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Cortical thickness reductions are evident in schizophrenia
(SZ). Associations between antipsychotic medications
(APMs) and cortical morphometry have been explored in
SZ patients. This raises the question of whether the recon-
figuration of morphological architecture by APM plays
potential compensatory roles for abnormalities in the ce-
rebral cortex. Structural magnetic resonance imaging was
obtained from 127 medication-naive first-episode SZ pa-
tients and 133 matched healthy controls. Patients received
12 weeks of APM and were categorized as responders
(n = 75) or nonresponders (NRs, n = 52) at follow-up.
Using surface-based morphometry and structural covari-
ance (SC) analysis, this study investigated the short-term
effects of antipsychotics on cortical thickness and cortico-
cortical covariance. Global efficiency was computed to
characterize network integration of the large-scale struc-
tural connectome. The relationship between covariance
and cortical thinning was examined by SC analysis among
the top-n regions with thickness reduction. Widespread
cortical thickness reductions were observed in pre-APM
patients. Post-APM patients showed more reductions
in cortical thickness, even in the frontotemporal regions
without baseline reductions. Covariance analysis revealed
strong cortico-cortical covariance and higher network in-
tegration in responders than in NRs. For the NRs, some
of the prefrontal and temporal nodes were not covariant
between the top-» regions with cortical thickness reduction.
Antipsychotic effects are not restricted to a single brain
region but rather exhibit a network-level covariance pattern.
Neuroimaging connectomics highlights the positive effects

of antipsychotics on the reconfiguration of brain architec-
ture, suggesting that abnormalities in regional morphology
may be compensated by increasing interregional covariance
when symptoms are controlled by antipsychotics.
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Introduction

Schizophrenia (SZ) has been hypothesized to be a
neurodevelopmental disorder, ie, typically characterized
by onset in childhood.! Structural magnetic resonance
imaging (MRI) studies suggest widespread brain abnor-
malities even in the earliest stages of SZ.? Studies have re-
vealed progressive reductions in gray matter volume with
longer illness duration, beginning in the thalamus and
progressing to the frontal regions and then to the tem-
poral and occipital lobes.> Additionally, coordinated gray
matter loss exhibits a pattern of irregular topographic
distribution across cerebral cortices in SZ.* The pattern
of disturbance in morphology may suggest a coordinated
pattern of structural reorganization in SZ.°

Structural covariance network (SCN) analysis is fre-
quently employed to assess the network-level disturb-
ances in structural connections between brain regions
in SZ.% Cortico-cortical covariance, established by struc-
tural covariance (SC), reflects group-level covarying
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relationships in brain structure between cortical regions.
SC has been associated with some types of brain con-
nections, such as the anatomical connectivity of white
matter fiber tractography or the functional connectivity
of synchronous neuronal activation.*” In SZ, reduced
SCs were identified across cortices in frontal, temporal,
and parietal regions.* Frontal-temporal areas also exhibit
cortical thinning in SZ, possibly due to overpruning of
synapses during adolescence.® Increased frontal-temporal
covariance has been associated with greater auditory hal-
lucination severity,” which is one of the most common
symptoms in SZ. Graph theoretical studies reported
reduced integrity of the SCN in SZ,'° suggesting a low
network efficiency of brain topological organization.
A plausible mechanism to interpret SC is that synapses
between distant neurons can have a mutually trophic or
protective effect on neuronal development, leading to
strong covariance in their morphology (“common fate™),
such as similar gray matter volume changes during devel-
opment, degeneration, or other plastic changes.® Thus, we
can expect that when antipsychotics induce cortical reor-
ganization, regional changes are likely to exhibit a pattern
of organized distribution instead of a random pattern.’

