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Disclosures

• None 



My Challenge

• Have you worn CPAP???



























Angiopoietin-2 is stored in Weibel-Palade bodies of endothelial cells and released in 

response to hypoxemia

Gao, Sleep 2021;44:zsaa286



Lee, J Clin Invest, 2018;128:5-18

Angiopoietin-2 is a mediator of endothelial inflammation



Angiopoietin-2 level is associated with 

cardiovascular mortality

• In a population study, 1 SD higher serum concentration of Ang-2 was 

associated with a HR of 1.32 (1.18-1.49) for cardiovascular mortality

• In 2 clinical cohorts of patients with acute coronary syndrome, 1 SD 

higher plasma concentration of Ang-2 was associated with HR 1.19 

(1.05-1.35) and 1.56 (1.30-1.88) for 5-year mortality

Hypoxia-related increases in Ang-2 release might contribute to OSA-related 

cardiovascular risk



CPAP eliminates OSA-related hypoxemia – but 

paradoxically increases circulating level of 

angiopoietin-2

Gottlieb, Sleep Med 2022;96:119
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HeartBEAT/BestAIR Discovery Cohort

• 77 participants with OSA and CVD or multiple CVD risk factors from 

HeartBEAT and BestAIR trials

• AHI-3% 30.2 (SD 11.4) on HSAT

• Treatment with CPAP for 3 or 6 months

• CPAP adherence 5.9 (SD 1.4) hours/night

Healthy OSA Replication Cohort

• 11 health-screened patients, no chronic illness except HTN

• AHI-3% 24.5 (SD 29.4) on PSG

• Treatment with CPAP for 4 weeks

• CPAP adherence 5.5 (SD 1.3) hours/night

P=0.007

P=0.0003



Replication Cohort 2

• 83 newly diagnosed OSA patients

• AHI-3% 29.8 (SD 28) on PSG

• Treatment with CPAP for 4 weeks

• CPAP adherence 3.0 (SD 3.1) 

hours/night

• Increase in Ang-2 driven by the adherent 

participants

Shah, Annals ATS 2023;20:1029

Pre-CPAP Post-CPAP

CPAP eliminates OSA-related hypoxemia – but 

paradoxically increases circulating level of 

angiopoietin-2



Why does CPAP increase levels of circulating 

angiopoietin-2?

• CPAP causes a large increase in lung volume 

• 10 cm PAP increases FRC by >1L

• Endothelial cells stretched by 20% rapidly 
increase Ang-2 secretion by 2.7-fold

Craig, Anesthesiology 1972;36:540

Abboud, Anesthesiology 1975;42:138

Andersson, Acta Anesthesiol Scand 2010;55:157

Chang, Clin Sci 2003;104:421



Hypothesis

CPAP-induced lung inflation causes pulmonary vascular inflammation, 

analogous to ventilator-induced lung injury, with release of 

angiopoietin-2

The systemic effects of this inflammation may counter the expected 

benefits of CPAP in reducing intermittent hypoxemia, resulting in null 

findings of randomized clinical trials of CPAP for prevention of 

MACCE



• Patients screened for OSA (AHI >15) following coronary revascularization, 
excluded if ESS >10, randomized to CPAP or usual care

• 190 patients (160 men, 30 women)
• Age 66 (SD 8), BMI 28.4 (SD 3.5), AHI 29.2 (SD 13.4)

• CPAP adherence 3.2 (SD 2.9) hours

• Biomarkers measured at baseline and after 12 months of therapy
• Angiopoietin-2 (endothelial inflammation, angiogenesis)

• VEGF-A (angiogenesis)

Effect of CPAP on Biomarkers of Vascular 

Inflammation - RICCADSA

Peker, EBioMedicine 2024; doi.org/10.1016/j.ebiom.2024.105015

Ang-2

Angiogenesis

Inflammation



Effect of CPAP on Biomarkers of Vascular 

Inflammation - RICCADSA
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P=0.02

Angiopoietin-2, ng/cl VEGF-A, ng/L

P=0.04

Peker, EBioMedicine 2024; doi.org/10.1016/j.ebiom.2024.105015



What is OSA?



~60 yr



Why Is Sleep Apnea So Common?



