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Background: Prominent regional cortical thickness reduc-  novel therapeutic interventions aimed at improving working
tions have been shown in schizophrenia. In contrast, little = memory performance in patients with schizophrenia.

is known regarding alterations of structural coupling

between regions in schizophrenia and how these alterations  Key words: dorsolateral prefrontal cortex/MRI/

may be related to cognitive impairments in this disorder.  cortical thickness/structural coupling

Methods: T1-weighted magnetic resonance images were
acquired in 54 patients with schizophrenia and 68 healthy
control subjects aged 18-55 years. Cortical thickness was
compared between groups using a vertex-wise approach. = Magnetic resonance imaging (MRI) morphometry stud-
To assess structural coupling, seeds were selected within  ies of cortical structure in subjects with schizophrenia
regions of reduced thickness, and brain-wide cortical typically demonstrate gray matter volume reductions
thickness correlations were compared between groups. The  throughout the brain, most prominently in frontal and

Introduction

relationships between identified patterns of circuit struc-  temporal lobes.! Cortical volumes, however, are a product
ture disruption and cognitive task performance were then  of the surface area and thickness of the cortex. Cortical
explored. Results: Prominent cortical thickness reduc-  surface area and thickness do not undergo the same

tions were found in patients compared with controls at a  developmental trajectories,” due to different genetic, envi-
5% false discovery rate in a predominantly frontal and  ronmental, and cellular influences.* Compared with cor-
temporal pattern. Correlations of the left dorsolateral tical volumes, cortical thickness measurement is a more
prefrontal cortex (DLPFC) with right prefrontal regions  sensitive assay of morphological alterations in cortical
were significantly different in patients and controls. The  brain structure, reflecting the arrangement, morphol-

difference remained significant in a subset of 20 first- ogy, and density of cells.* Neuroimaging studies have
episode patients. Participants with stronger frontal inter-  demonstrated a pattern of cortical thickness reductions
hemispheric thickness correlations had poorer working in schizophrenia, also primarily in frontal and tempo-
memory performance. Conclusions: We identified struc-  ral brain regions.>® These patterns are shared among the
tural impairment in a left-right DLPFC circuit in patients  major psychoses’ and schizophrenia subtypes.® Cortical
with schizophrenia independent of illness stage or medica-  thickness reduction has also been related to cognitive

tion exposure. The relationship between left-right DLPFC  impairment in people with schizophrenia.” However, if
thickness correlations and working memory performance  schizophrenia (and other severe mental illnesses) were
implicates prefrontal interhemispheric circuit impairment  related to brain circuit impairment,'® understanding rela-
as a vulnerability pathway for poor working memory per-  tionships between cortical regions may identify modifi-
formance. Our findings could guide the development of  able mechanisms underlying cognitive impairment.'!
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Most neuroimaging studies of cortical structure in
psychiatric disorders have focused on regional analy-
ses, reporting specific differences between patients and
healthy controls. However, converging neuroimaging
evidence suggests that schizophrenia is a disorder of dis-
rupted relationships between brain regions.!>!* Studies
have reported bidirectional alterations in the strength of
volumetric correlations in schizophrenia.'* '8 Disruption
has been shown in the white matter tracts connecting
brain regions, particularly in frontotemporal and inter-
hemispheric connections.!*?' These imaging techniques
have also been used to model the brain as a complex
network, and others have reported altered network
properties in the disease.”>?* Functional MRI stud-
ies comparing patients with schizophrenia and healthy
controls have identified disruptions of functional and
effective connectivity during cognitive tasks (eg, work-
ing memory tasks).?>?¢ In addition, patients with schizo-
phrenia may utilize compensatory regions or networks
different from controls to perform higher order cogni-
tive tasks.”’

