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ABSTRACT
BACKGROUND: A longer duration of untreated psychosis (DUP) has been linked with poor clinical outcomes and
variation in resting-state striatal connectivity with central executive regions. However, the link between DUP and
task-based activation of executive neurocognition has not previously been examined. This functional magnetic
resonance imaging study examined the association between DUP and both activation and frontostriatal functional
connectivity during a visual working memory (WM) paradigm in patients with first-episode psychosis.
METHODS: Patients with first-episode psychosis (n = 37) underwent functional magnetic resonance imaging scanning
while performing a visual WM task. At the single-subject level, task conditions were modeled; at the group level, each
condition was examined along with DUP. Activation was examined within the dorsolateral prefrontal cortex, a primary
region supporting visual WM activation. Frontostriatal functional connectivity during the WM was examined via
psychophysical interaction between the dorsal caudate and the dorsolateral prefrontal cortex. Results were compared
with a reference range of connectivity values in a matched group of healthy volunteers (n = 25). Task performance
was also examined in relation to neuroimaging findings.
RESULTS: No significant association was observed between DUP and WM activation. Longer DUP showed less
functional frontostriatal connectivity with the maintenance of increasing WM load. Results were not related to task
performance measures, consistent with previous work.
CONCLUSIONS: Our data suggest that DUP may affect frontostriatal circuitry that supports executive functioning.
Future work is necessary to examine if these findings contribute to the mechanism underlying the relationship be-
tween DUP and worsened clinical outcomes.
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Patients with first-episode psychosis (FEP) often interface with
mental health treatment after extended periods of untreated
psychotic symptoms. A recent calculation of the median
duration of untreated psychosis (DUP) from a large
community-based sample of patients entering the Recovery
After an Initial Schizophrenia Episode study was determined to
be 74 weeks (1). While causal links remain undetermined, de-
cades of work has established that longer DUP is associated
with poorer clinical outcomes, including worse social and
occupational functioning and response to antipsychotic treat-
ment (2–5). Therefore, reducing DUP length has become
central to preventative interventional strategies across the
world that are aimed at decreasing the morbidity caused by
schizophrenia spectrum illnesses (6). Coinciding with psy-
chosocial approaches, understanding the neural mechanism
associated with DUP will be important for the development of
biologically informed strategies for treatment and prevention.
SEE COMMENTARY
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To date, the precise mechanism underlying DUP remains
unknown. The bulk of previous DUP-related studies focused
on neurocognitive assessments and structural brain imaging
measures and have reported differential executive cognition
and morphology within the basal ganglia and prefrontal cortex
(7–9). However, negative studies have also been published,
and overall, efforts in both research domains have not resulted
in tangible and replicable findings that inform neurobiological
processes (10–14).

More recent work has demonstrated a role for large-scale
functional networks in the neural mechanism associated with
DUP. Evidence from a large sample of patients with FEP re-
veals DUP-related abnormalities within the hippocampus,
suggesting deleterious effects on a subcortical structure with
broad cortical functional interactions and a key role in neuro-
cognitive functioning (15). We reported that in the absence of
task-based activation DUP is associated with overall reduced
ON PAGE 417

All rights reserved.
; 4:454–461 www.sobp.org/BPCNNI ISSN: 2451-9022

https://doi.org/10.1016/j.bpsc.2019.01.007
http://www.sobp.org/BPCNNI


DUP-Related Working Memory Activation and Connectivity
Biological
Psychiatry:
CNNI
functional connectivity between the striatum and central ex-
ecutive regions of the cortex, which are important for main-
taining and manipulating information and goal-directed
behavior. These findings also statistically mediated the nega-
tive clinical relationship between DUP and treatment response,
shedding light on the mechanism responsible for the DUP-
negative outcome association (16). While this work coincided
with studies of treatment response that implicate corticostriatal
systems in the efficacy of antipsychotic treatment (17–20), it
did not address whether DUP-dependent variation exists in
neural engagement during executive processing.

