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Schizophrenia is a complex neuropsychiatric disorder with variable symptomatology,
traditionally divided into positive and negative symptoms, and cognitive deficits. However,
the etiology of this disorder has yet to be fully understood. Recent findings suggest
that alteration of the basic sense of self-awareness may be an essential distortion of
schizophrenia spectrum disorders. In addition, extensive research of social and mentalizing
abilities has stressed the role of distortion of social skills in schizophrenia. This article aims
to propose and support a concept of a triple brain network model of the dysfunctional
switching between default mode and central executive network (CEN) related to the
aberrant activity of the salience network. This model could represent a unitary mechanism
of a wide array of symptom domains present in schizophrenia including the deficit of self
(self-awareness and self-representation) and theory of mind (ToM) dysfunctions along with
the traditional positive, negative and cognitive domains. We review previous studies which
document the dysfunctions of self and ToM in schizophrenia together with neuroimaging
data that support the triple brain network model as a common neuronal substrate of this
dysfunction.
Keywords: schizophrenia, self, theory of mind, forward model, default mode network, salience network, central
executive network

INTRODUCTION: PHENOMENOLOGICAL DOMAINS OF
SCHIZOPHRENIA
Schizophrenia is a severe neuropsychiatric disorder with complex
manifestations expressed in a wide variety of symptoms traditionally divided into positive and negative symptoms, and cognitive
deficits (Crow, 1985; Andreasen, 1999; Sass and Parnas, 2003).
Positive symptoms refer to phenomena exceeding normal mental
functions, such as conceptual disorganization, abnormal thought
contents and hallucinations. Negative symptoms are characterized by a decline in normal functioning, flattened emotions,
decrease of social behavior and anhedonia. Cognition is affected
in several domains such as attention/vigilance, psychomotor
speed, cognitive coordination, visual and verbal learning and
memory, working memory, executive functions and social cognition (Green et al., 2004). However, the common etiology of these
disparate symptoms remains elusive.
Recent phenomenological research indicates that disturbance
of the basic sense of self-awareness (core self) may be a core
phenotypic marker of schizophrenia spectrum disorders (Nelson
et al., 2013, 2014). Self-awareness is an essential component
of more complex self-referential systems (self-representation).
The term “self ” refers traditionally to the human phenomenon
of one’s own experience including perceptions, thoughts, and
emotions (Vogeley and Fink, 2003). This intrinsic representation
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(or meta-representation) of mental states as one’s own mental states is paralleled by the representation of others, again
in terms of cognitive content (perceptions and thoughts) and
emotions (Vogeley et al., 2001). These cognitive and emotional
representations of others are linked to two domains of social
cognition, cognitively targeted “theory of mind” (ToM) and
empathy. To capture more clearly the dynamic features of a
complex self-concept, a two dimensional model of a human
mind’s representation could be delineated. The first dimension
of this model refers to the self-other distinction, and the second
represents the cognitive and emotional distinction (Figure 1).
In this context, we use the term “cognitive” for all processes
related to monitoring the perceptions, thoughts, planning and
action performance of ourselves or others. The term “emotional”
refers to the monitoring of motivational, positive and negative
(aversive) hedonic values automatically assigned to a current
situation or mental content. This model groups together four
domains (self, ToM, empathy and hedonic evaluation) with
one common denominator: meta-representation of the mind
(Figure 1).
Interestingly, all of these four categories have been identified
as dysfunctional in schizophrenia and represent an alternative
approach to schizophrenia phenomenology. It is tentative to
speculate that a common denominator could be a candidate
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we provide support for the assumption that the disruption in the
orchestration of the triple network may underlie other prominent
domains of schizophrenia phenomonology as well.

FIGURE 1 | Model of a human mind’s representation
(inwards/outwards). The horizontal axis refers to “cognitive” dimension,
whereas the vertical axis refers to “emotional” dimension with stronger
motivational accent. We assume that these two axes can create a mental
representation of human mind, that can be focused outwards or inwards,
forming four domains: self, ToM, empathy and hedonic evaluation.

for a unified neurobiological mechanism underlying the wide
range of schizophrenia symptom manifestations. As we show
further in this paper, recent advances in neuroimaging have
proven that the array of bizarre perceptual experiences inherent to schizophrenia, i.e., pathological beliefs and cognitive
deficits are part of the same core abnormality—prominent
disturbance in the orchestration of large-scale brain networks
that are conversely related to social cognition and emotional
valence evaluation (ToM and empathy) and self-attribution.
In order to explain co-occurrence of disparate symptoms of
schizophrenia, encompassing broad range phenomenological
domains, we have further elaborated the previously postulated
theory of the triple network dysfunctional theory (Menon,
2011).
In this article we focus on the disturbance of the cognitive
capability to represent ourselves/others as an unifying “superdomain” in schizophrenia (Figure 1). The emotional domain will
be elaborated in a separate article. However, it is necessary to stress
that the disturbances of the poles of the emotional axis belong to
emotional flattening, a core negative symptom of schizophrenia
differing in an inward (anhedonia) and outward (poor rapport or
lack of empathy) perspective of reference.
This article aims to propose and advocate a concept of a
common neurobiological substrate for self and ToM and to document its disturbance in schizophrenia. In the first two sections
we review previous studies which refer to the dysfunction of
self and ToM in schizophrenia together with neuroimaging data
elucidating the neuronal substrate of this dysfunction. Secondly,
we propose a triple network dysfunction as a candidate mechanism for the deficit of self-awareness, autobiographical self and
ToM dysfunctions. Then, from this neurobiological perspective,
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SELF: SELF-MONITORING AND SELF-DISTURBANCE
In general, self is defined as an essential human phenomenon—
an intrinsic meta-representation of bodily and mental states (perceptions, sensations, emotions and thoughts) that are experienced
as one’s own (Newen and Vogeley, 2003). Literature offers various concepts of self, suggesting a plurality of this phenomenon.
Gallagher (2013) proposed a “pattern theory of self ”, an approach
allowing different aspects of self to coexist in parallel, in a “pattern”, not exclusively. We use the term “self ” as a denomination
of the phenomenon itself. It is the most general term, linking and
including all other aspects of self.
For the purpose of this article we recognize self-awareness,
called “minimal” or “core self ” (also called “ipseity” from Latin
word ipse for “self ” or “itself ”), which refers to the fundamental
sense of self-presence, to the “center of existence as an independent self-aware being”, to the ability to separate oneself from
others and to take a first person perspective (Sass and Parnas,
2003; Vogeley and Fink, 2003). Such perception of oneself as
an active agent of one’s own action is a central part of selfconsciousness (David et al., 2008).
In contrast, we use term “autobiographical self ” (Damasio,
1999) for a more complex phenomenon, based on autobiographical memory and on anticipation of a future, developing and
maturing gradually throughout a lifetime. It also underlies representations of one’s own mental states, a process parallel to the
representation of the mental states of others (ToM). Newen and
Vogeley (2003) propose five different levels of complexity of selfconsciousness and emphasize the involvement of the minimal self
in each of them. Accordingly, we consider self-awareness (minimal self) to be an intrinsic and essential component (prerequisite)
of autobiographical self, allowing the first-person perspective to
be taken in the representational processes.
The self-disorder or so-called ipseity-disturbance or egodisturbance is hypothesized to be a core impairment in
schizophrenia (Sass and Parnas, 2003; Sass, 2014). Self-awareness
disturbances (passivity phenomena), one of the hallmarks of
schizophrenia, are accompanied by a feeling of loss of one’s own
control and of being controlled by an external agent. This is common in patients suffering from false perception (hallucinations)
or from false beliefs (delusions).
Nevertheless, it has been suggested that a deficit in selfmonitoring could underlie abnormal perceptions and beliefs
behind other positive symptoms in schizophrenia, beyond the
scope of Schneider’s symptoms (Fletcher and Frith, 2009). Recent
evidence at a meta-analytical level has shown that a deficit in
self-monitoring is associated with auditory hallucinations per se
(Waters et al., 2012). Congruently, the impairment in the sense of
agency is present in schizophrenia patients even without first-rank
symptoms (Franck et al., 2001). Anomalous self-related experiences frequently precede the onset of psychosis by many years
(Schultze-Lutter, 2009). In addition, self-monitoring deficit is
detectable also in unaffected siblings of patients with schizophrenia (Hommes et al., 2012). Those findings indicate that the

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 2

Nekovarova et al.

