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Introduction: Mismatch negativity (MMN) is a measure
of automatic neurophysiological brain processes for detect-
ing unexpected sensory stimuli. This study investigated
MMN reduction in patients with schizophrenia and bipolar
disorder and examined whether cortical thickness is asso-
ciated with MMN, for exploratory purposes. Methods:
Electroencephalograms were recorded in 38 patients with
schizophrenia, 37 patients with bipolar disorder, and 32
healthy controls (HCs) performing a passive auditory odd-
ball paradigm. All participants underwent T1 structural
magnetic resonance imaging scanning to investigate the
cortical thickness of MMN-generating regions. Average
MMN amplitudes from the frontocentral electrodes were
analyzed. Results: Patients with schizophrenia and bipo-
lar disorder exhibited significantly reduced MMMN ampli-
tude compared with HCs. In bipolar disorder, we found
intermediate MMN amplitude among the groups. Average
MMN and cortical thickness of the right superior tempo-
ral gyrus (STG) were significantly negatively correlated
in patients with schizophrenia. In patients with bipolar
disorder, average MIVIN was significantly correlated with
cortical thickness of the left anterior cingulate cortex and
the right STG. MMN showed negative correlations with
social and occupational functioning in schizophrenia, and
with the Korean auditory verbal learning test for delayed
recall in bipolar disorder. Conclusions: MMN reduction
was associated with cortical thinning in frontal and tempo-
ral areas in patients, particularly with an auditory verbal
hallucination-related region in schizophrenia and emotion-
related regions in bipolar disorder. MMN was associated
with functional outcomes in schizophrenia, whereas it was
associated with neurocognition in bipolar disorder.
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Introduction

Mismatch negativity (MMN) is an event-related poten-
tial (ERP) elicited when a sequence of unattended repeti-
tive sounds is interrupted by a deviant stimulus.! The
major pathology of MMN reduction appears to origi-
nate from the dysfunction of the N-methyl-D-aspartate
(NMDA) receptor system.>* NMDA-receptor-mediated
glutamatergic dysfunction may well explain the pathol-
ogy of both schizophrenia and bipolar disorder,** which
explicitly exhibit MMN attenuation.

There are 2 main theories regarding the mechanisms
underlying MMN. One of the theories is “sensory mem-
ory.”® According to this theory, standard stimuli make a
trace in the memory, and MMN is evoked by deviant stim-
uli which have incongruent sensory property. This theory
has been expanded into “predictive coding”® and “regu-
larity violation” theories’ which state that MMN can be
explained with a prediction error by deviant stimulus. The
other theory is “neural adaptation,”® which explains that
repeated standard stimuli lead to adaptation and attenu-
ation of neural activity, whereas neurons regard deviant
stimuli as novel, and are less adapted to them.

MMN reduction has been found consistently in schizo-
phrenia across various stages of the disease progress’!!
and interpreted as reflecting impairments in early pre-
attentive auditory processing.'>'3 Recent research has
also shown that bipolar disorder exhibits abnormally
decreased MMN.!* 1 However, given that earlier research
on bipolar disorder reported null findings,!”'* it remains
unclear how robust the apparent MMN decrease in bipo-
lar disorder actually are.

The auditory MMN is generally generated in the
primary auditory cortex and in adjacent areas of the
superior temporal lobe. The frontal areas including the
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middle and inferior frontal gyrus (IFG) and the anterior
cingulate cortex (ACC) are regarded as additional MMN
generators.?>?” The frontal generators of the MMN are
activated slightly later than the temporal ones. The tempo-
ral generators have been associated with auditory feature
analysis and deviance detection, and the frontal genera-
tors with the involuntary switching of attention towards
changes in the auditory environment.*** Moreover, it has
been reported that functional and anatomical alterations
in the regions regarded as MMN generators are related
with impaired executive function in schizophrenia, and
impaired emotional process and inhibition control in
bipolar disorder.? !

Magnetic resonance imaging (MRI) studies have
demonstrated structural brain abnormalities in patients
with schizophrenia and bipolar disorder. Several studies
recently demonstrated that cortical thinning in the fron-
tal lobe appears to be common in both schizophrenia and
bipolar disorder.’>3* These studies suggested that thin-
ning of the frontal lobe may represent a biological feature
shared by both disease groups.

