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Background: Schizophrenia has been conceptualized as a
brain network disorder rooted in dysregulated neurodevel-
opmental processes. Recent neuroimaging studies revealed
disrupted brain connectomic organization in adult schizo-
phrenia patients. However, altered developmental trajec-
tories of the functional connectome during the adolescent
maturational stage have not been examined. Methods: The
present study combined functional MRI with a graph theo-
retical approach to examine functional network topology
and its age-related development in 39 medication naive,
first-episode patients with adolescent-onset schizophrenia
and 31 matched controls (age range: 12—18 years). Results:
Patients demonstrated impaired large-scale integration as
reflected by reduced global efficiency as well as decreased
regional nodal efficiency in highly integrative network
hubs, most consistently the hippocampal formation and
the precuneus. Furthermore, the left hippocampus showed
opposite age-efficiency associations in healthy controls
and patients, indicating dysregulated maturational tra-
jectories in adolescent schizophrenia and a particular vul-
nerability of this region during early pathological attack.
Conclusions: The findings allow an integrative perspective
on network and neurodevelopmental perspectives on schizo-
phrenia, suggesting that dysregulated maturation of the
functional connectome during adolescence might reflect an
early marker for the disorder.
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Introduction

Schizophrenia is a devastating and chronically debilitat-
ing brain disorder with onset during early adulthood.
Various pathogenic models of schizophrenia are under
debate, but across these conceptualizations, neurodevel-
opmental and dysconnectivity perspectives remain cen-
tral.!? Overarching conceptualizations propose that the
underlying pathogenesis is rooted in abnormal processes
that emerge from a dynamic interplay between genetic
and environmental factors. These factors are thought
to dysregulate neurodevelopmental synaptic plasticity,>*
including myelogenesis® and synaptic pruning,® ultimately
disrupting the integration of spatially distributed neural
information on the network level.” Efficient information
processing in complex networks such as the human brain
critically relies on topological organization principles
reflecting a balanced interplay between integration and
segregation.® In line with the dysconnectivity hypoth-
esis, neuroimaging studies assessing large-scale cortical
organization in patients with schizophrenia consistently
revealed disrupted brain connectomic organization on
the level of white mater,’ structural covariant,'© and
functional connectivity,” suggesting that aberrant brain
network topology might represent a promising imaging-
based marker for the disorder."

Despite the influential neurodevelopmental model
of schizophrenia, research has only recently begun to
map aberrant developmental trajectories at the level of
the network organization of the brain. Recent findings
suggest delayed development of brain connectivity,'
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heterochronicity of adolescent maturation,'? as well
as accelerated age-related decline in adult patients.!
However, these previous studies focused on patients
in the chronic stage of disorder, and thus it cannot be
excluded that the corresponding imaging based markers
might partly reflect effects of antipsychotic medication,
progressive neural changes with illness duration as well
as accelerated aging-related decline.”® Indeed, previous
research indicates a sensitivity of network level markers
for acute and chronic administration of antipsychotic
medication,'* and progressive alterations during the
course of the disorder.”” Therefore, examining medica-
tion-naive, first-episode patients with adolescent-onset
schizophrenia (AOS) is essential to determine underlying
core pathological dysregulations.'¢

Adolescence is a period of dramatic brain matura-
tional changes, including progressive (ie, myelination)
and regressive (ie, synaptic pruning) maturational pro-
cesses, promoting functional specification as well as inte-
gration on the network level.!” Dysregulations in these
complex maturational processes have been increasingly
associated with schizophrenia.'® AOS, a rare form ado-
lescent manifestation of the disorder is characterized by
pronounced clinical symptomatology and neurocognitive
impairments.' Given that abnormal pruning is consid-
ered a key patho-mechanism underlying schizophrenia,
examining aberrant age-related maturation of the func-
tional connectome in AOS offers a unique opportunity
to gain crucial insights into the neuropathophysiological
developmental processes underlying the disorder. Despite
the proposed importance of neurodevelopmental dys-
regulations in the dysconnectivity model and converg-
ing evidence for altered connectivity?*?? in AOS, altered
developmental trajectories of functional brain topology
have not been systematically examined.?

