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Abstract Schizophrenia is a severe mental disorder char-
acterized by impaired perception, delusions, thought dis-
order, abnormal emotion regulation, altered motor
function, and impaired drive. The default mode network
(DMN), since it was first proposed in 2001, has become a
central research theme in neuropsychiatric disorders,
including schizophrenia. In this review, first we define the
DMN and describe its functional activity, functional and
anatomical connectivity, heritability, and inverse correla-
tion with the task positive network. Second, we review
empirical studies of the anatomical and functional DMN,
and anti-correlation between DMN and the task positive
network in schizophrenia. Finally, we review preliminary
evidence about the relationship between antipsychotic
medications and regulation of the DMN, review the role of
DMN as a treatment biomarker for this disease, and con-
sider the DMN effects of individualized therapies for
schizophrenia.
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Introduction

The term “default mode network” (DMN) was first coined by
Raichle [1] in 2001 with regard to the “resting-state” when
the brain is not actively involved in tasks demanding atten-
tion, and has rapidly become a focus of research into neu-
ropsychiatric disorders such as schizophrenia, a severe mental
disorder characterized by impaired perception, delusions,
thought disorder, abnormal emotion regulation, altered motor
function, and impaired drive. Schizophrenia consists of a
cluster of symptoms, such as positive (hallucinations and
delusions) and negative symptoms (affective flattening and
apathy), and cognitive deficits (impaired working memory).
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Because the component brain regions of the DMN have been
widely found to be abnormal in schizophrenia, and the mental
processes involved in this network are relevant to this disease
[2, 3], detailed characteristics of the DMN disintegration in
patients with schizophrenia may shed light on its pathogen-
esis. Recently, increasing numbers of reports have explored
the role of the DMN in schizophrenia. Here, we examine the
role of a disrupted DMN in the pathogenesis of schizophrenia,
linking disturbed DMN connectivity and activity to its psy-
chopathology and cognitive deficits. Importantly, the funda-
mental purpose of clinical neuroimaging in schizophrenia is
to translate observations of the disorder’s neurophysiology
into treatment benefits for patients. Antipsychotic medication
is currently the cornerstone of treatment for schizophrenia.
Antipsychotic agents exert their therapeutic action through
antagonism of the dopamine (DA) D2 receptor. Previous
studies have suggested a potential relationship between DA
signaling and DMN modulation [4-6]. We therefore further
explore the effects of antipsychotics on the DMN to provide
new insights into the mechanisms of action of this treatment
and identify potential therapeutic targets for this disease.
The review begins by defining the DMN and describing
its functional neuroanatomy, anatomical connections, and
heritable basis. Second, we review the cross-sectional
empirical studies of the anatomical and functional DMN in
schizophrenia, and summarize the relationship between the
DMN and the psychopathology of this disorder, such as
positive and negative symptoms and cognitive impairments.
Finally, we review preliminary findings on the association
between antipsychotic treatment and modulation of the
DMN, and seek their potential clinical implications for
therapeutic mechanisms of action in schizophrenia.

The Default Mode Network

The DMN has become a central theme in schizophrenia
and other neuropsychiatric disorders since it was addressed
in a positron emission tomography (PET) study in 2001 [1].
Functional neuroimaging, such as PET and functional
magnetic resonance imaging (fMRI), as well as structural
neuroimaging such as diffusion tensor imaging (DTI) has
been widely used to explore DMN characteristics. Here, we
describe five detailed elements of the DMN: its definition,
activity/deactivation, connectivity, genetic underpinnings,
and anti-correlation with the task positive network (TPN).

