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In many individuals with a diagnosis of schizophrenia social functioning is impaired across the lifespan. Social cognition has
emerged as one of the possible factors that may contribute to these challenges. Neuroimaging research can give further insights
into the underlying mechanisms of social (cognitive) difficulties. This review summarises the evidence on the associations between
social cognition in the domains of theory of mind and emotion perception and processing, and individuals’ social functioning and
social skills, as well as associated neural mechanisms. Eighteen behavioural studies were conducted since the last major review and
meta-analysis in the field (inclusion between 7/2017 and 1/2022). No major review has investigated the link between the neural
mechanisms of social cognition and their association with social functioning in schizophrenia. Fourteen relevant studies were
included (from 1/2000 to 1/2022). The findings of the behavioural studies showed that associations with social outcomes were
slightly stronger for theory of mind than for emotion perception and processing. Moreover, performance in both social cognitive
domains was more strongly associated with performance on social skill measures than questionnaire-based assessment of social
functioning in the community. Studies on the underlying neural substrate of these associations presented mixed findings. In
general, higher activation in various regions of the social brain was associated with better social functioning. The available evidence
suggests some shared regions that might underlie the social cognition-social outcome link between different domains. However,

due to the heterogeneity in approaches and findings, the current knowledge base will need to be expanded before firm

conclusions can be drawn.

Translational Psychiatry (2023)13:327 ; https://doi.org/10.1038/s41398-023-02593-1

INTRODUCTION

Impaired social functioning is a chronic and relatively stable
feature of schizophrenia and related disorders (SZ) [1, 2l.
Remarkably, despite the undeniable importance of close social
connections for physical [3] and mental [4] health, social
functioning remains among the least studied characteristics of
SZ, resulting in an important gap of knowledge concerning its
underlying mechanisms. A key goal in the field is therefore to
identify treatable determinants of poor social outcomes.

In the past two decades, impairments in social cognition (SC),
referring to the psychological processes that enable people to
understand other’s social behaviour, have emerged as some of the
possible factors that may underlie difficulties in social functioning
[5-71. SC is often impaired in SZ, with reported effect sizes ranging
from d=0.88 to 1.04 for different SC domains [8]. Importantly,
while effect sizes of impaired neurocognitive functioning seem to
exceed those for SC functioning [9], two large systematic reviews
and meta-analyses suggest that SC may explain more unique
variance in functional outcome [5, 6]. In general, SC impairments
have been found to be largely independent of clinical symptoms,
present before the onset of illness and relatively stable over time,
and as such fulfil the criteria of a potential treatment target

[5, 6, 10, 11]. However, to determine the full potential of SC as
target for interventions in SZ, several issues need to be addressed.

First, SC is a multi-dimensional construct that has been
conceptualised into different cognitive functions such as: (1)
theory of mind (ToM), also referred to as mentalising, cognitive
empathy, or mental state attribution, including the ability to take
others’ perspectives, to represent their mental states, intentions,
beliefs, or dispositions; (2) emotional perception and processing
(EPP), i.e, perception, use, and understanding of emotional
information, including the recognition of different emotions from
facial expressions, body posture or voices; (3) social perception
and knowledge (SP), i.e,, the ability to decode and interpret social
cues, to process social context and social knowledge of rules,
roles, and goals; and (4) attributional bias (AB), i.e., the reasoning
about causes of social events or interactions [12, 13]. Crucially, not
every domain may impact social outcomes equally, and it is still
unclear which domain may be most relevant to social outcomes
[14]. Earlier work showed associations between SC and a variety of
broader community outcomes that were in the upper small to
large range, with the largest effect size correlations for ToM
(Up = 0.48), followed by SP, and EPP [5]. ToM has therefore been
suggested to be particularly important when it comes to
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functioning in the community, although newer evidence shows
more modest associations (Up = 0.21) [6].

Second, ‘social outcome’ is a broad construct, often used
interchangeably for distal outcomes, such as community function-
ing (including interpersonal functioning, functioning at school,
work, activities, self-care, and various independent living skills)
and more proximal outcomes, such as social behaviour in the
milieu, social problem-solving skills, and social skills, which are
typically assessed through observation or in controlled lab
settings. It is unclear which (if any) social outcome may
predominantly benefit from the improvement of SC skills. Previous
work suggests that SC processes, such as ToM, may be particularly
important for community functioning and social skills. However, it
remains unclear how ToM and other SC functions differentially
relate to different social outcomes, such as real-life social
functioning, social behaviour in the milieu, or indices of social
capacity, including social problem-solving skills, or social skills
(e.g., making eye contact, voice volume and tone).

Third, investigations of the underlying neural mechanisms of
the relationships between SC and social functioning point to a
wide variety of potentially relevant brain areas [15]. A wide-
spread medial-frontoparietal ‘social brain’ network has been
proposed to underlie various SC functions, consisting among
others of the medial prefrontal cortex (mPFC), the temporo-
parietal junction (TPJ), the posterior superior temporal sulcus
(pSTS), the inferior frontal gyrus (IFG), the interparietal sulcus
(IPS), the amygdala, the anterior (ACC) and posterior cingulate
cortex (PCC) and the anterior insula (Al) [16-19]. In SZ, structural
changes and aberrant activation of these brain regions have
been reported in relation to SC task performance [15, 20, 21].
Most previous work focused on the neural mechanisms under-
lying ToM [22-27] and EPP [22, 27-31] and generally showed
patterns of reduced brain activation in SZ, which, overall,
appear to be associated with worse functional outcome [21]. In
more complex social interaction and decision-making para-
digms that rely on the integration of multiple SC functions,
reduced activation has been found in the mPFC, insula and TPJ,
which have been viewed as regions of the ‘social brain'.
Additionally, reduced activation in the dorso-lateral prefrontal
cortex (dIPFC) and basal ganglia has been reported, which
among others have been associated with cognitive control,
emotional processing and reward learning [32-37]. Some
authors propose that more basic functions such as processing
of salience, reward and embodiment may, at least partly,
underlie SC deficits [38-41]. In SZ, smaller ventricles and greater
grey matter volume in the cortex and fronto-limbic structures
have been associated with better social functioning [15, 21].
However, insights into the neural mechanisms that underlie the
associations between specific SC domains and different social
outcomes are still scarce.

