive performance (RC-CP) 35 4(11.4) 31(88.6) χ2 = 1.283 p = 0.257

Positive symptoms (RC-PS) 30 3(10.0) 27(90.0) χ2 = 0.170 p = 0.680

Risk components (the Top 2 in Proportion)

RC-NS & RC-GF 3 0(0) 3(100) χ2 = 0.249 p = 0.618

RC-NS & RC-CP 28 1(3.6) 27(96.4) χ2 = 0.253 p = 0.615

RC-NS & RC-PS 27 1(3.7) 26(96.3) χ2 = 0.197 p = 0.657

RC-GF & RC-CP 9 2(22.2) 7(7.8) χ2 = 1.228 p = 0.268

RC-GF & RC-PS 8 0(0) 8(100.0) χ2 = 0.018 p = 0.893

RC-CP & RC-PS 23 3(13.0) 20(87.0) χ2 = 0.518 p = 0.472

Note: The higher-risk group included CHR individuals with estimated risk scores that were 20% or higher; the low-risk group included CHR individuals with estimated risk scores that were
lower than 20%. The Top-1 in Proportion: the component with the highest proportion among 4 risk components. The Top 2 in Proportion: the components in the top 2 proportion among the
4 risk components.
Significant P values are bolded.
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symptoms. In particular, positive symptoms (such as hallucina-
tions and delusions) and disorganized symptoms (odd behavior
of appearance and bizarre thinking) were more prevalent. These
individuals also had a poorer cognitive performance on the
Brief Assessment of Cognition in Schizophrenia symbol coding
test (Table 3).

Discussion

To our knowledge, this is the first study to apply an individualized
RC to assist clinician’s decision-making in prescribing anti-
psychotic treatment to CHR individuals. Additionally, this study
has the largest CHR sample on long-term antipsychotic

treatment. Our study found that those CHR individuals at higher
risk, with predominantly positive symptoms and general function
impairments, could potentially benefit from antipsychotic treat-
ment. Through the application of SHARP-RC, these criteria
were operationally defined as the estimated overall risk score
higher than 20% and an FR [(RC-PS + RC-GF)/(RC-NS +
RC-CP)] higher than 1. Less than 15% of SHARP samples met
these conditions. Those individuals treated with antipsychotics
were associated with lower conversion rates (reduced by about
25%, Fig. 1).

Interestingly, when these risk components were used alone
or in combination (see Table 2), the majority of comparisons
of the conversion rates were not significant. When FR was

Fig. 1. Conversion rates in antipsychotic treated
clinical high-risk individuals with different factor
ratios. Note: Factors ratio (FR): the ratio of risk
components of positive symptoms (RC-PS) plus
general function (RC-GF) to risk components of
negative symptoms (RC-NS) plus cognitive per-
formance (RC-CP), i.e. FR = [RC-PS + RC-GF]/
[RC-NS + RC-CP]. [A: B]: A is the number of con-
verters; B is the number of non-converters. The
higher-risk group included CHR individuals
with estimated risk scores that were 20% or
higher. The low-risk group included CHR indivi-
duals with estimated risk scores that were
lower than 20%.
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applied, the conversion rate decreased significantly as FR
increased (see Fig. 1). In other words, a single dimension of
the clinical feature appeared insufficient to guide the use of
antipsychotics in this highly heterogeneous CHR population.
Future research should consider that the integration of
more dimensions, especially the addition of biological
markers, may be beneficial for the precise intervention of
antipsychotics.

Our result delineates some of the gaps between real clinical prac-
tice and the guidelines’ recommendations on antipsychotic admin-
istration for the CHR population. Generally, antipsychotic treatment
has not been recommended as first-line therapy for CHR indivi-
duals and should be reserved for use after the failure of psycho-
logical interventions (Morrison et al., 2004) or potential
neuroprotective agents, such as the omega-3 long-chain polyunsat-
urated fatty acids (Amminger et al., 2020). Even if the medication

