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Abstract
Introduction—Alterations in white matter connections in schizophrenia have been investigated
using diffusion tensor imaging (DTI). There is also evidence from post-mortem studies as well as
from magnetic resonance imaging morphometry studies that the anterior commissure (AC) might
be implicated in schizophrenia, but no studies, to date, have investigated the AC using DTI or
tractography.

NIH-PA Author Manuscript

Method—DTI scans were analyzed from 25 patients and 23 controls. Mean fractional anisotropy
(FA) and trace were measured from the AC tracts. SANS and SAPS were used to evaluate clinical
symptoms, and the Iowa Gambling Task, related to decision making, was also examined.
Results—Results revealed a significant decrease in mean FA and a significant increase in mean
trace of AC tracts in patients compared with controls. In addition, patients, but not controls,
showed a negative correlation between age and AC integrity. Statistically significant positive
correlations were also found between AC FA and total positive symptom score. Decision making
was negatively correlated with FA in patients on the Iowa Gambling Task, but not in controls.
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Conclusion—This study provides quantitative evidence for a reduction of interhemispheric
connectivity in schizophrenia within the AC. Negative correlation between age and AC FA in the
patients is consistent with the idea that schizophrenia may be a disorder of white-matter
maturation. Positive correlation between FA and positive symptom is discussed in the context of
white-matter's established role in modulating neural conduction velocity.
Keywords
Schizophrenia; diffusion tensor imaging; anterior commissure; white matter tractography;
fractional anisotropy; trace

