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Abstract

Background.—Cognitive impairments, which contribute to the profound functional deficits 

observed in psychotic disorders, have found to be associated with abnormalities in trial-level 

cognitive control. However, neural tasks operate within the context of sustained cognitive states, 

which can be assessed with ‘background connectivity’ following the removal of task effects. 

To date, little is known about the integrity of brain processes supporting the maintenance of 

a cognitive state in individuals with psychotic disorders. Thus, here we examine background 

connectivity during executive processing in a cohort of participants with first-episode psychosis 

(FEP).

Methods.—The following fMRI study examined background connectivity of the dorsolateral 

prefrontal cortex (DLPFC), during working memory engagement in a group of 43 patients with 

FEP, relative to 35 healthy controls (HC). Findings were also examined in relation to measures of 

executive function.

Results.—The FEP group relative to HC showed significantly lower background DLPFC 

connectivity with bilateral superior parietal lobule (SPL) and left inferior parietal lobule. 

Background connectivity between DLPFC and SPL was also positively associated with overall 

cognition across all subjects and in our FEP group. In comparison, resting-state frontoparietal 

connectivity did not differ between groups and was not significantly associated with overall 

cognition, suggesting that psychosis-related alterations in executive networks only emerged during 

states of goal-oriented behavior.
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Conclusions.—These results provide novel evidence indicating while frontoparietal connectivity 

at rest appears intact in psychosis, when engaged during a cognitive state, it is impaired possibly 

undermining cognitive control capacities in FEP.
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Introduction

Cognitive deficits are a major contributor to poor psychosocial functioning in individuals 

with schizophrenia spectrum disorders (Bowie & Harvey, 2006; Green, Kern, Braff, & 

Mintz, 2000; Shamsi et al., 2011). These deficits impact a variety of cognitive processes, 

including executive functioning (i.e. attention, working memory (WM) maintenance), 

higher-order executive function (i.e. manipulation, future planning), processing speed, and 

episodic memory (Dickinson, Ramsey, & Gold, 2007). Deficits in WM, considered to be 

central in the pathophysiology of schizophrenia, are observed early in the illness, predating 

the emergence of psychotic symptoms in individuals with first-episode psychosis (FEP), and 

are largely persistent throughout the lifespan (Mesholam-Gately, Giuliano, Goff, Faraone, & 

Seidman, 2009; Rund et al., 2007; Seidman et al., 2016; Szoke et al., 2008).

A robust literature examines functional neuroimaging correlates of impairment in executive 

functioning, including WM-related processes, in psychotic disorders. Task-based WM 

deficits have been linked with abnormal neural activation across regions within executive 

network circuitry, including the dorsolateral prefrontal cortex (DLPFC) and parietal cortex 

(Minzenberg, Laird, Thelen, Carter, & Glahn, 2009). Studies of intrinsic functional 

connectivity during resting state have also found impairments in executive networks in 

schizophrenia (Littow et al., 2015; Manoliu et al., 2014; Woodward, Rogers, & Heckers, 

2011). However, findings from these imaging modalities, as well as broader efforts focused 

on core schizophrenia deficits, have not established clinically useful neural correlates of the 

cognitive deficits in psychotic disorders (Green, Harris, & Nuechterlein, 2014), suggesting 

the need for further exploration of novel mechanisms and correlates.

Background connectivity, a neuroimaging measure used to assess connectivity unique to 

task states, removes transient brain activation in response to individual trial-specific events 

(i.e. a WM cue) to better characterize state-dependent shifts that extend across the entire 

task (i.e. an entire run of a WM task) (Al-Aidroos, Said, & Turk-Browne, 2012; Elkhetali 

et al., 2019; Murty et al., 2018; Norman-Haignere, McCarthy, Chun, & Turk-Browne, 

2012). While most analyses of task-based neuroimaging data focus on responses to specific 

trials on the magnitude of seconds, background connectivity allows for the assessment of 

executive states unfolding over the course of seconds to minutes. Removing event-evoked 

activity provides a means to uniquely characterize differences in baseline neural circuitry 

during a task-related state. In this way, background connectivity provides a qualitatively 

different characterization of connectivity than can be observed during discrete task epochs. 

