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Purpose: Impaired social functions contribute to the burden of schizophrenia patients and 
their families, but predictive tools of social functioning prognosis and specific factors are 
undefined in Chinese clinical practice. This article explores a machine learning tool to 
identify whether patients will achieve significant social functional improvement after 3 
months of atypical antipsychotic monopharmacy and finds the defined risk factors using 
a multicenter clinical study.
Patients and Methods: A multicenter study on atypical antipsychotic (AAP) treatment in 
Chinese patients with schizophrenia (SALT-C) was conducted from July 2011 to 
August 2018. Data from 550 patients with AAP monopharmacy from their baseline to 
their 3-month follow-up were used to establish machine learning tools after screening. The 
positive outcome was an increase in the Personal and Social Performance (PSP) scale score 
by ≥10 points. The predictors were a range of investigator-rated assessments on symptoms, 
functioning, the safety of AAPs and illness history. The Least Absolute Shrinkage and 
Selection Operator (LASSO) was used for the feature screening and ranking of the predicted 
variables. The random forest algorithm and five-fold cross-validation for optimizing the 
model were selected to ensure the generalizability and precision.
Results: There were 137 patients (mean [SD] age, 41.1 [16.8] years; 77 [58.8%] female) 
who had a good social functional prognosis. A lower PSP score, taking a mood stabilizer, 
a high total Positive and Negative Symptom Scale (PANSS) and PANSS general subscale 
score, unemployment, a hepatic injury with medication, comorbid cardiovascular disease and 
being male predicted poor PSP outcomes. The generalizability of the PSP predictive tool was 
estimated with the precision–recall curve (accuracy of 79.5%, negative predictive value of 
92.6% and positive predictive value of 57.1%) and receiver operating characteristic curve 
(ROC) (specificity of 81.8% and sensitivity of 78.7%).
Conclusion: The machine learning tool established using our current real-world data could 
assist in predicting PSP outcome by several clinical factors.
Keywords: schizophrenia, atypical antipsychotics, social functional improvement, Personal 
and Social Performance, PSP

Introduction
The ideal prognosis for schizophrenia includes both the relief of core symptoms and 
functional improvement as this severe disorder contributes to the burden of 
patients’ families and society.1,2 Social dysfunction represents the deterioration of 
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functioning in one or more fields – interpersonal contacts, 
work or school, self-care, disturbing and aggressive beha-
vior – in the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5). In most patients with schizophrenia 
onset in adolescence, social functioning is severely 
affected and progressively declines as the number of 
acute episodes increases.3,4

Many studies have focused on factors associated with 
social functioning and previously identified potential predic-
tors including sociodemographic factors, illness duration, 
Positive and Negative Symptom Scale (PANSS) scores, 
cognition, antipsychotic use and others. Of these predictors, 
patients with a poor functional prognosis were found to be 
older, have a longer illness duration, have more severe 
psychiatric symptoms, have worse cognitive functioning, 
be unemployed, be poorly educated, and be male.5–14 

However, the comprehensive effect of these factors on social 
functioning is still unclear since individual patients with 
schizophrenia demonstrate great heterogeneity in disease 
conditions, adverse drug reactions, family economy and 
other characteristics; and predicting their social functional 
outcomes using traditional methods is difficult. There are 
many factors related to social functional improvement, 
which is why we chose machine learning.

Establishing clinical predictive models using machine 
learning tools is a major breakthrough in medical research 
in recent years;15 and machine learning has been used to 
successfully resolve a variety of problems in biology and 
medicine, including predicting drug responses in cancer 
cell lines,16 identifying DNA-binding proteins, and locat-
ing cancer lesions in specific tissues from the result of 
liquid biopsies. Many articles on predicting the therapeutic 
outcomes of patients with mental disorders have been 
published.8,17 Predicting social functional outcomes with 
machine learning might help clinicians and patients with 
their decision-making and improve functional prognoses. 
Therefore, based on our observational study on Chinese 
schizophrenia patients taking atypical antipsychotics 
(AAPs), we aimed to establish a predictive model of social 
functional improvement using the baseline and 3-month 
follow-up information of patients with AAP 
monopharmacy.

