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Abbreviations

ACC  Anterior cingulate cortex
ALE  Activation likelihood estimation
BA Brodmann area

BD Bipolar disorder

CS Chronic schizophrenia

CT Computed tomography

DTI  Diffusion tensor imaging

FA Fractional anisotropy

FES  First episode of schizophrenia
FHR  Familial risk of schizophrenia
GM  Gray matter

MDD Major depressive disorder
ROI  Regions of interest

SDM  Signed differential mapping
ToM  Theory of Mind

UHR  Ultrahigh risk

VBM Voxel-based morphometry
WM  White matter

13.1 Introduction

Schizophrenia is a severe psychiatric disorder
affecting 1 % of the population, and it is one
of the leading causes of disability worldwide
(Murray and Lopez 1997). It usually begins
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in late adolescence or early adulthood and is
characterized by positive psychotic symptoms,
such as delusions and hallucinations and disor-
ganized speech, as well as negative symptoms
such as emotional blunting and loss of motiva-
tion. These symptoms are accompanied by cog-
nitive impairments, particularly impairments in
memory and executive functions (Kurtz 2005),
as well as social and occupational dysfunction.
In recent years, psychiatric research has allowed
clinicians to assess and to identify individuals
in the early phases of schizophrenia, before the
onset of frank disease. Individuals are deemed at
increased clinical risk of developing schizophre-
nia because of the presence of an intermediate
illness phenotype, such as the presence of sub-
clinical psychotic symptoms (Yung et al. 1998).
This state of increased clinical risk, also termed
“ultrahigh-risk” (UHR) stage, is associated with
a high risk of 36 % of transition to schizophrenia
within the first 3 years of clinical presentation
according to a recent meta-analysis (Fusar-Poli
et al. 2012a, b).

More than 30 years ago, the demonstration
of enlarged ventricles via computed tomography
(CT) confirmed earlier pneumoencephalographic
(Huber 1955, 1961) and neuropathological find-
ings, paving the way for more interest in the bio-
logical basis of schizophrenia (Johnstone et al.
1976). Since then a host of structural and func-
tional neuroimaging studies have demonstrated
abnormalities in brain areas relevant to the dis-
ease, such as the hippocampus and parahippo-
campal gyrus, cingulate gyrus, insula, thalamus,
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and prefrontal and temporal cortices (Vita et al.
2006). These findings have been extended to first-
episode groups, high-risk groups, and schizotypal
disorder and have been integrated in a stage-based
disease model (Pantelis et al. 2005). This chapter
reviews the evidence for changes in the structure
and function of the brain in patients with chronic
schizophrenia (CS), patients in their first episode
of schizophrenia (FES), and subjects at high risk
of schizophrenia for clinical reasons (UHR) dur-
ing the genesis of the disorder. We will highlight
the structural and functional abnormalities that
have been found in these groups and whether any
similar or lesser abnormalities are also observed
in subjects at increased familial risk of schizo-
phrenia (familial high risk (FHR)) and healthy
subjects carrying risk genes of schizophrenia.

13.2 Gray Matter Abnormalities
in Different Stages of
Schizophrenia

We will restrict our review of the available evi-
dence mainly to meta-analyses. There are two
procedures for imaging meta-analysis. The first
pools volumetric studies of target regions of inter-
est (ROI) using traditional meta-analytic tech-
niques, where mean values for regional volumes
reported in each study are used to calculate a
standardized weighted mean difference (Cohen’s
d or Hedge’s g), representing the magnitude of
alterations reported within a defined anatomical
region. The second approach is a voxel-based
meta-analysis, which combines the results of
voxel-based morphometry (VBM) studies. VBM
studies use statistical maps to identify voxels
with a significant probability of gray or white
matter composition differences between patient
and control groups. A voxel-based meta-analysis
estimates a distribution map of anatomical
localization, revealing locations of concurrence
across the entire set of included studies. There
are several techniques available for voxel-based
meta-analysis, including activation likelihood
estimation (ALE; Turkeltaub et al. 2002) and
signed differential mapping (SDM; Radua and
Mataix-Cols 2012). These techniques differ in

analytic approach but both purport to combine
significant voxels from multiple studies across
the whole brain. These volumetric and voxel-
based meta-analytic procedures assess distinct
constructs of structural abnormality, and to date,
reviews of findings from each technique have
been reported separately.

13.2.1 Regional Distribution
of Gray Matter Changes
in Schizophrenia?

There is one mega-analysis of meta-analyses
available, summarizing 32 published meta-
analyses quantitatively (Shepherd et al. 2012).
ROI meta-analyses with patient numbers
between 447 (Baiano et al. 2007) and 2,771
(Sun et al. 2009) as well as VBM meta-analyses
ranging from 408 (Fusar-Poli et al. 2012a, b) to
5,839 (Bora et al. 2011) patients, all compared
to healthy control subjects, were included. The
authors of this mega-analysis tried to consider
the comparability of the information presented
in duplicate systematic reviews and used a qual-
ity rating of included reviews, applying the
AMSTAR checklist (Shea et al. 2009, 2007) and
PRISMA guidelines (Moher et al. 2009). Across
both volumetric and voxel-based meta-analy-
ses, high-quality evidence identified regions of
reduced gray matter in both first-episode and
chronic illness, particularly in the frontal lobe
gyri and cingulate cortex, thalamus, insula,
postcentral gyrus, and medial temporal regions,
as well as increased volumes of ventricles and
cavum septum pellucidum. The findings of
this meta-review are summarized in Fig. 13.1.
They mainly confirm the results of previous
meta-analyses.

13.2.2 Causes of Volume Changes
in Schizophrenia

There is ongoing discussion as to whether vol-
ume changes in schizophrenia are caused by
early developmental insults (genetic or environ-
mental) and remain static over time or are caused
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Fig.13.1 Distribution of foci with reduced gray matter density in chronic schizophrenia vs. healthy controls (Shepherd
et al. 2012)

by a progressive loss due to the disease process. degree relatives), individuals in the putatively
This question is best addressed by investigating prodromal state of the illness, and patients over
subjects at genetic risk (i.e., unaffected first- the course of several years of illness.
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Fig. 13.2 Gray matter volume reductions in high-risk group (red), first-episode group (blue), and chronic patients
(green) compared with healthy subjects (Chan et al. 2011)

First, we review studies on unaffected rela-
tives of patients bearing familial liability to the
disorder (familial high-risk (FHR) individuals).
In the VBM meta-analysis by Chan et al. (2011),
eight studies comparing first-degree relatives of
patients and FES patients with control subjects
were included with a total of 566 relatives. They
found significantly reduced gray matter in the
bilateral anterior cingulate gyrus (Brodmann area
[BA] 32/24), right insula (BA 13), left amygdala,
left subcallosal gyrus (BA 34), and left inferior
frontal gyrus (BA 47) in FHR individuals relative
to the healthy control group. Of these regions,
the left amygdala, subcallosal gyrus, and inferior
frontal gyrus were also smaller in the FHR as
compared to the FES group (see Fig. 13.2).