In the present study, we applied a graph theoretical
approach to explore abnormal functional connectomics
and maturation in antipsychotic-naive first-episode AOS.
In an initial step, aberrant brain functional network
topological characteristics were mapped in comparison
to matched controls. Next abnormal age-related matura-
tional trajectories of the identified network metrics were
explored comparing age-related changes between AOS
and controls. Based on previous studies mapping brain
structural connectivity alterations in early-onset schizo-
phrenia across adolescence,!®* we expected stronger
functional connectomic alterations in younger patients,
which may reflect early-phase biomarkers related to core
pathophysiological mechanisms.

Methods

Participants and Protocols

A total of 39 antipsychotic-naive patients with first-epi-
sode schizophrenia aged between 12 and 18 years were
recruited at the Second Affiliated Hospital of Xinxiang
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Medical University. All participants were right-handed
Han Chinese and had received more than 6 years of for-
mal education. Exclusion criteria for all participants were:
(1) any past or current neurological disorders or family
history of hereditary neurological disorders; (2) history
of head injury with loss of consciousness; (3) alcohol or
substance abuse; (4) claustrophobia; (5) MRI contrain-
dications. Patients had to fulfill the following inclusion
criteria: (1) diagnosis of schizophrenia according to
DSM criteria (DSM-VI-TR*); (2) no co-morbid Axis
I diagnosis; (3) duration of illness less than 2 years; (4)
no current or previous antipsychotic medication. Clinical
symptoms were independently assessed by 2 experienced
psychiatrists using DSM-VI based structured interviews
(SCID-I/Patient version). To validate the initial diagno-
sis, all patients were re-assessed 6 months after the initial
diagnostic interview. Clinical symptomatology was fur-
ther evaluated using the Positive and Negative Syndrome
Scale (PANSS). A total of 31 healthy adolescents without
psychiatric or neurological symptoms, matched for age,
gender, education, and general intelligence were included
as healthy control group (HC). Clinical and demographi-
cal data are presented in table 1.

The study had full ethical approval by the Ethics
Committee of the Departments of Psychiatry at the
Second Affiliated Hospital of Xinxiang Medical
University and the Second Xiangya Hospital of Central
South University. All participants and their parents pro-
vided written informed consent after receiving a complete
description of the study protocols.

Data Acquisition

MRI data were acquired on a 3 Tesla MRI system (Vision;
Siemens MAGNETOM Verio) equipped with a high-
speed gradient coil. Functional images were acquired
using an echo-planar imaging sequence with the following
parameters: TR/TE = 2000 ms/30 ms, 33 slices, 64 X 64
matrix, 90° flip angle, field of view =220 X 220 mm?, inter-
slice gap = 0.6 mm, voxel size = 3.44 X 3.44 X 4 mm?®. For
each participant 240 functional volumes were obtained.

Data Preprocessing

Functional image preprocessing was carried out using
DPARSFA (http://www.restfmri.net).?® Specifically, the
first 10 functional volumes were discarded and the re-
maining images were corrected for temporal differences
and head motion. To minimize the effects of head move-
ment, participants with translations >2 mm or rotations
>2° were excluded. Moreover, mean frame-wise displace-
ment (FD) was computed and frames with FD >0.5 were
removed.?”? All data retain more than 80% of the orig-
inal time points after scrubbing. Third, functional images
were warped into a standard stereotaxic spaceata 2 X 2 X
2 mm® resolution, using the Montreal Neurological
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Table 1. Demographic and Clinical Characteristics for AOS and HC Groups

AOS (n = 35) HC (n = 30) Statistic P
Age, y, mean (SD) 15.5(1.7) 15.4 (1.5) =040 .68
Gender, male/female 20/15 13/17 ¥>=0.74 390
Education, y, mean (SD) 8.7(1.2) 8.5(1.4) t=0.52 .61°
Duration of illness, months, mean (SD) 6.6 (6.7) NA
Handness, right/left 35/0 30/0
Motion translation (mm), mean (SD) 0.61 (0.55) 0.69 (0.37) t=-0.71 48
Motion rotation (degree), mean (SD) 0.008 (0.008) 0.013 (0.007) t=-2.26 .03¢
Removed frames number, mean (SD) 3.00 (6.00) 2.00 (4.00) t=1.25 218
Frame-wise displacement, mean(SD) 0.096 (0.04) 0.093 (0.03) t=0.33 78
PANSS positive score, mean (SD) 20.42 (5.72) NA
PANSS negative score 20.91 (8.41) NA
PANSS general score 33.28 (6.69) NA
PANSS total score 74.62 (10.61) NA

AOS, adolescent-onset schizophrenia; HC, healthy controls; PANSS, Positive and Negative Syndrome Scale; NA, not applicable.

aThe P values were obtained by 2 sample ¢-test.