1. Introduction
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The idea that connections between brain regions are disrupted in schizophrenia goes back at
least as far as Kraepelin (1911/1917), who speculated that schizophrenia was caused by a
disruption of connectivity between the frontal and temporal lobes. The tools to investigate
such connections, however, had to await new imaging techniques such as Diffusion tensor
imaging (DTI), which is a relatively new magnetic resonance method used to investigate
water diffusion within living tissue (Basser et al., 1994). This method also provides an
opportunity to investigate white matter (WM) integrity in the brain. More specifically, fiber
tracts restrict the motion of water, especially in directions that are perpendicular to the tract,
so that water diffusion is anisotropic in WM while more isotropic in cerebral spinal fluid or
gray matter. Accordingly, quantitative indices of water diffusivity and diffusion anisotropy
have been introduced based on the properties of biological tissues. Trace (Tr), which
characterizes the overall displacement of the water molecules, and fractional anisotropy
(FA), which characterizes the degree of directionality of anisotropic water diffusion, are the
most commonly used indices to evaluate WM integrity (Basser, 1995).
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White matter connections between fronto-temporal regions have been examined in
schizophrenia, including the arcuate fasciculus (Burns et al., 2003; Hubl et al., 2004),
cingulum bundle (Fujiwara et al., 2007; Kubicki et al., 2003; Mori et al., 2007; Sun et al.,
2003), and the corpus callosum (Agartz et al., 2001; Ardekani et al., 2003; Foong et al.,
2000; Kanaan et al., 2006; Kubicki et al., 2008; Mori et al., 2007). Findings here have
generally supported the idea that there are disruptions in white matter connectivity in
schizophrenia although there have also been negative findings (Price et al., 2005; Sun et al.,
2003). The anterior commissure (AC) is a white matter fiber tract that connects orbitofrontal
cortex with inferior parts of the temporal lobe (Di Virgilio et al., 1999; Peuskens et al.,
2004) and which has long been thought to be implicated in schizophrenia (Shenton et al.,
2001). This tract, however, has received little attention in schizophrenia, despite the fact that
there is evidence to support an association between abnormal connectivity of AC and
schizophrenia in post-mortem studies (Highley et al., 1999). Specifically, the number of AC
fibers is unchanged, but the fiber density of AC is reduced in schizophrenia (Highley et al.,
1999).
Alterations in asymmetry in schizophrenia are also reported in the parahippocampal gyrus
and fusiform gyrus (Highley et al., 1998), areas in which AC axons are known to synapse
(Demeter et al., 1988; Demeter et al., 1990). Because of an association between brain
asymmetry and interhemispheric connectivity (Ringo et al., 1994; Witelson and Goldsmith,
1991), these findings suggest disruptions in the AC in schizophrenia.
Parahippocampal gyrus has been identified as an important brain area in the etiology of
delusional symptoms, possibly due to its role in emotion and memory processing (Acioly
MA et al., 2010; Casanova MF, 1997). Furthermore, AC interconnects the orbitofrontal
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cortices (Di Virgilio et al., 1999; Peuskens et al., 2004) which play an important role in
decision making processes (Krawczyk, 2002). There is also neuroimaging evidence of
orbitofrontal cortex abnormalities in schizophrenia (Crespo-Facorro et al., 2000; Nakamura
et al., 2008; Pantelis et al., 2003). These findings suggest AC could influence the delusional
symptoms and decision making impairments that are associated with schizophrenia.
Additionally, the AC contains interhemispheric fibers from the auditory cortex (Bamiou et
al., 2007). Planum temporale, in particular, located posterior to the auditory cortex, has been
reported as abnormal in schizophrenic patients (e.g., Falkai et al., 1995; Kwon et al., 1999).
There is also evidence to suggest an association between planum temporale and AC fibers,
where there is an association between hemispheric asymmetry of the anatomical size of the
planum temporale and the sectional area of the AC based on a postmortem study (Kopp et
al., 1977). It is also well known that one of the most common symptoms of schizophrenia is
auditory hallucinations. Findings that suggest alterations in interhemispheric connectivity in
schizophrenia, especially in the AC, could, therefore, underlie auditory symptoms in
schizophrenia.
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To our knowledge, there are no DTI studies of the AC in schizophrenia. Currently, there is
only one MRI study evaluating the AC in schizophrenia, where white matter tracts were
analyzed using voxel-based morphometry, and a decrease in white matter density was found
in the right AC in schizophrenic patients (Hulshoff Pol et al., 2004). A small number of
studies have investigated the AC in other disorders, including a finding of AC WM
abnormalities using region of interest (ROI) approaches in Chiari II-malformation (Herweh
et al., 2009), and in neonatal hypoxic-ischemic encephalopathy (Chan et al., 2009).
However, tractography techniques were not employed to measure AC in those studies. In the
current study, AC fiber tracts were investigated using novel DTI post-processing techniques
to define this WM tract. This study is thus the first to use tractography to investigate and to
quantify AC tract integrity. Of further note, fiber tractography has been shown to have
higher sensitivity and specificity than ROI approaches or voxel-based analyses (Jones et al.,
2006; Kanaan et al., 2006).
The purpose of this study was to identify and to evaluate AC integrity in patients with
schizophrenia compared to healthy controls. Since the AC is anatomically related to the
orbitofrontal cortex and the temporal lobes (Di Virgilio et al., 1999; Peuskens et al., 2004),
we predicted that specific clinical symptoms, including delusions, hallucinations and
impairments in executive functioning, would be associated with AC WM integrity
anomalies in schizophrenia.
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2. Methods
2.1. Subjects
Twenty-six male patients with chronic schizophrenia were recruited from the VA Boston
Healthcare System, Brockton, MA campus. Patients were diagnosed on the basis DSM-IV
criteria. Twenty-six healthy male controls were recruited through local newspaper
advertisements. They were group matched to patients on age, sex, handedness (Oldfield,
1971), parental socioeconomic status (Hollingshead, 1965), and a measure of premorbid
