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◆ Background & Significance
Sleep is essential for brain health. REM sleep behavior disorder (RBD) is not only a manifestation of sleep dysfunction but also a strong early biomarker 
of impending neurodegeneration. It affects ~1–2% of the older population, typically emerging after the sixth decade, and most patients go on to 
develop Parkinson's disease or other α-​synucleinopathies within 10 years [1]​[2].
In younger individuals (<40), RBD is more commonly associated with selective serotonin reuptake inhibitor (SSRI) use, with up to 6% of users affected, 
showing multiple signs of prodromal synuclein-​mediated neurodegeneration [3]​[4]. Despite this early window, no interventions currently exist to halt or 
slow pathological progression.
Objectives

 Validate a novel non-​human primate (NHP) model of SSRI-​induced RBD as a prodromal α-​synucleinopathy.
 Apply circadian-, frequency-, and phase-​specific closed-​loop deep brain stimulation (cfp-​clDBS) to restore healthy sleep architecture and support 
the brain’s natural clearance mechanisms.
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4. Continuous 24/7 Recording of Natural Behavior and Neural 
Activity

2. cfp-​clDBS vs. alternatives: A comparative NHP study

3. cfp-​clDBS: A closed-​loop, state-​dependent neuromodulation approach

◆ Conclusions

1. Sleep disruption impairs neurotoxic clearance, promoting α-​synuclein aggregation

5. Validated continuous 24/7 recording and tracking system
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Our research establishes a comprehensive, 24/7 multimodal NHP model to 
seamlessly track the progression from SSRI-​induced sleep disturbances to 
prodromal synucleinopathy.

By actively synchronizing stimulation with sleep phase transitions, cfp-​clDBS 
aims to augment restorative delta and gamma oscillations while suppressing 
pathological beta activity.

We anticipate that this targeted restoration of healthy sleep will reverse RBD 
symptoms and halt the accumulation of pathological alpha-​synuclein.


