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Introduction: Mentalizing is a key aspect of social cognition. Several researchers
assume that mentalization has two systems, an explicit one (conscious, relatively
slow, flexible, verbal, inferential) and an implicit one (unconscious, automatic, fast,
non-verbal, intuitive). In schizophrenia, several studies have confirmed the deficit of
explicit mentalizing, but little data are available on non-explicit mentalizing. However,
increasing research activity can be detected recently in implicit mentalizing. The aim of
this systematic review and meta-analysis is to summarize the existing results of implicit
mentalizing in schizophrenia

Methods: A systematic search was performed in four major databases: MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science.
Eleven publications were selected. Five studies were found to be eligible for quantitative
synthesis, and 9 studies were included in qualitative synthesis.

Results: The meta-analysis revealed significantly lower accuracy, slower reaction time
during implicit mentalizing in patients with schizophrenia. The systematic review found
different brain activation pattern, further alterations in visual scanning, cue fixation, face
looking time, and difficulties in perspective taking.

Discussion: Overall, in addition to the deficit of explicit mentalization, implicit
mentalization performance is also affected in schizophrenia, if not to the same
extent. It seems likely that some elements of implicit mentalization might be relatively
unaffected (e.g., detection of intentionality), but the effectiveness is limited by certain
neurocognitive deficits. These alterations in implicit mentalizing can also have potential
therapeutic consequences.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier:
CRD42021231312.

Keywords: mentalizing, theory of mind, mentalization, implicit, schizophrenia, spontaneous

INTRODUCTION

Mentalizing (or mentalization, theory of mind) is a key aspect of social cognition. During the
processes of mentalizing we attribute mental states (intentions, beliefs, desires, emotional states)
to ourselves and others, which enables us to understand and predict social behavior. Mentalizing
is a highly complex ability requiring the perception, processing, and interpretation of social
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information. Traditionally mentalizing has been considered to
develop in the early ages of life (3-6 years). However, more
and more data suggest that children can intuitively attribute
intentions much earlier (Apperly and Butterfill, 2009). According
to these results, several researchers assume that mentalization is
based on two systems, an explicit and an implicit one (Apperly
and Butterfill, 2009; Butterfill and Apperly, 2013). Implicit
mentalizing is supposed to be present very early, presumably
from birth. It is characterized by fast and pre-reflexive non-verbal
information processing, which is decoded without awareness. In
contrast to this intuitive ability, the explicit form of mentalizing
is inferential, relatively slow, and it relies heavily on verbal
and conscious information processing. It develops parallelly
with linguistic and cognitive skills (e.g., executive functions).
The implicit-explicit systems are likely to persist and coexist
throughout the lifespan (Apperly and Butterfill, 2009; Butterfill
and Apperly, 2013; Vogeley, 2017). According to some recent
hypotheses, different social neural networks are responsible
for the processing of implicit lower-level information, and the
explicit higher-level information (Vogeley, 2017). The former
plays a role in the early, automatic detection of intentional bodily
and spatial behavior. The latter is active in the late, controlled,
and conscious evaluative and interpretive processing. However,
not all researchers accept this sharp distinction between the
implicit and explicit systems (Baillargeon et al., 2015; Scott and
Baillargeon, 2017). Moreover, according to the submentalization
approach, although certain behavioral elements may appear to
be a process of implicit mentalization, it does not actually
involve real mentalization, but rather domain-general cognitive
processing (e.g., attention orientation, spatial perception, etc.)
(Heyes, 2014).

Still there is no consensus either, whether implicit and
explicit mentalizing rely on shared or distinct brain networks
(Lieberman, 2007; Van Overwalle and Vandekerckhove, 2013).
According to a recent meta-analysis of neuroimaging data
the two types of processing overlap significantly, however
important differences are also present (Molenberghs et al,
2016). Activation likelihood estimation revealed that the medial
prefrontal cortex (mPFC), precuneus, bilateral inferior frontal
gyrus (IFG), temporoparietal junction (TPJ), and temporal poles
are activated both in implicit and explicit processing. At the same
time explicit tasks activate the middle and superior temporal
gyrus, the cingulate gyrus, and the medial frontal gyrus on
the left side, while implicit tasks associate with the activation
of left medial frontal gyrus, and right IFG. The meta-analytic
connectivity modeling also revealed widespread overlapping co-
activating areas during both explicit and implicit processing
(Molenberghs et al., 2016). However, implicit mentalizing areas
co-activate with bilateral middle frontal gyrus and the left
superior frontal gyrus, while the explicit mentalizing regions
co-activate with the right cingulate gyrus and left parietal lobule.