Brain networks dysfunction underlying schizophrenia

deficit in this domain would belong to the endophenotype of
schizophrenia.
It has previously been proposed that self-disturbance
phenomena—delusions of alien control and thought insertion—
can be caused by a distraction of the so called “forward model”
(Frith et al., 2000; Frith, 2005; Leube et al., 2008). The forward
circuit is a mechanism that allows us to distinguish between
our own actions and actions initiated by an external source.
The concept has been initially documented in motor-system
control, in which two complementary elements were identified.
The inverse model (“controller”) provides motor commands
to perform a sequence of actions determined by an intended
goal. The forward model (“predictor”) allows us to represent
predicted consequences of actions. It creates an “efference copy”
processed in parallel with the motor action (Wolpert and Kawato,
1998; Blakemore et al., 2000; Frith et al., 2000; Leube et al.,
2008). In healthy subjects, self-monitoring could be based on
a comparatory system computing the deviation between the
predicted and the perceived consequences of both physical and
mental actions. If there is no deviation between predicted and
perceived, the action is experienced as self-initiated. Patients
with self-awareness-disturbances have problems to correctly
comparing predicted and perceived consequences and therefore
they misidentify their own acts as external intervention (Leube
et al., 2008).
Several brain regions have been assigned a role in this
automatic self-referencing mechanism. Functional brain imaging
studies confirmed that self-related processing may be specifically
mediated by cortical midline structures (CMS) and insula. Several
meta-analyses have demonstrated a predominant involvement of
the anterior and posterior CMS (anterior and posterior cingulate,
precuneus, the hubs of the default mode network (DMN)) in
the processing of self-specific stimuli that occur across various
functional domains in healthy subjects (Vogeley et al., 2001;
Northoff et al., 2006; van der Meer et al., 2010; Qin and Northoff,
2011; Murray et al., 2012).
Although neuroimaging data of self-processing in schizophrenia are sparse, Farrer et al. (2004) demonstrated clear functional differences between schizophrenia patients with positive
symptoms and healthy subjects in the action-attribution test.
In this task the level of the subject’s control of a virtual hand
on a computer screen could be modulated by the experimenter.
Positron emission tomography showed that the activity of the
insular cortex along with right angular gyrus in healthy subjects
correlated with the individual’s control of a movement of the
virtual hand. In contrast, schizophrenia patients did not show
such a pattern of activity (Farrer et al., 2004).
In addition to forward system theory, some authors proposed
an alternative explanation of the self-disturbance in schizophrenia. Three complementary aspects that manifest differently in
the disease have been suggested (Sass and Parnas, 2003; Sass,
2014): (a) “Hyper-reflexivity” relates to an exaggerated form
of self-consciousness. The subject can project some aspects
of self-awareness onto external objects. (b) “Diminished selfaffection” in the sense of a decreased experience of existing as
an independent subject of awareness. This could be a source
of disruption of the first-person perspective in some cases of
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schizophrenia disorder. (c) “Disturbed hold of the world” refers
to the “disturbance of the spatiotemporal pattern of the world”.
This disturbance could affect the organization and structure
of the field of awareness and a discrepancy between the perceived, remembered and imagined (Sass and Parnas, 2003; Sass,
2014).
Sass and Parnas (2003) assume that the sense of self is a
deeply implicit phenomenon of the human mind and that there
is no need for a “separate channel of self-monitoring or a second
self-directed act of reflection”, as was proposed by Frith (1992).
Therefore, explicitly focused attention on an implicit experience
could paradoxically lead to a sense of “alienation” that is often
present in schizophrenia.

THEORY OF MIND
Humans have adopted the strategy to represent, anticipate and
think about the mental states of others. This ability, referred to
as the ToM or mentalizing, allows us to attribute and model
the mental states (perceptions, motivations, knowledge, beliefs,
emotions) of others and to predict their behavior. The term
“theory of mind” was first introduced by Premack and Woodruff
(1978). Initially, this term comprised the representation of the
mental states of both ourselves and others. However, there is
still an on-going and widespread discussion about the relation
between self, a meta-representation of our own mental states
(Vogeley et al., 2001), and ToM; and to what extent self is involved
in the modeling of the mental states of others and vice versa
(Brüne and Brüne-Cohrs, 2006).
Despite the variability in studies of ToM related neuronal
activation and its abnormalities in schizophrenia, the most frequently replicated findings of these studies involve regions of the
prefrontal area, the temporo-parietal junction and the middle
brain structures (for review see Bosia et al., 2012).
In addition, Vogeley et al. (2001) demonstrated that ToM
(representation of other’s mental states) and SELF (representation
of one’s own mental states, a process parallel to ToM) capacities
rely on both different and common neuronal mechanisms. While
the ToM capacity predominantly activates mPFC along with the
anterior cingulate cortex (ACC), the SELF capacity particularly
activates the precuneus, bilaterally. In addition, an area within the
right prefrontal cortex is particularly activated during conditions
when an integration of ToM and SELF is demanded. Although
ToM and SELF tasks also partly activate different brain regions,
common brain areas are involved in both tasks.
It was demonstrated that the CMS including the medial prefrontal cortex (mPFC) and ACC are mainly activated in both
processes, i.e., during self-referential processing (evaluation of
one’s personality traits) as well as during third-person perspective taking or meta-cognitive representations (“thinking about
thinking”) (Amodio and Frith, 2006; D’Argembeau et al., 2007).
Interestingly, the degree to which the rostral part of mPFC was
activated while processing others’ personality traits correlated
with the degree of similarity perceived between one’s own and
others’ characteristics (Benoit et al., 2010). Mars et al. demonstrated in their meta-analysis that the brain regions involved in
higher-order social tasks overlapped partly with the DMN, which
is connected with self-referential processes.
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These findings support the concept that self-referential (selfreflection) processes are employed also while thinking about other
persons, where own person is used as a model for the evaluation of
others. Mitchell et al. (2005) suggest that self-reflection is used to
infer the mental states of others when they are sufficiently similar
to one’s own. This “social loop” is closed with the second level
of self-referencing, when thinking about our reputation, which
requires us to produce a representation of attributes that others
apply to us (Amodio and Frith, 2006).
Essentially, regardless of the mechanism involved, available
evidence suggests the importance of self-awareness processes in
the representation of one’s own mind (self) as well as in the representation of the minds of others (ToM). This concept parallels the
fact that self-awareness, as a main component of self and also selfrecognition (Irani et al., 2006), together with ToM are comparably
affected in schizophrenia (horizontal axis of Figure 1).
ToM abnormalities were monitored in schizophrenia over
the last few decades based on the difficulties in evaluating the
mental states of others involved in the communication process,
observed in some schizophrenia patients. Today, nobody argues
the presence of the mentalizing deficit in schizophrenia, which
was confirmed using various methodological approaches that can
be divided into three categories: (a) verbal paradigms—indirect
speech utterances (Corcoran et al., 1995), verbal jokes (Corcoran
et al., 1997) and storytelling tasks involving false beliefs or deception (Andreasen et al., 2008); (b) nonverbal paradigms—comics
strips or cartoon tasks (Sarfati et al., 1997), Mind in the Eyes test
(Irani et al., 2006; Pentaraki et al., 2012) and false-belief picture
sequencing task (Langdon and Coltheart, 1999; Brüne, 2003); or
(c) combined methods—movies with actors for the assessment of
social cognition (Montag et al., 2011), moving shapes paradigm,
where the visual observations of actions are described verbally
(Koelkebeck et al., 2010; Das et al., 2012; Pedersen et al., 2012) or
verbal ToM stories presented simultaneously with cartoons that
display the action occurring in the stories (Mazza et al., 2001).
Nevertheless, apparent variability in the applied methods has
led to high heterogeneity in the obtained findings, making the
investigation of the complex ToM deficit very problematic. The
large degree of heterogeneity of ToM findings could be explained
by the state variables and task differences, as was shown in
a meta-analysis (Bora and Pantelis, 2013). In addition, it was
demonstrated that the ToM deficit is not uniform in individual
patients and is distributed varyingly among different components
of ToM (Bosco et al., 2009). This opens the question of possible
associations between the ToM impairment and psychopathology
and/or cognitive functioning in schizophrenia. Nevertheless, the
persistence of the ToM deficits in remitted patients (even less
pronounced than in non-remitted ones) suggests that there are
traits related to mentalizing impairments in schizophrenia as well
as some potential effects of residual symptoms (Bora and Pantelis,
2013).
Several studies reported symptom specific ToM deficits by
dividing the symptomatology into three subgroups according
to the triadic domains model of schizophrenia (psychomotor poverty/negative symptoms, disorganization and reality
distortion symptoms) (e.g., Mazza et al., 2001). Most studies
observed a more prominent ToM deficit in patients with severe
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negative symptomatology or disorganization of thought and
speech (Sarfati et al., 1997; Sarfati and Hardy-Bayle, 1999; Mazza
et al., 2001). It was also demonstrated that some reality distortions, especially persecutory delusions, could be related to the
ToM deficit (Corcoran et al., 1995; Mazza et al., 2001; Pousa et al.,
2008). A current study showed that while negative symptoms are
associated with a lack of mentalizing, positive symptoms such
as delusions were associated with another type of error, overmentalizing (Montag et al., 2011). Importantly, patients without
symptoms present at the time of testing showed normal ToM
performance levels (Corcoran et al., 1997).
Interestingly, some studies focusing on schizotypal traits in
clinical and non-clinical populations found the ToM deficit
in a healthy population with higher schizotypy (Langdon and
Coltheart, 1999). In addition, high levels of schizotypal traits
(such as social anxiety, constricted affect and no close friends)
have been shown to be important for the ToM performance in
schizophrenia patients (Irani et al., 2007) which is more prominent than in their first-degree relatives (Irani et al., 2006).
Since mentalizing abilities demand some level of intact
cognitive processes, several studies are focused on clarification of the relationship between the ToM deficit and a deficit
in cognitive functioning present in schizophrenia. The poor
ToM performance was demonstrated to be strongly associated
with Intelligence Quotient (IQ) and measured cognitive performance, especially executive abilities (Abdel-Hamid et al.,
2009) or working memory load (Brüne, 2003). However,
importantly, some studies controlled for cognitive performance
and IQ levels showed that the ToM deficit cannot be completely explained by the impairment of cognitive functioning in schizophrenia itself (Brüne, 2003; Bozikas et al., 2011;
Montag et al., 2011; Pentaraki et al., 2012). A systematic
review of the relationship between ToM and executive functions confirms the idea that the impairments in ToM and
executive functions are independent of one another (Pickup,
2008).

