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Abstract
Objective—Numerous studies have implicated the hippocampus and prefrontal cortex in
schizophrenia. However, precisely which subregions of the hippocampus and prefrontal cortex are
abnormal remain unknown. Our study goal was to investigate structure of the anterior hippocampus,
posterior hippocampus, dorsolateral prefrontal cortex (DLPFC), and orbitofrontal cortex (OFC)
simultaneously in thirty-eight patients with schizophrenia and twenty-nine controls to determine
which of these subregions are abnormal in schizophrenia. As an exploratory study goal, we
investigated the relation of neurocognition to brain structure in schizophrenia patients.

Method—We generated detailed structural magnetic resonance imaging data and compared
hippocampal and prefrontal subregional structural brain volumes between schizophrenia and control
groups. We obtained a neurocognitive test battery in schizophrenia patients and studied the
association of abnormal brain structures to neurocognition.

Results—Structural brain abnormalities were pinpointed to the left anterior hippocampus and left
OFC in schizophrenia patients, which were both significantly reduced in volume. The DLPFC and
posterior hippocampus, though numerically decreased in volume, were not significantly decreased.
Anterior hippocampal volumes were more strongly associated with OFC volumes in schizophrenia
patients compared to controls. By contrast, DLPFC volume was unrelated to anterior or posterior
hippocampal volume. Both the anterior hippocampus and OFC were independently related to
cognitive abnormalities common in schizophrenia, including indices of verbal, language, and
executive function. The DLPFC and posterior hippocampal volume were unrelated to cognitive
measures.

Conclusions—These findings highlight related abnormalities of the anterior hippocampus and
OFC in schizophrenia, which may shed light on the pathophysiology of the disorder.
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1. INTRODUCTION
Although multiple brain areas have been implicated in schizophrenia, the frontal cortex and
hippocampal formation are consistently found to be abnormal (Shenton, Dickey, Frumin, &
McCarley, 2001). The association of medial temporal lobe and frontal lobe structural brain
abnormalities with cognitive deficits in schizophrenia have led researchers to hypothesize that
dysfunction in this network may be central to illness pathophysiology (Weinberger, Berman,
Suddath, & Torrey, 1992). For example, volume deficit of the frontal lobes are well established
in schizophrenia and have been associated not only with impairments in executive functioning
and working memory, but also in functions traditionally ascribed to the temporal lobes,
including immediate and long-term memory, verbal memory, and verbal function (Baare et al.,
1999; Sanfilipo et al., 2002a). Likewise, medial temporal lobe volume deficits exist and have
been associated with impairment of cognitive functions traditionally deemed “frontal” in
schizophrenia patients, including executive functioning (Bilder et al., 1995; Weinberger et al.,
1992).

Biological plausibility for this network is highlighted by anatomic tracing studies in primates
and rodents that have shown precise connections linking the temporal and prefrontal brain
regions, including a monosynaptic projection from the anterior medial temporal lobe to the
medial frontal lobe including OFC. The projections have been specified as originating in
primarily the anterior hippocampus (via the subiculum and CA1 subfield) and projecting via
a monosynaptic, ipsilateral, excitatory pathway to the ventral medial OFC (Rosene & Van
Hoesen, 1977). Using morphometric shape analysis of the anterior hippocampus, volumetric
methods, or high-resolution functional imaging of basal metabolism(Csernansky et al., 1998;
Narr et al., 2004; Schobel et al., 2009; Szeszko et al., 2002), the CA1 subfield and subiculum
subregions have been implicated in schizophrenia, highlighting the potential relevance of this
neuronal pathway to the pathophysiology of the disorder.

The second projection between the hippocampus and prefrontal cortex involves a bidirectional
polysynaptic pathway connecting the dorsolateral prefrontal cortex (DLPFC) to the posterior
hippocampus via the parahippocampal gyrus, transitional cortices, and the pre-subiculum
(Goldman-Rakic, Selemon, & Schwartz, 1984); it is not a part of the anterior hippocampal/
medial frontal network. There is also anatomic evidence to support specific posterior
hippocampal volume reduction in schizophrenia (Velakoulis et al., 2001), while still others
find no differential effect of anterior or posterior hippocampal volume (Weiss, Dewitt, Goff,
Ditman, & Heckers, 2005).