While research has shown the utility of background connectivity as it relates to executive 

function in healthy populations, relatively little research has utilized this technique to 
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characterize neural deficits related to cognition in psychotic disorders. Beyond impairments 

in processes supporting the generation of event-specific responses to individual task trials, 

psychotic disorders may be related to limitations in the ability to maintain sustained 

control over goal-directed information processing over extended periods of time (Barch 

& Ceaser, 2012; Braver, Reynolds, & Donaldson, 2003; Cohen, Braver, & Brown, 2002; 

Reynolds, West, & Braver, 2009). Critically, there may be unexplored links between state-

dependent engagement of executive domains and pathological domains of illnesses, such as 

schizophrenia, possibly in relation to psychopathology or cognition.

In this study, we examined background connectivity of executive networks engaged during 

a WM task in a cohort of participants presenting with FEP. Background connectivity within 

executive networks was isolated by regressing task-related events out of fMRI time-courses 

and characterizing functional connectivity by seeding the DLPFC. To determine if deficits 

were specific to connectivity during goal-oriented executive function, this signal extracted 

during a WM task was compared to both task-related activation and intrinsic functional 

connectivity characterized during resting state. We then examined background connectivity 

in the context of psychopathology and cognitive performance. Based on the severity of 

cognitive deficits in schizophrenia and prior work implicating DLPFC dysfunction, as well 

as a rich literature detailing a role for the DLPFC in maintaining prolonged goal states 

during executive function (Braver, 2012; Reynolds, O’Reilly, Cohen, & Braver, 2012), we 

hypothesized that abnormalities exist in the background connectivity of the DLPFC during 

WM engagement and would be associated with global cognitive impairments.

Methods and materials

Participants and assessments

This study included 43 individuals entering treatment for a first episode of a psychotic 

disorder, recruited from clinical programs of UPMC Western Psychiatric Hospital. Our FEP 

group was examined in relation to a group of 35 healthy control (HC) participants matched 

for age and sex. Clinical details are described in the online Supplementary Methods and 

Materials.

Comprehensive demographic information was collected for each participant. Ratings 

of psychopathology were administered via the Brief Psychiatric Rating Scale (BPRS) 

(Woerner, Mannuzza, & Kane, 1988). Cognition was examined with the Measurement 

and Treatment Research to Improve Cognition in Schizophrenia Consensus Cognitive 

Battery (MCCB), which was developed for the cognitive domains impaired in schizophrenia 

(Nuechterlein et al., 2008). All study procedures were approved by the University of 

Pittsburgh Institutional Review Board.

WM task and resting state

A description of our task is provided in prior work (Jalbrzikowski et al., 2017; Manivannan 

et al., 2019). Patients and controls underwent fMRI scanning while performing two runs 

of a 6 min, event-related, spatial WM task diagrammed in online Supplementary Fig. 

S1a. Participants were presented with either one or three colored circles on both left and 
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right sides of the screen (two or six total circles). They were instructed to remember the 

color pattern of the one (low load) or three circles (high load) on the side of the screen 

indicated by an arrow. Each trial consisted of a cue, 700–1400 ms in length, during which 

the WM event was presented (encoding phase); a delay period of either 1 or 3 s duration 

(maintenance phase); and a probe, presented for up to 2 s, while the patient indicated via 

a button press whether a color change occurred (retrieval phase). Subjects completed 64 

full trials within the total 12 min of data acquisition divided into two 6 min runs. The task 

included ‘catch’ trials with either the cue alone (N = 16) or cue and delay (N = 16) periods, 

which provided a better estimation of hemodynamic response. The number of correct 

responses and reaction time of correct responses were used to assess WM performance.

