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Psychotic major depression (PMD) is hypothesized to be a
distinct clinical entity from nonpsychotic major depression
(NPMD). However, neurobiological evidence supporting this
notion is scarce. The aim of this study is to identify gray matter
volume (GMYV) differences between PMD and NPMD and
their longitudinal change following electroconvulsive therapy
(ECT). Structural magnetic resonance imaging (MRI) data
from 8 independent sites in the Global ECT-MRI Research
Collaboration (GEMRIC) database (n = 108; 56 PMD and
52 NPMD; mean age 71.7 in PMD and 70.2 in NPMD) were
analyzed. All participants underwent MRI before and after
ECT. First, cross-sectional whole-brain voxel-wise GMV com-
parisons between PMD and NPMD were conducted at both
time points. Second, in a flexible factorial model, a main ef-
fect of time and a group-by-time interaction were examined to

identify longitudinal effects of ECT on GMYV and longitudinal
differential effects of ECT between PMD and NPMD, respec-
tively. Compared with NPMD, PMD showed lower GMYV in
the prefrontal, temporal and parietal cortex before ECT; PMD
showed lower GMYV in the medial prefrontal cortex (MPFC)
after ECT. Although there was a significant main effect of time
on GMYV in several brain regions in both PMD and NPMD,
there was no significant group-by-time interaction. Lower
GMY in the MPFC was consistently identified in PMD,
suggesting this may be a trait-like neural substrate of PIMD.
Longitudinal effect of ECT on GMYV may not explain superior
ECT response in PMD, and further investigation is needed.
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Introduction

The current diagnostic category of major depressive dis-
order (MDD) has been extensively criticized for the clinical
and biological heterogeneity within the same diagnosis.'*
Many efforts have been made to develop clinically and bi-
ologically plausible subgroups within the broad concept
of MDD. Historically, clinicians and researchers have
proposed that MDD with psychotic features (psychotic
major depression [PMD)]) is a distinct clinical entity from
nonpsychotic major depression (NPMD).3* PMD is not
a rare condition,®” and its prevalence increases across the
lifespan with higher rates in late-life depression (eg, up
to 45% in older hospitalized patients).®® Compared with
NPMD, PMD has been associated with more severe cog-
nitive impairment,’ higher recurrence rate,'* higher sui-
cide risk,”!! more psychosocial impairment,'> and lower
quality of life."* Moreover, PMD has shown a diagnostic
stability over the course of episodes compared to other
suggested subtypes (eg, agitated/retarded depression),'
and a stability of the clinical features of delusions and
hallucinations over time.* From a therapeutic point of
view, PMD has shown poor response to placebo,!” and
antidepressant/antipsychotic monotherapy,'® but fa-
vorable response to the combination of antipsychotics
and antidepressants,'® and to electroconvulsive therapy
(ECT).'7" Notably, ECT is particularly effective in late-
life PMD,? and ECT is considered a first-line treatment
for PMD in several clinical guidelines.?! Compared to this
clinical and therapeutic evidence that supports the notion
of PMD as a distinct clinical entity, little is known about
its underlying neurobiology.

Previous structural MRI (magnetic resonance im-
aging) studies that conducted a direct comparison be-
tween PMD and NPMD reported inconsistent results:
smaller prefrontal cortex,”>?* smaller brain stem,” larger
lateral and third ventricle,? larger posterior sulcus,” and
thinner cortex in multiple structural networks® in PMD
compared with NPMD, whereas others did not find any
differences.?’”? These inconsistencies may be due to the
methodological differences, including a variety of mag-
netic field strengths (eg, from 0.5T to 3T), limited sample
size (eg, the average number of PMD patients in pre-
vious studies was 19.8), limited brain regions investigated
using regions of interests (ROIs), or age difference across
studies (supplementary table 1; supplementary material).

Gray matter volume (GMYV) increase, especially in
the hippocampus and amygdala, has been consistently
reported following ECT.*3! Recent evidence has re-
vealed the effect of ECT was prominent in one of the
most neuroplastic brain regions (ie, dentate gyrus in
the hippocampus),*>** which is in line with neuroplastic
hypothesis of ECT action.** Several factors, including
age,* the number of ECT,* induced electric field,*® or
induced seizure duration,’® have been associated with
this GMYV increase following ECT. However, an effect
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of clinical heterogeneity (eg, PMD or NPMD) on the
GMYV increase following ECT has not been investigated.
In addition, previous studies have revealed larger GMV
increase in patients who remitted after ECT compared
to those who did not remit,*>¥” although the relationship
between GMYV increase following ECT and clinical out-
come is still on debate.’*®*! Since PMD is known to show
superior ECT response,® we hypothesized that PMD
may show larger neuroplastic changes following ECT,
and that this could be related to superior ECT response
compared to NPMD.