Evidence for this functional segregation in the hippocampus is suggested by recent functional
imaging studies which show that the anterior hippocampus is primarily activated by tasks
involving the display of novel stimuli or the process of mental encoding (Lepage, Habib, &
Tulving, 1998; Strange, Fletcher, Henson, Friston, & Dolan, 1999), a process posited to be
functionally abnormal, resulting in ‘aberrant salience’, during acute psychosis (Kapur, 2003).
In contrast, posterior hippocampal function appears to be most linked to spatial memory
function(Colombo, Fernandez, Nakamura, & Gross, 1998; Small, 2002). A longitudinal
neuroimaging study of ultra high risk or prodromal cases has shown progressive decreases in
left medial temporal lobe volume and left OFC volume with the onset of psychosis, suggesting
a link between the anterior hippocampus and orbitofrontal cortex (OFC) in first episode
psychosis (Pantelis et al., 2003).
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Given the lack of empirical literature which has investigated the structural association of the
hippocampus (anterior and posterior) and prefrontal cortex (ventral medial orbitofrontal and
dorsolateral) in schizophrenia, based upon the above considerations, our study aimed to find
structural evidence of anterior hippocampal and medial prefrontal cortical brain abnormalities
in schizophrenia. Our primary study hypothesis was that the volumes of the anterior
hippocampus and OFC would be specifically reduced in schizophrenia, compared to the
DLPFC and posterior hippocampal subregions, which would be either less affected (DLPFC)
or unchanged (posterior hippocampus). Our second study hypothesis was that volumes in
anterior hippocampus and OFC would be correlated in an ipsilateral fashion in both patient
and control groups, reflecting their anatomic neuronal association, but that this association
would be enhanced within the schizophrenia patient group, reflecting pathology in two linked
brain regions. We next hypothesized that this association would show a greater degree of
correlation on the left than right, owing to the left-sided predominant findings in the literature
(Shenton et al., 2001). Finally, as an exploratory study goal, we sought to explore the volumetric
relationships of these subregions to neuropsychological domains most affected in
schizophrenia: language, memory, and executive function.

2. Methods and Materials
2.1 Participants

Thirty-eight patients with diagnoses of schizophrenia or schizoaffective disorder (DSM-IV,
American Psychiatric Association, 1994) by the Diagnostic Interview for Genetic Studies
(DIGS)(Nurnberger et al., 1994)and twenty-nine controls who were comparable in sex and age
were enrolled from Columbia University Medical Center and the New York State Psychiatric
Institute inpatient schizophrenia research unit. Dr. Jill Harkavy-Friedman supervised
interviewer training. The interviewers had experience in mental health treatment at a Master’s
level or above. Training consisted of initial calibration using training tapes/programs followed
by reliability testing using videotaped and live interviews rated with a qualified co-rater. Raters
were required to achieve adequately high reliability (i.e., Kappa > .85 for diagnosis and > .75
for individual psychotic symptom ratings). Training was followed by ongoing reliability
testing, with 20% of all diagnostic and symptom ratings co-rated by a 2nd rater. Inter-rater
reliability on assessments was maintained by monthly meetings and review ratings to prevent
drift. All control subjects and patients were medically healthy by history, physical examination
and routine laboratory evaluation, including urine toxicology examination. Subjects were
excluded who met DIGS criteria for current substance abuse or lifetime substance dependence.
Three patients and three controls were eliminated from analyses for motion artifacts in their
scans. All subjects were deemed competent to participate in voluntary research and signed
informed consent. The protocol was approved by Columbia University's IRB. See Table 1 for
subject demographics.

2.2 Imaging protocol
Participants were scanned with a Signa Advantage system (GE Healthcare Technologies,
Waukesha, Wisconsin, USA) operating at 1.5 T. The series used for this study was acquired
as a 3D SPGR, with contiguous axial slices of 1.5mm with 0.86*0.86mm pixels within-slice,
acquisition time to echo (TE) 5msecs; repetition time (TR) 34msecs; flip angle 45%; field of
view 22 × 22cm; bandwidth 16 kHz; matrix 256 × 256 × 124 slices; slice thickness 1.5 mm.
Scans were acquired with axial slices aligned with the plane connecting the anterior and
posterior commissures.