During the resting-state scan, participants were asked to keep their eyes open and look at a 

fixation cross at the center of the screen for the duration of the scan.

Image acquisition

Imaging data were acquired on a 3.0 Tesla Siemens TIM Trio scanner at the University of 

Pittsburgh MR research center. Additional details of our image acquisition are described in 

the online Supplementary Methods and Materials.

Image analysis and preprocessing

Following quality control measures, we underwent a rigorous method for data preprocessing 

consistent with our prior work (Jalbrzikowski et al., 2017; Manivannan et al., 2019; Murty et 

al., 2018). Details are described in the online Supplementary Methods and Materials.

Background connectivity

To examine background connectivity of the executive state, independent of task-evoked 

signals, we implemented background connectivity, an approach that has been adopted by 

several studies (Al-Aidroos et al., 2012; Murty et al., 2018). We first regressed out task-

related components of the time series using a general linear model (GLM). The time series 

of both WM runs were concatenated for a total of 720 volumes. Task-related events were 

modeled using 3dDeconvolve in AFNI with a canonical hemodynamic response function. 

We modeled the following task conditions and events related to all task phases: encoding 

regressors modeled for the length of the cue presentation (200 ms + variable interval), 

maintenance regressors modeled for the duration of the delay period, and retrieval regressors 

modeled from the onset of the target probe to each corresponding reaction time. To further 

ensure that our background connectivity results did not include residual event-evoked 

activation, we repeated group comparisons, described below, following high- and lowpass 

filtering of images at 0.08 and 0.009, respectively.

Connectivity of the DLPFC was then examined on this residual data. We chose the DLPFC 

given its structural and functional deficits in schizophrenia and associated impairments in 

executive function (Barch et al., 2001; Karlsgodt et al., 2009; Lewis & Gonzalez-Burgos, 

2008; Perlstein, Carter, Noll, & Cohen, 2001; Potkin et al., 2009; Van Snellenberg et 

al., 2016), as well as its broader role in the maintenance of goal states during executive 

function (Braver, 2012; Reynolds et al., 2012). These signals are believed to represent state-
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dependent neural activity that was occurring during the task but not related to responses 

to specific events. Seed regions of interest capturing the right and left DLPFC regions 

important for WM were generated based on group-level activation during WM maintenance 

(online Supplementary Fig. S1b). Peak regions of activation during the WM task across 

maintenance phases were defined within Brodmann area 9 and spherical seed regions 

of interest with a 10 mm radius were generated centered around these peaks (online 

Supplementary Fig. S1c). We confirmed that the location of our DLPFC seeds corresponds 

with prior work by using Neurosynth (06/20/2018) (Yarkoni, Poldrack, Nichols, Van Essen, 

& Wager, 2011). The search term ‘working memory’ was entered to generate a reverse 

inference map representing boundaries of meta-analytic activation of the WM network. We 

confirmed that our DLPFC seeds were within the meta-analytic WM network map.

For each study participant, the background time series was extracted from each seed (left 

and right DLPFC) and used to generate whole-brain correlation maps based on a Pearson’s 

correlation that then underwent a Fisher Z transformation. These maps, representing 

background connectivity of the DLPFC during WM engagement, were then entered into 

whole-brain group-level analyses to examine differences between FEP and HC participants.

Significance was defined in our main activation and connectivity analyses by a voxel-wise 

threshold of p < 0.005, and family-wise error correction at p < 0.05. AFNI’s 3dFWHMx was 

used to estimate the amount of smoothing present using a spatial auto-correlation function. 

The resulting values were entered (input parameters: 0.31, 7.92, 16.75) into 3dClustSim 

to determine, with 10 000 iterations, the number of contiguous voxels needed for cluster 

correction at p < 0.05. The resulting cluster size was 181 voxels.

