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The point of rarity in brain structure and function that
separates the 2 major psychotic disorders—schizophrenia
and bipolar disorder—is presently unknown. The aim of
this study is to combine surface anatomical and functional
imaging modalities to quantify the integrity of cortical con-
nectivity in pursuit of the neural basis of the Kraepelinian
“line of divide.” We tested the hypothesis that multimodal
brain regions show overlapping abnormalities in both dis-
orders, while schizophrenia-specific defects are likely to
be localized to sensory processing regions. Cortical fold-
ing patterns (gyrification) and functional connectivity hub
architecture (degree centrality) were studied in a sample of
39 subjects with established schizophrenia, 20 subjects with
psychotic bipolar disorder, and 34 healthy controls. We
observed a significant difference between the 2 groups in
both gyrification and functional connectivity of the visual
processing regions. Further, the aberrant functional connec-
tivity of the visual processing regions predicted persistent
symptom burden better than the diagnostic information.
Using a spatial similarity analysis, we observed that the
degree of overlap between the 2 disorders was small (25%)
for changes in cortical gyrification and modest (51%) for
changes in functional connectivity measured during a cog-
nitive task (n-back). In conclusion, our results suggest that
prominent unimodal sensory processing deficits are more
likely to be present in schizophrenia than in bipolar disor-
der. Further, connectivity-based neuroimaging measures
appear to be better indicators of diagnostic discontinuity
than the symptom-based clinical information.
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Introduction

Significant nosological uncertainty over Kraepelin’s
description of 2 major psychotic disorders persists to
date. While several observations suggest the existence of

overlapping pathophysiological processes in schizophre-
nia and bipolar disorder,! the point of rarity in brain
structure and function at which the 2 disorders differ is
elusive.

Structural imaging studies have mostly used voxel-
based morphometric approach to differentiate the 2 dis-
orders. So far, direct comparisons have not established
any regional brain changes that separate these 2 illnesses.
It is possible that subtle changes exist in the surface
anatomy that is not captured by studying volumetric
changes in the gray matter.> Some support for this notion
comes from Rimol et al.> who observe that while volume
changes occur in both groups, deformation of the cortical
surface appears more specific to schizophrenia. Cortical
gyrification (or folding) is a promising surface anatomi-
cal marker to study schizophrenia and bipolar disorder.*
Cortical folding patterns are established during early
phases of development and are likely to be affected by a
higher burden of aberrant neurodevelopment reported in
schizophrenia.’ In addition, because folding patterns are
tightly linked to underlying neural connectivity,* gyrifica-
tion appears to be a compelling candidate to investigate
the Kraepelinian dichotomy.

There is an increasing realization that the functional
integration, rather than regional specialization in
the brain, is likely to be abnormal in psychosis, with
several studies in schizophrenia suggesting an inefficient
recruitment of distributed brain regions during task
performance.® To date, fMRI studies contrasting bipolar
disorder and schizophrenia have mostly used task
activation approaches and observed similar regional
brain dysfunction in both disorders.! This approach does
not directly address the possible differences that may exist
in the efficiency of cerebral recruitment in the 2 groups
and fails to capture the system-level disintegration in
the neural networks. In recent times, several approaches
have been proposed to measure the integrative functions
of brain regions using fMRI. A promising method is
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studying the number of instantanecous functional
connections (or correlations) between a region and the
rest of the brain, also called degree centrality (DC).
This approach has established the notion of cortical
hubs, specialized brain regions that show high DC and
thus influence a number of other brain regions. The core
architecture formed by cortical hubs is consistent and
stable in healthy human brain but highly vulnerable to
pathological processes.”® Both structural and functional
studies indicate the loss of prominence of multimodal
cortical hubs and the emergence of peripheral hubs in
unimodal cortex in schizophrenia.”!® Whether such a
shift in the cortical topology is specific to schizophrenia
is yet to be investigated.

Behavioral'! and electrophysiological studies'?> compar-
ing patients with bipolar disorder schizophrenia suggest
that early sensory processing deficits may be specific to
schizophrenia, with fMRI studies finding converging
group differences localized to unimodal regions such as
the extrastriate visual association cortex.'*!* On the other
hand, paralimbic brain regions constituting large-scale
brain networks such as the insula and anterior cingulate
cortex show prominent but shared structural alterations
in the 2 disorders.” In the light of these observations,
we hypothesized that across the 2 psychotic disorders,
overlapping abnormalities in the structure and function
will involve the multimodal brain regions and the limbic/
paralimbic cortex, while schizophrenia specific defects
will be restricted to unimodal sensory processing areas.

