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ABSTRACT Objective: Cognitive remediation is emerging as an effective psycho-
social intervention for addressing untreated cognitive and functional impair-
ments in persons with schizophrenia, and might achieve its benefits through neu-
roplastic changes in brain connectivity. This study seeks to examine the effects of
cognitive enhancement therapy (CET) on fronto-temporal brain connectivity in a
randomized controlled trial with individuals in the early course of schizophrenia.
Method: Stabilized, early course outpatients with schizophrenia or schizoaffective
disorder (N = 41) were randomly assigned to CET (n = 25) or an active enriched
supportive therapy (EST) control (n = 16) and treated for 2 years. Functional MRI
data were collected annually, and pseudo resting-state functional connectivity
analysis was used to examine differential changes in fronto-temporal connectivity
between those treated with CET compared with EST. Results: Individuals receiving
CET evidenced significantly less functional connectivity loss between the resting-
state network and the left dorsolateral prefrontal cortex as well as significantly
increased connectivity with the right insular cortex compared to EST (all corrected
p < .01). These neural networks are involved in emotion processing and problem-
solving. Increased connectivity with the right insula significantly mediated CET
effects on improved emotion perception (z' = -1.96, p = .021), and increased con-
nectivity with the left dorsolateral prefrontal cortex mediated CET-related improve-
ments in emotion regulation (z' = -1.71, p = .052). Conclusions: These findings
provide preliminary evidence that CET, a psychosocial cognitive remediation inter-
vention, may enhance connectivity between frontal and temporal brain regions
implicated in problem-solving and emotion processing in service of cognitive en-
hancement in schizophrenia.
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chizophrenia is a severe and persistent psychiatric condition characterized

by significant functional disability. The condition generally begins in early

adulthood and, for most individuals, it is a life-long illness requiring ongoing
treatment and management. Schizophrenia affects many spheres of a person’s
life, including the ability to work, to develop and maintain fulfilling interper-
sonal relationships, and to be able to live independently. Some of the strongest
contributors to community outcomes in this condition (Fett et al., 2011) include
neurocognitive impairments in attention, memory, and problem-solving (Heinrichs
& Zakzanis, 1998); deficits in social cognition (Savla, Vella, Armstrong, Penn, &
Twamley, 2013); and the ability to process and interpret socio-emotional infor-
mation in others (Newman, 2001). These cognitive challenges begin early in the
course of schizophrenia (Eack, Dworakowski, et al., 2010), are persistent (Braw
et al., 2008; Green et al., 2012), and are unresponsive to current antipsychotic
treatments (Keefe et al., 2007). The importance of treating cognitive impairments
in those with schizophrenia has led to several initiatives to support the develop-
ment of cognitive enhancing interventions (Marder & Fenton, 2004; Carter &
Barch, 2007). Social workers have pioneered the development, testing, and im-
plementation of many of the psychosocial treatments for schizophrenia, and re-
cent advances have highlighted cognitive remediation as one of the most effective
psychosocial interventions for improving cognition and functional outcomes for
persons with schizophrenia (Hogarty et al., 2004; Wykes, Huddy, Cellard, McGurk,
& Czobor, 2011).

Cognitive remediation is a diverse set of approaches designed to improve infor-
mation processing abilities through the progressive and strategic practice of tar-
geted cognitive exercises. Treatment is often, but not always, computer based. The
most effective approaches focus on broad neurocognitive and social-cognitive
targets within the context of psychosocial rehabilitation (see Eack, 2012 for a
review). Meta-analytic reviews have indicated that cognitive remediation can
produce greater improvements in cognition than antipsychotic drug treatment,
with significant associated benefits to functional recovery (Kurtz & Richardson,
2012; Wykes et al., 2011). The assumption underlying these interventions is that
the repeated practice of cognitive tasks will strengthen the neural networks sup-
porting information processing, and thereby result in improved cognition.

