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Abstract

Background. Schizophrenia (SZ) and autism spectrum disorders (ASD) are characterized by
difficulties in theory of mind (ToM). We examined group differences in performance on a
ToM-related test and associations with an estimated IQ.

Methods. Participants [N = 1227, SZ (n=563), ASD (n = 159), and controls (n = 505), 32.2%
female] completed the Reading the Mind in the Eyes Test (RMET) and assessments of cog-
nitive ability. Associations between IQ and group on RMET were investigated with regression
analyses.

Results. SZ (d=0.73, p<0.001) and ASD (d =0.37, p <0.001) performed significantly worse
on the RMET than controls. SZ performed significantly worse than ASD (d = 0.32, p = 0.002).
Adding IQ to the model, SZ (d =0.60, p <0.001) and ASD (d = 0.44, p <0.001) continued to
perform significantly worse than controls, but no longer differed from each other (d=0.13,
p=0.30). Small significant negative correlations between symptom severity and RMET per-
formance were found in SZ (PANSS positive: r=—0.10, negative: r=—0.11, both p <0.05).
A small non-significant negative correlation was found for Autism Diagnostic Observation
Schedule scores and RMET in ASD (r=—0.08, p =0.34).

Conclusions. SZ and ASD are characterized by impairments in RMET. IQ contributed signifi-
cantly to RMET performance and accounted for group differences in RMET between SZ and
ASD. This suggests that non-social cognitive ability needs to be included in comparative stud-
ies of the two disorders.

Background

Social cognition is a multifaceted set of cognitive processes that include the ability to perceive,
understand, and interpret social and emotional information based on different social cues
from the environment (Sasson, Pinkham, Carpenter, & Belger, 2011) that are necessary to
guide behavior within social interactions (Baron-Cohen, Jolliffe, Mortimore, & Robertson,
1997). Theory of mind (ToM), or mental state attribution, is a specific social cognitive function
that refers to the ability to infer others’ mental states, intentions, thoughts, and emotions
(Fernandes, Cajao, Lopes, Jerénimo, & Barahona-Corréa, 2018; Kuo & Eack, 2020). It has
been found to be a source of difficulty in a variety of psychiatric disorders that are also char-
acterized by difficulties in social functioning (Pinkham, 2019; Velikonja, Fett, & Velthorst,
2019). ToM is most impaired in individuals with schizophrenia spectrum disorders (SZ)
and in those with autism spectrum disorders (ASD) (Baron-Cohen et al., 1997; Pennington
& Ozonoff, 1996; Sasson et al., 2011; Velikonja et al., 2019). Importantly, meta-analyses sug-
gest that ToM difficulties might be a key contributing factor to problems in social functioning
(Fett et al., 2011; Halverson et al., 2019).

A growing number of studies have directly compared social cognitive performance in SZ
and ASD and contrasted their performance to that of healthy controls (Fernandes et al.,
2018; Hajduk, Pinkham, Penn, Harvey, & Sasson, 2022; Morrison et al., 2019; Oliver et al.,
2021). The largest study to date included 101 individuals with ASD, 92 IQ matched individuals
with SZ, and 101 controls. In this study, ASD and SZ performed similarly on tasks measuring
ToM, emotion recognition, social perception, and attributional style (Pinkham et al., 2020).
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Findings were in line with previous work which also found that
adults with SZ and ASD performed significantly worse on
ToM-related tasks than controls, with the SZ and ASD group per-
forming similarly (Craig, Hatton, Craig, & Bentall, 2004). In con-
trast, earlier, smaller studies reported that individuals with SZ
present with more difficulties than individuals with ASD in iden-
tifying others’ beliefs and evaluating social and emotional content
(Pinkham et al,, 2012; Sasson et al., 2011). The discrepancy in
findings might be explained by methodological differences
between studies, including the cognitive tests employed, socio
demographic differences between the samples, and overall small
sample sizes. A meta-analysis of 14 studies that included 857 indi-
viduals showed no overall difference between ASD and SZ in
Reading the Mind in the Eyes Test (RMET) performance, a task
which is thought to measure aspects of ToM, however, differences
between studies were statistically significantly heterogeneous
(Oliver et al., 2021).