The Global ECT-MRI Research Collaboration
(GEMRIC) is a multisite consortium collecting clin-
ical and neuroimaging data from patients who received
ECT.*' Neuroimaging data are acquired longitudinally
(eg, before and after ECT), which provides a unique op-
portunity to make assumptions about the underlying neu-
robiology of PMD and its stability during the treatment
course. Furthermore, we have an opportunity to examine
neurobiological characteristics that could explain the dif-
ferences in the clinical outcome of ECT between PMD
and NPMD."" In addition, studying the extreme clinical
subset of depressed patients (eg, those who needed ECT)
may reduce etiological heterogeneity and increase statis-
tical power.%%

The primary aim of the current study was to identify
regional GMYV differences between PMD and NPMD in
cross-sectional whole-brain voxel-wise comparisons at
two time points (ie, before and after ECT). The secondary
aim was to identify longitudinal differential effects of
ECT on GMYV between PMD and NPMD, which could
explain the superior ECT response in PMD reported in
the literature.

Methods

Participants

All GEMRIC sites contributing data received approval
from their local ethics committees or institutional review
board, and the centralized mega-analysis was approved
by the Regional Ethics Committee South-East in Norway
(2018/769). Written informed consent was obtained from
all participants.

In the current study, we first selected 8 GEMRIC sites
collecting 3T MRI data from both PMD and NPMD to
reduce between-group scanner variability. The first au-
thor (A.T.) investigated the inclusion criteria in each site
from already published papers'*324°4> and contacted each
site’s principal investigator or GEMRIC members to con-
firm the inclusion of both psychotic and nonpsychotic
depressed patients in each site. We included subjects aged
60 years or older (ie, late-life depression) with a diagnosis
of MDD with/without psychotic features. Individuals
with another major psychiatric disorder (eg, bipolar dis-
order, schizoaffective disorder, or schizophrenia), those
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with neurological disorders (eg, Parkinson’s disease, de-
mentia), those with active physical illness, those who had
contraindications to MRI, or those who received ECT at
least within the past 3 months were excluded. In all but
2 sites, concurrent psychotropic medications were kept
during a course of ECT.

Clinical characteristics (eg, age, sex, depression se-
verity, and concurrent psychotropic medications) and
high-resolution T1-weighted images were used for the
current analyses. Depression severity was assessed
by Montgomery-Asberg Depression Rating Scale
(MADRS) and/or 17-item Hamilton Depression Rating
Scale (HAM-D). MADRS total scores were converted to
HAM-D by applying a validated equation.* Response
was defined as a decrease of 50% or more, and remission
was defined as HAM-D total scores <7.

MRI Acquisition and Image Processing

Structural MRI data from 8 independent sites in the
GEMRIC database were analyzed. High-resolution
T1-weighted images were acquired before (TP1) and after
(TP2) ECT in all sites. Imaging parameters at each site
were provided in supplementary table 2. All images were
processed using the default pipeline of the Computational
Anatomy Toolbox (CATI12, http://dbm.neuro.uni-jena.
de/cat/), a toolbox for Statistical Parametric Mapping
software (SPM12, http://www.fil.ion.ucl.ac.uk/spm).
Preprocessing included bias-correction, segmentation
into gray matter (GM), white matter (WM), and cerebro-
spinal fluid (CSF), spatial normalization into MNI space
using the DARTEL algorithm, and modulation. The iso-
tropic voxel size of the resultant images was 1.5 mm. The
CAT12 longitudinal preprocessing pipeline including ad-
ditional within-subject registration and bias-correction
before segmentation was used when investigating the lon-
gitudinal effect of ECT on GMV. After preprocessing, a
quality check was conducted by using the “Check sample
homogeneity” module implemented in CATI12, which
offers a straightforward visualization of the correlation
and the Mahalanobis distance between the volumes using
a boxplot and correlation matrix, to identify outliers.
All outliers were manually checked by 4 authors (A.T.,
W.B., M.C., and G.W.) and low-quality images from 3
participants were excluded in this study. Then images
were smoothed with 10-mm full-width at half maximum
(FWHM) Gaussian kernel. Total intracranial volume
(TIV) was calculated using CAT12.