WRAT score for IQ (Jastak and Wilkinson, 1993). The study was approved by the IRB at
the VA Boston Healthcare System and Brigham and Women's Hospital. All study
participants signed an informed consent form.
Inclusion and exclusion criteria for all subjects were : 1) age between 18–55 years; 2) righthandedness; 3) no history of electroconvulsive treatment; 4) no history of neurological
illness, including epilepsy; 5) no history of alcohol or drug dependence, nor abuse within the
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last year, nor long duration (>1 year) of past abuse (DSM-IV criteria); 6) no present
medication for medical disorders that would have deleterious EEG, neurological, or
cognitive functioning consequences; 7) verbal IQ above 75; 8) no alcohol use in the 24
hours prior to testing; and 9) English as a first language.
All patients were receiving antipsychotic medication and all medication dosages were
converted to chlorpromazine equivalents (Stoll, 2001). Clinical symptoms were measured by
the Scale for the Assessment of Positive Symptoms (SAPS) (Andreasen, 1984) and the Scale
for Assessment of Negative Symptoms (SANS) (Andreasen, 1981). Additionally, we
examined the performance of subjects on the Iowa Gambling Task (Bechara et al., 1994), a
decision making task believed to be associated with the orbitofrontal cortex (Bechara et al.,
1998). In the Iowa Gambling Task, subjects are asked to select cards from four decks (A, B,
C, and D). Each card is associated with either a gain or loss of money. Decks A and B are
‘disadvantageous’ in that subjects will, in the long run, incur a net loss if they routinely
select from them. In contrast, Decks C and D are ‘advantageous’. A total of 100 trials were
performed without informing subjects the length of the experiment. Net gambling score was
measured as the number of advantageous choices minus the number of disadvantageous
choices. Total amount won, total amount lost, and total amounted earned (calculated as total
amount won minus total amount lost), were also measured to evaluate the decision making
process.
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2.2. Image acquisition
For the Structural MRI volume measures, images were acquired using a 3T GE scanner at
BWH in Boston, MA. The structural MRI acquisition protocol included two MRI pulse
sequences. The first resulted in contiguous spoiled gradient-recalled acquisition (fastSPGR)
with the following parameters; TR=7.4ms, TE=3ms, TI=600, 10 degree flip angle, 25.6cm2
field of view, matrix=256×256. The voxel dimensions were 1×1×1mm. The second- XETA
(eXtended Echo Train Acquisition) produces a series of contiguous T2-weighted images
(TR=2500ms, TE=80ms, 25.6 cm2 field of view). Voxel dimensions were 1×1×1 mm. This
latter sequence was used as the additional channel of information for brain segmentation. It
was also used to measure volume of total intracranial contents, which was then used as an
independent factor in a regression procedure to account for the effect of head size.
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DTI data were collected on the 3 Tesla GE Echospeed system (General Electric Medical
Systems, Milwaukee, WI). Scans were acquired using an echoplanar imaging (EPI) DTI
Tensor sequence, and a double echo option to reduce eddy-current related distortions. To
reduce the impact of EPI spatial distortion, an 8 Channel coil and ASSETT (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
diffusion directions with b=900. In addition 8 baseline scans with b=0 were also acquired.
Scan parameters were as follows: TR17000 ms, TE 78 ms, FOV 24 cm, 144×144 encoding
steps, 1.7 mm slice thickness, producing isotropic 1.7×1.7×1.7mm voxels.
2.3. Image processing and analysis
We utilized Slicer 3D software Version 2 (www.slicer.org) to analyze the images and to
measure tracts. Tractography from two ROIs was carried out to analyze the AC tracts. We
used the fiber assignment by continuous tracking (FACT) method to extract the fiber tract,
which made fiber trajectories from seeding points (Mori et al., 1999). This method initiates
fiber trajectories from defined ROIs and follows the primary eigenvector, the orientation of
the diffusion tensor, from voxel to voxel. After reaching the next voxel, the fiber trajectory
moves along the primary eigenvector of the next voxel. Tractography stopping criteria was:
FA <0.15 and an angle of curvature >20° per 1 mm (Jones et al., 2006).
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To draw the AC, ROIs were manually placed on color-by-orientation maps. Because AC
tracts travel from right to left, voxels containing the AC appear red on color-by-orientation
maps. The entire AC was therefore drawn using predominantly red voxels in coronal slices.
However, since the AC is a very thin tract through the midsagittal slice and is surrounded by
other fibers such as the fornix and horizontal portions of the internal capsule, many
extraneous fibers were included in this seeding. In order to obtain precise and accurate AC
tracts, an additional ROI was drawn in the midsagittal plane that included the medial portion
of the AC tracts. Because the AC is one of the commissural bundles, it interconnects both
hemispheres, and passes through the midline. Accordingly, we selected for tracts that
traveled through the midline ROI (Fig. 1). Only axially-traversing tracts, identified on a
color-by-orientation map, and that passed through the two ROIs, were selected for fiber
tracking and for further statistical analyses. All ROIs were drawn manually, blind to
diagnosis. Average trace, length, and FA were calculated for the extracted tracts.
In some cases, seeding from the two ROIs resulted in short and anatomically inaccurate AC
tracts. These cases produced tracts with an average fiber length plus standard deviation that
was less than one voxel in length (1.7 mm). Four such scans were found (three normal
controls and one schizophrenia patient) and excluded from further analyses, resulting in a
final count of 48 cases.
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2.4. Statistical Analysis
For statistical analyses we used the Statistical Package for Social Sciences (SPSS version
16.0). To test for group differences in FA within the AC, analysis of variance (ANOVA)
was performed with age and level of education as covariates and group as the betweensubject factor. Post-hoc independent T-tests were carried out to find differences in trace and
FA within the AC between patients with schizophrenia and normal controls. We also
performed correlational analyses between mean FA values and age in both groups. Pearson's
correlational analyses of FA values with duration of illness, daily dose of drugs, SAPS
scores, SANS scores, and Iowa Gambling Task scores were also carried out.