The association of antipsychotic medications (APMs)
with cortical morphometry has been explored in SZ studies.
A meta-analysis of longitudinal studies involving 1155 SZ
patients and 911 healthy subjects showed higher loss of
cortical total volume, which was related to cumulative an-
tipsychotic intake.!' In addition to the reduction in cortical
total volume, findings associated with APM effects focused
on frontal, temporal, and parietal lobes.!> Reduced vol-
umes in subcortical regions were associated with sympto-
matic improvement following APM treatment."* Although
these studies have identified APM effects on certain brain
regions, they ignored the existence of coordinated relation-
ships between brain regions. The SC may reflect develop-
mental coordination or synchronized maturation between
brain regions.>¢ Differences in interregional covariance in
SZ compared to healthy controls (HCs) may reflect devel-
opmentally mediated dysconnectivity and play a critical
role in the pathophysiologic trajectory of brain abnormal-
ities in SZ.>% Recent work has used SC analysis to examine
brain topological reorganization in medicated patients with
SZ."* They found that treatment nonresponders (NRs) ex-
hibited worse network integration (measured by global
efficiency) than responders.'* This raises the question of
whether the reconfiguration of the structural architecture
by APM-induced morphological plasticity plays potential
compensatory functions for abnormalities in the cerebral
cortex, which is primed for relief of clinical symptoms in
SZ. This hypothesis should be investigated in a large co-
hort of individuals with medication-naive first-episode SZ
(FES) who are less confounded by illness duration and
previous treatments. In addition, the short-term effects of
APM on brain morphometry, structural connectivity, and
networks are evaluated by a longitudinal design.

232

To address this issue, we estimated the brain morphom-
etry (region-wise cortical thickness) and large-scale SCN
in 127 medication-naive FES patients and 133 healthy
subjects. Patients were grouped according to their psychi-
atric symptom relief at follow-up after 12 weeks of APM.
The aim of this study was to explore (1) whether the
APM effects were not constrained within a single brain
region but exhibited a topographical distribution across
brain regions and (2) whether cortico-cortical covariance
inferred from the SCN could explain the extent and lo-
cation of cortical thickness reductions following APM.
We hypothesized that APM responders would show
enhanced integration in the SCN and stronger cortico-
cortical covariance among regions with cortical thickness
reductions compared with NRs.

Methods

Participants

This study recruited 127 patients with medication-naive
FES (SZ group) who were diagnosed using the Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition
(DSM-1V) from Shanghai Mental Health Center and
133 HCs (HC group) matched for age, gender, educa-
tion, and handedness. MRI was scanned at baseline for
all subjects and at follow-up after 12 weeks of APM for
only patients. Following the baseline scanning, patients
received second-generation antipsychotics. At follow-up,
patients were grouped as responders (SR group, n = 75)
and NRs (NR group, n = 52) by the criterion of less than
50% Positive and Negative Syndrome Scale (PANSS) re-
duction for nonresponse.”” More details are described in
table 1 and Supplementary Materials. The Institutional
Review Board of Shanghai Mental Health Center ap-
proved the study. All subjects/patients signed written in-
formed consent forms.

Image Acquisition, Processing, and Cortical Thickness
Estimation

T1-weighted images were collected by a 3-Tesla MRI
(Siemens MR B17). Using the Computational Anatomy
Toolbox (http://www.neuro.uni-jena.de/cat/), cortical
thickness was estimated in 360 regions of interest
(ROIs) based on HCP Multi-Modal Parcellation'®
(Supplementary table S1). Details about image acqui-
sition and processing are described in Supplementary
Materials.

Statistical Analysis

Demographic Differences Demographic and clinical in-
formation differences were tested using ¢ tests for con-
tinuous variables between the SZ and HC groups and
between the 2 patient groups. The chi-square test was
used for the categorical variables.
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Table 1. Demographic and Clinical Data of Participants

