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Abstract

Background—Previous voxelwise Diffusion Tensor Imaging (DTI) investigations of white 

matter in first-episode schizophrenia (FESZ) have been limited to the analysis of Fractional 

Anisotropy (FA) and mean diffusivity (MD), with their findings inconsistent in terms of the 

anatomical locations and extent of abnormalities. This study examines white matter abnormalities 

in FESZ, compared with healthy controls, using a tract-based spatial statistics (TBSS) approach 

applied to multiple measures of tract integrity, and correlates these findings with symptom 

severity.
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Methods—Seventeen first-episode patients with schizophrenia and seventeen age- and gender-

matched healthy controls (HC) participated in this imaging study where FA, MD, and axial and 

radial diffusivity were compared between the two groups using TBSS.

Results—First-episode patients with schizophrenia showed lower FA values in the genu and 

body of corpus callosum, the internal capsule, the external capsule, the fornix, the superior, 

inferior fronto-occipital fasciculus, the cingulum, and the uncinate fasciculus compared with HC. 

Increased MD and radial diffusivity were shown in virtually all white matter regions. There was 

no significant difference, however, observed for axial diffusivity between the two groups. Pearson 

correlation analysis showed that the FA values of the right inferior fronto-occipital fasciculus were 

positively correlated with positive symptoms, negative symptoms, and total correct items of the 

Wisconsin Card Sorting Test. FA values of right external capsule also showed significant positive 

correlation with category completed scores of the WCST.

Conclusions—These data suggest extensive, possibly myelin related white matter disruptions in 

FESZ.

Keywords

first-episode schizophrenia; diffusion tensor imaging; fractional anisotropy; TBSS; radial 
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Introduction

Previous functional and structural studies have suggested a loss of normal connectivity in 

schizophrenia (McGuire and Frith, 1996; Weinberger et al., 1992; Wernicke, 1906). White 

matter lesions could be the basis of this disconnectivity in schizophrenia (see review in 

Shenton et al.[2001]). Postmortem and genetic studies further suggest that schizophrenia 

might be related to myelin abnormalities (Davis et al., 2003; Uranova et al., 2001; Uranova 

et al., 2004), although axonal abnormalities might be involved as well (Mendelsohn et al., 

2006).

Diffusion tensor imaging (DTI) techniques make it possible to investigate micro-structural 

white matter abnormalities in vivo. With this technique, Fractional Anisotropy (FA), a 

deviation from isotropic diffusion of water molecules, as well as mean diffusivity (MD), a 

scalar measure of the total diffusion within a voxel, can be measured (Basser and Jones, 

2002). Previous DTI studies in first-episode schizophrenia (FESZ) and chronic 

schizophrenia report FA reductions, along with increased MD in various white matter tracts 

and regions (Kubicki et al., 2007; Kyriakopoulos and Frangou, 2009). These abnormalities 

could support ‘the disconnectivity hypothesis’ in schizophrenia.

Studies of FESZ are particularly important, since this population of patients is much less 

confounded by medication, effects of aging, and long-term substance abuse, as well as long-

term effects of having a chronic illness. In addition, if white matter abnormalities are 

reported consistently at the onset of schizophrenia, such reports might suggest information 

relevant to the neurodevelopmental origin of schizophrenia. However, if white matter 

abnormalities are not present in FESZ, or are less extensive than in chronic schizophrenia, 

white matter abnormalities might be more related to late development or degeneration.
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DTI findings of FESZ thus far, however, remain inconsistent and therefore inconclusive. 

While several studies have shown no differences between FESZ patients and HC (Friedman 

et al., 2008; Price et al., 2005; Price et al., 2008; White et al., 2009), other studies have 

shown evidence for widespread white matter abnormalities (Cheung et al., 2008; Federspiel 

et al., 2006; Hao et al., 2006; Price et al., 2007). Further, only a few studies report no FA 

abnormalities but these studies were able to identify group differences in other diffusion 

indices such as geometric indices partitioning the diffusion into linear, planar and spherical 

diffusion measures, and displacement values using high b-value (b>3000 s/mm2) diffusion-

weighted imaging methods, which provide a fuller account of white matter integrity and 

more specific axonal pathology (Chan et al., 2010; Mendelsohn et al., 2006). There is thus a 

need to investigate further DTI findings in FESZ.

