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Context: Cognitive rehabilitation has shown efficacy in
improving cognition in patients with schizophrenia but
the underlying neurobiologic changes that occur dur-
ing these treatments and support cognitive improve-
ment are not well known.

Objective: To examine differential changes in brain mor-
phology in early course schizophrenia during cognitive
rehabilitation vs supportive therapy.

Design: Randomized controlled trial.

Setting: An outpatient research clinic at a university-
based medical center that provides comprehensive care
services for patients with severe mental illness.

Patients: A total of 53 symptomatically stable but cog-
nitively disabled outpatients in the early course of schizo-
phrenia or schizoaffective disorder.

Interventions: A 2-year trial with annual structural mag-
netic resonance imaging and cognitive assessments. Cog-
nitive enhancement therapy is an integrated approach to
the remediation of cognitive impairment in schizophrenia
that uses computer-assisted neurocognitive training and
group-based social-cognitive exercises. Enriched support-
ivetherapyisanillnessmanagementapproachthatprovides
psychoeducation and teaches applied coping strategies.

Main Outcome Measures: Broad areas of frontal and
temporal gray matter change were analyzed with longi-
tudinal, voxel-based morphometry methods using mixed-
effects models followed by volumetric analyses of re-
gions that demonstrated significant differential changes
between treatment groups.

Results: Patients who received cognitive enhancement
therapy demonstrated significantly greater preservation of
gray matter volume over 2 years in the left hippocampus,
parahippocampal gyrus, and fusiform gyrus, and signifi-
cantly greater gray matter increases in the left amygdala (all
corrected P� .04) compared with those who received en-
riched supportive therapy. Less gray matter loss in the left
parahippocampal and fusiform gyrus and greater gray mat-
ter increases in the left amygdala were significantly re-
lated to improved cognition and mediated the beneficial
cognitive effects of cognitive enhancement therapy.

Conclusion: Cognitive enhancement therapy may of-
fer neurobiologic protective and enhancing effects in early
schizophrenia that are associated with improved long-
term cognitive outcomes.

Trial Registration: clinicaltrials.gov Identifier:
NCT00167362
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S CHIZOPHRENIA IS CHARACTER-
ized by marked impairments
in cognition1,2 that place pro-
found limitations on func-
tional recovery.3-5 Evidence

increasingly suggests that a variety of
neurobiologic abnormalities contribute to
cognitive impairment in schizophrenia.
Progressive loss of gray matter,6 frontal
hypofunction,7,8 and decreased white
matter integrity9,10 have been consistently
observed in patients with schizophrenia.
Frontotemporal dysfunction and gray
matter loss in the prefrontal cortex, ante-
rior cingulate, hippocampus, and supe-
rior temporal gyrus have all been linked

to neurocognitive impairments in memory
and executive function processes.11-15

Likewise, abnormalities in medial tempo-
ral and medial frontal brain networks
including the amygdala, fusiform gyrus,
and orbitofrontal cortex have been impli-
cated in social-cognitive impairments in
perspective taking, emotion perception,
and foresight.16,17 Given the growing
appreciation of the central importance of
cognitive impairments and their underly-
ing neurobiologic mechanisms in schizo-
phrenia, there is great interest in develop-
ing novel therapeutics that preserve or
restore cognitive and brain function in
the disorder.18
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Todate, theneurobiologicallybased impairments incog-
nition observed in schizophrenia have had limited re-
sponse to pharmacotherapy19,20 at the cost of continued
disability.21 In contrast, psychosocial cognitive rehabili-
tation programs have emerged as effective methods for re-
mediating the cognitive impairments in schizophrenia that
limit functional recovery.22,23 A recent meta-analytic re-
view of all randomized controlled trials of cognitive re-
mediation for individuals with schizophrenia found that,
on average, patients who participate in these programs
experience a nearly four-tenths standard deviation im-
provement in neurocognitive function, with modest im-
provements also seen in functioning and psychopathol-
ogy.24 Programs that provide more comprehensive
integration with other psychosocial components beyond
neurocognitive rehabilitation also showed greater effects
on functioning. We have previously demonstrated that an
integrated neurocognitive and social-cognitive rehabili-
tation program known as Cognitive Enhancement
Therapy25 (CET) can produce strong (Cohen d � 1.00)
and lasting improvements in cognition and functioning
for patients who have had chronic schizophrenia for many
years.22,26 Very recently we provided evidence indicating
that the cognitive and functional benefits of CET can be
extended to individuals in the early course of the disor-
der, possibly capitalizing on a greater neurobiologic re-
serve in the first several years of the illness.27 After 2 years
of treatment, young individuals with early course schizo-
phrenia who received CET demonstrated substantial im-
provements in social and nonsocial cognition that ulti-
mately translated into significant functional gains in
employment, social functioning, major role adjustment,
and activities of daily living.28

