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Structural brain changes in schizophrenia are well documented in the neuroimaging literature. The classical
morphometric analyses of magnetic resonance imaging (MRI) data have recently been supplemented by
diffusion tensor imaging (DTI), which mainly assesses changes in white matter (WM). DTI increasingly
provides evidence for abnormal anatomical connectivity in schizophrenia, most often using fractional
anisotropy (FA) as an indicator of the integrity of WM tracts. To better understand the clinical significance of
such anatomical changes, we studied FA values in a whole-brain analysis comparing paranoid schizophrenic
patients with a history of auditory hallucinations and matched healthy controls. The relationship of WM
changes to psychopathology was assessed by correlating FA values with PANSS scores (positive symptoms
and severity of auditory hallucinations) and with illness duration. Schizophrenic patients showed FA
reductions indicating WM integrity disturbance in the prefrontal regions, external capsule, pyramidal tract,
occipitofrontal fasciculus, superior and inferior longitudinal fasciculi, and corpus callosum. The arcuate
fasciculus was the only tract which showed increased FA values in patients. Increased FA values in this region
correlated with increased severity of auditory hallucinations and length of illness. Our results suggest that
local changes in anatomical integrity of WM tracts in schizophrenia may be related to patients' clinical
presentation.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Most of the previous diffusion tensor imaging (DTI) examinations
of white matter (WM) integrity in schizophrenia have reported
decreased fractional anisotropy (FA) values in patients in the frontal
(Kumra et al., 2004; Wolkin et al., 2003) and occipital lobes (Agartz
et al., 2001; Kumra et al., 2004), and fiber tracts of the uncinate
fasciculus (Burns et al., 2003; Kubicki et al., 2002b), cingulum (Kubicki
et al., 2003) and corpus callosum (Foong et al., 2000b; Rotarska-
Jagiela et al., 2008). These findings are commonly interpreted as
evidence for anatomical dis- or hypo-connectivity. So far, only two
studies have reported increased FAvalues in schizophrenia patients. In
the first study, Hubl et al. (2004) found that patients with a history of
auditory hallucinations had higher FA values in the arcuate fasciculus
in Research, Deutschordenstr.
3782; fax: +49 69 6301 3833.
. Rotarska-Jagiela).
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when comparedwith non-hallucinatory patients and healthy controls.
A similar difference between patients with and without history of
auditory hallucinations was confirmed in the second study (Shergill
et al., 2007). Higher FA values in the arcuate fasciculus suggest that
increased anatomical connectivity between speech and auditory areas
may be neurobiologically related to the severity of auditory hallucina-
tions (Hubl et al., 2004).

However, the association of DTI findings and the clinical presenta-
tion and length of illness is as yet poorly understood. Previous studies
(Mendelsohn et al., 2006; Mitelman et al., 2007; Skelly et al., 2008;
Wolkin et al., 2003) found an inverse relationship between symptom
load and FA in contrast to two studies which found no significant
association (Foong et al., 2000a; Minami et al., 2003). To our
knowledge, only one study reported an association between FA values
and increased illness duration (Mori et al., 2007). Another cross-
sectional examination of first-episode and chronic schizophrenia
patients suggested that changes in FA may be progressive (Friedman
et al., 2008).

mailto:rotarska@mpih-frankfurt.mpg.de
http://dx.doi.org/10.1016/j.pscychresns.2009.03.002
http://www.sciencedirect.com/science/journal/09254927
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In the current study, we examined whether the integrity of
WM fiber tracts in schizophrenic patients with a history of auditory
hallucinations would correlate with the severity of positive symptoms
and of acoustic hallucinations in particular. The altered connectivity,
as shown by Hubl et al. (2004), may result in a predisposition for
hallucinations generally, e.g. by providing a possible pathway of
aberrant fronto-temporal communication. Additionally, the degree of
altered connectivity may determine not just whether but also how
frequently and intensely patients hear voices. To address this question,
a whole-brain exploratory analysis was performed to avoid a
limitation of the analyses to specific brain regions. FA values
(whole-brain analyses) were correlated with positive symptom
and hallucination scores as measured by the Positive and Negative
Syndrome Scale (PANSS) and with duration of illness in a group of
24 patients with paranoid schizophrenia and a history of auditory
hallucinations. Based on the previous literature, we hypothesized that
patients would have overall decreased FA values indicating a reduced
integrity of fiber tracts and hence a disturbed anatomical connectivity
as compared to controls. Secondly, because all our patients had a
history of acoustic hallucinations, an increased FA in the arcuate
fasciculus was expected in concordance with recent studies (Hubl
et al., 2004; Shergill et al., 2007), which, however, did not show a
direct correlation of FA values and symptom ratings. In addition,
we predicted a positive correlation with hallucination scores in this
region.

