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Abstract
The present study measured prefrontal cortical gray and white matter volume in chronic, male
schizophrenic subjects who were characterized by a higher proportion of mixed or negative
symptoms than previous patients that we have evaluated. Seventeen chronic male schizophrenic
subjects and 17 male control subjects were matched on age and handedness. Regions of interest (ROI)
were measured using high-resolution magnetic resonance (MR) acquisitions consisting of contiguous
1.5-mm slices of the entire brain. No significant differences were found between schizophrenic and
control subjects in mean values for prefrontal gray matter volume in either hemisphere. However,
right prefrontal white matter was significantly reduced in the schizophrenic group. In addition, right
prefrontal gray matter volume was significantly correlated with right hippocampal volume in the
schizophrenic, but not in the control group. Furthermore, an analysis in which the current data were
combined with those from a previous study showed that schizophrenic subjects with high negative
symptom scores had significantly smaller bilateral white matter volumes than those with low negative
symptom scores. White matter was significantly reduced in the right hemisphere in this group of
schizophrenic subjects. Prefrontal volumes were also associated with negative symptom severity and
with volumes of medial–temporal lobe regions — two results that were also found previously in
schizophrenic subjects with mostly positive symptoms. These results underscore the importance of
temporal–prefrontal pathways in the symptomatology of schizophrenia, and they suggest an
association between prefrontal abnormalities and negative symptoms.

Keywords
White matter; Temporal lobe; Hippocampus; Orbitofrontal cortex

* Corresponding author. Psychiatry Service, 116A, Brockton VA Medical Center, 940 Belmont Street, Brockton, MA 02401, USA. Tel:
+1-508-583-4500, ext. 2479; fax: +1-508-586-0894. robert_mccarley@hms.harvard.edu (R.W. McCarley).

NIH Public Access
Author Manuscript
Psychiatry Res. Author manuscript; available in PMC 2010 March 26.

Published in final edited form as:
Psychiatry Res. 2001 November 30; 108(2): 65–78.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1. Introduction
Frontal lobe abnormalities have been hypothesized to contribute to the schizophrenic
syndrome. Frontal functions such as attention, working memory, eye movement, judgment and
insight are thought to be impaired in schizophrenic patients (Mesulam, 1981; Damasio and
Van Hoesen, 1983; Mesulam, 1990; Goldman-Rakic and Friedman, 1991; Anderson et al.,
1994; Paus, 1995; Petit et al., 1995). Both structural and physiological frontal abnormalities
have been reported in schizophrenic patients, but the findings have often been contradictory.
Magnetic resonance imaging (MRI) studies have found reduced volume in the frontal lobe.
However, this finding has not been consistently replicated. Table 1 contains a summary of
prefrontal MRI findings in schizophrenia; also see recent reviews of MR studies of
schizophrenia for a more detailed discussion of frontal findings (Shenton et al., 1997, 2001;
McCarley et al., 1999). Inconsistent findings across studies could be attributed to the diverse
methodologies used, including differences in factors such as MR image resolution,
segmentation procedures, subject matching variables, and the symptom profiles of the patient
group.

The present study measured prefrontal gray and white matter in closely matched groups of
schizophrenic subjects and normal control subjects using quantitative volumetric techniques
and high resolution MRI scans. The study was designed to be similar in MRI methods to a
previous study of prefrontal cortex volume in chronic schizophrenics (Wible et al., 1995) in
which no volume differences were found between groups. However, the schizophrenic subjects
for the present study were chosen from outpatient community residences and therefore
consisted of a higher proportion of subjects showing negative symptoms (either the mixed or
negative symptom rating) relative to the previous study, which drew on an acutely hospitalized
sample.

Temporal lobe structures such as the amygdala, hippocampus, entorhinal cortex,
parahippocampal gyrus, and superior temporal gyrus have been shown to be abnormal in
schizophrenic subjects, especially on the left side (Shenton et al., 1992, 1997; McCarley et al.,
1999). These temporal lobe structures are highly interconnected with the prefrontal cortex
(Goldman-Rakic et al., 1984; Pandya and Yeterian, 1990; Wible et al., 1995), and in a previous
study we observed volume correlations between prefrontal and temporal regions in
schizophrenic subjects that were not present in control subjects. Such volume correlations are
suggestive of a functional system that is pathological in the schizophrenic brain, and we
predicted that these correlations would also be found in the current subject group.