•Bipedalism

•Vocal language

•Poor olfaction 

•Fewer teeth

•Smaller teeth

•Aspiration

•Collapsible segment



OSA Phenotypes

• Obstructive sleep apnea

• No prominent sleepiness

• Obstructive sleep apnea syndrome

• Significant excessive sleepiness

•  Comorbid insomnia with OSA (COMISA)



OSA Endophenotypes

• Hypoxemic burden

• Other factors that enhance susceptibility to hypoxia, 

sympathetic activity, and sleep fragmentation



AHI

• Each event counts as one

• Duration, desaturation, recovery between

• Individual sensitivities

• Oxygen cycling

• Hypoxia burden

• Diet and TMAO

• Second-hand snoring

• Fragmentation

• Sympathetic tone



Potential Goals In OSA Treatment

• Eliminate snoring

• Reduce hypoxic burden

• Improve sleep continuity and reduce arousals

• Increase daytime alertness



The Agency for Healthcare Research and 

Quality (AHRQ)



• 31 RCTs and NRCTs January 2010 through March 22, 2021

• Inconsistent respiratory event tracking and AHI





Adherence Metrics Variables

• 4 hours per night, 70% of nights

• Part of the 4 hours is awake

• Second half of night AHIs have more apneas and last longer

• Is this 4 out of 4 hours or 4 out of 8 hours?





What Is Our Mission?

• Years of life and life in the years

• Longevity and health





5 astronauts and 77 PSGs

Before, during and after space flight

-Mandibular neutrality

-No gravitation effects on tongue

-No gravitation effects on viscera 

-No fluids shifts



Mandibular Movement

• Protrusion and retraction

• Opening



Simple Mechanics

• Limit salt and fluids three hours before bed

• Prop up legs half hour

• Walk or exercise legs before sleep

• Sidelying position with reinforcement

• Supine to lateral, the retroglossal space increased by about 50%

• Head of the bed up about 4 inches











Three Pharmacologic Treatments For OSA

• Atomoxetine-Oxybutynin

• Etanercept

• Tirzepatide











Prevalence of Self-Reported Obesity Among U.S. Adults by State 

and Territory, BRFSS, 2011
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by State 

and Territory, BRFSS, 2012
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by State 

and Territory, BRFSS, 2013
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by State 

and Territory, BRFSS, 2014
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by State 

and Territory, BRFSS, 2015
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2016
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2017
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2018
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2019
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2020
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Self-Reported Obesity Among U.S. Adults by 

State and Territory, BRFSS, 2021
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.



Prevalence of Obesity Based on Self-Reported Weight and Height 

Among US Adults by State and Territory, BRFSS, 2022

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.

¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.



Prevalence of Obesity Based on Self-Reported Weight and Height 

Among US Adults by State and Territory, BRFSS, 2023
¶ Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates should not be 

compared to prevalence estimates before 2011.

*Sample size <50, the relative standard error (dividing the standard error by the prevalence) ≥30%, 
or no data in a specific year.





2009 Best Seller

FDA Commissioner

Addictionology

Researcher











• NIHNiH: How do ultra-processed foods resemble addictive drugs?

• A lot of times, people are motivated to consume ultra-processed foods excessively not because they need calories, 
but because they’re looking to change their mood, get a hit of pleasure, feel less stressed, or reduce their feelings of 
boredom. And the ingredients that are elevated in ultra-processed foods—refined carbs like sugar, added fats—activate 
reward centers of the brain in ways that appear to be similar to something like nicotine or alcohol.

•
• NIHNiH: What about ultra-processed foods makes you think they might be addictive, like drugs?

• When you look at highly addictive drugs, they’re nearly all human-made or at least human-refined. There is no 
cigarette tree, there is no wine river. We take a leaf, we take a plant, we take a potato, and we alter it, process it, and refine 
it in a way that rapidly delivers these reinforcing ingredients into the brain.

•  

• NIHNiH: What would your advice be to people who are trying to eat better?

• Right now, we’re kind of like, “just eat these foods in moderation.” And for the people for whom consumption of 
these foods has become compulsive, it’s like telling people with alcohol use disorder to just find a way to drink in 
moderation. Especially in a food environment like ours, where you’re constantly being triggered and cued.





Dual glucose-dependent insulinotropic polypeptide (GIP) and 
glucagon-like peptide-1 (GLP-1) receptor agonist



Downside of Care Fragmentation

• Cost

• Hassle

• Delay in care due to appointment delays

• Cross communication

• Misinformation and contradiction

• Opportunity for sleep or health coaches

 lifestyle medicine collaboration





Which Diets Improve Health?

• Ornish

• Mediterranean

• Mind

• Whole Food Plant Based

• Dash







A Note on Sleep Insufficiency







Immediate Gratification



Takeaways

• Obstructive sleep apnea is a “systemic disease”

• CPAP reduces sleepiness and snoring

• CPAP is effective but can have adverse effects

• Lifestyle changes are paramount
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