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Abstract

Impaired clinical insight (CI) is a common symptom of psychotic disorders and a promising 

treatment target. However, to date, our understanding of how variability in CI is tied to underlying 

brain dysfunction in the clinical high-risk period is limited. Developing a stronger conception of 

this link will be a vital first step for efforts to determine if CI can serve as a useful prognostic 

indicator. The current study investigated whether variability in CI is related to major brain 

networks in adolescents and young adults at ultra high-risk (UHR) of developing psychosis. 

Thirty-five UHR youth were administered structured clinical interviews as well as an assessment 

for CI and underwent resting-state magnetic resonance imaging scans. Functional connectivity was 

calculated in the default mode network (DMN) and fronto-parietal network (FPN), two major 

networks that are dysfunctional in psychosis and are hypothesized to affect insight. Greater DMN 

connectivity between the posterior cingulate/precuneus and ventromedial prefrontal cortex (DMN) 

was related to poorer CI (R2 = .399). There were no significant relationships between insight and 

the FPN. This is the first study to relate a major brain network to clinical insight before the onset 

of psychosis. Findings are consistent with evidence if a hyperconnected DMN in schizophrenia 

and UHR, and similar to a previous study of insight and connectivity in schizophrenia. Results 
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suggest that a strongly connected DMN may be related to poor self-awareness of subthreshold 

psychotic symptoms in UHR adolescents and young adults.
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1. INTRODUCTION

Clinical insight (CI) in schizophrenia refers to an individual’s awareness of having the 

disorder (Amador and Kronengold, 2004). It is estimated that approximately 50% of those 

diagnosed with schizophrenia are unaware of their illness (Arango and Amador, 2011) and 

CI may predict treatment adherence and outcomes (Lincoln et al., 2007). Insight deficits are 

likely related to neurological dysfunction (Larøi et al., 2004), and many studies have 

associated distributed brain regions with CI in schizophrenia (Gerretsen et al., 2014a; 

Liemburg et al., 2012; Morgan et al., 2010; Shad and Keshavan, 2015). However, little is 

known about how variability in CI is related to brain function in youth exhibiting a 

prodromal syndrome (i.e., those at ultra high-risk for psychosis; UHR). Further, 

investigating CI prior to psychosis onset may reveal whether it is a good prognostic or 

diagnostic indicator and also yield important clues that can inform intervention. Thus, the 

aim of this study was to investigate relationships between CI and function of major brain 

networks in UHR youth.

In psychotic disorders, degree of CI is considered to lie on a continuum and to consist of 

multiple dimensions on which an individual may be impaired (Amador et al., 1993; Beck et 

al., 2004; Birchwood et al., 1994; David, 1990; Gerretsen et al., 2014c; Marková et al., 

2003; McEvoy et al., 1981). Insight is relatively stable (Arango and Amador, 2011), but may 

fluctuate with symptom severity (Parellada et al., 2011; Quee et al., 2014). However, 

symptoms alone do not predict CI (Mintz et al., 2003; van der Meer et al., 2013). In 

addition, insight tends to predict treatment adherence in schizophrenia and may predict 

general function or specific social or work capacities (Lincoln et al., 2007).

Poor CI may be a risk factor for psychotic episodes because it appears to worsen with acute 

episodes and improve with treatment (Gerretsen et al., 2014b). Despite evidence linking 

insight impairment to acute episodes, there is little research on CI before psychosis onset. 