Patients and Methods
Study Design and Database
An observational study on long-term AAP treatment in 
Chinese patients with schizophrenia (SALT-C; 

International Clinical Trails Registry Platform number, 
NCT02640911) was conducted in 13 hospitals starting in 
July 2011. Our sample comes from hospitals, outpatient 
and ward doctors who initially screened schizophrenia 
patients using atypical antipsychotic drugs. Then, on 
a voluntary basis, we evaluated them in detail using uni-
formly trained researchers. The goal of this real-world 
study was to evaluate the long-term outcomes of treatment 
with atypical antipsychotics in schizophrenia. The out-
comes were the tolerability of AAPs and functional 
changes with AAP treatment. The study was approved by 
the Ethics Committee of the Shanghai Mental Health 
Center and conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki. Written informed 
consent was obtained from all participants prior to study 
enrollment.

Subjects had to meet the following inclusion criteria: 
(a) age ≥ 18 years, (b) a DSM-IV diagnosis of schizo-
phrenia, and (c) taking AAPs. The exclusion criteria were 
situations where patients were deemed unsuitable for 
enrollment by the investigator, such as suicidal tendencies, 
serious physical illnesses, and poor patient compliance. 
Variables were extensively collected, such as demographic 
characteristics, psychiatric and physical illness history, 
a range of investigator-rated measures of symptom sever-
ity and others. Regular assessments were conducted at the 
baseline, 3 months, 6 months, and then every half a year. 
All needed information was comprehensively assessed by 
trained investigators and then input into a uniform electro-
nic data capture system.

Prior to August 2018, 779 patients completed the 
3-month follow-up. Except for 229 patients with antipsy-
chotic polypharmacy, information from 550 AAP mono-
pharmacy patients was used to predict social functional 
outcomes with a machine learning approach (Figure 1).

Definition of Outcome Measures and 
Predictors
The Personal and Social Performance scale (PSP) is 
applicable to both acute and stable schizophrenia 
patients18–20 for assessing functioning last month, and the 
accuracy and reliability of the corresponding Chinese ver-
sion have been confirmed.21 The PSP consists of four 
dimensions: (a) socially beneficial activities, including 
work and study; (b) personal relationships and social rela-
tionships; (c) self-care ability; and (d) disturbing and 
aggressive behaviors. The PSP score can be divided into 
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10 levels using every 10 points to represent different 
degrees of dysfunction, and the minimum detectable 
change caused by nonrandom variables in continuous mea-
surements of the PSP was 10.7 points.22 In this study, the 
positive social functional outcome of machine learning 
was defined as an increase of ≥10 points in the PSP 
score after treatment.

The predictive variables were from a series of clini-
cally available information in the SALT-C study, including 
demographics, psychiatric symptoms (PANSS, the Calgary 
depression scale for schizophrenia [CDSS], and clinical 
global impression-schizophrenia [CGI-S]), antipsychotic 
use, treatment compliance (medication satisfaction ques-
tionnaire [MSQ], drug attitude inventory [DAI-10] and 
subjective well-being under neuroleptics [SWN]), the tol-
erability of AAPs (Simpson-Angus scale [SAS], Barnes 
akathisia [BARS], abnormal involuntary movement scale 
[AIMS], electrocardiograph [ECG] and serum prolactin), 
comorbidities and concomitant medication use.

The frequency and proportion of missing data of each 
variable were described, and the data that were missing for 
different reasons were processed. The missing data with 
a random cause with a proportion >5% were deleted 
directly. Dose equivalents of antipsychotics based on oral 
100 mg/d chlorpromazine were adopted from previous 
publications23,24 and the defined daily dose (DDD).