Definition
“Default mode” is a term relevant to the brain’s intrinsic

functionality when it is at “rest” and this mode also con-
tinues during the performance of many tasks. “At rest”
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denotes a state in which one is alert and awake, but not
actively engaged in tasks demanding attention. At rest,
neural communication consumes 60%—-80% of the brain’s
energy, while during task conditions it accounts for only
0.5%-1% [7]. This cost-based comparative analysis indi-
cates that intrinsic function during rest is at least as vital as
stimulus-oriented activity during task performance in
understanding the functional characteristics of the brain.
The term “DMN” refers to a resting-state network that
shows greater activity during the resting state than when
performing tasks in a specific constellation of brain
regions, including the posterior cingulate cortex and adja-
cent precuneus (pCC/PCUN), medial prefrontal cortex
(mPFC), mesial and inferior temporal lobes (mTL/iTL),
and inferior parietal lobe (iPL) [8, 9] (Fig. 1A and B). The
DMN is deactivated during the initiation of a task but is
active during the resting state with a high degree of con-
nectivity across the brain areas. In PET studies, the two
midline regions of the DMN, pCC and mPFC, consistently
demonstrate such task-negative but rest-positive conditions
across a great variety of cognitive tasks, such as working
memory, a visuomotor task, a visual language task, and a
mental imagery task [10, 11].

Activity/Deactivation within the Default Mode
Network

PET provides quantitative and absolute measurements of
regional oxygen consumption and blood flow when an
arterial input function is obtained to determine radiotracer
delivery and clearance, or relative regional activity when no
arterial input function is obtained, and then the changes in
brain activity can be mapped based on alterations in
regional blood flow. fMRI is sensitive to blood oxygenation
level, and brain activity is inferred from blood oxygen level
dependent (BOLD) signal because oxygen binding to
hemoglobin alters its paramagnetic properties. Only a lower
amplitude of low frequency fluctuation between 0.08 and
0.1 Hz in BOLD signals is considered to represent neural
activity, with higher frequencies (>0.1 Hz) reflecting res-
piratory and/or cardiac factors [12]. fMRI studies in healthy
volunteers [13—15] have consistently demonstrated task-
induced deactivation (or reduced activity) in a particular set
of regions, including pCC/PCUN, mPFC, and other areas,
which overlap with the DMN regions previously found by
Raichle using a PET technique [1]. The DMN hypothesis is
based on the observation of relative activity decreases in
spatially separated areas during task performance compared
with the activity during the resting state. However, direct
evidence for how spatially distinct regions are connected
functionally has become a vital concern in neuroimaging
studies, and this is discussed below.
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Fig. 1 Components of the DMN and TPN. A Spatial components of
the DMN. Spatial maps of the DMN were generated using indepen-
dent component analysis in a group of 38 healthy volunteers, all of
whom were from the control group in our previous study [65].
B Simplified illustration of the principal regions for the two anti-
correlated networks, the DMN (red) and TPN (blue). Abbreviations:

Connectivity within the Default Mode Network

Calculation of the temporal coherence of neuronal
BOLD signals between spatially distinct regions is a
common analytical approach for measuring functional
connectivity-fMRI (fc-fMRI) [12]. This fc-fMRI method
has been extensively used to investigate the spatial pat-
terns of coherent BOLD fluctuations within the DMN
[16]. The simplest analysis technique for assessing the
temporal coherence of brain activity is to extract the
BOLD signals from regions of interest (ROI, also termed
seed regions) and then compute the temporal coherence
coefficient between the seed region and another node
(i.e. connectivity between regions A and B) [12], or
between the seed region and all the remaining voxels or
nodes in a network (i.e. connections of region A) [17].
To overcome the disadvantage of ROI analysis that a
priori definition of the seed region is required, a popular
data-driven technique named independent component
analysis (ICA) [18] has been extensively used in func-
tional connectivity analysis for the DMN. These two
techniques are very common for detecting temporal
coherence in BOLD time courses within the DMN,
although other algorithms have also been proposed (re-
viewed by Fox and Raichle [12]). fc-fMRI studies can
further our understanding of the functional neuroanatomy
of the DMN in healthy individuals as well as in patients

