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Abstract

Intolerance of uncertainty (IU) is a trait characteristic marked by distress in the face of insufficient 

information. Elevated IU has been implicated in the development and maintenance of anxiety 

disorders, particularly during adolescence which is characterized by dramatic neural maturation 

and the onset of anxiety disorders. Previous task-based work implicates the bilateral anterior insula 

in IU. However, the association between anterior insula intrinsic functional connectivity (iFC) and 

IU has not been examined in adolescents. Fifty-eight healthy youth (mean age=12.56; 55% boys) 

completed the Intolerance of Uncertainty Scale for Children (IUSC-12) and a six-minute resting 

state fMRI scan. Group-level analyses were conducted using a random-effects, ordinary least-

squares model, including IUSC-12 scores (Total, Inhibitory subscale, Prospective subscale), and 

three nuisance covariates (age, sex, and mean framewise displacement). IUSC-12 Inhibitory 

subscale scores were predictive of iFC between the left and right anterior insula and right 

prefrontal regions. IUSC-12 Prospective subscale scores significantly predicted iFC between the 

anterior insula and the anterior cingulate cortex. IUSC-12 Total scores did not predict significant 

iFC of the bilateral anterior insula. Follow up analyses including anxiety (MASC Total Score) in 

the models, failed to find significant results. This could suggest that the associations found 

between IUSC-12 scores and anterior insula iFC are not unique to IU and rather, reflect a broader 

anxiety-related connectivity pattern. Further studies with larger samples are needed to further tease 

apart unique associations. These findings bear significance in contributing to literature evaluating 

the neural correlates of risk factors for anxiety in youth.
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Intolerance of Uncertainty (IU) is a transdiagnostic vulnerability factor that has been defined 

as “an individual’s dispositional incapacity to endure the aversive response triggered by the 

perceived absence of salient, key, or sufficient information, and sustained by the associated 

perception of uncertainty” (Carleton, 2016; pg 31). In healthy adults, uncertainty, or the 

feeling of “not knowing,” has been shown to intensify both positive and negative emotional 

experiences (Bar-Anan, Wilson, & Gilbert, 2009). Intolerance of this feeling of uncertainty 

is said to underlie negative affectivity, negative problem orientation, and reduced resiliency, 

while increasing the probability that an individual will engage in maladaptive coping 

strategies, such as worry or alcohol use, to address negative affect (Bar-Anan et al., 2009; 

Einstein, 2014; Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 1994). As such, IU is an 

important risk factor in the development and maintenance of a range of psychiatric 

disorders. For example, in adult clinical populations, IU has been shown to causally 

influence the development and maintenance of anxiety disorders (Dugas & Ladouceur, 

2000) and to contribute to transdiagnostic anxiety across mental health disorders including 

eating disorders (Kesby, Maguire, Brownlow, & Grisham, 2017), depression (Mahoney & 

McEvoy, 2012), substance use disorders (Banducci, Bujarski, Bonn-Miller, Patel, & 

Connolly, 2016), obsessive compulsive disorder (Tolin, Abramowitz, Brigidi, & Foa, 2003), 

and psychosis (White & Gumley, 2010).

As in adults, elevated IU has been observed in children and adolescents across a range of 

disorders including anxiety and attention-deficit/hyperactivity disorder (ADHD; Gramszlo, 

Fogleman, Rosen, & Woodruff-Borden, 2018). Additionally, the relationships between IU 

and pathological factors such as anxiety and maladaptive coping appear to peak in 

adolescence as children develop the cognitive capacity to anticipate, understand, and 

elaborate on potential negative outcomes (Barahmand, 2008; Dugas, Laugesen, & 

Bukowski, 2012; Grist & Field, 2012; Vasey & Crnic, 1994). Given that the transition from 

childhood to adolescence is also one of significant neural changes, investigation of brain 

mechanisms underlying general risk factors such as IU can inform etiological models of the 

emergence of psychopathology during this critical developmental period.