Machine Learning Analyses
The relationship between all predictors and outcome mea-
sures was analyzed using single-factor analysis. 
Continuous variables were analyzed using the t-test or 
nonparametric equivalent, and categorical variables were 
analyzed using the chi-squared test or Fisher test. This 
study used LASSO, namely, the L1-regularized multivari-
ate logistic regression, for feature screening; and a random 
forest algorithm to establish the model. Compared with an 
ordinary logistic regression, LASSO adds a penalty func-
tion to the equation to establish a more refined model. The 
formula of the penalty function is as follows:

bβ ¼ arg min
β
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2
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In this formula, N represents the number of samples, xnj 

represents the independent variables, J represents the num-
ber of independent variables, yn represents the dependent 
variable, b0 represents the intercept, and l represents the 
parameter of nonnegative regularization that controls the 

extent of regularization. λ ∑
J

j¼1
βj
�
�
�
� prevents the regulariza-

tion from overfitting. By introducing the penalty function, 
the LASSO regression can eliminate the coefficients of 
variables that do not affect the predictive ability without 
having to consider the multicollinearity between variables 
and retain only coefficients of important variables that can 
improve the predictive ability.25 Therefore, LASSO is 
a very effective algorithm for the feature selection of high- 
dimensional data.

Five machine learning algorithms, including the logistic 
regression (LR), the stochastic gradient descent (SGD), the 
gradient boosting decision tree (GBDT), extreme gradient 
boosting (XGB) and the random forest (RF), were compared 
in this study. The RF algorithm achieved the best receiver 
operating characteristic curve (ROC) and precision–recall 
curve (Figure 2). The RF is a nonparametric model proposed 
by Leo Breiman to solve the classification (two-category or 
multicategory outcomes) and regression (continuous out-
comes) issues. It is a combination of multiple decision 
trees26 and one machine learning algorithm with high pre-
dictive accuracy. Samples are classified by the decision 
points of each decision tree, and the classification results of 
all decision trees are finally collected to calculate the prob-
ability of occurrence of the outcome.27

We further divided 550 patients into a training set 
(70%) and a testing set (30%) and optimized the model 

Figure 1 Flowchart detailing construction of cases to develop the model. 
Notes: Only 550 atypical antipsychotic monopharmacy patients are included in the 
machine learning analysis. For establishing the model, they are divided into a training 
set (70%) and a testing set (30%). 
Abbreviation: SALT-C, multi-center real-world clinical study of long-term out-
comes for schizophrenia by atypical antipsychotic treatment in China.
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parameters using 5-fold cross-validation. Then, for the 
established model, we used the accuracy, positive pre-
dicted value (PPV), negative predicted value (NPV), area 
under the curve (AUC), sensitivity, and specificity to 
describe the effectiveness of the model in predicting the 
outcomes of the training set and testing set. The analysis 
software packages involved were SPSS 22.0 and Python.

Results
There were 550 patients (mean age 48.2 years, women 
41.5% and outpatients 17.1%) treated with AAP mono-
pharmacy for 3 months in our database. In addition, 159 

(28.9%) of them had an increase of ≥10 points in the PSP 
score, which was defined as the positive group; and the 
other 391 patients composed the negative group. The 
positive group was more likely to be younger; be female; 
be unmarried; be employed; be an outpatient; be experien-
cing their first episode; have a shorter total illness dura-
tion; have fewer relapses; have a shorter duration of their 
current episode; have a lower baseline PSP score; have 
more severe symptoms across the PANSS, CDSS and 
CGI-S measures; and have fewer comorbidities of the 
affective disorder, including liver and cardiovascular dis-
ease (Table 1).