Antipsychotics Effects on Cortical Reconfiguration

(A) Schizophrenia Healthy Controls P Value
Subject number 127 133
Age (years) 24.6 (7.0) 23.7(5.9) 2542
Gender (male/female) 63/64 66/67 998
Education (years) 12.9 (2.9) 13.5(2.8) 110?
Handness (right) 127 133
TIV (cm?) 1480.5 (148.8) 1476.9 (133.0) .838¢
Cortical thickness (mm) 2.71(0.11) 2.74 (0.09) 0459
Illness duration (months) 13.4 (16.0) — —
CPZ (mg/d) 402.8 (188.9) — —
Baseline PANSS
Positive score 24.0 (5.1) — —
Negative score 19.1 (6.7) — —
General score 42.4(6.9) — —
Total score 85.8 (12.9) — —
12-Week PANSS
Positive score 12.6 (4.1) — —
Negative score 14.4 (4.8) — —
General score 28.8 (5.7) — —
Total score 55.8(12.5) — —
PANSS reduction (%) 53.0(21.1) — —
(B) Responders Nonresponders P Value
Subject number 75 52
Age (years) 25.3(6.6) 23.6 (7.4) 1762
Gender (male/female) 35/40 28/24 426>
Education (years) 13.4(2.9) 12.3(2.7) .033¢
Handness (right) 75 52
TIV (cm?) 1478.1 (147.6) 1483.9 (152.0) .832¢
Cortical thickness (mm) 2.72 (0.11) 2.71 (0.11) 7108
Illness duration (months) 13.2 (15.0) 13.7(17.4) 8712
CPZ (mg/d) 406.2 (197.9) 397.9 (176.9) .810¢
Baseline PANSS
Positive score 24.6 (5.0) 23.2(5.3) 1250
Negative score 18.4 (6.6) 20.2 (6.7) 1467
General score 43.6 (7.2) 40.8 (6.0) L0202
Total score 86.9 (14.1) 84.1(10.9) 2218
12-Week PANSS
Positive score 11.0 (3.0) 14.9 (4.3) <.001#
Negative score 12.0 (3.6) 17.8 (4.3) <.001®
General score 26.0 (4.6) 32.8(4.9) <.001%
Total score 49.0 (9.2) 65.7 (9.6) <.001#
PANSS reduction (%) 66.7 (12.8) 33.3(13.7) <.001®

Note: CPZ, chlopromazine equivalents; PANSS, Positive and Negative Syndrome Scale; TIV, total intracranial volume.

2P values were obtained by using 2-sample ¢ tests.
bP values were obtained by using the chi-square test.

Cortical Thickness Differences At baseline, we compared
the cortical thickness between all SZ patients and HCs
using a 2-sample ¢ test. ANOVA and post hoc ¢ tests were
performed to compare the differences among the SR, NR,
and HC groups. To examine cortical thickness changes after
APM, 2-way repeated-measures ANOVA and post hoc
paired ¢ tests were conducted in the SR and NR groups. The
univariate statistical test was implemented independently
for each of 360 cortical regions while controlling for age,
square of age, gender, education years, and total intracranial
volume (TIV).* To correct for multiple comparisons and to

minimize the bias of data distribution, a permutation-based
procedure was considered for controlling the familywise
error (FWE) rate!” (Supplementary Materials).
Associations With Treatment Outcomes ~ To examine the re-
lationships between cortical thickness changes and treat-
ment outcomes, the differences between follow-up and
baseline were extracted from each region that exhibited
significant cortical thickness changes following APM.
A linear stepwise regression analysis was performed to
assess the association between these regional changes and
PANSS total score reductions in each patient group.
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Structural Covariance Network

SC analysis has been widely used to characterize
interregional structural connectivity between brain re-
gions® based on the assumption that intersubject differ-
ences in cortical morphology covary across individuals
between regions that may be anatomically connected.'®
To investigate the regional covariance in cortical thick-
ness change, the SCN was constructed using the cor-
tical thickness change between baseline and follow-up.
Cortical thickness change was corrected by regressing out
the effects of gender, education, age, the square of age,
and TIV by a regression model.® Pearson’s correlation
coefficients were calculated across the subjects in each
group between pairwise ROIs and were further trans-
formed into z values. To reduce the correlations of false
positives, false discovery rate correction was performed
(P <.000001).

To investigate the integration of SCN, global efficiency
was used for measuring integration. The global effi-
ciency of a network is denoted by the averaged inverse
shortest path length and has been regarded as a superior
measure of integration.” The formula of global efficiency

D enizi i ,
JENjFI
ZzeN = =1 where df/ is the

is described as E,), = Nz
shortest path length between nodes 7 and j. The null hy-
pothesis of equality in the global efficiency of the SCN
between the SR and NR groups was tested using a per-

mutation test (Supplementary Materials).

