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Background: De cits in social cognition are well-recognized in both scizophrenia
and autism spectrum disorders (ASD). However, it is less cd@ how social cognition
de cits differ between both disorders and what distinct medanisms may underlie such
differences. We aimed at reviewing available evidence frostudies directly comparing
social cognitive performance between individuals with sdrophrenia and ASD.

Methods: We performed a systematic review of literature up to May 22, @8 on

Pubmed, Web of Science, and Scopus. Search terms included cmbinations of the
keywords “social cognition,” “theory of mind,” “autism,” ‘Asperger,” “psychosis,” and

“schizophrenia.” Two researchers independently selectednd extracted data according

to PRISMA guidelines. Random-effects meta-analyses wereanducted for performance
on social cognitive tasks evaluating: (1) emotion percein; (2) theory of mind (ToM);
(3) emotional intelligence (managing emotions score of th&layer-Salovey-Caruso
Emotional Intelligence Test); and (4) social skills.

Results: We identi ed 19 eligible studies for meta-analysis includig a total of 1,040
patients (558 with schizophrenia and 482 with ASD). Eight atlies provided data on
facial emotion perception that evidenced a better performace by participants with
schizophrenia compared to those with ASD (Hedges' d 0.43; p D 0.031). No signi cant
differences were found between groups in the Reading the Mihin the Eyes Test (8
studies; Hedges' gD 0.22; p D 0.351), other ToM tasks (9 studies; Hedges' ¢ 0.03;
p D 0.903), emotional intelligence (3 studies; Hedges' @@ 0.17; p D 0.490), and
social skills (3 studies; Hedges' gd 0.86; p D 0.056). Participants' age was a signi cant
moderator of effect size in emotion perception and RMET angtes, with larger differences
favoring patients with schizophrenia being observed in stlies with younger participants.
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Conclusions: The instruments that are currently available to evaluate s@l cognition
poorly differentiate between individuals with schizophrda and ASD. Combining
behavioral tasks with neurophysiologic assessments may Mter characterize the
differences in social cognition between both disorders.

Keywords: autism spectrum disorders, Asperger syndrome, sc hizophrenia, social cognition, theory of mind,
emotion perception

INTRODUCTION (the ability to infer what another person is thinking about an
Rati objective situation) and second-order ToM (the ability tdfer
at,lonale, . ) . what another person is thinking about what a third person is
Social cognition concerns the detection, processing and u?ﬁinking about an objective situation}(10).
of social information to regulate interpersonal functiogin Patients with schizophrenia and ASD have consistently
and e ective social behaviorl( 2). Schizophrenia and autism been shown to perform worse than neurotypical controls
spectrum disorders (ASD) are two conditions characterizgd bin social cognitive tasks1(~13. In a meta-analysis of 37
signi cantimpairments in social cognition( 3). Impaired social studies evaluating mentalizing capacity in adult patientthwi
cognition is a major driver of poor psychosocial functioning i schizophrenia or ASD in comparison to neurotypical controls,
both disorders and has_ been increas_inglycor_lside_red asfdheo both groups showed similar levels of signi cant impairment
key treatment targets in psychosocial and biological therapeu ;, o mentalizing capacity (intention/belief inferex)cand

interventions ¢-6). visual mentalizing capacity (assessed by the Reading the Mind

In schizt_)phrgnia, social _cognition_ impairment_s have mostlyIn the Eyes Test [RMET]). The schizophrenia group showed a
been described in the following domains: (1) emotion peraBpli o toard greater impairment of verbal mentalizing aili

de ped as the.ability to identify.emotions, for example fram 8than of visual mentalizing ability, while participants with BS
facial expression or ton_e of voice; (2) theory of mind (T_OM)'showed similar levels of impairment in both task$l) In
de ned as the ability to infer other people's mental stateith ASD, male gender was associated with greater impairment of

intentions, deswgs or pe!lefs); ©) attrlbutlonal stydee, ned as cognitive ToM ability at a trend level, and mentalizing #ilvas

the way b_y which mqhwduals e>.<pla.|n the Caus,e?()f IF’Os't'v‘i?ound to be independent of agé 1). In another meta-analysis,
and negative events (i.e., by att“b_““”g respon3|blllt}_'1e!|tto studies using a Triangles Animation Task designed to assess
Fhems_elves, to Qt_hers or to the S|tua_1t|on); and (4_) JUdgrT”emattribution of mental states were reviewed in an e ort to idiéy
including the ability to extract meaning from environmehta di erential social cognition de cits between schizophreraad

information, and the processing bias known as “jumping t0agp (17). However, this analysis only included one direct
conclusions,” which refers to the tendency to formulate nidve comparison between patients with schizophrenia and ASD

judgeme_ntls based ondlnsg c!erXcgnhrmatgry ewo_lenogi(Z()j. I':j with the remaining 20 studies comparing the clinical groups
turn, soclal cognition de cits in ASD have been primarily des with neurotypical controls. In their respective comparisons

bas'ed on a t()jroat(]ier lconceplt of ToM as th(ﬁ ?b'“ty ;0 ref ect ONyith neurotypical controls, the ASD group had generally &rg
one's own and others' mental states (mentalizir) Therefore, standardized mean di erences than the schizophrenia group in

the de nition of ToM that is most prevalent in ASD literature oo ot ahjlity to appropriately describe the animations, with
encompasses not only the ability to take the perspective ofotheg;ijary sized standardized mean di erences with respect to
and to interpret others' beliefs, desires or intentions girently de cits in intentionality detection. Moreover, patients \itrst-

de ”‘?d as “c?gn|t|ve ToM"), but also emotions (“e_motlon_ai 0 episode psychosis performed better than patients with longer
aective ToM’) (8, 9). ToM has peen furt.he.r classi ed, within lasting schizophrenia, suggesting that duration of schizepia
the context of both ASD and schizophrenia, into rst-order Mo may be associated with a reduction in mentalizing abili(ie.
More recently, a meta-analysis (published as an abstract) of 74
Abbreviations: ACC, anterior cingulate cortex; ASD, autism spectrum disorders;studies in schizophrenia (3,555 cases) and 22 studies in ASD
gm, ﬁttfribllJttionacli Stylfw Str;c:zu';ed |ntet_rview; Cint:t_Comgzgagzmtg: (810 cases), also conrmed the existence of signi cant ToM

, defaull moae network; , emotion recognition; -40, . . . . .
Recognition Task: FEP, rst episode psychosis: FG. fusiformusgyfMRI, de cits in both clinical gro_upsLS). Inference o.flntentlo.ns from.
functional magnetic resonance imaging; fNIRS, functional rsiefiared verbal tasks was a signi cant area of de cit for patients with
spectroscopy; 1Q, intelligence quotient; MASC, Movie for theeasment of schizophrenia, but not for the ASD group. The latter, in turn,
Social Cognition; MPFC, medial prefrontal cortex; MRI, magnetisorance  showed markedly impaired ability to understand the meaniﬁg 0

imaging; MSCEIT, Mayer—Salovey—Caruso Emotional Intelligerest; NOS, not . _ . . -
otherwise speci ed; NP, non-paranoid; P, paranoid; PANSS, Resitid Negative indirect speech. Additionally, positive symptoms were found to

Syndrome Scale; PFC, prefrontal cortex; PhC, Physical Causali§TRRéading modulate the magnitude of ToM de cits in schizophreni&d].

the Mind in the Eyes Test; ROI, region of interest; SCZ, schireph; SD, With respect to the “jumping to conclusions” dimension of
standard deviation; SN, salience network; SPD - schizotypabpelity disorder;  social cognition, although it has typically been studied as a
STS, superior temporal sulcus; ToM, theory of mind; TPJ, temporo—parietaépeci ¢ de cit of schizophrenia, at least one study by Brosnan

junction; VBMA - voxel based morphometry analysis; VLPFC, venteskdt . ;
Jprefrontal cortex. P Y anay et al. found that ASD subjects show a more circumspect
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reasoning bias (that is, a need to gather more data before umderstanding of the specic de cits and mechanisms that

decision is made), which is the opposite pattern of the jumping tainderlie social cognitive impairments in both disorders?