Importantly, SZ and ASD are characterized by difficulties in
both social and non-social cognition (Heinrichs & Zakzanis,
1998; Velikonja et al., 2019). Degrees of overlap between perform-
ance on the RMET and the intelligence quotient (IQ) in SZ
groups when compared to healthy control groups suggest that
general cognitive processes might partly account for poor social
cognitive performance, at least on some ToM-related tasks
(Pinkham, Penn, Green, & Harvey, 2016). The RMET requires
the correct identification of complex emotional states of others
from a photograph of a facial expression that is presented along
with four words that describe different emotional states. Thus,
the participant needs to pay attention, retrieve previous emotional
experiences and associated information and needs to read and
know the words that are presented. It is therefore likely that par-
ticularly good verbal ability (Peterson & Miller, 2012), verbal
memory (Dalkner et al, 2019) and attention enhance RMET
test performance (Kynast et al., 2020). Additionally, the RMET
relies on the detection of subtle facial clues (Oakley, Brewer,
Bird, & Catmur, 2016), and RMET performance may therefore
be facilitated by subtle cognitive processes, such as attention to
detail and (analogic) reasoning [i.e. the ability to identify shared
similarities in different situations, (Seo et al., 2020)].

Factor analytic studies show that social and non-social cognitive
domains are only partially dissociated (van Hooren et al., 2008),
emphasizing the importance of considering the role of cognitive
ability when comparing individuals with SZ and ASD with each
other and with controls. Systematic differences in non-social cogni-
tive functions may impact performance on social cognitive tests.
For example, a lack of attention, or verbal or memory problems
may compromise social cognitive performance, while strong non-
social cognitive skills may enable individuals to compensate for
social cognitive difficulties (Eack et al, 2013; Velikonja et al,
2019). A recent study found that adjusting for non-social cognitive
performance eliminated differences in performance between
schizophrenia and healthy controls participants on the RMET,
but not five other social cognition measures (Meissner &
Brigham, 2001). To summarize, while the growing body of research
shows that ToM is a source of significant difficulty in both ASD
and SZ, differences in the degree of such difficulties, and the pos-
sible role of non-social cognitive processes in this context, remain
less well studied. This multi-center study uses the largest sample
of 563 individuals with SZ, 159 individuals with ASD and 505 con-
trols to date, to directly compare SZ and ASD groups on RMET
performance, and to explore the impact of non-social cognition.
Based on previous research, we hypothesized that (1) the SZ and
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ASD groups would perform comparably to each other on the
REMT and that both groups would perform significantly worse
than controls, and that (2) IQ and symptom severity would
account for some of the social cognitive difficulties in ASD and SZ.

Method
Participants

The total study sample consisted of 563 participants with a diagno-
sis of a SZ, 159 participants with an ASD, and 505 control partici-
pants. Data were derived from four different studies (subsamples),
including 86 participants from a social functioning study at the
Amsterdam University Medical Center [AUMC, SWIPE study;
(Pos et al., 2019)], 116 participants from autism research projects
at City, University of London (CUoL), 102 participants of the
Decision Making and Context Processing in Psychosis (DECOP)
(for details see e.g. (Hanssen, Krabbendam, Robberegt, & Fett,
2020; Hanssen, van Buuren, Van Atteveldt, Lemmers-Jansen, &
Fett, 2022) study conducted at King’s College London (KCL),
and 923 participants of the Social Cognition Psychometric
Evaluation study [SCOPE; for details see (Ludwig, Pinkham,
Harvey, Kelsven, & Penn, 2017; Pinkham, Harvey, & Penn,
2018)]. Autistic individuals across sites were diagnosed by qualified
clinicians or clinical teams within local health services according to
the Diagnostic and Statistical Manual [DSM-IV-TR or DSM-5;
(APA, 2000; 2013)] or International Statistical Classification of
Diseases version 10 [ICD; (WHO, 2019)] criteria. In addition,
research teams collected further corroborating information through
the Autism Diagnostic Observation Schedule (Lord, Luyster,
Gotham, & W., 2012). The AUMC SZ participants were diagnosed
by their treating clinicians according to DSM-IV-TR (APA, 2000).
Participants at the UK sites had ICD based diagnoses (WHO,
2019). SCOPE participants were diagnosed with SZ via the Mini
International Neuropsychiatric Interview (MINI), and the SCID
Psychosis Module according to DSM (First, Spitzer, & Gibbon,
2002). Recruitment procedures for control participants varied by
site. At CUoL controls were recruited partly through an existing
database of individuals who had taken part in previous studies
and who had indicated that they were happy to be contacted
again, and partly through advertisement flyers in the local area,
word of mouth and e-mail circulation. Control participants were
only enrolled if they confirmed that they had no personal or family
history of psychiatric disorders, drug or alcohol abuse. At KCL con-
trols were recruited online via websites (e.g. Gumtree,
Callforparticipants), and recruitment circular emails at the
Institute of Psychiatry, Psychology and Neuroscience. Controls
were precluded from participation for meeting criteria for any diag-
nosed psychiatric disorder, or if they had a first-degree family
member with a history of psychosis. The UTD led SCOPE study
recruited age/gender matched control participants through com-
munity flyers and online advertisements. Controls were precluded
from participation for meeting criteria for any Axis I/I disorder
according to the DSM-IV, or if they had a first-degree family mem-
ber with a history of psychosis. All projects had local ethical
approval.