SCin Top-n Regions With Cortical Thickness
Reduction

To investigate the impact of varying severity of cortical
thickness change at follow-up, we analyzed the SC in top-n
regions with cortical thickness change. The methodology
has been reported in a prior study.* First, regions were
ranked from highest to lowest according to the severity
of cortical thickness changes following APM, which was
assessed by Cohen’s d effect size. Subsequently, the aver-
aged SC among the top-n regions with the highest cor-
tical thickness changes (ie, SC_ ) was calculated using
the thickness change values. The SC , value reflects the
SC of the subnetwork composed of 'the first 1 regions.
The mean SC was also computed in a set of randomly
chosen n regions (ie, SC_ , ). Randomly chosen sets were
repeated at 5000, thus generating a distribution of SCs
of n random regions. According to the location of the
actual SC__ within the distribution of SC_  values, a
P value was obtained for the null hypothesis of equality
in mean SC among top-n regions and random regions.
This analysis was repeated independently for n = 2 to
the maximum threshold (ie, 360) to explore the impact
of varying severity of cortical thickness changes (ie, a
larger n included regions with smaller cortical thickness
reductions). As n increased, continuous values of mean
SC among the top-n regions were computed and could
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be plotted as a function of n. The area under the curve
(AUC) of this plot was used to calculate a global P value
for all n values. To determine which subnetwork com-
posed of the first n top regions exhibited the strongest SC
compared to the randomly chosen n regions, the SC
was transformed into a z score (zSC_ ) by subtractlng
the average of SC_ , ~values and then d1v1d1ng it by the

standard deviation of SC__, values.

top-n

nd-n

Reproducibility and Ancillary Analysis

Reproducibility and ancillary analysis are provided in
Supplementary Materials.

Results

Cortical Thickness Baseline Comparisons

Compared with the HCs, a total of 73, 90, and 12 regions
were observed to present significantly thinner cortical
thickness in the baseline SZ (combined SRt1 and NRtl),
SR, and NR groups, respectively (FWE-corrected P <
.05). Increased cortical thickness was not found in the 3
patient groups. In the SR group, thinner cortical thick-
ness illustrated a distributed pattern involving frontal,
parietal, temporal, and occipital lobes as well as poste-
rior cingulate cortex (figure 1). In the NR group, thinner
cortical thickness was observed in the frontal and pari-
etal cortex (figure 1). Details of regions with significantly
thinner cortical thickness are described in Supplementary
tables S2-S6.

Cortical Thickness Changes

Compared with the baseline, the SR group at follow-up
exhibited more extensive cortical thickness changes (only
reductions) in the medial frontal cortex and right tem-
poral regions, although cortical thickness changes were
found in extensive regions (all SZ patient groups, n = 85;
SR group, n = 73; NR group, n = 43) for both patient
groups (FWE-corrected P < .05) (figure 1). Regions with
significant cortical thickness changes at follow-up and
the effect sizes are listed in Supplementary tables S7-S9.
The interaction effect between group and time was not
evident after correction for multiple comparisons.

Associations Between Cortical Thickness Changes and
Treatment QOutcomes

Regression analysis found a significant relationship be-
tween the cortical thickness change in the left area-45 of
the inferior frontal cortex and PANSS total reduction
(T = 2.37, P <.05), which was only observed in the SR
group (Supplementary figure S1). In addition, a supple-
mentary analysis (Supplementary Materials) indicated
that the relationship was not affected by gender, age, ed-
ucation, TTV, chlopromazine, illness duration, or baseline
PANSS total scores.
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(A) SZ vs. HC

Baseline

Follow up
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Fig. 1. Cortical thickness comparisons. At baseline, thinner cortical thickness was shown in the 3 patient groups (A, all SZ patients;
B, SR patients; C, NR patients) than in the HC group. At the follow-up (t2), cortical thickness reductions were observed in the patient
groups (D, all SZ patents; E, SR patients; F, NR patients) compared with the baseline (t1). Regions for which the null hypothesis was
rejected after controlling the FWE rate at 5% are shown in color maps. Color bar represents the ¢ values. Note: FWE, familywise error;
HC, healthy control; NR, nonresponder; SR, responder; SZ, schizophrenia.

