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Some patients with schizophrenia have severe cognitive impairment and functional deficits that require long-term institutional
care. The patterns of brain-behavior alterations in these individuals, and their differences from patients living successfully in the
community, remain poorly understood. Previous cognition-based studies for stratifying schizophrenia patients highlight the
importance of subcortical structures in the context of illness heterogeneity. In the present study, subcortical volumes from 96
institutionalized patients with long-term schizophrenia were evaluated using cluster analysis to test for heterogeneity. These data
were compared to those from two groups of community-dwelling individuals with schizophrenia for comparison purposes,
including 68 long-term ill and 126 first-episode individuals. A total of 290 demographically matched healthy participants were
included as normative references at a 1:1 ratio for each patient sample. A subtype of institutionalized patients was identified based
on their pattern of subcortical alterations. Using a machine learning algorithm developed to discriminate the two groups of
institutionalized patients, all three patient samples were found to have similar rates of patients assigned to the two subtypes
(approximately 50% each). In institutionalized patients, only the subtype with the identified pattern of subcortical alterations had
greater neocortical and cognitive abnormalities than those in the similarity classified community-dwelling patients with long-term
illness. Thus, for the subtype of patients with a distinctive pattern of subcortical alterations, when the distinct pattern of subcortical
alterations is present and particularly severe, it is associated with cognitive impairments that may contribute to persistent disability
and institutionalization.
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INTRODUCTION
A significant number of individuals living with schizophrenia
require long-term institutional care [1]. These patients typically
show more pronounced cognitive impairment [2], which in many
samples has been related to abnormal brain volumes [3–5].
Moreover, both cognitive function and brain volume alterations
have been associated with poor functional outcomes [6, 7].
Characterizing brain-behavior profiles in institutionalized indivi-
duals may facilitate understanding their severe illness course and
potentially discover biomarkers helpful in identifying such
individuals for novel cognition-targeted treatments.
At present, it remains unclear whether there is meaningful

neurobiological heterogeneity in severely affected institutiona-
lized individuals with schizophrenia. This is a crucial issue, as
evaluation of group-level differences may obscure distinct

biological processes relevant for different individuals. Previously
in schizophrenia studies, discrete heterogeneity has been
identified in psychosis symptoms [8], cognitive function [9],
molecular biological profiles such as in the brain transcriptome
[10], peripheral immune factors, and growth factors [11], as well as
in neuroanatomic features [12–14].
Studies resolving heterogeneity in schizophrenia have empha-

sized the importance of subcortical volumes, which in turn have
been linked to cognitive deficits [15–19]. These observations are
consistent with many demonstrations that subcortical structures,
including the basal ganglia, thalamus, and hippocampus, play well-
established roles in schizophrenia and cognitive function [20–22].
In this study, we tested for heterogeneity of subcortical brain

volumes in institutionalized patients with schizophrenia using
cluster analysis. Cognitive function, as an external validator, was
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compared between identified subtypes. In addition to delineating
patterns of subcortical heterogeneity in the institutionalized
patients, we aimed to examine whether similar heterogeneity
would exist in community-dwelling individuals. To address this
issue, we trained a brain-based classifier in the institutionalized
sample utilizing a machine learning algorithm applied to
subcortical brain features and subtype labels identified in
clustering. This classifier was then applied to two data sets
comprised of community-dwelling individuals with schizophrenia
(early and later course of illness groups) to determine the
proportion of individuals in these samples with the distinct
subcortical neuroanatomic patterns identified in the institutiona-
lized individuals. In addition to our primary focus on subcortical
features, we performed cluster analyses based on cortical brain
volumes in secondary analyses for comparison purposes.
We hypothesized that (1) some institutionalized patients would

be classified into a subtype with distinct subcortical and cognitive
deficits, and (2) community-dwelling patients would be different
from institutionalized patients in terms of the pattern or severity
of the identified brain-behavior pattern.

