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“Knowing is not enough; we must apply.
Willing is not enough; we must do.”
—Goethe
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Preface

Sleep has been a subject of intense interest to poets and mystics and is
found in folklore since antiquity. Only in the last half a century have scientists and physicians attempted a systematic study of the biology and disorders of sleep. Within the past four decades remarkable advances in the neurophysiology of normal sleep and in circadian biology and the discovery of
the genes that regulate these biological rhythms have provided a scientific
framework for the elucidation of the etiology, pathogenesis, and potential
treatment of sleep disorders. These scientific advances and input from many
clinical disciplines such as internal medicine, neurology, nursing, otolaryngology, pediatrics, psychiatry, psychology, and pulmonology have
enriched the study and management of sleep pathology. However, the broad
intellectual and service requirements for dealing with sleep has created difficulties in coordination and planning of research and clinical services. Recognition of around 90 distinct clinical disorders of sleep has created a platform
and need for specialization in the study of sleep (somnology) and sleep pathology. Accordingly, professional societies such as the American Academy
of Sleep Medicine, the American Sleep Apnea Association, the National Sleep
Foundation, and the Sleep Research Society have been established and the
discipline has been recognized by the American Board of Medical Specialties. Moreover, the National Institutes of Health (NIH) formed the National
Center on Sleep Disorders Research (NCSDR) to coordinate research in
sleep. Although these developments are positive, they do not yet fully address the scope and depth of the public and individual health consequences
of sleep deprivation and sleep disorders. For example, more than 50 million
Americans suffer a chronic sleep disorder and many others experience dis-
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ruption of normal daytime activities owing to sleep deprivation. Sadly, the
majority of individuals with substantial sleep disorders are not diagnosed
and appropriately treated.
In recognition of the limited appreciation of the importance of sleep
disorders and sleep deprivation for individuals and the public health, the
American Academy of Sleep Medicine, the NCSDR at the NIH, the National Sleep Foundation, and the Sleep Research Society requested that the
Institute of Medicine (IOM) do the following:
1. Review and quantify the public health significance of sleep health,
sleep loss, and sleep disorders, including assessments of the contribution of
sleep disorders to poor health, reduced quality of life, and early mortality, as
well as the economic consequences of sleep loss and sleep disorders.
2. Identify gaps in the public health system relating to the understanding, management, and treatment of sleep loss and sleep disorders and assess
the adequacy of the current resources and infrastructure for addressing the
gaps.
3. Identify barriers to and opportunities for improving and stimulating
multi- and interdisciplinary research and education in sleep medicine and
biology. Delineate organizational models that will promote and facilitate
sleep research in the basic sciences, collaborative research between basic
scientists, clinicians, and population scientists in relevant specialties, and
education of practitioners and scientists in sleep health, sleep disorders, and
sleep research.
4. Develop a comprehensive plan for enhancing sleep medicine and sleep
research for improving the public’s health.
In response, the IOM appointed a 14-member committee with expertise
in pulmonology, cardiology, nursing, neurology, pediatrics, adolescent medicine, psychiatry, epidemiology, public health, otolaryngology, academic and
medical administration, and health sciences research. The committee met
five times during the course of its work and held two workshops. In addition, the committee received input from relevant federal, private, and nonprofit organizations.
Our findings confirmed the enormous public health burden of sleep
disorders and sleep deprivation and the strikingly limited capacity of the
health care enterprise to identify and treat the majority of individuals suffering sleep problems.
The direct effects of sleep disorders as well as the comorbidity with
other substantial public health problems such as obesity, diabetes, stroke,
and depression have a profound economic and social impact. Only minimal
estimates of the economic impact of sleep disorders and their derivative
consequences are possible because of underrecognition and underreporting.
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At a minimum, however, the total direct and indirect cost of sleep disorders
and sleep deprivation in the United States is hundreds of billions of dollars.
The magnitude of the effect of sleep pathology is shocking even to experts in
the field of somnology and sleep medicine. We found that there are too few
professionals dedicated to sleep problems to meet the size and importance of
the problem and there are too few educational programs that have the potential to increase the workforce of health care practitioners and scientists to
meet even current demands. In addition, research that will advance our understanding of sleep pathology and its treatment has been underfunded. We
therefore have outlined recommendations to address these shortcomings, in
the hope that the burden of sleep disorders and sleep deprivation can be
minimized. These recommendations fall into four broad categories: education (public, professional); technology; coordination of research initiatives
at the NIH; and organization of research, clinical care, and education in
academic health centers.
EDUCATION
The lack of public awareness should prompt a multimedia public education campaign that also targets elementary, middle, and high school students as well as undergraduate college health education programs about the
impact of inadequate sleep.
Professional education will be enhanced by integrating the teaching of
sleep medicine and biology into medical, nursing, and pharmacology curricula and into residency and specialty fellowships. Strategies to facilitate
careers in somnology will be needed to meet the demand for sound science
and expert clinical capacity to take care of the health problems related to
sleep disorders.
TECHNOLOGY
The cumbersome nature and cost of diagnosis and treatment of sleep
disorders and sleep loss will require research to develop and validate the
efficacy of advances in diagnostic technologies, including ambulatory monitoring and imaging as well as the development of new therapeutic options
for specific sleep disorders.
NATIONAL INSTITUTES OF HEALTH
The NCSDR at the NIH should take a more proactive role in promoting
integration of research disciplines pertinent to somnology and sleep disorders, and it should promote training programs that increase the pipeline
of highly qualified investigators. Together with other federal agencies, the
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NCSDR can support increased public awareness and generation of more
reliable prevalence data.
ORGANIZATION OF ACADEMIC HEALTH CENTERS
Within academic health centers new and existing sleep programs should
be organized as Interdisciplinary Sleep Programs that encompass the relevant basic and clinical disciplines. The complexity of these programs will
vary in accord with the capacity and goals of each center; therefore, we have
proposed several different models. Networking among the most complex of
these programs will facilitate research progress and accelerate implementation of new clinical strategies with help from the NCSDR.
The committee has been fortunate in having superb support from IOM
staff and willing consultants in related fields. Without their help this report
could not have been completed. We are most grateful.
Harvey R. Colten, M.D., Chair
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Summary

ABSTRACT It is estimated that 50 to 70 million Americans chronically
suffer from a disorder of sleep and wakefulness, hindering daily functioning
and adversely affecting health and longevity. The cumulative long-term
effects of sleep deprivation and sleep disorders have been associated with a
wide range of deleterious health consequences including an increased risk
of hypertension, diabetes, obesity, depression, heart attack, and stroke. The
Institute of Medicine (IOM) Committee on Sleep Medicine and Research
concluded that although clinical activities and scientific opportunities in the
field are expanding, awareness among the general public and health care
professionals is low, given the magnitude of the burden. The available
human resources and capacity are insufficient to further develop the science
and to diagnose and treat individuals with sleep disorders. Therefore, the
current situation necessitates a larger and more interdisciplinary workforce.
Traditional scientific and medical disciplines need to be attracted into the
somnology and sleep medicine field. Renewed and revitalized commitments
to the field from the National Institutes of Health (NIH), academic health
centers, private foundations, and professional societies are essential to
ensure appropriate public and professional awareness, education and training, basic and clinical research, and patient care. Finally, the fragmentation
of research and clinical care currently present in most academic institutions
requires the creation of accredited interdisciplinary sleep programs in academic institutions.
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2

