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Abstract

Empathic abilities are impaired in schizophrenia. Although the pathology of
schizophrenia is thought to involve disrupted white matter integrity, the relationship
between empathic disabilities and altered white matter in the disorder remains unclear.
The present study tested associations between empathic disabilities and white matter
integrity in order to investigate the neural basis of impaired empathy in schizophrenia.

Sixty-nine patients with schizophrenia and 69 age-, gender-, handedness-, education-
and 1Q level-matched healthy controls underwent diffusion-weighted imaging.
Empathic abilities were assessed using the Interpersonal Reactivity Index (IRI). Using
tract-based spatial statistics (TBSS), the associations between empathic abilities and
white matter fractional anisotropy (FA), a measure of white matter integrity, were
examined in the patient group within brain areas that showed a significant FA reduction
compared with the controls.

The patients with schizophrenia reported lower perspective taking and higher personal
distress according to the IRI. The patients showed a significant FA reduction in bilateral
deep white matter in the frontal, temporal, parietal and occipital lobes, a large portion of
the corpus callosum, and the corona radiata. In schizophrenia patients, fantasy subscales
positively correlated with FA in the left inferior fronto-occipital fasciculi and anterior
thalamic radiation, and personal distress subscales negatively correlated with FA in the
splenium of the corpus callosum.

These results suggest that disrupted white matter integrity in these regions constitutes a
pathology underpinning specific components of empathic disabilities in schizophrenia,
highlighting that different aspects of empathic impairments in the disorder would have,

at least partially, distinct neuropathological bases.
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1. Introduction

Empathy is a set of constructs that enable us to understand and respond to the
emotional experiences of others, and thus has a central role in successful interpersonal
engagement and higher social functioning (Davis, 1983; Decety and Moriguchi, 2007).
Empathy is considered to be multifaceted and to comprise at least two key components:
cognitive empathy and emotional empathy. Cognitive empathy consists of the ability to
understand and explain mental states of others, while emotional empathy comprises the
experience of an appropriate emotional response as a consequence of the emotional
state in others (Davis, 1983).

A number of studies have reported that empathic impairments were present in
schizophrenia (Derntl et al., 2009; Fujiwara et al., 2008; Haker and Rossler, 2009;
Montag et al., 2007; Shamay-Tsoory et al., 2007a, 2007b), and that such deficits lead to
social dysfunction (Shamay-Tsoory et al., 2007b). In these studies, impairments in
empathic abilities were assessed by the Interpersonal Reactivity Index (IRI) (Davis,
1983), which is a widely used self-report instrument to assess empathic abilities on four
subscales; Perspective Taking (PT), Fantasy (FS), Empathic Concern (EC), and
Personal Distress (PD). PT and FS were designed to measure the cognitive aspects of
empathy, and EC and PD the emotional aspects of empathy. Previous studies have
revealed decreases in cognitive empathy in schizophrenia (Fujiwara et al., 2008;
Montag et al., 2007; Shamay-Tsoory et al., 2007b). In addition, most studies on
schizophrenia have reported increases in PD resulting from observing another's negative
experience (Derntl et al., 2009; Fujiwara et al., 2008; Montag et al., 2007).

As for the neural basis of empathy in healthy subjects, several functional
neuroimaging studies (Hooker et al., 2008; Lam et al., 2011; Mar, 2011; Singer et al.,
2004) and a volumetric study (Banissy et al., 2012) have suggested the importance of
critical roles of gray matter (GM) regions including the anterior cingulate cortex (ACC),
inferior frontal gyrus, precuneus, anterior insula, somatosensory cortex, and dorsolateral
prefrontal cortex in terms of empathy processing. Furthermore, a recent study has
reported that emotional empathy associates with white matter (WM) integrity in the
clusters including the inferior fronto-occipital fasciculus (IFOF), superior longitudinal
fasciculus and uncinate fasciculus (Parkinson and Wheatley, 2012).