2. Methods

2.1. Participants

Twenty-four inpatients and outpatients of the Department of
Psychiatry of Frankfurt University Hospital and 24 matched controls
participated in the study. Only patients who met the diagnostic
criteria for paranoid schizophrenia according to the DSM IV and who
had a history of auditory hallucinations were included in the study.
The schizophrenia and control groups were matched for age, gender,
and parental years of education. In addition, for patients whose
university education was interrupted by the illness, we recruited
university graduate controls, assuming that education level prior to
disease onset was amore valid matching criterion than years in higher
education. Participants with a history of other psychiatric or
Table 1
Demographic and clinical data of study participants.

Schizophrenia
patients

Controls

Gender (M/F) 12/12 12/12
Age (Mean±S.D.) 39.00±9.35 39.21±8.95
Handedness (Left/Right) 0/24 0/24
Years of education (Mean±S.D.)⁎ 13.64±3.02 15.96±2.66
Parental years of education (Mean±S.D.)
Mother 12.12±2.67 12.68±3.06
Father 12.57±2.84 12.86±2.87

DSM IV diagnosis (295.30) 24 n/a
Age at onset (Mean±S.D.) 26.21±9.16 n/a
Years of illness (Mean±S.D.) 12.58±7.36 n/a
Medication (atypical neuroleptics/typical
neuroleptics/atypical neuroleptics
neuroleptics+others/no medication)

16/1/6/1 n/a

PANSS (Mean±S.D.)
Total score 58.94±14.59 n/a
Positive 13.95±5.12
Hallucination 2.92±2.04
Negative 14.31±5.02
General 28.26±9.91

ESI (Mean±S.D)a 22.54±13.18 4.38±1.02

a Difference significant at Pb0.01., two-tailed.
neurological disorders or drug abuse were excluded. All subjects
were right-handed. The study was approved by the local ethics
committee and written informed consent was obtained from all
participants after the goals of the project were explained to them.

2.2. Clinical tests

The diagnosis of paranoid schizophrenia was confirmed with a
Structured Clinical Interview (SCID I). Current psychopathology was
assessed with the Positive and Negative Syndrome Scale (PANSS).
Patients also completed a semi-structured interview concerning the
presence, frequency and severity of the auditory hallucinations. The
assessment of content and quality of hallucinatory experiences was
based on the criteria of Aggernaes (1972). Control participants were
also interviewed with the SCID I and II to ensure that they did not
suffer from any psychiatric or personality disorder. Both patients and
controls were examined with the ESI (Eppendorfer Schizophrenie
Inventar) (Mass et al., 2000), which measures characteristic sub-
jective signs and symptoms of schizophrenia. Detailed demographic
and clinical data of study participants are included in Table 1.

2.3. Magnetic resonance imaging

Magnetic resonance imaging (MRI) was performed on a 3 Tesla
Allegra system (Siemens, Erlangen, Germany). T1-weighted 3D
anatomical data were acquired using an MDEFT sequence with 176
slices and 1×1×1 mm3 voxel size. For a DTI measurement, we used a
spin-echo EPI sequence (TR/TE=5400/80 ms, 40 slices,
1.8×1.8×2 mm3 voxel size) covering the whole brain except for the
temporal pole and the inferior cerebellum. Six diffusion-weighted
volumes weremeasured in the axial plane parallel to the AC-PC line in
six directions with a b-value=1000 s/mm2 and one T2 weighted
image without diffusion weighting. The DTI measurement was
acquired five times and averaged before further processing. The
total scan time, which included additional measurements for resting
state functional MRI (not reported), lasted approximately 40 min.