3. Results
There were no group differences in mean age, parental socioeconomic status, handedness,
WRAT score, or gender (all males). Level of education and social economic status showed
significant differences between two groups (t=−2.76, df=42, p=0.01 for level of education
and t=3.87, df=42, p<0.01 for social economic status) (Table 1).

NIH-PA Author Manuscript

There was a group effect for AC FA (F=9.80, p<0.01) and for Trace (F=8.59, p<0.01). Mean
trace was significantly increased and mean FA was significantly decreased in AC tracts in
the schizophrenia group compared with normal controls (t=3.04, df=28.9, p<0.01 for trace
and t= −3.14, df=46, p<0.01 for FA) (Fig. 2) (Table 2).
A significant negative correlation was found between mean FA and age in schizophrenics,
but not in controls (r= −0.484, p=0.01 for schizophrenics, and r=−0.19; p=0.40 for controls)
(Fig. 3). Patients with schizophrenia showed a trend for a positive correlation between Trace
and age, but this trend was not significant (r=0.39, p=0.06 for schizophrenics and r=0.35,
p=0.10 for controls). Schizophrenics showed a trend towards decreased FA with increased
duration of illness (r= −0.39, p=0.09). No significant correlations of mean FA in the AC
were found with socioeconomic status, antipsychotic medication dose, or duration of
medication (r= −0.12, p=0.58 for socioeconomic status; r= −0.30, p=0.168 for medication
dose; r= −0.10, p=0.681 for duration of medication).
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Correlation analyses between clinical symptoms, examined using SANS and SAPS in
schizophrenics, and mean FA were also performed. Mean FA was significantly positively
correlated with positive symptoms (r=0.44, p=0.03 for global SAPS), but not with negative
symptoms. (r=0.12, p=0.57 for global SANS). Trace was not significantly correlated with
global SAPS (r=−0.24, p=0.26) or SANS (r=0.151, p=0.472) scores (Table 3).
For the Iowa Gambling Task, there were no significant differences between groups in net
gambling score (p=0.83), total amount won (p=0.91), total amount lost (p=0.34), or total
amount earned (p=0.17). We examined correlations between the Iowa Gambling Task and
mean FA in subjects. FA was significantly negatively correlated with net gambling score [(C
+D)-(A+B)] (r=−0.46, p=0.04) and total amount earned (r=−0.50, p=0.02) in schizophrenics,
but not in normal controls (r=−0.21, p=0.56 for net gambling score; r=−0.43, p=0.22 for
total amount earned). There were no significant correlation between Trace and Iowa
Gambling Task scores (r=0.24, p=0.20 for net gambling score; r=24, p=0.20 for total amount
earned) (Fig. 4).