There have been few studies investigating the rela-
tionship between MMN reduction and brain structural
abnormalities in schizophrenia. MMN reduction has
been reported to be correlated with gray matter vol-
ume reduction in Heschl’s gyrus in the left hemisphere.*
Another study demonstrated that bilateral gray matter
reductions in Heschl’s gyrus as well as motor and execu-
tive regions of the frontal cortex correlated with reduced
MMN amplitudes.’® The latest study showed negative
correlations between MMN source activity and cortical
thickness in the bilateral inferior frontal gyri.’” For bipo-
lar disorder, there is a lack of research on abnormalities
of MMN and brain structures. Furthermore, no previ-
ous studies have explored and compared the relationship
between MMN and cortical thickness in patients with
schizophrenia and bipolar disorder.

Neurocognitive dysfunction and disturbances of social
function are well-known features of schizophrenia.®*
Several studies suggest that neurocognitive dysfunction
may be associated with poor social functioning in schizo-
phrenia.**#! Bipolar disorder has generally been regarded
as having a better course and outcome than schizo-
phrenia.*> However, previous studies have revealed that
patients with bipolar disorder demonstrate neuropsycho-
logical deficits in executive function, verbal learning, and
immediate and delayed verbal memory.*** Moreover, def-
icits in social functioning have been reported in patients
with bipolar disorder.*

In this study, we aimed to examine the reduction of
MMN and its correlation with cortical thickness in
patients with schizophrenia and bipolar disorder, for
exploratory purposes. In addition, correlations between
MMN and neurocognitive and social functioning were
also examined. We hypothesized that MMN amplitudes
would be reduced in patients with schizophrenia and
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bipolar disorder compared to those in healthy controls
(HCs) and that reduced MMN would show close rela-
tionships with the cortical thickness of frontal and tem-
poral areas.

Methods

Participants

A total of 107 subjects between the ages of 20 and 64 years
participated in this study. The subjects included patients
with schizophrenia (n = 38, age: 43.26 £ 10.9 [range:
21-60]) and bipolar disorder (n = 37, age: 41.00 * 13.06
[range: 20-63]) as well as HCs (n = 32, age: 43.09 + 13.16
[range: 23-64]). All patients were assessed for Axis
I* and 11* disorders based on the Structured Clinical
Interview for the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (SCID) by a psychiatrist.
Psychiatric symptoms were evaluated using the Positive
and Negative Syndrome Scale (PANSS) for patients
with both diseases*’ and the Young Mania Rating Scale
(YMRS) for bipolar disorder.* No patient had a life-
time history of central nervous system disease, alcohol or
drug abuse, mental retardation, or head injury with loss
of consciousness. Patients with schizophrenia were being
treated with atypical antipsychotics, and patients with
bipolar disorder with mood-stabilizing agents (lithium,
topiramate, lamotrigine, and sodium valproate) with or
without atypical antipsychotics. Thirty-two HCs were
recruited from the local community through newspapers
and flyers. An initial screening interview excluded sub-
jects with identifiable neurological disorders, head injury,
or any personal or family history of psychiatric illness.
After the initial screening, potential HCs were inter-
viewed using the SCID for Axis II Psychiatric Disorders*
and were excluded if they had any of these disorders.

All subjects signed a written informed consent form
approved by the Institutional Review Board of Inje
University Ilsan Paik Hospital (July 23, 2015).

Psychological Measures

To evaluate neurocognition, a verbal fluency test* and
the Korean-Auditory Verbal Learning Test (K-AVLT)*
were applied. In the verbal fluency test, subjects state the
names of as many animals as possible within 60 seconds.
This evaluates verbal production and semantic memory
abilities.* The K-AVLT, which is included in the Rey-
Kim Memory Test,* is a verbal memory test consisting
of 5 immediate recall trials (trials 1-5), plus delayed recall
and recognition trials. The immediate recall score is the
sum of words (trials 1-5) recalled correctly. The delayed
recall score indicates the number of words recalled cor-
rectly after a delay period of 20 minutes. The delayed rec-
ognition score indicates the correctly chosen words in the
original list (15 words), spoken by the examiner, among a
list of 50 words after delayed recall.
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To assess functional outcomes, the Social and
Occupational Functioning Assessment Scale (SOFAS)3!>
was applied. The SOFAS was derived as a 1-item rating
scale for Axis V, the clinician’s judgment of the overall
level of functioning, in the Diagnostic and Statistical
Manual for Mental Disorders, 4th Edition. The SOFAS
is a global rating of current functioning ranging from 0 to
100, with lower scores representing lower functioning.’'-*?

