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Abstract

Diffuse structural abnormalities in the prefrontal cortex have been reported in both schizophrenia
patients and their nonpsychatic biological relatives. Additionally, working memory difficulties
have long been documented in schizophrenia patients and have been associated with the genetic
liability for the disorder. The present analysis investigated the relationship between prefrontal
regional grey matter volumes and two facets of working memory in schizophrenia using a family
study. Structural neuroimaging scans provided measurements of rostral middle, superior, and
inferior prefrontal cortical grey matter volumes. Participants also completed a spatial working
memory task that measured both short-term maintenance and manipulation of material in memory.
Both schizophrenia patients and relatives had reduced superior and inferior frontal grey matter
volumes. Schizophrenia patients demonstrated a spatial working memory deficit compared to both
controls and relatives, with no greater impairment when required to manipulate material. Smaller
prefrontal volumes in schizophrenia patients were associated with worse working memory
performance. These relationships were absent in the nonpsychotic relatives and controls. Despite
normative behavioural performance, nonpsychotic relatives demonstrated abnormalities in brain
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structure similar to those found in schizophrenia patients. Manipulation abilities were not more
impaired than maintenance in schizophrenia patients. Consistent with other neuroimaging
research, our results suggest that direct measures of the underlying biology may be more sensitive
to the effects of the genetic liability for schizophrenia than behavioural measures.
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1. INTRODUCTION

Prefrontal structural abnormalities and working memory difficulties have long been
documented in schizophrenia patients and have also been found in their nonpsychotic family
members (Cannon et al., 2002; Cannon et al., 1998; Snitz et al., 2006). The goal of the
present study was to investigate prefrontal grey matter abnormalities and examine their
relevance to different aspects of spatial working memory in schizophrenia patients and
nonpsychotic first-degree biological relatives by using a cognitive neuroscience task that
isolated working memory maintenance from manipulation processes (Cannon et al., 2005;
Kim et al., 2004). Inclusion of both patients and family members allowed a better
examination of genetic (familial) liability, as well as disease-related processes.

The prefrontal cortex has been shown to be consistently involved in working memory.
Distinct components of the middle frontal region, the rostral and caudal areas, have been
demarcated, with differing roles in working memory (Wager and Smith, 2003). The rostral
area encompasses parts of Brodmann’s area 46, which is considered part of the dorsolateral
prefrontal cortex, whereas the caudal area is considered part of the premotor region (Kikinis
etal., 2010). In a meta-analysis, Brodmann’s area 46 was identified as being consistently
activated during the manipulation of information held in working memory (Owen et al.,
2005). Additionally, the superior frontal region had a role in continuous updating of content
(Wager and Smith, 2003). Activations of the inferior frontal region were related to
manipulation of information, primarily switching and inhibition (Wager and Smith, 2003).
Furthermore, a meta-analysis of N-back working memory studies (which required
remembering the stimulus that occurred “N” positions previously) demonstrated that the
middle frontal region and inferior frontal region were consistently hypoactive, and the
middle frontal and superior frontal region were consistently hyperactive in schizophrenia
patients compared to controls (Glahn et al., 2005). In a meta-analysis of working memory
studies in the relatives of schizophrenia patients, relatives showed hypofrontality in the right
middle and inferior frontal regions and hyperfrontality in the right middle frontal region
compared to controls, suggesting these abnormalities are related to the genetic liability for
the disorder and cannot wholly be accounted for by disease process and medication
(Goghari, 2010). Concurrent with prefrontal cortical activation abnormalities found to be
associated with the genetic risk for schizophrenia (Goghari, 2010; Walton et al., 2013a;
Walton et al., 2013b), prefrontal grey matter volume, including the sub-regions assessed in
this paper, have shown associations with the genetic risk for the disorder (Bhojraj et al.,
2011a; Bhojraj et al., 2011b; Chen et al., 2013; Rosso et al., 2010); however, this is not a
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wholly consistent finding (Goghari et al., 20074, b), likely due to the heterogeneity in the
samples studied and methods. Regardless, current literature supports investigating the
relationship between prefrontal grey matter volumes and working memory abilities.

