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A B S T R A C T

Treatment-resistant schizophrenia (TRS) occurs when symptoms persist despite adequate antipsychotic treat
ment in terms of both timing and dosage. This severe condition is often overlooked, despite the existence of 
guidelines, with an average delay of 4–9 years before the introduction of clozapine, the gold standard treatment. 
We hypothesized that schizophrenia patients with severe autistic symptoms are more prone to develop TRS. To 
test this, we administered the Positive and Negative Syndrome Scale for Schizophrenia Autism Severity Scale 
(PAUSS) to 117 patients diagnosed with schizophrenia. Our results revealed that both TRS and clozapine non- 
responder (CLZ-nR) groups had higher rates of autistic symptoms than non-TRS patients. A machine learning 
model was developed to examine the relationship between PAUSS scores and TRS, obtaining an accuracy of 0.65 
and an AUC of 0.67. Specifically, PAUSS items N6 (“lack of spontaneity and flow of conversation”) and N7 
(“stereotypical thinking”) emerged as the most significant factors in the model. In addition, PAUSS was corre
lated with cognitive and social functions, as well as soft neurological signs, in TRS patients. Autism-related 
symptoms were found to predict significant variance in motor coordination, verbal fluency, functional ability 
and soft neurological signs. These results suggest that autism-related symptoms in schizophrenia may define a 
distinct subgroup with unique neurobiological characteristics.

1. Introduction

Schizophrenia is conceptualized as a severe neurodevelopmental 
disorder of synaptic connections (McGrath et al., 2003), resulting in a 
brain-wide derangement of neural networks (Nath et al., 2021; van den 
Heuvel and Fornito, 2014; Zhou et al., 2015). Antipsychotics are the 
cornerstone of pharmacological treatment in schizophrenia; however, 
up to 30 % of patients exhibit an inadequate response to these drugs, 
defining a subset of patients known as treatment-resistant (Elkis, 2007; 

Howes et al., 2017; Kane et al., 1988). Clozapine stands as the sole 
pharmacological option with the specific indication for 
treatment-resistant schizophrenia (TRS) (de Leon et al., 2020); more
over up to 30 % of TRS patients are unresponsive even to this agent, 
constituting another subgroup termed as clozapine non-responder 
(CLZ-nR) (Siskind et al., 2017). TRS represents a major clinical chal
lenge, particularly when addressing cognitive, social cognitive, and 
disorganization symptoms (Barone et al., 2022; de Bartolomeis et al., 
2013; Frydecka et al., 2016; Iasevoli et al. 2016, 2018a; Joober et al., 
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2002), which significantly impact the long-term course of the disease 
(Green, 2016; Javed and Charles, 2018; Pinkham, 2014). Notably, these 
symptoms - particularly those related to cognition, social cognition, and 
disorganization - could be conceptualized as transdiagnostic domains 
spanning schizophrenia and other neurodevelopmental disorders, 
including autism spectrum disorders (ASD) (Michelini et al., 2024; 
Nakata et al., 2020). Nakata and colleagues (Nakata et al., 2020), 
recently demonstrated an increased prevalence of ASD-like symptoms in 
TRS patients compared to schizophrenia patients in remission. These 
findings were supported by multiple validated assessment tools, 
including the Japanese version of the Autism-Spectrum Quotient (AQ) 
(Wakabayashi et al., 2004), the Autism Screening Questionnaire (ASQ) 
(Dairoku et al., 2016), and the Pervasive Developmental Disorder 
Assessment Rating Scales Text Revision (PARS-TR) (Adachi and Inoue, 
2008). Interest in the co-occurrence of autistic-related symptoms - by 
some authors referred to as autistic features, autistic traits or autistic 
phenotypes (Deste et al., 2018; Kästner et al., 2015) - among individuals 
with schizophrenia is increasing, drawing from the historical perspec
tive proposed by Eugen Bleuler, considering them as a pivotal feature of 
the most severe manifestations of schizophrenia (Bleuler, 1950; De 
Crescenzo et al., 2019; Kolvin, 1971; Ziermans et al., 2021). Subse
quently, neuropsychological research profoundly reformulated the 
meaning of this term, characterizing it instead as a lack of unconscious 
symbolic life, a deficiency in the imaginative world, and including un
usual features of language as well as deficits in relational communica
tion and reciprocity (Evans, 2013). Given their divergent clinical 
profiles and natural histories, schizophrenia and ASD were finally 
conceptualized as two distinct nosological entities, albeit with discrete 
clinical and biological overlaps (Baribeau and Anagnostou, 2013; 
Khanzada et al., 2017; St Pourcain et al., 2018; Sugranyes et al., 2011). 
For instance, individuals diagnosed with both schizophrenia and ASD 
often display similar deficits in neurocognitive functions related to so
cial cognition, exhibit comparable abnormalities in functional connec
tivity within large-scale brain networks (Chen et al., 2017; Eack et al., 
2017; Park et al., 2018), and share genetic susceptibility with multiple 
genetic loci implicated in the etiology of both conditions (Lee et al., 
2013; Sullivan et al., 2012). These findings suggest definite common 
phenotypic presentations extending beyond the diagnostic over
shadowing of schizophrenia or unwarranted comorbidity diagnoses.

To explore these clinical similarities, a tool named Positive and 
Negative Syndrome Scale for Schizophrenia Autism Severity Scale 
(PAUSS) has been elaborated to capture the continuous nature of 
autistic-related phenotypes in schizophrenia patients (Kästner et al., 
2015).

