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Background: Abnormalities in the corpus callosum have long been implicated in schizophrenia. Previous diffusion tensor imaging (DTI)
 studies in patients with different durations of schizophrenia yielded inconsistent results. By comparing patients with different durations of
schizo phrenia, we investigated if white matter abnormalities of the corpus callosum emerge at an early stage in the illness or result from
pathological progression. Methods: We recruited patients with first-episode schizophrenia, patients with chronic schizophrenia and age-, sex-
and handedness-matched healthy controls. We used 2 DTI techniques (voxel-based and  fibre-tracking DTI) to investigate differences in cor-
pus callosum integrity among the 3 groups. Results: With both DTI techniques, significantly decreased fractional anisotropy values were iden-
tified in the genu of corpus callosum in patients with chronic schizophrenia, but not first-episode schizophrenia, compared with healthy con-
trols. Limitations: This study was cross-sectional, and the sample size was relatively small. Conclusion: Abnormalities in the genu of the
corpus callosum might be a progressive process in schizophrenia, perhaps related to disease severity and prognosis.
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Introduction

The corpus callosum is the largest white matter tract in the
brain. It plays an important role in transmitting information
between the 2 hemispheres, especially concerning the inte-
gration of high-level cognitive, linguistic and perceptual pro-
cessing, such as attention, language and memory.1 Abnormal-
ities in these functions have been considered a core symptom
of schizophrenia.2 Diffusion tensor imaging (DTI) is a unique
magnetic resonance imaging (MRI) technique for probing the
directional organization of white matter microstructure in
vivo, and this technique has been used in several studies to
investigate corpus callosum abnormalities in patients with

schizophrenia. Most of the DTI studies have found decreased
fractional anisotropy (an important quantitative indicator for
DTI) in different corpus callosum subregions, such as the
genu,3,4 the splenium5,6 and other portions of the corpus callo-
sum,7,8 in patients with schizophrenia. However, some
 studies have not detected altered corpus callosum integrity in
such patients.9 Inconsistent findings may reflect methodo -
logic al differences in DTI techniques or in samples studied,
including differences in age at onset, duration of illness,
number of acute episodes and medication exposures.

In this study, we used complementary DTI techniques (voxel-
based and fibre-tracking) to study the structural integrity of the
corpus callosum and assess the regional localization of changes
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in patients with schizophrenia compared with healthy con-
trols. We recruited 2 patient groups with different illness
 durations but otherwise matched for clinical features to study
corpus callosum structural integrity in relation to illness
 progression.

Methods

Participants

We recrutied patients with first-episode schizophrenia and
patients with chronic schizophrenia from in patient and out-
patient units of the Department of Psychiatry, Second
 Xiangya Hospital. We defined first-episode and chronic
schizophrenia according to the course of illness: first-episode
schizophrenia with illness duration less than 1.5 years10 and
chronic schizophrenia with illness duration of more than
2 years.11 All the patients eligible for the study satisfied the
following criteria:
• a diagnosis of schizophrenia according to the DSM-IV, de-

termined by administration of the Structured Clinical
 Interview for DSM-IV Axis I Disorders, Patient Edition
(SCID-I/P);12

• age 17–45 years;
• right-handedness;
• a total Positive and Negative Syndrome Scale (PANSS)13

score greater than 60; and
• more than 9 years of completed education.

Patients were excluded if they had any organic brain dis-
ease, substance-related disorders, a history of electroconvul-
sive therapy or any contraindications to MRI scanning. 

We also recruited age- and sex-matched healthy controls,
who were screened using the SCID, Non-Patient Edition.14

The inclusion and exclusion criteria were the same as those
for the schizophrenia groups, except that the healthy controls
did not meet the DSM-IV diagnostic criteria for any psychi-
atric disorders.

The ethics committee of the Second Xiangya Hospital of
Central South University approved the study, and signed in-
formed consent was obtained from all participants after we
fully explained the purpose of the program.

We assessed clinical symptoms and social function for the
schizophrenia patients using the PANSS13 and the Global As-
sessment Scale (GAS)15 at the time of scanning.

Image acquisition

Magnetic resonance imaging was performed on a 1.5-T GE
Signa Twinspeed MR scanner. The standard head coil was
used for radio frequency signal transmission and reception.
We minimized head motion with restraining foam pads pro-
vided by the manufacturer.

