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Patients with schizophrenia show deficits in several neurocogni-
tive domains. However, the relationship between white matter
integrity and performance in these domains is poorly under-
stood. The authors conducted neurocognitive testing and diffu-
sion tensor imaging in 25 patients with schizophrenia. Perfor-
mance was examined for tests of verbal declarative memory,
attention, and executive function. Relationships between frac-
tional anisotropy and cognitive performance were examined by
using voxelwise correlational analyses. In each case, better per-
formance on these tasks was associated with higher levels of
fractional anisotropy in task-relevant regions.

(Am J Psychiatry 2006; 163:2008–2010)

Patients with schizophrenia have impairments in cog-
nitive functions that require operation of neural networks.
However, we are aware of only one study that examined
correlations between cognitive function and white matter
integrity in schizophrenia (1). This study found positive
correlations between verbal memory and white matter in-
tegrity in the left uncinate fasciculus and between execu-
tive function and the left cingulate bundle area. It is clear
that the neural networks underlying performance in dif-
ferent cognitive domains are not fully understood.

Cortical anatomical connectivity has been examined in
vivo using diffusion tensor imaging, which measures the
directionality and magnitude of diffusion in tissues. With
barriers to diffusion, including myelin, cell membranes, or
organized white matter tracts, diffusion will be greater
parallel than perpendicular to the long axis of fibers
(anisotropic diffusion).

The degree of diffusion anisotropy can be measured
with fractional anisotropy, which has been found to be re-
duced in white matter in most studies of schizophrenia.
This reduction has been interpreted as evidence of im-
paired white matter integrity, which is consistent with
findings of reduced expression of myelin-related genes (2)
and a reduced number of oligodendrocytes (3).

We previously used a voxelwise approach and found re-
duced fractional anisotropy in patients relative to compar-
ison subjects in the corpus callosum, parahippocampal gy-
rus, temporal lobe regions, medial occipital lobe, and the
deep frontal perigenual region (4). In the current study, we
used a voxelwise correlational analysis to understand the
neural circuitry that may underlie performance in different
cognitive domains. We present data showing differential
relationships between fractional anisotropy and tasks that
evaluate domains of memory, attention, and executive
function that are impaired in schizophrenia.

Method

The participants were 25 patients (three women) with a diag-
nosis confirmed with the Structured Clinical Interview for DSM-
IV (5) of schizophrenia or schizoaffective disorder. The patients
had a mean age of 36.4 years (SD=10.0), an education of 11.7 years
(SD=2.0), and an illness duration of 14.0 years (SD=9.5). The par-
ticipants were inpatients and outpatients recruited from the
Rockland Psychiatric Center and Rockland County Department
of Mental Health. All of the participants gave written informed
consent to participate, and all procedures were approved by local
institutional review boards.

The patients completed a neuropsychological test battery from
which the following tasks were selected to evaluate three domains
derived from a factor analysis (6): verbal declarative memory (N=
19) was assessed by using immediate recall for story A from the
logical memory subtest of the Wechsler Memory Scale—III (7), at-
tention (N=25) was assessed by using the scaled score for the digit
symbol subtest of the WAIS-III, and executive function (N=20) (7)
was assessed by using the scaled score from the digit span-back-
ward subtest of the WAIS-III (7).

Scanning was performed on the Nathan Kline Institute’s 1.5-T
Siemens Vision System (Erlangen, Germany). Three main se-
quences were used: magnetization prepared rapidly acquired
gradient echo (TR/TE=11.4/4.9 msec, matrix=256×256, field of
view=300 mm, number of excitations=1, 1.17-mm slice thickness,
172 slices, no gap), turbo spin echo (TR/TE=5000/22,90 msec,
matrix=256×256, field of view=224 mm, number of excitations=
1.5-mm slice thickness, 26 slices, no gap), and diffusion tensor
imaging (8) (TR/TE=6000/100 msec, matrix=128×128, field of
view=240 mm, 5-mm slice thickness, 20 slices, no gap, b=0 s2/
mm, number of excitations=2, b=1000 s2/mm, six directions,
number of excitations=4).

Diffusion tensor image processing and voxelwise correlational
analysis was performed using customized software. The b=0 im-
ages were corrected for susceptibility-induced distortion and
transformed into Talairach space by using methods described
elsewhere (4, 9). The interpolated voxel size was 2×2×2 mm3. A
white matter mask was generated by using a nonparametric
threshold (10) from the averaged fractional anisotropy map and
used to segment the individual images.