This systematic review and meta-analysis provide a state-of-the-
art overview of the most recent studies on the relationships
between SC and different social functional outcomes, as well as
the underlying neural mechanisms of these associations.

METHOD

The inclusion of articles on behavioural data was based on the
search strategy of a recent meta-analysis by Halverson et al. [6],
although here we focused on studies with predominantly social
outcomes (vs. more general functioning in the community). Our
searches were conducted in PubMed and spanned studies from
July 2017 (i.e., studies not included in the meta-analysis of
Halverson et al. [6]) to January 2022, using the search terms:
schizophrenia combined with social functioning search terms
(social functioning, social skill, social behaviour, social adjust-
ment, social dysfunction) and social cognition search terms
(emotion* perception, affect perception, affect recognition,
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emotion recognition, attribution®, theory of mind, mentalizing,
mentalising, social cognition, prosody, social knowledge, mind
reading, social cue, social judgement). To retrieve neuroimaging
articles the search time frame was extended from January 2000
to January 2022 (given that a previous ALE meta-analysis
identified the first SZ neuroimaging papers on ToM/EPP in
2002) [22], and combined the initial search with: *neuroima-
ging, fMRI, MRI. A second search for relevant neuroscientific
literature was conducted using the search terms electroence-
phalogram (EEG), magnetoencephalography (MEG) and posi-
tron emission tomography (PET).

Article inclusion criteria

Articles were included if they: were written in English language,
included individuals with a diagnosis of non-affective psychosis,
reported at least one cross-sectional correlation between one of
the SC and social outcome domains specified below, and used
established and reproducible SC and outcome measures that
predominantly focused on different aspects of social outcomes.

Social cognition. For social cognition, we included the domains of
theory of mind (ToM), emotion perception and processing (EPP),
social perception and knowledge, attribution bias, and studies that
reported a combined SC score based on these domains.

Social outcomes. We included studies that addressed social
functioning (SF) through questionnaire assessment or observer
ratings of relationship functioning (e.g., number of close friends,
psychosexual relationships); social behaviour in the milieu through
observed behaviours in a specific social context (e.g. social
behaviour on the ward); social problem solving, (e.g., ability to
generate solutions in social situations); and social skills (SS), (e.g.,
interaction abilities including conversation skills). Typically, social
functioning and social behaviour in the milieu are based on
ratings of real-world social behaviour, whereas social problem
solving, and social skill are measures of social functional capacity
that rely on task-based performance [6, 42].

Neuroimaging. We only included functional MRI (fMRI) studies that
required the completion of a SC task during fMRI scanning. Imaging
studies investigating various aspects of brain structure or resting
state connectivity were excluded (for a review on the relationship
between brain structure, resting state connectivity and functional
outcomes see [15]). There were only few neuroimaging studies per
SC-social outcome domain and results of the neuroimaging studies
are therefore described in a narrative way.

Screening process

The behavioural study search yielded 2537 hits, which were
screened for articles suitable for inclusion by EV and AF. Of those,
119 were considered for inclusion after the initial screening.
Consensus decisions were made on the inclusion of any incon-
sistently screened articles. At the second stage, 95 articles were
excluded as they did not report cross-sectional SC-outcome
associations or reported on SC or social functioning only. Further,
two studies were not available [43, 44], and one study reported only
significant associations and was therefore excluded [45]. We only
retrieved a small number of articles each that assessed ‘overall’ SC
(2) [46, 47], attribution bias (1), and social perception and knowledge
(1) [48]. Therefore, these articles could not be included, and meta-
analyses were only conducted for the domains ToM and EPP. Two
studies had overlapping samples and were averaged for the analysis
[49, 50]. The 18 included studies are shown in Table 1.

The neuroimaging study search yielded 739 hits that were
screened for articles suitable for inclusion by ILJ. Of those, 186
articles were examined for possible inclusion after the initial
screening, inclusion was discussed with AF and EV. Examination of
a review paper from 2017 [45] yielded one additional article which
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ratings of (QLS)

AB Attributional bias, EPP Emotion Perception and Processing, INP inpatient, PSYNOS Psychosis not otherwise specified, SC Social Cognition, SF Social Functioning, SP Social Perception, SS Social Skills, SZ

Schizophrenia, SZAF Schizoaffective, ToM Theory of Mind.
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was not retrieved by the original search [51]. One further article did
not measure ToM directly but rather the mirror neuron system, and
we therefore excluded this study from our review [52]. The next
selection resulted in the exclusion of 29 articles not involving fMRI
analyses, 123 articles not reporting associations between brain
activation and social outcome measures, and a further 21 studies
that were reviews, meta-analyses, theoretical papers, or papers that
did not investigate the included SC domains or SZ. The final
selection of 14 included studies is shown in Table 2. The search with
EEG, MEG and PET resulted in 185 hits, of which 5 seemed suitable
for inclusion (screened by ILJ, inclusion discussed with AF). Two
papers did not include social functional measures, two associated
mismatch negativity (which is not social cognition) with social
functioning measures, and one paper met all requirements [53].
However, social and non-social stimuli were not separated in the
study, hence it was not included in the review.