Diffusion tensor imaging was performed with a single-shot
echo planar imaging sequence aligned to the straight axial
plane. Diffusion sensitizing gradients were applied along
13 noncolinear directions (b value = 1000 s/mm2), together
with an acquisition without diffusion weighting (b value = 0).
Thirty contiguous axial slices were acquired with slice thick-

ness of 4 mm and no gap. The acquisition parameters were as
follows: repetition time [TR] 12000 ms; echo time [TE]
107 ms, matrix 128 × 128, field of view [FOV] 240 × 240 mm,
number of excitations 5.

Voxel-based DTI processing and statistical analysis

Voxel-based DTI processing has been described previously.16

Briefly, we calculated fractional anisotropy with DTI studio
software version 2.40 (www.mristudio.org). For each partici-
pant, the b0 image was first normalized to the standard Mon-
treal Neurological Institute (MNI) space using Statistical
Para meters Maps (SPM2; Wellcome Department of Cognitive
Neurology), and then the transformation matrix was applied
to the fractional anisotropy map and b1–b13  images to
 normalize them to standard MNI space. The b1–b13 images
were also used in the fibre-tracking DTI processing, as de-
scribed in the fibre-tracking section. All images were resam-
pled with a final voxel size of 2 × 2 × 2 mm3 during the nor-
malization procedure. Each normalized fractional anisotropy
map was spatially smoothed with an 8-mm full-width at half-
 maximum Gaussian kernel.

We performed voxel-based analysis of variance (ANOVA)
with SPM2 to detect white matter integrity differences

Fig. 1: The sagittal images display the reconstructed fibres travers-
ing the genu of the corpus callosum in (A) healthy controls, (B) pa-
tients with a first episode of schizophrenia and (C) patients with
chronic schizophrenia.
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among the 3 groups using fractional anisotropy values as the
dependent variables. Findings in the whole brain were con-
sidered significant at p < 0.005 (uncorrected) and clusters of
more than 30 voxels.

The fractional anisotropy value for each cluster showing
significant differences in the ANOVA analysis was obtained
from each participant using self-developed software. Post
hoc analyses were performed by pair-wise comparison
 between the healthy control and chronic schizophrenia
groups, the healthy control and first-episode schizophrenia
groups and chronic schizophrenia and first-episode schizo-
phrenia groups. We report all significant main effects
(p < 0.05) in the results section.

Fibre-tracking DTI processing and statistical analysis

For each participant, the normalized b0–b13 images were
loaded into the MedINRIA1.8 software  (www -sop .inria .fr
/asclepios /software/MedINRIA), and the diffusion tensor
matrices in each voxel were estimated. After median smooth-
ing, fractional anisotropy maps were computed for all partici-
pants. The brain regions with significantly different fractional
anisotropy in the voxel-based analysis (VBA) were saved as re-
gions of interest (ROIs). The tracking parameters used were
fractional anisotropy threshold 0.2; minimum length of fibres
10 mm; maximal length 100 mm; maximal angle 45°. The 
3-dimensional structure was reconstructed for fibre tracts
(Fig. 1). The mean fractional anisotropy values were calculated
from each identified fibre tract of every participant for further
analysis. Then, we used the same models as in the voxel-based
DTI processing to detect differences among the 3 groups and
pair-wise comparisons in the mean fractional anisotropy.

Statistical analysis for clinical features

We performed 1-way ANOVA to compare age and years of

completed education, and we used the χ2 test to compare sex
distribution among the 3 groups. Two-sample t tests were
used to compare the age at onset of illness, the duration of ill-
ness, positive and negative PANSS scores and GAS scores be-
tween the 2 patient groups. We performed a linear correla-
tion analysis to detect associations between fractional
anisotropy values in all patients with schizophrenia that we
obtained from the significant clusters in voxel-based DTI
analysis and the global PANSS scores, GAS scores and dura-
tion of illness, as well as dosage of antipsychotic medications.

Results

Participants

We included 15 patients with a first-episode of schizophrenia
and 15 patients with chronic schizophrenia (10 men and
5 women in each group) in the study. At the time of scan-
ning, 11 patients were on a single antipsychotic medication,
6 patients were on 2 or more antipsychotic medications and
only 1 was naive for medication. The medication information
could not be determined for 12 participants. We also in-
cluded 15 age- and sex-matched healthy controls (10 men
and 5 women).

The demographic and clinical data for the 3 groups are
shown in Table 1. There was no significant difference among
the 3 groups regarding age, years of completed education
and distribution of sex (all p > 0.05). The PANSS scores, age
at onset of illness, dosage of antipsychotic medication equiva-
lent to 100 mg/day of chlorpromazine were not sig nificantly
different between the 2 patient groups (all p > 0.05). How-
ever, patients with chronic schizophrenia had significantly
lower GAS scores (p = 0.045) than patients with first-episode
schizophrenia.