conclusions reasoning bias observed in schizophretip The

study authors concluded that these ndings are consistettw MATERIALS AND METHODS

the Autism-Psychosis Model proposed by Crespi and Badcock

(15, which proposes that patients with autism and schizophreniaStUdy Design

show opposite patterns of response in social cognitive tasks, wiWe conducted a systematic literature review to identifydsts

underdeveloped social cognition in ASD and hyper-developedomparing social cognition between patients with schizoptaren

social cognition in psychotic disorders. A similar formutat and patients with ASD. Comparative meta-analyses were

has been proposed by Simon Baron-Cohen in his Empathizingserformed for those social cognition dimensions that were

Systemising Theory 1), according to which ASD subjects directly compared between patients with schizophrenia and

show high Systemising and de cits in Empathizing, while thepatients with ASD in at least 3 individual studies.

opposite pattern (low Systemizing and high Empathizing scores . .

is associated with higher levels of psychotic experiences a,l%artlupants, Interventions, Comparators

jumping to conclusions biasif). We reviewed studies including groups of patients with
All in all, it remains unsettled whether or not schizophrenia Schizophrenia spectrum disorders (schizophrenia, schizdevec

and ASD dier in terms of social cognitive performance)( disorder, schizophreniform disorder, schizotypal persoyalit

with their shared genetic risk, partly overlapping pathogenid¢lisorder, rst-episode psychosis, delusional disorder, and

mechanismsX7) and phenomenological proximity (particularly Psychosis not otherwise speci ed) and groups of patients with

insofar as social interaction de cits, communication diutties ~ASD (autism, Aspergers syndrome, and pervasive development

and restricted interests are concerne)( fuelling an ongoing disorders), regardless of age or gender. We included any stud

debate on whether the two conditions lie on the samecOmparing social cognition across these two groups of patients.

neurodevelopmental and phenotypic continuur719). The . .

available literature has reached contradictory conchsion SySt.ema;t'C.ReV'eW PrOtQC()l )

this issue, with the few existing meta-analyses allowing fof "€ identication and selection of studies was conducted

indirect comparisons at best. This may be inadequate to compa@ccording to PRISMA guidelines. The following inclusioneria

social cognitive performance in these two populations becaud¥ere considered for the selection of studies for the metiyses:

of methodological di erences across studies)( in addition to  _ Original articles in English, French, German, Portuguese o
other sources of inconsistency such as the inclusion ofisfud  gpanish, regardless of publication date or country of origin;
with small sample sizes, and the use of di erent tasks or di éren _ stydies including human populations;

task versions, sometimes using dierent instructions, ogei . Any clinical studies directly comparing social cognitive
and rating systems1¢). Another unsettled issue regards the  performance between groups of patients with schizophrenia

pOSSIbI|Ity that the inStI’umentS Curl’enﬂy aVa”able '[OMSOCIM Spectrum disorders and groups of patients with ASD.
cognition, especially emotion perception and ToM, may have

poor discriminatory power between schizophrenia and ASD.  Search Strategy
The search was performed on Web of Science, Scopus and
Objectives Pubmed and the search strings used were formed from

We set out to review studies that performed head-to-hea&omb'natlons of the keywords “social cognition;” “theory o

” o ”ow ” o

comparisons of social cognition in subjects with ASD and with™ind:" “autism” “Asperger? “psychosis " “schizophreniaicsthe
schizophrenia. Our main goal was to identify di erences inigbc 500!€an operator AND. The search was concluded on May 22,

cognitive performance between patient groups that could hel 018.

characterize the specic social cognition impairments ofteac After elln;]matlng 'dUp|(|jcar':eS|. USIrflg Melndeley I|br§1ry .tools,
disorder. Understanding how social cognition di ers betweent© résearchers reviewed the list of articles separatdéctisey

schizophrenia and ASD, and what underlying mechanism I|g|ble_rep_orts acc_:ordlng to the criteria de ne_d. Abstract
rom scienti ¢ meetings and conference proceedings were not

explain such dierences, may help develop disorder-tailore . o .
interventions which may potentially improve outcomes, asconS|dered eligible for meta-analysis, due to the frequently

targeted social cognitive interventions have been showheto incomplete reporting of quantitative data and the risk of déeib

especially e ective in improving emotion perception and ToMlncIusmq of individual subjects in cases w_here confer_ence
1) proceedings were followed by regular publication of full detc

in scienti c journals at a later time.

Research Question Data Extraction

The research questions for this review were: (1) do directwo researchers extracted the following data from eactibédig
comparisons of patients with schizophrenia and ASD shovstudy: author and publication year, number of participants in
any di erences in social cognitive performance? (2) do theséhe schizophrenia and ASD groups, mean age of each group,
di erences in social cognition ability between patients withgender distribution of each group, mean intelligence qudtie
schizophrenia and individuals with ASD contribute to our (IQ) of each group, psychometric outcome measures, summary
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of psychophysiological comparisons (where available), aiyd amsed psychometric measures that were not used in any other
relevant additional information. study, the measure that most approximated the measure used
Psychometric outcome measures were classi ed accordirig the majority of the remaining studies, based on the prodide
to the following social cognition dimensions: (1) emotiontask description, was selected by consensus, after reviewing
perception; (2) ToM (inferencing); (3) emotional intelligeay the available literature on the psychometric properties of the
and (4) social skills. The outcome measures (tasks) thae weinstrument in question with regards to convergent validitjth
used to assess each social cognition dimension are listed tme most frequently used task.
Table 1 For each outcome measure from each eligible study Extracted data was inputted into Meta-Essentials Workbook
we extracted raw group data (mean and standard deviationjor Meta-Analysis $8) for di erences between independent
When these were not provided, we extracted data from tests giroups—continuous data (Version 1.3). This workbook compute
di erences (-value, orF-value from Analysis of Variance tests). bias-adjusted standardized mean dierences (Hedges' g,
Data were extracted either directly from the text and taldes expressed as 95% con dence interva#§% CI), as well as
extrapolated from gures. In the latter situation values @meand combined e ect sizes with hypothesis testing. We used a
standard deviation) were extracted using Adobe Acrobat Beadrandom-e ects model for the meta-analyses. Positive e ect
measurement tools. To account for measurement error, eadizes indicate a better performance by the schizophreniapgrou
value from each gure was measured ve times, and the measompared to ASD groups. Individual studies were weighed
value computed. In cases where data included in the originalccording to the inverse variance weighting method, with
manuscript were insu cient, we contacted the correspondingan added between-studies variance component based on the

author to request further information. DerSimonian-Laird estimator39). Con dence intervals were
estimated using the weighted variance method, as described
Data Analysis previously 89). This approach takes into account the uncertainty

Separate meta-analyses were conducted for each psychometgisulting from the need to estimate heterogeneity varisaoe
outcome dimension. When studies used more than one measuwéthin-study variances, resulting in wider estimated cdance
to evaluate the same social cognition dimension, the meathat  intervals for the combined e ect size in analyses based on
was most frequently used in all studies was selected. Whdiest small numbers of studies. In the latter situation, and espBci
when heterogeneity is high, con dence intervals may inel
even when classical z-distribution con dence intervalsuido

TABLE 1 | Social cognition dimensions and outcome measures evaluatein the not. To assess heterogeneity of studies, in each metaseimaly
meta-analyses. we used Cochran's Q test to examine the null hypothesis that
Social cognition Outcome measure (studies using each all stu_dles esUmate_d the same e ect. We_ further computed |
dimension outcome measure indicated within brackets) to estimate the ratio of true heterogeneity to total obsdrve
variation, and Tad (T?) to estimate between-study variance
Emotion perception Penn Emotion Recognition Task (ER-403,(22) (40). Publication bias was examined by means of funnel-plots,

Social Scenes Task (Face Present Condition Score)
@3)
Emotions in Context Task (Faces in Isolation Score)

with Egger regression and trim-and- Il analysis for estitioa
of the adjusted e ect size and of missing studiég)( Because

©4) schizophrenia and ASD have di erent ages of onset and di erent
Developmental Neuropsychological Assessment developmental and clinical courses, we evaluated the mutera
NEPSY-II (Affect Recognition Subscale Score}§) e ect of age on the meta-analyses, again using the resources