C D

A B

Figure 2 Compares AUC of five machine learning algorithms and 5-fold cross-validation of random forest model. (A) AUC of five machine learning algorithms in training 
set. (B) AUC of five machine learning algorithms in testing set. (C) 5-fold cross-validation of RF results with ROC. (D) 5-fold cross-validation of RF results with P-R curve. 
Notes: The RF algorithm showed good performance in both training set (Figure 2A) and testing set (Figure 2B). Gray areas in Figure 2C and D mean 95% confidence 
interval. The RF algorithm achieved a nice ROC (mean AUC=0.808±0.08) and precision–recall curve (mean AUC=0.615±0.12). 
Abbreviations: AUC, area under curve; GBDT, the gradient boosting decision tree; LR, logistic regression; RF, random forest; ROC, receiver operating characteristic 
curve; SGD, stochastic gradient descent; XGB, extreme gradient boosting.
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The PSP score change and proportion of PSP increased 
by ≥10 points among the four AAP monopharmacy groups 
in our current database did not show significant differ-
ences. Different AAP monopharmacy groups demon-
strated different characteristics in Chinese clinical 

treatment. The clozapine group was mainly refractory 
patients and showed the earliest onset age, longest illness 
duration, most relapses, highest proportion of inpatients, 
lowest proportion of employed patients, most severe psy-
chiatric symptoms, poorest functioning in socially useful 

Table 1 550 Mono-Antipsychotic Patients’ Description Between PSP Improved ≥10 Points and <10 Points Groups

PSP Improved ≥ 10 Points (n=159) PSP Improved <10 Points (n= 391) P value

Demographic

Age, mean (SD), y 41.6 (17.3) 50.9 (14.5) 0.001*

Female, % 58 35 <0.001*

Unmarried, % 58 56 0.034*

In marriage, % 27 20

Marriage breakdown, % 15 24

Employed, % 26 12 <0.001*

Disease history

Inpatient, % 77 85 0.020*

First-episode, % 27 12 <0.001*

Onset age, mean (SD), y 26.6 (10.5) 26.9 (10.1) 0.728

Total illness duration, mean (SD), y 15.3 (15.3) 23.8 (14.0) <0.001*

Number of relapses, mean (SD) 3.1 (2.6) 4.0 (2.8) <0.001*

Duration of this episode, mean (SD), y 3.8 (6.0) 6.7 (7.2) <0.001*

Family history, % 18 18 0.521

Symptoms and functions assessment scales at baseline

Baseline PSP score, mean (SD) 59.4 (19.1) 44.7 (15.1) <0.001*

PANSS total, mean (SD) 71.0 (18.5) 59.1 (17.8) <0.001*

PANSS positive, mean (SD) 16.7 (7.0) 11.2 (5.5) <0.001*

PANSS negative, mean (SD) 19.6 (7.5) 19.7 (7.7) 0.851

PANSS general, mean (SD) 34.8 (9.9) 28.1 (8.2) <0.001*

CDSS, mean (SD) 2.8 (3.7) 1.3 (2.5) <0.001*

CGI-S, mean (SD) 4.6 (1.1) 3.8 (1.2) <0.001*

MSQ, mean (SD) 4.5 (1.3) 4.9 (1.3) 0.017*

Comorbidity

Mood stabilizers, % 3 10 0.001*

Liver-protecting drugs, % 4 10 0.007*

Cardiovascular disease, % 38 20 <0.001*

Note: *Means P < 0.05, with statistical difference. 
Abbreviations: CDSS, Calgary depression scale for schizophrenia; CGI-S, clinical global impression – schizophrenia; MSQ, medication satisfaction questionnaire; PANSS, 
positive and negative syndrome scale; PSP, personal and social performance scale.
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activities, poorest personal and social relationships and 
poorest baseline PSP total score. The aripiprazole group 
was characterized by the youngest age, fewer severe psy-
chotic symptoms, fewer relapses and inpatients, and 

a relatively good baseline PSP total score. The olanzapine 
and risperidone groups were identical in most items, and 
the characteristics and severity of the patients were in the 
middle of those of the other two groups (Table 2).

