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Abstract

Mentalizing, or theory of mind (ToM), impairments and self-referential hypermentalizing bias are well-evident in schizo-
phrenia. However, findings compared to individuals with at-risk mental states (ARMS) are inconsistent, and investigations
into the relationship between social cognitive impairments and social anxiety in the two populations are scarce. This study
aimed to examine and compare these deficits in first-episode schizophrenia-spectrum disorder (FES) and ARMS, and to
explore potential specific associations with neurocognition and symptomatology. Forty patients with FES, 40 individuals
with ARMS, and 40 healthy controls (HC) completed clinical assessments, a battery of neurocognitive tasks, and three social
cognitive tasks. The comic strip and hinting tasks were used to measure non-verbal and verbal mentalizing abilities, and the
gaze perception task was employed to assess self-referential hypermentalizing bias. FES and ARMS showed comparable men-
talizing impairments and self-referential hypermentalizing bias compared to HC. However, only ambiguous self-referential
gaze perception (SRGP) bias remained significantly different between three groups after controlling for covariates. Findings
suggested that self-referential hypermentalizing bias could be a specific deficit and may be considered a potential behavioral
indicator in early-stage and prodromal psychosis. Moreover, working memory and social anxiety were related to the social
cognitive impairments in ARMS, whereas higher-order executive functions and positive symptoms were associated with
the impairments in FES. The current study indicates the presence of stage-specific mechanisms of mentalizing impairments
and self-referential hypermentalizing bias, providing insights into the importance of personalized interventions to improve
specific neurocognitive domains, social cognition, and clinical outcomes for FES and ARMS.
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Introduction

Social cognition is the perception, processing, and inter-
pretation of social stimuli, such as facial expressions, gaze
direction, and verbal communication, to effectively com-
municate with others and adapt to the social world [1].
Mentalizing ability, or theory of mind (ToM), as one of
the major components of social cognition, generally refers
to the ability to appreciate others’ thoughts, intentions,
and emotions [2]. Significant social cognitive impair-
ments have been regarded as core features in patients
with schizophrenia-spectrum disorder [3], even during
the first episode of the illness [4], which are significantly
associated with poor psychosocial functioning [5]. Ear-
lier meta-analyses [6—8] have suggested that individuals
with at-risk mental state (ARMS), who exhibit attenuated
psychotic symptoms and an increased risk of developing
a psychotic disorder, generally have moderate mentaliz-
ing impairments compared to healthy controls (HC) and
are less severe than patients with first-episode psychosis.
However, the results of recent studies are inconsistent,
possibly due to various factors, including the multidimen-
sional nature of mentalizing ability, the use of different
mentalizing tasks, and clinical variations among samples.
Some suggested that ARMS individuals had an intact
mentalizing ability as HC [9], whereas others reported
that ARMS individuals had similar mentalizing impair-
ments as patients with schizophrenia [10]. Furthermore,
previous studies comparing individuals with first-episode
schizophrenia (FES) and ARMS usually relied on a single
mentalizing task [8]. This could have limited the scope of
mentalizing ability assessed in the samples, that should
include verbal and non-verbal comprehensions, cogni-
tive and affective mentalizing abilities [11]. Moreover,
the differential associations between the social cognitive
task designs with symptoms and neurocognition added
complexity to the inconsistent findings [12, 13]. A study
by Green et al. [14] has suggested that ARMS and FES
exhibit different patterns of association between social
cognitive impairments and symptomatology, indicating
that the relationship may be influenced by the specific
stages or distinct symptom presentations.

Social cognition is considered as one of the major
domains of neurocognition. While deficits in general neu-
rocognitive functions are posited to contribute to mental-
izing impairments, the nature and extent of this contribu-
tion remained unclear [12]. Studies have indeed suggested
that a wide range of neurocognitive function domains
were significantly related to mentalizing impairments in
patients with FES [15], especially executive functions
[16, 17]. On the other hand, findings on the associations
between neurocognition and social cognition in the ARMS
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population were scarce and less definitive [8]. Few studies
have reported that working memory, processing speed [18,
19], executive functions [20, 21], and multiple neurocog-
nitive domains [22] may be associated with the mentaliz-
ing impairments in ARMS. While some studies suggested
that mentalizing impairments in schizophrenia and ARMS
could be explained primarily by neurocognition [23], oth-
ers did not support such findings [24]. Crucially, the pat-
terns of relationship between neurocognition and social
cognition were found to be different between ARMS and
HC [18-20], which might be attributed to the unique psy-
chopathological and cognitive deficits present in ARMS
individuals. Existing research has not yet fully compared
the ARMS and FES populations in this regard. It is thus
possible that ARMS and FES populations display distinct
patterns of association between neurocognition and men-
talizing abilities.