Facial Affect Recognition based on Ekman & Friesen
(26, 27)

Frankfurt Test for the Recognition of Facial Affects -

provided by Meta-essentials, which, in essence, perform a
weighted regression of the studies' e ect sizes over thearhos

Face Test £8) continuous moderator variable, in this case participantsame
Theory of Mind Reading the Mind in the Eyes Test (RMET) age 68)
(inferencing) 9, 27-33)
Modi ed Advanced Theory of Mind Test )
Movie for the Assessment of Social Cognition R ESU LTS
e ok 60) Study Selection and Characteristics
Triangles Animation Task47, 32) We identied 19 studies eligible for meta-analysisigure 1)
Social Reciprocity Scale (Cognition Subscale}{) (3, 10, 20, 22-37). The characteristics of these studies are
Yoni Task (Cognitive Subscale() presented inTable 2 Overall, 1,040 patients were included in
Comic Strips Task (6) the analyses (558 patients with schizophrenia and 482 patients

Developmental Neuropsychological Assessment

NEPSY-Il (Verbal ToM Subscale}§) with ASD). All but one study Murphy 10) included patients of

both genders, although samples were predominantly constitute

Emotional Intelligence Mayer—Salovey—Caruso Emotional éfitgence Test b ) k ) .
(MSCEIT) Managing Emotions Score3( 27, 31) y male patients, particularly in the ASD groups. Studies were
Social Skills Social Skills Questionnaire() conducted in adolescent or adult populations; in 8 of the blayi
Social Skills Performance Assessmenty?) studies, patients with schizophrenia were signi cantly olttean
Social Communication Questionnaire - Social patients with ASD [Craig et al3(), Couture et al.29), Eack et al.
Subscale (4) (3), Kandalaft et al.7), Krawczyk et al.{1), Radelo etal. 83),
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)
: . .
2 Records identified through database
5 searching
= —
= (n=2108)
=
)
=
—
A 4
— Records after duplicates removed
(n=923)
Y
g
=
o
o A 4
5
2 Records screened N Records excluded
(n=164) i (n=100)
~—
A 4
Full-text articles assessed Full-text articles excluded,
= for eligibility with reasons
= (n=64) (n=27)
S
= Studies using only non-
v clinical samples, n=17
___J Studies included in Meta-analysis of studies
qualitative synthesis including non-clinical
(n=37) groups, n = 4
Meta-analysis of
= interventional studies, n=3
S v
= :
c Studies included in Study only with
= quantitative synthesis schizophrenia group, n =1
(meta-ina(lySIS) Studies not evaluating social
(n=19) cognition, n =2
FIGURE 1 | Flow diagram of included studies.

Sasson et al2{), and Solomon et al34)]. Except for four studies studies that did not provide adequate data for quantitative

that reported signi cantly higher mean 1Q in ASD patients [kkac methods [Chen et al4@2), Ciaramidaro et al.43), Eack et al.45),

et al. 3), Kandalaft et al.47), Murphy (10), and Solomon et al. Hirata et al. ¢6), Katz et al. {7), Mitelman et al. {9), Parellada

(34)], no signi cant di erences were found in mean 1Q between et al. £62), Pinkham et al. §4), Serrano et al.57), and Stan eld

patients with ASD and patients with schizophrenia. et al. 69)], and 8 additional studies that presented data that
Eighteen additional studies were not eligible for metalgsia  was either considered ineligible for inclusion in meta-igsas or

(42-59). These included 10 functional or morphometric imaging evaluated social cognition dimensions that were not ingeséd
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in more than 3 independent studies: Corbera et &)(Le Gall and poorer facial emotion recognition, particularly for corapl

et al. @8, Ozguven et al.50) and Pomarol-Clotet et al.56) emotions, suggesting that dierent cognitive processes may
presented only qualitative data in abstract form; Ozguvealet underlie emotion recognition di culties in these two disoaits

(51) presented only data as minimum-maximum and median(28). In the study by Sasson et &3, although the schizophrenia
values and used non-parametric test statistics that were ngh D 10) and ASD § D 10) groups did not di er in emotion
suitable for inclusion in the meta-analysis; Pilowsky et(aB)  perception performance in a social scenes task where faces
evaluated false beliefs and deception, and Pinkham e68). ( expressing a single emotion were either present or digitally
evaluated paranoia; nally, Van Lancker et &9(only presented erased, di erences were found when eye tracking data were
auditory emotion perception data, and separately for youngeanalyzed: individuals with schizophrenia oriented gaze t@ fac
and older children with autism. These studies are all suninegl  regions more rapidly when faces were present relative to $timu

in Table 3and will not be further analyzed here. from which faces had been removed, while the autism groups
oriented gaze to the face region at the same speed regardless

Synthesized Findings of whether the face was present or nét3). In a later study,

Emotion Perception Sasson et al2f) again found no signi cant di erences between

Eight studies provided data on emotion perceptidh 22-28).  the schizophrenian( D 44) and ASD § D 21) groups in
Two studies used the Penn Emotion Recognition Task (ER-4@motion recognition accuracy. The two clinical groups only
(3, 22, 2 other studies used facial a ect recognition tests basedi ered from the neurotypical control group when faces were
on photographs by Ekman & Friesef§ 27) and the remaining presented integrated into congruent and incongruent enmmudio
four studies £3-25, 28) each used di erent, less commonly usedcontexts, but not when faces were presented in isolation.
instruments, although all of them designed to evaluate titesct  Interestingly, while patients with schizophrenia and neygpital
identi cation of facial a ect from images of human faces. The participants showed increased xation time to the face region
study by Couture et al.20) was excluded from the emotion when faces were presented within an incongruent emotional
perception meta-analysis because it did not report total scorecontext compared to when they were integrated into a congruen
on the Movie Stills Task with Faces, but only the individudbsu emotional context, this was not observed in the ASD group,
scores for a limited selection of emotions (sad, afraid,amgry) who spent the same time xating the face region regardless of
(29. The study by Tin et al. was excluded from this meta-analysismotional context congruency. Moreover, in individuals hwit
because it used a computerized task with cartoons where &ecti schizophrenia, emotion recognition accuracy correlateith Wy,
inferences were made based on verbal and eye gaze cues andwiote this was not the case in individuals with ASPX). Finally,
facial a ect expressiorsQ). Tobe et al. 22) used an emotion perception paradigm comprising
We found a signi cant di erence between schizophrenia andan auditory emotion recognition battery (audio recordingé
ASD patients in emotion perception, with the schizophreniasentences with neutral content that were read using di erent
group performing better than the ASD in these tasks (Hedgeg€motional tones) and a visual emotion recognition battery
g D 0.43, 95% CI 0.04 to 0.91;p D 0.031;Figure2A). (ER-40). While participants with schizophrenia D 92) were
We found signi cant heterogeneity of e ect sizes accordingimpaired in both auditory and visual tasks, participants with
to the Q-test (@25.00;p D 0.001), with an 4 value of high-functioning ASD @ D 19) were impaired only in the visual
72%. No missing studies were identied in the trim and Il emotion recognition task4?).
analysis. Funnel plot analysis did not reveal marked asymmet
(Figure 2B) and Egger's regression did not suggest publicatiomheory of Mind
bias (interceptD 4.82, 95% CI: 7.32 to 16.96¢f D 0.94, Because literature is contradictory regarding the dimensif
p D 0.384). Participants' mean age was found to have social cognition that is assessed by the RMET, with several
signi cant moderator eect (BD 0.069;p < 0.001), with authors considering this test a measure of mentalizing dapac
larger e ect sizes for between-group di erences (favoringtdre (29, 60) and others considering it a measure of emotion
performance in the schizophrenia groups) observed in studieecognition rather than of ToM ability §1), we chose to
with younger participants Kigure 3. Some of the studies separately analyze the 8 studies that used the RMET. The meta-
included in the meta-analysis provided additional inforriegit ~ analysis of these 8 studie$0( 27-33) showed no signi cant
regarding di erences between individuals with schizopheeni di erences in performance between the schizophrenia and ASD
and ASD in particular aspects of the emotion recognitiongroups (Hedges' @ 0.22, 95% CI 0.34 to 0.78p D 0.351;
process. Sachse et &l8( compared emotion perception in 19 Figure 4A). The Q-test was signi cant (33.6¢;< 0.001) and
participants with paranoid schizophrenia and 22 participantd? was 79.20%. Funnel plot analysis did not reveal marked
with high-functioning ASD using a combination of visual far asymmetry Figure 4B) and Egger's regression was not signi cant
discrimination and facial processing tasks (the Benton ®isu (intercept D 3.85; 95% Cl: 17.14 to 24.84p D 0.680).
Form Discrimination Test and the Benton Facial RecognitionAge was found to have a signi cant moderator e ect¥B
Test, respectively), and a facial emotion recognition tabklke ( 0.165;p D 0.001), with larger e ect sizes (favoring a better
Frankfurt Test for the Recognition of Facial A ects). Individls  performance by patients with schizophrenia) in studies with
with schizophrenia showed reduced visual perception capacityounger participantsKigure 5).
(namely, more marked di culties in visual form discriminain) Data on mental state inference was obtained from 9 studies
while individuals with ASD had poorer facial identity recagion (10, 19, 25, 27, 30, 32, 34-36). The tasks that were used
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(12.53)