In the last 10-15 years an enormous number of studies dealt
with the exploration of implicit mentalizing. Various paradigms
have been developed, and their results suggest the existence
of implicit mentalization. For example, Kovacs et al. used an
object detection task to investigate implicit mentalization, where
participants’ reaction time varied according to whether the other

person’s true or false belief was congruent or incongruent with
the subject’s belief. Based on their paradigm, the gaze times of
7-month-old infants have been shown to be influenced by their
expectations, in the same way as for adults (Kovdcs et al., 2010).
Although this paradigm was later contested by some (Phillips
etal., 2015), more recent research has obtained results like Kovécs
et al. and found that one’s own and the other’s beliefs have a
significant effect on reaction time (van der Wel et al., 2014; Nijhof
et al., 2016; El Kaddouri et al., 2020). Interactive behavioral tasks
(Buttelmann et al., 2009; Southgate et al., 2010); violation of
expectation (Onishi and Baillargeon, 2005) is also frequently used
paradigms in implicit mentalizing research. The anticipatory
looking measures are widely used as well (Southgate et al., 2007;
Schneider et al., 2012; Low and Watts, 2013), however the results
are ambiguous because they have been found hardly replicable.
Results from these paradigms are likely to be informative
when they use ecologically relevant stimuli. In other situations,
presumably participants just look back and forth without any
anticipation, which can be one of the reasons for their non-
replicability (Kulke et al., 2019; Kulke and Hinrichs, 2021).
Moreover, a study using real-life mobile eye-tracking also failed
to clearly confirm the suitability of anticipatory looking measures
for implicit mentalization, which may also suggest that it is very
difficult to detect (Kulke and Hinrichs, 2021). In summary, the
existence of implicit mentalizing seems not to be questioned,
however the results are still puzzling, and the appropriate tool
for detecting implicit mentalizing is also missing.

In schizophrenia, it is now evident that social cognition
is significantly affected and there is, among other things, a
significant mentalizing deficit. Based on the research results,
systematic reviews, and meta-analyses, it is clear that intention
attribution of the patients is damaged (Sprong et al., 2007; Bora
et al., 2009; Martin et al., 2014). Mentalizing impairments are
characteristic both in the acute and the remission phases, and
they can be detected in first-degree, clinically asymptomatic
relatives (Herold et al., 2002, 2018; Bora and Pantelis, 2013;
Healey et al., 2013). Mentalizing may be deficient even before
the onset of the disease, may predict psychotic conversion,
and often worsens before the first episode (Bora and Pantelis,
2013; Davidson et al., 2018; Tikka et al, 2020). Long-term
studies of social functionality also suggest that functionality is
already weaker in childhood and deteriorates markedly further
in adolescence, which in turn significantly predicts impaired
functionality over a 20 year period (Velthorst et al., 2017).

Imaging studies have also revealed significant abnormalities in
schizophrenia. In addition to the brain volumetric abnormalities
in pre-frontal and temporal areas (Benedetti et al., 2009;
Herold et al, 2009; Koelkebeck et al., 2013) associated
with deficient mentalization, studies using different functional
imaging procedures have undoubtedly described atypical neural
activation characterized by over- and underactivation in
mentalizing regions (Marjoram et al., 2006). According to a meta-
analysis, the mPFC, the left orbito-frontal cortex (OFC), and
a small portion of the left posterior TPJ are regularly found
under-activated, while over-activation was reported in the more
dorsal part of the TPJ bilaterally, in the medial occipito-parietal
cortex, right premotor areas, left cingulate gyrus, and lingual
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gyrus (Kronbichler et al., 2017). Moreover, different activation
has been shown in high-risk patients in the right TPJ, right
middle temporal gyrus (MTG), and left precuneus (Vucurovic
et al,, 2021), and also in clinically asymptomatic relatives in
dorsolateral PFC, dorsomedial PFC, and right inferior frontal
gyrus (Marjoram et al., 2006; Herold et al., 2018).

Despite the research on mentalizing in
schizophrenia, the majority of studies has been focused
only on explicit mentalizing. Relatively little is known about
potential alterations of implicit mentalizing. Based on the
neurodevelopmental hypothesis of schizophrenia (Weinberger,
1987) we cannot exclude that the implicit mentalizing is also
impaired, as early neurodevelopmental abnormalities may
affect the neural networks responsible for implicit mentalizing,
which in turn may influence the development of later explicit
mentalizing skills. Research data suggest that the impaired early
embryonic and later adolescent maturation of the PFC is likely to
play a role not just in the development of behavioral, but also in
cognitive symptoms of the disorder (Selemon and Zecevic, 2015).
Studies on childhood onset schizophrenia emphasize the role of
steeper rate of tissue loss in parietofrontal and parietotemporal
areas as well (Gogtay, 2008). Recently, abnormal growth process
of the cingulo-fronto-termporal module development was
also reported, which affect several structures repeatedly found
impaired in mentalizing studies (right IFG, triangular and
opercular part; right medial orbital superior frontal gyrus; right
gyrus rectus; left posterior cingulate gyrus) (Alexander-Bloch
et al, 2014). These disturbed maturational trajectories may
interfere with the development of mentalizing, and indeed the
infant research data highlights the role of temporoparietal areas
in the early development of implicit mentalizing (Kampis et al.,
2015; Hyde et al., 2018; Grosse Wiesmann et al., 2020).