We examined the relationship between DUP and working
memory (WM) in a cohort of patients with FEP to further
explore the neural mechanism associated with untreated
psychosis. We focused on maintenance of WM, which has
been shown to be a fundamental component of effective
executive functioning that reliably activates the executive
network (21). Substantial evidence implicates impairments in
WM activation, primarily within the dorsolateral prefrontal
cortex (DLPFC) in schizophrenia (22–26). However, no study to
date has directly assessed DUP in relation to neuroimaging
studies of WM. In this study, we first explored whether DUP
relates to WM activation of the DLPFC and then examined
whether frontostriatal connectivity during WM is related to
DUP. Consistent with previous findings, we hypothesized that
DUP is associated with variation in frontostriatal interactions
during WM engagement.
METHODS AND MATERIALS

Participants

Thirty-seven patients with FEP were included in this study and
were recruited from clinical services at the University of Pitts-
burgh Medical Center. Patients ranged from 12 to 40 years of
age and were diagnosed with a first episode of a psychotic
disorder, including schizophrenia (n = 19), schizophreniform
disorder (n = 6), schizoaffective disorder (n = 5), or psychotic
disorder, not otherwise specified (n = 7). Diagnoses were
determined based on consensus discussions of a Structured
Clinical Interview for DSM-IV at baseline and follow-up diag-
nostic interviews 6 months after baseline evaluations. Clinical
interviews were supplemented by information from clinical
providers and family members. In the 7 individuals with psy-
chotic disorder not otherwise specified, a schizophrenia
spectrum diagnosis was not given because of insufficient time
criteria (n = 3), incomplete criterion A psychotic symptoms
(n = 2), or subthreshold social/occupational dysfunction (n = 2).
We did not include individuals with concurrent mood-related
diagnoses to ensure that our patients were more likely to have
a schizophrenia spectrum disorder and not an affective psy-
chotic disorder. Additional assessments were made to rule out a
diagnosis of a substance-induced psychotic disorder as well as
concurrent substance abuse or dependence. For all participants,
any substance use during the evaluation period, including at time
of scanning, was documented by clinical research staff. Exclu-
sion criteria included medical illness affecting the central nervous
system function, IQ , 75 [determined with the Wechsler
Abbreviated Scale of Intelligence (27)], or contraindications to
magnetic resonance scanning. Clinical ratings were administered
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at the time of study entry using the Brief Psychiatric Rating
Scale (28).

Patients underwent treatment according to routine clinical
care. Eleven patients were naïve to antipsychotic treatment at
time of scanning, and the remaining 26 patients had been
treated for ,2 months with antipsychotic drugs, including
risperidone (n = 16), olanzapine (n = 6), aripiprazole (n = 1),
quetiapine (n = 1), and ziprasidone (n = 1). Chlorpromazine
equivalents of antipsychotic medication dose at time of
scanning were calculated to account for possible drug effects
on imaging data (29).

Thirty-three of our FEP participants overlap with the cohort
examined in previous work (26), which was focused on group
differences in WM activation and performance. The present
study was not interested in group differences in WM activation.
We also did not include participants from this previous work
with a mood disorder diagnosis because of our focus on DUP
in FEP patients who were likely to have a schizophrenia
spectrum diagnosis. We also included a cohort of 25 healthy
volunteers (HVs) to establish a reference range of normal
values for our neuroimaging measures. Healthy participants
had no history of a major psychiatric disorder or antipsychotic
treatment, no first-degree relatives with history of a psychotic
disorder, no neurological disorder, no history of head trauma,
and no intellectual impairment as defined by the DSM-IV. All
FEP or HV participants or their legal guardians provided written
informed consent after study procedures were discussed.
Comprehensive demographic information was collected for
each participant, including parental socioeconomic status via
the Hollingshead scale (30). All study procedures were
approved by the University of Pittsburgh Institutional Review
Board.

Length of DUP was defined as the time from the emergence
of psychotic symptoms to the initiation of treatment with
antipsychotic drugs or the date of scanning for treatment-naïve
individuals. DUP was determined based on clinical records and
from structured interviews with the study participants and their
families. Measures of DUP were quantified in days and,
consistent with previous work, were common log-transformed
for use as a continuous variable and to account for the skewed
distribution of raw DUP values (16). No outlying data points
were observed, and Shapiro-Wilk’s testing confirmed normality
of our log-transformed DUP.

