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Summary
• The purposes/functions of diagnoses
• We all agree that categorical diagnoses are 

limited in revealing mechanisms
• The future of diagnosis depends on 

uncovering pathophysiological mechanisms
• Hypothesis-driven approach
• Data-driven approaches



Essential Functions of Diagnoses

• Sine qua non: Harmonization
– Inter‐rater reliability

• Major achievement of DSM‐III+
– Still mostly moderate 
– In DSM‐5 pediatric field trials 

• Very good to questionable:
» Kappa for ADHD = 0.61 
» Kappa for ASD  = 0.69
» Kappa for MDD = 0.28 
» Kappa for DMDD= 0.25



Desirable Functions of Diagnoses

• Organizing phenomenology
– Familiality
– Longitudinal course 

• Predict
– Outcomes
– Optimal treatment(s)

• Whether to medicate or not…



Regier et al., 2013
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What are the relevant linear 
dimensions of phenotypic variation?

• Linearity as a necessary simplifying 
assumption

• A priori hypotheses‐based
– Example: Variability in ADHD  Default network 
interference hypothesis

• Data‐driven discovery science
– Examples: Intelligence correlates and brain 
functional connectivity

– C4A in schizophrenia



Hyperactive/Impulsive Symptoms
• fidgets or squirms
• can’t stay seated
• restless (subjective in adolescents)
• loud, noisy, diff playing quietly
• always “on the go”
• talks excessively

• blurts out
• impatient
• intrusive

Often…

DSM-5 ADHD 

6 or more present 
over 6 months; 

5 if age ≥ 17 y



Inattention Symptoms
• careless errors, inattention to detail
• sustains attention poorly
• appears to not listen
• poor follow through on obligations
• disorganized
• avoids/dislikes sustained mental effort
• loses needed objects
• easily distracted
• forgetful

Often …

6 or more present 
over 6 months; 

5 if age ≥ 17 y

DSM-5 ADHD 



Diagnosing ADHD
• Fundamentally subjective

– Like all psychiatric syndromes…

• Neuropsychological tests have failed to yield 
large effect size measures (Cohen’s d ≥ 2)

Castellanos et al. 2013



Inconsistency & ADHD

• “…the most striking clinical characteristics of 
ADHD include the transient but frequent lapses 
of … attention, and the moment-to-moment 
variability and inconsistency in performance….  

• Response variability is ubiquitous … across a 
variety of … reaction-time tasks, laboratories 
and cultures.”

Castellanos & Tannock, 2002

Leth-Steenson 2000; Kuntsi 2001; 



Biological Psychiatry, 2005



Biological Psychiatry, 2008
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Functional Connectivity 
at Rest Finger-tapping task

Biswal et al., 19954164 GS cites on 2016.02.05



PNAS 2001

6371 GS cites on 2016.02.05



PNAS 2003





Untitled (2008) Daniel Margulies & Chris Sharp
http://vimeo.com/9871689



How do we study 
the brain’s intrinsic 
architecture?

Functional 
Connectivity

Correlation 
Analysis



NeuroImage, 2007

PNAS 2001





Sonuga‐Barke & Castellanos, 2007
• Hypothesized that lapses of attention result from 
interference or poor coordination between default 
network and executive control networks
– frontoparietal, dorsal attention and ventral attention



Castellanos et al., Biological Psychiatry, 2008

p <.05 corrected

The precuneus is involved in ‘high-level integration between 
posterior association processes and anterior executive 
functions’ (Cavanna & Trimble, Brain, 2006); functional circuits 
linking dACC to precuneus and PCC may represent ‘small-
world network’ long-range connections that should be 
considered as a candidate locus of dysfunction in ADHD.





http://fcon_1000.projects.nitrc.org/ind
i/adhd200

N = 285 ADHD
N = 491 Typically Developing Controls
Ages 7-21 years old
Released March 1, 2011



• 776 scans  3 matched groups of 
52 (N=156) incl. on low motion

• (A) ADHD‐C vs. TDC differ particularly for 
anterior and posterior nodes of the 
default network; sensorimotor and 
occipital networks. 

• (B) Contrast between ADHD‐I and TDC 
highlights frontoparietal and cerebellar 
networks. 

• (C) Head‐to‐head contrast between the 
two subtypes highlights differences in 
the anterior nodes of default network, 
occipital, and sensorimotor networks. 



Yeo, Krienen et al., 2011 J Neurophysiology



HBM, 2014



HBM, 2014



HBM, 2014



HBM, 2014



PNAS 2014













S M Smith et al. 2016, Nat NS



NIH ABCD Study

• Adolescent Brain Cognition Development 
• +10.000 children will be studied starting at 
ages 9‐10 for 10 years

• Developmental trajectories of behavior, brain, 
psychopathology, substance use will be 
measured

• All data will be shared





Conclusions
• Future diagnoses must be based on 
pathophysiology 

• Foundational work has been ongoing for decades; 
beginning to bear fruit

• Need to seek simplicity within complexity
• The brain’s DMN is “implicated” in 
neuropsychiatric disorders
– But that’s just the beginning… 
– Inter‐network interactions… DMN with attention or 
cognitive control networks

• Data sharing is reshaping the scientific enterprise
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Share that Brain!



http://fcon_1000.projects.nitrc.org/indi/adhd200/

http://fcon_1000.projects.nitrc.org/indi/abide/

http://www.nitrc.org/projects/cpac/

Thank you for your attention

http://www.humanconnectome.org/data/connectome-in-a-box.html

http://rfmri.org/