"The P value for gender distribution in the 3 groups was obtained by chi-squared test.

Institute (MNI) echo-planar imaging template, and spa-
tially smoothed with a 6-mm full-width half-maximum
(FWHM) isotropic Gaussian kernel. Fourth, linear
trends from the time courses were removed using tem-
poral band-pass filtering (0.01-0.08 Hz). Finally, motion
profiles including Friston’s 24-parameters, white matter
and cerebrospinal fluid signals were regressed from the
time courses. The residual signal were used to compute
functional connectivity between regions.”

Functional Connectomic Graph Metrics

Functional brain network are composed of nodes which
represent brain regions and edges mirroring the statistical
interdependence in blood oxygen level-dependent signals
between different regions. The Harvard-Oxford Atlas
which includes a total of 110 (55 per hemisphere) corti-
cal and subcortical brain regions was used in the pres-
ent study.® Functional connectivity between each pair of
nodes in the brain network was computed as the correla-
tion between their averaged regional time series. Details
on construction of the functional connectomics are pro-
vided in the supplementary material.

Global efficiency and nodal efficiency measuring how
efficient the information is transferred in the brain net-
work or between nodes are outlined in detail in our study.
These parameters correspond to the indices that have
been examined and showed most consistently alterations
in schizophrenia patients.?’> More detailed description
other network indices are provided in the supplementary
material.

Statistical Analysis

Between-Group Differences in Network Metrics To eval-
uate abnormal network topology in AOS, network topo-
logical characters were compared between AOS and HC

using nonparametric permutation tests. In permutation
test, we randomized assignment of the 2 group samples
to yield an empirical null distribution of effects under the
null hypothesis, 5000 permutations. P values were deter-
mined by the percentage of the computed null distribu-
tion that exceeded the measured difference value between
groups. For global network metrics, we compared AOS
and HC groups at each network density threshold and
additionally calculated the areas under the curves (AUC)
as a general comparison of global topological characters.
Permutation results at P < .05 were considered signifi-
cant. For each nodal character, multiple testing was con-
trolled for by correcting P values using false discover rate
(FDR correction for 110 comparisons, P < .05 was con-
sidered as significant).*

Associations Between Network Measures and Age and
Clinical Variables

To determine age-related effect on network metrics in the
experimental groups, analysis of covariance (ANCOVA)
was performed in SPSS v20. The graph-theoretical indices
were considered as dependent variables, fixed factor was
“diagnosis” (HC, AOS) and age was included as covari-
ate. Significant interaction effects (age X diagnosis) were
further disentangled using post hoc analysis within each
experimental group. Specifically, Shepherd’s pi correla-
tion was calculated between age and topological metrics
separately for both AOS and HC. Shepherd’s pi correla-
tion was employed because it accounts for potential out-
liers and increases statistical power.** Observations with
bootstrapped mahalanobis distances equal to or greater
than 6 are then removed from the sample. The 2 param-
eters Shepherd’s pi correlation returns are pi and p. The pi
is Spearman’s r value estimated over the remaining data.
However, because removing data points can inflate false
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positive rates, the resulting p value is then doubled to
account for outlier removal.?

To further explore the aberrant age-related matura-
tional processes in AOS, participants in both groups were
divided into 3 age subgroups (age 12-14 years, n = 10
patients, n = 9 controls; age 15-16 years, n = 12 patients,
n = 13 controls; age 17-18 years, n = 13 patients, n = §
controls). Interaction effect between “diagnosis” (AOS,
HC) and “age subgroup” (12-14y, 15-16y, 17-18 y) were
assessed using analysis of variance (ANOVA). For sig-
nificant interactions, permutation test (5000 times) was
performed as post hoc analysis to determine network
metric differences in each age subgroup between AOS
and HC. Bonferroni corrected P < .05 was set as signifi-
cance threshold.

Shepherd’s pi correlations between topological metrics
and duration of illness, positive PANSS, negative PANSS
scores were also estimated in AOS.