2.3 Neuropsychological and symptom data
Patients were comprehensively assessed across neuropsychological domains by a single rater
(RAS). A cognitive test battery was administered to patients. Our measures first included the
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Weschler Adult Intelligence Scale-Revised (Wechsler, 1981), including tests of full-scale,
performance, and verbal IQ. We then used the WAIS summary scores, including verbal
comprehension, perceptual processing, working memory, and processing speed, to measure
broad indices of functions that have been localized to both frontal and limbic regions. Verbal
long-term declarative memory was evaluated with the Weschler Memory Scale-Revised
(Wechsler, 1987). Additional tests of executive function included the Wisconsin Card Sorting
Test (Heaton, 1981); and Trail-making Test B (Reitan, 1958). Psychiatric symptoms were
evaluated using the Positive and Negative Syndrome Scale (Kay, Fiszbein, & Opler, 1987).
Controls were screened using a standard checklist using the non-patient version of the
Structured Clinical Interview for DSM-IV. All patients were on stable doses of antipsychotic
medication at the time of neuropsychological testing; for purposes of this study, medication
exposure was coded into a categorical variable ‘yes/no’ and therefore detailed dosing and
medication information for individual patients was not available.

2.4 Image analysis: Segmentation of whole brain and ROIs
All images were coded into series numbers for blinded analyses. We used the 1) Brain
Extraction tool (BET) of FSL to isolate the whole brain from extracranial tissues after applying
an inhomogeneity correction (Smith, 2002); 2) FAST for automatic tissue segmentation
(Zhang, Brady, & Smith, 2001); and 3) ITK-SNAP for semi-automated tri-planar region of
interest volumetric analysis of whole brain, OFC gray matter (OFC), DLPFC gray matter
(DLPFC) and hippocampus (Yushkevich et al., 2006) [Figure 1 and Figure 2]. The
hippocampus, OFC and DLPFC were lateralized into right and left volumes, and the
hippocampus was further subdivided into anterior and posterior subregions.

After using BET, whole brains were post-processed to eliminate any remaining extracranial
voxels using ITK-SNAP. Three raters evaluated whole brain volumes (M.A.K., S.A.S., and
K.A.V.), which included ventricle and sulcal CSF. Prior to data analysis, a reliability series
was completed evaluating a total of fifteen scans: three from each of the five subjects. Interrater
and intrarater reliability for whole brain volumes were both 0.99.

The hippocampus was segmented in a semi-automated fashion according to a triplanar method
as previously described in Preussner, Weiss, and Chakos et al (Chakos et al., 2005; Pruessner
et al., 2000; Weiss et al., 2005) [Figure 1]. ITK-SNAP parameters were set to region
competition mode with default values. The hippocampal region of interest was constructed to
maximize gray matter pixels in the body of the structure while preserving a clear inferior
boundary with the white matter of the parahippocampal gyrus and clear lateral boundary with
the temporal horn of the lateral ventricle, so as to not oversegment the structure. After
localization of the hippocampus in three planes in the first step, the snake was initialized with
a bubble setting of 2.0 to 2.2 along the anterior and poster axis of the structure. The snake was
then manually evolved using the default settings of ballon force 1.0 and curvature force of .20.
Hippocampal segmentations included the hippocampus proper, the subiculum, the fimbria and
subsplenial gyrus and were subject to manual post-processing for anatomic fidelity according
to the following criteria: We used the sagittal plane to separate the hippocampus from the
amygdala, with the alveus and/or the uncal recess of the temporal horn to separate the structures.
More medially in the sagittal plane, the axial view was used at the level of the tuber cinerium,
mamillary bodies and optic tracts. This corresponds to the level of the hippocampal–amygdala
transition area in the axial plane. This area was used as the boundary between the hippocampus
and amygdala in the axial plane, which corresponds to the superior–medial boundary of the
structure as viewed in the coronal plane (Convit et al., 1999). The hippocampal body was
defined in the coronal plane from the inferior–lateral border to medial, with the contour
following (and thus excluding) the parahippocampal gyrus. The anterior boundary of the
hippocampus was the anterior convexity of the hippocampal alveus, which was previously
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delineated in the sagittal plane. The superior hippocampal border was the alveus. The inferior
border continued to be the parahippocampal region, and the lateral border was the temporal
horn of the lateral ventricle or temporal stem. Anterior hippocampus was separated from
posterior hippocampus at the first appearance of the uncus in the coronal plane, consistent with
the methodology as described in detail in Weiss [Figure 1] (Weiss et al., 2005) Our ITK-SNAP
settings were kept constant for each brain (Yushkevich et al., 2006). The primary advantage
of using the geodesic snake is to eliminate variability in choosing hippocampal boundaries
along the body of the structure, thereby improving the reliability of our measurements. All
hippocampal measurements were completed by a single rater (M.A.K.), with an intrarater
reliability of 0.94. We defined the PFC as the full cortical volume anterior to the first appearance
of the corpus callosum in the coronal plane (Lawrie et al., 2001). Our analysis was completed
by a single rater (M.A.K.) with an intrarater reliability of 0.99. We manually traced the OFC
in the coronal plane on the gray scale images , and once again completed measurements using
a single rater (M.A.K) with an intrarater reliability of 0.98. The posterior boundary was defined
as the last slice in which either of the medial posterior orbitofrontal gyri was visible. The
superior rostral sulcus was used as the medial boundary anteriorly; the olfactory sulcus was
used as the medial boundary posteriorly. Superior borders were defined by a line between the
medial and lateral boundaries that bisected the white matter.