We recruited a sample of patients with either bipolar
disorder with psychotic symptoms (BPP) or schizophre-
nia (SCZP) and healthy controls and studied the cortical
gyrification from structural magnetic resonance imaging
(MRI) and the DC from functional MRI using an execu-
tive/working memory task (n-back). In addition to exam-
ining the integrity of the core cortical hub architecture,
we also examined for the emergence of peripheral hubs in
patients. The 3 groups were compared with each other; in
addition, we also performed conjunction analyses to iden-
tify the degree of overlap (or similarity) in the abnormali-
ties common to both disorders. In line with Kraepelin’s
original claim of interepisode recovery/symptom burden
differentiating the 2 disorders,'® we expected the neuro-
biological features that differentiate the 2 psychotic dis-
orders to be associated with the persisting severity of
clinical symptom burden in the clinically stable phase.

Methods

Participants

The sample consisted of 39 patients satisfying DSM-1V
criteria for schizophrenia, 20 patients with bipolar disorder
with psychotic features, and 34 healthy controls. Patients
were recruited from the community-based mental health
teams (including Early Intervention in Psychosis teams)
in Nottinghamshire and Leicestershire, United Kingdom.
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The diagnosis was made in a clinical consensus meeting
in accordance with the procedure of Leckman et al.,!”
using all available information including a review of case
files and a standardized clinical interview (Symptoms and
Signs in Psychotic Tllness [SSPT]).!® All patients were in a
stable phase of illness (defined as a change of no more
than 10 points in their Global Assessment of Function
[DSM-1V] score, assessed 6 weeks prior and immediately
prior to study participation). No patient had a change
in antipsychotic-, antidepressant-, or mood-stabilizing
medications in the 6 weeks prior to the study. Subjects
with age <18 or >50, with neurological disorders, current
substance dependence, or intelligence quotient < 70 using
Quick Test!" were excluded. Fifty-four out of 59 patients
were receiving psychotropic medications. The median
Defined Daily Dose (DDD)* was calculated separately
for antipsychotics, mood stabilizers (including lithium),
and antidepressants (see online supplementary material
SM1). Patients were interviewed on the same day as the
scan and symptom scores assigned according to the SSPI.

Healthy controls were recruited from the local com-
munity via advertisements, and 34 subjects free of any
psychiatric or neurological disorder group-matched for
age and parental socioeconomic status (measured using
National Statistics—Socio Economic Classification)?!
were included to the patient group. Controls had simi-
lar exclusion criteria to patients; in addition, subjects
with personal or family history of psychotic illness were
excluded. A clinical interview by a research psychiatrist
was employed to ensure that the controls were free from
current axis 1 disorder and history of either psychotic ill-
ness or neurological disorder. The study was given ethi-
cal approval by the National Research Ethics Committee,
Derbyshire, United Kingdom. All volunteers gave writ-
ten informed consent. See online supplementary mate-
rial SM2 for details on the excluded subjects and other
sample characteristics.

Data Acquisition

Blood oxygenation level-dependent (BOLD) fMRI data
sets were acquired on a 3-T Philips Achieva MRI scanner
(Philips, the Netherlands). To enhance sensitivity, dual-
echo gradient-echo echo-planar images (GE-EPI) were
acquired,” using an 8-channel SENSE head coil with
SENSE factor 2 in anterior-posterior direction, TE1/TE2
25/53ms, flip angle 85°, 255 mm X 255mm field of view,
with an in-plane resolution of 3mm X 3mm and a slice
thickness of 4mm, and TR of 2500 ms. At each dynamic
time point, a volume data set was acquired consisting
of 40 contiguous axial slices acquired in descending
order. A total of 410 dynamic time points were acquired
during an entire n-back session, with 2 sessions in total
per subject. A magnetization-prepared rapid acquisition
gradient echo image with I mm isotropic resolution, 256 X
256 % 160 matrix, Repetition Time (TR)/Echo Time (TE)
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8.1/3.7ms, shot interval 3 s, flip angle 8°, SENSE factor 2
was also acquired for each participant for reconstructing
the anatomical surface.