Although the methods used in CET and other cogni-
tive rehabilitation programs are psychosocial in nature, im-
provements in cognition presumably produce associated
neurobiological changes29; thus, the gains in neurocogni-
tive and social-cognitive functioning in schizophrenia ob-
served during cognitive rehabilitation could result in mea-
surable changes in the brain. Furthermore, given that
progressive neurobiologic deterioration has been ob-
served in schizophrenia,6 cognitive rehabilitation might be
best applied in the earliest phases of the illness to capital-
ize on a presumed neurobiologic and neuroplasticity re-
serve and protect against future neurobiological de-
cline.29 Animal studies have repeatedly shown the ability
of the brain to reorganize itself in response to environ-
mental experiences,30 and previous studies conducted in
children with dyslexia support the notion that cognitive
training can induce a positive neurobiologic response.31

To date, only 2 published studies have examined the neu-
robiological effects of cognitive rehabilitation in schizo-
phrenia. Wykes and colleagues32 studied the 3-month ef-
fects of cognitive rehabilitation in 12 patients with chronic
schizophreniausing functionalmagnetic resonance imaging
(MRI) and found significant increases in frontocortical ac-
tivation in patients who received the treatment. However,
potential associations of these functional changes with cog-
nitive improvement were not examined. In addition, Wex-
ler and colleagues33 found increased activation in the in-
ferior frontal cortex after 10 weeks of verbal memory
training in 8 patients with chronic schizophrenia, which

wasassociatedwithverbalmemory improvement.Nostud-
ies have examined the long-term neurobiological effects
of cognitive rehabilitation in early schizophrenia or the as-
sociation of these effects with cognitive changes that oc-
cur during early course treatment.

In this study, we sought to characterize changes in brain
morphology inasampleofpatientswithearlycourseschizo-
phrenia previously described in a 2-year randomized con-
trolled trial of CET or an Enriched Supportive Therapy
(EST)control,28 andexaminetheassociationsbetweenbrain
structural and cognitive changes in an effort to identify the
potential neurobiological effects of cognitive rehabilita-
tion in early schizophrenia. It was hypothesized that CET
would exert a neuroprotective effect against gray matter
loss in regions implicated in neurocognitive and social-
cognitive impairment and that these effects would be as-
sociated with better cognitive outcomes and mediate the
previously demonstrated effects of CET on cognition.8

METHOD

PARTICIPANTS

Participants included 53 individuals in the early course of schizo-
phrenia (n=35) or schizoaffective disorder (n=18) who partici-
pated in a 2-year randomized controlled trial of CET. Patients
were included if they were stabilized with antipsychotic medi-
cation and had a diagnosis of schizophrenia or schizoaffective
or schizophreniform disorder, as assessed using the Structured
Clinical Interview for DSM-IV,34 experienced their first psy-
chotic symptom (including duration of untreated psychosis)
within thepast8years,hadan intelligencequotientof80orhigher,
were not abusing substances for at least 2 months prior to study
enrollment, and exhibited significant social and cognitive dis-
ability on the Cognitive Style and Social Cognition Eligibility In-
terview.22 Enrolled participants had a mean (SD) age of 26.17
(6.51) years, two-thirds (n=35) were male, and most were white
(n=36) or African American (n=10). Most patients (77%) had
experienced their first psychotic symptom within the past 5 years
and, on average, individuals had been ill for a mean (SD) dura-
tion of 3.22 (2.2) years since their first psychotic symptom. Most
patients had completed some college education (n=39), al-
though most were not employed at study baseline (n=38).

TREATMENT

Medications

All participants were treated with antipsychotic medication for
schizophrenia or schizoaffective disorder as prescribed by a study
psychiatrist. Most participants received atypical antipsychotic
medications (n=52) and were seen at least biweekly by a psy-
chiatric clinical nurse specialist to evaluate efficacy, tolerabil-
ity, and compliance. There were no significant differences in
medication dose or clinician-estimated medication compli-
ance between treatment groups at any point during the course
of the study (eTable 1; http://www.archgenpsychiatry.com).

