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Supplemental Methods 

Participants: Sixty-seven children (ages 8-12 years) were recruited from the Madison, 

WI area via clinician referral and through newspaper/e-mail advertisements. An 

additional 48 children and adolescents (ages 8-17 years) were recruited in collaboration 

with the National Institute of Mental Health (NIMH). Because of our interest in 

medication free, preadolescent children, 4 individuals were excluded due to previous 

medication use, and 13 were excluded because they were older than 12 years of age. 

Imaging data from some of the subjects was previously published1–5; none of these 

publications contained DTI data.  

Cross-site fidelity of K-SADS-PL was maintained using procedures employed in 

prior studies. This involved a series of meetings between clinicians at the two sites and 

a reliability study, whereby 26 tapes of interviews from the UW site were reviewed by a 

Board-Certified child psychiatrist (DSP) from the NIMH site. This revealed high levels of 

diagnostic agreement, where both clinicians reached total agreement on child anxiety 

diagnosis in all 26 cases. Fifty-two participants (51.9% girls) received a current 

diagnosis of at least one of the following diagnoses based on DSM-IV: generalized 

anxiety disorder, separation anxiety disorder, social anxiety disorder or anxiety disorder 

not otherwise specified. As expected in a sample of this age group with ADs6,7, a 

majority of the patients presented with comorbid conditions, including at least one other 

anxiety disorder (n = 30), attention deficit hyperactivity disorder (ADHD; n = 6), 

oppositional defiant disorder (ODD; n = 6), or major depressive disorder (MDD; n = 3).  

Beyond diagnosis, children’s symptoms were rated by both the child and a parent 

using the Screen for Child Anxiety and Related Emotional Disorders (SCARED; 4 

parent and 3 child ratings missing)8. Depressive symptoms were assessed by children’s 

self-ratings on the Child Depression Inventory (CDI; 1 missing)9. Externalizing behaviors 

were assessed by parents using the Conners’ Parent Rating Scale-Revised (CPRS-R; 9 

missing)10. Child IQ was evaluated using the Weschler Abbreviated Scale of Intelligence 

(WASI-II, 2011, Full Scale IQ-2; 2 missing)11, and physical development was rated using 

the Tanner stages (6 missing)12. 

Exclusion criteria for UW included current or past obsessive-compulsive disorder, 

post-traumatic stress disorder, autism spectrum disorder, bipolar disorder, 
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schizophrenia, an IQ below 80, as well as major medical illnesses. NIMH exclusion 

criteria included current MDD, obsessive-compulsive disorder, and posttraumatic stress, 

as well as a lifetime history of psychosis, bipolar disorder, or extreme trauma. 

 

DTI acquisition: At both sites brain images were collected on a 3.0 Tesla GE MR750 

scanner (GE Healthcare; Waukesha, WI). At the UW site an 8-channel head coil was 

used, while NIMH used a 32-channel head coil. At both sites diffusion-weighted MRI 

scans were obtained using a two-dimensional echo planar imaging diffusion-weighted 

spin-echo sequence (TR = 6500 ms, TE = 62.2 ms, flip angle = 90 degrees, matrix = 

128 x 128 interpolated to 256 x 256, FOV = 256 mm, 2.9 mm contiguous slices, echo-

planar echo spacing = 568 μs, b-value of 1000 s/mm2, 48 optimal non-collinear 

directions and 8 non-diffusion-weighted images). Structural and functional MRI scans 

were collected during the same scan session but are not reported here1–5. Before 

scanning, children completed a mock MRI session, which has been shown to reduce 

movement in pediatric neuroimaging studies13.  

 

Steroid hormone collection: Because of the unique nature of this pre-adolescent 

sample, we wanted to be sure that observed effects could not be accounted for by 

differences in steroid hormone levels. Thus, saliva samples for hormone analyses were 

collected at three time points from a subset of subjects recruited at the UW site. In total 

60 (36 AD, 24 control) subjects had saliva samples taken. The first sample was 

collected at the beginning of the study visit, the second one was collected halfway 

through the MRI scans (approximately 90 minutes later), and the last sample took place 

immediately following the final MRI scan (~45 minutes after the second sample). 

Subjects were instructed to refrain from eating for 1 hour before sample collection 

began. Participants salivated into a tube using a straw to collect a 1.5 ml sample at 

each time point. 

 

DTI analyses: The diffusion-weighted volumes from each individual were transformed 

into a 3-dimensional diffusion tensor for each voxel in the brain using the following 

procedures. Although there were no significant differences in estimated motion between 
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our healthy controls (mean Euclidian distance: 0.760 ± 0.630mm) and AD children 

(mean Euclidean distance: 0.710 ± 0.337mm) (t(92) = 0.571, p = 0.570), distortions due 

to head motion and eddy currents were corrected using FSL’s tools for rigid registration. 