schizophrenia (30)

Not reported

Not reported

79/13 17/2

39.4 (12.5)

36.0 (11.8)

High-functioning autism

Schizophrenia;

Tobe et al. ¢2)

spectrum disorders (19)

Schizoaffective disorder (92)

Schizophrenia (18)

100.88 95.16 (22.17)
(15.49)

All male

10/8

25.(4.96)

29.55 (5.3)

Asperger's syndrome (6)

Virseda Antoranz
et al. 36)

92 (18.8) 96.9 (12.6)

718

2/8

16.1 (1.6)

16.2 (1.6)

Pervasive developmental

disorders (15)

Schizophrenia (10)

Waris et al. £5)

Bold values indicate signi cant differences as reported in the origal articles.*Data on age and intelligence quotient (IQ) presented separately for fared with one (simplex) or more than one (multiplex) child affected by the disler; no

statistics were reported for differences in age or 1Q between simplexna multiplex samples or groups. ASD, autism spectrum disorders; NOS, not otharise speci ed; SCZ, schizophrenia; SD, standard deviation.

varied signi cantly between studies. Two studies [Kanftala
et al. 7) and Lugnegard et al.3¢)] used the Triangles
Animation Task, while the remaining studies each used a din¢re
measure of ToM. All ToM measures evaluated inferences about
intentions or beliefs. When data was presented separately for
rst order Tom (inference about what a character is thinkjng
and for second order ToM (inference about what a character
thinks another character is thinking), only second ordeorss
were considered for meta-analysis as these better resetmble t
type of attributions evaluated by the measures used in the
other studies. No signi cant dierence was found between
schizophrenia and ASD patients in ToM performance (Hedges'
gD 0.03, 95% CI 0.56 to 0.50;p D 0.903;Figure 6A).
Heterogeneity was signi cant with a Q-test of 33@®< 0.001),
and an P value of 75.76%. The funnel plot was symmetrical
(Figure 6B), with no missing studies identi ed in the trim and |l
analysis. Egger's regression did not suggest signi canigatisn
bias (interceptD 1.0, 95% CI: 13.53 to 15.53t D 0.16,

p D 0.878). Age of participants did not have a moderator e ect
on mental state inference abilityp (D 0.993). Several studies
included in this meta-analysis provided additional relevant
information regarding speci c aspects of ToM performance.
Martinez et al. {9 found that participants with schizophrenia
(n D 36) had a better performance than individuals with ASD
(n D 19) in attribution of mental states using the Movie for the
Assessment of Social Cognition (MASC) test, that assedsés su
inference abilities. Both groups performed signi cantly wer
than neurotypical controls in the over-mentalizing measofe
the MASC, showing a high number of wrong answers on the
task that re ects overly complex mental state reasonifig).(
However, only the ASD group performed signi cantly worse
than controls in the under-mentalizing and the no-mentaiig
measures, that indicate overly simplistic or complete lack of
mental state inference capacity, respectively).( Moreover,
the ToM score was negatively correlated with the Positive and
Negative Syndrome Scale (PANSS) disorganization scoreein th
schizophrenia group and with the Autism Quotient score inlpot
clinical groups (9. Tin et al. used a Faux Pas Task to evaluate
ToM in 30 individuals with schizophrenia and 30 individuals
with high-functioning autism, and found that subjects with
autism performed signi cantly worse than schizophrenia paitse

in the Faux Pasmeasures of recognition, understanding, and
inference of emotion, but not inference of intention, a dins&on

for which groups performed equally3§). Craig et al. found a
negative correlation between the Hinting Task Score (a ToM
loading task) and scores in the Paranoia Scald( 0.25,

p < 0.05), suggesting that high levels of paranoia symptoms
are associated with heavier compromise of ToM abilidg)(
Lugnegard et al.32) was the only study addressing the issue of
gender e ects on ToM ability in both ASD and schizophrenia,
and, using the Triangles Animation Task, found that men with
schizophreniarf D 22) perform worse than men with Asperger's
syndrome ( D 26) in the Intentionality score (ability to describe
complex, intentional mental states), while no such di erence
was observed in females. In contrast, women with schizophren
(n D 14) performed worse than women with Asperger's syndrome
(n D 27) in the Appropriateness Score (capacity to adequately

Frontiers in Psychiatry | www.frontiersin.org

October 2018 | Volume 9 | Article 504


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Social Cognition in Schizophrenia and Autism

Fernandes et al.

(panupuo))

"ZOS 01 paredwod sy

Ul AJ1A08UU0D [BIUOIJ0NCIO [elale|iq pasealou|

"ZOS Ul D4dNA PUB 70 US9MISQ SUONIBULOD

Ajuo ajiym ‘asy Ut £d1 pue 1NaNo J4di

uasmiag suondauUuU0d asuag ‘dasy ueyr >~_>_Hum
dL Y| pue DAdINA Ja1eauB Apued 1uBIs yum zoS -

‘selly xajdwod ur 1IN

ueyl asiom Ajpued ubis ing Auepwis pawsopad (9g)
sdnoib yioq ajym sjeL bunjel aandadsiad adwis SIapIosIp
ur gsy ueyy 1apaq Apued jubis pawiopad zOS e (S0'9) (e8'9) wnuoads (9¢)
‘Apris 14N « €/0€g v1/2e 16'€2 STAl*T4 wsnny eluaiydoziyos (51 2102 "e 19 >oe3

‘Aluo @Sy ul uasaid alam
Ayredws |[esano pue uiaduod diyredws uo Sy ap

3IYM ‘aSV pue ZOS yiog ul jussald aIam ssansip (1€)
feuosiad pue Bupjel aandadsiad ul Syo aq e SiapiosIp

"OLN 'SA ZOS Ueyi OLN 'SA ASY wnuoads (61) (1oensqe) (v1)

ul C_MQ leuonows 10} \EHMQEQ ul S10 8p Ia1eals) . YN YN YN YN wsnny m_cw‘_:QONEom LT0Z '|e 18 elaqio)

'dSY Ul pasealdsp Ing ZOS Ul OddINA Pue S1Sd
1yBu 8y usamiaq susaned AIANOBUUOD pasealdu] e

*asy ul Buissasoid uonewlour leuonuaiul

10} uoneAnde pasealdsp pue ‘zOS ul Buissesoid
uonewlojul [eaisAyd 1o} uoneARdE  pasealdu| e

‘sawll} uonoeal

J8yBiy pamoys Jane| ayy ajiym sel oL e ul dnoib (xew (xew (81)
ZOS ueyl sioud siow papiwwod dnoib QsSy e -uiw) -ulw) eluaiydoziyss (sv)
‘Apris 14N « z/ee ¥/8T €e-€T eVl (€2) wsnny plouered STOZ '[e 19 oreplwereld
‘dnoib