Structural covariance analysis describes how inter-
individual differences in brain region structure are
coordinated within communities of brain regions that
fluctuate in size across the population and has been used
to describe structural coupling in healthy and diseased
brains.”® We used a vertex-wise approach to compare
brain-wide cortical thickness correlations in patients
with schizophrenia and healthy controls using regions
of reduced thickness that we identified in our sample to
guide our analyses. We then explored how altered struc-
tural coupling between cortical regions was related to
cognitive performance. We hypothesized that we would
(1) replicate the identification of cortical thickness
reductions in the frontal and temporal brain regions of
patients with schizophrenia; (2) detect altered structural
coupling between frontotemporal and frontal interhemi-
spheric cortical regions in patients with schizophrenia;
and (3) relate this impaired structural coupling to cog-
nitive performance, with potentially greater effect than
that of regional cortical thickness.

Methods and Materials

Study Participants

Participants were recruited at the Centre for Addiction
and Mental Health (CAMH) in Toronto, Canada, via
referral, study registries, and advertisements. A total of
54 patients with schizophrenia aged 18-55 were matched
with 68 healthy control subjects on age, gender, hand-
edness, and highest parental level of education. We
excluded individuals with previous head trauma with
loss of consciousness, a neurological disorder, current
substance abuse, or a history of substance dependence
(urine toxicology screens were performed on all par-
ticipants). A history of a primary psychotic disorder
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in first-degree relatives was also an exclusion criterion
for controls. All participants were assessed with the
Edinburgh Handedness Inventory,” the Hollingshead
index, and the Wechsler Test of Adult Reading to esti-
mate 1Q, were interviewed by a psychiatrist, and com-
pleted the Structured Clinical Interview for Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition, Disorders.*® Clinical symptoms were charac-
terized with the Positive and Negative Syndrome Scale
(PANSS).*! Medication histories were obtained via self-
report and verified when necessary with the treating psy-
chiatrist and chart review. The study was approved by
the Research Ethics Board of CAMH, and all partici-
pants provided informed written consent.

Cognitive Testing

All participants completed a battery of cognitive tests
assessing cognitive domains in which impairment has
been reported in schizophrenia. Working memory was
assessed with the Letter Number Sequencing (LNS)
task®; executive function with the Trails B test’; and
attention, immediate memory, delayed memory, lan-
guage, and visuospatial ability with the Repeated Battery
for the Assessment of Neuropsychological Status.*

Image Acquisition

T1-weighted MR images were acquired using an 8-channel
head coil on a 1.5 Tesla GE Echospeed system (General
Electric Medical Systems), which permits maximum
gradient amplitudes of 40 mT/m. Axial inversion recov-
ery—prepared spoiled gradient recalled sequence of echo
time, 5.3 ms; repetition time, 12.3ms; time to inversion,
300.0ms; flip angle, 20°; and number of excitations,
1 (for a total of 124 contiguous images, 1.5-mm thick-
ness) was used to acquire images resulting in voxel size:
0.78x0.78 x 1.5mm?.

Image Processing

To calculate cortical thickness, the T1-weighted images
were submitted to the CIVET pipeline (version 1.1.10,
Montreal Neurological Institute at McGill University)
to generate cortical models as described previously.** The
software package mni.cortical.statistics (Brain Imaging
Centre, Montreal Neurological Institute; http://www.bic.
mni.mcgill.ca) for the R environment* was used for corti-
cal thickness analyses.

Cortical Thickness Differences

To compare cortical thickness, a general linear model was
used with diagnosis as the between-group factor and age
as a covariate. Maps of ¢ statistics for group effects on
cortical thickness at each vertex were projected onto an
average brain template revealing regions where thickness
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differed significantly between patients with schizophrenia
and controls. The statistical threshold was determined by
application of a 5% false discovery rate (FDR) correction.

Cortical Thickness Correlations

Mapping of anatomical correlations across the cerebral
cortex was used to assess cortical thickness correlations.?’
This involved assessing whether the thickness of one area
of the cortex (the seed) correlates with the thickness of
rest of the cortex across participants within diagnostic
groups, as well as quantifying differences in correlation
maps between groups. Seed vertices for this analysis were
selected based on the cortical thickness difference maps.
One seed was selected at the midpoint of each cluster
of vertices where ¢ < 0.01. Each seed vertex was corre-
lated with each target vertex (40961) independently in
each hemisphere within a group of subjects (with each
subject contributing 1 seed and 1 target thickness value).
These between-subject cortical cross-correlations were
obtained using Pearson’s r. A linear regression of age
was first performed at every vertex, and the residuals
of that regression were substituted for the raw cortical
thickness values.