As for the neural basis of impaired empathic abilities in schizophrenia, recent fMRI



studies reported functional abnormalities in cortical and subcortical regions including
the ACC, inferior frontal gyrus, precuneus, and insula during a task-related empathy in
schizophrenia (Derntl et al., 2011; Lee et al., 2010). In addition to the functional
abnormalities, our previous study showed that the GM volume of the left dorsal ACC
was negatively correlated with PD scores of the IRI in female schizophrenia patients
(Fujiwara et al., 2007). These GM regions largely overlap with those that are reportedly
important in empathy in normal subjects.

Considering the neuropathology in schizophrenia, not only GM abnormalities in the
frontal, temporal and parietal cortical regions, media temporal lobe structures, basal
ganglia, and thalamus (Ellison-Wright et al., 2008), but also disrupted WM integrity
among these GM regions has a key role (Walterfang et al., 2006). Since the complicated
process of empathy requires the coordinated functioning of a widely distributed network
of GM regions, empathic disabilities in schizophrenia may be caused by disrupted WM
integrity. However, to the best of our knowledge, no study has directly investigated the
relationship between empathic impairments and WM connectivity in schizophrenia.

Here, we investigated the association between empathic disability and WM integrity in
schizophrenia, using diffusion tensor imaging (DTI). We used the IRI to evaluate
empathic ability. We also utilized a widely used robust voxelwise analysis technique for
DTI data called tract-based spatial statistics (TBSS) (Smith et al., 2006), and fractional
anisotropy (FA) was used as an index of WM integrity. We hypothesized that empathic
disabilities in patients would be correlated with FA reduction in regions that connect
GM regions relevant to the process of empathy. Furthermore, it was predicted that
different aspects of empathic impairments would be associated with distinct WM
disconnectivity in schizophrenia. Emotional empathy comprises the experience of an
appropriate emotional response as a consequence of the emotional state in others (Davis,
1983). These abilities appear to rely on the interactions of sensory and emotional
processing (Parkinson and Wheatley, 2012). Therefore, emotional aspects of empathic
impairments might be more strongly related to FA in the WM regions involved in
sensory and emotional processing. On the other hand, the cognitive aspects of empathy
require considerable cognitive ability to understand and explain the mental states of
others (Davis, 1983). Thus, these impairments would be preferentially associated with
FA reduction in the WM regions implicating cognitive processing, which connects to

GM regions reported to be associated with cognitive empathy, such as the prefrontal



cortices (Banissy et al., 2012).

2. Materials and methods

2.1. Participants

Sixty-nine schizophrenia patients, diagnosed based on the patient edition of the
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID), participated in this
study. None of the patients was comorbid with other psychiatric disorders. Predicted
premorbid 1Q was measured with the Japanese Version of the National Adult Reading
Test short form (Matsuoka and Kim, 2007). The Positive and Negative Syndrome Scale
(PANSS) (Kay et al., 1987) was used to assess the severity of clinical symptoms. All
patients were receiving antipsychotic medication (typical [n=4], atypical [n=50], typical
and atypical [n=15]). Sixty-nine healthy controls, matched with the patient group in age,
gender, handedness, education and predicted 1Q levels were recruited. The controls had
no history of psychiatric illness, as determined by the non-patient edition of the SCID,
and there was no history of psychotic disorders among their first-degree relatives.
Exclusion criteria for all individuals included a history of head trauma, any neurological
illness, serious medical or surgical illness, and substance abuse. All participants were
physically healthy at the time of scanning and psychological tests.

This study was approved by the Committee on Medical Ethics of Kyoto University
and carried out in accordance with The Code of Ethics of the World Medical
Association. After a complete description of the study, written informed consent was

obtained from each participant.