MATERIALS AND METHODS
Participants
Three independent samples were used in this study (N= 580). In a subtype
discovery sample, 96 institutionalized patients with schizophrenia and 96
demographically matched healthy controls were included from a single
site in China to identify subtypes of patients defined by subcortical
volumes. These patients were institutionalized (the total length of
institutionalization: 1451.72 ± 890.84 days, the length of current hospita-
lization: 656.04 ± 901.08 days, lifetime number of hospitalizations: 6.82 ±
6.28). Generally, they were maintained in the hospital because of persistent
and severe functional disability rather than persistent acute positive
symptoms.
Two samples of community-dwelling patients with schizophrenia and

demographically matched healthy controls were recruited for comparison
purposes. First, 68 community-dwelling individuals with long-term
schizophrenia and 68 controls from the Bipolar-Schizophrenia Network
on Intermediate Phenotypes (B-SNIP) consortium were examined [23, 24].
Also, 126 community-dwelling drug-naïve individuals with first-episode
schizophrenia (FES) and 126 controls were included from a single site in
China. The B-SNIP and FES participants were living in the community
(except for brief hospitalization for the FES participants). Patients in the
subtype discovery set of institutionalized patients were marginally older
than the community-dwelling individuals with long-term illness (Supple-
mentary Table S2 in Supplementary Materials). In all samples, patient
diagnosis was determined using the Structured Clinical Interview for DSM-
IV (SCID), and psychopathology was evaluated using the Positive and
Negative Syndrome Scale (PANSS) [25]. All institutionalized patients and
community-dwelling individuals with long-term illness had an illness
duration greater than 5 years, and FES patients had an illness duration of
fewer than 2 years. All institutionalized patients were receiving ongoing
atypical antipsychotic treatment.
For each of the three samples of individuals with schizophrenia, healthy

controls were recruited from nearby communities via advertisement as the
normative reference for brain-behavior patterns and excluded if they had a
history of significant psychiatric illness identified using the non-patient
SCID interview. All study participants with non-right handedness, a history
of head injury, neurological illness, systemic disease, substance use, or
magnetic resonance (MR) scanning contraindications were excluded from
the study. Written informed consent was provided by all participants, and
this study was approved by the local research ethics committee at all study
sites. Details regarding the three samples are provided in Supplementary
Methods.

Cognitive assessments
The Brief Assessment of Cognition in Schizophrenia (BACS) [26] was used
to evaluate cognitive function in two of the three samples. BACS scores of
community-dwelling individuals from the B-SNIP sample with long-term
schizophrenia and corresponding controls were transformed into z-scores
based on published norms [27]. The institutionalized sample was assessed
with the Chinese version of the BACS [28], where raw test scores relative to

controls rather normative data were used, especially for within-sample
analyses, as a large normative sample of this test version is not currently
available in a Mandarin-speaking population. Institutionalized patients had
more severely impaired cognition than the community-dwelling indivi-
duals with long-term illness (Supplementary Table S3 in Supplementary
Materials).

Acquisition and preprocessing of structural images
Three-dimensional T1-weighted images were acquired using 3-T MR
scanners for all participants. Scanning parameters and quality assessment
are reported in Supplementary Materials. All images were processed by
FreeSurfer (https://surfer.nmr.mgh.harvard.edu) software version 6.0 with a
‘recon-all’ workflow [29]. Regional brain volumes (including cortical and
subcortical volumes) and global brain features including cortical gray
matter volume (GMV), subcortical GMV, total GMV, cerebral white matter
volume (WMV), and total brain volume (TBV) were extracted for patient
subtyping and comparisons. Euler number [30], a measure of the quality of
cortical reconstruction in the FreeSurfer pipeline, was calculated (see
Supplementary Methods).

Subtype identification in the institutionalized sample
K-means++ clustering [31] was used for subtyping institutionalized
patients with schizophrenia (N= 96). In our primary cluster analysis
(Fig. 1A), volumes of 14 subcortical structures (bilateral thalamus, caudate
nucleus, putamen, globus pallidus, hippocampus, amygdala, and nucleus
accumbens) were employed for patient subtyping without further
dimensional reduction steps. Feature standardization steps, including
removing variance related to age, sex, and intracranial volume (ICV) and
standardizing them into z-scores, were implemented. During clustering,
center initiation and the number of clusters were both randomly tuned to
achieve better model performance. The Silhouette coefficient [32] was
used to identify the optimal number of clusters. Methodological details of
clustering and validation are presented in Supplementary Materials. To
compare clustering results based on subcortical features with those via
other features, we performed four supplementary cluster analyses based
on regional cortical volumes, regional cortical and subcortical volumes,
global cortical volumes, and global brain volumes (See Supplementary
Materials).