The DLPFC measurement was aimed at isolating Brodmann’s areas 9 and 46 (Al-Hakim,
2006). As the gyral and sulcal patterns of these areas are highly variable as viewed in the coronal
plane, we used the frontal and temporal pole as landmarks to define the anterior and posterior
boundaries. More specifically, we defined the DLPFC as occupying 40% of the area between
the poles as previously described (Al-Hakim, 2006). Two raters evaluated the DLPFC volumes
(M.A.K. and K.A.V.), with an interrater reliability of 0.98 and intrarater reliability of 0.99.

2.5 Statistical analysis
Statistical analysis was conducted using SPSS Version 15 (SPSS, Chicago). All statistical tests
were two-sided with alpha set to 0.05.

We constructed a repeated-measures multivariate analysis of co-variance (MANCOVA), using
status (schizophrenia versus control) and gender as between-group factors and hemisphere (left
versus right) and subregions (anterior hippocampus, posterior hippocampus, OFC, and
DLPFC) as within subject factors, all corrected for whole brain volume. Significant main
effects and interactions were explored using post-hoc t-tests. We next conducted separate
bivariate correlational analyses (Pearson’s product correlation coefficients) of these same
structures in the patient and control groups—one overall, and one for each hemisphere—to
evaluate the volumetric relationship between these structures between study groups. Last, we
conducted exploratory bivariate correlational analyses (Pearson’s r) of left-sided brain
structures found to be abnormal in the above analyses with the WAIS-R, WMS-R, WCST, and
Trails B neuropsychological tests (table 2).

3. RESULTS
3.1 Mapping disease-related structural abnormalities within the hippocampal-prefrontal
circuit

The MANCOVA of the four brain regions corrected for whole brain volume identified an
interaction between hemisphere and status (F=6.0, df=1, 57 p=.02), with patients having smaller
left-sided brain structures than controls. There was no interaction between brain subregion and
status (F=2.1, df=3, 55 p=.11); however, there was a hemisphere by subregion by status
interaction (F=3.7 df=3, 55 p=.02). Post-hoc t tests revealed this interaction to be driven by
volume decreases specifically in the left anterior hippocampus (t=2.1, df=59, p= 0.04) and left
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OFC gray matter (t=2.1, df=59, p= 0.04) in the patient group. The left posterior hippocampus,
DLPFC, and right-sided brain structures were numerically decreased in patients compared to
controls but these differences did not reach statistical significance.

3.2 Mapping disease-related structural abnormalities between the hippocampus and PFC
We measured the association of volumes of the total anterior hippocampus with total OFC in
both the patient and control groups, as well as the relationship of the left and right anterior and
posterior hippocampus with the left and right OFC and DLPFC. As hypothesized, the volume
of the anterior hippocampus was moderately associated in schizophrenia patients with that of
the OFC (r=.38, p=.02) but not with the DLPFC (r=−.03, p=.86). This anatomic relationship
was found specifically in patients in the left (r=.38, p=.02) and trended towards significance
on the right side (r=.33, p=.06). Anterior hippocampal volume, though weakly associated in
controls as predicted with OFC volume(r=.25, p=.21), did not reach the level of association
found in patients (Figure 3). The analysis of the posterior hippocampus showed that its volume
was not associated with dorsolateral prefrontal cortical volume in controls (r=−.30, p=.12) or
patients (r=−.29, p=.09).

Finally, as an exploratory study goal, we examined the associations between regional brain
volumes and performance on neuropsychological tests within the schizophrenia patient group.
Results revealed that both left anterior hippocampal and left OFC structure were related in a
linear fashion to several neuropsychological indices, including three of the four WAIS scale
summary scores, including verbal comprehension, perceptual processing, and working
memory (table 2). Left dorsolateral prefrontal cortical volumes and posterior hippocampal
volumes were not related to any of the neurocognitive domains. Neurocognitive function on
the WMS-R was not significantly associated with brain volumes. Right sided structures were
unrelated to the cognitive measures.