2.2. The Interpersonal Reactivity Index (IRI)

The Japanese version of the Interpersonal Reactivity Index (IRI) (Davis, 1983; Sakurai,
1988) was administered. It consists of four 7-item subscales to assess different aspects
of empathic abilities. PT contains items that assess spontaneous attempts to adopt the
perspective of other people and see things from their point of view. FS assesses shifting
oneself into feelings of fictional characters. As to the other two subscales, EC inquires

about own feelings of compassion and concern for others, while PD measures the



personal feelings of anxiety and discomfort resulting from observing another's negative
experience. Higher scores of each subscale mean higher empathic tendency. However, it
should be noted that four subscale scores are not all positively correlated (Davis, 1980,
1983). Specifically, the PD subscale was negatively correlated with the other measures
of empathy and social competence (Davis, 1983). Higher PD scores indicate a greater
tendency to have self-oriented feelings of anxiety and discomfort in response to tense
interpersonal settings (Davis 1983), which suggests abnormally enhanced emotional
reaction in embarrassing social situations (Decety and Moriguchi, 2007). Such tendency
was associated with higher levels of social dysfunction (Davis 1983), and elevated
levels of PD were often seen in various psychiatric disorders (Cusi et al., 2010, Montag

et al., 2007). Therefore, higher PD scores can be interpreted as indicating dysfunction.
2.3. MRI acquisition and pre-processing

Diffusion-weighted data were acquired using single-shot spin-echo echo-planar
sequences with a 3.0-T MRI unit (Trio; Siemens, Erlangen, Germany) with a 40-mT/m
gradient and a receiver-only eight-channel phased-array head coil. The scanning
parameters were as follows: echo time = 96 ms, repetition time = 10,500 ms, 96 x 96
matrix, field of view = 192 x 192 mm, 70 contiguous axial slices of 2.0-mm thickness,
81 non-collinear motion-probing gradients, b = 1,500 s/mm”. The b = 0 images were
scanned before every nine diffusion-weighted images, thus consisting of 90 volumes in
total.

DTI data were processed using programs in the FMRIB Software Library (FSL)
version 4.1 (Smith et al., 2004). Source data were corrected for eddy currents and head
motion by registering all data to the first b = 0 image, with affine transformation. The
FA maps were calculated using the DTIFIT program implemented in FSL. For
voxelwise statistical analysis, TBSS version 1.2 was used. All FA data were normalized
into a common space using the nonlinear registration tool FNIRT; normalized FA
images were averaged to create a mean FA image, which was then thinned to create a
mean FA skeleton, taking only the centers of WM tracts common to all the subjects.
Voxel values of each subject's FA map were projected onto the skeleton by searching
the local maxima along the perpendicular direction from the skeleton. The resultant

skeletonized FA data were used in the following voxelwise statistical analyses.



2.4. Data analyses

2.4.1. Scores of each IRI subscale

First, to examine group differences and possible gender effects on each IRI subscale,
we applied two-way analyses of variance (ANOVAs) with each IRI subscale as
dependent variables, and gender and diagnosis as between-subject factors.

Second, to explore possible influences of clinical characteristics on IRI scores,
correlational analyses were performed between each IRI subscale and clinical variable
(i.e., scores in positive, negative, general psychopathology of PANSS, duration of
illness, medication) in the patient group. Since some of the data were not normally
distributed (Shapiro-Wilk test, p < 0.05), we chose Spearman’s rank correlation. Data
were analyzed using SPSS 21 (SPSS Inc., Chicago, IL, USA). Statistical significance

was set at p < 0.05 (two-tailed) in all analyses.

2.4.2. Group comparison of FA

Voxelwise permutation-based nonparametric inference (Nichols and Holmes, 2002)
was performed on skeletonized FA data, using FSL. Randomize ver. 2.5. Firstly, we
performed group comparisons, with age and gender as nuisance covariates. Both
control-patient and patient—control contrasts were tested, with 10,000 permutations.
The statistical threshold was defined at p < 0.05, correcting for multiple comparisons by
threshold-free cluster enhancement (TFCE) (Smith and Nichols, 2009). The resultant
significant FA reduction/increase areas in patients were used as inclusion masks in the

following voxelwise correlational analyses.