In a similar meta-analysis, 16 VBM stud-
ies involving 733 FHR subjects (relatives of
patients with schizophrenia), 563 healthy con-
trols, and 474 patients were analyzed using
the signed differential mapping (SDM) tech-
nique (Palaniyappan et al. 2012). A significant
gray matter reduction in the lentiform nucleus,
amygdala/parahippocampal gyrus, and medial
prefrontal cortex was found in association with
the genetic diathesis. Gray matter reduction in

bilateral insula, inferior frontal gyrus, superior
temporal gyrus, and the anterior cingulate was
present in association with the disease expres-
sion. The neuroanatomical changes associated
with the genetic diathesis to develop schizophre-
nia appear to be somewhat different in this meta-
analysis from those contributing to the clinical
expression of the illness. A notable feature of
this analysis is that most VBM studies (five out
of nine) do not find structural differences in FHR
individuals when compared to healthy controls.
This suggests that the anatomical correlates of
genetic diathesis are either weak or inconsis-
tently identified using the VBM approach. Some
support to the latter notion comes from a head-to-
head comparison of VBM approach and surface-
based morphometric approaches (Palaniyappan
and Liddle 2012), which suggests that subtle sur-
face anatomical changes that may be important
for the pathophysiology of schizophrenia may be
missed when using VBM.

These two VBM meta-analytic results
(Palaniyappan et al. 2012; Chan et al. 2011) are
consistent with Fusar-Poli et al. (2011a, b, 2012a,
b) who undertook two meta-analyses of the VBM
studies on the genetic diathesis of schizophrenia.
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The left parahippocampal gyrus emerged as the
most significant locus with gray matter reduction
in FHR compared to controls (Fusar-Poli et al.
2011a, b, 2012a, b). In addition, the anterior cin-
gulate cortex was found to be linked to genetic
diathesis (Fusar-Poli et al. 2011a, b, 2012a, b).

13.2.3 Structural Changesin
Subjects at Ultrahigh Risk
for Schizophrenia

Studies using voxel-based morphometry (VBM)
aim to identify neuroanatomical correlates of
increased vulnerability to schizophrenia and to
predict consecutive transition to the full-blown
disorder. MRI findings, mostly from cross-
sectional studies, have reported structural abnor-
malities in the prepsychotic phase resembling
those that have been described in patients with
schizophrenia. Specifically, studies in UHR sam-
ples have shown that abnormalities in frontal,
temporal, and limbic regions may predate illness
onset (Borgwardt et al. 2007; Meisenzahl et al.
2008; Pantelis et al. 2003). However, as these
individual studies have used different method-
ological approaches, relatively small sample
sizes, and have produced divergent findings, they
are insufficient for the characterization of brain
regions associated with increased vulnerability
to schizophrenia. Furthermore, other factors such
as short-term use of antipsychotic medication,
differences in ascertainment strategies for the
UHR syndrome, and the fact that the syndrome
is a dynamic condition with symptoms varying
considerably over time may modulate findings.
To adequately address such confounding factors
and to examine the neurobiological predictors
of transition from the high-risk state to the full-
blown disorder, Fusar-Poli et al. (2011a, b) have
conducted an activation likelihood estimation
(ALE) meta-analysis of 19 VBM studies of UHR
subjects. When comparing subjects at increased
risk for schizophrenia (clinical risk and famil-
ial risk) to healthy controls, the authors found
that at-risk subjects showed reduced gray matter
volume in the temporal (right superior tempo-
ral gyrus), parietal (left precuneus), and limbic

regions (bilateral parahippocampal/hippocampal
regions, bilateral anterior cingulate) and in the
prefrontal cortex bilaterally (left medial frontal
gyrus, right middle frontal gyrus). As none of
the at-risk subjects were psychotic, these find-
ings could be interpreted as neuroanatomical
correlates of an increased risk for schizophrenia.
Structural alterations in these regions have been
found in psychotic disorders (Tan et al. 2009;
Boyer et al. 2007; Baiano et al. 2007; Sun et al.
2009; Cavanna and Trimble 2006) and all of the
above named regions have also been found to be
abnormal in fMRI studies of high-risk subjects
(Fusar-Poli et al. 2007), indicating there may be
a shared pathophysiological mechanism of func-
tional and structural abnormalities in the high-
risk group. However, clinical and familial risks
of schizophrenia are not directly comparable,
as different transition rates in the two groups
suggest (20-40 % risk over 2 years for UHR
cohorts vs. 5-9 % lifetime risk in FHR cohorts
(Cannon et al. 2008; Knowles and Sharma 2004,
Yung et al. 2003)). Thus, UHR subjects showed
reduced gray matter in the bilateral anterior
cingulate and increased gray matter in the left
hippocampus and insula and the right superior
temporal gyrus when compared to FHR subjects
(Fusar-Poli et al. 2011a, b). These differences in
gray matter changes may reflect the differential
influences of genetic vs. psychopathological fac-
tors in the prepsychotic phase possibly underly-
ing the differential rates of transition. A potential
neurobiological predictor of schizophrenia tran-
sitions may be represented by gray matter reduc-
tions in the right inferior frontal gyrus and
superior temporal gyrus, which are present in
UHR subjects who go on to make a transition but
not in those who don’t (Fusar-Poli et al. 2011a).
These findings suggest that although structural
abnormalities identified by VBM studies show
similar results in at-risk subjects and subjects
with schizophrenia, they may be differentially
associated with risk of transition.

We will next address the question as to
whether the volume alterations seen in mani-
fest schizophrenia patients are static or progress
over the course of illness. Four ROI volumetric
reviews assessed the temporal evolution of the
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Gray matter signal decrease
in first-episode schizophrenia

Gray matter signal decrease
in first-episode and chronic

Gray matter signal decrease
in chronic schizophrenia

schizophrenia

Fig. 13.3 Regional overlap of gray matter changes in first-episode and chronic schizophrenia (Ellison-Wright et al.