fMRI Task

We used a visual n-back task with a button press response
in 2 sessions of fMRI recording. Seven task blocks each
of 110 s duration were presented in each session. Each
task block consisted of 0-back, 1-back, and 2-back con-
ditions of 30 s duration each presented in a random
sequence, with 10 s interval between the conditions.
On-screen instructions preceded every condition indicat-
ing the type of response required (0-, 1-, or 2-back). Each
condition included 4 target and 11 nontarget stimuli with
a 2 s interstimulus interval. To ensure adequate task com-
prehension and performance, all participants performed
a practice version of the task outside the scanner prior to
scanning. All scanned participants successfully identified
in excess of 80% of targets in the practice task.

fMRI Preprocessing

fMRI data were preprocessed using SPMS8 and the
DPARSFA/REST software® (see online supplementary
material SM2 for details). Preprocessed data were analyzed
by deriving degree of centrality (DC) measure for every
gray matter voxel using the cortical hub analysis procedure
described by Buckner et al.,” and implemented in the REST
software.”®> For each voxel, we extracted the BOLD time
course and correlated with every other voxel in the brain.
For each voxel j, the number of strong voxel-to-voxel cor-
relations (defined as correlation coefficient r > 0.25) was
computed to determine the DC of j. The threshold of 0.25
was chosen to minimize the risk of inclusion of voxels
whose correlation with the index voxel could be accounted
for by noise in the centrality estimate for the index voxel.
For each subject, a map with DC values for every gray
matter voxel was obtained. These maps were then z-trans-
formed to enable group comparisons. The computation of
normalized DC maps was done separately for both resting
state acquisition and the n-back acquisition.

Surface Extraction

Cortical surfaces were reconstructed using FreeSurfer ver-
sion 5.1.0. The preprocessing was performed using standard
procedures as described by Dale et al.>* To measure cortical
folding patterns for each of the several thousands of ver-
tices across the entire cortical surface, we used the method
advocated by Schaer et al.” This method provides Local
Gyrification Indices (LGIs), numerical values assigned in a
continuous fashion to each vertex of the reconstructed cor-
tical sheet. The LGI of a vertex corresponds to the ratio of
the surface area of the folded pial contour (“buried” sur-
face) to the outer contour of the cortex (“visible” surface)
included within a sphere of 25 mm radius drawn around
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each vertex. Thus the LGI value at each vertex reflects the
amount of cortex buried in its immediate locality.

Statistical Analysis

Core Hub Centrality.  To determine the core cortical
hub architecture, we identified the significant clusters
with high DC across the entire sample using 1 sample ¢
test (familywise error [FWE]-corrected error rate of 5%,
cluster extent threshold = 30 voxels). We computed a sin-
gle mean value of the normalized DC measure in each
voxel included in the core hubs for each subject, which
represented the mean DC of the core (DCC). We used
an ANCOVA to compare the DCC among the 3 groups,
after taking into account the effect of age and gender. We
also tested the effect of including the overall n-back accu-
racy scores as covariates because this was significantly
different among the groups.

Spatial Distribution of Group Differences. To exam-
ine the differences between the 2 disorders in DC on
a voxelwise basis across the entire brain, we derived
direct between-group comparisons (SCZP vs BPP con-
trast) with an FWE-corrected type-1 error rate of 5%
at a voxelwise threshold of P = .001. We also compared
each patient group with the control group, at the same
statistical threshold. All group comparisons included age,
gender, and n-back accuracy scores as covariates.

Gyrification Analysis

The vertexwise LGI measurement for each subject was
mapped on a common spherical coordinate system (fsav-
erage) to enable group comparisons. A general linear
model controlling for the effect of age and gender was
used to compute differences in gyrification between the
groups at each vertex of the right and left hemispheric
surfaces. Query Design Estimate Contrast tool in the
Freesurfer program was used to generate the contrasts.
To correct for multiple testing, we used Monte-Carlo sim-
ulations (n = 10 000) and identified clusters that survived
a type-1 error rate of 5% at a cluster inclusion threshold
of P =.05. In a different sample of subjects, we have pre-
viously shown that both increased and decreased gyrifica-
tion in schizophrenia are observable at this threshold.!

