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Background: Schizophrenia (SZ), bipolar disorder (BD),
and major depressive disorder (MDD) are distinct diag-
nostic categories in current psychiatric nosology, yet
there is increasing evidence for shared clinical and bio-
logical features in these disorders. No previous studies
have examined brain structural features concurrently
in these 3 disorders. The aim of this study was to iden-
tify the extent of shared and distinct brain alterations in
SZ, BD, and MDD. Methods: We examined gray mat-
ter (GM) volume and white matter (WM) integrity in a
total of 485 individuals (135 with SZ, 86 with BD, 108
with MDD, and 156 healthy controls [HC]) who underwent
high-resolution structural magnetic resonance imaging
(MRI) and diffusion tensor imaging (DTT) at a single site.
Results: Significant 4-group (SZ, BD, MDD, and HC
groups) differences (P < .05, corrected) in GM volumes
were found primarily in the paralimbic and heteromodal
corticies. Post hoc analyses showed that the SZ, BD, and
MDD groups shared GM volume decreases in 87.9% of
the total regional volume with significant 4-group differ-
ences. Significant 4-group differences in WM integrity (P
< .05 corrected) were found in callosal, limbic-paralimbic-
hetermodal, cortico-cortical, thalamocortical and cerebel-
lar WM. Post hoc analyses revealed that the SZ and BD
groups shared WM alterations in all regions, while WM
alterations were not observed with MDD. Conclusions:
Our findings of common alterations in SZ, BD, and MDD
support the presence of core neurobiological disruptions in
these disorders and suggest that neural structural distinc-
tions between these disorders may be less prominent than
initially postulated, particularly between SZ and BD.

Key words: schizophrenia/bipolar disorder/major
depressive disorder/gray matter volume/white matter
integrity

Introduction

The Kraepelinian dichotomy, which classified demen-
tia praecox and manic depressive psychosis as 2 distinct
categories of endogenous psychosis, has been funda-
mental in the evolution of psychiatric nosology over the
past century.! This categorical approach has been highly
influential in the development of the Diagnostic and
Statistical Manual of Mental Disorders (DSM). In the
DSM-III and its subsequent revisions (DSM-IIIR,
DSM-1V, DSMIV-TR, and DSM-V), the major psychiat-
ric manifestations are divided into 3 essential diagnostic
categories, schizophrenia (SZ; dementia praecox), bipo-
lar disorder (BD; manic depressive psychosis), and major
depressive disorder (MDD). Subsequently, the field has
approached SZ, BD, and MDD as distinct disease enti-
ties, and substantial efforts have been aimed at elucidating
the biological basis for differentiation between these diag-
nostic categories. Yet ambiguity abounds within the field
from both clinical and scientific perspectives. Clinically,
SZ, BD, and MDD share symptoms such as depression,
anxiety, and psychosis.>* Phenotypic similarities are par-
ticularly apparent among prodromal and first episode
presentations of SZ, BD, and MDD.* For example, clini-
cal observations have included that the most frequent ini-
tial symptom in SZ and BD is depressed mood.>¢ Anxiety
symptoms are ubiquitous among psychiatric patients
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with mood or SZ spectrum disorders, and in almost half
of patients are reportedly severe.’