Statistical Analysis

Descriptive statistics were used to characterize the study
participants. Distributions of all variables were inspected
using histograms and Shapiro-Wilk tests. A whole-brain
GMYV analysis was conducted using SPM12. Only voxel
values greater than 0.2 were analyzed using absolute
threshold masking option in SPM.
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First, a cross-sectional whole-brain voxel-wise GMV
comparison between PMD and NPMD at TP1 was con-
ducted. Age, sex, TIV, site, and HAM-D total scores
were included as covariates. HAM-D total scores were
included in the statistical model to identify regional
GMYV differences which relate to PMD independent of
the severity of depression. Threshold-free cluster en-
hancement (TFCE) was used for multiple comparison
corrections,*” which was demonstrated as a sensitive and
stable method for a group-level analysis of voxel-based
morphometry data.* The number of permutations was
set to 20 000. The statistical significance threshold was set
at family-wise error (FWE)-corrected P < .05. The voxel-
wise group comparisons were conducted including anti-
depressants, antipsychotics, and lithium use as additional
covariates (categorical variable: yes = 1; no = 0) to ac-
count for the potential effects of medications. The same
voxel-wise GMV comparison between PMD and NPMD
was conducted using data at TP2 to investigate whether
the regional GMV differences at TP1 would be also ob-
served at TP2.

Second, we created a flexible factorial design that in-
cluded a between-subject factor group (PMD vs NPMD)
and a within-subject factor time (TP1 and TP2) to inves-
tigate whether the longitudinal effect of ECT on GMV
would differ between PMD and NPMD. A group-by-
time interaction was examined to identify the longi-
tudinal differential effects of ECT on GMV between
groups. A main effect of time was also conducted to
replicate and confirm the already reported ECT-related
GMYV increase in widely distributed brain regions regard-
less of the presence of psychosis.’! In addition, paired ¢
tests were also conducted to investigate the longitudinal
effects of ECT on GMV in PMD and NPMD separately.
The statistical significance threshold was set at voxel-level
FWE-corrected P < .05.

Results

Clinical demographics of the participants are presented
in table 1. Of the 108 patients with MDD, 56 patients
were PMD, and 52 patients were NPMD. There were no
significant differences in age (P = .42) nor gender dis-
tribution (P = .76) between the 2 groups. PMD showed
higher HAM-D total scores than NPMD before ECT
(PMD: 30.5 = 8.3; NPMD: 24.6 £ 5.2; P = .001). PMD
showed higher response rate than NPMD (92.8% vs
80.8%), although this difference did not reach statistical
significance, and showed similar remission rate as NPMD
(73.2% vs 71.2%).

Cross-Sectional Regional GMV Differences Between
PMD and NPMD at Two Time Points

In the cross-sectional whole-brain voxel-wise analysis,
PMD showed lower GMV compared with NPMD at
TP1 in the medial segment of the superior frontal gyrus


http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbab122#supplementary-data
http://dbm.neuro.uni-jena.de/cat/
http://dbm.neuro.uni-jena.de/cat/
http://www.fil.ion.ucl.ac.uk/spm

Table 1. Clinical Characteristics of Participants

P
PMD NPMD value*
Number 56 52
Age, years 42

Mean (SD) 71.7(7.7) 70.2 (6.7)

Median (IQR) 70.0 (65.8-77.0) 69.0 (65.0-75.3)

Female 35 32 .76
(62.5%) (65.4%)

HAM-D before .001

ECT

Mean (SD) 30.5 (8.3) 24.6 (5.2)

Median (IQR) 31.1 (24.2-37.6) 24.8 (20.6-27.7)
HAM-D after ECT .38

Mean (SD) 5.1(6.5) 6.1(7.3)

Median (IQR) 3.0(1.0-7.9) 4.0 (0.8-9.0)

%change of 17
HAM-D scores

Mean (SD) 82.4 (22.8) 74.3 (31.7)

Median (IQR) 89.3(75.4-97.5) 82.7(67.1-96.8)
Response rate S51/55 42/52 .10

(92.8%) (80.8%)
Remission rate 41/56 37/52 .81
(73.2%) (71.2%)
Number of ECT .10
session

Mean (SD) 12.2 (4.5) 11.2(5.0)