Fig. 2. Kaplan–Meyer survival curves for psychosis conversions between the factors ratio groups. Note: Factors ratio (FR): the ratio of risk components of positive
symptoms (RC-PS) plus general function (RC-GF) to risk components of negative symptoms (RC-NS) plus cognitive performance (RC-CP), i.e. FR = [RC-PS + RC-GF]/
[RC-NS + RC-CP]. The higher-risk group included CHR individuals with estimated risk scores that were 20% or higher. The low-risk group included CHR individuals
with estimated risk scores that were lower than 20%.
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was needed for this clinical population, antidepressants would per-
haps be more suitable for initiating treatment than antipsychotics. A
previous study (Fusar-Poli et al., 2015) compared the conversion
rates between antidepressants and antipsychotics in addition to cog-
nitive behavioral therapy (CBT) sessions in a longitudinal cohort.
They found that antidepressants plus CBT intervention was asso-
ciated with a reduced risk of conversion to psychosis, as compared
with the antipsychotics plus CBT intervention. Considering that
many interventions other than antipsychotics were available, more
than 70% of the CHR individuals in the current sample had antipsy-
chotics initiated after their first visit. Compared with other natural-
istic studies (Fusar-Poli et al., 2015) and reviews (Fusar-Poli et al.,
2020) reporting that only approximately 17% of CHR individuals
were exposed to antipsychotics, it became especially important to
develop a better way to identify potential antipsychotic beneficiaries
so as to reduce unnecessary antipsychotic administration in China.

For instance, a recent study (Fusar-Poli et al., 2020a) demonstrated
that CHR individuals who developed psychosis (despite anti-
psychotic treatment) had worse outcomes compared with patients
who initially presented in first-episode groups. Our previous study
(Zhang et al., 2020) provided evidence that early use of antipsycho-
tics for the CHR population may be effective in reducing the severity
of positive symptoms; however, this may not be the best approach in
terms of long-term remission.

There are several possible explanations for the superiority of
antipsychotics in CHR individuals with significant positive symp-
toms and general function impairments. First, in those with post-
onset psychosis, antipsychotics are often effective for treating
positive symptoms but have little impact on negative symptoms
and cognitive deficits. This is highly consistent with findings
from meta-analytic studies (Harvey, James, & Shields, 2016;
Leucht et al., 2009). Second, the mechanism action of

Table 3. Characteristics of clinical high-risk individuals who may benefit from antipsychotic treatment

Variables Potential Beneficiariesa Others

Comparison

χ2/t p

Cases (N ) 31 177 –

Demographic Characteristics

Age(years) [Mean (S.D.)] 18.0(4.719) 18.8(4.911) t = 0.867; p = 0.387

Male [n(%)] 15(48.4) 81(45.8) χ2 = 0.073; p = 0.787

Education (years) [Mean (S.D.)] 10.2(2.798) 10.5(2.818) t = 0.636; p = 0.525

Family Historyb [n(%)] 5(16.1) 12(6.8) χ2 = 1.953; p = 0.162

Schizotypal Personality Disorder [n(%)] 0(0) 6(3.4) χ2 = 0.210; p = 0.647

Highest GAFc in past year [Mean (S.D.)] 78.3(3.909) 78.6(4.366) t = 0.321; p = 0.748

Current GAFc [Mean (S.D.)] 51.9(8.249) 55.4(6.569) t = 2.634; p = 0.009*

Clinical Characteristics

Total – Positive Symptoms Scores [Mean (S.D.)] 12.8(3.167) 9.5(3.152) t = 5.380; p < 0.001*

Total – Negative Symptoms Scores [Mean (S.D.)] 12.7(5.037) 12.2(5.831) t = 0.361; p = 0.718

Total – Disorganization Symptoms Scores [Mean (S.D.)] 8.2(2.918) 6.2(2.888) t = 3.642; p < 0.001*

Total – General Symptoms Scores [Mean (S.D.)] 9.6(3.424) 9.1(2.830) t = 0.745; p = 0.457

Total – SIPS/SOPS Scores [Mean (S.D.)] 43.2(8.925) 37.1(9.535) t = 3.360; p = 0.001*

Cognitive Characteristics

Part A of Trail Making Test [Mean (S.D.)] 32.8(7.753) 34.0(15.313) t = 0.678; p = 0.499

Symbol Coding Test [Mean (S.D.)] 53.3(5.792) 57.0(10.620) t = 2.795; p = 0.007*

Category Fluency Test [Mean (S.D.)] 18.1(5.284) 19.0(5.458) t = 0.855; p = 0.393

Continuous Performance Test-Identical Pairs [Mean (S.D.)] 2.2(0.670) 2.4(0.837) t = 0.895; p = 0.372