Beyond its theoretical aspect, it may have even a therapeutic
significance (Langdon et al., 2017), as unaffected implicit
mentalizing skills may represent a significant base for
remediating the impaired explicit mentalizing skills. However,
impaired implicit mentalizing can be a significant limit in
remediation. Recently, Langdon et al. highlighted the therapeutic
implication of the differential effects of implicit and explicit
aspects of mentalizing, as the remediation of explicit mentalizing
may require interventions to strengthen compensatory strategies,
while implicit mentalizing may require a more basic approach
with using techniques to improve attentional processes to
support a more efficacious detection of agency signals (Langdon
etal., 2017).

Nevertheless, beside the dominance of research on explicit
mentalizing in schizophrenia, more and more study focus on
the implicit mentalizing. Unfortunately, the results are still not
equivocal, so we found it important to summarize the results of
the field. The aim of this systematic review and meta-analysis is
to examine the nature of possible implicit mentalizing alterations
in schizophrenia compared to healthy controls.

For theoretical clarity in our meta-analysis and systematic
review we included only those studies that used non-verbal tasks
to indirectly measure the accuracy with automatic behavioral
signs without verbal answers. We excluded those studies
that measure mentalizing skills with verbal answers or with

extensive

spontaneous use of mental-state language. The latter type of
performance can be described with the term of spontaneous
mentalizing, although some studies use the phrase as a synonym
for implicit mentalizing (e.g., Horan et al., 2009). In contrast,
elsewhere, this term refers to indirect measurements, when
the processing of social information happens without explicit
instruction, but it is measured with the spontaneous use of
mental state terms (Senju, 2013; Langdon et al., 2017). According
to Senju (2012), spontaneous mentalizing is differ from implicit
mentalizing as it does not require the lack of conscious
awareness. Moreover, it is not so obligatory processing like
automatic processing, and it can be interrupted with competing
tasks. Usually, spontaneous mentalizing is tested with animated
geometric forms stimuli, and measured by multiple choice
questions or spontaneous use of mental-state language. Our
systematic review on spontaneous mentalizing in schizophrenia
will be presented in a separate article.

METHODS

This systematic review and meta-analysis were reported based
on PRISMA Statement (Page et al., 2021). The review protocol
was registered on PROSPERO (CRD42021231312). There was no
protocol deviation.

Search Strategy

A systematic search was performed in four major databases:
MEDLINE, EMBASE, Cochrane Central Register of Controlled
Trials (CENTRAL), Web of Science.

The search date was 02.11.2020. The following search key was
used: [(implicit) OR (spontaneous)] AND [(theory of mind) OR
(mentalizing) OR (mentalization)] AND (schizophrenia). We
searched in all fields/all text in every database. There were no
restrictions or filters.

Selection and Eligibility Criteria

The search results were combined in a reference manager
software (EndNoteX9; Clarivate Analytics, Philadelphia,
Pennsylvania). Records were screened (after automatic and
manual removal of duplicates) based on title, abstract, full-text.
Then the references and citations of the full text screening
records were reviewed. The selection process was conducted by
two independent researchers (AH, TC). Disagreements were
resolved by an independent third investigator (RH). Reference
lists, publication citing (Google Scholar search engine) of the
included studies were screened to find additional studies.

We included case-control studies which reporting on implicit
mentalization function in patients with schizophrenia. We also
did not exclude studies that included schizoaffective patients,
as both disorders belong to the same group of disorders, the
schizophrenia spectrum disorders. The individuals of the control
group were excluded if they met criteria for any psychiatric
disorder. Studies which had overlapping populations were
included only in the systematic review.

We included studies which measure implicit mentalization
function with tasks taken unrelated to description of the
paradigm or taken before questions of the paradigm (for
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e.g., eye movements measures, perspective taking tasks). As
described in the introduction, we excluded records, which
examined spontaneous mentalization and the spontaneous use
of mentalization terms or used verbal answers to measure
mentalizing performance.

Data Extraction

Two independent review authors extracted the following data
from each eligible studies: first author, publication year, study
design, country, number of centers, studied population, gender
distribution, age distribution, number of patients; accuracy (in
percentage), reaction time (in ms), mentalizing cue looking
percentage, fixation duration, face looking percentage. If the
data was plotted on a bar graph, GetData Graph Digitizer was
used to extract the data. We contacted the authors in case
of missing data, and the data received were used during the
processing. Disagreements were resolved by an independent
third investigator.