The term neuroplasticity refers to the capacity of the human brain to adapt to
new environmental demands and experiences (see Keshavan, Mehta, Padmanab-
han, & Shah, 2015 for review). Growing evidence has indicated the psychosocial
interventions used by social work practitioners can provide the types of new
environmental experiences needed to positively shape individual brain function
and development (Garland & Howard, 2009). Landmark studies have shown that
the learning process is accompanied by fundamental growth and reorganization
of neural networks and pathways. For example, when individuals learn complex
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finger sequences such as those pianists must master, an accompanying expansion
of neural activity in the brain’s motor cortex is observed (Karni et al., 1995). Nu-
merous studies have shown that cognitive remediation interventions can increase
prefrontal brain function in individuals with schizophrenia (Subramaniam et al.,
2012; Wexler, Anderson, Fulbright, & Gore, 2000; Wykes et al., 2002). Further, we
have previously observed that cognitive enhancement therapy (CET; Hogarty &
Greenwald, 2006) can protect against gray matter loss when applied early in the
course of the schizophrenia (Eack, Hogarty, et al., 2010). This neuroprotection has
been shown to mediate the effects of CET on measures of social cognition and emo-
tion processing (Eack et al., 2009).

Although these results highlight the potential neuroplasticity effects of cogni-
tive remediation in people living with schizophrenia (Ramsay & MacDonald, 2015),
the brain is an extensive complex communications network, and effects on specific
brain regions are not likely to exist in isolation. For example, protecting against
gray matter loss in the brain’s hippocampal region (associated with memory) is
likely to have effects on both the region’s afferent (incoming) connections with the
prefrontal cortex and efferent (outgoing) communications with medial temporal
structures. This property of intercommunication between brain structures is com-
monly referred to as connectivity (Rubinov & Sporns, 2010), and neuroscientists are
increasingly recognizing the importance of connectivity in understanding the com-
plex processes that contribute to brain disorders (Just, Cherkassky, Keller, & Min-
shew, 2004).

One of the most common ways to characterize brain connectivity is to exam-
ine inter-regional covariance patterns of neural activity while individuals are at
rest (i.e., lying down, awake, and not performing a specific cognitive task), known
as resting-state or default mode functional connectivity (Greicius, Krasnow, Reiss, & Me-
non, 2003). “Pseudo” resting-state data can be obtained by aggregating rest blocks
of a given task, which provides comparable data to those collected continuously
outside of a task context (Fair et al., 2007), and this is the approach used for the
present study. Measures of resting-state functional connectivity have been widely
used in the field of mental health to understand changes in brain communication-
associated disability across many psychiatric conditions, including Alzheimer’s
disease, depression, and schizophrenia (Greicius, 2008). Such measures provide an
opportunity to characterize the basal connectivity profile of the neural system,
which has been repeatedly shown to be reduced in schizophrenia (Garrity et al.,
2007; Liang et al., 2006), particularly long-term fronto-temporal connections (Zhou
et al., 2007). These reductions in connectivity contribute to, at least in part, the
observed impairments in neurocognitive and social-cognitive functions that many
cognitive remediation interventions aim to treat (Sui et al.,, 2015). However, to
date, no study has examined the impact of cognitive remediation on resting-state
functional connectivity. Thus, the extent to which psychosocial treatment can en-
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hance neural connectivity in persons with schizophrenia or other conditions re-
mains largely unknown.

This study sought to explore the 2-year effects of CET, a comprehensive cogni-
tive remediation intervention, on pseudo resting-state functional connectivity in
young people in the early course of schizophrenia. Understanding the impact of
cognitive remediation on functional connectivity is important for identifying the
neural mechanisms by which cognition can be improved in those with schizophre-
nia, as well as characterizing the ability of psychosocial treatment to alter connec-
tivity parameters in those with the disorder. We hypothesized that individuals
treated with CET would demonstrate increased pseudo resting-state connectivity
with prefrontal and temporal brain networks, which in turn, would contribute to
improved social-cognitive outcomes in those with schizophrenia, as assessed using
behavioral measures of emotion processing.