Degree of Overlap Between the 2 Disorders

To compute the topographical overlap in the abnormalities
seen in BPP and SCZP, we derived an intersection
(overlap) mask and a combination (union) mask for the
contrasts controls vs SCZP and controls vs BPP. We then
calculated the Dice Coefficient of Similarity (DCS)%%
between the 2 groups for the 2 imaging modalities (DC
and gyrification maps). Conjunction measures such as
DCS provide more reliable results when every signal of
interest is included in the individual contrasts.?’ To enable
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this, we used an uncorrected threshold of P = .05 when
extracting the intersection and the combination masks.
A DCS value of 100% means that both the disorders
have perfect spatial agreement in the distribution of
abnormalities across the brain.

Relationship With Symptom Burden

We performed multiple regression analysis with the DC and
gyrification measures extracted from the clusters showing
significant differences in the SCZP vs BPP contrast as inde-
pendent variables, in addition to the diagnostic status to pre-
dict the total SSPI score (dependent variable). We expected
this analysis to reveal the neural correlates of total symp-
tom burden in the 2 disorders, over and above the utility
of the diagnostic categories. We also repeated this analysis
with 3 syndrome scores (Reality Distortion, Psychomotor
Poverty, and Disorganization) as independent variables.

Results

The core hub regions showing significant DC in the
entire sample is shown in table 1 (online supplementary
figure SF1). Comparison of the mean DCC across the 3
groups revealed no significant differences (F[2,88] = 1.25,
P = .29; mean [SD] of DCC in controls = 0.54 (0.23),
SCZP = 0.46 (0.32), and BPP = 0.47 (0.17)). Age (F[1,88]
=16.4, P <.001), but not gender (F[1,88] = 1.35, P =.29),
had a significant effect on DCC. The inclusion of n-back
accuracy or the exclusion of age and gender as covariates
did not affect the results.

Voxelwise comparisons revealed significant differences
among the groups (table 2) in the DC of several brain
regions. In particular, both groups of patients showed

higher DC in bilateral hippocampus/parahippocampal
regions extending to the thalamus (figure 1). In addition,
SCZP showed significant increase in DC in left fusiform/
lingual and inferior occipital gyrus. Compared with BPP,
SCZP showed higher centrality in left calcarine/lingual
gyrus and anterior cerebellum but reduced DC in right
supramarginal gyrus.

Significant group differences were also noted in gyri-
fication, with more prominent reduction in the SCZP.
Right lingual, left posterior cingulate, and bilateral
orbital frontoinsular regions show reduced gyrification in
SCZP compared with BPP (see table 3 and online supple-
mentary material SF2).

We repeated the DC analysis using resting fMRI scans
obtained from the same sample. These results are presented
in the online supplementary material (SM3). Regions
showing combined gyrification and DC differences in
SCZP vs BPP contrasts are displayed in figure 2. The DCS
test revealed 25% overlap in the topography of gyrification
abnormalities and 51% overlap in the topography of DC
abnormalities between BPP and SCZP, compared with
controls (see online supplementary material SM4).

Regression analysis revealed that the DC in left
calcarine/lingual cortex (3 = 0.33, P = .02), rather than the
diagnostic classification (§ = 0.21, P = .23), significantly
predicted the total symptom burden (especially the
Reality Distortion [ = 0.37, P = .01]) during clinical
stability. None of the other predictors were significant in
this model (all P > .2). For Psychomotor Poverty, DC of
right supramarginal cluster (f = —0.33, P = .03) was a
significant predictor with diagnosis having a trend level
significance (§ = 0.3, P = .08; see online supplementary
material SM4 for more details).

Table 1. Coordinates of Maximum Clusters Derived From Whole-Brain Analysis of Degree Centrality Representing Significant Cortical
Hubs in the Entire Sample, Including Patients and Controls (FWE-Corrected P < .05, k = 30)