SLEEP DISORDERS AND SLEEP DEPRIVATION

Fitful sleep, restless nights, and hitting the alarm clock button for an
additional 10 minutes of sleep are all too familiar manifestations of the
interactions of life with one of the frontiers of science and clinical practice—somnology1 and sleep medicine. It is estimated that 50 to 70 million
Americans suffer from a chronic disorder of sleep and wakefulness, hindering daily functioning and adversely affecting health. Hundreds of billions of
dollars a year are spent on direct medical costs associated with doctor visits,
hospital services, prescriptions, and over-the-counter medications. Almost
20 percent of all serious car crash injuries in the general population are
associated with driver sleepiness, independent of alcohol effects. However,
given this burden, awareness among the general public and health care professionals is low. In addition, the current clinical and scientific workforce is
not sufficient to diagnose and treat individuals with sleep disorders.
Six million individuals suffer moderate to severe obstructive sleep apnea, a disorder characterized by brief periods of recurrent cessation of
breathing caused by airway obstruction. Chronic insomnia, which hampers
a person’s ability to fall or stay asleep, occurs in approximately 30 million
Americans. Restless legs syndrome and periodic limb movement disorder
are neurological conditions characterized by an irresistible urge to move the
legs and nocturnal limb movements; they affect approximately 6 million
individuals, making it one of the most common movement disorders.
The cumulative effects of sleep loss and sleep disorders have been associated with a wide range of deleterious health consequences including an
increased risk of hypertension, diabetes, obesity, depression, heart attack,
and stroke. At the same time, the majority of people with sleep disorders
are yet to be diagnosed. Compared to healthy individuals, those suffering
from sleep loss and sleep disorders are less productive, have an increased
health care utilization, and have an increased likelihood of injury.
In 2003 the NIH National Center on Sleep Disorders Research (NCSDR)
published a research plan, which contained a set of research priorities for
the field. However, recognizing that continued scientific and clinical advances
will require a new coordinated strategy to improve public awareness and
strengthen the field of Somnology and Sleep Medicine, the American Academy of Sleep Medicine, the NCSDR at the NIH, the National Sleep Foundation, and the Sleep Research Society requested that the IOM conduct a
study that would examine: (1) the public health significance of sleep, sleep
loss, and sleep disorders, (2) gaps in the public health system and adequacy
1Somnology is the branch of science devoted to the study of the physiology of sleep, the
behavioral dimensions of sleep, and the consequences of sleep loss and sleep disorders on an
individual’s and the general population’s health, performance, safety, and quality of life. Sleep
medicine is the branch of clinical medicine devoted to the diagnosis and treatment of individuals suffering from chronic sleep loss or sleep disorders.
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of the current resources and infrastructures for addressing the gaps, (3)
barriers and opportunities for improving interdisciplinary research and
medical education and training in the area of sleep and sleep medicine, and
(4) develop a comprehensive plan for enhancing sleep medicine and sleep
research.
In response to the request the IOM appointed a 14-member committee
with expertise in academic and medical administration, adolescent medicine, cardiology, epidemiology, geriatrics, health sciences research, neurology, nursing, otolaryngology, pediatrics, psychiatry, and pulmonology. The
committee met five times during the course of its work and held two workshops that provided input on: (1) the current public health burden of sleep
loss and chronic sleep disorders, and (2) the organization and operation of
various types of academic sleep programs.
This committee recognizes that with the continued leadership of the
NCSDR and its advisory board a coordinated strategy, described below, is
needed to ensure continued advances (Box ES-1). This strategy requires
concurrent commitment to the following activities:
• Establish the workforce required to meet the clinical and scientific
demands of the field.
• Increase awareness of the burden of sleep loss and sleep disorders
among the general public.
• Improve surveillance and monitoring of the public health burden of
sleep loss and sleep disorders.
• Expand awareness among health care professionals through education and training.
• Develop and validate new and existing diagnostic and therapeutic
technologies.
• Expand accreditation criteria to emphasize treatment, long-term patient care, and chronic disease management strategies.
• Strengthen the national research infrastructure to connect individual
investigators, research programs, and research centers.
• Increase the investment in interdisciplinary sleep programs in academic health centers that emphasize long-term clinical care, training, and
research.
THE NATIONAL INSTITUTES OF HEALTH LEADERSHIP
IN RESEARCH AND TRAINING
To a greater extent than most scientific and medical disciplines, the
field of somnology and sleep medicine cuts across many clinical and basic
research disciplines, including but not limited to cardiology, dentistry,
endocrinology, epidemiology, geriatrics, molecular biology, neurology,
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neuroscience, nursing, otolaryngology, pediatrics, pharmacology, psychiatry,
psychology, and pulmonology. In 2004, there were 331 sleep-related
research project grants sponsored by 17 institutes at the NIH. The NIH has
two entities to coordinate its sleep-related activities, the Trans-NIH Sleep
Research Coordinating Committee and the NCSDR. However, major challenges remain in involving all relevant NIH institutes, centers, and offices;
developing a coordinated research and training program; and integrating
the efforts of the NCSDR, its advisory board, and the Trans-NIH Sleep
Research Coordinating Committee.
Investment in sleep-related research has grown dramatically over the
past 10 years; however, the growth in research and training programs have
not kept up with the rapid pace of scientific advances. At the same time that
the science and magnitude of the problem requires greater investment, NIH
funding to sleep-related activities is reaching a plateau. This has partially
overlapped the period when the overall NIH budget has plateaued. Consequently, the future outlook for somnology and sleep medicine is unclear. In
2004, for the first time since the NCSRD was established in 1993, there was
a decrease in annual NIH expenditures for sleep-related programs, fewer
research project grants were funded, and the number of new grants awarded
decreased. Over the last three years the NCSDR has only sponsored two
programs—one request for applications and one program announcement—
a marked reduction since the inception of the NCSDR. This presents an
even greater challenge for a field that requires growth in scientific workforce and technology. Thus, there must be incremental growth in this field
to meet the public health and economic burden caused by sleep loss and
sleep disorders. It is important that research priorities continue to be defined for both short- and long-term goals. To address this problem the committee makes the following recommendation.
Recommendation 8.1 The National Center on Sleep Disorders Research and its advisory board should play a more proactive role in
stimulating and coordinating the field.
The National Center on Sleep Disorders and Research (NCSDR)
should have adequate staff and resources to ensure its ability to
fulfill its mission of coordinating and stimulating training, research,
and health information dissemination relevant to somnology and
sleep disorders. All relevant institutes with significant sleep portfolios should become members of the Trans-NIH Sleep Research
Coordinating Committee. Further, the NCSDR Advisory Board
should take a more proactive role in advising the director of the
NCSDR. On an annual basis, the NCSDR and its advisory board
should:
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• Identify specific objectives that address each of the three NCSDR
missions and evaluate specific actions taken to accomplish each
objective. This assessment should be reported in an annual meeting to the NIH-Trans Sleep Coordinating Committee, the institute directors of its members, and to the director of the NIH.
• Directors of the other federal agencies that fund significant sleeprelated activities, such as Department of Defense, Department of
Commerce, Department of Education, Department of Labor,
and Department of Transportation should report annually on
their activities to the NCSDR Advisory Board.
• The NCSDR Advisory Board should annually review the current NIH portfolio of sleep-related grants, as well as requests for
applications, and program announcements, assess them for responsiveness to the program plan and identify gaps in research
and training.
• The NCSDR Advisory Board should annually recommend new,
or modify existing, requests for applications that can be presented to appropriate NIH institutes and other federal agencies
including the Centers for Disease Control and Prevention and
Department of Defense. Multiple members of the Trans-NIH
Sleep Coordinating Committee are encouraged to continue to
cosponsor sleep-related grants.
ESTABLISHING A SUFFICIENT WORKFORCE
One of the most pressing needs recognized by this committee is to
create an infrastructure capable of developing the workforce required to
meet the clinical and scientific demands of the field. This will entail increased investment by the NIH, academia, professional societies, private
foundations, and industry. In 2004 there were only 151 researchers who
had a clinical sleep-related research project grant (R01), and only 126 investigators focused primarily on basic sleep-related research projects, a decrease from the number of R01 awards in 2003. Further, of the top academic institutions that received the greatest number of grants from the
NIH, less then half had career development or training grants in somnology
or sleep medicine. Only 54 doctorates were awarded with a focus on somnology or sleep medicine in 2004. This workforce is insufficient given the
burden of sleep loss and sleep disorders.
The NIH support of career development awards has decreased. Over
the period encompassing 2000 to 2004 there was a decrease in the number
of career development awards. Further, since 1997 there have been no new
requests for application (RFAs) or program announcements (PAs) for sleeprelated fellowship (F), training (T), or career development (K) programs. Given
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these statistics, creating an infrastructure to develop a workforce capable of
meeting the clinical and scientific demand is a challenge for the field.
Compared to other fields the current number of clinicians and scientists
in the field is not sufficient, given the public health burden of sleep loss and
sleep disorders. Further, NIH, academia, and private foundations have not
sufficiently supported the development of an adequate workforce. To
strengthen the interdisciplinary aspect of the field it is not only important to
attract new investigators to the field, but also to expand the number of
trained scientists in other relevant disciplines electing to focus on sleeprelated research. Therefore, the committee makes the following recommendation designed to improve training and mentoring activities.
Recommendation 7.1: The National Institutes of Health and private
foundations should increase investment in interdisciplinary somnology
and sleep medicine research training and mentoring activities.
The National Institutes of Health, foundations, and professional
societies should utilize and develop further funding mechanisms to
attract young investigators into the field of somnology and sleep
medicine. As a reflection of the interdisciplinary nature of somnology and sleep medicine, members of the Trans-NIH Sleep Research Coordinating Committee should be encouraged to combine
resources to sponsor grants for disciplinary and cross-disciplinary
training and mentoring activities (T, F, and K funding mechanisms)
of medical students, graduate students, postdoctoral fellows, clinical fellows, and junior faculty.
To implement this recommendation the following should be considered:
• The Trans-NIH Sleep Research Coordinating Committee should
establish a somnology and sleep medicine career development
program. This program should support trainees for a significant
number of years, spanning research training in fellowship and
research career development as a faculty member. It should also
facilitate midcareer training opportunities (e.g., K21, K24), the
Academic Career Award for Education and Curriculum Development program (K07), and research education grants (R25).
• Existing training grants or large research programs in disciplines
related to somnology or sleep medicine (e.g., internal medicine,
neurology, psychiatry, psychology, otolaryngology, nursing, epidemiology, neuroscience, health services research) should allow
for the addition of a sleep medicine trainee. Where pertinent
expertise is not available on-site, remote mentoring at other institutions should be encouraged.
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PUBLIC AND PROFESSIONAL AWARENESS
A well-coordinated strategy to improve sleep-related health care is required, owing to the public health burden of sleep loss and sleep disorders
coupled with the low awareness among the general population, health care
professionals, professional societies, and policy makers. Increasing the
awareness and improving the diagnosis and treatment of sleep disorders
requires a multipronged effort that includes three key components: public
education, surveillance and monitoring of the burden of sleep loss and sleep
disorders, and training for health professionals. The preeminent goal of
these activities is to create and sustain a broad societal commitment to
adopting proper sleep habits as a primary tenet of health. Such a commitment will require participation by those individuals and organizations in a
position to educate the public at national, state, local, and community
levels—including K–12 education, colleges and universities, medical schools,
nursing schools, hospitals, community clinics, local health departments,
private industry, and entertainment media. This will necessitate simultaneous investment in public education campaigns for all age groups and a
sustained effort to integrate sleep-related content into curricula of undergraduate education.
Recommendation 5.1: The National Center on Sleep Disorders
Research and the Centers for Disease Control and Prevention
should establish a multimedia public education campaign.
The National Center on Sleep Disorders Research—working with
the Centers for Disease Control and Prevention, the proposed National Somnology and Sleep Medicine Research Network, private
organizations and foundations, entertainment and news media, and
private industry—should develop, implement, and evaluate a longterm national multimedia and public awareness campaign directed
to targeted segments of the population (e.g., children, their parents,
and teachers in preschool and elementary school; adolescents; college students and young adults; middle-aged adults; and elderly
people) and specific high-risk populations (e.g., minorities).
Improve Surveillance and Monitoring
of the Public Health Burden
Adequate public health education not only requires informing public
and health care practitioners, but also adequate monitoring of the public health burden. The development of adequate surveillance and monitoring systems is important for informing policy makers, health care providers,
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researchers, and the public about the effectiveness of health care services,
programs, rules and regulations, and policies. However, there is currently
very little ongoing nationwide surveillance. Thus existing national and statewide databases should be amended to allow for improved surveillance and
monitoring of the burden of sleep loss and sleep disorders in the United
States population.
Recommendation 5.3: The Centers for Disease Control and Prevention and National Center on Sleep Disorders Research should
support additional surveillance and monitoring of sleep patterns
and sleep disorders.
The Centers for Disease Control and Prevention, working with the
National Center on Sleep Disorders Research, should support the
development and expansion of adequate surveillance and monitoring instruments designed to examine the American population’s
sleep patterns and the prevalence and health outcomes associated
with sleep disorders.
Increasing Awareness Among Health Professionals
Increasing education and training of health care professionals in somnology and sleep medicine will improve the awareness of the associated
public health burden and attract a new pool of clinicians and scientists
interested in the field. Time devoted to sleep-related material in health and
life sciences curricula is inadequate given the magnitude of the morbid effects that sleep disorders have on the most common diseases (e.g. obesity,
hypertension, heart attack, and diabetes) and accidents. Focused training
about sleep can positively influence the performance of health care providers. In particular, medical, nursing, dentistry, and pharmacy students require greater exposure to the public health burden of sleep loss and sleep
disorders. Thus the committee makes the following recommendation to increase sleep-related content in health sciences curricula.
Recommendation 5.2: Academic health centers should integrate the
teaching of somnology and sleep medicine into baccalaureate and
doctoral health sciences programs, as well as residency and fellowship training and continuing professional development programs.
The subjects of sleep loss and sleep disorders should be included in
the curricula of relevant baccalaureate and graduate educational
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and research programs of all the health sciences. Similarly, postgraduate, residency, and fellowship training programs, as well as
continuing professional development programs, must include this
content. The curriculum should expose students in the fields of
medicine and allied health fields to the etiology, pathophysiology,
diagnosis, treatment, prevention, and public health burden of sleep
loss and sleep disorders. Relevant accrediting bodies and licensing
boards ought to define sleep-related curriculum requirements and
expectations for knowledge and competency (e.g., Liaison Committee on Medical Education, Accreditation Council for Graduate
Medical Education, American Board of Medical Specialties, the
National League for Nursing, the Commission on Collegiate Nursing Education, and the Council on Education for Public Health).
Further, a means for credentialing nonphysicians should be maintained by the American Board of Sleep Medicine, or new mechanisms should be developed by relevant organizations.
TECHNOLOGY DEVELOPMENT AND ACCREDITATION
As awareness increases, greater investment in the development and validation of new and existing diagnostic and therapeutic technologies is required
to meet the anticipated demand. Today, the capacity needed to serve the
population seeking diagnosis and treatment is inadequate. The wait time for
a polysomnogram, the procedure used to diagnose sleep disorders, can be up
to 10 weeks. Most American communities do not have adequate health care
resources to meet the clinical demand; therefore, millions of individuals
suffering from sleep disorders remain undiagnosed and untreated. It has been
estimated that sleep apnea alone, a diagnosis that necessitates polysomnography
to meet current criteria set out by third-party payers, annually requires at
least 2,300 polysomnograms per 100,000 population. However, on average,
only 425 polysomnograms per 100,000 population are performed each year
in the United States, a level far below the need. In fact, 33 states perform
fewer than 500 polysomnograms per 100,000 people annually. This shortfall
will exacerbate as awareness of the clinical consequences and public health
burden of sleep loss and disorders increases, particularly with the aging of the
United States population. Given the cumbersome nature and cost of the diagnosis and treatment of sleep disorders and sleep loss and the resultant
inequities with regard to access, in order to ensure future quality care the
committee recommends greater investment in the development of new and
validation of existing diagnostic and therapeutic technologies.
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Recommendation 6.1: The National Institutes of Health and the
Agency for Healthcare Research and Quality should support the
validation and development of existing and new diagnostic and
therapeutic technologies.
The National Center on Sleep Disorders Research—working with
the Trans-NIH Sleep Research Coordinating Committee, the
Agency for Health Care Policy and Research, other federal agencies, and private industry—should support the evaluation and validation of existing diagnostic and therapeutic technologies. Further,
development of new technologies such as ambulatory monitoring,
biological markers, and imaging techniques should be vigorously
supported.
Establish Sleep Laboratories in the
NIH Clinical Research Program
The intramural clinical research program at the NIH does not have a
sleep laboratory. Consequently, many experimental sleep therapies and the
relationship between sleep processes and disease development are not being
examined. If there is adequate investment in extramural sleep-related programs, the field can continue to make great strides; therefore, the committee does not support use of limited resources to invest in an intramural
somnology and sleep disorders research program. However, because appropriateness of sleep patterns is one of the basic tenets of health, the committee
strongly urges the NIH intramural clinical research program to ascertain
the need for establishing a sleep study laboratory so that evaluation of sleep
may be integrated into ongoing relevant clinical research protocols at NIH.
Recommendation 8.3: The National Institutes of Health should
ascertain the need for a transdisciplinary sleep laboratory that
would serve as a core resource in its intramural clinical research
program.
The Director of the National Institutes of Health Intramural Research Program should ascertain the need for a transdisciplinary
sleep laboratory within the intramural clinical research program
that would serve as a core resource for the community of intramural clinical investigators across all institutes.
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Improved Accreditation Standards Are Required
Sleep disorders are chronic conditions frequently associated with other
comorbidities (e.g., cardiovascular disease, depression, diabetes), which often
require complex treatments. Despite the importance of early recognition and
treatment, the primary focus of most existing sleep centers appears to be on
diagnosis, rather than on comprehensive care of sleep loss and sleep disorders
as chronic conditions. This narrow focus may largely be the unintended result
of compliance with criteria for accreditation of sleep laboratories, which emphasize diagnostic standards and reimbursement, for diagnostic testing. To
address this it is recommended that accreditation criteria for sleep centers, in
which are imbedded sleep laboratories, be expanded to emphasize treatment,
long-term patient care, and management strategies.
Recommendation 9.2: Sleep laboratories should be part of accredited sleep centers, the latter to include long-term strategies for
patient care and chronic disease management.
All private and academic sleep laboratories should be under the
auspices of accredited sleep centers and include adequate mechanisms to ensure long-term patient care and chronic disease management. Accreditation criteria should expand beyond a primary focus
on diagnostic testing to emphasize treatment, long-term patient
care, and chronic disease management strategies.
INTERDISCIPLINARY SLEEP PROGRAMS IN
ACADEMIC HEALTH CENTERS
Accelerating Scientific Advances
A coordinated and integrated strategy requires bolstering clinical and
basic research efforts, catalyzing collaborative research efforts, and attracting the breadth of talented researchers who can provide leadership to
advance research and clinical care in sleep loss and sleep disorders. Key to
accelerating progress in the treatment of chronic sleep loss and sleep disorders is the development of a coordinated, focused, and centralized network that connects individual investigators, research programs, and research centers; facilitates collaborative projects; encompasses relevant
research from diverse fields; and builds on the unique strengths of each
research effort to move toward effective therapy, prevention, and treatment. Somnology and Sleep Medicine Research Centers of Excellence
would spearhead these translational research efforts and promote collaborations among all sites conducting research relevant to somnology and
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sleep medicine. Similar to cancer centers, the Somnology and Sleep Medicine Centers of Excellence would act as local, regional, and national resources for the scientific community and the community at large. These
centers would provide the interdisciplinary environment that is essential
to accelerate the development of therapies for chronic sleep loss and sleep
disorders. In addition, these centers would facilitate interactions among
basic, clinical, and population-focused scientists. These would not only be
research centers, but somnology and sleep medicine centers that emphasize the close association among research, clinical care, and education.
The committee further envisions a sustained network for somnology and
sleep medicine in the United States that would facilitate public education,
career development opportunities, translational research, and implementation of multicenter clinical trials. Although in aggregate, sleep loss
and sleep disorders are prevalent, among these are many rare conditions
that would benefit from a national data collection system and clinical
network.
Despite the limited size of the field, the committee believes that the
somnology and sleep medicine field is now sufficiently mature for the establishment of a national somnology and sleep medicine research network.
Scientific advances and a number of large academic interdisciplinary sleep
programs place the proposed network in position to successfully compete
for funding from the National Heart, Lung, and Blood Institute and other
members of the Trans-NIH Sleep Research Coordinating Committee.
Recommendation 8.2: The National Institutes of Health should
establish a National Somnology and Sleep Medicine Research
Network.
The National Center on Sleep Disorders Research in collaboration
with the Trans-NIH Sleep Research Coordination Committee
should establish a National Somnology and Sleep Medicine Research Network. Type III regional interdisciplinary sleep programs
designated by the National Institutes of Health would act as regional centers working with basic research laboratories and sleep
cores at NIH-designated clinical translational research centers. It is
envisioned that the networks would do the following:
• Coordinate and support the current and future cadre of basic
and clinical researchers.
• Train new investigators and fellows.
• Provide core capabilities for basic, clinical, and translational
research.
• Support multisite clinical research in children, adolescents, adults,
and elderly.
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• Create and support virtual networking centers to facilitate the
standardization and sharing of data and resources online and
enhance collaborations with researchers not working in research
centers.
• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in cooperation with the research and clinical network.
• Together with the Agency for Healthcare Research and Quality
develop standards for research, outcomes, and clinical practice.
• Work with the Center for Disease Control and Prevention
to integrate and support surveillance and population-based
research.
Criteria for Interdisciplinary Sleep Programs
in Academic Health Centers
Somnology and sleep medicine is an emerging interdisciplinary field
that is being forged from several disciplines and clinical specialties. However, the limited investment and organization of sleep programs in academic health centers do not favor interdisciplinary research efforts and continued advances in clinical care. Consequently, the committee recommends
a three-tier model for interdisciplinary sleep programs, which lays down the
guiding principles for their organization in all academic health centers—
progressing from programs that emphasize clinical care and education to
programs with a considerable capacity for research, advanced training, and
public education (Table S-1). It is the belief of the committee that, if these
components and guiding principles are followed, interdisciplinary sleep programs can thrive, whether as free-standing departments or as programs
within an existing department, division, or unit.
Status as a Type I interdisciplinary sleep program is achievable by many
academic health centers nationwide; it primarily focuses on clinical care.
This type should highlight the importance of increasing awareness among
health care professionals by offering educational programs for medical
students and residents in primary care. The Type I interdisciplinary sleep
program is a single accredited center that emphasizes a comprehensive diagnosis and treatment program.
A Type II interdisciplinary sleep program includes the characteristics of
a Type I program but in addition is designed to provide optimal education,
training, and research in somnology and sleep medicine for scientists and
physicians, including an accredited sleep fellowship program for physicians.
A Type III regional interdisciplinary sleep program includes the characteristics of Type I and II programs; however, this type of program would act as
a regional coordinator for the proposed National Somnology and Sleep
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Medicine Research Network for education, training, mentoring, clinical
care, research, and clinical trials.
Recommendation 9.1: New and existing sleep programs in academic health centers should meet the criteria of a Type I, II, or III
interdisciplinary sleep program.
New and existing sleep programs should at a minimum conform to
the criteria of a Type I clinical interdisciplinary sleep program. Academic medical centers with a commitment to interdisciplinary training are encouraged to train sleep scientists and fellows in sleep medicine, which would require at least a Type II training and research
interdisciplinary sleep program. Research-intensive medical centers
should aspire to become Type III regional interdisciplinary sleep programs and coordinators of the National Somnology and Sleep Medicine Research Network. The American Academy of Sleep Medicine
should develop accreditation criteria for sleep programs specific to
academic health centers.
PRIORITIES TO ADVANCE SOMNOLOGY
AND SLEEP MEDICINE
The field is particularly well suited to interdisciplinary and translational
strategies. NIH’s Roadmap identified a number of initiatives that aim to
foster the development of interdisciplinary research and training. The
growth of this field fits in with the framework of the Roadmap and thus
could serve as a prototypical program for these new cross-institute initiatives.
Recognizing the current fiscal restraints at the NIH and the prerequisite
requirements for the field, the committee recommends the following prioritized strategy. Of primary importance is
• improving awareness among the general public and health care
professionals,
• increasing investment in interdisciplinary somnology and sleep medicine research training and mentoring activities,
• validating and developing new and existing technologies for diagnosis and treatment.
Transforming academic health centers is also an important part of the
strategy. Although many health centers have the components to establish
interdisciplinary sleep programs, many do not, and it will take time and
energy to develop successful programs. Therefore, it is important that
academia and accrediting bodies begin facilitating this transformation.
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Finally, although there are only a limited number of academic institutions that currently have the capacity to be a Type III regional interdisciplinary sleep program, this should not delay the establishment of the research
network. Initially the network could consist of a limited number of programs. The network would benefit greatly from cultural, ethnic, and environmental diversity. Therefore, a long-range goal should be to have 8 to 10
geographically distributed Type III regional interdisciplinary sleep programs. In this report the committee does not recommend any research priorities. It is the committee’s belief that the strategies outlined in the report
will generate the appropriate mechanisms for generating a research agenda
for the future of somnology and sleep medicine.