Cognitive Enhancement Therapy

Cognitive enhancement therapy25 is an integrated, developmen-
tal approach to the remediation of social and nonsocial cogni-
tive deficits in schizophrenia. The treatment consists of 60 hours
of weekly computer-based neurocognitive training in attention,
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memory, and problem-solving using software developed by Ben-
Yishay35 and Bracy,36 coupled with 45 weekly social-cognitive
group sessions designed to address the key social-cognitive defi-
cits that limit functional recovery from schizophrenia. Patients
begin CET by first receiving a comprehensive neuropsychologi-
cal assessment and then meeting individually with a CET coach
to develop a therapeutic alliance, review results of neuropsy-
chological testing, and develop an initial treatment plan reflec-
tive of each patient’s goals. Neurocognitive training then pro-
ceeds in a hierarchical fashion, beginning with Ben-Yishay’s
Orientation Remediation Module to improve aspects of atten-
tion and speed of processing, followed by addressing higher-
order neurocognitive abilities in the domains of memory and ex-
ecutive functioning with Bracy’s PSSCogReHab software.36 To
promote socialization and reinforce the social-cognitive abili-
ties that are the focus of the group curriculum, neurocognitive
training is conducted in patient pairs with the assistance of a CET
therapist/coach. After approximately 3 months of neurocogni-
tive training in attention, 3 to 4 patient pairs come together to
form a social-cognitive group. These groups provide patients with
the necessary secondary socialization and experiential learning
opportunities todevelopavarietyof social-cognitiveabilities.Criti-
cal components of social cognition are addressed including per-
spective-taking, social gist abstraction, nonverbal communica-
tion, emotion management, and foresight. The group curriculum
includes both innovative cognitive exercises and psychoeduca-
tion that foster the development of social-cognitive abilities and
effective social interaction. Generalization to real-world set-
tings is an explicit goal of CET, and is promoted through weekly
homework assignments and individual coaching sessions tai-
lored to the unique needs of the patient. Cognitive enhance-
ment therapy integrates neurocognitive computer-based train-
ing with the social-cognitive group sessions to provide patients
with a comprehensive approach to the remediation of cognitive
deficits in schizophrenia. A complete description of the treat-
ment can be found in the CET training manual.25

Enriched Supportive Therapy

Enriched supportive therapy is an individual psychotherapy ap-
proach that fosters illnessmanagement throughpsychoeducation
and applied coping skills. The approach is based on components
of thebasic and intermediatephasesof thedemonstrablyeffective
personal therapy.37 InEST,patientsmeet individuallywithathera-
pist to learn and practice a variety of stress-reduction and illness-
management techniquesdesignedto forestall relapseandenhance
adjustment to the illness.TheESTapproach isdesigned tobesen-
sitive to the patient’s stage of recovery and divided into 2 phases.
The first, basic phase focuses on psychoeducation about schizo-
phrenia, the role of stress in the disorder, and symptom exacer-
bation, and introduces basic coping strategies to minimize and/or
avoidstress inone’s life.Thesecond, intermediatephaseadvances
toapersonalizedapproachto the identificationofearlycuesofdis-
tress and the application of healthy coping strategies to enhance
adjustment. By tailoring the treatment to the patient’s stage of re-
covery,ESTallowsindividuals tomovethroughthephasesof treat-
ment at their own pace. In the basic phase, patients meet weekly
witha therapist, and in the intermediate, treatment isprovidedon
a biweekly basis, although more frequent sessions were available
if needed. Components of EST on illness and stress management
were also made available to patients who received CET through
the social-cognitive group curriculum. No attempt was made to
match thenumberof sessionsorhoursof treatmentbetweenCET
and EST and, while individuals treated with CET did, by design,
receivemorehoursof treatment, adherence, asdefinedby theper-
centage of scheduled sessions missed, was similar for both inter-
ventions (eTable 1).