DMN, default mode network; TPN, task positive network; PCC/
PCUN, posterior cingulate cortex and adjacent precuneus; MPFC,
medial prefrontal cortex; ITL/MTL, inferior/mesial temporal lobe;
IPL, inferior parietal lobe; DPFC, dorsolateral PFC; MTAs, middle
temporal area; SMA, supplementary motor area; dPMA, dorsal
premotor areas; LPC, lateral parietal cortex.

with neuropsychiatric disorders. In a resting-state fc-
fMRI study, Greicius and colleagues [8] found that pCC
shows significant functional connectivity with mPFC,
inferior parietal cortex, parahippocampal gyrus, and
inferior temporal cortex within the DMN in healthy
volunteers, and these connections are minimally dis-
rupted during task performance, indicating preservation
of DMN functional connectivity across the rest and task
conditions. Functional connectivity between pCC/PCUN
and mPFC, and pCC/PCUN and mesial temporal cortex
within the DMN was detected in both healthy controls
and patients with mesial temporal lobe epilepsy,
demonstrating the robustness of these relationships in
health and disease [19].

Given the specific functional neuroanatomical organi-
zation based on the BOLD signal in the DMN, some
questions arise, for example, “do the temporal correla-
tions of BOLD signals reflect white matter tract connec-
tions?”, and “what is the relationship between anatomical
and functional connectivity within the DMN?”. Studies
have addressed the relationship of functional connectivity
to structural connectivity such as white matter tract
integrity. Combining the two common neuroimaging
methods fc-fMRI and in vivo DTI tractography has
directly addressed these questions. Greicius et al. [8] first
explored the relationship between functional and
anatomical connectivity within the DMN in healthy
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volunteers, and found some regions that have corre-
sponding structural fiber pathways, such as the pCC/
PCUN projection to mPFC and bilateral mTLs that has
significant functional connectivity, while some significant
functional connections, such as that between mPFC and
mTLs, exist without known underlying direct fiber tracts
[8]. Of note, fiber tracts in the DMN, such as those con-
necting pCC to bilateral mTLs [20], and pCC to mPFC
[21, 22], are also detectable between homologous regions
in nonhuman primates using effective tracers, suggesting
the effectiveness of in vivo DTI tractography in tracing
tracts. Subsequent neuroimaging studies [19] combining
DTI tractography and fc-fMRI have confirmed a rela-
tionship between functional and anatomical connections
within the DMN in agreement with Greicius et al. [8],
further implying that regions that are connected directly
by fiber tracts also have significant functional connec-
tions, but the inverse condition need not be true because
functional connections might be linked indirectly via
multisynaptic connections or more distant cortical
regions.

All the above findings imply that, rather than investi-
gating the DMN modalities separately, combining func-
tional and anatomical measures in the same individuals can
ultimately enrich our understanding of the DMN in neu-
ropsychiatric disorders. Consistently, in a recent review,
Liu et al. [23] proposed that multimodal neuroimaging
analysis, identifying both the functional connections and
their anatomical basis, may become a major driver for
targeting disease and treatment/treatment response
biomarkers with high sensitivity and specificity.

Genetic Underpinnings of the Default-Mode
Network

It has been estimated that heritability for connections
within the DMN is ~0.424 [24]. Heritability is defined as
the portion of phenotypic variance in a population
attributable to genetic variance. The heritability of DMN
connectivity supports the use of DMN characteristics as
intermediate phenotypes or endophenotypes of neuropsy-
chiatric disorders. Furthermore, exploration of the genes
associated with the intrinsic functional organization of the
DMN could further our understanding of the molecular
mechanisms underlying DMN connections. One study
using both genetic and fMRI analyses links neuronal
excitability genes to schizophrenia, working memory, and
brain activity in a portion of the DMN (parietal cortex)
[25]. Moreover, a recent study [26] published in Science
further identified genes mediating the intrinsic function of
the DMN. In this study, Richiardi and colleagues found
that both common polymorphisms and the expression
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levels of 136 genes are associated with the connectivity
strength of the DMN, and disease annotations for the gene
list showed that the 136 genes are significantly associated
with 9 neuropsychiatric diseases, including schizophrenia.
What is more, the expression levels of these 136 genes
were also associated with axonal connectivity in the mouse
brain. The heritability of the DMN connections and its role
as a biomarker in understanding the pathophysiology and
treatment of schizophrenia, which has an estimated heri-
tability of almost 80% [27], may mean that the responsible
genes overlap and explain the DMN findings in
schizophrenia.