Working memory ability has been consistently demonstrated to be impaired in schizophrenia
patients (Dickinson et al., 2007; Forbes et al., 2009) and in their family members (Snitz et
al., 2006). One influential model of working memory by Baddeley (1992) includes a
cognitive construct called the central executive, which controls attention and manipulates
information, and secondary constructs called the phonological loop and visuospatial
sketchpad, which store and rehearse information in short-term memory. Despite the
acceptance of the varied processes termed working memory, the majority of schizophrenia
studies have used tasks, such as the N-back and letter-number sequencing, which do not
distinguish maintenance from manipulation processes. More recently, Cannon and
colleagues have investigated maintenance and manipulation components using a task
informed by findings from cognitive neuroscience approaches (Cannon et al., 2005; Glahn et
al., 2002; Kim et al., 2004). Two studies have employed this task to investigate the
maintenance and manipulation of spatial working memory content in schizophrenia (Cannon
et al., 2005; Kim et al., 2004). The behavioural study demonstrated that schizophrenia
patients were impaired in both aspects of spatial working memory, but were particularly
impaired when manipulation of information was required (Kim et al., 2004). A second study
evaluated the neural correlates of maintenance compared to manipulation, finding that when
spatial manipulation of information was required, controls recruited the dorsolateral
prefrontal cortex (BA 45 and 46) to a greater degree than schizophrenia patients (Cannon et
al., 2005). Additionally, schizophrenia patients showed greater impairment in accuracy
when manipulation of information held in working memory was required (Cannon et al.,
2005). However, greater impairment when manipulation is required compared to
maintenance is not a uniform finding in schizophrenia (Hill et al., 2010; Quee et al., 2011;
Schlosser et al., 2008; Thakkar and Park, 2012). Thakkar and Park (2012) suggest that these
divergent finding may be due to the differing demands on encoding and maintenance
processes that are also present in the manipulation task.

To the best of our knowledge, maintenance and manipulation aspects of working memory
have not been investigated using the Cannon spatial working memory tasks (Cannon et al.,
2005; Kim et al., 2004) with a family study design. A better understanding of how genetic
liability for schizophrenia affects different aspects of working memory could be an
important advancement in mapping cognitive phenotypes onto genes predisposing the
disorder. First, we examined whether prefrontal grey matter was reduced in schizophrenia
patients and first-degree biological nonpsychotic relatives compared to controls. Second, we
examined whether greater spatial manipulation than maintenance impairments would be
replicated in an independent sample of schizophrenia patients and whether that pattern
would also be found in relatives. Third, we investigated the relationship of spatial
maintenance and manipulation working memory processes with prefrontal grey matter
volume in schizophrenia patients, relatives, and healthy controls to determine whether
behaviour and brain abnormalities were related. We hypothesized that schizophrenia patients
and relatives would have less prefrontal volume compared to controls. We also predicted
that schizophrenia patients and relatives would demonstrate impaired performance during
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the spatial working memory task, with greater impairment in the manipulation compared to
maintenance condition. Last, we predicted that in schizophrenia patients, less grey matter in
prefrontal areas would be related to worse spatial working memory task performance.

2. MATERIALS AND METHODS

2.1. Participants

Schizophrenia and schizoaffective probands were recruited from the Minneapolis VA
Medical Center outpatient clinics and community support programs for the mentally ill.
Research staff identified first-degree biological relatives by completing a pedigree with the
proband. Controls were recruited through posting announcements in the community.

Twenty-four schizophrenia and schizoaffective patients (hereafter schizophrenia), 21
nonpsychotic relatives of schizophrenia patients, and 37 community control subjects
participated in the structural MRI protocol and 30 schizophrenia patients, 25 nonpsychotic
relatives, and 30 controls participated in the working memory task protocol. Seventeen
schizophrenia patients, 15 relatives, and 18 controls participated in both the structural MRI
and working memory task protocols. Schizophrenia patients and controls were excluded if
English was their second language, for mental retardation, current alcohol abuse, current
drug abuse/dependence, a current or past central nervous system condition, history of head
injury with skull fracture or substantial loss of consciousness, a history of electroconvulsive
therapy, and an age less than 18 or greater than 60. Controls were further excluded for a
family history of psychosis or bipolar disorder. To maximize relative recruitment, relatives
were excluded only if they were under the age of 18 and over the age of 60, had a lifetime
diagnosis of a psychotic disorder, or unable to complete the protocol. However, no relative
met criteria for an Axis Il Cluster A disorder or current substance abuse/dependence, had 1Q
in the mental retardation range, or English as a second language. Three relatives had a
history of a head injury and one relative had migraines. One control was on antipsychotic
medications for his/her diagnoses of major depressive disorder (MDD), post-traumatic stress
disorder (PTSD), and borderline personality disorder. The Minneapolis VA Medical Center
and University of Minnesota Institution Review Boards approved the protocol.

2.2. Diagnosis and Assessment

The Structured Clinical Interview for DSM Disorders and the Psychosis Module of the
Diagnostic Interview for Genetic Studies (Nurnberger et al., 1994) were completed with
each participant. Axis Il Cluster A traits were assessed with the Structured Interview for
Schizotypy in relatives and controls (Kendler et al., 1989). A clinical psychologist reviewed
all materials to determine DSM-IV-TR diagnoses. Schizophrenia patients’ current
symptomatology was assessed using the Scale for the Assessment of Negative Symptoms
(SANS; Andreasen, 1981) and the Scale for the Assessment of Positive Symptoms (SAPS;
Andreasen, 1983). All participants had their psychiatric functioning assessed using the Brief
Psychiatric Rating Scale (BPRS; Ventura et al., 1993). Handedness was determined by
asking participants which hand they preferred overall.