The gradient direction matrix was corrected for the applied rotations after rigid 

registration14. Since samples that include young or clinical populations can suffer from 

reduced image quality due to smaller head size or other causes, a robust estimation of 

tensors by outlier rejection (RESTORE, as implemented in Camino software)15 was 

used to minimize the influence of all sources of noise on the tensor calculation. This 

method uses an average noise estimation to determine which diffusion measurements 

are outliers and excludes those from the tensor computation, and has been shown to 

increase reliability of the tensor estimation in clinical populations16. The resulting DTI 

scans contain 3 major vectors for each voxel in the brain that model water diffusion as 

shaped by local microstructure. 

In order to compare diffusion measures across subjects all individuals were 

normalized to a study-specific template space that was then warped to MNI152-space, 

to produce each subject’s MNI-space tensor-map. We used a high-dimensional 

registration method that incorporates the tensor orientation (DTI-TK)17, to make optimal 

use of the additional information available in DTI scans. This method outperforms 

intensity based normalization of diffusion images and shows improved white matter 

shape and architecture representation18,19. The final population template was 

constructed after multiple registration iterations and then aligned to the 1 mm isotropic 

MNI152-template; this warp was then applied to all normalized images. All images were 

smoothed with a 4-mm full width at half maximum (FWHM) kernel. 

To allow for characterization and quantification of the structural properties of the 

tissue as measured with diffusion imaging, we extracted four diffusion measures. 

Fractional anisotropy (FA) is a measure that assesses the relative variability of the 

diffusion as a function of direction, allowing for selective sensitivity to longitudinal 

diffusion. FA is highest in areas with highly organized white matter fiber pathways, and 

is taken to be a sensitive metric of the micro-structural integrity of these pathways20. 

Mean diffusivity (MD) is an average of all three main diffusion vectors and is sensitive to 
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the density of microstructure within each voxel. Axial diffusivity (XD) and radial diffusivity 

(RD) reflect the amount of longitudinal and transverse diffusion, respectively.  

The population template created from all subjects was used for deterministic fiber 

tractography to delineate tracts of interest. Whole-brain fiber tracking was performed on 

the population template using Camino software15 that implemented a fourth-order 

Runge-Kutta method combined with a tensor deflection (TEND) algorithm for optimal 

estimation of the fiber tracking directions21,22. Fiber tracking was terminated in voxels 

where FA was below 0.1 or where the angle between consecutive streamline steps was 

more than 90 degrees. Seven fiber pathways were iteratively delineated in template 

space using anatomically defined waypoints23–27, using a 3D tract visualization program 

(trackvis.org). Tracts of interest included cortico-limbic association pathways previously 

implicated in ADs, such as UF28–33, cingulum bundle (CING)32,34, superior longitudinal 

fasciculus (SLF)31–33, fornix (FX)32, and inferior frontal occipital fasciculus (IFO)32,33. 

Tracts shown to have anxiety-related changes in other publications were also extracted, 

including thalamocortical projection fibers in the internal capsule (IC)32,33, and 

interhemispheric commissural fibers of the corpus callosum (CC)35.  

Next, in order to quantify the microstructure of an entire white matter structure a 

weighted mean was calculated per tract for each diffusion measure per subject. The 

weighted mean of a tract (e.g. UF, CING, etc.) was calculated by first creating a scalar 

image of the number of fibers in the tract passing through each voxel as a proportion of 

the total number of fibers in that tract. We then multiplied this weighting factor by the 

value of the diffusion measure in that voxel (e.g. FA, MD, etc.), and averaged that to get 

the mean weighted scalar value for each tract36. This approach allows for the differential 

weighting of voxels that have a higher fiber count, which is most frequently observed in 

areas more central to the white matter tract of interest. Importantly, tract based analyses 

are able to pick up on pervasive yet subtle differences that are distributed across the 

length of a tract, an attribute that may be missed using conventional voxel-based 

methods. Thus, this method is well suited to identify tract-based differences for which 

alterations at any point in the tract might alter the efficacy of communication across the 

length of this pathway.  
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To explore potential anxiety-related white matter differences beyond the a priori 

determined regions in the tract-based analysis, voxel-based analysis of FA was 

performed across the whole brain. Group differences in whole brain FA, as well as an 

estimate of the interaction between group and sex on FA were estimated with a general 

linear model using permutation methods. This method makes fewer assumptions about 

the distribution of the underlying data and thus provides a more robust technique of 

making statistical inferences with regard to the assumed statistical significance37. 