Method

Participants

Individuals in the early course of schizophrenia (n = 25) or schizoaffective disor-
der (n = 16) were recruited for a 2-year randomized controlled trial of CET or
enriched supportive therapy (EST); a description of the parent trial has been pub-
lished elsewhere (Eack et al., 2009). Eligible participants included outpatients
with schizophrenia, schizoaffective disorder, or schizophreniform disorder (all
of whom converted to schizophrenia) verified by the Structured Clinical Interview
for DSM-IV (First, Spitzer, Gibbon, & Williams, 2002) who (a) had experienced their
first psychotic symptom within the past 8 years, (b) were stabilized on antipsy-
chotic medication, (c) had an IQ of 80 or greater, (d) were not abusing substances
within 2 months prior to study enrollment, and (e) demonstrated significant social
and cognitive disability on the Cognitive Styles and Social Cognition Eligibility
Interview (Hogarty et al., 2004). A total of 58 individuals were randomized and
treated in this trial, 41 of whom had available functional neuroimaging data for
analysis. Sample characteristics are presented in Table 1, indicating the sample
was young, mostly male, and racially diverse (68% White, 17% African American,
12% Asian, 3% other). Although most participants had attended some college, at
the study baseline few participants were employed in competitive jobs. No signifi-
cant differences emerged between treatment groups with regard to demographic
or pretreatiment clinical and medication characteristics.

Functional Neuroimaging Data Collection and Processing

Functional MRI data were collected for most participants on a 3T Signa whole-body
scanner and head coil (voxel size = 3.125 x 3.125 x 3.200mm, TR = 1500ms, TE =
18ms, flip angle = 70°, FOV = 200mm, 64 x 64 matrix, 26 slices, slice thickness =
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Table 1
Demographic and Clinical Characteristics of Individuals in the Early Course of Schizophrenia
Randomized to a Trial of Cognitive Enhancement Therapy (CET) or Enriched Supportive Therapy (EST)

Cognitive
enhancement Enriched supportive
therapy (n = 25) therapy (n = 16)
Variable MIN SD | % MIN SD | % p*
Age 24.95 5.16 26.13 5.29 485
Male 14 56% 12 75% .368
White 17 68% 11 69% .500
Completed college 8 32% 6 38% .980
Employed 8 32% 6 38% .980
Schizophrenia diagnosis 16 64% 10 62% 1.00
Illness duration (years) 3.36 2.45 2.97 1.84 .584
1Q 97.56 8.29 101.00 7.38 184
BPRS total 39.08 8.93 41.00 12.23 .565
Antipsychotic dose (cpz) 374.67 266.28 420.10 297.47 .613
Medication adherent 23 92% 14 88% 1.00

Note. BPRS = Brief Psychiatric Rating Scale, cpz = chlorpromazine equivalence
# Chi-square test or independent t-test, two-tailed, for significant differences between CET
and EST participants.

3.2mm). Near the end of the study, the original scanner was replaced and a small
number of scans (6%) were collected on a 3T Siemens Tim Trio scanner and head
coil (voxel size = 3.125 x 3.125 x 3.200mm, TR = 1500ms, TE = 30ms, flip angle =
70°, FOV = 200mm, 64 x 64 matrix, 26 slices, slice thickness = 3.2mm) with acquisi-
tion parameters matched as closely as possible. Pseudo resting-state data (i.e., those
collected during rest periods of a task) were collected during rest times of a 1040 s
attentional control task asking participants to respond to directional arrows of
a stimulus with either their right or left hand (Snitz et al., 2005). Each of the
120 trials of this task contained a 10.5 s rest period (seven volumes, one collected
every 1.5 s) after the final stimulus was presented, which asked participants to view
a fixation cross (black screen with a single white cross [+] in the center). These data
were used to measure brain connectivity at rest, and in accordance with recom-
mendations for the collection of pseudo resting-state data from task data (Fair et al.,
2007), our analysis was conservatively restricted to the final two rest volumes (7.5 s
and 9 s after the trial ended) to ensure that the hemodynamic response from task
stimuli had fully resolved. Previous research has shown that when using this ap-
proach, pseudo resting-state data collected during rest blocks of a task are similar