Structural Covariance Network

Figures 2A and B show surviving SC connections after
correction for multiple comparisons (false discovery rate-
corrected P < .000001) for the SR and NR groups, re-
spectively. A larger number of surviving connections
were observed in the SR group than in the NR group by
the permutation test (P = .020). In the network of the SR
group, the majority of these connections (63.04%) were
associated with frontal and parietal cortices, as shown in
Supplementary figure S2. The null hypothesis of equality
in network integration between the SR and NR groups

was rejected, indicating superior global efficiency in the
SR group (P = .029) (figure 2C).

SC in Top-n Regions With Cortical Thickness
Reduction

Figure 3 illustrates the SC among the top-n regions with
the greatest extent of cortical thickness reduction. In
figure 3, the majority of SC_  values (the yellow line)
exceed the shaded area (ie, 95%/0 confidence intervals of
the average SC values) (global P < .0001), indicating

rand-n
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Fig. 2. Cortico-cortical covariance based on the amount of cortical thickness thinning over the follow-up period is shown by brain
connectivity maps and a circular connectogram® for the SR group (panel A) and NR group (panel B) after multiple comparison
correction with the false discovery rate corrected, P < .000001. (C) The null hypothesis of equality in network integration between the
SR and NR groups was rejected by the permutation test (* P < .05), indicating superior global efficiency in the SR group compared

with the NR group. Note: NR, nonresponder; SR, responder. Brain regions are coloured on the brain connectivity maps according to
cortex classifications (described below the circular connectogram). Brain regions are grouped on the circular connectogram according to
cortex classifications (described below the circular connectogram). Within each subgroup, regions are ranked according to the severity
of cortical thickness reductions at the follow-up, assessed by Cohen’s d effect size (ie, gray column adjacent to nodes). Brain connectivity
maps and circular connectograms were produced by using NeuroMArVL (http://immersive.erc.monash.edu.au/neuromarvl).

that the SC between pairs of top-n regions was stronger
than randomly chosen regions for both patient groups.
For both groups, the SC among the top-n regions was
found to be increased with the increased severity of cor-
tical thickness reductions induced by antipsychotics.

In the NR group, the first 43 ranked regions showed
decreased cortical thickness after treatment; when n = 23,
the zSC  was highest, indicating that the subnetwork
compose(li of the first 23 top regions showed the strongest
SC. The AUC at n =23 was 69.36. The top 23 regions were
located within the frontal and anterior cingulate cortex
(figure 3). In the SR group, the first 73 ranked regions ex-
hibited reduced cortical thickness at the follow-up. When
n=39,z8C_  was highest, showing that the subnetwork
composed of the top 39 regions exhibited the strongest
SC; the AUC at n = 39 was 91.67. The 39 top regions were
located within the frontal and temporal regions and an-
terior cingulate cortex, especially for the right prefrontal
and temporal regions, which were only observed in the
SR group (figure 3).

Finally, SC analysis in the top-n regions was also per-
formed in the HC group based on their raw cortical thick-
ness scores (Supplementary figure S3), which indicated
that these regions with thickness changes following APM
were strongly connected in the HC group.
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Reproducibility and Ancillary Analysis

The ancillary analysis indicated that the SC results were
repeatable (Supplementary figure S4). The group differ-
ences in baseline symptoms did not influence the SCN
(Supplementary figure S5). The global efficiency dif-
ference between the SR and NR was not driven by the
correlation strength (Supplementary figure S6). The
between-group differences in the top-n region SC did not
result from potential geometric effects or hemispheric
disproportion (Supplementary figures S7 and S8). Details
are provided in Supplementary Materials.