Task-based trial-level activation

To ensure that the background state is an independent source of variance form of task-

based events, we also compared background connectivity with task activation. Methods are 

described in our previous work and also in the online Supplementary Methods and Materials 

(Jalbrzikowski et al., 2017; Manivannan et al., 2019).

Resting-state functional connectivity

To determine if the background connectivity state was specific to task contexts, we 

compared background DLPFC connectivity with resting-state functional connectivity. 

Following preprocessing (see online Supplementary Methods and Materials), we generated 

whole-brain resting-state functional connectivity maps based on a Pearson’s correlation, 

followed by a Fisher Z transformation, using left and right DLPFC seed ROIs 

(https://github.com/LabNeuroCogDevel/SzAttWMproc/tree/master/DUP/seed_fc/). Resting-

state functional connectivity between DLPFC and each significant cluster that emerged from 

background connectivity analyses was examined.

Cognitive, behavioral, and post-hoc analyses

Our secondary aim was to examine background connectivity results in relation to cognition. 

Extracted values for background connectivity and resting-state connectivity were compared 

with MCCB scores using a GLM approach including with MCCB scores as the dependent 
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variable and connectivity, group (FEP, HC), and their interaction as the independent 

variables. If an analysis yielded a significant interaction, post-hoc regressions were run 

separately for each group (FEP, HC). Further, for any clusters that showed significant 

brain–behavior relationships in either group, we ran a post-hoc test evaluating each of 

the sub-scores of the MCCB. We included all sub-scores in the same model, in order to 

account for any covariation across sub-scores measures to account for shared variance across 

sub-score measures.

In addition, we performed post-hoc analyses with extracted values in relation 

to psychopathology (total psychopathology, positive symptoms, negative symptoms), 

medication exposure, age, sex, WM performance measures, and in-scanner movement as 

measured by frame displacement (FD).

Results

Participant characteristics

We included 43 FEP and 35 HC participants. Demographic and clinical information for all 

participants is displayed in Table 1. Fourteen patients were naïve to antipsychotic treatment 

at the time of scanning and the remaining patients had been treated for less than 2 months 

with antipsychotic drugs. Chlorpromazine equivalents of antipsychotic medication dose at 

the time of scanning were calculated to account for possible drug effects on imaging data 

(Andreasen, Pressler, Nopoulos, Miller, & Ho, 2010). Within medicated participants, the 

mean dose of antipsychotic treatment at the time of scanning in chlorpromazine equivalents 

was 152.4 ± 101.6 mg.

As expected, the FEP group had significantly lower MCCB scores when compared to 

controls (p = 0.0006), consistent with established findings in schizophrenia (August, 

Kiwanuka, McMahon, & Gold, 2012; Nuechterlein et al., 2008). Task performance also 

reflected the core deficits of the disorder, as reported in previous studies. Average WM 

accuracy during the low and high loads of the task in the FEP group was 82% and 67%, and 

reaction times were 1054 and 1119 ms, respectively. Accuracy was significantly higher in 

the HC group 92% (p = 0.003) and 77% (p = 0.003), for low and high loads. Reaction time 

was significantly lower in the HC group for the low load (973 ms; p = 0.05), but not the high 

load (1076 ms; p = 0.35).

Background executive connectivity

Our primary aim in this study was to test the hypothesis that background engagement of 

executive processing contributes to neural deficits in individuals with FEP, independent of 

intrinsic resting-state connectivity and event-based activation. To address this hypothesis, 

we examined background connectivity of the DLPFC across the task-regressed visuospatial 

WM sequence. Whole-brain background connectivity maps were generated for each study 

participant for left and right DLPFC seed regions of interest based on trial-level task 

activation peaks. At the group level, whole-brain differences in connectivity were examined 

between HC and FEP participants.
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Patients showed significantly lower background connectivity compared to HCs between the 

right DLPFC and the right superior parietal lobule (SPL), left SPL, and left inferior parietal 

lobule (p < 0.05, whole-brain corrected; Table 2; Fig. 1). No significant differences between 

patients and controls in left DLPFC background connectivity were found. To further confirm 

that our background connectivity results did not include residual event-evoked signals, we 

performed group comparisons with bandpass filtered data. Results above were virtually 

identical to group comparisons with bandpass filtering (online Supplementary Table S1).