Statistical analysis of the behavioural data
All analyses were carried out with STATA (version 17). Behavioural
results were quantified in terms of correlations. Higher scores
mostly reflected better SC performance and better social out-
comes, however in some cases this association was reversed. All
correlations were recoded so that positive correlations indicated
associations between better SC performance and better social
outcome. If a study reported several SC-outcome correlations
within the same domain, correlations were averaged. All correla-
tions were transformed with Fisher’s r-to-z transformation before
meta-analysis. Results from the meta-analysis were back-
transformed into raw correlation metric for presentation.
Meta-analyses on a SC domain were performed when at least
two behavioural studies reported on the correlations between SC
and a social outcome measure, resulting in 4 meta-analyses on the
correlations: (i) between ToM and SF, (ii) ToM and SS, (iii) EPP and
SF, and (iv) EPP and SS. We used a random-effects model to
account for heterogeneity and to obtain unconditional inferences
about the distribution of population correlations [54, 55]. The
amount of heterogeneity in the true correlations was estimated
with restricted maximum-likelihood estimation. For each of the
individual meta-analyses, we report the number of studies, the
estimated average correlation in the population distribution, Cl
(95% confidence interval for dp), p (p-value for the test HO: ip = 0),
and the results from the Q-test for heterogeneity. Additional
indices of the amount of variability in the correlations were T2
(estimated amount of heterogeneity in the true (transformed)
correlations), H? (total variability in the observed (transformed)
correlation coefficients/within-study variance due to sampling
error), and I? (percentage of the total variability in the observed
(transformed) correlation coefficients due to heterogeneity). A
value of I° close or equal to O suggests the absence of
heterogeneity. Publication bias was examined through funnel
plots, with the Fisher's z on the x-axis and standard error on the
y-axis. The Egger's regression test was performed to investigate
publication bias by asymmetry of the funnel plots.

RESULTS

The included studies comprised 1752 individuals and examined 24
associations between ToM and EPP and social outcomes. The
average age of the study participants across the behavioural
studies was 33.6 (range 22.4 to 45.3), 68.5% were male (range 50.0
to 86.7), 73.5% were white (range 54.3 to 97.4) and 82.4% had a
diagnosis of schizophrenia (range 42.2 to 100). On average, study
participants in included studies completed 12.6 years of education
(range across studies 11.1 to 14).

Theory of mind

Since 2017, nine studies examined the cross-sectional associations
between ToM and SF. The individual studies showed small to large
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Bechi et al., 2021

Brunet-Gouet et al., 2021

Canty et al., 2021

Corbera et al., 2021

Deste et al. 2020; Harvey et al., 2019
Gurcan et al., 2021

Hadjuk et al., 2020

Ludwig et al., 2017

Overall

Heterogeneity: 12 = 0.01, I2 = 56.12%, H? = 2.28
Testof 6, =6 Q(7) = 15.04, p = 0.04
Testof 6 =0: z=4.36, p=0.00

0.19] 0.01, 0.36] 16.04
0.20[ 0.04, 0.35] 16.91
0.54] 0.33, 0.70] 11.23
0.12[-0.18, 0.40] 9.73
0.12[ 0.02, 0.22] 21.12
0.37[ 0.01, 0.64] 7.14
0.41] 0.13, 0.63] 9.30
0.30[-0.02, 0.57] 8.53

0.26[ 0.14, 0.37]

Random-effects REML model
Fig. 1

0.00 0.46 0.76

Association between Theory of Mind and Social Functioning. Note. Forest plot of individual effect sizes and overall association

between Theory of Mind and Social Functioning. Horizontal lines represent 95% Cls. The area of each blue square is proportional to the study
weight in the analysis. The green diamond represents pooled estimates from random-effects meta-analysis.

Study

Correlation Weight
with 95% CI (%)

Canty et al., 2021
Leetal, 2018
Ludwig et al., 2017

Overall

Heterogeneity: 12 = 0.03, I2 = 66.44%, H2 = 2.98
Test of 8, = 6;: Q(2) = 5.99, p = 0.05

Testof 8 =0:z=4.39, p=0.00

—M—0.67[0.50, 0.79] 32.06

0.00

Random-effects REML model

—— 0.41[0.27, 0.54] 41.46
—— 0.40[0.09, 0.64] 26.48
el 0.50 [ 0.30, 0.66]

0.46 0.76

Fig. 2 Association between Theory of Mind and Social Skills. Note. Forest plot of individual effect sizes and overall association between
Theory of Mind and Social Skills. Horizontal lines represent 95% Cls. The area of each blue square is proportional to the study weight in the
analysis. The green diamond represents pooled estimates from random-effects meta-analysis.

effect size associations ranging from 0.12 to 0.54 (see Fig. 1). The
overall effect size association was moderate (Up =0.26, Cl95%
[0.14, 0.37], p < 0.001). Three studies reported associations of 0.40
to 0.67 between ToM and SS (see Fig. 2), showing an average to
large-sized association between the two domains (ip = 0.50,
Cl95% [0.30, 0.66], p < 0.001).

Meta-regression

Meta-regression analyses showed a significant negative association
between duration of illness and the effect of studies exploring the
association between ToM and SF, such that studies with samples
with a shorter iliness duration reported stronger effect sizes (8 =-
0.03, z=-2.59, Cl95% [-0.05, -0.007], p = 0.01). Other meta-regression
analyses did not show any significant associations.

Publication bias

The Egger’s regression test for funnel plot asymmetry revealed
some evidence for small-study effects in the meta-analysis
exploring the association between ToM and SF (87 =2.26, se =
0.83, z=2.73, p=0.006) but not between ToM and SS
(B1=0.77, se = 5.01. z=0.15, p = 0.88; see Fig. 3 for the funnel
plots). For the association between ToM and SF, we conducted a
sensitivity analysis removing the study with outlying results by
Canty and colleagues (2021) [56], resulting in an effect size
reduction to a smaller overall effect size (Gp = 0.19, CI95% [0.11,
0.27]). After removing the study by Canty and colleagues (2021)
[56] with outlying results for the association between ToM and
SS the effect size reduced to medium to large (dp = 0.43, C195%
[0.29, 0.58]).