Whole Brain Cortical Thickness Correlation Differences

Differences in correlations between groups were assessed
with a linear interaction model that tested for differences
in slope between vertex pairs using the student’s ¢ statistic.
The statistical threshold was determined by application
of a 5% FDR correction.

Table 1. Demographic and Clinical Characteristics of Participants

Cognitive Performance and Cortical Thickness
Correlations

Task selection from the cognitive battery was based on
disrupted circuitry identified by comparing cortical
thickness correlation in patients with schizophrenia and
controls. The relation between cognition and cortical
thickness correlations was evaluated by assessing cortical
thickness correlations within the disrupted circuitry sepa-
rately in those who scored above and below the median
in cognitive performance. Cortical thickness correlation
differences between cognitive performance groups were
determined with a classic interaction linear model that
tested for differences in slope between vertex pairs.

Results

Demographics and Clinical Characteristics

There were no significant differences between patients
with schizophrenia and controls on the matching vari-
ables. As expected, a significant difference was present in
1Q (table 1).

Cortical Thinning in Schizophrenia

Regional cortical thinning was observed in the frontal
gyri (left superior, left and right middle and right infe-
rior), right anterior cingulate, bilateral entorhinal cor-
tex, bilateral lingual gyrus, right middle temporal gyrus,
left temporal pole, left angular gyrus and gyrus rectus,
and right striate and extrastriate cortex in patients with
schizophrenia patients compared with controls (figure 1).

Demographic Healthy Control, Mean (SD) Schizophrenia, Mean (SD)
Age 33(11) 36 (12)
Education (parental, highest level) 5 52
WTAR (IQ) 116 (9) 106 (17)
Age at onset NA 22 (5)
Duration of illness NA 12 (12)
Chlorpromazine equivalent, mg NA 315 (254)
PANSS
Positive NA 14 (5)
Negative NA 15 (6)
General NA 26 (8)
Diagnosis NA 38SZ, 16 SA
Antipsychotic treatment, n NA 5 1st, 40 2nd, 9 none
Gender, n 28 F, 40 M 16 F, 28 M
Handedness, n 61 R,5L,2A 52R,2L
Ethnicity, n 55C,8As,2Hs,2ME, 1 M 34 C, 12 As, 11d, 4 Af, 1 Car, 2 Guy
Currently smoking, 4 14

Note: WTAR, Wechsler Test for Adult Reading; NA, not applicable; SZ, schizophrenic; SA, schizoaffective; 1st, first-generation
antipsychotic; 2nd, second-generation antipsychotic; F, female; M, male; R, right handed; L, left handed; A, ambidextrous; C,
Caucasian; As, Asian; Hs, Hispanic; ME, Middle Eastern; M, Mixed; Id, Indian; Af, African; Car, Caribbean; Guy, Guyanese.
“Highest level of education of participants’ parents taken from Hollingshead index (Hollingshead, 1975. Four Factor Index of Social

Status; Yale University, New Haven, CT).
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Fig. 1. Cortical thinning in patients with schizophrenia. Blue color map shows cortical regions that were thinner in patients with
schizophrenia after correcting for multiple comparisons at a 5% false discovery rate. Cortical surface of the brain is displayed from the
lateral, medial, frontal, posterior, and ventral views in the right (top) and left (bottom) hemispheres. Stars indicate vertices that were used

as seeds in the cortical thickness correlation analysis.

There was no vertex at which cortical thickness was sig-
nificantly increased in schizophrenia.