216 Journal of the Society for Social Work & Research Summer 2016

to those collected during continuous resting states (Fair et al., 2007). Pseudo resting-
state data were preprocessed using a standard direct normalization pipeline in
Statistical Parametric Mapping 8 (SPM8; Wellcome Department of Cognitive Neu-
rology, Institute of Neurology, London, UK), where fMRI volumes were first aligned
to a common orientation, warped to a standardized echo-planar Montreal Neuro-
logical Institute template, smoothed using an 8 mm Gaussian kernel, and bandpass
filtered to focus on low-frequency (.01 to .10 Hz) neural activity most characteristic
of resting state brain activity (Buckner, Andrews-Hanna, & Schacter, 2008). The
functional connectivity toolbox was then used to calculate connectivity (r) coeffi-
cients, both positive and negative, from the resulting normalized, smoothed, and fil-
tered image time-series using an aCompCor approach (Nieto-Castanon & Whitfield-
Gabrieli, 2009).

Behavioral Measures of Emotion Processing

To examine the potential contribution of changes in resting-state functional con-
nectivity to improved social-cognitive outcomes, emotion processing data were
collected using the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT;
Mayer, Salovey, Caruso, & Sitarenios, 2003). The MSCEIT is a 141-item performance-
based measure of the four domains of emotional intelligence outlined by Salovey
and Mayer (1990): emotion perception; facilitation, that is, using emotions to fa-
cilitate thinking and/or accomplishing tasks; understanding; and regulation. The
MSCEIT is performance-based in that participants are asked to solve emotional
problems (e.g., identify the emotion best associated with an emotional facial ex-
pression) rather than self-report on their abilities. Each domain of emotional intel-
ligence is assessed using two tasks (e.g., viewing pictures of faces and scenery for
emotion perception). Items are scored based on consensus norms and scaled with a
mean of 100 (SD = 15). The reliability and validity of the MSCEIT for assessments of
emotional intelligence has been reported in previous research with both healthy
(Mayer et al., 2003) and psychiatric samples (Eack, Greeno, et al., 2010; Nuechterlein
et al., 2008). The significant benefits of CET on MSCEIT performance in persons
with schizophrenia have been described in previous reports (Eack et al., 2009).

Psychosocial Treatments

Cognitive enhancement therapy. CET is a comprehensive, developmental ap-
proach to the remediation of social and non-social cognitive impairments that limit
functional recovery in schizophrenia (Hogarty et al., 2004). CET integrates 60 hours
of computer-based neurocognitive training with 45 structured 1.5-hour social-
cognitive groups. The neurocognitive training centers on attention, memory, and
problem solving whereas the social-cognitive groups are designed to facilitate the
achievement of adult social milestones (e.g., perspective-taking, social context ap-
praisal, emotion management). Neurocognitive training makes use of computer
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software from Ben-Yishay, Piasetsky, and Rattok (1985) and Bracy (1994) and is
conducted in participant pairs to enhance motivation, support, and socialization.
After approximately 3 months of neurocognitive training in attention, three to four
participant pairs join together to form a small social-cognitive group. The social-
cognitive groups are educational in nature, and use in vivo exercises and experien-
tial learning opportunities to enhance interpersonal success. A deliberately broad
array of social-cognitive abilities are covered throughout the group, including
perspective-taking, emotion management, gist abstraction, social and emotional
cue recognition, and cognitive flexibility. Each group session includes a welcome
back, homework presentation based on the previous week, in-group social-cognitive
exercise, psychoeducation lecture on a new topic in social cognition, and a home-
work assignment designed to facilitate generalization. A detailed description of
CET has been provided elsewhere (Eack, 2012; Hogarty et al., 2004).