Genetic, molecular, and neuroimaging studies over
recent decades have largely been unable to identify spe-
cific sets of genetic or neural abnormalities that differenti-
ate SZ, BD, and MDD.* " In fact, the pathophysiology
of SZ, BD, and MDD do not appear to simply reflect
abnormalities within a single or finite set of genes or neu-
ral networks. Rather, a complex array of multiple genes
and neural networks are implicated in SZ, BD, and MDD.
A recent genome wide association study of 5 psychiatric
disorders (SZ, BD, MDD, autism, and ADHD) found
cross-diagnostic effects on polygenic risk scores to be most
significant among SZ, BD, and MDD, indicating sig-
nificant genetic commonalities among these 3 disorders.®
Other molecular studies support common neuropatho-
physiological mechanisms among SZ, BD, and MDD
that may involve immune, endocrine, and mitochondrial
function, as well as microglial activation, neuroinflamma-
tion, and alterations in highly conserved metabolic path-
ways in the brain.*!%!>""* Furthermore, convergent lines of
evidence support substantial regional brain structural and
functional overlap in SZ, BD, and MDD, such as in the
default mode and salience networks, suggesting that the
3 disorders share core neurobiological features.>!! Prior
neuroimaging studies have also demonstrated common-
alities in structural and functional neural abnormalities
among SZ, BD, and MDD, '>!¢ although there is evidence
that white matter (WM) structural anomalies may be less
prominent in MDD relative to other disorders.!” However,
these studies have primarily consisted of 2-group com-
parisons to healthy controls (HC) and, to a lesser extent,
direct comparisons between 2 of the 3 disorders (SZ and
BD, BD and MDD, and SZ and MDD). To date, a trans-
diagnostic neuroimaging study including SZ, BD, and
MDD is absent in the literature.

Findings of neural commonalties among SZ, BD, and
MDD have reinvigorated a longstanding debate in psy-
chiatric nosology as to what biological basis gives rise to
the various psychiatric manifestations (distinct disease
processes vs a disease continuum) and challenge the bio-
logical validity of the Kraepelinian dichotomy, which
Kraepelin himself questioned in years subsequent to
its introduction.'® Despite implementation of advanced
genetic, molecular, and neuroimaging techniques,
resolution of these debates has thus far been elusive.
Subsequently, the ambiguity surrounding the biological
basis of psychiatric disorders poses a significant obstacle
in psychiatric diagnostic and treatment advances. Trans-
diagnostic studies of SZ, BD, and MDD could contribute
to resolution of these long-standing questions by provid-
ing insight into the extent of shared and distinct neural
abnormalities among these diagnostic categories.

In this study, we examined whole brain gray matter
(GM) volume and WM integrity in a large sample of
individuals with SZ, BD, and MDD using voxel-based
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analysis (VBA). GM volume and WM integrity were
selected because: (1) major psychiatric disorders have
been examined across numerous independent neuroimag-
ing studies and structural markers such as GM volume
and WM integrity are relatively stable across time'> and
(2) GM volume and WM integrity have been increasingly
proposed as candidate endophenotypes and may provide
trait measures of neuroanatomical abnormalities in these
3 conditions.'®!*?* Furthermore, our sample consisted of
individuals in early stages of illness (duration of illness
less than 5 y) and at relatively younger ages (ages 13-30y)
that coincide with critical periods for brain alterations in
the development of SZ, BD, and MDD.?'** The primary
aim of this study was to examine the extent of shared
and distinct alterations in GM volume and WM integrity
across SZ, BD, and MDD.

Methods

Subjects

The study was conducted at a single site and included a
total of 485 individuals ages 13-30 years: 135 with SZ,
86 with BD, 108 with MDD, and 156 HC. The study was
approved by the Institutional Review Board of China
Medical University. All participants provided written
informed consent after receiving a detailed description
of the study. All participants with SZ, BD, and MDD
were recruited from the inpatient and outpatient services
at Shenyang Mental Health Center and the Department
of Psychiatry, First Affiliated Hospital of China Medical
University, Shenyang, China. HC participants were
recruited from the local community by advertisement.
All participants were evaluated by 2 trained psychiatrists
to determine the presence or absence of Axis I psychi-
atric diagnoses using the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID) in those 18 years
old and older and the Schedule for Affective Disorders
and Schizophrenia for School-Age Children-present and
Lifetime Version (K-SADS-PL) in those younger than
18 years. SZ, BD, and MDD participants met Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) diagnostic criteria for SZ, BD and
MDD, respectively, and did not meet criteria for any
other Axis I disorder. Duration of illness was less than
5 years for the SZ, BD, and MDD groups. HC partici-
pants did not have current or lifetime Axis I disorder or
history of psychotic, mood, or other Axis I disorders in
first-degree relatives as determined by detailed family his-
tory. Participants were excluded if any of the following
were present: (1) the existence of substance/alcohol abuse
or dependence or concomitant major medical disorder,
(2) any magnetic resonance imaging (MRI) contraindica-
tions, and (3) history of head trauma with loss of con-
sciousness for >5 minutes or any neurological disorder.
For all participants, symptom measures were obtained
using the Brief Psychiatric Rating Scale (BPRS),
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Hamilton Depression Rating Scale (HDRS), Hamilton
Anxiety Rating Scale (HARS) and Young Mania Rating
Scale (YMRS); cognitive function was evaluated by the
Wisconsin Card Sorting Test (WCST). Detailed demo-
graphic and clinical data of participants are outlined in
table 1.