Individual differences in IU have been shown to be associated with alterations in task-based 

activation of several brain regions, including the amygdala, prefrontal cortex, dorsal anterior 

cingulate (dACC), and anterior insula (AI) (Gorka, Nelson, Phan, & Shankman, 2016; 

Schienle, Kochel, Ebner, Reishofer, & Schafer, 2010; Simmons, Matthews, Paulus, & Stein, 

2008). The most consistent of these findings has been observed in the AI, which plays a 

specific role in individuals’ self-reflective awareness of their own emotional experiences 

(Seeley et al., 2007; Wever, Smeets, & Sternheim, 2015), particularly during highly salient, 

emotionally arousing situations, such as that experienced by individuals with elevated IU 

during periods of uncertainty (Eckert et al., 2009; Phan, Wager, Taylor, & Liberzon, 2002). 

The AI, along with other regions including the dACC, is a part of the brain’s salience 

network, which supports decision making, ambiguity, and novelty (Uddin, 2017), processes 
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shown to be disrupted among healthy adults with high IU (Carleton et al., 2016; Flores, 

Lopez, Vervliet, & Cobos, 2018; Hunt, Cooper, Hartnell, & Lissek, 2019; Luhmann, Ishida, 

& Hajcak, 2011). Task based functional imaging studies in healthy adults have demonstrated 

that hyperactivation in the AI in response to unpredictable or ambiguous stimuli is 

associated with greater uncertainty and IU (Gorka et al., 2016; Shankman et al., 2014; 

Simmons et al., 2008). A task-based functional connectivity study of healthy adults found 

that individuals who prefer to avoid making decisions in the face of uncertainty, which may 

suggest IU, show greater dACC-insula coupling during a decision-making task than those 

who do not avoid (Jung et al., 2014). This supports involvement of the broader salience 

network in IU which is also observed in task-based studies of healthy and anxious 

adolescents showing greater IU associated with hyperactivation of the dACC in response to 

uncertainty (Krain et al., 2006; 2008). To date, there have been no resting state studies 

examining associations between IU and the intrinsic functional connectivity (iFC) of the AI 

and related salience network in adults or pediatric samples. Given that IU may serve as a risk 

factor for psychopathology, and that disruption in the salience network and its connectivity 

with other canonical networks have been theorized to contribute to the development and 

maintenance of adult psychopathology (Abrams et al., 2019; Goodkind et al., 2015; Han et 

al., 2019; Manoliu et al., 2013; Menon, 2011; Peters, Dunlop, & Downar, 2016; White, 

Engen, Sørensen, Overgaard, & Shergill, 2014; Yang et al., 2019), this seems like an 

important next step.

To inform etiologic models of psychopathology and contribute to the growing literature 

evaluating transdiagnostic risk factors, such as IU, and their neural correlates, the current 

study addresses gaps in the literature by assessing the association between IU and the iFC of 

the AI in a sample of healthy children and adolescents. As described above, adolescence is a 

particularly salient developmental period in which to study IU in the brain as it is associated 

with significant normative social, behavioral, and neural maturation (Steinberg & Morris, 

2001), as well as increases in the psychopathology onset (Kessler et al., 2005; Merikangas et 

al., 2011). Healthy youth were selected to more clearly assess associations between IU and 

AI iFC without the confounding effects of psychopathology and thus, have the potential to 

inform predictive models of risk and vulnerability. Adult findings suggest that increased 

connectivity between the AI and the dACC may be associated with increased IU (Jung et al., 

2014). Further, task-based work suggests increased co-activation of the AI and the dACC 

among individuals with elevated IU (Gorka et al., 2016). Based on these findings, we predict 

that elevated IU in youth will be associated with increased AI-dACC connectivity. However, 

given that this hypothesis is based on adult task-based work, and that this study is the first to 

explore these findings in children and adolescents using resting state methods, a whole brain 

approach was used to evaluate associations between IU and AI functional connectivity with 

the entire brain.