To examine the anatomical location of DTI abnormalities in FESZ, voxel-based analysis 

(VBA) has advantages over a region of interest (ROI) approach. ROI methods are limited to 

localized white matter regions or tracts, whereas VBA is able to analyze the whole brain at 

once. VBA has shown, in fact, the most positive findings in FESZ (Federspiel et al., 2006; 

Hao et al., 2006). These findings, however, remain inconsistent when it comes to specific 

tracts (reported locations usually do not overlap) and the extent of white matter 

abnormalities.

Moreover, most VBA studies in FESZ are limited to an analysis of FA and MD. FA and MD 

may not be sufficient for investigating specific axonal or myelin abnormalities. In mouse 

DTI studies, axonal damage without myelin damage has been associated with a decrease in 

axial diffusivity (Sun et al., 2006), whereas demyelination has been associated with an 

increase in radial diffusivity without changes in axial diffusivity (Song et al., 2005). An 

investigation of these measures could serve to inform the nature of white matter pathology 

in schizophrenia (Seal et al., 2008; Smith et al., 2006; Smith et al., 2007).

Tract-Based Spatial Statics (TBSS, version 1.2) (Smith et al., 2006; Smith and Nichols, 

2009) is believed to reduce some of the methodological problems of previous VBA 

approaches that were associated with misalignment and smoothing problems. TBSS also 

takes into account non-normal distributions of FA in certain brain regions (Smith et al., 

2007). Accordingly, because of the range of functions that TBSS is capable of performing, 

we investigated white matter abnormalities in FESZ using TBSS. Additionally, we 

combined TBSS skeleton with white matter atlases (Mori et al., 2005), a method that makes 

possible ROI analyses as a way to confirm TBSS results (Karlsgodt et al., 2009).

Methods and Materials

Subjects

Seventeen patients with FESZ were recruited by referrals from clinicians at Beth Israel 

Deaconess Medical Center-Massachusetts Mental Health Center and Children’s Hospital, 

Harvard Medical School, Massachusetts. Seventeen healthy controls (HC) were recruited 

through newspaper advertisements and advertisements on the websites 

(www.bostoncidar.org and www.schizophrenia.com). All subjects were part of Boston 

CIDAR (the Center for Intervention Development and Applied Research) study. DSM-IV 
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diagnoses were based on interviews with the Structured Clinical Interview for DSM-IV-TR 

(SCID), Research Version (First et al., 2002a) and information from patient medical records. 

HC were group matched to FESZ for age, gender and parental socioeconomic status (PSES). 

Using the Structured Clinical Interview for DSM-IV-TR, Non-patient Edition (First et al., 

2002b), HCs were excluded if: 1) they currently met the criteria for any psychosis, major 

depressive disorder, dysthymic disorder, bipolar disorder, obsessive compulsive disorder, 

post traumatic stress disorder, dissociative disorders, anorexia nervosa, bulimia nervosa, or 

developmental disorders, 2) they had a history of any psychosis, major depression 

(recurrent), bipolar disorder, obsessive compulsive disorder, post traumatic stress disorder, 

developmental disorders, or psychiatric hospitalization, 3) they had current or past use of 

antipsychotics for any psychiatric condition (other past psychotropic medication use 

acceptable, but must have been off medicine for at least 6 months before participating in the 

study, except for prn medications like sleeping medications or anxiolytic agents, like beta-

blockers for performance anxiety, tremors, etc.), 4) they had any history of electro-

convulsive therapy, 5) there was evidence of any prodromal symptoms, or schizotypal or 

other Cluster A personality disorders, or 6) they reported having a first-degree relative with 

psychosis.