TABLE S-1 Guidelines for Interdisciplinary Type I, II, and III Academic
Sleep Programs

Attribute
Structure and Composition
Clinical specialties represented:a
Internal medicine and relevant
subspecialties
Neurology
Psychiatry and subdisciplines
Otolaryngology
Pediatrics and subspecialties (as
necessary may be separate program)
Nursing
Psychology
Dentistry
Medical director certification in sleep
medicine (American Board of Medical
Specialties or American Board of Sleep
Medicine)b
Consultant services from specialties
not represented
Sleep specialists provide consultant services
Single accredited clinical sleep center
Comprehensive program for diagnosis
and treatment of individuals

Type I
(clinical)

Type II
(clinical,
training,
research)

Type III
(regionalized
comprehensive
centers)

x

x

x

x
x
x
x

x
x
x
x

x
x
x
x

x

x
x

x

x

x
x
x
x

x

x

x

x
x
x

x
x
x

x
x
x

continued
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TABLE S-1 continued

Attribute
Training Program
Training program for health care
professionals and/or researchers
Medical school training and education
Education for residents in primary care
Residents in neurology, psychiatry,
otolaryngology, and fellows in pulmonary
medicine rotate through sleep program
Accredited fellowship program for physicians
Research training for clinical fellows
NIH-sponsored training grants for graduate
and postgraduate researchers
Research Program
Research areas of emphasis:c
Neuroscience
Epidemiology/public health
Pharmacology
Basic or clinical research program
Basic and clinical research program
Member of proposed national somnology
and sleep medicine research and clinical
network
Regional coordinator for:
Core facilities for basic research
Multisite clinical trials
Core facilities for clinical research
Mentoring of sleep fellows
Public education
Data coordinating site

Type I
(clinical)

Type II
(clinical,
training,
research)

Type III
(regionalized
comprehensive
centers)

x

x

x

x
x

x
x
x

x
x
x

x
x
x

x
x
x

x
x

x
x
x

x
xd

x

x
x

x
x
x
x
x
x

aThis

list is not meant to be exclusive or exhaustive and should be modified as relevant specialties and training programs emerge.
b
Currently this is American Board of Sleep Medicine. It is anticipated that in 2007 the examination would be supplanted by the American Board of Medical Specialties.
c
This list is not meant to be exclusive or exhaustive. Other research areas could be involved
(e.g., genetics, systems neurobiology, and bioengineering).
d
Type I programs would be responsible for generating and submitting data to the national data
registry established by the proposed National Somnology and Sleep Medicine Research and
Clinical Network.
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BOX S-1
Summary of Committee’s Recommendations to Address
and Remedy the Unmet Public Health Need
The following is a summary of the committee’s recommendations. Complete text of each recommendation can be found in the corresponding
chapters.
NATIONAL INSTITUTES OF HEALTH LEADERSHIP IN RESEARCH
AND TRAINING
The National Center on Sleep Disorders Research and its advisory board should play a more proactive role in stimulating and
coordinating the field. (Recommendation 8.1)
The National Institutes of Health and private foundations must
increase investment in interdisciplinary somnology and sleep
medicine research training and mentoring activities. (Recommendation 7.1)
The National Institutes of Health should ascertain the need for a
transdisciplinary sleep laboratory that would serve as a core resource in its intramural clinical research program. (Recommendation 8.3)
PUBLIC AND PROFESSIONAL AWARENESS
The National Center on Sleep Disorders Research and the Centers for Disease Control and Prevention should establish a multimedia public education campaign. (Recommendation 5.1)
Academic health centers should integrate the teaching of somnology and sleep medicine into baccalaureate and doctoral
health sciences programs, as well as residency and fellowship
training and continuing professional development programs.
(Recommendation 5.2)
SURVIELLANCE AND MONITORING
The Centers for Disease Control and Prevention and National Center on Sleep Disorders Research should support additional surveillance and monitoring of sleep patterns and sleep disorders.
(Recommendation 5.3)

continued
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BOX S-1 continued
TECHNOLOGY DEVELOPMENT
The National Institutes of Health and the Agency for Healthcare
Research and Quality should support the validation and development of existing and new diagnostic and therapeutic technologies. (Recommendation 6.1)
INTERDISCIPLINARY SLEEP PROGRAMS IN ACADEMIC HEALTH
CENTERS
New and existing sleep programs in academic health centers
should conform to meet the criteria of a type I, II, or III interdisciplinary sleep program. (Recommendation 9.1)
Type I clinical interdisciplinary sleep program
Type II clinical, research, and training interdisciplinary sleep program
Type III regional comprehensive sleep program
It is recommended that the National Institutes of Health establish
a national somnology and sleep medicine research network.
(Recommendation 8.2)
Sleep laboratories should be part of accredited sleep centers,
which include long-term strategies for patient care and chronic
disease management. (Recommendation 9.2)
NOTE: For ease of reference, the committee’s recommendations are numbered
according to the chapter of the main text in which they appear followed by the
order in which they appear in the chapter.
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Introduction
“Sleep that knits up the ravelled sleave of care, The death of each
day’s life, sore labour’s bath, Balm of hurt minds, great Nature’s
second course, Chief nourisher in life’s feast.”
Shakespeare, Macbeth

CHAPTER SUMMARY The public health burden of chronic
sleep loss and sleep disorders is immense. Although clinical activities and scientific opportunities in the field are expanding, awareness among the general public and health care professionals is low,
given the burden. The available workforce of health care providers
is not sufficient to diagnose and treat individuals with sleep disorders. Therefore, the current situation necessitates a larger and more
interdisciplinary workforce to meet health care demands as well as
advance the field’s knowledge base. Further, there is a need to develop and reorganize public health and academic sleep programs to
facilitate and improve the efficiency and effectiveness in public
awareness, training, research, diagnosis, and treatment of sleep loss
and sleep disorders. Finally, the fragmentation of research and clinical care currently present in most academic institutions requires the
creation of accredited interdisciplinary sleep programs in academic
institutions. The success of existing comprehensive academic Somnology and Sleep Medicine Programs offers evidence of the value of
interdisciplinary approaches to patient care, education, research
training, faculty development, and science. An interdisciplinary
approach requires the coordinated and integrated effort of not only
the major medical fields involved in sleep clinical care (internal
medicine and its relevant subspecialties, pediatrics, neurology, psychiatry, psychology, and otolaryngology) but also other disciplines
such as neuroscience, dentistry, nursing, and pharmacology.
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MAGNITUDE AND COST OF THE PROBLEM
Fitful sleep, restless nights, hitting the alarm clock button for an additional 10 minutes of sleep—all are all too familiar manifestations of
the interactions of life with one of the frontiers of science and clinical
practice—somnology1 and sleep medicine. It is estimated that 50 to 70 million Americans suffer from a chronic disorder of sleep and wakefulness
(NHLBI, 2003), hindering daily functioning and adversely affecting health.
The current capacity of America’s health system is not sufficient to diagnose and treat all individuals with sleep disorders. Further, awareness
among health care professionals and the general public is low considering
the size of the problem. Among those individuals with sleep disorders are 3
to 4 million individuals with moderate to severe obstructive sleep apnea
(Young et al., 1993), a disorder characterized by brief periods of recurrent
cessation of breathing caused by airway obstruction with morbid or fatal
consequences. Chronic insomnia, which hampers a person’s ability to fall
asleep, is observed in approximately 10 percent of the American population
(Ford and Kamerow, 1989; Simon and VonKorff, 1997; Roth and AncoliIsrael, 1999). Restless legs syndrome and periodic limb movement disorder
are neurological conditions characterized by nocturnal limb movements and
an irresistible urge to move the legs. These conditions affect approximately
5 percent of the general population (Lavigne and Montplaisir, 1994;
Rothdach et al., 2000; NSF, 2000; Montplaisir et al., 2005), making it one
of the most common movement disorders (Montplaisir et al., 2005).
The negative public health consequences of sleep loss and sleep-related
disorders are enormous. Some of the most devastating human and environmental health disasters have been partially attributed to fatigue-related performance failures,2 sleep loss, and night shift work-related performance failures, including the tragedy at the Union Carbide chemical plant in Bhopal,
India; the nuclear reactor meltdowns at Three Mile Island and Chernobyl;
and the grounding of the Exxon Valdez oil tanker (NCSDR, 1994; Moss
and Sills, 1981; United States Senate Committee on Energy and National
Resources, 1986; USNRC, 1987; Dinges et al., 1989). Each of these incidents not only cost millions of dollars but also had a disastrous impact on
the environment and the health of local communities.

1Somnology is the branch of science devoted to the study of the physiology of sleep, the
behavioral dimensions of sleep, and the consequences of sleep loss and sleep disorders on an
individual’s and the general population’s health, performance, safety, and quality of life. Sleep
medicine is the branch of clinical medicine devoted to the diagnosis and treatment of individuals suffering from chronic sleep loss or sleep disorders.
2A significant portion of fatigue, but not all, is caused by chronic sleep loss and/or sleep
disorders.
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Over the past century, the average amount of time that Americans sleep
has decreased by around 20 percent (NCSDR, 1994). Further, 1 out of
every 5 workers in industrialized countries (well over 20 million Americans
[OTA, 1991]) perform shift-work, which requires them to work at night
and attempt to sleep during the daytime hours (AASM, 2005). These
reversed sleep patterns cause maladjustment of circadian rhythms that often
lead to sleep disruption. Americans are working more hours or multiple
jobs and spending more time watching television and using the Internet,
resulting in later sleep times and less sleep.
The cumulative long-term effects of sleep loss and sleep disorders have
been associated with a wide range of deleterious health consequences,
including an increased risk of hypertension, diabetes, obesity, heart attack,
and stroke. In addition, sleep loss and sleep disorders have a significant
economic impact. Billions of dollars a year are spent on direct medical costs
associated with doctor visits, hospital services, prescriptions, and over-thecounter medications (NCSDR, 1994). Compared to healthy individuals,
individuals with chronic sleep loss are less productive, have health care
needs greater than the norm, and have an increased likelihood of injury; for
example, it is estimated that there are 110,000 sleep-related injuries and
5,000 fatalities each year in motor vehicle crashes involving commercial
trucks (CNTS, 1996).
HISTORICAL BACKGROUND
For centuries, sleep and dreams have long been topics of immense interest; however, the modern scientific study of sleep began relatively recently.
In 1937 an electroencephalograph was used for the first time to observe the
electrical activity in the brain during nonrapid eye movement sleep (Loomis
et al., 1937). This opened the field to further advances. Rapid eye movement (REM) was discovered in 1953 by Kleitman and colleagues, and its
correlation with dreams was a major step forward in understanding sleep
physiology (Aserinsky and Kleitman, 1953). The culmination of this work
came in 1957 when Dement and Kleitman defined the stages of sleep (see
Chapter 2 of this report) (Dement and Kleitman, 1957). Since the 1950s a
convergence of findings from many fields (e.g., neurology, pulmonology,
neuroscience, psychiatry, otolaryngology, anatomy, and physiology) have
led to a greater understanding of sleep as a basic universal biological process that affects the functioning of many organ systems (Shepard et al.,
2005). In 1989, a seminal study demonstrated that rats that were subjected
to total sleep deprivation developed skin lesions, experienced weight loss in
spite of increased food intake, developed bacterial infections, and died
within 2 to 3 weeks (Rechtschaffen et al., 1989). Researchers in sleep and
circadian biology continue to work toward a greater understanding of the
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etiology and pathophysiology of sleep disorders. The field is maturing into
an interdisciplinary field in which integration and coordination across the
traditional medical specialties, other health care providers (e.g. nurses, dentists), and between basic and clinical science is vital.
GROWTH OF SOMNOLOGY AND SLEEP MEDICINE
The maturation of the study of sleep and the field of Somnology and
Sleep Medicine (Box 1-1) has seen the establishment of many organizations
devoted to promoting public awareness, ensuring quality care for individuals
who suffer from chronic sleep loss and sleep disorders, and supporting
education and research endeavors. In addition to the National Center on
Sleep Disorders Research (NCSDR) at the National Institutes of Health
(NIH), professional societies and foundations have been established,
including the American Academy of Sleep Medicine, the Sleep Research
Society, the American Sleep Apnea Association, the Restless Legs Syndrome
Foundation, and the National Sleep Foundation
The field of somnology and sleep medicine has been marked by a number of milestones over the last 35 years. Sleep laboratories dedicated to the
evaluation and management of sleep disorders have been established. In
1970, sleep disorders were evaluated at only a handful of sleep laboratories
in the world. In 2001, there were close to 1,300 sleep laboratories in the
United States (Tachibana et al., 2005). Membership in the American Academy of Sleep Medicine and the Sleep Research Society and participation at
the annual meeting of the American Professional Sleep Societies has continued to increase. In 2005 sleep medicine was recognized as a medical subspecialty by the Accreditation Council for Graduate Medical Education and
the American Board of Medical Specialties.
CHALLENGES IN ADVANCING THE STUDY
OF SLEEP DISORDERS
Coordinating Research and Research Funding
Integrating and coordinating the efforts of the many relevant institutes
and centers at the NIH presents many challenges related to funding and
advancing somnology research. For example, it has recently been recognized that restless legs syndrome (National Institute of Neurological Disorders and Stroke) and sleep apnea (National Heart, Lung, and Blood Institute) may be a major cause of attention deficit hyperactivity disorder
(National Institute of Child Health and Human Development, National
Institute of Mental Health) and other behavioral problems (Chervin et al.,
2002). The National Institute on Aging is interested in the increase in sleep
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BOX 1-1
Defining Somnology and Sleep Medicine
Throughout information gathering workshops and discussions the Committee on Sleep Medicine and Research heard the field and practice of
somnology and sleep medicine referred to in many different terms:
sleep, sleep medicine, sleep disorders research, sleep research and
medicine, and the study of sleep. These terms and others fail to describe the full extent of the study and practice of somnology and sleep
medicine. In response to this and the emergence of the clinical and
research field, this committee believes that an enhanced vocabulary
would be helpful to describe the study of sleep and circadian rhythms.
Therefore, throughout this report the committee will use the terms
somnology and sleep medicine.
Somnology: Somnology is the branch of science devoted to the study of
the physiology of sleep, the behavioral dimensions of sleep, and the consequences of sleep loss and sleep disorders on an individual’s and the
general population’s health, performance, safety, and quality of life.
Sleep medicine: Sleep medicine is a branch of clinical medicine devoted to the diagnosis and treatment of individuals suffering from chronic
sleep loss or sleep disorders.

and wake disruption during senescence. Insomnia is typically treated using
behavioral therapy techniques (Office of Behavioral and Social Sciences Research) and is often comorbid with depression, eating disorders, and other
mental disorders (National Institute of Mental Health). Drugs of abuse,
including alcohol and stimulants (National Institute on Drug Abuse, National Institute on Alcohol Abuse and Alcoholism), have major effects on
sleep and are often used to treat underlying sleep problems such as insomnia or narcolepsy. Sleep apnea research and therapy cuts across a number of
disciplines, including nursing (National Institute of Nursing Research), dentistry and otolaryngology (National Institute of Dental and Craniofacial
Research), surgery, neurology (National Institute of Neurological Disorders and Stroke), cardiology, and pulmonary medicine (National Heart,
Lung, and Blood Institute). At the basic research level, somnology research
often involves multiple disciplines such as genetics (National Human Genome Research Institute), environmental sciences (National Institute of Environmental Health Sciences), epidemiology, immunology (National Institute of Allergy and Infectious Diseases), endocrinology (National Institute
of Diabetes and Digestive and Kidney Diseases), neurosciences (National
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Institute of Neurological Disorders and Stroke, National Institute of Mental Health, National Eye Institute), and otolaryngology (National Institute
on Deafness and Other Communication Disorders).
Trans-NIH Sleep Research Coordinating Committee
To facilitate an interchange of information on somnology research the
Trans-NIH Sleep Research Coordinating Committee was formed in 1986.
The coordinating committee consists of representatives from 13 NIH
institutes and centers and meets quarterly to discuss current sleep-related
activities in the NIH and to develop new programs.
National Center on Sleep Disorders Research
In 1993 the National Heart, Lung, and Blood Institute established the
NCSDR. As described in the congressional language, the mission of the
NCSDR is the “conduct and support of biomedical and related research
and research training, the dissemination of health information, and the conduct of other programs with respect to various sleep disorders, the basic
understanding of sleep, biological and circadian rhythm research, chronobiology, and other sleep related research”3 (see Appendix D).
The function of the NCSDR and the Trans-NIH Sleep Research Coordinating Committee are intertwined. The director of the NCSDR serves as
Chair of the Coordinating Committee. Further, the NCSDR is responsible
for coordinating the information collected by individual institutions for the
Coordinating Committee’s annual report; including sleep related activities,
initiatives, and funding of sleep-related activities.
NIH funding for somnology research has increased by more than 150
percent since the NCSDR became fully operational in 1996, reaching a
total of $196.2 million (0.07 percent of the NIH budget) in fiscal year 2004
(NHLBI, 2003). However, this growth occurred during the same period
that the overall budget to the NIH doubled, and currently NIH funding for
sleep-related activities is reaching a plateau. In 2004, for the first time since
the NCSDR was established, there was a decrease in annual NIH expenditures for sleep-related projects; there were fewer research project grants
funded in 2004, and the number of new grants awarded also decreased (see
Appendix G). Consequently, the future outlook for somnology and sleep
medicine is unclear. This presents an even greater challenge for a field that
requires growth in its scientific workforce and technology.