Recent bifactor models in children and adolescents suggest that the broader construct of IU, 

as assessed by the Intolerance of Uncertainty Scale (IUS) and the Intolerance of Uncertainty 

Scale for Children (IUSC; Comer et al., 2009; Cornacchio et al., 2018; Freeston et al., 

1994), may be better explained by a general factor along with two subfactors: “Inhibitory 

IU” and “Prospective IU” (Carleton, Norton, & Asmundson, 2007; Cornacchio et al., 2018). 

Prospective IU reflects an inherently future orientation and refers to apprehensive anxiety or 
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the desire for predictability prior to feared events. Inhibitory IU, in contrast, is more present 

focused, and refers to the inhibition of behaviors due to uncertainty or uncertainty paralysis. 

This model structure has been supported by confirmatory factor analyses in adolescent 

samples (Boelen, Vrinssen, & van Tulder, 2010; Dekkers, Jansen, Salemink, & Huizenga, 

2017) and has been clinically validated such that each factor is associated with unique 

psychopathological symptoms (Boelen et al., 2010; Cornacchio et al., 2018). For example, 

Prospective IU has been associated with harm avoidance and worry, whereas Inhibitory IU 

has been more associated with phobic responses and feared based processes (e.g., 

Cornacchio et al., 2017). Of note, there are no studies evaluating the subfactors of IU in the 

adolescent brain. In light of this, we completed exploratory analyses evaluating AI iFC 

associations with the general IU factor as well as with the two IU subfactors of Prospective 

and Inhibitory IU.

Methods and Materials

Participants

Sixty-two healthy youth ages 8–17 were recruited from the community to participate in 

resting state functional MRI research studies at a major medical center. Youth were included 

in the current study if they (1) failed to meet criteria for any current psychiatric disorders on 

the basis of a semi-structured interview (ADIS-IV-C (Silverman & Albano, 1996) or 

KSADS-PL (Kaufman et al., 1997), (2) completed the IUSC, and (3) completed an MRI 

scan session with at least one structural and one complete resting state scan. Children with 

IQ scores of less than 75 or MRI contraindications, including history of concussion, metal in 

the body, etc. were excluded. Four children were excluded due to incomplete or unusable 

scan data (mean framewise displacement (FD) ≥ 0.3mm or max FD ≥1mm). The final 

sample included 58 healthy children and adolescents (32 boys, 41% non-Hispanic 

Caucasian, 14% Hispanic), ages 8–17 years (M= 12.56; SD = 2.86; see Table 1).

Parental consent and child assent were obtained. The parent studies from which this final 

sample was obtained were approved by the New York University (NYU) School of Medicine 

Institutional Review Board and NYU Committee on Activities Involving Human Subjects.

Measures

Children and adolescents completed the Intolerance of Uncertainty Scale for Children 

(IUSC; Comer et al., 2009). In line with recent recommendations based on the observed 

factor structure of IU in youth (Cornacchio et al., 2017), a shortened (12-item, minimum 

score = 12, maximum score = 60) version of the scale was used. The IUSC-12 total score, as 

well as the IUSC-12 Prospective (7 items, minimum score = 7, maximum score = 35) and 

the IUSC-12 Inhibitory (5 items, minimum score = 5, maximum score = 25) subscales were 

included. In the current sample, internal consistency was strong for the IUSC-12 total score 

(α = 0.80) and the IUSC-12 Prospective subscale (α = 0.76), and somewhat lower for the 

IUSC-12 Inhibitory subscale (α = 0.64). A subset of participants (N=55) also completed the 

Multidimensional Anxiety Scale for Children (MASC; March, Parker, Sullivan, Stallings, & 

Conners, 1997). The MASC Total Anxiety score was used in the current study for follow up 

analyses examining the specificity of the association between IU and AI functional 
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connectivity. Participants additionally completed the two subtest version of the Wechsler 

Abbreviated Scale of Intelligence (Matrix Reasoning and Vocabulary; Wechsler, 1999) to 

determine whether they met the minimum IQ of 75.