Exclusion criteria for all subjects were: sensory-motor handicaps, neurological disorders, 

medical illnesses that significantly impair neurocognitive function, diagnosis of mental 

retardation, education less than 5th grade if under 18 or less than 9th grade if 18 or above, not 

fluent in English, DSM-IV substance abuse in the past month, DSM-IV substance 

dependence, excluding nicotine, in the past 3 months, current suicidality, no history of ECT 

within the past five years for patients and no history of ECT ever for controls, or study 

participation by another family member.

Thirteen patients were receiving antipsychotic medication at the time of testing. Medication 

dose equivalent to chloropromazine at the time of the scan was 393.3 mg (SD=358.2)

(Woods, 2003). Premorbid intellectual abilities were estimated using the reading subtest 

from the Wide Range Achievements Test-4 (WRAT-4) (Wilkinson and Robertson, 2006), 

and current intellect was estimated with two subtests from the Wechsler abbreviated Scale of 

Intelligence (WASI) (32). Socioeconomic status (SES) of schizophrenia and HCs, and those 

of their parents (PSES), were evaluated using the Hollingshead (1965) (33) two-factor 

index. Clinical symptoms were measured using The Brief Psychiatric Rating Scale (BPRS) 

(34). The 64-card computerized version of the Wisconsin Card Sorting Test (WCST) (35) 

was also administered by trained neuropsychological testers under the supervision of a 

psychologist. All patients were scanned at Brigham and Women’s Hospital. The study was 

approved by the local IRB committees at Harvard Medical School, Beth Israel Deaconess 

Hospital, Brigham and Women’s Hospital, and at the Veteran Affairs Boston Healthcare 

System, Brockton campus, and all study participants gave written informed consent prior to 

study participation.

MRI acquisition

Diffusion data were acquired on a 3 Tesla GE Echospeed system (General Electric Medical 

Systems, Milwaukee, WI). Diffusion-weighted images were acquired using an echo planar 
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imaging sequence, with the following parameters: TR 17000 ms, TE 78 ms, FOV 24 cm, 

144×144 matrix, 1.7 mm slice thickness. A double echo option was used to reduce eddy-

current related distortions. To reduce impact of EPI spatial distortions, an 8 Channel coil and 

ASSET (Array Spatial Sensitivity Encoding techniques, GE) with a SENSE-factor (speed-

up) of 2 was used. Eighty-five axial slices parallel to the AC-PC line covering whole brain 

were acquired in 51 directions with b=900s/mm2. Eight baseline scans with b=0s/mm2 were 

also acquired. Diffusion-Tensor Images (DTIs) were estimated from the Diffusion-Weighted 

Images using Least-Squares method.

Tract-based spatial statistics

For voxelwise statistical analysis, Tract-Based Spatial Statistics (TBSS) version 1.2 was 

used. Diffusion tensor images (FA, trace, axial and radial diffusivity) were pre-processed 

using the FMRIB Software Library (FSL, Oxford), including skull stripping and eddy 

current correction Briefly, FA maps were first created for each subject using FSL. Then, FA 

maps were aligned into a common (Montreal Neurologic Institute 152 standard) space using 

the nonlinear registration tool FNIRT. All transformed FA images were averaged to create a 

mean FA image, and the tracts were narrowed to generate a mean FA skeleton, where 

centers of white matter tracts common to all the subjects were created. Voxel values of each 

subject’s FA map were projected onto the skeleton. The FA threshold was then set at 0.2 

(TBSS default), in order to confine the analysis to white matter. Voxelwise permutation-

based nonparametric inference (Nichols and Holmes, 2002) was performed on skeletonised 

FA data, using FSL Randomize version 2.1. Both HC > FESZ and FESZ > HC contrasts 

were tested, with 5000 permutations and the significance level was set at p<0.05, corrected 

for family-wise error rate. We also performed a multiple comparisons correction using 

threshold-free cluster enhancement (TFCE) (Smith and Nichols, 2009), which allowed us to 

avoid making an arbitrary choice of the cluster-forming threshold, while preserving the 

sensitivity benefits of clusterwise correction.