It has to be taken into account that the gold standard scales for the 
diagnosis of ASD in the general population are the Autism Diagnostic 
Observation Schedule (ADOS) and the Autism Diagnostic Interview- 
Revised (ADI-R) (Lord et al. 1989, 1994). Although these instruments 
have high validity, they are difficult and lengthy to administer to eval
uate autistic traits of schizophrenia subjects, especially in terms of 
reaching and interviewing with complex tools parents or caregivers of 
adults living with schizophrenia, which might not be considered feasible 
in clinical practice, and in some cases might not be possible at all (Nibbio 
et al., 2022). It is in this context that PAUSS was developed. Some early 
evidence demonstrated the effectiveness of the PAUSS in distinguishing 
between samples of ASD, schizophrenia, and other psychiatric disorders, 
with substantial correlation with the ADOS, as well as in identifying 
patients with concomitant ASD and schizophrenia (Deste et al., 2018). 
Recently, doubts have been raised about the use of PAUSS cut-offs for 
diagnostic purposes to identify autistic and non-autistic subjects, also 
considering the lack of long-term stability of this measure in study 
populations (Chisholm et al., 2023). Therefore, PAUSS is positioned as 
an instrument to be used preferentially on psychotic patients, capable of 
capturing state rather than trait symptomatology, and useful for the 
assessment of disease severity and the prediction of clinical outcomes. 
Lower PAUSS scores, together with younger age, higher premorbid 

intelligence quotient, and superior neurocognitive performance, have 
been found to predict better social cognitive outcomes in schizophrenia 
patients (Deste et al., 2020a). Further research within the Italian 
Network for Research on Psychoses corroborated these findings, 
demonstrating that higher PAUSS scores correlated with poorer per
formance across multiple Measurement and Treatment Research to 
Improve Cognition in Schizophrenia (MATRICS) domains and lower 
global cognitive composite scores (Vita et al., 2020). Additionally, in
dividuals with elevated PAUSS scores exhibited diminished functional 
capacity, impaired interpersonal relationships, and reduced participa
tion in community activities, suggesting a link between autistic-related 
symptoms and severe, disabling forms of schizophrenia.

Recent clinical reports, based on the diametric conceptualization of 
schizophrenia and ASD, suggest that autistic traits may exert a 
compensatory effect on psychosocial functioning in schizophrenia pa
tients with mild disease severity (Bechi et al., 2021; Vaskinn and 
Abu-Akel, 2019). This effect appears to arise from an interactive rela
tionship between autistic and positive symptoms, which are thought to 
reflect opposing mentalizing tendencies (Bechi et al., 2021). However, 
these findings are primarily applicable to patients with mild clinical 
presentation. In patients with severe illness, autistic symptoms, as 
assessed by PAUSS, have been independently associated with worsening 
functional outcomes (Bechi et al., 2021), and poor premorbid adjust
ment, which reflects an individual’s academic, occupational, social, and 
intellectual functioning prior to disease onset (Bechi et al., 2020; Can
non-Spoor et al., 1982). While previous studies highlighted the rele
vance of autism-like symptoms in schizophrenia, their role in TRS 
remains poorly understood. Given the substantial clinical and functional 
differences between schizophrenia subgroups, investigating these 
symptoms in TRS could provide valuable insights into disease trajectory 
and its treatment optimization.

The present study aimed to: i) determine whether the severity of 
autistic-related symptoms differs among TRS subgroups (CLZ-nR and 
CLZ-R), and non-TRS patients, given their distinct clinical profiles; ii) 
investigate which PAUSS item shows the strongest association with the 
TRS condition according to a machine learning approach; iii) define the 
association between PAUSS and cognitive functions, social skills, and 
neurodevelopmental outcomes, and examine the predictive role of 
PAUSS and Positive and Negative Syndrome Scale 5-factor (PANSS 5- 
factors) on these measures (van der Gaag et al., 2006).

Since this study is cross-sectional, it does not allow for inferences 
regarding the longitudinal progression of symptoms or causal relation
ships between autistic-related symptoms and schizophrenia severity. 
Instead, our findings provide a descriptive and exploratory analysis of 
symptom distribution across patient subgroups.

2. Materials and methods

2.1. Population

One hundred and seventeen patients meeting inclusion criteria were 
enrolled at the Outpatient Unit for Treatment-Resistant Psychosis, Sec
tion of Psychiatry, Department of Neuroscience, Reproductive Sciences 
and Dentistry, University “Federico II” of Naples. This cohort was 
derived from a pre-existing sample recruited for a previously published 
report and subjected to secondary analysis (Barone et al., 2022; de 
Bartolomeis et al., 2018). Enrolled patients were referred from com
munity mental health services to our center, a tertiary care facility 
specializing in the assessment of suspected schizophrenia treatment 
non-response. Consequently, patients undergoing screening at our unit 
usually have active, moderate, or severe symptoms. All eligible patients 
underwent comprehensive assessments, including clinical, psychopath
ological, cognitive, and psychosocial evaluations.

Inclusion criteria were: i) age range 18–65 years; ii) diagnosis of 
schizophrenia; iii) stabilized symptoms (i.e., no requirement for changes 
in medication or dose, and no evidence of recent symptom exacerbation 
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within the last six months); iv) consent to participate in the study. 
Exclusion criteria were: i) presence or history of neurodevelopmental 
disorder, including ASD; ii) significant medical or psychiatric comor
bidities; iii) concomitant substance use disorder; iv) conditions limiting 
the patient’s ability to participate or provide informed consent.

The diagnosis of schizophrenia was performed by two trained psy
chiatrists according to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) criteria employing the Structured 
Clinical Interview for DSM-5 (SCID) (First et al., 2015).

Definitions of TRS and non-TRS were based on the American Psy
chiatric Association (APA) algorithm, later refined by the Treatment 
Response and Resistance in Psychosis (TRRIP) guidelines (Howes et al., 
2017; Lehman et al., 2004). According to the TRRIP operational criteria, 
subjects were considered resistant following treatment failure with at 
least two different antipsychotic agents administered at an adequate 
dosage (≥ dose equivalent to 600 mg of chlorpromazine/day) for a 
minimum of six weeks (Howes et al., 2017), as observed during a pro
spective trial with an antipsychotics. TRS patients were prescribed clo
zapine unless clinical conditions contraindicated it. TRS patients who 
did not achieve a ≥25 % reduction in PANSS scores from baseline after 
an 8-week trial of clozapine administered at the target dose were cate
gorized as CLZ-nR.