Peak MNI Coordinates Cluster Extent

Brain Region (X, y, z) in mm Peak T Intensity (Number of Voxels)
Left inferior/superior parietal lobule and —42, 42,42 13.66 1433

superior temporal gyrus
Right inferior/superior parietal lobule and 48, —42,45 13.21 1381

superior temporal gyrus
Posterior cingulate/precuneus -6, —48, 24 12.76 488
Medial superior frontal gyrus 3, 15,45 12.65 1332
Right middle/inferior frontal gyrus (DLPFC) 42,39, 24 11.72 691
Left cerebellar crus -9, =75, =27 10.97 150
Left middle/inferior frontal gyrus (DLPFC) —-48,9,27 10.40 270
Right cerebellar crus 30, —63, =33 9.14 67
Left middle temporal gyrus =57,-12,-24 8.14 51
Right inferior temporal gyrus 57,-9,-30 7.84 45
Right inferior temporal gyrus 51, -51,—-15 7.76 67
Left precentral gyrus =30, 0, 57 7.21 49
Left superior temporal gyrus -51,0,0 6.70 52
Right lingual/fusiform gyrus 21,-72,-9 6.47 77

Note: DLPFC, Dorsolateral Prefrontal Cortex; FWE, cluster level familywise correction for multiple comparisons.
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Table 2. Degree Centrality Differences Between Patients and Controls During n-Back Task (Uncorrected P < .001, k£ = 30)

Peak MNI
Coordinates Cluster Extent
Comparison Brain Region (x,y, z) iIn mm Peak T Intensity (Number of Voxels)
Controls > Schizophrenia Right superior temporal gyrus? 33,6, 24 5.39 48
Right insula* 45,-15,3 4.95 137
Left superior frontal gyrus -3, 36, 60 4.54 35
Left inferior frontal gyrus® -39,24,12 4.37 64
Left inferior parietal lobule —42,-54,42 4.24 37
Controls > Bipolar Right insula® 45,-12,3 4.51 102
Schizophrenia > Controls Left fusiform, lingual and inferior =21, -81,-9 6.29 434
occipital gyrus?
Bilateral hippocampus, parahippocampal =36, -33,-12 5.72 438
gyrus and thalamus?
Right fusiform, lingual and inferior 36, —63, —12 4.58 154
temporal gyrus
Bipolar > Controls Right hippocampus and parahippocam- 24, -24, -9 5.59 164
pal gyrus?
Left hippocampus, parahippocampal =30, —42, -3 5.31 363
gyrus and® thalamus
Left caudate -9,6,—-12 4.47 49
Right inferior temporal 51, —48, =27 4.37 51
Bipolar > Schizophrenia Right supramarginal gyrus® 57, -39, 39 4.24 96
Schizophrenia > Bipolar Cerebellum Anterior Lobe? 36, =48, =30 4.80 83
Left calcarine sulcus and lingual gyrus® -6, 84,0 3.85 37

“Regions that survive cluster level familywise correction at P < .05 for multiple comparisons.

Discussion

To our knowledge, this is the first study to use combined
surface anatomical and functional connectivity approach
to study the neural basis of the diagnostic discontinuity in
psychosis. We have shown that while a degree of overlap
exists between the 2 disorders in the functional connectiv-
ity and cortical gyrification, significant differences between
the disorders are notable especially in the visual process-
ing regions. While the core hub of functional connectivity
seems to be preserved in both patient groups, the emergence
of a higher degree of connectivity in the hippocampus/
parahippocampus and thalamic regions and a reduction
in the connectivity of the right insula were observed in
both patient groups. An overlapping reduction in gyrifica-
tion was also noted in the lateral prefrontal cortex in both
patient groups. In contrast, the 2 groups showed significant
differences in cortical gyrification and functional connec-
tivity involving calcarine, lingual, and fusiform regions and,
to some extent, the left insula and middle temporal gyrus.
A reduction in the centrality of right insula in both
groups is consistent with a large body of evidence impli-
cating this region in the emergence of psychotic symp-
toms.?® In both SCZP and BPP, peripheral hubs emerged
in the parahippocampal complex extending to the thala-
mus. This is consistent with Meyer-Lindenberg et al.’s*
observation of inappropriate recruitment and connec-
tivity of the parahippocampal regions during working
memory performance in schizophrenia. It is important
to note that the regional distribution of the connectivity

differences is likely to differ according to the cognitive
paradigm used. For example, an overactivation of medial
temporal structures in BPP compared with those in
SCZP has been noted when performing emotion/reward
or memory based tasks but not in tasks involving lan-
guage or executive functions.!