Analyses included age, sex and site as covariates and were run using FSL’s randomise 

tool38. To control the family-wise error rate a threshold-free cluster enhancement 

(TFCE) was applied on the voxel-wise statistics39. 

 

Steroid hormone analyses: Cortisol, testosterone and estradiol levels were measured 

in separate enzyme immunoassays using kits purchased from Salimetrics (State 

College, PA). Prior to each assay, saliva was thawed and spun at 1,500 x g for 15 min 

at room temperature to remove particulate. The supernatant was assayed in duplicate 

following manufacturer’s instructions. Samples that had assay results with CV% > 20 

were repeated. The inter-assay CV% was determined using the high and low standards 

provided by the kits. For cortisol, the inter-assay CV% was 3.4 at 0.99 µg/dl and 2.6 at 

0.11 µg/dL; for testosterone, the inter-assay CV% was 4.8 at 219.5 pg/ml and 13.0 at 

22.0 pg/ml; for estradiol, the inter-assay CV% was 6.4 at 16.9 pg/ml and 2.3 at 7.1 

pg/ml. For two individuals, all samples were excluded due to saliva that was too viscous 

to pipet. Two other samples were excluded because they either had inter-assay CV 

above the 20% cutoff, or were 5 standard deviations outside of the mean.  

All hormone measures were residualized for time of day across the whole 

sample. Statistical analyses for these hormones were all run with robust linear 

regression models in order to mitigate the effect of outliers on the results. Models were 

run using the statsmodels package in Python40. Repeated measures ANOVA analyses 

indicated no significant group by time interactions for any hormone (ps > 0.14), so the 

values of the three time points were averaged into one mean for subsequent analyses. 
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FIGURE S1. Anxiety symptom scores by group and sex 

Box-plot of A) parent reported and B) child reported symptoms of anxiety (SCARED) scores, split by group 
and sex. Girls in light purple, boys in dark purple. SCARED scores are residualized for age and site. 
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FIGURE S2. Hormones by group and sex 
Line graph of the progression of average steroid hormone levels A) Cortisol, B) Testosterone, and C) 
Estradiol, as measured across three time points (pre-MRI, mid-MRI, post-MRI), for each sex (girls in light 
purple, boys in dark purple). Error bars indicate standard error of the mean. Repeated measures ANOVA 
indicated that only cortisol levels significantly changed over time (p = 0.006). There were no significant 
group by time interactions for any hormone (ps > 0.14). Thus, for subsequent analyses the hormone 
values were averaged across time. Box-plots by group are shown for D) Cortisol, E) Testosterone, and F) 
Estradiol. Group differences were only significant for estradiol (p = 0.037). All measures were residualized 
for time of day. 
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TABLE S1. Exploration of interactions on UF FA 
Significance of robust regression of demographics, symptoms and endocrine measures on uncinate 
fasciculus (UF) fractional anisotropy (FA). Values reported are p-values. Degrees of freedom (df) are 
noted. 
 

 
 
 

FIGURE S3. UF FA as a function of age, split by group and sex 
Scatterplot of uncinate fasciculus (UF) fractional anisotropy (FA) plotted against age, graphs are split by 
group A) Control and B) anxiety disorder (AD). Slope lines and confidence intervals were drawn 
separately for girls (light purple) and boys (dark purple). UF FA scores are residualized for site.  
 

 

 

  



 

Page 10 of 14 

FIGURE S4. Tract statistics 
Weighted mean of mean diffusivity (MD), axial diffusivity (XD) and radial diffusivity (RD) by tracts for 
control and anxiety disorder (AD) subjects, with standard deviations in parentheses. Significance of the 
regression statistics for the main effect of group, as well as the interaction of group by sex are noted. All 
analyses include age, sex and site as covariates.  
 

 
 

FIGURE S5. Group differences in whole brain FA split by sex 
Whole-brain voxel-wise results for group differences in fractional anisotropy (FA) for A) girls and B) boys 
separately, results are TFCE corrected. A) Results indicated that no clusters passed multiple comparison 
correction for girls, signifying there were no significant voxel-wise differences in FA values for girls with 
anxiety disorders (ADs) compared to healthy control girls (p > 0.05, TFCE corrected). However, boys did 
display significant group differences in voxel-wise FA levels between AD and healthy controls (p < 0.05, 
TFCE corrected, eTable 2, https://neurovault.org/collections/161/), Of the significant regions in the 
boys, most overlap with the results observed in the across sex analysis. 
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TABLE S2. Cluster coordinates of group differences in whole brain FA split by 
sex 
Group differences in voxel-based analyses of whole-brain fractional anisotropy (FA) values for boys and 
girls separately. Overview of size and location of significant clusters after TFCE correction. There were no 
significant (n.s.) clusters for the girls. 
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