All research procedures were conducted in accordance with the 
ethical standards set by the national and institutional committees 
responsible for human experimentation, following the principles of the 
1975 Declaration of Helsinki, revised in 2008. Experimental procedures 
involving patients were approved by our institutional review board, and 
all patients provided written informed consent before participation.

2.2. Demographic and clinical assessment

The following clinical and demographic data were gathered: age, sex, 
years of education, age of onset of psychotic symptoms, illness duration, 
number of hospitalizations, and current antipsychotic dosage in mg of 
chlorpromazine equivalents (CPZ) (Gardner et al., 2010). Psychotic 
symptoms were assessed by trained psychiatrists administering the 
PANSS (Kay et al., 1987), applying the 5-factor model that includes 
positive, negative, disorganization, excitement, and emotional distress 
factors (van der Gaag et al., 2006). Additionally, the PAUSS was 
computed to recognize autistic features in schizophrenia (Kästner et al., 
2015). The PAUSS (ranging from 8 to 56) comprises items from PANSS 
covering the following diagnostic domains associated with ASD (Kästner 
et al., 2015): 

- difficulties in social interaction: items 1 (‘blunted affect’), 3 (‘poor 
rapport’), and 4 (‘social withdrawal’) of the PANSS negative subscale 
(N1, N3, and N4);

- difficulties in communication: items 5 (‘difficulties in abstract 
thinking’) and 6 (‘lack of spontaneity and flow of conversation’) of 
PANSS negative subscale (N5 and N6);

- limited, repetitive, and stereotypic patterns of behavior: items 5 
(‘mannerism’) and 15 (‘preoccupation’) of the PANSS general sub
scale and item 7 (‘stereotyped thinking’) of the PANSS negative 
subscale (G5, G15, and N7).

The Neurological Assessment Scale (NES) was used to measure 
neurological soft signs indicative of aberrant neurodevelopment 
(Buchanan and Heinrichs, 1989; Hirjak et al., 2019). The NES is a 
30-item scale with score ranging from 0 to 2 (where 0 indicates absence, 
1 presence with mild intensity, and 2 indicates presence with high in
tensity) for each item. The Italian version of the extended University of 
California, San Diego (UCSD) Performance-Based Skills Assessment 
(UPSA) was used to evaluate functional capacity (Iasevoli et al., 2018b). 
The UPSA is divided into five domains, generating a raw score ranging 
from 0 to 20 points. The total score, potentially ranging from 0 to 100 
points, is calculated by summing the scores of each of the five domains, 

with higher scores indicating better performances (Heinrichs et al., 
2006; Iasevoli et al., 2018b). Personal and social functioning were 
assessed using the Personal and Social Performance (PSP) scale 
(Morosini et al., 2000). This is a 100-point single-item rating scale 
subdivided into 10 equal intervals with the following scoring: 91 to 100, 
indicates more than adequate functioning; up to 70, indicates mild dif
ficulties; 31 to 70, indicates various degrees of disabilities; and below 
30, indicates poor functioning requiring intensive support or supervision 
(Morosini et al., 2000). The following tasks to assess cognitive perfor
mance were included: the category instances task for verbal fluency; the 
list learning task for working memory; the token motor task for motor 
coordination; the symbol coding task for processing speed; and, finally, 
the Tower of London task for problem solving (Keefe et al., 2004; 
Phillips et al., 2001).

2.3. Statistical analysis and machine learning approach

Statistical analyses were performed using IBM SPSS Statistics 28.0.1 
and RStudio (RStudio, 2020). Descriptive statistics were used to 
examine clinical and demographic variables, and the Shapiro Wilk test 
was conducted to assess the normality of continuous variable. To eval
uate potential differences between diagnostic groups (i.e. TRS vs. 
non-TRS), we performed either an independent-sample two-tailed Stu
dent’s t-test or, for non-normally distributed variables, a Mann-Whitney 
test. The Chi-square test was used for dichotomous variables. Statistical 
significance threshold was set at p < 0.05. A one-way ANOVA with 
Tukey’s HSD post-hoc test was employed to assess differences among 
non-TRS and TRS subgroups (CLZ-R, and CLZ-nR), while a 
Kruskal-Wallis test with Dunn-Bonferroni post-hoc correction was 
applied for non-normally distributed variables. A one-way ANCOVA was 
conducted to evaluate potential confounding effects on the PAUSS score. 
To examine the relationship between the PAUSS score and other clinical 
variables, we performed Pearson’s for normally distributed variables 
and Spearman’s correlations for non-normally distributed variables. The 
impact of PANSS factors, based on the five-factor model (van der Gaag 
et al., 2006), and PAUSS on cognitive, social and neurodevelopmental 
outcomes were explored by a multivariate forward stepwise linear 
regressions.

To investigate the association between PAUSS score and TRS, we 
constructed a multivariate logistic regression model using a machine- 
learning approach. The dichotomous variable TRS/nonTRS served as 
the dependent variable while the items comprised in the PAUSS as the 
independent variables. Nested cross-validation, a technique suitable for 
biomedical data with limited sample sizes and numerous variables, was 
employed. This approach maximized dataset utilization while main
taining a clear division between training and testing sets. By incorpo
rating an inner loop for hyperparameter tuning and an outer loop for 
testing, nested cross-validation provides a more robust estimate of the 
model’s performance. The number of inner and outer folds was set at 
ten. Performance metrics such as the area under the curve (AUC), ac
curacy, sensitivity, and specificity were computed. To assess the accu
racy of probabilistic predictions, the Brier score was measured. All 
statistical analyses were conducted using the “nestedcv” package in 
RStudio, version 4.1.2. The variance and 95 % confidence intervals (95 
% C.I.) of the AUC were calculated using the “pROC” package (Lewis 
et al., 2023; Robin et al., 2011; RStudio, 2020).