Interestingly, in contrast to the BPP who had an
increase in the DC of lateral parietal cortex (supramar-
ginal gyrus), part of the core connectivity hub, the SCZP
displayed an increase in DC of the anterior cerebellum
and extrastriate visual cortex during both n-back and
resting state, suggesting a conjoint dysfunction of these
2 regions. Focused examination of cerebellar connectiv-
ity during rest suggests that amidst an overall reduction
in the corticocerebellar connectivity, the connectivity
between extrastriate visual cortex and cerebellum appears
to be increased in SCZP.*¥

In line with our previous study in a different set
of subjects with schizophrenia,®*> we observed a
predominant reduction in gyrification involving lateral
prefrontal region, insula, and superior temporal regions
in SCZP. To our knowledge, this is the first study reporting
vertexwise whole-brain gyrification defects in BPP. BPP
had reduced gyrification predominantly involving lateral
prefrontal and superior parietal regions compared with
controls but showed increased gyrification in posterior
cingulate and lingual gyrus compared with SCZP. The 2
groups showed relatively less spatial overlap in the extent
of gyrification abnormalities (25%) compared with the
functional connectivity measures. A recent postmortem
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Fig. 1. Group differences in degree centrality from n-back fMRI in patients with schizophrenia compared with bipolar disorder.
Ilustrations drawn on a single subject structural image with slices selected for the best display of regions showing differences in the two
sample ¢ test. Top panel (A) displays schizophrenia vs controls contrast; middle panel (B) displays bipolar disorder vs controls contrast.
In A and B, warm colors refer to higher degree centrality in controls. Bottom panel (C) shows schizophrenia > bipolar disorder contrast
in the upper row and bipolar disorder > schizophrenia contrast in the lower row. Color bars show scales of 7 values. Panels A and B
were created using xjview (www.alivelearn.net/xjview8). Panel C was created using MRICron (www.nitrc.org/projects/mricron). A color

version of this figure is available online.

study suggests that abnormal gyrification in cerebellar
vermis is a feature of schizophrenia.** Because the surface
based morphometric approaches do not reconstruct the
cerebellum, our gyrification analysis was restricted to the
cerebral surface only.
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In general, the spatial extent of both DC and gyrifica-
tion abnormalities was numerically larger in SCZP than in
BPP (online supplementry table 1 in SM4). Interestingly,
the similarity coefficient was higher in the n-back than
in the resting fMRI or gyrification analysis. This finding
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Table 3. Gyrification Differences Between Patients and Controls (Cluster Inclusion Threshold P = .05)

Peak MNI
Coordinates Clusterwise Cluster
Comparison Brain Region (X, y, z) in mm Probability Extent in mm?
Controls > Schizophrenia Right caudal middle frontal® 36, 22, 44 .0001 3238
Right inferior parietal/ superior temporal? 60, =55, 13 .0002 1430
Right lingual 22, -69, -1 .012 916
Left Insula? -35,5,-18 .001 1207
Left precuneus/posterior cingulate? -6, —45, 56 .0001 5847
Left superior frontal® —17, 46, 37 .0001 2680
Left middle temporal® -63, -50, 6 .0001 3360
Left supramarginal® -62, -23, 30 .0001 2446
Controls > Bipolar Right caudal middle frontal® 36, 23,42 .0001 3312
Right rostral middle frontal 35, 39, 25 .0029 966
Right superior parietal® 31, —38, 66 .0002 1231
Right postcentral 56, —13, 38 .0457 633
Right lateral occipital 53, =72, 14 .0335 671
Left caudal middle frontal =31, 28, 36 .0031 1093
Left superior parietal/precuenus —26, —45, 68 .046 722
Schizophrenia > Controls None — — —
Bipolar > Controls Left fusiform gyrus® =31, -69, -1 .0001 3022
Left medial orbitofrontal -5,28,-32 .0333 559
Bipolar > Schizophrenia Right lingual gyrus* 21, -69, -2 .0001 5533
Right lateral orbitofrontal 22,27, =27 .007 1005
Left posterior cingulate® -5, -8, 37 .0001 8573
Left middle temporal —-64, 28, —11 .046 723
Left insula/lateral orbitofrontal =29, 20, =23 .007 981

Schizophrenia > Bipolar None

aClusters that survived correction for multiple comparisons using Monte-Carlo simulations (z = 10 000 iterations; clusterwise probability

P =.001).