TRIPLE NETWORK DYSFUNCTION: A CORE OF
SCHIZOPHRENIA?
Over the past few years the focus of neuroimaging research
has shifted from the localization of task-related neural activity
towards functional connectivity within and between organized
cerebral networks. A wealth of data based on temporal coupling
of fMRI responses during rest and context/stimulus-dependent
activations has identified a triple large-scale brain network model
consisting of the default mode network (DMN), salience network (SN) and central executive network (CEN; Menon, 2011;
Figure 2). It is widely accepted that coordination of these networks plays a key regulatory role in organizing neural responses
underlying fundamental brain functions.
The DMN shows decreased activation during cognitive
task performance relative to resting-state or internally focused
tasks and is implicated in self-referential internal mentation
(Andrews-Hanna, 2012). Its subsystems include CMS, i.e.,
mPFC, posterior cingulate cortex and adjacent ventral precuneus, along with the medial, lateral and inferior parietal
cortex and a part of the medial temporal lobe. The second
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FIGURE 2 | Schematic figure of the triple network model consisting of
the default mode network (DMN), salience network (SN) and central
executive network (CEN). According to this model, the anterior insula
(belonging to the salience network) activates the CEN and deactivates the
DMN in response to the salient stimuli. Legend: ACC: anterior cingulated

network—CEN—engaged in externally oriented attention during
demanding cognitive tasks, includes primarily the dorsolateral
prefrontal cortex (DLPFC), and posterior parietal cortex (PPC;
Menon and Uddin, 2010). In general, cognitive states that activate the DMN typically deactivate the CEN and a vice versa.
The last large-scale SN, composed of the anterior cingulate and
the anterior insula, mediates selection of salient external and
interoceptive signals (Sridharan et al., 2008; Menon and Uddin,
2010).
Accumulating evidence from neuroimaging studies in healthy
individuals indicates that SN causally influences anticorrelated
activation of DMN and CEN. The existing evidence supports a
general role for the SN in switching between these two networks
upon salient stimuli mediated by midbrain dopaminergic input
(Menon and Uddin, 2010). The aberrant orchestration within
the triple network model has been suggested as a backbone for
some clinical and cognitive features of various psychiatric and
neurological disorders (Menon, 2011).
In this section, we examine how large-scale brain networks provide integrative albeit rather mechanistic models of
schizophrenia psychopathology, traditionally clustered into positive, negative and cognitive domains. Furthermore, we emphasize a great deal of evidence accumulated over the last decade
suggesting that insula/ACC i.e., SN dysfunction is a unified cause
of brain-network disturbances observed in schizophrenia. Finally,
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cortex, DPLFC: dorsolateral prefrontal cortex, PPC: posterior parietal
cortex, mPFC: medial prefrontal cortex, PPC: posterior cingulate cortex,
INS: anterior insula. Adapted from Menon and Uddin (2010); Sridharan
et al. (2008), the images of networks derived from our in house resting
fMRI sample, n = 20.