Results

Imaging data of 4 patients and 1 healthy participant were
excluded due to high head motion (>2 mm translation or
>2° rotation), leaving a total of n = 35 AOS and n = 30
HC for the final network analysis. Importantly, AOS and
HC did not differ in the time points removed, the mean
FD, motion rotation, and motion translation between the
2 groups (table 1).

Aberrant Overall Network Topology in AOS

Compared to HC, AOS presented a significantly decreased
global efficiency of the brain functional network at each
network density threshold (figure 1). The overall network
strength, local efficiency, and small-world character did
not significantly differ between the groups (supplemen-
tary figure S1).

Aberrant Regional Network Topology in AOS

Compared to HC, AOS demonstrated reduced nodal
efficiency and nodal strength in the bilateral posterior
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parahippocampus, bilateral precuneus, and left hip-
pocampus (figure 2). Between-group comparisons in
nodal path length, betweenness and clustering coefficient
are additionally provided in supplementary figure S2.
Regions with significantly altered efficiency and strength
were used as topological targets to subsequently deter-
mine age- and disorder characteristic-associations.

Age Association of Network Metrics Alterations
in AOS

The ANCOVA did not reveal significant interaction
effects between “diagnosis” and “age” on global effi-
ciency (F = 0.47, P = .496). However, a significant inter-
action effect between “diagnosis” and “age” was found on
nodal efficiency (F = 9.40, P = .003) and nodal strength
(F =9.67, P = .003) in the left hippocampus. Post hoc
analysis demonstrated a significant, negative association
between nodal efficiency and age in the left hippocampus
of HC (pi = —.51, p = .013), whereas a significant posi-
tive association was observed in AOS (pi = .45, p = .018).
Furthermore, nodal strength in the left hippocampus was
significantly and negatively correlated with age in HC
(pi = —.51, p = .014) and positively correlated with age in
AOS (pi = .48, p = .009) (figure 3A).

The ANOVA revealed a significant interaction effect
between “diagnosis” and “age subgroup” on nodal effi-
ciency (F = 3.74, P = .02) and nodal strength (F = 4.52,
P = .01) in the left hippocampus. As shown in figure 3B,
post hoc analysis in each age subgroup demonstrated
significant and strongest between-group difference in the
youngest AOS and HC group with respect to both, nodal
efficiency (12-14 y: P =.004, Cohen’s d = 1.63) and nodal
strength (12-14 y: P = .003, Cohen’s d = 1.88).

Associations Between Altered Regional Topological
Characteristics and Clinical Characteristics

The reduced efficiency identified in the right poste-
rior parahippocampus showed a negative correlation
with illness duration within AOS (pi = —.50, p = .009).
No significant association between illness duration and
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Fig. 1. Global efficiency abnormality of brain network in AOS. (A) Global efficiency of brain functional network in AOS and HC
groups were presented at each network sparse density; (B) The area under the curve (AUC) values were displayed and compared between
groups. Error bars indicate standard deviations, permutation tests. AOS, adolescent-onset schizophrenia. HC, healthy controls.
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Fig. 2. Regional topological properties of brain network in AOS. (A) Nodal efficiency and nodal strength in 5 regions were significantly
changed in AOS, permutation tests. Error bars indicate standard deviations. The locations of these 5 areas were presented on surface.
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the left hippocampus in AOS and HC subjects. Black hollow dots mark the outliers point in the linear estimation using Shepherd’s pi
correlation. (B) Topological properties comparison in the age subgroups. ANOVA test was used to investigate the interactions between
age (“12-14,” “15-16,” and “17-18”) and “diagnosis” (AOS, HC). Group comparison in each age subgroup was examined using
permutation tests. Error bars indicate standard deviations. AOS, adolescent-onset schizophrenia; HC, healthy controls.

693



Liet al

nodal efficiency (pi = —.28, p = .252) or nodal strength
(pi = —.29, p = .244) in the left hippocampus was found
(supplementary figure S3). No significant associations
between network metrics in the left hippocampus and
PANSS scores were observed in AOS (all P values > .05).