2008)

reported brain alterations (Hulshoff-Pol and
Kahn 2008). The most comprehensive of these
(Olabi et al. 2011) found a significantly greater
degree of change over time in whole brain gray
matter (d=-0.520), frontal lobe (d=-0.340), and
left caudate (d=-0.336) in people with schizo-
phrenia, though no progressive changes were
reported in temporal, parietal, or occipital lobe
gray matter, hippocampus, amygdala, or cer-
ebellum over a range of 1-10 years. Significant
progressive volume increases were reported in
bilateral lateral ventricles (d=0.530), with a
trend toward significance for the third ventricle
(d=0.180) (Olabi et al. 2011). The difference
between patients and control subjects in annu-
alized percentage volume change was —0.07 %
for the whole-brain volume and —-0.59 % for
the whole-brain gray matter (Olabi et al. 2011).
An additional meta-analysis has assessed
progressive changes in ventricular volume,
reporting moderate- to high-quality evidence for
increased lateral ventricular volume over time
(g=0.449), with no significant difference if the
baseline measurement was in FES (g=0.491)
or CS (g=0.407) (Kempton et al. 2010). Inter-
scan duration ranged similarly between 1 and
10 years. In summary, there is clear evidence
for progressive local (and global) volume losses

across time in patients over and above these seen
in healthy control subjects.

Three voxel-based meta-analyses performed
subtraction analyses between the significant vox-
els identified in FES and CS cross-sectionally
(Chan et al. 2011; Ellison-Wright et al. 2008) and
largely support many of the distinctions identi-
fied by indirect comparisons across illness dura-
tion. While both groups showed alterations in the
inferior frontal lobe, cingulate gyri, insula, and
cerebellum (Fig. 13.3), differential changes were
also reported. Relative to FES, CS were charac-
terized by reduced GM in the medial frontal lobe,
DLPFC, postcentral gyrus, uncus, temporal lobe
gyri (inferior, middle, fusiform), and parahippo-
campus. Relative to CS, FES were characterized
by reductions in the basal ganglia (caudate and
putamen), temporal lobe gyri (superior and trans-
verse), amygdala, and precentral gyrus.

In summary, there are structural volume
losses in localized brain areas in patients with
schizophrenia that are already present in sub-
jects at increased clinical and familial risk for
schizophrenia as well as in patients with a first
psychotic episode. Brain abnormalities at first
presentation include similar regions as in the risk
groups, but additional fronto-striatal-temporal
pathology emerges. Finally, when the chronic



13 Neuroimaging in Schizophrenia

255

stage of the illness has been reached, the gray
matter volume reduction has progressed further
not only within the same regions but also involv-
ing more prefrontal cortical and thalamic loci.
This corticothalamic pathology maps the neuro-
chemical circuitry systems implicated in schizo-
phrenia, namely, corticothalamic loop systems,
regulated through a complex interplay of gluta-
mate, c-aminobutyric acid, and dopamine neu-
rotransmission. The changes across groups of
subjects (UHR, FHR, FEP, and CS) and course
of time are not associated with a unique and
clear-cut clinical picture, thus reflecting het-
erogeneous etiology and clinical course of the
disorder. Most likely, the changes are not linear
over time and may fluctuate with phylogenesis
and the course of disease. To conclude, volume
changes both are of neurodevelopmental origin
and progress further in the course of illness, with
some, but not all, anatomical regions overlap-
ping over time.

13.2.4 Volume Changesin
Schizophrenia and in Other
“Functional Psychoses”

Before we address the question of whether vol-
ume changes are unique to schizophrenia or are
also present in the other “functional psychoses”
such as bipolar disorder (BD) and major depres-
sive disorder (MDD), we have to keep in mind
that the three disorders, schizophrenia, BD, and
MDD, are most likely not separate disease enti-
ties but mere clinical conventions. They share
many symptoms; diagnoses can switch in the
course of illness; they share a number of genetic
and environmental risk factors; all three lead to
cognitive deficits, particularly in the chronic,
severe patients; and some atypical antipsychot-
ics are efficient in acute- and long-term treat-
ment in all three disorders. We therefore can
expect some overlap in structural changes across
the three disorders. It is of note that there are no
meta-analyses and no original structural MRI
studies, where the three disorders are compared
directly, so we will consider only the comparison
of two disorders at a time.

There are three meta-analyses comparing
the findings of schizophrenia and BD (Ellison-
Wright and Bullmore 2010; Yu et al. 2010; Bora
et al. 2011). Since in the schizophrenia studies
male subjects predominate, as compared to BD
samples, and the brains of women and men are
different, Bora et al. (2012a) controlled for gen-
der effect. They found gray matter differences
between gender-balanced schizophrenia and
BD patients only in the right dorsomedial fron-
tal cortex and left dorsolateral prefrontal cortex
(smaller in schizophrenia; see Fig. 13.4). If the
samples are not controlled for gender, the differ-
ences become more apparent (Ellison-Wright and
Bullmore 2010; Yu et al. 2010; see Fig. 13.5).

There is no meta-analysis comparing schizo-
phrenia and MDD directly, because there are no
original studies comparing these groups. In the
two VBM meta-analysis with MDD vs. control
subjects (Du et al. 2012; Bora et al. 2012b), con-
sistent gray matter reductions in MDD patients
were identified in the bilateral subgenual ante-
rior cingulate cortex (ACC) in both studies.
Additionally only in the Du et al. meta-analysis
(2012) were there differences in the right middle
and inferior frontal gyrus, right hippocampus,
and left thalamus. These areas are also affected
in schizophrenia and BD, but probably to a lesser
extent. Direct comparisons between the three dis-
orders are urgently needed. We would hypothe-
size that the affected regions roughly overlap and
correlate with disease severity (functional out-
come) and neurocognitive dysfunctions across
the three diagnostic groups.