In addition, the Hospital Anxiety and Depression
Scale (HADS)**>* was applied to measure symptoms of
anxiety and depression. The HADS consisted of 14 items
using a 4-point Likert scale (scoring 0-3) where higher
scores indicated higher levels of anxiety and depression.
The HADS is separated into two 7-item subscales of anx-
iety and depression.

Auditory Stimuli and Procedures

The subjects were seated in a comfortable chair, in a quiet,
shielded room in front of a computer screen (Mitsubishi,
22-inch CRT monitor), and asked to watch a Charlie
Chaplin movie without paying attention to auditory
stimuli. The auditory stimuli were delivered via MDR-
D777 headphones (Sony, Tokyo, Japan) and consisted of
sounds at 85 dB SPL and 1000 Hz. Deviant tones last-
ing 100 ms were presented randomly, interspersed with
standard tones lasting 50 ms (probabilities: 10% and
90%, respectively). In total, 750 auditory stimuli were
presented with an interstimulus interval of 500 ms. The
experiment took about 10 min to complete. The stim-
uli were generated using E-Prime software (Psychology
Software Tools).

Recording and Preprocessing of Electroencephalography

Electroencephalography (EEG) recording was syn-
chronized to stimulus presentation onset by E-Prime.
EEG was recorded using a NeuroScan SynAmps ampli-
fier (Compumedics USA) with 64 Ag-AgCl electrodes
mounted on a Quik-Cap using an extended 10-20 place-
ment scheme. The ground electrode was placed on the
forehead and the physically linked reference electrode
was attached to both mastoids. The vertical electrooculo-
gram (EOG) channels were positioned above and below
the left eye, and the horizontal EOG channels were re-
corded at the outer canthus of each eye. The impedance
was maintained below 5 kQ. EEG data were recorded
with a 0.1-100 Hz band pass filter at a sampling rate of
1000 Hz.

The recorded EEG data were preprocessed using
CURRY 7 (Compumedics USA). Gross artifacts such
as movement artifacts were rejected by visual inspection
by a trained person with no prior information regarding
the data origin. Artifacts related to eye movement or eye
blinks were removed using the mathematical procedure
implemented in the preprocessing software® of CURRY 7.
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The data were filtered using a 0.1-30 Hz bandpass filter
and epoched from 100 ms pre-stimulus to 600 ms post-
stimulus. The epochs were subtracted from the average
value of the pre-stimulus interval for baseline correction.
If any remaining epochs contained significant physiolog-
ical artifacts (amplitude exceeding + 75 uV) in any site
over 62 electrodes, they were excluded from further anal-
ysis. Only artifact-free epochs were averaged across tri-
als and subjects for ERP analysis. The MMN wave was
generated by subtracting the standard ERP wave from
the deviant ones. MMN amplitude was measured as the
mean voltage between 130 and 280 ms at 9 electrode sites
(F3, Fz, F4, FC3, FCz, FC4, C3, Cz, and C4), because
the frontocentral electrodes have shown larger MMN
amplitudes.®*® The time window for MMN amplitudes
was based on visual inspection of the grand-averaged
waveforms at FCz. The number of epochs of deviant
and standard stimuli used for the analysis did not signif-
icantly differ among patients with schizophrenia or bi-
polar disorder and HCs (deviant stimuli: 66.53 * 6.66 vs
67.49 £ 6.78 vs 68.31 = 8.28, P = .586, standard stim-
uli: 594.47 £ 59.08 vs 600.78 = 58.65 vs 609.66 + 73.78,
P = .611, respectively).

MRI Acquisition and SBM

MRI was performed using a 1.5 T scanner (Magneton
Avanto, Siemens). Head motion was minimized with re-
straining foam pads provided by the manufacturer. High-
resolution T1-weighted MRI images were acquired with
the acquisition parameters of a 227 X 384 acquisition ma-
trix, a 210 x 250 field-of-view, 0.9 x 0.7 X 1.2 voxel size, a
total of 87168 voxels, a TE of 3.42 ms, a TR of 1900 ms,
1.2 mm slice thickness, and a flip angle of 15°.