Functional Magnetic Resonance Imaging

Data acquisition.—Scans were acquired using a 3.0T Siemens Allegra head-only MRI 

scanner (Siemens; Iselin, New Jersey) at the NYU Center for Brain Imaging. Each child 

completed a six-minute resting state scan of 35 contiguous 3 mm axial slices using a T2*-

sensitive gradient echo sequence (TR = 2000 ms; TE = 30; FOV = 192; 64 × 64 matrix; in-

plane resolution 3 × 3 × 4). Previous literature has found that six-minute resting scan is 

sufficient to offer a compromise between robust functional connectivity and experiment 

brevity (Van Dijk et al., 2009). A high resolution T1-weighted MPRAGE image was 

acquired for each participant for anatomical registration.

Image preprocessing.—All brain pre-processing and group level analyses were 

conducted using an alpha version (0.3.9) of The Configurable Pipeline for the Analysis of 

Connectomes (C-PAC; http://fcp-indi.github.io/). CPAC is a configurable, open-source, 

Nipype-based (http://nipy.org/nipype/), automated processing pipeline for resting state 

functional MRI data. Preprocessing consists of slice time correction (first slice as reference, 

interleaved acquisitions, Fourier interpolation), despiking (removal of extreme time series 

outliers), spatial smoothing (FWHM=6mm), mean-based intensity normalization of all 

volumes by the same factor, temporal bandpass filtering to isolate low-frequency BOLD 

fluctuations of interest (0.01– 0.1 Hz). Single participant nuisance correction included 24 

Friston motion parameters (Friston, Frith, Fletcher, Liddle, & Frackowiak, 1996) and five 

CompCor signals (Behzadi, Restom, Liau, & Liu, 2007). Structural and functional images 

were registered, coregistered, and normalized to a common stereotaxic space (Montreal 

Neurological Institute: MNI) using Boundary Based Registration (BBR) as implemented in 

FSL (Greve & Fischl, 2009) and Advanced Normalization Tools (ANTs software; Avants et 

al., 2011); http://www.picsl.upenn.edu/ANTS/).

Seed-based Correlation Analyses.—Seed based correlation analyses were conducted 

using bilateral AI regions of interest (ROI) obtained from a previously published parcellation 

of the insula (Kelly et al., 2012). The mean time series of all voxels within the ROIs were 

computed by averaging the time series across all voxels within each ROI. Connectivity 

strength for each AI ROI was then assessed for each participant using a whole brain analysis 

in which correlations between each cluster’s time series data was compared to all other 

voxels in the brain. This procedure produced individual participant level maps of all voxels 

demonstrating significant iFC with the AI (Gaussian random field [GRF] correction: p < .05, 

z > 2.3). At the group level, three random-effects, ordinary least-squares models were used 

that included the IUSC-12 Total, IUSC-12 Prospective, or IUSC-12 Inhibitory as the 

variable of interest, and three nuisance covariates, age, sex, and mean frame-wise 

displacement, as computed per Jenkinson and colleagues (2002). Group analysis findings 

were GRF corrected at p < .05, z > 3.1.
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Specificity Analyses

Although transdiagnostic in nature, IU has often been theorized to be related to anxiety 

disorders (Boswell, Thompson-Hollands, Farchione, & Barlow, 2013; Carleton, 2016; 

Carleton et al., 2012; Chen, Yao, & Qian, 2018; Correa, Liu, & Shankman, 2019; Flores et 

al., 2018; McEvoy & Erceg-Hurn, 2016; McEvoy & Mahoney, 2012). Two approaches were 

taken to assess the specificity of the functional connectivity findings to IU. First, a more 

conservative method given the small sample and moderate number of covariates, was to 

repeat the seed-based whole brain analysis including MASC Total Anxiety scores in the 

model. Given the expected correlation between IUSC-12 and MASC Total Anxiety scores 

and limited power of this analysis, we also examined this in a post hoc manner by testing the 

specificity of the associations between IU and AI iFC, using multiple linear regression 

analyses performed using SPSS 25.0 (IBM SPSS Statistics, Version 25.0 IBM Corp: 

Armonk, NY) for each significant cluster showing AI iFC differences. All models included 

age, sex, and mean FD as covariates. In the first model, IUSC-12 Inhibitory subscale Scores 

and MASC Total Anxiety scores were included as independent variables predicting left AI 

iFC. In the second model, IUSC-12 Inhibitory subscale scores and MASC Total Anxiety 

scores were included as independent variables predicting right AI iFC. Finally, IUSC-12 

Prospective subscale scores and MASC Total Anxiety scores predicted left AI iFC. As these 

analyses were conducted post hoc, IUSC-12 Prospective subscale score and anxiety 

predicting right AI connectivity was not probed because no significant findings were 

observed in initial analyses.