Discussion

This study comprehensively investigated the short-term
effects of atypical antipsychotics on brain morphometry
changes in FES. First, thinner cortical thickness was ob-
served in the frontal, parietal, temporal, occipital lobes,
and the posterior cingulate cortex in FES patients. Second,
the effects of atypical antipsychotics were not constrained
within a single brain region but exhibited a topographic
distribution (ie, network level) across specific regions with
cortical thickness reductions. The network-level assump-
tion was demonstrated by the subsequent SCN analysis,
indicating stronger cortico-cortical covariance and higher
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Fig. 3. Structural covariance among the ranked regions with cortical thickness reductions in the SR and NR groups. The horizontal
axis shows the cortical regions that ranked from high to low according to the severity of cortical thickness reductions using Cohen’s
d effect size. The dashed vertical line denotes the boundary between regions with and without significantly reduced cortical thickness
after the antipsychotic medications (FWE-corrected P < .05). The vertical axis measures the structural covariance, which is computed
as the Pearson’s correlation coefficient between 2 paired regions across the population of each group. The yellow line represents the
mean structural covariance among the top-n ranked regions, ie, SC . The gray line indicates the mean structural covariance among
the 5000 randomly chosen 7 regions (ie, SC_ , ). The shaded areas show the 95% confidence intervals across the permutated data, ie,

the 5000 SC,__

the permutation test (P yopa
rand-n

dividing it by the standard deviation of SC_|

nd-n

values. The null hypothesis of equality in the area under the curve (AUC) between SC and SC
<.0001). Values of n marked with a star represent the strongest structural covariance (SC
SC of the randomly chosen regions, which is determined by the SC

is rejected by
ropr) compared to
values and then

rand-n

rand-n

oo Z SCOTE (i€, subtracting the average of SC
op-n

values). The brain node maps on the right side indicate the spatial distributions of the

top-n regions at the maximum SC,,., Z score. Nodes are coloured according to cortex classifications (described in figure 2). Note: FWE,

familywise error; NR, nonresponder.

network integration in APM responders. Third, SC anal-
ysis among the top-n regions suggested an association be-
tween stronger covariance and thinner cortical thickness.
Collectively, these findings support a potential network-
level regulatory mechanism of antipsychotics on brain
structure, suggesting that the reconfiguration of morpho-
logical architecture induced by APM plays potential com-
pensatory functions for cortical abnormalities.

Thinner Cortical Thicknesses Are Found Even in the
Early Stage of Medication-Naive Patients With FES

Although thinner cortical thickness is a well-established
feature in SZ, the degree of thinning has been dem-
onstrated to vary across different illness stages.* For

example, FES patients show subtle cortical thinning
mainly in the frontal and temporal cortices.?® In chronic
SZ, pronounced reductions spread to parietal and oc-
cipital lobes.?! Individuals with treatment-resistant SZ
exhibit more widespread cortical thickness thinning.?
The inconsistency may have a variety of possible reasons,
such as illness duration, medication history, psychotic
symptoms, and so on. In this study, thinner cortical thick-
ness was observed in the frontal, parietal, temporal, and
occipital lobes as well as the posterior cingulate cortex
in medication-naive FES patients. Interestingly, individ-
uals who respond to treatment showed more widespread
cortical thickness reductions at baseline than NRs, sug-
gesting the potential association between pathological
neuroanatomical changes and response to antipsychotic
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treatment.”> Supporting this result, relationships were
found between volumes in frontal and medial temporal
structures and treatment outcome.”* These findings sup-
port the existence of observable changes in morphometry
of the cerebral cortex even in the SZ early stage.

Cortical Thickness Reduction and Improved Structural
Network Integrity Are the Short-Term Effects of
Atypical Antipsychotics

Accumulating evidence has demonstrated that APM can
modulate brain morphology. More loss in gray matter
volume has been reported in APM patients regardless
of use of different analytic methods.!! Similarly, an-
imal studies provide evidence of gray matter volume
loss in macaque monkeys* and rodent exposure to anti-
psychotics.*® The loss in volume can be explained by
fewer glial cells and higher densities of neurons or in-
creased myelination of fibers near the gray-white matter
boundary?’ and has been linked with neuroinflammatory
models.”®*? Conversely, some studies reported that APM
increased gray matter volume in the prefrontal and oc-
cipital cortex in SZ.*° The inconsistency may be related
to the illness stage, symptom severity, antipsychotic type,
term of treatment, definition of response, and analytic
methods. Consistent with previous studies,® this study
observed widespread cortical thickness reductions re-
gardless of treatment response. It is understandable when
we assume that progressive neuroanatomical alterations
are partly associated with the disease itself.*> Nonetheless,
cortical thickness reductions were found following APM
only in the response group, suggesting that morphological
changes in specific areas may be due to antipsychotics;
however, the effect of concomitant illness progression
during APM could not be completely ruled out. A pre-
vious study found cortical thinning over time in relation
to altered SC and unremitted psychotic symptoms in
FES,* suggesting that it is unclear whether APMs or per-
sistent psychotic symptoms are predominantly driving
these changes in the current study.