we propose that deficits in coordination of these neurocognitive networks in schizophrenia may underlie a disruption in
self-related functions that causes and also antecedes a disparate
assortment of signs and symptoms encompassing such distant
phenomena as first rank symptoms and impaired social cognition.
As a starting point, we take into consideration numerous
resting-state and stimulus-evoked fMRI measurements in patients
with schizophrenia compared to healthy controls that repeatedly
showed aberrant functional connectivity within and between
DMN, SN and CEN (White et al., 2010; Camchong et al., 2011;
Kasparek et al., 2013; Moran et al., 2013; Orliac et al., 2013;
Palaniyappan et al., 2013; Guo et al., 2014a; Manoliu et al., 2014).
Those results converge on the conclusion that SN dysfunction may be causative to triple network dysfunction inherent to
the illness (Palaniyappan et al., 2012b). Indeed, based on nonpsychiatric lesion studies, it was clearly shown that structural SN
integrity plays a crucial role in the fine-tuned orchestration of
the other two major brain networks (Zhou et al., 2010; Bonnelle et al., 2012). This gains particular importance considering
concentration of the most often reproduced structural deviations
in schizophrenia in regions of insula and ACC, which represent
key hubs of SN. A prominent gray matter reduction within
these structures has been consistently and robustly reported in
the meta-analyses of morphometric MRI studies (Glahn et al.,
2008; Ellison-Wright and Bullmore, 2010; Bora et al., 2011;
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Shepherd et al., 2012). ACC and insula gray matter volume
reduction precede the occurrence of the first psychotic symptoms
and thus represent candidates for trait symptoms of the disease.
A transition to psychosis and further chronicity is associated with
additional morphological changes in the adjacent regions of the
mediofrontal cortex and the temporal lobe. (Chan et al., 2011).
Further, an impaired anti-correlated relationship between
task-positive CEN and task-negative DMN due to SN malfunction may be phenotypically expressed as major symptoms of
schizophrenia. Firstly, the existing data provide an explanation of
a fundamental representation of positive symptoms: auditory verbal hallucinations (AVH). Data obtained from a resting state fMRI
in schizophrenia patients suggest aberrant functional connectivity
between the DMN and CEN as a denominator of AVH severity (Manoliu et al., 2014). Additionally, one recent fMRI study
showed aberrant down-regulation of the DMN during a resting
state that was concomitant with spontaneous hallucinations in
schizophrenia, whereas overall spatial and temporal instabilities of
the DMN correlated with the severity of hallucinatory experience
(Jardri et al., 2013). This is of particular importance, since, as
noted above, a large number of studies using both resting-state
and task-related fMRI studies in healthy human subjects implicate
the main hubs of DMN as being key structures for “self ” as
opposed to “other” discrimination (van der Meer et al., 2010; Qin
and Northoff, 2011).
Therefore, keeping in line with this, the phasic hallucinations
may emerge from a spontaneous switching off of the dysregulated and unstable DMN, secondary to SN dysfunction (Northoff
and Qin, 2011). This may result in a malfunction of this selfattributional tagging system with a consequent misattribution of
internal mental states to an external source. Along a somewhat
different line, both structural and functional changes within the
SN key node, the insular region, correlate with the occurrence
of AVH in schizophrenia (Jardri et al., 2011; Palaniyappan et al.,
2012a) and positive symptoms in general (Moran et al., 2014).
Correspondingly, a putative consequence of SN dysfunction,
i.e., instability of DMN hub, correlates with overall positive symptom severity in schizophrenic patients (Rotarska-Jagiela et al.,
2010). Correlation between illness duration, positive and negative
symptom severity and an altered DMN cortical midline system
has been further confirmed by combined resting-state fMRI and
voxel-based morphometry (Guo et al., 2014b).
That is to say that a precise interlink between a triple network
dysfunction and occurrence of positive symptoms, namely those
beyond boundaries of first-rank symptoms, remains unclear.
However, preliminary evidence suggests that the theoretical
account presented herein may be complementary with the previously postulated alteration of the dopamine-dependent process of
salience attribution in a psychotic state (Howes and Kapur, 2009).
Dopamine-mediated salience dysfunction hypothesis in a
psychotic state has been suggested as an underlying cause for
highly prevalent non-ego-disorder delusions, such as persecutory delusions and delusions of reference, whereas the theory
appears at first sight less applicable to ego-disturbances inherent to first-rank symptoms in schizophrenia. Nevertheless, those
disparate delusional phenomena may share the same mechanism.
In a fMRI study, heightened self-relevance to ambiguous stimuli
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in patients with schizophrenia with delusions of reference
compared to controls was associated with an increased bloodoxygen-level dependent (BOLD) contrast imaging response in
DMN hubs as well as insula (SN) and midbrain dopaminergic
regions (Menon et al., 2011). This finding suggests a direct
link between dopamine-dependent aberrant salience and recruitment of main DMN cortical midline regions in heightened selfrelevance that is thought to underlie delusions of reference.
On top of that, the activity in insula and ventral striatum
correlated with the strength of this particular type of delusions
in patients.
It is tempting to conclude that following a continuum model
approach, the same neural dysregulation within large scale brain
networks may, on the one hand, underlie the sensation of delusions of reference and, on the other hand, lead—on its extreme
end delusional alienation—to mental processes resulting in first
rank symptoms of schizophrenia. This assumption is in accordance with the recent shift from a categorical to a dimensional
concept of schizophrenia. It is in a general agreement with a
factor analysis carried out in a large cohort of psychotic patients
(Peralta and Cuesta, 2005). Based on this study, schizophrenia
may be viewed as the “end-stage” disease or the extreme pole of
the psychotic continuum. This and other evidence underline a
dimensional construct of schizophrenia and support the continuum hypothesis of the psychotic illness.
Although the triple network theory provides a conceptual
framework for an integrative psychophysiological approach for
the study of a wide scope of positive symptoms, in the time being
it is unable to provide significant additional explanatory power
to the broadest context of schizophrenia-related variables, e.g.,
formal thought disorder, disorganized or catatonic behavior. On
the other hand it is capable of providing a theoretical ground for
a cognitive dimension of schizophrenia (Elvevåg and Goldberg,
2000).
It has been suggested that a lack of optimal DMN suppression during cognitive task engagement may be a source of the
general cognitive impairment (Anticevic et al., 2012). In previous
literature it has been proven that in healthy controls the magnitude of task-induced deactivation within the DMN positively
correlates with cognitive performance (McKiernan et al., 2003;
Li et al., 2007). In schizophrenia, reduced suppression of the
DMN during various cognitive tasks represents a constant finding
(Meyer-Lindenberg et al., 2005; Garrity et al., 2007; Harrison
et al., 2007; Pomarol-Clotet et al., 2008; Whitfield-Gabrieli et al.,
2009; Nygård et al., 2012; Anticevic et al., 2013; Fryer et al.,
2013). Therefore, a breakdown in coordinated suppression of
DMN activity may impair the overall performance across various
cognitive domains in schizophrenia.
In line with the proposed role of SN structures in pathophysiological processes related to cognitive dysfunction in schizophrenia, there is a direct interlink between morphology of insula and
inferior frontal gyrus (IFG) and a dysfunctional pattern of CEN
activation and DMN deactivation during working memory in
patients (Pujol et al., 2013). This is also in accordance with our
findings (Horacek et al., 2005) which suggest that the medial
forebrain pathways and cingulum bundle underlie the activity of
cortical structures required for Stroop test processing.

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 6

Nekovarova et al.

Brain networks dysfunction underlying schizophrenia

Thirdly, deficits in social cognition (including ToM abilities)
have been well documented in schizophrenia using a wide variety
of tasks. Numerous studies suggested that brain areas associated
with the DMN, namely mPFC, are involved in this cognitive faculty that includes also ToM (Amodio and Frith, 2006; Schilbach
et al., 2006). This has been recently confirmed by an extensive
study that compared resting-state networks in healthy participants with brain areas showing consistent co-activation during
various task-based neuroimaging experiments archived in the
BrainMap database. The DMN was heavily tasked exclusively with
ToM and social cognition tasks (Laird et al., 2011). Concurrently,
the reverse approach has been applied in additional meta-analyses
of fMRI studies using the BrainMap database and likelihood
estimations of functional brain activity associated with either rest
or social cognition. Again, it has been shown that there is an
overlap between the “social brain network” activated during ToM
tasks and the DMN, both at the network level and at the level of
individual brain regions (Mars et al., 2012).
Further direct evidence of the crucial involvement of DMN
in theory of mind comes from a review performing a quantitative meta-analysis of neuroimaging studies of ToM, using the
activation-likelihood estimation (ALE) approach (Mars, 2011).
Fourthly, an aberrant synchronization of large-scale networks
may underlie even a negative symptom dimension. Both functional connectivity within and between distinct subsystems of the
DMN, SN and CEN were calculated and correlated in a restingstate fMRI study. Internal functional connectivity between the
SN and CEN correlated with the severity of negative symptoms
in patients with schizophrenia (Bosia et al., 2012; Manoliu et al.,
2013).
To sum up, meta-analyses targeting consistent activations
across studies exploring the neural correlates of self (selfawareness and self-representation) and social cognition, namely
ToM revealed shared activations within CMS. This finding parallels the simulation theory of social cognition based on the
assumption that the same neural networks support thinking
about self and other people.
Additionally, a recent large meta-analysis aimed at the identification of brain regions, which consistently show activations
during social cognition, emotional processing and resting state
showed a close convergence within CMS as well (Schilbach et al.,
2012).
This study provides robust evidence for a shared neural
network consisting of mPFC and precuneus that underlies activations during various emotional and social cognition tasks
along with deactivations across different types of experimental
paradigms. Identification of a common neural denominator of
those seemingly disparate faculties brings some support to the
above-mentioned two dimensional model of a human mind’s
representation.
In cognitive terms a commonality may exist between all three
types of states, which could be termed “introspective processing”.
This specific mental faculty may represent a prerequisite for the
processing either of one’s own or other people’s states on both a
cognitive and an emotional level.
In schizophrenia, dynamic dysregulation of the CMS, which
is considered the strongest part of the DMN, may substantially
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impair translation of cognitive processes from an internal to
an external focus. This might explain schizophrenia symptoms
related to defective self-monitoring, such as AVH or other
ego-disturbances represented by thought insertion or thought
withdrawal.
Nevertheless, an out of control increase in DMN activity
or a failure of DMN deactivation may underlie a wide array
of other schizophrenia symptoms, including non-ego-disorder
positive symptoms, overall cognitive dysfunction and negative
symptoms. Taken together, available evidence suggests a testable
hypothesis that on the neural level, impaired self-monitoring,
social and affective processing in schizophrenia converge and rely
upon an aberrant recruitment of large scale brain networks. Principal causes may plausibly include impaired regulating machinery
underlying the fine-tuned orchestration of those neural networks.