Risk of Bias Assessment

The “Quality In Prognosis Studies” (QUIPS) tool (Hayden et al.,
2013) was used based on the recommendations of The Cochrane
Prognosis Methods Group (PMG) by two researchers. Any
disagreement was resolved by a third reviewer.

Statistical Analysis

For continuous variables standardized mean difference (SMD)
with 95% Confidence Intervals were calculated and since we
had one study with sample size <20 we decided to use Hedges
method. A p < 0.05 was considered statistically significant
difference. Random effects model was used to calculate the overall
estimates using the DerSimonian-Laird (DerSimonian and Laird,
1986) method. The results of the meta—analyses are presented on
forest plots.

Heterogeneity was tested using Cochranes Q and the I’
statistics. As suggested by the Cochrane Handbook (Higgins
and Green, 2011), >~values were interpreted with the following
levels: 0-40, 30-60, 50-90, and 75-100%, meaning “Might not
be important,” “Moderate,” “Substantial,” and “Considerable,”
respectively. Heterogeneity, with a p < 0.1 considered significant.

(Egger’s tests and funnel plots have not been carried out to
assess any publication bias, because there was only a low amount
of the studies included).

All analyses were performed by R environment (R Core Team,
2021).

To assess the certainty of the evidence we used the GRADE
approach (Higgins and Green, 2011), which has four domains
(risk of bias; inconsistency; indirectness; imprecision). The
GRADE approach has four levels of evidence: high, moderate,
low and very low. If there was a serious concern for any of the
domains, we downgraded the evidence level.

RESULTS

Systematic Search and Selection
The systematic search yielded 541 records. After the automatic
and manual removal of duplicates 502 records remained. The

flowchart of the publication selection is presented in Figure 1.
After checking the records and citation searching 11 publications
remained. Five studies (Brunet et al., 2003; Eack et al., 2013; Roux
et al., 2016a; Okruszek et al., 2018; Kronbichler et al., 2019) were
included in the quantitative synthesis, and 9 studies (Das et al.,
2012; Eack et al., 2013; Roux et al., 2014, 2015, 2016a,b; Okruszek
et al., 2017; Kronbichler et al., 2019; Patel et al., 2020) in the
qualitative synthesis.

All records found were used in either the meta-analysis or the
systematic review.

The 5 studies (Brunet et al., 2003; Das et al., 2012; Fack et al.,
2013; Roux et al., 2016a; Okruszek et al., 2017, 2018; Kronbichler
etal., 2019) included in the quantitative synthesis examined 126
patients, while the 9 (Das et al., 2012; Eack et al., 2013; Roux et al.,
2014, 2015, 2016a,b; Okruszek et al., 2017; Kronbichler et al.,
2019; Patel et al., 2020) records included in the systematic review
examined 157 patients (There is a complete overlap between
patients in the studies by Roux et al. (2014, 2015, 2016a,b).

The characteristics of included studies are in Table 1 and Table
1 in the Supplementary Material.

Accuracy
For accuracy, data from 5 studies (Brunet et al., 2003; Eack
et al.,, 2013; Roux et al., 2016a; Okruszek et al., 2018; Kronbichler
et al, 2019) (which used different paradigms) were used,
involving 123 patients and 121 controls. There is a significant
difference [SMD = —0.40; 95% CI (—0.70, —0.10); p = 0.008]
between patients with schizophrenia and controls with negligible
statistical heterogeneity (I’ = 22.0%) in performance during
implicit mentalizing tasks. On average, schizophrenic patients
have a weaker performance with an effect size of —0.40, which
is considered medium effect. The results are shown in Figure 2.
As the performance of the two groups was identical in one
study (Kronbichler et al, 2019) and we considered that the
question asked was significantly simpler than in the other studies,
we conducted a leave one out sensitivity analysis during which
the heterogeneity decreased, the studies become completely
homogeneous (I’ = 0.0%) and the result remained significant and
the effect size increased [SMD: —0.50; 95% CI (—0.78, —0.21); p
= 0.001]. The results are summarized in Figure 3.

Reaction Time

For reaction time, data from 4 studies (Brunet et al., 2003; Eack
et al., 2013; Roux et al., 2016a; Kronbichler et al., 2019) (using
different paradigms) were used, including 77 patients and 81
controls. There is a significant difference in reaction time between
the two groups [SMD: 0.89; 95% CI (0.36, 1.42); p = 0.001].
On average, the reaction time was significantly longer in the
schizophrenic group compared to the control group with a large
effect size (effect size: 0.89). There is a moderate heterogeneity
(I’ = 57.00%). The forest plot showing the results can be
found in Figure 4.