Median (IQR) 12.0(9.0-14.3)  10.5(8.8-13.0)
Electrode place- .93
ment

RUL 31 (55.4%) 30 (57.7%)

BT 15 (26.8%) 12 (23.1%)

RUL to BT 10 (17.9%) 10 (19.2%)
Medications

Antidepressants 30 (53.6%) 33 (63.5%) .30

Antipsychotics 22 (39.3%) 20 (38.5%) 93

Lithium 1 (1.8%) 3 (5.8%) .30

Benzodiazepine 10 (17.9%) 10 (19.2%) 1.0

Abbreviations: BT, bitemporal; HAM-D, Hamilton Depression
Rating Scale; IQR, interquartile range; NPMD, nonpsychotic
major depression; PMD, psychotic major depression; RUL, right
unilateral.

*Differences in participants’ characteristics between groups

were examined using independent ¢ test (HAM-D before ECT)
or Mann-Whitney U test (age, HAM-D after ECT, %change of
HAM-D scores, Number of ECT sessions) for continuous vari-
ables, and y? analysis (Response rate, Remission rate, Antidepres-
sants, Antipsychotics) or Fisher exact test (Electrode placement,
Lithium) for categorical variables. Each test was selected in ac-
cordance with the distribution of each variable.

(SFG), left middle frontal gyrus (MFG), right amygdala/
hippocampus, right lingual gyrus, medial segment of the
posterior cingulate gyrus, and praecuneus (figure 1; sup-
plementary table 3). We did not identify brain regions
with greater volume in PMD than NPMD. We conducted
an additional analysis excluding each site which provided
less than 10 subjects to reduce potential site/scanner ef-
fects, and found similar results, showing lower GMV
in PMD compared to NPMD in the fronto-temporo-
parietal brain regions at TP1 (data not shown). PMD

Neural Substrates of Psychotic Depression

showed lower GMYV in the right medial prefrontal cortex
(MPFC) at TP2 (figure 1; supplementary table 4).

After including medication use as additional covariates,
a new region (eg, left SFG medial segment) was identified
as a significant larger brain region in PMD compared
to NPMD, whereas some brain regions in the left hem-
isphere (eg, left precentral gyrus, left posterior cingulate
gyrus, and left MFG) were no longer significant (supple-
mentary figure 1; supplementary table 5). At TP2, PMD
showed lower GMV in the right MPFC (supplementary
table 6).

Longitudinal Effect of ECT on GMV Between Groups

There was no significant group (PMD vs NPMD) by time
(TP1 vs TP2) interaction, whereas there was a significant
effect of time on GMV in widely distributed brain re-
gions with the largest effect on the right medial temporal
lobe (MTL) (supplementary figure 2). The results of the
separate paired ¢ tests in PMD and NPMD are presented
in figure 2 and show that the main effect of time is present
in both groups (supplementary tables 7 and 8). All identi-
fied regions showed GMYV increase following ECT.

Discussion

To the best of our knowledge, this is the first study to in-
vestigate GMYV differences between PMD and NPMD at
two time points. We found that PMD showed lower GMV
in the MPFC compared to NPMD both before and after
ECT in this largest cohort ever, suggesting that lower
GMYV in the MPFC is one of the neural substrates of
PMD. We also found that ECT increased GMV in widely
distributed brain regions in both PMD and NPMD, but
the longitudinal effect of ECT on GMYV did not differ be-
tween PMD and NPMD.

Lower GMV in the MPFC in PMD

Previous studies suggest cortisol dysfunction in PMD.
For example, there are evidence of excessive activity of
the hypothalamic-pituitary-adrenal (HPA) axis,* in-
creased urinary cortisol levels,* elevated serum adreno-
corticotropic hormone,’! increased evening cortisol levels,
and high rates of non-suppression of cortisol on the dex-
amethasone suppression test in patients with PMD.
Genetic variation of the glucocorticoid receptor and
corticotropin-releasing hormone receptor 1 has also been
associated with psychotic depression.* Preclinical studies
have reported corticosterone-induced dendritic atrophy
in the hippocampus® and MPFC.>* The relationship be-
tween elevated cortisol levels and prefrontal,® temporal
and parietal atrophy®® have been reported in healthy in-
dividuals. A meta-analysis reported the relationship be-
tween increased cortisol levels and hippocampal atrophy
in patients with late-life depression.’” This cortisol-GMYV
relationship was also reported in subjects at high risk of
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Fig. 1. Cross-sectional whole-brain voxel-wise GMV comparisons between PMD and NPMD at two time points. PMD showed lower
GMV in the left middle frontal gyrus, medial prefrontal cortex (MPFC), praecuneus, right amygdala/hippocampus, and right lingual
gyrus at TP1 (before ECT). PMD showed lower GMV in the MPFC at TP2 (after ECT). There were no brain regions that were larger