To compare trace, axial diffusivity and radial diffusivity, we used FSL using the FA images 

to achieve nonlinear registration and skeletonisation stages, and also to estimate the 

projection vectors from each individual subject onto the mean FA skeleton. The nonlinear 

warps and skeleton projection can then also be applied to other images

Comparison of the skeleton FA values, atlas-based segmentation and correlation analysis

3D individual FA skeletons were extracted from all 4D skeletonised images. The FA 

skeleton was manually separated into two regions (cerebrum and non-cerebrum [brainstem 

and cerebellum]) and then, mean FAs of whole brain FA skeleton, as well as its components 

were calculated using 3D-slicer (v2.8, http://www.slicer.org). For atlas-based segmentation 

and correlational analysis, all extracted skeletons were overlaid with the John Hopkins 

University (JHU) DTI-based probablistic tractography atlas, which contains 50 white matter 

tracts/regions (Hua et al., 2008; Mori et al., 2005; Wakana et al., 2007). Averaged DTI 

indices were then calculated for each atlas region. In some regions where the skeleton and 

JHU tract differed, the regions of JHU tracts were edited by one of the researchers (J.A.), 

blind to the diagnosis, in order to incorporate contiguous and inclusive sections of the 

skeleton.
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Statistical Analysis

To compare the demographic findings between FESZs and HCs, independent t tests and 

Fisher’s exact tests were used. To determine group differences in mean FA of the global FA 

skeleton, we conducted statistical analyses, as follows. First, repeated measure ANOVA was 

used to compare the skeleton FA values in whole brain with group as a between-subjects 

factor, and regions (cerebrum, non-cerebrum [brain stem and cerebellum]), as the within-

subjects factor. Second, independent sample t-tests were applied with cutoff p values set at 

0.05 (for whole brain FA skeleton comparison) and 0.025 (0.05/2 components, for cerebrum 

and non-cerebrum). Third, TBSS was applied to find white matter abnormalities of the 

specific tracts and regions. For correlational analysis, Pearson correlations were used to 

investigate the relationship between the severity of each BPRS scores, executive 

functioning, and measures of white matter integrity.

Results

Demographic characteristics for first-episode schizophrenia and healthy controls

There were no statistically significant differences between FESZs and HCs in demographic 

characteristics (Table 1). All subjects were right-handed. In patients with schizophrenia, 

mean age of onset was 20.3 (SD=4.6) years and mean duration of illness was 10.9 (SD=7.4) 

months. In medicated patients with schizophrenia (N=12), medication dose equivalent to 

chloropromazine at the time of the scan was 393.3 (SD=358.2) mg; and medication duration 

at scan was 4.56 (SD=3.10) months. Five patients were medication-free at the time of 

scanning. Total BPRS score for the patients was: 41.9 (SD=12.6); Positive symptom 

(Thinking disturbance BPRS factor) score: 6.4 (SD=2.8); Negative symptom (Withdrawal-

Retardation BPRS factor) score: 6.0 (SD=2.9)

Whole brain skeleton analyses

3D individual whole brain FA skeletons, extracted from 4D all skeletonised images in the 

process of TBSS, were manually segmented by the researcher (J.A.), blind to the diagnosis, 

into two brain regions (cerebrum, non-cerebrum [brain stem and cerebellum]). Mean FA 

values for each of the brain regions were then analyzed.

Repeated measures ANOVA revealed a group effect for whole brain mean FA values 

(F31,2=5.8, p=0.021). There was also a significant group by region interaction (F31,2=6.2, 

p=0.018). Independent t-tests showed that the patient group had significantly smaller mean 

FAs for whole brain FA skeleton compared with HCs (mean FA±SD; schizophrenia: 

0.436±0.015, HC: 0.449±0.016, t32=-2.43, p=0.021). Subsequent independent t-tests, 

showed significantly lower mean FA values for cerebral white matter (t32=-2.46, p=0.019, 

cutoff =0.025), but no group differences in mean FA values for non-cerebral skeleton 

(t32=-1.77, p=0.09).