Anti-correlation with the Task Positive Network

Interestingly, the DMN, a task-negative network, is tem-
porally anti-correlated with the TPN, which is, in turn,
considered to be associated with task-induced increased
alertness [28]. The TPN includes dorsolateral PFC (dIPFC),
bilateral middle temporal gyrus, supplementary motor
areas, dorsal premotor regions, and lateral parietal cortex
[29, 30] (Fig. 1B). The TPN is generally considered to be
linked to externally oriented attention, whereas the DMN is
associated with introspectively oriented cognitive pro-
cesses such as self-referential and reflective activity. The
inverse correlation of activity in the two types of networks
may reflect a competition for attentional resources between
external and internal orientation, competitively allocating
attentional resources to ready the brain itself, or to keep the
brain alert [31].

Because of the strength of the inverse correlation
between the two networks, a case has been recently made
for considering the TPN as a component of the DMN
[9, 28]. Furthermore, an abnormal pattern of inverse cor-
relation or imbalance between these two networks has been
proposed to play an important role in the pathological
mechanisms underluing some neuropsychiatric disorders
[32, 33], including schizophrenia [34]. Third, a robust
inverse correlation between these two networks might be
functionally more important than the activity in the DMN
alone [28, 35]. We therefore review both networks in
schizophrenia.

Functional Activity/Deactivation and Connectivity
within the DMN in Schizophrenia
Activity/Deactivation in the DMN in Schizophrenia
Many fMRI studies have demonstrated abnormal activity

or deactivation within the DMN areas in patients with
schizophrenia during a broad range of tasks, including the
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auditory oddball task [36-38], multi-source interference
task [39], working memory task [40-42], selective atten-
tion task [43], and semantic repetition priming task [44].
Garrity and colleagues [36] first used fMRI to examine the
auditory oddball task effects on the DMN in chronic
schizophrenia patients. They found that activity in mPFC,
pCC/PCUN, and left inferior and middle temporal cortex
when processing the task is correlated with the severity of
positive symptoms. Moreover, the abnormally increased
deactivation of the PFC/anterior cingulate cortex (ACC)
within the DMN in schizophrenia [36] is consistent with
greater deactivation in both of the midline loci (PFC/ACC
and pCC/PCUN) in the DMN in male patients with chronic
schizophrenia relative to matched healthy volunteers dur-
ing task performance [39, 45]. Moreover, the magnitude of
PFC deactivation is correlated with patients’ task perfor-
mance and emotional awareness of others [39].

However, abnormally increased deactivations of the
PFC/ACC or pCC/PCUN within the DMN in these two
studies [36, 39] contrast with the findings of other studies
[40, 41, 44]. The n-back working memory task produces
less deactivation in the PFC/ACC [40]. Decreased task-
related suppression in the mPFC is correlated with working
memory performance and psychopathology in schizophre-
nia [41]. Furthermore, Jeong et al. [44] found less deacti-
vation in the two major DMN components (pCC/PCUN
and mPFC) and less activity in the task-related areas
(supramarginal and inferior frontal gyri) during the
semantic priming task and vice versa during rest in chronic
schizophrenia patients than in controls.

Based on the available literature, both abnormally
increased and decreased DMN deactivations (or activity
suppressions) have been reported in medicated patients
with chronic schizophrenia (Table 1). The use of different
tasks, the technical aspects of image acquisition and anal-
ysis, lack of a gold standard, underpowered studies, and
extreme comparisons, as well as antipsychotic treatment
effects may partly explain the current contradictory find-
ings [46]. Therefore, further confirmation of the current
results needs the evaluation of larger sample sizes of drug-
naive first-episode schizophrenia patients (FESPs) as well
as the examination of medication effects.