13.2.5 Effects of Antipsychotic
Medication on Volume
Changes

Medication might alter the natural course of vol-
ume changes, i.e., volume differences between
patients and controls could be due to neurode-
velopmental insults, the natural course of illness,
and/or antipsychotics. Although this is of great
importance, it is only very rarely addressed in
MR imaging studies, because of the difficulty in
controlling for medication. Thus, the available



256 I. Falkenberg et al.

Fig.13.4 Gray matter reductions in bipolar disorder (blue) and gender-balanced samples of schizophrenia (red) (Bora
etal. 2011)

Fig 13.5 Gray matter decreases in subjects with bipolar ~ with schizophrenia relative to controls (Ellison-Wright
disorder relative to controls (yellow). Regions of gray and Bullmore 2010)
matter decreases (red) and increases (purple) in subjects



13 Neuroimaging in Schizophrenia

257

data is extremely limited, populations are usually
small, and findings must be interpreted with cau-
tion. Four reviews have qualitatively compared
the structural integrity of various brain regions
in treatment-naive patients, following short-term
treatment administration and after long-term
treatment (Moncrieff and Leo 2010; Navari
and Dazzan 2009; Scherk and Falkai 2006;
Smieskova et al. 2009). Notably, these reviews
are of lower quality, predominantly because they
report highly inconsistent data, often from insuf-
ficiently controlled studies or studies with small
samples, and they use heterogeneous outcome
measures or drug exposures. Furthermore, these
reviews are presented in a narrative format that
is susceptible to reporting bias and unable to be
qualitatively assessed according to GRADE cri-
teria. The available evidence is particularly con-
flicting for comparisons across medicated and
unmedicated patients in early psychosis. Most
consistent evidence supports increased basal
ganglia volume following treatment with typical
antipsychotics. However, atypical medications
have been associated with both increases and
reductions of basal ganglia volume, and other
inconsistent findings of increased and decreased
subcortical regions (including the hippocam-
pus) have been reported for patients receiving
typical antipsychotics. In long-term antipsy-
chotic-medicated patients, effects of switching
neuroleptics have been examined longitudinally.
Switching from typical to atypical medication
reduced basal ganglia and thalamus volume,
but no difference was reported in ventricular or
whole brain volume. Some evidence pointed to
other antipsychotic class-specific changes, for
example, longitudinal changes following typical
antipsychotic administration but not following
atypical administration. Nonetheless, over time,
the differences between the two types of medica-
tion become less clear (Smieskova et al. 2009).
Linear associations reported between reductions
of regional brain volume and increasing antipsy-
chotic exposures could represent a modulatory
effect of the medication on brain structure but
could also reflect a more severe course of illness
requiring higher cumulative medication doses
(Navari and Dazzan 2009). Two more recent

original studies that had not been included in
the above meta-analyses also reported conflict-
ing results, with one study showing volume
increases (van Haren et al. 2011) and the other
decreases (Ho et al. 2011).

For first-episode patients, a voxel-based
meta-analysis (Fusar-Poli et al. 2011a, b) com-
pared medication-naive patients with healthy
controls and reported GM reductions of superior
temporal and insular cortices and cerebellum.
However, another voxel-based meta-analysis
explicitly considered the effect of medication
status in FES (Leung et al. 2011), where reduc-
tions in insula, anterior cingulate cortex, middle
and inferior frontal and precentral gyri, uncus/
amygdala, and superior temporal gyrus were
found in both medicated and unmedicated FES
patients compared to healthy controls. Medicated
FES patients were additionally characterized by
reductions in the superior frontal gyri, inferior
temporal gyrus, PCC, claustrum, cerebellum, and
caudate. Additional reductions in unmedicated
FES patients were located in medial frontal gyri,
thalamus, and parahippocampus.

In summary, the evidence of antipsychotic
medication on MRI volume changes is unclear.
Volume increases and decreases probably interact
in a complicated way with the individual course
of illness. In general, it is yet not clear what kind
of volume changes, decreases or increases, are
potentially “good” or “bad” for the individual
patient.

13.3 White Matter Changes
Through the Course
of Schizophrenia

13.3.1 White Matter Changes
in Chronic Schizophrenia

White matter structure and integrity can be
investigated with diffusion tensor imaging (DTT)
and VBM using magnetic resonance imaging.
Investigations in schizophrenia have identified
compromised white matter integrity (Kubicki
et al. 2007). Ellison-Wright and Bullmore
(2009) conducted an ALE analysis of fractional
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anisotropy changes identified by DTI and identi-
fied two large clusters of reductions in patients
with schizophrenia compared to controls, in the
deep frontal and deep temporal white matter. In
an ALE analysis of whole brain VBM studies,
two small clusters of reduced white matter in the
frontal lobe, including left medial frontal gyrus
and right dorsolateral prefrontal cortex, as well
as small clusters of reduced white matter in the
left and right internal capsule were identified
(Di et al. 2009). A comparison between VBM
and fractional anisotropy analyses in white mat-
ter using SDM meta-analysis suggested that
fractional anisotropy may be more sensitive to
identifying changes in white matter (Bora et al.
2011). The VBM comparisons identified white
matter reductions in temporal white matter
including the internal capsule, a finding that was
mirrored and extended to the genu of the corpus
callosum and medial frontal regions bilaterally
(Bora et al. 2011). Evidence from a recent meta-
analysis of longitudinal volumetric studies in
chronic schizophrenia suggests that these white
matter changes show a progressive course over
a follow-up period between 1 and 10 years and
that this progress affects the frontal, temporal,
and parietal white matter volume (Olabi et al.
2011).

13.3.2 Diffusion Tensor Imaging
(DTI) in Patients with First-
Episode Schizophrenia

There are subtle anomalies of white matter
brain morphology in patients with schizophrenia
which are already present at the onset of the dis-
ease, i.e., in first-episode patients, but have also
been found in patients in their first episode of
BD (Kempton et al. 2008; Pfeifer et al. 2008).
A recent meta-analysis aimed to compare gray
and white matter volume reductions, as detected
by MRI, in first-episode patients with schizo-
phrenia or BD to address the question of neuro-
anatomical specificity of these changes (De Peri
et al. 2012). When first-episode BD and schizo-
phrenia patients were conjunctly compared
with healthy controls, a significant reduction

of gray and white matter volume was found in
the first-episode patients. The meta-analysis of
studies comparing patients with first-episode
schizophrenia and BD to healthy controls sepa-
rately revealed gray matter volume deficits to be
more prominent in first-episode schizophrenia
patients, whereas white matter volume reduction
was more pronounced in first-episode bipolar
patients. However, as sample sizes were notably
larger in the case of first-episode schizophre-
nia as compared to first-episode BD, it remains
unclear whether this difference may be attribut-
able to differences in statistical power between
the meta-analyses of schizophrenia or BD and
healthy controls.