Several negative symptoms of the schizophrenic syndrome are similar to those symptoms
present after frontal lobe damage (e.g. attentional deficits, lack of insight into behavior).
Clinical measures of negative, but not positive symptoms were correlated with prefrontal
volume measures in the schizophrenic group of the previous study. We predicted that these
same clinical correlations would be present in the current study.

2. Methods
2.1. Subjects

MR scans were obtained from 17 schizophrenic and 17 right-handed male control subjects.
Schizophrenic subjects were recruited from the Brockton Veterans Affairs Medical Center;
one was hospitalized at the time of recruitment, 16 were in VA community residences, and all
were receiving neuroleptic medication. Control subjects were recruited through newspaper
advertisements. Patient diagnoses were made in accord with the Diagnostic and Statistical
Manual of Mental Disorders (DSM-III-R), on the basis of chart review, and from information
obtained from administration of the Schedule for Affective Disorders and Schizophrenia
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(Spitzer and Endicott, 1978). Subjects were admitted to the study if they were between the ages
of 20 and 55 years with no history of electroconvulsive shock treatment, neurologic illness, or
steroid use, and no lifetime history of drug/alcohol addiction or abuse (DSM-III-R) within the
last 5 years. Control subjects were also excluded if they had a history of psychiatric illness in
themselves or in their first-degree relatives.

The schizophrenic and control subjects were matched (as a group) on age and handedness, and
there were no statistically significant differences between the two groups in height, weight,
head circumference, or scores on the WAIS-R information subscale (Wechsler, 1981). There
was a difference in socioeconomic status of the family of origin. See Table 2 for the means
and standard deviations (S.D.) of subject characteristics, including the mean chlorpromazine
(CPZ) equivalents. All subjects signed written informed consent prior to study participation.
No subjects were in common with the previous prefrontal study (Wible et al., 1995).

2.2. Clinical evaluations
Three instruments were used to assess symptoms: The Scale for the Assessment of Positive
Symptoms (Andreasen, 1984); the Scale for the Assessment of Negative Symptoms
(Andreasen, 1981); and the Thought Disorder Index (Johnston and Holzman, 1979). In the
Andreasen classification, 11 of the patients were characterized as having mixed symptoms,
four had mainly positive symptoms, and two had mainly negative symptoms.

It should be noted that negative symptoms in this study were measured using the SANS scale,
not the Schedule for the Deficit Syndrome. The Deficit Syndrome Scale differs from the SANS
scale in that the presence or absence of negative symptoms is considered independently of
psychotic symptoms and that the symptoms must be enduring features (Kirkpatrick et al.,
1989).

2.3. MRI methodology
All MR scans were acquired at the Brigham and Women's Hospital with a 1.5-T General
Electric SIGNA System (GE Medical Systems, Milwaukee, WI). The MR methodology is
described in detail elsewhere (Shenton et al., 1992), and hence will be only briefly described
here. For the measurement of prefrontal gray and white matter regions of interest (ROI), a
three-dimensional Fourier transform spoiled gradient-recalled acquisition in steady state
(3DFT SPGR) was acquired throughout the entire brain and reformatted into 124 contiguous
1.5-mm coronal slices. The SPGR images were obtained using the following parameters: echo
time (TE) = 5 ms, repetition time (TR) = 35 ms, one repetition, nutation angle = 45°, field of
view = 24 cm, acquisition matrix = 256 × 256 × 124, voxel dimensions = 0.9375 × 0.9375 ×
1.5 mm.

For the measurement of the intracranial contents, 108 (54 for each echo) contiguous double-
echo spin-echo 3-mm axial slices were obtained throughout the extent of the brain. Imaging
parameters were: TE = 30 ms, TR = 3000 ms, field of view = 24 cm, acquisition matrix = 256
× 256, voxel dimensions = 0.9375 × 0.9375 × 3 mm. No gross abnormalities were found in the
scans when they were evaluated by a clinical neuroradiologist.