Thickness Correlations With the Left Dorsolateral
Prefrontal Cortex Are Altered in Schizophrenia

Each of the regions where cortical thickness was signifi-
cantly reduced in schizophrenia was used as a seed for
the brain-wide correlation analysis. Of the 18 seeds,
only 1 in the left middle frontal gyrus located in the
dorsolateral prefrontal cortex (DLPFC) revealed
significant differences in cortical thickness correlations
with other brain regions, when comparing patients with
schizophrenia and controls at 5% FDR. To illustrate
these differences, an arbitrary correlation threshold of
r > 0.5 with the left DLPFC seed was set (figure 2A).
The strengths of the left-right DLPFC correlation
(peak vertex slope difference = 1.01, SE = 0.13, #(118) =
4.67, P = 8.02¢-06, ¢ = 0.02) and the left DLPFC-right
ventral medial prefrontal cortex (VMPFC) correlation
(peak vertex slope difference = 1.03, SE = 0.25,
t(118) = 4.12, P = 6.95¢-05, ¢ = 0.02) were significantly
greater in patients with schizophrenia than in controls
(figure 2B). Comparing the 20 patients with first-episode
schizophrenia with a matched control subsample
revealed similar correlation patterns and differences (see
online supplementary figure 1; left-right DLPFC peak
vertex slope difference = 0.55, SE = 0.26, #(36) = 2.12,
P =.04).

Cognitive Performance and the Interhemispheric
DLPFC Circuit

Patients with schizophrenia demonstrated poorer perfor-
mance in all cognitive domains (see online supplementary
table 1), particularly in working memory (schizophre-
nia: mean LNS score = 11.96, SD = 4.58 vs controls:
mean = 16.15, SD = 3.25; #(113) = 5.74, P = 8.07¢-8).
The DLPFC is a region critical for working memory
performance; therefore, we focused on the relationship
between working memory performance and left-right
DLPFC thickness correlations. Overall, participants with
LNS scores below the median (15) demonstrated stronger
and more widespread neuroanatomic patterns of corti-
cal thickness correlations than those with scores above
the median. Specifically, the cortical thickness between
the left and right DLPFC showed stronger correlation in
those who scored below the median than in those who
scored above the median (figure 3A) (below: Pearson’s
r=0.77 vs above: r = 0.29; slope difference = 0.51, SE =
0.17, #(92) = 2.91, P = .004). Because the DLPFC may be
important for executive function in general, we conducted
a similar comparison using Trails B scores and the seed
in the left DLPFC. Although a similar pattern was pres-
ent, the differences between those with scores below and
above the median were not significant, suggesting that the
altered left-right DLPFC relationship is more predictive
of working memory performance than executive function
in general (see online supplementary results).
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Fig. 2. Cortical thickness correlations and correlation differences with left dorsolateral prefrontal cortex (DLPFC) in patients with
schizophrenia and healthy control subjects. (A) Spectral color map shows regions of the cortex where thickness correlates strongly

(r > 0.5) with the thickness of the seed vertex in the left DLPFC (star) in healthy subjects (left) and patients with schizophrenia
(right). (B) Cortical thickness correlations with the seed in the left DLPFC are different in healthy control subjects and patients with
schizophrenia in the regions indicated in blue in the right hemisphere viewed from the frontal (left), lateral (middle), and medial (right)

perspectives at a 5% false discovery rate.

Restricting the analysis to the control group, controls
with LNS scores below the median (16) showed stron-
ger correlation between the left and right DLPFC than
controls with scores above the median (below: Pearson’s
r = 0.64 vs above: r = 0.12; slope difference = 0.48, SE =
0.23, #(57) = 2.06, P = .04), with controls with relatively
poor working memory performers demonstrated a pre-
frontal interhemispheric pattern similar to the pattern
demonstrated by patients with schizophrenia (figure 3B).
In healthy controls, cortical thickness was not signifi-
cantly correlated with working memory performance at
a 5% or 10% FDR (see online supplementary methods),
although DLPFC thickness was correlated with working
memory when using an uncorrected P value (peak vertex
left DLPFC: #(63) = 3.7, P = .00042; peak vertex right
DLPFC: #(63) = 2.9, P = .0050). Using a median split in
patients with schizophrenia (LNS <12 or >12), there were
no statistically significant differences in cortical thickness
correlations between the left and right DLPFC (slope
difference = 0.15, SE = 0.28, #39) = 0.54, P = .59). In
patients with schizophrenia, the thickness of the poste-
rior cingulate cortex (PCC), medial prefrontal cortex, and
superior and middle temporal gyrus was correlated with
working memory performance after residualizing for age
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using a 10% FDR but not a 5% FDR (see online supple-
mentary figure 2).