2.4. Image pre-processing and analysis

To correct for eddy current distortion and motion, all diffusion
images were aligned to the reference volume (first B0 image) using
the FSL FDT Diffusion toolbox (www.fmrib.ox.ac.uk/fsl). Co-registra-
tion to a common MNI reference image (http://mni.mcgill.ca) and
re-sampling of the data into 1×1×1 mm3 was performed with the
FSL FLIRT toolbox using an affine 12-parameter registration with
correlation ratio cost function and tri-linear interpolation (Jenkinson
et al., 2002). The resulting datasets were spatially smoothed with a
Gaussian kernel (full-width-at-half-maximum [FWHM]=7 mm).
In-house software was used to estimate and diagonalize the
diffusion tensor in each voxel. Subsequently, FA maps were
calculated for all participants from the eigenvalues of the diagona-
lized tensor (Pierpaoli and Basser, 1996). In order to be able to
identify WM tracts, the results of the analyses were transformed into
Talairach space.

2.5. Whole-brain voxel-by-voxel group comparison

To minimize the number of statistical tests performed and to
ensure that onlyWMvoxels were included in the analysis, aWMmask
was created for each participant based on a T2 image acquired during
DTI measurement using BrainVoyager (http://www.brainvoyager.
com) and the VMR Segmenter software (http://www.bic.uni-frank-
furt.de/bv-tools). For an initial WM masking, a region-growing
intensity-based thresholding segmentation implemented in Brain-
Voyager was used. The resulting masks were grouped to obtain an
overall WM map that included only voxels classified as WM in all

http://www.fmrib.ox.ac.uk/fsl
http://mni.mcgill.ca
http://www.brainvoyager.com
http://www.brainvoyager.com
http://www.bic.uni
http://www.bic.uni


Fig. 1. Results of a whole-brain voxel-by-voxel group comparison of FA values (blue—areas of higher FA values in patients, red—areas of higher FA values in controls) significant at Pb0.05, two-tailed, corrected for multiple comparisons. The
Talairach coordinates for the respective planes are indicated. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Whole-brain voxel-by-voxel correlation of FA values with positive PANSS score (Pb0.05, two-tailed, corrected for multiple comparisons). The Talairach coordinates for the
respective planes are indicated.

12 A. Rotarska-Jagiela et al. / Psychiatry Research: Neuroimaging 174 (2009) 9–16
participants (see Figs. S1 and S2 in the online Supplementary Material
for illustration of WM masking steps). A voxel-based t-test was
performed only on voxels included in the final grouped WM mask.
This or similar methods have been used before in other whole-brain
DTI studies (Hubl et al., 2004; Medina et al., 2006; Mori et al., 2007;
Shergill et al., 2007; Tuch et al., 2005). However, the very conservative
masking method enabled us to examine only large WM tracts. Note
that the whole basal ganglia region was included in the analysis
because of inability to reliably segment WM in this area due to poor
contrast of white and gray matter in this region.
Fig. 3.Whole-brain voxel-by-voxel correlation of FAvalues with hallucination PANSS score (P
respective planes are indicated.
2.6. Whole-brain voxel-by-voxel correlation of FA values with symptoms
and years of illness

For the patient group, whole-brain voxel-by-voxel Pearson
correlation coefficients were calculated between individual FA values
and the PANSS scores for auditory hallucinations, between FA values
and the scores for positive symptoms (with hallucination score
excluded) and between FA values and years of illness. Because this
comparison was calculated for the patient group only, we used the
average patient WM mask.
b0.05, two-tailed, corrected formultiple comparisons). The Talairach coordinates for the
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2.7. Corrections for multiple comparisons

Correction for multiple comparisons was done using the cluster-
size-threshold method of Forman (Forman et al., 1995) as implemen-
ted in BrainVoyager QX (Goebel et al., 2006) and similar to other
cluster-thresholdingmethods used in previous DTI studies (Gold et al.,
2007;Medina et al., 2006;Molko et al., 2004; Salat et al., 2006; Tuch et
al., 2005). In the method used herein, an initially uncorrected
statistical map is used. In the second step, the statistical map's spatial
smoothness was estimated. Monte Carlo simulation was used to
estimate false-positive rates at a cluster level. After 1000 iterations the
minimum cluster size with a cluster-level false-positive rate of 5% or
less was used to threshold the statistical maps. The cluster threshold
was estimated at a minimum cluster size of 150 anatomical voxels
(mm3) for the group comparison and correlation maps yielding a
corrected P value of 0.05.

