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Outline

• Prevalence of sleep-breathing disorders across   
the globe

• Established complications of obstructive sleep 
apnea

• Treatment outcomes and risk reduction
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Prevalence of Sleep-disordered Breathing
Study Type of Study Country Number Age Sex AHI ≥ 5/h AHI ≥ 15/h

Wisconsin Cohort,
1988

Population-
based

USA 602 30-60 M
F

24%
9%

9%
4%

Olson et al., 1995 Population-
based

Australia 441 35-69 M
F

78%
57%

26%
8%

Duran et al., 2001 Population-
based

Spain 555 30-70 M
F

26%
28%

14%
7%

Sleep Heart Health, 
1999

Population-
based

USA 1824 ≥40 All 51% 22%

Monica II Cohort, 2008 Population-
based

Poland 676 ≥30 M
F

37%
19%

n.a.
n.a.

Kim et al., 2004 Population-
based

Korea 457 40-69 M
F

27%
17%

10%
7%

Tufik et al., 2010 Population-
based

Brazil 1042 20-80 M
F

47%
31%

255
10%

Sforza et al., 2011 Population-
based

France 641 >65 M
F

n.a.
n.a.

67%
51%

Heinzer et al., 2015 Population-
based

Swiss 2121 40-85 M
F

84%
61%

50%
23%

Arnardottir et al., 2016 Population-
based

Iceland 400 42-66 M
F

52%
31%

23%
10%

Tan et al., 2016 Population-
based

Singapore 242 21-79 M
F

n.a.
n.a.

39%
19%



Obesity is by far the number one risk factor for 
metabolic syndrome and sleep apnea

Millions of years                                              < 200 years



OSA is more prevalent in men than women, except for postmenopausal women 
and massively obese females



Obesity is by far the number one risk factor for 
sleep apnea but there are others.

Expiration                  Inspiration

Valve collapsed

Retrognathia

Macroglossia Large tonsils Racial differences in risk

Redundant 
Soft palate



Site of airway obstruction in sleep apnea



What is obstructive sleep apnea?



Recurrent upper airway obstruction during sleep

OSA OSA

60-second epoch



Acute and Chronic Consequences of Sleep Apnea

Apnea

Arousal

Hypertension
systemic
pulmonary

Coronary Disease
Cor pulmonale
Diabetes mellitus
Stroke
Death

Hypoxemia
Hypercapnia
Arrhythmias
Vasoconstriction

pulmonary
systemic

ChronicAcute



Pathophysiological features of OSA

• Intermittent hypoxia
• Fluctuations in intrathoracic pressure

• Recurring arousals

• Cell and molecular mechanisms that include:

• Sympathetic excitation

• Systemic inflammation and oxidative stress

• Metabolic and endothelial dysfunction



Cardiovascular & Cerebrovascular
Complications of OSA



Peppard…Skatrud. N Engl J Med, 2000; Parati…McNicholas. Eur Respir J, 2013
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OSA causes systemic hypertension

OSA is very common in patients with drug-resistant hypertension and recent 
hypertension guidelines indicate OSA as a leading cause of secondary 
hypertension



Obstructive sleep apnea increases risk of cardiac arrhythmias, particularly
atrial fibrillation. Sleep Heart Heath Study

Mehra…Redline. Am J Respir Crit Care Med, 2006



CPAP reduces recurrence risk of atrial fibrillation

Qureshi…Al-Mallah. Am J Cardiol, 2015

CPAP treated patients had a 42% decreased risk of AF



OSA independently increases risk of stroke and death
Yale Prospective Cohort

Yaggi …Mohsenin.  N Engl J Med, 2005



Yaggi …Mohsenin.  N Engl J Med, 2005

OSA independently increases the risk of stroke and death



Test for Linearity: p =0.02
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A linear trend between the severity of OSA and the risk of 
stroke and death

Yaggi …Mohsenin.  N Engl J Med, 2005



OSA increases risk of stroke in both men and women 
(Sleep Heart Health Study- A US Prospective Cohort)

Men                                                              Women

AHI Quartiles       Odds Ratio                                                  Odds Ratio
<4                               1                                                                     1
4 - <10                       1.86                                                                 1.34
10 - <19                     1.86                                                                 1.20
>19                            2.86                                                                 1.21

Redline… Punjabi. Am J Respir Crit Care Med, 2010

Stroke rate (per 1,000 person-years)–AHI>19
6.6                                                            6.1

Increased risk of stroke with AHI>25 in women



Sahlin …Franklin. Arch Intern Med, 2008

Obstructive sleep apnea increases risk of death in patients with stroke
(Fully-adjusted model)

Stroke+OSA

Stroke without OSA



Cardiovascular outcomes for propensity score-matched CPAP adherent 
versus usual care patients. SAVE trial (McEvoy…Anderson et al. N Engl J Med, 2016)

Adherence to CPAP tends to reduce the risk of cerebral events in OSA.