3National

Institutes of Health Revitalization Act of 1993. Pub. L. No. 103-43 (1993).
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Increasing the Numbers of Trained Researchers and Clinicians
New investigators and clinicians knowledgeable about sleep-related
research and clinical care are needed. The growth of the discipline in terms
of clinical volume has not been reflected in a corresponding increase in the
number of clinical and basic sleep researchers. In the spring of 2005 there
were 781 American members of the Sleep Research Society, a number
representing the majority of individuals performing sleep-related research.
There are only 253 principal investigators who work on sleep-related research. There are 151 researchers involved primarily in clinical sleep
research, and 126 focus primarily on basic research projects. In 2004, of
the top 30 academic institutions that received the greatest number of
grants from the NIH, less than half had career development and training
awards in somnology and sleep medicine, and only 17 had NIH-sponsored fellowships that were sleep related. Between the years 2000 and
2004, the NIH increased its support of sleep-related training and fellowship grants; however, during this same period there was a decrease in the
number of career development awards. Over the same period, the number
of academic institutions receiving sleep-related career development awards
also decreased. Therefore, creating an infrastructure to develop a
workforce capable of meeting the clinical and scientific demand remains a
major challenge.
Time devoted in medical school curriculum to sleep medicine is limited.
The percentage of medical schools that include sleep disorders in their curriculums has risen modestly from 54 percent in 1978 (Orr et al., 1980) to
63 percent in 1993, but the time devoted averages only 2.11 hours (Rosen
et al., 1998). Similar analysis has not recently been performed, but there is
no evidence to suggest that medical schools are placing increased emphasis
on sleep-related content in their curriculums. Clearly, the educational effort
is still inadequate given the magnitude of the morbid effects that sleep loss
and sleep disorders have on the most common diseases (e.g., obesity, hypertension, heart attack, and diabetes). In response to this perceived shortcoming in sleep education, the National Heart, Lung, and Blood Institute supported a series of grants (K07 funding mechanism) to develop model medical
school curricula. This resulted in the establishment of MEDSleep, a collection of over 75 sleep education tools and products (AASM, 2005). Although
this program generated a large number of resources, it is unclear how many
of them have been used and implemented. Despite these advances, physician
education regarding the recognition, diagnosis, management, and treatment
of sleep disorders is still inadequate (Strohl et al., 2003; Owens, 2005).
To strengthen the interdisciplinary aspects of the field it is important to
attract new investigators to the field and expand the number of trained
somnology scientists in other relevant and related disciplines. These areas
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include, but are not limited to, biology and health informatics, health service research, nursing, epidemiology and genetic epidemiology, clinical trials, functional imaging, genetics, pathology, neurosciences, and molecular
biology.
Distribution of Resources and Technology Development
Today, the capacity needed to serve the population seeking diagnosis
and treatment is inadequate. Analysis commissioned on behalf of the committee indicated that in many health care systems and communities, the
waiting time for a polysomnogram, the procedure used to diagnose many
sleep disorders, may be as much as 10 weeks (see Chapter 9). This shortfall
will worsen as awareness of the clinical consequences and public health
burden of sleep disorders increases. A substantial investment is needed to
enlarge the clinical and research workforce and improve the technology for
diagnosis and treatment. Ambulatory diagnostic technologies currently
available need to be validated. Further, there is a need for improved treatments for individuals with chronic sleep loss and sleep disorders. For example, the most common treatment for sleep apnea, continuous positive
airway pressure therapy, which requires an individual to wear a mask over
the face while sleeping, has a low rate of compliance, between 45 to 70
percent (Kribbs et al., 1993).
There are approximately 1,300 sleep laboratories in the United States,
39 percent of which are accredited by the American Academy of Sleep Medicine (Tachibana et al., 2005). However, millions of individuals suffering
from sleep disorders remain undiagnosed and untreated (Young et al., 1997;
Kapur et al., 2002). The utilization and capacity of sleep laboratories is not
distributed based on the prevalence of sleep disorders (Tachibana et al.,
2005). Apart from creating new sleep centers and laboratories, developing
and validating reliable portable diagnostic technologies is required to meet
the demand that will arise from greater awareness among the general public
(see Chapter 6).
SOMNOLOGY AND SLEEP MEDICINE RESEARCH
IN ACADEMIC INSTITUTIONS
The division of a university and medical school into academic departments is based upon distinct clinical and graduate training programs. Many
of the most promising new lines of academic research and the most effective
clinical services depend on strong, interdisciplinary programs that emerge
from the knowledge base of the more traditional disciplines (CFAT, 2001).
Unfortunately, the organization of academic disciplines among the schools
and colleges does not effectively support existing interdisciplinary programs
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or those that could be created (Ehrenberg and Epifantseva, 2001; Thursby
and Thursby, 2002).
Somnology and Sleep Medicine Is an Interdisciplinary Field
The field of Somnology and Sleep Medicine is an emerging interdisciplinary field that is being forged from several existing sciences and medical
specialties. However, the current organization of academic health centers
houses clinicians and scientists in discrete departments that do not favor
interdisciplinary research efforts. Although the scientific enterprise of the
field requires interdisciplinary strategies, the clinical service of patients is
multidisciplinary and requires linkages to other medical specialties.
As described in the National Academy of Sciences (2004) report Facilitating Interdisciplinary Research:
Interdisciplinary research is a mode of research performed by teams or individuals that integrates information, data, techniques, tools, perspectives, concepts, and/or theories from two or more disciplines or bodies of specialized
knowledge to advance fundamental understanding or to solve problems whose
solutions are beyond the scope of a single discipline or field of research practice
(Figure 1-1A).
Multidisciplinary research is taken to mean research that involves more than a
single discipline in which each discipline makes a separate contribution. Investigators may share facilities and research approaches while working separately
on distinct aspects of a problem (Figure 1-1B) (NAS, 2004).

There are a wide range of programs in Somnology and Sleep Medicine.
Some are solely clinical in nature; others are clinical programs that include
training of physicians and some research. There are also a limited number
of comprehensive programs that emphasize clinical care education and training, as well as basic and clinical research. With few exceptions most programs continue to be not integrated and embedded in medical departments.
This organization has many adverse implications for the field; including:
• Clinical training in sleep loss and sleep disorders is often limited to
those in the department where the program is housed to the exclusion of
others.
• The absence of interdisciplinary clinical teams hinders patient care.
• A limited sense of identity with, or focus on the field, and an absence
of an established career path for faculty makes it difficult to attract new
students, researchers, and clinicians into the field.
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A) Interdisciplinary
A

Joined together to work on a common question or
problem. Interaction may forge a new research field
or discipline.

C
B

B) Multidisciplinary
A

B

A′

B′

Disciplines joined together to work on a common question
or problem, split apart when work is complete, having
likely gained new knowledge, insight, strategies from
other disciplines.

FIGURE 1-1 Interdisciplinary and multidisciplinary research.
SOURCE: National Academy of Sciences, 2004.

• Research or clinical funds generated from sleep-related activities are
not generally reinvested to enhance sleep programs.
• Collaboration can be more difficult because researchers and clinicians are geographically dispersed.
Sleep Loss and Sleep Disorders Require Long-Term Patient Care
and Chronic Disease Management
Sleep disorders are chronic conditions necessitating complex treatments.
They are frequently comorbid with other sleep disorders and other conditions (e.g., cardiovascular disease, depression, or diabetes), which, by themselves, are complex to treat. Despite the importance of early recognition
and treatment, the primary focus of most existing sleep centers is on diagnosis, rather than on comprehensive care of sleep loss and sleep disorders as
chronic conditions. The narrow focus of sleep centers may largely be the
unintended result of accreditation criteria, which emphasize diagnostic standards and reimbursement for the diagnostic testing (see Chapter 9).
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SCOPE AND ORGANIZATION OF THIS REPORT
Increased public education and greater awareness of the burden of sleep
loss and sleep disorders as well as scientific advances have poised the field
of somnology and sleep medicine for great strides. In 2003 the NCSDR
published a set of research priorities for the field. However, advances will
require an organized strategy to increase and coordinate efforts in training
and educating the public, researchers, and clinicians, as well as improved
infrastructure and funding for this endeavor.
Recognizing the need to develop a new coordinated strategy to improve
public awareness and strengthen the field of Somnology and Sleep Medicine, the NCSDR at the NIH, along with the American Academy of Sleep
Medicine, the National Sleep Foundation, and the Sleep Research Society,
requested that the Institute of Medicine (IOM) conduct a study that would
examine: (1) the public health significance of sleep, sleep loss, and sleep
disorders, (2) gaps in the public health system and adequacy of the current
resources and infrastructures for addressing the gaps, (3) barriers and opportunities for improving interdisciplinary research and medical education and
training in the area of sleep and sleep medicine, and (4) develop a comprehensive plan for enhancing sleep medicine and sleep research (Box 1-2).
The IOM appointed a 14-member committee with expertise in academic and medical administration, adolescent medicine, cardiology, epidemiology, geriatrics, health sciences research, neurology, nursing, otolaryngology, pediatrics, psychiatry, and pulmonology. The committee met five
times during the course of its work and held two workshops that provided
input on the current public health burden of sleep loss and chronic sleep
disorders and the organization and operation of various types of academic
sleep programs.
Chapter 2 of this report describes the basic biology and physiology of
sleep and circadian rhythms. Chapter 3 introduces the primary sleep disorders and their associated health burdens, and Chapter 4 describes their impact on an individual’s performance and associated economic impact. Chapter 5 provides an overview of the barriers to providing optimal patient care,
including the lack of public and professional education. Chapter 6 highlights the need for greater capacity to diagnose and treat individuals with
sleep loss and sleep disorders. In Chapter 7, the committee examines the
education and training programs for students, scientists, and health care
professionals. Chapter 8 discusses the current investment by the NIH and
the NCSDR and the potential role of a national somnology and sleep medicine research network for advancing therapeutic interventions for sleep loss
and sleep disorders. Chapter 9 highlights the infrastructure of the field and
proposes recommendations for developing academic programs in somnology and sleep medicine.
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BOX 1-2
Statement of Task
The Institute of Medicine will convene an ad hoc committee of experts in
public health, academic and medical administration, and health sciences
research to identify (1) the public health significance of sleep, sleep loss,
and sleep disorders; (2) barriers and opportunities for improving interdisciplinary research and medical education and training in the area of sleep
and sleep medicine; and (3) strategies for developing increased support
for sleep medicine and sleep research in academic health centers.
The committee will:
1. Review and quantify the public health significance of sleep health,
sleep loss, and sleep disorders based on current knowledge. This task
will include assessments of (a) the contribution of sleep disorders to poor
health, reduced quality of life, and early mortality; and (b) the economic
consequences of sleep loss and sleep disorders, including lost wages
and productivity. Target populations will be segmented as children,
adults, and the elderly.
2. Identify gaps in the public health system relating to the understanding, management, and treatment of sleep loss and sleep disorders, and
assess the adequacy of the current resources and infrastructures for
addressing the gaps. The committee, however, will not be responsible
for making any budgetary recommendations.
3. Identify barriers to and opportunities for improving and stimulating
multidisciplinary research, education, and training in sleep medicine.
Delineate fiscal and academic organizational models that promote and
facilitate (a) sleep research in the basic sciences; (b) cooperative
research efforts between basic science disciplines and clinical practice
specialties; and (c) multidisciplinary efforts in education and training of
practitioners in sleep health, sleep disorders, and sleep research.
4. Develop a comprehensive plan for enhancing sleep medicine and
sleep research, as appropriate, for improving the public’s health. This will
include interdisciplinary initiatives for research, medical education, training, clinical practice, and health policy.
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Sleep Physiology

CHAPTER SUMMARY This chapter provides a brief overview
of sleep physiology and how sleep patterns change over an individual’s life span. Humans spend about one-third of their lives
asleep. There are two types of sleep, non-rapid eye movement
(NREM) sleep and rapid eye movement (REM) sleep. NREM sleep
is divided into stages 1, 2, 3, and 4, representing a continuum of
relative depth. Each has unique characteristics including variations
in brain wave patterns, eye movements, and muscle tone. Circadian
rhythms, the daily rhythms in physiology and behavior, regulate
the sleep-wake cycle. In addition, the sleep-wake system is thought
to be regulated by the interplay of two major processes, one that
promotes sleep and one that maintains wakefulness.
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Humans spend about one-third of their lives asleep, yet most individuals know little about sleep. Although its function remains to be fully elucidated, sleep is a universal need of all higher life forms including humans,
absence of which has serious physiological consequences. This chapter provides an overview of basic sleep physiology and describes the characteristics
of REM and NREM sleep. Sleep and circadian-generating systems are also
reviewed. The chapter ends with a discussion about how sleep patterns
change over an individual’s life span.
SLEEP ARCHITECTURE
Sleep architecture refers to the basic structural organization of normal
sleep. There are two types of sleep, non-rapid eye-movement (NREM) sleep
and rapid eye-movement (REM) sleep. NREM sleep is divided into stages 1,
2, 3, and 4, representing a continuum of relative depth. Each has unique
characteristics including variations in brain wave patterns, eye movements,
and muscle tone. Sleep cycles and stages were uncovered with the use of
electroencephalographic (EEG) recordings that trace the electrical patterns
of brain activity (Loomis et al., 1937; Dement and Kleitman, 1957a).
Two Types of Sleep
Over the course of a period of sleep, NREM and REM sleep alternate
cyclically (Figure 2-1). The function of alternations between these two types
of sleep is not yet understood, but irregular cycling and/or absent sleep
stages are associated with sleep disorders (Zepelin et al., 2005). For example, instead of entering sleep through NREM, as is typical, individuals

Wake
Stage 1
Stage 2
Stage 3
Stage 4
REM
Body
movement 12:00

1:00

2:00

3:00
4:00
Time (a.m.)