3. Results

3.1. Behavioral and clinical data

The control group had a significantly higher mean value of years
of education (mean=15.96, S.D.=2.66) compared with patients
(mean=13.64, S.D.=3.02). This result was expected since, as
mentioned above, we matched the participants on the level of
education rather than on the exact number of years of higher
education. As an additional matching criterion, we used parental
years of education, which did not significantly differ between
groups (mother: mean in controls=12.12, S.D.=2.67 vs. mean
in patients=12.68, S.D.=3.06; father: mean in controls=12.57,
S.D.=2.84 vs. mean in patients=12.86, S.D.=2.87). On the
ESI, the controls scored significantly lower than the patients
(mean=4.38, S.D.=1.02 vs. mean=22.54, S.D.=13.18), which
was expected based on our selection criteria for controls (no
psychiatric history and no pathology on the SCID). Nine of the
patients had experienced auditory hallucinations during their
illness, but not within the week of the testing (PANSS score of 1 on
the hallucination item), 15 patients heard voices either at the time
of testing or within the week prior to the fMRI scan (4 received a
Fig. 4.Whole-brain voxel-by-voxel correlation of FA values with years of illness (Pb0.05, two
planes are indicated.
score of 2 on the PANSS hallucination item, 3 received a score of 3,
1 received a score of 4, 3 had a score of 5, 3 had a score of 6, and 1
a score of 7). Further detailed demographic and clinical data of
study participants are included in Table 1.

3.2. Whole-brain voxel-by-voxel group comparison

All reported results of group comparisons were corrected for
multiple comparisons at Pb0.05 with a cluster size of at least 150
voxels using cluster-size thresholding as implemented in BrainVoya-
ger (Forman et al., 1995). The results of the whole-brain group
comparison are illustrated in Fig. 1 and summarized in Table S1 of the
Supplementary Online Material with Talairach coordinates for the
most significant single voxel.

Schizophrenic patients had significantly lower FA values in the
right external capsule and pyramidal tract (bilaterally). Also the FA
values of the corpus callosum were lower in the patient group. In
addition, association fibers including left superior and bilateral
inferior longitudinal fasciculi and occipitofrontal fasciculus (bilater-
ally) also showed lower FA values in patients. The only region with
increased FA compared with controls was the arcuate fasciculus
(bilaterally).

3.3. Whole-brain voxel-by-voxel correlation of FA values with symptoms
and years of illness

The correlation maps were corrected for multiple comparisons
at Pb0.05, and a cluster size of at least 150 voxels was chosen.
The results of correlations of FA values and clinical symptoms are
summarized in Table S2 with Talairach coordinates for the most
significant voxel, and illustrated in Figs. 2 and 3. The results of
correlations of FA values and years of illness are summarized in Table
S3 and illustrated in Fig. 4.

The score of the positive subscale of the PANSS correlated
positively with FA values in corpus callosum, left arcuate, left superior
longitudinal and bilateral occipitofrontal fasciculi and right superior
frontal gyrus (Brodmann Area 9/10). FA values in the inferior
longitudinal fasciculi bilaterally were negatively correlated with that
scale. The hallucination subscore of the PANSS correlated positively
-tailed, corrected for multiple comparisons). The Talairach coordinates for the respective
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with FA values in arcuate fasciculus bilaterally, left thalamus and
prefrontal lobe (Brodmann Area 9/10) and negatively with left
cingulum and right pyramidal tract.

Years of illness correlated positively with FA values in right
external capsule, bilateral arcuate fasciculus and right cingulum. FA in
corpus callosum, bilateral occipitofrontal fasciculus, left optic radia-
tion and left superior frontal gyrus were inversely correlated with
illness duration.

4. Discussion

Based on the previous literature, we hypothesized that patients
would have overall decreased WM integrity as compared with
controls. We also hypothesized that increased FA in the arcuate
fasciculus would positively correlate with hallucinatory experiences.
The results of the current study using whole-brain group comparison
show a general disturbance of anatomical connectivity in schizo-
phrenia patients. We found significant group differences in the
external capsule. Only one other study examined FA values specifically
in this tract (Sun et al., 2003), but it did not find statistically significant
differences. However, the researchers placed regions of interest (ROIs)
on only two slices, which did not overlap with clusters in our study.
There are also reports of changed FA values in the uncinate fasciculus
(Burns et al., 2003; Kubicki et al., 2002a), which crosses the external
capsule in its most ventral section (Ebeling and von Cramon, 1992;
Wakana et al., 2004). We also found changed FA values in long
association fibers within the occipitofrontal fasciculus showing lower
FA values in patients, as reported previously (Hubl et al., 2004). In
addition, in keeping with previous studies, patients had significantly
decreased FA values in the corpus callosum (Foong et al., 2000b;
Rotarska-Jagiela et al., 2008) and the pyramidal tract (Agartz et al.,
2001), as well as in the superior and inferior longitudinal fasciculi
(Buchsbaum et al., 2006). We also found decreased FA in prefrontal
regions of our patient group, replicating findings in the previous
literature (Kumra et al., 2004; Wolkin et al., 2003).