MRI Acquisition

All participants underwent structural and diffusion ten-
sor imaging (DTI). MRI data were acquired using a GE
signa HDX 3.0T scanner with a standard 8-channel head
coil at the First Affiliated Hospital of China Medical
University, Shenyang, China. Three-dimensional, high-
resolution, T1-weighted images was collected using a
3-D fast spoiled gradient-echo (FSPGR) sequence with
the following parameters: TR/TE = 7.1/3.2 ms, image
matrix = 240 x 240, field of view (FOV) = 240 X 240 mm?,
176 contiguous slices of 1 mm without gap, voxel
size = 1.0 mm?. DTI was acquired using a single-short
spin-echo planar imaging (EPI) sequence with the fol-
lowing parameters: TR/TE = 17 000/85.4 ms, image
matrix = 120 X 120, FOV = 240 x 240 mm?, 65 contiguous

Anatomical MRI in a Transdiagnostic Psychiatric Sample

slices of 2 mm without gap, 25 noncollinear directions
(b = 1000 s/mm?), together with an axial acquisition with-
out diffusion weighting (b = 0), voxel size = 2.0 mm®.

Data Processing

Whole-brain, high-resolution structural MRI data and
DTI data were processed using standard procedures sug-
gested by Ashburner® and Cui.”

Specifically, structural brain images were processed
using VBMS8 toolbox (http://dbm.neuro.uni-jena.de/
vbm8/), which was incorporated into the Statistical
Parametric Mapping (SPM) software (SPMS8; The
Wellcome Department of Cognitive Neurology). VBMS
processing involves bias correction, tissue classifica-
tion, and spatial normalization with Diffeomorphic
Anatomical Registration Through Exponentiated Lie
algebra (DARTEL).? According to the default parame-
ters of VBMS, the images were spatially normalized to the
Montreal Neurological Institute (MNI) space to obtain
images with 1.5 mm?® voxels. The modulation process
was performed using nonlinear deformations employed
for normalization that allowed for comparison of the

Table 1. Demographic, Clinical Characteristics and Cognitive Function of Healthy Controls, Schizophrenia, Bipolar Disorder, and