Conceptually mentalizing errors could be understood
in two directions: an impoverished or lack of mentalizing
ability (hypomentalizing) and an excessive inference beyond
typical social understanding (hypermentalizing). It has been
proposed that negative and positive symptoms of schizo-
phrenia are related to hypomentalizing and hypermental-
izing errors respectively [25-27]. Particularly, few studies
have indicated that patients with schizophrenia tended to
exhibit a self-referential judgement in non-verbal social cues
compared to HC, including gaze [25] and gesture percep-
tions [28], while such misattribution tendency would directly
lead to misunderstandings and difficulties in social interac-
tions. However, self-referential hypermentalizing tendency
in the ARMS population has not been investigated thus far.
Additionally, social anxiety has been proposed to negatively
impact social cognitive functions in the general population
and people with anxiety disorders [29, 30]. Despite the high
prevalence of social anxiety in FES and ARMS populations
[31, 32], its effects on the mentalizing abilities of these
populations remained unexplored. Only one recent study
by Williams et al. [33] found an association between social
anxiety and social cognitive biases in CHR, where those
with increased levels of social anxiety tended to mislabel
neutral expressions as anger. Exploring the possible distinct
relationships between mentalizing ability and self-referen-
tial bias with neurocognition and social anxiety in FES and
ARMS individuals could offer valuable insight into under-
standing the psychopathological mechanisms of mentalizing
impairments in individuals at different stages of psychosis
and potentially inform future development of interventional
approaches.

In the current study, we aimed to examine the mentaliz-
ing impairments and self-referential hypermentalizing ten-
dency in FES and ARMS using three social cognitive tasks.
We hypothesized that FES patients would have more men-
talizing deficits and hypermentalizing errors than ARMS
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individuals, and that ARMS individuals would demonstrate
these impairments compared to HC. Differential relation-
ships between social cognitive performances with neurocog-
nition and symptomatology in each population were stud-
ied. Social anxiety and neurocognition were hypothesized
to be significantly associated with mentalizing impairments
and self-referential hypermentalizing tendency in FES and
ARMS. The findings of this study will allow better charac-
terization of social cognitive impairments and understanding
of their potential mechanisms among individuals with FES
and ARMS.

Material and methods
Participants and procedures

A total of 120 participants, with 40 participants in each
group matched with age and gender, were recruited in three
groups: patients with first-episode schizophrenia-spectrum
disorder (FES), individuals with at-risk mental states
(ARMS), and healthy controls (HC). Participants with FES
and ARMS were recruited from the outpatient unit of the
Early Intervention Service for psychosis (EASY) programme
in Hong Kong [34]. All diagnosis of schizophrenia-spectrum
disorder was determined by trained psychiatrists based on
the DSM-V criteria [35]. Help-seeking individuals were
identified as ARMS by psychiatrists using the Comprehen-
sive Assessment of At-Risk Mental States (CAARMS) [36],
characterizing those with attenuated psychotic symptoms but
did not fulfill any diagnoses of schizophrenia-spectrum dis-
order. Healthy individuals without a history of psychiatric
disorders, nor a family history of psychiatric disorders were
recruited from the community. Participants were excluded
from all three groups based on the following criteria: (1)
the presence of pervasive developmental disorders; (2) other
major psychiatric disorders, such as mood and anxiety spec-
trum disorders; (3) a history of substance use or neurological
disorders; (4) any auditory, speech, or visual impairments;
and (5) moderate to severe learning disability. Clinicians
identified eligible FES and ARMS individuals as meeting
these criteria prior to their enrollment in the EASY pro-
gram, with verification from medical records [34]. Healthy
controls were screened based on self-report and past educa-
tion history. Written informed consent was obtained from
the participants and parents of those under 18. The authors
assert that all procedures contributing to this work comply
with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All pro-
cedures involving human participants were approved by the
Institutional Review Board of the University of Hong Kong
and the Hospital Authority Hong Kong West Cluster (IRB

reference number: UW 13-205). Face-to-face interviews
were conducted by a team of research clinicians and trained
research assistants to assess participants’ symptomatology,
neurocognition, and social cognitive performances. Clinical
ratings were rated by research clinicians independently who
were not involved in any treatment procedures for patients.
All researchers received comprehensive training to strictly
adhere to the standardized assessment protocols to minimize
bias.