WM Task

A description of our task is provided in previous work (26).
Briefly, patients underwent functional magnetic resonance
imaging scanning while performing two runs of a 6-minute,
event-related, spatial WM task (Figure 1). Patients were
instructed to remember the color of one circle (low load) or the
colors of three circles (high load). Each trial consisted of a cue,
700 to 1400 ms in length, during which the WM event was
presented (encoding phase), a delay period either 1 or 3 sec-
onds in duration (maintenance phase), and a probe presented
for up to 2 seconds while the patient indicated via a button
press whether a color change occurred (retrieval phase).
Subjects completed 64 full trials within the total 12 minutes of
data acquisition. The task included 32 “catch” trials of either
the cue alone or cue-and-delay periods, which were used to
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Figure 1. Working memory task. Subjects
completed two runs of a 6-minute event-related vi-
suospatial working memory task during functional
magnetic resonance imaging acquisition. (Left)
Subjects were instructed to remember the color of
one (low load) or three (high load) circles on one side
of the screen (indicated by an arrow). After a variable
delay period, subjects were again presented with
colored circles and asked to indicate whether a color
change occurred. (Right) An additional 32 partial
“catch” trials with either the cue alone (top) or cue
and delay (bottom) periods were included. ITI, inter-
trial interval.
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estimate the task-specific hemodynamic response. The num-
ber of correct responses and reaction time of correct
responses were used to assess WM.

Image Acquisition

Imaging data were acquired on a 3.0T Siemens TIM Trio
scanner (Siemens Corp., Munich, Germany) at the University of
Pittsburgh Medical Center. Structural images were collected
with a magnetization prepared rapid acquisition gradient-echo
sequence with a voxel size of 1 mm3 and 176 total slices.
Magnetization prepared rapid acquisition gradient-echo im-
ages (repetition time = 2530 ms, inversion time = 1260 ms,
multiecho time [TE1 = 1.74 ms, TE2 = 3.6 ms, TE3 = 5.46 ms,
TE4 = 7.32 ms], and a 7� flip angle) were acquired using a
multiband echo-planar sequence sensitive to blood oxygen
level–dependent images. Parameters consisted of repetition
time 1000 ms, echo time 30 ms, 55� flip angle, 2.3 3 2.3 3 2.3
mm voxel in-plane resolution, 60 contiguous axial slices, and
repetition time 360 ms. In addition, a high-resolution spin echo
sequence was collected with 60 total slices, a repetition time of
5040 ms, echo time of 30 ms, 55� flip angle, and a 220 3

220 3 138 mm field of view.

Image Analysis and Preprocessing

Standard preprocessing was performed with tools from Anal-
ysis of Functional Neuroimages (https://afni.nimh.nih.gov) and
FSL (http://www.fmrib.ox.ac.uk). Slice-timing correction and
motion correction were performed simultaneously using Neu-
roimaging in Python software (http://nipy.org). Functional im-
ages were registered to MNI152 space with affine (FSL FLIRT)
and nonlinear (FSL FNIRT) transformations. Field warping on
images were applied with FSL FUGUE to correct for spatial
distortion. Wavelet despiking was performed with the Brain
Wavelet Toolbox (http://www.brainwavelet.org) to remove
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gross motion confounds (31). Images were spatially smoothed
with a 5-mm full width at half maximum Gaussian kernel.
High-pass filtering at 100 volumes and grand median intensity
normalization (10,000/global median) were performed to
rescale images. Volumes with a framewise displacement value
. 0.9 and/or DVARS . 20 were removed from the analysis to
reduce motion-related artifacts. Our FEP cohort displayed
significantly greater movement than HVs based on average
framewise displacement (p = .02). Volumes were removed from
18 FEP individuals (1–74, or 0.2–20%, volumes removed) and
from 12 individuals in the HV group (1–21, or 0.2–5.8%, vol-
umes removed).

Frontal and Striatal Regions of Interest

In both our activation and functional connectivity analyses,
we limited our search space to the DLPFC bilaterally. A
functional region of interest encompassing the DLPFC was
defined a priori via Neurosynth (32). The search term “dlpfc”
was used to generate a reverse inference map that repre-
senting boundaries of meta-analytic activation of the
DLPFC. The resulting map was used to mask our analyses
(Supplemental Figure S2).

In our frontostriatal connectivity analyses described below,
we defined striatal seeds a priori within a region of the dorsal
caudate (DC) that has been shown to connect to lateral por-
tions of the prefrontal cortex. The DC provides distinct con-
tributions to the DLPFC for executive functioning, which is
supported by its frontostriatal functional connectivity (33).
Regions of interest within the left and the right DC were
creating based on coordinates used in previous functional
connectivity studies that have demonstrated functional in-
teractions between the striatum and the DLPFC (16,34).
Spheres were drawn with radius of 2 mm around central voxels
(x = 613, y = 15, z = 9).
ay 2019; 4:454–461 www.sobp.org/BPCNNI
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Table 1. Baseline Demographics and Clinical Ratings

n = 37

Age, Years, Mean (SD) 22.25 (65.07)

Right-Handed, n (%) 29 (83)