Measures and materials

Reading the Mind in the Eyes Test
The RMET is an assessment of social cognition in the domain of
ToM (Baron-Cohen et al., 1997). Research shows that the RMET
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has acceptable psychometric properties in individuals with SZ
(Pinkham et al,, 2016). Similarly, the SCOPE study concluded
that the RMET has adequate psychometric properties for studying
social cognition in adults with ASD, relative to healthy individuals
(Morrison et al., 2019). All sites used the 36-item version of the
RMET, during which participants were instructed to identify
the mental state through pictures of the eye region of the face.
Participants had to choose one of four words which best described
the individuals’ thoughts or feelings (e.g. serious, alarmed,
relaxed, amused, ashamed etc.). The RMET total score was calcu-
lated as the sum of the correct responses out of 36. The propor-
tion of correct responses (score of 0 to 36, divided by the total
possible score) was included in the analyses. Sites either used
the paper and pencil or an electronic version (see Procedures sec-
tion). The proportions of correct RMET scores and SDs by study
group and study subsample are shown in Tables 1 and 2,
respectively.

Estimated 1Q

At the AUMC, IQ estimates were determined by an abbreviated
four subtest version of the Wechsler Adult Intelligence Scale
(WAIS), including digit symbol-coding, information, block
design, and arithmetic. This version has been found to accurately
assess general intellectual ability in both clinical and research set-
tings (Velthorst et al., 2013; Wechsler, Coalson, & Raiford, 2008).
CUoL estimated IQ using the WAIS-IVUE (Wechsler et al., 2008),
in which subtests for a verbal comprehension index (vocabulary,
similarities, information), working memory index (arithmetic,
digit span), perceptual reasoning index (block design, matrix rea-
soning, visual puzzles) and processing speed index (digit symbol
coding and symbol search) are combined to derive a measure of
full-scale IQ. The KCL DECOP study utilized the Wechsler
Abbreviated Scale of Intelligence (WASI) two subtest version
(Wechsler, 2011), which includes the vocabulary and matrix rea-
soning subtests to estimate IQ. The SCOPE study utilized the
Wide Range Achievement Test-3 Reading subscale (WRAT) to
estimate IQ scores (Wilkinson & Robertson, 2017). All IQ tests
were scaled to an average of 100 with a standard deviation of 15.

Autism diagnostic observation schedule (ADOS)

The ADOS is an activity-based, semi-structured interview assess-
ment to evaluate social interaction, play, imaginative use of mate-
rials, and communication skills in individuals suspected to have
(or already diagnosed with) ASD. The assessment is conducted
through one of five 30-60-min observational schedules, chosen
depending on an individuals’ age and verbal ability. The ADOS
module 4 (adults and adolescents) has four domain scores: (1)
communication, (2) social interaction, (3) communication-social
interaction total and (4) stereotyped behaviors and restricted
interests. Higher scores on the domains indicate more severe dif-
ficulties. Here we report total ADOS scores, as indicator of the
overall ASD symptom severity (Lord et al, 2012). The ADOS
was administered and scored at the CUoL and SCOPE sites by
individuals trained to research reliability on this instrument.