1. Martínez-García…Montserrat. Eur Respir J, 2012; 2. Minnerup…Dziewas.Stroke, 2012

*

*

Martinez showed that patients with moderate-to-severe OSA who were admitted for 
stroke and used CPAP had a lower risk of subsequent strokes than those who did 
not (1). Another study also showed that those with stroke and OSA had greater 
improvement in function after 30 days if they used CPAP for at least 6.5 hours per 
night compared to those that did not (2).



A 10-year Spanish prospective observational study

Increased risks of fatal and non-fatal cardiovascular events in OSA

Marin…Agusti. Lancet, 2005



Shah…Mohsenin. Sleep Breath, 2010

Obstructive sleep apnea increases risk of new coronary 
events or cardiovascular death- Yale Prospective Cohort



CPAP significantly 
reduces the risk

Marin et al. Lancet 2005
Marin…Agusti. Lancet, 2005

CPAP significantly reduces the risk of fatal and non-fatal cardiovascular events 
including stroke in patients with OSA. An observation study



Untreated, severe OSA was independently associated with cardiovascular 
death and adequate CPAP treatment was independently associated with 
decreased mortality risk in this Spanish Women Cohort Observational study.

Compos-Rogriguz …Montserrat. Ann Intern Med, 2012



Untreated, severe OSA was independently associated with cardiovascular 
death and adequate CPAP treatment was independently associated with 
decreased mortality risk in this Spanish Women Cohort Observational study.

Compos-Rogriguz …Montserrat. Ann Intern Med, 2012



CPAP reduces incident cardiovascular events in patient with better 
adherence to CPAP. An observational study

Barbe… Montserrat. JAMA, 2012

Incident Hypertension & Cardiovascular Events
Control (AHI=35) CPAP (AHI=42)

Hypertension 79 68
Cardiovascular 31 28



CPAP reduces incident cardiovascular events
A 7-year Spanish prospective observational study

Martínez-García…Montserrat. Eur Respir J, 2012

No CPAP

CPAP

Fully adjusted        HR (95% CI) P-value

CPAP 0.98 (0.83-2.84)       0.71
No CPAP 1.76 (1.12-2.68)       0.009



Marin et al. Lancet 2005

Marin…Agusti. Lancet, 2005
Barbe… Montserrat. JAMA, 2012
Martínez-García…Montserrat. Eur Respir J, 2012
Compos-Rodriguz…Montserrat, Ann Intern Med, 2012

Observational clinical studies have shown that 
OSA increases risk of cardiovascular 
complications and of death and the use of CPAP 
is associated with lower rates of cardiovascular 
complications and of death from cardiovascular 
causes, especially among patients who are 
adherent to treatment.



McEvoy…Anderson et al. N Engl J Med, 2016

CPAP for Prevention of Cardiovascular Events in Obstructive Sleep Apnea

CPAP as compared with usual care alone, did not prevent cardiovascular events in 
non-sleepy patients with moderate-to-severe obstructive sleep apnea and established 
cardiovascular disease.

SAVE study. 
A prospective
randomized parallel 
study



CPAP doesn’t prevent cardiovascular events in OSA in a prospective randomized trial.

But Can That Be True?

• The study had approximately 2500 participants aged 45-75 (81% men) across 89 
clinical centers and 7 countries. (McEvoy et al. N Engl J Med, 2016)

Potential reasons for not showing preventive effect of CPAP on cardiovascular events
in OSA

• All of the participants had pre-existing cardiovascular disease

• Excluded: people reporting excessive daytime sleepiness, significant oxygen 
desaturation and people with significant congestive heart failure.