Functional Connectivity in the DMN
in Schizophrenia

Abnormal functional connectivity of the DMN in
schizophrenia patients has been investigated during both
rest [29, 34, 47-49] and task conditions [36, 41]. Using
resting-state fc-fMRI with ROI analysis, Bluhm ez al. [47]
first reported anomalies in the temporal coherence of
neuronal BOLD signals associated with the DMN in
patients with schizophrenia. Specifically, patients in this

study had decreased functional connectivity between the
PCC seed region and other regions, including medial pre-
frontal, lateral parietal, and cerebellar regions, relative to
controls. This report also demonstrated that positive
symptoms are positively associated with functional con-
nections between the PCC seed region and regions in
auditory and attentional cortex associated with hallucina-
tions, including bilateral temporal gyrus and premotor
areas, and negative symptoms are negatively correlated
with connections linking PCC to right superior temporal
gyrus, ACC and premotor areas, and left inferior frontal
gyrus.

In contrast to Bluhm er al. [47], using the same resting-
state fc-fMRI with ROI analyses, other researchers con-
sistently found increased functional connectivity within the
DMN in schizophrenia patients (including medication-
naive and medicated chronic patients) [29, 34] and in
individuals at ultra-high risk for psychosis [48] relative to
healthy volunteers. Liu et al. extended these findings to
unaffected siblings [29], suggesting that abnormally
increased functional connectivity of the intrinsic networks
may be an endophenotype of schizophrenia. Furthermore,
hyper-connectivity of the DMN has also been reported
using task fc-fMRI in schizophrenia patients and in the
first-degree relatives of probands with schizophrenia rela-
tive to healthy controls during a working memory task [41].
Interestingly, an association between abnormally increased
functional connectivity and hyperactivation in the DMN
has also been reported in schizophrenia patients (including
those in the early phases of schizophrenia and schizoaf-
fective and schizophreniform disorder) and may be part of
the pathophysiology of schizophrenia and underlie risk for
this disorder [41]. Furthermore, lower connectivity strength
in the dIPFC (center of the TPN) and temporal areas, and
hyperconnectivity in PFC (center of the DMN) in the
resting state [50], are simultaneously found in medicated
chronic patients, and are associated with negative symp-
toms. This study segregates different connectivity dys-
functions in schizophrenia patients and provides further
evidence that aberrant hyperconnectivity in part of the
DMN is correlated with the core pathophysiology of
schizophrenia. In addition, Garrity et al. [36] reported that
when processing the auditory oddball task, chronic
schizophrenia patients (CSPs) have significantly different
spatial functional connectivity patterns in the DMN than
healthy volunteers, most significantly in the PFC, ACC,
and parahippocampal gyri. Moreover, chronic schizophre-
nia is associated with more high-frequency fluctuation and
less low-frequency fluctuation in the DMN than healthy
volunteers when performing the auditory oddball task [36],
which is consistent with the subsequent findings of fluc-
tuation in the DMN they reported in different CSP samples
and controls [37]. Work by Gerretsen et al. [51] and
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Liemburg et al. [52] reported less resting-state functional
connectivity in the DMN in schizophrenia with self-insight
(awareness of disease) but greater functional connectivity
in schizophrenia with impaired self-insight.

On the basis of recent evidence, functional hypercon-
nectivity within the DMN is perhaps the most common
finding in comparisons of schizophrenia patients with
healthy controls. It has been extensively found in different
schizophrenia populations, including chronic paranoid
schizophrenia, first episode schizophrenia, individuals at
ultra-high risk for psychosis, and the first-degree relatives
of patients with schizophrenia. Moreover, we propose that
such hyperconnectivity does not reflect a specific brain
state or methodological approach, because it has been
reported both at rest and during a task, using a variety of
analytic methods including ROI- and ICA-based fc-fMRI.