Results

Descriptive Results

Mean full scale IQ scores were in the average range (M = 113.0; SD = 12.99). Mean scores 

on the IUSC-12 Total (M = 25.81, SD = 7.87), IUSC-12 Prospective (M = 16.78, SD = 

5.51), and IUSC-12 Inhibitory (M = 9.03, SD = 3.49) were consistent with those previously 

reported for non-anxious children and adolescents (Cornacchio et al., 2017). Mean MASC 

scores were in the expected range for a nonclinical sample (M= 50.64; SD =10.50). As 

expected, IUSC-12 variables correlated with each other and with MASC scores. See Table 2. 

Mean framewise displacement (FD), a commonly used measure of head motion inside the 

scanner, correlated with IUSC-12 Inhibitory subscale score but did not correlate with any 

other variable of interest (See Table 2).

Whole brain AI connectivity

To confirm that AI connectivity was consistent with previous work and that the salience 

network could be detected, we examined the whole brain iFC for the left and right AI. As 

shown in the Supplementary Table and Figure, findings were consistent with that observed 

in previous work (Kelly et al., 2012; Kurth, Zilles, Fox, Laird, & Eickhoff, 2010).

IU and AI Connectivity Analyses

No significant associations were found between either left or right AI iFC and IUSC-12 

Total scores. Significant associations were observed between the IUSC-12 Inhibitory 
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subscale score and bilateral AI iFC. As shown in Figure 1 and Table 3, IUSC-12 Inhibitory 

scores significantly predicted iFC between the left and right AI and right lateralized frontal 

regions including the middle and inferior frontal gyri and precentral gyrus. A significant 

negative association was observed between IUSC-12 Prospective subscale scores and iFC 

between the left AI and midline cingulate regions including the paracingulate gyrus and 

ACC (See Figure 2 and Table 3). No significant associations were found between the 

IUSC-12 Prospective subscale scores and right AI iFC. Further analysis regressing IUSC-12 

Prospective subscale scores on connectivity between the right AI and the dACC region 

identified in the left AI analysis, controlling for age, sex, and mean FD, was performed. This 

analysis revealed a significant relationship (β= −0.39, t= −3.73, p<0.001). Since this was not 

observed in the initial analysis using stringent Gaussian random field correction it is likely 

that this relationship is weaker than that observed for the left AI.

Specificity Analyses

In an initial effort to examine the specificity of the association between IUSC-12 subscale 

scores and AI iFC, seed-based analyses were repeated with MASC Total Anxiety scores in 

the model. This analysis only included 55 participants who had MASC scores available. In 

these analyses, no significant associations were found between IUSC-12 Inhibitory subscale 

scores or IUSC-12 Prospective subscale scores and the left or right AI iFC.

There is no clear way to determine whether the loss of significant AI iFC findings related to 

IUSC-12 scores suggests a lack of specificity of these results or a lack of power by inclusion 

of an additional covariate that is moderately correlated with IUSC-12 scores. We conducted 

less stringent post hoc analyses using multiple linear regression analyses including MASC 

Total Anxiety scores for each of the significant AI iFC clusters identified in the first whole-

brain seed-based correlation analysis. As seen in Table 4, IUSC-12 Inhibitory subscale 

scores remained significant predictors of both left (β= .46, t= 2.99, p=0.004) and right 

(β= .51, t= 3.5, p=0.001) AI findings after controlling for MASC Total Anxiety score. 