Studies investigating white matter integrity
as inferred by DTI mainly report abnormalities
in the frontal, frontotemporal, and fronto-limbic
connections, with tracts including the superior
longitudinal fasciculus (Federspiel et al. 2006;
Karlsgodt et al. 2009, 2008; Pérez-Iglesias et al.
2010), uncinate fasciculus (Kawashima et al.
2009; Luck et al. 2011; Price et al. 2008), and
corpus callosum (Cheung et al. 2008; Dekker
et al. 2010; Federspiel et al. 2006; Pérez-Iglesias
et al. 2010). These anomalies seem to be associ-
ated with the exposure to antipsychotic medi-
cation and duration of treatment (Peters et al.
2008; Szeszko et al. 2008; White et al. 2011).
However, all DTI studies of antipsychotic-naive
patients with first-episode schizophrenia, to
date, have reported widespread as opposed to
localized FA changes, suggestive of extensive
structural disconnectivity associated with ill-
ness onset, before the initiation of antipsychotic
treatment (Cheung et al. 2008, 2011; Pérez-
Iglesias et al. 2010).

13.3.3 Diffusion Tensor Imaging
(DTI) in Ultrahigh-Risk
Subjects

Schizophrenia has been found to involve cortico-
cortical disconnectivity, both in terms of func-
tional connectivity between different brain
regions (McGuire and Frith 1996) and in terms
of neuroanatomical alterations underlying the
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functional changes, particularly in white mat-
ter tracts connecting the frontal and temporal
lobes (Ellison-Wright and Bullmore 2009). In
line with the neurodevelopmental hypothesis
of schizophrenia, reduced white matter volume
and integrity have also been found in early and
subclinical stages of the disorder, i.e., in first-
episode patients (Gasparotti et al. 2009) and sub-
jects at ultrahigh risk (Carletti et al. 2012). Most
DTI studies comparing UHR subjects to healthy
controls identified white matter abnormalities in
the frontal (Bloemen et al. 2010; Karlsgodt et al.
2009; Peters et al. 2009) and temporal connec-
tions in UHR individuals (Bloemen et al. 2010;
Jacobson et al. 2010). A recent multimodal MRI/
EEG study, using VBM to identify volumetric
changes in a sample of 39 UHR subjects com-
pared to 41 healthy control subjects, found WM
volume changes in the right frontal, temporal,
and parietal regions that were associated with
P300 amplitude in the two groups (Fusar-Poli
et al. 2011a, b). Of the 39 UHR subjects, 26 %
developed a psychotic illness within the follow-
up period of 2 years. The subgroup in whom
psychosis subsequently developed had a smaller
volume of white matter underlying the left pre-
cuneus and the right middle temporal gyrus and
increased volume in the white matter underlying
the right middle frontal gyrus as compared to
those who did not develop psychosis. A second
study looking at longitudinal outcome in UHR
subjects using DTI also reported temporal WM
changes, with both increased (left medial tempo-
ral lobe) and decreased (left superior temporal
lobe) fractional anisotropy (FA) being found in
subjects who converted to psychosis compared to
those who did not (Bloemen et al. 2010), indicat-
ing that the medial temporal lobe has an impor-
tant role in the progression from a high-risk state
to frank psychosis. Despite the small number of
studies using DTI in UHR subjects, these find-
ings of WM alterations in frontal and temporal
regions in UHR relative to control subjects sug-
gest that these regions might be indicators of
conferred risk of developing schizophrenia. This
hypothesis is further supported by a recent study
investigating the time course of WM changes
by using DTI to study UHR subjects before

and after the onset of illness and comparing
WM DTI properties of UHR subjects (n=32) to
those of patients with FEP (n=15) and healthy
controls (n=32) (Carletti et al. 2012). At base-
line, FA was lowest in FEP subjects, highest in
healthy controls, and intermediate in the UHR
group in two clusters. The first cluster comprised
voxels in areas corresponding to the splenium
and body of the corpus callosum, the left inferior
and superior longitudinal fasciculus, and the left
inferior fronto-occipital fasciculus. The second
cluster included the right external capsule, the
retrolenticular part of the right internal capsule,
and the right posterior corona radiata. A follow-
up scan was performed after 28 months, a period
in which eight of the 32 UHR individuals had
developed psychosis. As opposed to the find-
ings of both decreased and increased FA in the
temporal lobe in the prospective DTI study by
Bloemen et al. (2010) mentioned above, this lon-
gitudinal analysis revealed a progressive reduc-
tion in FA in the left frontal WM in those UHR
subjects who developed schizophrenia that was
not evident in UHR subjects who did not make
a transition. This difference in findings may be
due to methodological differences between the
two studies (e.g., prospective vs. longitudinal
approach, age differences between the UHR
samples, potentially confounding effects of
medication). In summary, the available data sug-
gest that the UHR stage is associated with WM
changes in areas that have also been implicated
in FES and chronic schizophrenia. There is now
also first evidence that the onset of psychosis in
UHR subjects may be associated with a longi-
tudinal progression of abnormalities in the left
frontal WM.

13.4 fMRIFindings
in Schizophrenia

13.4.1 fMRIin Chronic Schizophrenia

fMRI has been extensively used to study the neu-
robiological basis of schizophrenia and a wide
variety of paradigms has been applied. In the
following section, we focus on fMRI findings of
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Fig. 13.6 Two positively modulated components (C4 and C23). Displayed are selected slices from each component
thresholded at p<1.0x 1073, FDR, along with their event-related averages (Kim et al. 2009)

working memory (WM), executive functioning,
and social cognition, as these are among the
domains most severely affected in schizophrenia.
We summarize the available evidence from stud-
ies across different stages of the illness, focusing
on those that did not pool patients in different
stages of illness, but studied UHR, FES, and CS
samples separately.

13.4.1.1 Working Memory

During WM tasks, several studies found marked
differences in neural activation across several
modalities of presentation. In a multicentric
study, several components (as identified by ICA)
differed between healthy subjects and patients

with chronic schizophrenia (n=130 and 115,
respectively) (Kim et al. 2009). One component
(C23) consisted of the ACC, left prefrontal
cortex, and left inferior parietal cortex (see
Fig. 13.6). Other areas displaying group differ-
ences were the superior and medial frontal cor-
tex, the parahippocampal cortex, and parts of the
temporal lobe.

In a similar study, differences in temporal
profiles of WM-related components were found
in subjects with CS and controls (Meda et al.
2009). This was particularly pronounced for left-
lateralized networks. In another study, reduced
functional connectivity of the left Sylvian-
parietal-temporal area and left anterior insula
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Fig.13.7 Regions of overlap in the three-way interaction
(load by time by group) between both the word and pic-
ture WM tasks showing activity increases in bilateral
frontopolar regions, anterior cingulate cortex, and left
dorsolateral/dorsal prefrontal cortex. Significant correla-

during auditory WM encoding was found in
14 patients with CS compared to healthy con-
trols (Hashimoto et al. 2010). This reduction
in functional connectivity was not observed for
visual stimuli.