The only study of CI in UHR thus far found it to be moderately impaired, but less impaired 

than in first episode psychosis (Lappin et al., 2007). CI was not correlated with symptom 

severity in the UHR group, suggesting that it accounts for unique variance in the UHR 

phenotype. A retrospective chart review study of patients diagnosed with schizophrenia 

revealed that insight assessed by emergency department physicians declined leading up to a 

first psychotic episode and better insight at baseline predicted fewer and shorter 

hospitalizations as well as better treatment compliance (Bota et al., 2006). Investigating CI 

and related brain networks during the psychosis prodrome may offer valuable information 

regarding prognosis and diagnosis.
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Most researchers agree that insight deficits are associated, at least in part, with neurological 

dysfunction (Larøi et al., 2004). Structural studies suggest that impaired CI is largely 

associated with reduced frontal gray matter, as well as reduced gray matter in temporal, 

parietal, and subcortical regions (Bergé et al., 2011; Buchy et al., 2011; Cooke et al., 2008; 

Flashman et al., 2001; Gerretsen et al., 2013; Morgan et al., 2010b; Sapara et al., 2007; Shad 

et al., 2004; Spalletta et al., 2014). However, methods vary widely and some studies have 

found no gray matter differences between those with poor and good CI (Bassitt et al., 2007; 

McFarland et al., 2013; Rossell et al., 2003). Task-based functional studies of insight and 

self-reflection have illustrated an important role for the medial prefrontal cortex, and have 

implicated lateral frontal and parietal regions as well (Ćurčić-Blake et al., 2015; Shad et al., 

2012; Shad and Keshavan, 2015).

Structural and functional findings that CI is associated with widespread regions suggest that 

networks of brain regions may work together to influence insight. Resting-state functional 

connectivity (rsFC) studies have illustrated that CI is associated with connectivity of the 

default mode network (DMN) and self-referential regions, including areas in the medial and 

lateral frontal and parietal lobes (Gerretsen et al., 2014a; Liemburg et al., 2012). These two 

studies presented conflicting findings, however, so it is still unclear how CI variation is 

related to connectivity of brain networks in psychotic disorders.

Nodes of the DMN have been associated with self-referential processing and social 

cognition, including theory of mind and distinguishing self from others (Li et al., 2014; 

Northoff et al., 2006; Qin and Northoff, 2011; Schilbach et al., 2008). It appears to be 

dysfunctional in disorders marked by social cognitive deficits, such as autism, 

schizophrenia, and attention deficit/hyperactivity disorder (Broyd et al., 2009; Di Martino et 

al., 2009; Whitfield-Gabrieli and Ford, 2012). In schizophrenia, many studies have shown 

hyperconnectivity of the DMN and abnormal rsFC of the dlPFC (the primary node of the 

fronto-parietal control network (FPN)), though the literature is mixed (Sheffield and Barch, 

2016; Whitfield-Gabrieli and Ford, 2012).

Function of the DMN and FPN may contribute to CI deficits (Shad et al., 2007) through 

challenges in distinguishing self from other and making decisions in regards to oneself, as 

well as inflexible and disorganized thinking (Diamond, 2013; Gilleen et al., 2011; 

Nekovarova et al., 2014; Northoff et al., 2006; Northoff and Qin, 2011; Shad et al., 2007). 

The DMN and FPN and related cognitive processes appear to be dysfunctional in UHR, as 

well (Bora and Murray, 2014; Fusar-Poli et al., 2012; Nelson et al., 2012; Schmidt et al., 

2014; Shim et al., 2010; Wotruba et al., 2013). Because schizophrenia is considered a 

neurodevelopmental disconnection disorder (Satterthwaite and Baker, 2015), investigating 

rsFC in UHR populations and related phenotypes such as insight may reveal important 

characteristics of the psychotic disorder continuum as well as potential treatment options.

Thus far, all insight neuroimaging studies have been performed with first-episode psychosis 

or chronic schizophrenia populations. Studying insight and associated brain networks in a 

UHR sample may help to inform about characteristics of insight across the continuum of 

psychotic disorders, particularly before onset of a psychotic disorder (Gerretsen et al., 

2014a). Because CI may predict psychotic episodes and outcomes, understanding it in the 

Clark et al. Page 3

Schizophr Res. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prodromal population may help clinicians to design specific early interventions that may 

reduce duration of untreated psychosis or prevent psychosis onset. Previous research has 

indicated that large-scale networks are associated with psychotic disorders and CI. 

