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OSA in a Nutshell
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3Bonsignore MR. et al, ERJ 2012

OSA is a Metabolic Disease



Gileles-Hillel A. et al, Nature Reviews: Endocrinology 2016



Fat is Bad



Armani A et al; The FASEB Journal 2017 



Diabetes. 2009

Let talk about Fat



Bartelt, A. & Heeren, J. (2013) Nat. Rev. Endocrinol. 

Ussar et al (2014) Sci Tran Med
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β3-adrenergic activation 

iWAT iBAT

Bartelt, A. & Heeren, J. (2013) Nat. Rev. Endocrinol. 



Contributions of browning to 
systemic nutrient handling

Bartelt, A. & Heeren, J. (2013) Nat. Rev. Endocrinol. 



Is Hypoxia to Blame for Bad Fat?



Figure 2. Example of the effects of hypoxia on the secretion of key adipokines by human adipocytes in cell culture. The data are derived from studies in which adipocytes were 

incubated in either 21% or 1% O2 for 24 h (54, 188). The results are means ± SE (bars; 6 observations per group), and for each adipokine, the difference between the hypoxic 

and control cells is statistically significant (P < 0.01 or better).

Paul Trayhurn; Physiological Reviews 2013



Yes and No

Is Hypoxia to Blame for Bad Fat?



Let’s take a look at the data
* Gileles-Hillel. et al. Prolonged Exposures to Intermittent Hypoxia Promote vWAT Inflammation,  Sleep 2017

* Gozal, Gileles-Hillel, Cortese, et al.: Hypoxia and Adipose Tissue AJRCMB 2017

* Gileles-Hillel (under preparation)



Am J Physiol Regul Integr Comp Physiol. 2012



Intermittent HypoxiaRoom AirSustained Hypoxia

• 8-week old male C57BL/6J mice were exposed to IH (FIO2 6.1% alternating 21% every 90s, mean

FIO2 ~8% for 12-hr/day during the light period), to SH (FIO2 8%) or to room air (RA) for 20 weeks.



Results
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Insulin Sensitivity



Structure
IH RA SH



Vascularity in vWAT



What does actually happen in the fat?



HIF1-α



HIF1-α



HIF1-α
RAIH SH



Further on BAT



m
g
/g

r 
b
o
d
y
 w

e
ig

h
t

0

1

2

3

4

5

RA      IH  SH

**

  ***

iBAT Amount



Vascularity in iBAT

IH RA SH



White or Brown?



Mitochondria in iBAT
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What is happening here?



Ding H et al, Nature Communications 2016



What about the UCPs?
Decreased UCP2 expression 
has been associated with 
increased risk of obesity, 
decreased insulin level, and 
type 2 diabetes in humans 

Donadelli, M., Dando, I., Fiorini, C. et al. Cell. Mol. Life Sci. (2014)



Back to Tibet

Peacock A, BMJ. 1998



James A. Horscroft et al. PNAS 2017

lower fatty acid β-oxidation and improved mitochondrial coupling 

compared with Lowlanders, with a possible compensatory 

increase in fatty acid ω-oxidation

Muscle energetics and oxidative stress
in Highland Dwellers
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