5:00

6:00

7:00

FIGURE 2-1 Progression of sleep states across a single night in young adult.
SOURCE: Carskadon and Dement (2005).
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with narcolepsy enter sleep directly into REM sleep (Carskadon and
Rechtschaffen, 2005).
NREM and REM Sleep Cycles
A sleep episode begins with a short period of NREM stage 1 progressing
through stage 2, followed by stages 3 and 4 and finally to REM. However,
individuals do not remain in REM sleep the remainder of the night but, rather,
cycle between stages of NREM and REM throughout the night (Figure 2-1).
NREM sleep constitutes about 75 to 80 percent of total time spent in sleep,
and REM sleep constitutes the remaining 20 to 25 percent. The average length
of the first NREM-REM sleep cycle is 70 to 100 minutes. The second, and
later, cycles are longer lasting—approximately 90 to 120 minutes (Carskadon
and Dement, 2005). In normal adults, REM sleep increases as the night
progresses and is longest in the last one-third of the sleep episode. As the sleep
episode progresses, stage 2 begins to account for the majority of NREM sleep,
and stages 3 and 4 may sometimes altogether disappear.
Four Stages of NREM Sleep
The four stages of NREM sleep are each associated with distinct brain
activity and physiology. Figure 2-2 shows the EEG patterns characteristic
of the four NREM stages. Other instruments are used to track characteristic changes in eye movement and muscle tone.
Stage 1 Sleep
NREM stage 1 sleep serves a transitional role in sleep-stage cycling.
Aside from newborns and those with narcolepsy and other specific neurological disorders, the average individual’s sleep episode begins in NREM
stage 1. This stage usually lasts 1 to 7 minutes in the initial cycle, constituting 2 to 5 percent of total sleep, and is easily interrupted by a disruptive
noise. Brain activity on the EEG in stage 1 transitions from wakefulness
(marked by rhythmic alpha waves) to low-voltage, mixed-frequency waves.
Alpha waves are associated with a wakeful relaxation state and are characterized by a frequency of 8 to 13 cycles per second (Carskadon and Dement,
2005).
Stage 2 Sleep
Stage 2 sleep lasts approximately 10 to 25 minutes in the initial cycle
and lengthens with each successive cycle, eventually constituting between
45 to 55 percent of the total sleep episode. An individual in stage 2 sleep
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Stage 1

Stage 2

Stage 3

Stage 4

10µV
5 sec

FIGURE 2-2 Characteristic EEG activity of each of the four stages of NREM sleep.
NOTE: In stage 2, the arrow indicates a K-complex, and the underlining shows two
sleep spindles.
SOURCE: Carskadon and Dement (2005).

requires more intense stimuli than in stage 1 to awaken. Brain activity on an
EEG shows relatively low-voltage, mixed-frequency activity characterized
by the presence of sleep spindles and K-complexes (Figure 2-2). It is hypothesized that sleep spindles are important for memory consolidation. Individuals who learn a new task have a significantly higher density of sleep
spindles than those in a control group (Gais et al., 2002).
Stages 3 and 4, Slow-Wave Sleep
Sleep stages 3 and 4 are collectively referred to as slow-wave sleep
(SWS), most of which occurs during the first third of the night. Each has
distinguishing characteristics. Stage 3 lasts only a few minutes and constitutes about 3 to 8 percent of sleep. The EEG shows increased high-voltage,
slow-wave activity (Figure 2-2).
The last NREM stage is stage 4, which lasts approximately 20 to 40
minutes in the first cycle and makes up about 10 to 15 percent of sleep. The
arousal threshold is highest for all NREM stages in stage 4. This stage is

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

37

SLEEP PHYSIOLOGY

characterized by increased amounts of high-voltage, slow-wave activity on
the EEG (Carskadon and Dement, 2005).
REM Sleep
REM sleep is defined by the presence of desynchronized (low-voltage,
mixed-frequency) brain wave activity, muscle atonia, and bursts of rapid
eye movements (Carskadon and Dement, 2005). “Sawtooth” wave forms,
theta activity (3 to 7 counts per second), and slow alpha activity also characterize REM sleep. During the initial cycle, the REM period may last only
1 to 5 minutes; however, it becomes progressively prolonged as the sleep
episode progresses (Carskadon and Dement, 2005). There are numerous
physiological differences between NREM and REM sleep (Table 2-1).

TABLE 2-1 Physiological Changes During NREM and REM Sleep
Physiological Process

NREM

REM

Brain activity

Decreases from wakefulness

Increases in motor and sensory areas,
while other areas are similar to NREM

Heart rate

Slows from wakefulness

Increases and varies compared to
NREM

Blood pressure

Decreases from wakefulness

Increases (up to 30 percent) and
varies from NREM

Sympathetic nerve
activity

Decreases from wakefulness

Increases significantly from wakefulness

Muscle tone

Similar to wakefulness

Absent

Blood flow to brain

Decreases from wakefulness

Increases from NREM, depending
on brain region

Respiration

Decreases from wakefulness

Increases and varies from NREM,
but may show brief stoppages;
coughing suppressed

Airway resistance

Increases from wakefulness

Increases and varies from wakefulness

Body temperature

Is regulated at lower set
point than wakefulness;
shivering initiated at lower
temperature than during
wakefulness

Is not regulated; no shivering or
sweating; temperature drifts toward
that of the local environment

Sexual arousal

Occurs infrequently

Greater than NREM

SOURCES: NHLBI (2003), Somers et al. (1993), Madsen et al. (1991b).
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Dreaming is most often associated with REM sleep. Loss of muscle
tone and reflexes likely serves an important function because it prevents an
individual from “acting out” their dreams or nightmares while sleeping (see
Chapter 3) (Bader et al., 2003). Approximately 80 percent of vivid dream
recall results after arousal from this stage of sleep (Dement and Kleitman,
1957b). REM sleep may also be important for memory consolidation (Crick
and Mitchison, 1983; Smith and Lapp, 1991).
Physiology During Sleep
In addition to the physiological changes listed in Table 2-1, there are
other body system changes that occur during sleep. Generally, these changes
are well tolerated in healthy individuals, but they may compromise the
sometimes fragile balance of individuals with vulnerable systems, such as
those with cardiovascular diseases (Parker and Dunbar, 2005). Physiological changes also occur in the following systems:
• Cardiovascular: Changes in blood pressure and heart rate occur
during sleep and are primarily determined by autonomic nervous system
activity. For instance, brief increases in blood pressure and heart rate occur
with K-complexes, arousals, and large body movements (Lugaresi et al.,
1978; Catcheside et al., 2002; Blasi et al., 2003; Tank et al., 2003). Further,
there is an increased risk of myocardial infarction in the morning due to the
sharp increases in heart rate and blood pressure that accompany awakening
(Floras et al., 1978; Mulcahy et al., 1993).
• Sympathetic-nerve activity: Sympathetic-nerve activity decreases as
NREM sleep deepens; however, there is a burst of sympathetic-nerve activity during NREM sleep due to the brief increase in blood pressure and heart
rate that follows K-complexes. Compared to wakefulness, there is a rise in
activity during REM sleep (Somers et al., 1993).
• Respiratory: Ventilation and respiratory flow change during sleep
and become increasingly faster and more erratic, specifically during REM
sleep (Krieger, 2000; Simon et al., 2002). Ventilation data during
REM sleep are somewhat unclear, but they suggest that hypoventilation
(deficient ventilation of the lungs that results in reduction in the oxygen
content or increase in the carbon dioxide content of the blood or both)
occurs in a similar way as during NREM sleep (NLM, 2006). Several factors contribute to hypoventilation during NREM, and possibly REM, sleep
such as reduced pharyngeal muscle tone (Krieger, 2000; Simon et al., 2002).
Further, during REM sleep, there is reduced rib cage movement and increased upper airway resistance due to the loss of tone in the intercostals
and upper airway muscles (Parker and Dunbar, 2005). More generally,
ventilation and respiratory flow show less effective adaptive responses dur-
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ing sleep. The cough reflex, which normally reacts to irritants in the airway, is suppressed during REM and NREM sleep. The hypoxic ventilatory
response is also lower in NREM sleep than during wakefulness and decreases further during REM sleep. Similarly, the arousal response to respiratory resistance (for example, resistance in breathing in or out) is lowest
in stage 3 and stage 4 sleep (Douglas, 2005).
• Cerebral blood flow: NREM sleep is associated with significant reductions in blood flow and metabolism, while total blood flow and metabolism in REM sleep is comparable to wakefulness (Madsen et al., 1991b).
However, metabolism and blood flow increase in certain brain regions during REM sleep, compared to wakefulness, such as the limbic system (which is
involved with emotions), and visual association areas (Madsen et al., 1991a).
• Renal: There is a decreased excretion of sodium, potassium, chloride, and calcium during sleep that allows for more concentrated and reduced urine flow. The changes that occur during sleep in renal function are
complex and include changes in renal blood flow, glomerular filtration,
hormone secretion, and sympathetic neural stimulation (Cianci et al., 1991;
Van Cauter, 2000; Buxton et al., 2002).
• Endocrine: Endocrine functions such as growth hormone, thyroid
hormone, and melatonin secretion are influenced by sleep. Growth hormone secretion typically takes place during the first few hours after sleep
onset and generally occurs during SWS, while thyroid hormone secretion
takes place in the late evening. Melatonin, which induces sleepiness, likely
by reducing an alerting effect from the suprachiasmatic nucleus, is influenced by the light-dark cycle and is suppressed by light (Parker and Dunbar,
2005).
SLEEP-WAKE REGULATION
The Two-Process Model
The sleep-wake system is thought to be regulated by the interplay of
two major processes, one that promotes sleep (process S) and one that maintains wakefulness (process C) (Gillette and Abbott, 2005). Process S is the
homeostatic drive for sleep. The need for sleep (process S) accumulates
across the day, peaks just before bedtime at night and dissipates throughout
the night.
Process C is wake promoting and is regulated by the circadian system.
Process C builds across the day, serving to counteract process S and promote wakefulness and alertness. However, this wake-promoting system begins to decline at bedtime, serving to enhance sleep consolidation as the
need for sleep dissipates across the night (Gillette and Abbott, 2005). With
an adequate night’s rest, the homeostatic drive for sleep is reduced, the
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circadian waking drive begins to increase, and the cycle starts over. In the
absence of process C, total sleep time remains the same, but it is randomly
distributed over the day and night; therefore, process C also works to consolidate sleep and wake into fairly distinct episodes (Gillette and Abbott,
2005). Importantly, through synchronization of the circadian system, process C assists in keeping sleep-wakefulness cycles coordinated with environmental light-dark cycles.
Sleep-Generating Systems in the Brainstem
Sleep process S is regulated by neurons that shut down the arousal
systems, thus allowing the brain to fall asleep. Many of these neurons are
found in the preoptic area of the hypothalamus (Figure 2-3A). These neurons, containing molecules that inhibit neuronal communication, turn off
the arousal systems during sleep. Loss of these nerve cells causes profound
insomnia (Saper et al., 2005a,c). Inputs from other regions of the brain also
greatly influence the sleep system. These include inputs from the lower
brainstem that relay information about the state of the body (e.g., a full
stomach is conducive to falling asleep), as well as from emotional and cognitive areas of the forebrain. In addition, as described further in the next
section, there are inputs from the circadian system that allow the wakesleep system to synchronize with the external day-night cycle, but also to
override this cycle when it is necessitated by environmental needs.
The sleep-generating system also includes neurons in the pons that
intermittently switch from NREM to REM sleep over the course of the
night. These neurons send outputs to the lower brainstem and spinal cord
that cause muscle atonia, REMs, and chaotic autonomic activity that characterize REM sleep. Other outputs are sent to the forebrain, including activation of the cholinergic pathways to the thalamus to activate the EEG.
Wake-Generating Systems in the Brainstem
Wakefulness is generated by an ascending arousal system from the
brainstem that activates forebrain structures to maintain wakefulness
(Figure 2-3B). This idea, originally put forward by Morruzzi and Magoun
(1949), has more recently been refined (Jones, 2005a; Saper et al., 2005c).
The main source for the ascending arousal influence includes two major
pathways that originate in the upper brainstem. The first pathway, which
takes origin from cholinergic neurons in the upper pons, activates parts of
the thalamus that are responsible for maintaining transmission of sensory
information to the cerebral cortex. The second pathway, which originates
in cell groups in the upper brainstem that contain the monoamine neurotransmitters (norepinephrine, serotonin, dopamine, and histamine),
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FIGURE 2-3 Sleep-generating (A) and wake-generating (B) systems in the brain.
NOTE: Cholinergic (ACh) cell groups; basal forebrain (BF); dopamine (DA);
gamma-aminobutyric acid (GABA); galanin (Gal); histamine (His); serotonin (5-HT);
locus coeruleus (LC); laterodorsal tegmental nuclei (LDT); lateral hypothalamus
(LH); melanin-concentrating hormone (MCH); noradrenaline (NA); orexin (ORX);
perifornical (PeF); the pedunculopontine (PPT); tuberomammillary nucleus (TMN);
ventrolateral preoptic nucleus (VLPO); ventral periaqueductal gray (vPAG).
SOURCE: Saper et al. (2005c).

enters the hypothalamus, rather than the thalamus, where it picks up
inputs from nerve cells that contain peptides (orexin or hypocretin and
melanin-concentrating hormone). These inputs then traverse the basal forebrain, where they pick up additional inputs from cells containing acetylcholine and gamma-aminobutyric acid. Ultimately, all of these inputs
enter the cerebral cortex, where they diffusely activate the nerve cells
and prepare them for the interpretation and analysis of incoming sensory
information.
CIRCADIAN RHYTHMS, THE 24-HOUR CLOCK
Circadian rhythms refer, collectively, to the daily rhythms in physiology
and behavior. They control the sleep-wake cycle, modulate physical activity
and food consumption, and over the course of the day regulate body temperature, heart rate, muscle tone, and hormone secretion. The rhythms are
generated by neural structures in the hypothalamus that function as a biological clock (Dunlap et al., 2004). Animals and plants possess endogenous clocks
to organize daily behavioral and physiological rhythms in accord with the
external day-night cycle (Bunning, 1964). The basis for these clocks is believed
to be a series of molecular pathways involving “clock” genes that are
expressed in a nearly 24-hour rhythm (Vitaterna et al., 2005).
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FIGURE 2-4 Molecular mechanisms underlying the activity of the circadian clock.
NOTE: The activation and deactivation of Period and Cryptochrome protein production is the basis of a negative-feedback loop that controls the ~24-hour cycle
time of circadian clocks. Thus, the ability of the Period and Cryptochrome proteins
to modulate their own production allows the system to self-regulate.