Therefore, we aimed to investigate the relationship between CI and rsFC of the DMN and 

FPN in a UHR sample. We first hypothesized that poorer CI would be associated with 

stronger DMN connectivity and weaker FPN connectivity. We also hypothesized that poorer 

clinical insight would be associated with weaker anticorrelations between the DMN and 

FPN (i.e. negative relationship).

2. METHODS

2.1 Procedures

2.1.1 Participants—Participants were recruited at the Adolescent Development and 

Preventative Treatment (ADAPT) research program at the University of Colorado, Boulder 

under direction of Dr. Mittal. The sample consisted of 35 adolescents and young adults, ages 

15–22. Adolescents and young adults were identified as UHR with the Structured Interview 

of Prodromal Syndromes (SIPS) by an advanced doctoral student or clinical psychologist 

(Miller et al., 1999). Per the SIPS, participants were considered UHR if they had moderate 

(score of 3 on scale of 0–6) to severe but not psychotic (score of 5) positive symptoms or a 

decline in functioning accompanied by schizotypal traits and/or a family history of 

schizophrenia. Five participants had a first-degree relative with a psychotic disorder and a 

decline in functioning without positive symptoms. No participants had pure schizotypal 

presentation. Exclusion criteria for the UHR group included history of head injury, diagnosis 

of an Axis I psychotic disorder, neurological disorder, or MRI contraindication. To assess 

these criteria, a trained advanced doctoral student or clinical psychologist administered the 

Structured Clinical Interview for DSM-IV-TR Disorders (SCID-IV) (First et al., 1997). 

Exclusion criteria for this imaging study further included current substance dependence and 

in-scanner head motion greater than 3 mm in any direction. All participants had an IQ above 

70, so no participants were excluded for this reason.

2.1.2. Clinical Insight measure—CI was assessed with the Scale to Assess Unawareness 

of Mental Disorder (SUMD), a clinician-rated measure (Amador et al., 1993). The SUMD 

includes three general items: awareness of having a mental disorder, awareness of the effects 

of medication, and awareness of social consequences of the disorder. It also includes items 

for awareness and attribution of specific symptoms (these were not assessed). Each item is 

rated on a scale of 0 – 5, with 0 indicating “not applicable” (full awareness) and 5 indicating 

“not at all aware”. The general items load on a single factor with good internal consistency 

(Boyer et al., 2012; Michel et al., 2013), so in the present study, these items were summed to 

create a score for current clinical insight, with higher scores representing poorer insight. We 

chose to sum the scores so that our insight measure would encompass these three important 

facets of CI and allow us to investigate individual differences in overall CI in a highly 

variable population. In addition, the awareness of illness item refers to general awareness of 

having a disorder, so is not limited to awareness of positive symptoms; for this reason we did 

not restrict our analysis to only participants with positive symptoms.
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2.1.3. Scanning—Participants underwent both structural and functional magnetic 

resonance imaging (MRI) scans on a 3T Siemens Magnetom TrioTim scanner. Structural 

images were acquired with a T1-weighted 3D magnetization prepared rapid gradient multi-

echo sequence (sagittal MPRAGE; repetition time [TR] = 2,530 ms; echo times [TE] = 1.64 

ms, 3.5 ms, 5.36 ms, 7.22 ms, 9.08 ms; GRAPPA parallel imaging factor 2; 1 mm3 voxels, 

192 interleaved slices; FOV = 256 mm; flip angle 57°). A 5 min 34 s functional resting state 

blood-oxygen-level-dependent (BOLD) scan was acquired with a T2*-weighted echo-planar 

functional protocol (number of volumes = 165; TR = 2,000 ms; TE = 29 ms; matrix size = 

64 × 64 × 33; FA = 75°; 3.8 × 3.× 3 3.5 mm3 voxels; 33 interleaved slices; FOV = 240 mm). 

During the resting state scan, participants were instructed to relax and close their eyes.