Positive and negative syndrome scale

The positive and negative syndrome scale (PANSS) is a semi-
structured 30 item clinical interview that assesses the severity of
symptoms of SZ and general psychopathology (Kay, Fiszbein, &
Opler, 1987). Consisting of three subscales, the PANSS distin-
guishes between positive, negative, and general symptoms, rated
on a seven-point Likert scale with ratings of 3 and higher
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indicating clinically relevant symptoms. The PANSS was com-
pleted by participants with SZ as assessment of symptom severity.

Procedures

Amsterdam University Medical Center. Data came from partici-
pants of the SWIPE study, which included help-seeking indivi-
duals (age 18-35) who were referred to the clinic or
day-treatment of the Department of Early Psychosis,
Amsterdam and experienced their first psychotic episode <4
years prior to their first assessment. All participants completed
informed consent prior to study participation. The study com-
prised two approximately 2-h long sessions to determine the
level of symptoms (including with the PANSS), cognitive and
social functioning, including the Dutch version of the RMET.
The investigation was carried out in accordance with the latest
version of the Declaration of Helsinki. The study was approved
by the Medical Ethical Committee of the AUMC, Amsterdam.

City University of London. Data came from several research
projects at this site. Recruitment for the different projects was
supported through ongoing advertisement of research opportun-
ities through relevant local organizations, social media, and word
of mouth. All projects assessed relevant clinical diagnoses, which
were ascertained through review of available clinical records and
direct assessments of cognition (WAIS), and reciprocal social
communication  and  autistic traits [ADOS,  Social
Responsiveness Scale (SRS)]. Participants completed the RMET
either online or on A4 sheets of laminated paper with four-word
choice options of emotion words and a question (Baron-Cohen
et al, 1997). All participants signed consent forms as part of
the individual projects they participated in, which were all
approved by the Psychology Department Research Ethics
Committee of City University.

King’s College London. Participants were recruited via the
South London and Maudsley National Health Service, Oxleas
NHS, Northeast London Foundation Trust and South Essex
Partnership University NHS Foundation Trust, the SLaM
‘Consent for Consent c4c’ initiative, and with support of the
Mental Health Research Network. All participants gave informed
consent prior to participating in the study. The study comprised
two visits that included completion of several tasks and question-
naires [e.g., see (Hanssen et al, 2020; Hanssen et al, 2022)].
Participants first completed the RMET on a computer, which
included all steps of the paper version and completed the WASI
vocabulary and matrix reasoning subtests during the first testing
session. During the second session, participants completed the
PANSS. The study was approved by the London-Harrow
Research Ethics Committee [14/LO/0071].

SCOPE. The SCOPE study was conducted at multiple sites
including UTD, the University of Miami Miller School of
Medicine, Southern Methodist University, and the University of
North Carolina at Chapel Hill [e.g., see (Pinkham et al., 2016,
2018, 2020)]. SZ were recruited from local mental health clinics
in the Dallas, Chapel Hill, and Miami metropolitan areas, and
autistic individuals were recruited from the UTD Autism
Research Collaborative. Control participants were recruited via
advertisements in the local communities of each site. Once
assessed by inclusion criteria, participants were asked to complete
informed consent. The computerized RMET standard version was
administered, along with the WRAT-3 reading subscale
(Wilkinson & Robertson, 2017). Additionally, symptom severity
was measured in SZ using the PANSS (Kay et al., 1987). ASD
diagnoses were confirmed using the autism diagnostic observation
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Overall Control Schizophrenia Autism spectrum disorder Group differences
Variable sample group group group (p<0.05)
Participants (N, (%)) 1227 (100) 505 (41.16) 563 (45.88) 159 (12.96)
Gender (female, %) 32.2 349 28.4 13.21 C=SZ>ASD

M (s.D.) M (s.0.) M (s.0.) M (s.D.)
Age (years) 36.89 (13.38) 38.02 (13.75) 37.22 (12.59) 32.18 (13.98) C=SZ>ASD
Proportion RMET correct 0.65 (0.15) 0.70 (0.12) 0.60 (0.15) 0.64 (0.17) C>ASD>SZ
1Q 99.96 (14.87) 103.10 (13.14) 95.10 (14.83) 107.24 (14.69) ASD>C>SZ

Abbreviations. ASD, autism spectrum disorder group; IQ, estimated intelligence quotient; C, control group; RMET, Reading the Mind in the Eyes Test; SZ, schizophrenia group.

schedule [ADOS-2; (Lord et al., 2012)]. The study was approved
by the IRBs at all research sites.