MASC Total Anxiety scores did not significantly contribute to the model. Similar results 

were found for the third model including IUSC-12 Prospective subscale and MASC Total 

Anxiety score predicting left AI iFC. IUSC-12 Prospective subscale scores predicted left AI-

ACC iFC (β= −.55, t= −4.69, p<0.000) after controlling for MASC Total Anxiety scores, 

while MASC score did not significantly contribute to the model.

Discussion

The present investigation assessed the functional connectivity of the anterior insula as it 

relates to intolerance of uncertainty in healthy children and adolescents. Whereas the 

IUSC-12 Total Score (which pools together items on Inhibitory and Prospective IU) was not 

found to be associated with AI iFC, significant associations were observed for the two 

subscales. Youth with higher Inhibitory IU demonstrated increased iFC between the anterior 

insula and right frontal regions. Higher Prospective IU was associated with decreased 

functional connectivity between the anterior insula and the anterior cingulate. Although 

these findings were no longer evident after including anxiety in the whole-brain models, less 

conservative post hoc specificity analyses suggest that IU may uniquely contribute to AI iFC 
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with specific regions, over and above anxiety. Thus, while additional work with larger 

samples is clearly needed, these findings contribute to a growing body of research 

suggesting that domains of IU are associated with alterations in AI function (e.g. Gorka et 

al., 2016; Shankman et al., 2014).

Inhibitory IU was predictive of iFC between the bilateral AI and regions of the right inferior/

middle frontal gyri, which are typically considered part of the central executive or 

frontoparietal network (Uddin, 2015; Yeo et al., 2011). A recent task-based meta-analysis 

suggests that co-activation between the AI and these regions of the frontal cortex, 

particularly in the right hemisphere, is important for self-regulation, including both 

behavioral and emotional control (Langner, Leiberg, Hoffstaedter, & Eickhoff, 2018). In 

particular, within this self-regulation network, co-activation between the right lateralized 

inferior and middle frontal gyri and the AI is associated with top-down attentional control, 

tracking event irregularities, and detecting emotionally salient distractors (Blair et al., 2007; 

Luo et al., 2007; Vossel, Weidner, & Fink, 2011). Further, activation in the right interior and 

middle frontal gyri has been implicated in responding specifically to event irregularities that 

require an inhibitory response (Chikazoe et al., 2008). Thus, the greater iFC observed in 

youth with higher Inhibitory IU scores may reflect their experience of uncertainty as 

particularly emotionally salient. In such situations, individuals with high Inhibitory IU may 

be less able redirect their attention to access alternative coping strategies resulting in 

“uncertainty paralysis.” Further, executive control mediated by these regions of prefrontal 

cortex is important for many daily tasks, including decision making, which is often impaired 

in individuals high in IU (e.g. Carleton et al., 2016; Doruk, Dugenci, Ersoz, & Oznur, 2015). 

In fact, clinical theorists suggest that impairment in decision making associated with IU may 

underlie the development of anxiety disorders from high trait IU (Grupe & Nitschke, 2013). 

Further investigations are needed to test whether alterations in the iFC between AI and the 

right inferior/middle frontal gyri impact decision making in support of this model.

Prospective IU was predictive of decreased iFC between the AI and the dACC, supporting 

study hypotheses that iFC of these regions would be associated with IU. Although our 

findings are inconsistent with some adult work that has found increases in AI-dACC 

connectivity associated with decision making avoidance (Jung et al., 2014), these results are 

consistent with previous studies that find reduced AI-dACC iFC associated with anxiety in 

clinical (Xu et al., 2018) and non-clinical (Geng, Li, Chen, Li, & Gu, 2015) samples of 

adolescents. Further, task-based work has shown increased activation in the dACC 

associated with both IU and uncertainty during a decision-making task in adolescents that 

was not observed in adults, suggesting that neural representations of IU may differ across 

development (Krain et al., 2008; Krain et al., 2006). The AI and the dACC belong to the 

salience network, a group of regions important for decision making, ambiguity, and novelty 

(Uddin, 2017). Decreases in connectivity between the AI and dACC associated with 

increased IU may underlie deficits in the ability to regulate attention away from future-

oriented, abstract threat. In light of findings that Prospective IU is consistently associated 

with increased worry and the use of worry as a maladaptive coping mechanism (Dugas, 