2.1.4. Preprocessing—Data were preprocessed using the Data Processing Assistant for 

Resting State fMRI, Advanced Edition (DPARSFA) (Yan and Zang, 2010). The first four 

time points were removed, and then scans were slice-timing corrected, motion corrected, and 

coregistered to the T1 image. The images were then normalized to MNI space using unified 

segmentation and smoothed with a 6 mm Gaussian kernel. After smoothing, images were 

temporally filtered (0.01 – 0.08 Hz). Finally, nuisance covariates were regressed out: white 

matter and cerebrospinal fluid signals, head motion scrubbing regressors (framewise 

displacement (FD) > 0.5, two volumes before, and one volume after the bad time point), and 

12 motion parameters.

2.2. Statistical Analyses

2.2.1. Functional connectivity—Seed-based connectivity was calculated in DPARSFA 

with seeds in the DMN and FPN. The DMN was defined by two 10 mm spheres centered on 

the posterior cingulate cortex (PCC)/precuneus; MNI coordinates −11, −57, 13) and the 

ventromedial prefrontal cortex (vmPFC; MNI coordinates 1, 31, −2), as specified in previous 

studies (Orr et al., 2014). The FPN was defined by 10 mm spheres centered on the right 

dorsolateral prefrontal cortex (dlPFC; MNI coordinates 43, 22, 34) and right inferior parietal 

lobule (IPL; MNI coordinates 51, −47, 42). We restricted our analyses to the right 

hemisphere because previous research has suggested that insight deficits may be related to 

right hemisphere dysfunction (Gerretsen et al., 2015, 2013; Gerretsen et al., 2014a). We also 

wanted to reduce the risk of Type I error. Additionally, a control seed was included in the 

primary visual cortex to specify that any results obtained were indeed related to insight and 

not a generally dysfunctional brain (MNI coordinates −7, −83, 2).

DPARSFA calculated correlations between seed regions of interest (ROIs) and all voxels in 

the brain (seed-to-voxel approach) and between ROIs (ROI-to-ROI approach). For seed-to-

voxel calculations, the correlations were converted into z maps with Fisher’s r to z 
transformation. For ROI-to-ROI calculations, DPARSFA created a matrix of Fisher’s z 
scores for each participant, representing connectivity between pairs of ROIs. We investigated 

connectivity between ROIs in the networks of interest, between the PCC/precuneus and right 

dlPFC (DMN and FPN), and between the primary visual cortex and PCC/precuneus. We 

also performed seed-to-voxel connectivity analyses for the PCC/precuneus and right dlPFC.
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2.2.2. Connectivity and clinical insight analyses—SPSS version 23 was used to 

perform four hierarchical linear regression analyses with ROI-to-ROI connectivity as the 

outcome variables. FD, a measure of average head motion, was entered in the first step, 

because head motion can bias connectivity analyses (Power et al., 2014). CI was entered in 

the second step. Models were considered significant if they passed Bonferroni correction for 

multiple comparisons, with p < .0125 (.05/4 analyses). Post-hoc analyses were performed 

with positive and disorganized symptoms included as covariates and excluding individuals 

on neuroleptics.

For exploratory seed-to-voxel analyses, SPM8 was used to perform voxel-wise linear 

regressions on the rsFC maps of the PCC and right dlPFC seeds. Multiple linear regression 

was specified, with clinical insight as a predictor and FD as a covariate. A cluster-forming 

threshold of p < .001 was employed at the voxel level, and significant clusters passed family-

wise error (FWE) correction for multiple comparisons.

3. RESULTS

3.1. Participants

Demographic and clinical characteristics of participants are presented in Table 1. A total of 

16 participants were rated as “somewhat aware” to “unaware” (score of 3 – 5) on the 

awareness of illness item, indicating some level of insight impairment. Mean FD for this 

group was 0.195 mm (SD = 0.093). Current CI was correlated with positive symptoms (r(35) 

= .566) and disorganized symptoms (r(35) = .564). No other demographic or clinical factors 

correlated with clinical insight.

3.1.1. Connectivity and clinical insight—Hierarchical regression indicated a 

significant main effect of clinical insight on DMN (PCC/precuneus – vmPFC) connectivity. 