To ensure that our significant background connectivity results were representative of a 

unique brain state, we examined resting-state connectivity between peak right DLPFC 

seeds and significant clusters in Table 2. No significant differences between FEP and HC 

participants were observed in left or right DLPFC resting-state connectivity. Similarly, 

we examined activation during the WM task’s high load maintenance phase to determine 

whether activation is related to our background connectivity results. Neither the activation 

within the clusters was significant in our background connectivity analysis, nor our DLPFC 

seeds were significantly different between study groups (p > 0.05; online Supplementary 

Fig. S2). These confirmatory results demonstrate that our background connectivity results 

represent a unique abnormality in FEP participants, unrelated to intrinsic connectivity or 

task-based activation.

We performed further analyses to examine significant background DLPFC connectivity 

findings in relation to resting-state functional connectivity. Resting-state DLPFC 

connectivity from peaks of our significant clusters (Table 2) was subtracted from 

background connectivity to examine percent signal change related to task engagement. As 

displayed in Fig. 2, two out of three of our clusters demonstrate greater increases during 

task-engagement than rest in HC participants. These results do not survive Bonferroni 

correction, but are noted to have moderate effect sizes (0.455, 0.545). In further regression 

analyses, background connectivity in peak regions of our three significant clusters was 

examined between groups with resting-state connectivity as a covariate. All clusters 

remained significant (p < 0.001).

Finally, we performed an analysis directly comparing differences across task-based 

background connectivity and resting-state connectivity in the FEP and HC groups. We found 

a main effect of group across all three clusters (p < 0.001). Further, we found significant 

group × context interactions in the right SPL [cluster 1, group × context: F(1): 5.94, p = 

0.02] and left inferior parietal lobule [cluster 3, group × context: F(1): 4.3, p = 0.03], such 

that there was greater connectivity in the HC group v. FEP using background connectivity 

[cluster 1: t(69.5) = 5.3, p < 0.001; cluster 1: t(70.0) = 3.1, p = 0.002], but not resting-state 

connectivity [cluster 1: t(71.5) = 1.3, p = 0.2; cluster 1: t(70.2) = −0.15, p = 0.88].However, 

there was no such interaction in the left SPL [cluster 2, F(1): 0.23, p = 0.74], suggesting 

there were no significant differences in connectivity with this cluster as a function of state.

Background DLPFC connectivity relationship with cognition

In secondary analyses, we examined whether background connectivity during executive 

processing related to cognition in our study cohort. We examined our background DLPFC 

connectivity findings (Table 2) with MCCB scores. We observed a significant group-by 
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connectivity-interaction [β (S.E.) = 0.59 (0.23), p < 0.05 Bonferroni-corrected], such that 

background connectivity between the DLPFC and left SPL (cluster 2) was positively 

correlated with MCCB scores in FEP [β (S.E.) = 0.37 (0.15), p = 0.02], but not in controls 

[β (S.E.) = −0.28 (0.16), p = 0.1] (Fig. 3). To further specify the nature of this relationship 

in FEP, we estimated the relationship of connectivity and MCCB sub-domain scores in 

the same mode to account for any covariation across sub-scores measures. We found that 

connectivity positively predicted performance in the visual learning domain [β (S.E.) = 0.79 

(0.36), p = 0.04], and showed trend-level effects in the attention [β (S.E.) = 0.93 (0.46), p 
= 0.05] and WM [β (S.E.) = 0.06 (0.03), p = 0.07] domains, while all other domains were 

non-significant (p > 0.10). There were no other main effects of background connectivity or 

group × connectivity interactions for the other significant clusters.