Female, n (%) 11 (32)

WASI IQ, Mean (SD) 105.4 (613.21)

Parental SES, Mean (SD) 40.1 (613.9)

Antipsychotic-Naïve, n 12

Chlorpromazine Equivalents, mg 149

BPRS Total Symptoms Score, Mean (SD) 46.29 (67.9)

BPRS Positive Symptoms Score, Mean (SD) 13.48 (63.6)

BPRS Negative Symptoms Score, Mean (SD) 6.89 (62.5)

Median DUP, Days 365

BPRS, Brief Psychiatric Rating Scale; DUP, duration of untreated
psychosis; SES, socioeconomic status; WASI, Wechsler Abbreviated
Scale of Intelligence.
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WM Activation

To examine WM activation within the DLPFC as a function of
task phase at each load, a first-level general linear model (23 3)
was constructed for each patient. Task phase (encoding,
maintenance, and retrieval) for each load (low and high) and
incorrect task trials at each of the three task phases were
modeled as regressors. All regressors were convolved with a
double-gamma hemodynamic response function. Individual
maps of parameter estimates were created for six contrasts of
interest: 1) encoding low load . baseline; 2) encoding high load
. baseline; 3) maintenance low load. baseline; 4) maintenance
high load . baseline; 5) retrieval low load . baseline; and 6)
retrieval high load . baseline. At the group level, we examined
activation of all six contrasts independently with general linear
models that included DUP as a covariate and also included age
and gender as regressors.

Functional Connectivity Analyses

To examine frontostriatal connectivity during maintenance of
WM, psychophysiological interaction (PPI) analyses were
conducted (35). The PPI method allows for the measurement of
task-specific functional connectivity between activity in sepa-
rate brain regions. Typically, the time course of a seed region
of interest is examined along with a task-specific phase to
identify regions whose activity depends on an interaction be-
tween psychological factors (the task-specific context) and
physiological factors (the time course of the seed region of
interest). The scope of our PPI analyses was limited to main-
tenance of WM, given the robust characterization of activation
deficits within the DLPFC during this phase in schizophrenia
(36). First-level PPI analyses consisted of general linear models
with the time series from the left or the right DC used as
physiological regressor, along with nine task-based psycho-
logical regressors and 2 PPI regressors, one for each WM load.
Group analyses were performed to examine DUP in relation to
striatal connectivity for both low and high WM loads, along
with age and gender, included as explanatory variables.

DLPFC Analysis and Statistical Testing

Significance was defined in our main activation and connec-
tivity analyses by a voxelwise threshold of p , .005 and fam-
ilywise error correction at p , .05. AFNI’s 3dFWHMx function
was used to estimate the amount of smoothing present using a
spatial autocorrelation function. The resulting values were
entered into 3dClustSim to determine, with 10,000 iterations,
the number of contiguous voxels needed for small-volume
correction within our DLPFC region of interest at p , .05.
The resulting cluster size was nine voxels.

RESULTS

Participant Characteristics and WM Performance

Demographic and clinical information for all participants is
shown in Table 1. The median DUP of our cohort of partici-
pants was 365 days (Supplemental Figure S2). The mean dose
of antipsychotic treatment at time of scanning in chlorproma-
zine equivalents was 148.62 mg. Average WM accuracy during
the low and high loads of the task in the FEP group was 89%
and 82%, and reaction times were reaction times were 1036
Biological Psychiatry: Cognitive Neuroscience and
ms and 1046 ms, respectively. Consistent with previous work
that included a subset of our study cohort, HV participants
showed significantly higher accuracy (load 1, p , .009; load 3,
p , .005) and lower reaction time (load 1, p , .02; load 3,
p , .004) than in our FEP group (26). We observed no relation-
ship between accuracy or reaction time in relation to DUP.

WM Activation

Whole-brain confirmatory analyses were performed to
examine WM activation patterns relative to previous studies for
validation of our task (26). Activation of canonical WM regions
by our task was validated and confirmed by a group-level
examination of each condition (Supplemental Figure S3). We
then examined whether there was a relationship between DUP
and activation within the DLPFC in each phase of the task. No
significant association was found at our designated threshold
(p , .05, corrected).