ZOS 8y} Ul paAI9SqO SeM $8109S SSNYd dU) pue
suoN98uu09d ay) usamiaq diysuonejal Jued jubis
ou ‘S)19 8p [e100s 0] parejas Apued 1ubis a1om

@SV Ul suondauuod NS pue NINQ [edidAre pareys «
'SU0I}OBUU0D NS
-NIN@-181ul Ajurew sem 3l DS Ul 9JIYM ‘SUO[1I8UU0D
NS-elul Ajurew sem ANARdaUU0D [ealdAre 1ounsip

8yl '‘dsSVY Ul 'NWA pue NS 8y ul punoj (z2) siapiosip
Apsow alem suondauuod urelq [edidAle pareys e (te) (8'1) wnuoads (5e)
‘Apnis 1N « /ST ST/0C TET 9'GT wsiny eluaiydoziyos (z#) LT0Z TR 32 UBYD
asv z0S asv Z0S (u) asv (u) zos
sBuipu urew jo Arewwns a[eway/srew Japuss ( as) ueaw sieak ‘aby syuedioired Jo Jaqwnu pue sisoubelq Apmis

"SasAleur-BW 8Y) Ul PAPNoUl 10U 819M Yey} SaIpnIs Jo sonsuaoereyd | € 31av.L

October 2018 | Volume 9 | Article 504

Frontiers in Psychiatry | www.frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Social Cognition in Schizophrenia and Autism

Fernandes et al.

(penunuo))

'S9102s woldwAs

aAeBau ym ainseauw sne| siy) Jo Uone|allod

aAlrefau e 0) UonIppe Ul ‘N0 JapIo-puodas

UIIM puUNOj Sem UOIR[S1I0D JejiWIS © ZDS Ul

aIym ‘uoisuayaidwod [eqian pue |\oL JapIo Isi
u2aMIag UoNEB[a1100 aAlIsod e sem aiayl Sy Ul e

‘SWIa) 0L JBPI0-Pu0Ias Ul DIN

uey) asiom Apued 1ubis pawiopad sdnoib yloqg 1)
3|IYM ‘Swa)l NOL J8pIo-1Si Ul ZOS Uey) 8SIom (T'2) (sLv) awolpuAs (02) (19
Aped ubis pawlopad Sy yum syuedidiied o e IV aleN IV e vz sJabladsy eluaiydoziyos 0T0Z '[e 1@ uannbzQ
'ZDS ul swoldwAs pioueled jou Ing aAnebau yum
pare|a1iod sem asuewiopad NOL JaPI0-puoIasS (91)
"ZOS yum asoys 0} paredwod 1€-8T 1€-8T awoipuhs (02) (1oensqe) (09)
Swyum syuedionted ul patredwi alow sem NOL e e IV aleN IV abuey abuey sJabiadsy eluaiydoziyos 1002 ‘[e 18 uannbzo
"IAB [elodwa) a|ppiw pue Jouadns
‘wJoyisny ‘are|nbuio Jousiue ‘Xa1109 [eluol)
Jouaiue pue Joyowsalid-101ow ul Ajrenonsed ‘gsy
yum syuedioned o] paredwod sawnjoA Janew (02)
alym pasealoul pue Janew Aeib paseslosp slapiosip
jo usaned e pamoys ZOS Yim sjuedionied « (g'9) (ezm) wnioads (61) (61)
‘Apmis oawoydiow [YN €/LT LIy '8¢ YAr44 wsnny eluaiydoziyos LTOZ '[e 13 uew N
ISIP98YD UoedIUNWWOD (81)
suaIp|iyd auyi Aq pareniens se ‘zos ueyl (59°0) awoipuhs
siuawuredw onewbeld alanss alow pey SY/v4H €T sJabiadsy
'SV pue 7OS 01 paredwod abenbue| anieinh QY ‘(vT)
Buipuelsiapun ul A)Nd JIp pasealoul pamoys Y-4H e (r20) wsnne ¥2)
'SV pue Y4H ‘ZOS udamiaq panlasqo oA (25°0) Buiuonouny eluaiydoziyos (10ensqe)
&M AJljige SUONUSIUI JO UOANGLITE Ul S0USIBYIP ON VN ¥N V4H ¥'ET ybIH 19suo-Ajre3 (8% 2102 TR 18 |I€D 91
'(dsSV ul sawnjoA pasealoul
pue ZDS Ul SaWN|OA pasealoap) salijewlouqe (€2)
Janew Aelb ausoddo 1ng suo ap lanew wsnne
anym abuel-Buol uowwod pareys vV4H pue zos (15°9) (12°8) Buiuonouny (¥2)
‘Apmis WGA pue AydeiBioloesn ureig-ajoymm 3 IV SeN IV 5992 12'TE ybiH eluaiydoziyos (21) 9T0Z "1e 10 Z1E)
‘swoydwAs Jo AIBASS Yum pareidosse
Sem YaIym ‘ZDS Ul yse) uoniubod [e1oos-uou
10} uonounysAp ease sejodojuoi “,uonusne
paresabbexa_Uim pajeloosse sem yaiym
‘dSYV Ul syse) uonubod [e100s pue [elo0s-uou
Buunp uonounysAp ease [elodwalojuol) Yaq (€1)
"sel uonuboodal uonowa «(58¢e slapiosip
[eloe) e Ul ZOS pue SV USamiag S0UsIayip ON e -€'€2) «(L1-62) wnuoads (sT)
‘Apmis SHINY /2T eret 0e 9 wsiny eluaiydoziyos (91 8T0Z '[e 19 BRI
asv Z0S asy Z0S (u) asv (u) zos

sBuipu urew jo Arewwns

a[eway/elew lapuss

( ds) ueaw sieak ‘aby

sjuedioiued jo Jaquinu pue sisoubeiq

Apnis

panupuod | € 31avL

October 2018 | Volume 9 | Article 504

10

Frontiers in Psychiatry | www.frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Social Cognition in Schizophrenia and Autism

Fernandes et al.

(panupuo))
"dsy ynm sjuaied ueuy) (0g) (62)
SSaUDIY} [BI11I0D pue BWNJOA SNWYls! arenbuld slapiosip sjuaned
alaydsiway ybu Jajews pey swaned 434 » (ev'2) (66'T) wnupoads sisoyoAsd (10ensge)
Apms NgA « 80°ET €EET wspny aposida isii (29 ¥TOT '[e 10 ouBLIRS
‘dnoib zDs ayy uljuasaid
Ajuo suawuredwi Alowaw pue UoRdUN) BAINIBXT « ((Z4)
'sdno.b usamiaq QWoIpUAS (g€) (10ensqe) (95) 5002
Sysel NOL Ul d@ouewlopad Ul 9ouUdIBYIP ON o VN VN sJlabiadsy elualydoziyos ‘e 18 1910[D-|orewod
*(uonoeIAIUI [BID0S JO SBINU
pue sand [e1oos Buipuelsiapun ul juawiredw
pasealoul Bunsabbns) wsiouAD [e100S YIM (dN 0€ d ¥2)
pareinosse sem Il Sy Ul ajiym ‘(seiq buizijeusaixa (8T°2) J1aplosip
Bunsabbns) wuey Jo 1eaiy) pue ‘uoloidsns 1862 (81) 9A08Ye0ZIYDS
‘UOIIRZIWNDIA UM PaleIDoSSE 7S Ul elouRIed « :dN slapiosip reiuaiydoziyos
'sdno.b (0'9) (96°9) wnuoads plouered-uou (59)
Aasy pue zOS ul eloueled JO [9A3] JEJIWIS |[RISAQ « 9G've geled wsnny pue piouered 2102 '[e 18 weyjuld
">{Se] SSauIyLoMISN)
ay) BuLnp ZOS-dN 01 paredwod uoneanoe
OddA Y3| padnpal yum asy sue zos-d « (e1) (dN 2T d2n)
‘sjuared ejuaiydoziyos slapiosip 1aplosip
piouesed ‘sA piouered-uou jJo aduewlopad Jenaq (c6°€) wnuoads BAI108e0ZIYdS
© 10} 1daoxa yser ssaulyuomisni) e ul sdnoib ayx 0'82Z :dN wsnne reiualydoziyos
U98MIBQ puUNO} BIBM S3JUBIBYIP JUED IUBIS ON « (12°9) (sz'g) Buiuonouny plouered-uou ¥9)
‘Apnis 14N « 80't¢ Zr'9Z d ybIH pue piouered 800¢ '[e 18 weyjuld
Aige
[eqIan yum pare|aliod sem Aljige IWOL ‘V4H Ul «
“ise) uondadap e Ul Y4H Ynm asoy) ueyy (1) (em)
Janaq Apued 1ubis pawlopad ZDS Yyim Sfenpialpu| « wispne elualydoziyos
»iSe) §3119 BS[e} e pue Syse) JaIIaq (67¢) (V2e))] Buiuonouny 19suo0 (€9
anjeA pue joe} ul sdnoib UsAMISY SSVUBIBYIP ON » 0€T [Aa4) ybIH -pooypiiyd 0002 Te 18 Asmol
d34 pue asy yioq ui (suo ap wbisul pue
uonedIUNWWO? [e190s) swoldwAs Jo AIBASS yum
payeIoosse aIaMm S} ap SWN|OA Jejnsul [euolfay
'd34 pue asy u yloq (0g) (62)
juasald alem ejnsul Jouaisod [eiale|iq pue ensul siaplosip sIsoyoAsd
Joudiue 1yBil By} Ul SUONONPAI BWN|OA Jaew Ael) « (66°T) (86°0) wnuoads aposida 1si (29
‘Apnis INGA pue 1sal8)ul-jo-uoiBay « €EeT TvT wsnny 1osuo-Ajre3 LT0C '[e 18 epe|jared
asy Z0S (u) asv (u) zos