Clinical assessments

Demographic variables, including age, gender, and years of
education were obtained. Participants were assessed by the
Peters et al. Delusion Inventory (PDI) for delusional idea-
tion [37], the Ideas of Reference Interview Schedule (IRIS)
for idea of reference [38], and the Liebowitz Social Anxiety
Scale (LSAS) for social anxiety [39]. Only FES and ARMS
participants were assessed for clinical symptoms using the
Positive and Negative Syndrome Scale (PANSS) [40]. The
Interview for Retrospective Assessment of Onset of Schizo-
phrenia (IRAOS) was used to assess the duration of illness
(DUI) and duration of untreated psychosis (DUP) of FES
patients [41]. The Defined daily dose (DDD) of antipsy-
chotics was calculated as the average maintenance dose pre-
scribed per day to FES and ARMS participants at the time
of assessment [42].

Neurocognition assessments

Cognitive tasks were mainly extracted from the Wechsler
Adult Intelligence Scale-Revised (WAIS-R) [43]. Neurocog-
nition was classified into three neurocognitive domains as
executive functions, processing speed, and working memory.
The executive functions domain included the time differ-
ence between Trail Making Test (TMT) Part B and Part A
of the test (B-A) assessing cognitive flexibility [44], as well
as the arithmetic test measuring quantitative reasoning and
problem-solving ability. TMT Part A and the digit symbol
substitution test were used to measure processing speed.
Digit span and letter-number-sequencing tests were imple-
mented to assess working memory.

TMT consists of two parts: part A requires the partici-
pant to connect consecutively numbered circles as quickly as
possible; Part B requires connecting numbered and lettered
circles in alternating sequence. Scoring is based on the time
taken to complete each part, with longer times indicating
poorer performance. The arithmetic test requires participants
to solve a series of oral arithmetic problems without the use
of pencil and paper, and scores based on the number of cor-
rect responses. The digit symbol substitution test requires
participants to match symbols with corresponding numbers
using a key within a limited time, where scores are based on

@ Springer



European Archives of Psychiatry and Clinical Neuroscience

the number of correct matches. The digit span test consists
of two components: the digit span forward and the digit span
backward, where participants have to repeat numbers in the
same order and reverse order respectively. Scoring is based
on the longest string of numbers correctly repeated. Letter-
number-sequencing test requires participants to hear a mixed
series of numbers and letters and must recall the numbers in
ascending order and letters in alphabetical order. The score
is the total number of correctly sequenced trials. These tests
have been validated and have shown good psychometric
properties [43, 44].

Assessments of social cognitive function

The comic strip task was used to examine non-verbal men-
talizing ability [45, 46]. Participants were asked to infer
the character’s mental state and subsequent behavior in
28 social scenarios. In each scenario, three pictures were
shown in sequential order simultaneously, and participants
were instructed to choose the most probable ending of the
scenario with multiple choices of another three pictures.
The hinting task was employed to assess verbal mentalizing
ability [47]. The task had 10 interpersonal communication
scenarios, and participants were asked to infer the mental
states or thoughts of the characters in each scenario by one
or two open-ended questions. A score of 0, 1, or 2 was given
based on the correctness of their inferences and the need for
hints. A more standardized and stringent scoring method
proposed by Klein et al. [48] was implemented to improve
the psychometric properties of the hinting task. The ceil-
ing effects of the social cognitive tasks were determined
by obtaining perfect scores in the hinting task (n=12/120;
10%) and comic strip task (n=5/120; 4.2%) [49]. The
skewness statistics of the hinting task and comic strip task
were — 0.868 and —0.513 respectively, which fall within the
excellent range of — 1 to+ 1 [50]. The internal consistency
(Cronbach’s alpha) of comic strip task in the current samples
was 0.86 in FES, 0.82 in ARMS, and 0.70 in HC, whereas
the internal consistency of hinting task was 0.78 in FES,
0.79 in ARMS, and 0.66 in HC.

The gaze perception task was a computerized task meas-
uring self-referential gaze perception (SRGP) which indi-
cated participants’ hypermentalizing tendency [25, 51]. The
task comprised six blocks with 30 trials for each block, and
each trial consisted of a stimulus showing a neutral face
with varying gaze direction from 0° to 30°, each presented
for 200 ms. Participants were asked to respond to the ques-
tion “Do you feel as if the person in the picture is look-
ing at you?” after each stimulus by clicking on a specified
mouse key (Supplementary Fig. 1). Stimuli with different
gaze directions were categorized into center (0°, 5°), ambig-
uous (10°, 15°), and unambiguous (20°, 25°, 30°) gazes.
SRGP rates of ambiguous and unambiguous conditions were
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calculated as the proportion of perceiving averted gazes as
self-referential. A higher SRGP rate represents a higher self-
referential hypermentalizing bias. The internal consistency
of SRGP rates was 0.94 in FES, 0.92 in ARMS, and 0.72
in HC.