IMAGE ACQUISITION AND PROCESSING

Structural MRIs were acquired from most patients using a 3-T
Signa whole-body scanner and head coil (GE Medical Systems,
Milwaukee, Wisconsin), although a small proportion of pa-
tients (n=7) received 2-year scans on a 3-T Siemens whole body
scanner and head coil (Siemens, Erhlangen, Germany). Struc-
tural MRI acquisition was identical between scanners, and whole-
brainvolumewasacquired in1241.5-mm–thickcontiguouscoro-
nal slices with spoiled gradient recalled acquisition in steady state
pulse sequence (echo time,5 milliseconds; time to repetition,25
milliseconds; acquisition matrix,256�192; field of view,24 cm).
After acquisition and initial quality control, images were nor-
malized to standard Montreal Neurological Institute space and
segmented into gray matter, white matter, and cerebrospinal fluid
compartments using the unified segmentation algorithm based
on a Montreal Neurological Institute template of adult brains in
the Statistical Parametric Mapping software, version 5 (Well-
come Department of Cognitive Neurology, Institute of Neurol-
ogy, London, England).38 Segmented images were then smoothed
using a 12-mm gaussian kernel, and radio frequency inhomo-
geneityartifactswerecorrectedduring imagepostprocessingusing
a bias correction algorithm built into the segmentation proce-
dure. As this is the first study to examine the neuroanatomical
effects of cognitive rehabilitation in schizophrenia, broad re-
gions of interest were specified a priori based on previous lit-
erature on the neurobiologic correlates of cognitive dysfunction
in schizophrenia11,17 and included amygdala, caudate, cingulate
gyrus, dorsolateral prefrontal cortex, fusiform gyrus, hippocam-
pus, parahippocampal gyrus, putamen, and superior temporal
gyrusgraymatter.Regionsof interestweredefinedusing theWake
Forest University PickAtlas toolbox for SPM5,39 with regional
definitions outlined by Tzourio-Mazoyer and colleagues.40

MEASURES

Composite measures of general neurocognition and social cog-
nition were included to assess the relationship between neuro-
biological and cognitive change during the 2 years of treatment.
Individual measures used to construct these composites have been
described in detail elsewhere.28 Briefly, a comprehensive neuro-
psychological testing battery was used to construct the general
neurocognitive composite, which included immediate and de-
layed recall of stories A and B from the Revised Wechsler Memory
Scale41; List A total recall, as well as short- and long-term free
recall scores from the California Verbal Learning Test42; digit-
span, vocabulary, picture arrangement, and digit symbol scores
from the Revised Wechsler Adult Intelligence Scale43; Trails B
time to completion44; categories achieved, perseverative and non-
perseverative errors, and percentage of conceptual-level re-
sponses from the Wisconsin Card Sorting Test45; total move score
and ratio of initiation to execution time from the Tower of Lon-
don46; and cognitive-perceptual and repetition-motor neurologi-
cal soft sign scores from the Neurological Evaluation Scale.47 These
domains are reflective of those outlined by the National Insti-
tute of Mental Health Measurement and Treatment Research to
Improve Cognition in Schizophrenia (NIMH-MATRICS) com-
mittee as critical targets for cognitive enhancing treatments in
schizophrenia.48 We found the internal consistency of this neu-
rocognitive composite containing 18 variables from the afore-
mentioned measures to be excellent (�=.88).

The social cognition composite included a purposively broad
array of social-cognitive measures. These included the Mayer-
Salovey-Caruso Emotional Intelligence Test,49 which has subse-
quently been recommended by the NIMH-MATRICS committee
for the assessment of social cognition in schizophrenia,48 as well
as 2 interview-based measures of social cognition, the Social Cog-
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nition Profile and the Cognitive Style and Social Cognition Eli-
gibility Interview, which were developed in previous studies of
CET.22 The Mayer-Salovey-Caruso Emotional Intelligence Test
is a 141-item, computer-administered, performance-based mea-
sure of emotion processing and management that has shown good
psychometric properties in patients with schizophrenia.50,51 The
Social Cognition Profile is a 50-item clinician-rated measure of
social-cognitive behaviors gleaned from the literature on social
cognition.52-55 The measure is based on Selman’s53 hierarchical
stages of social-cognitive development and includes the do-
mains of perceptive, supportive, tolerant, and self-confident be-
haviors indicative of adequate social cognition. The Cognitive Style
and Social Cognition Eligibility Interview is a semistructured in-
terview designed, in part, to capture functional disability rel-
evant to impaired social cognition and covers 5 broad domains
that include lack of foresight, social gist extraction deficits, in-
terpersonal ineffectiveness, vocational ineffectiveness, and diffi-
culty adjusting to disability. Previous psychometric studies have
indicated good interrater, test-retest, and internal reliability for
both of these measures.22 We found the internal consistency of
this social cognition composite, which consisted of 12 variables
from the aforementioned measures, to be acceptable (�=.71).