GRADE Approach

The overall judgement of quality of evidence can be found
in Table 2. The overall quality of evidence of the results was
low/very low.
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FIGURE 1 | PRISMA flowchart for the study selection process (Page et al., 2021).

TABLE 1 | Characteristics of the included studies.

Task design No. of patients Age of No. of controls Age of Medication
(female of total %) patients (female of total controls (antipsychotic)
(mean + SD) %) (mean + SD)
Brunet et al. (2003) PET CT during non-verbal task (select 7 (0.0) 31.0+6.5 8(0.0) 23.3+1.68 All
a correct ending)
Das et al. (2012) fMRI during animated triangle task 20 (0.0) 345+ 8.4 21(0.0) 33.5+8.4 All except one
Eack et al. (2013) Perspective-Taking task 20 (30.0) 27.8 £ 6.61 20 (35.0) 26.5+58 All except one
Kronbichler et al. Perspective-Taking task 24 (0.0 26.0+5.1 24 (0.0) 257+ 4.5 All
(2019)
Okruszek et al. (2017)  Interpersonal detection task 25 (3.0) 35.7 + 6.9 26 (48.0) 353+7.1 All except one
Okruszek et al. (2018)  Interpersonal detection task 46 (32.6) 334+7.0 40 (50.0) 30.2 +10.7 -
Patel et al. (2020) Eye movement measurement during 39 (25.6) 40.6 £11.0 27 (40.7) 35.2+9.3 All
TASIT videos
Roux et al. (2014) Eye movements measurements 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £13.5 All
during animated cartoons
Roux et al. (2015) Eye movements measurements 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £ 13.5 All
during intentional motion perception
Roux et al. (2016a) Eye movement measurement during 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £138.5 All
non-verbal task (select the correct
ending)
Roux et al. (2016b) Eye movement measurement during 29 (27.6) 39.0+12.5 29 (34.5) 40.7 £13.5 All

Frith-Happé animation

Systematic Review

FMRI Data

Concerning the comparison of activations/deactivations of
schizophrenia patients and healthy subjects during mentalizing

tasks, few data was available in the selected studies, which was
not eligible for meta-analysis. Das et al. (2012) used an animated

triangle task, consisting of mentalizing and control animations.
In their study they emphasized a reduced activation in the right
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SMD for Accuracy (%) — Schizophrenia v Control

Schizophrenia group Control group Standardised Mean

Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Brunet et al.2003 7 8389 10.56 8 9444 722 : -1.11 [-2.23; 0.00] 6.6%
Eack et al. 2013 18 5253 2397 20 68.87 22.76 —— -0.69 [-1.34;-0.03] 16.8%
Okruszek et al. 2018 46 67.00 14.00 40 74.00 12.00 — -0.53 [-0.96;-0.10] 31.3%
Roux et al. 2016 28 86.95 12.81 29 8941 11.52 — T, -0.20 [-0.72; 0.32] 241%
Kronbichler et al. 2019 24 89.89 13.20 24 89.89 10.50 - 0.00 [-0.57; 0.57] 21.3%
Random effects model 123 121 ~_— -0.40 [-0.70;-0.10] 100.0%
Heterogeneity: /> = 22.09%, p = 0.2738 ! | ! !

Test for overall effect: p = 0.0082 i3 -2 -1 0 1

Favours Control group Favours Schizophrenia group

FIGURE 2 | SMD for accuracy between patients with schizophrenia and control group. Patients with schizophrenia performed significantly poorer than controls.

SMD for Accuracy (%) — Schizophrenia v Control
('Kronbichler et al. 2019' omitted)

Schizophrenia group Control group Standardised Mean

Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Brunet et al.2003 7 83.89 10.56 8 9444 722 -1.11 [-2.23; 0.00] 6.6%
Eack et al. 2013 18 5253 2397 20 68.87 2276 —&— -0.69 [-1.34;-0.03] 19.0%
Okruszek et al. 2018 46 67.00 14.00 40 74.00 12.00 — -0.53 [-0.96;-0.10] 44.1%
Roux et al. 2016 28 86.95 12.81 29 8941 11.62 —T . -0.20 [-0.72; 0.32] 30.3%
Random effects model 99 97 - -0.50 [-0.78;-0.21] 100.0%
Heterogeneity: 1% =0.00%, p =0.4287 J T ' ' !

Test for overall effect: p =0.0007 -4 -3 2 =1 0 1

Favours Control group Favours Schizophrenia group

FIGURE 3 | SMD for accuracy after leaving one out sensitivity analysis. It demonstrates that when heterogeneity decreases, the sample becomes homogeneous.