2.4.3. Voxelwise correlational analyses

Voxelwise multiple regression analyses were carried out using TBSS to explore the
WM regions that correlated with each IRI subscale in schizophrenia patients. Age and
gender were entered into the model as covariates of no interest. The above-mentioned
masks were applied to include only those voxels with significant group differences.
Permutation-based nonparametric inference was undertaken with 10,000 permutations.
The statistical threshold was defined at p < 0.05, correcting for multiple comparisons by

TFCE. Fiber tracts corresponding to the clusters were identified with reference to the



Johns Hopkins University DTI-based White Matter Atlas (http://cmrm. med.jhmi.edu)
(Mori et al., 2005).

The same correlational analyses were performed on healthy subjects for the whole
skeleton. The threshold for statistical significance was also defined at p < 0.05,

TFCE-corrected for multiple comparisons.

3. Results

Demographic and clinical data are shown in Table 1. The patient group consisted

mainly of chronic patients with relatively mild symptom severity.

3.1. Scores of each IRI subscale

The two-way ANOVAs revealed significant main effects of diagnosis in the PT and
PD subscales [PT, F (1,134) = 9.782, p = 0.002; PD, F (1,134) =11.188, p = 0.001].
Schizophrenia patients showed significantly lower scores on the PT subscale and
significantly higher PD compared to controls (Table 2). There were, however, no
significant effects of gender, and no significant diagnosis x gender interaction in any of
these analyses. There were no significant main effects of diagnosis and gender, and no
significant diagnosis x gender interaction in the FS and EC subscales. No significant
correlations were found between IRI subscales and PANSS subscale scores, duration of

illness, or medication in the patient group.

3.2. Group comparison of FA value

Schizophrenia patients displayed a cluster of widely distributed significant FA
reduction relative to controls. This cluster extended to the bilateral deep WM in the
frontal, temporal, parietal and occipital lobes, a large portion of the corpus callosum
(CC), and the corona radiata (Fig. 1). There was no region in which the patients showed
increased FA compared to the controls. Thus, we used the cluster in which FA was

reduced in the patients as a mask in the following correlational analyses.

3.3. Voxelwise correlational analyses
In the patient group, there was a significant positive correlation between FS subscales

and FA in a cluster including the left IFOF and the anterior thalamic radiation (ATR). In



addition, patients’ PD subscale showed negative correlation with FA in a cluster
including the splenium of the CC (Table 3, Fig. 2 and 3). Spearman's rank correlation
coefficients between FS/PD and mean FA of these clusters were 0.544 and -0.312,
respectively. The other two subscales showed no significant correlations with FA
reduction. We tested possible effects of major clinical characteristics on these
significant correlations [FS/PD and mean FA of the clusters (p < 0.05, TFCE)], using
partial correlation. The correlation between FS subscales and FA in the cluster including
the left IFOF and ATR, and the correlation between PD subscales and FA in the cluster
including the splenium of the CC remained significant after controlling for age, gender,
education and premorbid IQ (FS, rho = 0.517, p < 0.001; PD, rho = -0.372, p = 0.002).
Moreover, both correlations were still significant even after controlling for positive,
negative and general psychopathology subscales of PANSS (FS, rho = 0.505, p < 0.001;
PD, rho =-0.367, p = 0.003), duration of illness (FS, rho = 0.501, p < 0.001; PD, rho =
—0.331, p = 0.009), and medication (FS, rho =0.498, p < 0.001; PD, rho = —0.324, p =
0.012).

On the other hand, there was no significant correlation of FA with any of the IRI

subscales in healthy controls.