Spatial Span of the Wechsler Memory Scale-III [Mean (S.D.)] 15.4(2.416) 15.7(3.068) t = 0.654; p = 0.514

Revised Hopkins Verbal Learning Test [Mean (S.D.)] 22.1(3.682) 23.6(5.182) t = 1.505; p = 0.134

Revised Brief Visuospatial Memory Test [Mean (S.D.)] 26.4(4.129) 26.2(6.555) t = 0.219; p = 0.827

Neuropsychological Assessment Battery: Mazes [Mean (S.D.)] 15.2(6.168) 16.1(6.367) t = 0.669; p = 0.505

Antipsychotic Exposures

Olanzapine-equivalent Dose of Antipsychotics [Mean (S.D.)] 9.0(6.195) 8.7(6.253) t = 0.239; p = 0.811

Duration of Taking Antipsychotics (Weeks) [Mean (S.D.)] 56.2(37.122) 58.8(36.718) t = 0.369; p = 0.712

aPotential Beneficiaries: CHR individuals at higher-risk (Estimated risk score>20%) and FR>1. Factors ratio (FR): the ratio of risk components of positive symptoms (RC-PS) plus general
function (RC-GF) to risk components of negative symptoms (RC-NS) plus cognitive performance (RC-CP), i.e. FR = [RC-PS + RC-GF]/[RC-NS + RC-CP].
bFamily History: at least one first-degree relative with psychosis.
cGAF: the global assessment of function.
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antipsychotics (Miyamoto, Miyake, Jarskog, Fleischhacker, &
Lieberman, 2012; Seeman, 1992), which primarily targets the
modulation of the dopamine D2 receptors, is more relevant to
positive symptoms. Third, the general function in SHARP-RC
was assessed using the GAF score, which is primarily affected
by the severity of positive symptoms. Once the proportion of
CP and CG increases, the proportion of CN and CC decreases.
Unfortunately, these domains are recognized as core features of
severe psychosis and lack responsiveness to antipsychotic treat-
ment (Harvey et al., 2016; Thornton, Van Snellenberg, Sepehry,
& Honer, 2006).

Our results revealed that, in general, CN and CC were high in
our cohort, but the proportion of potential antipsychotic benefi-
ciaries was low. A previous study by Leucht et al. (Hafner,
Riecher-Rossler, Maurer, Fatkenheuer, & Loffler, 1992) found
that around 70% of patients with schizophrenia develop primarily
negative symptoms before the onset of positive symptoms. Similar
findings were reported regarding cognitive impairment (Seidman
et al., 2010, 2016). However, there are no particularly effective
treatments for negative symptoms and cognitive impairment.
This may be the main reason that antipsychotics only benefit a
small subgroup of CHR individuals.

Our study has several limitations. Our dataset was designed and
collected to assess the association between risk factors and outcomes
in CHR individuals, not to address medication-related research
questions. Therefore, no data are available regarding side-effects
and tolerance to antipsychotics even though the prescription and
administration of antipsychotics were carefully recorded during
the follow-up assessments. As in other real-world observational
studies, our data may have been subject to selection bias.
Although we performed tripartite checks-involving the individuals
with CHR, family members, and medical records to confirm the
medical treatment details, our approach was less accurate than
other strict methods, such as pill counts and self-report. All indivi-
duals with CHR in our database were Chinese and recruited at only
a single site. This single-site design may increase sample homogen-
eity and continuity. It could also limit the generalizability of the
findings. However, the SMHC is the largest psychiatric service cen-
ter in China, serving over 1 000 000 outpatients per year, and pro-
vides professional treatment for patients throughout the country.
Of the sample, approximately half were not from Shanghai.

Conclusion

Currently, there are no national clinical guidelines or policy strat-
egies in China related to reducing inappropriate antipsychotic use
in the CHR population. Based on our SHARP findings, we pro-
pose a strict antipsychotic prescription strategy that focuses only
on CHR individuals with predominantly positive symptoms as
assessed by individualized risk estimates. This could help to
reduce the inappropriate use of antipsychotics.
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