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“Sleep is the golden

chain that ties health
and our bodies
together.”

Thomas Dekker
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Department of Cognitive Science,

University of California, San Diego




First, then, this much is clear, that waking and sleep
appertain to the same part of an animal, inasmuch as they

% 4 areopposites, and sleep is evidently a privation of waking.
Aristotle
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and a heritage from our cave days.’




Margaret Thatcher

“Sleep is for wimps!™

1980’s




‘Every important
mistake I've made in

my life, 've made
because | was too tired.’
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Sleep deprived bees cannot
communicate the direction of the food
source when they are sleep deprived.

Sleep deprivation impairs precision of waggle dance
signaling in honey bees

Barrett A. Klein®', Arno Klein®, Margaret K. Wray*, Ulrich G. Mueller®, and Thomas D. Seeley®




Sleep deprivation has
been indicated as a cause in 7.8 percent of all
the Air Force's Class A mishaps (Luna, 2003).
Disasters such as Chernobyl, Three Mile Island,
Davis-Besse, and Rancho Seco all occurred in
the early moming (2:00 a.m. to 4:00 a.m.), a time
when sleep deprivation effects are especially

powerful, and all involved errors made by peo-
ple working in groups (Harrison & Horne, 2000).
Furthermore, sleep loss was specifically cited as
eacher on Board as Challenger Blows Up on Lifto a factor that contributed to the collective human
) Flights Pending & Probe error and poor judgment related to the Space
o Shuttle Challenger disaster (Presidential Com-

mission on Space Shuttle Challenger Accident,

1986)
' SLEEP DEPRIVATION AND DECISION-MAKING CHRISTOPHER M. BARNES
¢ Academy of Management Review TEAMS: BURNING THE MIDNIGHT OIL OR JOHN R. HOLLENBECK

2009, Vol. 34, No. 1, 56-66. PLAYING WITH FIRE? Michigan State University



One Silicon Valley startup
that encouraged its
employees to think about
work 24/7 found they
missed market signals,
tanked deals and became
too irritable to build crucial

working relationships.

https://www.npr.org/sections/health-shots/2016/04/26/475287202/many-grouchy-error-prone-workers-just-need-more-sleep
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Moderate sleep deprivation produces impairments
Occup Environ Med 2000;57:649-655  in cognitive and motor performance equivalent to A M Williamson, Anne-Marie Feyer
legally prescribed levels of alcohol intoxication







Sleep is important; our bodies demand it.






melatonin

Sleep wake cycle is regulated by the circadian system.
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Sleep wake cycle is regulated by the circadian system.
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Our metabolic clocks are based on the diurnal rhythm — it is in our genes.




7 day timelapse recording

Video: J. Takahashi (2013) https://www.youtube.com/watch?v=o0cqn3wYTCRM#
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Shift workers are more prone to developing metabolic disorders

Alcoholic
liver disease

Higher
incidence of

N

0 Diabetes T . .
40% more AREEES TYPE Higher risk
likely to have: [l

cardiovascular of cancer

— melatonin
disruption

disease

Puttonen S, Harma M, Hublin C.Scand J Work Environ Health. 2010 Mar; 36(2):96-108. Epub 2010 Jan 20.
The Health Survey for England (2013);
Davis S, Mirick DK.Cancer Causes Control. 2006 May; 17(4):539-45.




Food can be a
zeitgeber for
the gut.
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ZEitge ber absorb nutrients are dependent on

the time of day.

intestinal activity and its ability to

SCN is not the only clock in the body
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Cellular response to
INSULIN is dependent

on the circadian cycle. ©

Johnston, J. (2014) Nutrition Research Reviews, 27, 107-118

Time of eating has a huge effect on the liver and insulin efficacy




Insulin-sensitivity is
dependent on the

peripheral clock in muscle
cells.

Johnston, J. (2014) Nutrition Research Reviews, 27, 107-118

Glucose uptake in muscle is dependent on the circadian rhythm.



glycogen glucose
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Insulin stimulates the

liver to remove glucose from
the blood and stores it as

glycogen

Beta cells release INSULIN

Tissues take
up glucose
from blood

hlgh blood glucose

Lowers

glucose
levels in
blood




Glucagon stimulates the conversion
of stored glycogen in the liver into

glucose.
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Increases

glucose levels in
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Alpha cells release
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When you eat
sugar determines
how your body
will respond




Insulin activates insulin
receptors in the brain - affects
feeding behaviors, reward, body
metabolism, normal emotion &

cognitive behaviors.

insulin receptors are found throughout the
brain — cortex, midbrain and hypothalamus.