PROCEDURES

On recruitment, participants were randomly assigned by a project
statistician to either CET or EST using computer-generated
random numbers and treated for 2 years in their respective treat-
ment condition. Individuals were then assessed using struc-
tural MRI and the aforementioned neurocognitive and social-
cognitive measures prior to the initiation of treatment, and then
annually for the 2 years of treatment. Initially, 67 patients were
randomized to a treatment condition; however, only 58 re-
ceived treatment because 9 patients moved, withdrew, or were
found ineligible on further review prior to beginning psychoso-
cial treatment (Figure 1). Although 58 patients were treated
and had cognitive and behavioral data available for analysis, struc-
tural imaging data were only collected on 53 individuals, as 2
participants were too large to fit into the scanner, 1 had a metal
object embedded in his thigh, 1 could not complete the scan-
ning procedure owing to anxiety, and 1 withdrew consent be-
fore imaging. While there were no significant differences be-
tween those who had imaging data and those who did not with
regard to age, illness duration, sex, race, employment status, di-
agnosis, symptomatology, treatment assignment, or cognitive per-
formance on the neurocognitive and social-cognitive compos-
ites; individuals who completed the MRI procedures were
significantly more likely to have some college education (�2

1=8.14,
P=.004). However, there were no significant differences be-
tween treatment conditions among individuals with MRI data
with regard to demographics, attrition, or symptomatology at base-
line (eTable 1). Of those with available imaging data, 8 had only
an MRI at baseline, and 8 individuals had only 2 MRIs (6 with
only baseline and year 1 scans and 2 with only baseline and year
2 scans). Reanalysis, excluding individuals with only baseline
imaging data, did not change the results (eTable 2 and eTable 3).
This research was reviewed annually by the University of Pitts-
burgh Institutional Review Board, and all patients provided writ-
ten informed consent prior to participation.

STATISTICAL ANALYSIS

Intent-to-treat analyses were conducted with all 53 patients who
had structural MRI data for at least 1 study time point and re-
ceived any exposure to their psychosocial treatment condition.
Differential rates of gray matter change between CET and EST
were first investigated with voxel-based morphometry using lin-

ear mixed-effects models restricted to the anatomical regions of
interest outlined above. Significant treatment � time interactions
showing differences in linear rates of change in gray matter den-
sity were the effects of interest in these models. When testing
the significance of more than 50 000 voxels in our region-of-
interest mask across both brain hemispheres, we used Alpha-
Sim56 to conduct a Monte Carlo simulation based on our imaging
parameters and regions of interests to estimate a combined voxel-
extent and � threshold that would maintain the corrected ex-
perimentwise error rate at acceptable levels (P=.05). This ap-
proach is more powerful than � thresholds alone, as random field
theory indicates that effects are less likely to be false positives
when they cluster together.56 Taking this into account allows more
information than just P values to judge the veracity of an effect
and, consequently, larger clusters of effects can be detected at
greater � levels without sacrificing the overall experimentwise
error rate. The results of 10 000 different simulations indicated
that a combined voxel-extent threshold of 220 voxels and an un-
corrected � threshold of P=.005 was sufficient to keep the cor-
rected experimentwise rate at P� .05.

After identifying clusters of differential gray matter change
between patients who received CET and EST during the 2 years
of treatment using voxel-based morphometry, follow-up volu-
metric analyses were conducted by extracting gray matter vol-
umes from SPM5 segmented images modulated by the Jacobian
determinants of the images obtained during normalization to ex-
amine the differential effects of CET on gray matter volumes of
specific anatomical regions. These volumetric data were then sub-
jected to a series of linear mixed-effects trend models, using an

Assessed for eligibility102

Participants randomized67

Participants treated58

Participants treated
with cognitive 
enhancement therapy

31 Participants treated
with enriched 
supportive therapy

27

Participants analyzed
with MRI data (97%)

30 Participants analyzed
with MRI data (85%)

23

Completed 1 year of
treatment (77%)

24 Completed 1 year of
treatment (78%)

21

Completed 2 years of
treatment (74%)

23 Completed 2 years of
treatment (70%)

19

Moved1 Moved2

Withdrew consent2

Moved1

Did not comply
with protocol

2

Ineligible1

Withdrew consent1
Moved1

Excluded35

Withdrew consent8
Ineligible26

Moved1

Excluded9

Withdrew consent3
Ineligible4

Moved2

Figure 1. Flowchart of 2-year randomized trial of cognitive enhancement
therapy for early-course schizophrenia. MRI indicates magnetic resonance
imaging.
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autoregressive error structure most appropriate to longitudinal
data and allowing model intercepts and longitudinal trajecto-
ries to vary across subjects.57 All mixed-effects models, whether
using voxel-based morphometry or extracted volumetric data,
adjusted for potential demographic and medication confounds
by including age, sex, intelligence quotient, illness duration, and
medication dose as model covariates. In addition, although most
(95%) data were collected on the same scanner, potential between-
scanner differences were also controlled for by entering the scan-
ner into the linear models as a covariate. Further, while only a
small minority (2%) of structural scans demonstrated signifi-
cant motion, sensitivity analyses were also conducted without
these scans and revealed no significant differences in the re-
sults. All volumetric analyses also adjusted for intracranial vol-
ume, and P values were corrected, when appropriate, for re-
peated inference testing of multiple volumetric regions within
each cluster of results using Hochberg’s correction.58