Major Depressive Disorder

Healthy Control Schizophrenia Bipolar Disorder Major Depressive
Variable (n=156) (n=135) (n=286) Disorder (n = 108) Fly? Values P Values
Demographic characteristic
Age at scan (y) 22.25(4.35) 19.95 (4.52) 21.97 (4.66) 20.61 (4.91) 7.473 <.001
Male 63 (40%) 59 (44%) 35 (41%) 38 (35%) 4.769* .57
Right handedness 150 (96%) 128 (95%) 85 (99%) 102 (94%) 11.678 23
Clinical characteristic
Duration (mo) — 13.39 (17.34) 20.64 (20.19) 12.70 (15.19) 5.483b .005
First episode, yes — 105 (78%) 41 (48%) 94 (87%) 36.215° <.001
Medication, yes — 86 (64%) 56 (65%) 40 (37%) 22,1220 <.001
Anti-depressants — 11 (8%) 19 (22%) 34 (31%) 21.366° <.001
Antipsychotics — 74 (55%) 35 (41%) 5 (5%) 68.615° <.001
Mood stabilizer — 5 (4%) 41 (48%) 0 110.586° <.001
HAMD-17 (n=138) n=92) n=177) (n=104)
1.06 (1.41) 9.54 (7.40) 8.33 (8.51) 20.15 (8.57) 162.749* <.001
HAMA (n = 140) (n=183) (n=178) (n=88)
0.72 (1.68) 6.34 (7.15) 6.69 (8.08) 14.94 (8.67) 86.899* <.001
YMRS (n=136) (n=174) (n=281) (n=90)
0.11(0.42) 3.85(7.73) 9.68 (10.53) 1.28 (2.32) 46.303* <.001
BPRS (n=284) (n=129) (n=47) (n=138)
18.23 (0.65) 36.77 (15.21) 25.77 (7.98) 22.82 (4.71) 56.5212 <.001
Cognitive function
WCST (n=101) (n=174) (n=45) (n=170)
Corrected responses 32.31 (10.66) 17.39 (12.17) 25.44 (11.52) 25.03 (11.48) 24.531% <.001
Categories completed 4.32(1.97) 1.72 (1.90) 3.00 (2.03) 3.00 (1.97) 25.250* <.001
Total errors 15.69 (10.66) 30.62 (12.22) 22.56 (11.52) 23.29 (11.63) 24.4422 <.001
Perseverative errors 5.76 (6.68) 14.70 (13.02) 9.22 (9.37) 9.67 (9.31) 12.218° <.001
Non-perseverative 9.98 (5.58) 15.93 (8.64) 13.16 (7.04) 13.64 (6.04) 11.193° <.001

€rrors

Note: Data are n (%) or mean (SD). WCST, Wisconsin Card Sorting Test; HAMD, Hamilton Depression Scale; HAMA, Hamilton

anxiety Scale; YMRS, young manic rating scale; BPRS, Brief Psychiatric Rating Scale.

aThe examination among the schizophrenia, bipolar disorder, major depressive disorder, and healthy control groups.
"The examination among the schizophrenia, bipolar disorder, major depressive disorder groups.
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absolute amount of tissue, corrected for individual brain
sizes. Finally, all images were smoothed with an isotropic
Gaussian kernel of 8-mm full width at half maximum
(FWHM). These segmented, normalized, modulated,
and spatially smoothed GM images were then used for
subsequent VBM statistical analysis.

DTI data were processed using Pipeline for Analyzing
braiN Diffusion imAges (PANDA) (http://www.nitrc.
org/projects/panda), a fully automated program for proc-
essing brain diffusion images. We used default program
parameters to process DTI images. The voxel-wise diffu-
sion tensor matrix was then calculated for each subject
in the native space. Next, diagonalization was performed
to yield 3 pairs of eigenvalues and eigenvectors. Based
on the 3 eigenvalues, fractional anisotropy (FA) was
computed on a voxel-by-voxel basis. Specifically, the FA
image of each subject was nonlinearly registered to the
FMRIBS58_FA template in MNI space with 2 mm? voxels.
The mean of all aligned FA images was then calculated.
FA images were then smoothed with a 6-mm FWHM
Gaussian filter.

Statistical Analyses

Four-group (SZ, BD, MDD, and HC) analyses of GM
volumes and FA values were performed in SPM8 using
ANCOVA with diagnostic group as an independent fac-
tor, and age and gender as covariates. Correction for
multiple comparisons was based on Monte Carlo simu-
lation (AlphaSim, Analysis of Functional Neurolmages
[AFNI]). Statistical significance was determined by cor-
rected P < .05, corresponding to a threshold of 564 and 71
contiguous voxels with P < .01 (uncorrected) for GM vol-
umes and FA values, respectively. Post hoc analyses were
performed to determine the extent of shared alterations
in GM volumes and FA values between the SZ, BD, and
MDD groups. For each cluster with significant 4-group
difference, GM volumes and FA values were extracted.
Permutation ¢ tests were then applied in pairwise fash-
ion with the HC group as the common comparison (SZ
vs HC, BD vs HC, and MDD vs HC). Similarities and
differences among the SZ, BD, and MDD groups were
then examined for significant clusters as determined by
the permutation ¢ tests. Statistical significance was deter-
mined by P < .05 (corrected, Benjamin Hochberg correc-
tion?”). Analyses were also performed to test for effects of
age, clinical, and cognitive variables on GM volumes and
FA values for significant clusters from the 4-group com-
parison (supplementary material, pages 1-2).

