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Outline

• Obstructive Sleep apnea
• Prevalence

• Testing and treatment options

• Neurodegenerative diseases and sleep disorders

• Medications for sleep related problems
• REM sleep behavior disorder

• Insomnia

• Excessive daytime sleepiness

• Restless Legs Syndrome



Clinical Puzzle #1

• 76-year-old female with 3 years of memory problems
• Husband mentions significant irritability and day to day fluctuations

• PMHx: hypertension, atrial fibrillation, BMI of 24

• ROS: Daytime sleepiness is mild – EPSS is only 2
• Snoring on most nights

• Waking up with night sweats
• Nocturia 3-4 times per night

• Neurologic exam is within normal limits 

• Cognitive screening tool: 26/38 on the STMS
• Missing 4 points on attention and 4 points on delayed recall



MRI Scan shows:

• Mild to moderate vascular disease

• Hippocampal perivascular spaces

Vascular risk factors: HTN, HLD, 
DM, smoking, Obstructive 
Sleep Apnea (OSA)



• Home sleep 
study data

• O2 saturation

• Apnea events
• Obs/Central

• Sleep cycles

• Heart rate

• Snoring index



Home Sleep Study results

• AHI 4% Calculation of 33.1: Supine 42.0 and non-supine 31.2
• Severe sleep apnea

• No clear positionality

• Obstructive and central sleep apneas were present

• In house polysomnography recommended for titration of CPAP
• Particularly with the central sleep apneas present



Should All Sleep Studies be at Home?

• Benefits of comfort in own bed
• First night sleep effect disrupts sleep in unfamiliar area

• Brain vigilant for threats in unfamiliar environment

• Long term sleep studies, first night is often thrown out due to this effect

• Accuracy for a home sleep study is good ~ 85-91%
• When sleep apnea is mild 5-15 – may miss more cases

• If suspicion is high, HST w/ technical difficulties, or is borderline
• Recommend standard polysomnography study

• Does not capture REM sleep behavior disorder

• Miss out on EEG leads for any sleep seizure activity



Prevalence of OSA

• Varies by study population 
and definition 
• More common in men
• More common with age
• More common in overweight

• 2013 US estimates = 26% of 
adults aged 30-70 with 
sleep apnea
• Number is higher in > 70
• Number is higher as 

population becomes more 
obese

OSAS = with daytime sleepiness



Amyloid and Sleep Problems

• Excessive daytime sleepiness 
associated with longitudinal amyloid 
plaque accumulation

• Insomnia/reduced sleep time, 
especially < 6 hours = associated with 
amyloid plaque accumulation

• Sleep apnea associated with 
increased amyloid loads (decreased 
clearance)

Carvalho, Diego Z., et al. "Association of excessive daytime sleepiness with longitudinal β-amyloid accumulation in elderly persons without dementia." JAMA neurology 75.6 (2018): 672-680.
Jack, Clifford R Jr et al. “Tracking pathophysiological processes in Alzheimer's disease: an updated hypothetical model of dynamic biomarkers.” The Lancet. Neurology vol. 12,2 (2013): 207-16. 
doi:10.1016/S1474-4422(12)70291-0

5-20 years before 
symptoms



What Does Sleep Have To Do With It?

• Relationship b/w sleep and AD pathology is bidirectional
• Alzheimer’s disease associated with fragmented sleep and less slow wave sleep

• One study of mild to moderate AD dementia found 90% had OSA
• 22% mild, 29% moderate, 39% severe

Sleep 
Apnea

Alzheimer’s 
Disease

Gaeta, Anna Michela, et al. "Prevalence of obstructive sleep apnea in Alzheimer’s disease patients." 
Journal of neurology 267.4 (2020): 1012-1022.



Reduction of Slow Wave Sleep 
• Glymphatic flow helps clear interstitial solutes and protein waste

• Most flow is during slow wave sleep (NREM 2 and 3) 

• Aging and sleep apnea disrupt slow wave sleep

Nedergaard, Maiken, and Steven A. Goldman. "Glymphatic failure as a final common pathway to 
dementia." Science 370.6512 (2020): 50-56.



Spinal fluid and Alzheimer’s disease

• Spinal fluid flows through spaces between brain cells
• Helps clear bad proteins and protein waste built up throughout the day

• What disrupts this flow?
• Vascular disease, sleep apnea, amyloid plaques, and neuroinflammation - to name a few

Nedergaard, Maiken, and Steven A. Goldman. "Glymphatic failure as a final common pathway 
to dementia." Science 370.6512 (2020): 50-56.