The results from voxel-based DTI analysis showed signifi-
cant differences in fractional anisotropy values in the genu of
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Table 1: Demographic and clinical characteristics for all study participants

Group; mean (SD)*

Characteristic
Chronic schizophrenia,

n = 15
First-episode

schizophrenia, n = 15
Healthy controls,

n = 15

Age, yr 24.3 (6.4) 24.3 (6.4) 24.2 (6.2)

Education, yr 12.7 (2.5) 12.1 (2.8) 12.7 (3.2)

Sex, male:female 10:5 10:5 10:5

Handedness, left:right 0:15 0:15 0:15

Age of onset, yr 20.5 (6.7) 23.3 (6.5)

Duration of illness, mo† 45.4 (19.5) 8.3 (5.3)

PANSS score

Total 88.5 (27.2) 81.1 (25.1)

Positive subscale 19.7 (7.6) 18.3 (5.8)

Negative subscale 19.1 (6.3) 18.1 (6.1)

Antipsychotic equivalent
dosage of CPZ, mg

544 (323) 657 (444)

GAS score† 59.1 (16.3) 70.3 (12.7)

CPZ = chlorpromazine; GAS = Global Assessment Scale;13 PANSS = Positive and Negative Syndrome Scale;12

SD = standard deviation.
*Unless otherwise indicated.
†p < 0.05.
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the corpus callosum (p < 0.001, uncorrected; Fig. 2). There
were no other regions showing significant differences among
the 3 groups. Post-hoc analyses showed significantly lower
fractional anisotropy values in the chronic group compared
with the first-episode group (p = 0.020) and healthy partici-
pants (p < 0.001; Table 2). However, there was no significant
difference between the first-episode group and healthy con-
trols (p = 0.12; Table 2).

Furthermore, we compared mean fractional anisotropy
values of the white matter fibre tracts traversing the genu of
the corpus callosum to verify our voxel-based DTI findings.
We found that mean fractional anisotropy values showed sig-
nificant differences among the 3 groups (F = 4.535, p = 0.039).
Post-hoc tests demonstrated that the mean fractional
anisotropy values were significantly lower in the genu of the
corpus callosum in the patients with chronic schizophrenia

than in healthy controls (p = 0.017); the patients with first-
episode schizophrenia had fractional anisotropy values be-
tween those of the patients with chronic schizophrenia
(p = 0.24) and the healthy controls (p = 0.21), but did not
show significant difference (Table 2).

Linear correlation analyses showed that fractional
anisotropy values in the genu of the corpus callosum in all
patients with schizophrenia were positively correlated with
GAS scores (r = 0.567, p = 0.001) and negatively correlated
with global PANSS scores (r = –0.468, p = 0.009).

Discussion

Converging evidence from neuropathological,17–20 post-
mortem,21,22 neurogenetic18,23,24 and neuroimaging25–27 studies
has increasingly implicated the corpus callosum in schizo-
phrenia. The present study, combining VBA and fibre-
 tracking DTI techniques, found that fractional anisotropy
was significantly reduced in the genu of the corpus callosum
in patients with chronic schizophrenia, but not in those with
first-episode schizophrenia. This finding suggests that the
corpus callosum integrity abnormalities may not emerge or
are too subtle to detect by DTI techniques at the early stage of
the illness and that these deficits are progressive.

Consistent with our findings, recent DTI studies have re-
ported decreased fractional anisotropy values in patients
with chronic schizophrenia and less pronounced differences
in patients with first-episode schizophrenia. For example,
 Pomarol-Clotet and colleagues28 reported a positive finding
in patients with chronic schizophrenia, but Peters and col-
leagues9 and Price and colleagues29 could not detect corpus
callosum abnormalities in patients with first-episode schizo-
phrenia, nor in participants at ultra-high risk for psychosis.
Most interestingly, Friedman and colleagues30 conducted a
cross-sectional DTI study including patients with first-
episode and chronic schizophrenia and obtained similar
 findings to those of our current study: less prominent
changes in white matter at illness onset that progress in more
chronic states of illness. In the study by Friedman and col-
leagues, the authors set 2 control groups to match the first-
episode and chronic patient groups, respectively, for age and
sex. Since aging has been found to be related to white matter
integrity in healthy populations31 and in populations with
schizophrenia,32–34 we enrolled age- and sex-matched groups
to minimize the effect of aging. Of note, the findings from a

Table 2: Fractional anisotropy and mean fractional anisotropy values in the genu of the corpus callosum

Group; mean (SD) p value

Measure
Chronic schizoprenia,

n = 15
First-episode

schizophrenia, n = 15
Healthy controls,

n = 15

Chronic schizoprenia v.
first-episode

schizophrenia

First-episode
schizophrenia v.
healthy controls

Chronic schizoprenia
v. healthy controls

Fractional
anisotropy

0.292 (0.043) 0.335 (0.044) 0.364 (0.060) 0.020 0.12 < 0.001

Mean fractional
anisotropy*

0.335 (0.020) 0.345 (0.015) 0.355 (0.029) 0.24 0.21 0.017

SD = standard deviation.
*The mean fractional anisotropy of region-of-interest fibre.