Table 2 Compare Among Four AAP Monopharmacy Groups

Olanzapine 
(n=174)

Risperidone 
(n=123)

Aripiprazole 
(n=88)

Clozapine 
(n=75)

P value

Age, mean (SD), y 50.2 (16.1) 49.8 (13.1) 43.4 (16.6) 53.0 (12.6) <0.001*

Female, % 42 44 42 41 0.184

Employed, % 13 20 16 8 0.017*

Inpatient, % 86 84 69 93 <0.001*

First-episode, % 27 12 22 12 <0.001*

Onset age, mean (SD), y 28.0 (11.3) 29.6 (10.7) 25.8 (10.0) 23.1 (6.4) 0.001*

Total illness duration, mean (SD), y 22.4 (15.1) 20.6 (12.3) 17.1 (14.9) 29.8 (12.4) <0.001*

Number of relapses, mean (SD) 4.0 (2.5) 3.7 (2.9) 3.0 (2.0) 5.1 (3.3) <0.001*

Family history, % 20 14 19 21 0.780

Symptoms and functions assessment scales at baseline

PANSS positive, mean (SD) 12.0 (6.0) 13.2 (6.8) 11.7 (6.3) 13.2 (6.7) 0.017*

PANSS negative, mean (SD) 20.0 (7.0) 19.5 (7.6) 17.2 (7.9) 22.7 (7.9) 0.001*

PANSS general, mean (SD) 30.1 (8.7) 29.5 (8.6) 28.5 (9.8) 30.7 (9.1) 0.024*

PANSS total, mean (SD) 62.1 (16.6) 62.2 (18.9) 57.4 (19.9) 66.5 (19.8) 0.019*

CDSS, mean (SD) 2.0 (3.1) 1.2 (2.3) 2.2 (3.5) 1.2 (2.3) 0.058

CGI-S, mean (SD) 4.1 (1.2) 4.0 (1.2) 3.6 (1.4) 4.3 (1.2) 0.032*

MSQ, mean (SD) 4.7 (1.5) 4.7 (1.2) 4.8 (1.4) 4.9 (1.2) 0.838

Mood stabilizers, % 14 3 3 9 0.006*

Liver-protecting drugs, % 10 5 3 15 0.055

Cardiovascular disease, % 19 10 11 17 0.564

Baseline PSP score, mean (SD) 54.5 (18.8) 56.7 (17.3) 62.8 (19.6) 51.1 (20.7) 0.003*

PSP1, mean (SD) 3.5 (1.3) 3.2 (1.3) 2.9 (1.4) 3.7 (1.2) 0.001*

PSP2, mean (SD) 2.9 (1.3) 3.1 (1.2) 2.5 (1.3) 3.5 (1.3) <0.001*

PSP3, mean (SD) 1.7 (1.1) 1.8 (1.0) 1.7 (1.1) 2.0 (1.2) 0.182

PSP4, mean (SD) 1.4 (0.7) 1.5 (0.8) 1.4 (0.9) 1.5 (0.9) 0.095

PSP score change, mean (SD) 5.3 (13.6) 3.8 (12.1) 4.3 (14.2) 1.7 (18.5) 0.179

PSP increased by ≥10 points, % 25 22 24 23 0.170

Note: *Means P < 0.05, with statistical difference. 
Abbreviations: CDSS, Calgary depression scale for schizophrenia; CGI-S, clinical global impression – schizophrenia; MSQ, medication satisfaction questionnaire; PANSS, 
positive and negative syndrome scale; PSP, personal and social performance scale.
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When establishing the model, we tested five machine 
learning algorithms and evaluated their predictive ability 
using the AUC. The random forest algorithm had a stable 
and relatively good predictive ability when the top 13 
variables were included in both the training and testing 
sets. The AUCs were close to 0.82 and 0.86 in the training 
and testing sets, respectively (Figure 2A and B). Five-fold 
cross-validation of the random forest model in the ROC 
curve and precision–recall curve (P-R curve) both showed 
good generalizability (Figure 2C and D).