Data analysis

Data analysis was conducted using the IBM Statistical Package for
the Social Sciences (SPSS version 26). SPSS general linear model
(GLM) analyses were carried out to examine group differences
in RMET performance between controls, SZ, and ASD. The
dependent variable of this analysis was the proportion of correct
RMET answers, with group (C, SZ, ASD) as categorical predictor
variable. We first investigated group differences in RMET. In the
second model, we included IQ. A third model included race as
additional predictor to control for race biases. All GLM analyses
were controlled for age and sex. As the inclusion of diagnosis
groups varied systematically by site, site could not be added to
the model. However, we conducted a separate sensitivity analysis
to confirm the overall results in in the SCOPE sample which
included all three participant groups. Significant group effects
were further analyzed using the pairwise comparisons. We report
the mean difference in the proportion correct RMET answers, as
well as the Cohen’s d. Finally, Pearson Correlation analyses were
conducted to investigate the relationship between symptoms, 1Q
and RMET performance within each diagnostic group.
Additional exploratory analyses on the associations with educa-
tion are reported in the online Supplementary Material.

Results
Sample description

Descriptive statistics for the overall sample and analyses to explore
group differences can be found in Table 1. The overall sample
mean age was 36.89 years (s.0.=13.38), with 32.2% of the 1227
participants identifying as female. The groups differed signifi-
cantly in age (p <0.0001), gender composition (p <0.0001) and
IQ (p <0.0001). Specifically, the SZ and control group included
significantly more females and were significantly older than the
ASD group. ASD had the highest average estimated IQ, followed
by controls and SZ, with the lowest average estimated IQ. Sample
characteristics by study site are shown in Table 2.

Group differences in RMET performance

The groups differed significantly in RMET performance
(Table 3a). Pairwise comparisons showed that the SZ (M;=
0.10; s.e.=0.009, p <0.001, d=0.73) and the ASD group (M, =
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0.06; sE.=0.13, p<0.001, d=0.34) performed significantly
worse than controls. The SZ group performed significantly
worse than the ASD group (M,;=0.04; s.e.=0.13; p<0.002,
d=0.32).

The role of IQ in RMET performance

IQ was a significant predictor of RMET performance (Table 3b).
The group effect on RMET remained significant, with both SZ
(M;=0.07; s.e.=0.08; p<0.001, d=0.60) and ASD (M, =0.06;
s..=0.12; p<0.001, d=0.44) groups continuing to perform
worse than controls. However, the SZ group no longer differed
significantly from the ASD group on RMET performance (M,
=0.01; s.e.=0.12, p=0.30, d=0.13), showing that group differ-
ences in IQ between ASD and SZ account for group differences
on the RMET. In all participant groups IQ and RMET perform-
ance were strongly and significantly correlated (ASD: r=0.47, p <
0.001; SZ: r=0.53, p < 0.001; C: r=0.48, p < 0.001, see Fig. 1). An
interaction term between group and IQ was included in model b
to test whether the relationship between IQ and RMET differed
between groups. The interaction term was not significant
[F(1,1203) = 1.58, p =0.21]. Finally, race was added to the analyses
to determine whether any group differences were confounded
by the unequal sample composition (Table 3c). While race was
a significant predictor of RMET performance, whereby white
individuals performed better than non-white individuals (M, =
0.02; s.e.=0.15, p=0.03, d=0.52), the effects of group and IQ
remained significant.

Sensitivity analysis in the SCOPE sample

The sensitivity analysis confirmed the overall results. The first
analyses showed significant group differences on the RMET
[F(2, o15) = 45.82, p <0.001], whereby controls showed better per-
formance than ASD and SZ, and ASD showed better performance
than SZ, and all three groups differed significantly from each
other at p <0.01. When IQ was added to the model the overall
group effect remained significant [F(; ¢15)=31.56, p<0.001],
however while the difference between controls and ASD and SZ
remained significant at p <0.001, ASD and SZ no longer differed
from each other significantly (p =0.39).