2.4. Image processing
The image-processing stages were different for the whole brain vs. the individual region of
interest (ROI) measurements. The image processing for the ROI measurements on the SPGR
scans proceeded in several stages. (1) The SPGR images were filtered to reduce noise (Gerig
et al., 1990). (2) The SPGR images were segmented using the iterative expectation–
maximization (EM) algorithm. This algorithm combines the statistical classification of tissue
classes with the automatic identification of intensity inhomogeneities in the images. The EM
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segmenter alternates two computational stages. In one stage, the spatial intensity
inhomogeneities in the images are estimated, and then in a second stage, this estimate is used
to improve the accuracy of the tissue classification. An initial semi-automated segmentation
(the algorithm used for segmentation in our previous articles) was used as a starting point or
as input to the EM segmenter, and then the algorithm improved the segmentation in several
iterations of the two steps (Wells et al., 1996). The segmentations computed using this
algorithm were more consistent in estimating tissue classes than the semi-automated
segmentation procedures when the segmentation was compared among five raters (Wells et al,
1996). In previous articles (Wible et al., 1995), the measurement of the gray/white matter
volume in a cortical region required slice by slice editing of the boundary on each slice. The
segmentations obtained using the EM segmenter required much less editing. (3) The results of
the segmentation were then superimposed on the original SPGR image and edited using an
image-editing program, slice by slice, on the computer workstation to exclude extraneous tissue
from the gray/white matter segmentation, and to assign the left and right lobes to separate tissue
classes. The slice editor contained algorithms to perform manual drawing of ROI, connectivity,
island removal, erosion and dilation of tissue classes, a color editor to assign colors to different
ROI, and a magnifier to magnify the image to a user-chosen level of magnification. The current
version of this image editor (Gering et al., 1999) is described on our web pages at
http://splweb.bwh.harvard. edu:8000/pages/papers/slicer/index.html. (5) A dividing cubes
algorithm was used to reconstruct the segmentation to allow for a three-dimensional view of
each tissue class (Cline et al., 1988, 1990). The voxels for each tissue class were summed to
compute the volume for each slice and the cumulative volume.

The image-processing procedures for the measurement of intracranial content (used to compute
the relative volume measurements) were described in detail, in a previous study (Shenton et
al., 1992). The 3-mm double-echo axial scans were used for this measurement, and the image
processing required some of the same algorithms as those used in measurement of the specific
prefrontal ROI, including a preprocessing filter, and algorithms for segmentation, connectivity,
three-dimensional reconstruction and visualization, and an algorithm for calculating volume.

2.5. Specific brain regions of interest
The gray and white matter of the prefrontal cortex was measured using the same landmarks as
in our previous study (Wible et al., 1995). The posterior boundary of the gray matter coincided
with the separation of frontal and temporal lobe areas as illustrated in Fig. 1A,B. The most
posterior slice on which we measured prefrontal gray matter is shown in Fig. 1A in relationship
to the ventricles. Fig. 1B shows a three-dimensional reconstruction of the white matter in
relationship to the ventricles and the most posterior gray matter slice. Reliability for the gray
and white matter volumes is discussed below.

2.6. Reliability of image-processing techniques
2.6.1. Intra-rater reliability for the frontal lobe volumetric measures—The 34 cases
were first segmented by CGW. Intra-rater reliability was assessed using the same four pre-
selected representative slices throughout the frontal lobe for 10 cases. The intraclass correlation
was ri = 0.80.

2.6.2. Inter-rater reliability for the volumetric measures—Inter-rater reliability for
two additional raters was also obtained for the same 10 cases and was ri = 0.84.

2.7. Statistical analyses
Left and right volumes of prefrontal gray and white matter were analyzed using a multivariate
analysis of variance (MANOVA) with the variables group (schizophrenic vs. control), tissue
class (white or gray matter), and side (right or left). An analysis of covariance (ANCOVA)
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was also used, and the factors analyzed in the MANOVA were covaried with age. Analyses
were computed separately for absolute volumes, and for relative volumes — the latter corrected
for head size by dividing the absolute volume by the volume of the intracranial contents and
multiplying by 100.