4. Discussion

To the best of our knowledge, this is the first study to examine the relationship
between empathic disabilities and disrupted WM integrity in schizophrenia. The results
suggest that disrupted white matter integrity in two regions constitutes a pathology
underpinning specific components of empathic disabilities in schizophrenia; PD
negatively correlated with FA in a cluster including the splenium of the CC, and FS
positively correlated with FA in a cluster including the left [IFOF/ATR.

The results of IRI generally replicated the previous literature. The schizophrenia group
showed lower PT and higher PD, consistent with the previous studies (Haker and
Rossler, 2009; Montag et al., 2007). Although we did not find a significant difference in
FS score between the two groups in this study, a number of previous studies showed
lower FS in schizophrenia compared with healthy subjects (Derntl et al., 2009; Fujiwara
et al., 2008). The lack of a group difference in EC score is consistent with most

previous reports (Derntl et al., 2009; Fujiwara et al., 2008; Haker and Rossler, 2009;



Montag et al., 2007; Shamay-Tsoory et al., 2007a, 2007b). In correlational analyses, we
found no associations between IRI subscales and clinical variables (positive, negative,
general psychopathology of PANSS and duration of illness) in schizophrenia. It is
controversial whether empathic impairments in schizophrenia reflect a state or a trait
(Achiem et al., 2010; Haker H et al., 2012), however our results support that empathic
disabilities may constitute a trait marker of schizophrenia.

Patients showed a significant FA reduction in bilateral deep white matter in the frontal,
temporal, parietal and occipital lobes, a large portion of the CC, and the corona radiata.
The results of the group comparison of FA were largely consistent with previous studies,
indicating robust multiregional reduction of WM integrity in schizophrenia (Walterfang
et al., 2006; Miyata et al., 2010).

In these areas, PD subscale negatively correlated with FA in a cluster including the
splenium of the CC, whereas FS subscale positively correlated with FA in a cluster
including the left IFOF and ATR, suggesting that distinct WM disconnectivity might
underlie different facets of empathic impairments in schizophrenia. A possible
interpretation of the correlation between PD and the cluster including the splenium of
CC is as follows. Previous studies have suggested that structural alteration of the CC in
schizophrenia reflects dysfunctional interhemispheric information transfer and can
cause a disturbed integration of information concerning self and environment (David,
1994; Knochel et al., 2012; Patel et al., 2011; van der Knaap and van der Ham, 2011).
Difficulties in self-other distinction may result in abnormally enhanced empathic
responding in embarrassing social situations (Decety and Moriguchi, 2007).
Interestingly, the cluster in the CC in which FA was correlated with PD was located in
the posterior part of the CC, which includes the transcallosal fibers connecting the
bilateral somatosensory cortex (Fabri et al., 2001; van der Knaap and van der Ham,
2011). Therefore, our findings are consistent with the results of the previous study,
namely, that the GM volume in the somatosensory cortex was associated with PD
subscales in healthy subjects (Banissy et al., 2012). In addition, the results might
support the recent studies that have indicated a key role for somatosensation in social
perception (Hooker et al., 2008, Keysers et al., 2010).

We also found a correlation between FS and the cluster including IFOF/ATR in
schizophrenia. FS subscale, a measure of the capability of shifting oneself into feelings

of fictional characters, was reported to be positively correlated with verbal ability and
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vocabulary (Davis, 1983). Several studies have indicated the importance of the IFOF in
language and semantic processing network (deZubicaray et al., 2011; Duffau, 2008).
Thus, disrupted WM integrity in the IFOF is associated with this specific aspect of
empathy. In addition, the ATR was contained in this cluster. Thalamo-cortical
connectivity is also considered to be a key underpinning of impaired multiple cognitive
abilities in schizophrenia (Kim et al., 2008; Marenco et al., 2012). In the same vein, the
ATR may play an important role in FS ability in schizophrenia. Furthermore, GM
volume in the dorsolateral prefrontal cortex was associated with FS subscale scores in
healthy subjects (Banissy et al., 2012). As the dorsolateral prefrontal cortex is the region
in which both IFOF and ATR are partially connecting (Mori et al., 2005), the study by
Banissy et al. again corroborates our interpretation.

