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Supplementary Material 
 
S1. FreeSurfer analysis of brain MRI data 
 
The FreeSurfer (FS, v.6.0) analysis pipeline (https://surfer.nmr.mgh.harvard.edu/) [1][2], has been 
implemented to carry out the segmentation of brain MRI in substructures and to compute a set of 
neuroanatomical descriptive features for each subject.  
Firstly, we have converted 3D T1-weighted MR brain images from DICOM format to Nifti format.  
Secondly, we have used the FS pre-processing workflow, known as recon-all analysis pipeline, which runs 
the input structural MRI scan across several FS functions performing all cortical reconstruction through 31 
processing steps. The recon-all syntax is: recon-all  -i  <input MRI scan> -s  <subject id that you make up> -sd 
<directory to put the subject folder in> -all 
Lastly, we have extracted the volumes (mm3) and thickness (mm2) from the aseg.stats and h.aparc.stats 
recon-all output files, using asegstats2table and aparcstats2table FS scripts. These software generate tables 
of segmented subcortical volume and cortical parcellation statistics for each structure. The execution of this 
workflow is made automated for all MRI scans using a bash script. 
A complete list of the FreeSurfer features considered in this analysis is provided in table S1. 
 
S1. Statistical analysis  
 
The statistical analysis of brain features carried out to identify significant differences between patients with 
ASD, CAS and TD children has been conducted according to the ANOVA test [3] for normally distributed 
features, whereas the Kruskal-Wallis [4] test in case the features were not normally distributed. The 
normality was evaluated by the Shapiro-Wilk test [5]. The statistical analysis was carried out with Matlab 
R2018a (The MathWorks, Inc.) through in-house built scripts and functions exploiting the anova1, 
kruskalwallis and multcompare matlab functions. 
The Bonferroni method was used to correct the results for multiple comparisons [6]. The effect sizes were 
evaluated in terms of the Cohen’s d [7].  
To evaluate whether neuroanatomical characteristics are predictive either of the ASD or the CAS 
conditions, we performed a machine learning (ML)-based multivariate analysis. We implemented Support 
Vector Machine (SVM) binary classifiers [8] through the Matlab R2018a function fitcsvm. In particular, 
linear-kernel SVM were implemented to evaluate the predictive power of neuroanatomical features in the 
binary classification of the ASD vs. TD, CAS vs. TD, ASD vs. CAS groups. We implemented a 5-fold cross-
validation scheme [9] in this analysis to partition the available data in train and test sets and to evaluate the 
classifier performance. The classification performance was evaluated in terms of the mean and standard 
deviation of area of the ROC curve (AUC) [10]. 
 



 
 
 
Table S1. FreeSurfer features considered in the analysis. Cortical volumes of 34 structures of the left (L) and right (R) 
hemispheres; cortical thickness of 34 structures of the L and R hemispheres and the average cortical thickness; 12 
volumes of either subcortical or cerebellar L and R structures; volumes of 16 other structures, including white matter 
structures, brainstem and global measures. 

Cortical volumes (L and R) Cortical thickness (L and R) Subcortical and cerebellum volumes (L and R) 
Bankssts volume  Bankssts thickness Lateral ventricle volume 

Caudal anterior cingulate volume Caudal anterior cingulate thickness Inferior lateral ventricle volume 

Caudal middle frontal volume Caudal middle frontal thickness Cerebellum white matter volume 

Cuneus volume Cuneus thickness Cerebellum cortex volume 

Entorhinal volume Entorhinal thickness Thalamus proper volume 

Fusiform (gyrus) volume Fusiform (gyrus) thickness Caudate volume 

Inferior parietal volume Inferior parietal thickness Putamen volume 

Inferior temporal volume Inferior temporal thickness Pallidum volume 

Isthmus cingulate volume  Isthmus cingulate thickness  Hippocampal volume 

Lateral occipital volume Lateral occipital thickness Amygdala volume 

Lateral orbitofrontal volume Lateral orbitofrontal thickness Nucleus Accumbens Area volume 

Lingual volume Lingual thickness Ventral DC (Diencephalon) volume 

Medial orbital frontal volume Medial orbital frontal thickness   

Middle temporal volume Middle temporal thickness Other subcortical volumes and global measures 
Parahippocampal volume Parahippocampal thickness Third Ventricle volume 

Paracentral volume Paracentral thickness Fourth Ventricle volume 

Pars opercularis volume Pars opercularis thickness Brain stem volume 

Pars orbitalis volume Pars orbitalis thickness Cerebrospinal fluid volume 

Pars triangularis volume Pars triangularis thickness Optic chiasm volume 

Pericalcarine volume Pericalcarine thickness Posterior cingulate cortex volume 

Postcentral volume Postcentral thickness Middle posterior cingulate cortex volume 

Posterior cingulate volume Posterior cingulate thickness Central cortex volume 

Precentral volume Precentral thickness Middle anterior cingulate cortex volume 

Precuneus volume Precuneus thickness Anterior cingulate cortex volume 

Rostral anterior cingulate volume Rostral anterior cingulate thickness Cortex volume 

Rostral middle frontal volume Rostral middle frontal thickness Cerebral white matter volume 

Superior frontal volume Superior frontal thickness Subcortical gray matter volume 

Superior parietal volume Superior parietal thickness Total gray matter volume 

Superior temporal volume Superior temporal thickness Brain segmented volume without ventricles 
(BrainSegVolNotVent) 

Supra-marginal volume Supra-marginal thickness Estimated Total Intracranial Volume (eTIV) 

Frontal pole volume Frontal pole thickness   

Temporal pole volume Temporal pole thickness   

Transverse temporal pole volume Transverse temporal pole thickness   

Insula volume Insula thickness   

  Cortical thickness mean   
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