Post-hoc analyses

We also considered the possibility that background connectivity could be related to 

symptomatology, independent of cognition. Thus, we examined background connectivity 

findings in relation to psychopathology (overall symptoms, positive symptoms, and negative 

symptoms): no significant findings were noted (p < 0.05, corrected). In addition, we 

performed post-hoc analyses to examine whether our background connectivity findings 

related to task performance were confounded by age, sex, med exposure, or FD. We did not 

observe significant correlations with our results (Table 2) and any of these variables.

Discussion

Here, we report evidence for aberrant context-specific connectivity of the DLPFC during 

WM processing in a cohort of participants with FEP and minimal prior treatment. 

To our knowledge, this is the first study to examine background connectivity of the 

prefrontal cortex during executive functioning in early psychotic illness. Specifically, 

we seeded the DLPFC and observed decreased context-specific connectivity during WM 

processing parietal portions of the central executive network. This finding, which survived 

whole-brain correction as well as post-hoc analysis utilizing temporal filtering to remove 

any residual event-evoked responses, was remarkably limited to regions that comprise 

the widely appreciated central executive network. Differences between resting-state and 

context-specific connectivity were significantly greater in HCs relative to our FEP group, 

suggesting that context-specific connectivity represents a unique state separate from 

intrinsic central executive circuitry. More broadly, we report a relationship between context-

specific connectivity of the DLPFC and global cognition, possibly indicating a phenotypic 

manifestation of this brain state.

Independent of the brain’s intrinsic architecture at rest, or its stimulus-driven functional 

activation, accumulating evidence suggests that context-specific attentional engagement may 

represent a distinct brain state. Here, we focused on contextual engagement during WM 

processing. While prior work has demonstrated that intrinsic networks can be modulated 

by neural engagement with a cognitive task (Cole, Bassett, Power, Braver, & Petersen, 

2014), such task-based modulations in connectivity can be confounded by the activity 

induced by task-specific stimuli (Arfanakis et al., 2000; Fox & Raichle, 2007). Removal 
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of event-related activity from the BOLD response, via regression, as performed in the 

present study, results in a ‘background’ state that is context-specific, but free of task-specific 

activation (Al-Aidroos et al., 2012; Norman-Haignere et al., 2012). Evidence suggests that 

relevant brain regions important for a specific task enter and maintain a task-specific state to 

optimize performance (Al-Aidroos et al., 2012; Haynes, Tregellas, & Rees, 2005). Critically, 

this engagement occurs across the entire task-specific context rather than in response to 

individual stimuli, and thus reflects the maintenance of goal-states across an entire task 

period rather than goal states that are evoked in response to individual trials. Prior work 

shows that the regions engaged are dependent on the nature of the task and the related 

behavioral state (Chadick & Gazzaley, 2011).

An important piece of our results is that we observe less engagement of this state-

dependent network during WM beyond the intrinsic signal, representing an impaired ability 

to achieve this context-specific brain state in FEP participants. To date, much of the 

work with ‘background’ states is limited to sensory systems (Al-Aidroos et al., 2012; 

Elkhetali et al., 2019; Norman-Haignere et al., 2012; Tompary, Al-Aidroos, & Turk-Browne, 

2018), and their relationship to higher-order regions (Griffis, Elkhetali, Burge, Chen, & 

Visscher, 2015). More recent evidence has focused on reward processing by showing that 

‘background’ motivational contexts relate to mesolimbic connectivity and task-performance 

across adolescent development (Murty et al., 2018). We extend this work to executive 

functioning in the present. Together, these findings suggest that it is critical to assess 

network connectivity during relevant task states to reveal group differences.