Statistical analysis

A five-factor PANSS model was utilized, including positive
symptoms, negative symptoms, disorganization, depres-
sion-anxiety, and excitement/activity [52]. Cognitive tasks
were standardized as z-scores and averaged into the three
neurocognitive domains. The average of all neurocognitive
domains was calculated to derive a cognitive composite
score. One-way ANOVAs were conducted to compare the
demographics, clinical characteristics, neurocognition, and
social cognitive performances between the FES, ARMS, and
control groups. Kruskal-Wallis H Test and Mann—Whitney
U test were used for PANSS scores and SRGP rates due
to their non-parametric nature. Bonferroni pairwise post
hoc tests were performed to correct for multiple testing and
examine group differences. The non-parametric data were
transformed using the Box-Cox transformation for later
covariate analyses [53]. ANCOVA was used to explore the
social cognitive deficits between groups while controlling
for age, gender, years of education, and general neurocog-
nition. Pearson’s correlational analyses were conducted to
evaluate the associations between social cognitive perfor-
mances with clinical characteristics and neurocognitive
domains in different groups. Correlational analysis of the
full sample was also performed to examine the symptom
continuum across clinical categories with the multiple test-
ing corrected with Benjamini—Hochberg procedure. Signifi-
cant covariates were then selected for regression analyses,
accounting for demographics to investigate the importance
of the significant variables. All statistical analyses were per-
formed using SPSS version 28.0.

Results

Demographic and clinical characteristics
of the samples

The demographics, clinical measurements, and behav-
ioral performances of all participants were summarized
and compared in Table 1. The mean age was 24.60
(S5.D.=6.28), 23.78 (S.D.=7.95) and 25.25 (S.D.=7.53)
in FES, ARMS, and HC respectively. No significant dif-
ference was found in age and gender between the three
groups. However, HC had significantly higher educational
attainment than FES (p <0.001) and ARMS participants
(»<0.001). FES patients had a significantly higher PANSS
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Table 1 Comparison of the three groups on demographics, clinical characteristics, cognitive and social cognitive functions

Variables FES (N=40) ARMS (N=40) HC (N=40) F/)(Z/ U pvalue Pairwise comparison
Group comparisons
Demographics
Age (mean, S.D.) 24.60 (6.28) 23.78 (7.95) 25.25(7.53) 0412 0.664
Gender (male, n%) 19 (47.5%) 16 (40%) 19 (47.5%) 0.606 0.739
Years of education (mean, S.D.) 13.05 (2.98) 12.60 (2.65) 15.10 2.44) 9.759 <0.001 HC> ARMS*#* HC>FES***
Defined daily dose (mean, S.D.) 0.95 (0.89) 0.28 (0.48) N/A 21.158 <0.001
Medicated with antipsychotics (n%) 38 (95%) 21 (47.5%) N/A N/A N/A
Duration of illness, days (mean, S.D.) 302.85 (436.45) N/A N/A N/A N/A
Duration untreated psychosis, days 208.55 (374.97) N/A N/A N/A  N/A
(mean, S.D.)
Clinical characteristics
PANSS positive (mean, S.D.) 17.33 (3.62) 10.95 (4.06) N/A 33.183 <0.001
PANSS negative (mean, S.D.) 13.18 (5.27) 12.68 (5.85) N/A 0.283 0.594
PANSS disorganization (mean, S.D.) 10.78 (3.30) 9.55 (2.63) N/A 4322  0.038
PANSS depression-anxiety (mean, 10.18 (3.32) 11.00 (3.98) N/A 0.908 0.341
S.D.)
PANSS excitement/activity (mean, 5.10 (2.04) 4.53 (1.13) N/A 1421 0.233
S.D.)
IRIS item (mean, S.D.) 3.93 (2.58) 2.60 (1.78) 0.14 (0.41) 44458 <0.001 FES>ARMS**, FES > HC***,
ARMS > HC#**
LSAS total (mean, S.D.) 51.21 (31.63)  59.93(30.38)  28.70 (16.49) 14219 <0.001 FES>HC*** ARMS > HC***
PDI total (mean, S.D.) 73.92 (55.81)  68.64 (49.82) 14.40 (14.81) 22.358 <0.001 FES>HC*** ARMS > HC***
Neurocognition
Executive functions scores (mean, S.D.) — 1.93 (1.48) —1.39(1.32) 0.00(0.78) 26.401 <0.001 HC>FES*** HC>ARMS***
Processing speed scores (mean, S.D.) —2.32(1.69 —1.92(2.16) 0.00 (0.79) 25212 <0.001 HC>FES*** HC> ARMS***
Working memory socres (mean, S.D.)  — 1.66 (1.02) —1.42(1.43) 0.00(0.86) 22.697 <0.001 HC>FES*** HC>ARMS***
Cognitive composite scores (mean, —1.97 (0.99) —1.57 (1.35) 0.00 (0.58) 41.553 <0.001 HC>FES*** HC> ARMS#***
S.D.)
Social cognition
Comic strip task (mean, S.D.) 21.28 (4.17) 20.54 (5.97) 25.03 (2.48) 11.752 <0.001 HC>FES*** HC> ARMS***
Hinting task (mean, S.D.) 16.23 (2.52) 16.50 (3.27) 17.73 (1.40) 4.028 0.020 HC>FES*, HC> ARMS*
Central SRGP rate (mean, S.D.) 0.76 (0.14) 0.81 (0.16) 0.75 (0.12) 1.175 0.184
Ambiguous SRGP rate (mean, S.D.) 0.20 (0.20) 0.21 (0.19) 0.037 (0.042) 37.623 <0.001 FES>HC*** ARMS >HC***
Unambiguous SRGP rate (mean, S.D.)  0.14 (0.19) 0.10 (0.16) 0.01 (0.02)  23.639 <0.001 FES>HC*** ARMS >HC***