4. DISCUSSION
This study used detailed magnetic resonance imaging to examine the structure of separate
subregions of the hippocampus and of the prefrontal cortex in patients with schizophrenia and
in healthy controls. It also examined the inter-correlations of these volumes and their
relationship to cognitive functioning in schizophrenia. The consistent and robust findings of
this study centered on localized volume reductions in the left anterior hippocampus and the
left OFC in the patient group.

These volumes were strongly correlated in the patients and they were linearly related with
working memory and executive function in the patient group. These left anterior hippocampus
and left OFC volume reductions explained an overall brain volume reduction for the patient
group. There were numeric volume reductions in the DLPFC, the left posterior hippocampus,
and in right hemispheric structures; however, none of these were to the same degree as on the
left and did not reach statistical significance and, as mentioned, were not associated in the
patient or the control groups.

These results are consistent with previous structural imaging studies showing decreased medial
temporal and OFC volumes in chronic schizophrenia patients(Shenton et al., 2001)
(Venkatasubramanian, Jayakumar, Gangadhar, & Keshavan, 2008). This study furthermore
supports the notion of anterior-specific defects in hippocampal volume in schizophrenia
patients, which is more controversial(Thoma et al., 2009; Weiss et al., 2005). This study had
the benefit of a larger sample than several other published studies and, despite the inherent
limitations of visualization of this complex structure, we nonetheless used triplanar criteria to
determine hippocampal boundaries and achieved a high reliability in measurement.
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We did not find any significant volume reduction in the DLPFC, but this result in no way
precludes more subtle structural or functional abnormalities in this regions. Advancements in
methodology will certainly reveal other abnormalities in subgroups of schizophrenia cases.
Novel techniques such as surface analysis have recently shown cortical thinning of DLPFC
during the transition to psychosis(Sun et al., 2009). Cognitive challenge studies report
abnormal activation in the DLPFC during executive function and memory tasks in
schizophrenia patients(Ragland et al., 1998). The DLPFC is positioned to receive information
from the ventral fronto-temporal network(Moghaddam & Homayoun, 2007), so our results are
not inconsistent with these findings; OFC damage may very well contribute to a DLPFC
dysfunction that is not reflected in gross structural abnormality within DLPFC.

Our exploratory analysis of the relationship of these structural abnormalities to
neuropsychological performance helps generate hypotheses of the left anterior hippocampus
and the left OFC in cognitive dysfunction in schizophrenia. Namely, volumetric deficit of both
of these regions are associated with deficits in executive function and verbal performance. Our
findings were in the expected direction and are consistent with emerging evidence that a
ventral-medial frontal-temporal network is relevant to cognitive dysfunction in schizophrenia
(Matsui et al., 2008). The absence of an association of brain structures in our sample with the
WMS-R, despite hippocampal structural abnormalities, is not surprising, since studies that
have attempted to link memory function and hippocampal volume deficits in schizophrenia
patients have been inconsistent in establishing this relationship(Bilder et al., 1995; Goldberg,
Torrey, Berman, & Weinberger, 1994; Sanfilipo et al., 2002b).

On the other hand, structural defects as well as neurochemical abnormalities including
increased glutamate in the anterior hippocampus have been implicated in executive function
deficits in studies of first-episode patients and in the affected twin in studies of monozygotic
twins discordant for schizophrenia(Bilder et al., 1995; Rusch et al., 2008; Szeszko et al.,
2003), as well as with episodic memory in chronic schizophrenia(Thoma et al., 2009). Recent
findings also highlight the relation of the hippocampus to defects in verbal memory in the ultra
high-risk state(Hurlemann et al., 2008). These findings are also consistent with animal models
of schizophrenia based on neonatal structural lesions to the hippocampus that occur early in
development which manifest electrophysiologic abnormalities in the prefrontal cortex as well
as cognitive dysfunction in later adolescence(Lipska & Weinberger, 2002).