All images were inspected visually for motion or
other artifacts before and after preprocessing. Surface-
based morphometry (SBM) analysis was conducted
using CAT12 (http://dbm.neuro.uni-jena.de/cat/) imple-
mented in SPM12 (Wellcome Department of Cognitive
Neurology). SPM12 tissue probability maps were used
for the initial spatial registration. The structural T1
images were regularized with an ICBM East Asian tem-
plate and normalized using the DARTEL algorithm.*
The images were then segmented into gray matter, white
matter, and cerebrospinal fluid.®® Jacobian-transformed
tissue probability maps were used to modulate images.
The projection-based thickness method was applied to
the SBM analysis to estimate the cortical thickness for
the left and right hemispheres.®!

The cortical thickness of the regions was extracted
using the Destrieux atlas, which is the default FreeSurfer
atlas. The Destrieux atlas contains 75 cortical areas in each
hemisphere, including both gyri and sulci. Segmentation
is automatically conducted using probabilistic methods.®
The ROIs of cortical thickness related to the MMN gen-
erator were selected based on the results of the following
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neuroimaging and ERP source-localization studies: the
frontal areas, including the ACC, middle frontal gyrus,
and IFG, and the temporal areas, including Heschl’s
gyrus and the superior temporal gyrus (STG).2*%

Statistical Analysis

A chi-squared test and 1-way ANOVA were used to ex-
amine differences in demographic variables among the 3
groups. For further analyses, MMN amplitudes at the 9
electrodes were averaged, which is a more suitable way
to represent and interpret the results than using each
electrode. A multivariate ANOVA with the 3 groups as
between-subjects variable and premorbid IQ as a covari-
ate was used to assess patterns of MMN activity. Post
hoc pairwise comparisons using least significant differ-
ence (LSD) were conducted between groups. Effect sizes
are expressed as partial eta squared (1?).

A partial Pearson’s correlation was conducted be-
tween MMN amplitude and other variables including
psychological measures and thickness of ROIs, with a
5000-bootstrap resampling technique to correct for mul-
tiple correlations in each group. The bootstrap test is a
weaker method than Bonferroni test for solving the mul-
tiple comparison problem; however, the robustness and
stability of the bootstrap test have been recognized by
various previous studies.®**> Further, the bootstrap test
has been widely used in EEG analysis.®*®” For the patient

Table 1. Demographic Characteristics of all Study Participants
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groups, a partial Pearson’s correlation was performed to
control for body mass index, alcohol consumption, ciga-
rette smoking, the potential effects of medication (equiv-
alent doses of chlorpromazine and sodium valproate®),
and duration of illness as covariates. For the control
group, a partial Pearson’s correlation was performed to
control for body mass index, alcohol consumption, and
cigarette smoking as covariates. The significant level was
set at P < .05 (2-tailed). Statistical analyses were per-
formed using SPSS 21 (SPSS, Inc.).

Results

Demographic and Psychological Characteristics

Table 1 shows the comparison of demographic and psy-
chological characteristics among patients with schizo-
phrenia and bipolar disorder and HCs. The premorbid
1Q was significantly different among the 3 groups; HCs
showed a significantly higher premorbid IQ than patients
with schizophrenia and bipolar disorder (100.98 £ 10.29
vs 97.79 £ 8.21 vs 107.76 £ 9.59, P < .001). The scores of
verbal fluency and the K-AVLT-delayed recall were sig-
nificantly higher in HCs than in patients with schizophre-
nia and bipolar disorder (verbal fluency: 15.11 £ 5.17 vs
14.57 £ 5.35 vs 19.03 = 5.87, P = .002; K-AVLT-delayed
recall: 6.14 = 3.54 vs 7.57 £ 3.60 vs 9.97 £ 2.04, P < .001,
respectively). The HADS-anxiety score was significantly
lower in HCs than in patients with schizophrenia and

Schizophrenia® Bipolar Disorder® Healthy Controls® Post hoc
(N =38) (N=37) (N=32) P (LSD)

Age (y) 43.26 £10.99 41.00 £ 13.06 43.09 £ 13.16 .686
Sex 573

Male 15 (39.5) 11 (29.7) 13 (40.6)

