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Sleep is seen throughout the animal world… 

… so it must be doing something important…. and that 

thing might be maintaining brain health. 
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Part I: ABC’s of Sleep 



1.1 Normal Sleep 

NREM REM 

Wake 

N1 

N2 

N3 

7-9 Hours 



1.2 Functions of Sleep 

Cardiovascular 

Health 

Hormonal 

Regulation 

Immune 

Function 

Brain 

Health 



1.3 Measurement of Sleep 

In the Sleep Lab At Home 

Actigraphy 

Finger 

Plethysmo- 

graphy 

Ambulatory 

EEG 

Wireless Adhesive 

ECG/sound/resp 

/PTT/SpO2/accel 

Home Sleep 
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1.4 Types and Burden of Sleep Disruption 

Sleep 

Deprivation 

Poor Sleep 

Quality (e.g. 

Fragmentation,  

sleep stage distribution) 

Disrupted 

Sleep 

Physiology  

(e.g. Apnea, 

RLS) 

Circadian 

Rhythm 

Disruption 

(e.g. Shift- 

Work) 

15% of employed Americans report 

getting less than 6 hours a night of sleep 

30-40% of older Americans complain of 

excessive awakenings at night 

~15 million Americans (~10% of 

workforce) are engaged in regular night 

work or rotating shift work 

Up to 5% of middle-aged and 9-17% of 

older American adults has sleep apnea 



The Ontario Sleep Health Study 3200 Adults Aged 35-70 (mean age 58) 

13% with at least moderate sleep apnea 
(80% undiagnosed) 

8% with restless legs syndrome 

13% with difficulty initiating sleep 

64% with difficulty 
maintaining sleep 

38% with excessive 
sleepiness 



Part II: Sleep and Dementia 



Sleep Problems are Common and Have a Huge Impact on Health 

11 

65% of men and 

35% of women aged 

60-85 have SLEEP APNEA 

35-45% of older adults 

report INSOMNIA 

Older adults with SLEEP APNEA 

have 1.5-2.5x the risk of 

DEMENTIA  

INSOMNIA is associated with 1.5x 

the risk of  DEMENTIA 

Older adults SLEEPING <5 

HOURS per night have 2.6x the risk of 

DEMENTIA 
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Hypothetical Framework 

Sleep and Circadian Rhythm 

Disruption 
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Hypothetical Framework 

Molecular, Cellular, Network-

Level Brain Changes 

Sleep and Circadian Rhythm 

Disruption 
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Hypothetical Framework 

Molecular, Cellular, Network-

Level Brain Changes 

Sleep and Circadian Rhythm 

Disruption 
Cognitive, Motor, Functional 

Impairment 
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Hypothetical Framework 

Molecular, Cellular, Network-

Level Brain Changes 

Sleep and Circadian Rhythm 

Disruption 
Cognitive, Motor, Functional 

Impairment 
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Hypothetical Framework 

Sleep and Circadian Rhythm 

Disruption 
Cognitive, Motor, Functional 

Impairment 



Lim et al, Sleep, 2013 (n=737; Rush Memory and Aging Project) 

Sleep fragmentation is associated with a higher risk of incident Alzheimer’s 

disease and more rapid cognitive decline 
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Lim et al, JAMA Neurol, 2013 (n=698; Rush Memory and Aging Project) 

Adults with the APOE e4 genotype are particularly susceptible to the adverse 

effects of sleep fragmentation 
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Lim et al, JAMA Neurol, 2013 (n=698; Rush Memory and Aging Project) 

Adults with the APOE e4 genotype are particularly susceptible to the adverse 

effects of sleep fragmentation 
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Why is this? 
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What Mediates these Associations? 

Molecular, Cellular, Network-

Level Brain Changes 

Sleep and Circadian Rhythm 

Disruption 
Cognitive, Motor, Functional 

Impairment 



Circadian 

Disruption 

Sleep 

Disruption 

Astrocytosis1 
Synaptic 

Dysfunction1,3,4,5 

Neuronal 

Oxidative Stress1,7 

Hippocampal 

Neurogenesis2 

↑Amyloid 

Production12  

↓Interstitial 

Clearance13 

Amyloid15 

BBB10 

Tau16 

Autophagy14 

White Matter11 

Microglia 

and Inflammation8,9 

Brain Effects of Sleep and Circadian Disruption in Model Organisms 

1 Musiek et al, J Clin Invest, 2013 

2 Gibson et al, PLoS One, 2010 

3 Kincheski et al, Brain Behav Immun, 2017 

4 Di Meco et al, Neurobiol Aging, 2014 

5 Arrigoni et al, Eur J Neurosci,  2009 

6 Silva et al, Neuropharmacol, 2014 

7 Zhang and Veasy, J Neurosci, 2014 

8 Bellesi et al, J Neurosci, 2017 

9 Fonken et al, Brain Behav Immun, 2015 

 

 

 

 

 

 

 

 

10 He et al, J Neurosci, 2014 

11 Veasy et al, Sleep, 2013 

12 Cirrito et al, Neuron, 2005 

13 Xie et al, Science, 2013 

14 He et al, Chronobiol Int, 2016 

15 Kang et al, Science, 2009 

16 Rothman. Brain Res, 2013 

 

 

 



What happens in humans? 