in PMD than NPMD. Significance threshold was set at family-wise error-corrected P < .05 determined by threshold-free cluster
enhancement. The color bars represent —log(P) (ie, 1.3 is equivalent to “P = .05”). Abbreviations: ECT, electroconvulsive therapy; GMYV,
gray matter volume; NPMD, nonpsychotic major depression; PMD, psychotic major depression.

psychosis,®® and this interaction between cortisol and
GMYV reduction may be associated with vulnerability to
emerging psychosis. Although speculative, the underlying
mechanisms of lower prefrontal and hippocampal GMV
in PMD might be related to the dysregulated cortisol
system. Moreover, stress and/or glucocorticoids increase
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dopamine activity in the MPFC,*® which may be asso-
ciated with psychotic symptoms. Future studies should
focus on the complex relationships among cortisol levels,
dopamine, GMV reduction, and psychotic symptoms
in PMD to elucidate the underlying biology of affective
psychosis.
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Fig. 2. Longitudinal effects of ECT on GMYV. Results of paired 7 tests for data at two time points (before and after ECT) in PMD and
NPMD. GMV increased in widely distributed brain regions following ECT in both PMD and NPMD. Significance threshold was set
at family-wise error-corrected P < .05 determined by threshold-free cluster enhancement. The color bars represent —log(P) (ie, 1.3 is
equivalent to “P = .05”). Red represents regional GMYV increase following ECT in PMD, and green represents regional GMV increase
following ECT in NPMD. Yellow represents overlapped brain regions. Although there seems to be regional GMYV increase specific to
PMD or NPMD in the figure, there was no significant group-by-time interaction in a flexible factorial model. Abbreviations: ECT,
electroconvulsive therapy; GMYV, gray matter volume; NPMD, nonpsychotic major depression; PMD, psychotic major depression.

Prefrontal Cortex and Psychosis

The development of delusion is hypothesized to be re-
lated to the content of delusional belief and the failure to
reject the delusional belief despite all the evidence against
it.%° The former can be different across individual patients
or across psychotic disorders. For instance, delusion of

guilt was more frequent in PMD compared to schizo-
phrenia or other psychotic disorders.®! The latter factor,
in other words, the dysfunction of the “belief evaluation
system” may be common to the development of delu-
sional thinking. In general, the prefrontal cortex is related
to the integration of sensory inputs, spatial organization,
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and coordination of sensory and emotional efference.®
The lateral PFC is considered to have a role in evaluating
information from other cortical areas, and rejecting those
interpretations that are unreal.®® The medial PFC is as-
sociated with self-reflection, past or future events, meta-
cognition, and hypothetical scenarios.*** We found lower
GMYV in the medial and lateral PFC in PMD, suggesting
that these prefrontal GMV reductions may be associated
with dysfunction of the belief evaluation system and with
the onset of affective psychosis. Prefrontal GMV reduc-
tion has been reported in patients with schizophrenia,®
patients with bipolar disorder with delusion,*® and pa-
tients with bipolar disorder with a history of psychosis.®’
Our finding of the prefrontal GMV reduction in PMD
compared with NPMD may be a common neural sub-
strate of psychosis across different disorders. Considering
the differences in clinical course>!*'>"* and the treatment
strategy between PMD and NPMD?! as well as our re-
sults showing different neurobiology between PMD and
NPMD, PMD could be considered as a different clinical
entity from NPMD.

Default Mode Network and PMD

In addition to the MPFC, PMD showed lower GMYV in
the praecuneus; our results could be interpreted as lower
GMYV in the critical hubs of the default mode network
(DMN) in PMD. The DMN is associated with self-refer-
ential thinking,® autobiographical memory retrieval,®:
and depressive rumination.” Notably, the frequency of
ruminative thinking was higher in PMD than NPMD.?
An abnormal DMN-related functional connectivity pat-
tern has been reported in PMD during a remitted state
compared to healthy subjects.”> Our results provide evi-
dence that structural abnormality of the DMN regions
may be related to PMD in addition to functional abnor-
mality reported so far. However, functional abnormality
of the DMN has also been reported in depression regard-
less of the presence of psychosis.”! A previous fMRI study
did not find DMN abnormalities but found abnormal
functional connectivity of the frontoparietal network
compared to NPMD, although this was not replicated in
another cohort.”? Further study is needed to investigate
how structural abnormality of the DMN would correlate
with functional abnormality and its specificity to PMD.

