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Think in the morning. 
Act in the noon. 
Eat in the evening. 
Sleep in the night.

William Blake

1700’s1500’s

First, then, this much is clear, that waking and sleep
appertain to the same part of an animal, inasmuch as they
are opposites, and sleep is evidently a privation of waking.

Aristotle

350 B.C.

Sleep dwell upon thine 
eyes, peace in thy breast!
Would I were sleep and 
peace, so sweet to rest.

Shakespeare



1800’s

Photos: Henry Ford Museum

Thomas Edison

“We are always hearing people talk about 
‘loss of sleep’ as a calamity. They better call 
it loss of time, vitality and opportunities.”



1980’s

Margaret Thatcher

“Sleep is for wimps!”



1990’s

Bill Clinton

"Every important 
mistake I've made in 

my life, I've made 
because I was too tired."



Sleep deprived bees cannot 
communicate the direction of the food 
source when they are sleep deprived.





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



https://www.nytimes.com/2018/08/13/well/an-underappreciated-key-to-college-success-sleep.html

https://www.nytimes.com/2018/08/13/well/an-underappreciated-key-to-college-success-sleep.html






I would squander my days soaking up the “college experience” 

(details spared) and spend all-nighters cramming, only to find 

myself wandering through a suffocating mire of brain fog as I 

walked into my exam the next morning. 

“ For me, nothing captures the idea of sleep debt quite like my years as a 
college student. In a story that repeated itself weekly, if not daily,… 

Research has supported what I learned firsthand: that sleeping too little (or not at all) can 

inhibit your productivity and ability to remember and consolidate information.”
Brian Kim, MD, MShttp://www.myhousecallmd.com/bq365-weeks-3-5-the-science-sleep/





http://www.online-clockalarm.com/facts/the-worlds-record-for-the-longest-sleep-deprivation-period-is-11-days





Cheri D. Mah, Kenneth E. Mah, Eric J. Kezirian, William C. Dement; The Effects of Sleep Extension on the Athletic Performance of Collegiate Basketball Players, Sleep, Volume 34, Issue 7, 1 July 2011











Sleep is important; our bodies demand it.





Sleep wake cycle is regulated by the circadian system.



Superchiasmatic Nucleus in the brain 
is the “master clock” used to 

coordinate and synchronize
most of the body clocks in the 

periphery. 





If the sleep wake cycle is disrupted it can cause metabolic dysregulation

metabolic disruption

weight gain, obesity

impaired immunity

cognitive malfunction

Shift work
Jet lag

Sleep disorders
Poor sleep hygiene

“All-nighters”



harvests 
energyrepairs DNA

Cyanobacteria is a photoautotropic organism that has a self-sustained circadian rhythmSleep wake cycle is regulated by the circadian system.



• Fasting

• Release of 

hormones

• Immune system 

activity 

• Resting

Our metabolic clocks are based on the diurnal rhythm – it is in our genes.

Eating

Exercising

Thinking

Working

(GIF: DOUG CHAYKA)



Video: J. Takahashi (2013) https://www.youtube.com/watch?v=ocqn3wYTCRM#



J. Takahashi (2013)

Day in the life of a cell 0-24 hours



Data from: David Welsh; Video: J. Takahashi (2013) https://www.youtube.com/watch?v=ocqn3wYTCRM#



One week of insufficient 

sleep alters gene 
expression in human blood 

cells.

Intensifies the effects of 
subsequent total sleep loss on 

gene expression

Immune and stress response



40% more 
likely to have: 

cardiovascular 
disease

Higher 
incidence of
Diabetes Type 

II Higher risk 
of cancer 
– melatonin 

disruption

Shift workers are more prone to developing metabolic disorders

Puttonen S, Härmä 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.

Alcoholic 
liver disease



Adapted from: Nature Neuroscience Reviews



Summa, K. C., et al. (2013) PLoS One 8 (6) e67102



SCN is not the only clock in the body

zeitgeber
intestinal activity and its ability to 

absorb nutrients are dependent on 
the time of day. 

Food can be a 
zeitgeber for 

the gut.



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

FAT

GLUCOSE

Cellular response to 
INSULIN is dependent 
on the circadian cycle.

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



Glucose uptake in muscle is dependent on the circadian rhythm.

Insulin-sensitivity is 
dependent on the 

peripheral clock in muscle 
cells. 

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



high blood glucose

Beta cells release INSULIN
Insulin stimulates the 
liver to remove glucose from 
the blood and stores it as 

glycogen
Tissues take 
up glucose 
from blood

Lowers 
glucose 
levels in 

blood

glucoseglycogen

Figure adapted from Kaidanovich-Beilin, O. et al  2012



low blood glucose

Alpha cells release 
GLUCAGON

Glucagon stimulates the conversion 
of stored glycogen in the liver into 
glucose.

Increases 
glucose levels in 

blood

glucoseglycogen

Figure adapted from Kaidanovich-Beilin, O. et al  2012



When you eat 
sugar determines 

how your body 
will respond

Gif: JOHN KUCZALA



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.



Diabetes is a risk factor for dementia

The risk of developing 
Alzheimer's disease is 

increased by 50 percent 
in people with diabetes.

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



PRIVATE COLLECTION/JAMES GOODMAN GALLERY, NEW YORK/BRIDGEMAN ART LIBRARY



Talbot, K. et al. J. Clin. Invest. 122, 1316–1338 (2012).



The circadian clock has a profound effect on the 
physiology and behavior of organisms. 



The circadian clock has a profound effect on the 
physiology and behavior of organisms. 

sleep

mood

metabolism

circulation

respiration

cognitive 
function

24 hours



Donga, E., et al. (2010) J Clin Endocrinol Metab 95: 2963-2968

the effect of a single night of 
partial sleep on insulin 

sensitivity



Average Number of 
Hours of Sleep per Night 

Kripke, D et al (1979) Arch Gen Psychiatry;
Gallup Organization (1995), Sleep in America; 
National Center for Health Statistics (1984 & 2004) Morb Mortal Wkly Rep 2005

Are you 
getting 

enough sleep?



Adapted from: Nature Neuroscience Reviews



Imagine the 
benefits that would 
await you if you got 
one more hour of 

sleep?
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