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Sleep, 
Neurodevelopment 
& EEG Biomarker 
Research in 
Intramural NIMH



GOAL

The creation of predictive algorithms of sleep metrics to aid in 
the es tablishment of optimal intervention points  and potentially 

minimize negative outcomes  



How do we measure/analyze sleep disturbance?

• Subjective Complaint
▪ Questionnaires, parent report 

• Objective Measurements
▪ Actigraphy 

• activity as proxy for sleep/wake cycle
▪ Polysomnography

• integrates physiology, sleep stages,
latencies, ultradian rhythms, 
oscillatory information
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PROTEIN 
Receptors (ion, G-coupled); Cell growth;
Transcription factors; Vesicles; Development

GENE (>200)
SCN1A; MTOR; CDKL5; STXBP1….

SYNAPSE 
Plasticity; EPSP; IPSP; Transmitter release;

MICROCIRCUIT 
Neural dynamics; Coding; Oscillations; Coherence

BRAIN / PHENOTYPE 
Autism

Greg Holmes. MD PhD



Sleep Electrophysiology Metrics

Architecture: Distribution of sleep 
stages

Power: Strength of signal as a 
function of frequency

Coherence: Functional connectivity 
between brain regions



https://www.spectrumnews.org/news/cracking-autisms-sleep-conundrum/



Missig, G et al Neuropsychopharmacol. 45, 90–103 (2020) doi:10.1038/s41386-019-0409-5

What do abnormal sleep metrics reflect?



● Investment in Infrastructure 

How do we move forward?

● Consensus Building 

● Sleep Data Repositories 
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Repository Identification & Collaboration 



National 
Sleep 

Research 
Resource

Geisinger
Medical 
Center

NIMH
IRP

Texas 
Children’s 
Hospital

NYU

Boston 
Children’s 
Hospital 

Investment in Infrastructure 

Sleep & Neurodevelopment 
Consortium



Electrophysiologic Sleep Phenotyping: ESP 

Demographic, behavioral, genetic* and other 
biological, psychosocial and lifestyle data 
collected contemporaneously to EEG signatures

*In collaboration with 
• NIAID Centralized Sequencing Protocol
• NIMH Repository and Genomics Resource 

A Longitudinal, Prospective Study of Sleep & Neurodevelopment



• Relationship between verbal scores and 
increased coherence in REM and Slow 
Wave Sleep 

• Differences in coherence patterns vary by 
developmental group

Unpublished Data: Toddler Protocol
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Full Site Possibilities

• POC devices & in-lab validation
• Circadian alignment in relation to 

oscillatory parameters
• Social determinants and oscillatory 

sleep metrics
• GABA-ergic dysgenesis in NDDs  

epilepsy and sleep dysfunction 
biomarkers: rhythmopathies

• Maturation of REM atonia



Ending Thoughts…

• Sleep Neurophysiology is 
Underexplored for Behavioral 
Trajectories

• Convergence Science is the Model for 
moving forward

• Data Libraries of Normative Data 
during Development needed
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