The multiple comparisons problem represents a challenge for
voxelwise methods; this was reduced by analyzing only white
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matter. We also selected an approach based on Baudewig et al.
(11). We found “seed” voxels using p<0.0005 and then included
adjacent voxels with p<0.005, with a minimum cluster volume of
96 mm3. The correlation map was superimposed onto a magneti-
zation prepared rapidly acquired gradient echo image in Talair-
ach space using AFNI (12). Because only white matter was ana-
lyzed and, in the absence of a Talairach white matter atlas, some
of the specified anatomical regions represent the white matter
adjacent to the region named below. Fractional anisotropy was
age-adjusted before computation of the correlations. The correla-
tions reported are those for the seed voxel.

Results

The participants averaged a score of 8.3 (SD=4.4) on the
logical memory story A immediate recall (Figure 1A). Sig-
nificant positive correlations were found bilaterally in the
hippocampus and the posterior cingulate. Unilateral pos-
itive correlations were observed in the left parahippoc-
ampal and fusiform gyri and Brodmann’s area 20, the cin-
gulate gyrus, Brodmann’s area 31, the posterior cingulate,
white matter adjacent to the caudate tail, the insula, and
the claustrum, as well as the right middle frontal and mid-
dle occipital gyri (0.72<r<0.83). Negative correlations
were found in the right inferior frontal gyrus and puta-
men (r=–0.72).

The participants averaged a scaled score of 5.4 (SD=2.5)
on the digit symbol task (Figure 1B). Positive correlations
were observed bilaterally in the anterior cingulate; the fim-
bria-fornix; the left cingulate gyrus; the medial frontal gyrus;
Brodmann’s areas 32, 9, and 44; the right claustrum; and
white matter adjacent to the caudate (0.65<r<0.68). Negative
correlations were found in the right cuneus (r=–0.64).

The participants averaged a scaled score of 6.0 (SD=2.6)
on the digit span backward test (Figure 1C). Positive corre-
lations were observed bilaterally in the anterior cingulate,
the insula, and the body of the corpus callosum. Unilateral

positive correlations were observed in the left cingulate gy-
rus; Brodmann’s areas 24, 31, and 32; the thalamic white
matter; the precentral and postcentral gyrus; and the white
matter adjacent to the globus pallidus and caudate, as well
as the right Brodmann’s area 13 and the parahippocampal,
middle occipital, and posterior cingulate gyri (0.70<r<0.76).
There were no significant negative correlations.

Discussion

We have shown significant correlations of neurocogni-
tive tasks with white matter fractional anisotropy in three
domains known to be impaired in schizophrenia. The cor-
relations are consistent with neuroanatomical substrates
thought to underlie performance in each domain. For the
verbal declarative memory domain, fractional anisotropy
was significantly correlated in the bilateral hippocampal
white matter. These regions are known to be involved in
memory function. The left-sided predominance of corre-
lations is consistent with the verbal task demands. For the
attention domain, the correlations, particularly those in
the anterior cingulate, the medial frontal gyrus, and the
basal ganglia, are consistent with regions involved in at-
tention. Finally, for executive function, the distribution of
correlations in the anterior cingulate, the corpus callo-
sum, the basal ganglia, and the parahippocampal white
matter is consistent with regions involved in that domain.
Parahippocampal correlations might reflect the memory
demands of the task.

In summary, our results suggest that diffusion tensor
imaging may identify altered neural circuitry involved in
cognitive domains known to be impaired in schizophre-
nia. These results provide a strong argument for multimo-
dal imaging studies that provide information on anatomi-
cal connectivity and function.

FIGURE 1. Representative Correlations of White Matter Integrity With Voxelwise Correlational Analysis in Patients With
Schizophreniaa

a The arrows represent higher levels of fractional anistropy. The left brain is depicted on the right. Correlations were r>0.64, p<0.0005, in every instance.