@ The risk of developing

Alzheimer's disease is
increased by 50 percent
in people with diabetes.

OOO

Craft, S. Nat. Rev. Neurol. 8, 360-362 (2012);

Diabetes is a risk factor for dementia
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Talbot, K. et al. J. Clin. Invest. 122, 1316-1338 (2012).



Amyl Old e 5 — 20 years before diagnosis of Alzheiff&
dementia .

accretion [ damages synapses

Tau e 1 -5 years before diagnosis i
bU | |d U p e Tau protein detaches from the microt\ e

Brain e 1 -3 years before diagnosis
Sh | N kage e Cell death shrinks the brain.







Amyloid blocks neurotransmitters from reaching the post- Amyloid-beta plaques




Baseline 24 months
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PET scans show increasing retention in the brain’s frontal lobes of
the amyloid-beta tracer Pittsburg imaging compound-B (PIB) over
the course of two years in a 74-year-old, even while the subject

remained cognitively normal.

Scientific American (June 2010)
Alzheimer’s: Forestalling the Darkness




Disintegrating microtuble

Scientific American (June 2010)
Alzheimer’s: Forestalling the Darkness

Enzyme

adding

phosphate

groups to tau Toxic tangles

Microtubules formed by

held together
by tau
proteins




Healthy brain Alzheimer’s brain

Extreme
shrinkage of
hippocampus

Hippocampus

Scientific American (June 2010)
Alzheimer’s: Forestalling the Darkness
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Medical Hypotheses (2004) 62, 689700
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http: //intl.elsevierhealth.com/journals/mehy

High carbohydrate diets and Alzheimer’s disease

Samuel T. Henderson’

High carbohydrate intake worsens cognitive
performance and behavior in patients with
Alzheimer’s disease.

o/

Henderson, 2004



Hypometabolism:

Decline 1n glucose metabolism

Early feature of AD — Reduction of glucose
region specific decline in metabolism = reduction
glucose metabolism in function




, The circadian clock has a';)‘rofpund effectonthe . :

T physiology and behavior of organisms.
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function

? The circadian clock has o?frof__ound effect on the -
A physiology and behavior of organisms.



A Single Night of Partial Sleep Deprivation Induces
Insulin Resistance in Multiple Metabolic Pathways in

Healthy Subjects

Esther Donga, Marieke van Dijk, J. Gert van Dijk, Nienke R. Biermasz,
Gert-Jan Lammers, Klaas W. van Kralingen, Eleonara P. M. Corssmit,
and Johannes A. Romijn

Departments of Endocrinology and Metabolic Diseases (E.D., M.v.D., N.R.B., E.P.M.C., J.AR.), Neurology (J.G.v.D.,
G.-J.L.), and Pulmonology (K.W.v.K.), Leiden University Medical Center, 2300 RC Leiden, The Netherlands

the effect of a single night of
partial sleep on insulin
sensitivity

Donga, E., et al. (2010) J Clin Endocrinol Metab 95: 2963-2968
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This 1s what really
happens in your brain
Figure: Eiko Ojala, NYT When yOU Sleep.



Sleep Drives Metabolite Clearance
from the Adult Brain

Lulu Xie,™* Hongyi Kang,'* Qiw ael ). Chen,* Yonghond Liao,"
Meenaksh'\sundaram Thiya jan," iy paniel J. Chrisler\sen,l Charles 1\Iﬁ(hols.on,Z
Jeffrey }- \liff,* Takahiro Takano, Nedergaard‘1

The conservation of sleep across all animal species suggests that sleep serves @ vital function.
We here report that sleep has @ critical function in ensurng metabolic homeostasis- Using
real-time assessments of \euamelhylammomum diffusion and two-photon imaging N live mice,
we show that natural steep Of anesthesia aré associated with a 60% increase N the interstitial
space, resulting 1n @ striking increase in convective exchange of ce(ebrospinak fluid with interstitia
fluid. In turn, convective of interstitial fluid increased the rate of g-amyloid clearance
during sleep- Thus, the restorative function of sleep may be a consequence of the enhanced
removal of uolenuauy neurotoxic waste products that accumulate 1n the awake central nervous
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Average Number of
Hours of Sleep per Night

Are you
getting
\ enough sleep?

Gen Psychiatry;
995), Sleep in America;
Or Health Statistics (1984 & 2004) Morb Mortal Wkly Rep Zﬁ



Sleep and circadian timing system

REM sleep
Non-REM sleep
Circadian timing system

Interacting factors that modulate sleep
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Adapted from: Nature Neuroscience Reviews




Imagine the
benefits that would
awalt you If you got

one more hour of
sleep?