PANSS Positive and Negative Syndrome Scale for psychotic symptoms, DDD daily dosage, DUI duration of illness, /RIS idea of reference inter-
view scale, LSAS Liebowitz social anxiety scale, PDI Peter’s delusion inventory, S.D. standard deviations, SRGP self-referential gaze perception,
F One-way ANOVA, X2 Kruskal-Wallis H Test, U Mann—Whitney U test

Significant level at p <0.10
*p<0.05

**p<0.01

*#%p <0.00

score than ARMS individuals (U=12.622, p <0.001)
(Table 1). Significant three group differences were
observed in IRIS item score (F'=44.458, p<0.001), LSAS
total score (F'=14.219, p<0.001), and PDI total score
(F=22.358, p<0.001) with ARMS and FES groups dem-
onstrating significantly higher scores than HC (Table 1).
FES patients had a higher IRIS item score than ARMS
individuals (p =0.005), but there were no differences

between FES and ARMS groups in PDI and LSAS total
scores.

Comparison of cognitive and social cognitive
performance

One-way ANOVA suggested significant three group dif-
ferences in executive functions (F=26.401, p <0.001),
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processing speed (F=25.212, p<0.001), working mem-
ory (F=22.697, p<0.001), and overall neurocognition
(F=51.553, p<0.001). Post-hoc pairwise comparisons
across neurocognitive domains indicated that HC per-
formed better than FES and ARMS individuals (p’s <0.001)
with no significant differences between ARMS and FES
(p’s=0.144-0.995) (Table 1).

Significant three group differences were observed
in the comic strip task (F=11.991, p<0.001), hinting
task (F=4.028, p=0.020), ambiguous SRGP rate (Wald
)(2 =37.623, p<0.001), and unambiguous SRGP rate (Wald
x?=23.639, p<0.001). Pairwise comparisons further
suggested significant differences between HC with FES
(»<0.001) and ARMS (p <0.001). However, only FES
patients performed significantly worse than HC in the hint-
ing task (»p=0.026), while there was no significant differ-
ence between ARMS and HC (p=0.094). No significant
differences were found between FES and ARMS partici-
pants across all social cognitive tasks (p’s=0.609-1.000)
(Table 1). However, after controlling for demographics
and neurocognition, only ambiguous SRGP rate remained
significantly different between three groups (F=6.151,
p<0.001, Partial n°=0.098), while no significant three
group differences in the comic strip and hinting tasks was
found (Table 2). Pairwise comparisons revealed significant
differences between HC with FES (p =0.009) and ARMS
(p=0.002) (Fig. 1).

Correlations and regression analysis

Table 3 displayed the correlations between performances of
the three tasks with clinical and neurocognitive variables for
each group. No significant relationship between cognitive
functions with DDD, DUI, and DUP was found in ARMS
and FES. Only significant variables were included in the
multiple regression analysis. For FES patients, executive
functions had a significant relationship with the comic strip
task, accounting for 36.8% of the variance (Table 4). Execu-
tive functions and PANSS positive symptoms significantly

explained 20.1% and 27.2% of the variance in ambiguous
and unambiguous SRGP rates respectively.