CONCLUSIONS AND FUTURE DIRECTIONS
This article aims to emphasize the concept of common self
and ToM mechanisms and their disturbances as a marker
of schizophrenia. We recognize the speculative nature of our
hypotheses. Our goal is to provide future directions for neurobiological research in schizophrenia that extend beyond traditionally studied phenomenological dimensions and regional specific
functional deviations. We propose an experimental approach
addressing behavioral and neuronal features in both self and ToM
paradigms in schizophrenia. This perspective provides us a novel
direction to study not only brain and behavioral alternations in
schizophrenia but also mutual relations between self and theory
of mind, e.g., the possible role of the forward system in more
complex processes. This approach reflects cumulating evidence
of a disordered integration of large-scale brain networks as a
critical pathophysiological mechanism underlying heterogeneous
symptomatology in schizophrenia.
AUTHOR CONTRIBUTIONS
The main idea behind this work was courtesy of Filip Spaniel. All
of the authors contributed to the final version of the paper equally
and have approved it.
ACKNOWLEDGMENTS
The study was supported by IGA MZ CR grants No. NT14291,
NT13843 and NT13386, GACR grant P303/12/1464, 14-03627S
and by CSF Project of excellence in the field of neuroscience
(GBP304/12/G069). The institutional support from the Prague
Psychiatric Center by MH CZ—DRO (PCP, 00023752) and from
the Academy of Sciences of the Czech Republic (RVO: 67985823)
covered the salaries and other institutional costs.
REFERENCES
Abdel-Hamid, M., Lehmkamper, C., Sonntag, C., Juckel, G., Daum, I., and Brune,
M. (2009). Theory of mind in schizophrenia: the role of clinical symptomatology and neurocognition in understanding other people’s thoughts and intentions. Psychiatry Res. 165, 19–26. doi: 10.1016/j.psychres.2007.10.021
Amodio, D. M., and Frith, C. D. (2006). Meeting of minds: the medial frontal cortex
and social cognition. Nat. Rev. Neurosci. 7, 268–277. doi: 10.1038/nrn1884
Andreasen, N. C. (1999). A unitary model of schizophrenia: bleuler’s “fragmented phrene” as schizencephaly. Arch. Gen. Psychiatry 56, 781–787. doi: 10.
1001/archpsyc.56.9.781

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 7

Nekovarova et al.

Brain networks dysfunction underlying schizophrenia

Andreasen, N. C., Calarge, C. A., and O’Leary, D. S. (2008). Theory of mind
and schizophrenia: a positron emission tomography study of medication-free
patients. Schizophr. Bull. 34, 708–719. doi: 10.1093/schbul/sbn034
Andrews-Hanna, J. R. (2012). The brain’s default network and its adaptive role in
internal mentation. Neuroscientist 18, 251–270. doi: 10.1177/1073858411403316
Anticevic, A., Cole, M. W., Murray, J. D., Corlett, P. R., Wang, X. J., and Krystal,
J. H. (2012). The role of default network deactivation in cognition and disease.
Trends Cogn. Sci. 16, 584–592. doi: 10.1016/j.tics.2012.10.008
Anticevic, A., Repovs, G., and Barch, D. M. (2013). Working memory encoding
and maintenance deficits in schizophrenia: neural evidence for activation and
deactivation abnormalities. Schizophr. Bull. 39, 168–178. doi: 10.1093/schbul/
sbr107
Benoit, R. G., Gilbert, S. J., Volle, E., and Burgess, P. W. (2010). When I think
about me and simulate you: medial rostral prefrontal cortex and self-referential
processes. Neuroimage 50, 1340–1349. doi: 10.1016/j.neuroimage.2009.12.091
Blakemore, S. J., Wolpert, D., and Frith, C. (2000). Why can’t you tickle yourself?
Neuroreport 11, R11–R16. doi: 10.1097/00001756-200008030-00002
Bonnelle, V., Ham, T. E., Leech, R., Kinnunen, K. M., Mehta, M. A., Greenwood,
R. J., et al. (2012). Salience network integrity predicts default mode network
function after traumatic brain injury. Proc. Natl. Acad. Sci. U S A 109, 4690–
4695. doi: 10.1073/pnas.1113455109
Bora, E., Fornito, A., Radua, J., Walterfang, M., Seal, M., Wood, S. J., et al. (2011).
Neuroanatomical abnormalities in schizophrenia: a multimodal voxelwise metaanalysis and meta-regression analysis. Schizophr. Res. 127, 46–57. doi: 10.1016/j.
schres.2010.12.020
Bora, E., and Pantelis, C. (2013). Theory of mind impairments in first-episode
psychosis, individuals at ultra-high risk for psychosis and in first-degree relatives
of schizophrenia: systematic review and meta-analysis. Schizophr. Res. 144, 31–
36. doi: 10.1016/j.schres.2012.12.013
Bosco, F. M., Colle, L., De, F. S., Bono, A., Ruberti, S., and Tirassa, M. (2009).
Th.o.m.a.s.: an exploratory assessment of Theory of Mind in schizophrenic
subjects. Conscious. Cogn. 18, 306–319. doi: 10.1016/j.concog.2008.06.006
Bosia, M., Riccaboni, R., and Poletti, S. (2012). Neurofunctional correlates of theory
of mind deficits in schizophrenia. Curr. Top. Med. Chem. 12, 2284–2302. doi: 10.
2174/1568026611212210002
Bozikas, V. P., Giannakou, M., Kosmidis, M. H., Kargopoulos, P., Kioseoglou, G.,
Liolios, D., et al. (2011). Insights into theory of mind in schizophrenia: the
impact of cognitive impairment. Schizophr. Res. 130, 130–136. doi: 10.1016/j.
schres.2011.04.025
Brüne, M. (2003). Theory of mind and the role of IQ in chronic disorganized
schizophrenia. Schizophr. Res. 60, 57–64. doi: 10.1016/s0920-9964(02)00162-7
Brüne, M., and Brüne-Cohrs, U. (2006). Theory of mind—evolution, ontogeny,
brain mechanisms and psychopathology. Neurosci. Biobehav. Rev. 30, 437–455.
doi: 10.1016/j.neubiorev.2005.08.001
Camchong, J., MacDonald, A. W., III, Bell, C., Mueller, B. A., and Lim, K. O. (2011).
Altered functional and anatomical connectivity in schizophrenia. Schizophr.
Bull. 37, 640–650. doi: 10.1093/schbul/sbp131
Chan, R. C., Di, X., McAlonan, G. M., and Gong, Q. Y. (2011). Brain anatomical
abnormalities in high-risk individuals, first-episode and chronic schizophrenia: an activation likelihood estimation meta-analysis of illness progression.
Schizophr. Bull. 37, 177–188. doi: 10.1093/schbul/sbp073
Corcoran, R., Cahill, C., and Frith, C. D. (1997). The appreciation of visual jokes
in people with schizophrenia: a study of ‘mentalizing’ ability. Schizophr. Res. 24,
319–327. doi: 10.1016/s0920-9964(96)00117-x
Corcoran, R., Mercer, G., and Frith, C. D. (1995). Schizophrenia, symptomatology
and social inference: investigating “theory of mind” in people with schizophrenia. Schizophr. Res. 17, 5–13. doi: 10.1016/0920-9964(95)00024-g
Crow, T. J. (1985). The two-syndrome concept: origins and current status.
Schizophr. Bull. 11, 471–486. doi: 10.1093/schbul/11.3.471
D’Argembeau, A., Ruby, P., Collette, F., Degueldre, C., Balteau, E., Luxen, A., et al.
(2007). Distinct regions of the medial prefrontal cortex are associated with selfreferential processing and perspective taking. J. Cogn. Neurosci. 19, 935–944.
doi: 10.1162/jocn.2007.19.6.935
Damasio, A. (1999). The Feeling of What Happens: Body and Emotion in the Making
of Consciousness. United Kingdom: William Heinemann, 386.
Das, P., Lagopoulos, J., Coulston, C. M., Henderson, A. F., and Malhi, G. S. (2012).
Mentalizing impairment in schizophrenia: a functional MRI study. Schizophr.
Res. 134, 158–164. doi: 10.1016/j.schres.2011.08.019