Finally, mixed-effects growth curve models were used to ex-
plore the associations between longitudinal changes in gray mat-
ter volume and cognition, after adjusting for age, sex, intelli-
gence quotient, illness duration, medication dose, scanner, and
intracranial volume. Significant associations between gray mat-
ter and cognitive change prompted the initiation of mediator
analyses using Kraemer and colleagues’59 mediator-analytic frame-
work for clinical trials. In this framework, the mediating effect
of changes in brain volume on the previously documented dif-
ferential effects of CET on cognition28 is examined. If mediation
is present, the indirect effect of CET on cognition through neu-
robiologic change will achieve statistical significance and re-
duce the direct effect of CET on cognition.60 The significance of
the indirect effect of CET on cognition through neurobiologic
change was calculated using estimates of the asymptotic distri-
bution of indirect effects provided by MacKinnon and col-
leagues.61 No correction for multiple inference testing was used
in these exploratory analyses. Missing data for all analyses were
handled using maximum-likelihood estimation.62-64

RESULTS

EFFECTS OF COGNITIVE ENHANCEMENT
THERAPY ON 2-YEAR CHANGES

IN GRAY MATTER MORPHOLOGY

Voxel-based morphometric analyses using mixed-
effects models showed 3 primary areas of differential gray
matter change between patients who received CET and

those who received EST during 2 years of treatment
(Table 1 and Figure 2). Significant areas of differen-
tial effects included a cluster in the left medial temporal
lobe, centering around the amygdala, parahippocampal
gyrus, hippocampus, and fusiform gyrus; a cluster cov-
ering the bilateral anterior cingulate; and a cluster in right
insula.

Follow-up tests of volumetric differences between treat-
ment groups for specific regions identified in voxel-
based morphometry analyses were consistent with a neu-
roprotective effect of CET against gray matter loss only
for medial temporal regions (Table 2). As can be seen
in Figure 2, patients who received EST demonstrated sig-
nificantly greater gray matter loss during 2 years in the
left fusiform gyrus, hippocampus, and parahippocam-
pal gyrus compared with patients who received CET. This
trend was also apparent, although not statistically sig-
nificant, at the nominal � level in the right insula. In ad-
dition, patients who received CET demonstrated signifi-
cantly greater gray matter increases in the left amygdala
than patients who received EST, who demonstrated no
substantive increase in left amygdala volume during the
2 years of study. Significant differential effects observed
in the anterior cingulate using voxel-based morphom-
etry were not maintained in volumetric analyses.

RELATIONS BETWEEN CHANGES
IN GRAY MATTER VOLUME AND COGNITION

Having found that patients who received CET demon-
strated a decelerated loss of and, in some cases, increase
in gray matter volume during 2 years of treatment com-
pared with their EST-receiving counterparts, we pro-
ceeded to examine the relations between these differen-
tial rates of gray matter change and the beneficial cognitive
effects of CET reported previously.27,28 Results from a se-
ries of mixed-effects growth models indicated that less
loss of gray matter volume in the left parahippocampal
and fusiform gyrus and greater growth in left amygdala
volume were all significantly related to greater 2-year im-
provement in social cognition (Figure 3). In addition,
less loss of left parahippocampal and fusiform gyrus vol-
ume was also significantly related to more improve-

Table 1. Voxel-Based Morphometric Analyses of Gray Matter Density Change in a 2-Year Trial of Cognitive Enhancement Therapy
or Enriched Supportive Therapy (n=53)

MNI Coordinates

Cluster Size Location BA z P Value Directionx y z

Main Effect of Time
−4 −66 −12 2925 Bilateral cerebellum, left culmen NA 5.67 �.001 Loss
−2 −32 34 553 Left medial and posterior cingulate 23, 31 3.83 �.001 Loss

Treatment�Time Interaction
−26 −42 −6 803 Left parahippocampal gyrus, left

fusiform gyrus, left hippocampus
35, 36, 37 4.90 �.001 EST loss�CET loss

−14 −2 −24 466 Left parahippocampal gyrus, left
amygdala

28, 34, 38 3.49 �.001 EST loss�CET loss

8 40 16 346 Bilateral anterior cingulate 9, 10, 32 3.46 �.001 EST loss�CET loss
46 0 −6 268 Right insula 22, 38 3.56 �.001 EST loss�CET loss

Abbreviations: BA, Brodmann area; CET, cognitive enhancement therapy; EST, enriched supportive therapy; MNI, Montreal Neurological Institute; NA, not applicable.
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ment in neurocognitive function. No significant rela-
tionships were observed between changes in anterior
cingulate, left hippocampal, or right insula volume and
change in cognition.