Frontostriatal Connectivity

In addition to activation, the relationship between DUP and
engagement of frontostriatal circuits during WM maintenance
for each task load was examined via PPI analyses. The time
series from seed regions in the left and right DC known to
functionally link to the DLPFC were included as physiologic
regressors. The interaction between this regressor and the task
conditions were assessed along with differences in connec-
tivity between WM loads. During maintenance of the lowest
WM load, no significant relationship was observed between
striatal connectivity with DLPFC and DUP. In the direct com-
parison of low versus high load maintenance, longer DUP was
associated with less frontostriatal functional connectivity
strength between the left DC and a cluster of 25 voxels located
in the rostral portion of the DLPFC in Brodmann area 9
(Figure 2). Connectivity estimates of maintenance of higher
WM load, by itself, also revealed a negative correlation within
the same DLPFC cluster (Figure 2). Estimates from the
nonsignificant lower load are displayed in Figure 2 for com-
parison. Ranges of connectivity in our matched HV group are
also displayed for comparison (Figure 2). No significant dif-
ferences in connectivity were observed between FEP and HV
participants with average framewise displacement as a
Neuroimaging May 2019; 4:454–461 www.sobp.org/BPCNNI 457
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Figure 2. Frontostriatal connectivity during working memory maintenance. (Top panel) Connectivity estimates between the dorsal caudate in relation to
duration of untreated psychosis (DUP) (log-transformed) and a cluster of 25 voxels within the dorsolateral prefrontal cortex with a peak at Montreal Neuro-
logical Institute coordinates 231, 29, 32. (Bottom panels) DUP and connectivity estimates with low and higher working memory load. Reference ranges for
connectivity from a matched healthy volunteer (HV) group are shown.
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covariate to account for differences in motion between these
groups.

In post hoc analyses, functional connectivity estimates
were extracted from our significant cluster for both low and
high loads and examined in relation to clinical symptoms
(total symptoms, negative symptoms, and positive symp-
toms), WM accuracy, WM reaction time, and medication
exposure. No performance-related measures (accuracy and
reaction time) correlated with frontostriatal connectivity
during both WM loads. Consistent with previous studies
(16,37), the positive symptom subscore of the Brief Psy-
chiatric Rating Scale was not related to functional connec-
tivity (Bonferroni-corrected p , .008). Similarly, connectivity
at each WM load was not significantly related to the nega-
tive symptoms subscore, total psychopathology score, and
medication exposure.

Additional post hoc tests on extracted values were per-
formed to confirm that our connectivity results remain signifi-
cant when accounting the following confounding factors in
regression analyses: medication status (naive vs. prior expo-
sure), diagnosis of psychotic disorder not otherwise specified,
and parental socioeconomic status.
458 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging M
DISCUSSION

We examined whether DUP is related to visuospatial WM
activation within the DLPFC and functional connectivity be-
tween the dorsal striatum and the DLPFC during WM mainte-
nance. No significant association was found between DUP and
WM performance measures. Similarly, no significant relation-
ships between DUP and WM activation were noted for either
low or high WM loads across all task conditions. As hypoth-
esized, DUP was associated with differential engagement of
frontostriatal circuitry during maintenance WM that was spe-
cific to higher WM load. In addition, the range of connectivity
values in our FEP cohort was indistinguishable from a refer-
ence range observed in matched HVs. These results are the
first to demonstrate variation in frontostriatal connectivity
during WM in relation to DUP and contribute to our under-
standing of the mechanisms associated with untreated
psychosis.

Numerous studies have described abnormal activation of
the DLPFC during WM in schizophrenia, including in patients
with FEP (22–26). While some studies have shown a relation-
ship between neurocognitive deficit and longer DUP (7), pre-
vious work has also found evidence for preserved cognition in
ay 2019; 4:454–461 www.sobp.org/BPCNNI
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patients with longer DUP (13,38). In the present report, no
significant relationship was observed between DUP and either
WM performance or activation within the DLPFC. Our results
are consistent with the sum of this literature that demonstrates
no overall relationship between DUP and neurocognitive
measures (10,14).

In light of preserved WM activation and neurocognition, the
neurobiological mechanism associated with DUP remains
elusive. Differences caused by untreated psychosis may exist
in how the DLPFC is engaged at the level of large-scale
functional interactions—in particular between the striatum
and cortical regions important for executive functioning. The
DC has been shown to have specialized functional relation-
ships with dorsolateral prefrontal regions (33,34,39). In a pre-
vious study, variation in intrinsic striatal connectivity was found
with central executive regions in a large cohort of patients with
FEP, a finding that also mediated the relationship between
DUP and poor treatment outcome (16). However, this previous
work did not directly activate the executive network with a
cognitive task. Results of the present study support the finding
of DUP-associated variation in frontostriatal functional con-
nectivity with task-based neural engagement. We observed
that DUP length is negatively associated with functional con-
nectivity during WM maintenance between the DC and the
DLPFC. These results do not deviate from a reference range of
connectivity values observed in a matched HV group. Overall,
it is unclear whether our functional connectivity findings are a
result of a causal relationship with untreated psychosis or if
they represent a trait-related marker present in subsets of
patients with longer DUP.