Translational Psychiatry (2023)13:327

Emotion perception and processing

Thirteen studies investigated the association between EPP and
social outcomes, of which 11 explored the association between
EPP and SF and 3 between EPP and SS (one study investigating
both). Meta-analysis results for EPP and SF are shown in Fig. 4.
Studies had small to moderate associations ranging from 0.06 and
0.32 (4p = 0.20, C195% [0.12, 0.27], p < 0.001). The three studies on
EPP and SS yielded a moderate-sized association (p = 0.29, CI95%
[0.12, 0.44], p < 0.001; see Fig. 5).

Meta-regression

Meta-regression analyses showed that study variation in age, sex,
ethnicity, or illness duration did not moderate associations
between EPP and SF significantly (range p = 0.09 to 0.98).

Publication bias

The Egger’s regression test for funnel plot asymmetry did not
reveal any evidence for small-study effects in meta-analyses
exploring the association between EPP and social outcomes (SF:
B1=0.51, se = 0.84, z=0.61, p=10.54; SS: B1=1.38, se = 6.59,
z=0.21, p =0.83). See Fig. 6 for the funnel plots.

Neuroimaging studies. We identified 14 studies that associated
the neural correlates of SC task performance (five ToM, seven
EPP) with SF (13) or SS (1). Two studies captured more complex
SC, i.e, trust and trustworthiness, in simulated social interac-
tions. The included studies comprised 285 patients and 284
healthy control participants. However, only two studies
reported the demographic measures in healthy controls, and

SPRINGER NATURE
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Theory of Mind & Social Functioning

Standard error
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Theory of Mind & Social Skills

T T T T T
-2 0 2 4 6 2
Y4

Pseudo 95% Cl @ Studies

Estimated 6, Pseudo 95% ClI

4 .6

z

® Studies
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Fig.3 Funnel plot asymmetry of the associations between Theory of Mind, Social Functioning and Social Skills. Note. Visualisation of tests
of funnel plot asymmetry for associations between Theory of Mind, Social Functioning (left panel) and Social Skills (right panel).
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Frajo-Apor et al., 2021 —a— 0.31[ 0.07, 0.52] 8.29
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Heterogeneity: 12 = 0.00, I> = 14.53%, H>=1.17
Testof 8, =6:Q(9) =7.95, p = 0.54
Testof 6 =0:z=5.08, p=0.00

Random-effects REML model

Fig.4 Association between Emotion Perception and Processing and Social Functioning. Note. Forest plot of individual effect sizes and overall
association between Emotion Perception and Processing and Social Functioning. Horizontal lines represent 95% Cls. The area of each blue square is
proportional to the study weight in the analysis. The green diamond represents pooled estimates from random-effects meta-analysis.

Correlation Weight
Study with 95% ClI (%)
Engelstad et al., 2019 | 0.27[ 0.00, 0.50] 41.80
Ludwig et al., 2017 i 0.31[-0.01, 0.57] 28.69
Park & Choi, 2018 L 0.30[-0.02, 0.56] 29.51
Overall — 0.29[ 0.12, 0.44]

Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00
Test of §, = 8;: Q(2) = 0.05, p = 0.98
Test of 8 =0:z =3.30, p =0.00

0.00 0.20 0.38 0.54

Random-effects REML model

Fig. 5 Association between Emotion Perception and Processing and Social Skills. Note. Forest plot of individual effect sizes and overall
association between Emotion Perception and Processing and Social Skills. Horizontal lines represent 95% Cls. The area of each blue square is
proportional to the study weight in the analysis. The green diamond represents pooled estimates from random-effects meta-analysis.

of these 30 healthy control participants data are presented 100), 60.7% were white (range 43 to 83, data missing for healthy
below. The average age of the patients across the neuroima- controls). On average, patients completed 13.5 (range 11.9 to
ging studies was 34.9 (range 15 to 65 years), and 30.3 (range 18 15) years of education, and healthy controls 15.3 (range 14.2 to
to 65 years) for healthy controls. Of the patients, 69.5% (range 16.9). Duration of illness was 13.9 (range < 2 to 19.5) years and
48 to 100) were male (80.0% for healthy controls, range 66.7- to 83.8% had a diagnosis of schizophrenia.
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Fig. 6 Funnel plot of the associations between Emotion Perception and Processing, Social Functioning and Social Skills. Note.
Visualisation of tests of funnel plot asymmetry for the associations between Emotion Perception and Social Functioning (left panel) and Social

Skills (right panel).

Theory of mind. Of the five studies on ToM, three adopted a
whole brain approach [51, 57, 58], and two used predefined
regions of interest [59, 60]. While two studies [57, 60] did not find
any significant associations between neural activation in mainly
prefrontal and parietal social brain regions during a ToM task and
SF (r's not reported), the other two [58, 59] found moderate to
large correlations between mPFC activation during ToM and
better SF (r's = 0.44 and 0.54). In contrast, one study [51] found a
large correlation between increased IFG activation and worse SF
(r=-0.53).

Lee et al. [58] adopted a longitudinal approach. Participants
were scanned twice, once during an acute psychotic episode that
was severe enough to warrant inpatient admission, and once close
to being discharged from the inpatient unit. ToM performance
and SF improved, and neural activation in the left mPFC, the right
fusiform gyrus, the posterior middle temporal, and lingual gyri,
and in the left IPL was increased at discharge as compared to
before. However, only increased activation of the left mPFC was
marginally significantly correlated with improvement in SF [58].