Fractional Anisotropy

FA values in cerebrum were measured by TBSS and by atlas-based segmentation method.
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TBSS showed extensive FA reduction in the white matter in FESZ (Figure 1). FESZ showed 

lower FA values in the genu and body of corpus callosum, the internal capsule, the external 

capsule, the fornix, the superior, inferior fronto-occipital fasciculus, the cingulum, and the 

uncinate fasciculus compared with HCs. When we used an ANCOVA design, where we 

used chloropromazine equilvalent as a nuisance covariate (Since there is no control subjects 

taking antipsychotic medication, their mean CPZ equivalent dose was all 0 and demeaned 

values also 0) (Grimm et al., 2009), the region of FA reduction remained the same. Also, 

comparing schizophrenia subjects exposed to antipsychotic drugs to non-medicated 

schizophrenia did not reveal significant different FA values of regions.

Supplementary atlas-based segmentation supported TBSS results by also showing extensive 

FA reductions in the white matter of FESZ. That is, patients with FESZ showed significantly 

lower FA values in the genu and splenium of corpus callosum, the internal capsule, the 

fornix, right superior frontooccipital fasciculus, left inferior frontooccipital fasciculus, 

cingulum, and uncinate fasciculus compared with HCs using atlas-based segmentation 

(Table 2). Atlas-based segmentation also showed FA reductions of trend-level significance 

in the body of corpus callosum (t=-1.97, df= 32, p=0.057) and the right external capsule 

(t=-1.79, df= 32, p=0.083) of FESZ compared with HCs.

Non-FA (Trace, Axial diffusivity and Radial diffusivity)

Non-FA values were also measured by TBSS and atlas-based segmentation method. TBSS 

showed that trace and radial diffusivity in schizophrenia patients were higher in almost all 

the white matter regions than in HCs (Figure 2, 3). Supplementary atlas-based segmentation 

again supported TBSS results by showing the same results. In terms of axial diffusivity, 

there was no significant difference between FESZ and HCs.

Exploratory correlation analysis in patients with schizophrenia

Pearson correlation analysis (n=15) showed that FA values of the right inferior fronto-

occipital fasciculus were positively correlated with the BPRS total scores (r=0.601, 

p=0.018), positive symptom scores (r=0.568, p=0.027) and negative symptom scores 

(r=0.564, p=0.029).

In terms of executive function, Pearson correlation analysis also showed that FA values of 

the right inferior fronto-occipital fasciculus were positively correlated with the scores of 

category completed (r=0.673, p=0.012) in the WCST, and negatively correlated with scores 

of total error (r=-0.605, p=0.029) in the WCST. FA values of right external capsule also 

showed a statistically significant positive correlation with category completed scores of the 

WCST (r=0.715, p=0.006), and significant negative correlation with perserverative 

responses (r=-0.577, p=0.039).

Also, FA values of left cingulum (hippocampus) showed statistically significant positive 

correlations with the WRAT-4 word reading scores (r=0.547, p=0.035) and WRAT-4 total 

reading scores (r=0.562, p=0.023). And FA values of right fornix / Stria terminalis were 

significantly correlated with WRAT-4 total reading scores (r=0.504 p=0.047).
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Medication related variables and duration of illness were not significantly correlated with 

mean FAs of the skeletons in whole brain, cerebrum, and white matter tracts.

Discussion

This is the first report to suggest extensive white matter myelin disruptions in FESZ using 

new voxel-based diffusion tensor imaging, i.e., TBSS.

At the whole brain and cerebral level, FESZ showed significantly lower mean FA for whole 

brain and for the cerebral FA skeleton. At the tract level, both TBSS and the atlas-based 

segmentation method results showed extensive abnormalities for most white matter tracts in 

FESZ, including the corpus callosum, the fronto-occipital fasciculus, frontal, temporal, 

parietal, occipital and subcortical regions. Our results thus demonstrate that extensive brain 

regions are disrupted in the early stages of schizophrenia. These results are consistent with 

Hao et al. (Hao et al., 2006) who, using a statistical parameters maps method, rather than 

TBSS, and focusing only on mean FA differences, also reported wide-spread white matter 

abnormalities in FESZ.