SMD for Reaction time (ms) — Schizophrenia v Control

Schizophrenia group Control group Standardised Mean
Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Eack et al. 2013 18 227860 430.37 20 2202.20 453.34 — 0.17 [-0.47;0.81] 27.3%
Roux et al. 2016 28 3591.27 1106.51 29 271567 619.99 0.97 [0.42;1.52] 30.4%
Kronbichler etal. 2019 24 1250.53 234.70 24 991.70 153.90 —— . 1.28 [0.66; 1.91] 27.8%
Brunet et al. 2003 7 3675.00 787.00 8 2781.00 493.00 1.30 [0.15;2.45] 14.5%
Random effects model 77 81 ——l 0.89 [0.36;1.42] 100.0%
Heterogeneity: /> = 57.00%, p = 0.0727 ! g ! L
Test for overall effect: p =0.0011 «1 0 1 ) 3
Favours Schizophrenia group Favours Control group

FIGURE 4 | Forest plot representing that patients with schizophrenia have significantly longer reaction times.

TABLE 2 | GRADE approach.

Outcome No study/no patients/controls Risk of bias Inconsistency Indirectness Imprecision Quality of evidence
Accuracy 5/123/121 Not serious Not serious Not serious Serious Low
Reaction time 4/77/81 Not serious Some Not serious Serious Very low
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TPJ and both the right and left IFG in patients with schizophrenia
compared to healthy controls during processing of mentalizing
animation, and a similar activation in the left TPJ. The
workgroup of Eack et al. (2013) employed a visual perspective-
taking task, during which the schizophrenia group showed a
reduced activation in the left OFC and in both the left and
right anterior cingulate cortex (ACC), when compared to healthy
individuals. During the same task, functional connectivity
analyses were also conducted, which showed deficits in negative
functional connectivity between the anterior cingulate and
fusiform/parahippocampal gyrus in patients with schizophrenia.
In controls the deactivation of the ACC was associated with an
increase in activation in the right fusiform and parahippocampal
gyri, while the schizophrenia group had the opposite correlation.
In the study of Kronbichler et al. (2019) a different visual
perspective-taking task was used. Concerning the activations
a difference was found: the activations in the bilateral middle
occipital gyrus (MOG; marginal group difference in left MOG) in
the schizophrenia group were indifferent across task conditions,
whereas controls showed an increased BOLD response in
situations of spontaneous perspective-taking. Okruszek et al.
(2017) used a setting in which the subjects had to decide
whether two agents, presented by point-light displays were either
communicating or acting independently. They emphasized the
lower activation of the right posterior sulcus temporalis superior
(STS) in patients with schizophrenia during communicative
interactions as their main finding. In the functional connectivity
analysis of the same task the control group showed an increased
connectivity of the right posterior STS with structures associated
with the mentalizing (bilateral STS and TP], mPFC). The patients
on the other hand, activated structures linked with mentalizing
network (left posterior STS/TPJ, right anterior STS), but to a
lesser extent.

Eye Movements Measurements

Five studies used this measurement (Roux et al.,, 2014, 2015,
2016a,b; Patel et al, 2020) from whose data we could not
make meta-analysis due to overlapping populations. They used
different paradigms. Except for one study (Roux et al., 2016b), all
described different eye movements in patients with schizophrenia
compared to controls (Roux et al., 2014, 2015, 2016a; Patel et al.,
2020). Three studies described reduced viewing time on the face
(Roux et al., 2014, 2016a; Patel et al., 2020), one described that
patients spent more time observing contextual cues, which also
highlighted the importance of time, based on which patients’
mentalizing is delayed (Roux et al., 2016a).

Fixation Duration

Three (Roux et al., 2014, 2016b; Patel et al., 2020) studies
measured the mean fixation duration which refers to the
processing of information. Two studies found increased mean
fixation duration in patients, which may indicate less saccades,
shorter scanning paths (Roux et al., 2014, 2016b). In addition,
Roux et al. (2016b) demonstrated that in patients and in controls
the length of the fixation increases along with the complexity of
the task, which referees an equal increase in cognitive processing
in both groups. In contrast, Patel et al. described more saccades,

shorter fixation duration time in patients with schizophrenia
(Patel et al., 2020).

Looking at Cues of Mentalization

Three of the 5 studies found that patients spent less time looking
at the cues of mentalization (Roux et al., 2014, 2016a; Patel et al.,
2020). One study described that patients looked at intentional
cues as long as controls while watching Firth—Happé animations
(animated triangles interactions) (Roux et al., 2016b). One study
demonstrated that patients have more center looking strategy
during intentional motion perception (used chasing detection
paradigm) (Roux et al., 2015). Patel et al. showed that patients’
eye position was more variable than controls; the average area of
the eye position was larger in patients during watching TASIT
videos (Patel et al., 2020). Patients spent less time viewing action
regions of interest during intentional attribution tasks based
on comic strips (Roux et al, 2016a). On the other hand, the
looking time of the contextual regions was greater in patients
than in controls especially when the processing of social context
required attribution of intention (Roux et al., 2016a). Roux et al.
also demonstrated that looking time of a displaced object was
the same in both groups when participants watched animated
cartoons, but patients with schizophrenia spent less time looking
at the head of the agent, and the decreased sensitivity to goal and
belief attribution was associated with decreased attention to gaze
orientation (Roux et al., 2014).