Enriched supportive therapy. EST is an individual support and condition manage-
ment approach based on the demonstrably effective personal therapy (Hogarty,
2002) for persons with schizophrenia. The treatment is phase-specific based on the
level of recovery of the participant, with the first phase focusing primarily on
psychoeducation about schizophrenia and the identification of early cues of dis-
tress that can contribute to prodromal and psychotic symptoms. The second phase
involves a personalized approach to implementing coping strategies designed to
reduce stress and support adjustment. In addition, the second phase provides basic
relaxation training and guidance on the use of such autoprotective strategies as
calming activities, timeouts, and active distraction. During the first phase of the
treatment, participants meet individually with a therapist on a weekly basis for
30—60 minutes; these meetings are reduced to biweekly sessions as individuals
move to the second phase of the intervention. EST was selected as an active com-
parison treatment for this trial to provide a more rigorous test of CET effects beyond
most commonly implemented usual care controls, and to account for the nonspe-
cific effects of CET (e.g., provision of a skilled empathic therapist, psychoeducation).
Given the different nature, purpose, and targets of CET and EST, no attempt was
made to match hours of treatment exposure. All study clinicians were at least
master’s-level trained, had many years of experience in working with individuals
with schizophrenia. Further, all study clinicians provided both interventions with
fidelity, which was monitored throughout the study by the treatment developers.

Procedures

Potential participants were recruited from the Western Psychiatric Institute and
Clinic in Pittsburgh, Pennsylvania, and surrounding community clinics. This study
was conducted between August 2001 and September 2007 (clinicaltrials.gov regis-
tration: NCT00167362). Upon recruitment, participants were screened for eligibil-
ity by trained diagnosticians and raters, with final eligibility status determined by
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consensus. Eligible participants were then randomized, assessed at baseline using
fMRI and behavioral measures, and treated for 2 years with either CET or EST.
Functional MRI and behavioral data collection was conducted by trained research
staff and occurred prior to beginning psychosocial treatment and annually there-
after. Participant’s treatment assignment was not masked to the research staff.
Two-year retention was high in the larger study sample in both treatment groups
(77% in CET; 82% in EST), with no significant between-group differences in attrition
(Eack et al., 2009). However, attrition from fMRI procedures was considerable, given
the challenges associated with collecting multi-year neuroimaging data in this pop-
ulation. Specifically, fMRI data were available for 80% of CET participants at Year 1
but dropped to 68% of CET participants at Year 2. For EST participants, Year 1 fMRI
data were available for 56% of participants and Year 2 data were available for 50%
of EST participants (see Figure 1). No significant differences emerged between treat-
ment groups in attrition of fMRI data, ¥*(1, N = 41) = .490, p = .484. In addition, no
significant demographic or clinical differences were observed between those with
complete data and those without fMRI data, all p > .073. All participants provided
written informed consent prior to study participation, and the study protocol was
approved and reviewed annually by the University of Pittsburgh Institutional Re-
view Board.

Data Analysis

Analyses including all 41 participants with fMRI data who were randomized and
received any exposure to their assigned treatment condition were conducted using
the functional connectivity toolbox (Nieto-Castanon & Whitfield-Gabrieli, 2009) in
SPM8. The posterior cingulate cortex was defined as the seed region on which all
other regional correlations were based, consistent with findings that nearly uni-
formly implicate the posterior cingulate as the central region in the resting state
network (Buckner et al., 2008). After preprocessing, seed-to-voxel general linear
models were constructed to examine regional correlations with the posterior cin-
gulate over time. The dependent variable in these models was regional correlation
values (r). Primary predictors in these models included treatment assignment, time,
and their interaction. Age, gender, IQ, illness duration, and medication dose (time-
varying) were included as covariates to account for the potential impact on treat-
ment outcome of demographic, clinical, and medication factors. In addition, the
scanner model was also included as a confounding covariate to account for inter-
scanner variability in the small number of scans completed on the Siemens equip-
ment. Treatment x time interactions were the primary effects of interest, indicat-
ing significant differential changes in connectivity values between CET and EST
over the course of treatment. To maintain Type I error at acceptable levels, analy-
ses were conducted on fronto-temporal regions of interest including the lateral,
orbital, and medial prefrontal cortex, insular cortex, hippocampus, parahippocam-
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Completed 2 years of treatment with
fMRI*
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Figure 1. Participant flow in a 2-year randomized-controlled trial of cognitive enhancement therapy
versus enriched supportive therapy for early course schizophrenia.
*One participant in EST had fMRI data available only at Year 2.

