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Objectives: Disengagement from treatment is common in 
first episode schizophrenia (FES) and is associated with poor 
outcomes. Our aim was to determine whether hippocampal 
subfield volumes predict disengagement during maintenance 
treatment of FES.  Methods: FES patients were recruited 
from sites in Boston, New York, Shanghai, and Changsha. 
After stabilization on antipsychotic medication, partici-
pants were randomized to add-on citalopram or placebo and 
followed for 12 months. Demographic, clinical and cogni-
tive factors at baseline were compared between completers 
and disengagers in addition to volumes of hippocampal 
subfields. Results: Baseline data were available for 95 ran-
domized participants. Disengagers (n = 38, 40%) differed 
from completers (n = 57, 60%) by race (more likely Black; 
less likely Asian) and in more alcohol use, parkinsonism, 
negative symptoms and more impairment in visual learning 
and working memory. Bilateral dentate gyrus (DG), CA1, 
CA2/3 and whole hippocampal volumes were significantly 
smaller in disengagers compared to completers. When all 
the eight volumes were entered into the model simultane-
ously, only left DG volume significantly predicted disen-
gagement status and remained significant after adjusting 
for age, sex, race, intracranial volume, antipsychotic dose, 
duration of untreated psychosis, citalopram status, alcohol 
status, and smoking status (P < .01). Left DG volume pre-
dicted disengagement with 57% sensitivity and 83% spec-
ificity.  Conclusions: Smaller left DG was significantly 
associated with disengagement status over 12  months of 
maintenance treatment in patients with FES participating 

in a randomized clinical trial. If replicated, these findings 
may provide a biomarker to identify patients at risk for dis-
engagement and a potential target for interventions.
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Introduction

Despite considerable progress in coordinated specialty 
care for individuals with early psychosis,1 disengagement 
from treatment remains a serious problem. Disengagement 
increases risk for relapse, which may in turn result in se-
rious psychosocial disruption and a diminished response 
to subsequent antipsychotic treatment.2,3 Reported rates 
of disengagement during the first year of treatment have 
ranged from 12% to 53%.4 The most consistent predictors 
of disengagement have included lack of family support, 
living alone and substance use.4 Other patient character-
istics, including age,5 sex,6 employment and educational 
status,7 symptom severity8 and level of insight9 have been 
found to be associated with disengagement, but not con-
sistently.4 To the best of our knowledge, no biological 
marker has been associated with an increased risk of 
disengagement. Whereas clinical characteristics contrib-
uting to disengagement are highly variable and largely 
not predictive,4 identification of a biological marker 
might enhance the identification of patients at high risk 
for disengagement and guide therapeutic interventions.
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pants were randomized to add-on citalopram or placebo and 
followed for 12 months. Demographic, clinical and cogni-
tive factors at baseline were compared between completers 
and disengagers in addition to volumes of hippocampal 
subfields. Results: Baseline data were available for 95 ran-
domized participants. Disengagers (n = 38, 40%) differed 
from completers (n = 57, 60%) by race (more likely Black; 
less likely Asian) and in more alcohol use, parkinsonism, 
negative symptoms and more impairment in visual learning 
and working memory. Bilateral dentate gyrus (DG), CA1, 
CA2/3 and whole hippocampal volumes were significantly 
smaller in disengagers compared to completers. When all 
the eight volumes were entered into the model simultane-
ously, only left DG volume significantly predicted disen-
gagement status and remained significant after adjusting 
for age, sex, race, intracranial volume, antipsychotic dose, 
duration of untreated psychosis, citalopram status, alcohol 
status, and smoking status (P < .01). Left DG volume pre-
dicted disengagement with 57% sensitivity and 83% spec-
ificity.  Conclusions: Smaller left DG was significantly 
associated with disengagement status over 12  months of 
maintenance treatment in patients with FES participating 

