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Sleep in the Healthy 

• Non-REM (~75%)

– parasympathetic,      sympathetic  

– Cardiovascular quiescence and stability

– Reduced blood pressure and heart rate
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24 Hour Blood Pressure in Normals

“Dipping”
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Sleep in the Healthy

Rapid eye movement (REM) ~25%

– EEG looks awake--“paradoxical sleep”

– Brain electrical discharges may directly impact 
sympathetic tone and cardiac activity 

– Irregular heart and breathing rhythm

– Modest hypoventilation and oxyhemoglobin 
desaturation
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• Anger and fear commonly elicited

• Emotion has been implicated in cardiac 
events during the day

• May be mediated by autonomic 
(sympathetic) tone

Dreams and 
Cardiovascular Homeostasis
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• Implicated in 
– Incident stroke

– Diurnal hypertension

– Drug resistant hypertension

– Heart failure

– Mortality

Non-Dipping of BP
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Loss of Normal BP Dip

• Less BP dip

• Greater 24 hr 
BP load
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Non-Dippers 
Incident Heart Failure

Ingelsson, JAMA, 2006
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Heart Failure

Ingelsson, JAMA, 2006
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Dolan et al. Hypertension. 2005; 46:156-161

Adjusted 5-year risk of CV death in the study 
cohort of 5292 patients for CBPM and ABPM

.
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Sleep Duration / Debt

Effects on 
• CV Homeostasis
• Hypertension
• Intermediary Factors (glucose metabolism) 
• Mortality
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Societal Sleep Debt
• NSF Sleep in America Poll

• Less sleep, more work

• 1 to 2 hours less sleep per night over past 40 yrs

• Truncates cardioprotective effects of (NREM) sleep; 
relative greater “load” of daytime stressors, sympathetic 
excitation
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Sleep Debt and HTN

• Cross-sectional analyses; self report of 
sleep duration

– NHANES I (National Health and Nutrition 
Examination Survey)

– Sleep Heart Health Study
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Gangwisch, 2006
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Gottlieb, 2006

Sleep Heart Health Study

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Sleep 2007
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Sleep Loss/Debt:

Intermediary Mechanisms
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Loss of Normal BP Dip

• Less BP dip

• Greater 24 hr 
BP load

• More daytime 
stressors

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Decreased Insulin Sensitivity

Spiegel, 2005
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Leptin-satiety hormone
Ghrelin-appetite hormone

Leptin knockout mice

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Appetite Hormone Dysregulation
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Spiegel, 2005
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National Institute of Child Health and Human Development Study of 
Early Child Care and Youth Development (NICHD-SECCYD)
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Obstructive Sleep Apnea
(OSA)
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#1 Determinant of Upper Airway 
Collapse = Fat deposition

Malhotra and White, Lancet, 2002
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OSA

• Repetitive 
– arousals from sleep (up to 500 per night)
– episodes of de-oxygenation/re-oxygenation

• Severity graded by the apnea-hypopnea
index (AHI)

• Treatment:  CPAP by mask, wt loss
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Acute Pathophysiologic 
Cardiovascular Mechanisms

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Desaturation

Apnea

Apnea

180 sec

EEG

ECG

Air

Flow

Sono

SaO2

Chest

Wall

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Desaturation

∆ HR
Apnea

Apnea

180 sec

Respiratory Efforts
Against Obstruction

EEG

ECG

Air

Flow

Sono

SaO2

Chest

Wall

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Desaturation

∆ HR

Arousal

Apnea

Apnea

180 sec

Respiratory Efforts
Against Obstruction

EEG

ECG

Air

Flow

Sono

SaO2

Chest

Wall

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



Desaturation

∆ HR

Arousal

Breathe

Re-oxygenate

Apnea

Apnea

180 sec

Respiratory Efforts
Against Obstruction

EEG

ECG

Air

Flow

Sono

SaO2

Chest

Wall

Breathe

Copyright 2007, Sean M. Caples, caples.sean@mayo.edu



High Risk of Traffic Accidents
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Shamsuzzaman, JAMA 2003
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Clinical Cardiovascular Disease
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Systemic Hypertension
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24hr BP—loss of dipping

Davies, Thorax, 2000
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Heart Failure

A Top Medicare Expenditure
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Obesity As A Risk Factor for Heart Failure
? Mediated in Part by OSA

Kenchaiah et al, NEJM, 2002
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Kaneko, et al.  N Engl J Med 2003

OSA Treatment May Improve
Heart Failure Indices
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Observational Cohort

>1600 men (50 yo) followed 
for 10.1 years

36% of patients with severe 
OSA refused CPAP

Marin, Lancet, 2005

All Cardiovascular Events 
Fatal and Non-Fatal
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OSA and Sudden Cardiac Death

Gami, NEJM, 2005
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OSAOSA and and 
AtrialAtrial Fibrillation Fibrillation 

•The most common sustained 
arrhythmia (5 million)
•A major risk factor for stroke
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Prevalence of AF will double by 2050

Go, Hylek, Phillips, et al. JAMA,   2001
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Wang, Parise, Levy                 2004

Left Atrial Size Correlates with BMI

Obesity As A Risk Factor for A Fib
? Mediated in Part by OSA
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• OSA may impair neurocognitive function in 
children

• May be mediated by inflammation
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