Female 23 (60.5) 26 (70.3) 19 (59.4)
Premorbid 1Q 100.98 £ 10.29 97.79 £ 8.21 107.76 £ 9.59 <.00l a<cb<c
Education (y) 13.29 £ 2.55 12.62 +2.97 13.94 +3.71 211
Number of hospitalizations 297 £3.64 4.06 £9.78 .526
Duration of illness (y) 12.64 + 8.51 9.88 £6.95 151
Onset age (y) 29.64 £10.77 31.35+13.05 .560
Dosage of medication (CPZ equivalent, mg)  376.08 + 535.90 305.51 £436.24
Dosage of medication (equivalent to sodium  161.89 * 488.69 767.69 + 537.49
valproate dose, mg)
PANSS

Positive 14.61 + 8.09 8.97 £1.98

Negative 17.32 £ 6.55 9.05%+2.70

General 3226+ 11.14 24.00 £ 6.10

Total 64.18 +23.52 42.03 + 8.95
YMRS 6.28 £ 6.71
Verbal fluency 15.11 £ 5.17 14.57 £ 5.35 19.03 £ 5.87 002 a<ecb<c
KAVLT-delayed recall 6.14 +3.54 7.57 £ 3.60 9.97 £2.04 <00l a<cb<c
HADS-depression 10.03 £ 3.69 10.68 + 4.42 8.68 £3.42 107
HADS-anxiety 7.29 £3.00 8.46 +3.78 5.55+225 001 a>c,b>c
SOFAS 62.71 + 15.28 70.81 + 12.28 .014

Note: CPZ, chlorpromazine; PANSS, positive and negative syndrome scale; YMRS, young mania rating scale; KAVLT, Korean auditory
verbal learning test; HADS, hospital anxiety and depression scale; SOFAS, social and occupational functioning assessment scale; LSD,

least significant difference.
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bipolar disorder (7.29 = 3.00 vs 8.46 + 3.78 vs 5.55 £ 2.25,
P = .001). Furthermore, The SOFAS score was signifi-
cantly lower in schizophrenia than in bipolar disorder
(62.71 £ 15.28 vs 70.81 = 12.28, P = .014).

MMN

Grand-averaged MMN waveforms and topographical
maps for each group are shown in figure 1. All 3 groups
exhibited higher MMN activity in frontocentral regions,
although patients with schizophrenia and bipolar dis-
order exhibited clearly reduced MMN amplitudes com-
pared with HCs.

A multivariate ANOVA revealed significant main
effects of group for average MMN (F = 11.803, df = 2,
P < .001). Post hoc tests revealed that patients showed
significantly smaller MMN amplitude than HCs (table 2).
The average MMN amplitudes for all 9 channels were:
—1.59 £ 0.92 uV, =2.08 + 1.35 nV, and —3.09 + 1.67 uV
for schizophrenia, bipolar disorder, and HCs, respectively.

Correlations Between MMN and Psychological
Measures

In patients with schizophrenia, there was a significant cor-
relation between average MMN amplitude and SOFAS
(r = —.428, P = .029). In bipolar disorder, average MMN
amplitude was significantly negatively correlated with the
K-AVLT-delayed recall (r = —.604, P = .001). In HCs,
there were significant correlations between average MMN
amplitudes and HADS-depression/anxiety (HADS-
depression: r = .484, P = .012; HADS-anxiety: r = .437,
P = .025). Figure 2 shows scatter plots between MMN
amplitudes and psychological measures in each group.
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Fig. 1. (A) Topographic maps of mismatch negativity (MMN)),
and (B) MMN waveforms at electrode site FCz in schizophrenia,
bipolar disorder, and healthy controls.
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Correlations Between MMN and Cortical Thickness

In schizophrenia, average MMN amplitude was signif-
icantly negatively correlated with cortical thickness of
a region, the right polar plane of the STG (r = —.469,
P = .016). In bipolar disorder, average MMN ampli-
tude was significantly negatively correlated with cor-
tical thickness of the left middle anterior part of the
cingulate cortex and the right lateral aspect of the STG
(r = —.479, P = .010; r = —.445, P = .018, respectively).
Figure 3 shows scatter plots between MMN amplitudes
and cortical thickness in patients with schizophrenia
and bipolar disorder. Comparison between correla-
tions of schizophrenia and bipolar disorder for average
MMN amplitude and cortical thickness was provided in
supplementary table 1.