Volumetric data were available for several temporal lobe structures for the subjects used in
this study (Anderson et al., submitted). The hypothesis guiding the examination of the
relationship between volumes of prefrontal and temporal ROI in patients with left-lateralized
temporal lobe abnormalities was that prefrontal–temporal correlations would be significant in
schizophrenic, but not control subjects.

Univariate correlation coefficients were also computed, for comparison, for right temporal lobe
structures and right prefrontal gray and white matter. Correlations were also performed, for
schizophrenic patients only, between clinical measures and prefrontal left and right, gray and
white matter, to assess the degree of association between symptomatology and prefrontal
volume measurements.

2.8. Analyses combining current data with previously published prefrontal data
The patient groups from the previous (Wible et al., 1995) and current studies were combined
and redivided into groups based on symptom profiles. This was done to examine the
relationship between frontal volumes and negative symptoms. The Z-score for each (relative)
prefrontal volume measure was computed for each patient by using the mean and S.D. of the
corresponding control group for that patient. Z-scores were used because we were combining
patients from different studies with different control groups. The subjects thus had to be
matched to their corresponding control groups, and this necessitated the use of Z-scores. The
patient group was then ranked by the total SANS score and divided into two equal groups of
patients, one group with the lower SANS scores and the other with the higher SANS scores.
The dividing SANS score was 10. Note that the SANS score for one patient from the previous
study was not available. These Z-score measures were then subjected to analyses.

3. Results
3.1. Prefrontal volume measures

In the present sample, control and schizophrenic subjects had similar mean values for gray,
but not white matter volume (see Table 3). The results derived from relative measures showed
the same pattern of statistical significance as those derived from absolute measures. For brevity,
only the results of the relative measures will be reported in the text (relative and absolute
volumes, as well as mean number of slices used, are reported in Table 3). The MANOVA
showed a three-way interaction between group, tissue, and side (F = 7.30, d.f. = 1,32, P = 0.01).
There were no two-way interactions. Follow up t-tests showed significant differences between
groups in right prefrontal white matter (t = −2.85, d.f. = 1,32, P = 0.008). An ANCOVA was
done with the same factors using subject age as a covariate; this analysis showed a pattern of
significance similar to that described above.

3.2. Prefrontal–temporal univariate Pearson product-moment correlations
Note that correlations are reported only if values were consistently significant using both
absolute and relative volume measures. Volumes of right prefrontal gray matter and right
posterior amygdala–hippocampal complex showed high positive correlations for schizophrenic
subjects (r = 0.73, P = 0.001 abs. vol.; r = 0.68, P = 0.004 rel. vol.). This correlation was not
significant in the control group (vol.; r = 0.48, P = 0.118 abs. vol.; r = 0.43, P = 0.17 rel. vol.).
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3.3. Prefrontal ROI-clinical correlations
The correlation of total SANS scores and left frontal gray matter volume was significant in
schizophrenic subjects (r= −0.50, P = 0.043 abs. vol.; r − 0.52, P = 0.033 rel. vol.). The
correlations between SANS score and white matter volumes did not reach significance in the
current sample (r= −0.29, P = 0.26 abs. vol., left hemisphere; r= −0.07, P = 0.78 abs. vol., right
hemisphere). Thought Disorder Index scores did not correlate with any measure of prefrontal
cortex volume.

3.4. Analyses of combined data from the current study and a previously published study
The same analysis described above for the current subject sample was performed on the
combined data from current and previously published prefrontal volumes of schizophrenic and
control groups. The previous study used the same general scanning parameters and the image
editor was also the same as used in the current study. The segmentation algorithms differed
between the two studies; however, the final editing of the segmentation was done by hand in
both studies. No significant differences were found between combined groups (combined
schizophrenia, n = 31, and combined control, n = 32) for any of the prefrontal measures (right
or left gray or white matter).

The relative prefrontal volume measures for the combined schizophrenic group were
transformed into Z-scores and the combined group was split into halves according to SANS
scores (see Section 2). The low SANS group had a total SANS score (S.D.) of 7.2 (1.9), with
a range of 4–10. The high SANS group had a total SANS score (S.D.) of 13.5 (2.6), with a
range of 10–18.