Classifier training, validation, and patient assignment
Institutionalized patients were randomly split into training and test sets at
a ratio of 70%/30%. Subcortical volumes used in the primary cluster
analysis, following the same feature standardization steps as the clustering,
were employed to train a brain-based classifier to distinguish the two
subgroups of institutionalized patients (Fig. 1B). Random forest algorithm
[33], a supervised machine learning approach, was applied for classifier
modeling. In the training set, 100-repetitions of 10-fold cross-validation
and tuning parameters were applied to optimize the model. The prediction
was first performed using the optimal model in the test set to evaluate
classifier performance. In both community-dwelling samples, predictions
were subsequently made with the optimal model developed for the
institutionalized subgrouping (Fig. 1C). Detailed information of classifica-
tion models and evaluation of feature importance is described in
Supplementary Materials.

Statistical analysis
Statistical analyses for this study were performed with R (version 4.0.2)
[34]. Neuroanatomic and cognitive group comparisons were carried out
using analysis of covariance (ANCOVA) with Tukey HSD post hoc tests,
treating age, sex, ICV, and education level as covariates. False discovery
rate (FDR) adjustment was applied to p-values generated in the primary
analyses and post hoc tests for group differences in symptoms, cognitive
function, regional and global brain volumes. Glass’s delta (Δ) effect sizes
were calculated to characterize patient-control differences for neuroa-
natomic and cognitive profiles after removing variance related to
covariates. To determine whether potential confounders would drive the
patient subtyping and subsequent brain-behavior comparisons, sensi-
tivity analyses for factors such as illness duration, ICV, and the Euler
number were performed. In addition, we performed correlation analyses
between neuroanatomic and behavioral features to characterize their
relationships across samples. Detailed procedures of between-sample
statistical tests and sensitivity analyses are described in Supplementary
Materials.
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RESULTS
Two distinct subtypes defined by subcortical volumes in
institutionalized patients
Institutionalized patients with schizophrenia were clustered into
two subtypes based on subcortical volumes, and each subtype
was composed of 48 patients (50.00%) (Supplementary Table S4).
Subtype 1 of institutionalized patients was characterized as

having widespread neuroanatomic and cognitive deficits relative
to controls, affecting all subcortical (Δ ranged from −1.60 to
−0.46, PFDR ranged from < 0.001 to 0.020) and multiple regional
cortical volumes (Δ ranged from −1.40 to−0.18, PFDR ranged from
< 0.001 to 0.047), BACS composite scores (Δ=−1.97, PFDR < 0.001)
and all BACS subtest scores (Δ ranged from −2.38 and −1.11, PFDR
< 0.001) except the verbal fluency test (Fig. 2).
In secondary cluster analyses, subtypes identified based on

cortical features did not significantly differ in cognitive function
(Supplementary Table S13), highlighting the importance of
subcortical alterations for identifying a subgroup of patients with
pronounced cognitive disabilities.
Compared with controls, Subtype 2 of institutionalized patients

displayed significantly increased volume in the bilateral pallidum
(Δ ranged from 0.93 to 1.00, PFDR < 0.001) (see Fig. 2). At the same
time, other subcortical brain measures in Subtype 2 did not show

significant alterations relative to controls. Subtype 2 patients
showed limited cortical deficits, mainly involving the default
network, as well as cognitive impairments with medium-to-large
effect sizes relative to controls.
Subtype 1 of institutionalized patients showed significantly

decreased volumes relative to Subtype 2 in all subcortical (t
ranged from −8.58 to −3.77, PFDR ranged from < 0.001 to 0.001)
and multiple regional cortical volumes (t ranged from −5.34 to
−2.56, PFDR ranged from < 0.001 to 0.045). Compared with
Subtype 2 patients, Subtype 1 displayed significantly greater
cognitive impairments in BACS composite scores (t=−2.72, PFDR
= 0.048), verbal memory (t=−3.80, PFDR= 0.005), and Tower of
London test scores (t=−3.36, PFDR= 0.011).