Subsequent mediator analyses indicated that the neu-
roprotective effects of CET against gray matter loss in the
left parahippocampal (z�=1.56; P=.04) and fusiform gy-
rus (z�=1.60; P=.03) as well as CET effects on left amyg-
dala increases (z�=1.64; P=.03) all mediated the robust
2-year effects of CET on social cognition previously re-
ported from this trial.28 Further, CET effects protecting
against gray matter loss in the left parahippocampal
(z�=1.75; P=.03) and fusiform gyrus (z�=1.78; P=.02)
also mediated the effects of CET on neurocognition.

COMMENT

Cognitive rehabilitation approaches have emerged as ef-
fective methods for ameliorating cognitive impairment
in schizophrenia.24 While the effects on cognition that
these approaches produce have a presumed neurobio-
logic basis and, when applied in early schizophrenia, may
exhibit a neuroprotective effect against loss of gray mat-
ter and brain function,29 no study has examined the long-
term neurobiologic effects of cognitive rehabilitation in
schizophrenia. We assessed brain morphology in a sample
of patients with early course schizophrenia who were
treated for 2 years with CET or an active EST control.
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Figure 2. Regions of differential gray matter change among participants who received cognitive enhancement therapy vs enriched supportive therapy. P values to
the right of the slash reflect Hochberg’s correction. L indicates left; R, right; SE, standard error.

Table 2. Changes in Gray Matter Volume During 2 Years of Cognitive Enhancement Therapy or Enriched Supportive Therapy

Site/Cluster

Mean (SD) Gray Matter Volume, cm3

Between-Group Effect
CET

(n=30)
EST

(n=23)

Baseline Year 1 Year 2 Baseline Year 1 Year 2 t P Value P Valuea

Frontal
Left anterior cingulate 5.85 (0.83) 5.88 (0.82) 5.90 (0.88) 6.02 (0.99) 5.97 (1.17) 5.92 (0.89) 1.17 .24 .24
Right anterior cingulate 5.08 (0.72) 5.04 (0.71) 5.00 (0.74) 5.25 (0.85) 5.13 (1.00) 5.01 (0.74) 1.72 .09 .18

Medial temporal
Left amygdala 1.06 (0.13) 1.08 (0.11) 1.09 (0.12) 1.05 (0.13) 1.04 (0.15) 1.04 (0.12) 2.35 .02 .03
Left fusiform gyrus 9.84 (1.11) 9.92 (1.00) 10.00 (1.08) 9.83 (1.36) 9.76 (1.37) 9.69 (1.18) 2.23 .03 .03
Left hippocampus 3.96 (0.35) 3.97 (0.33) 3.97 (0.35) 4.01 (0.46) 3.95 (0.50) 3.90 (0.46) 2.28 .02 .03
Left parahippocampal gyrus 3.80 (0.46) 3.82 (0.38) 3.83 (0.43) 3.81 (0.49) 3.78 (0.49) 3.74 (0.36) 2.16 .03 .03

Temporal
Right insula 7.76 (1.03) 7.84 (0.93) 7.91 (0.99) 7.67 (1.10) 7.62 (1.30) 7.57 (0.94) 1.91 .06 NA

Abbreviations: CET, cognitive enhancement therapy; EST, enriched supportive therapy; NA, not applicable.
aP Values are adjusted for multiple inference testing within each cluster of results using Hochberg’s correction.
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The results support our hypothesis that cognitive reha-
bilitation provides a neuroprotective effect against gray
matter loss in key regions implicated in social and non-
social cognitive impairment in schizophrenia. In par-
ticular, while patients who received EST demonstrated
loss of gray matter volume in the fusiform and parahip-
pocampal gyrus, patients who received CET demon-
strated gray matter preservation in these areas, and even
a significant differential increase in left amygdala gray mat-
ter volume. Consistent with previous reports on the ef-
fects of CET on cognitive and functional outcome,28 these
neuroprotective effects were the greatest after the full 2
years of treatment, suggesting the benefits of long-term
exposure to cognitive rehabilitation. Importantly, these
differential effects of CET on gray matter change were
significantly related to improved cognitive outcome, with
patients who experienced less gray matter decline and
greater gray matter increases also demonstrating signifi-
cantly greater cognitive improvements over the 2 years
of study. Further, these neurobiologic changes were found
to be significant mediators of CET effects on cognition.
These findings persisted after adjusting for a variety of
potential demographic, illness, and medication confound-
ers and suggest that CET can have direct benefits to the
brains of patients with schizophrenia.