sBuipu urew jo Arewwns

a[eway/alew 1apuss

( @s) ueaw sieak ‘aby

siuedioited jo Jaqwnu pue sisoubelq

Apms

panunuod | € 319vL

October 2018 | Volume 9 | Article 504

11

Frontiers in Psychiatry | www.frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Social Cognition in Schizophrenia and Autism

Fernandes et al.

18piosia Ajeuosiad [edA0ziyos yum syoslgns jo ajdwes e pasn Apnis siy|'gabuel ajnrenbiaiul pue suelpaw se pajussald s)Nsay;xa109 [ejuoiaid [eIpawonusA ‘O4dINA

xep [enuoiaid [elarejonuan ‘D-4dIA ‘Aldwoydiow paseq [9X0A ‘NFA ‘pulll jJacdyl ‘oL ‘elualydoziyds ‘ZOS HIOMIBN 9dualfes ‘NS ‘aplosia Alfeucsd [edA10zIydS ‘QdsS ‘uonelnap prepuels ‘gs ‘snajns felodwsa) louadns
Joua1sod ‘S1Sd ‘9[eds awoIpuAs aanebaN pue aAlSOd ‘SSNVd :plouered “sjonuod [eaidAloinau ‘Q1N ‘plouered-uoN AN ‘8|gejreAe jou ‘yN ‘Buibeugoueuossay onaubepy ‘|4 ‘wsnny Buluonoung ybiH ‘v4H ‘Adoosonoads
palelul-leau jeuonouny ‘SYIN} ‘Buibew| aoueuossay onaubeumouny ‘YA ‘SISOYdAsd aposidg 1si4 ‘434 ‘uonuboosal uonowa ‘Y3 HIomaN aponedd ‘NING ‘Slepliosig wnnoads wsiny ‘dSy ‘awolpuAs Jabladsy ‘Sy

(Te)

eTT

‘(syuedpned HETle)

Japjo pue 1abunoA yioq) sdnoib asy ay; ()]
0] paredwod 3se) uonubosal uonows Aloypne 6'9 (T2 (82) (6T) (69)
ue uo Janaq Ajpued 1ubis pawloyad dnoib zDs VN VN 119BunoA 96 wsnny eluaiydoziyos 686T '[e 19 JaxoueT uep

'snIAB wuoyisny
ay) ol LIAB [elodwsa) ay: jo suonod [eipaw
a1 ybnouyy Buipualxe snojns [eleLredenul Ya| pue
‘win||ggalad Jouaisod ¥ (AR [esodwa) Jousjul
pue wioyisny 8y} ol Buipusixe ‘wn|j9galad
Joualsod 1ybu :s1a1sn|d € pue elepbAwe ayy
ul syuswabpnl sapuab o3 paredwos syuswabpnl
[eroos Bupjew usym dnoib sy 01 paredwod
uoleAnoe Jarealb Apued jubis pamoys dnoib ads
"ads pue zOS usamiaq (82) (12)
yser syuswabpnr [e100S pue (09 uewx3) sel SIapIosIp 18plosip
uonubodal uoNOWa Uk Ul S9oUBIBYIP JUeD 1UbIS ON (9'1T) (z'6) wnuoads Anreuosiad (89)
ApMIS [HIN 9/ee LIvT S'6€ WA wshny [edfioziyos eLTOC ‘[e 13 p|d uelis

asv Z0S asvy Z0S (u) asv (u) zos

sBuipu urew jo Arewwns aleway/arew Japuas ( as) ueaw sieak ‘aby sjuedionted jo Jaqwnu pue sisoubelq Apmis

panupuod | € 319vL

12 October 2018 | Volume 9 | Article 504

Frontiers in Psychiatry | www.frontiersin.org


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Fernandes et al. Social Cognition in Schizophrenia and Autism

describe the actions in an animation), with no di erenceswith schizophrenia being signi cantly older in 8 of the 19 dies;

between men of both groups in this measusg)( (3) di erences in IQ across the two clinical groups, with higher
. . . _ IQs in ASD participants in 4 studies.
Emotional Intelligence and Social Skills Another frequent limitation found in studies included in

Three studies assessed emotional intelligeBc&/(31) using the  the meta-analyses concerns the absence of measures to reduce
Mayer—Salovey—Caruso Emotional Intelligence Test (MSEEITmeasurement bias. Most studies do not mention if raters were
We conducted a meta-analysis of the Managing Emotions Scoeglequately trained in the application of social cognitive sask
of the MSCEIT, as this is included as the measure of sociak if they were blinded to the participants' diagnosis. Notable
cognition in the MATRICS Consensus Cognitive Battery forexceptions were: (1) Craig et al. who used a second blinded rate
schizophrenia@3). No signi cant di erence was found between in the coding of a sample of transcripts of the Attributional Bty
schizophrenia and ASD patients in this measure of emotionabtructured Interview (ASSI)20Q); (2) Eack et al. who explicitly
intelligence (Hedges'® 0.17,95% CI 1.25t00.91p D 0.490; mention that raters were trained in social cognition measuand
Figure 7A). The Q-test was not signi cant (@ 4.75;pD 0.093), supervised by an experimented psychologit (3) Lugnegard
with an 12 value of 57.88%. Funnel plot and Egger statistic weret al. who blinded raters in the scoring procedure of the Tgles
not interpretable due to the low number of studies (data notAnimation Task @2); and (4) Morrison et al. who trained two
shown). raters to improve reliability at study-begin, with re-assasnt of
Social skills were evaluated in 3 of the eligible studiés34,  inter-rater reliability at mid-point and at study end, in adibn
37). Each of these studies used a di erent scale to evaluatalsodio ensuring that raters were blinded to subjects' diagndsi (
skills: Krawczyk et al.3(1) used the Social Skills Questionnaire,
Solomon et al. §4) used the Social Subscale of the Soci
Communication Questionnaire and Morrison et ak74 used the %ISCUSSION
Social Skills Performance Assessméfatb{e 1). No signicant  Summary of Main Findings
di erence between the two groups was found in this domain,The need for direct comparisons of social cognitive perforneanc
despite a trend for patients with schizophrenia to perform bette between patients with schizophrenia and ASD is amply
than subjects with ASD (Hedges[0.86, 95% CI 1.08t0 2.81; recognized in the literature as a fundamental contribution
p D 0.056Figure 7B). Marked heterogeneity was observed withto a better understanding of the similarities and di erences
an 12 value of 82.84% and a highly signi cant Q-test value of 11.66etween these two neurodevelopmental disordets Here
(p D 0.003), suggesting poor comparability between the di erenive systematically reviewed the available literature répgrt
social skills measures used in the original studies. Fupioeand  direct head-to-head comparisons between individuals with
Egger statistic were not interpretable due to the low numider oschizophrenia and subjects with ASD in terms of social cagait
studies (data not shown). In the study by Morrison et &7)(  performance, and performed separate meta-analyses of the
participants with schizophrenian(D 54) showed signi cantly results regarding various dimensions of social cognitidve
less repetitive movements and asked signi cantly more doest  found 38 studies reporting comparisons of social cognitive
than participants with ASD f D 54] who, in turn, scored performance in schizophrenia and ASD. Nineteen of these
better on clarity and at a ect 7). Based on this nding, the studies were eligible for meta-analyses. Eight of thesdestud
authors suggest that while a pattern of inappropriate nonverbalompared emotional perception across the two groups.
behavior with more frequent social interactions is chagsistic ~ Mentalizing capacity, as assessed by the RMET, was evaluated in
of schizophrenia, ASD display a pattern of inappropriate verbagight studies, while a further nine studies compared merntaes
content and poorer interactive behavioB87). Finally, social inference capacity in the two groups. Emotional intelligence a
skills were found to correlate signicantly with IQ in the social skills were each studied in three independent styidies
schizophrenia group but not in the ASD groug®). A similar  a number of isolated studies addressed other, less studi@al s
nding was reported by Solomon et al. who also found morecognition dimensions and skills.
repetitive behaviors and worse scores on the social domain in The main nding from our meta-analysis was that ASD
ASD patients it D 20) compared to patients with rst-episode subjects are signi cantly more impaired than patients with
psychosis, while the latter showed higher scores inthe Ave@® schizophrenia in emotion perception from faces, with a
(cognizance of social cues) and Communication (interpeason combined medium e ect size of 0.4 D 0.003). Furthermore,
expressiveness and conversational give-and-take) sebsfahe we found that age signi cantly in uences the e ect size of