Results

Grey Matter Volume Findings

Four-group analysis of GM volumes showed 12 clusters
with significant group differences. These clusters con-
sisted of paralimbic regions, including right temporal
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pole, bilateral orbital frontal cortex, bilateral insula,
bilateral parahippocampal and cingulate gyri. There were
also findings in heteromodal cortical areas, including the
bilateral dorsolateral prefrontal cortex (DLPFC), as well
as the bilateral cuneus, right inferior occipital gyrus, right
angular gyrus, left inferior parietal gyrus, right supple-
mental motor area and right pre-central gyrus (figure 1A
and table 2). Post hoc analyses found 6 clusters of sig-
nificantly decreased GM volume when compared to the
HC group that were common to the SZ, BD, and MDD
groups (figure 1B). These shared clusters represented
87.9% of the total regional volume that showed signifi-
cant differences in the 4-group analysis. The clusters are
located in paralimbic and heteromodal regions such as
the temporal pole, orbital frontal cortex, insula, para-
hippocampal gyri, cingulate gyri, DLPFC, and angular
gyri (figure 1C). Shared clusters were also found in the
cuneus (figures 1B and 1C). In addition, significant GM
decreases compared to the HC group were found com-
mon to the SZ and BD groups, but not the MDD group,
in right orbital frontal cortex and left inferior parental
cortex. The SZ and MDD groups, but not the BD group,
had decreases compared to HC in the right inferior occip-
ital cortex. Meanwhile, the BD and MDD groups, but
not the SZ group, had decreases in left DLPFC and right
supplementary motor area compared to HC (figure 1B).
There were significant GM decreases in the right precen-
tral gyrus in the BD group only when compared to the
HC group (figure 1B).

WM Integrity Findings

Four-group analysis of FA values found 5 clusters show-
ing significant group differences. These clusters consisted
of callosal, limbic-paralimbic-heteromodal, cortico-cor-
tical, thalamocortical and cerebellar WM and included
the genu, body and splenium of the corpus callosum,
the uncinate fasciculus, fornix, cingulum, bilateral ante-
rior limb of internal capsule, right external capsule, left
superior longitudinal fasciculus, right cerebral peduncle,
bilateral posterior thalamic radiation, and bilateral supe-
rior and middle cerebellar peduncles. Post hoc analyses
revealed significantly decreased FA values, when com-
pared to the HC group, that were common to the SZ and
BD groups in all 5 clusters. No significant differences
in FA values were observed between the MDD and HC
groups in any of the 5 clusters (figure 2 and table 3).

The details of the effects of age, clinical, or cognitive
variables on GM volumes or FA values were in the sup-
plementary material (supplementary figures S1-S3 and
supplementary tables S1-S4).

Discussion

This is the first study that examines whole brain GM
volumes and WM integrity concurrently in SZ, BD, and
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Fig. 1. (A) Significant differences in gray matter volumes among schizophrenia, bipolar disorder, major depressive disorder and healthy
controls. Significant at P < .05 corrected by AlphaSim correction. (B) Gray matter volumes in regions showing significant differences
among the participants with schizophrenia, bipolar disorder major depression disorder and healthy controls. (C) Shared alterations in gray
matter volume in schizophrenia, bipolar disorder and major depression disorder compared with healthy controls. Significant at

P < .05 corrected by AlphaSim correction. *Permutation ¢ test for each disorder vs healthy controls (P < .05 corrected, Benjamin
Hochberg correction). R, right; L, left; Bil, bilateral; OFC, orbital frontal cortex; ACG, anterior cingulate gyrus; PCG, posterior cingulate
gyrus; TPO, temporal pole; PHG, parahippocampus gyrus; INS, insula; IOG, inferior occipital gyrus; DLPFC, dorsal lateral prefrontal
cortex; CUN, cuneus; ANG, angular gyrus; IPL, inferior parietal lobe; SMA, supplementary motor area; PreCG, precentral gyrus.