Based on our results, we suggest that extensive white matter pathology is already extant in 

FESZ. Although anatomical location of DTI abnormalities in FESZ can vary considerably 

among studies, the most frequently and consistently identified white matter tracts are the 

corpus callosum (Federspiel et al., 2006; Price et al., 2007) and the fronto-occipital 

fasciculus (Federspiel et al., 2006; Szeszko et al., 2008). The other identified regions are 

broadly defined as temporal (Federspiel et al., 2006; Hao et al., 2006), parietal (Hao et al., 

2006; Peters et al., 2009) and frontal (Hao et al., 2006; Peters et al., 2009) regions in FESZ. 

Taken together, these wide spread abnormalities observed in previous studies are consistent 

with our findings of extensive white matter abnormalities in FESZ.

We should, nonetheless, note the differences in methodological approaches between the 

current study and other published studies. By virtue of high field strength (3T), and multiple 

B0 images that were collected and averaged, signal to noise ratio in this study is higher than 

in previous schizophrenia studies, especially those using 1.5T data. This allows for more 

precise between subject registration, and thus improves the detection of brain abnormalities. 

Moreover, TBSS is generally more sensitive to changes in white matter regions than are 

other voxel-based morphometry methods (Focke et al., 2008), which might be one of the 

reasons for finding relatively more extensive abnormalities than have been reported in the 

other studies of white matter tract abnormalities in FESZ. Thirdly, antipsychotic medications 

may decrease mean FA values in FESZ as a result of altered white matter function in FESZ 

brains. It has been suggested that some antipsychotics can result in the release of 

inflammatory cytokines and free radicals from activated microglia, both of which have been 

known to result in white matter alterations (Monji et al., 2009). Having that in mind, we 

applied ANCOVA, considering medication as a covariate, but found that the results were 

almost identical to those that did not take medication into account.

We thus reported a reduction of FA, similar to previous studies, but we also reported no 

change in axial diffusivity, but increases in trace and in radial diffusivity in extensive 

Lee et al. Page 8

Schizophr Res. Author manuscript; available in PMC 2015 March 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



regions of FESZ, which, taken together, suggest myelin involvement in white matter FESZ 

pathology. These findings are consistent with neuropathological investigations in 

schizophrenia, which have identified reductions in the size and density of interfascicular 

oligodendrocytes and a reduced level of myelin basic protein (MBP) in white matter in 

schizophrenia (Tkachev et al., 2007). These results are also consistent with the 

oligodendrocyte abnormalities described in postmortem schizophrenia studies (Flynn et al., 

2003; Uranova et al., 2001; Uranova et al., 2004), genetic studies reporting abnormalities in 

genes related to oligodendrocytes and white matter development (Davis et al., 2003; Segal et 

al., 2007), and studies showing similarities between schizophrenia and neurologic 

demyelinating diseases such as metachromatic leukodystrophy, which affect frontal white 

matter and produce symptoms very similar to schizophrenia (Black et al., 2003). However, 

since such findings have not been reported for FESZ, our results suggest that myelin 

abnormalities may contribute to the pathophysiologies observed in the early stages of 

schizophrenia.

More specifically, neurodevelopmental theories have suggested demyelination during 

adolescence and adulthood (Ashtari et al., 2007; Hyde et al., 1992), and an arrest in the 

normal process of myelination during brain development in adolescence (Bartzokis, 2002). 

Benes also found the abnormalities of myelination in the frontal cortex and hippocampus in 

schizophrenia (Benes, 1989). Our findings of myelin disruption in FESZ support these 

theories.

Correlations between several white matter tracts and positive and negative symptoms are of 

particular interest, as several studies suggest a paradoxical, positive correlation between 

severity of positive symptoms and FA. Pearson correlation analysis (n=15) in our study 

showed that FA values of the right inferior fronto-occipital fasciculus are positively 

correlated with the BPRS total scores, positive symptom scores and negative symptom 

scores in FESZ. FA of this tract showed trend-level significance for correlation with the 

hallucination score of BPRS (r=0.496, p=0.060). Since the inferior fronto-occipital 

fasciculus connects frontal cortex with temporal cortex (Catani et al., 2002), there is the 

possibility that the inferior fronto-occipital fasciculus could be related to positive symptoms 

such as hallucinations and negative symptoms. Previous studies (Hubl et al., 2004; Mulert et 

al., 2012; Seok et al., 2007; Shergill et al., 2007) showing that positive symptoms like 

auditory hallucinations were positively correlated with FA in the anterior corpus callosum, 

cingulum and superior longitudinal fasciculus support this positive correlation. As those 

studies suggest, relatively high FA within these frontotemporal tracts could reflect greater 

connectivity between the frontal and temporal cortex, which might perturb normal 

communication between areas involved in the generation and monitoring of inner speech 