4. Discussion
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Our main finding is that patients with schizophrenia reveal a significant decrease in FA and
an increase in trace in the AC compared with healthy controls. To the extent that FA is
related to axonal integrity, density, caliber and myelination (Beaulieu, 1994), our findings of
subnormal levels of FA in the AC suggest the presence of microstructural abnormalities in
this fasciculus in patients with schizophrenia. Our results are consistent with those of
Highley et al. (1999), who reported reduced fiber density in the AC in schizophrenia patients
postmortem. With respect to our finding of higher trace in the schizophrenia patients,
compared with controls, several previous DTI studies have suggested that increased trace is
associated with immaturity of the brain (Neil et al., 1998) and structural brain disorders,
such as cerebral ischemia (Kim et al., 2005) or hydrocephalus(Gideon et al., 1994). The
changes in trace and FA in our study thus suggest that there are structural abnormalities in
the AC in schizophrenia.
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Our correlational findings between age and integrity of the AC in schizophrenia are similar
to results of previous investigations with the cingulum, the uncinate fasciculus (Mandl et al.,
2008; Rosenberger et al., 2008), and the whole-brain WM (Jones et al., 2006; Mori et al.,
2007). Our finding, and that of others, that suggest negative correlations between age and
white matter integrity support the hypothesis that the pathophysiology of schizophrenia may
reflect progressive neurodegeneration (de Haan and Bakker, 2004; DeLisi, 1997). However,
we observed no significant correlations between duration of illness and FA, suggesting that
it is likely age rather than duration of illness that is relevant to the observed correlations.
Longitudinal studies are, however, needed to clarify further whether or not white matter
integrity reduction reflects disease progression. The latter is particularly important given that
findings of a correlation between age and FA have been reported in normal controls
(Kubicki et al., 2008; Sullivan and Pfefferbaum, 2006). Thus more research needs to be
done that can tease apart what is age related effects that are seen in both normal controls and
patients with schizophrenia, and to address the question of whether or not the age effects
observed are different in schizophrenia and suggest disease progression. Furthermore,
additional studies will be needed to clarify whether medication or disease progression affect
the altered integrity of AC. Longitudinal and first-episode studies of AC integrity will help
to clarify these issues.
Significant positive correlations were observed between patients' FA in the AC and severity
of positive symptoms, as measured by total scores on SAPS. This is not the first time that
positive correlations have been observed between FA and positive symptom severity in
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schizophrenia patients. On the contrary, significant positive correlations have been reported
in the corpus callosum (Hubl et al., 2004; Rotarska-Jagiela et al., 2008), cingulum bundle
(Hubl et al., 2004), superior longitudinal fasciculus (Seok et al., 2007; Shergill et al., 2007),
arcuate fasciculus (Hubl et al., 2004), and inferior fronto-occipital fasciculus (Szeszko et al.,
2008). However, the present study is the first (to our knowledge) to report a significant
positive correlation between positive symptom severity and FA in the AC in schizophrenia
patients. With regards to the cause of this seemingly paradoxical yet consistently reported
correlation, Whitford et al. (2010) have suggested that the answer may lie in the extent of
the conduction delays that would be expected to arise from mild as opposed to severe whitematter damage. Specifically, Whitford et al. (2010) suggest that mild conduction delays
(such as might be expected from mild FA reductions) could result in the aberrant neural
synchronization (Andreasen et al., 1999) that has been proposed to underlie the symptoms of
schizophrenia (Andreasen et al., 1999; Bartzokis, 2002). In contrast, severe conduction
delays (such as might be expected from more severe FA reductions) could result in neural
signals that are sufficiently disjointed so as to be unincorporable into a coherent
phenomenological framework such as necessary for a coherent, systematized delusion, for
example. Our results showed severe positive symptoms were related to minimally
dysfunctional FA. However, we found negative symptoms were not related to FA, though
AC FA reduction predicted higher negative symptom score as we predicted. Nonetheless,
we need more functional studies about the relationship between specific symptoms of
schizophrenia and white-matter tracts. Testing this speculation may provide a worthwhile
avenue for future research.
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Since it has been reported that the orbitofrontal cortex plays an important role in decision
making processes (Krawczyk, 2002), we investigated the relationship between FA in the
AC, which interconnects the orbitofrontal cortices (Di Virgilio et al., 1999; Peuskens et al.,