Post Hoc Analysis 1: A Compensatory Network for
Working Memory Performance in Schizophrenia

Although patients with schizophrenia were characterized
by both high left-right DLPFC correlations and poor
working memory performance in general, this network
did not explain variation in their working memory per-
formance. Thus, we used the regions that demonstrated
modest association with working memory performance
(at 10% FDR) as seed regions for network exploration
(see online supplementary figure 2). Seed placement in
these regions revealed that a seed in the PCC demon-
strated differences in thickness correlations with other
regions at a 5% FDR between patients with schizo-
phrenia with working memory performance above and
below the median (see online supplementary methods).
Patients with above median performance demonstrated
a prominent pattern of cortical midline, as well as lat-
eral temporal and ventrolateral prefrontal cortical thick-
ness correlation with the PCC seed, whereas those with
performance below the median demonstrated a very
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Fig. 3. Bilateral DLPFC thickness correlations differ between participants with above and below median working memory performance.
Patterns of strong (r > 0.5) cortical thickness correlations with the seed vertex in left DLPFC (star) in all participants (A) and healthy
control subjects (B) stratified into groups with above and below median working memory scores (left). Correlations are different between
vertices in the left and right DLPFC in groups of all participants (A) and healthy control subjects (B) with above and below median

working memory performance (right).

sparse correlation pattern mostly with the cingulate cor-
tex (figure 4A). Differences in thickness correlations in
relation to the PCC seed between the groups with perfor-
mance below and above the median were most prominent
in the VMPFC (figure 4B) (below: Pearson’s r = 0.20 vs
above: r = 0.89; slope difference = 1.2, SE = 0.22, #(39) =
5.38, P =3.71e-06, ¢ = 0.004).

Post Hoc Analysis 2: DLPFC-Hippocampal Coupling
Does Not Predict Working Memory Performance

Due to the role of DLPFC-hippocampal coupling in
working memory performance demonstrated in func-
tional neuroimaging studies,*®* we used the T1-weighted
images to segment left and right hippocampus for
each individual (see online supplementary methods).
Correlations of left and right hippocampus volumes with
the left DLPFC seed were calculated for all participants.
No correlation differences were found between patients
with schizophrenia and controls, or between participants
with working memory performance above or below the
median, either in the entire sample or within diagnostic
groups (see online supplementary table 2).

Discussion

First, we identified several regions with reductions in
cortical thickness in patients with schizophrenia com-
pared with healthy controls primarily in frontal and tem-
poral brain regions. Following seed placement in those
regions, we then analyzed brain-wide cortical thickness
correlations with each region in both groups and found
that patients had significantly stronger correlations of
left DLPFC with the right DLPFC and VMPFC com-
pared with controls. This same relationship was found
in a first-episode subsample, suggesting that the stron-
ger correlation in the patient group was not related to
duration of illness or antipsychotic medication exposure.
When we analyzed all participants together, those with
relatively poorer working memory performance demon-
strated a significantly stronger correlation between corti-
cal thickness in the left and right DLPFC. We found the
same relationship in the control group as in the overall
group. Patients with schizophrenia, however, generally
had poor working memory performance and strong left-
right DLPFC correlations. Although patients with bet-
ter working memory performance did not have left-right
DLPFC correlations different from patients with poorer
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Fig. 4. Cortical thickness correlations with the left posterior cingulate cortex (PCC) differ in patients with schizophrenia with above and
below median working memory performance. (A) Pattern of strong (r > 0.5) cortical thickness correlations with seed vertex in left PCC
(star) in patients with schizophrenia stratified into groups with above (left) and below (right) median working memory scores. Medial
(top) and lateral (bottom) views of the left hemisphere are shown although correlation patterns were similar in the right hemisphere.