Anatomical and Functional Connectivity
within the DMN in Schizophrenia

Rather than examining functional connections separately,
Camchong et al. [53] first integrated DTI and fc-fMRI to
fully evaluate the anatomical interactions in white matter,
and the functional connectivity of regions in the gray
matter within the DMN for chronic schizophrenia. Patients
have decreased functional connections in the mPFC during
rest, and consistently, reduced white matter integrity in the
mPFC. Moreover, abnormally decreased connectivity in
the mPFC of patients is correlated with positive and neg-
ative symptoms, and cognitive impairments [53].

With the hypothesis that the changes in the functional and
anatomical self-reflection network (centered on the ventro-
medial PFC) in schizophrenia are associated with the degree
of impaired self-insight, one study [54] reported that
schizophrenia patients have significantly increased functional
connectivity from some DMN regions, such as pCC, mPFC
and iPL, to the ventromedial PFC during processing of the
self-reflection task, but lower white matter integrity in
anatomical connections than in healthy controls. Moreover,
abnormal changes of anatomical and functional connectivity
within the self-reflection network are associated with impaired
self-insight in schizophrenia, suggesting that patients’ self-
insight might be influenced by synaptic alterations, which
induce lower fiber tract integrity and then lead to compen-
satory functional hyperconnectivity as a functional neural
response to anatomical deficits [54]. Consistently, using glo-
bal network analysis, another study [55] also reported higher
resting-state functional connectivity but lower anatomical
connectivity in the DMN regions in schizophrenia patients
than in healthy volunteers, and therefore confirmed that
anatomical connection deficits in schizophrenia may lead to
functional reorganization of the DMN, resulting in functional
hyperconnectivity between anatomically connected regions.
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Integrating both anatomical and functional measures can
provide more detailed descriptions of DMN connectivity
underlying schizophrenia. The preliminary reports on the
functional response of neural compensation for structural
connectivity deficits [54, 55], as well as the finding of
consistently fewer alterations in both the anatomical and
functional connectivity within the DMN [53], imply that it
would be beneficial to explore how anatomical connectiv-
ity abnormalities mediate changes in the functional con-
nections within the DMN in schizophrenia. It is worth
mentioning that none of the three studies used DTI analysis
of individual white matter tracts within the DMN. Future
studies investigating specific connections within the DMN
are warranted for the more precise description of the white
matter tracts affected and the functional components
involved. Moreover, only one [53] of the above studies was
conducted and driven by the hypothesis of DMN abnor-
malities in schizophrenia. Therefore, more studies com-
bining fc-fMRI and DTI to specifically evaluate the
functional and anatomical connections within the DMN are
needed to confirm the current findings and further test the
hypothesis of DMN abnormalities in the DMN.

Anti-correlated Networks

A recent review of the rationale for the TPN and DMN and
preliminary findings of the two networks in schizophrenia
proposes that the two anti-correlated networks are impor-
tant to further understand task performance and self-ref-
erencing, and to extend current neuronal circuit models of
schizophrenia [30]. Using resting-state fc-fMRI, Zhou
et al. [34] first explored the anti-correlations between the
TPN and DMN in paranoid patients. Their research
demonstrated increased correlations within both of the
networks and consistently increased anti-correlations
between the two networks in paranoid patients relative to
healthy individuals. The abnormally increased connectivity
and anti-correlations are primarily located in the regions of
the DMN that include dorsolateral MPFC, inferior tempo-
ral gyrus, and lateral parietal lobe, as well as in regions of
the TPN such as dIPFC. The abnormal increases of func-
tional connectivity within each of the two networks could
be the source of aberrant sensitivity to both the self-refer-
ential and external environment; and excessive antagonism
between the two networks, i.e. abnormally increased anti-
correlations, would likely induce over-zealous toggling
between introspective and exterospective processes in the
resting brain of paranoid patients [34].