Table 3 describes the top 13 predictors in the model 
for predicting an increase of ≥10 points in the PSP score. 
Comorbid mood stabilizers, high total PANSS and 
PANSS general subscale scores, unemployment, hepatic 
injury with medication, being male, and a comorbid car-
diovascular disease predicted a poor PSP outcome. The 
baseline PSP score was the most important influencing 
factor. For patients with a baseline PSP score >70 points, 
the positive outcome percentage was approximately 5.5%. 
For patients with a baseline PSP score ≤70, the percen-
tages were approximately 50% in first-episode patients 
and 25% in recurrent patients in our current study. 
Mood stabilizers are often used as adjuvants to antipsy-
chotics in schizophrenia patients with agitation and 
aggressive behavior. In our study, 45 patients (mean ill-
ness duration 29.5 years and mean PSP score change 0.3 
points) taking mood stabilizers were inpatients, and only 
3 patients (6.7%) demonstrated PSP increases of ≥10 
points.

Table 4 summarizes the model’s training and validation 
performance, showing that the model had a high sensitiv-
ity (81.8%) and specificity (78.7%) with an accuracy as 
high as 79.5%, especially when predicting an increase of 
<10 points in the PSP score (92.6%).

Discussion
This observational study was conducted to make the 
results generalizable and maximally useful in routine clin-
ical situations. In this observational study of Chinese schi-
zophrenia patients, we first established a predictive model 
of PSP improvement using machine learning. Taking 
mood stabilizers, high total PANSS and PANSS general 
subscale scores, unemployment, a hepatic injury with 
medication, being male, and having a comorbid cardiovas-
cular disease predicted poor PSP outcomes after 3 months 
of AAP treatment. Though the great heterogeneity among 
the investigated subjects was representative of the broad 
group of Chinese schizophrenia patients, the validated 
results in the testing set showed that the accuracy of the 
model reached 79.5%.

Using the current data to model and sort the predictive 
variables, the most important variables (importance≥0.15) 
were the PSP score at the baseline, mood stabilizers and 
the PANSS total score. In our study, patients with low PSP 
baseline scores were more likely to improve by ≥10 points 
after 3 months of treatment whereas patients with 
a baseline PSP ≥70 rarely improved by more than 10 
points after 3 months of medication. Antipsychotics in 
the acute phase can alleviate the core symptoms of patients 
and obtain early improvement in the PSP, and maintenance 
phase treatment can ensure the continuous improvement 
and stability of the PSP.28 When the PSP improves to 
a certain degree (such as a PSP of more than 70 points), 

Table 3 Top 13 Predictive Items of PSP Improved ≥10 Points 
Predicted Model

Coefficient

PSP score at baseline −0.19450

Mood stabilizers −0.16178
PANSS total score −0.14791

Having a job 0.09886

Liver-protecting drugs −0.08689
Female 0.07623

Quetiapine −0.07411

Cardiovascular disease −0.06888
PANSS general −0.06735

G11 poor attention 0.06561

P4 excitement 0.05773
G15 preoccupation 0.05634

G4 tension 0.05474

Abbreviations: PANSS, positive and negative syndrome scale; PSP, personal and 
social performance scale.