In mammals, two proteins, Clock and Bmal1, bind together and move
into the nucleus of the cell, where they bind to specific sites in the DNA that
activate specific genes (Figure 2-4). Among the genes that they activate are
Period and Cryptochrome. The products of these genes also move back into
the nucleus, where they disrupt the binding of Clock and Bmal1 to the
DNA, thus inhibiting their own synthesis. This results in a rising and falling
pattern of expression of the Period and Cryptochrome gene products with a
periodicity that is very close to 24 hours.
Many other genes are also regulated by Clock and Bmal1, and these
genes cycle in this way in many tissues in the body, giving rise to daily
patterns of activity. These rhythmically expressed genes contribute to many
aspects of cellular function, including glucose and lipid metabolism, signal
transduction, secretion, oxidative metabolism, and many others, suggesting
the importance of the circadian system in many central aspects of life.
The Suprachiasmatic Nucleus
The suprachiasmatic nucleus (SCN) is responsible for regulating circadian rhythms in all organs. It receives direct inputs from a class of nerve
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cells in the retina that act as brightness detectors, which can reset the clock
genes in the SCN on a daily basis. The SCN then transmits to the rest of the
brain and body signals that bring all of the daily cycles in synchrony with
the external day-night cycle.
The main influence of the SCN on sleep is due to a series of relays
through the dorsomedial nucleus of the hypothalamus, which signals to the
wake-sleep systems to coordinate their activity with the day-night cycles.
The SCN also coordinates cycles of feeding, locomotor activity, and hormones, such as corticosteroids (Chou et al., 2003). Under some conditions
(e.g., limited food availability) when there are changes in the external temperature, or even under conditions of behavioral stress (e.g., the need to
avoid a predator), animals must shift their daily cycles to survive. In such
circumstances, the dorsomedial nucleus may shift to a new daily cycle, which
can be completely out of phase with the SCN and the light-dark cycle, and
its signals also shift the daily cycles of sleep, activity, feeding, and corticosteroid hormone secretion (Saper et al., 2005b,c).
Another major output of the SCN is to a pathway that controls the
secretion of melatonin, a hormone produced by the pineal gland. Melatonin, which is mainly secreted at night, acts to further consolidate the circadian rhythms but has only limited effects directly on sleep.
Sleep and Thermoregulation
Body temperature regulation is subject to circadian system influence.
An individual’s body temperature is higher during the day than at night
(Figure 2-5). At night there is a gradual decline in body temperature, a
decrease in heat production (called the falling phase of the body temperature rhythm), and an increase in heat loss, all which promote sleep onset
and maintenance, as well as EEG slow-wave activity. Conversely, there is a
gradual increase in body temperature several hours before waking. The
brain sends signals to other parts of the body that increase heat production
and conservation in order to disrupt sleep and promote waking (Szymusiak,
2005).
SLEEP PATTERNS CHANGE WITH AGE
Sleep architecture changes continuously and considerably with age.
From infancy to adulthood, there are marked changes in how sleep is initiated and maintained, the percentage of time spent in each stage of sleep,
and overall sleep efficiency (i.e., how successfully sleep is initiated and maintained). A general trend is that sleep efficiency declines with age (Figure
2-6). Although the consequences of decreased sleep efficiency are relatively
well documented, the reasons are complex and poorly understood. Exami-
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FIGURE 2-5 Body temperature in relation to time of day.
SOURCE: NHBLI (2003).

nation of sleep characteristics by age, however, allows a closer understanding of the function of sleep for human development and successful aging.
Newborns and Infants
At birth, sleep timing is distributed evenly across day and night for the
first few weeks, with no regular rhythm or concentration of sleeping and
waking. Newborns sleep about 16 to 18 hours per day; however, it is discontinuous with the longest continuous sleep episode lasting only 2.5 to 4
hours (Adair and Bauchner, 1993; Roffwarg et al., 1966). Newborns have
three types of sleep: quiet sleep (similar to NREM), active sleep (analogous
to REM), and indeterminate sleep (Davis et al., 2004). Sleep onset occurs
through REM, not NREM, and each sleep episode consists of only one or
two cycles (Jenni and Carskadon, 2000; Davis et al., 2004). This distinctive
sleep architecture occurs mostly because circadian rhythms have not yet
been fully entrained (Davis et al., 2004).
Circadian rhythms begin to arise around 2 to 3 months of age, leading
to sleep consolidation that manifests in greater durations of wakefulness
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FIGURE 2-6 Changes in sleep with age.
NOTE: Time (in minutes) for sleep latency, amount of time spent awake after initially falling asleep (WASO), rapid eye movement (REM), non-rapid eye movement
(NREM), stages 1, 2, and slow-wave sleep (SWS).
SOURCE: Carskadon and Rechtschaffen (2005).

during the day and longer periods of sleep at night (Sheldon, 2002). Circadian
rhythm development in the first 3 months includes: emergence of the 24-hour
core body temperature cycle (1 month of age); progression of nocturnal
sleeping (2 months of age); and cycling of melatonin and cortisol hormones
in a circadian rhythm (3 months of age) (Jenni and Carskadon, 2000).
Sleep cycles also change because of the emergence of the circadian
rhythm and a greater responsiveness to social cues (such as breast-feeding
and bedtime routines). By 3 months of age, sleep cycles become more regular: sleep onset now begins with NREM, REM sleep decreases and shifts to
the later part of the sleep cycle, and the total NREM and REM sleep cycle is
typically 50 minutes (Anders et al., 1995; Jenni and Carskadon, 2000). By 6
months of age, total sleep time reduces slightly and the longest continuous
sleep episode lengthens to approximately 6 hours (Anders et al., 1995; Jenni
and Carskadon, 2000). As sleep cycles mature, the typical muscle paralysis
of REM sleep replaces the propensity for movement in what was called
“active sleep” as a newborn. By 12 months old, the infant typically sleeps
14 to 15 hours per day with the majority of sleep consolidated in the evening
and during one to two naps during the day (Anders et al., 1995).
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Young Children
There are a limited number of studies that address normal sleep architecture in young children; however, one trend that appears to be consistent
is that sleep amounts decrease as a child gets older. The reduction cannot be
attributed solely to physiologic requirements, because cultural environments
and social changes also influence changing sleep characteristics in young
children. Total sleep time decreases by 2 hours from age 2 to age 5 (13
hours to 11) (Roffward et al., 1966). Socially, the decrease in time asleep
may be a result of decreased daytime napping, as most children discontinue
napping between 3 and 5 years old (Jenni and Carskadon, 2000). Other
social and cultural factors that begin to influence sleep include how, with
whom, and where children sleep and the introduction of school time routines (Jenni and O’Connor, 2005).
Physiologically, it has been suggested that by the time children enter
school (typically 6 years old) they begin to manifest circadian sleep phase
preferences—a tendency to be a “night owl” or “morning bird” (Jenni and
Carskadon, 2000). Older children, however, are significantly more likely to
experience challenges in initiating and maintaining sleep than younger children. In addition, older children are more likely to have nightmares, which
usually disrupt sleep, making it discontinuous (Beltramini and Hertzig,
1983). One study found that children appear to have longer REM sleep
latencies than adolescents and consequently spend a greater percentage of
sleep time in stages 3 and 4 (Gaudreau et al., 2001).
Adolescents
A complex and bidirectional relationship exists between pubertal development and sleep. Studies underscore the importance of using pubertal
stage, rather than chronologic age as the metric in understanding sleep, as
has been found for other physiologic parameters in the second decade of
life. It has been determined that adolescents require 9 to 10 hours of sleep
each night (Carskadon et al., 1993; Mercer et al., 1998), though few adolescents obtain adequate sleep. In the United States, the average total sleep
time in a sample of eighth-grade students was found to be 7.9 hours
(Wolfson et al., 2003). Over a quarter of high school and college students
were found to be sleep deprived (Wolfson and Carskadon, 1998).
SWS and sleep latency time progressively declines with advancing pubertal development (Carskadon et al., 1980); however, time spent in stage
2 increases (Carskadon, 1982). These changes are likely in part due to
pubertal and hormonal changes that accompany the onset of puberty
(Karacan et al., 1975). For instance, at midpuberty, there is significantly
greater daytime sleepiness than at earlier stages of puberty. Afternoon
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sleepiness is greater than that in late afternoon and evening in more mature adolescents than in younger subjects. With increasing age, the total
time spent sleeping decreases, as does REM sleep. However, if bedtime is
fixed, the duration of REM sleep remains constant (Carskadon, 1982;
Carskadon et al., 1983).
Adults
Sleep architecture continues to change with age across adulthood. Two
major attributes of age-related sleep changes are earlier wake time and reduced sleep consolidation (Dijk et al., 2000). A hallmark change with age is
a tendency toward earlier bedtimes and wake times. Older adults (approximately ages 65 to 75) typically awaken 1.33 hours earlier, and go to bed
1.07 hours earlier, than younger adults (approximately ages 20 to 30) (Duffy
et al., 1998). There are no conclusive studies that demonstrate why older
adults experience earlier wake times, despite decreased sleep efficiency, but
one hypothesis may be an advanced circadian pacemaker that accompanies
age (Dijk et al., 2000). It is unclear if this is due to older adults experiencing
an increased sensitivity to light (Dijk et al., 2000; Ancoli-Israel, 2005).
Nonetheless, the consequences of an advanced circadian rhythm are a
1-hour advance in body temperature increase in the early morning and misaligned melatonin and cortisol secretion rhythms with the circadian clock
(Dijk et al., 2000).
Younger adults may experience brief awakenings, but they are usually
minor and occur close to an REM sleep transition; thus, sleep remains relatively consolidated. Arousal occurring mostly from REM sleep in young
adults suggests that there is a protective mechanism to keep from awakening during NREM sleep; however, this protective effect appears to also
decline with age (Dijk, 1998). As an individual ages (between the ages of 20
to 60), SWS declines at a rate of about 2 percent per decade (Figure 2-6)
(Dijk et al., 1989; Astrom and Trojaborg, 1992; Landolt et al., 1996;
Ancoli-Israel, 2005). Because arousal thresholds are typically highest during SWS, and because SWS declines with age, older adults experience more
frequent awakenings during a sleep episode. Another important variable
may be an age-related reduction both in homeostatic sleep pressure and
circadian pacemaker effectiveness during the night (Dijk et al., 2000).
Gender Differences
Although there have been few systematic studies, there appear to be
gender-based differences in sleep and circadian rhythms. Available evidence
is strongest in adults; however, gender differences have also been observed
in infancy (Bach et al., 2000; Moss and Robson, 1970; Hoppenbrouwers et
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al., 1989), childhood (Meijer et al., 2000; Sadeh et al., 2000; Acebo et al.,
1996), and adolescence (Giannotti et al., 2002; Laberge et al., 2001). In
adults, men spend greater time in stage 1 sleep (Bixler et al., 1984) and
experience more awakenings (Kobayashi et al., 1998). Although women
maintain SWS longer than men, they complain more often of difficulty falling asleep and midsleep awakenings. In contrast, men are more likely to
complain of daytime sleepiness (Ancoli-Israel, 2000).
In women, the menstrual cycle may influence sleep-wake activity; however, methodological challenges have limited the number of conclusive findings (Metcalf, 1983; Leibenluft et al., 1994). There have been a number of
studies that suggest that women’s sleep patterns are greatly affected during
pregnancy and the postpartum period (Karacan et al., 1968; Hertz et al.,
1992; Lee and Zaffke, 1999; Driver and Shapiro, 1992). For example,
women often experience considerable daytime sleepiness during pregnancy
and during the first few postpartum months, and as will be discussed in
greater detail in Chapter 3, they are also at a higher risk of developing
restless legs syndrome (Goodman et al., 1998; Lee et al., 2001).
Elderly People
Problematic sleep has adverse effects on all individuals, regardless of
age; however, older people typically show an increase in disturbed sleep
that can create a negative impact on their quality of life, mood, and alertness (Ancoli-Israel, 2005; Bliwise, 2005). Elderly individuals sleep 36 percent less than children at age 5 (Figure 2-6). Although the ability to sleep
becomes more difficult, the need to sleep does not decrease with age (AncoliIsrael, 2005). Difficulty in initiating and maintaining sleep is cited in 43
percent of the elderly (Foley et al., 1995), although these problems are more
commonly among adults suffering from depression, respiratory symptoms,
and physical disability, among others (Ancoli-Israel, 2005). However, declining sleep efficiency and quality has also been observed in healthy older
people (Dijk et al., 2000).
Changes in sleep patterns affect males and females differently. The progressive decrease in SWS is one of the most prominent changes with aging;
however, it appears to preferentially affect men. The gender difference is
unclear, but it has been suggested that older women have “better-preserved”
SWS than men (Reynolds et al., 1985). Women ages 70 and older spend
around 15 to 20 percent of total sleep time in stages 3 and 4; men of the
same age spend only around 5 percent of total sleep time in stages 3 and 4
(Redline et al., 2004). Another gender contrast is that older women go to
bed and wake up earlier than older men, which suggests that body temperature rhythms are phase-advanced in elderly women (Campbell et al., 1989;
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Moe et al., 1991; Monk et al., 1995). However, both men and women have
increased stage 1 and decreased REM sleep.
Older people also experience a decrease in melatonin levels, which may
be due to the gradual deterioration of the hypothalamic nuclei that drive
circadian rhythms (Ancoli-Israel, 2005). The inability to maintain long sleep
episodes and bouts of wakefulness may reflect, in addition to other medical
factors, a continuously decreasing sleep homeostasis (Dijk et al., 2000;
Bliwise, 2005). Other prominent factors are the continuous increase in sleep
latency and nighttime awakenings and inconsistency of external cues such
as light exposure (which tends to be low), irregular meal times, nocturia,
and decreased mobility leading to a reduction in exercise (Dijk et al., 2000;
Ancoli-Israel, 2005; Bliwise, 2005).
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3
Extent and Health Consequences of
Chronic Sleep Loss and Sleep Disorders

CHAPTER SUMMARY It is estimated that 50 to 70 million
Americans chronically suffer from a disorder of sleep and wakefulness, hindering daily functioning and adversely affecting health
and longevity. There around 90 distinct sleep disorders; most are
marked by one of these symptoms: excessive daytime sleepiness, difficulty initiating or maintaining sleep, and abnormal events occurring during sleep. The cumulative long-term effects of sleep loss and
sleep disorders have been associated with a wide range of deleterious
health consequences including an increased risk of hypertension, diabetes, obesity, depression, heart attack, and stroke. After decades of
research, the case can be confidently made that sleep loss and sleep
disorders have profound and widespread effects on human health.
This chapter focuses on manifestations and prevalence, etiology and
risk factors, and comorbidities of the most common sleep conditions, including sleep loss, sleep-disordered breathing, insomnia, narcolepsy, restless legs syndrome, parasomnias, sleep-related psychiatric disorders, sleep-related neurological disorders, sleep-related medical
disorders, and circadian rhythm sleep disorders.
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Sleep loss and sleep disorders are among the most common yet frequently overlooked and readily treatable health problems. It is estimated
that 50 to 70 million Americans chronically suffer from a disorder of sleep
and wakefulness, hindering daily functioning and adversely affecting health
and longevity (NHLBI, 2003). Questions about sleep are seldom asked by
physicians (Namen et al., 1999, 2001). For example, about 80 to 90 percent of adults with clinically significant sleep-disordered breathing remain
undiagnosed (Young et al., 1997b). Failure to recognize sleep problems not
only precludes diagnosis and treatment—it also precludes the possibility of
preventing their grave public health consequences.
The public health consequences of sleep loss and sleep-related disorders
are far from benign. The most visible consequences are errors in judgment
contributing to disastrous events such as the space shuttle Challenger (Walsh
et al., 2005). Less visible consequences of sleep conditions are far more
prevalent, and they take a toll on nearly every key indicator of public health:
mortality, morbidity, performance, accidents and injuries, functioning and
quality of life, family well-being, and health care utilization. Some of these
consequences, such as automobile crashes, occur acutely within hours (or
minutes) of the sleep disorder, and thus are relatively easy to link to sleep
problems. Others—for example, obesity and hypertension—develop more
insidiously over months and years of chronic sleep problems. After decades
of research, the case can be confidently made that sleep loss and sleep disorders have profound and widespread effects on human health.
Although there are around 90 distinct sleep disorders, according to the
International Classification of Sleep Disorders (AASM, 2005), most are
marked by one of these symptoms: excessive daytime sleepiness, difficulty
initiating or maintaining sleep, or abnormal movements, behaviors, and
sensations occurring during sleep. The cumulative effects of sleep loss and
sleep disorders have been associated with a wide range of deleterious health
consequences including an increased risk of hypertension, diabetes, obesity,
depression, heart attack, and stroke.
This chapter focuses on the most common sleep conditions, including
sleep loss, sleep-disordered breathing, insomnia, narcolepsy, restless legs syndrome (RLS), parasomnias, sleep-related psychiatric disorders, sleep-related
neurological disorders, sleep-related medical disorders, and circadian rhythm
sleep disorders. The manifestations and prevalence, etiology and risk factors,
and comorbidities for each condition are briefly described. There is a large
body of data on these disorders, in part because they encompass the most
frequently cited sleep disorders or they carry the greatest public health burden. As such, the committee chose to focus primarily on these disorders.
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SLEEP LOSS
Manifestations and Prevalence
Sleep loss generally, in adults, refers to sleep of shorter duration than
the average basal need of 7 to 8 hours per night. The main symptom of
sleep loss is excessive daytime sleepiness, but other symptoms include depressed mood and poor memory or concentration (Dinges et al., 2005).
Chronic sleep loss, while neither a formal syndrome nor a disorder, has
serious consequences for health, performance, and safety, as described in
Chapter 4.
Sleep loss is a highly prevalent problem that continues to worsen in
frequency as individuals grow older. Recent studies find that at least 18
percent of adults report receiving insufficient sleep (Liu et al., 2000; Kapur
et al., 2002; Strine and Chapman, 2005). Historically, there have been a
limited number of nationally representative surveys that provide reliable
data on sleep patterns in the population. The National Health Interview
Survey (NHIS), run by the Centers for Disease Control and Prevention
(CDC) (see Chapter 5), included the following question in the 1977, 1985,
1990 cycles: “On average how many hours of sleep do you get a night (24hour period)?” The same question was added to the core NHIS questionnaire in 2004. Based on these data, it has been estimated that the percentage
of men and women who sleep less than 6 hours has increased significantly
over the last 20 years (Figure 3-1) (CDC, 2005). More than 35 years ago,
adults reported sleeping 7.7 hours per night (Tune, 1968).
Adolescents also frequently report receiving insufficient sleep. Contrary
to public perceptions, adolescents need as much sleep as preteens. A large
survey of over 3,000 adolescents in Rhode Island found that only 15 percent reported sleeping 8.5 or more hours on school nights, and 26 percent
reported sleeping 6.5 hours or less (Wolfson and Carskadon, 1998). The
optimal sleep duration for adolescents, about 9 hours per night, is based on
research about alertness, sleep-wake cycles, hormones, and circadian rhythms
(Carskadon et al., 2004). Among adolescents, extensive television viewing
and growing social, recreational, and academic demands contribute to sleep
loss or sleep problems (Wolfson and Carskadon, 1998; Johnson et al., 2004).
Etiology and Risk Factors
The causes of sleep loss are multifactoral. They fall under two major,
somewhat overlapping categories: lifestyle/occupational (e.g., shift work,1
1The term “shift work” is defined by regular employment outside of the normal day work
hours of 7:00 a.m. to 6:00 p.m.
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FIGURE 3-1 Percent of adults in the United States who usually slept 6 hours or less
a night.
SOURCE: CDC (2005).