Social Responsiveness Scaig. ( this di erence in performance, so that with increasing age the
) ) di erence in emotion perception ability between ASD subjects
Risk of Bias and patients with schizophrenia disappears. This may re ect,

Studies included in the meta-analyzes were characterigéoldy  on the one hand, a deterioration of social cognitive skifis i
sample sizes (mean sample size for schizophrenia groups wshizophrenia patients with increasing illness durationd @m
29.4 participants and for ASD groups was 25.4 participantsjhe other hand an age-dependent improvement of emotion
Additional sources of potential selection bias include theperception skills in ASD, probably as a result of social leaynin
following: (1) diagnostic variability, with some studiesliuding and accumulating social experience. Indeed, Lever and &eurt
more broadly-de ned psychotic syndromes and ASD; (2)found that ToM de cits observed throughout adulthood in ASD
di erences in mean age across diagnostic groups, participantgere no longer present in older (B0years) adults §4), and
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A Effect Size B Effect Size

Studyname  Hedges'g CII!O‘?M CIUPPE  \eight 100 -0.50 000 050 100 150 200 250 o S ; ad ;
imit limit

Bolte 2003 1.44 0.85 2.07 12.71% P — =

Eack 2013 0.39 -0.03 0.81 14.98% —— o2

Kandalaft2012  -0.10 -0.76 0.55 12.26% —_— g o/ b

Sachse 2014 0.73 0.10 1.39 12.39% —_— 3o o o o

Sasson 2007 0.55 -0.34 1.49 9.70% H ” .

Sasson 2016 0.02 -0.50 0.55 13.75% —_— .

Tobe 2016 -0.23 -0.73 0.26 14.03% —_—— 0s N

Waris 2016 0.87 0.04 1.75 10.19%
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® Studies  Combined effect size ® Imputed data points ® CES Adjusted

FIGURE 2 | (A) Forest plot of studies evaluating emotion perception. Dotsepresent each study, with dot size re ecting study weight inthe model. Error bars indicate
the effect size (with con dence interval) of each study. Bottim line represents the combined effect size with its con dene interval.(B) Funnel plot of studies evaluating
emotion perception.

Magiati et al. 5, in a review of 25 studies that looked at
the longitudinal evolution of cognitive, linguistic, satiand
behavioral outcomes in patients with ASD, found evidence af 150
signi cant (albeit not always consistent) improvement ihthese
domains, and specially so in communication skills and ada&ptiv 1.00
functioning (65). Given that only approximately 25% of patients
with schizophrenia have a poor long-term outconé&)(and that
cognitive and social de cits, although present early in theedise
evolution, do not appear to deteriorate over tinig §6, 67), the ®
main factors driving the dissipation of group-di erences with 050
increasing age are likely to re ect the well-known age-dejszr
improvement in ASD core symptoms that is characteristic of 100
this disorder's natural evolution in adulthood. Surprising
the meta-analysis of studies that compared performance of . « an au 6 uae  pvale
participants with schizophrenia and ASD subjects on the RMET, woderator (age) -0.06896 002 011  -003  -090  -451 0000
while again nding a signi cant moderator e ect of age,
did not nd signi cant di erences between the two groups FIGURE 3 | Regression of aqe on effgct size fgr emotion pt.arcgption studs.
regarding performance of this speci ¢ task. This suggests th: Dots represent each study, YVIth dot size re ectlng.studywelgt in th§ model.
. o . The graph plots the effect-size of each study against the coesponding value
the RMET may tap into additional components of social of the moderator. Statistics for moderator analysis are piented in the bottom
cognition other than basic emotion recognition or that it gna | table.
be more sensitive to factors like verbal 1Q, that was ofte
lower in participants with schizophrenia compared to those with

ASD. Notwithstanding this, the fact that age only moderatedBy contrast, de cits in emotion perception in schizophreni@ar
e ect sizes on emotion perception and RMET, but not othermuch more dependent on general cognitive abilify,(31, 59).
ToM tasks, suggests that emotion perception is a signi cankrawczyk et al. §1), for instance, found a signi cant positive
dimension of the type of mentalizing capacity assessed Worrelation between emotion recognition capacity and agial
the RMET. Oakley et al. argue that the RMET may in facteasoning capacity in a group of patients with schizophrenia
measure emotion recognition rather than ToM ability, basedn D 13) that was not present in a comparison group of subjects
on the observation that patients with ASD and neurotypicalwith ASD (0 D 15) (31). Lysaker et al. also found a signi cant
controls matched for alexithymia scores do not di er in RMET positive correlation between emotion recognition capacitg a
performance but do so on inference ability measured by th&oth education level and cognitive exibility as assessgd b
MASC (61). the Wisconsin Card Sorting Test9); nally, Mehta et al.
Other relevant ndings from studies comparing emotion showed that cognitive ability (particularly, the combirwati of
perception in ASD and schizophrenia include a tendency fotognitive exibility and memory encoding ability) may exjpia
lower relevance of emotional context when judging facialp to 39% of variance in emotion recognition in schizophrenia
emotions in the ASD groups compared to patients with(70).
schizophrenia 43, 24). This is in line with previous ndings Our meta-analysis found no dierences between patients
that patients with ASD have a diminished orientation to sbciawith schizophrenia and ASD in terms of mental state inference
stimuli, which in turn is believed to contribute critically the as measured by a variety of tasks and instruments. Where
impaired social cognitive ability typical of the disordes8|.  di erences were found, they tended to favor a better perforeen

2.00

Hedges'g
(=3
8

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
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FIGURE 4 | (A) Forest plot of studies using the Reading the Mind in the Eyese§t (RMET). Dots represent each study, with dot size re ectipstudy weight in the
model. Error bars indicate the effect size (with con dence iterval) of each study. Bottom line represents the combinedféect size with its con dence interval.(B)
Funnel plot of studies using the RMET.

by patients with schizophrenia compared to those with ASB (
35, 36), with the exception of a more pronounced attributional
bias (favoring external attributions regarding negativergs and
personal external attributions) in patients with schizophieen
compared to those with ASD3(). The same applies to the
ndings of studies that were ineligible for inclusion in theeta-
analyses. These studies report either no dierences between
the two disorders or a better performance by patients with
schizophrenia43 45,51, 53).