Dodell-Feder and colleagues [59] additionally used a whole
brain analysis and also investigated brain activation-social
functioning associations in healthy participants, allowing for
group comparison to SZ. Associations between neural activation
during ToM with SF were apparent in the same brain regions in
individuals diagnosed with SZ and healthy controls. That is, across
all participants greater mPFC activity during a false belief task
compared to a control condition was associated with better SF.
Furthermore, in both groups rTPJ activity was also correlated with
social behaviour in the milieu (managing emotions). However,
some differences emerged where in SZ only the association
between mPFC and SF as measured by the Social Adjustment
Scale, but not the Global Functioning: Social Scale, was significant,
while in controls only the association between mPFC and SF as
assessed by Global Functioning: Social Scale was significant. The
study supports the importance of ToM-related neural circuitry for
social functioning, although further investigations will be needed
to clarify the heterogenous findings related to the different
outcome measures [59].

Associations in the opposite direction were reported by Das
et al. [51] who showed that increased activation in the IFG during
intention recognition as compared to random movement of
triangles, was associated with reduced SF. Brain areas that showed
significant group differences were identified in two ToM related
areas, i.e, in the IFG and TPJ (STG), where patients showed
reduced activation compared to controls. In patients, these
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activations were associated with the LSP, showing negative
associations. Although the association between SLF and STS was
not significant, the association between STS activation and IFG
was, indirectly suggesting a potential meaningful relationship [51].
In sum, the results of studies examining the association between
ToM-related brain activity and social outcomes are conflicting in
terms of the associations and implicated brain areas. However,
two independent studies show a positive association between
ToM-related brain activation, specifically in the mPFC and SF,
again pointing towards an important role of this area. The IFG, and
relatedly the STS, associated with more implicit, automatic ToM
processes, appear to impact differently on SF, given the opposite,
negative association [51]. This may suggest that higher task-
related activation in these areas reflects different mechanisms, for
example more efficient processing vs. greater processing effort.

Emotion perception and processing. Five EPP studies used a
region of interest-based approach [61-65] and three investigated
whole brain activation [65-67]. In both types of studies, reported
correlations pointed to moderate to strong associations of neural
activation during EPP with SF (n =7) and social behaviour in the
milieu (n = 1) (range r = 0.44-69).

One study showed that signal changes in the amygdala in
response to direct-gaze anger was strongly correlated with SF
(r=0.58) [63]. Two other region of interest studies from the same
dataset showed patterns whereby higher brain activation and
connectivity during EPP was associated with better SF. Specifically,
Nelson et al. [62] reported an association between decreased ACC
activation in response to pleasant images (compared to a control
condition) and poorer SF, and Bjorkquist et al. [61] found that
weaker connectivity between the amygdala and right mPFC
during EPP (viewing negative vs. neutral face images) was related
to poorer SF. However, after Bonferroni correction, this finding
only approached significance. One study reported a reverse
pattern with greater neural activation in the IFG, insula and
calcarine cortex during EPP (emotion vs. neutral face viewing)
being associated with worse SF. Also, higher left amygdala-IFG,
and left amygdala-insula functional connectivity were found to be
negatively associated with SF [64].

The three whole brain studies varied in complexity. Taylor and
colleagues [65] required appraisal of faces (“likeable or unlike-
able?”), Smith and colleagues [66] used a paradigm during which
participants had to choose the appropriate emotional expression
to a situation, and Shin and colleagues [67] used a virtual reality
(VR) task, in which participants determined whether or not the
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=complex SC

Fig. 7 Social Brain Network (a), and Areas Associated with Social Outcomes in SZ (b). a Dashed brain regions represent brain regions
associated with social decision making that are not usually viewed as components of the social brain; b coloured dots indicate the association
of the activation of the area with social functioning (yellow = EPP, green = ToM, blue = complex SC); dashed coloured dots represent
associations at trend level. Please note the dots do not represent exact coordinates of the study ROIls. ACC anterior cingulate cortex, Am
amygdala, Cau caudate, CC calcarine cortex, dIPFC dorsolateral prefrontal cortex, FG fusiform gyrus, G gyrus, IFG inferior frontal gyrus, mPFC
medial prefrontal cortex, TPJ/pSTS temporo-parietal junction/posterior superior temporal sulcus, VIPFC ventrolateral prefrontal cortex.

avatar's speech was appropriate in a given situation. Taylor et al.
[65] found that increased occipital lobe activity correlated with
poorer SF. During Smith et al's [66] emotion selection task
activation in the right superior motor area (SMA), extending to the
anterior midcingulate cortex (aMCC) was positively correlated with
SF and SS, i.e,, social attainment and competence, and activation
in the right precuneal sulcus correlated with social attainment at
trend level. Exploratory analyses with activation clusters outside
hypothesised regions showed an additional positive association
between right cuneus activity and SF (social competence). Finally,
Shin et al. [67] reported that neural activation of the dIPFC, but not
of the STS, was positively correlated with SF and argued that dIPFC
hypoactivity-related cognitive inflexibility may underpin social
dysfunction in schizophrenia [67].

Overall, the EPP findings revealed mostly, although not
exclusively, moderate to strong positive associations between
brain activation during EPP tasks and better SF and SS in SZ.
Regions that correlated with social outcomes were located both
in- and outside the social brain (see Fig. 7). Region of interest
studies reported predominantly associations between better social
outcomes and activation in selected regions in the frontal cortex
and amygdala. Studies adopting a whole brain approach also
reported associations between social outcomes and activation in
mid-frontal, occipital and subcortical brain regions.