Variation in DUP-related frontostriatal connectivity during
WM maintenance may be driven by a mechanism mediated by
imbalances in dopamine between the striatum and the pre-
frontal cortex. Patients with a longer DUP demonstrate treat-
ment resistance to antipsychotic medications (2,4), which by
itself has been associated with normal levels of dopamine in
the striatum (40). Our results suggest that a longer DUP may
disrupt and alter frontostriatal systems, leading to decreased
engagement of functional circuits with increasing cognitive
demand. The unique specificity of our findings at higher WM
load may coincide with evidence suggesting a blunting of
normal inverted-U shaped cortical functioning (23,41).
Furthermore, this decreased connectivity with higher WM load
may reflect insufficient dopamine release (42), abnormal
dopamine D1 signaling (43), or increased glutamatergic tone
within the DLPFC secondary to prolonged disruptions in cor-
ticostriatal dopamine functioning (44). Future studies are
needed to disentangle whether individuals with prolonged
psychosis represent a distinct subgroup of patients with
unique neurophysiological characteristics, or if prolonged DUP
causes alterations in cortico-subcortical cognitive systems.

Our findings also highlight normal functional relationships
between the striatum and the prefrontal cortex during WM. The
striatum has been hypothesized to dynamically gate and up-
date representations maintained in prefrontal regions during
WM (45). Recent evidence supports this theory and implicates
adequate striatal gating for WM efficiency (46,47). Our finding
of decreased frontostriatal connectivity during higher WM load
may be in response to a dopamine-mediated abnormality in
selective gating for manipulation and maintenance of
Biological Psychiatry: Cognitive Neuroscience and
information (21,48). Intact frontostriatal links may also be
important for WM functioning, given its interplay with rein-
forcement learning mechanisms associated with the ventral
striatum (49). Reward functioning and related recruitment of
the striatum and prefrontal cortex have been shown to be
blunted in patients with schizophrenia (50,51). Untreated psy-
chosis may affect reward processing and broadly contribute to
impairments in goal-oriented behavior and problem solving.
Further investigation is necessary to deconstruct WM pro-
cessing in the context of frontostriatal links in early course
schizophrenia, as well as how untreated illness affects WM
processing in relation to poorer functional recovery.

One important limitation of this study is the lack of longi-
tudinal follow-up assessments. The present study represents a
cross-sectional examination of WM in patients with FEP.
Longer DUP has been associated with poorer treatment
response and functional outcomes (2–5). It is unknown
whether our results mediate response to treatment and
contribute to long-term social and occupational functioning.
Future prospective neuroimaging studies are required to
examine the connections between WM processing, DUP, and
clinical trajectories. Another limitation of this study is the
relatively small cohort of patients examined. While we took
steps to minimize the chances of false positive results via the
section of a priori regions within the striatum and DLPFC,
careful correction for multiple comparisons, and post hoc an-
alyses, a larger cohort may reveal smaller effects in both
activation and connectivity during WM. A larger cohort, fol-
lowed longitudinally, will also be necessary to evaluate whether
DUP uniquely impacts frontostriatal connectivity in individuals
with psychotic disorder, not otherwise specified. This group
may represent a subcohort of FEP patients with less severe
illness or evolving schizophrenia spectrum diagnoses. Repli-
cation of our findings in future work will also be important
considering our limited statistical power. It is unknown how
untreated psychosis impacts normal neural development.
Future work in larger adolescent cohorts may allow for the
examination of DUP in the context of normal developmental of
neurocognitive systems (52).

The findings described here contribute to our understanding
of the neural mechanism associated with untreated psychosis.
We provide evidence that while DUP length is not significantly
associated with WM performance and activation, it does show
an important relationship with functional connectivity between
the striatum and prefrontal cortex during maintenance of
increasing WM load. These results may represent frontostriatal
abnormalities in response to detrimental effects of untreated
psychosis or a trait-related mechanism that distinguishes pa-
tients with significantly longer DUP. Future directions include
further deconstruction of WM in the context of untreated illness
and treatment-related outcomes in individuals with FEP.
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