A repeated measures ANOVA using schizophrenic group's Z scores was computed separately
for each tissue type (gray and white matter) using the factors SANS group (high or low total
SANS score) and side (right or left). Gray matter volumes showed no significant differences
between SANS groups. White matter volumes were significantly different between SANS
groups (F = 4.12; d.f. = 1,29; P = 0.052 for absolute volumes; F = 5.88; d.f. = 1,29; P = 0.022
for relative volumes). The higher SANS score group had reduced white matter compared with
the lower SANS group (see Fig. 2).

The SANS group by side interaction was not significant. Significant correlations were found
between Z-scores for left white matter and SANS scores of the combined schizophrenic group
(r = − 0.50, P = 0.005 abs. vol.; r= −0.49, P = 0.005 rel. vol.). Significant correlations were
also found between Z-scores for total prefrontal volume (gray and white matter combined. and
total SANS scores (r = −0.43, P = 0.019 abs. vol.; r = −0.38, P = 0.04 rel. vol.).

4. Discussion
The present study used high resolution MRI in conjunction with semi-automated image-
processing procedures to measure whole prefrontal cortical gray and prefrontal white matter
volume in schizophrenic and control subjects. No significant differences were found between
the two groups in either right or left gray matter volume; however, right white matter volume
was significantly reduced in the schizophrenic group when compared with control subjects.
These results are similar to those of Breier et al. (1992), whose methodology has comparable
image resolution to that used in the present study. The Breier et al. study also did not find gray
matter volume reductions in schizophrenic subjects, but did report white matter volume
reduction on both sides of the brain. Buchanan et al. (1993) also reported white matter
abnormalities in schizophrenic subjects.

White matter abnormalities were not found in our previous sample of positive symptom
schizophrenic subjects. The different findings are likely to be a result of the different symptom
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profiles of the previous (positive symptom) and current (negative symptom) groups. In the
current study, 11 of the 17 patients had predominately mixed symptoms, four had mainly
positive symptoms, and two had mainly negative symptoms. In the previous study, symptom
profiles were very different. Eleven of the 14 patients were assessed as having mainly positive
symptoms, three patients were characterized as having mixed symptoms, and none of the
patients had predominately negative symptoms (Wible et al., 1995).

Schizophrenic subjects from our previous and current studies were combined and split into two
groups based on SANS total score. This combined analysis showed that the Z-scores for
bilateral white matter volumes were significantly smaller in schizophrenic patients from the
higher SANS group (see Fig. 2). In other words, the higher the SANS score, the smaller the
prefrontal white matter volumes. Although much of the methodology stayed constant between
the current and previous studies, caution must be taken in interpreting results from combined
studies that were performed at different times with differing methodologies. Sanfilipo et al.
(2000) also found an association between white matter volume and negative symptoms in
schizophrenic subjects. They reported that the white matter reduction was most severe in the
orbitofrontal region. Gur et al. (2000) reported an association, in women schizophrenic subjects
only, between decreased orbital (gray matter) volumes and negative symptoms. In the current
sample, we also found a significant correlation between total SANS scores and left frontal gray
matter volume in schizophrenic subjects. Together these finding suggest a relationship between
prefrontal abnormalities and negative symptoms.

The lack of gray matter or total volume findings is also in agreement with several other studies
that have reported no volumetric differences in this area between schizophrenic and control
subjects (see Table 1). However, a reduction in white matter volume is likely to signify
degeneration or cell death either in the frontal lobe or in regions that project to the frontal lobe.
Thus, this finding of white matter reduction is not inconsistent with or contradictory to the
reports of gray matter volume reductions that have been reported in several studies (see Table
1). A white matter volume reduction followed by changes in gray matter would suggest
different primary pathological loci or processes than would either a finding of only gray matter
loss or a finding of both gray and white matter loss combined. These issues need to be resolved
in future research.