As hypothesized, our sample of patients with a history of
hallucinations had bilaterally increased FA values in the arcuate
fasciculus, which is in concordance with previous DTI findings (Hubl
et al., 2004; Shergill et al., 2007). The main finding of the present
study, correlation between FA values and hallucinations in the arcuate
fasciculus bilaterally, conforms to previous group comparisons
between patients with and without history of hallucinations (Hubl
et al., 2004; Shergill et al., 2007) but extends the earlier studies in
an important way. Evidence for aberrant connectivity in patients
with history of hallucinations compared with those without can be
interpreted on two levels. The altered connectivity may result in a
predisposition for hallucinations generally, e.g. by providing a possible
pathway of aberrant fronto-temporal communication. Additionally,
the degree of altered connectivity may determine not just whether
but also how frequently and intensely patients hear voices. The
correlation between symptom ratings and FA values with coefficients
around 0.5, amounting to about a quarter of explained variance,
clearly supports this model. This hypothesis is further supported by
the results of the correlation analyses of FA and years of illness, which
showed a positive relationship in the regions in the proximity of the
arcuate fasciculus. One possible interpretation of this finding is that
the aberrant connections become stronger, the longer the patients
experience auditory hallucinations, following the rules of use-
dependent plasticity (Hebb, 1949).

FA values are commonly interpreted as an index of anatomical
connectivity with lower values indicating hypoconnectivity (Burns et
al., 2003) and higher values corresponding to hyperconnectivity (Hubl
et al., 2004; Shergill et al., 2007). In the following discussion we will
introduce findings of functional imaging and electrophysiological
studies, which provide further evidence supporting interpretation of
increased FA as increased anatomical connectivity. However, other
factors can influence the FA parameter, for example, loss of crossing
fibers in the voxels in question (Englund et al., 2004; Larsson et al.,
2004), or increased fiber diameter (Beaulieu, 2002), which may result
in the same net effect of increased FA.

4.1. Hyperconnectivity and pathophysiology of schizophrenia

The identification of the arcuate fascicle and prefrontalWM,whose
FA values were consistently correlated with the clinical scores, is
compatible with the current pathophysiological models of hallucina-
tions. Functional imaging studies showed increased co-activity during
auditory hallucinations in multiple brain regions including speech
production and perception areas and auditory cortex (Dierks et al.,
1999; van de Ven et al., 2005), which are all anatomically connected
through the arcuate fasciculus. Aberrant connections along this fiber
tract, as indicated by our study, may facilitate such abnormal co-
activation of language and auditory areas. Our data would thus be
compatible with neuropsychological models of schizophrenia that
emphasize the imbalance of activation between language production
and perception areas as a possible mechanism of hallucinations
(David, 2004; Woodruff, 2004).

The view that hyperconnectivity, as indexed by higher FA values,
may contribute to symptom-generating neural activity is further
supported by results of an electrophysiological study where long-
range synchrony of the EEG was positively correlated with the PANSS
hallucination score (Uhlhaas et al., 2006a). Patients with auditory
hallucinations were also shown to have increased beta frequency
oscillations in speech-related areas (Lee et al., 2006). Increased
anatomical connectivity may facilitate spreading of oscillations
between sensory areas and therefore lead to generation of neural
activity resembling that produced in response to auditory stimulation
(Uhlhaas and Singer, 2006).