As WM and its underlying neural correlates
is the most severely impaired domain in schizo-
phrenia, it has been the target of interventions,
e.g., cognitive remediation training. In one such
study, the bilateral frontopolar cortex and ACC
were found to show signs of plasticity induced
by remediation training (Haut et al. 2010) (see
Fig. 13.7).

To summarize, the available evidence on brain
activation dysfunctions in CS during WM sug-
gests a widespread network comprising the ACC
as well as lateral prefrontal and parietal areas is
affected in patients.

tions between improved behavioral performance (x-axis,
percentage of increase) and increased functional activa-
tion (y-axis, percentage of signal change) are also shown.
Word 2-back is represented in red and picture 2-back in
blue (Haut et al. 2010)

13.4.1.2 Executive Functions

In an exemplary study on executive function, the
neural correlates of discrimination of novel or
old visual stimuli, four groups were investigated
(healthy, UHR, FES, CS; Morey et al. 2005) (see
Fig. 13.8). It could be shown that especially the
anterior cingulate, as well as additional prefron-
tal areas, is involved in this task. These areas
show decrements in all groups compared to
healthy subjects.

To summarize, the available evidence on brain
activation dysfunctions in CS during executive
function suggests that medial and lateral prefron-
tal cortices are affected in patients.

13.4.1.3 Social Cognition
In chronic schizophrenia, processing of emo-
tional faces is impaired, and patients already show
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Fig.13.8 Group-averaged,
target-related prefrontal
activation in control,
ultrahigh-risk, early, and
chronic groups. /FG inferior
frontal gyrus, MFG middle
frontal gyrus (Morey

et al. 2005)

Control

Ultra-High-Risk

Early Schizophrenia

Chronic Schizophrenia

Fig 13.9 Processing of sad vs. neutral faces (SPM2,
repeated measures ANOVA, p<0.005 uncorrected).
Ilustrated are the contrasts sad > neutral (red/yellow) and

difficulties in processing neutral faces (Surguladze
et al. 2006) (see Fig. 13.9). In a study with 11
chronic patients, compared to healthy controls,
face-processing areas such as the fusiform gyrus

neutral > sad (blue/green) in controls on the left and in
UHR subjects, respectively, on the right (Seiferth et al.
2008)

and the parahippocampal gyrus were hyperacti-

vated in patients while processing neutral faces.
In a social appraisal task (Taylor et al. 2011),

22 patients with CS depicted greater activations
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for social vs. gender judgments of negative faces
than healthy subjects. These hyperactivations
were found in the ACC, superior medial gyrus,
inferior temporal and parietal cortex, as well as
precuneus, which were also correlated with poor
social cognition and poor social adjustment. As
can be seen from these two studies, in CS, face
processing is already disturbed for neutral faces
and is also characterized by abnormal recruitment
of networks involved in social appraisal.

To summarize, the available evidence on
brain activation dysfunctions in CS during social
cognition suggests that the medial temporal cor-
tex (including the hippocampus) and prefrontal
(including ACC) and parietal areas (including the
precuneus) are affected in patients.

13.4.2 fMRlin the
Ultrahigh-Risk Stage

13.4.2.1 Social Cognition

Although research has highlighted that early
social functioning may be associated with an
increased risk of developing a psychotic disor-
der (Malmberg et al. 1998; Cannon et al. 1997),
there is only limited published literature on
social cognitive performance in UHR popula-
tions in general and on the role of neural corre-
lates in particular. Social cognitive domains that
have been primarily investigated thus far using
fMRI in UHR populations include emotion pro-
cessing and Theory of Mind (ToM).

13.4.2.2 Emotion Processing

To date, only one study has explicitly investi-
gated the neural correlates of emotion processing
in UHR individuals. Seiferth et al. (2008) used
an fMRI facial emotion discrimination paradigm
to study 12 UHR individuals and 12 healthy con-
trols. No group differences were evident at the
behavioral level, but emotion discrimination was
associated with greater activation in the right
lingual and fusiform gyri and in the left middle
occipital gyrus in the UHR subjects compared
with controls. The UHR group also showed more
activation than controls in the inferior and supe-
rior frontal gyri, the cuneus, the thalamus, and

the hippocampus when viewing neutral relative
to emotional faces (Fig. 13.9). The latter findings
suggest that there is a greater neural response to
stimuli which would not normally be regarded
as emotionally “salient,” consistent with the
notion that the aberrant assignment of salience
underlies the formation of psychotic symptoms
(Kapur 2003) and evidence that motivational
salience processing is altered in UHR subjects
(Roiser et al. 2013).

Pauly et al. (2010) studied emotional
experience and the interaction between emotion
and cognitive performance in 12 UHR subjects
and controls. During the induction of negative
emotion by olfactory stimulation, UHR subjects
exhibited decreased activation in the right insula.
When unpleasant olfactory stimulation was given
while the subjects were performing a WM task,
the UHR group showed more activation than
controls in the cerebellum. The differential cer-
ebellar activation was interpreted as a compen-
satory response to the increased demands of the
WM task in the presence of a distracting emo-
tion induction. Altered cerebellar activation was
not observed when the same emotion-cognition
interaction task was studied in adolescent-onset
schizophrenia (Pauly et al. 2008), although dif-
ferential activation during olfactory emotion
induction has previously been described in the
insula in patients with schizophrenia (Crespo-
Facorro et al. 2001). In the above studies, the
UHR samples were not followed up clinically,
so it is unclear if the findings were generic to all
UHR subjects or specific to subjects who later
develop psychosis.

13.4.2.3 Theory of Mind (ToM)

Evidence of both verbal and visual ToM abnor-
malities lying intermediately between those
of first-episode patients and healthy controls
has been provided by a recent meta-analysis of
behavioral ToM studies (Bora and Pantelis 2013).
To date, only one study investigated patterns of
brain activation during ToM task performance in
UHR subjects, chronic schizophrenia patients,
and healthy controls (Briine et al. 2011). Brain
activation in regions associated with the ToM
network such as the prefrontal cortex, posterior
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cingulate, and the temporoparietal cortex was
most pronounced in UHR subjects as compared
to chronic patients and, in part, also as compared
to healthy controls in the absence of behav-
ioral differences. This finding was interpreted
as being indicative of a compensatory overac-
tivation of brain regions involved in empathic
responses during mental state attribution in
UHR subjects. However, as the sample size in
the UHR group was relatively small (n=10 vs.
22 chronic patients and 26 healthy controls)
and only one UHR subject subsequently devel-
oped psychosis, it is unclear how differences in
group sizes may have influenced the results and
whether greater activation in ToM-related brain
regions is specifically related to the development
of schizophrenia.