Sleep Fragmentation is Accompanied by Focal Brain Atrophy in Older Adults 

Lim et al, Sleep, 2016 (n=141; Memory and Aging Project) 



Sleep fragmentation is accompanied by greater neurofibrillary tangle pathology, 

particularly in APOE e4 carriers 

Lim et al, JAMA Neurol, 2013 (n=201; Rush Memory and Aging Project) 
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Sleep fragmentation is accompanied by greater neurofibrillary tangle pathology, 

particularly in APOE e4 carriers 
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Sleep fragmentation is accompanied by greater neurofibrillary tangle pathology, 

particularly in APOE e4 carriers 

Lim et al, JAMA Neurol, 2013 (n=201; Rush Memory and Aging Project) 
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Sleep fragmentation is accompanied by greater Parkinson disease pathology in 

adults without Parkinson disease 

Sohail et al, Mov Disord, 2017 (n=269; Rush Memory and Aging Project) 

Synuclein 

Distribution 



Sleep fragmentation is accompanied by greater Parkinson disease pathology in 
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Sleep fragmentation is accompanied by greater Parkinson disease pathology in 

adults without Parkinson disease 

Sohail et al, Mov Disord, 2017 (n=269; Rush Memory and Aging Project) 

Nigral Cell 

Loss 

Synuclein 

Distribution 
Pathological 

Diagnosis PD 



Sleep fragmentation is accompanied by a greater burden of arteriolosclerosis 

and subcortical infarcts 

Lim et al, Stroke, 2016 (n=315; Rush Memory and Aging Project) 



Sleep fragmentation is accompanied by a greater burden of arteriolosclerosis 

and subcortical infarcts 

Lim et al, Stroke, 2016 (n=315; Rush Memory and Aging Project) 



Irregular rest-activity rhythms are associated with increased severity of 

arteriolosclerosis 

(Sommer et al, Stroke, 2021: Memory and Aging Project) 



Irregular rest-activity rhythms are associated with increased severity of 

arteriolosclerosis 
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~20k transcripts 

DLPFC 

Gene 1 

Gene 2 

Gene 3 

… 

… 

Gene N 

Gene 1 

Gene 2 

Gene 3 

… 

… 

Gene N 

Gene 1 z-score 

 

Gene 3 z-score 

… 

… 

Gene N z-score 

Humi_Aged 

(Olah et al, Nat Comm, 2018) 
Humi_Aged 

Mean z-score 

Remove 

genes not 

expressed in 

all samples Z-score mean 
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(Galatro et al, Nat Neurosci, 2017) 
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Gene 3 z-score 
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Neuroexpresso 

(Mancarci et al, eNeuro, 2017) 
Neuroexpresso 

Mean z-score 

Remove 

genes not 

expressed in 

all samples Z-score mean 

Sleep fragmentation is associated with microglial transcriptional aging and 

morphological activation 



mid-frontal cortex Inferior temporal cortex 

HLA-DP/DQ/DR IHC 

density density 

mean 
density 

% II/III 
microglia 

Sleep fragmentation is associated with microglial transcriptional aging and 

morphological activation 
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F

Sleep fragmentation is associated with elevated expression of microglial marker 

genes 

(Kaneshwaran et al, Sci Adv, 2019) 
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Sleep fragmentation is specifically associated with elevated expression of genes 

characteristic of aged microglia 

(Kaneshwaran et al, Sci Adv, 2019) 



Sleep fragmentation is also associated with a greater proportion of 

morphologically activated microglia 
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Sleep fragmentation, microglial transcriptional aging, and microglial activation 

are all associated with cognitive impairment 
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(Mean Z−score)
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Expression of Aged Microglia Genes

(Mean Z−score)
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(Kaneshwaran et al, Sci Adv, 2019) 
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Worse sleep fragmentation is associated with greater expression of genes characteristic of reactive 

astrocytes 
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Set 
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This association with activated astrocytes is not accounted for by Dementia associated pathology  

 