(B) Correlations differed most between the seed in the left PCC and the left ventral medial prefrontal cortex in groups of patients with
schizophrenia with above and below median working memory performance (5% false discovery rate).

working memory performance, they were characterized
by a strongly correlated, potentially compensatory net-
work, comprised of cortical midline, lateral temporal,
and ventrolateral prefrontal structures.

Our finding of alterations in prefrontal interhemi-
spheric circuitry in patients with schizophrenia is
consistent with disrupted connectivity theories char-
acterizing this disorder.!>*° Patients with schizophrenia
have reduced functional connectivity between left and
right inferior frontal gyri, diminished lateralization of
function in the inferior frontal gyrus associated with
language,®® enhanced prefrontal interhemispheric cor-
tical effective connectivity,*’ and absence of normal
lateralization of prefrontal activation during working
memory tasks.*> Interhemispheric disruption in patients
with schizophrenia has also been shown using tran-
scranial magnetic stimulation,** and interhemispheric
structure is associated with lateralization of DLPFC
function in healthy subjects.* The evidence for the role
of the DLPFC in working memory performance is also
considerable, emerging from multiple lines of in vivo,
postmortem, cellular, and animal model investiga-
tions.**® In healthy subjects, activation of the DLPFC
is associated with increased task demand during work-
ing memory performance.*' However, we found that
left-right DLPFC thickness coupling is an important
predictor of working memory performance, greater
than that of left or right DLPFC thickness alone. In
other populations with prefrontal brain susceptibility,
such as healthy aging, age-related increases in frontal
bilateral activation and connectivity have been shown

920

during working memory performance,’** and increased
frontal bilaterality in older subjects has been associated
with poor memory performance.’*%

Several investigations®*! have shown that when networks
or circuits responsible for working memory performance
are disrupted, other circuits or networks may serve a com-
pensatory role. For example, subjects with schizophrenia
demonstrated DLPFC and VLPFC activation during
working memory performance, whereas in healthy con-
trols only the DLPFC was activated.”’” Our data demon-
strate that among patients with schizophrenia, those with
better working memory performance demonstrated a tight
coupling among cortical midline, lateral temporal, and
ventrolateral prefrontal regions. The cortical midline struc-
tures (medial prefrontal cortex, anterior cingulate, poste-
rior cingulate, precuneus) and lateral temporal structures
(temporoparietal junction, superior temporal sulcus, tem-
poral poles) form the default mode network (DMN). This
network has been shown to increase in connectivity with
increases in working memory load and to demonstrate
anticorrelation with working memory networks particu-
larly as memory load increases.”® At the same time, DMN
hyperconnectivity has been shown in subjects with schizo-
phrenia compared with controls.”” In particular, the region
that we seeded, the PCC, has been identified as a central
hub for the DMN.®% It is also a region that may control
the relationship between DMN, and working memory cir-
cuitry as a large study found that in patients with schizo-
phrenia, the PCC was more deactivated than in controls
across all working memory loads, but significance was no
longer existed when covarying for accuracy.®® Although



in need of replication, our findings align with some®! but
not all®? functional neuroimaging data, suggesting that a
more tightly coupled DMN plus ventrolateral PFC may
collectively act as a compensatory network in patients with
schizophrenia with better working memory performance.