Hippocampal volume loss is a promising marker 
in early psychosis that may predict clinical course.10,11 
Hippocampal circuits are involved in several cogni-
tive functions that are impaired in schizophrenia, in-
cluding memory, novelty detection, attribution of 
salience and detection of  prediction error. Within the 
hippocampus, the dentate gyrus (DG) and the CA1 and 
CA2/3 subfields have been implicated in schizophrenia 
because of  their crucial roles in memory formation and 
recall, which, if  disrupted, could result in delusions via 
formation of  false memories, aberrant linking of  mem-
ories, and inappropriate integration of  memories into a 
framework of  prior experiences.12,13 Hippocampal cir-
cuits are also necessary for inferential reasoning and 
decision making based on past experiences14; hence, im-
pairment of  hippocampal function could contribute to 
decisions to disengage from treatment that, to family 
and clinicians, may not seem rational. Low volume 
may be a marker for hippocampal dysfunction.15 Lower 
volume of  the CA1 subfield compared to healthy con-
trols has been associated with functional impairment in 
schizophrenia patients and attributed to glutamatergic 
excitotoxicity resulting from a deficit in inhibitory in-
puts,16 whereas lower volume in the DG has been attrib-
uted to stress-related elevation of  glucocorticoids and 
to impaired neurogenesis.17 CA2 and CA3 subfield vol-
umes have been less studied in schizophrenia, but are 
highly correlated with DG volume and these subfields 
are functionally linked to the DG in the performance of 
pattern recognition and pattern completion.12

We recently completed a series of  studies exam-
ining potential molecular mechanisms under-
lying hippocampal volume loss in early psychosis 
and identifying clinical correlates.18–21 To explore 
hippocampal volume as a potential biomarker for 
risk of  disengagement from treatment in early psy-
chosis, we now examine data from the DECIFER 
Study, a 12-month placebo-controlled trial of  add-on 
citalopram in first episode schizophrenia patients 
after initial stabilization on second generation anti-
psychotics.18 Because this study examined participants 
who disengaged from treatment under conditions of  a 
randomized clinical trial rather than under usual clin-
ical conditions, and since, to the best of  our knowl-
edge, there is no prior evidence linking hippocampal 
volume to treatment disengagement, the results of  this 
study must be considered exploratory.

We hypothesized that disengagement would be as-
sociated with low baseline hippocampal volume and 
we focused our examination on DG, CA1, and CA2/3 
volumes. To assess whether disengagement status was 
specifically associated with volumes of hippocampal 
structures versus generalized brain atrophy, we addition-
ally examined intracranial volume (ICV), bilateral whole 
hippocampal volumes, whole brain volumes of each hem-
isphere, and cortical thickness of all brain regions.

Methods

The DECIFER study has been previously described18 and 
was registered at clinicaltrials.gov NCT01041274. The 
study was a 12  month, four-site, randomized, parallel-
group, placebo-controlled trial of add-on citalopram 
in the maintenance treatment of first episode schizo-
phrenia patients who were first stabilized with clinician-
determined second generation antipsychotic medication. 
The study was conducted at the Massachusetts General 
Hospital in Boston, the NYU Langone Medical Center 
in New York, the Shanghai Mental Health Center in 
Shanghai, and the Second Xiangya Hospital of Central 
South University, Changsha. Entry criteria included: 
age 15–40  years, onset of psychosis before age 35, cu-
mulative antipsychotic exposure of at least 4 weeks and 
fewer than 24 weeks, a diagnosis of schizophrenia or 
schizophreniform disorder confirmed by the Structured 
Clinical Interview for DSMIV-TR (SCID), and absence 
of major depression, suicidal ideation, unstable medical 
illness or substance abuse (other than cannabis) over the 
preceding 3 months.