Fig. 2: The sagittal, coronal and axial images display the genu of
corpus callosum where fractional anisotropy values were signifi-
cantly different among healthy controls, patients with a first episode
of schizophrenia and patients with chronic schizophrenia (Montreal
Neurological Institute coordinate for the maximal point of difference:
x, y, z = 4, 26, 12 mm, 168 voxels, t = 3.33, p < 0.001 uncorrected).
The colour bar represents the range of T values. The findings are
displayed on a T1 template.
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study by Mitelman and colleagues35 contrasted those of the
above studies. The discrepancy may be related to differences
in participant characteristics and DTI methodologies.

Corpus callosum abnormalities in patients with schizo-
phrenia have been increasingly reported, and the genu re-
gion is the most commonly reported. Fasciculi crossing the
genu of the corpus callosum terminate in the bilateral pre-
frontal cortex,36 perhaps mediating cognitive functions. These
functions have been related with symptom severity and out-
come in schizophrenia.37–39 In this study, we found that frac-
tional anisotropy in the genu of the corpus callosum was neg-
atively correlated with total PANSS score and positively
correlated with GAS scores in patients with schizophrenia;
these results were consistent with those of a prior study.40 A
study of patients with chronic schizophrenia also reported
similar results: specifically, that fractional anisotropy de-
creased in the areas of the corpus callosum interconnecting
with frontal regions and that the integrity of the anterior cor-
pus callosum was significantly correlated with negative and
positive symptoms.41 Mitelman and colleagues35,42,43 found that
patients with schizophrenia and poor outcomes showed
greater decline in fractional anisotropy and smaller corpus
callosum size compared with patients with good outcomes.
All these studies suggest that fractional anisotropy values
may be an indicator of illness severity and outcome in pa-
tients with schizophrenia.

Interestingly, some studies reported significant negative
correlations between clinical symptoms and fractional
anisotropy values in the right anterior cingulum, left uncinate
and superior longitudinal fasciculus and inferior frontal
white matter,44–46 suggesting that impaired white matter in-
tegrity in patients with schizophrenia is associated with clin -
ical symptoms. Additionally, Karlsgodt and colleagues47

found that lower baseline fractional anisotropy values in the
medial temporal lobe and inferior longitudinal fasciculus
predicted deterioration in social and role functioning in par-
ticipants at ultra-high risk for schizophrenia.

In addition to the corpus callosum, other white matter bun-
dles and regions have shown altered white matter integrity
in schizophrenia. For example, Konrad and Winterer48 re-
viewed 26 DTI studies of schizophrenia and identified the
most frequently reported white matter brain regions with de-
creased fractional anisotropy values located in the prefrontal
and temporal lobes and fiber tracts between these areas (cin-
gulum, arcuate and uncinate fasciculi), which all play distinct
roles in cognitive function; dysfunction in these brain regions
is associated with schizophrenia.26,49

Limitations

There are some limitations to this study. The study was
cross-sectional. In addition, most patients were medicated
during the study. The current study only identified differ-
ences in the genu of the corpus callosum among the 3 groups.
The discrepancies might be related to sample heterogeneity,
such as differences in age, illness duration, sex distributions
and medication history, all of which could affect white mat-
ter integrity.30 In our study, a comparatively large smoothing

kernel was used, therefore small fibre or minor impairment
may not have been detected.

Conclusion

To our knowledge, ours is the first study to directly compare
patients with first-episode or chronic schizophrenia with a
healthy control group using 2 complementary DTI tech-
niques (voxel-based and fibre-tracking DTI) simultaneously.
Both DTI techniques identified reduced fractional anisotropy
values in the genu of the corpus callosum in patients with
chronic schizophrenia and less robust abnormalities in pa-
tients with first-episode schizophrenia compared with
healthy controls.  

A longitudinal study for patients with first-episode schizo-
phrenia is warranted to draw a more definite conclusion.
 Future studies will also be needed to systematically assess
potential influences of treatment on white matter integrity.
Additionally, owing to our modest sample size, replication in
larger samples will be important.
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