pal gyrus, amygdala, fusiform gyrus, and superior temporal gyrus with regional def-
initions provided by Tzourio-Mazoyer and colleagues (2002). In addition, a com-
bined voxel (k = 101) and uncorrected a extent threshold (p = .005) was used main-
tain the corrected Type I error rates at « = .05 based on 10,000 Monte Carlo
simulations using 3dClustSim (Ward, 2000).

Following models to identify differential treatment effects on resting-state con-
nectivity between CET and EST, individual growth curve models were constructed

to examine associations between functional connectivity changes and behavioral
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improvements in emotion processing. These analyses predicted MSCEIT subscale
scores from time and time-varying connectivity parameters while adjusting for
scanner type and treatment assignment. Significant connectivity effects in these
models were then followed up using a mediator-analytic framework for clinical
trials (Kraemer, Wilson, Fairburn, & Agras, 2002), to examine the extent to which
changes in neural connectivity mediated the previously documented impact of
CET on emotion processing outcomes (Eack et al., 2009). The size and significance
of the mediation effect was estimated using an asymptotic z’' test for indirect
effects (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002).

Missing data were present for 13 (17%) observations in CET and 13 (29%)
observations in EST. Analyses addressed the issue of missingness by using the
expectation-maximization (EM) algorithm during parameter estimation, which
provides maximum-likelihood estimates of model parameters robust to missing
data (Dempster, Laird, & Rubin, 1977). This approach is commonly implemented
in hierarchical linear modeling and structural equation modeling software, as
well as the neuroimaging software used for this study. Moreover, the EM algo-
rithm has been shown to produce parameter estimates that are less biased than
complete case or simple (i.e., mean) imputation methods (Schafer & Graham,
2002). The EM algorithm assumes data are missing at random, a theoretical
assumption for which there is no available statistical test. Little’s (1988) test
indicated that missingness did not meet the more stringent assumption of miss-
ing completely at random, ¥*(3, Nops= 123) = 19.53, p < .001, although attrition
was found to be unrelated to treatment assignment or demographic and pre-
treatment clinical variables. Recent research has suggested the EM algorithm is
fairly robust to nonrandom missingness, providing more accurate estimates than
complete case analysis (Newman, 2003).

Results

Effects of Cognitive Enhancement Therapy on Resting-State

Functional Connectivity

Analysis of the effects of CET on functional connectivity with the resting state
network defined by seed voxels in the posterior cingulate cortex revealed two
significant treatment x time interactions indicating differential changes in CET
compared to EST. As can be seen in Figure 2, the first effect was well-defined
and located in a small cluster centered on the left dorsolateral prefrontal cortex
(k =149, x =-34,y =44, z =28, df = 1, 88, n = 41, corrected p < .01). The second
significant differential effect was larger and primarily included the right insular
cortex extending to the superior temporal gyrus (k = 288, x = 38,y = -6, Z = -4,
df = 1, 88, n = 41, corrected p < .01). These two regional networks support nu-
merous mental processes, and previous studies of schizophrenia have implicated
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Figure 2. Fronto-temporal resting state functional connectivity changes during a 2-year trial of
cognitive enhancement therapy versus enriched supportive therapy in early course schizophrenia.

functional abnormalities in these areas with impairments in emotion processing
and regulation as well as executive function (Su et al., 2013; Taylor et al., 2012;
Weinberger, Berman, & Zec, 1986; Wylie & Tregellas, 2010).

