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Supplemental Information 

Supplemental Information SI1 

Image Exclusion Criteria: 

Prior to data processing scans were visually inspected at each site locally and scans with gross brain 

pathology, artifacts or poor image quality hampering image segmentation were excluded. A 

neuroimaging researcher at each site individually examined each segmentation by three major steps 

following standardized ENIGMA protocols to harmonize quality control procedures across multiple 

sites.  

First, outliers were determined by calculating the interquartile range for each of the volumes 

per cohort and per group (patients and healthy controls). For each subject that was marked as a 

statistical outlier, a re-inspection of the subject’s segmentation was conducted in 3D to evaluate whether 

it was segmented properly, and excluded if necessary. Second, cortical segmentations were overlaid 

directly on a subject’s T1-weighted scan and snapshots from internal slices of the brain were presented 

on a webpage for easy checking. Third, webpages were created with external views of the segmentations 

from different angles of each subject. For these latter two steps, we instructed the sites to perform 

extensive quality checking according to a standardized manual (available on 

http://enigma.ini.usc.edu/protocols/imaging-protocols/) encompassing the most common 

segmentation errors by FreeSurfer based on our own experience of several samples across different sites 

and scanners. 

Further, we collected study-wide statistics (means and standard deviations) as well as 

histogram plots in order to identify non-normally distributed data and major outliers. Lastly, the 

coordinating PI site per disease working group checked the histograms and summary statistics of every 

site for possible irregularities that would indicate incorrect segmentations. Where needed, sites were 

asked to re-inspect suspicious irregularities.  

 

Key-MRI feature selection: 

Several sensitivity analyses were performed to provide better insight into the main group 

effects presented in the main manuscript. However, given the large number of MRI features listed in 

the main analyses, we have opted to only display analyses on a subset of key MRI features. Specifically, 

a set of 10 cortical and subcortical MRI features was selected which demonstrate the strongest effect 

sizes, both between individual diagnostic groups and controls as well as between the different 

diagnoses. Therefore, these regions serve to best illustrate the size, direction and variance of our main 

group effects. These features are: Amygdala, Thalamus, Putamen, Hippocampus, ICV, total mean 

cortical thickness and full surface area, mean Orbitofrontal thickness, Mean Pars Triangularis thickness 

and Mean Posterior Cingulate thickness 

http://enigma.ini.usc.edu/protocols/imaging-protocols/


Age-distribution plots: 

Presented below are the kernel density plots by age for each diagnostic group, and additionally 

broken down by gender. These plots indicate that the ASD, ADHD and Control groups have a relatively 

similar distribution pattern, with the mean age centered around adolescence, and increasingly less 

coverage with increasing age. The OCD cohort is distributed differently, with a mostly adult population. 

Age distributions for males and females are almost identical. 

 

SI Figure 1. Kernel density plot for the entire cohort, broken down by diagnostic group.  

 

SI Figure 2. Kernel density plot for males and females separately, broken down by diagnostic group. 



Supplemental Information SI2 

Trend results 

Common subcortical and cortical alterations across clinical groups compared to healthy controls 

Children with ADHD and those with ASD showed smaller amygdala volumes compared to control 

children (significant in children with ADHD effect size=-0.10; did not survive FDR-correction in children 

with ASD effect size=-0.09; Supplementary Table S5). Cortical thickness analysis revealed that both groups 

also had thinner cortices of the precentral gyrus (significant in children with ADHD effect size=-0.16, 

but did not survive FDR-correction in children with ASD effect size=-0.19), temporal pole (significant in 

children with ASD effect size=-0.24, but did not survive FDR-correction in children with ADHD effect 

size=-0.10) and fusiform gyrus (did not survive FDR-correction in both ADHD effect size=-0.14 and 

ASD effect size=-0.23) compared to control children (Supplementary Table S6). Surface area analysis in 

children with ADHD and those with ASD revealed smaller surface area of the caudal middle frontal 

gyrus (did not survive FDR-correction in both ADHD effect size=-0.10 and ASD effect size=-0.14; 

Supplementary Table S13). Adolescents with ADHD (effect size=-0.12) and those with ASD (effect size=-

0.11) had a thinner cortex of the parahippocampal gyrus, however this finding did not held in both 

groups after FDR-correction. Adults with OCD and those with ASD had smaller hippocampal volumes 

compared to adult controls (significant in patients with OCD effect size=-0.09, but this finding did not 

survive FDR-correction in patients with ASD effect size=-0.11; Supplementary Table S10). 

 

Disease-specific subcortical and cortical alterations  

Children: Smaller hippocampal volumes were observed in children with ASD compared to those with 

OCD (effect size=-0.19), but did not survive FDR-correction. We also observed smaller putamen in 

children with ADHD compared to those with OCD (effect size=-0.23), however this also did not survive 

FDR-correction (Supplementary Table S14). The following cortical thickness results did not survive the 

FDR-correction, thinner temporal pole (effect size=-0.25) and entorhinal cortex (effect size=-0.29) in 

children with ASD compared to those with OCD, thinner entorhinal (effect size=-0.19), middle temporal 

(effect size=-0.22), transverse temporal cortices (effect size=-0.23), and thicker pericalcarine cortex in 

children with ASD compared to those with ADHD. The following cortical surface area results did not 

survive the FDR-correction, lower surface area of the banks of the superior temporal sulcus (effect size=-

0.25) and larger surface area of the paracentral lobule (effect size=0.22) in children with ASD compared 

to those with OCD, larger surface area of the entorhinal cortex (effect size=0.15), isthmus of the cingulate 

cortex (effect size=0.18), paracentral lobule (effect size=0.18), and lower surface area of the banks of the 

superior temporal sulcus (effect size=-0.13) in children with ASD compared to those with ADHD. 

Adolescents: Larger thalamus volume in adolescents with OCD compared to those with ASD 

(effect size=0.16) did not survive multiple comparison correction (Supplementary Table S17). The 

following cortical results did not survive FDR-correction, thinner lateral occipital (effect size=-0.21), 

thinner posterior cingulate (effect size=-0.20), thinner superior frontal cortices (effect size=-0.17), a lower 



surface area of the paracentral lobule (effect size=-0.18) in adolescents with OCD compared to those 

with ADHD (Supplementary Table S18-S19), and a lower surface area in adolescents with OCD (effect 

size=-0.16) compared to adolescents with ASD (Supplementary Table S19). 

Adults: The following cortical thickness results did not survive FDR correction: a thinner 

inferior parietal (effect size=-0.17) and lateral occipital cortex (effect size=-0.17) in adults with OCD 

compared to adults with ADHD and thicker cortices of the pars opercularis (effect size=0.14), pars 

orbitalis (effect size=0.16), rostral anterior cingulate (effect size=0.16), superior frontal gyrus (effect 

size=0.21), and frontal pole (effect size=0.15) in adults with ASD compared to those with ADHD 

(Supplementary Table S21). The following surface area results did not survive FDR-correction: lower 

surface area of the parahippocampal gyrus (effect size=-0.13) in adults with ADHD compared to those 

with OCD, lower surface area of the transverse temporal cortex (effect size=-0.17) in adults with OCD 

compared to those with ASD, and larger surface area of the pars triangularis in adults with ASD 

compared to those with OCD (effect size=0.14) and ADHD (effect size=0.16). 
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