• The mean usage time of CPAP for all participants was 3.3 hours. Only 42 percent 
of study subjects had “good adherence” to CPAP (as defined as averaging 4 hours
of CPAP use per night, but the results were analyzed as if they had all used it. 
This raises the question of adherence vs lack of therapeutic effect.

It can be concluded then: Suboptimal use of CPAP is no better than sham 
CPAP in prevention of future cardiovascular events in non-sleepy OSA patients.



Metabolic  Complications of OSA



Changes in insulin sensitivity following sleep manipulations 
in healthy human subjects

Reutrakul & Mokhlesi. Chest, 2017

Increased insulin resistance due to sleep disturbances and hypoxia



Prospective cohort studies on the relationship between OSA and incident 
Diabetes

Reutrakul & Mokhlesi. Chest, 2017

OSA increases risk of incident type 2 diabetes by a Hazard Ratio of 1.35



Botros…Mohsenin. Am J Med, 2009

Prospective study of incident diabetes mellitus in OSA 
The West Haven VA Cohort-Yale

OSA increases risk of type 2 diabetes mellitus in adults 

Adjusted HR 1.43 (CI 1.10-1.86)
P=0.008
n=544



Reutrakul & Mokhlesi. Chest, 2017

OSA is associated with greater risk of incident diabetes



OSA treated

OSA under-treated

Adjusted HR 0.53 (CI 0.28-0.99)
P=.04

Effective treatment of OSA with CPAP decreases 
incident diabetes 

Botros…Mohsenin. Am J Med, 2009



Conclusions
RCT studies have shown that treatment with CPAP

• Lowers systolic blood pressure 
• Improves endothelial function
• Increases insulin sensitivity
• Reduces risk of stroke

But not secondary prevention of cardiac events. However, 
as before CPAP compliant patients had fewer cardiac events. 

So, for the time being, it is premature to consider withholding
CPAP therapy in non-sleepy patients with OSA 



Do not throw out the baby with the bathwater quite yet…
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Risk of obstructive sleep apnea is increased by?
A. Obesity
B. Male sex
C. Racial background
D. Post-menopausal state
E. All of the above



Risk of obstructive sleep apnea is increased by?
A. Obesity
B. Male sex
C. Racial background
D. Post-menopausal state
E. All of the above
Answer: E
All of the above factors can increase risk of OSA. 
Chinese, Hispanics and African blacks are at higher
risk of OSA, independent of obesity and other known
risk factors.
Chen et al. MESA Cohort. Sleep 2015



Obstructive sleep apnea, assessed in mid-life, is independently 
associated with higher levels of cardiac injury marker, higher incident 
heart failure or death among women compared to men.

A. False
B. True



Obstructive sleep apnea, assessed in mid-life, is independently associated 
with higher levels of cardiac injury marker, higher incident heart failure or 
death among women compared to men.

A. False
B. True
Answer: B
Sex specific differences exist in the relationship between OSA and 
cardiovascular disease. In a large community-based study, more than 
1500 middle-aged men and women were followed for 13.6 ± 3.2 years for 
incident coronary disease, heart failure, and CV and all-cause mortality. 
Women had higher incident heart failure or death compared to men.
Roca et al. Circulation, 2015



Recent long-term randomized controlled trials have cast doubt on 
benefits to cardiovascular co-morbidities from active treatment of 
OSA, especially where cardiovascular disease is already 
established. However, benefits are more likely in patients who are 
compliant with therapy.
A. True
B. False



Recent long-term randomized controlled trials have cast doubt on benefits to cardiovascular 
co-morbidities from active treatment of OSA, especially where cardiovascular disease is 
already established. However, benefits are more likely in patients who are compliant with 
therapy.

A. True

B. False

Answer: A

Observational clinical studies have shown that OSA increases risk of cardiovascular (CV) 
complications and of death and the use of CPAP is associated with lower rates of CV 
complications or CV death. More recent long-term randomized controlled studies such as the 
SAVE and RICCADSA trials have failed to show benefits from CPAP therapy in the secondary 
prevention of cardiovascular morbidity or mortality in patient cohorts with moderate to severe 
OSA and pre-existing cardiovascular disease. However, CPAP compliance was poor in both 
studies, and the RICCADSA trial demonstrated a significant benefit in cardiovascular 
outcomes among patients using CPAP >4 hours per night.

MvEvoy et al. N Engl J Med, 2016; Peker et al. Am J Respir Crit Care Med, 2016