3. Results

We recruited 117 schizophrenia patients, 59 classified as TRS (51.28 
%) and 58 as non-TRS (48.72 %) (Table 1). Within the TRS group, 23 
patients were clozapine responder (CLZ-R), and 30 were CLZ-nR 
(Table 2). Six TRS patients were excluded from the subgroup analysis 
due to contraindications to clozapine. All participants were on anti
psychotic treatment.

The independent samples two-tailed Student’s t-test and non- 
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parametric Mann-Whitney test for normally and non-normally distrib
uted variables, respectively, revealed significantly higher PANSS total 
score, PANSS negative score, PANSS general psychopathology score, 
PANSS positive score, PANSS PAUSS factor, PANSS disorganization 
factor, PANSS positive factor, PANSS Excitement Factor, and CPZ- 
equivalent in TRS group compared to non-TRS group, consistent with 
evidence that TRS is a more severe clinical condition than drug- 
responsive forms of schizophrenia (Table 1). When we performed a 
one-way ANOVA with Tukey HSD post-hoc and non-parametric Kruskal- 
Wallis test with Dunn-Bonferroni post-hoc to investigate the differences 
among non-TRS, CLZ-R, and CLZ-nR groups, for normally and non- 
normally distributed variables, respectively, we found a significant in
crease in all PANSS subscales and factors in CLZ-nR group compared to 
non-TRS patients. Furthermore, we observed significantly higher values 
in PANSS total score, PANSS positive score, PANSS general score, and 
PANSS factors including disorganization, positive, and emotional 
distress factors, in CLZ-nR compared to CLZ-R group. According to the 
severity illness, we found significantly lower CPZ equivalent values in 
non-TRS patients compared to both CLZ-R and CLZ-nR groups. Addi
tionally, UPSA total score, PSP score, and PS score also showed signifi
cant difference across patients’ groups, as reported in Table 2.

3.1. Association between PAUSS score and antipsychotic response

The independent sample two-tailed Student’s t-test compared PAUSS 
scores between TRS and non-TRS. As expected, TRS patients showed 
significantly higher PAUSS scores than non-TRS (95 % CI: − 5,70 to 

− 1,88; t(115,112) = − 3,93, p = 0.004) (Fig. 1). A one-way ANCOVA 
was conducted to identify potential confounding effects, and the dif
ference between TRS and non-TRS remained statistically significant 
after controlling for age, sex, level of education, age of onset, disease 
duration, and CPZ equivalents.

3.2. Autistic-related symptoms severity and clozapine response

PAUSS scores were significantly higher in CLZ-nR subjects compared 
to non-TRS (95 % CI: − 6.58 to − 1.05, mean difference = − 3.82, p =
0.002) (Fig. 2). The difference between CLZ-nR and non-TRS remained 
statistically significant after controlling for age, sex, educational years, 
age of onset, disease duration, and CPZ equivalents.

3.3. Machine learning algorithm

We employed a machine learning multivariate logistic model to 
evaluate the classification performance of PAUSS items in predicting 
TRS diagnosis. Specifically, we included as independent variables the 
PANSS items that contribute to the PAUSS total score (N1, N3, N4, N5, 
N6, N7, G5, and G15). The primary objective was to determine their 
impact on accurately identifying the presence/absence of TRS diagnosis 
(dependent variable). The logistic model yielded an accuracy of 0.65, a 
sensitivity of 0.57, and a specificity of 0.75, with an AUC of 0.67 (95 %C. 
I. = 0.57, 0.77). The Brier score was 0.27. Notably, key contributors to 
the model included items N7 (‘stereotyped thinking’) and N6 (‘lack of 
spontaneity and flow of conversation’) (Intercept = − 1.556; N7 =
0.431, N6 = 0.014) essential phenotypes to the clinical presentation of 
people with ASD. Final parameters: λ = 0.06522, α = 1.00000. The 
Receiver Operating Characteristic (ROC) curves from outer and inner 
folds are depicted in Fig. 3.

3.4. Predictive value of PAUSS score on cognitive, social, and 
neurodevelopmental outcomes: insights from multivariate regression 
analysis

Since the PAUSS score was found to be significantly associated with 
more severe phenotypes, we explored whether it was predictive of worse 
cognitive performance, poorer social functioning, and more severe 
neurological soft signs, indicative of aberrant neurodevelopment. 
Pearson’s correlations were performed to assess the relationship be
tween the PAUSS score and other clinical variables in TRS and non-TRS 
subjects. The PAUSS score exhibited significant negative correlations 
with motor coordination and cognitive domains such as verbal fluency, 
processing speed, and problem solving, as well as PSP, and UPSA, while 
positively correlating with NES scores (Table 3).

Subsequently, we conducted multivariate stepwise linear regressions 
to determine which of the various PANSS factors, including PAUSS, were 
better predictors of cognitive performance, social functioning, and 
neurological soft signs. This analysis allowed us to identify the PAUSS 
score as the independent variable that accounted for most of the vari
ance in cognitive and functioning scores. Infact, the PAUSS score was the 
only independent variable significantly predicting motor coordination, 
verbal fluency, UPSA score, and NES score (Table 3). The addition of 
other PANSS factors in the model did not contribute significantly to the 
variance of the aforementioned dependent variables (data not shown). 
Among the other dependent variables, problem solving variance was 
significantly explained by disorganization and positive symptom factors; 
processing speed variance was significantly predicted for the disorga
nization factor; PSP score was significantly accounted for the disorga
nization and emotional distress factors, and working memory score was 
significantly explained by positive symptoms (Table 4).

