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The Earth Has Rhythm

Organisms have 
evolved to keep 

time with the 
earth’s light and 

dark cycle.

Circadian clocks 
allow organisms 

to predict sunrise 
and sunset.



Why did organisms evolve timekeeping?

Protect fragile DNA 
from sun’s UV rays?

Hypothesis B:
one clock evolved -
to reduce oxygen 
damage to cells

Hypothesis A: 
multiple circadian 

clock systems 
evolved 

independently



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 rhythm



Eating

Exercising

Thinking

Working

• Fasting

• Release of 

hormones

• Immune system 

activity 

• Resting

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



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.



Zelinski, E. L. et al (2014) Neuroscience and Biobehavioral Reviews 40:80–101

“The diagram provides examples of how 
circadian disruption negatively impacts the 
brain and the digestive, cardiovascular, and 
reproductive systems. 

Though the diagram displays unidirectional 
affects, there are various feedback loops 
that exist within the system and interactions 
that occur between these systems.”

Circadian disruption affect multiple organ systems:



Obesity and the circadian clock disruption

Daniel Dubois, Vanderbilt University

Obesity

Diabetes

Heart 
disease

Disrupted 
circadian clock 

increases risk of:

It’s not only what you eat but when you eat!

Shi, S-H. et. al. (2013) Current Biology 23, 372–381



Insulin sensitivity follows circadian clock:

Other than being nocturnal, mice 
and men have the same molecular 
mechanisms underlying circadian 

rhythm

Insulin action follows a 24 
hour clock

Tissue is resistant to insulin during the 
fasting phase (night time) and sensitive 
to insulin during the active phase (day 

time).

During inactive phase
glucose is converted to fat.

During active phase 
glucose is used for energy 
and other tissue building

Shi, S-H. et. al. (2013) Current Biology 23, 372–381

No thanks.  I read 
somewhere that late daytime 

snacking can be bad for 
your health.



What happens to insulin when the circadian clock is disrupted?

Knock out mice (Bmal1 -/-):

Disrupt circadian 
clock proteins

Disrupt circadian rhythm

Lights on all day 
and night

Two approaches:

A B

24/7 insulin resistant mode 
(similar to inactive/fasting phase)

Wild type 
mice

gained more weight, added more fat
Shi, S-H. et. al. (2013) Current Biology 23, 372–381



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.



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  201



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



Glucose uptake in muscle is dependent on the circadian rhythm.

Insulin-sensitivity is 
dependent on the 
peripheral clock in 

muscle cells. 



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); 





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



• Alzheimer examined Auguste
D.’s brain.

• Discovered plaques and tangles.
• At the time it was thought that 

dementia was normal aging.

insight: 
dementia 
is physical

Auguste showed signs of dementia 
such as: 

Loss of memory
Delusions

Temporary vegetative states

Sleep disturbances:
Trouble sleeping

“drag sheets across the house and 
scream for hours in the middle of 

the night.”

http://en.wikipedia.org/wiki/Auguste_Deter

• Case of Auguste D., 50 year old 
woman in Germany - 1906

• Her disruptive behavior 
prompted her husband to see Dr. 
Alois Alzheimer.

dementia appeared before she was 
50 years old



• Early onset familial Alzheimer 
disease – symptoms can start in 
30’s, 40’s or 50’s 

eFAD

• Dominant genetic trait
• One parent had eFAD
• Siblings: 50%

family

• eFAD and late-onset AD is 
essentially has the same clinical 
phenotype – however, they may 
have different etiologies.

same, 
(mostly)

200,000
is the number 

of people with 
AD who are 

younger than 
65.

http://www.alz.org/national/documents/topicsheet_alzdisease.pdf

“accounts for 
less than 1 

percent of the 
27 million 

Alzheimer’s 
cases 

worldwide 
documented in 

2006”

http://www.alz.org/national/documents/topicsheet_alzdisease.pdf
http://www.alz.org/national/documents/topicsheet_alzdisease.pdf


eFAD
late 

onset 
familial

EOAD
sporadic

late 
onset 

sporadic

early onset late onset

ge
ne

ti
c

sp
or

ad
ic

60 years

 eFAD is the 
consequence of 
mutated genes.

 Late-onset disease is 
more likely due to a 
gradual accumulation 
of age-related 
malfunctions. 

Brickell, K. L. et al Arch Neurol. 2006;63(9):1307-1311

95% 



autosomal dominant forms (eFAD)

amyloid
precursor 
protein
(APP)

Chromosome 
21

presenilin-1
(PS1)

Chromosome 
14

presenilin-2

(PS2)
Chromosome 

1

Accounts for most eFAD

these are 
deterministic 

mutations

Brickell, K. L. et al Arch Neurol. 2006;63(9):1307-1311



12 to 15 fold increase risk for AD with 
two copies of ApoE4

Not autosomal
dominant
(ApoE)
ApoE4

ApoE4 is thought 
to lower the age 

of onset by a 
decade

these are genetic 

risk factors

Brickell, K. L. et al Arch Neurol. 2006;63(9):1307-1311

Note: 
Amyloid-B is 
cleared from the 
brain by attaching 
to ApoE.  If it is 
not attached it 
can become toxic 
to the brain  



what increases the risk of 95% of the LOAD?

amyloid 
cascade 

hypothesis

peptides generated 
from APP (amyloid 
precursor protein) 

cause AD

so, reducing the 
generation or 

accumulation will 
treat the disease 

diet 
hypothesis

1997 William Grant-
correlated food 

consumption with AD 
worldwide

found positive 
correlation between 

total calories and 
total fat in the 

incidence of AD.