Temporal lobe pathology has been demonstrated in schizophrenic subjects using both MRI and
post-mortem histological studies (for reviews, see Shenton et al., 1997; Wible et al., 1997;
McCarley et al., 1999). Correlations were found between volumes of right hippocampal and
right prefrontal gray matter volumes in schizophrenic, but not control subjects. These findings
are again similar to those of the Breier et al. (1992) study, which found a significant correlation
between the right hippocampal–amygdala complex and right prefrontal white matter in
schizophrenic subjects. The previous study from our laboratory found a relationship between
anterior portions of the hippocampal–amygdala complex, parahippocampal gyrus, and superior
temporal gyrus and prefrontal white and gray volume on the left side in schizophrenic subjects.
Again, the differences in correlations may be due to the different symptom profiles of the
previous and current patient groups.

The volume correlations found between temporal and prefrontal regions in schizophrenic
patients, but not control subjects, may indicate volume reductions in tightly anatomically and
functionally linked temporal–prefrontal regions such as hippocampal, superior temporal,
cingulate, orbital and inferior frontal regions. A detailed discussion of these ideas and the
neuroanatomical relationships can be found in Wible et al. (1997).

As in the previous study, here we hypothesize that a use-dependent and/or developmental
pathological process that affects temporal lobe structures may also be affecting prefrontal
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cortical areas in a parallel manner, resulting in stronger than normal relationships between
volumes in these areas (Wible et al., 1997).

The lack of detection of gray matter volumetric abnormalities in the current study should be
interpreted with caution in light of the sensitivity of MR findings. Abnormalities in cellular
orientation, connectivity, receptor distribution and sensitivity, and neurotransmitter
distribution, among other factors, are not detectable by MRI and have been previously reported
(Benes et al., 1986, 1991). However, a histological study reporting abnormalities in prefrontal
areas did not find a significant difference between schizophrenic and control subjects in the
cortical thickness of area 9 of the prefrontal cortex because the differences were not large
enough to reach significance (Selemon et al, 1995).

The results of this study point to abnormal temporal-prefrontal pathways, a finding for which
there is converging evidence from many studies. The findings also suggest that there may be
differences in brain pathology or primary brain pathology in accordance with specific
schizophrenic symptoms, and that negative symptoms may be associated with prefrontal
abnormalities.
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Fig. 1.
The most posterior slice in which prefrontal gray matter was measured in relationship to the
ventricles and the white matter. Panel 1A: left lateral view of the most posterior slice in which
gray matter was measured, shown in relationship to the ventricles with segmented prefrontal
gray matter shown in green overlay on the MRI slice. Panel 1B: left lateral view of a three-
dimensional reconstruction of the prefrontal white matter in relationship to the ventricles and
to the slice shown in Panels A and B.
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Fig. 2.
Relative volumes of average left and right (combined) prefrontal white matter for schizophrenic
subjects with high and low SANS scores. The subject data shown are from a combination of
the current study and our previous study of prefrontal volume in schizophrenia. The low and
high SANS groups were determined by ranking all schizophrenic subjects and doing a median
split to obtain two groups.
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Table 1

A summary table of MRI studies of prefrontal cortex in schizophrenia

Reference Slice thickness (number) CN, SZ

Studies showing differences in frontal lobe area or volume between schizophrenic and control subjects

Andreasen et al., 1986 10 mm 49, 38

DeMyer et al., 1988 10 mm (2 slices) 24, 24

Rossi et al., 1988 10 mm, 5 mm 12, 12

Stratta et al., 1989 10 mm (8 axial),
5 mm (1 midsag.)

20, 20

Jernigan et al., 1991 5 mm, 2.5 gap 24, 42

Breier et al., 1992 3 mm 29, 44

Raine et al., 1992 10 mm (12 coronal)
(1 midsag., 1 axial)

