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eMethods. Supplemental Methods 

Diffusion Imaging Acquisition 

Whole brain HARDI data was acquired for each participant on a Philips Intera 
Achieva 3.0 Tesla MR system (Best, Netherlands) equipped with an 8-channel head 
coil. A parallel Sensitivity Encoding (SENSE) approach 1 with a reduction factor of 2 
was utilized for all diffusion weighted image acquisitions. Single shot spin echo-
planar imaging was used to acquire diffusion weighted data using the following 
parameters: echo time (TE) 79 ms, repetition time (TR) 20122 ms, field of view 248 x 
248 mm2, matrix 128, isotropic voxel resolution 2 x 2 x 2 mm3, 65 slices with 2 mm 
thickness with no gap between slices. Diffusion gradients were applied in 61 
isotropically distributed orientations with b = 1500 s/mm2. Four b = 0 s/mm2 were 
also acquired for the purpose of registration.  

 

Diffusion data analyses 

Data analysis and pre-processing performed using ExploreDTI software 
(http://www.Exploredti.com) and routinely employed motion/distortion correction 
including B-matrix rotation 2. The model was fitted to the data using the (Robust 
Estimation off Tensors by Outlier Rejection) approach 3, which uses a process of 
iteratively reweighted least-square regression for outlier identification and subsequent 
removal to minimize artefacts (e.g., artefacts associated with cardiac pulsation and 
subject motion). These corrected images were used for the purpose of whole brain 
white matter (WM) analyses. 

 

Global WM Analysis 

Tract-Based Spatial Statistics (TBSS). In brief, first the input fractional anisotropy 
(FA) images were brain extracted using BET 4, included in the FSL software suite. 
All subjects' FA data were then aligned into a common space using the non-linear 
registration tool FNIRT, which uses a b-spline representation of the registration warp 
field 5. The mean FA image was created and thinned to create a mean FA skeleton, 
which represents the centres of all tracts common to the group. Each subject's aligned 
FA data was then projected onto this skeleton and the resulting data fed into 
voxelwise cross-subject statistics. The transformations calculated during the non-
linear registration process were also used to align the mean diffusivity (MD), axial 
diffusivity (AD) and radial diffusivity (RD) data to the same common mean FA 
skeleton image and, in a similar fashion, fed into voxelwise cross-subject statistics.  

 

Statistical Analysis 

Voxelwise non-parametric rank order Brunner Munzel tests 6 were used for statistical 
between-group analyses to evaluate  WM morphologyr. Each of the diffusion image 
typefrom the TBSS analyses, namely FA, MD, AD were examined independently, 
using the NPM (Non-Parametric Mapping) statistical toolbox within software package 
of MRIcron 7 http://www.mccauslandcenter.sc.edu/mricro/mricron/index.html. 
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Parametric statistical tests make a number of assumptions regarding the distribution of 
the data, whereas the use of a non-parametric equivalent test makes no such 
assumption. The Brunner Munzel test has been shown to be an appropriate statistic 
test for datasets with group sizes greater than nine 8. Voxel-wise differences were 
corrected for multiple comparisons using false discovery rate (FDR) 9 at a 
significance threshold level of p = 0.01.  

 

WM Tractography Visualization and selection 

Each seed ROI was binarized and back-projected to each participant’s native space 
diffusion image using the “TBSS deproject” tool featured in the FSL toolbox. Using 
the binarized ROI as a seed make, initial tract formations were extracted and 
visualised to identify the main tract bundles in these regions refer to Figure 2. The 
tracts identified using the ROI are shown in Step 1. In order to facilitate a systematic, 
concise and accurate assessment of the fibre tracts present, the identification of the 
key known tracts within the fibre bundle were determined with the aid of known 
white matter atlases and recognised techniques.10,11 For example, the body of IFO can 
be clearly seen in the representation of the tracts in Step1 as can the uncinate and 
frontal projection of the IFO. Hence, the use of specific AND gates to accurately 
separate the key tracts within the fibre bundle was performed before any direct tract 
assessment was conducted. Spurious fibre tracts were excluded during this stage using 
NOT gates resulting in very clearly defined and accurately delineated tracts of 
interest. Finally, The specific tracts of interest were defined and extracted and the 
diffusion metrics FA, MD AD and RD were extracted for each tract mask per subject 
using a population atlas approach described below.     