Sensitivity analyses for the institutionalized sample
Two subtypes of institutionalized patients displayed no significant
differences in age, sex, education level, hospitalization length, the
daily dose of antipsychotic medication, or psychotic symptoms
(Table 1). Subtype 1 of institutionalized patients had significantly
longer illness duration than Subtype 2 (t= 2.21, P= 0.029). When
we re-performed the cluster analysis with prior removal of
variance related to illness duration, similar brain-behavior patterns
were found as in the primary clustering (Supplementary Fig. S3).

Fig. 1 Schema of subtype discovery, classifier development, and patient assignment. Subtypes were identified using K-means++ cluster
analysis with regional subcortical volumes in institutionalized patients with schizophrenia (A). These institutionalized patients were
subsequently used to develop a brain-based classifier with a random forest algorithm, and subgroup labels generated in cluster analysis and
regional subcortical volumes applied in cluster analysis were as input of the classifier (B). The classifier developed in institutionalized patients
was applied to classify community-dwelling schizophrenia individuals with long-term illness or first-episode illness (C). B-SNIP, the Bipolar-
Schizophrenia Network on Intermediate Phenotypes consortium; CV, cross-validation; FES, first-episode schizophrenia; N, number of patients.
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Sensitivity analyses revealed that factors such as ICV, Euler
number, and the daily dose of antipsychotics did not affect our
subtyping findings in institutionalized patients (see Supplemen-
tary Materials).

Classifier training, validation, and patient assignment
Detailed descriptions of findings using the brain-based classifier
are presented in Supplementary Materials. Using the 14 subcortical
volumes and subtype labels identified in our cluster analysis, a
brain-based classifier was trained and validated, achieving the
average accuracy of 0.97 across 100-repetitions of 10-fold cross-
validation in the training set and an accuracy of 1.00 (95%
confidence interval= 0.88 ~ 1.00, P < 0.001), with a sensitivity of
1.00, and a specificity of 1.00 in the test set (the 30% of
institutionalized cases held out from the training set). The area
under the receiver operating characteristic (ROC) curve (AUC) was
1.00. Thalamic and basal ganglia volumes were the first few
features in the contribution plot (Supplementary Fig. S7). Patients
in each community-dwelling sample were assigned into two
subgroups based on the brain-based classifier developed in the
institutionalized sample. Their classification rates were not

significantly different from the institutionalized sample (Supple-
mentary Table S4).

Cross-sample statistical tests in brain-behavior profiles
We conducted statistical comparisons across the institutionalized,
B-SNIP, and FES samples (Figs. 3–4, Supplementary Figs. S8, S9).
Key features of Subtype 1 institutionalized patients were more

abnormal relative to controls than Subtype 1 individuals from the
community-dwelling samples (Fig. 3). In neuroanatomic profiles,
institutionalized and B-SNIP long-term ill patients in Subtype 2 did
not display any significant differences but did share some
common alterations such as increased pallidum volume (Fig. 4).
However, institutionalized patients in Subtype 2 had significantly
worse cognitive performance than Subtype 2 individuals of the
B-SNIP sample (Fig. 4).

