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Insulin

“A study of metabolism in severe diabetes”

EE 20% higher 

than expected 
in T1DM
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Insulin

Increased energy expenditure in poorly controlled type 1 

(insulin-dependent) diabetic patients
1984
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Insulin
reduced EE 

by ~20%
EE



Insulin

PMID: 1451954

Factors associated with basal metabolic in 

patients with type 2 diabetes mellitus

“Basal metabolic 

rate…

decreased 

significantly with 

insulin therapy.”

Insulin
reduces EEEE



WAT BAT

Insulin



store burn

WAT BAT

http://diabetes.diabetesjournals.org/content/62/6/1783

http://www.kewlfit.com/Research.htm

Improved insulin sensitivity

Protection against obesity

Insulin



BAT

Fuel work coupled

uncoupledFuel

“use only what the 

cell needs”

“use it all for heat”

http://diabetes.diabetesjournals.org/content/58/7/1526.short
http://www.nejm.org/doi/full/10.1056/NEJMoa0808949#t=abstract

http://www.nature.com/nrd/journal/v9/n6/abs/nrd3138.html

WAT BAT



http://dev.biologists.org/content/140/19/3939

WAT

~150µm BAT ~10µm



WAT BAT
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III IV ATP
Synthase
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The futile cycle increases heat production

Fuel work coupled

uncoupledFuel

“use only what the 

cell needs”

“use it all for heat”

work



http://diabetes.diabetesjournals.org/content/62/6/1783

http://www.kewlfit.com/Research.htm

Brown Adipose



Fat

Insulin

Insulin

Ketones

What are ketones?

Glucose



Insulin Ketone



What happens if we increase insulin?

Insulin Ketone



study design

Insulin Insulin



Insulin

Insulin lowered 
metabolic rate
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WAT BAT

Insulin selectively 
increased fat 
mass



Insulin
Insulin selectively increased 
mitochondrial coupling in 

subQ and BAT



Use

Store

WAT BAT

Insulin



Insulin Ketone

What happens if we increase ketones?



Study Design

Ketone



Ketone

3T3-L1 Adipocytes

Ketones increased 

mitochondrial 

uncoupling



SubQ adipose from rodents fed a ketogenic diet

Ketone

Ketogenic diet 

increased uncoupling

Did not happen in visceral adipose!



Ketone
Adipose

Biopsy

SubQ adipose from humans following a standard or a ketogenic diet



Ketone
Adipose

Biopsy
Ketogenic diet 

associated with 

increased uncoupling



Insulin

Ketones

Diet highest in 

carbohydrates had lowest 

adipose metabolic rate



Insulin

Ketones

Ketosis



5% of BW

~80% REE

~24% of BW

~6% REE

Does this even 

matter in real life??
Ketone

~12% REE?



Muscle
Ketone

Does this happen 

in every tissue?



Ketone

Ketones have no 
effect on coupling
Ketones reduce 
oxidative stress

Muscle 

Cells