Poorer clinical insight predicted significantly stronger connectivity within the DMN (Figure 

1), and clinical insight accounted for 39.9% of the variance in DMN connectivity. Because 

clinical insight was correlated with positive and disorganized symptoms, a post-hoc analysis 

was done with positive and disorganized symptom severity as covariates and the model 

remained significant (adjusted R2 = .346, F(4, 30) = 5.50, p = .002). A further analysis 

excluded 8 participants taking antipsychotics, and the model remained significant as well 

(adjusted R2 = .282, F(2, 24) = 6.10, p = .007). The regression model predicting connectivity 

within the FPN was not significant, and the models predicting connectivity between the 

DMN and FPN and between the visual cortex and DMN were not significant after correcting 

for multiple comparisons. The only significant predictor in the latter two models was FD. 

These models remained nonsignificant after covarying for positive and disorganized 

symptoms. Results are presented in Table 2.

Seed-to-voxel analysis for clinical insight showed a significant main effect of clinical insight 

on connectivity between the PCC and vmPFC. The significant cluster was centered at MNI 

coordinates (−6, 30, 0) with a peak T value of 4.78, pFWE-corr = .011 (see Figure 2 and Table 

3). When positive and disorganized symptoms were entered into the mdoel, a similar cluster 

was still present at the uncorrected p-value, but was no longer significant at the familywise 
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error-corrected level. No significant effects emerged for seed-to-voxel connectivity from the 

right dlPFC.

4. DISCUSSION

This study is the first to investigate clinical insight (CI) and resting-state functional 

connectivity (rsFC) during the psychosis prodrome. Poorer CI was associated with greater 

connectivity between the ventromedial prefrontal cortex (vmPFC) and posterior cingulate/

precuneus (PCC/precuneus), nodes of the default mode network (DMN). Results illustrate 

similar relationships between CI and rsFC to previous studies in schizophrenia, and suggest 

that CI may be a good prognostic indicator for UHR youth.

This study is the first to find that stronger DMN connectivity is associated with poorer CI in 

youth with prodromal syndromes, and it was shown in both ROI-to-ROI and seed-to-voxel 

analyses. In addition, results were not accounted for by symptom severity or neuroleptic use. 

CI appears to account for unique variance in DMN connectivity and may add to describing 

the clinical profile of these individuals or identifying risk or resilience factors; however, 

since there are no longitudinal studies of CI in UHR, we cannot draw any firm conclusions 

on whether insight is a unique marker for conversion. These findings are in agreement with 

past research indicating hyperconnectivity and hyperactivity within the DMN in UHR (Shim 

et al., 2010) and schizophrenia (Whitfield-Gabrieli and Ford, 2012) compared to healthy 

controls. In addition, a previous study linked stronger DMN connectivity to impaired CI in 

schizophrenia (Gerretsen et al., 2014a), though between the PCC/precuneus and left angular 

gyrus and not between PCC/precuneus and vmPFC. In contrast, the other resting-state 

connectivity and CI study in schizophrenia indicated lower connectivity in the PCC and 

ACC in those with impaired insight; however, this study used a different connectivity 

method, did not measure connectivity between nodes, and dichotomized clinical insight 

(Liemburg et al., 2012).

The DMN, and especially midline structures, are thought to underlie self-reflection 

(Northoff et al., 2006). A review by Qin and Northoff (2011) revealed that nodes of the 

DMN are active during self-and other-reflection tasks, as well as during rest. Studies 

employing self-reflection tasks have also implicated DMN structures in both self-reflection 

and insight, indicating a relationship between these two constructs (Ćurčić-Blake et al., 

2015; Modinos et al., 2011; van der Meer et al., 2013). One prior study implicated PCC and 

vmPFC activity during a clinical insight task that asked mental-illness related questions 

(Raij et al., 2012). Another found stronger connectivity between the PCC and vmPFC during 

self-reflection in schizophrenia patients with poor clinical insight (Ćurčić-Blake et al., 