For ARMS participants, working memory significantly
accounted for 29.1% of the variance in the comic strip task.
Regarding SRGP rates, 33.6% of the variance in ambigu-
ous SRGP rate could be explained by processing speed,
LSAS, and PDI, while processing speed, working memory,
LSAS, and PDI could account for 53.5% of the variance in
unambiguous SRGP rate (Table 4). LSAS total score was the
most significant variable in the regression models for both
ambiguous SRGP rate ($#=0.459, p=0.013) and unambigu-
ous SRGP rate (f=0.598, p<0.001).

Additionally, correlations in the full sample indicated that
the four social cognitive measures were significantly associ-
ated with the three neurocognitive domains (Supplementary
Table 1). The social cognitive measures, except the hinting
task, were also significantly related to years of education,
LSAS, and PDI. Ambiguous and unambiguous SRGP rates
were positively correlated with IRIS. For FES and ARMS
participants, PANSS positive and negative symptoms were
related to the unambiguous SRGP rate and hinting task
respectively.

Discussion

The current study incorporated three social cognitive tasks
to compare the verbal and non-verbal mentalizing abilities,
and hypermentalizing tendency between patients with FES,
individuals with ARMS, and HC. Ambiguous and unam-
biguous SRGP rates in the gaze perception task, and the
comic strip task were significantly impaired in both FES
and ARMS compared to HC, whereas the hinting task was
only significantly worse in FES compared to HC. ARMS
and FES did not significantly differ among the three tasks.
However, after controlling for demographics and general
neurocognition, only ambiguous SRGP rate remained sig-
nificantly higher in FES and ARMS participants than that
of the HC. Although ARMS and FES participants displayed

Table2 ANCOVA for social
cognition across FES, ARMS,
and control groups
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Mentalizing measures® F p value Partial n? Pairwise comparison
Group comparisons p value
Comic strip task 0.618 0.541 0.011
Hinting task 0.297 0.744 0.005
Ambiguous SRGP rate 6.151 0.003 0.098 FES >HC 0.009
Unambiguous SRGP rate 0.803 0.451 0.014 ARMS >HC 0.002
ARMS >FES 1.000

SRGP self-referential gaze perception

#Univariate analyses controlling age, gender, years of education, and cognitive composite scores were con-
ducted. Values of mean and standard error are adjusted with covariates. The bold values are significant p

values
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Fig.1 A Comparisons of performances in the hinting task, comic
strip task, and gaze perception task between the first-episode schiz-
ophrenia spectrum disorder (FES), at-risk mental states (ARMS),
and healthy control (HC) conditions using ANOVA. B Controlled
comparisons of mentalizing measures between conditions with age,

similar behavioral deficits, distinct stage-specific relation-
ships between social cognitive impairments with symptoma-
tology and neurocognitive domains were identified in the
two groups. Specifically, impairments were significantly
associated with social anxiety, processing speed, and work-
ing memory in ARMS, while executive functions and posi-
tive symptoms played significant roles in FES. To our best
knowledge, the present study is the first to investigate self-
referential hypermentalizing bias in ARMS individuals and
its relationships with neurocognition and symptoms.

The verbal mentalizing impairments as measured by
the hinting task in FES compared to HC may be due to the
greater severity of positive and disorganization symptoms
of FES hampering social cognition [13], whereas ARMS
only exhibited a trend toward significance compared to HC.
The comparable difficulties in non-verbal mentalizing in
ARMS and FES participants found in the current study is
consistent with previous literature [10]. It may be attribut-
able to the fact that the ARMS participants in this study
were a help-seeking population who exhibited similar lev-
els of neurocognitive impairments and subclinical features,

* kK * %k
* * k% 2 * K K

Ambiguous SRGP rate
Unambiguous SRGP rate

FES ARMS HC FES ARMS HC

20

Ambiguous SRGP rate
Unambiguous SRGP rate

FES ARMS HC : FES

ARMS HC

gender, years of education, and neurocognition as covariates using
ANCOVA. Post hoc pairwise comparisons were used with Bonferroni
corrections to examine significant group differences. Significant level
at *p<0.05, **p<0.01, ***p<0.001. Error bars represent the stand-
ard error of the mean

which was also evident by the relatively large propor-
tion of ARMS individuals prescribed with antipsychotics
(52.5%) [54]. Furthermore, after accounting for the effects
of demographics and cognitive functions, the three groups
no longer differed in the both verbal and non-verbal mental-
izing abilities (Fig. 1). This was compatible with previous
studies that social cognitive or mentalizing impairments in
FES and ARMS individuals could be primarily explained by
neurocognitive impairments [24]. However, the ambiguous
SRGP rate in FES and ARMS remained significantly higher
than HC even after controlling for the same covariates with
a moderate to large effect size (Partial 7’ =0.098). These
results suggested that the self-referential biases of gazes may
be a distinct characteristic at the early-stage and prodromal
psychosis. Misinterpreting ambiguous gazes of others as
self-directing gazes could be prominent manifestations in
FES and ARMS individuals, reflecting some core features
of psychotic illness which were not likely to be explained by
the neurocognitive impairments. Hence, in addition to the
conventional self-report questionnaires and clinical inter-
views [55], self-referential hypermentalizing bias may serve
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Table 4 Multiple regression analysis of cognition controlling age, gender, years of education