Aging and Melatonin
• Dr. Google: aging and melatonin…

• Probably closer to reality?

Pineal Gland produced 
melatonin and calcifies with age

Reiter et al. 1995

Benot et al. 1998



Back to our first case…

• Titrating CPAP in house resulted in AHI < 5
• Patient has been wearing for at least 6 hours per night for 12 months

• 12 month follow up Visit:
• STMS was 32/38 – 6 points improved from initial visit

• Still abnormal but suggestive of mild cognitive impairment



Extended follow-up
• 2 year follow up visit

• Memory and daily functioning has worsened  
• Spouse is needing to manage most aspects of 

household, she can do simple chores with reminders

• Patient stopped using CPAP 8 months ago
• Did not notice benefit so just stopped using it

• STMS is 20/38



CPAP Usage and Dementia Risk

• 53,321 Medicare beneficiaries with OSA 
• 78% prescribed PAP (treated)

• PAP treatment associated with lower odds of all cause dementia 
• OR 0.69, 95% CI: 0.55 to 0.85

• PAP adherence was associated with lower odds of Alzheimer’s dementia 
• OR = 0.65, 95% CI: 0.56 to 0.76

Dunietz, Galit L., et al. "Obstructive sleep apnea treatment and dementia risk in 
older adults." Sleep (2021).



Causes of CPAP “Failure”

• 40-50% “fail” CPAP

• Start with counseling!
• Highlight importance for brain health 

• Reducing the risk of all cause dementia 

• Adherence will go up

• Insurance compliance – not using 4 hrs per night, 70% of the time

• Deviated septum problems

• Daily congestion from allergies

• Claustrophobia



What if my patient stops CPAP?

• If mild and positional – sleeping on side may be enough

• Weight loss
• If BMI > 35 – could consider bariatric surgery as an option
• Everyone wants to choose the lifestyle diet/exercise/lose weight option

• Success is not great

• Dental application
• Better than nothing, costly (3-5,000), not covered by insurance
• Requires close follow up as it can loosen over months

• Surgical removal of tissue contributing to obstruction

• Inspire device



Inspire Device

• A pacemaker for throat muscles to keep 
airway open

• Requires anesthesia for endoscopy to 
understand what is causing the OSA 
• Helps determine Inspire eligibility

• Further anesthesia with 2.5 hr surgery
• Not ideal for my patients with cognitive 

impairment

• If BMI < 35



Clinical Puzzle #2

• 68 yo M with 2 years of progressive cognitive concerns
• Neuropsychological testing = major neurocognitive disorder with executive, 

visuospatial, and memory domains

• PMHx of insomnia, sleep apnea not using CPAP

• ROS: Severe RBD, constipation, orthostatic lightheadedness, daytime 
sleepiness, sees shadowy figures, restless legs syndrome

• Meds: 10 mg donepezil at bedtime and Tylenol PM at bedtime

• Neuro: mild masked facies, decreased arm swing on the right

• Diagnosis: Probable dementia with Lewy bodies



REM Sleep Behavior Disorder

• Brainstem nuclei involved in LBD are important for muscle tone paralysis in 
REM sleep
• Damage to these nuclei or their inputs are suspected to be driving RBD

• Move donepezil to morning with breakfast
• Donepezil can worsen vivid dreams and nightmares and part of RBD is centered 

around vivid nightmares

• Melatonin 3-15 mg
• Melatonin suppresses amount of REM sleep – works in 50% of cases
• No cognitive worsening associated

• Low dose clonazepam – 0.25-0.5 mg (up to 1 mg in select cases)
• Works very well for most patients

Boeve, B. F., et al. "Pathophysiology of REM sleep behaviour disorder and relevance to 
neurodegenerative disease." Brain 130.11 (2007): 2770-2788.



Insomnia

• Stop Tylenol PM – anticholinergic effects

• First line: 
• Melatonin 3-15 mg
• Titrate up every 5-7 days, trial 4-6 weeks
• Use encapsulated delayed release if 2AM or later awakening

• Second line:
• Trazodone 25-100 mg

• SSRI for mind racing/anxiety causes

• Mirtazapine 7.5-15 mg
• Mild anticholinergic effects, added benefit of appetite stimulant, can worsen RBD

• Cannabidiol?



Daytime Sleepiness

• Sleep apnea treatment! CPAP!