Discussion

This study aimed to examine whether MMN was related
to cortical thickness in patients with schizophrenia and
bipolar disorder, for exploratory purposes. Patient groups
exhibited diminished MMN amplitudes that were associ-
ated with cortical thinning in frontal and temporal areas.
There were significant negative correlations between av-
erage MMN and cortical thickness in the right STG of
patients with schizophrenia, and in the left ACC and the
right STG of patients with bipolar disorder. Furthermore,
MMN showed negative correlations with functional out-
comes in schizophrenia and with neurocognitive function
in bipolar disorder.

Our results reveal that patients with schizophrenia
and bipolar disorder show reduced MMN amplitude in
the frontocentral region compared with HCs. There was
no significant difference in MMN amplitude between
schizophrenia and bipolar patient groups. This is con-
sistent with the results of previous studies showing the
robust attenuation of duration MMN in patients with
schizophrenia.”®*" Patients with bipolar disorder have
shown mixed results. Although earlier results were neg-
ative,'”18357 more recent studies have shown MMN am-
plitude attenuation in bipolar disorder.'>7*7>7 In such
cases, in line with our results, bipolar disorder shows
intermediate MMN amplitudes between those found in
schizophrenia and in HCs.!>!® Various studies suggest
that schizophrenia and bipolar disorder have common
etiological factors and pathophysiological pathways,
which could indicate that they have overlapping clin-
ical features.” The overlap or similarity between schiz-
ophrenia and bipolar disorder has been found at the
neural processing level,'>!¢ as well as the brain anatomy
level,”*7 and even at the genetic and molecular levels.”®7
In this regard, the potential phenomenological overlap
between these 2 disorders might explain the interme-
diate MMN amplitude reduction for patients with bi-
polar disorder compared to HCs and patients with
schizophrenia.
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Table 2. Mean (SD) Amplitude of Mismatch Negativity of Among-Group Differences

Schizophrenia® Bipolar Disorder® Healthy Controls® Post hoc

Site (LV) (N=13%) (N=37) (N=32) Effect Size () P (LSD)

F3 —1.40 £ 1.03 -1.95%+1.25 -2.73+1.53 0.166 <.001 a<c,b<c
Fz -1.82£1.03 -2.17%+1.49 -323+1.72 0.161 <.001 a<c,b<c
F4 -1.65+1.23 —2.02+1.56 -3.30%+1.86 0.182 <.001 a<c,b<c
FC3 —1.56 £ 1.04 -2.10+ 1.34 —2.90 £ 1.63 0.154 <.001 a<c,b<c
FCz -1.77£0.98 -2.33+1.51 -342+1.71 0.184 <.001 a<c,b<c
FC4 -1.61 £ 1.09 -2.26+1.57 -343+1.71 0.221 <.001 a<c,b<c
C3 -1.49%£1.13 -1.97+1.26 -2.75%+1.61 0.153 <.001 a<c,b<c
Cz -1.54 £ 1.08 -1.97+1.54 -2.89 £ 1.85 0.133 .001 a<c,b<c
C4 —1.46 £ 1.05 -1.98 £ 1.47 -3.11+1.82 0.195 <.001 a<c,b<c
Average MMN -1.59+0.92 -2.08 £1.35 -3.09 + 1.67 0.194 <.001 a<c,b<c

Note: Premorbid 1Q was used as a covariate. LSD, least significant difference; MMN, mismatch negativity.
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Fig. 2. Correlations between MMN amplitudes and psychological measures in each group. MMN: mismatch negativity; SOFAS: social
and occupational functioning assessment scale; KAVLT: Korean auditory verbal learning test; HADS: hospital anxiety and depression

scale.

Here, reduced average MMN was correlated with cor-
tical thinning in the right STG in schizophrenia. In bi-
polar disorder, reduced average MMN was associated
with cortical thinning in the left ACC and in the right
STG. These results support that MMN alterations could

be associated with structural changes in the regions re-
lated to MMN generators in patients with schizophrenia
and bipolar disorder.