2015). In addition, a higher psychosis score in healthy individuals with psychosis-prone 

traits was associated with higher activity of the vmPFC (Modinos et al., 2011). Taken 

together, these studies indicate that an overactive or hyperconnected DMN may reflect poor 

self-awareness, such as inability to disengage from internally-focused thought (Sass, 2014), 

overactive “tagging” of stimuli for self-relevance (Ćurčić-Blake et al., 2015), and difficulty 

in retrieving autobiographical memories (van der Meer et al., 2010).
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While the PCC may be more involved in other-reflection and the vmPFC may be more 

involved in self-reflection (Qin and Northoff, 2011), it is possible that the communication 

between the two is problematic in those with poor insight or self-reflective abilities. Since 

our study did not use a task and used a measure of connectivity rather than activity, we 

speculate that strong connectivity between these areas may be related to poor self-reflection 

because these individuals are overly self-focused and less able to evaluate external stimuli. It 

is possible that these connections do not disengage properly when attention is supposed to 

be directed outward, as has been shown in the schizophrenia literature (Whitfield-Gabrieli 

and Ford, 2012).

Disruption of self-reflective processes may result in a distorted view of the self in relation to 

others or in relation to psychotic symptoms. The current study suggests that these processes 

may be disrupted across the psychosis continuum. In fact, self-disturbance has been 

described in UHR populations, and even predicted transition to psychosis (Nelson et al., 

2012). If UHR individuals experience a breakdown in self-monitoring (Garety et al., 2001; 

Nelson et al., 2012; Sass, 2014), it is possible that this breakdown is related to a 

hyperconnected DMN and influences awareness of having a prodromal syndrome. Further 

research is required to determine if self-disturbance is directly associated with both insight 

and the DMN.

While we present compelling evidence that the DMN is associated CI in UHR, hypotheses 

involving the FPN were not supported, suggesting that CI in UHR is more closely related to 

self-awareness than executive function. Gerretsen et al. (2014a) also did not find within-

network connectivity of the FPN to be associated with CI in a schizophrenia sample. Despite 

many structural studies showing a relationship between the PFC and CI (Bergé et al., 2011; 

Buchy et al., 2011; Cooke et al., 2008; Flashman et al., 2001; Gerretsen et al., 2013; Morgan 

et al., 2010b; Sapara et al., 2007; Shad et al., 2004; Spalletta et al., 2014) and functional 

studies showing aberrant dlPFC connectivity to be associated with executive function 

difficulties in schizophrenia (Sheffield and Barch, 2016), it is unlikely that the FPN has a 

direct relationship with CI. It may be that insight is not directly associated with executive 

function networks, and rather, executive functioning influences CI through self-monitoring 

or metacognition (Shad et al., 2007). Future investigations should parse apart self-

monitoring and metacognitive abilities in relation to CI.

Findings support the dysconnection hypothesis of schizophrenia (Friston et al., 2016), and 

provide further evidence that these dysconnectivity processes may be occurring in at-risk 

individuals. Thus, dysconnectivity in schizophrenia appears to have a neurodevelopmental 

component (Satterthwaite and Baker, 2015). More longitudinal research is needed to 

elucidate the neurodevelopmental trajectories of major networks such as the DMN and 

associated phenotypes. Linking phenotypes such as poor insight to aberrant connectivity is 

an important step in understanding the psychosis continuum. CI appears to have both trait-

like and state-like qualities related to both premorbid factors and phase and severity of 

illness (Gerretsen et al., 2014b; Quee et al., 2011). Therefore, it will be important to 

investigate whether prodromal CI predicts later CI or other phenotypes, and to what degree 

clinical insight can change.
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This study does not come without limitations. By nature of this sample, there was a limited 

range of CI compared to studies of schizophrenia because individuals with severely impaired 

clinical insight would likely be diagnosed with schizophrenia. Further, psychometrics of the 

SUMD were previously assessed in schizophrenia populations (Amador et al., 1993; Boyer 

et al., 2012; Michel et al., 2013), but internal consistency was low in this sample. While 

variability in this population is expected, it would be beneficial to investigate validity of the 