Gosselin, & Ladouceur, 2001; Flores et al., 2018), this decreased coupling of AI and dACC 

may contribute to the development of maladaptive worry in youth.
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Conservative specificity analyses including self-reported anxiety in the models of IU 

predicting anterior insula connectivity resulted in a loss of significant findings. This could 

imply that the findings observed in the current study reflect broader anxiety-related 

connectivity patterns rather than the contribution of IU specifically. Less conservative, post-

hoc specificity analyses found no effect of anxiety, suggesting that IU may uniquely predict 

anterior insula connectivity with specific regions. This latter finding is in line with 

behavioral studies which suggest that IU and anxiety are unique constructs (Dugas & 

Koerner, 2005; Dugas & Ladouceur, 2000). Further studies with larger samples are needed 

to tease out the unique associations of IU and anxiety with anterior insula network 

connectivity.

This study did not observe differences in AI iFC associated with the IUSC-12 Total Score. 

Although two studies of Dutch teens (Boelen et al., 2010; Dekkers et al., 2017) have 

supported the utility of a general IU factor, one study evaluating IU factor structure across a 

broad age range (9–18) found that a single factor structure of IU in children and adolescents 

showed poor fit among parent-reported data and “mixed” to “good” fit among child-reported 

data (Cornacchio et al., 2018). This supports the notion that youth IU may be better 

represented by the two subfactors of IU, rather than by a general factor and may explain the 

null results observed in this study. These findings also highlight the need for more work in 

this area to better understand IU across the developmental spectrum.

This study is not without its limitations. The small sample size of this preliminary evaluation 

precluded our ability to perform a more comprehensive examination of how age, sex, 

pubertal development status, and anxiety may differentially contribute to the relationship 

between IU and AI iFC. Additionally, due to the lack of previous research, power analyses 

could not be adequately performed, and this study may have been underpowered to detect 

more nuanced relationships between IU and AI connectivity, particularly when controlling 

for anxiety. Relatively modest internal consistency in Inhibitory IU subscale scores, perhaps 

due to fewer number of items in this subscale (Streiner, Norman, & Cairney, 2015), may also 

have affected findings. There has been in shift in the field towards longer resting state scans. 

It is possible that the short scan length may have biased the data (O’Connor et al., 2017). 

Finally, the data presented here represent associations observed in small sample of healthy 

children and adolescents; investigating IU among larger, clinical populations could 

substantiate the connection between IU and the development and maintenance of 

psychopathology. Additionally, future studies should include behavioral measures of IU, 

both in and out of the scanner, to support child self-report and to assess functional 

connectivity during moments of uncertainty that might be associated with elevations in IU.

The current study suggests that youth with high IU demonstrate stronger positive iFC 

between the AI and frontal regions, and negative iFC within the salience network, and that 

these associations vary across key domains of IU. It is possible that such alterations in 

salience network functioning underlie the vulnerability connecting IU to the development 

and maintenance of psychopathology. Thus, these findings have important, though 

preliminary, clinical implications. If alterations in salience network functioning underlie 

vulnerability for IU, then it might follow that salience networking functioning could serve as 

one early neural marker for risk for the development of psychopathology. Longitudinal 
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studies of youth with and without clinical diagnoses are needed in order to validate these 

implications. IU is an important transdiagnostic marker of risk for, and maintenance of, 

psychopathology among healthy youth (Boelen et al., 2010; Dugas et al., 2012; Laugesen, 

Dugas, & Bukowski, 2003; Osmanagaoglu, Creswell, & Dodd, 2018). The present findings 

suggest that alterations in AI functional connectivity associated with elevated Inhibitory and 

Prospective IU support further investigation of IU as a potential neurophysiological marker 

of risk for the development of psychopathology in youth.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Anterior Insula Connectivity Associated with Inhibitory Intolerance of Uncertainty.