4. Discussion

Autistic-related phenotypes have consistently been described as part 

Table 1 
Demographic and clinical characteristics of the sample splitting it in 
treatment responsive and treatment resistant schizophrenia. Values are 
given as mean ± standard deviation for continuous variables, rates for sex, and 
median (IQR) for non-continues variabels in non-TRS and TRS subjects. TRS, 
Treatment-Resistant Schizophrenia, non-TRS, non-Treatment-Resistant Schizo
phrenia; PANSS, Positive and Negative Syndrome Scale; CPZ, Chlorpromazine; 
UPSA, University of California, San Diego (UCSD) Performance-Based Skills 
Assessment; PSP, Personal and Social Performance; NES, Neurological Assess
ment Scale; VM, Verbal Memory; WM, Working Memory; CM, Motor Coordi
nation; VF, Verbal fluency; PS: Processing speed; PSS, Problem solving; IQR, 
interquartile range. Significant results were given in bold (p < 0.05).

Demographic and clinical 
variables

Mean ± sd/Median(IQR) p-value

non-TRS (n =
58)

TRS (n = 59)

Age 38.19 ± 11.92 35.76 ± 9.65 p > 0.05
Sex, male (%)1 41 (61.2 %) 33 (64.7 %) p > 0.05
Years of schooling 13 (15–13) 13 (13–8) p > 0.05
Age of onset 23 (28–20) 19 (25–16.5) p¼0.049
Illness duration 14.83 ± 10.17 15.45 ± 8.40 p > 0.05
CPZ equivalents 300 (450–200) 551 

(662–417.2)
p < 0.001

PANSS Total score 84.59 ± 15.70 97.15 ± 16.62 p < 0.001
PANSS Positive score 18.42 ± 5.65 21.74 ± 4.82 p < 0.001
PANSS Negative score 22.36 ± 4.99 24.97 ± 5.78 p ¼0.01
PANSS General score 44.77 ± 9.38 50.09 ± 9.31 p¼0.003
PANSS Disorganization Factor 28.42 ± 6.47 33.71 ± 7.55 p < 0.001
PANSS Positve Factor 21.37 ± 6.79 25.02 ± 6.38 p¼0.003
PANSS Negative Factor 26 (29–22) 27 (31–22.5) p > 0.05
PANSS Excitement Factor 19.53 ± 4.99 22.38 ± 5.17 p¼0.003
PANSS Emotional distress 

Factors
24.93 ± 5.75 27.05 ± 6.08 p > 0.05

PANSS PAUSS Factor 24.17 ± 4.98 27.10 ± 5.71 p¼0.004
UPSA total score 71 (83–52) 79 (87.5–43) p > 0.05
PSP score 50 (65–44) 43 (60.50–31) p > 0.05
NES score 14.88 ± 9.50 19.42 ± 11.03 p > 0.05
VM score 36.84 ± 11.69 35.12 ± 12.575 p > 0.05
WM score 16 (19–14) 15 (17–13) p > 0.05
CM score 50.62 ± 16.68 45.86 ± 16.905 p > 0.05
VF score 32 (35–25) 36 (42–30) p > 0.05
PS score 33.48 ± 11.73 29.10 ± 12.19 p > 0.05
PSS score 14 (16–13) 12 (16.5–9) p > 0.05
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of the clinical profile of schizophrenia (Jutla et al., 2022). It has been 
suggested that more severe forms of schizophrenia could exhibit sig
nificant autistic-related symptoms (Deste et al., 2021). In the present 
study, we aimed to investigate the occurrence and severity of 

Table 2 
Demographic and clinical characteristics of the sample splitting TRS group into CLZ-R and CLZ-nR groups. Values are given as mean ± standard deviation for 
continuous variables, rates for sex, and median (IQR) for non-continues variabels in non-TRS, CLZ-R and CLZ-nR subjects. non-TRS, non-Treatment-Resistant 
Schizophrenia; CLZ-R, Clozapine responder, CLZ-nR, Clozapine non responders; PANSS, Positive and Negative Syndrome Scale; CPZ, Chlorpromazine; UPSA, Uni
versity of California, San Diego (UCSD) Performance-Based Skills Assessment; PSP, Personal and Social Performance; NES, Neurological Assessment Scale: VM, Verbal 
Memory; WM, Working Memory; CM, Motor Coordination; VF, Verbal fluency; PS, Processing speed; PSS, Problem solving; ns, Non-Significant; IQR, interquartile 
range. Significant results were given in bold (p < 0.05).

Demographic and clinical variables Mean ± sd/Median(IQR) Tukey post-hoc/Dunn-Bonferroni post-hoc p-value

non-TRS (n = 58) CLZ-R (n = 23) CLZ-nR (n = 30)

Age 38.19 ± 11.92 32.16 ± 74 37.94 ± 10.61 ns p > 0.05
Sex, male (%) 41 (61.2 %) 15 (65 %) 18 (60 %) ns p > 0.05
Years of schooling 13 (15–13) 13 (13–13) 13 (13–8) ns p > 0.05
Age of onset 21 (28–20) 20 (25–16) 19 (25.75–16.5) ns p > 0.05
Illness duration 14.83 ± 10.17 13.09 ± 7.41 16.91 ± 8.57 ns p > 0.05
CPZ equivalents 300 (450–200) 475 (810–400) 600 (656.25–488.75) non-TRS < CLZ-R p¼0.001

non-TRS < CLZ-nR p < 0.001
PANSS Total score 84.59 ± 15.70 89.65 ± 15.70 101.49 ± 16.07 non-TRS < CLZ-nR p < 0.001

CLZ-R < CLZ-nR p¼0.017
PANSS Positive score 18.42 ± 5.65 19.65 ± 4.90 23.11 ± 4.30 non-TRS < CLZ-nR p < 0.001

CLZ-R < CLZ-nR p¼0.036
PANSS Negative score 22.36 ± 4.99 23.91 ± 6.04 25.657 ± 5.58 non-TRS < CLZ-nR p¼0.013
PANSS General score 44.78 ± 9.38 46.09 ± 7.91 52.71 ± 9.68 non-TRS < CLZ-nR p < 0.001