 

We employed a population atlas based tractography approach to quantitatively 
examine each fibre tract of interest 12,13. Initially,  a random subject diffusion image 
was selected  as the template image of the sample. The template image was then 
coreistered to all motion and distortion corrected native space diffusion images using 
a non-rigid approach. Boolean logical inclusion “AND” and exclusion “NOT” gates 
were formed in the population atlas tempale image, to accurately select the tract 
segments of interest.  Such an approach has successfully been utilized to improve 
tract deliniation 14. Only tracts passing through “AND gate 1” and “AND gate 2” (i.e. 
the 2 “AND” gates) were included in the tract formation. NOT gates were used to 
remove spurious tracts and fibre bundles clearly unrelated to the main tracts under 
investigation. Tract masks for the IFO body, IFO frontal projections, left SLF and UF 
were constructed in the template space and these masks were applied to each 
individuals PA registered dataset. Tract resampling was defined along the tract 
segment between the two AND gates in the initial population atlas template space and 
then applied to all PA specific masks. Tract resampling was performed to assess WM 
variations over the length of fibre tract bundle 15-18. Each tract of interest was 
subsampled into equal sections (N), determined by the overall length of the fibre 
bundle (L), divided by the diffusion image voxel size (i.e. mean fibre bundle 
length/voxel size, refer to Figure 1C). Parameter values were taken at each of these 
evenly spaced sections and allowed for point-wise correspondence across subjects. 
Note that in this procedure, the actual tract length is not required to be the same across 
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subjects. Refer to Colby et al. 201215, Surova et al., 2013 17 and Goghari et al., 2014 18 
for detailed description of the “along-tract” analysis approach. 

 

Adjusting for psychopathology 

Additional analyses controlling for the presence of underlying psychopathology were 
performed and results are detailed in the eRESULTS (eTable 1, eTable 2 and eFigure 
2). Seventeen of the PE group and 7 of the control group had a DSM IV lifetime 
mental disorder based on K-SADS interview. Thus, all analyses (TBSS, tract-
averaged and along-tract analyses) were repeated on the restricted sample to explicitly 
address this question and control for underlying psychopathology.  
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eResults. Supplemental Results 

Body of the IFO (Segment 1) 

The left body of the IFO segment showed 6 sections with increased FA in the PE 
group (3 sections at p ≤ 0.05 and 3 sections at p ≤ 0.005). No difference was found in 
MD along the resampled tract. Two sections showed increased AD in the PE group at 
p ≤ 0.05). There was a between-group difference in 6 sections for RD (p ≤ 0.05; p ≤ 
0.001) along the resampled tracts, with more pronounced variations in the anterior 
portion of the tract. Similar effects were found in the right body of the IFO. In the PE 
group, FA was increased in 10 sections (8 sections at p ≤ 0.05 and 2 sections at p ≤ 
0.005). In the same group, there were also MD reductions in 4 tract sections (p ≤ 
0.05) and an increase of AD in 6 sections (3 sections at p ≤ 0.05 and 3 sections at p ≤ 
0.005). Also, RD was reduced in 3 sections (p ≤ 0.05). More pronounced variations 
were found in the anterior portion of the tract (Figure 2B).  None of the observed 
group differences survived a rigorous Bonferroni correction of p = 0.0003 (0.05/ (50 
sections x 3 diffusivity parameters).  

 

Left SLF  

There was no between-group difference for FA in the left body of the SLF along the 
segment investigated. In the PE group, MD was reduced in 14 of the 38 resampled 
sections (p ≤ 0.05). The effect was localized in the posterior half of the tract segment. 
In the PE group, AD was reduced in 5 sections and RD in 3 sections (p ≤ 0.05), 
Figure 2C. None of the group differences survived Bonferroni correction at p = 
0.0004 (0.05/ (38 sections x 3 diffusivity parameters). 