MDD at relatively large sample scale. Prior to this study,
insight regarding the neural similarities and differences in
SZ, BD, and MDD primarily stemmed from individual
comparisons to HC or direct comparisons between 2 of
the 3 disorders (SZ and BD, BD and MDD, and MDD
and SZ). In addition, the study sample consisted of indi-
viduals at younger ages (ages 13-30 y) and during rela-
tively early stages of their psychiatric illnesses (less than 5
y for illness duration). Thus, confounding effects of aging
and illness chronicity were minimized.

In the study, significant group differences in GM vol-
umes were found among the SZ, BD, MDD, and HC
groups mainly in the paralimbic and heteromodal cortical

regions. Interestingly, the SZ, BD, and MDD groups were
found to share GM volume decreases in 87.9% of the
total regional volumes with significant group differences
in the 4-group analysis, suggesting that the paralimbic
and heteromodal regions may represent shared neural
substrates for psychopathophysiology.

The paralimbic system is thought to link the brain’s
internal milieu and the external world.?® It consists of
highly interconnected structures that include the orbital
frontal cortex, insular, and temporal pole, parahippo-
campal gyrus, and cingulate cortex. These structures are
situated between the autonomic, limbic, and heteromo-
dal cortical regions and represent a gradual transitive
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Table 2. Gray Matter Volumes in Brain Regions Demonstrating Significant Between-Group Differences

Brain Regions

Brodmann Area

Peak MNI Coordinates

Cluster Size X Y Z F Values*

Bilateral orbital frontal cortex
Bilateral anterior cingulate gyri
Bilateral posterior cingulate gyri
Right dorsal lateral prefrontal cortex
Right orbital frontal cortex 11/47
Right inferior occipital gyrus 19
Right insula

Right temporal pole

Bilateral para-hippocampal gyri
Bilateral hippocampus

Bilateral fusiform gyri

Bilateral middle temporal gyri

Left inferior temporal gyrus

Right superior temporal gyrus

Left middle occipital gyrus

Right supramarginal gyrus

Vermis

Left anterior cingulate gyrus

Left orbital frontal cortex

Left dorsal lateral prefrontal cortex
Left insula

Left orbital frontal cortex

Right angular

Right supramarginal gyrus
Bilateral cuneus

Left dorsal lateral prefrontal cortex 9/46
Left inferior parietal lobe 40/2/3/4
Right precentral gyrus 6
Right supplementary motor area 6

GM-E 10/47/11/46

GM-F 13/47

GM-G 39/40
GM-H
GM-I
GM-J
GM-K
GM-L

19/18

11/10/32/31/9

38/21/20/19/37

16 841 2 41 -17 7.366

581 33 39 -15
682 41 —-80 -14
27279 -29 -54 —-11

3.846
4.703
14.429

1182 =27 54 3 4.070

3310 -38 2 11 6.668

922 51 =57 23 5.719
651 5 -84 25
1571 —-30 27 39
2610 -38 =27 39
811 26 -15 69
647 15 3 72

5.650
4214
7.908
7.102
6.129

Note: MNI, Montreal Neurological Institute; GM, gray matter.
*Significant at P < .05 corrected by AlphaSim correction.