After obtaining written informed consent, participants 
were assessed with the Brief  Psychiatric Rating Scale 
(BPRS), the modified Scale for Assessment of Negative 
Symptoms (SANS), the Calgary Depression Scale for 
Schizophrenia (CDSS), the Heinrichs Carpenter Quality 
of Life Scale (HCQLS), the Simpson Angus Scale (SAS) 
for assessment of parkinsonism, the Barnes Akathisia 
Scale (BAS), and the MATRICS Consensus Cognitive 
Battery (MCCB). At the Boston and New York sites 
only, the following rating scales were also administered 
at baseline: Behavior and Symptom Identification Scale 
(Basis-24), Macarthur Perceived Coercion Scale (PCS), 
Birchwood Insight Scale (BIS), Subjective Well Being 
Under Neuroleptic Treatment (SWN-S), and World 
Health Organization Quality of Life Scale: Short Version 
(WHOQOL-BREF). Raters at all sites were initially 
trained on-site in the administration of rating scales and 
the MCCB; rater training was maintained by conference 
calls every 3 months. In addition, at all four sites parti-
cipants were scanned twice at baseline on 3T Siemens 
scanners using similar pulse-sequences, which were har-
monized before study initiation. Detailed MRI sequences 
can be found in supplementary table S1. Following 
completion of baseline assessments, participants were 
randomly assigned to citalopram or placebo in iden-
tical 20  mg capsules that were increased after 1 week 
to 40  mg/d if  tolerated. All participants also received 
psychoeducation and relapse prevention planning pro-
vided by a doctoral level clinician weekly for 16 sessions 
followed by 8 monthly sessions.

The FreeSurfer v6.0 automated hippocampal subfield 
extraction tool was used to segment the hippocampal 
subfields CA1, CA2/3, and DG and the mean value 
of the two scans was used for analyses. Hippocampal 
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subfield segmentation has been found to be highly reli-
able with less than a 3% mean difference in DG, CA1 and 
whole hippocampus estimated volumes between repeated 
scans and less than a 5% mean difference in CA3 esti-
mated volumes; reliability was higher in left compared to 
right structures.22 Cortical thickness was measured using 
the cortical surface stream of FreeSurfer v6.0 based on 
the T1-weighed structural MRI described in detail pre-
viously.23 We used the cortical parcellation based on the 
Desikan–Killiany atlas to determine the average cortical 
thickness in 70 cortical regions (34 regions per hemi-
sphere plus the mean thickness of each hemisphere). All 
segmentations were visually inspected for accuracy by an 
experienced rater blind to the treatment and to the dis-
engagement status of participants. No segmentations re-
quired manual adjustment.

Statistical Analyses

Completers and disengagers were compared with re-
spect to baseline demographic and clinical characteristics 
and baseline cortical thickness using t-tests for contin-
uous variables and chi-square tests for categorical vari-
ables. Significance was judged at a two-sided 0.05 level, 
without adjustment for multiple testing as we wanted to 
identify all potential differences between completers and 
disengagers.

The relationship of hippocampal subfield volumes 
and whole hippocampal brain volumes to disengagement 
status was assessed by modeling disengagement status as 
a function of brain volume, using logistic regression. To 
evaluate the presence and role of potential confounders 
in this relationship, a series of additional models that in-
cluded progressively expanding sets of baseline patient 
covariates were employed and the effects of brain volume 
on disengagement status were compared across models. 
For clinical purposes, we sought to qualify the relation-
ship between brain volume and disengagement status in 
terms of the ability of brain volume to predict completion 
of patients’ participation in the 12-month randomized 
controlled trial. This was accomplished by obtaining the 
receiver operating characteristics (ROC) of the logistic 
regression model for disengagement status as a function 
of brain volume only. The area under the curve (AUC) 
together with sensitivity and specificity are reported.

We performed two sensitivity analyses. The first was 
an equivalent analysis with the outcome being time to 
disengagement (using Cox proportional hazards regres-
sion) rather than disengagement status (yes/no) using 
logistic regression. The second sensitivity analysis re-
peated logistic regression analyses of the relationship be-
tween left DG brain volume and disengagement status 
after excluding six patients: three who were terminated 
by research staff  due to nonadherence; one who disen-
gaged due to incarceration and two patients who disen-
gaged due to hospitalization. This analysis was intended 

to provide a sample more representative of patients elec-
tively disengaging under typical clinical conditions.