(Shergill et al., 2007). The inferior fronto-occipital fasciculus in FESZ may also 

paradoxically perturb normal communication between areas involved in the generation and 

monitoring of inner speech.

An early study reported the negative correlations between inferior frontal white matter and 

negative symptoms (Wolkin et al., 2003), However, other reports (Shin et al., 2006; Skelly 

et al., 2008) have shown that negative symptoms are also positively correlated with FA 

values in close proximity to the insula cortex, which is consistent with our positive 
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correlation between mean FA values in the inferior fronto-occipital fasciculus and negative 

symptoms. Since the inferior fronto-occipital fasciculus might be involved in insula 

connectivity, and both the inferior fronto-occipital fasciculus and the insula are known to 

play a role in emotional regulation and cognition, dysfunction of those regions could result 

in negative symptoms (Catani et al., 2002).

In terms of the relationship between white matter tracts and executive functions, the right 

inferior fronto-occipital fasciculus showed positive correlations with the scores of category 

completed, total correct and conceptual level responses in the WCST and negatively 

correlated with the scores of total error, and preseverative error in the WCST. Since the 

inferior fronto-occipital fasciculus is also related to higher cognitive functioning, low FA 

value of the inferior fronto-occipital fasciculus may result in disinhibition, poor decision-

making, and an inability to follow the rules (Catani et al., 2002), which are the central 

obstacles to performing the WCST. Significant correlations between mean FA values of the 

right external capsule and some items of the WCST are harder to interpret. There is no 

information about this relationship in the literature. However, since the inferior fronto-

occipital fasciculus passes through the anterior floor of external capsule, their function as 

well as involvement in the cognitive symptoms in schizophrenia could be similar. A report 

of the presence of hyperintense lesions within the internal/external capsule that were 

negatively correlated with executive functions in older healthy people (O’Brien et al., 2002) 

also supports this finding.

Of note, paradoxical correlations between positive and negative symptoms and the values of 

FA in this study have been suggested by several authors to be a consequence of the loss of 

crossing fibers (Hoptman et al., 2008; Kim et al., 2012). We believe, however, that this 

possibility is less likely since the significant correlations with WCST performance are in the 

expected direction.

The small number of regions demonstrating significant clinical and cognitive correlations in 

patients with FESZ is especially surprising given the extensive white matter abnormalities. It 

is also in contrast with chronic schizophrenia studies, which usually show extensive 

associations between negative symptoms and white matter abnormalities (Sanfilipo et al., 

2000; Wible et al., 2001). It is, however, consistent with results of other imaging studies, 

and suggests that the severities of clinical symptoms or abnormalities of specific fiber tracts 

in FESZ are not yet prominent enough to show significant correlations.

This study has several limitations. First, we scanned, to date, only 17 patients with a first 

episode of schizophrenia and 17 matched healthy controls. Future studies with a larger 

number of patients are needed to confirm our findings. Second, because our correlation 

analysis between FAs of white matter and BPRS, WCST were exploratory in nature, a 

confirmation of these findings will be necessary in future planned studies.

In conclusion, our findings suggest extensive white matter abnormalities in FESZ, which are 

most likely related to disruptions in myelin integrity.
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Figure 1. 
Regions of significant FA reduction in first episode schizophrenia (N=17) compared to 

normal (controls N=17). Red-Yellow indicates p value (p<0.05, p<0.01 respectively). 