Complex social cognition. Two studies investigated associations
between trust and trustworthiness and SF, reporting small to
medium effect sizes [68]. Brain regions showing significant
associations varied widely. In one of these studies, Pinkham et
al. [69] asked paranoid and non-paranoid SZ participants to rate
whether a face was trustworthy or not. In all participants,
increased activation in response to untrustworthy compared to
trustworthy faces in the bilateral fusiform gyrus, mPFC, and
bilateral ventrolateral prefrontal cortex (vIPFC) was associated with
better SF. The study also showed that in healthy controls, this
association with SF was apparent for the right amygdala, bilateral
fusiform gyrus, mPFC, and right vIPFC. In non-paranoid patients,
these associations were not significant and in the paranoid group,
the only significant correlation with SF was found for the left
amygdala. A marginally significant association was found between
SF and the right FG. The second study used an interactive trust
game paradigm, participants made decisions on whether to trust
the counterpart. Participants were given some information on the
degree of their trustworthiness (low/high) or received no prior
information. Lower perceived social exclusion, as measured by
experience sampling, was marginally associated with higher right
caudate activation in the high trustworthiness context only. Here,
higher perceived social relationship quality was also associated
with greater mPFC activation. The amount of time people spent
alone or in company, the emotional responses to the company
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and feelings of loneliness did not show significant correlations
with neural activation patterns. Despite the differences in
methodology and outcome, both studies showed increased SF
with increased brain activation, and an overlap of activation in
the mPFC.

DISCUSSION

Individuals with a diagnosis of SZ often experience major social
impairments across the lifespan, but the underlying cognitive and
neural processes are still not fully understood [70]. This review and
meta-analysis provide an overview of the most recent findings on
the relationship between different SC domains, their neural
substrates, and different types of social outcomes; extending the
evidence from previous meta-analyses that focused predomi-
nantly on the relationships between SC and the broader outcome
of community functioning in schizophrenia [5, 6].

Social cognition and outcomes

Most studies focused on the domains ToM and EPP in relation to
SF in terms of social outcome, which were largely based on
questionnaire-based assessments of the number of close friends,
or the frequency of social contacts. Fewer studies focused on
social behaviour in the milieu or SS-based outcomes, such as the
capacity to perform social behaviours in structured settings, for
example in role plays [71]. We did not identify sufficient
behavioural or neuroimaging studies that investigated associa-
tions between social perception and bias, attribution bias, or
overall SC and social outcomes for meta-analyses.

Theory of mind. While previous research observed the strongest
associations between ToM and broad indicators of community
functioning [5], which comprised social functioning but also non-
social aspects such as independent living skills, the current meta-
analysis of three more recent studies showed the strongest
association between ToM and SS (overall dp = 0.50). In contrast,
the associations between ToM and SF were in the small to
moderate range (overall dp =0.26). This finding is more in line
with the recent meta-analysis by Halverson and colleagues [6],
who also showed stronger associations for three studies on ToM
and SS vs. 25 studies that looked at ToM and community
functioning (dp =0.36 vs. Up =0.21, respectively). However, it
remains to be seen whether this pattern still holds in future
replication studies. Our meta-regression analyses showed that the
association between ToM and SF was strongest for studies
including individuals with a shorter illness duration, possibly
highlighting the importance of early interventions when it comes
to beneficial effects of ToM interventions on SF.

Neuroimaging studies mostly examined ToM-related neural
activation in relation to aspects of community SF. The findings of
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the five available studies on associations between ToM-related
brain activation and different social outcomes were mixed, with
two studies showing that in patients increased neural activation in
the mPFC was associated with better SF on some, but not all,
social outcome measures [62, 59]. One study showed an
association between increased activation of the IFG and worse
SF [51], and two studies did not show any significant associations
between neural activation during ToM and SF [57, 60]. While the
mPFC might be particularly important for the relationship
between ToM and SF, due to the scarcity of findings, variety of
utilised paradigms and analysis approaches in five small samples,
no firm conclusions can as yet be drawn about the neural
substrates that underlie the ToM-social outcome link.

Emotion perception and processing. For EPP we found moderate
effect size associations that were stronger for SS (dp = 0.29) than
for SF (Up =0.20) although also here only three behavioural
studies on EPP and SS could be included. A slightly lower effect
size for EPP and SS ((ip = 0.25), yet stronger effect size than for EPP
and community functioning (dp = 0.22) was reported by Halver-
son and colleagues [6], based on 10 studies. Our meta-regressions
did not reveal any relevant moderators.

Neuroimaging studies reported almost exclusively on associa-
tions between EPP and SF. ROIs were mostly focused on the
amygdala although some studies also included mPFC, IFG, ACC,
insula, and occipital regions. Five studies showed that in patients,
higher neural activation in amygdala, mPFC, ACC and dIPFC or
increased functional connectivity between amygdala and mPFC
during EPP was associated with better SF [61-63, 66, 67]. In
contrast, in two other studies, increased neural activation during
EPP correlated with poorer SF. Taylor and Chen [65] showed that
occipital activation was associated with poorer SF and therefore
suggested that early visual processing may play a role in SF.
Sabharwal et al. [64] showed that increased amygdala connectivity
with insula and IFG was associated with worse SF. They suggested
that the counterintuitive finding may indicate inefficient proces-
sing which leads to upregulation of emotion processing (i.e.,
effort).

Some variation in findings could be explained by the nature of
the different EPP tasks. That is, while the majority of studies used
fairly comparable paradigms, which included images of faces
expressing emotions that had to be appraised [65], identified [63],
matched [64] or rated for intensity [61, 62], one study presented a
task during which a proper emotional response had to be rated
and selected for a specific social situation [66], while another task
asked the participant to determine the emotion of one of the two
interacting partners. In the latter two studies, increased activation
outside the typical social brain areas (i.e., SMA, aMCC, and lingual
gyrus) was associated with better SF, highlighting the involvement
of other cognitive functions on social outcomes.