Correlations between the thickness of cortical regions
likely emerge from genetic and environmental influences
on the mutually beneficial effects of trophic factors on
connected regions during development,®* coordinated
thinning of the cortex during adolescence,* or modu-
lation of brain structure by neural activity throughout
adulthood.®% A longitudinal developmental study in
healthy subjects demonstrated that regions with corre-
lated rates of anatomical change over time showed strong
convergence with cross-sectional cortical thickness cor-
relations, suggesting that these neuroanatomical pat-
terns arise as a result of coordinated brain maturation.®’
This neurodevelopmental finding in healthy individu-
als supports the possibility that the enhanced bilateral
coupling we observed in patients with schizophrenia is
developmental in origin and may be related to reduced
differentiation of the brain on the path to schizophre-
nia, whereby areas of the cortex do not become properly
specialized. With respect to such developmental origin,
the DLPFC seed overlaps with 1 of 2 heritable gray mat-
ter components identified in a multivariate, independent
component analysis of schizophrenia patients and sib-
ling pairs.® Additionally, a large twin study found high
genetic correlation between the volumes of bilateral
structural homologues, and environmental influences
were stronger in the same hemisphere,® suggesting that
interhemispheric correlations such as between the left
and right DLPFC reported here may be largely geneti-
cally mediated. One possible mechanism of abnormal
left-right prefrontal cortical relationships might occur via
altered cortical midline development. The development
and regulation of major axonal cortico-cortical projec-
tions that link both hemispheres through the corpus cal-
losum is influenced by guidance molecules such as Netrin
17° and Slits.”! Robo 1, Robo 2, and GPC1 receptors for
the Slit ligands are also crucially involved in the forma-
tion of midline commisures.”> Of note, ROBO1-ROBO2
variants were identified in a genome-wide association
study using DLPFC activation during a working memory
task as a quantitative phenotype.”

There are several limitations in our study. First, the
implications of the structural alterations in relation to
functional activation in the brain (ie, reduced special-
ization) have not been directly tested and can only be
surmised based on data from other studies at this time.
Second, this study cannot elucidate whether cortical
thickness correlation differences are primarily neurode-
velopmental or a compensatory mechanism that arises
due to alterations elsewhere in the brain. A longitudinal
study of high-risk subjects could address this question.
Third, the differences in cortical thickness correlations

Structural Coupling in Schizophrenia

identified in subjects with schizophrenia were also asso-
ciated with working memory performance across all
participants and in healthy subjects alone. This suggests
that this anatomical pattern could be related to working
memory performance in general rather than being a bio-
marker specific to schizophrenia. On an analytic note,
a shortcoming of the use of FDR for the correction of
multiple comparisons is that it was designed for collec-
tions of discrete tests,”* a condition that is not met in this
study. However, it is used widely to correct for multiple
comparisons in imaging studies as it is a more sensitive
alternative to family wise error procedures. In addition,
working memory performance is also known to be asso-
ciated with frontoparietal and frontotemporal circuits’
that are also disrupted in schizophrenia.” However, our
study did not identify either altered correlations in these
circuits in patients with schizophrenia at the brain-wide
correction threshold employed (5% FDR) or altered cor-
relation between DLPFC thickness and hippocampal
volume identified. Finally, while a comprehensive analy-
sis that included all subcortical regions may have revealed
some additional interesting results, for subcortical analy-
sis we only examined hippocampal-prefrontal coupling
because disruptions in this circuit have been related to
working memory performance in the functional imaging
literature.’$%

Following identification of several regions with cortical
thickness reductions, we identified an abnormal prefron-
tal interhemispheric circuit in patients with schizophre-
nia compared with healthy controls. Abnormally high
coupling of thickness between left and right prefrontal
cortical regions was also associated with poor working
memory performance. A subset of patients with schizo-
phrenia may have a compensatory network related to
better working memory performance. Most patients with
schizophrenia have working memory impairment that
occurs across the lifespan,” and this impairment is one
important predictor of functional outcome.” Therefore,
emerging therapeutic approaches such as repetitive
transcranial magnetic stimulation to bilateral DLPFC”
provide the potential to treat impaired cognitive perfor-
mance by targeting disrupted brain circuitry in patients
with schizophrenia.
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Supplementary material is available at http://schizophre
niabulletin.oxfordjournals.org.
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