On the other hand, PT and EC subscales showed no significant correlations with FA
reduction in schizophrenia. One possible explanation is that the neural network for PT
may not be specific for this function, as PT may depend on domain-general mechanisms
underlying a broad range of cognitive abilities rather than domain-specific mechanisms
for empathy or social cognition (Decety and Lamm, 2007; Parkinson and Wheatley,
2012). Concerning EC, it is intact in schizophrenia, and thus it may not be related to
reduced WM integrity.

With respect to healthy subjects, we did not find associations between FA and any of
the IRI subscales, while a previous study showed an association between EC subscale
and WM microstructure (Parkinson and Wheatley, 2012). This discrepancy might be
due to different characteristics of participants, as for example, the older age of our
subjects.

There are several limitations to this study. First, most patients participating in this
study had relatively mild and stable symptoms, and therefore, our sample may not be
representative of the general population of patients with schizophrenia. Secondly, it is
difficult to exactly identify the fiber tracts in the clusters that emerged in the
correlational analyses. To overcome this issue, detailed tractography analyses would be
necessary in future studies. Thirdly, all the patients were receiving antipsychotic
medications. Although we confirmed that the results of two correlational analyses were
still significant even after controlling for dosage of antipsychotic medications, we
cannot exclude completely the possibility of confounding effects of antipsychotics.

Most previous studies showed no significant findings regarding correlational analyses
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between the level of antipsychotic medications and DTI data (Kalus et al., 2005,
Kubicki et al., 2005, Kumra et al., 2005, Kyriakopoulos et al., 2008). However, several
studies reported significant correlations between antipsychotic doses and FA in some
WM regions of the brain in schizophrenia (Miami et al., 2003, Okugawa et al., 2004).
To address the effect of medication on brain structure, systematic studies with a larger
sample size, which can analyze the associations between FA and the level of various
medication subtypes, would be needed. Finally, the focus of this study was restricted to
the WM abnormalities. In the neuropathology of schizophrenia, GM abnormalities also
have key roles. Future research utilizing multimodal MRI will need to investigate the
interplay between GM and WM abnormalities on empathic impairments to better
understand the pathophysiology of the deficits in schizophrenia.

Despite these limitations, the present study is noteworthy because it indicates, for the
first time, the existence of WM pathology underlying impaired empathy in
schizophrenia. Furthermore, the results also showed that distinct WM disconnectivity
might underlie different aspects of empathic impairments in schizophrenia; disrupted
WM connectivity in the left IFOF/ATR, and the splenium of the CC is associated with
FS and PD of IRI, respectively, in the disorder. These neurobiological findings
highlight the view that empathy is not a unitary but rather a multifaceted construct, and
they add to our understanding of the neural basis of impaired empathic abilities in
schizophrenia. This multidimensionality of empathic impairments should be considered

when developing interventions for improving empathic abilities in schizophrenia.

5. Conclusions

In summary, this study demonstrates disrupted WM connectivity in the left [IFOF/ATR,
and the splenium of the CC is associated with FS and PD of IRI, respectively, in
schizophrenia. Our neurobiological findings emphasize the multidimensionality of
empathic impairments in schizophrenia. Taking this into account, strengthening these
connections would be a possible target of pharmacological as well as
non-pharmacological therapies, to improve empathic abilities and social functioning in

schizophrenia.
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Table 1

Demographic and clinical characteristics of participants

Schizophrenia Control Statistics
(n=69) (n=69)
Mean S.D. Mean S.D. p
Age (years) 36.6 9.2 342 12.4 0.16°
Gender (male/female) 40/29 35/34 0.40°
Handedness (right/left) 64/5 65/4 0.73 ¢
Education years 13.9 2.2 14.5 2.5 021°
Predicted 1Q (JART) 103.1 9.0 105.3 9.0 0.13°
Age at onset 24.2 7.0
Duration of illness (years) 13.1 9.7
PANSS total
PANSS positive 61.6 17.8
PANSS negative 14.2 4.7
PANSS general 15.9 5.5
Drug (mg/day, HPD 314 10.1
equivalent) * 11.5 9.3

* Haloperidol equivalents were calculated according to the practice guidelines for the

treatment of patients with schizophrenia (Lehman et al., 2004; Inagaki and Inada, 2008).