During normal processing of self-generated speech, auditory
cortex activity is inhibited by the activity of motor speech areas.
This is reflected by increased gamma-band coherence during talking
(Ford and Mathalon, 2005). This process, interpreted as a corollary
discharge-related phenomenon, appears to be disturbed in schizo-
phrenia patients (Heinks-Maldonado et al., 2007). Auditory halluci-
nations may result from a combination of increased anatomical
connectivity that could facilitate a pathway through which random
noise could be introduced into the speech processing system, and
result in a disturbed corollary discharge. Higher noise combined with
disturbed inhibition could increase the sensitivity for weak, aberrant
inputs, which might subsequently result in misattribution of intern-
ally generated speech to external sources (Heinks-Maldonado et al.,
2007). Excessive attention to irrelevant information could be further
enhanced by decreased input from the posterior cingulate cortex,
which has been shown to play a role in shifting attention away from
irrelevant stimuli (Ng et al., 2007). In the present study, decreased
anatomical connectivity of the posterior cingulate cortex was related
to increased severity of hallucinations.

Although the results of this and previous studies provide evidence
for the hyperconnectivity hypothesis of auditory hallucinations, the
results pointing in the other direction should not be ignored. Previous
EEG and fMRI experiments (Ford et al., 2002; Lawrie et al., 2002) have
repeatedly shown that decreased functional connectivity during
performance of speech and auditory tasks was related to increased
severity of hallucinations. However, none of these studies directly
examined functional connectivity between speech and auditory areas
at the time point of actual hallucinations. Therefore, the exact
relationship between disturbances in speech processing and experi-
ence of hearing voices still needs to be explored. In addition, as shown
by previous DTI (Rotarska-Jagiela et al., 2008) and EEG (ffytche, 2008)
examinations, hallucinations most likely result from a combination of
hyper- and hypoconnectivity. Such a model receives further support
from whole-brain fMRI examinations (Foucher et al., 2005).
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Decreased connectivity of the prefrontal cortex could lead to
disturbances in source monitoring, which has been hypothesized to
be related to hallucinatory experience (Startup et al., 2008), while
increased connectivity to auditory cortex would result in the
perception of voices (Dierks et al., 1999; Shergill et al., 2004).
However, independent validation, e.g. through post-mortem tracer
studies (Galuske et al., 2000), is needed to describe precise
mechanisms influencing the observed connectivity changes.

4.2. Hyperconnectivity and brain development in schizophrenia

The seemingly counterintuitive findings of hyperconnectivity in
schizophrenia may be explained in a neurodevelopmental context.
Brain development is a complex process of establishing and pruning of
axonal connections. This process is regulated by multiple factors,
including sensory input, availability of neurotrophic substances,
molecular markers and hormones, many of which have been found
to be dysregulated in schizophrenia (Lewis and Levitt, 2002; Rapoport
et al., 2005). Pruning, or elimination of transient axons, and the
establishment of functional axonal contacts occur simultaneously to
ensure that transient connections, which compete with functional
contacts for neurotrophic factors, are eliminated (Hua and Smith,
2004). As a result, excessive pruning, which has been shown to occur
in schizophrenia (Garey et al., 1998), may lead to the preservation of
exuberant connections (Webster et al., 1991). This could account for
the increased anatomical connectivity in the arcuate fasciculus as the
results of the present study suggest.

4.3. Future research

The aimof futureDTI research in schizophrenia shouldbe to enhance
our understanding of the relationship between psychopathology,
disturbances of cognitive abilities and potential changes of neuroana-
tomical connectivity. DTI presently only provides information about
traits rather than states. Therefore, for a deeper understanding of the
pathophysiological processes that yield the phenomenology of schizo-
phrenia, DTI should be combined with measures that directly assess
neural correlates of symptoms, such as functional neuroimaging
(Linden, 2006) or EEG (Uhlhaas et al., 2006b). The findings of the
current study contribute to the previous literature on auditory
hallucinations in schizophrenia by presenting a possible anatomical
substrate for abnormal co-activation of speech and auditory areas. In
analogy to the present study's focus on hallucinations, future studies
might examine whether changes in specific fiber tracts are associated
with different symptom dimensions and underlie the distinctive EEG
patterns observed for different syndromes of schizophrenia (Lee et al.,
2003). Our finding of quantitative association between altered con-
nectivity and symptoms should also encourage research into WM
changes in individuals with attenuated psychotic symptoms, e.g. as
indicator of an early stage of schizophrenia, or those with varying
degrees of hallucination proneness, suggesting a classification within
the schizotypy continuum. Markers like the ones investigated here may
then be helpful in deciding between more categorical and more
dimensional approaches to psychiatric disease classification and inform
about the neural basis of the putative psychosis continuum.
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