cytoarchitectonic zone between the primitive allocortex
and primary sensory-motor areas within the neocortex.?
Paralimbic sulcogyral morphology exhibits substantial
inter-individual variability, likely reflecting the signifi-
cant influence of neurodevelopmental processes such as
neuronal migration, local neuronal connection, synaptic
development, and lamination and formation of cytoar-
chitecture on paralimbic structures.?* Further, paralim-
bic structures develop in concert to form the neural
systems critical for emotional processing and regulation,
motivation, memory, and higher autonomic control.?>:3!
These are all functions that appear to be impaired in SZ,
BD, and MDD.?32* Lesions within the paralimbic system
have resulted in affective and psychotic symptoms similar
to SZ, BD, and MDD, as well as deficits in cognition and
emotional regulation with lesions in paralimbic compo-
nents such as the orbital frontal cortex, anterior cingulate
and temporal regions.*** Our previous work has demon-
strated structural alterations within the paralimbic system
in SZ3¢ and adolescents with BD.?” A recent meta-analysis
study examined structural brain abnormalities across 6
diagnostic groups (SZ, BD, MDD, substance use disor-
der, obsessive-compulsive disorder, and anxiety). The
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study found convergence of GM abnormalities across all
diagnostic groups within the anterior insula and dorsal
anterior cingulate regions, which are key components of
the paralimbic system.!! This finding is in line with our
results, and suggest that paralimbic anatomical altera-
tions are common across multiple major Axis I disorders.
Alterations in paralimbic cortices may underlie shared
clinical features in SZ, BD, and MDD, such as deficits
in emotional processing and regulation. Although we
were unable to identify any correlations between clinical
symptoms and paralimbic regional volumes in the pres-
ent study, future research designed to carefully character-
ize emotional processing features in these disorders may
be better positioned to elucidate the relationship between
GM volume and WM integrity in paralimbic regions and
emotional processing features across these diagnoses.
Heteromodal cortical regions are believed to have devel-
oped more recently in evolution and are considered part
of the neocortex. They represent a group of inter-con-
nected higher-order neural circuits that receive input from
multiple sensory and motor areas and other heteromodal
cortices. Heteromodal cortices integrate associative elabo-
ration of perceptual and cognitive processing and include
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Fig. 2. (A) Significant differences in fractional anisotropy values among schizophrenia, bipolar disorder, major depressive disorder and
healthy controls. Significant at P < .05 corrected by AlphaSim correction. (B) Fractional anisotropy values in white matter fibers showing
significant differences among the participants with schizophrenia, bipolar disorder major depression disorder and healthy controls.
*Permutation ¢ test for each disorder vs healthy controls (P < .05 corrected; Benjamin Hochberg correction). CC, corpus callosum;
PTCR, posterior thalamic radiations; EC-R, right external capsule; SLF-L, left superior longitudinal fasciculus.

Table 3. Fractional Anisotropy in WM Showing Significant Between-Group Differences

MNI Coordinates
Index WM Labels Cluster Size X Y VA F Value*
WM-A Bilateral middle cerebellar peduncle 569 -6 —48 -28 15.823
Bilateral superior cerebellar peduncle
WM-B Genu of corpus callosum 4872 6 0 0 14.251

Body of corpus callosum
Splenium of corpus callosum
Fornix
Right cingulum
Bilateral anterior limb of internal capsule
Left posterior thalamic radiation
WM-C Right cerebral peduncle 277 34 -14 12 8.499
Splenium of corpus callosum
Right posterior thalamic radiation
WM-D Right external capsule 126 28 -62 18 11.397
WM-E Left superior longitudinal fasciculus 202 -34 —42 36 14.321

Note: WM lables are provided in accordance with the ICBM-DTI-81 White Matter Labels Atlas. MNI, Montreal Neurological Institute;
WM, white matter.
*Significant at P < .05 corrected by Alphasim correction.
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the DLPFC, and inferior parietal lobule regions, such as
the supramarginal and angular gyri.®*3® These regions
undergo significant myelination and synaptic reorganiza-
tion during adolescence and young adulthood,*® which are
also critical periods for the symptomatic onset of SZ, BD,
and MDD. Prior structural and functional neuroimaging
studies in SZ, BD and MDD converge on the DLPFC
and angular gyri in the neuropathophysiology of these
disorders, demonstrating alterations in neuronal mor-
phology, functional activation, and connectivity in these
regions.*** In conjunction with these prior observations,
our trans-diagnostic findings in the paralimbic system
and heteromodal cortices underscore how neurobiolog-
ical commonalities may be underappreciated in current
conceptualizations of psychiatric disorders. Our find-
ings suggest that neural circuitries involving paralimbic
structures and heteromodal cortices may have significant
involvement in the pathophysiology of not just one par-
ticular psychiatric illness, but in psychopathology across
several diagnostic categories more generally.