CLZ-R < CLZ-nR p¼0.021
PANSS Disorganization Factor 28.42 ± 6.47 31.00 ± 8.16 35.49 ± 6.67 non-TRS < CLZ-nR p < 0.001

CLZ-R < CLZ-nR p¼0.044
PANSS Positve Factor 21.37 ± 6.79 22.04 ± 5.34 26.97 ± 6.31 non-TRS < CLZ-nR p < 0.001

CLZ-R < CLZ-nR p¼0.013
PANSS Negative Factor 25 (29–22) 27 (28–18) 29 (33.25–26) non-TRS < CLZ-nR p¼0.015
PANSS Excitement Factor 19.53 ± 4.99 21.30 ± 5.31 23.09 ± 5.03 non-TRS < CLZ-nR p¼0.004
PANSS Emotional distress Factors 24.93 ± 5.75 24.69 ± 5.04 28.60 ± 6.28 non-TRS < CLZ-nR p¼0.010

CLZ-R < CLZ-nR p¼0.035
PANSS PAUSS Factor 24.93 ± 5.75 25.52 ± 6.01 28.142 ± 5.33 non-TRS < CLZ-nR p¼0.002
UPSA total score 78 (83–52) 75 (63.41–46) 63 (80.25–40) CLZ-nR < CLZ-R p¼0.001

CLZ-R< non-TRS p¼0.029
PSP score 50 (65–44) 55 (63.41–46) 35 (49.75–29.5) CLZ-nR < non-TRS p¼0.010

CLZ-nR < CLZ-R p¼0.007
NES score 14.88 ± 9.50 15.09 ± 6.670 20.41 ± 12.82 ns p > 0.05
VM score 36.84 ± 11.69 38.08 ± 13.313 33.17 ± 11.855 ns p > 0.05
WM score 16 (19–14) 14 (17–11) 15 (16.5–13) ns p > 0.05
CM score 50.62 ± 16.68 51.21 ± 16.87 42.47 ± 16.30 ns p > 0.05
VF score 33.47 ± 10.81 33.60 ± 12.98 30.48 ± 8.71 ns p > 0.05
PS score 33.48 ± 11.73 34.89 ± 11.50 25.43 ± 11.31 CLZ-nR < non-TRS p¼0.009

CLZ-nR < CLZ-R p¼0.017
PSS score 14 (16–13) 11.39 (18–10) 12 (15–6.75 ns p > 0.05

Fig. 1. Differences in PAUSS scores between TRS and non-TRS groups. The 
values are expressed as relative mean ± standard deviation – non-TRS (24.17 
± 4.98), TRS (27.10 ± 5.71). Asterisk indicates statistically significant differ
ence between groups (p < 0.05). TRS, Treatment-Resistant Schizophrenia, non- 
TRS, non-Treatment-Resistant Schizophrenia; PAUSS, Positive and Negative 
Syndrome Scale for Schizophrenia Autism Severity Scale.

Fig. 2. Differences in PAUSS scores among non-TRS group and TRS groups 
divided into CLZ-R and CLZ-nR patients. The values are expressed as relative 
mean ± standard deviation - non-TRS (24.93 ± 5.75), CLZ-R (25.52 ± 6.01), 
CLZ-nR (28.142 ± 5.33). Asterisk indicates statistically significant difference 
between groups (p < 0.05). non-TRS, non-Treatment-Resistant Schizophrenia 
patients; TRS, Treatment-Resistant Schizophrenia; CLZ-R, Clozapine Re
sponders; CLZ-nR, Clozapine non-responders; PAUSS, Positive and Negative 
Syndrome Scale for Schizophrenia Autism Severity Scale.
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autistic-related phenotypes in the group of TRS patients. We hypothe
sized that autistic-related symptoms could differ across schizophrenia 
groups with varying severity, namely non-TRS individuals, TRS patients, 
and the two TRS subgroups—CLZ-R TRS and CLZ-nR TRS patients. In 
recent years, the PAUSS scale has been proposed as a reliable tool to 
capture autism spectrum symptoms in patients diagnosed with schizo
phrenia (Kästner et al., 2015). Thus, we applied the PAUSS to our sample 
of schizophrenia patients categorized as non-TRS or TRS, with the latter 
subsequently split into CLZ-R and CLZ-nR subjects. Additionally, we 
aimed to explore the association between autistic-related symptoms and 
cognitive impairment, psychosocial dysfunctions, and aberrant 
neurodevelopment-related signs in the same sample.

We observed that TRS subjects exhibit significantly higher levels of 
autistic-related symptoms compared to non-TRS individuals. The sig
nificant difference was even more pronounced when comparing CLZ-nR 
to non-TRS subjects. The greater presence of autistic symptoms and 

disorganization (Barone et al., 2022) in TRS patients might be consid
ered intuitively obvious, given that both of these symptom domains do 
not respond adequately to available antipsychotic agents, and thus their 
presence “selects” nonresponsive patients; on the other hand, their 
preponderance in a group of patients with schizophrenia can be un
derstood as a marker of distinct neurobiological substrates, as already 
hypothesized (Gillespie et al., 2017; Iasevoli et al., 2023; Nucifora et al., 
2019). Notably, in our previous study, we identified distinctive molec
ular signatures among non-TRS, TRS, and CLZ-nR subjects (Iasevoli 
et al., 2023), primarily implicating functional metabolism within the 
prefrontal cortex. On the other hand, multiple recent evidence reports 
frontotemporal dysconnectivity as a putative neurobiological substrate 
in this patients group (Chen et al., 2024; Molent et al., 2019). An 
aberrant functional connectome in TRS, and potentially CLZ-nR pa
tients, may arise from altered cell programming and aberrant synaptic 
pruning processes during neurodevelopment (Eltokhi et al., 2020; Fox 

Fig. 3. Performance of the machine learning model explained by Operating Characteristic (ROC) curves. ROC curves were generated from both outer and 
inner folds. The independent variables comprised PAUSS items, while the outcome variable represented the condition of treatment resistance or responsiveness. The 
ROC curves visually illustrate the trade-off between sensitivity and specificity, providing insight into the performance characteristics of the logistic models in 
assessing the association between the presence or absence of treatment-resistant schizophrenia condition and the PAUSS items.