Nonpsychatic relatives and controls were largely asymptomatic in terms of their current
Axis 1 diagnoses, as also reflected in the their BPRS scores: 3 relatives had current Axis |
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diagnoses (1 individual with anxiety not otherwise specified (NOS), 1 individual with PTSD
and MDD, and 1 individual with specific phobia) and 6 controls had current Axis |
diagnoses (1 individual with depression NOS, 1 individual with PTSD, 1 individual with
PTSD and dysthymia, and 3 individuals with specific phobia). The breakdown for a lifetime
Axis | disorder diagnosis in the relatives was: 5 individuals with MDD; 2 individuals with
PTSD; 1 individual with a specific phobia; 3 individuals with anxiety NOS; 8 individuals
with alcohol abuse; 1 individual with substance (other than alcohol) dependence; 2
individuals with substance (other than alcohol) abuse; and 1 individual with an eating
disorder NOS. The breakdown for a lifetime Axis | disorders in the controls was: 5
individuals with MDD; 1 individual with dysthymia; 2 individuals with depression NOS; 1
individual with bereavement; 1 individual with mood disorder due to substance use; 1
individual with obsessive-compulsive disorder; 3 individuals with PTSD; 3 individuals with
a specific phobia; 10 individuals with alcohol abuse; 7 individuals with alcohol dependence;
3 individuals with substance (other than alcohol) abuse; 1 individual with substance (other
than alcohol) dependence; 1 individual with bulimia nervosa; and 1 individual with attention
deficit hyperactivity disorder. Some individuals had more than one disorder. The specific
percentage of relatives and controls with a current and lifetime Axis | disorder for the
different samples is presented in Table 1.

Medication use was also recorded for participants. We compared groups on antidepressant
and other psychiatric medication use as there were sufficient cases. We found overall group
differences for both antidepressants (X2(2)=13.71, p=0.001) and other psychiatric
medications (X2(2)=8.41, p=0.02). Specifically, schizophrenia patients were on more
antidepressants (X2(1)=14.12, p<0.001) and other psychiatric medications (X2(1)=7.74,
p=0.005) compared to controls, and relatives were on more antidepressants compared to
controls (X2(1)=6.51, p=0.01). There were no differences between patients and relatives.
The specific percentage of participants using medications for the different samples is
presented in Table 1.

2.3. Structural Neuroimaging

Structural images were acquired using a standard MP-RAGE sequence (160 slices) on a 3T
Siemens scanner at the Center for Magnetic Resonance Research, University of Minnesota.
Images were collected with an 8-channel head coil system prior to a scanner upgrade after
which images were collected with a 12-channel system. Parameters of the MP-RAGE
sequence were (prior to scanner upgrade first, followed after scanner upgrade): TR=1600ms,
2300ms; TE=4.38, 2.98; Flip angle=15 degrees, 9 degrees; FOV=256mm, 256mm;
thickness=1.0mm, 1.2mm. There was no difference in number of participants scanned in the
three groups pre-post scanner upgrade (X2(2)=0.53, p=0.77). To assess the potential impact
of scanner upgrade on the structural neuroimaging data, a MANOVA on the prefrontal brain
regions was conducted with pre-post scanner as a factor in the model. There was an overall
effect of scanner version on the structural MRI data (F(6, 71)=3.09, p=0.01), with greater
grey matter volumes pre-scanner upgrade. Importantly, there was no interaction between
scanner version and group (F(12, 144)=1.38, p=0.18). Furthermore, correlations assessed
whether the association between prefrontal grey matter volume and working memory
performance remained similar with and without scanner version as a covariate. The results

Schizophr Res. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Goghari et al.

Page 6

demonstrated the significant and non-significant findings remained the same. Given these
findings, it is unlikely the scanner version and head coil change would have affected the
group differences.

Volumetric segmentation, cortical reconstruction, and cortical and subcortical parcellations
were performed with the Freesurfer image analysis suite, version 4.0.3 (http://
surfer.nmr.mgh.harvard.edu/). Freesurfer processing included removal of non-brain tissue,
automated Talairach transformation, watershed/surface deformation procedure,
segmentation of the subcortical grey matter volumetric structures, intensity normalization,
tessellation of the grey matter white matter boundary, and surface deformation (Dale et al.,
1999; Fischl et al., 2002). Further data processing and analysis included surface inflation,
registration to a spherical atlas, which utilized individual cortical folding patterns, and
parcellation of the cerebral cortex (Fischl et al., 1999; Fischl et al., 2004). Freesurfer
morphometric procedures demonstrated good test-retest reliability across scanner
manufacturers and across field strengths (Han et al., 2006). This study focused on a priori
defined rostral middle frontal, superior frontal, and inferior frontal regions (see Figure 1).