prolonged working hours, jet lag, irregular sleep schedules2), and sleep disorders (e.g., insomnia, sleep-disordered breathing, RLS, narcolepsy, and circadian rhythm disorders). Unfortunately, available epidemiological data are
not sufficient to determine the extent to which sleep loss is caused by pathology versus behavioral components. The increase in sleep loss is driven
largely by broad societal changes, including greater reliance on longer work
hours, shift work, and greater access to television and the Internet. About
20 percent of workers are engaged in some kind of shift work (Monk, 2005),
of whom there is a growing number of night shift workers suffering chronic
sleep loss and disruption of circadian rhythms (Harma et al., 1998; Drake
et al., 2004). One indication of the growing trend is the number of adults
departing for work between midnight and 5:30 a.m.; that number has
grown, over a 10-year period, by 24 percent (United States Census Bureau,
1990). A greater prevalence of insomnia also may contribute to the rise in
sleep loss, but probably to a lesser extent than do occupational or lifestyle

2Irregular sleep schedules frequently include significant disparities between sleep on weekdays and weekends, which contribute to shifts in sleep phase and sleep problems.
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changes. Adults are sleeping less to get more work accomplished and are
staying up later to watch television or use the Internet (NSF, 2005b).
Sleep Loss Affects Health
In the past 10 or more years, research has overturned the dogma that
sleep loss has no health effects, apart from daytime sleepiness. The studies
discussed in this section suggest that sleep loss (less than 7 hours per night)
may have wide-ranging effects on the cardiovascular, endocrine, immune,
and nervous systems, including the following:
•
•
•
•
•
•

Obesity in adults and children
Diabetes and impaired glucose tolerance
Cardiovascular disease and hypertension
Anxiety symptoms
Depressed mood
Alcohol use

Many of the studies find graded associations, insofar as the greater the
degree of sleep deprivation, the greater the apparent adverse effect (although
the difference may not reach statistical significance). Another common finding is the relationship that adverse effects occur with either short or long
sleep duration, as compared to a sleep time of 7 to 8 hours. This type of
association is often described as a U-shaped relationship. It should be noted,
however, that the majority of these studies are observational in nature, and
thus definite causal inferences cannot be made. The associations observed
in some studies might be subject to different types of biases, such as temporal (or “reverse causality”) bias, whereby sleep loss might be a manifestation or a symptom of the disease in question. The latter is most likely in
cross-sectional studies but could also affect associations observed in cohort
studies, particularly when they are relatively short term and/or when the
disease under investigation has a long preclinical phase. In the discussion
that follows, and wherever possible, potential physiological mechanisms
behind epidemiological associations and that support the plausibility of a
true causal relationship are noted.
Sleep Loss Is Associated with Obesity
When a person sleeps less than 7 hours a night there is a dose-response
relationship between sleep loss and obesity: the shorter the sleep, the greater
the obesity, as typically measured by body mass index (BMI)—weight in
kilograms divided by height in meters squared. Although most studies were
cross-sectional, one prospective study was a 13-year cohort study of nearly
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500 adults. By age 27, individuals with short sleep duration (less than 6
hours) were 7.5 times more likely to have a higher body mass index, after
controlling for confounding factors such as family history, levels of physical
activity, and demographic factors (Hasler et al., 2004). Another study, a
large population-based study of more than 1,000 adults, found a U-shaped
relationship between sleep duration, measured by polysomnography, and
BMI (Figure 3-2). Adults who slept 7.7 hours had the lowest BMI; those
with shorter and longer sleep duration had progressively higher BMI. The
U-shaped association also applies to other health outcomes, such as heart
attacks. The impact of sleep loss diminishes with age. The study also sought
to investigate physiological mechanisms behind the relationship between
sleep duration and BMI. Measuring two appetite-related hormones, the
study found that sleep insufficiency increased appetite. Sleep insufficiency
was associated with lower levels of leptin, a hormone produced by an adipose tissue hormone that suppresses appetite, and higher levels of ghrelin, a
peptide that stimulates appetite (Taheri et al., 2004). Another study—a
small randomized, cross-over clinical trial—also found that sleep restriction
was associated with lower leptin and higher ghrelin levels (Spiegel et al.,
2004). The findings suggest that a hormonally mediated increase in appetite
may help to explain why short sleep is related to obesity. Several mediating
mechanisms have been proposed, including effects of sleep deprivation on

FIGURE 3-2 Curvilinear relationship between BMI and average nightly sleep.
SOURCE: Taheri et al. (2004).
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the sympathetic nervous system and/or hypothalamic hormones (Spiegel et
al., 2004), which also influence appetite.
Obesity also contributes to obstructive sleep apnea (OSA). This most
likely occurs through fat deposition in airways, causing them to narrow.
This point is inferred from studies finding that large neck size is a better
predictor of OSA than is BMI (Katz et al., 1990) and the finding that central obesity (obesity around the waist) is a better predictor of OSA than
total obesity (Grunstein, 2005b). The relationship has been found in welldesigned epidemiological studies of young children (Locard et al., 1992;
Sekine et al., 2002; von Kries et al., 2002) and adults (Vioque et al., 2000;
Kripke et al., 2002; Gupta et al., 2002; Taheri et al., 2004; Hasler et al.,
2004).
Taken as a whole, the body of evidence suggests that the serious public
health problem of obesity may continue to grow as sleep loss trends continue to worsen. It also suggests that addressing obesity will likely benefit
sleep disorders, and treating sleep deprivation and sleep disorders may benefit individuals with obesity (Taheri et al., 2004).
Sleep Loss Is Associated with Diabetes and Impaired Glucose Tolerance
Two large epidemiological studies and one experimental study found
an association between sleep loss and diabetes, or impaired glucose tolerance. Impaired glucose tolerance, which is a precursor to diabetes, is manifested by glucose levels rising higher than normal and for a longer period
after an intravenous dose of glucose. In the Sleep Heart Health Study, which
is a community-based cohort, adults (middle-aged and older) who reported
5 hours of sleep or less were 2.5 times more likely to have diabetes, compared with those who slept 7 to 8 hours per night (Figure 3-3, [Gottlieb et
al., 2005]). Those reporting 6 hours per night were about 1.7 times more
likely to have diabetes. Both groups were also more likely to display impaired glucose tolerance. Adults with sleep times of 9 hours or more also
showed these effects, a finding consistent with the Nurses Health Study.
Adjustment for waist girth, a measure of obesity, did not alter the significance of the findings, suggesting that the diabetes effect was independent of
obesity.
The relationship between shorter sleep times and impaired glucose tolerance is also supported by an experimental study in which 11 healthy
male volunteers were restricted to 4 hours of sleep for a total of six nights
(Spiegel et al., 1999). Even after this relatively short period of time, the
study found that sleep loss, compared with a fully rested state, led to
impaired glucose tolerance. The effect resolved after restoring sleep to normal. Glucose clearance was 40 percent slower with sleep loss than with
sleep recovery. Further, mice that have a mutation in a gene that regulates
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NOTE: Data were adjusted for age, sex, race, waist girth, caffeine, alcohol, smoking, and apnea-hypopnea index.
SOURCE: Gottlieb et al. (2005).

circadian rhythms have metabolic disorders (Turek et al., 2005). The association between sleep loss and diabetes or impaired glucose tolerance may
mediate the relationship between sleep loss and cardiovascular morbidity
and mortality, as discussed below.
Sleep Loss Is Associated with Cardiovascular Morbidity
Sleep loss and sleep complaints are associated with heart attacks (myocardial infarction) and perhaps stroke, according to several large epidemiological studies (Eaker et al., 1992; Qureshi et al., 1997; Schwartz et al.,
1998; Newman et al., 2000; Ayas et al., 2003; Yaggi et al., 2005; Bradley et
al., 2005; Caples et al., 2005) and one case-control study (Liu et al., 2002).
One of these studies, of incident cases of heart attacks in the Nurses Health
Study, was discussed earlier because it also found increased incidence of
diabetes (Ayas et al., 2003). The cohort had no coronary heart disease at
baseline. Ten years later, in 1996, the likelihood of nonfatal and fatal heart
attack was modestly increased for both short and long sleep duration. Five
hours of sleep or less was associated with a 45 percent increase in risk (odds
ratio [OR] = 1.45, 95% confidence interval [CI], 1.10–1.92), after adjusting for age, BMI, smoking, and snoring. Similarly elevated risks were also
found for sleeping 9 hours or more. The effects were independent of a history of hypertension or diabetes because additional adjustment for these
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conditions yielded slightly lower, but still significantly elevated, relative
risks.
Several potential mechanisms could explain the link between sleep loss
and cardiovascular events, including blood pressure increases, sympathetic
hyperactivity, or impaired glucose tolerance. Experimental data, showing
that acute sleep loss (3.6 hours sleep) for one night results in increased
blood pressure in healthy young males, may provide a biological mechanism for the observed associations between sleep loss and cardiovascular
disease (Tochikubo et al., 1996; Meier-Ewert et al., 2004).
Sleep Loss, Mood, Anxiety, and Alcohol Use
Sleep loss is associated with adverse effects on mood and behavior.
Adults with chronic sleep loss report excess mental distress, depressive
symptoms, anxiety, and alcohol use (Baldwin and Daugherty, 2004; Strine
and Chapman, 2005; Hasler et al., 2005). A meta-analysis of 19 original
articles found that partial sleep deprivation alters mood to an even greater
extent that it does cognitive or motor functions (Pilcher and Huffcutt,
1996).
Several studies of adolescents, including one with more than 3,000 high
school students, found that inadequate sleep is associated with higher levels
of depressed mood, anxiety, behavior problems, alcohol use (Carskadon,
1990; Morrison et al., 1992; Wolfson and Carskadon, 1998), and attempted
suicide (Liu, 2004). Nevertheless, it is not clear from cross-sectional studies
whether sleep influences mood or anxiety level, or vice versa. On the other
hand, a large, 3-year longitudinal study of more than 2,200 middle school
students (ages 11 to 14) found that self-reported sleep loss was associated
with more depressive symptoms and lower self-esteem over time (Fredriksen
et al., 2004). The study measured sleep loss using a single question about
sleep duration on school nights and measured depressive symptoms and
self-esteem by the Children’s Depressive Inventory and the Self-Esteem
Questionnaire, respectively. Therefore, although this study suggests an association, the evidence is still limited.
Sleep Loss and Disease Mortality
Sleep loss is also associated with increased age-specific mortality, according to three large, population-based, prospective studies (Kripke et al., 2002;
Tamakoshi et al., 2004; Patel et al., 2004). The studies were of large cohorts,
ranging from 83,000 to 1.1 million people. In three studies, respondents were
surveyed about their sleep duration, and then they were followed for periods
ranging from 6 to 14 years. Deaths in short or long sleepers were compared
with those who slept 7 hours (the reference group), after adjusting for numer-
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ous health and demographic factors. Sleeping 5 hours or less increased mortality risk, from all causes, by roughly 15 percent. The largest American study,
depicted in Figure 3-4, graphically illustrates what has been found in all three
studies: a U-shaped curve, showing that progressively shorter or longer sleep
duration is associated with greater mortality. Other epidemiological studies
suggest that sleep-loss-related mortality is largely from acute heart attacks
(Ayas et al., 2003). Potential pathophysiological mechanisms accounting for
the relationship, while poorly understood, have become the focus of growing
interest and are discussed later in this chapter.
Management and Treatment
Management and treatment of sleep loss are rarely addressed by clinicians, despite the large toll on society (Chapters 4, 5, and 7). There are no
formal treatment guidelines in primary or specialty care for dealing with
sleep loss (Dinges et al., 1999). The most effective treatment for sleep loss is
to sleep longer or take a short nap lasting no more than 2 hours (Veasey et
al., 2002), and to have a better understanding of proper sleep habits.
Catching up on sleep on the weekends—a popular remedy for sleep loss—
does not return individuals to baseline functioning (Szymczak et al., 1993;
Dinges et al., 1997; Klerman and Dijk, 2005; Murdey et al., 2005). If
extended work hours or shift work cannot be avoided, specific behavioral
tips to stay alert are available (NSF, 2005c), as are such wake-promoting
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FIGURE 3-4 Shorter or longer sleep duration is associated with greater mortality.
NOTE: Hazard ratio is an individual’s relative risk of dying compared to the general population, based upon average number of hours of sleep per night.
SOURCE: Kripke et al. (2002).
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medications as caffeine, modafinil, and sympathomimetic medications
(direct and indirect acting), including pemoline and methylphenidate (Mitler
and O’Malley, 2005). In a randomized clinical trial caffeine and modafinil
showed similar benefits for performance and alertness (Wesensten et al.,
2002). Modafinil is the only FDA-approved drug for shift work sleep disorder, although it is not approved for sleep loss. Behavioral approaches
developed for insomnia also may be useful for sleep loss, but no formal
studies have been undertaken expressly for sleep loss. Furthermore, there
have been no large-scale clinical trials examining the safety and efficacy of
modafinil, or other drugs, in children and adolescents.
SLEEP-DISORDERED BREATHING
Manifestations and Prevalence
Sleep-disordered breathing refers to a spectrum of disorders that feature breathing pauses during sleep. The most common disorder is characterized by obstructive apneas and hypopneas (White, 2005), where repeated
episodes of collapse (apneas) or partial collapse of the pharyngeal airway
occur, usually a result of obstruction by soft tissue in the rear of the throat.
Snoring, which is produced by vibrations of the soft tissues, is a good marker
for OSA (Netzer, et al., 2003). Apneas or hypopneas (a reduction without
cessation in airflow or effort) typically result in abrupt and intermittent
reduction in blood oxygen saturation, which leads to sleep arousal, often
accompanied by loud snorts or gasps as breathing resumes. Episodic interruptions of breathing also frequently cause cortical and brainstem arousals,
interrupting sleep continuity, reducing sleep time, and causing increased
sympathetic nervous system activation. These broad systemic effects on gas
exchange and nervous system activation may lead to a range of systemic
effects that affect vascular tone, levels of inflammatory mediators, and hormonal changes. As discussed in the following sections, these in turn may
contribute to the development of hypertension, coronary artery disease,
congestive heart failure, arrhythmias, stroke, glucose intolerance, and
diabetes.
The defining symptom of sleep-disordered breathing is excessive daytime sleepiness. The symptom is likely influenced by sleep fragmentation
tied to recurrent arousals that occur in response to breathing pauses. Other
symptoms of fragmented sleep include decreased concentration and mood
changes. The diagnosis of OSA requires detection, by polysomnography, of
at least five or more apneas or hypopneas per hour of sleep (Thorpy, 2005).
This rate is expressed as an index, the apnea-hypopnea index (or respiratory disturbance index), which is the average hourly number of apneas plus
hypopneas.
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OSA is found in at least 4 percent of men and 2 percent of women in
the middle-aged workforce, according to the first major United States
population-based study of the condition conducted about 15 years ago
(Young et al., 1993). Those prevalence figures are based on a cutoff apneahypopnea index of 5 or higher, plus a requirement for daytime sleepiness.
The prevalence is higher, 9 percent of women and 24 percent of men, with
the same apnea-hypopnea index cutoff (Box 3-1), but without the daytime
sleepiness requirement. In view of the epidemic increase of obesity (an
important determinant of OSA) in recent years, these numbers might underestimate the current prevalence. However, other more recent populationbased studies support these prevalence figures (Bixler et al., 1998, 2001).
OSA prevalence appears to increase with age. Adults 65 to 90 years of
age had a threefold higher prevalence rate than middle-aged adults (AncoliIsrael et al., 1991), while the prevalence in children has been reported to be
around 2 percent (Ali et al., 1993; Rosen et al., 2003), with higher estimates
occurring in ethnic minorities (Gislason and Benediktsdottir, 1995; Redline
et al., 1999; Rosen et al., 2003). Underdiagnosis of OSA is common, with
between 10 and 20 percent of OSA being diagnosed in adults (Young et al.,
1997b). Less than 1 percent of older adults in primary care are referred for
polysomnography (Haponik, 1992), although these numbers might have
increased in recent years due to increased awareness of the disease. Similarly, children’s OSA often goes undiagnosed too, partly because the implications of snoring are not often recognized by pediatricians. Although OSA
can occur in children of any age, it is most common at preschool ages, a
time coincident with tonsils and adenoids being largest relative to the underlying airway (Jeans et al., 1981).
Obstructive Sleep Apnea Causes Hypertension
OSA causes chronic elevation in daytime blood pressure (Young et al.,
2002a; Young and Javaheri, 2005). The strongest evidence for a rise in
systemic hypertension comes from several large, well-designed epidemiological studies, both cross-sectional (Young et al., 1997a; Nieto et al., 2000;
Bixler et al., 2000; Duran et al., 2001) and prospective (Peppard et al.,
2000). The Wisconsin Sleep Cohort study, a prospective study, tracked
adults with sleep-disordered breathing for at least 4 years to determine new
onset hypertension and other outcomes. The hypertensive effect was independent of obesity, age, gender, and other confounding factors. Controlling
for obesity is especially important because it is a risk factor for hypertension as well as for OSA.
A causal association between OSA and hypertension is supported by
evidence of a dose-response relationship; the higher the apnea-hypopnea
index, the greater the increase in blood pressure (Peppard et al., 2000; Nieto
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BOX 3-1
Definitions Impact Disease Prevalence Estimates
The metric used most commonly to define obstructive sleep apnea and to
quantify its severity is the apnea-hypopnea index, derived by identifying and
manually counting each respiratory disturbance (apnea and hypopnea) with
subsequent division of the sum by the number of hours slept. Technology for
measuring changes in airflow and ventilatory effort has evolved rapidly, with
laboratories varying in the implementation of specific sensors and scoring
approaches for identifying respiratory events. Variation in event identification
has been particularly great for hypopneas (Moser et al., 1994), which requires identification of more subtle changes in airflow than do apneas, and
often requires visualization of corroborative changes in oxygen desaturation
or evidence of a cortical arousal. Variation in the sensors used to detect
breathing changes, the amplitude criteria (from discernible to greater than 50
percent) applied to identify any given reductions in breathing signals as
hypopneas, and different uses of corroborative data (associated desaturation
and arousal) to discriminate “normal” from “hypopneic” breaths have all contributed to marked laboratory differences in events scored for clinical or research purposes. Likewise, there has been variation in the choice of threshold values for the apnea-hypopnea index considered to define the disease
state. An analysis of over 5,000 records from the Sleep Heart Health Study
underscores the potential variability introduced by varying either hypopnea
definitions or threshold values. This analysis showed that the magnitude of
the median apnea-hypopnea index varied 10-fold (i.e., 29.3 when the apneahypopnea index was based on events identified on the basis of flow or volume amplitude criteria alone to 2.0 for an apnea-hypopnea index that required an associated 5 percent desaturation with events) (Redline et al.,
2000). Using any given definition but varying the threshold to define disease
also resulted in marked differences in the percentage of subjects classified
as diseased. For example, using an apnea-hypopnea index cutoff value of
greater than 15 and an apnea-hypopnea index definition requiring a 5 percent level of desaturation resulted in a prevalence estimate of 10.8 percent.
In contrast, almost the entire cohort was identified to be “affected” when
sleep-disordered breathing was defined using an apnea-hypopnea index
threshold of 5 and when all hypopneas were scored regardless of associated
corroborative physiological changes. These data and others have identified
the critical need for standardization. As such, at least three efforts led by
professional organizations have attempted to develop standards. The latest
efforts by the American Academy of Sleep Medicine (2005) have attempted
to apply evidence-based guidelines to the recommendations. Unfortunately,
the lack of prospective studies that allow various definitions to be compared
relative to predictive ability have limited these initiatives, resulting in some
recommendations reflecting consensus or expert opinion that may change as
further research is developed.
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et al., 2000). Both the Wisconsin Sleep Cohort study and the Sleep Heart
Health Study showed dose-response relationships. The Sleep Heart Health
Study is a community-based multicenter study of more than 6,000 middleaged and older adults whose apnea-hypopnea index was measured by
polysomnography. The likelihood of hypertension was greater at higher
apnea-hypopnea index levels. Case-control studies reveal that approximately 30 percent of patients diagnosed with essential hypertension (hypertension in which the underlying cause cannot be determined) turn out to
have sleep apnea (Partinen and Hublin, 2005). Further, evidence from pediatric studies indicate elevations in systemic blood pressure during both
wakefulness and sleep in children with sleep apnea (Amin et al., 2004), with
additional evidence of left ventricular wall changes by echocardiography.
The causal nature of the relationship between OSA and hypertension is
reinforced by randomized controlled clinical trials showing that the most
effective treatment for OSA, continuous positive airway pressure (CPAP)
therapy, can reduce blood pressure levels. Although findings have been
mixed in other studies, a critical review article that evaluated each study’s
methodology and results concluded that the trials show convincing decreases
in blood pressure in those patients with severe OSA. The benefit is greatest
in patients with severe OSA, determined by objective (polysomnography)
and subjective (daytime sleepiness) criteria. The review also concluded that
there was a lack of benefit in patients who had no daytime sleepiness
(Robinson et al., 2004b). However, each of these studies was relatively
small (less than 150 individuals), and findings can be considered only
tentative.
How does OSA cause sustained hypertension? During the night, the
apneas and hypopneas of OSA cause a transient rise in blood pressure
(30 mm Hg or more) and increased activity of the sympathetic nervous
system (Figure 3-5). Over time, the transient changes become more sustained and are detectable during the daytime, including evidence of sympathetic overactivity (Narkiewicz and Somers, 2003). Studies have found that
people with OSA (versus those with similar blood pressure, but no OSA)
have faster heart rates, blunted heart rate variability, and increased blood
pressure variability—all of which are markers of heightened cardiovascular
risk (Caples et al., 2005). The precise pathophysiological steps from transient vascular changes to systemic hypertension are far from clear but may
involve oxidative stress, upregulation of vasoactive substances (Caples et
al., 2005), and endothelial dysfunction (Faulx et al., 2004; Nieto et al.,
2004; Young and Javaheri, 2005).
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20 sec