RMET performance and symptom severity

A correlation analysis was performed to assess the relationship
between PANSS symptom severity and RMET performance in
SZ. Small, but significant negative associations were found
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Table 2. Sample characteristics and task performance by subsample and group

Control group Schizophrenia group Autism spectrum disorder group Total N (1227)
Subsample
AUMC
Participants (N, %) 86 86
Female (%) 15.10
Race (not white %) -
M (s.D.) M (s.0.) M (s.D.)
Age (years) 24.84 (4.10)
Proportion RMET correct 0.66 (0.13)
WAIS 4 subtests 90.68 (14.21)
PANSS pos 12.2 (5.0)
PANSS neg 15.6 (5.0)
PANSS gen 27.3 (6.8)
CUolL
Participants (N) 60 56 116
Female (%) 28.30 17.90
Race (not white %) - -
M (s.D.) M (s.n.) M (s.D.)
Age (years) 48.55 (13.96) 46.71 (12.59)
Proportion RMET correct 0.73 (0.11) 0.66 (0.13)
WAIS FSIQ 109.24 (14.83) 110.27 (17.48)
ADOS 8.63 (3.37)
KCL
Participants (N) 52 50 102
Female (%) 30.08 18.0
Race (not white %) 38.46 74.00
M (s.D.) M (s.0.) M (s.D.)
Age (years) 34.27 (9.54) 36.01 (9.89)
Proportion RMET correct 0.75 (0.12) 0.57 (0.18)
WASI 2-subtest 1Q 111.56 (11.62) 98.44 (13.08)
PANSS pos 13.32 (4.38)
PANSS neg 15.06 (5.10)
PANSS gen 28.55 (5.60)
SCOPE
Participants (N) 393 427 103 923
Female (%) 36.40 32.30 37.42
Race (not white %) 45.29 49.41 11.65
M (s.D.) M (s..) M (s.D.)
Age (years) 36.96 (13.51) 39.86 (12.51) 24.28 (6.17)
Proportion RMET correct 0.69 (0.12) 0.59 (0.15) 0.65 (0.19)
WRAT-3 101.15 (12.38) 95.55 (14.98) 105.64 (12.81)
PANSS pos 16.36 (2.98)
PANSS neg 14.29 (5.31)
PANSS gen 31.14 (7.85)
(Continued)
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Control group

Schizophrenia group

Autism spectrum disorder group Total N (1227)

ADOS

10.88 (3.09)

Abbreviations. ADOS, autism diagnostic observation schedule; AUMC, Amsterdam Medical Centre; CUoL, City Univeristy of London; KCL, King’s College London; PANSS, Positive and Negative
Symptom Scale (gen, general; neg, negative; pos, positive); RMET, Reading the Mind in the Eyes Test; SCOPE, Social Cognition Psychometric Evaluation Study; WAIS, Wechsler Adult

Intelligence Scale; WRAT, Wide range achievement test.

between PANSS positive (r = —0.10, p < 0.05) and PANSS negative
(r=-0.11, p < 0.01) symptoms and RMET performance, showing
that higher symptom levels were associated with lower RMET
scores. There was no significant correlation between the PANSS
general subscale and RMET performance (r=-0.01, p=0.81).
The correlation between the ADOS score and RMET performance
in the AD group was not significant (r=-0.08, p=0.34). The
associations remained significant when IQ was controlled for in
the analysis, albeit somewhat weaker for negative symptoms.
The correlations between symptoms RMET and IQ are shown
in online Supplementary Table S3.

Table 3. General linear models

Discussion

This study investigated RMET performance in the largest sam-
ple of individuals with a diagnosis of SZ and ASD and controls
to date. We examined whether estimated non-social cognitive
ability (IQ) accounted for observed group differences in
RMET performance and explored associations between symp-
toms and RMET performance in individuals with SZ and
ASD. The results of this study yielded three key findings.
First, results support previous research indicating difficulties
in ToM-related mental state attribution in both SZ and ASD
groups compared to controls (Fernandes et al., 2018; Pinkham

SS df F p value
a) Model 1: RMET and group
Independent variable®
Group 2.63 2 70.46 < 0.001
Estimated marginal means?® RMET PC S.E
Controls 0.70 0.01
ASD 0.66 0.01
Sz 0.60 0.01
b) Model 2: RMET, Group and 1Q
Independent variable® SS df F p value
Group 1.08 2 34.34 < 0.001
1Q 5.51 1 400.16 < 0.001
Estimated marginal means?® RMET PC S.E.
Controls 0.69 0.01
ASD 0.63 0.01
Sz 0.63 0.01
c) Model 3: RMET, Group, IQ and race
Independent variable® SS df F p value
Group 1.19 2 38.61 < 0.001
1Q 4.73 1 325.26 < 0.001
Race 0.07 1 7.31 0.01
Estimated marginal means® RMET PC S.E.
Controls 0.68 0.01
ASD 0.62 0.01
Sz 0.62 0.01