2.4. Spatial Working Memory Task

Participants completed a spatial working memory task with two conditions, maintenance (or
“hold” as presented to participants), and maintenance and manipulation (hereafter referred to
as manipulation or “flip” as presented to participants; see Figure 2) (Glahn et al., 2002). In
the maintenance condition, participants were asked to remember the location of three filled
circles and after a delay, respond whether a second set of three circles were a spatial match
or not. In the manipulation condition, participants were asked to mentally mirror flip (i.e.,
mental rotation) the initial image consisting of three filled circles and after a delay respond if
the second set of circles was a mirror flip or not. Cue and probe stimuli were each present
for 1500ms, the inter-stimulus interval was 6000ms, and the inter-trial interval was 1500ms.
The words “hold” and “flip” were present during the delay period. The maintenance and
manipulation trials were presented in blocks of two, and the task alternated between trial
types, with the task beginning with two maintenance trials. Before each condition,
participants were informed whether the next set of trials was “hold” or “flip” trials. There
were 20 maintenance and 20 manipulation trials.

2.5. Statistical Analyses

First, the normality of the data was tested using the one-sample Kolmogorov Smirnov
analysis. All of the structural MRI data were normally distributed (p’s>0.22). The
behavioural task data were largely normally distributed (p’s>0.08), other than for
maintenance accuracy (p=0.008).

First, a 3 group (schizophrenia, relative, control) x 3 prefrontal region (rostral middle,
superior, inferior) x 2 hemisphere (left, right) mixed model analysis of covariance
(ANCOVA) was used to assess the effect of group and whether that effect varied by region
and hemisphere. A 3 group x 2 hemisphere (left, right) ANCOVA was conducted for each
region to follow-up on significant effects. Intracranial volume was included as a covariate in
the structural analyses. A 3 group x 2 working memory condition (maintenance,
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manipulation) ANOVA was used to assess the effect of group and working memory
condition on accuracy and reaction time data. For both the grey matter volume and working
memory data, individual contrasts between groups were only conducted if there was an
effect in the overall ANCOVA/ANOVA to control for multiple comparisons.

Given the group differences in age and gender, follow-up analyses of significant effects
were conducted with age and gender as additional covariates. To examine the relationship
between age with prefrontal grey matter volume and working memory dependent measures,
linear regressions were conducted using group, age, and group by age interactions as
predictors. To investigate the effects of gender on our variables, multivariate analysis of
variance (MANOVA) and mixed-model ANOVAs were conducted. Greenhouse-Geisser
correction is reported for ANCOVASs. Partial eta-squared effect sizes (n?) are also provided.

All correlations were assessed using the Pearson’s r. For the prefrontal regions that showed
group differences, two-tail tests were conducted within group to examine the hypothesis that
smaller grey matter volumes were associated with lower accuracy on the working memory
task. Correlations were also used to assess the relationship between prefrontal grey matter
and task performance, with symptoms (SAPS and SANS total scores) and WAIS-111 sub-
tests (vocabulary and block design). Steiger’s Z was used to determine whether correlations
differed significantly within a group. Fisher’s Z-test was used for comparisons of
correlations between groups.

3. RESULTS

3.1. Participants

Participant characteristics for the structural MRI and working memory samples are
presented in Table 1. Statistics for the MRI sample and then the working memory sample
are presented in the text. Characteristics of the individuals with both MRI and working
memory data (i.e., combined sample) were similar and are presented in Table 1. The three
groups differed for age in both samples (F(2, 79)=4.19, p=0.02; F(2, 82)=5.76, p=0.005),
with relatives being older than patients (p=0.02; p=0.009) and controls (p=0.008; p=0.002).
The three groups also differed in gender distribution (X2(2)=6.31, p=0.04; X2(2)=11.65,
p=0.003), with the patient group having fewer females than the relative group (X2(1)=6.25,
p=0.01; X?(1)=11.06, p=0.001) in both samples, and fewer females than in the control group
(X2(1)=5.71, p=0.02) in the working memory sample. Groups did not differ for high school
completion for participants (X2(2)=2.38, p=0.30; X?(2)=0.85, p=0.65), or for their mothers
(X2(2)=0.07, p=0.97, X?(2)=1.18, p=0.55). There was no difference between groups for
years of education in the structural MRI sample (F(2, 71)=1.92, p=0.15); however, there was
a significant difference in the working memory sample (F(2, 78)=4.20, p=0.02) with post-
hocs demonstrating schizophrenia patients having fewer years of education than controls
(p=0.006). Groups did not differ for handedness distributions (X2(2)=1.74, p=0.42;
X2(2)=2.75, p=0.25). In the structural MRI sample, groups differed on WAIS-III vocabulary
sub-test score (F(2, 73)=3.58, p=0.03), with schizophrenia patients having lower scores than
relatives (p=0.01) and marginally lower than controls (p=0.056); whereas, there was no
significant difference in the working memory sample (F(2, 76)=2.09, p=0.13). No
significant differences were found for block design in either sample (F(2, 73)=1.70, p=0.19;

Schizophr Res. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Goghari et al.