Clusters of significant iFC with left and right anterior insula predicted by IUSC-12 

Inhibitory scores. Blue indicates iFC with right anterior insula; Red indicates iFC with left 

anterior insula. Note: iFC: intrinsic functional connectivity; AI: Anterior Insula; IUSC-12: 

Intolerance of Uncertainty Scale-Child Version, short version.
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Figure 2. 
Anterior Insula Connectivity Associated with Prospective Intolerance of Uncertainty.

Clusters of significant iFC with left anterior insula predicted by IUSC-12 Prospective scores. 

Note: iFC: intrinsic functional connectivity; AI: Anterior Insula; IUSC-12: Intolerance of 

Uncertainty Scale-Child Version, short version.
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Table 1.

Sample Characteristics

Mean Age (SD) 12.56 (2.86)

 8– 10.9 years (%) 36.2

 11– 13.9 years(%) 24.1

 14– 17.9 years(%) 39.7

Sex (% boys) 55.2

Race (% yes)

 White 41.4

 Black 32.8

 Asian 10.3

 American Indian 1.7

 Other/Mixed 10.4

Hispanic (% yes) 13.8

Mean Framewise Displacement (SD) 0.10 (0.04)

Mean WASI FSIQ (SD) 113.0 (12.99)

Mean IUSC Total (SD) 25.81 (7.89)

Mean IUSC-12 Inhibitory (SD) 9.03 (3.49)

Mean IUSC-12 Prospective (SD) 16.78 (5.51)

Mean MASC Total Anxiety Score (SD) 50.64 (10.50)

Note: IUSC-12: Intolerance of Uncertainty Scale for Children, short version; WASI FSIQ: Weschler Abbreviated Scales of Intelligence Full Scale 
Intelligence Quotient; MASC: Multidimensional Anxiety Scale for Children
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Table 2.

Correlation Table for Covariates and Variables of Interest

1 2 3 4 5 6 7

1. Age -

2. Sex −0.17 -

3. MeanFD −0.21 0.02 -

4. WASI FSIQ −.03 .03 −.07 -

5. IUSC-12 Total Score −0.19 −0.02 0.22 −.25 -

6. IUSC-12 Inhibitory subscale Score −0.24 −0.07 0.31* −.26 0.80** -

7. IUSC-12 Prospective subscale Score −0.12 0.02 0.11 −.19 0.93** 0.51** -

8. MASC Total Anxiety Score −0.08 0.11 0.23 −.02 0.53** 0.57** 0.40**

Note: Mean FD: Mean Framewise Displacement; WASI FSIQ: Weschler Abbreviated Scales of Intelligence Full Scale Intelligence Quotient; 
IUSC-12: Intolerance of Uncertainty Scale for Children, short version; MASC: Multidimensional Anxiety Scale for Children

*
<0.05.

**
<0.01.
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Table 3.

Locations of Anterior Insula iFC Significantly Predicted by Intolerance of Uncertainty

# voxels x y z

Inhibitory subscale

Left AI - Right MFG/IFG 100 54 16 38

Right AI - Right MFG/IFG 79 54 20 26

Prospective subscale

Left AI - dACC 150 6 26 32

Note: All coordinates are normalized to MNI space. Voxel size = 3×3×4. AI: Anterior Insula; MFG/IGF: Medial Frontal Gyrus/Inferior Frontal 
Gyrus; dACC: dorsal Anterior Cingulate Cortex
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Table 4.

Results from Specificity Analyses

Regression Model* IUSC-12 Subscale β (p) MASC Total Anxiety β (p)

Inhibitory subscale

Left AI - MFG/IFG iFC 0.46 (0.004) .13 (NS)

Right AI - MFG/IFG iFC 0.51 (0.001) .05 (NS)

Prospective subscale

Left AI - ACC iFC −0.55 (<0.00) −.11 (NS)

*
all models include covariates age, sex, and mean framewise displacement

Note: IUSC-12: Intolerance of Uncertainty Scale for Children, short version; AI: Anterior Insula; MFG/IGF: Medial Frontal Gyrus/Inferior Frontal 
Gyrus; dACC: dorsal Anterior Cingulate Cortex
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