Seol et al” found negative correlations between
MMN  current source density strength using
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disorder.

magnetoencephalography (MEG) and cortical thick-
ness in the bilateral inferior frontal gyri in schizophrenia.
These results were thought to be due to abnormal neu-
ronal pruning, aberrant global networks, and/or neuro-
nal compensation in schizophrenia.’’ In addition, Rasser
et al*® reported that MMN amplitude was correlated with
cortical volume in frontal and temporal areas including
the left superior frontal gyrus and the right STG. The
STG has been known to be involved in language-related
symptoms of schizophrenia including hallucinations and
thought disorders.”®” Reduced white matter volume in
the right STG is observed in schizophrenia with auditory
verbal hallucination.®® Furthermore, gray matter volume
reduction of this region has been demonstrated in schizo-
phrenia with hallucinations.®#? In addition, previous
studies have reported that hallucinations are associated
with MMN reduction.'?#34 These findings corroborate
the suggestion that auditory verbal hallucinations com-
pete with incoming external stimuli for finite resources
in the auditory cortex,* resulting in reduced MMN. Our
results suggest that MMN attenuation is associated with
cortical thinning in the region related to auditory verbal
hallucinations in schizophrenia.

In bipolar disorder, ACC abnormalities have been re-
ported in previous studies,’3® particularly, reduced gray
matter volume or cortical thinning in the left ACC.%-°
The ACC is known as an important region in identify-
ing the emotional significance of stimuli and in produc-
ing affective states.”’”? Interestingly, right-sided volume
reduction or cortical thinning in the STG were found in
patients with bipolar disorder.’*°*** Functional abnor-
malities in the right STG have been associated with bi-
polar disorder,*>* and abnormal responses to emotional
prosody.”” Our results suggest that MMN attenuation is
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associated with cortical thinning in these regions related
to emotion in bipolar disorder.

Considering that each region indicates structural and/
or functional significance in the corresponding group, our
results have important clinical implications in that MMN
reduction corresponded to disease-specific neuropatholo-
gies in frontal and temporal regions in schizophrenia and
bipolar disorder.

In schizophrenia, MMN attenuation was associ-
ated with poor social and occupational functioning.
Meanwhile, in bipolar disorder, reduced MMN ampli-
tude was associated with poor delayed verbal memory.
Light and Braff>® suggested that MMN reduction repre-
sents a core neurophysiological dysfunction in patients
with schizophrenia that is linked to global impairment
in everyday functioning. There has been a well-repli-
cated association between reduced MMN amplitudes
and poor social and occupational functioning in schiz-
ophrenia.'**%% In bipolar disorder, MMN showed
stronger involvement with cognitive functions than with
social functioning, which may be due to less deterioration
of social functioning in patients with bipolar disorder
than in those with schizophrenia.” In HCs, the present
study showed that MMN reduction was associated with
symptom severity in depression and anxiety. Previously,
anxiety symptoms were positively correlated with MMN
amplitude in healthy volunteers.!” Anxiety, as an alarm
system, could influence attention switching and conse-
quently cause the MMN attenuation.'’"'> In sum, our
results suggest that MMN amplitudes mainly represent
social functioning and cognitive functions in schizo-
phrenia and bipolar disorders, respectively.

This study has several Ilimitations. First, most
patients were chronic patients and were taking atypical



antipsychotics and mood-stabilizing agents. A previ-
ous longitudinal study found that cortical thinning was
associated with higher cumulative antipsychotic intake
in patients with schizophrenia.'® Although we controlled
the dosage of medication, future studies are warranted to
assess the duration of medication treatment and include
drug-naive patients. Second, this study utilized duration
deviants and it is thus not appropriate to generalize our
conclusions to other types of deviants, such as those of
frequency or intensity.

In conclusion, our results demonstrate that MMN
alterations are associated with frontotemporal cortical
thickness changes in patients with schizophrenia and
bipolar disorder, particularly with an auditory verbal
hallucination-related region in schizophrenia and emo-
tion-related regions in bipolar disorder. Our results sug-
gest that the conjoint use of structural MRI and ERP
could provide important information about the corre-
lated brain regions of ERP components in both diseases.
Furthermore, MMN was associated with functional
outcomes in schizophrenia, and with neurocognition in
bipolar disorder. Replication of these results in future
studies, with sufficient statistical power, would be needed
to verify the observed tentative trends regarding the asso-
ciations between MMN, and cortical thickness and psy-
chological measures of patients with schizophrenia and
bipolar disorder.
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