To understand the potential mechanisms by which brain 
volume is related to disengagement status, we assessed the 
magnitude and significance of the effect of brain volume 
on disengagement after adjusting for baseline measures 
of cognition and symptoms severity. To explore possible 
clinical correlates of DG volume that might contribute to 
the association with disengagement status, we tested for 
interactions between engagement status and clinical vari-
ables that differed between disengagers and completers, 
explaining DG volume. We included the MCCB com-
posite score rather than multiple cognitive domains. This 
was done by logistic regressions, modeling disengagement 
status as a function of brain volume, clinical measures, 
and their interactions. The significance of the interaction 
terms was judged at a level of α = 0.05 without adjust-
ment for multiple testing; this was done to avoid omitting 
potentially important effects in the process of generating 
hypotheses pertaining to mechanisms underlying the as-
sociation between brain volume and disengagement. All 
statistical analyses were conducted using R.24

Results

Of the 95 first episode schizophrenia patients who were 
randomized, 57 (60%) completed the 12-month trial and 
38 (40%) disengaged (table  1). Reasons for disengage-
ment are provided in supplemental table S2. Imaging 
data were available for 88 participants (93%), demo-
graphic information and clinical ratings (BPRS, SANS, 
CDRS, SAS, and BAS) were available for 90 (95%), and 
MCCB assessments were available for 89 (94%). The 
battery of scales targeting additional factors hypothe-
sized to contribute to disengagement (BIS, PCS, SWN-S, 
WHOQOL-BREF) were available for the 44 (46%) par-
ticipants at the US sites. At baseline, disengagers did not 
differ from completers by age or sex, but did differ by 
race; disengagers were more likely to be Black and less 
likely to be Asian (table 1). Disengagers were also more 
likely to use alcohol, had more severe negative symp-
toms (SANS total score) and Parkinsonism (SAS total 
score) and exhibited greater impairments in working 
memory and visual learning (table  1). Disengagers did 
not differ significantly from completers on measures of 
psychosis, insight, subjective or objective quality of life, 
perceived coercion, medication adherence, treatment as-
signment (citalopram vs placebo) or akathisia (table 1 & 
supplemental table S3). At a trend level of significance, 
disengagers were prescribed a lower dose of antipsychotic 
medication, had higher BPRS total scores, performed 
more poorly on MCCB tests of attention and vigilance 
and were more likely to smoke cigarettes (table 1).

Compared to completers, disengagers exhibited signifi-
cantly smaller volumes in bilateral DG, CA1, and CA2/3 
subfields and bilateral whole hippocampi (table 1). A logistic 
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60regression predicting disengagement status with all eight 

hippocampal volumes as predictors found that only the 
left DG was significantly associated with disengagement 
status in the presence of the other measures (supplemental 
table S4; P = .01). The differences between completers and 
disengagers in left DG volume remained significant after 
adjusting for age, sex, ICV, race, antipsychotic dose, dura-
tion of untreated psychosis (DUP), alcohol use and cigarette 
smoking (table 2; P < .01), which were considered potential 
confounders. The sensitivity analysis after exclusion of pa-
tients who were terminated from study due to nonadherence, 
incarceration or hospitalization produced analogous results 
(supplemental table S5). The Cox proportional hazards re-
gression demonstrated that time to disengagement was also 
significantly associated with left DG volume after adjusting 
for all potentially confounding variables (supplemental table 
S6). ROC analysis of left DG volume and disengagement 
status resulted in an AUC of 0.749 and identified a left DG 
volume cut-off of 301 mm3 as the optimal predictor of disen-
gagement status during the 12-month trial, with a sensitivity 
of 57.1% and specificity of 83.0% (figure 1). All six patients 
(15.4%) with left DG volume less than 260 mm3 were drop-
outs and all 11 patients (19.3%) with left DG volume greater 
than 356 mm3 were completers (supplemental figure S1).