SUMD in a larger UHR sample. Because the SUMD assesses insight specifically in 

populations with psychotic disorders, we were unable to include a healthy control group. In 

addition, a minority of participants were on antipsychotic medications, and it is unknown 

how these medications may have affected their insight. However, the significant regression 

model remained significant when these participants were excluded, suggesting that 

neuroleptics did not influence findings. It is also important to note that awareness of 

medication effects is included in the CI measure, so these indviduals’ perception of 

medication was taken into account when they were included in the model. Regarding 

neuroimaging, there are potential signal confounds inherent in fMRI (Weinberger & 

Radulescu, 2015); also, during resting-state scans, the participants’ mental states at the time 

of scanning may vary widely (Buckner et al., 2013). Further, connectivity analyses are 

limited to those participants who were able to be scanned with minimal head motion, to 

avoid biasing connectivity measures. Finally, methods used in this study cannot infer 

causation or directionality of connectivity, as it was a cross-sectional study.

In the future, because this study is an ongoing longitudinal study, we will be able to follow 

up with those who developed psychotic disorders and investigate whether CI and DMN 

connectivity predict later transition to psychosis. We may also be able to investigate any 

demographic or clinical characteristics clinical insight may be associated with pre- and post-

conversion (e.g., symptomatology, cognition, treatment compliance). It will be important for 

future studies with more power to replicate our results and investigate right and left 

hemisphere differences in this population. Future neuroimaging studies may also wish to 

investigate relations between CI and metacognitive and self-reflective abilities. Finally, 

psychiatric control groups will be essential in future work to elucidate CI characteristics in 

UHR samples in comparison to psychosis spectrum disorders.
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Figure 1. 
Scatterplot of default mode network (DMN) connectivity and clinical insight impairment 

measured with the Scale to Assess Unawareness of Mental Disorder (SUMD), illustrating 

the main effect of impaired clinical insight on DMN connectivity. Higher scores reflect 

poorer clinical insight.
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Figure 2. 
Significant main effect of clinical insight predicting connectivity between the posterior 

cingulate cortex (PCC) and ventromedial prefrontal cortex (vmPFC). a) Significant cluster 

centered at MNI coordinates (−6, 30, 0), with a cluster extent of 113 voxels. A cluster 

forming threshold of p < .001 was applied, and this cluster was significant at the cluster level 

with a familywise-corrected significance of pFWE-corrected = .011. The color bar shows T 

values. Note, the cerebellar cluster was nonsignificant. b) Scatterplot of individual 

connectivity values (Fisher’s z scores) extracted from the significant cluster displayed in a), 

plotted against impaired clinical insight.
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Table 1

Participant Characteristics (N = 35).

Mean Standard Deviation Range

Demographic Characteristics

Age (Years) 18.80 1.73 15 – 22

Gender (M/F) 23/12

Handedness (R/L) 27/1

Race (White/Non-White) 23/11

Parental Education (Years) 15.32 1.97 12 – 18

WRAT Sum IQ 111.31 12.55 87 – 145

Clinical Characteristics

Antipsychotic Medications (Y/N) 8/27

    Chlorpromazine Equivalents (N=8) 119.79 74.79 50 – 250

Positive Symptoms 12.23 5.80 0 – 23

Negative Symptoms 9.17 7.12 0 – 24

Disorganized Symptoms 5.63 4.07 0 – 12

Clinical Insight (SUMD)

Awareness of Mental Disorder 2.14 1.42 0 – 5

Awareness of Medication Effects 1.00 1.39 0 – 4

Awareness of Social Consequences 1.74 1.56 0 – 4

Current Clinical Insight 4.89 3.13 0 – 12

Note, WRAT, Wide Range Achievement Test; SUMD, Scale to Assess Unawareness of Mental Disorder; Symptom severity was assessed with the 
Structured Interview of Prodromal Syndromes; Chlorpromazine equivalents were computed only for those individuals taking antipsychotics
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