ECT for PMD

ECT is a recommended treatment for PMD,? and supe-
rior ECT response in PMD compared with NPMD has
been consistently reported.!”? In this study, there was no
significant group-by-time interaction in the longitudinal
GMYV analysis; the longitudinal effect of ECT on GMV
did not differ between PMD and NPMD. Our result
suggests that GMV change with ECT may not explain
PMD’s superior ECT response reported in the literature.
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One interpretation is that ECT-related GMV change
may not be related to clinical improvement as previously
shown in the meta-* and mega-analysis.*! Future inves-
tigations would benefit from multi-modal data analysis
to elucidate the underlying neural mechanisms relating
to superior response to ECT in PMD. Another explana-
tion for our result might be related to older participants
in this study. Older age is associated with superior ECT
response,”’ and indeed, 80.8% of NPMD in this study
met the response criteria. There was no statistically sig-
nificant difference in response nor remission rate between
PMD and NPMD in our cohort, although PMD showed
numerically higher response rate (eg, 92.8% vs 80.8%).
Since HAM-D does not account for detailed symptom
domains in PMD, the more suitable rating scale, such as
the Psychotic Depression Assessment Scale,™ should be
used in future studies.

Strength and Limitations

First, our study design and participants should be em-
phasized. Because the GEMRIC has collected clinical
and MRI data from depressed patients who received
ECT, we had this unique opportunity to investigate the
GMYV differences between PMD and NPMD at two time
points and to investigate the longitudinal effect of ECT
on GMYV in this largest cohort ever. By this design, we
provide evidence of a GMV difference in the MPFC
between PMD and NPMD which was stable during a
course of ECT, although ECT has a widespread effect on
the GMV. Moreover, this is the largest multisite study to
conduct a direct comparison between PMD and NPMD
(supplementary table 1). Because of the multisite na-
ture, there might be a scanner effect and/or unpredict-
able confounders between sites. However, we selected the
sites which included both PMD and NPMD from the
GEMRIC database to reduce the effect of scanner dif-
ferences when comparing 2 groups, and we included site
information as a covariate. Second, because all patients
in our cohort were referred to ECT, the participants in
this study may be more homogeneous than other studies
regarding the clinical characteristics (eg, severity and
treatment resistance) and regarding the etiology of de-
pression.* In addition, we focused on late-life depression
to reduce age-related clinical and biological variability,
which could lead to a more homogeneous cohort. In con-
trast, this limited inclusion could limit the generalizability
of our results. However, our cohort is not uncommon
because PMD is prevalent in hospitalized patients with
late-life depression,® and ECT is a recommended treat-
ment for PMD in several guidelines.?! Moreover, focusing
on extreme subset of the clinical spectrum is one reason-
able approach to uncover the underlying neurobiology
of depression.® Third, PMD showed higher symptom
severity than NPMD at TP1, which might affect GMV
at baseline. However, we included HAM-D total scores
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as a covariate in the statistical model, and GMYV reduc-
tion in the MPFC was also identified at TP2, when the
differences in symptom severity disappeared. Fourth, al-
though we had not collected uniform longitudinal cogni-
tive assessments, there is a possibility that our results of
the lower GMV in PMD might be associated with cogni-
tive dysfunction. We now collect prospectively uniform
cognitive assessments in the GEMRIC, and we can in-
vestigate differences in cognitive function between PMD
and NPMD, and their association with GMV and/or
longitudinal changes during ECT course in future study.
Fifth, although we accounted for the effect of medication
on brain volume, we only included it as a binary variable
in our statistical models. The cumulative effect of anti-
psychotic medication” might affect brain volumes and it
should be investigated in future studies.

In conclusion, lower GMYV in the MPFC was consist-
ently identified in PMD both before and after ECT, sug-
gesting this may be one of the trait-like neural substrates
of PMD. The longitudinal effect of ECT on brain struc-
ture did not differ between PMD and NPMD, suggesting
GMYV changes following ECT may not explain superior
ECT response in PMD. Future research should focus
on brain functional changes to elucidate the underlying
neural mechanisms of ECT action.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin.
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