Abbreviations. ASD, autism spectrum disorder group; 1Q, estimated intelligence quotient; PC, proportion correct; RMET, Reading the Mind in the Eyes Test; s.., standard error; SZ,

schizophrenia group.

Note. *Age and gender are controlled for in the analysis. "Age, gender, and race (White v. Non-White) are controlled for in the analysis.
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Figure 1. Scatterplot of RMET proportion correct against estimated 1Q by group.

Note. C, control group; ASD, autism spectrum disorder group; SZ, schizophrenia group.

et al., 2016; Sasson et al., 2007, 2011). Second, IQ performance
was significantly associated with RMET performance in all
groups (rs=0.47 to 0.53). Third, in the unadjusted analyses
SZ performed worse on the RMET than ASD, however when
adjusted for IQ, our results were in line with a large recent
meta-analysis of 13 studies that found no differences in
RMET performance between individuals with ASD and SZ
(Oliver et al.,, 2021).

Our finding highlights the importance of including estimates
for IQ in comparative studies of social cognition, specifically
the RMET. Previous studies have yielded mixed findings with
respect to the associations between RMET and IQ. Some
meta-analytic work in ASD suggested that RMET performance
is unrelated to full-scale IQ estimates of non-social cognitive per-
formance and negatively correlated with performance IQ. The
author cautions, however, that the included samples were mostly
very small and that the results might be confounded. Further
these studies included individuals had a very broad age range
(6-60 years), which may dilute effects within specific age groups
(Pefiuelas-Calvo, Sareen, Sevilla-Llewellyn-Jones, & Ferndndez-
Berrocal, 2019). However, moderate to strong associations have
previously been reported for controls (Penuelas-Calvo et al,
2019) and samples including controls, ASD and SZ (Baker,
Peterson, Pulos, & Kirkland, 2014; Pefuelas-Calvo, Sareen,
Porras-Segovia, Cegla-Schvatzman, & Fernandez-Berrocal, 2021;
Seo et al., 2020). Dodell-Feder, Ressler, and Germine (2020) fur-
ther suggested that the RMET may be particularly influenced by
education, culture, and other factors that are associated with glo-
bal estimates of cognitive performance. We conducted an explora-
tory analysis to assess what role, if any, education had on RMET
performance in our subsamples. Education was significantly
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correlated with RMET performance at only one of the three
sites with available data (online Supplementary Table S1).
However, when IQ and education were simultaneously included
in the regression models to predict RMET, education no longer
predicted  RMET  performance  significantly  (online
Supplementary Table S2). Finally, as ASD individuals with better
cognitive functioning may be more inclined to participate in
research, investigators need to take special care to recruit repre-
sentative samples to examine whether our findings generalize to
individuals with ASD who experience cognitive difficulties.

We found small negative correlations between the two symp-
tom-related measures used in SZ and ASD, and RMET perform-
ance. The associations between the PANSS positive and negative
scale and RMET performance in the SZ group (r=-0.10 and
—0.11, respectively) were small but statistically significant. The
association between the ADOS and RMET performance in the
ASD group had a comparable small effect size but was not signifi-
cant (r = —0.08), likely due to the smaller sample size. Overall, the
findings support previous work that suggests that symptoms and
social cognition are relatively independent in both ASD and SZ, as
previously reported by others (Barendse, Hendriks, Thoonen,
Aldenkamp, & Kessels, 2018; Dominguez, Viechtbauer, Simons,
van Os, & Krabbendam, 2009; Fett & Maat, 2013; Oakley et al.,
2016), albeit not consistently (Del Valle Rubido et al., 2018).
There are different explanations for this. It is possible that both
phenomena might be related to different disorder-related neural
processes. For example, psychotic symptoms have been associated
with aberrant dopaminergic neurotransmission and functioning
in mid-brain areas, whereas (social) cognitive performance pro-
blems have been related to frontal and parietal regions.
Alternatively, it might be that assessment of real-world social
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functioning through the ADOS and PANSS negative scale that
require the utilization of multiple social cognitive skills in com-
plex context, are not predicted well by the highly structured social
cognitive RMET assessment in lab settings, which probes only a
relatively narrow facet of social cognition. Further research is
necessary to elucidate this question.