Despite the beneficial effects of CET on brain mor-
phology demonstrated in this study, these findings need
to be interpreted in the context of a number of impor-
tant limitations. Although morphometric findings sup-
port a neuroprotective effect of CET against the gray mat-
ter loss seen during the early course of schizophrenia6

(and in the case of the amygdala, even increase in gray
matter), in the absence of functional neuroimaging data,

the pathophysiological significance of these results for
brain function is not clear. Overall structural changes in
regional brain volumes were not large but were reliably
detectable and may reflect functional changes. The fact
that we observed significant relations between increased
gray matter and cognitive improvement, and that the ef-
fects of CET on gray matter change were significant me-
diators of CET effects on cognition, suggests that brain
functions that subserve neurocognition and social cog-
nition have been improved. Nonetheless, functional neu-
roimaging data are needed to better understand the ef-
fects of CET on brain function. An integration of
morphometric and functional MRI studies could be par-
ticularly informative in this regard.

It is also interesting to note that CET effects on brain
regions commonly implicated in neurocognitive dys-
function in schizophrenia were quite modest. For ex-
ample, no effects were seen in the dorsolateral prefron-
tal cortex, and only modest effects were observed in the
anterior cingulate and hippocampus, which were not as-
sociated with neurocognitive change. Although gray mat-
ter change in the anterior cingulate and hippocampus
might be more strongly related to individual neuropsy-
chological tests, this pattern of findings parallels, to some
degree, the cognitive effects observed in this trial of pa-
tients with early course schizophrenia. In this popula-
tion, we have observed much stronger effects on social
cognition and noted relative preservation of some gen-
eral cognitive functions (particularly processing speed)
in this sample.28 The absence of morphometric findings
could reflect the better-preserved neurocognitive capac-
ity of patients with early course schzophrenia.65 It is also
possible that the effects of CET on brain regions impli-
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Figure 3. Relations between neurobiologic and cognitive change during 2 years of cognitive enhancement therapy (CET) or enriched supported therapy (EST).
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cated in neurocognitive impairment cannot be detected
at a morphometric level but that the primary effects of
this approach on frontal brain regions is toward a nor-
malization of functioning. To date, many studies have
documented frontal hypofunction in schizophrenia8 and,
if cognitive improvement occurs in the disorder, it is also
likely to be the result of improved brain function.32 As a
consequence, while this study provides important infor-
mation on the potential neuroanatomical effects of cog-
nitive rehabilitation in early schizophrenia, future stud-
ies are clearly needed to continue to characterize the effects
of CET on a variety of other neurobiologic parameters.
It is important to remember, however, that significant re-
lations were observed between changes in medial tem-
poral regions and neurocognition as well as social cog-
nition, suggesting the relevance of gray matter change
in these regions to cognitive functioning. However, as-
sociations between gray matter and cognitive change were
exploratory and not corrected for multiple inference test-
ing; as such, these results need to be interpreted with cau-
tion until confirmatory replications are available.

This study is also limited by the absence of an appro-
priately matched group of healthy individuals who could
provide data on normative brain development in early adult-
hood. Although a large body of evidence has accumulated
in schizophrenia research indicating a progressive loss of
gray matter from the earliest phases of the disorder,6 healthy
individuals also demonstrate some gray matter loss in early
adulthood. However, loss appears to be greatest in the fron-
tal cortex, not the subcortical regions demonstrating the
most cognitive change in this study, which remain rela-
tively stable or continue to grow after childhood.66

In summary, this investigation suggests that CET, a
comprehensive cognitive rehabilitation approach, can pro-
tect against gray matter loss and may even support gray
matter growth in medial temporal areas of the brain in
service of cognitive enhancement among patients with
early course schizophrenia. Although replication and fur-
ther neurobiologic characterization is needed, these find-
ings support the potential for cognitive rehabilitative ap-
proaches to positively affect the brain in schizophrenia.
Further studies are needed to examine the durability of
these effects on the brain, as Hogarty and colleagues26 and
Wexler and Bell67 have both shown that cognitive reha-
bilitation can continue to confer benefits to patients with
schizophrenia even after completion of treatment. Stud-
ies of neuronal mechanisms underlying brain change such
as possible effects of cognitive remediation on dopamin-
ergic function,68 brain derived neurotrophic factor,69 and
the genomic underpinnings of response to cognitive re-
mediation are also needed.70
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