19 + 18, 17

Zipursky et al., 1992 5 mm, 2.5 gap (7 slices) 20, 22

Buchanan et al., 1993 3 mm 30, 41

Harvey et al., 1993 5 mm (20 slices) 34, 48

Andreasen et al., 1994 1.5 mm 90, 52

Bilder et al., 1994 3.1 mm 51, 70

Schlaepfer et al., 1994 5 mm 60 + 27,
46

Zipursky et al., 1994 3 mm (22 slices) 20, 22

Nopoulos et al., 1995 1.5 mm 24, 24

Woods et al., 1996 5 mm 19, 19

Marsh et al., 1997 3 mm (22 slices) 52, 56

Woodruff et al., 1997 5 mm 43, 42

Ohnuma et al., 1997 4 mm 10, 10

Gur et al., 1998 5 mm 17, 40

Buchanan et al., 1998 1.5 mm 24, 18

Sullivan et al., 1998 5 mm (2.5 mm gap) 73, 71 +
62

Goldstein et al., 1999 3.1 mm 26, 29

Staal et al., 2000 1.6 mm 32 + 16,
16

Szeszko et al., 1999 3.1 mm 26, 19

Sanfilipo et al., 2000 2.8 mm 29, 53

Gur et al., 2000 1 mm 81, 70

Studies showing no differences in frontal lobes

Smith et al., 1987 8 mm, 12 mm 21, 29

Kelsoe et al., 1988 10 mm (1 midsag) 14, 24

Uematsu and Kaiya, 1989 10 mm (8 slices) 17, 49

Suddath et al., 1989 10 mm (12 slices) 17, 17

Rossi et al., 1990 8 mm (7–8 slices) 13, 17

Nasrallah et al., 1990 3 mm, 5 mm 35, 56

Andreasen et al., 1990 10 mm 47, 54

Blackwood et al., 1991 12 mm (10 slices) 33, 28
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Reference Slice thickness (number) CN, SZ

DeLisi et al., 1991 5 mm, 2 mm gap 20, 45

Bornstein et al., 1992 5 mm, 5 mm gap 52, 72

Kawasaki et al., 1993 5 mm 10, 20

Egan et al., 1994 10 mm (12 slices) 16, 16

Vita et al., 1995 5 mm, 2 mm gap 15, 19

Turetsky et al., 1995 5 mm 77, 71

Vita et al., 1995 5 mm (2 mm gap) 15, 19

Corey-Bloom et al., 1995 5 mm, 2.5 mm gap 28, 30

Wible et al., 1995 1.5 mm (36 slices) 15, 14

Baare et al., 1999 1.2 mm 14, 14

Lawrie et al., 1999 1.8 mm 30, 20 + 100 high risk

The table shows the reference, the resolution of the MRI methods in terms of number of slices used to assess the prefrontal cortex, and the number of
control (CN) and schizophrenic (SZ) subjects.
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Table 2

Subject characteristics (mean and standard deviation) and probability level of a one-way ANOVA test for the
variables when appropriate

Schizophrenic Control Significance
(one-way ANOVA)

Number of subjects 17 17

Age at test (years) 44 40 F = 0.004, d.f. = 1,31,
P = 0.950

Handedness 0.80 0.78 F = 0.006, d.f. = 1,28,
P = 0.939

Parental SES 3.18 2.35 F = 5.07, d.f. = 1,32,
P = 0.031*

WAIS-R information 11.75 10.53 F = 2.07, d.f. = 1,31,
P = 0.161

Duration (years since onset) 20

Total SANS score (S.D.) 11 (4)

Range of SANS scores 4–18

Total SAPS score (S.D.) 8 (4)

Range of SAPS score 1–15

*
Signifies that the probability level was significant.
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Table 3

Means and standard deviations of prefrontal left and right, gray and white volumes for schizophrenic and control
subjects

Absolute volume Relative volume Number of slices

Left frontal gray matter

Schizophrenia 68.9 (8.1) 4.5 (0.44) 36

Control 73.8 (12.0) 4.7 (0.65) 37

Left frontal white matter

Schizophrenia 22.6 (2.2) 1.5 (0.12) 24

Control 24.2 (4.2) 1.5 (0.18) 24

Right frontal gray matter

Schizophrenia 68.1 (8.6) 4.5 (0.51) 35

Control 72.7 (12.2) 4.6 (0.68) 35

Right frontal white matter

Schizophrenia 22.2 (2.0) 1.5 (0.15) 24

Control 26.0 (4.5) 1.7 (0.24) 24

Also shown is the mean number of MRI slices used to assess each measure.

Psychiatry Res. Author manuscript; available in PMC 2010 March 26.