Speci cally regarding schizophrenia, there seems to be
converging evidence that mental state inference skills are
critically in uenced by the severity of clinical symptoms tbis
disorder, namely disorganizatiori9), paranoia scores2g, 30,
54) and negative symptom${). The same applies to cognitive
de cits, that appear to have a more pronounced e ect on social
cognitive impairments in schizophrenia than they do in ASD,
namely on such social cognitive dimensions as rst- and Beeo | FIGURE 5 | Regression of age on effect size—studies using the Readingé

order ToM. faux pas recognition and social percepticlnl(S Mind in the Eyes Test. Dots represent each study, with dot sezre ecting study
70) weight in the model. The graph plots the effect-size of eachtsidy against the

. . . . corresponding value of the moderator. Statistics for modeator analysis are
Meta-analyses of studies comparing social skills andgesented in the bottom table.

emotional intelligence between ASD subjects and patients
with schizophrenia also showed no di erence between the two
groups on these measures of social cognition, although, due ti erences between the two disorders. It is likely that all
the low number of studies in each analysis, these were liketjiree explanations are valid. Schizophrenia and ASD are
underpowered to nd small or moderate e ect sizes. two severely impairing neuropsychiatric disorders with partly
Together, the reviewed literature suggests that, othen thaoverlapping genetic risk, and partly shared neurobiological
in the ability to recognize emotions from perceived faces (abnormalities {8 19. While such shared neurodevelopmental
social cognitive dimension where ASD subjects are clearigmoabnormalities could lead to similar social cognition des;i
impaired than patients with schizophrenia) there seem to be néunctional neuroimaging studies do suggest that these itk c
clear and consistent di erences between ASD and schizoparenhave partly diverging neural network correlate$3(45, 58,
in terms of social cognitive performance. There are at leastl).
three possible explanations for this: (1) ASD and schizoplareni Finally, many studies have found that despite being
are partly overlapping disorders with partly overlapping sociabjuantitatively similar, the social cognitive de cits founic
cognition de cits and partly overlapping neurobiology; (2) ASD and schizophrenia are qualitatively distinct. For ing&n
social cognition de cits in ASD and schizophrenia are thesocial cognitive impairments in schizophrenia are heavily
nal, common outcome of diering developmental pathways in uenced by attributional bias in schizophrenia, while in BS
and neurobiological mechanisms; (3) the instruments thagpparently similar social cognitive impairments predomingntl
are in common use to assess social cognition in these tweprrelate with a hypomentalization bias, where social slimu
disorders lack the necessary speci city to discriminateMeetn ~ and information are given lower relevance for making social
them, or at least are not sensitive enough to qualitativgudgementsg).
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FIGURE 6 | (A) Forest plot of studies evaluating theory of mind (inferenug). Dots represent each study, with dot size re ecting studyweight in the model. Error bars
indicate the effect size (with con dence interval) of each sidy. Bottom line represents the combined effect size with & con dence interval. (B) Funnel plot of studies
evaluating theory of mind (inferencing).

FIGURE 7 | (A) Forest plot of studies comparing scores in the managing emabns score of the MSCEIT(B) Forest plot of studies evaluating social skills. Dots
represent each study, with dot size re ecting study weight irthe model. Error bars indicate the effect size (with con dene interval) of each study. Bottom line
represents the combined effect size with its con dence inteval.

The importance of exploring dierences and similarities social cognitive interventions will probably lead to bettesults
in social cognition between schizophrenia and ASD has morehen associated with cognitive remediation. In ASD, social
than just theoretical implications. A better understandingcognitive interventions should probably aim at improving the
of the mechanisms that underlie and dierentiate socialrecognition and integration of social stimuli to boost sdcia
cognitive impairments in the two disorders will help motivation rather than focus on speci c social skil&3].
develop disorder-tailored interventions that are capable o
improving social functioning. Currently available evidenc
from direct comparisons suggests that interventions aimind_ |MITATIONS
to improve social cognition in schizophrenia should consider
the importance of concomitant cognitive impairments andInterpretation of our results should be made bearing in mind
clinical symptoms, which should be adequately addressetie signi cant heterogeneity we found in our analyzes. Such
in order to maximize gains from the interventions aimed heterogeneity may be related to the use of di erent measures
at social cognitive skills. Lindenmayer et al. have preWousto assess the same social cognition dimensions, but also to
shown that the combination of cognitive remediation with the high variability in study populations, particularly in tes
social cognition training is associated with better intemtion  of participants' age, gender, and included diagnoses. Moreover
outcomes than cognitive remediation alon@2(. Conversely, sample sizeswere often smalk( 30), a frequent feature of social
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cognition studies. Such limitations are further compoundsd CONCLUSIONS

the inevitable uncertainty intrinsic to attempts at metaadyring

studies in such a broad and subtly complex eld as sociaptudies that compared social cognitive performance in ASD
cognition, marred by an apparent in nity of measurement toolsand schizophrenia show that individuals with ASD perform
and concepts whose similarities and boundaries are not awagigni cantly worse than individuals with schizophrenia in
clear. Notwithstanding, we opted to conduct a meta-analysigmotion recognition tasks, and that this di erence becomes
of direct comparisons between participants with schizophrenidess pronounced with increasing age. With respect to
and ASD rather than a solely descriptive review, based opther dimensions of social cognition, available evidense i
the following reasons: (1) several meta-analyses have beggntradictory, and aggregated data do not show meaningful
conducted in the past regarding social cognition in patientgli erences between the two diagnostic groups. It is currently
with schizophrenia 13 74), ASD (75 76), and indirectly —not clear whether this absence of signi cant di erences &
comparing both disordersi(i-13); (2) our primary aim was to shared disease mechanisms or an inability of currently used
look at the di erences in social cognitive impairments betwee instruments to detect subtle, qualitative di erences. On ttieer
schizophrenia and ASD, and not at social cognitive perforneanchand, study heterogeneity and the complexities of assessing
per se, and direct comparisons have been previously highlight&@cial cognition caveat against overstating the religbitf

in the literature as a valuable approach to do this (3) although ~ aggregated data analyses in this eld. Future studies asithgs
some di erences can be found in the operationalization of abci this question should be based on larger and more homogeneous
cognitive domains in schizophrenia and ASD, there are commogamples, and should ideally accompany the assessment of social
dimensions like emotion perception, ToM and social skillgtth cognitive tasks with other measures, namely neuroimagirgy an
allow for the collection of data from both groups using theneurophysiologic measures such as eye-tracking or evéatece
same or psychometrica”y related measures; (4) a|thoug'ﬁ@u potentials. Such studies will contribute to a better underrdtag

are genera”y Sma”, we identi ed a relevant number of stgdi of the mechanisms that are SpeCi c to each diSOfder, and will
evaluating the same social cognitive domains; and (5) met&ave the way to the development of more speci ¢ and hopefully
analytical methods allow for the investigation of the maater ~More e ective therapeutic interventions aimed at improving

e ect of variables such as age. Indeed, moderator analysis &cial skills in each of these disorders.

the e ects of age on e ect sizes found that for some aspects

of social cognition di erences between ASD and schizophreniAUTHOR CONTRIBUTIONS

are critically dependent on participants' age, decreasindy wit

increasing age. This means that studies where the schizejhre JB-C, RJ, and JF planned and designed the study. JF and RC
group is signi cantly older than the ASD group are likely to conducted the literature search and selection of articlas f
under-estimate di erences across the two groups, and futuréhe review. JF and RC extracted data from eligible studies. JF
studies must strive to match the participants in each grougnd JB-C conducted data analysis. JF, RC, RL, and JB-C were
regarding this variable. Other potentially confoundingttas  responsible for drafting the introduction, methods and risu

are participant 1Q, gender, and psychiatric comorbiditiesatth sections of the manuscript. All authors contributed equatly f
more often than not are not equally distributed across the tw the discussion section and for the nal review of the manistcr
diagnostic groups or have not been accounted for. Finally, in

the overwhelming majority of studies no mention is made of FUNDING

rater blinding with respect to participants' diagnostic grotiys

exposing most studies to measurement bias. This research received no speci ¢ funding.
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