• Stimulants:
• Modafinil is my preferred agent for Lewy body disease

• Best studied in LBD and less likely to be abused

• Adderall, Vyvanse, Ritalin/methylphenydate

• Sleep neurology consult 
• Dr. Suzanne Stevens and Dr. Jennifer Liebenthal 

• Consider some of the newest drugs on the block: 
• Solriamfetol

• Sodium oxybate (Xywav) 



Restless Legs Syndrome

• Pathophysiology not well understood
• Relationship with iron levels and dopamine synthesis

• Non-pharmacologic
• Regular cardio exercise > 4 hours before bedtime

• Good sleep habits – up and about and then go to bed with intention to sleep
• Not reading/tablet/phone in bed

• Avoiding caffeine, nicotine, alcohol before bed

• Heating pads, cold compresses, leg stimulation (almost like a TENS unit)

• Warm tub soak

• Magnesium supplementation



Restless Legs Syndrome

• Targeting Ferritin > 50 w/ iron supplementation is first line treatment

• Dopaminergic agents second line
• Dopamine agonists (pramipexole, ropinirole)

• Side effects: compulsive behaviors
• High risk for augmentation if given at high doses and earlier in day
• Rotigotine/Neupro patch – 24-hour release

• Works very well in augmentation … but expensive

• Dopamine replacement (carbidopa/levodopa)
• Similar risk for augmentation

• GABA analogs
• Gabapentin, pregabalin

• Severe refractory cases = benzodiazepines and opioids 



Summary

• Sleep problems are highly prevalent in neurodegenerative diseases
• Sleep apnea and normal pressure hydrocephalus run together

• Lewy body disease has highest prevalence of all cause sleep disorders

• Alzheimer’s disease and sleep apnea have a bidirectional effect

• Strong theory that aggressive sleep apnea treatment earlier in life 
could delay onset of dementia
• A primary prevention strategy we need to take more seriously



Guidelines

1. We recommend that clinical tools, questionnaires and prediction algorithms not be used to diagnose OSA in 
adults, in the absence of polysomnography or home sleep apnea testing. (STRONG)

2. We recommend that polysomnography, or home sleep apnea testing with a technically adequate device, be 
used for the diagnosis of OSA in uncomplicated adult patients presenting with signs and symptoms that 
indicate an increased risk of moderate to severe OSA. (STRONG)

3. We recommend that if a single home sleep apnea test is negative, inconclusive, or technically inadequate, 
polysomnography be performed for the diagnosis of OSA. (STRONG)

4. We recommend that polysomnography, rather than home sleep apnea testing, be used for the diagnosis of 
OSA in patients with significant cardiorespiratory disease, potential respiratory muscle weakness due to 
neuromuscular condition, awake hypoventilation or suspicion of sleep related hypoventilation, chronic 
opioid medication use, history of stroke or severe insomnia. (STRONG)

5. We suggest that, if clinically appropriate, a split-night diagnostic protocol, rather than a full-night diagnostic 
protocol for polysomnography be used for the diagnosis of OSA. (WEAK)

6. We suggest that when the initial polysomnogram is negative and clinical suspicion for OSA remains, a second 
polysomnogram be considered for the diagnosis of OSA. (WEAK)



Clinical Puzzle #3

• 75 yoF with 3 years of vague symptoms involving “imbalance and dizziness” 
and right hearing loss
• PT evaluation noted slowed gait – no walking devices needed

• 4 months prior to evaluation: she started leaning to the right

• 3 months prior: gait significantly declined with multiple falls

• Cognition:
• Mild difficulty with names for 2 years

• 3 months prior: became apathetic, forgot how to play card games or balance checkbook, 
repeating herself 

• STMS: 20/38 - difficulty with the date, attention, calculation, abstraction, construction, 
delayed recall

• Urination: 
• Frequency, with occasional urge incontinence



Normal Pressure Hydrocephalus

Before shunt After shunt

• Need to check OSA in NPH 
patients

• Over 90% of patients with 
NPH have OSA

• Probably a relationship of 
glymphatic disruption and 
NPH



High volume lumbar puncture 

• Remove 30-50 mL of spinal fluid
• Frame of reference: total volume of CSF is 

roughly 150-160 mL
• I typically order 30 mL

• Pre and post high-volume LP assessment 
by PT/OT
• Generally done after 30 minutes of LP

• CSF is made at a rate of 0.3 mL/min
• Within 3 hours CSF is replenished

• Some responses show up within first 24 hours

• I have family members video record their 
before and after walking as well
• Bring into f/u clinic visit



Alzheimer’s disease biomarkers

• Low amyloid

• Normal tau and pTau
(may even be low)