Groups Mentalizing measures Predictor p
FES Comic strip task Executive functions 0.574
PANSS disorganization —0.127
Hinting task N/A
Ambiguous SRGP rate Executive functions -0.349
PANSS positive 0.305
Unambiguous SRGP rate  Executive functions -0.362
PANSS positive 0.345
ARMS  Comic strip task Processing speed 0.195
Working memory 0.363
Hinting task N/A
Ambiguous SRGP rate Processing speed -0.165
LSAS total 0.459
PDI total 0.071
Unambiguous SRGP rate  Processing speed -0.169
Working memory -0.115
LSAS total 0.598
PDI total -0.019
HC Comic strip task N/A
Hinting task N/A
Ambiguous SRGP rate IRIS item 0.374
Unambiguous SRGP rate IRIS ietm 0.317
LSAS total 0.060

t p Model properties
3.868 <.001%%% F=5541, p<0.001, R?=0.449, adj. R?=0.368
-0.927 0.361
-225  0.031* F=2.964, p=0.025, R?=0.304, adj. R?=0.201
2.066 0.047*
—2.446  0.020% F=3.917, p=0.007, R?=0.365, adj. R?=0.272
2.449 0.038*
1212 0234 F=4.197, p=0.004, R?=0.382, adj. R?=0.291
2.101 0.043*
—-1.082 0.287 F=4.296, p=0.003, R?=0.439, adj. R?=0.336
2.625 0.013*
0.422 0.675
—-1.178 0.248 F=17.793, p<0.001, R?=0.630, adj. R?=0.549
~0.835 0.410
4152  <.001%%*
-0.135 0.893
2441 0.020%* F=2.571, p=0.055, R*=0.227, adj. R>=0.139
1.898  0.066" F=2.313, p=0.065, R?=0.254, adj. R?=0.144
0.337 0.738

PANSS Positive and Negative Syndrome Scale for psychotic symptoms, /RIS idea of reference interview scale, LSAS Liebowitz social anxiety
scale, PDI Peter’s delusion inventory, SRGP self-referential gaze perception

Significant level at
Ap<0.10
*p<0.05
“p<0.01
p<0.001

as a complementary behavioral indicator to identify subclini-
cal individuals with attenuated psychotic symptoms.
Despite the lack of differences in neurocognitive impair-
ments, mentalizing abilities, and self-referential hyper-
mentalizating errors between FES and ARMS, differential
associations between the social cognitive impairments with
neurocognitive domains and symptoms were identified.
These findings offered insights into potential stage-spe-
cific mechanisms or pathways towards the social cognitive
impairments for individuals at the different stages of psycho-
sis, thus extending our understanding of the complex nature
of the impairments. For neurocognitive domains, correlation
and regression analyses indicated that higher-order executive
functions were significantly associated with non-verbal men-
talizing ability and self-referential hypermentalizing bias in
FES patients. In contrast, processing speed and working
memory played significant roles in non-verbal mentalizing
ability and hypermentalizing biases, while there was also
a trend significant association between verbal mentalizing