Validate and Additional Control Analysis

To validate results from the graph theoretical approach,
network-based statistic (NBS) analysis* aiming to iden-
tify aberrant functional network connectivity in AOS
patients was additionally employed. The NBS analysis
revealed 2 functional circuits with decreased functional
connectivity in the AOS relative to controls, primarily
involving frontal, temporal, and parietal regions (P < .05,
supplementary figure S4 and supplementary table S2).
Importantly, in concordance our findings on regional
topological alterations in AOS, the NBS results point to
the hippocampus, posterior parahippocampal gyrus, and
the precuneus as main pathological hubs characterizing
adolescent schizophrenia.

Asshown in figure 3A, to further account for the poten-
tial impact of outliers, the association between age and
nodal efficiency/strength in the left hippocampus, was
computed using Shepherd’s pi correlation.* Considering
the potential impact of outlier exclusion in the small sam-
ple, we replicated the results in the entire sample using
Spearman correlation (supplementary table S3). Second,
the motion rotation between 2 groups is not matched very
well (P = .03, table 1), though we have strictly controlled
the head motion in data preprocessing and subject selec-
tion. Additionally, interaction between age and group
may also be confounded by gender. We therefore repli-
cated the ANCOVA including motion rotation and gen-
der as confounders. Findings could be replicated (nodal
efficiency: F = 9.01, P = .004; nodal strength: F = 10.50,
P = .002), arguing against confounding effects of these
variables on the present results.

Discussion

The present study combined resting state functional MRI
and a graph theory approach to determine large scale
brain functional network alterations in AOS. Focusing
on medication-naive first episode adolescent patients
allowed for the first time to map aberrant adolescent
brain maturation on the level of functional brain topol-
ogy in schizophrenia. Compared with controls, patients
demonstrated impaired large scale integration in highly
integrative network hubs, most consistently the hippo-
campal formation and the precuneus. Notably, the left
hippocampus showed opposite age-efficiency associa-
tions in the HCs and patients, indicating dysregulated
maturational trajectories in adolescent schizophrenia.
The present results extend previous findings on dysregu-
lated adolescent brain-anatomical network maturation in
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schizophrenia'®** and suggest a particular high vulnera-
bility of the hippocampal functional networks for schizo-
phrenia-associated maturational dysregulations during
early adolescence. Together, the findings lend additional
support for the neurodevelopmental hypothesis of schiz-
ophrenia and contribute to the growing evidence that
network topological markers might represent early brain-
based biomarkers for the disorder.

Global Measures

Deceased global efficiency in AOS suggests that low
efficient communication capacity in brain functional
networks critically contributes to the pathophysiology
in schizophrenia. In support of putative disruptions in
synaptic plasticity in schizophrenia, previous studies
examining network topology on the level of white matter
organization consistently reported decreased global net-
work efficiency in schizophrenia.***’ In contrast, previous
research utilizing graph theory to determine schizophre-
nia-associated alterations in functional topology revealed
inconsistent results regarding global efficiency in adult-
onset schizophrenia, with both, decreased as well as
increased efficiency being reported.”®* Functional net-
work characteristics have shown a high sensitivity to anti-
psychotic medication!* as well as progressive alterations
during the course of the disorder.® Notably, the only
previous study in medication-naive adult schizophre-
nia patients reported reduced global efficiency,* which
together with the current findings suggest that reduced
efficiency might represent an early marker of the disorder.

In contrast to previous studies,”*?* the present study
did not observe associations between brain network
properties and symptom severity, possibly reflecting that
network-level markers might not directly relate to the
current symptom load at the onset of the disorder and
might become more pronounced during the course of the
disorder.* However, a previous study in medication-naive
first-episode patients with childhood and adolescent
schizophrenia patients®® reported that frontotemporal
intrinsic network alterations were modulated by symp-
tom severity, which together with the present results sug-
gest that dysregulated brain network maturation during
early adolescence represents a key pathophysiological
substrate of the disorder.

Regional Measures

Decreased nodal strength and efficiency in the hippocam-
pal formation and precuneus reflects impaired efficiency
to assess information in AOS. Graph theoretical analyses
in healthy subjects have consistently identified both, the
hippocampal formation and the precuneus as densely con-
nected regions with a central position in overall networks
that subserve important roles in global communication.*
The precuneus has been considered a core hub of the
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default network and rich club organization, both of which
have been consistently found to be disturbed in white mat-
ter anatomical networks of schizophrenia.”’#! Moreover,
in line with their roles as integrative hubs across differ-
ent networks,’” both the precuneus and the hippocampus
critically contribute to highly integrative tasks, such as
episodic memory,* sensory gating,* and self-processing,*
with marked impairments in these behavioral domains
being reported in AOS.** In line with the topologi-
cal abnormalities, findings from the NBS-based analysis
demonstrated that particularly long-range connections
of the hippocampus and precuneus with frontal and
temporal networks engaged in these behavioral domains
were disrupted in patients with AOS. Together, conver-
gent findings point to disconnections in hub regions criti-
cally engaged in integrative multimodal functions across
brain systems which may lead to deficient communication
capacity in the disorder and may contribute to the pro-
nounced symptomatology commonly observed in AOS.*