Face Looking Time

Three studies measured the face looking time of the participants.
All of them found that patients spent less time looking at facial
expressions (Roux et al., 2014, 2016a; Patel et al., 2020). Two of
them (Roux et al., 2014, 2016a) examined the central field of view,
the third one (Patel et al., 2020) described this discrepancy in
peripheral field of view.

Risk of Bias Assessment

The overall risk of bias was low to high in the studies
included. Detailed results of the quality assessment are found in
Supplementary Materials.

DISCUSSION

Our meta-analysis and systematic review show that patients with
schizophrenia have subtle impairments in implicit mentalizing.
The results of the meta-analysis revealed more inaccurate
performance, slower reaction times. The systematic review part
of the analysis indicated different brain activation patterns; and
different visual processing compared to control subjects during
implicit mentalization tasks.

The patients with schizophrenia exhibited a small but
significant impairment in accuracy with negligible statistical
heterogeneity and a medium effect size. Decreasing heterogeneity
during leave one out analysis may result from differences between
the paradigms used in the studies, which may indicate the
importance of the mentalizing tasks. The results suggest a subtle
deficit compared to explicit mentalizing, which was found to be
highly significantly impaired (Sprong et al., 2007; Bora et al,
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2009). It is important to point out that the accuracy probably may
not directly reflect the implicit mentalization, since it is measured
indirectly and appropriateness of present paradigms for detecting
implicit mentalizing is still under debate (e.g., Heyes, 2014;
Santiesteban et al., 2014; Phillips et al., 2015; Kulke et al., 2019).

In contrast to accuracy, reaction time may reflect implicit
mentalizing more closely (Kovics et al., 2010; Edwards and
Low, 2017). Our meta-analysis revealed a significantly slower
reaction time among patients with schizophrenia with a large
effect size. It also suggests that implicit mentalizing is affected
in patients with schizophrenia. However, it may also mean that
a less efficient processing speed is responsible for the lower
performance in implicit mentalizing tasks. Some of the studies
found intact mentalizing but delay in intention attribution due
to a slowdown in context processing (Roux et al., 2016a,b). It is
also essential to highlight that moderate heterogeneity was found,
which may result from the markedly different paradigms, and the
differences in the difficulties of the tasks. For this outcome, the
effect size is high, which highlights its practical significance, but
the certainty for outcome assessments is very low. It is important
to note that two of the four studies were perspective taking
studies. Some research assumed that perspective-taking tasks do
not examine implicit mentalizing but are determined by domain-
general processes (Santiesteban et al.,, 2014; Cole et al., 2016),
whereas other studies confirmed that these tasks are driven by
implicit mentalization (Samson et al., 2010; Ferguson et al., 2015;
Gardner et al., 2018).

Concerning functional imaging, differences in activation
patterns during implicit mentalization tasks were found. Patients
with schizophrenia recruited several temporal regions (e.g., STG,
TPJ, STS), however they showed lower activity in these areas
compared to controls (Das et al., 2012; Okruszek et al., 2017).
It may indicate a less effective processing of social situations.
These regions have an important role in detecting intentionality
from biological salient cues (Sugranyes et al., 2011; Frith and
Frith, 2012; Ciaramidaro et al., 2014), and they were found
to be active during implicit and during explicit mentalizing
(Molenberghs et al., 2016). One study (Das et al., 2012) found
reduced activation in the right TPJ, but not in the left TPJ in
patients with schizophrenia. TPJ is active both in implicit and
explicit processing (Molenberghs et al., 2016). The observed
pattern (Das et al., 2012) is the opposite that has been found
recently in healthy people, when stronger activation was detected
in the right TP] compared to the activity on the left side
(Boccadoro et al.,, 2019). However, the activation of temporal
regions and TPJ in patients with schizophrenia may point to
the process of appreciating the communicative nature of the
interaction being relatively unaffected, although it may rely
on a slightly different brain network activity. On the other
hand, controls activated several occipital and occipitotemporal
regions which may suggest a less efficient computation of
spontaneous visual perspective taking (Kronbichler et al., 2019).
Some further common areas of explicit and implicit processing
(Molenberghs et al., 2016), such as bilateral IFG (Das et al.,
2012) and the cingulate gyrus (Eack et al., 2013) was found
under-activated in subjects with schizophrenia relative to healthy
controls. Furthermore, reduced activation of the OFC, which