These results of frontal and medial temporal lobe abnormalities are consistent with our earlier
metabolic study in medication free schizophrenia patients in the resting state, which showed
left prefrontal hypoperfusion and hippocampal hyperactivation; we subsequently showed this
pattern was more robust in sporadic schizophrenia cases(Malaspina et al., 2004; Malaspina et
al., 1999). A number of disease models have postulated that abnormal increases in hippocampal
activity might exist in the disease(Benes, 1999; Krieckhaus, Donahoe, & Morgan, 1992) and
that hippocampal hyperactivity might influence the function of other cortical regions(Moore,
West, & Grace, 1999). Several individual imaging studies have provided evidence
documenting both hyperactivity in resting neural states (for example, see (Heckers et al.,
1998) and volume reduction of the hippocampus in schizophrenia, though the precise relation
of the two variables in a single study has not been investigated to date. Our findings identify
an association between the anterior hippocampus and the OFC present in established illness
which links the hippocampus to other cortical regions that may account for deficits in the
disorder. Though speculative, if we interpret our findings in the context of the body of literature
delineating anatomical connections between prefrontal and limbic subregions, given the dense
monosynaptic ipsilateral connection of the anterior hippocampus to the OFC, we hypothesize
that hyperfunction of the anterior hippocampus is associated with OFC and ventral cortical
hyperfunction found in schizophrenia(Ragland et al., 2004; Schobel et al., 2009). The OFC
cortex itself is a part of the ventral striatal network that stimulates a range of downstream areas,
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including subcortical dopaminergic centers, such as the striatum(Ongur, An, & Price, 1998)
and subcortical regions implicated in emotional and cognitive processing(Barbas, 2000). Thus,
our findings can be taken as structural evidence supporting the hypothesis of a hyperfunctioning
network active in schizophrenia which could plausibly be associated with the elevated
dopaminergic state characteristic of schizophrenia(Abi-Dargham et al., 1998).

In summary, our findings advance the hypothesis of a dysfunctional fronto-temporal network
in schizophrenia based upon dysfunction of medial/ventral limbic-cortical brain structures. Of
course, in complex disorders such as schizophrenia, causal claims that rely on cross-sectional
structural imaging studies must be made with extreme caution. Our study has several important
limitations. Our exploratory analysis of neuropsychological function with brain structure was
completed in the patient group only, limiting our ability to directly compare the degree to which
neuropsychological function was impaired in the patient group relative to that of the healthy
comparison group. Further, the patient group was imaged and tested while on stable doses of
antipsychotic medication for which detailed medication information was not available, though
this is unlikely to have caused a substantial difference in our primary study outcomes(Keefe
et al., 2007; Velakoulis et al., 2006). Longitudinal imaging studies of first-episode patients
which combine modalities (e.g., structural and functional) and which are based upon
anatomical patterns of connectivity between the hippocampus and frontal cortex will further
our knowledge of the anatomic localization of hippocampal and prefrontal cortical pathology
in schizophrenia.
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Figure 1.
Semiautomatic segmentation of anterior and posterior hippocampus with ITK-SNAP
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Figure 2.
Dorsolateral prefrontal and orbitofrontal cortical regions of interest and anatomic definitions
of the structures.
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Figure 3.
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Table 1
Subject Demographics

Schizophrenia N = 38 Control N = 29

Gender (M / F) 25 / 13 22 / 7 χ2 .797 p =.37

Mean Age (SD) 32.3 (10.6) 31.3 (9.2) T(65,.025)=−.398 p =.69

Education Mean Yrs (SD) 13.3 (2.4) 14.7 (3.2) T(65,.025)=1.44 p=.16

Mean Duration of Illness Yrs (SD) 10.8 (9.2) n/a --

Mean PANSS Negative Symptom Score (SD) 13.6 (6.4) n/a --

Mean PANSS Positive Symptom Score (SD) 15.2 (6.2) n/a --

Mean PANSS General Symptom Score (SD) 28.6 (9.6) n/a --
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Table 2
Exploratory Correlational Analysis of neuropsychological function with left hippocampus and prefrontal cortical
structure

Left Anterior Hippocampus Left Posterior Hippocam
pus

Left OFC Gray Matter Left DLPFC Gray
Matter

Neuropsychological Test r r r r

WAIS Full-Scale IQ .39* −.08 .48** .12

WAIS Verbal IQ .42* −.14 .42* .10

WAIS Performance IQ .31 .00 .50** .12

WAIS Verbal Comprehension Index .41* −.11 .35 .10

WAIS Perceptual Organization Index .35 −.04 .61** .25

WAIS Working Memory Index .33 −.02 .44* −.07

WAIS Processing Speed Index .28 .04 .25 −.06

WCST Errors −.26 −.07 −.36* −.10

WCST Categories .34 .15 .41* .08

Trails B Seconds −.42* −.28 −.44* −.04

Trails B Errors −.32 .04 −.51** −.18

*
Uncorrected P value <.05

**
Uncorrected P value <.01

***
Uncorrected P value<.001
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