To examine whether the effect of left DG volume on 
disengagement was mediated by cognition or symptom 
severity, we augmented the three sequential models in 
table  2 with baseline measures of cognition (MCCB) 
and symptom severity (SANS and BPRS). The left DG 
volume remained a disengagement predictor of similar 
or larger magnitude and significance after adjusting for 
those measures (supplement table S7).

Of all the clinical variables that differed between 
disengagers and completers, only the MCCB composite 
score had significant interaction with left DG volume in 
explaining disengagement status (table 3, P =  .02) such 
that left DG volume was significantly positively associ-
ated with the MATRICS composite score in disengagers 
(P = .04), whereas there was no association in completers. 
A plot of MCCB composite score by left DG volume for 
the whole sample is provided in figure 1. Similar curves 
are provided for all MCCB cognitive domains in supple-
mental figure S2.

To assess the specificity of the association between 
DG volume and disengagement status, disengagers and 
completers were compared on ICV, total brain volumes 
and on cortical thickness of 70 brain regions parcellated 
by FreeSurfer 6.0. Using a significance threshold of P < 
.01, none differed between groups, whereas when a signif-
icance threshold of P < .05 was used, nine brain regions 
differed between groups (supplemental table S8).

Discussion

We found that 40% of first episode schizophrenia patients 
participating in a randomized controlled trial disengaged 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac043#supplementary-data
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during 12 months of maintenance treatment, despite the 
provision of individualized psychoeducation and relapse 
planning in addition to usual care. This rate of disen-
gagement falls within the range of disengagement rates 
reported in previous longitudinal studies.4 Consistent 
with the clinical literature, alcohol use predicted disen-
gagement status. Race also predicted disengagement, 
although race may have been confounded by possible 
country effects (China vs. USA). The degree to which the 
higher rate of disengagement in Black participants may 
be attributed to socioeconomic status or the effects of 
structural racism cannot be determined by available data. 
Our finding that cognitive performance, negative symp-
toms and Parkinsonism also predicted disengagement is 
consistent with some but not all prior studies.4 Because 
the number of participants who completed additional 
measures of insight, perceived coercion, and self-rated 
quality of life was small (n = 44), we can only conclude 
that if  any of these factors contributed to disengagement 
risk, it was not a large effect.

The association of baseline volumes of DG with dis-
engagement status was highly significant after adjusting 
for relevant variables and was a stronger predictor of dis-
engagement than any clinical predictors. This association 
was unlikely to be solely the result of generalized cortical 
volume loss since cortical thickness was not strongly as-
sociated with disengagement in the additional brain re-
gions tested. While this finding requires replication, the 
predictive specificity of DG for disengagement status was 
remarkable, given the large number of demographic and 
clinical variables that may contribute to a patient’s deci-
sion to disengage, including drug side effects, cognitive 
deficits, lack of insight, paranoia, apathy and socioeco-
nomic factors. DG volume may represent a vulnerability 
factor that interacts with many demographic, clinical and 
environmental factors that contribute to disengagement.

The mechanism by which lower hippocampal volume 
is associated with disengagement status is unclear. Of the 
variables that we measured, only cognitive performance 
significantly interacted with left DG volume in predicting 
disengagement status. Analysis of the MCCB composite 
score suggested that low DG volume was only associ-
ated with impaired cognition below a threshold of ap-
proximately 290  mm3; the slope of the association was 
quite steep below this threshold and plateaued above it 
(figure 2). It is possible that cognitive impairment asso-
ciated with low DG volume below a critical threshold 
may contribute to the decision to discontinue treatment. 
However, DG volume remained a significant predictor of 
disengagement after adjusting for cognitive impairment 
and other measures of symptom severity, suggesting that, 
while cognition may moderate the effect of DG volume 
on disengagement, DG volume exerts an effect on dis-
engagement independent of cognition. The nature of 
this putative cognitive impairment and its relationships 
to hippocampal volume and functioning require further 
study. Given the very high rate of disengagement that 

Fig. 1. Area under the curve analysis: Baseline left DG volume prediction of engagement status.