Grant, W. (1995) Alzheimer’s Disease Review 2, 42-55



• eFAD
• Test drugs before symptomslessons

• Many recent drug candidates have failed in trials. 
• Perhaps because the drugs were given too late.drugs
• When a person loses their memory – it is too late.
• The disease has been present for a long time by the 

time there are symptoms.memory

• Preventative or delay strategies.lifestyle



• 5 – 20 years before diagnosis of 
Alzheimer’s dementia

• damages synapses

Amyloid
accretion

• 1 – 5 years before diagnosis
• Tau protein detaches from the 

microtubules.

Tau 
buildup

• 1 – 3 years before diagnosis
• Cell death shrinks the brain.

Brain 
shinkage



Amyloid Accretion
5–20 years before diagnosis of 

Alzheimer’s dementia

Amyloid-beta plaques

neuron

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



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

Amyloid-beta plaquesAmyloid blocks neurotransmitters from reaching the 
post-synaptic receptors



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.

Baseline

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

24 months



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

Neuron

Disintegrating microtuble

Microtubules
held together
by tau 
proteins

Toxic tangles 
formed by 
tau

Enzyme 
adding 
phosphate 
groups to tau



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

Healthy brain Alzheimer’s brain

Hippocampus Extreme
shrinkage of
hippocampus



cascade to AD

• plaques and tangles
• interact with inflammatory cells in a way that the accumulated 

plaques and tangles trigger diffuse brain toxicity and neuronal 
death.

• Measuring amyloid can predict problems even before any 
mild cognitive impairment (MCI).

• The cognitive decline seems to be triggered when tau 
protein increases.

• long symptomless amyloid buildup, tau takeover, 
inflammation and neuron destruction – boom AD.



High carbohydrate intake worsens cognitive 
performance and behavior in patients with 

Alzheimer’s disease.
Henderson, 2004



ApoE4 protein alters lipid 
metabolism in a manner 
similar to high 
carbohydrate diets.

Recall, increased risk for LOAD with ApoE4 allele. 
Why?

Henderson, 2004

Prolonged excessive 
insulin/IGF signaling 
is toxic to neurons.



with T2D 2x risk of AD
• Patients on insulin therapy 4x risk for AD
• Insulin degrading Enzyme (IDE)  clears out insulin in the brain
• IDE also clears out excess amyloid (in vitro)
• Therefore –insulin resistance in periphery has an effect centrally and it 

appears that there might not enough IDE to clear out amyloid-B
• Mice without IDE get dementia
• Elderly people get increased amyloid in CSB when insulin is injected into 

their veins
• AD is the cause of dementia in 82-91% of T2D – greater than the general 

population
• Genetic predisposition (ApoE4 allele) for Alzheimer’s have decreased 

expression of IDE in the hippocampus.
• Combination of the genetic predisposition to Alzheimer’s (carrying the ApoE4 

allele) and diabetes could put one at higher risk.



Interaction Between 
Circadian Rhythm  & 
Metabolic Function

figure: Todd Churin



Shiftwork

Night time light 
exposure

Decreased 
melatonin

Heart disease
Premature aging

Cancer

Night time eating

Heightened preference/consumption of 
high fat/sugar diet

Decreased 
clearance of 

reactive oxygen 
species

Altered 5HT 
signaling 

leading to 
mood 

disorders, 
depression, 
irritability

Metabolism in “resting” state at night

Increased adiposity Insulin insensitivity

Obesity
Stroke

Diabetes
Heart disease

Increased Body Mass Index

Altered 
leptin/ghrelin 

signaling

SCN

Pancreas, Liver, 
Adipose tissue

Hypothalamic 
nuclei

Figure adapted from:  Zelinski, E. L. et al (2014) Neuroscience and Biobehavioral Reviews 40:80–101

jet lag syndrome, too



Signature Hypometabolism in AD

“AD patients show regional metabolic reductions involving 
the parieto-temporal and posterior cingulate cortices, and 
the frontal areas in advanced disease.”

Mosconi, L. et al (2007)



Hypometabolism: Decline in glucose metabolism

Early feature of AD –
region specific decline 
in glucose metabolism 

Reduction of glucose 
metabolism 
reduction in function



The circa dia n clock  ha s a  profound effect on the 
phy siology  a nd beha vior of orga nisms. 



The circa dia n clock  ha s a  profound effect on the 
phy siology  a nd beha vior of orga nisms. 

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



Figure: Eiko Ojala, NYT

This is what really 
happens in your brain 

when you sleep. 





https://www.youtube.com/watch?v=ci5NMscKJws

https://www.youtube.com/watch?v=ci5NMscKJws
https://www.youtube.com/watch?v=ci5NMscKJws


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?



What would happen 
if you got one more 

hour of sleep?



Go to this website 
and read the article. 

http://www.bbc.com/news/magazine-24444634

http://www.bbc.com/news/magazine-24444634
http://www.bbc.com/news/magazine-24444634
http://www.bbc.com/news/magazine-24444634
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