This study also found significant alterations in WM
integrity common to both the SZ and BD groups in cal-
losal, limbic-paralimbic-hetermodal, cortico-cortical,
thalamocortical and cerebellar WM. The MDD group was
distinct from the SZ and BD groups in that no significant
alterations in WM integrity were observed in these regions
compared to the HC group. These observations suggest
that intact WM integrity may differentiate MDD from
BD and SZ. Moreover, they indicate that abnormalities
in brain connectivity may be more significant in the neu-
ropathophysiology of SZ and BD than MDD. Consistent
with our WM findings, a large sample, 2-site MRI study
by Skudlarski, et al. found decreased FA in multiple WM
regions including callosal, limbic-paralimbic-hetermodal,
cortico-cortical, thalamocortical and cerebellar WM in SZ
and BD (n = 125 and n = 82, respectively) when compared
to HC (n = 104).'® Other studies directly compared SZ and
BD, albeit with relatively smaller sample sizes (<50 partic-
ipant per group), have demonstrated shared WM abnor-
malities in multiple regions, including callosal, anterior
and posterior thalamic/optic, paralimbic, fronto-occipital,
uncinate and posterior corona radiata regions.** Previous
neuroimaging studies of either SZ or BD alone also sup-
port similarities in WM abnormalities in the 2 disorders
relative to control participants.** Furthermore, signifi-
cant decreases in FA in most major WM tracts have been
shown in the early stages of SZ and BD, suggesting that
WM integrity alterations are implicated in the pathophys-
iology of axonal migration or myelination in both disor-
ders. Interestingly, a DTI study utilizing both VBA and
tract-based spatial statistics (TBSS) failed to find signifi-
cant alteration in WM integrity in a large sample of medi-
cation-free MDD patients.* A recent TBSS study also did
not find significant differences in FA between MDD and
HC.% These findings further suggest that WM integrity
may differentiate MDD from SZ and BD.
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There were several limitations in this study. Firstly,
approximately 50% of the participants with SZ, BD, and
MDD were taking psychotropic medications at the time of
the study. There were no significant effects were detected
for the presence or absence of psychotropic medication on
the regions showing significant 4-group differences in each
patient group. However, when primary analyses with con-
trolling medication subclasses were performed, GM vol-
umes/FA values in some regions showing significant group
differences without controlling medication subclasses, lost
significance (supplementary material). Hence, our find-
ings might in part be attributed to treatment differences.
Future studies in medication naive patients or with focus
on specific psychotic medication are needed to clarify these
issues. Secondly, we only detected the negative correlation
between illness duration and GM values in orbital fron-
tal cortex, cingulate gyri and right DLPFC in the entire
patients. Because our sample was relatively early in their
illness course, it could be that relationships between clinical
features and neuroanatomy are not yet present, but would
develop over time. Additionally, there was also a relatively
wide age range in the present sample (13-30 y). This broad
age range and cross sectional design may limit the inter-
pretation of our findings. Finally, because a diagnosis of
SZ or BD may be preceded by a depressive episode before
first admission, the SZ and BD groups in the present study
may have experienced more psychiatric symptoms prior to
their first diagnosis, which could potentially influence our
findings. Clearly, longitudinal, transdiagnostic research
is needed to better understand the complex relationships
between neuroanatomy, behavior, and clinical symptoms
across the illness course.

In summary, the present study found significant com-
monalities between SZ, BD, and MDD in GM altera-
tions and between SZ and BD in WM abnormalities.
Alterations in WM integrity common to SZ and BD were
not present in the MDD group. Altogether, our findings
implicate disruptions in the paralimbic system and het-
eromodal cortices that are core neurobiological features
shared among SZ, BD, and MDD. Furthermore, while
WM integrity may differentiate MDD from SZ and BD,
our findings also indicate that broad alterations in WM
integrity are shared features in SZ and BD. The find-
ings herein emphasize the importance of considering the
extent of commonalities between SZ, BD, and MDD in
our diagnostic, treatment, and research approaches.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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