Model Covariates Predictor Estimate SE Pval 

A Age+Sex+Education+Technical Sleep  0.13 0.05 9.94E-03 

B A+AD Pathology Sleep  0.14 0.05 6.63E-03 

C A+Lewy Body Pathology Sleep  0.13 0.05 8.33E-03 

D A+Gross Infarcts Sleep  0.13 0.05 8.56E-03 

E A+Micro Infarcts Sleep  0.13 0.05 1.01E-02 

F A+TDP43 Sleep  0.13 0.05 1.14E-02 

G A+Hippocampal Sclerosis Sleep  0.13 0.05 9.90E-03 

H A+All Pathologies Sleep  0.15 0.05 4.37E-03 

Background Methods (Rebecca Wu; Memory and Aging Project; N=408) 



Reactive astrocytes are associated with impaired global cognition 

 

Background Results Methods 
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This association between reactive astrocytes and cognition is not accounted for by Dementia 

associated pathology 

Background Results Discussion Methods 

Model Outcome Covariates Predictor Est SE Pval 

A Cognition Age+Sex+Education+Techni
cal 

Composite Activated 
Astrocytes 

-0.08 0.04 1.81E-02 

B Cognition A+AD Pathology Composite Activated 
Astrocytes 

-0.09 0.03 6.48E-03 

C Cognition A+Lewy Body Pathology Composite Activated 
Astrocytes 

-0.07 0.03 4.23E-02 

D Cognition A+Gross Infarcts Composite Activated 
Astrocytes 

-0.08 0.03 2.01E-02 

E Cognition A+Micro Infarcts Composite Activated 
Astrocytes 

-0.08 0.04 1.74E-02 

F Cognition A+TDP43 Composite Activated 
Astrocytes 

-0.07 0.04 4.12E-02 

G Cognition A+Hippocampal Sclerosis Composite Activated 
Astrocytes 

-0.08 0.03 2.84E-02 

H Cognition A+All Pathologies Composite Activated 
Astrocytes 

-0.06 0.03 3.98E-02 

(Rebecca Wu; Memory and Aging Project; N=408) 
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How might brain pathology affect sleep? 

Molecular, Cellular, Network-

Level Brain Changes 

Sleep and Circadian Rhythm 

Disruption 



Alzheimer’s disease is accompanied by neuron loss in the intermediate 

nucleus of the hypothalamus, which correlates with sleep fragmentation 

Lim et al, Brain, 2014 (n=45; Rush Memory and Aging Project) 



Alzheimer’s disease is accompanied by neuron loss in the intermediate 

nucleus of the hypothalamus, which correlates with sleep fragmentation 

Lim et al, Brain, 2014 (n=45; Rush Memory and Aging Project) 



Alzheimer’s disease is accompanied by neuron loss in the intermediate 

nucleus of the hypothalamus, which correlates with sleep fragmentation 

Lim et al, Brain, 2014 (n=45; Rush Memory and Aging Project) 



Enlarged Perivascular Spaces are Associated with Long Sleep Time in Patients 

with Cerebrovascular Disease  

(Ramirez et al, Sleep Medicine, 2021: ONDRI cohort; n=152) 
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Part III – Managing Sleep Difficulties in Older Adults 



Sleep Problems are Common and Have a Huge Impact on Health 

63 

65% of men and 

35% of women aged 

60-85 have SLEEP APNEA 

35-45% of older adults 

report INSOMNIA 

Older adults with SLEEP APNEA 

have 1.5-2.5x the risk of 

DEMENTIA  

INSOMNIA is associated with 1.5x 

the risk of  DEMENTIA 

Older adults SLEEPING <5 

HOURS per night have 2.6x the risk of 

DEMENTIA 



3.1 Normal Sleep 

The older adult with healthy sleep… 



3.1 Normal Sleep 

..falls asleep easily and stays asleep 
6-9 hours with  

no more than 1-2 awakenings and…. 

The older adult with healthy sleep… 



3.1 Normal Sleep 

..falls asleep easily and stays asleep 
6-9 hours with  

no more than 1-2 awakenings and…. 

…has no trouble staying awake 
during the day even in 

sedentary situations (e.g. TV, 
meetings, passenger in car)  

The older adult with healthy sleep… 



3.1 Keys to Healthy Sleep 



3.1 Keys to Healthy Sleep 

• Establish a relaxing pre-sleep routine 
• Keep a quiet, dark sleep environment 
• Don’t use the bed for anything other than sleep and sex 

• No electronic devices 
• No TV 
• No work 

• Avoid eating in the middle of the night 
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• Get regular moderate exercise 
• Get adequate outside time 
• Avoid excessive napping 
 



3.1 Keys to Healthy Sleep 

• Establish a relaxing pre-sleep routine 
• Keep a quiet, dark sleep environment 
• Don’t use the bed for anything other than sleep and sex 

• No electronic devices 
• No TV 
• No work 

• Avoid eating in the middle of the night 
 

• Get regular moderate exercise 
• Get adequate outside time 
• Avoid excessive napping 
 

• Regularity is key – try to keep the same bedtime, wake time, and mealtimes every day 
 