Table 3 
Pearson’s and Spearman’s correlations between PAUSS score and cognitive measures in the two groups, respectively for normal and non-normal distributed variables. 
Statistically significant differences were given in bold (p < 0.05). TRS, Treatment-Resistant Schizophrenia, non-TRS, non-Treatment-Resistant Schizophrenia; PAUSS, 
Positive and Negative Syndrome Scale for Schizophrenia Autism Severity Scale; PSP, Personal and Social Performance; UPSA, University of California, San Diego 
(UCSD) Performance-Based Skills Assessment; NES, Neurological Soft Signs.

TRS

Motor 
coordination

Verbal 
Memory

Verbal 
fluency

Working 
memory

Processing 
speed

Problem 
solving

PSP UPSA NES

PAUSS Pearson’s r/ 
Spearman’s ρ

− 0.59 − 0.156 − 0.39 − 0.82 − 0,47 − 0.405 − 0.71 − 0.573 0.49

p-value <0.01 >0.05 <0.05 >0.05 <0.01 <0.05 <0.01 <0.001 <0.01

non-TRS

Motor 
coordination

Verbal 
Memory

Verbal 
fluency

Working 
memory

Processing 
speed

Problem 
solving

PSP UPSA NES

PAUSS Pearson’s r/ 
Spearman’s ρ

− 0.03 − 0.11 − 0.23 0.03 − 0.16 − 0.08 − 0.309 − 0.09 0.042

p-value >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
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et al., 2012; Lupu et al., 2012; Maccari et al., 2017). Notably, aberrant 
synaptic pruning has been implicated in the molecular mechanisms 
underlying both schizophrenia and ASD, although with fundamental 
qualitative distinctions (Howes and Onwordi, 2023; Tang et al., 2014; 
Zhang et al., 2021), and may represent a shared neurobiological sub
strate linking autistic-related symptoms to TRS. On the other hand, the 
lack of significant differences in PAUSS scores between non-TRS and 
CLZ-R groups may be attributed to the heterogeneity of TRS and its 
distinct neurobiological mechanisms. Given the broad spectrum of clo
zapine’s efficacy on overall schizophrenia symptoms, it is plausible that 
TRS patients who receive and respond to clozapine may, after a certain 
duration, develop autistic-like symptoms that are not significantly 
different from those of patients who respond to other antipsychotics 
from the first exposure. In other words, the absence of a difference could, 
at least in part, be a consequence of clozapine treatment. Supporting this 
hypothesis, clozapine has been reported to improve symptoms in 
treatment-resistant autistic patients who failed to respond to other 
first-line treatments (Lambrey et al., 2010; Rabinowitz et al., 2013; 
Sahoo et al., 2017). The second main finding of our study was that 
discrete PAUSS items, particularly N6 and N7, performed with accept
able accuracy in predicting the TRS classification of patients. Indeed, the 
machine learning approach validated the association between PAUSS 
scores and TRS condition, highlighting the significance of ‘lack of 
spontaneity and flow of conversation’ and ‘stereotyped thinking’ as 
fundamental variables in shaping the model. Both these phenotypes are 
integral to the clinical presentation of individuals with ASD, suggesting 
that distinct schizophrenia symptoms, mainly negative ones, can overlap 
with core features of ASD. Indeed, in a recent study, scores on the PANSS 
negative subscale were found not to be significantly different between 
schizophrenia and ASD patients (Trevisan et al., 2020). ‘Lack of spon
taneity and flow of conversation’ refers to the reduced or absent natural 
expression of thoughts, emotions, and behaviour, exemplified by 
decreased initiation of conversations, diminished emotional expression, 
and reduced engagement in activities (Marder and Galderisi, 2017). 
‘Stereotyped thinking’ refers to a rigid, repetitive, and inflexible pattern 
of thinking, often seen in fixed beliefs, obsessions, or preoccupations 
(Marder and Galderisi, 2017). These behavioral phenotypes may stem 
from unique neurobiological alterations involving aberrant 

neurocircuitry due to synaptic plasticity processes, which cannot be 
targeted by current antipsychotics (Penzes et al., 2011).

The third finding of our study is that the PAUSS score significantly 
correlated with multiple measures of cognitive and psychosocial im
pairments (i.e., motor coordination, verbal fluency, UPSA score, and 
NES score) and was among the most predictive domains of outcome on 
several of these measures. Previous studies have consistently linked 
greater severity of autism symptoms in schizophrenia patients to poorer 
functional outcomes, diminished cognitive performance, decreased so
cial abilities, and increased internalized stigma (Barlati et al., 2022; 
Deste et al., 2020a). Our results suggest a strong association between the 
behavioral phenotypes within the PAUSS construct and deficits in motor 
coordination, verbal fluency, performance-based social functioning, and 
clinical measures of aberrant neurodevelopment. These findings indi
cate an orthogonal effect of autism-related symptoms and disorganiza
tion in predicting these outcomes. High scores on the disorganization 
domain have been demonstrated to predict non-response to antipsy
chotics (Barone et al., 2022). It is noteworthy that idiosyncratic speech 
and thought, common in individuals with ASD, are often logical and 
should not be confused with formal thought disorders seen in schizo
phrenia patients (Lai and Baron-Cohen, 2015). Therefore, 
autistic-related symptoms individuated by PAUSS and phenotypes 
included into the disorganization domain should be clearly distin
guished, consistent with the orthogonal effect observed in our study on 
cognitive and psychosocial measures, attributable to substantially 
divergent neurobiological bases. Each domain could define a discrete 
subgroup of TRS, putatively each one with its unique clinical presenta
tion and neurobiological underpinnings, probably also influenced by 
other factors, such as tobacco smoking (Iasevoli et al., 2013).