Age-Maturation Associations

Most importantly, the present study mapped different
maturation trajectories with regard to regional efficiency
and nodal strength to the hippocampus in patients with
adolescent schizophrenia. In adult-onset schizophrenia,
alterations in the hippocampal morphology have been
reported in first-episode*” and unmedicated patients®
suggesting that alterations in this region might repre-
sent an early marker of the disorder. Moreover, altered
intrinsic hippocampal functioning has been consistently
observed in adult-onset schizophrenia and high-risk pop-
ulations, including reduced connectivity in unmedicated
patients'* and schizotypal personality disorder® as well
as increased regional intrinsic activity in first-degree rela-
tives,® suggesting that medial temporal lobe pathology
might be a core characteristic of schizophrenia spectrum
disorders. Previous studies on network maturation dur-
ing adolescence have reported age-related decline in both
between as well as within local network integration,’!
including decreasing hippocampal regional network met-
rics during the course of adolescent brain maturation.*
HCs in the present study displayed an age-related decline
in local efficiency and strengths of the hippocampus, pos-
sibly reflecting fine-tuning of topological organization
to promote adult-level cognitive processing.”® In con-
trast, patients displayed an age-related increase in these
network metrics suggesting profound differences in the
normal maturational time-course, which might mirror
dysregulated maturational processes, ie, synaptic prun-
ing and myelination as supported by previous studies in
early-onset schizophrenia reporting gray matter loss,*
white matter integrity reduction,* and structural dyscon-
nectivity of the medial temporal lobe.

In line with our hypothesis and previous brain struc-
tural findings in patients with schizophrenia* alterations

Dysregulated Maturation in AOS

were most pronounced during early adolescence. Aberrant
maturational trajectories specifically affected the left hip-
pocampus, suggesting either pronounced hippocampal
functional deficits when the pathological attack occurred
during early adolescence. Together with the prefrontal cor-
tex, the medial temporal lobes undergo particularly strong
changes during early adolescent brain maturation,*® with
previous studies suggesting that an onset of schizophrenia
during this period particularly affects temporal and fron-
tal regions® putatively reflecting a generally increased vul-
nerability of brain systems that undergo active adolescent
maturation, particularly the hippocampus.>

Importantly, aberrant network metrics in the hippo-
campus were not associated with illness duration, sug-
gesting that alterations in this region might reflect early
markers of the disorder. In contrast, local efficiency of
the parahippocampal gyrus further declined with illness
duration, suggesting a particular high vulnerability of
this region to disorder-related deteriorating during the
early course of schizophrenia.

Conclusions

The present study illustrated that patients with adoles-
cent-onset schizophrenia had a generally decreased effi-
ciency in intrinsic functional brain networks. Patients
additionally demonstrated aberrant age-related changes
of hippocampal regional network topological features.
Together the present findings support the dysconnectivity
and the developmental pathology hypotheses of schizo-
phrenia and suggest a particular high vulnerability of
the hippocampal formation possibly reflecting an early
marker for the disorder.

Limitations

There are 2 limitations related to the analyses employed in
the present study. First, the sample size used in our study
was sufficient, the sample size in the maturation analysis
within each subgroup was relatively small, which limited
the statistical power of our results. Although this type of
data with antipsychotic-naive, first-episode patients with
adolescent-onset schizophrenia was collected extremely
difficult, a larger sample size needs to be replicated.
Second, to limit the number of comparisons for the deter-
mination of age-related changes in AOS a 2-step approach
was employed and the examination of age-associations
was limited to regions showing significant between group
differences. Although this increased the sensitivity to
detect different age-associations, this approach does not
allow to draw conclusions regarding altered development
of regions outside of this regionally restricted analyses.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin online.
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