In addition, the effects of antipsychotics on brain
structure have been further demonstrated to occur not
independently within constrained cortical locations but
rather exhibit a topographically coherent pattern. This
topographical pattern has been frequently linked with
structural changes across development from childhood
to early adulthood and continues across the lifespan.*
Abnormalities in structural covary patterns have been
indicated to be involved in SZ pathophysiological pro-
cesses and are associated with cortical gene expression in
therapeutic targets and early brain development.* Using
a graph theoretical approach on the SCN, Palaniyappan
et al measured the structurally coherent pattern and
found reduced global efficiency in SZ, indicating weaker
structural network integrity.> Hence, improved structural
network integrity and, more strongly, cortico-cortical
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covariance in responders highlight the potentially posi-
tive effects of antipsychotics on brain morphometry by
means of connectomics rather than traditionally inter-
preted as a detrimental effect if cortical thickness reduc-
tion was explored in isolation.

Evidence Supports the Link Between Stronger
Covariance and Thinner Cortical Thickness

This study observed increased cortico-cortical covariance
between regions with thinner cortical thickness in FES pa-
tients, suggesting a link between cortical covariance and
morphological alteration. Supporting this finding, recent
studies reported that cortical covariance could shape and
constrain the spatial distribution of cortical pathology in
SZ.43% A possible explanation is that local pathological
processes, including abnormal neuronal signaling and neu-
rotransmitter release, may propagate to distant regions by
cortico-cortical covariance.* In FES patients, abnormal-
ities in morphology are related to disruptions in normal
maturation and plasticity of higher-order regions, such
as the prefrontal, parietal, and temporal cortices,’” which
have also presented pathological decreases in these re-
gions in pre-APM patients. Notably, stronger SC between
thinned regions was found in the responders after taking
APM. In addition, more connections among the right
prefrontal and temporal regions were found in the covar-
iance network of responders compared with that of NRs,
indicating better reconfiguration of morphological archi-
tecture among the key nodes in APM responders. These
findings suggest that structural abnormalities of the cere-
bral cortex in FES are balanced by the reconfiguration of
morphological architecture and increasing interregional
covariance, possibly reflecting a compensation process®
when symptoms are controlled by antipsychotics.

Limitations

First, although the 12-week follow-up investigated the
short-term effect of APM on brain structure, the long-
term persistence of antipsychotics is still unknown. Due to
the lack of follow-up in HCs, we cannot estimate cortical
thickness changes in controls and SCN differences between
patients and controls; thus, normal neurodevelopment
or neurodegeneration progression cannot be neglected.
Second, the definition of treatment response is based on a
cutoff of 50% PANSS reduction. Other cutoft points (ie,
<30%, 30%-50%, and 50%—-100%) are also used. Third, the
choice of APMs is clinically led. The current sample size is
not enough to compare the effects of different antipsychotic
types. In addition, the adipogenic effect of antipsychotics is
a potential bias, as weight gain is evident in FES patients
after medication treatment. It is also difficult to rule out
the possible effects of variations in brain microstructure (ie,
myelination, iron, and water content) on cortical thickness
reductions.®® Due to the lack of cognitive assessments, the



relationships between the structural network and cognitive
deficits in SZ were not examined.

Conclusions

This study demonstrated that antipsychotic-induced
changes in brain structures occurred not independently
within constrained cortical locations but rather exhib-
ited a network-level pattern. The relationship between
increased covariance and cortical thinning suggests
that abnormalities in cortical morphology may be com-
pensated by increasing interregional covariance when
symptoms are controlled by antipsychotics. Patients
who responded to medications showed stronger cortico-
cortical covariance and higher network integration after
APM, highlighting the potentially positive effects of anti-
psychotics on the reconfiguration of brain morphological
architecture by means of connectomics.
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Supplementary material is available at Schizophrenia
Bulletin online.
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