Page 8

F(2, 76)=2.00, p=0.14). Last, groups differed on BPRS total score (F(2, 79)=34.42, p<0.001,;
F(2, 81)=21.97, p<0.001), with schizophrenia patients having higher symptomatology
compared to controls (p’s<0.001) and relatives (p’s<0.001). Importantly relatives and
controls did not differ on BPRS symptomology (p=0.70; p=0.15). Nor did relatives and
controls differ for percentage of participants with a current Axis | diagnoses (X2=(1)=0.15,
p=0.70; X?(1)=0.92, p=0.34). Furthermore, these groups did not differ for percentage of
participants with a lifetime Axis | diagnoses (X2(1)=1.76, p=0.19; X?(1)=0.64, p=0.43). For
relatives, superior frontal grey matter volume was reduced in individuals with a lifetime
AXxis | disorder compared to individuals without (F(1, 18)=4.29, p=0.05), when covarying
for intracranial volume. No other measure showed a difference in either relatives or controls.
Together, these findings suggest that differences between relatives and controls on the brain
and working memory measures are likely not due to differences in symptoms or functioning.

3.2. Prefrontal Grey Matter Volume

3.2.1. Effects of Group—A 3 group (schizophrenia, relative, control) x 3 region (rostral
middle frontal, superior frontal, and inferior frontal) x 2 hemisphere (left, right) ANCOVA
was conducted to assess whether group differences varied by the prefrontal grey matter
region and hemisphere. There was a significant main effect of group (F(2, 78)=3.68, p=0.03,
partial n2=0.09) and intracranial volume covariate (F(1, 2)=80.83, p<0.001). There were no
significant interactions between group and region (F(4, 155)=1.74, p=0.15, partial 12=0.04)
or group and region and hemisphere (F(4, 138)=1.15, p=0.33, partial n2=0.03). To follow-up
on the significant group effect, three 3 group x 2 hemisphere ANCOVAs on the rostral
middle frontal, superior frontal, and inferior frontal grey matter volumes were conducted. To
control for multiple comparisons, follow-up testing was conducted to determine whether
specific groups differed only when a significant finding was demonstrated in this overall
ANCOVA.

In the 3 group x 2 hemisphere ANCOVA of the rostral middle frontal region there was no
significant effect of group (F(2, 78)=2.68, p=0.08, partial n2=0.06) or group by hemisphere
interaction (F(2, 78)=1.14, p=0.33, 112=0.03); therefore, no follow-up testing was conducted
for this region (see Figure 1).

In the 3 group x 2 hemisphere ANCOVA of superior frontal region, there was a significant
main effect of group (F(2, 78)=4.01, p=0.02, partial n2=0.09) and a significant effect of the
intracranial volume covariate (F(1, 78)=105.59, p<0.001). Follow-up ANCOVAs
demonstrated both schizophrenia patients (F(1, 58)=5.36, p=0.02, partial 12=0.09) and
nonpsychotic relatives (F(1, 55)=6.29, p=0.02, partial 1?=0.10) had less bilateral superior
frontal grey matter compared to controls. There were also significant effects of intracranial
volume covariate (F’s=60.65-106.41, p’s<0.001). There was no significant difference
between schizophrenia patients and nonpsychotic relatives in superior frontal grey matter
volume (F(1, 42)=0.03, p=0.86, partial 1?=0.001). No significant interactions between
hemisphere and group in this region were found in any of ANCOVAs. When the additional
covariates of age and gender were added to the ANCOVAS, the significant effect of group
remained (F(1, 56)=4.59, p=0.04, partial n2=0.08) in the patients versus controls contrast
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and a trend towards a group effect (F(1, 53)=3.197, p=0.08, partial n2=0.06) remained in the
relatives versus controls contrast.

In the 3 group x 2 hemisphere ANCOVA of the inferior frontal region, there was no main
effect of group (F(2, 78)=2.11, p=0.13, partial n?=0.05); however, there was a significant
group by hemisphere interaction (F(2, 78)=3.04, p=0.05, partial 12=0.07) and also an effect
of the intracranial volume covariate (F(1, 78)=22.27, p<0.001). Follow-up ANCOVA of
schizophrenia patients and controls demonstrated no main effect of group (F(1, 58)=0.49,
p=0.49, partial n2=0.01); however, revealed a significant group by hemisphere (F(1,
58)=4.77, p=0.03, partial 12=0.08) interaction and effect of the intracranial volume covariate
(F(1, 58)=16.58, p<0.001). Inspection of group means for inferior frontal volumes
demonstrated that schizophrenia patients tended to have less volume in the left inferior
frontal region compared to controls, whereas the groups were more comparable for the right
inferior frontal region. The ANCOVA comparing nonpsychotic relatives and controls
demonstrated a significant main effect of group (F(1, 55)=6.26, p=0.02, partial n2=0.10),
with nonpsychotic relatives demonstrating less bilateral inferior prefrontal volume compared
to controls. There was also a significant effect of the intracranial volume covariate (F(1,
55)=19.70, p<0.001); however, no interaction between group and hemisphere (F(1,
55)=2.61, p=0.11, partial 1?=0.05) was found. In the ANCOVA comparing schizophrenia
patients to relatives, no significant main effects of group (F(1, 42)=1.43, p=0.24, partial
12=0.03) or group by hemisphere interaction (F(1, 42)=0.47, p=0.499, partial n2=0.01) were
found. When the additional covariates of age and gender were added into the model, there
remained a significant group by hemisphere interaction (F(1, 56)=3.99, p=0.05, partial
n%=0.07) in the patients versus controls contrast and there was a trend towards a group effect
(F(1, 53)=3.52, p=0.07, partial n2=0.06) in the relatives versus controls contrast.