Frontiers in Behavioral Neuroscience

David, N., Newen, A., and Vogeley, K. (2008). The “sense of agency” and its
underlying cognitive and neural mechanisms. Conscious. Cogn. 17, 523–534.
doi: 10.1016/j.concog.2008.03.004
Ellison-Wright, I., and Bullmore, E. (2010). Anatomy of bipolar disorder and
schizophrenia: a meta-analysis. Schizophr. Res. 117, 1–12. doi: 10.1016/j.schres.
2009.12.022
Elvevåg, B., and Goldberg, T. E. (2000). Cognitive impairment in schizophrenia is the core of the disorder. Crit. Rev. Neurobiol. 14, 1–21. doi: 10.
1615/critrevneurobiol.v14.i1.10
Farrer, C., Franck, N., Frith, C. D., Decety, J., Georgieff, N., d’Amato, T., et al.
(2004). Neural correlates of action attribution in schizophrenia. Psychiatry Res.
131, 31–44. doi: 10.1016/j.pscychresns.2004.02.004
Fletcher, P. C., and Frith, C. D. (2009). Perceiving is believing: a Bayesian approach
to explaining the positive symptoms of schizophrenia. Nat. Rev. Neurosci. 10,
48–58. doi: 10.1038/nrn2536
Franck, N., Farrer, C., Georgieff, N., Marie-Cardine, M., Dalery, J., d’Amato,
T., et al. (2001). Defective recognition of one’s own actions in patients with
schizophrenia. Am. J. Psychiatry 158, 454–459. doi: 10.1176/appi.ajp.158.3.454
Frith, C. (2005). The neural basis of hallucinations and delusions. C. R. Biol. 328,
169–175. doi: 10.1016/j.crvi.2004.10.012
Frith, C. D. (1992). The Cognitive Neuropsychology of Schizophrenia. Hove, UK:
Lawrence Erlbaum.
Frith, C. D., Blakemore, S., and Wolpert, D. M. (2000). Explaining the symptoms
of schizophrenia: abnormalities in the awareness of action. Brain Res. Brain Res.
Rev. 31, 357–363. doi: 10.1016/s0165-0173(99)00052-1
Fryer, S. L., Woods, S. W., Kiehl, K. A., Calhoun, V. D., Pearlson, G. D., Roach,
B. J., et al. (2013). Deficient Suppression of Default Mode Regions during
Working Memory in Individuals with Early Psychosis and at Clinical High-Risk
for Psychosis. Front. Psychiatry 4:92. doi: 10.3389/fpsyt.2013.00092
Gallagher, S. (2013). A pattern theory of self. Front. Hum. Neurosci. 7:443. doi: 10.
3389/fnhum.2013.00443
Garrity, A. G., Pearlson, G. D., McKiernan, K., Lloyd, D., Kiehl, K. A., and Calhoun,
V. D. (2007). Aberrant “default mode” functional connectivity in schizophrenia.
Am. J. Psychiatry 164, 450–457. doi: 10.1176/appi.ajp.164.3.450
Glahn, D. C., Laird, A. R., Ellison-Wright, I., Thelen, S. M., Robinson, J. L.,
Lancaster, J. L., et al. (2008). Meta-analysis of gray matter anomalies in
schizophrenia: application of anatomic likelihood estimation and network analysis. Biol. Psychiatry 64, 774–781. doi: 10.1016/j.biopsych.2008.03.031
Green, M. F., Nuechterlein, K. H., Gold, J. M., Barch, D. M., Cohen, J., Essock,
S., et al. (2004). Approaching a consensus cognitive battery for clinical trials
in schizophrenia: the NIMH-MATRICS conference to select cognitive domains
and test criteria. Biol. Psychiatry 56, 301–307. doi: 10.1016/j.biopsych.2004.
06.023
Guo, W., Yao, D., Jiang, J., Su, Q., Zhang, Z., Zhang, J., et al. (2014a). Abnormal
default-mode network homogeneity in first-episode, drug-naive schizophrenia
at rest. Prog. Neuropsychopharmacol. Biol. Psychiatry 49, 16–20. doi: 10.1016/j.
pnpbp.2013.10.021
Guo, S., Kendrick, K. M., Yu, R., Wang, H. L., and Feng, J. (2014b). Key functional
circuitry altered in schizophrenia involves parietal regions associated with sense
of self. Hum. Brain Mapp. 35, 123–139. doi: 10.1002/hbm.22162
Harrison, B. J., Yucel, M., Pujol, J., and Pantelis, C. (2007). Task-induced deactivation of midline cortical regions in schizophrenia assessed with fMRI. Schizophr.
Res. 91, 82–86. doi: 10.1016/j.schres.2006.12.027
Hommes, J., Krabbendam, L., Versmissen, D., Kircher, T., van Os, J., and van, W.
R. (2012). Self-monitoring as a familial vulnerability marker for psychosis: an
analysis of patients, unaffected siblings and healthy controls. Psychol. Med. 42,
235–245. doi: 10.1017/S0033291711001152
Horacek, J., Zavesicka, L., Tintera, J., Dockery, C., Platilova, V., Kopecek, M.,
et al. (2005). The effect of tryptophan depletion on brain activation measured
by functional magnetic resonance imaging during the Stroop test in healthy
subjects. Physiol. Res. 54, 235–244.
Howes, O. D., and Kapur, S. (2009). The Dopamine Hypothesis of Schizophrenia:
version III—the final common pathway. Schizophr. Bull. 35, 549–562. doi: 10.
1093/schbul/sbp006
Irani, F., Platek, S. M., Bunce, S., Ruocco, A. C., and Chute, D. (2007). Functional
near infrared spectroscopy (fNIRS): an emerging neuroimaging technology with
important applications for the study of brain disorders. Clin. Neuropsychol. 21,
9–37. doi: 10.1080/13854040600910018

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 8

Nekovarova et al.

