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eAppendix 
 
Methods 1. Effects of smoking 
  The possible influence of smoking on brain structure is an important issue. Zhang et al, (2010) reported an 
additive effect of schizophrenia diagnosis and smoking on the anterior limb of the internal capsule.1 In 
contrast, Cullen et al (2012) reported that the apparent effect of smoking may be mediated by IQ.2 Therefore, 
in the current study, we examined the effects of smoking on the thalamocortical pathway in cases where a 
significant group difference in FA was found. 
  We divided the patient group into never-smoker and smoker sub-groups, and tested for significant 
differences in FA between these sub-groups using independent sample t-tests. Statistical significance was 
defined as p < .05 (two-tailed). 
 
Methods 2. Quality assessment of MRI images 
  To eliminate possible artifacts, including gating artifacts,3 and to guarantee image quality, we performed 
the following procedures for each participant. For the diffusion-weighted images, nine sets of nine 
independent directions were acquired, which were all independent of each other. Scanning parameters were 
properly adjusted for every set. Two or more experimenters visually checked every image at the time of 
acquisition, and any sets with artifacts were discarded and repeated until images without artifacts were 
acquired. 
 
Methods 3. Data processing for tract-based spatial statistics (TBSS) 
  All fractional anisotropy (FA) data were normalized into a common space using FMRIB’s Nonlinear Image 
Registration Tool: normalized FA images were averaged to create a mean FA image, which was then thinned 
to create a mean FA skeleton, taking only the centers of white matter (WM) tracts common to all the subjects. 
Voxel values of each subject's FA map were projected onto the skeleton by searching for the local maxima in 
the direction perpendicular to the skeleton. 
 
Methods 4. Volumetric labeling and surface-based segmentation in FreeSurfer 
  In the automatic segmentation procedure, each voxel in the normalized brain volume was assigned a label 
based on an atlas containing probabilistic information about the location of structures,4 such as the thalamus, 
caudate, pallidum, putamen, accumbens area, hippocampus, amygdala, cerebral WM, cerebral cortex, brain 
stem, and non-brain regions. Subdivided cerebral WM regions were then derived from the cortical 
parcellation.5 
  The cortical surface of each hemisphere was inflated to an average spherical surface to locate the pial 
surface and the gray matter/white matter (GM/WM) boundary. The entire cortex of each subject was visually 
inspected, and any topological defects were corrected manually, blind to subject identity. After the creation of 
cortical representations, all vertices were assigned neuroanatomical labels on a cortical surface model based 
on the automated labeling systems.5,6 

 
Methods 5. Definition of target cortical masks for tractography 
  Target cortical regions for the probabilistic tractography were extracted from the surface-based procedure 
in FreeSurfer, based on cortical parcellation.6 The lateral prefrontal region was defined by merging the rostral 
and caudal middle frontal, pars opercularis, and pars triangularis regions. The medial prefrontal region was 
defined by merging the superior frontal, frontal polar, and rostral and caudal anterior cingulate regions. The 
orbitofrontal region was defined by merging the medial and lateral orbitofrontal regions in addition to the pars 
orbitalis region, which is considered part of the orbitofrontal cortex.7,8 
 
Results. Effects of smoking 
  Group comparison of FA for the right thalamo-orbitofrontal pathway revealed no significant difference 
between the never-smoker and smoker sub-groups of patients. 
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eFigure 1. 
Examples of the seed thalamus (red) and the entire cortical masks (green) in 
the diffusion space. 
 

 
 
Images are shown with and without the masks to clarify the locations. Left-right orientation is according to radiological 
convention.
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eFigure 2. 
Examples of the seed thalamus (red) and the lateral prefrontal masks (light 
blue) in the diffusion space. 
 

 
 
Images are shown with and without the masks to clarify the locations. Left-right orientation is according to radiological 
convention.



6 
 

© 2012 American Medical Association. All rights reserved. 
 

 

eFigure 3. 
Examples of the seed thalamus (red) and the medial prefrontal masks (yellow) 
in the diffusion space. 
 

 
 
Images are shown with and without the masks to clarify the locations. Left-right orientation is according to radiological 
convention.
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eFigure 4. 
Examples of the seed thalamus (red) and the orbitofrontal masks (blue) in the 
diffusion space. 
 

 
 
Images are shown with and without the masks to clarify the locations. Left-right orientation is according to radiological 
convention.
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eFigure 5. 
Examples of axial slices for b0 and corresponding T1 image. 
 

 
 
Right orbitofrontal masks are shown with red contours. Left-right orientation is according to radiological convention. The 
orbitofrontal masks do not cover the frontal tip in some subjects because these regions are included in the medial prefrontal 
masks. 
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