3.2.2. Effects of Age and Gender—L.inear regressions demonstrated relationships
between age and all the prefrontal grey matter regions (Beta’s=—0.42- —0.61, p’s<0.001-
0.002), but no effects of group or interactions between group and age. A 3 group x 2
hemisphere x 2 gender MANCOVA with intracranial volume as a covariate was conducted
to determine the effects of gender. The MANCOVA demonstrated there was no overall
effect of gender across groups in the prefrontal regions (F(6,70)=0.92, p=0.49), nor a group
by gender interaction (F(12, 142)=1.54, p=0.12).

3.3. Performance on the Spatial Working Memory Task

Effects of Group—A 3 group x 2 working memory condition ANOVA evaluated whether
there was a significant difference between the maintenance and manipulation conditions
accuracy and whether that interacted with group. Least-square difference post-hocs were
used to follow-up on the overall ANOVAs. The 3 group x 2 condition ANOVA
demonstrated a significant main effect of working memory condition collapsed across group
(F(1, 82)=48.29, p<0.001, partial n2=0.37), with the manipulation condition being more
difficult than the maintenance condition. Additionally there was a significant main effect of
group (F(2, 82)=6.55, p=0.002, partial n2=0.14) collapsing across conditions, with
schizophrenia patients having reduced accuracy compared to controls (p=0.001) and
nonpsychotic relatives (p=0.006; see Figure 3). There was no difference between relatives
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and controls (p=0.70). There was no significant interaction between working memory
condition and group (F(2, 82)=0.40, p=0.67, partial n2=0.01) suggesting that the
manipulation condition was not more impaired than the maintenance condition between the
groups. When age and gender were included in the model as covariates, there was also a
significant effect of group in patients versus controls contrast (F(1, 56)=10.86, p=0.002,
partial n2=0.16) and patients versus relatives contrast (F(1, 51)=15.28, p<0.001, partial
n%=0.23).

Next, we specifically evaluated the two working memory conditions. There was a significant
effect of group on maintenance accuracy (F(2, 82)=6.00, p=0.004, partial 12=0.13), with
schizophrenia patients having reduced accuracy compared to controls (p=0.001) and
nonpsychotic relatives (p=0.02). Nonpsychotic relatives did not differ from controls
(p=0.47). There was a trend towards a significant effect of group on the manipulation
condition (F(2, 82)=2.92, p=0.059, partial n2=0.07), with schizophrenia patients having
reduced accuracy compared to controls (p=0.04) and nonpsychotic relatives (p=0.04). There
was no significant difference between nonpsychotic relatives and controls (p=0.95). When
age and gender were included in the models as covariates, significant effects of group for
maintenance and manipulation conditions were found in the patients versus controls contrast
(F(1, 56)=7.72, p=0.007, partial n2=0.12; F(1, 56)=6.27, p=0.02, partial n2=0.10
respectively) and for the patients versus relatives contrast (F(1, 51)=6.99, p=0.01, partial
n%=0.12; F(1, 51)=12.92, p=0.001, partial n?=0.20 respectively).

A 3 group x 2 working memory condition ANOVA evaluated whether there was a
significant difference between the maintenance and manipulation condition reaction times
and whether that interacted with group. There was a main effect of working memory
condition (F(1, 82)=77.14, partial 12=0.49), with the manipulation condition having longer
reaction times than the maintenance condition. There was no significant main effect of
group (F(2, 82)=0.92, p=0.40, partial n2=0.02) nor a group by hemisphere interaction (F(2,
82)=0.16, p=0.85, partial n?=0.004). Additionally, there were no significant effects of group
on reaction times for either the maintenance (F(2, 82)=0.82, p=0.44, partial 12=0.02) or
manipulation (F(2, 82)=0.82, p=0.45, partial 12=0.02) conditions.

3.3.4. Effects of Age and Gender—L.inear regressions demonstrated relationships
between age and working memory performance. For maintenance accuracy, there was an
interaction between group (schizophrenia compared to controls) and age (Beta= -1.13,
p=0.008) and for maintenance reaction times there was a relationship with age (Beta=0.40,
p=0.005). Two 3 group x 2 gender MANOVAS were conducted to determine the effects of
gender on accuracy and reaction times. For the accuracy data, across groups and working
memory conditions there was no effect of gender (F(1, 79)=1.16, p=0.29) and no interaction
between group and gender (F(2, 79)=0.72, p=0.49), gender and working memory condition
(F(1, 79)=3.00, p=0.09), or interaction between group, gender, and working memory
condition (F(2, 79)=0.67, p=0.52). For the reaction time data, there was no main effect of
gender (F(1, 79)=0.75, p=0.39), group by gender interaction (F(2, 79)=0.79, p=0.46), or
group by working memory interaction (F(1, 79)=1.85, p=0.18); however, there was a group
by working memory condition by gender interaction (F(2, 79)=6.65, p=0.002), indicating
that female schizophrenia patients had faster reaction times for the maintenance condition
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compared to the manipulation condition in contrast to males. This was different from the
pattern compared to controls (F(1, 56)=10.03, p=0.002) and relatives (F(1, 51)=10.37,
p=0.002).