3.1 Common Pitfalls 



3.1 Common Pitfalls 

• Pre-sleep Melatonin: can be helpful for older adults 
with circadian phase delay (i.e. sleep late and wake up 
late) but actually harmful for those with sleep 
maintenance problems due to circadian phase advance 

 



3.1 Common Pitfalls 

• Pre-sleep Melatonin: can be helpful for older adults 
with circadian phase delay (i.e. sleep late and wake up 
late) but actually harmful for those with sleep 
maintenance problems due to circadian phase advance 

 

• Excessive Morning Light: can be harmful for 
those with sleep maintenance problems due 
to circadian phase advance 

 



3.1 Cardinal Sleep Symptoms 



3.1 Cardinal Sleep Symptoms 

Trouble Falling or Staying 
Asleep 



3.1 Cardinal Sleep Symptoms 

Trouble Falling or Staying 
Asleep 

Excessive Daytime 
Sleepiness 



(Saper and Fuller et al, Curr Opin Neurobiol, 2017) 

3.2 Control of Sleep – Sleep and Wake Nodes 

Wake Promoting Areas 



(Saper and Fuller et al, Curr Opin Neurobiol, 2017) 

3.2 Control of Sleep – Sleep and Wake Nodes 

Wake Promoting Areas Sleep Promoting Areas 



3.2 Control of Sleep – The Core Flip Flop Switch 

Sleep Promoting 

 

VLPO (GABA, Gal) 

MnPO (GABA, Gal) 

PFZ (GABA) 

 

Wake Promoting 

LH (ORX), TMN (Hist, 

Glu), BF (Ach, GABA), 

vPAG (DA), PB (Glu), LC 

(NE), Raphe (5HT), 

PPT/LDT (Ach) 
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3.2 Control of Sleep – The Core Flip Flop Switch 

Sleep Promoting 

 

VLPO (GABA, Gal) 

MnPO (GABA, Gal) 

PFZ (GABA) 

 

Wake Promoting 

LH (ORX), TMN (Hist, 

Glu), BF (Ach, GABA), 

vPAG (DA), PB (Glu), LC 

(NE), Raphe (5HT), 

PPT/LDT (Ach) 

Awake 



3.2 Control of Sleep – The Two Process Model 

Figure from Schmidt et al, 2007 based on model first proposed by Borbely 



3.2 Control of Sleep – Circadian Control 

(Saper, 2005) 



3.2 Control of Sleep – Additional Levels of Control 

Sleep Promoting 
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Circadian Rhythms 
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3.3 Insomnia – Assessment and Management 

Circadian Rhythms 

Homeostatic Factors 

Circulating Factors Circulating Factors 
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3.3 Insomnia – Assessment and Management 

Circadian Rhythms 
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Core Circuit Dysfunction: Cell Loss In 
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ambulation (RLS), snoring, witnessed apneas, 
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Sleep Activation: Systemic 

 

DDx: inflammation;  

Hx: drug history, systemic 

symptoms 

Ix: bloodwork 

Rx: depends on cause 

Core Circuit Dysfunction: Cell Loss In 
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inflammatory (e.g. demyelination), 
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3.5 Summary of Sleep Assessment 

History 
Sleep/Wake Schedule 

 Lights-out, sleep latency, wake time, 

arousals, return latency, naps 

 Light/dark timing 

 Meal and physical activity timing 

 Weekday vs. weekend vs. holiday 

 At home vs. holiday 

Sleep Symptoms 

 Snoring, apneas, gasping, headaches, 

diaphoresis 

 Restless legs 

 Other movements/vocalizations 

 Thoughts/anxieties 

 Nightmares 

 Sleep paralysis / hallucinations / 

cataplexy 

Daytime Sleepiness 

 Naps (short/long); refreshing? 

 Sedentary situation 

 Effect of sleep extension 

 Home vs. holidays 

Other 

 Co-morbidities 

 Psychiatric 

 Medications/Drugs/Alcohol 

 School/work schedule 
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Physical Exam 
Sleep Apnea Risk 

 Body habitus 

 Neck circumference 

 Size of mandible 

 Tonsils / upper airway 

 General cardiac and respiratory exam 

Neurodegeneration 

 Cognition 

 Parkinsonism 

Ocular 

 Cataracts 

 Visual function 
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Investigations 
Sleep Assessments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Imaging 

 If lesion suspected on history/physical 

examination, or specific 

neurodegenerative diagnosis 

Bloodwork 

 Hormonal, others, as indicated by 

history and physical examination 

Actigraphy Ambulatory 

EEG 

Wireless Adhesive 

ECG/sound/resp 

/PTT/SpO2/accel 

Home Sleep 

Apnea Testing 
Polysomngoraphy 



Thank You 
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