is thought to be an important part of the implicit mentalizing
network (Molenberghs et al., 2016), was also reported in patients
compared to controls (Eack et al., 2013). Overall, these results
suggest that patients with schizophrenia are likely to detect
communicative intentions, but they may activate a different,
and possibly less integrated neural network during implicit
mentalizing. As the connectivity analyses (Eack et al., 2013;
Okruszek et al., 2017) revealed there are important differences
in network connectivity in patients with schizophrenia. The
decreased connectivity of the concerned areas (posterior STS,
medial pre-frontal, and medial-temporal regions) possibly has a
role in the less efficient implicit mentalizing. It may correspond
to recent reports that found an alteration in the integrity of the
neuronal network that is responsible for the processing of low-
level pre-reflective intention detection, and also a diminished
between-network connectivity of the low-level (implicit) and
higher-level (explicit) mentalizing networks (Choe et al., 2018).

The qualitative synthesis revealed some further characteristics
of implicit mentalizing in schizophrenia. Patients with
schizophrenia showed subtle deficits in visual processing,
which is not surprising since studies of implicit mentalizing
have predominantly used visual paradigms. It seems a relatively
consistent result that visual scanning is inadequate and slower
in patients than in controls (Roux et al, 2015; Patel et al.,
2020). Patients tend to focus more on contextual cues instead of
processing socially relevant cues (Roux et al., 2014). In addition,
patients fixate less on the head region (Roux et al., 2014, 2016a),
especially when the face is in the peripheral field of view. They
tend to bring faces less frequently into the central field of view
for processing facial expressions (Patel et al., 2020). According
to these results, patients with schizophrenia seem to focus less
on socially relevant cues, especially on human faces, although
face processing has a central role in detecting mental states (Itier
and Batty, 2009). It is also important that interfering stimuli can
significantly impair processing (e.g., stimulus overload) (Roux
etal., 2016b). These results on visual processing and mentalizing
seem to correspond with a recent meta-analysis, which found
that mentalizing is linked to several neurocognitive deficits in
schizophrenia, and that the type of the task used is a significant
moderator in these relationships (Thibaudeau et al., 2020). This
in turn also suggests that the complexity of the social situation
and the deficient neurocognitive abilities may limit the efficiency
of implicit mentalizing.

Our systematic review and meta-analysis have several
limitations. The main limitation is the low number of eligible
studies. However, we should mention that according to the
Cochrane Handbook for Systematic Reviews a meta-analysis is
the statistical combination of results from two or more separate
studies (Higgins and Green, 2011). In addition, as claimed by
Valentine et al. at least two studies are sufficient for a meta-
analysis, because it is still the most transparent and valid way of
synthesizing research data (Valentine et al., 2010). Based on this
approach, we thought that the significance of the topic deserves a
summary of the available data. We also found 8 studies via other
methods than systematic search (e.g., checking the references of
the selected articles), which is a significant limitation. Several
search keys were tried, but the number of eligible records
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found did not differ significantly. This was probably due to
the lack of or inconsistent use of terms “implicit,” “explicit,”
or “spontaneous” in publications that may have distorted the
selection results. It is also important to mention that several
different terms are used for mentalizing as well (Theory of Mind,
mentalization, perspective taking, intentionality, mindreading,
etc.) Unfortunately, a few studies were excluded (and included
in the systematic part) because they did not provide sufficient
data for meta-analysis. We contacted the authors, but not all
missing data were received. Another limitation is that some
studies have examined schizoaffective patients in addition to
schizophrenic patients, which may also raise the bias. However,
schizoaffective disorder is regularly included in schizophrenia
studies as a schizophrenia-spectrum disorder.

It is important to highlight that other factors could also
influence the results, but unfortunately, due to the small
number of studies, we could not perform meta-regression [which
requires at least 10 studies (Higgins and Green, 2011)], to
assess the effect of moderator variables (e.g., symptom severity,
general intelligence, age, education, gender ratio, duration of
illness, etc.).

Another important limitation is the moderate heterogeneity
due to different methods (different stimuli were used, different
questions were asked) used to measure implicit mentalizing.
Further limitations are that the studies involved have a small
number of cases and most of the patients were taking medication
at the time of the studies.

In conclusion, our results do not allow a firm conclusion at
this moment. The substantial heterogeneity of the paradigms
used in a small number of studies limit the generalizability
of the results. Overall, in addition to the deficit of explicit
mentalizing, implicit mentalizing performance is also affected
in schizophrenia, if not to the same extent. It seems likely
that some elements of implicit mentalizing might be relatively
unaffected (e.g., detection of intentionality (Roux et al., 2016b;
Okruszek et al., 2018), but the effectiveness may be limited by
certain neurocognitive deficits. However, it would be important
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