Examination of resting-state connectivity parameters over time in these regions
indicated that individuals treated with EST showed a continual decrease in func-
tional connectivity between the posterior cingulate and left dorsolateral prefrontal
cortex, whereas those treated with CET demonstrated increased connectivity be-
tween these regions over time (see Figure 2). The reduction in posterior cingulate-
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dorsolateral prefrontal connectivity within the EST group was large (d = -1.16, df =
14, n = 16) and significant (p = .015). However, the increase in connectivity in the
CET group was not statistically significant (d = .33, df = 35, n = 25, p = .233),
suggesting a potential neuroprotective effect against connectivity loss. Investiga-
tion of posterior cingulate-insula connectivity changes revealed a similar pattern
of results, with EST demonstrating significant reductions in functional connectiv-
ity (d = -1.05, df = 14, n = 16, p = .034) and individuals treated with CET showing
significant increases in connectivity (d = .81, df = 35, n =25, p = .005) over time. No
significant effects were observed showing differential decreases in resting-state
connectivity in CET compared to EST.

Associations Between Functional Connectivity Changes

and Improved Emotion Processing

Having found that CET was associated with less decrement in resting state connec-
tivity with the left dorsolateral prefrontal cortex, and significantly increased con-
nectivity in the right insular cortex, we proceeded to conduct a series of individ-
ual growth curve analyses to examine the association between these connectivity
changes and improvements in emotion processing outcomes assessed using the
MSCEIT. No significant associations were observed between connectivity changes
in either region and improved emotion facilitation (all p > .194) or emotion under-
standing (all p > .538). However, as can been seen in Figure 3, increased resting
state connectivity with the right insula was associated with improved emotion
perception. Further, a nonsignificant trend indicated that increased connectivity
with the right dorsolateral prefrontal cortex was associated with improved emo-
tion regulation. Subsequent mediator analyses revealed that increased posterior
cingulate-right insula connectivity significantly mediated the previously observed
beneficial differential effect of CET on emotion perception, z' = -1.96, df =1, n = 41,
p = .021. In addition, increased functional connectivity with the left dorsolateral
prefrontal cortex also significantly mediated the effect of CET on emotion regula-
tion, z'=-1.71, df =1, n = 41, p = .052. Taken together, these findings preliminarily
suggest that CET can protect against functional disconnectivity between frontal
and temporal brain networks in early course schizophrenia, and that these connec-
tivity changes can serve as active mechanisms for social-cognitive enhancement in
the disorder.

Discussion
Schizophrenia is characterized by significant challenges in social and nonsocial
information processing that place profound limitations on functional recovery
(Fett et al., 2011). Such limitations restrict opportunities for work and the develop-
ment of meaningful relationships and place considerable burden on family mem-
bers and provider systems. Cognitive remediation has emerged as an effective set
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Figure 3. Two-year associations between changes in resting state connectivity and emotion processing
outcomes in early course schizophrenia.

of psychosocial treatments for improving cognitive and functional outcomes in
those with schizophrenia, and might achieve its effects through neuroplastic
changes in brain function and connectivity (Eack, 2012). There has been consider-
able interest and speculation on the malleability of neurobiological abnormalities
in schizophrenia, yet few studies have investigated this malleability directly within
the context of an experimental treatment trial. This study explored the impact of
CET (Hogarty & Greenwald, 2006), one of the most promising cognitive remedia-
tion interventions for schizophrenia, on resting-state brain connectivity in a group
of young individuals in the early course of schizophrenia. Although preliminary,
our results revealed that individuals treated with CET demonstrated less reduc-
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tion of left dorsolateral prefrontal cortical connectivity and significantly increased
right insula connectivity with the resting state network. In contrast, over the course
of the 2-year treatment, participants treated with EST showed a progressive reduc-
tion in functional connectivity between the resting state network and these brain
regions. Further, increased connectivity with the right insula and left dorsolateral
prefrontal cortex significantly mediated CET effects on improved emotion percep-
tion and regulation, respectively.