More compelling support for the involvement of anti-
correlated networks in schizophrenia patients comes from
Whitfield-Gabrieli et al. [41], who detected the toggling
between the DMN and TPN regions and the transition from
task to rest state in patients in the early phases of
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schizophrenia, schizoaffective or schizophreniform disor-
der, first-degree relatives of patients with schizophrenia,
and healthy controls. However, in contrast to the study of
Zhou et al. [34], this study found significantly reduced anti-
correlations between the two networks in both patients and
their relatives, suggesting reduced anti-correlations in the
pathology and genetic risk of schizophrenia [41]. Other
studies also found significantly reduced anti-correlations
between the DMN and TPN in schizophrenia patients
[56, 57] and individuals at ultra-high risk and prior to the
onset of psychosis [48]. However, one study found no
significant difference of anti-correlation between the dIPFC
and other regions in the DMN in schizophrenia patients
relative to healthy controls [29]. Such a disparity may
result from the different analytical methods used to mea-
sure functional connectivity, for example, different seed
region selection. In addition, the schizophrenic patients in
all the studies of the anti-correlated networks were at dif-
ferent stages of the disorder, with a wide range of illness
durations (Table 1). Therefore, the possibility that the
inconsistent findings are influenced by the heterogeneity of
schizophrenic patients should also be taken into account.

Initial Studies of the Mediating Role of the DMN
as a Treatment Biomarker for Schizophrenia

It is worth mentioning that although psychotic symptom or
cognitive function scales are routinely used for evaluating
treatment-related changes of patients’ symptom severity,
longitudinal changes in neuroimaging measures are more
reliable treatment biomarkers than clinical-symptomatic
measurements due to their advantage of inherent objec-
tivity. Recently, preliminary evidence has suggested that
the DMN is responsive to antipsychotic medications. For
instance, during responses to both fearful and happy
expressions, schizophrenia patients treated with risperidone
monotherapy have more normal task-related suppression in
DMN areas (temporal pole and mPFC) than patients treated
with typical antipsychotic agents [59].

More compelling evidence about the mediating role of
the DMN in antipsychotic medications comes from the
work of Sambataro et al. [58]. With the hypothesis that
olanzapine (an atypical antipsychotic agent) may affect
working memory by modulating functional connectivity in
the DMN, Sambataro et al. examined 19 schizophrenia
patients (13 drug-naive and 6 drug-free), and 19 normal
controls. Seventeen out of the 19 patients underwent the
8-week longitudinal study and received two fMRI scans at
4 and 8 weeks of olanzapine treatment. To control for
repetition effects of task learning, Sambataro et al. also
scanned the 19 volunteers twice at the same time interval.
The task fMRI data were analyzed using ICA. The authors
found that patients have weaker connectivity in pCC as

well as increased connectivity in PCUN and iPL com-
pared with healthy controls. The olanzapine treatment
effect is associated with increased connectivity in ven-
tromedial PFC. Sambataro et al. proposed that olanzapine
treatment may influence functional connectivity within the
DMN via modulating the dopaminergic pathway directly
in the pCC/PCUN, or indirectly in the ventromedial PFC
[58].

Further evidence has revealed a potential relationship
between DMN regulation and DA signaling. Pharmaco-
logical studies have provided evidence that treatment
with dopaminergic agonists such as apomorphine [4],
levodopa [5], and modafinil [6] in healthy individuals or
patients with Parkinson’s disease regulate the activity of
the two midline components of the DMN, MPFC and
PCC/PCUN. Furthermore, recent imaging genetic inves-
tigations have shown that gene polymorphisms of cate-
chol-O-methyl transferase [60] and DA receptor [61],
which are associated with cortical DA levels, regulate
the activity and connectivity strength of the MPFC and
PCC/PCUN. All this strong evidence suggests a potential
modulatory role of the DMN in antipsychotic medica-
tions, as all antipsychotic drugs bind to the DA receptor
[62].

