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Neurodevelopmental Disorders
share challenges and opportunities for biomarker discovery
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• Attention 
Deficit/Hyperactivity

• Autism Spectrum 
• Communication
• Motor 
• Specific Learning 
• Intellectual Disability 

• Childhood onset

• Heterogenous presentations
• Comorbidity rules

• Multifactorial etiopathogenesis

• Brain connectopathies 

• 67% neuropsychiatric disorders onset within the first 20 years of life (e.g., Kessler et al 2005)
• Common disorders of childhood can already be diagnosed in preschoolers (~7%) (e.g., Wichstrom et al 2012)
• Continuity of symptom clusters from preschool-age to childhood/adolescence



Autism heterogeneity- a challenge and an opportunity
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Brain connectome: the  
comprehensive map of brain 
circuits (i.e., nodes and edges)

Developmental brain connectopathy

Park and Friston, 2013 Di Martino, et al., Milham, 2014

A mosaic of dysconnections: ASD-
related increased and decreased 
connectivity varying by functional circuitry

Autism < Neurotypical controls (NT)

ASD > NT



Non-invasive connectome profiling by R-fMRI
neonate
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Kelly et al., 2009

Frannson et al., 2010

Turk et al., 2019

Fetal   Adults

Caudate Putamen

Di Martino et al. 2008 

Fransson et al., 2010

Sensitive to development 

In vivo circuit dissection Captures inter-individual variability 

Di Martino et al., 2009



Resting-state fMRI (R-fMRI) in Autism



Autism Brain Imaging Data Exchange - open data sharing 

…
sMRI

…
R-fMRI

…
Phenotype

ABIDE I
Released August 2012
N Sites=17
N Collections=20
N Individuals=1112 
ASD n=539, TDC n=573
Grass rooted 
Di Martino et al., Mol Psych, 2013

…
sMRI

…
R-fMRI

…
Phenotype+

…
DTI

ABIDE II
Released June 2016
N Sites=17 (8 from ABIDE I)
N Collections=18 add long
N Individuals=1114 
ASD n=521, TDC n=593
NIMH R21MH107045
Di Martino et al., Sci Data, 2017



Abraham

Neuroimage, 2022

• MRI powerful and reliable for ASD 
• MRI modality matters
• Sample size improves accuracy
• Overfitting and sample variations 

threat discovery
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Mol Autism, 2021

ABIDE I and II = ASD: 362M/82F - NT: 409M/166F; EU-AIMS= ASD: 133M/43F - NT: 85M/48F; GENDAAR: ASD: 43 M/44F- NT: 85 M/48F

• Diagnostic differences common across 
the sexes, ASD-specific sex differences

• Results robust to varying analytical 
choices 

• Replicability vary by R-fMRI metric, 
effects, sample size and sample

Dx Sex Dx x Sex



Tang, Sun, Floris, Zhan Di Martino, Yeo., Biol Psych 2020

Yeo et al 2016; Sun et al 2017

Neurosubtyping
Mosaic of latent brain connectopathy factors - i.e., neurosubtypes

Loth et al, 2016

ABIDEII+GENDAAR: ASD=306 (19 F), NC=348 (24 F), M age 15±6 years



Phenotypic depth and harmonization have lagged in 
clinical neuroscience research

• Across sites depth of multiple phenotyping 
is limited beyond diagnostics and IQ 

• Need prospective harmonized protocols
• wider and deeper (items-levels) 

phenotypic data

Tang, Sun, Floris, Zhan Di Martino, Yeo., Biol Psych 2020



Targeting inter-individual differences – transdiagnostic
N=166; n=103 ADHD , N=63 ASD; 6-12 years, 116 males

Independent sample – HBN (n=232)

Internetwork connectivity relates to 
clinician-based symptom severity

Shared Transcriptomics 

Exploring replicability
Primary sample (n=166)

Segura et al, in preparation 

Z>3.1, P<0.01 corrected
0                          3.7  

Z-score

Satterstrom
2018

Healthy Brain Network 

ASD ADHD TDC ASD ADHD+ ADHD-



Remaining challenges
Developmental perspective to developmental disorders

Di Martino et al., Neuron 2014

• Longitudinal approaches are needed to 
assess traits vs state-related 
biomarkers

• Focus on younger ages 
• e.g., IBIS >>infants likely to develop autism

• Natural sleep resting state fMRI is 
feasible 

age gap

Pre-Prisma 3T 

Manning et al 2013
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Summary and moving forward
• Aggregation of openly-shared increasingly large MRI dataset is 
feasible and necessary to facilitate: 
• Replicability assessments (should be the norm) 
• Leverage heterogeneity 

• A priori focus on known sources of variation (e.g., sex at birth, comorbidity…) and 
underrepresented subgroups 

• Neurosubtyping  
• Inter-individual variability across dimensional metrics

• Connectome-based fMRI markers are promising candidate for Multimodal 
BioM discovery but clinical utility of BM depends on phenotyping depth

• Need for harmonization efforts focusing on reliable and specific measures 
• Measurement-invariance analyses 

• Transdiagnostic and longitudinal large-scale efforts needed
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Drawbacks and proposed solutions…

Fair et al 2013

Simhal et al 2021

Dosenbach et al 2017

Vanderwal et al 2015



Approaches to Autism

Hong et al., Di Martino, 2020



Data driven neurosubtyping in autism

Hong et al., 2020
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