To summarize, the available evidence on brain
activation dysfunctions in UHR during social
cognition suggests that the temporo-occipital
(including the hippocampus, insula, lingual and
fusiform gyrus), temporoparietal, prefrontal,
subcortical, and cerebellar regions are affected in
UHR subjects.

13.4.2.4 Working Memory
and Executive Function

WM impairment is the most consistently observed
cognitive deficit exhibited by patients with
schizophrenia (cf. Forbes et al. 2009). Prefrontal
dysfunction appears to underlie many of the cog-
nitive impairments seen in schizophrenia, particu-
larly deficits in WM function (Lee and Park 2005;
Glahn et al. 2005). Neurocognitive deficits are
also a core characteristic of the UHR syndrome
(Brewer et al. 2005; Lencz et al. 2006; Eastvold
et al. 2007; Nieman et al. 2007), particularly
affecting WM domains (Nieman et al. 2007). UHR
subjects can be distinguished from healthy con-
trols specifically on the basis of WM performance
(Smith et al. 2006; Pflueger et al. 2007) and their
baseline WM functioning can predict the longi-
tudinal development of psychosis (Pukrop et al.
2007). To identify the neurofunctional correlates
of neurocognitive impairment (WM, executive
function) in the UHR stage, functional magnetic

imaging has been employed and abnormalities in
the prefrontal and temporal lobes during cogni-
tive functioning have been shown that are quali-
tatively similar though less marked than those in
subjects with established schizophrenia (Broome
et al. 2010, 2009). PFC dysfunction during cogni-
tive task performance has been shown to be great-
est in those UHR subjects who subsequently go
on to develop psychosis (Allen et al. 2012). Such
alterations are not attributable to effects of the ill-
ness or its treatment and may represent core neu-
robiological markers of an increased vulnerability
to psychosis.

To summarize, the available evidence on brain
activation dysfunctions in the UHR stage dur-
ing WM and executive function suggests that the
PFC is affected in UHR subjects.

13.4.3 fMRI in First-Episode
Schizophrenia

13.4.3.1 Working Memory

In first-episode schizophrenia, WM deficits
become more apparent than in UHR, and neural
correlates of this impairment have been investi-
gated in several studies. They comprise mainly
frontal, but also temporal and parietal, areas
(Broome et al. 2009) (see Fig. 13.10).

In another study where patients (n=11) and
healthy subjects had to maintain and manipulate
letters, first-episode patients exhibited lower acti-
vations mainly in the middle frontal gyrus com-
pared to healthy controls, while activations of the
bilateral inferior frontal gyrus were greater in
patients (Tan et al. 2005). In a multicentric study
(Schneider et al. 2007), a classical letter version
of the n-back task was carried out by healthy
subjects and first-episode schizophrenia. While
patients performed worse in several behavioral
measures of the task, in the 2-back >0-back
contrast, it was found that first-episode patients
relative to controls depicted hypoactivations in
the precuneus while at the same time exhibiting
right-lateralized hyperactivations in the ventro-
lateral prefrontal cortex and insula.
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Fig 13.10 Group differences in cluster activation during
the 2-back condition of the N-back task. Differential acti-
vation during the 2-back condition was greatest in con-
trols, weakest in the psychosis group, and intermediate in
the at-risk group in the lateral prefrontal, insular, and pari-

As can be seen from these studies, patients
experiencing their first episode already exhibit
behavioral deficits in WM while at the same time
aberrant neural activations are found, mainly in the
insula, precuneus, and bilateral prefrontal cortex.

13.4.3.2 Executive Functions

Executive functioning such as task switching
and problem solving is among the domains in
which first-episode patients display deficits. It
could be shown that in a “Tower of London”
task, first-episode patients (n=10) did not show
performance deficits but displayed differences
in right prefrontal and temporal activation com-
pared to healthy subjects during the task (Rasser
et al. 2005).

Another domain in which patients with
schizophrenia exhibit deficits, and which is most
often categorized as executive function, is verbal
fluency. In a study by Broome et al. (2009), see
Fig. 13.11, verbal fluency was also investigated
in subjects at elevated risk and first episode. As
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etal cortex and in the precuneus. The left side of the brain
is shown on the left of the figure (voxel p<0.05, cluster
p<0.01). SSORs sum of squares of deviations due to the
residuals (Broome et al. 2009)

can be seen from these selected studies, depend-
ing on the specific task, neural inefficiencies are
found in frontal and parietal brain regions.

To summarize, the available evidence on brain
activation dysfunctions in FE during executive
functions shows that prefrontal and temporal cor-
tices are affected in patients.

13.4.3.3 Social Cognition

Social cognition is an important domain as it
might translate directly into employment sta-
tus and number of social contacts (leading to
greater support). One of the fundamental under-
lying prerequisites to engage in most kinds of
social contact is facial processing which could
be shown to be impaired in the disorder. These
deficits arise from difficulties in facial affect rec-
ognition and discrimination. While some stud-
ies found difficulties in assessing negative affect
in general, others found this impairment to be
more pronounced in a specific emotion such as
fear. So far, the relationship of this impairment
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Fig.13.11 When the task demands were high, there was
a differential engagement of dorsolateral prefrontal cortex
with activation greatest in the control group, weakest in
the psychosis group, and intermediate in the at-risk group.
However, on the same version of the task, there was dif-
ferential engagement of the left anterior insula. When task

and current psychopathology is unclear as some
studies found correlations with positive and neg-
ative symptoms or overall severity of symptoms
(Marwick and Hall 2008).

In a study investigating social cognition in
recovered first-episode schizophrenia, it could
be shown that improvement in insight and social
functioning was correlated with positive signal
change in the left medial prefrontal cortex (Lee
et al. 2006) (see Fig. 13.12).

Given the importance of social cognition as
a good predictor of general social outcome, this
domain could be an important target for thera-
peutic interventions in the disorder (Marwick and
Hall 2008).