In the present study, the PAUSS was used to detect autistic traits, 
providing a quantitative measure of autistic patterns, useful for tracking 
symptom severity and comparing outcomes across different patient 
populations. This aligns with a dimensional approach that conceptual
izes ASD as at the severe end of a quantitative trait on a social behavior 
continuum. However, the literature does not unanimously support the 
presence of a continuous latent structure of ASD among the general 
population, relatives of ASD subjects, and other diagnostic groups, 
raising concerns that autistic symptoms may align more closely with a 

Table 4 
Selected predictive variables in the stepwise linear regression model. Statistically significant differences were given in bold (p < 0.05). PSP, Personal and Social 
Performance; UPSA, University of California, San Diego (UCSD) Performance-Based Skills Assessment; NES, Neurological Soft Signs. PAUSS, Positive and Negative 
Syndrome Scale for Schizophrenia Autism Severity Scale.

Dependent Variable Whole Model Stepwise

df p F Adj R2 Coefficient(s) p Standardized Beta

Motor Coordination 1,99 <0.001 11.9 0.098 PAUSS <0.001 − 0.328

Verbal Fluency 1115 <0.001 15.5 0.111 PAUSS <0.001 − 0.345

Verbal Memory 1115 0.004 8.5 0.061 Disorganization 0.004 − 0.263

Processing Speed 1,98 <0.001 14.1 0.117 Disorganization <0.001 − 0.355

Problem Solving 2114 <0.001 16.6 0.212 Disorganization <0.001 − 0.549
Positive Symptoms 0.004 0.281

PSP Score 2.48 <0.001 19.5 0.426 Disorganization <0.001 − 0.457
Emotional Distress 0.023 − 0.301

UPSA Score 1,49 0.002 11.1 0.168 PAUSS 0.002 − 0.430

NES Score 1,56 0.003 9.6 0.131 PAUSS 0.003 0.382

Working memory 6,11 0.031 2.4 0.069 Positive Symptoms 0.002 0.404
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categorical model, indicating a qualitatively distinct mode from typical 
functioning (Frazier et al., 2010). Chisholm and colleagues (Chisholm 
et al., 2023) have recently discouraged the use of PAUSS cut-offs to 
diagnose ASD as a qualitative or categorical trait. In agreement with this 
consideration, we avoided using the PAUSS for the diagnosis of ASD in 
patients suffering from schizophrenia. Instead, in the present study, we 
employed the PAUSS to quantitatively capture clinically relevant fea
tures of schizophrenia and to identify a subgroup of patients who are 
more challenging to treat. This lends support to the hypothesis that the 
severity of autistic symptoms may contribute to the overall severity of 
the illness (Deste et al. 2020a, 2020b, 2021).

This work has multiple limitations that need to be taken into ac
count. The cross-sectional design does not allow for complete pre
dictions, and the classification model should be tested in other 
independent samples for external validation. Despite our findings indi
cating a significant association between the presence of autistic-related 
clinical manifestations, as identified by PAUSS, and multiple treatment 
failures alongside severe cognitive impairment, the cross-sectional 
design precludes making inferences on the direction of these associa
tions. As a further limitation, we acknowledge that we did not utilize 
specific screening tools (e.g., the ADOS) to exclude the diagnosis of ASD 
or other neurodevelopmental disorders in our sample, while relying on 
clinical evaluations performed by qualified psychiatrists. Considering 
that PAUSS includes several items from the PANSS negative subscale, we 
acknowledge the partial overlap between negative and autistic-related 
symptoms, which could lead to tautological findings. However, we 
also applied an alternative classification of TRS based exclusively on 
PANSS Positive Symptom subscale items (Rabinowitz et al., 2013) – data 
not shown – and our results remained significant (p = 0.025), further 
supporting the hypothesis that greater schizophrenia severity is associ
ated with more pronounced autistic symptoms. On a molecular level, the 
partial overlap between PAUSS and PANSS negative subscale may 
reflect a shared biological basis that is not targeted by conventional 
antidopaminergic agents (Mandic-Maravic et al., 2021; Remington 
et al., 2011; Trevisan et al., 2020; Zheng et al., 2018).

In summary, our findings suggest that autistic traits in schizophrenia 
could be an indicator, among others, of disease severity and treatment 
response. Autistic symptoms should be considered when assessing the 
clinical profile of individuals with schizophrenia, as they may be asso
ciated with poorer outcomes. Future research should explore the 
neurobiological mechanisms underlying this relationship, with longi
tudinal studies needed to determine whether the progression of autistic 
traits reflects disease severity. This could guide clinical decision-making 
and facilitate the early identification of patients who might benefit from 
alternative treatments, such as clozapine. Moreover, the development of 
biomarkers for precise schizophrenia subtyping, particularly for patients 
with predominant autistic traits, will be essential for optimizing 
personalized treatments strategies.

5. Conclusion

Beyond limitations, the strength and novelty of the present study lie 
in the observation of worsening autistic traits in schizophrenia patients 
according to clinical severity. Our findings indicate that autistic traits in 
schizophrenia patients exhibit varying degrees of clinical relevance 
across different subgroups: significantly lower PAUSS scores in patients 
responsive to antipsychotic treatment (non-TRS) and significantly 
higher scores in those with the most severe clinical presentation (CLZ- 
nR). Moreover, we were the first to demonstrate that more severe 
autistic traits are linearly associated with defective cognitive perfor
mances, social dysfunctions, and impaired functional capacity.

In conclusion, we confirmed the presence of autistic-related symp
toms within the spectrum of schizophrenia, with more severe forms of 
the disorder showing heightened levels of these symptoms. Our study 
offers preliminary evidence on the intricate relationship between 
pharmacological treatment response and autistic-related symptoms, 

revealing significant associations that could have implications for both 
clinical practice and future research.
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