The results of this preliminary investigation might have significant clinical and
pathophysiological implications for the understanding and treatment of schizo-
phrenia, especially if replicated in larger samples. Such findings add to growing
support for the beneficial impact of psychosocial treatments on the brain in a
disorder that has previously been described as a static encephalopathy. When the
results of this research are combined with previous evidence of the positive im-
pact of cognitive remediation on brain function (Subramaniam et al., 2012) and
structure (Eack, Hogarty, et al., 2010), it is increasingly clear that the neural ab-
normalities associated with schizophrenia are not static, but malleable by non-
pharmacologic interventions. This observation is consistent with the long-held
biopsychosocial perspective in social work of the reciprocal relationship between
biology and the environment (Garland & Howard, 2009; Germain & Gitterman,
1980). In addition, that improved resting-state connectivity with the insula and
dorsolateral prefrontal cortex mediated CET-related improvements in emotion
processing indicates that these neural pathways are critical treatment targets for
social-cognitive enhancement in persons with schizophrenia. Most human studies
seeking to identify treatment targets are cross-sectional in nature and not embed-
ded within an experimental context. This investigation moves well beyond such
approaches to provide longitudinal evidence that not only are resting-state func-
tional connectivity parameters related to social cognition but that these parameters
can also be feasibly changed with psychosocial treatment, and once changed, they
can result in improved outcomes. Further, these findings underscore the impor-
tance of early intervention in schizophrenia because the participants not treated
with CET demonstrated significant and large declines in resting-state connectivity
over the 2 years of treatment, similar to our neuroanatomical observations (Eack,
Hogarty, et al., 2010). This finding is consistent with evidence indicating a potential
neurobiological decline early in the course of the disorder (Delisi, 2008), and the
early application of CET might be critical for protecting against this decline and the
disabling functional trajectory that is frequently observed in schizophrenia.

Despite the implications of this research, these results need to be understood in
the context of several limitations. First, pseudo resting-state data were collected
post hoc from an attentional control task, and although recommended steps were
taken to avoid task-related effects in the hemodynamic signal (Fair et al., 2007), it
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is possible that observed functional connectivity changes reflected task-related
cognitive demands. A large multisite trial of CET in early schizophrenia is ongoing
and will provide pure resting state data outside of a task context to address this
limitation.

Second, the sample size for the study was modest, which might have precluded
the detection of some effects, particularly effects associated with smaller brain re-
gions. A voxel extent threshold of 101 was required to maintain the Type I error
rate at acceptable levels, and the resolution of such a threshold containing mil-
lions of neurons is admittedly limited. It will be important for future studies to
confirm these findings in larger samples and with refined regions of interest that
are capable of detecting connectivity effects with smaller anatomical structures.

Third, attrition from fMRI procedures was considerable, signifying the chal-
lenges in longitudinal neuroimaging collection with this population. Although no
significant differences emerged between those with and without complete fMRI
data in the trial, data were not missing completely at random, and thus parameter
estimates need to be interpreted with caution. However, studies have shown that
the EM algorithm provides less biased parameter estimates than many other meth-
ods of handling missing data, including complete case analysis, even in the pres-
ence of nonignorable missingness (Newman, 2003).

Fourth, CET and EST were not matched for hours of therapy exposure, and the
greater intensity of CET might have contributed to improved outcomes, although
EST did provide an active control for many of the nonspecific therapeutic ele-
ments provided by CET.

Last, although the results of this study indicate increased resting-state functional
connectivity associated with CET, the pattern of results was largely consistent with
a reduction in negative connectivity (less negative or anti-correlations between the
right insula/left dorsolateral prefrontal cortex and the resting state network). The
quantitative properties of the resting state network in schizophrenia are still being
discovered, and it is unclear whether these anti-correlations will become positive
over the long-term or whether their reduction represents normalization or com-
pensatory effects. Future studies will need to investigate the long-term impact of
cognitive remediation and maintenance of gains in early course samples and incor-
porate healthy volunteers to answer these questions.

This research suggests that CET, a psychosocial cognitive remediation interven-
tion, may protect against, and in some cases increase, resting state functional con-
nectivity between fronto-temporal brain networks involved in emotion process-
ing and executive function in service of cognitive enhancement in schizophrenia.
Despite limitations associated with sample size and attrition, these findings are
the first to demonstrate the neuroplastic effects of cognitive remediation on func-
tional brain connectivity at rest in the early course of schizophrenia.
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