DISCUSSION
This study identified two distinct subtypes of institutionalized
patients with schizophrenia based on subcortical brain features.
Subtype 1 of institutionalized patients demonstrated widespread

Fig. 2 Between-group comparisons in brain-behavior profiles within the institutionalized sample. ANCOVA and post hoc Tukey HSD tests
were used to detect between-group differences in (A) subcortical volumes, (B, C) cortical volumes, (D) global brain volumes, and (E) cognitive
function in two subtypes of institutionalized patients and demographically matched healthy controls. Age, sex, and ICV were included as
covariates for brain volumes, and age, sex, and education level were covariates for BACS raw scores. In bar charts, significant patient-control
and between-subtype differences, determined by FDR-corrected P-values generated in post hoc pairwise tests, are marked by one and two
asterisks, respectively. Shading bars represent Glass’s delta (Δ) effect sizes, which were calculated after removing variance related to
corresponding covariates and used to demonstrate patient-control differences for each subtype. Error bars mean 95% confidence interval of
Δ. In cortical maps, only regions that survived FDR corrections are colored by t statistics from post hoc tests. CV Cortical volume; GMV Gray
matter volume; HC Healthy controls; L the left hemisphere; R the right hemisphere; S1 Subtype 1 of institutionalized patients; S2 Subtype 2 of
institutionalized patients; TBV Total brain volume; WMV White matter volume.
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Table 1. Demographical and clinical comparisons in two identified subtypes of institutionalized patients with schizophrenia and healthy controls.

Measure Subtype 1 (N= 48) Subtype 2 (N= 48) HC (N= 96) F/χ2/t P/PFDR
Age (year, M ± SD) 47.63 ± 7.59 45.33 ± 6.78 46.65 ± 7.53 1.17 0.312

Sex (female: N/%) 15 (31.25%) 16 (33.33%) 31 (32.29%) 0.05 0.976

Educational level (year, M ± SD) 9.81 ± 2.65 10.02 ± 2.69 9.56 ± 3.24 0.40 0.672

Illness duration (year, M ± SD) 21.96 ± 8.22 18.08 ± 8.92 – 2.21 0.029*

Total length of institutionalization (day, M ± SD) 1457.45 ± 982.71 1446.10 ± 801.21 – 0.06 0.951

Length of current hospitalization (day, M ± SD) 525.21 ± 900.12 786.87 ± 892.38 – −1.42 0.160

Lifetime number of hospitalization (time, M ± SD) 7.45 ± 5.74 6.21 ± 6.76 – 0.96 0.338

CPZ equivalent (mg/day, M ± SD) 484.30 ± 203.72 481.03 ± 206.63 – 0.08 0.938

PANSS (M ± SD)

Positive score 11.16 ± 5.07 9.88 ± 3.45 – 1.41 0.357

Negative score 16.31 ± 5.07 16.23 ± 5.83 – 0.07 0.942

General score 26.87 ± 5.86 25.31 ± 5.13 – 1.36 0.357

Total score 54.33 ± 13.63 51.42 ± 12.48 – 1.07 0.381

CPZ equivalent, the daily dose of antipsychotics transformed into chlorpromazine equivalent; F F statistic in the analysis of variance (ANOVA); HC Healthy
controls; Mmean value; PANSS the Positive and Negative Syndrome Scale; PFDR False discovery rate (FDR) adjusted p-value; SD Standard deviation; t t-statistic in
two-sample t-tests; χ2 the chi-squared statistic.
Age and education level were compared using ANOVA, and sex distributions were compared using the chi-squared test between two subtypes of patients and
healthy controls. Between-subtype comparisons in illness duration, the daily dose of antipsychotics, and PANSS scores were performed with two-sample t-
tests. P-values assessed PANSS differences were adjusted by FDR because of multiple comparisons. Asterisks demonstrate significant between-group
differences.