Our results suggest that, regardless of diagnoses, training non-
social cognitive domains in addition to social cognitive ones may
be useful to maximize social cognitive improvement, and possibly
to yield a larger impact on patients’ overall functioning and qual-
ity of personal relationships (Fett et al., 2011; Halverson et al.,
2019). This suggestion is consistent with results of combined
social-cognitive and neurocognitive training in people with par-
ticularly chronic and severe schizophrenia (Lindenmayer et al.,
2018). However, such training needs to consider the levels of non-
social cognitive ability of the participant, to ensure that pace, level
of explanation and aid for attention and memory are adjusted to
the right level for optimal learning.

The findings of the current study need to be interpreted in the
light of several limitations. First, there was some cross-subsample
variation in our assessments of IQ, and not every subsample
included all diagnostic groups, potential confounding differences
could not be accounted for. Even though the WAIS and its abbre-
viated forms were used to assess cognitive ability in the AUMC,
CUoL and KCL samples, different subtests were used. However,
for the SZ and ASD groups there were no differences in 1Q
between the SCOPE and KCL or AUMC samples, respectively.
While controls in the CUoL and KCL samples did not differ in
terms of IQ, both did differ significantly from controls in the
SCOPE sample. This could be due to differences between the
WAIS and the WRAT-3 estimates of cognitive ability. However,
previous research indicates that the WRAT and WAIS-R have
similar relationships to levels of general intelligence scores
(Spruill & Beck, 1986). Similarly, the WAIS short forms showed
consistency in measuring general intelligence scores when com-
pared to the longer WAIS-R form (Pilgrim, Meyers, Bayless, &
Whetstone, 1999; van Ool et al., 2018). Moreover, for controls,
RMET performance was also lower in the SCOPE sample com-
pared to the CUoL and KCL samples. Together this suggests
that the SCOPE control sample was generally lower performing
in terms of cognitive ability, rather than group differences that
were caused by the nature of the utilized cognitive measures.
Second, the RMET is exclusively showing images of faces of
White individuals, and it is possible that there is a bias towards
better recognizing emotional expressions in own-race faces
(Meissner & Brigham, 2001). We therefore conducted additional
exploratory analyses in the samples with available data on race
(SCOPE and KCL), to investigate whether any group differences
between SZ, ASD and controls were accounted for by differences
in sample composition of White and non-White participants in
the respective groups. Race was significantly correlated with
RMET performance (partial correlation controlling for group sta-
tus: r = —0.22), suggesting a race bias in the RMET whereby White
individuals performed better than non-White individuals. The
current findings highlight the need for culturally sensitive ver-
sions of the task and the importance of reporting race and/or eth-
nicity effects (Nagendra et al., 2018, 2022). However, when race
was controlled for in the GLM analyses group effects between
SZ, ASD and controls remained significant (Table 3, model c).
Finally, it is important to note that our findings may not general-
ize to other tests of ToM. While the RMET taps into ToM, it also
relies on emotion recognition abilities. Not all ToM tests have an
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emotion recognition component. Moreover, the RMET might be
more strongly correlated to cognitive ability compared to other
social cognitive tasks, because many of the options for mind states
in the RMET are of higher reading levels than most social cogni-
tive tests (Eddy & Hansen, 2020). To address this, future research
may utilize a battery of social cognitive tasks in conjunction with
the RMET to further assess the relationship between IQ and social
cognition. Finally, to disentangle which non-social cognitive pro-
cesses may particularly interact with RMET performance, a bat-
tery including different non-social cognitive tasks is
recommended.

In conclusion, this large study of RMET performance in ASD
and SZ supports previous findings that both groups perform
worse on the RMET compared to controls. It also indicates that
the ASD and SZ group performed similarly when non-social cog-
nitive ability was considered in the statistical analysis. Together
these results suggest the necessity to carefully consider and assess
non-social cognitive ability in future comparative studies of social
cognitive ability.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291723002052
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