2004), and its abnormalities in schizophrenia, and the Iowa Gambling Task. Our results
indicate that such a relationship indeed exists, suggesting the notion that changes in
interconnectivity of the AC affect decision making processes in schizophrenia. It is possible
that altered interconnectivity of the AC may be related to the same pathology producing
orbitofrontal cortex volume reduction, which has been shown to be associated with thought
disorder in schizophrenia (Nakamura et al., 2008). It is unclear why FA is higher in patients
with severe decision making impairment, however a similar result was found in an
impulsivity study of schizophrenia (Hoptman et al., 2004), where FA was positively
correlated with impulsivity in the left postcentral gyrus, right superior/middle temporal
gyrus, and bilateral fusiform gyrus, which might compromise a fronto-temporal-limbic
circuit. Additionally, patients with schizophrenia showed a pattern of compromised decision
making that is somewhat different from orbitofrontal cortex lesion patients (Shurman et al.,
2005). We therefore suspect that the AC plays a role in the patterns of decision making
impairment in schizophrenia. Of further note, equivocal results have been found in terms of
differences in Iowa Gambling Task performance between SZ and NC, with some studies
showing significant differences (Kester et al., 2006; Ritter et al., 2004), but others not
(Cavallaro et al. 2003; Evans, et al. 2005; Rodriguez-Sanchez et al. 2005). Regarding our
study, we observed that patients with a large FA reduction had minimal decision making
impairments, which could potentially account for the minimal Iowa Gambling Task
differences between patients and controls.
While AC FA was associated with decision making and positive symptoms in our study, it is
unclear whether schizophrenia symptoms and decision making are related. Some studies
suggest decision making impairment of schizophrenia and negative symptoms are associated
(Shurman et al., 2005), while some studies do not (Evans CE et al., 2005). Another study
suggests that some negative symptoms are associated with frontal medial cortex
dysfunction, as measured with a Theory of Mind test, but that there was not a significant
Schizophr Res. Author manuscript; available in PMC 2013 August 16.
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correlation between the Iowa Gambling Task and negative symptom scores (Martino DJ et
al., 2007). To our knowledge, there is no evidence to suggest a relationship between
decision making and positive symptom scores. However, regardless of whether decision
making and clinical symptoms are related, AC integrity seems to be related to multiple
symptoms in schizophrenia.
There is a considerable overlap between the participant sample in the current paper and the
sample presented in the Whitford et al., paper. Specifically, 16 (61.5%) of SZ patients and
11 (42.3%) of the HC participants were also investigated in the Whitford et al., paper. There
is some evidence from the literature that the CC and AC are closely related in terms of their
structural integrity. In a previous study about callosal agenesis (Fischer et al., 1992), there
was hypertrophy of AC in patients with callosal agenesis, suggesting that AC may
compensate for damage to the CC. Regarding the relationship between AC and CC in the
present study, we correlated the AC Fractional Anisotropy results with the CC1 (genu)
Fractional Anisotropy results from the Whitford et al., paper and observed a non-significant
trend for a positive correlation (r=0.32, p=0.10), across both groups.
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Our study is the first to measure AC integrity using tractography in schizophrenia.
Tractography has shown higher sensitivity and specificity compared to ROI or voxel-based
morphometry analysis (Kanaan et al., 2006). Though the AC plays an important role in
interconnection of the two hemispheres, there are few studies that investigate its changes in
schizophrenia. By using tractography to analyze AC fibers, we were able to define, extract
and directly measure AC integrity and its relationship with clinical symptoms and age. We
note, however, that a diffusion tensor model is not always adequate, especially in voxels
containing complex crossing tracts from differently oriented fibers(Alexander et al., 2002;
Tuch etl al., 2002). Nonetheless DTI is the most popular approach to tractography and fiber
crossings are not such an issue with AC. Further studies should include a multi-tensor
approach that may provide more information about AC tract and integrity. Since some
studies have found that changes in FA might be related to medication dosage (Minami et al.,
2003; Okugawa et al., 2004), and our schizophrenia subjects are all chronically medicated,
an additional studies are needed to clarify whether the relationship between age and FA is
due to a medication effect. Sex differences in fiber numbers or cross sectional areas in the
AC have also been reported (Allen and Gorski, 1991; Highley et al., 1999). In the current
study, however, we only investigated changes in male subjects. We therefore need a larger,
mixed-sex cohort to obtain a full interpretation of AC pathology in schizophrenia.