Table 4 Model Performance During Training and Validation

Parameters Internal Cross-Validation (SALT-C)

Accuracy 79.5%
NPV 92.6%

PPV 57.1%

Positive likelihood ratio 3.8
Sensitivity 81.8%

Specificity 78.7%

Area under ROC curve 86.7%
Cut-off (according to Y-D) 29.6%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; 
ROC, receiver operating characteristic curve; SALT-C, multi-center real-world 
clinical study of long-term outcomes for schizophrenia by atypical antipsychotic 
treatment in China.
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the drug cannot further significantly improve the social 
functioning of the patient.29 Some researchers believe 
that part of the theoretical basis is the change in the 
morphological structure of brain tissues. Only patients 
with slight atrophy of the marginal forebrain and the entire 
brain volume, small ventricles, and sufficient activity will 
have a better prognosis in social cognitive functions.30 

With the increase in relapse times, the brain tissue pro-
gressively decreases,4,31 and the functional level 
decreases. After multiple relapses, a patient enters the 
treatment resistance period, showing chronic migration, 
residual symptoms, and severely impaired function.3,4 In 
addition, there were more studies on the correlation 
between the PANSS and functional outcomes. In the 
acute phase of schizophrenia, both the PANSS and CGI- 
S are negatively correlated with the PSP.19 For every 1 
decrease in the PANSS total score, the PSP score increases 
by 0.42 points.32 The improvement of the PSP in remis-
sion was related to PANSS negative symptoms, onset age, 
the disability assessment scale-II (WHO) and psychologi-
cal rehabilitation.33 There was no improvement in negative 
symptoms after 3 months of treatment (Table 1), which 
may be part of the reason why the PSP score could not be 
further increased and social function could not be fully 
restored. The prevalence of mood stabilizer use as adjunc-
tive treatment with antipsychotics varied from 8.7% to 
19.9% on different continents.34 Using a mood stabilizer 
as an adjunctive treatment was common among female 
gender and younger schizophrenia patients characterized 
by agitation or obvious hostility in clinical practice.7,35,36 

According to our observational study, patients using 
a mood stabilizer did not show obvious improvement in 
the PANSS, the CGI-S, the CDSS, the PSP and other 
aspects after antipsychotic treatment (Table 5). This may 
be explained by the use of mood stabilizers to control 
aggressive behavior and in the treatment of resistant 
schizophrenia.

Our results also suggest that male and unemployed 
patients are more likely to show poor social functional 
improvement, which was identified with previous results. 
As early as 1919, Kraepelin found that male patients were 
more likely to relapse frequently with more serious 
conditions.10 This gender difference was thought to be due 
to the differences in social cognition between men and 
women. Women have an advantage in nonwritten and oral 
learning and memory, emotional management, and the per-
ception of happiness.37,38 In this way, female patients may 
have better social functioning.

Other indicators, such as liver injury treated with med-
ication and cardiovascular disease, negatively affected the 
social functional prognosis in our current study. Most 
antipsychotics are metabolized by the liver, and liver toxi-
city in individuals delays or exacerbates conditions and 
increase the difficulty of antipsychotic treatment. 
Cardiovascular diseases can be induced by genetic sus-
ceptibility, antipsychotics, lifestyle of decreased physical 
and social activities attributable to negative symptoms, 
alcohol and tobacco abuse, and limited medical resources 
available.39 In our study, patients with cardiovascular dis-
ease were older and had a greater BMI and a longer 

Table 5 Compare Between Comorbid and Non-Comorbid Mood Stabilizer Groups

Mood Stabilizers (n=45) No Mood Stabilizers (n=505) P value

Age, mean (SD), y 52.0 (13.8) 47.9 (16.0) 0.120

Female, % 33 42 0.248

Employed,% 7 16 0.084
Inpatient, % 100 81 0.001*

First-episode, % 7 17 0.067

Total illness duration, mean (SD), y 29.5 (12.4) 20.6 (14.8) 0.080
Number of relapses, mean (SD) 4.9 (2.7) 3.7 (2.7) 0.951

Family history, % 20 18 0.690

PANSS total, mean (SD) 62.1 (16.6) 62.2 (18.9) 0.873
CDSS, mean (SD) 2.0 (3.1) 1.2 (2.3) 0.654