Fig. 3 Between-sample comparisons in brain-behavior profiles for Subtype 1. ANCOVA and post hoc Tukey HSD tests were employed to
test between-sample differences in (A) averaged subcortical volumes, (B) global brain volumes, (C) cognitive function, and (D–F) cortical
volumes between Subtype 1 patients from different samples and the pooled healthy control group. Age, sex, and ICV were included as
covariates for harmonized brain volumes, while education level was treated as the covariate for age- and sex-corrected BACS z-scores. In bar
charts, significant patient-control and between-sample differences, determined by FDR-corrected P-values generated in post hoc pairwise
tests, are marked by one and two asterisks, respectively. Shading bars represent Glass’s delta (Δ) effect sizes, which were calculated after
removing variance related to covariates and used to demonstrate patient-control differences. Error bars mean 95% confidence interval of Δ. In
cortical statistic maps, only regions that survived FDR corrections are colored by t statistics from post hoc tests. GMV Gray matter volume; HC
Healthy controls; Insti. institutionalized patients; TBV Total brain volume; WMV White matter volume.
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and severe deficits in subcortical and neocortical brain volumes
and in cognition. In contrast, subtypes identified based on cortical
brain features did not significantly differ in cognition. According to
a brain-based classifier developed in institutionalized patients,
community-dwelling patients from both independent samples
were also classified into two subgroups and in similar proportions
as in the institutionalized patients. However, Subtype 1 neuroa-
natomic and (or) cognitive features in institutionalized patients
were significantly more abnormal than in Subtype 1 individuals
from the two community-dwelling samples. Regarding Subtype 2,
increased pallidum volume was a consistent regional brain
alteration for institutionalized and B-SNIP patients (i.e.,
community-dwelling individuals with long-term illness). Therefore,
Subtype 1 institutionalized patients did not present with a novel
form of illness in terms of subcortical features. Instead, when they
did show that patterns as present in all schizophrenia groups, it
was more severe and, in that case, was associated with particularly
pronounced cognitive disability to the degree that likely
contributed to their need for long-term inpatient care.
Chand et al. [13] also identified two patient subtypes based on

regional brain volumes in schizophrenia, including one subtype
with widespread reductions in gray and white matter volumes and
the other with increased volumes in the basal ganglia. Our
identification of two patient subtypes is broadly consistent with
this finding, especially regarding identifying a subgroup with

increased rather than decreased basal ganglia features. In the
broader context of ongoing efforts to characterize heterogeneity
in individuals living with the schizophrenia syndrome
[13, 18, 19, 35, 36], our work extends prior findings by identifying
a subgroup defined by subcortical features that is associated with
neurocognitive morbidity. Identifying the brain and behavioral
features of Subgroup 1 adds to the growing knowledge of
neurobiological heterogeneity associated with the disorder, the
investigation of which has focused on higher functioning
community-dwelling individuals [35, 36]. Since long-term hospi-
talization has been associated with persistent impairment in
cognitive function and disability in schizophrenia, developing
effective interventions targeting institutionalized patients could
have considerable clinical benefits [2, 37–39]. Our findings raise
the possibility that the identification of subgroups of individuals
requiring institutional care might guide the application of novel
pharmacological or cognitive remediation interventions [40, 41] to
improve long-term clinical outcomes.
The particularly pronounced subcortical and cognitive deficits

observed in Subtype 1 of institutionalized patients were
significantly greater than in community-dwelling samples. The
causes of these differences cannot be determined in our cross-
sectional study but may be related to illness progression in some
individuals, antipsychotic medication effects, or a distinct sub-
population of patients with these features from illness onset.

Fig. 4 Between-sample comparisons in brain-behavior profiles for Subtype 2. ANCOVA and post hoc Tukey HSD tests were employed to
test between-sample differences in (A) averaged subcortical volumes, (B) global brain volumes, (C) cognitive function, and (D–F) cortical
volumes between Subtype 2 patients from different samples and the pooled healthy control group. Age, sex, and ICV were included as
covariates for harmonized brain volumes, while education level was treated as the covariate for age- and sex-corrected BACS z-scores. In bar
charts, significant patient-control and between-sample differences, determined by FDR-corrected P-values generated in post hoc pairwise
tests, are marked by one and two asterisks, respectively. Shading bars represent Glass’s delta (Δ) effect sizes, which were calculated after
removing variance related to covariates and used to demonstrate patient-control differences. Error bars mean 95% confidence interval of Δ. In
cortical statistic maps, only regions that survived FDR corrections are colored by t statistics from post hoc tests. GMV Gray matter volume; HC
Healthy controls; Insti. institutionalized patients; TBV Total brain volume; WMV White matter volume.
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While neuropsychological deficits are generally stable over the
early course of illness in individuals with schizophrenia [42], over
the longer-term illness course [43], neuroanatomic and neurocog-
nitive alterations may be progressive in some individuals [44–46].
Longitudinal studies of parallel changes in neuroanatomic and
behavioral characteristics with heterogeneity modeling are
needed to determine whether our observations reflect abnorm-
alities that evolve over the illness course. But perhaps the more
immediate direction to follow up on our findings are detailed
studies of brain function and chemistry in subcortical regions in
this population, as these might yield novel mechanistic under-
standing and provide the rationale for targeted treatment
development.
One important observation from our analyses was that the