13.5 Imaging Genetics

For the past 10 years, researchers have employed
fMRI investigations to study the effects of
genetic variation on brain activation of candidate
genes for schizophrenia. The tasks studied are
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demands were high, activation in this region was greatest
in the psychosis group, weakest in the controls, and inter-
mediate in the at-risk group. The left side of the brain is
shown on the left of the figure (voxel p<0.05, cluster
p<0.01). SSORs sum of squares of deviations due to the
residuals (Broome et al. 2009)

typically selected to match cognitive domains
known to be impaired in schizophrenia, such
as WM, verbal fluency, or episodic memory.
However, this approach has not been limited
to cognitive domains but has been carried out
for morphometric studies and DTI studies as
well (e.g., Baune et al. 2012; Kim et al. 2009;
Nickl-Jockschat et al. 2012). As most of the
first identified variants were common variants
with a frequency of >10 % in the general popu-
lation, most studies comprised of healthy sub-
jects only. This approach circumvents effects of
medication, current psychopathology, or course
of the disorder. As some of those variants were
identified in hypotheses-free approaches such
as association studies, the effects of those vari-
ants were poorly understood, and it was hoped
that imaging genetics could shed light on their
effects on brain and behavior. The rationale for
this approach is depicted in Fig. 13.13 (Rasetti
and Weinberger 2011).

A recent review of several fMR imag-
ing genetic studies found strong evidence for
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Fig.13.12 Left medial prefrontal cortex (peak activation
coordinates: x=—6, y=51, z=16; 32 voxels) activation
common to empathic and forgivability judgments in
patients with schizophrenia following recovery from an
acute episode. The graphs show that the difference
between mean blood-oxygen-level-dependent signal

modulation of neural circuits by genetic variation
such as NRGI (e.g., Krug et al. 2010), DTNBP1,
G72, COMT (e.g., Krug et al. 2009), etc. (Rasetti
and Weinberger 2011).

As Fig. 13.14 shows, imaging genetics also
employs cohorts of affected individuals. Adding
patients to these models, it can be tested if varia-
tion in these susceptibility genes interacts with
neural circuits in patients in a different way
than in healthy subjects. So far, this approach

10 -10 0 10 20 30

Change in Social Functioning Score

changes in the peak activation before and after recovery in
patients was significantly correlated with improvement in
insight (r=0.81, p<0.001) and was related at a less than
significant level to improvement in social functioning
scores (r=0.51, p=0.06) (Lee et al. 2006)

is of great importance in assessing the impact
of newly identified genetic variation that leads
to elevated risk for the disorder. Further meth-
odological refinement of this research area,
such as multimodal imaging, multicentric
imaging, computational neuroscience methods,
machine-learning algorithms, etc., will certainly
add to the understanding of genetically modu-
lated neural networks in healthy subjects and
schizophrenia.
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B1. NEUROIMAGING INTERMEDIATE PHENOTYPES

IDENTIFICATION OF
FUNCTIONAL NEURAL
CIRCUITS WITH ABNORMAL
ACTIVATION IN BOTH
PATIENTS AND IN THEIR
UNAFFECTED RELATIVES

B2. IMAGING GENETICS

IDENTIFICATION OF
FUNCTIONAL BRAIN
CIRCUITS MODULATED BY
RISK GENES (FROM GWAS
APPROACH OR CANDIDATE
GENES)

Fig.13.13 Genetic risk on vulnerable brain circuits. B1.
Identification of neuroimaging intermediate phenotypes —
which are alterations in neural circuit functions in patients
with psychiatric disorders as well as in high-genetic-risk
subjects (i.e., unaffected relatives). B2. Imaging genet-
ics defines neural systems that are modulated by genetic
variations, including genetic variations that have been

NC vs. UR vs. PTS

B3. ESTABLISHED NEUROIMAGING
INTERMEDIATE PHENOTYPES
MODULATED BY RISK GENES

NC = Normal controls

UR = Unaffected relatives of patient
with schizophrenia carrying risk genes
PTS = Patients with schizophrenia

associated with increased risk for psychiatric disorders.
B3. To increase the probability that the observed biologi-
cal modulation by the risk genetic variation is the mecha-
nism through which that gene increases the risk for a
psychiatric disorder, it is important to demonstrate that the
gene modulates a neuroimaging intermediate phenotype
(From Rasetti and Weinberger (2011))
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HIPPOCAMPUS:
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G72
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CEREBELLUM:

DRD2

Fig. 13.14 Genetic modulation on vulnerable circuits.
(a) WM. Most brain areas reported altered in patients and
their healthy relatives during WM task are also modulated
by a number of risk genes explored with the same para-
digm (red fields with square dots) (DLPFC, VLPFC,
ACC, parietal cortex, and HF). Many other effects of
genes during WM paradigms have not been shown to be
intermediate phenotypes (striatum, basal ganglia, subgen-
ual ACC, insula, BA10, BA 4/6, cerebellum) (blue fields).
(b) Cognitive control circuit. Several brain areas within
the cognitive control circuit have been reported to be mod-
ulated by risk genes during cognitive control processing

Conclusion

Neuroimaging studies support the presence of
structural and functional alterations in schizo-
phrenia, from its genetic risk, its putative pro-
dromal phase to the chronic disorder.
Abnormalities, even if subtle in magnitude
and variable in extent across studies, are now
reported in essentially every brain region.
However, one core pathophysiological abnor-
mality that is underlying schizophrenia has
yet to be identified. This reflects the heteroge-
neity in etiology and course of the purely clin-
ical category of schizophrenia. Therefore, it
should not be believed that neuroimaging or
any other “marker” will identify a pathogno-
monic abnormality of the disorder as it is pres-
ently defined by its symptoms (and course).

PARIETAL:
DRD2, MAOA

ACC:

COMT,
DRD2,
MADA,

(PFC, especially ACC, superior temporal gyrus, parietal
cortex, and cerebellum). Among these, only the PFC
(DLPFC, VLPFC, and ACC) and parietal cortex have
been consistently reported being altered in patients with
schizophrenia and their unaffected relatives with cogni-
tive control paradigms (red fields with square dots). The
striatum and middle temporal gyrus (BA 21) have been
reported altered in patients with schizophrenia and their
healthy relatives during cognitive control, although none
of the risk genes studied so far have shown modulation of
these regions (yellow fields with solid line)

Future studies should therefore be aided by
employing more homogeneous classifications
of psychotic disorders (e.g., using symptom-,
cognitive-, genetic-, environmental risk-based
approaches), comparing them with other diag-
noses (e.g., using a dimensional approach),
and relating imaging findings with other bio-
logical data. It is time for a novel, neurobio-
logically based characterization of affective
and schizophrenic psychoses.
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