Results are shown overlaid on the Montreal Neurologic Institute 1mm template (Z=-37 to 

Z=47) and the mean FA skeleton (green). Permutation-based inference tool for 

nonparametric statistics, Threshold-free cluster enhancement method was used. Number of 

permutation was 5000. FWE was corrected p <0.05. Left–right orientation is according to 

the radiological convention.
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Figure 2. 
Almost all the white matter showed significant increase of the trace value in first-episode 

schizophrenia compared to normal controls. Blue-Lightblue indicates p value (p<0.05, 

p<0.01 respectively). Results are shown overlaid on the Montreal Neurologic Institute 1mm 

template (Z=-36 to Z=52).
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Figure 3. 
The radial diffusivity of first episode schizophrenia also showed almost all the white matter 

abnormality compared to normal controls. Blue-Lightblue indicates p value (p<0.05, p<0.01 

respectively). Results are shown overlaid on the Montreal Neurologic Institute 1mm 

template (Z=-37 to Z=35).
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Figure 4. 
Correlation analysis in the mean FA values of the right fronto-occipital fasciculus. BPRS, 

Brief Psychiatric Rating Scale; WCST, Wisconsin Card Sorting Test.
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Table 1

Comparison of the demographic characteristics for first-episode schizophrenia and healthy control

FESZ
(Mean±SD)

(n=17)

HC
(Mean±SD)

(n=17)
t df p

Age at scan(years) 21.5±4.8 23.1±3.5 −1.11 32 0.27

Gender(Male/Female) 13/4 12/5 1.00a

Education(years) 13.7±3.1 14.1±1.7 −0.50 23.7 0.62

Parental SES 2.3±1.5 1.7±0.7 1.25 20.3 0.23

Current estimated
Iintellectual ability 114.1±11.7 118.9±10.4 −1.1 25 0.27

Ethnicity (H/N/U)b 4/13/0 1/15/1

 Asian East
 Southwest 1

 Asian, Western 9

 Black or African
 American 1 4

 White 14 3

 Other 1 16

Medication duration
(months)c

4.56±3.10

Medication dose (mg) d 393.3 ±358.2

WCSTe categories
completed

3.2±1.7 5.4±1.4 −3.4 23 0.02

FESZ, first-episode schizophrenia; HC, healthy control; SES; socioeconomic status. Current iIntellectual ability was estimated with 2 subtests from 
the measured by WASI or WAIS-III IQ

a
Fisher’s exact test.

b
Ethnicity: H=Hispanic or Latino; N=Not Hispanic or Latino; U=Unknown

c
Antipsychotic medication duration of all patients

d
Antipsychotic medication dose of all patients equivalent to chloropromazine at the time of scan.

e
WCST: the Wisconsin Card Sorting Test
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Table 2

Comparison of the fractional anisotropy between first-episode schizophrenia and healthy control using atlas-

based segmentation

FESZ
(Mean±SD)

NC
(Mean±SD) t df p

Genu of corpus callosum 0.141±0.007 0.148±0.012 −2.12 32 0.04*

Splenium of corpus
callosum 0.270.±0.012 0.282±0.019 −3.08 32 0.004**

Posterior limb of internal
capsule, left 0.416±0.014 0.427±0.016 −2.25 32 0.032*

Fornix/Stria terminalis, right 0.225±0.009 0.238±0.014 −3.31 32 0.002**

Fornix/Stria terminalis, left 0.217±0.009 0.232±0.012 −3.39 32 <0.001***

Superior frontooccipital
fasciculus, right 0.241±0.024 0.258±0.025 −2.13 32 0.04*

Inferior frontooccipital
fasciculus, left 0.196±0.010 0.205±0.011 −2.58 32 0.01*

Cingulum(hippocampus)
right 0.222±0.011 0.232±0.011 −2.42 32 0.022*

Cingulum(hippocampus) left 0.216±0.010 0.227±0.011 −3.02 32 0.005**

Uncinate fasciculus, right 0.162±0.016 0.185±0.013 −2.57 32 0.01*

Uncinate fasciculus, left 0.169±0.017 0.187±0.025 −2.07 32 0.04*

FESZ, first-episode schizophrenia; HC, healthy control.

*
<0.05

**
<0.01

***
<0.001 by independent t test.
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