subtype defined by subcortical volume reductions had pro-
nounced cognitive deficits, while this was not observed in
subtypes identified by cortical brain features in the institutiona-
lized patient group. This pattern was observed in the context of
robust anatomic alterations in both cortical and subcortical
features in that group. These findings highlight the importance
of subcortical volume abnormalities for cognitive deficits in
institutionalized patients with schizophrenia, consistent with
findings in several cognition-based subtyping studies [18, 19]. Of
note, we observed the importance of alterations in the thalamus
and basal ganglia for distinguishing subgroups of institutionalized
schizophrenia patients with severe cognitive deficits, consistent
with the established roles of these brain regions in cognitive
function [15, 20, 47, 48].
A somewhat unexpected finding in Subtype 2 of institutiona-

lized patients was an increased volume of the pallidum, in
contrast to other subcortical measurements where decreases
were seen and to the significant reduction of pallidum in
Subtype 1 individuals. This effect in pallidum may be an effect of
antipsychotic treatment in some individuals. Specifically,
increased volume in the pallidum has been reported in studies
of antipsychotic-treated patients [49–52] and in meta-analyses
[53, 54], but not in drug-naïve FES patients [55, 56] or never-
treated long-term ill individuals [44]. Additionally, a randomized
clinical trial [57] found that individuals with schizophrenia
receiving antipsychotic treatment showed increased pallidum
volumes, while patients treated with placebo did not. Further, a
recent cross-sectional study in schizophrenia spectrum disorders
demonstrated that responders to first-line antipsychotics
showed larger after-treatment volume in the pallidum than
patients who did not respond to treatment [58]. These findings
suggest that institutionalized patients with greater subcortical
and cognitive deficits may fail to show this effect in the basal
ganglia that have been associated with positive treatment
outcomes.
Moreover, increased pallidum volumes were also observed in

Subgroup 2 of B-SNIP patients who were successfully living in the
community. The mechanisms of increased pallidum volume
remain to be studied, and future efforts that clarify antipsychotic
effects on pallidum anatomy are needed to better understand
their relation to cognitive deficits and treatment outcomes.
Some limitations need to be considered in interpreting the

findings of the present study. First, our study design did not allow
us to determine whether the features that defined the institutio-
nalized patients were risk factors for poor illness course evident
before illness onset or changes resulting from illness progression
or treatment. Second, a replication sample is needed to confirm
the specific features used for subtyping institutionalized indivi-
duals and the subtype classification itself. Third, a more thorough
psychosocial and neuropsychiatric characterization of institutio-
nalized patients in future studies might better establish the range
of functional disabilities associated with the two subtypes of
institutionalized individuals.

CONCLUSIONS
A subtype of institutionalized schizophrenia patients defined by
subcortical anatomic features was identified. The subgroup
(Subgroup 1) comprised of half of the institutionalized patient
cohort, was associated with widespread deficits in cortical brain
volumes and cognitive function. While two similar patient
subgroups were identified in first-episode and long-term ill
community-living individuals, the neuroanatomic and cognitive
deficits of Subgroup 1 individuals were particularly pronounced in
institutionalized patients, which may have contributed to their
need for institutionalization. These findings add new insights into
the heterogeneity of schizophrenia, particularly as pertains to
those with the greatest persistent functional disability, and
highlight the importance of subcortical abnormalities for the
cognitive deficits in this patient population. Further, our findings
offer promising biomarkers for identifying a distinctly impaired
subgroup of schizophrenia patients who may benefit from novel
cognition-targeted interventions to reduce severe functional
disability.
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