Brain networks dysfunction underlying schizophrenia

Irani, F., Platek, S. M., Panyavin, I. S., Calkins, M. E., Kohler, C., Siegel, S. J., et al.
(2006). Self-face recognition and theory of mind in patients with schizophrenia
and first-degree relatives. Schizophr. Res. 88, 151–160. doi: 10.1016/j.schres.2006.
07.016
Jardri, R., Pouchet, A., Pins, D., and Thomas, P. (2011). Cortical activations during auditory verbal hallucinations in schizophrenia: a coordinate-based metaanalysis. Am. J. Psychiatry 168, 73–81. doi: 10.1176/appi.ajp.2010.09101522
Jardri, R., Thomas, P., Delmaire, C., Delion, P., and Pins, D. (2013). The neurodynamic organization of modality-dependent hallucinations. Cereb. Cortex 23,
1108–1117. doi: 10.1093/cercor/bhs082
Kasparek, T., Prikryl, R., Rehulova, J., Marecek, R., Mikl, M., Prikrylova, H., et
al. (2013). Brain functional connectivity of male patients in remission after
the first episode of schizophrenia. Hum. Brain Mapp. 34, 726–737. doi: 10.
1002/hbm.21469
Koelkebeck, K., Pedersen, A., Suslow, T., Kueppers, K. A., Arolt, V., and Ohrmann,
P. (2010). Theory of Mind in first-episode schizophrenia patients: correlations
with cognition and personality traits. Schizophr. Res. 119, 115–123. doi: 10.
1016/j.schres.2009.12.015
Laird, A. R., Fox, P. M., Eickhoff, S. B., Turner, J. A., Ray, K. L., McKay, D. R., et al.
(2011). Behavioral interpretations of intrinsic connectivity networks. J. Cogn.
Neurosci. 23, 4022–4037. doi: 10.1162/jocn_a_00077
Langdon, R., and Coltheart, M. (1999). Mentalising, schizotypy and schizophrenia.
Cognition 71, 43–71. doi: 10.1016/s0010-0277(99)00018-9
Leube, D., Whitney, C., and Kircher, T. (2008). The neural correlates of egodisturbances (passivity phenomena) and formal thought disorder in schizophrenia. Eur. Arch. Psychiatry Clin. Neurosci. 258(Suppl. 5), 22–27. doi: 10.
1007/s00406-008-5017-z
Li, C. S., Yan, P., Bergquist, K. L., and Sinha, R. (2007). Greater activation of the
“default” brain regions predicts stop signal errors. Neuroimage 38, 640–648.
doi: 10.1016/j.neuroimage.2007.07.021
Manoliu, A., Riedl, V., Doll, A., Bauml, J. G., Muhlau, M., Schwerthoffer, D., et al.
(2013). Insular dysfunction reflects altered between-network connectivity and
severity of negative symptoms in schizophrenia during psychotic remission.
Front. Hum. Neurosci. 7:216. doi: 10.3389/fnhum.2013.00216
Manoliu, A., Riedl, V., Zherdin, A., Muhlau, M., Schwerthoffer, D., Scherr, M.,
et al. (2014). Aberrant dependence of default mode/central executive network
interactions on anterior insular salience network activity in schizophrenia.
Schizophr. Bull. 40, 428–437. doi: 10.1093/schbul/sbt037
Mars, R. A. (2011). The neural bases of social cognition and story comprehension.
Annu. Rev. Psychol. 62, 103–134. doi: 10.1146/annurev-psych-120709-145406
Mars, R. B., Neubert, F. X., Noonan, M. P., Sallet, J., Toni, I., and Rushworth, M. F.
(2012). On the relationship between the “default mode network” and the “social
brain”. Front. Hum. Neurosci. 6:189. doi: 10.3389/fnhum.2012.00189
Mazza, M., De, R. A., Surian, L., Roncone, R., and Casacchia, M. (2001). Selective
impairments of theory of mind in people with schizophrenia. Schizophr. Res. 47,
299–308. doi: 10.1016/s0920-9964(00)00157-2
McKiernan, K. A., Kaufman, J. N., Kucera-Thompson, J., and Binder, J. R.
(2003). A parametric manipulation of factors affecting task-induced deactivation in functional neuroimaging. J. Cogn. Neurosci. 15, 394–408. doi: 10.
1162/089892903321593117
Menon, M., Schmitz, T. W., Anderson, A. K., Graff, A., Korostil, M., Mamo, D., et al.
(2011). Exploring the neural correlates of delusions of reference. Biol. Psychiatry
70, 1127–1233. doi: 10.1016/j.biopsych.2011.05.037
Menon, V. (2011). Large-scale brain networks and psychopathology: a unifying
triple network model. Trends Cogn. Sci. 15, 483–506. doi: 10.1016/j.tics.2011.
08.003
Menon, V., and Uddin, L. Q. (2010). Saliency, switching, attention and control: a
network model of insula function. Brain Struct. Funct. 214, 655–667. doi: 10.
1007/s00429-010-0262-0
Meyer-Lindenberg, A. S., Olsen, R. K., Kohn, P. D., Brown, T., Egan, M. F.,
Weinberger, D. R., et al. (2005). Regionally specific disturbance of dorsolateral
prefrontal-hippocampal functional connectivity in schizophrenia. Arch. Gen.
Psychiatry 62, 379–386. doi: 10.1001/archpsyc.62.4.379
Mitchell, J. P., Banaji, M. R., and Macrae, C. N. (2005). The link between social
cognition and self-referential thought in the medial prefrontal cortex. J. Cogn.
Neurosci. 17, 1306–1315. doi: 10.1162/0898929055002418
Montag, C., Dziobek, I., Richter, I. S., Neuhaus, K., Lehmann, A., Sylla, R., et al.
(2011). Different aspects of theory of mind in paranoid schizophrenia: evidence

Frontiers in Behavioral Neuroscience

from a video-based assessment. Psychiatry Res. 186, 203–209. doi: 10.1016/j.
psychres.2010.09.006
Moran, L. V., Tagamets, M. A., Sampath, H., O’Donnell, A., Stein, E. A., Kochunov,
P., et al. (2013). Disruption of anterior insula modulation of large-scale brain
networks in schizophrenia. Biol. Psychiatry 74, 467–474. doi: 10.1016/j.biopsych.
2013.02.029
Moran, M. E., Weisinger, B., Ludovici, K., McAdams, H., Greenstein, D., Gochman,
P., et al. (2014). At the boundary of the self: the insular cortex in patients with
childhood-onset schizophrenia, their healthy siblings and normal volunteers.
Int. J. Dev. Neurosci. 32, 58–63. doi: 10.1016/j.ijdevneu.2013.05.010
Murray, R. J., Schaer, M., and Debbane, M. (2012). Degrees of separation: a quantitative neuroimaging meta-analysis investigating self-specificity and shared
neural activation between self- and other-reflection. Neurosci. Biobehav. Rev. 36,
1043–1059. doi: 10.1016/j.neubiorev.2011.12.013
Nelson, B., Thompson, A., Chanen, A. M., Amminger, G. P., and Yung, A. R. (2013).
Is basic self-disturbance in ultra-high risk for psychosis (‘prodromal’) patients
associated with borderline personality pathology? Early Interv. Psychiatry 7, 306–
310. doi: 10.1111/eip.12011
Nelson, B., Whitford, T. J., Lavoie, S., and Sass, L. A. (2014). What are the
neurocognitive correlates of basic self-disturbance in schizophrenia?: itegrating phenomenology and neurocognition. Part 1 (Source monitoring deficits).
Schizophr. Res. 152, 12–19. doi: 10.1016/j.schres.2013.06.022
Newen, A., and Vogeley, K. (2003). Self-representation: searching for a neural signature of self-consciousness. Conscious. Cogn. 12, 529–543. doi: 10.1016/s10538100(03)00080-1
Northoff, G., and Qin, P. (2011). How can the brain’s resting state activity generate
hallucinations? A ‘resting state hypothesis’ of auditory verbal hallucinations.
Schizophr. Res. 127, 202–214. doi: 10.1016/j.schres.2010.11.009
Northoff, G., Heinzel, A., de, G. M., Bermpohl, F., Dobrowolny, H., and Panksepp,
J. (2006). Self-referential processing in our brain–a meta-analysis of imaging
studies on the self. Neuroimage 31, 440–457. doi: 10.1016/j.neuroimage.2005.
12.002
Nygård, M., Eichele, T., Loberg, E. M., Jorgensen, H. A., Johnsen, E., Kroken, R.
A., et al. (2012). Patients with schizophrenia fail to up-regulate task-positive
and down-regulate task-negative brain networks: an fMRI study using an
ICA analysis approach. Front. Hum. Neurosci. 6:149. doi: 10.3389/fnhum.2012.
00149
Orliac, F., Naveau, M., Joliot, M., Delcroix, N., Razafimandimby, A., Brazo, P., et al.
(2013). Links among resting-state default-mode network, salience network and
symptomatology in schizophrenia. Schizophr. Res. 148, 74–80. doi: 10.1016/j.
schres.2013.05.007
Palaniyappan, L., Balain, V., Radua, J., and Liddle, P. F. (2012a). Structural correlates
of auditory hallucinations in schizophrenia: a meta-analysis. Schizophr. Res. 137,
169–173. doi: 10.1016/j.schres.2012.01.038
Palaniyappan, L., Simmonite, M., White, T. P., Liddle, E. B., and Liddle, P. F. (2013).
Neural primacy of the salience processing system in schizophrenia. Neuron 79,
814–828. doi: 10.1016/j.neuron.2013.06.027
Palaniyappan, L., White, T. P., and Liddle, P. F. (2012b). The concept of salience
network dysfunction in schizophrenia: from neuroimaging observations to
therapeutic opportunities. Curr. Top. Med. Chem. 12, 2324–2338. doi: 10.
2174/1568026611212210005
Pedersen, A., Koelkebeck, K., Brandt, M., Wee, M., Kueppers, K. A., Kugel, H., et al.
(2012). Theory of mind in patients with schizophrenia: is mentalizing delayed?
Schizophr. Res. 137, 224–229. doi: 10.1016/j.schres.2012.02.022
Pentaraki, A. D., Stefanis, N. C., Stahl, D., Theleritis, C., Toulopoulou, T., Roukas,
D., et al. (2012). Theory of Mind as a potential trait marker of schizophrenia:
a family study. Cogn. Neuropsychiatry 17, 64–89. doi: 10.1080/13546805.2011.
568289
Peralta, V., and Cuesta, M. J. (2005). The underlying structure of diagnostic systems
of schizophrenia: a comprehensive polydiagnostic approach. Schizophr. Res. 79,
217–229. doi: 10.1016/j.schres.2005.05.003
Pickup, G. J. (2008). Relationship between Theory of Mind and executive function
in schizophrenia: a systematic review. Psychopathology 41, 206–213. doi: 10.
1159/000125554
Pomarol-Clotet, E., Salvador, R., Sarro, S., Gomar, J., Vila, F., Martinez, A.,
et al. (2008). Failure to deactivate in the prefrontal cortex in schizophrenia:
dysfunction of the default mode network? Psychol. Med. 38, 1185–1193. doi: 10.
1017/s0033291708003565