ability and working memory in ARMS individuals (Table 2).
These associations between social cognitive impairments
and different neurocognitive domains in FES and ARMS
were consistent with previous findings [16—19]. Neuroim-
aging studies have also provided concordant evidence of
differences in neural activation profiles during mentalizing
tasks between individuals with schizophrenia and ARMS
[56, 57], including regions in the superior temporal sulcus
(STS), inferior frontal gyrus (IFG), and temporoparietal
junction (TPJ). Altogether, the results highlight the distinct
contributions of neurocognitive domains to the social cogni-
tive functions in FES and ARMS, and thus comprehensive
assessments and personalized interventions in neurocogni-
tion and social cognitions for individuals at different stages
of psychotic illness could be developed to optimize treat-
ment efficacy and result in better long-term outcomes.
When examining the FES and ARMS as a group, nega-
tive symptoms were only related to the verbal mentalizing
ability suggesting the presence of different mechanisms in
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social cognition domains. The lack of significant relation-
ship between negative symptoms and social cognition when
examining the clinical groups separately may be attributed
by a lack of power due to smaller sample size. Positive
symptoms were related to unambiguous gaze perception bias
when examining the FES and ARMS as a group. Further-
more, positive symptoms were particularly associated with
the hypermentalizing bias with ambiguous and unambiguous
gazes in the FES population, consistent with previous works
[25, 26, 51]. Misjudging intentions from others was featured
in the initial stage of delusion formation, where individuals
could not effectively handle social ambiguity and jump into
conclusions with biased perceptions and interpretations [58].
On the other hand, findings herein suggested the associa-
tions between self-referential judgements with subclinical
delusional ideations and social anxiety in ARMS, where the
latter played a prominent role in both ambiguous (f=0.459)
and unambiguous (f=0.598) gazes. Align with the prior
study on CHR [33], social anxiety has been linked to social
cognitive biases and impairments, with affected individuals
often feeling discomfort and fear during social interactions
and gaze perception, leading to irregular gaze patterns and
avoidance behaviors [29, 30, 59, 60]. Additionally, a neu-
roimaging study by Ahrens et al. [61] showed that anxious
individuals had impaired cortical activation in distinguishing
irrelevant social stimuli. Along with the substantial preva-
lence of anxiety symptoms in ARMS individuals [31], these
findings not only underlined the critical need to focus on
social anxiety in therapeutic interventions but also high-
lighted the heterogeneity of psychopathologies in the ARMS
population. Indeed, social anxiety, referential ideation, and
paranoid ideation were found to be related with social cog-
nition across the patient, subclinical, and healthy control
participants. These results suggested the importance of trait-
like features in social cognition and functioning deficits and
the need to consider a broad spectrum of transdiagnostic and
subclinical symptoms to tailor more effective and personal-
ized treatment strategies in the prodromal stage, improving
social functioning and mitigating the risk of progression to
more severe psychiatric conditions.

One of the limitations of the current study was the small
sample size which might have limited the statistical power of
the study to detect some possible associations. Second, our
ARMS sample only included help-seeking individuals from
the psychiatric services, and a relatively large proportion
were medicated with antipsychotics. Therefore, the results
might not be generalizable to community or non-help-seek-
ing samples. However, the DDD of antipsychotics was not
found to be related to any social cognitive deficit in ARMS
(Table 3). Third, our study excluded individuals with mood
and anxiety disorders to minimize confounding factors and
focus on the link between mentalizing and schizophrenia-
specific symptoms. This may limit the generalizability of our

@ Springer

results. Future studies should consider including these popu-
lations to have better representation of clinical diversity and
investigate the relationship between affective symptoms and
mentalizing. Forth, other variables that have been suggested
to be associated with social cognitive functions were not
included in this study, such as autistic traits [62] and social
motivation [63]. Additionally, this was a cross-sectional
study and predictive links could not be inferred. Therefore,
a longitudinal study with ARMS individuals could explore
the trajectories of social cognition across the early stages of
psychosis development and the role of mentalizing abilities
in predicting outcomes. Additionally, we acknowledge that
the conceptualization of mentalizing or ToM was still an
ongoing debate and the mentalizing tasks in general often
suffered from insufficient psychometric evaluations and
doubtful validity [11, 64, 65]. As such we chose to utilize
the two mentalizing tasks with distinct operationalizations in
our study where both had demonstrated relatively good face
validity and psychometric performance in our samples and
in other large-scale studies [66]. Future studies should also
examine other dimensions of mentalizing and self-referential
bias, such as affective and implicit mentalizing and percep-
tion of self-referential gestures, for a more comprehensive
understanding of social cognitive impairments in the early-
stage and prodromal psychosis.

The current study indicated that FES patients and ARMS
individuals displayed comparable patterns of mentalizing
impairments and self-referential hypermentalizing bias in
controlled comparisons. Only ambiguous SRGP rate (self-
referential hypermentalizing errors) was found to be signifi-
cantly higher in both FES and ARMS compared to HC after
controlling for the basic demographics and neurocognition,
and thus may be considered as a behavioral sign in the early
and prodromal psychosis. Executive functions and posi-
tive symptoms were significantly related to social cognitive
impairments in the FES group, while working memory and
social anxiety were found to play a prominent role in mental-
izing deficits and self-referential bias in ARMS individuals.
These results identify stage-specific relationships between
social cognitive impairments with neurocognitive domains
and social anxiety, suggesting possible therapeutic targets
for personalized interventions to improve social cognition
and psychosocial functioning.
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