3.4. Associations between Prefrontal Grey Matter Regions, Task Performance, Symptoms,
and WAIS-IIl Sub-Tests

Superior frontal grey matter volumes were combined across hemispheres, given the lack of
hemisphere specific effects. Inferior frontal grey matter volumes were analyzed separately
for each hemisphere, given the group by hemisphere interaction in schizophrenia patients.
These three volumes were correlated with accuracy for each group, in the two working
memory conditions (see Table 2 and Figure 4). In schizophrenia patients, greater bilateral
superior frontal volume was associated with greater accuracy on the manipulation condition
(r=0.57, p=0.02) and marginally associated with accuracy in the maintenance condition
(r=0.46, p=0.06). These correlations did not differ in significance (Steiger’s Z=0.46,
p=0.65). The relationship between superior grey matter volume and accuracy did not exist in
the other groups (r’s=—0.17- —0.20) and the correlations differed significantly between
schizophrenia patients and both controls and relatives (Fisher’s Zs=2.15-2.18, p’s=0.03).
For the inferior frontal grey matter volumes in schizophrenia patients, greater left
hemisphere volume was associated with greater accuracy for the manipulation condition
(r=0.56, p=0.02) and not for the maintenance condition (r=0.33, p=0.20). These correlations
did not differ significantly (Steiger’s Z=0.99, p=0.32). The relationship between inferior
grey matter volume and accuracy did not exist in the other groups (r’s=—0.04- —0.08). The
correlations differed significantly between schizophrenia patients and controls (Fisher’s
Z=1.93, p=0.05) and at a trend level with relatives (Fisher’s Z=1.71, p=0.09). For the right
inferior frontal region there was no relationship between grey matter volume and
manipulation or maintenance accuracy in any of the groups (r’s=—0.17-0.42).

Positive and negative symptoms were not significantly correlated with prefrontal brain
regions or behavioural task performance in schizophrenia patients. WAIS-111 block design
performance in schizophrenia patients was related to accuracy during the working memory
manipulation task (r=0.44, p=0.03). There were no associations found between performance
measures, cognitive functioning, and frontal grey matter volumes in the control and relative
samples.

4. DISCUSSION

This study provides evidence that prefrontal lobe grey matter volumes are smaller in
schizophrenia patients and nonpsychotic relatives compared to controls, suggesting that
these abnormalities are related to the genetic liability for the disorder. Schizophrenia patients
also demonstrated a generalized spatial working memory deficit that was not greater for
manipulation than maintenance processes. In schizophrenia patients, grey matter deficits
were predictive of impaired working memory performance. In contrast, relatives
demonstrated intact spatial working memory behavioural performance. Consistent with
numerous previous findings, schizophrenia patients demonstrated less grey matter prefrontal
volume (Glahn et al., 2008; Shepherd et al., 2012) and impairments in working memory
(Forbes et al., 2009; Lee and Park, 2005).
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In this study, we found less grey matter volume in the bilateral superior and left inferior
frontal prefrontal regions in schizophrenia patients compared to controls. The superior
frontal region has been found to be reduced in schizophrenia (Ohtani et al., 2013; Xiao et al.,
2013). Also, left hemisphere specific grey matter volume reductions in the inferior frontal
region have been demonstrated previously in schizophrenia (Yoshihara et al., 2008) and
have been related to poorer performance on a form of executive processing, semantic
category switching (Ohtani et al., 2013). We also found nonpsychotic relatives of
schizophrenia patients showed smaller prefrontal grey matter volumes than controls,
reaching significance for the superior and inferior regions. Thus, aspects of reduced
prefrontal gray matter volume may reflect genetic liability for schizophrenia (Bhojraj et al.,
2011a; Cannon et al., 1998; Ho, 2007; Rosso et al., 2010); however, this is not a wholly
consistent finding (Goghari et al., 2007a, b; Goldman et al., 2009).