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 9

Nekovarova et al.

Brain networks dysfunction underlying schizophrenia

Pousa, E., Duno, R., Blas, N. J., Ruiz, A. I., Obiols, J. E., and David, A. S. (2008).
Exploratory study of the association between insight and Theory of Mind (ToM)
in stable schizophrenia patients. Cogn. Neuropsychiatry 13, 210–232. doi: 10.
1016/s0920-9964(08)70381-5
Premack, D., and Woodruff, G. (1978). Chimpanzee problem-solving: a test for
comprehension. Science 202, 532–535. doi: 10.1126/science.705342
Pujol, N., Penades, R., Rametti, G., Catalan, R., Vidal-Pineiro, D., Palacios, E., et al.
(2013). Inferior frontal and insular cortical thinning is related to dysfunctional
brain activation/deactivation during working memory task in schizophrenic
patients. Psychiatry Res. 214, 94–101. doi: 10.1016/j.pscychresns.2013.06.008
Qin, P., and Northoff, G. (2011). How is our self related to midline regions and the
default-mode network? Neuroimage 57, 1221–1233. doi: 10.1016/j.neuroimage.
2011.05.028
Rotarska-Jagiela, A., van de Ven, D., Oertel-Knochel, V., Uhlhaas, P. J., Vogeley,
K., and Linden, D. E. (2010). Resting-state functional network correlates of
psychotic symptoms in schizophrenia. Schizophr. Res. 117, 21–30. doi: 10.1016/j.
schres.2010.01.001
Sarfati, Y., and Hardy-Bayle, M. C. (1999). How do people with schizophrenia
explain the behaviour of others? A study of theory of mind and its relationship
to thought and speech disorganization in schizophrenia. Psychol. Med. 29, 613–
620. doi: 10.1017/s0033291799008326
Sarfati, Y., Hardy-Bayle, M. C., Besche, C., and Widlocher, D. (1997). Attribution
of intentions to others in people with schizophrenia: a non-verbal exploration
with comic strips. Schizophr. Res. 25, 199–209. doi: 10.1016/s0920-9964(97)
00025-x
Sass, L. A. (2014). Self-disturbance and schizophrenia: structure, specificity, pathogenesis (Current issues, New directions). Schizophr. Res. 152, 5–11. doi: 10.
1016/j.schres.2013.05.017
Sass, L. A., and Parnas, J. (2003). Schizophrenia, consciousness and the self.
Schizophr. Bull. 29, 427–444. doi: 10.1093/oxfordjournals.schbul.a007017
Schilbach, L., Bzdok, D., Timmermans, B., Fox, P. T., Laird, A. R., Vogeley, K., et al.
(2012). Introspective minds: using ALE meta-analyses to study commonalities
in the neural correlates of emotional processing, social & unconstrained cognition. PLoS One 7:e30920. doi: 10.1371/journal.pone.0030920
Schilbach, L., Wohlschlaeger, A. M., Kraemer, N. C., Newen, A., Shah, N. J., Fink,
G. R., et al. (2006). Being with virtual others: neural correlates of social interaction. Neuropsychologia 44, 718–730. doi: 10.1016/j.neuropsychologia.2005.
07.017
Schultze-Lutter, F. (2009). Subjective symptoms of schizophrenia in research
and the clinic: the basic symptom concept. Schizophr. Bull. 35, 5–8. doi: 10.
1093/schbul/sbn139
Shepherd, A. M., Laurens, K. R., Matheson, S. L., Carr, V. J., and Green, M. J.
(2012). Systematic meta-review and quality assessment of the structural brain
alterations in schizophrenia. Neurosci. Biobehav. Rev. 36, 1342–1356. doi: 10.
1016/j.neubiorev.2011.12.015
Sridharan, D., Levitin, D. J., and Menon, V. (2008). A critical role for the right
fronto-insular cortex in switching between central-executive and default-mode

Frontiers in Behavioral Neuroscience

networks. Proc. Natl. Acad. Sci. U S A 105, 12569–12574. doi: 10.1073/pnas.
0800005105
van der Meer, L., Costafreda, S., Aleman, A., and David, A. S. (2010). Selfreflection and the brain: a theoretical review and meta-analysis of neuroimaging
studies with implications for schizophrenia. Neurosci. Biobehav. Rev. 34, 935–
946. doi: 10.1016/j.neubiorev.2009.12.004
Vogeley, K., and Fink, G. R. (2003). Neural correlates of the first-personperspective. Trends Cogn. Sci. 7, 38–42. doi: 10.1016/s1364-6613(02)00003-7
Vogeley, K., Bussfeld, P., Newen, A., Herrmann, S., Happe, F., Falkai, P., et al. (2001).
Mind reading: neural mechanisms of theory of mind and self-perspective.
Neuroimage 14, 170–181. doi: 10.1006/nimg.2001.0789
Waters, F., Woodward, T., Allen, P., Aleman, A., and Sommer, I. (2012). Selfrecognition deficits in schizophrenia patients with auditory hallucinations:
a meta-analysis of the literature. Schizophr. Bull. 38, 741–750. doi: 10.
1093/schbul/sbQ114
White, T. P., Joseph, V., Francis, S. T., and Liddle, P. F. (2010). Aberrant salience
network (bilateral insula and anterior cingulate cortex) connectivity during
information processing in schizophrenia. Schizophr. Res. 123, 105–115. doi: 10.
1016/j.schres.2010.07.020
Whitfield-Gabrieli, S., Thermenos, H. W., Milanovic, S., Tsuang, M. T., Faraone, S.
V., McCarley, R. W., et al. (2009). Hyperactivity and hyperconnectivity of the
default network in schizophrenia and in first-degree relatives of persons with
schizophrenia. Proc. Natl. Acad. Sci. U S A 106, 1279–1284. doi: 10.1073/pnas.
0900938106
Wolpert, D. M., and Kawato, M. (1998). Multiple paired forward and inverse
models for motor control. Neural Netw. 11, 1317–1329. doi: 10.1016/s08936080(98)00066-5
Zhou, J., Greicius, M. D., Gennatas, E. D., Growdon, M. E., Jang, J. Y., Rabinovici,
G. D., et al. (2010). Divergent network connectivity changes in behavioural
variant frontotemporal dementia and Alzheimer’s disease. Brain 133, 1352–
1367. doi: 10.1093/brain/awq075
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 29 December 2013; accepted: 22 April 2014; published online: 30 May 2014.
Citation: Nekovarova T, Fajnerova I, Horacek J and Spaniel F (2014) Bridging
disparate symptoms of schizophrenia: a triple network dysfunction theory. Front.
Behav. Neurosci. 8:171. doi: 10.3389/fnbeh.2014.00171
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2014 Nekovarova, Fajnerova, Horacek and Spaniel. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

www.frontiersin.org

May 2014 | Volume 8 | Article 171 | 10