 

UF 

The left UF identified increased FA in the PE group in 20 of the 37 sections of the 
resampled tract, with 18 of these at (p ≤ 0.05) and 2 at (p ≤ 0.005). There were 
between-group differences for MD in only two sections one at p ≤ 0.05 and one at p ≤ 
0.005.  Increased AD in the PE group along the resampled tract were found in 11 of 
the 37 sections with five at p ≤ 0.005 and six at p ≤ 0.05 and six sections with reduced 
RD with three at p ≤ 0.005 and three at p ≤ 0.05, refer to Figure 6. When Bonferroni 
correction was applied at p=0.0005 (0.05/(37 sections x 3 diffusivity parameters)) 
only one section in the AD comparison survived this stringent threshold. Analysis of 
the right UF again revealed a pattern of increased FA in the PE group within 13 of the 
44 resampled sections with three sections at p ≤ 0.005 and ten at p ≤ 0.05. Analysis of 
MD revealed only one section of reduced MD in the PE group p ≤ 0.05A.  Between-
group comparison for AD identified seven sections of increased AD in the PE group 
at p ≤ 0.05. Finally, the “along-tract” analysis of RD identified 25 sections of reduced 
RD in the PE group with eight at p ≤ 0.005 and 17 at p ≤ 0.05. When Bonferroni 
correction was applied at p=0.0004 (0.05/(44 sections x 3 diffusivity parameters)), 
none of these effects survived, (Figure 2D).     

 

Adjusting for psychopathology 
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The whole brain TBSS findings of increased FA bilaterally within the putamen and 
left SLF remained significant (refer to eTable 1). The tract averaged findings revealed 
similar patterns of difference for all tracts examined. Interestingly, of the four 
diffusion metrics examined (FA, MD, AD and RD) the FA differences failed to 
persist while MD, AD and RD remained. In fact, MD in the left frontal IFO and left 
SLF demonstrated a particularly strong “between-group” difference (refer to eTable 
2). The “along-tract” analyses also revealed persistent patterns of difference along the 
tracts but to a lesser extent most probably due to the reduced sample size of the sub-
analyses. 
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eFigure 1. Along-Tract Diffusion Metrics per Tract Segment 

 

Plots of diffusion metrics (FA, MD, AD, and RD) along the subsections of each tract 
are shown. Control data is shown in blue, PE is shown in red. Tract-averaged values 
are shown with dashed blue and red lines. * indicates p< 0.05, ** indicates surviving 
Bonferrroni correction at p=0.017. 
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eFigure 2. Axis 1 Adjusted “Along-Tract” Measures 
 

 
Along-tract variations controlled for Axis 1. 
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eTable 1. Axis 1 Adjusted TBSS WM FA Differences 

ROI Size 
(mm3) 

X Y Z  
(mm) 

Location (Structure / Fibre Tract)  Effect 
direction 

Z-stat 

 
1 
 
2 
 
3 
 
4 
 
5 
 
6 

 
16 

 
12 

 
11 

 
9 
 

9 
 

7 

 
-45  -13  -

21 
 

-18  -85   
13 
 

-22  13  -14 
 

-36  -45  -
12 
 

23  -61  -33 
 

26   10  -14 

 
Left SLF (temporal part) 
 
Left ILF/ IFO 
 
Left WM Putamen including IFO / 
UF 
 
Left ILF/ IFO 
 
Right Cerebellum 
 
Right WM Putamen including UF 

 
PE ↑FA 

 
PE ↑FA 

 
PE ↑FA 

 
PE ↑FA 

 
PE ↑FA 

 
PE ↑FA  

 
7.95** 

 
5.38** 

 
5.56** 

 
6.91** 

 
6.52** 

 
6.52**

  
  7 

 
 

 
5 
 

 

 
-30   30   

38 
 

 

Left cerebral WM including the 
SLF  
 

 
PE ↑FA 

 
  

5.36** 
 

 

Note: XYZ refer to MNI coordinates. ** indicates FDR corrected at p=0.01. Arrows indicate 
effect direction relative to controls 
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eTable 2. Axis 1 Adjusted “Tract Averaged” Segment Measures 

Fibre Tract / Diffusion measures (ANCOVA p-value with age and gender 
covariates) 

segment Hemisphere (L 
/R) 

FA MD AD (λ 1) RD (λ ) 

Frontal IFO Left NS 0.008↓ 0.059 0.005↓ 

 Right NS  0.06 NS NS↓ 

IFO Body Left 0.064 NS NS 0.039 

 Right NS NS NS NS 

SLF Left  NS 0.00024↓ NS 0.027 

Uncinate Left NS↑  NS 0.022 ↑ NS 

 Right NS ↑ 0.007 NS 0.035↓ 

Note: XYZ refer to MNI coordinates. Bold indicates significant group difference 
(Bonferroni corrected at 0.05/3 = 0.017), italics indicates trend towards significance 
but above p=0.017 threshold. Arrows indicate effect direction relative to controls. 
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