Table 3. Interaction Analysis of Left DG Volume as a Function 
of Disengagement Status

Interaction term with dropout status P-value 

Race 0.51
Alcohol use 0.89
SANS total 0.32
HQOL 0.97
SAS 0.87
MCCB composite 0.02
 Speed of processing 0.25
 Attention & vigilance 0.02
 Working memory 0.48
 Verbal learning 0.04
 Visual learning 0.01
 Reasoning and problem solving 0.74
 Social cognition 0.65
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we observed in patients with DG volumes below this 
threshold, it is quite possible that this subgroup of early 
psychosis patients may not be well represented in longitu-
dinal studies and may require special efforts to retain in 
treatment and in research protocols.

If  our finding of a highly specific association between 
small DG volume and subsequent disengagement is rep-
licated, this finding could help clinicians identify indi-
viduals at high risk for disengagement. While we cannot 
conclude from this study that the association between 
DG volume and disengagement is causal, it is possible 
that impairment of hippocampal function might repre-
sent a target to improve retention in treatment. For ex-
ample, if  the associated cognitive deficits underlie this 
association, they might be targeted with a cognitive be-
havioral approach. Interventions targeting hippocampal 
volume loss might also improve retention. Exercise is a 
well-established intervention to increase DG volume,25,26 
an effect believed to reflect enhanced neurogenesis.27,28 
Exercise has similarly been associated with increased 
hippocampal volume and improved working memory 
in individuals with schizophrenia.29 In depression, an-
tidepressant efficacy has been linked to neurogenesis30 
and increased hippocampal volume.31 However, in the 
DECIFER study, in which citalopram improved negative 
symptoms, depressive symptoms were not improved by 
citalopram and neither change in hippocampal volume 
nor disengagement status differed between citalopram 
and placebo groups.18,20 This possible differential effect 
of antidepressants on hippocampal volume in individ-
uals with depression versus individuals without depres-
sion was also found in a study of nonhuman primates.32 
In this study, a selective serotonin reuptake inhibitor 

increased anterior hippocampal volume in animals ex-
hibiting depressive behaviors following stress but was as-
sociated with hippocampal volume loss in animals that 
were not previously stressed.32 These data suggest that 
the mechanism underlying low hippocampal volume 
in schizophrenia may differ from depression and may 
not be similarly responsive to antidepressant treat-
ment. In animal models, several second generation anti-
psychotics, including clozapine, olanzapine, quetiapine 
and aripiprazole, have been reported to increase neuro-
genesis33,34; these drugs also appear to be associated with 
lower rates of all cause discontinuation compared to first 
generation agents in randomized controlled trials35 and 
in naturalistic studies.36 Whether these agents increase 
hippocampal volume in association with improved reten-
tion remains to be established.

Limitations

Because this study occurred within a randomized con-
trolled trial, it is unclear the degree to which results can 
be generalized to routine clinical care of early psychosis 
patients. Notably, disengagement rates did not differ be-
tween placebo and citalopram groups,18 and our findings 
remained significant after excluding patients who were 
dropped from study due to nonadherence or due to incar-
ceration or hospitalization.18 Because the association of 
hippocampal volume with disengagement status in early 
psychosis has not been reported previously, these results 
require replication. Only a randomized study of an inter-
vention that increases hippocampal volume will allow us to 
draw inferences as to whether the relationship between re-
duced hippocampal volume and disengagement is causal.

Fig. 2. Baseline MCCB composite score and left dentate gyrus volume by engagement status.
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Conclusion

In a 12-month study of maintenance treatment in patients 
with first episode schizophrenia, baseline volumes of the left 
DG hippocampal subfield significantly predicted disengage-
ment status after adjusting for relevant demographic and 
clinical factors. If confirmed by future studies, the volume of 
hippocampal structures may provide a biomarker to identify 
patients at risk for disengagement and may provide a target 
for interventions to reduce risk of disengagement.

Supplementary Material

Supplementary material is available at Schizophrenia 
Bulletin online.
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