® Mann-Whitney test

¢ Two-tailed chi-square test

Abbreviations; JART = Japanese Version of the National Adult Reading Test, PANSS =

Positive and Negative Syndrome Scale, HPD = haloperidol
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Table 2

Scores of each IRI subscale for the participants

IRI  Schizophrenia Control Statistics
(n=69) (n=69) Diagnosis  Gender Diagnosis x Gender
Mean S.D. Mean S.D. df=1,134 df=1, 134 df=1, 134

PT 182 3.6 20.1 3.5 F=9.782 F=1.328 F=1.120
p=0.002* p=0.251 p=0.292

FS 177 34 18.7 3.4 F=2.306 F=1.488 F=0.296
p=0.131 p=0.225 p=0.587

EC 20.8 2.7 209 2.4 F=0.064 F=0.063 F=2.458
p=0.800 p=0.803 p=0.119

PD 18.8 3.9 16.7 3.5 F=11.188 F=0.327 F=0.396
p=0.001%* p=0.568 p=0.530

*p<0.05

Abbreviations; IRI = Interpersonal Reactivity Index, PT = Perspective Taking, FS =

Fantasy, EC = Empathic Concern, PD = Personal Distress
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Table 3

Significant correlation between the IRI subscale score and FA in patients

Anatomical region IRI t rtho  MNI coordinate® Cluster

X Y Z size

Left ATR and IFOF FS 4.67 0.544  -15 8 5 65
Right splenium of CC PD 3.68 -0.312 11 -38 23 88

* Coordinates for the peak voxels are displayed.
Abbreviations: ATR = anterior thalamic radiation, IFOF = inferior fronto-occipital
fasciculus, CC = corpus callosum. FS = Fantasy, PD = Personal Distress, MNI =

Montreal Neurological Institute
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Fig.1

Regions of significant FA reduction in patients with schizophrenia relative to controls
(p<0.05, corrected by TFCE). To aid visualization, results are thickened using the
tbss_fill script implemented in FSL (red—yellow). Results are shown overlaid on the
mean FA maps and the FA skeleton (green). Left-right orientation is according to

radiological convention. Axial slices from Z=—6 to 50 in MNI coordinate are shown.

Abbreviations; FA = fractional anisotropy, TFCE = threshold-free cluster enhancement,
FSL = FMRIB Software Library, MNI = Montreal Neurological Institute
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Fig. 2

Significant positive correlation between FS subscale score and FA in schizophrenia
patients (p<0.05, corrected by TFCE). To aid visualization, results are thickened using
the tbss_fill script implemented in FSL  (red—yellow). The results are shown overlaid
on the mean FA map and the FA skeleton (green). A: axial slice; B: sagittal slice; C:

coronal slice.

Abbreviations; FS = Fantasy, FA = fractional anisotropy, TFCE = threshold-free cluster
enhancement, FSL = FMRIB Software Library
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Significant negative correlation between PD subscale score and FA in schizophrenia
patients (p<0.05, corrected by TFCE). To aid visualization, results are thickened using
the tbss_fill script implemented in FSL (blue—light blue). The results are shown overlaid
on the mean FA map and the FA skeleton (green). A: axial slice; B: sagittal slice; C:

coronal slice.

Abbreviations; PD = Personal Distress, FA = fractional anisotropy, TFCE =
threshold-free cluster enhancement, FSL = FMRIB Software Library
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