CGI-S, mean (SD) 4.2 (1.2) 4.0 (1.3) 0.471

MSQ, mean (SD) 4.9 (1.4) 4.7 (1.3) 0.964
PSP score change, mean (SD) 0.3 (6.6) 4.9 (15.1) <0.001*

PSP increased by ≥10 points, % 7 27 0.003*

Note: *Means P < 0.05, with statistical difference. 
Abbreviations: CDSS, Calgary depression scale for schizophrenia; CGI-S, clinical global impression – schizophrenia; MSQ, medication satisfaction questionnaire; PANSS, 
positive and negative syndrome scale; PSP, personal and social performance scale.
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duration of illness. They suffer a heavier burden under the 
dual pressure of physical comorbidities and severe mental 
disorder; thus, a worse prognosis according to the PSP 
seems to be inevitable.

According to our current data, olanzapine, risperidone, 
aripiprazole and clozapine did not show significant differ-
ences in PSP improvement, and olanzapine and aripipra-
zole showed a slight advantage. Patients treated with 
antipsychotics usually achieve a PSP improvement in an 
early stage of treatment, but they achieve only slightly or 
moderately improved social functioning.28,29 Though their 
action on alleviating psychotic symptoms improved with 
the continuous development of antipsychotics, this pro-
gress had not been fully reflected in functional 
improvement.40 In other studies, different AAPs also 
showed no statistically significant difference in PSP 
improvement.41,42 One possible reason is the change in 
the morphology of the brain – brain tissue is progressively 
lost and cerebral function declines with schizophrenia 
relapses.4,31 Based on this study, the result may be uncor-
rected owing to the unbalanced subject numbers and short 
observational duration. PSP improvement could be influ-
enced by many factors, and AAPs may be just one of the 
ordinary factors. In addition, the AAPs that some SALT-C 
patients took were the ultimate treatment after weighting 
antipsychotic efficacy and safety through trial and error. 
Moreover, the effects of different factors, including AAPs, 
on PSP improvement probably counteracted each other.

The study has some limitations. First, the tool can 
only predict the probability of PSP improvement by ≥10 
points after 3 months of treatment with AAPs but can-
not predict long-term PSP. However, the database was 
from a real-world study; and due to its diverse medical 
history and courses of disease among the modeled 
patients, the model is suitable for repeated use in any 
disease course in any individual. Schizophrenia relapses 
easily, and 3 months is a commonly used treatment 
cycle in clinical practice, making the model more con-
ducive to clinical application. Second, the number of 
patients in the eight AAP subgroups was relatively 
small and not sufficient to further clarify the effects of 
different drugs on the PSP, especially the effect of 
quetiapine on functional improvement; therefore, 
a larger sample size is needed. Given that the model 
was designed to explore the factors influencing an 
increase of ≥10 points in the PSP score among a large 
number of clinical variables, the distinction among the 
eight AAPs may not be recognized due to insignificant 

differences. Third, the effects of other treatments (such 
as rTMS and psychosocial therapy) on PSP outcomes 
were not quantified and included in the analysis. Last, 
this is an observational study, which does not impose 
too many restrictions on the subjects when collecting 
samples. The current follow-up period is only 3 months, 
which is relatively short; therefore, no other methods, 
including long-short term memory networks (LSTMs), 
have been applied.

Conclusion
In summary, this is the first attempt to use machine learn-
ing to establish a probabilistic predictive model of an 
increase of ≥10 points in the PSP after atypical antipsy-
chotic treatment in a real-world study. Four AAPs (olan-
zapine, risperidone, aripiprazole and clozapine) did not 
show significant differences in social functional improve-
ment according to our current data. Furthermore, physical 
comorbidities might play an important role. External vali-
dation using an independent database to gain insight into 
the reliability of the model is critical. With the deepening 
of psychiatric research, it is possible to include genetic 
markers, EEG images, and laboratory-identified biochem-
ical or inflammatory markers to establish more accurate 
predictive models.

Data Sharing Statement
The data that support the findings of this study are from 
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