Our finding of reduced context-specific frontoparietal connectivity during WM in 

participants with FEP contributes to the vast literature on WM deficits in schizophrenia-

spectrum disorders (Barch et al., 2001; Jalbrzikowski et al., 2017; Karlsgodt et al., 2009; 

Minzenberg et al., 2009; Van Snellenberg et al., 2016). While prior reports have focused 

on active WM engagement in the FEP cohort described here (Jalbrzikowski et al., 2017; 

Manivannan et al., 2019), the present study illustrates the importance for context-specific 

brain states during visuospatial WM, and in ability to generate the task states necessary 

to sub-serve executive function. Overall, WM is a fundamental component of executive 

functioning (D’Esposito & Postle, 2015), and a complex function, requiring a variety of 

sub-processes including short-term information storage of visuospatial information, and 

simultaneous active manipulation of the stored material (Cowan, 2017; Engle, Tuholski, 

Laughlin, & Conway, 1999). Our finding of decreased context-specific DLPFC connectivity 

with the parietal lobe reflects limitations in engaging the frontoparietal network, which 

supports the ability to generate optimal executive responses by linking visuospatial and 

higher-order processing regions (Marek & Dosenbach, 2018). Within this framework, FEP 

patients may be able to generate the appropriate sensory representations in the visuospatial 

cortex but are unable to sustain engagement of goal states throughout the task. This 

interpretation aligns well with the nature of background connectivity which relates to a 

prolonged maintenance of goal-states over the magnitude of the entire task, as opposed 

to individual trials. Alternatively, our finding of ‘background’ connectivity deficits during 

WM may relate to deficits in storage capacity (Hahn, Robinson, Leonard, Luck, & Gold, 

2018). Evidence suggests that posterior parietal cortical engagement during WM may be 

important for information storage during WM (Hahn et al., 2018; Xu, 2017). The posterior 
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parietal cortex may coordinate stimulus representations or the maintenance of attention 

of items with features characterized by sensory regions (Hahn et al., 2018; Mitchell & 

Cusack, 2008; Xu & Chun, 2006). However, this interpretation may be less likely, given 

that the FEP-related deficits in context-specific connectivity we describe here were not 

related to WM performance. Although WM performance (accuracy and reaction time) were 

worsened overall, relative to the HC group, consistent with known cognitive deficits of 

FEP. Further studies with more robust paradigms that characterize the contents and capacity 

of WM storage will be important to further breakdown WM performance in relation to 

task-regressed functional connectivity.

Of note, our background connectivity findings were lateralized to the right DLPFC seed 

region. This coincides with a previous finding in a sub-cohort of the participants in this 

study (Jalbrzikowski et al., 2017) that showed an activation decrease during the WM task 

in the right DLPFC, suggesting lateralized deficits. Previous studies have also found that 

individuals with schizophrenia activate the right DLPFC less during cognitive control and 

WM (Perlstein et al., 2001; Ray et al., 2017). Moreover, lateralization across development 

has been reported (Nagel, Herting, Maxwell, Bruno, & Fair, 2013). Thus, we believe that 

abnormalities in the engagement of the DLPFC during visuospatial WM may differentially 

occur on the right side, possibly in relation to abnormal developmental processes.

The differences we report in DLPFC connectivity across groups were not apparent during 

resting-state fMRI. Prior work has characterized resting-state fMRI within fronto-parietal 

networks in individuals with psychotic disorders, showing mixed results for a selective 

DLPFC deficit. Recently, meta-analyses of resting-state fMRI have examined resting-state 

network connectivity across schizophrenia and normative samples. Across these studies, 

no consistent differences were observed for DLPFC connectivity with regions within fronto-

parietal networks, either in individuals with chronic illness or individuals within early phases 

of the disorder (Dong, Wang, Chang, Luo, & Yao, 2018; Gong et al., 2020; Li et al., 2019; 

O’Neill, Mechelli, & Bhattacharyya, 2019). One meta-analytic study did report reliable 

differences in DLPFC connectivity, but with regions of the thalamus and ventral attention 

network (Dong et al., 2018). Thus, we suggest that the DLPFC may be a central node 

contributing to executive function deficits in psychotic disorders, but to accurately assess its 

connectivity, task states must be considered.

