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 The Behavioral Risk Factor Surveillance System is a large, random-digital-

dialed telephone survey conducted by the CDC.

 Sleep question added to four states in the 2006 survey, and expanded to 

more states for the 2008 survey.

“During the past 30 days, for about how many days have you felt you did 

not get enough rest or sleep?”

 In 2009, there were 424,592 respondents and 375,653 were included in 

analyses. 
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Odds Ratios (95% CI) for 

disease when number of 

days with insufficient sleep 

is 14-29 during the past 30 

days.

Diabetes: 1.25 (1.16-1.34)

CHD: 1.54 (1.43-1.65)

Stroke: 1.30 (1.18-1.44)

HBP: 1.31 (1.25-1.38)

Asthma: 1.70 (1.60-1.82)

Arthritis: 1.98 (1.90-2.08)

Insufficient Sleep is Associated 
with Inflammatory Disease
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Daytime Sleep, Hypertension, and Chronic Disease

Daytime Nap: Hypertensive

Overall Chronic Disease

Stroke

Daytime Nap: Non-Hypertensive

Overall Chronic Disease

Cancer

Insufficient Sleep is Associated 
with Inflammatory Disease
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blue = DAPI (nucleoli); green = bIII tubulin (axons / filaments); red = IL-1 type 1 receptors

Inflammatory “Machinery” is Present in Brain
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Some Mechanisms by which Inflammation
Alters Sleep are Known 

Nat. Rev. Neurosci. 10: 199-210, 2009.
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Sleep Disruption Alters Gene Expression
of Inflammatory Mediators
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Sleep Disruption Alters Protein Expression
of Inflammatory Mediators
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Sleep Disruption Alters Protein Expression
of Inflammatory Mediators
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The Journal of Clinical Endocrinology & Metabolism Vol. 82, No. 5 1313-1316

Copyright © 1997 by The Endocrine Society 

Clinical Studies

Elevation of Plasma Cytokines in Disorders of 

Excessive Daytime Sleepiness: Role of Sleep 

Disturbance and Obesity 

Alexandros N. Vgontzas, Dimitris A. Papanicolaou, Edward O. Bixler, Anthony Kales, Kathy 

Tyson and George P. Chrousos 

Sleep Research and Treatment Center, Department of Psychiatry, Pennsylvania State University (A.N.V., E.O.B., A.K., K.T.), Hershey, 

Pennsylvania 17033; the Developmental Endocrinology Branch, National Institute of Child Health and Human Development, National Institutes of 

Health (D.A.P., G.P.C.), Bethesda, Maryland 20892

• Plasma concentrations of TNF-a, IL-1b and IL-6 were determined from 

narcoleptics, OSA patients and idiopathic hypersomniacs.

• Plasma TNF-a is elevated in narcoleptics, whereas IL-6 is elevated in 

narcoleptic and sleep apnea patients.

• Nighttime sleep disturbance is associated with plasma TNF-a, whereas 

plasma IL-6 correlates with BMI.
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The Journal of Clinical Endocrinology & Metabolism Vol. 89(9):4409-4413

Copyright © 2004 by The Endocrine Society

Doi: 10.1210/jc.2003-031929 

Marked Decrease in Sleepiness in Patients with Sleep 

Apnea by Etanercept, a Tumor Necrosis Factor-a

Antagonist 

A. N. Vgontzas, E. Zoumakis, H. –M. Lin, E. O. Bixler, G. Trakada, and G. P. Chrousos 

Sleep Research and Treatment Center, Department of Psychiatry, (A.N.V., E.O.B., G.T.), and Health Evaluation Sciences (H. –M. L), 

Pennsylvania State University College of Medicine, Hershey, Pennsylvania 17033; and Pediatric and Reproductive Endocrinology Branch, 

National Institutes of Health (E.Z., G.P.C.), Bethesda, Maryland 20892

• The effect of antagonizing peripheral TNFa on sleep and plasma cytokines 

and hormones of obese male OSA patients was determined.

• Etanercept (Enbrel®) or placebo was administered to OSA patients.

• Excessive daytime sleepiness (assessed by MSLT) and apneas / 

hypopneas per hour are reduced by etanercept.

• Plasma IL-6 concentrations are reduced by etanercept.
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To what extent do biomarkers in “the 

periphery” reflect responses in the brain?

What are the contributions of non-neuronal 

cells to inflammatory responses to 

insufficient sleep?

Knowledge Gaps
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Glia are Involved in Sleep Regulation



1. Significance

2. State-of-the-Art Knowledge

3. Knowledge Gaps

4. Research Opportunities

Sleep Physiology: Immunology (Chapter 16)
Outline



MR Opp: 

WASM 2009

FUNCTION:

What are the functional consequences of interactions 

among insufficient sleep, inflammation, and aging?

Research Opportunities
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FUNCTION:

What are the functional consequences of interactions 

among insufficient sleep, inflammation, and aging?

MECHANISMS:

What cell types, and in which brain regions, 

transduce “sleep disruption signals” into inflammatory 

responses?

Research Opportunities
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FUNCTION:

What are the functional consequences of interactions 

among insufficient sleep, inflammation, and aging?

MECHANISMS:

What cell types, and in which brain regions, transduce 

“sleep” signals into inflammatory responses?

What intracellular mechanisms (signaling cascades) are 

altered by sleep disruption to induce inflammation?

Research Opportunities
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Many epidemiologic studies and meta-analyses reveal that 

insufficient sleep is associated with chronic inflammatory 

disease.

Experimental studies using human or animal subjects 

demonstrate that inflammatory gene and protein expression 

is altered by acute sleep loss or sleep disruption.

Recent studies suggest non-neuronal cell types play a 

critical role in the inflammatory responses to sleep loss.

Many fundamental questions concerning links between 

insufficient sleep and chronic inflammatory disease remain 

unanswered.

Summary