5. Conclusions
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Reduced connectivity within the anterior commissure in schizophrenia was found in our
study using high resolution DTI and a tractography approach. Our study found that age
affected the reduced interhemispheric connectivity in schizophrenia, and interconnectivity of
the AC was positively correlated with positive symptoms as well as decision making
impairment. These results can help us understand the functional anatomy of the brain by
understanding further the relationship between symptoms and interconnectivity of the AC in
the pathophysiology of schizophrenia.
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Fig. 1.
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ROIs to draw the AC and Tractography. (A) In the color-by-orientation images, the ROI
(indicated in green) was drawn on the red voxels (i.e., representing right-left diffusion). (B)
Because anterior commissure fibers pass through the midline, a second ROI (indicated in
blue) was drawn in the midsagittal plane (C). (D) Anterior commissure fibers were extracted
from the two ROIs.
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Fig. 2.

Results of FA and Trace comparison.
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A scatter plot between mean FA and age. Blue dots represent patients with schizophrenia
and green dots represent normal controls. Solid line indicates a regression line for
schizophrenia (r=0.484; p<0.01) and the dashed line indicates a regression line for normal
controls (r=0.19; p=0.40).
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Fig. 4.

Correlation analyses between Iowa Gambling Tasks and FA of AC. In schizophrenia group
(blue circles), FA was significantly correlated with net gambling score [(C+D)-(A+B)] (r=
−0.46; p=0.04), total amount won (r=0.51; p=0.02), total amount lost (r=0.52; p=0.02), and
total amount earned (r=−0.50; p=0.02). In normal controls (green squares), FA was not
significantly correlated with all parameters.
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Table 1

Demographic data

NIH-PA Author Manuscript

Variable

Mean (SD)
Patients with Schizophrenia (N=25)

Controls (N=23)

Age (yr)

44.69 (9.69)

42.22 (10.06)

Sex (% male)

100

100

Level of Education (yr)*

13.18 (1.84)

14.79 (2.01)

Socioeconomic Status*

3.44 (1.08)

2.26 (0.87)

Parental Socioeconomic Status

2.61 (1.12)

2.28 (1.27)

Handednessa

0.72 (0.24)

0.74 (0.20)

WRAT

98.6 (14.23)

103.5 (11.70)

Age of Onset

22.76 (5.02)

Medication doseb

357.6 (264.4)

SANS: Sum of Score

11.42 (7.32)

SAPS: Sum of Scorec

9.17 (4.07)

NIH-PA Author Manuscript

*

P <0.01.

a

Ratio of (right-left)/(right+left) on handedness inventory.

b

Chlorpromazine equivalent; In 2 patients medication dose was unavailable.

c

In 1 patient clinical symptom scores were unavailable.
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Table 2

Mean fractional anisotropy and trace in the anterior commissure
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Variable

Mean (SD)

P-value

Patients with Schizophrenia (N=25)

Controls (N=23)

FA

0.303 (0.061)

0.358 (0.061)

<0.01

Tracea

3.59 (0.48)

3.29 (0.15)

<0.01

a

× 103 mm2/s
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Table 3

Correlation between FA, Trace in anterior commissure and clinical symptoms in schizophrenia.
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Clinical measure

Number of subjects

Pearson's correlation coefficients

P-value

Sum of Global SAPS Score

24

0.444

0.030*

Sum of Global SANS Score

25

0.121

0.565

Sum of Global SAPS Score

24

-0.238

0.260

Sum of Global SANS Score

25

0.151

0.472

FA

Trace

*

P<0.05
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