Complex social cognition. As for ToM and EPP, available evidence
on complex SC also showed that increased neural activation in
prefrontal areas and the amygdala was associated with better SF
and higher reported relationship quality. Moreover, findings on
higher caudate activation during experiences of trust and
benevolent social interactions (i.e., repayments in a trust game),
may reflect the experience of social reward and therefore relate to
a higher sense of belonging or inclusion in social relationships.
Social reward could activate SC processes. Concluding, the two
available studies support the idea that neural modulation during
complex SC has potential as a predictive marker of real-world
social behaviour, however further research on the link between
complex SC and its relationship to more basic SC function is
needed [68, 69].

Social cognition and social outcome - what do we know about the
association? Supportive of the NIMH workshop goals to establish
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the significance of SC in SZ [14], various studies showed small to
moderate effect size associations between SC and real-life
community or social functioning, or indices for the capacity
thereof [5, 6]. While these studies cannot evidence causality, a
causal relationship between SC and social outcomes has been
suggested by promising results of interventions for SC that
resulted in improvements in social outcomes [72-75]. However,
enthusiasm is somewhat hampered by methodological issues,
such as the quality of SC tests, small samples sizes, non-blinded
assessments, or the lack of well-controlled Randomised Controlled
Trials.

Two key questions remain: 1) are there any specific SC functions
that are particularly important for social outcome and 2) are there
specific social outcomes that are more strongly associated with
aspects of SC than others. We found the strongest associations
between ToM and SS followed by EPP and SS and somewhat
lower associations between both ToM and EPP and SF, which is in
line with previous reports [6] and indicative of the greater role of
SC in more proximal, skills-based measures. These measures
indicate the capacity for social functioning under optimal
conditions and might be less confounded by other factors, such
as lack of resources or an already collapsed social network, that
might impede social functioning in the real world.

It seems self-evident that different SC functions are necessary to
enable humans to interact effectively with the social world and
that reduced SC ability therefore leads to social misperceptions,
misinterpretation and interpersonal problems. Couture et al.
(2007) proposed a conceptual model of SC and social outcomes,
according to which SC impairments may lead to poorer social
outcomes through a cascade of related mechanisms, beginning
with the aberrant perception and interpretation of “noisy” social
data from the environment, that results in suspiciousness, felt
rejection or exclusion, and consequently may lead to negative
social interactions or avoidance of social interaction and social
isolation [76]. However, the underlying mechanisms and inter-
mediary factors by which SC and social outcomes are connected
are less well researched. In future, it will be important that
researchers test this model. Other factors that have been
associated with poorer SC and that could worsen social outcomes
include, among others, negative symptoms, social competency
[77], defeatist beliefs, self-stigma, and the ability to generate social
support, all of which may reduce the motivation and opportunity
to engage in social interaction should be investigated in this
context [78-80]. SC has also been linked to attachment [81], which
might explain an individual’s fundamental beliefs about the safety
in social interactions and the own willingness and ability to
engage in social interactions.

One underlying rationale of SC interventions is that they lead to
neurobiological changes and “social brain” plasticity, that translate
into improvements in SC and subsequently improved social
functioning [82, 83]. Evidence from five neuroimaging studies
suggests that SC interventions may normalise, that is, increase
regional brain activity (e.g., in left MFG, IPL, STG, hippocampus,
amygdala, etc.) [84] and ToM and EPP training effects on mPFC
activation have been shown to predict real world functioning [85].
While the implicated brain regions have been inconsistent across
studies, these findings suggest that neuroimaging can provide
insights into the shared and distinct underlying mechanisms that
mediate SC-social outcome associations.

What have we learnt from neuroimaging studies on social cognition
and social outcomes? In general, individuals with a diagnosis of
schizophrenia perform worse than controls on SC MRI tasks, and
show reduced neural activation, and poorer social functioning
[21, 22]. Most of the fMRI studies that we have reviewed here
showed that increased neural activation in various ToM, EPP and
complex SC tasks vs. a control condition is associated with better
social outcomes in the real-world. One study also showed this for
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Social context

Social stimulus

At a social occasion, a friend just finished a phone call. He had bad news about a recent job
application but has not yet shared the news about the negative outcome with anyone.

My friend is angry. EPP

| don't think there is a
reason to be angry, its

He should have fun.
We hardly ever see ToM
each other.

| think he does not L | AB
enjoy being out with
me.

I

Misperception of emotion = wrong conclusion about other's emotional state.
unreasonable. Misunderstanding of social context - wrong conclusion about other’s emotional state.
Failure to understand other’s perspective - wrong conclusion about mental state and behaviour.

Wrong attributions = suspiciousness, resentment, disappointment, ...

This is stressful — | can I
better stay in by
myself. [

Possible consequences include social anxiety, stress, defensive behaviour, feelings of anger
and resentment, increased self-stigma, social withdrawal, social isolation, ...

Fig. 8 Pathways between social environment, social cognition, and social outcome. Note: Image: Adapted to show four emotions from
Stuart Hamilton (2005, 5 emotions, https://www.flickr.com/photos/stuandgravy/4032861, CC BY-NC-SA). AB attriutional bias, EPP emotion

perception and processing, SP social perception, ToM, theory of mind.

role play assessment of social competence. The available studies
were cross-sectional and cannot speak to the directionality of
effects. The reviewed studies suggest that it is possible that
reduced neural activation in response to social cues may lead to
less engagement of the mentalising, emotion processing and
reward networks and therefore poorer social outcomes. However,
vice versa, it is possible that poor social functioning, social
withdrawal, and deprivation, which occur already before the first
psychotic episode in SZ [1, 2, 45, 70], might impact brain structure
and function [86-88, 72-74] so that altered neural activation
patterns during SC tasks may be a result. One study showed that
higher activation of the rostral lateral prefrontal cortex during
social cognitive introspective accuracy was associated with better
social functioning, as measured with the Specific Level of
Functioning Scale [89].