Contrary to our hypothesis, we were unable to replicate the finding of a greater deficit
during spatial manipulation compared to maintenance (Cannon et al., 2005; Kim et al.,
2004). To assess potential reasons for this difference, we compared our study to that of Kim
et al., (2004) as both studies were behavioural studies with very similar task presentation.
Differences between the two studies included the age and gender distribution of the samples.
Our patients and controls were in their early 40s whereas in the Kim et al. (2004) study, the
participants were in their late 20s. Additionally, we had approximately a 25% female sample
for patients and the Kim et al. (2004) study had 38% female sample for patients. In terms of
spatial working memory performance, our controls had lower performance in both
conditions, which was less pronounced for the maintenance condition (85% (SD=9) versus
88% (SD=10)) than for the manipulation condition (72% (SD=12) versus 77% (SD=11)).
Another major difference, was that in our study, the patients had much lower maintenance
accuracy (75% (SD=15) versus 81% (SD=15)) than in the Kim et al. (2004) study, but more
similar manipulation accuracy (66% (SD=13) versus 64% (SD=16)). Hence, the differences
between our findings could be due to differences in sample characteristics.

Nevertheless, the results of our study suggest that generalized cognitive dysfunction in
schizophrenia may mask a specific cognitive deficit. Furthermore in contrast to the findings
of greater manipulation related deficits, there has also been support for greater deficits in
maintenance and not manipulation processes in schizophrenia (Hill et al., 2010; Quee et al.,
2011; Schlosser et al., 2008; Thakkar and Park, 2012). Furthermore, Hill and colleagues
(2010) found that deficits were less pronounced as manipulation load increased and Thakker
and colleague (2012) found that manipulation abilities were superior in patients compared to
controls for a mental rotation manipulation task. Our study supports these findings, as we
found larger effect sizes for deficits in patients for the maintenance condition than the
manipulation condition.

Alternatively, impairment in both manipulation and maintenance processes could reflect
underlying neurobiological deficits in our patients. We found that the grey matter volume of
the superior frontal cortex was associated with both manipulation and maintenance in
schizophrenia. Additionally, neither superior nor inferior prefrontal grey matter volumes
were more associated with manipulation than maintenance. In this study deficits were not
observed for the rostral middle prefrontal cortex. The rostral middle frontal region (BA 46)
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is thought to be associated with manipulation of information (Kikinis et al., 2010; Wager
and Smith, 2003). Cannon and colleagues (2005) found that a region including the rostral
middle frontal area was the only region recruited to a greater extent in controls than patients
during manipulation using this task. Perhaps the absence of rostral middle frontal
abnormalities in our patient sample could explain a lack of greater spatial working memory
deficits with manipulation.

Despite prefrontal structural abnormalities, relatives showed similar working memory
performance to controls suggesting that reductions in grey matter volume were not severe
enough to affect working memory function. Alternatively, nonpsychotic relatives may rely
on compensatory brain mechanisms that preserve working memory performance.

Finally, the association of prefrontal grey matter volumes with working memory
performance, and a lack of association with symptom ratings, is consistent with cognitive
impairments in the disorder being generally more stable than symptomatology. Structural
aspects of the brain are presumably more stable than functional elements; therefore, across
participants with a range of symptomatology there might be a closer link between cognitive
measures and brain structure.

Limitations of this study include a modest sample size; however, effect sizes were large
enough to result in several significant findings. Power may not have been sufficient to detect
performance deficits in patients’ relatives, which have been found in other work (Snitz et al.,
2006); however, analysis of effect sizes suggest that the differences between relatives and
controls for spatial working memory were negligible. Our samples were not matched for age
and gender; however, we conducted analyses to investigate the relationship between these
demographic variables and our dependent variables. Furthermore, our exclusion criteria for
relatives were limited to facilitate recruitment and to enhance representativeness of first-
degree relatives of schizophrenia patients.

In summary, schizophrenia patients demonstrated abnormalities in prefrontal grey matter
that correlated with impaired working memory performance. Nonpsychotic relatives also
demonstrated reduced prefrontal grey matter, but had intact working memory function.
Family members may serve as a sample to investigate neural and behavioural compensatory
mechanisms that lead to intact executive control to develop novel pharmacological and
cognitive interventions.
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Figure 1.
Prefrontal grey matter regions depicted on an inflated Freesurfer brain and grey matter

volumes in schizophrenia patients, nonpsychotic relatives, and controls
Bars represent means and brackets respresent standard errors.
*Patients less than controls bilaterally

**Relatives less than controls bilaterally
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Figure 2.
Maintenance and manipulation spatial working memory task

Example of a correct maintenance trial and a correct manipulation trial. The hold trial is the
maintenance trial, which requires participants to maintain the information over a delay. The
flip trial is the maintenance plus manipulation condition, which requires participants to
mirror flip (i.e., mentally rotate) the initial image after a delay and respond if the second
image was a mirror flip or not. A - represents the initial image made of three circles, B -
represents the delay, and C -represents the probe to which the participants must respond.
Cue and probe stimuli were each presented for 1500ms, the inter-stimulus interval was
presented for 6000ms, and the inter-trial interval was presented for 1500ms.
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Figure 3.
Maintenance and manipulation spatial working memory task accuracy in schizophrenia

patients, nonpsychotic relatives, and controls

Bars represent means and brackets are standard errors. Patients had reduced accuracy
compared to controls and relatives across both maintenance and manipulation conditions.
No differential effect of maintenance versus manipulation was found in patients.
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