The above preliminary reports imply a potential role
of DMN as a treatment biomarker for schizophrenia,
which raises the possibility that changes in DMN con-
nectivity or activation might be a surrogate measure for
the development of antipsychotic agents. However, the
role of the DMN in responding to antipsychotic medi-
cation still has not been extensively explored, and many
issues remain unclear, for example: “what is the effect of
antipsychotic treatment on both the anatomical and
functional DMN during both the resting and task state?”,
and “how do changes in activity or connectivity of the
DMN evolve over time in schizophrenia patients, and
how are these associated with the occurrence of treat-
ment resistance, persistent social dysfunction, and
recovery of social function in some patients?”. There-
fore, future longer-term follow-up investigations in
medication-naive FESPs during both the resting and task
states, using multi-model experiments combining both
anatomical and functional DMN, offer promise to clarify
these unresolved issues. Importantly, DMN characteri-
zation may be used for patient selection to different
treatments as a predictor of potential benefit. In this
context, there is a need to correlate baseline DMN
characterization with longitudinal changes in clinical
outcomes across a sample of patients overall in future
studies. It is also clinically useful to use a longitudinal
method to explore the relationship between treatment-
related changes in DMN measures and alterations in
psychotic symptoms. Finally, future studies that
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investigate DMN characterization using individual-level
analysis are needed to further identify treatment response
biomarkers, and to benefit patients at the individual
level.

Conclusions

In this review, we have described the important role of
disrupted activity and connectivity of the DMN in the
pathological mechanism underlying schizophrenia, and
drawn out the clinical implications of the DMN dysfunc-
tion for the positive and negative symptoms and cognitive
impairments of schizophrenia. The reverse relationship
between the DMN and TPN is also an important parameter
for further understanding of vulnerabilities in external and
internal perceptions in schizophrenia patients. Importantly,
as there are still many inconsistences in the current find-
ings, for example, increased vs decreased connectivity or
activity within the DMN, increased vs decreased anti-
correlation between the TPN and DMN, as well as incon-
sistent locations of the DMN abnormalities, future research
may benefit from investigating large samples of drug-naive
patients with first-episode schizophrenia. More impor-
tantly, preliminary findings that activity and connectivity
within the DMN are plastic and can respond to effective
medications offer hope that the DMN can play a role in
mediating the effects of antipsychotic medications, with
longer-term potential for developing more individualized
and effective therapies for schizophrenia.

Into the Future

First, studies of the DMN may prove valuable in the
diagnosis of schizophrenia, and permit the exploration of
more effective antipsychotic agents. Second, in view of
evidence for the role of genetics in the changed activity
and connectivity of the DMN in schizophrenia [25, 26],
as well as the potential association between DA signal-
ing and DMN modulation [4-6, 58], the relationship
between genetic variation and antipsychotic treatment-
related regulation of the DMN should be explored further
in longitudinal studies with large samples of treatment-
naive FESPs. Third, the potential influence of environ-
mental factors on the activity and connectivity of the
DMN also needs consideration. Fourth, because the
divergence of findings among studies could represent
differences in the activity and connectivity of the DMN
that might be involved in different stages of this disease,
it could be important to explore the DMN throughout the
course of schizophrenia to assess duration-related DMN
deficits. Fifth, as brain developmental anomalies may
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occur long before the diagnosis of schizophrenia is made
[63], future follow-up studies should systematically
investigate the developmental trajectory of activity or
connectivity of the DMN in individuals at risk for
developing schizophrenia and compare this with normal
populations. If at-risk individuals with abnormal DMN
activity or connectivity are most likely to develop
schizophrenia, the abnormal DMN pattern may assist in
early detection and treatment. Sixth, the DMN is pro-
posed to be an important part of the triple network
model, which is implicated in the cognitive dysfunction
and aberrant saliency mapping of schizophrenia and
other neuropsychiatric disorders [64]. The triple network
model consists of the salience network, central executive
network, and DMN. Given that dysfunction in one net-
work would influence the other two [64], future studies
are needed to systematically explore the interaction of
these three networks in schizophrenia.
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