A B C

Recall of story A from
logical memory subtest of 
Wechsler Memory Scale–III

(correlations in hippocampi)

Digit symbol subtest
of WAIS-III (correlations in

left anterior cingulate)

Digits-backward subtest of WAIS-III
(correlations in corpus callosum

and left anterior cingulate)



2010 Am J Psychiatry 163:11, November 2006

BRIEF REPORTS

ajp.psychiatryonline.org

Received May 2, 2005; revision received Sept. 15, 2005; accepted
Oct. 18, 2005. From the Department of Psychiatry, University of Min-
nesota, Minneapolis; the Center for Advanced Brain Imaging, the
Program in Cognitive Neuroscience and Schizophrenia, and the Clin-
ical Research Division, Nathan Kline Institute for Psychiatric Re-
search, Orangeburg, N.Y.; and the Department of Psychiatry, New
York University School of Medicine, New York. Address correspon-
dence and reprint requests to Dr. Lim, University of Minnesota, 2450
Riverside Ave., Minneapolis, MN 55455; kolim@umn.edu (e-mail).

Supported by a Biomedical Engineering Research grant (RG-00-
0350) from the Whitaker Foundation (to Dr. Arkekani), grant R01-MH-
60662 and a National Alliance for Research on Schizophrenia and
Depression Independent Investigator Award (to Dr. Lim), grant R01-
MH-66374 (to Dr. Butler), grants R01-MH-49334 and K02-MH-01439
and a Burroughs Wellcome Translational Science Award (to Dr. Javitt),
and a National Alliance for Research on Schizophrenia and Depres-
sion Young Investigator Award and grant R01-MH-064783 (to Dr.
Hoptman).

References

1. Nestor PG, Kubicki M, Gurrera RJ, Niznikiewicz M, Frumin M,
McCarley RW, Shenton ME: Neuropsychological correlates of
diffusion tensor imaging in schizophrenia. Neuropsychology
2004; 18:629–637

2. Hakak Y, Walker JR, Li C, Wong WH, Davis KL, Buxbaum JD,
Haroutunian V, Fienberg AA: Genome-wide expression analysis
reveals dysregulation of myelination-related genes in chronic
schizophrenia. Proc Nat Acad Sci USA 2001; 98:4746–4751

3. Hof PR, Haroutunian V, Copland C, Davis KL, Buxbaum JD: Mo-
lecular and cellular evidence for an oligodendrocyte abnor-

mality in schizophrenia. Neurochemical Res 2002; 27:1193–
1200

4. Ardekani BA, Nierenberg J, Hoptman MJ, Javitt DC, Lim KO: MRI
study of white matter diffusion anisotropy in schizophrenia.
Neuroreport 2003; 14:2025–2029

5. First MB, Spitzer RL, Gibbon M, Williams JBW: Structured Clini-
cal Interview for DSM-IV-TR Axis I Disorders, Research Version,
Patient Edition (SCID-I/P). New York, Biometrics Research, New
York State Psychiatric Institute, 2001

6. Bilder RM, Goldman RS, Volavka J, Czobor P, Hoptman M, Sheit-
man B, Lindenmayer J-P, Citrome L, McEvoy J, Kunz M, Chakos
M, Cooper TB, Horwitz TL, Lieberman JA: Neurocognitive ef-
fects of clozapine, olanzapine, risperidone, and haloperidol on
treatment-resistant patients with schizophrenia and schizoaf-
fective disorder. Am J Psychiatry 2002; 159: 1018–1028

7. Lezak M: Neuropsychological Assessment. New York, Oxford
University Press, 1995

8. Lim KO, Choi SJ, Pomara N, Wolkin A, Rotrosen JP: Reduced
frontal white matter integrity in cocaine dependence: a con-
trolled diffusion tensor imaging study. Biol Psychiatry 2002;
51890–51895

9. Hoptman MJ, Ardekani BA, Butler PD, Nierenberg J, Javitt DC,
Lim KO: DTI and impulsivity in schizophrenia: a first voxelwise
correlational study. Biol Psychiatry 2004; 15:2467–2470

10. Otsu N: A threshold selection method from gray-level histo-
grams. IEEE Trans Systems Man Cybernetics 1979; 963–966

11. Baudewig J, Dechent P, Merboldt KD, Frahm J: Thresholding in
correlational analyses of magnetic resonance functional neu-
roimaging. Magn Reson Imaging 2003; 211121–211130

12. Cox RW: AFNI: Software for analysis and visualization of func-
tional magnetic resonance neuroimages. Computers and Bio-
medical Research 1996; 29162–29173