Interestingly, while behavioural findings suggest that ToM and
EPP may be more strongly related to SS than SF and with stronger
associations for ToM than EPP overall, the neuroimaging studies
tentatively suggest that the effect sizes for correlations between
neural activation in various regions during task performance
within both SC domains and SF are similar [90]. The studies in this
review showed some overlap in the brain regions that were
activated during ToM and EPP and SF. Notably, these regions were
the precuneus and IFG for EPP, ToM and SF, the amygdala for EPP,
complex SC and SF, and the mPFC for ToM, complex SC and SF,
suggesting that these regions might be useful shared targets for
treatment, for example for neurostimulation in attempts to
improve SF. However, so far, no brain regions showed associations
with SF for all three SC domains.

The heterogeneity in the neuroimaging findings may be due to
heterogeneity in approaches, including, among others, variation in
measures, fMRI set-up and analysis, and makes it difficult to draw
firm conclusions. Social outcome measures for SF were mostly
broad, measuring social adjustment, quality of life, level of
functioning, social and in some cases occupational functioning.
The Heinrichs-Carpenter Quality of Life Scale was the only scale
that was used in more than one imaging study (n=3). The
findings of the studies were heterogenous with one reporting no
significant association with brain activation during ToM, one
reporting a positive association between higher ACC activation
and better SF and one reporting a negative association in the IFG,
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calcarine sulcus and insula during EPP and SF. Associations with
social functioning were mostly reported and investigated in the
patient group only. The majority of studies (10) investigated the
association with social functioning in regions where a significant
group difference with healthy controls was found. Four studies
investigated the association in all regions of interest, regardless of
group differences, of which one study only looked in patients [64].
The other three studies showed results across all participants, and
between groups, in regions that did not always show group
differences [59, 60, 69]. The meaning of these associations remains
to be investigated. Together, neuroimaging studies have yet to
explore the neural association between SC and the more proximal,
performance-based aspects of social outcomes.

One important limitation of existing neuroimaging studies lies
in their narrow, ROIl-based approach of single key-regions that
have been associated with specific SC functions. This may
overlook important other regions and precludes investigation of
shared and distinct neural processes that may underlie the SC
relationship with different aspects of social functioning [14].
Another approach to selecting ROl was to focus on regions that
showed significant differences between individuals with SZ and a
control group, to uncover whether significant group differences in
activation might explain some of the deficits in SF that are
observed in patients compared to controls. Following the
approach of Dodell-Feder et al. [59] and Smith et al. [66], it can
be informative to also study associations between social
functioning and neural activation during SC in controls and first-
degree relatives of individuals with psychosis with an elevated
genetic risk to understand better how the social brain facilitates
the SC and SF link in health and psychosis.

Directions for future research. The current study highlights the
need for further research in several areas. First, many studies still
focus on single SC domains, mostly EPP and ToM, and on selected
social outcomes, which are often assessed with single measures.
To allow for comparison of specific associations between SC
domains and different social outcomes more comprehensive
measurement will be important. Data-pooling initiatives and
special interest consortia will be fruitful avenues to generate
more comprehensive and comparative insights. Second, studies
generally investigated SC by means of paradigms that require the
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interpretation of social stimuli in stories, cartoons or pictures and
used questionnaires to measure SF, while initial studies started to
employ more complex and social interactive tasks that tap into
different SC mechanisms and/or assessed real-world social
functioning using experience sampling, there is a greater need
for an ecologically valid assessment. Social exchange paradigms
that simulate social interaction in a controlled setting may be one
way forward in the endeavour [91]. Third, there is some evidence
suggesting that accurate insight into the own SC ability and task
performance [89] and informant-based reports of SC ability may
be much better predictors of real-world social functioning than
actual SC test performance [47]. While the latter may not always
be available to researchers or clinicians, assessing introspective
accuracy and social metacognition might be a viable and fruitful
strategy in the prediction of social outcomes, which should be
explored further by future research. Fourth, the pathways by
which SC impairment may lead to poorer social outcomes (Fig. 8)
have been theorised about, but empirical investigations of these
pathways are still scarce. Fifth, few neuroimaging studies focused
on the investigation of the SC - social outcome link. Studies that
directly compare the neural mechanisms that underlie the
associations between different SC domains - and different social
outcome domains using neuroimaging might further elucidate
shared or unique mechanisms for the domains. Future studies
should attempt analysis of wider social brain structure and/or
exploratory whole brain analysis and study those mechanisms in
controls, as well as individuals across the entire spectrum of
psychotic disorders and those with an increased familial risk for
psychosis to generate broader insights. Previous work suggested
that cognition and brain function are related to changes in brain
structure [45], but more evidence is needed that investigate the
structure-functioning link with respect to SC and social outcomes.
Finally, in several studies null-findings were not reported. These
should be included in future research.

CONCLUSIONS

This systematic review and meta-analysis described the knowl-
edge base on different SC mechanisms and social outcomes and
the underlying neural mechanisms of these. Overall, the findings
showed that ToM and EPP were more strongly associated with
more proximal measures of social capacity than measures that
capture real-world social functioning. Functional neuroimaging
studies on the association were still scarce and mostly focused
on EPP and SF. Most of the initial evidence points towards
patterns whereby higher brain activation in regions of the social
brain during SC is associated with better social outcomes.
However, future research will need to show whether these
patterns hold and are comparable across SC functions and
outcomes.
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