The context-specific abnormalities of the executive network described here represent a 

unique contribution to overall cognition, which we measured with the MCCB, a targeted 

assessment of cognitive impairments in schizophrenia and related psychotic disorders. The 

elucidation of processes that predict the cognitive deficits of the disorder is essential for 

the development of therapeutic interventions. A few studies report links between MCCB 

score in patients with chronic schizophrenia and imaging-based markers: an fMRI study 

at rest demonstrated a negative relationship between hippocampal activity and MCCB 

score (Tregellas et al., 2014), while a separate magnetic resonance spectroscopy study 

found related NAA/Cr with composite MCCB score (Jarskog et al., 2013). Meanwhile, 

a data-driven, multimodal study clustered findings within cortico-striato-thalamic circuits 

in relation to MCCB scores (Sui et al., 2015). The present study, however, contributes 

to this literature with evidence linking MCCB deficits and a novel analysis of task-based 
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neural engagement. The findings suggest that an inability to generate task-relevant cognitive 

states may be core to a broad range of executive function deficits. Given that options 

for treatment of cognitive impairments in schizophrenia are limited, future studies could 

focus on interventions that help individuals with psychosis to generate and maintain task-

relevant goals. Further, given that our results relate to a broad assessment of cognition, 

context-specific connectivity could potentially serve to inform interventional studies via 

neuromodulatory approaches (Dokucu, 2015).

The findings presented here should be considered with several limitations. For one, 

this study was cross-sectional in nature, and longitudinal changes in context-specific 

connectivity across treatment for FEP could not be examined. Relatedly, individuals with 

FEP are typically diagnostically heterogeneous and undifferentiated. It is unclear whether 

our results represent a shared finding, or if there is variation in context-specific connectivity 

depending on clinical trajectory and diagnostic specificity. Further studies in various 

clinical subpopulations, including participants with acute symptomatology and chronic 

schizophrenia, are necessary. Similarly, given that cognitive deficits predate the onset of 

psychotic disorders, studies focused on individuals determined to be clinically high risk 

for the development of psychosis should be evaluated with background connectivity in 

future work. Finally, replications and extensions of this study will be important for further 

development of a possible neurocognitive assay for schizophrenia. Subsequent work is 

necessary to differentiate whether the deficits we characterize are specific to WM states 

or whether they generalize more broadly to states of cognitive control and/or increased 

demands on attention. Meanwhile, the underlying neuronal and molecular underpinnings of 

abnormal context-specific connectivity remain unknown. Multimodal analyses that include 

EEG and spectroscopic assays may further deconstruct the neurobiology underlying state-

dependent connectivity within the executive network.

To conclude, we report the results of an examination of context-specific functional 

connectivity of the DLPFC during WM engagement in a cohort of participants with 

FEP, separate from rest or task-based activation. We report novel results that demonstrate 

network-wide impairments in executive processing. Our findings between frontoparietal 

regions related globally to cognition. Future work will be important to advance these 

findings in the context of interventions for neurocognitive deficits observed in psychotic 

disorders.
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Fig. 1. 
Background connectivity result. Significant whole-brain group differences in background 

connectivity are displayed in significant clusters listed in Table 2: (a) right superior parietal 

lobule, (b) left inferior parietal lobule, (c) left superior parietal lobule.
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Fig. 2. 
Background connectivity v. intrinsic connectivity. The difference in background and 

intrinsic connectivity was examined for all three significant clusters. We observed 

significantly lower differences in FEP than HC participants from peak region within cluster 

(a) 1 and (b) 3, listed in Table 2. No significant findings were observed in cluster 2.
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Fig. 3. 
Background DLPFC connectivity results and cognition. Relationship between background 

connectivity between right DLPFC and left superior parietal lobule (cluster 2 from Table 2) 

and MCCB composite scores in FEP and HC participants are displayed. The relationship in 

FEP participants is significant (p = 0.02), but not in the HC group (p = 0.1).
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