highlights the importance of using multiple neuroimaging
tools to investigate the current issue of diagnostic discon-
tinuity. Further it suggests that when external constraints
such as task demands are present, “schizophrenia-like”
functional abnormalities are likely to appear in BPP.
Abnormal visual information processing appears to be
specific to SCZP and their relatives compared with BPP
and their relatives.* This corroborates our current findings
that imply diagnostic specificity involving visual process-
ing regions. It is worth noting that the extrastriate visual
cortex, where we find combined gyrification and func-
tional connectivity defects in schizophrenia, shows a predi-
lection for developmental disturbances that affect cortical
maturation. Ongur et al."* found significantly reduced
coherence between extrastriate visual cortex and other
brain regions during rest in schizophrenia compared with
bipolar disorder. Sui et al.,*® using independent component
connectivity analysis during auditory oddball task perfor-
mance, observed a predominantly visual cortex compo-
nent to discriminate SCZP from BPP. SCZP fail to recruit
the extrastriate cortex during semantic decision and verbal
fluency'® but show greater engagement during facial affect
processing compared with BPP.¥ Inefficient functional
connections in these regions could result in inflated central-
ity but reduced task-related efficiency."® Further the obser-
vation that DC of left calcarine/lingual cortex is a better

predictor of severity of symptoms (especially delusions
and hallucinations) that persist in clinically stable psy-
chotic patients, than in the categorical diagnostic grouping,
suggests that the neural basis of the diagnostic separation
along the continuum of the 2 major psychotic disorders
is tightly linked to the integrity of extrastriate visual cor-
tex. Independent of the clinical diagnostic boundaries,
increased calcarine/lingual gyrus DC predicts higher bur-
den of Reality Distortion, while reduced supramarginal
DC predicts higher burden of Psychomotor Poverty in a
clinically stable state. This suggests that patients with BPP
and residual “interepisode” symptoms share a tendency to
neuroanatomical abnormalities typical of schizophrenia.
A specific strength of this study is the recruitment of
bipolar disorder cases who also experience psychotic
symptoms during the course of their illness (BPP), in con-
trast to previous studies that recruited bipolar disorder
irrespective of the presence of psychotic symptoms.3*
Further, we employed a multimodal approach studying
structural and functional anatomy during rest and a cog-
nitive task. Nevertheless, several limitations must be con-
sidered when interpreting these results. First, the sample
size of BPP was small compared with that of SCZP and
controls, but this is unlikely to have influenced the current
results (see online supplementary material SM4). The
overall proportion of female subjects was low though
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Fig. 2. Overlap between gyrification and degree centrality changes in the schizophrenia vs bipolar disorder contrasts. Both contrasts
were thresholded at uncorrected P < .05 to increase the sensitivity of the conjunction analysis and displayed on white matter surface
of reconstructed template cortical surface (fsaverage) using FreeSurfer. (1) Left anterior insula, (2) left middle temporal gyrus, (3) left
lingual gyrus/calcarine fissure, (4) left precuneus, (5) left posterior cingulate, and (6) right lingual gyrus/calcarine fissure.

the groups were well matched for gender distribution.
Most patients were taking antipsychotic medications,
with several patients in the BPP also being exposed to
mood stabilizers. To our knowledge, there is no evidence
that these medications have differential effect on corti-
cal gyrification or centrality measures though volumetric
measures appear to be affected by both antipsychotics
and lithium.* In our sample, we did not find significant
associations between antipsychotic DDD (SCZP/BPP) or
mood stabilizer DDD (BPP only) and core hub central-
ity or cortical gyrification (online supplementary material
SM4). Existing evidence predicts that at least in the short-
term, antipsychotics could reduce overall functional
connectivity?’; our observation that SCZP show higher
connectivity in visual processing regions compared with
BPP is in the opposite direction, suggesting that medi-
cations alone cannot explain all of the present findings.
Nevertheless, we cannot completely exclude the effect of
prescribed medications on the current observations.

Our study provides critical evidence delineating neuro-
biological underpinnings of the diagnostic boundaries of
psychosis. Crucially, the observed neural correlates pre-
dict symptom burden during clinically stable state, high-
lighting the ability of connectivity based neuroimaging
measures to inform nosological classification. Together
with the emerging neuroimaging literature on high-
risk states,**? our observations open the question as to
whether treatment selection during early psychosis could
be better informed by utilizing neuroimaging markers
that differentiate the 2 disorders, alongside the existing
symptom-based decision-making.
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