FIGURE 3-5 REM sleep recordings for an individual with OSA.
NOTE: During even the lowest phase, blood pressure during REM was higher than
in the awake state. Electrooculogram (EOG), electroencephalogram (EEG), electromyogram (EMG), electrocardiogram (EKG), sympathetic nerve activity (SNA),
respiration (RESP), blood pressure (BP).
SOURCE: Somers et al. (1995).

Obstructive Sleep Apnea Is Associated with Cardiovascular Disease
and Stroke
Epidemiological studies reveal an association between OSA and cardiovascular disease, including arrhythmias (Guilleminault et al., 1983); coronary artery disease (Andreas et al., 1996) and specifically, myocardial
infarction (Hung et al., 1990; D’Alessandro et al., 1990; Mooe et al., 1996a,b;
Marin et al., 2005); and congestive heart failure (Javaheri et al., 1998).
Most case-control studies detecting a relationship with myocardial infarction found adjusted odds ratios of around 4 (Young et al., 2002a,b). The
large, cross-sectional Sleep Heart Health Study of nearly 6,500 (Shahar et
al., 2001) found that participants in the highest apnea-hypopnea index
quartile (index greater than 11) were 42 percent more likely to self-report
cardiovascular disease (coronary heart disease, heart failure, or stroke) than
those in the lowest quartile (adjusted OR = 1.42, 95% CI, 1.13–1.78). The
adjusted OR for stroke was 1.58 (95% CI, 1.02–2.46). A higher probability
of stroke associated with OSA is also supported by other studies (Bassetti
and Aldrich, 1999; Parra et al., 2000; Yaggi et al., 2005; Bradley et al.,
2005). In the Sleep Heart Health Study, apnea-hypopnea index was deter-
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mined by polysomnography, and adjustments were made for a variety of
confounding factors, including hypertension. That the hypertension adjustment did not eliminate the effect suggests that hypertension is not the exclusive means by which OSA may lead to cardiovascular disease. A limitation
of cross-sectional and case-control analyses is that cause and effect cannot
be determined: heart disease may have resulted in OSA or vice versa. However, an observational cohort study of 1,022 individuals, where 68 percent
of individuals had OSA (apnea-hypopnea index of 5 or higher), showed
that OSA syndrome significantly increased the risk of stroke or death from
any cause, and the increase is independent of other risk factors, including
hypertension (Yaggi et al., 2005). Other studies have confirmed the risk of
OSA syndrome with stroke or death from any cause (Ayas et al., 2003;
Gami et al., 2005). Furthermore, other large prospective studies also have
shown an association between snoring—a marker for OSA—and incidence
of cardiovascular diseases (Jennum et al., 1995; Hu et al., 2000), providing
temporal associations in support of OSA playing a causal role in the development of heart diseases. As will be discussed in the next section, OSA is
associated with glucose intolerance and diabetes, both of which are independent risk factors for cardiovascular disease.
Studies of the benefits of CPAP further support an association between
cardiovascular disease and OSA. Marin and colleagues (2005), in a large,
observational study of 10 years’ duration, found that patients with untreated
severe OSA (apnea-hypopnea index greater than 30), relative to those receiving CPAP treatment, with similar apnea-hypopnea index severity, had a
higher incidence of fatal and nonfatal cardiovascular events. The events
included myocardial infarction, stroke, and coronary artery bypass surgery.
The untreated patients had refused CPAP but were followed regularly. A
second study found an increased mortality rate from cardiovascular disease
in individuals who did not maintain CPAP treatment over a 5-year followup period (Doherty et al., 2005). However, the number of new cases of
cardiovascular disease was independent of CPAP treatment compliance.
Although observational evidence of this type is not conclusive proof, because it may be subject to confounding by indication and other biases, it
still lends weight to the strength of the association.
Most studies finding elevated cardiovascular disease risk have been conducted in adults. Whether or not children with sleep-disordered breathing
are at risk for cardiovascular effects is not known. Children with OSA, as
noted previously, do experience changes in blood pressure profiles, heart
rate variability, and ventricular wall changes as measured by echocardiography (Marcus et al., 1998; Amin et al., 2005). The paucity of longitudinal
data on OSA in children, in whom levels of OSA may vary during growth
and development and in whom responses to therapies such as tonsillectomy
may be variable (Morton et al., 2001), limits the ability to speculate on the
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long-term cardiovascular effects of untreated sleep-disordered breathing in
children. Nonetheless, evidence that as many as 20 to 25 percent of children
may have persistent OSA even after tonsillectomy underscores the potential
importance of OSA as an early childhood risk factor for later cardiovascular diseases (Amin et al., 2005; Larkin et al., 2005).
Obstructive Sleep Apnea Is Associated with Impaired Glucose Tolerance
and Diabetes
OSA is associated with impaired glucose tolerance and insulin resistance, according data from several studies (Ip et al., 2002; Punjabi et al.,
2002), including the Sleep Heart Health Study (Punjabi et al., 2004). Those
outcomes were more prevalent in those with the highest apnea-hypopnea
index. The study also found a relationship between sleep-related hypoxemia and glucose intolerance, which has implications for understanding
mechanisms behind the OSA-glucose intolerance link (see below). The
Sleep Heart Health Study, as noted earlier, was a large, cross-sectional,
community-based study that used polysomnography to identify OSA. The
analyses adjusted for obesity (BMI and waist circumference), self-reported
sleep duration, and other confounding factors. The findings suggest that
OSA contributes to the onset of diabetes through the development of glucose intolerance and insulin resistance, which are established pathophysiological processes in diabetes (Martin et al., 1992).
Of studies that have examined diabetes as an outcome measure, the
largest was the prospective Nurses’ Health Study. The study found that,
after 10 years of follow-up, occasional snoring (versus nonsnoring) was
associated with an elevated risk of new onset diabetes in women, and the
risk was even greater for regular snoring (Al-Delaimy et al., 2002). Regular
or habitual snoring is an indicator of OSA.
The relationship between OSA and metabolic changes that may lead to
diabetes is reinforced by studies of the benefits of CPAP. CPAP alleviates
glucose intolerance in the short term and long term (Brooks et al., 1994;
Harsch et al., 2004). In a separate study of people with type 2 diabetes as well
as OSA, CPAP improved glycemic control (Babu et al., 2005). Recent data
also indicate that diabetics with OSA have poorer control of glucose levels,
with improvement following treatment of OSA with CPAP (Babu et al., 2005).
The mechanisms by which OSA disrupts glucose metabolism are not
established. Drawing on human studies and animal models, the biochemical cascade begins with intermittent hypoxia and recurrent sleep arousals
(sleep fragmentation). These events stimulate the sympathetic nervous system, hypothalamic-pituitary-adrenal axis, and adipocytes (Punjabi and
Beamer, 2005). Their activation, in turn, leads to release of catecholamines,
cortisol, and inflammatory cytokines and other vasoactive intermediates,
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which may mediate the development of glucose intolerance, insulin resistance, and, ultimately, type 2 diabetes. Because diabetes is also a risk factor
for cardiovascular disease, the interrelationships may partly explain why
OSA predisposes to cardiovascular disease (Punjabi and Beamer, 2005).
Obstructive Sleep Apnea May Contribute to Obesity
Up to 40 percent of people who are morbidly obese have OSA (Vgontzas
et al., 1994). This finding may reflect the role of obesity as a well-established
risk factor for the development of OSA. It may also reflect obesity
as a consequence of OSA, although the evidence is not yet conclusive
(Grunstein, 2005b). Patients with newly diagnosed OSA, compared with
controls matched for BMI and percent body fat, show recent weight gain
(Phillips et al., 1999). Data from the Wisconsin Sleep Cohort also show that
individuals with OSA have reduced levels of physical activity; OSA-related
sleepiness may contribute to changes in activity and energy expenditure,
and thus contribute to weight gain. OSA-related hormonal changes may
also contribute to obesity. In general, patients with OSA have higher levels
of leptin, the appetite-suppressing hormone (Phillips et al., 2000; Palmer et
al., 2004; Patel et al., 2004) than controls. However, their morning levels
are relatively lower than evening levels (Patel et al., 2004). Thus, either via
leptin resistance (where high levels of leptin are present, but tissues are
poorly responsive to leptin’s action) or because of disturbances in diurnal
variability in leptin, individuals with OSA may be predisposed to lower
effective levels of appetite suppressing hormones. Although CPAP reduces
leptin levels, it is not known whether such effects relate to differences in the
effectiveness of leptin’s actions (Chin et al., 2003). Furthermore, obesity
also affects the severity of OSA. Significant weight loss in adolescents who
underwent gastric bypass surgery (mean, 58 kg) was associated with a dramatic reduction of OSA severity (Kalra et al., 2005).
Etiology and Risk Factors
In simplest terms, OSA is caused by narrowing or collapse of the airway
as a result of anatomical and physiological abnormalities in pharyngeal
structures. Apnea episodes cause hypoxemia (insufficient oxygen in the blood)
and hypercapnia (high concentration of blood carbon dioxide). The episodes also increase the output of the sympathetic nervous system (Narkiewicz
and Somers, 2003), the effect of which is to restore pharyngeal muscle tone
and reopen the airway. Although increased sympathetic activity is beneficial for restoring normal breathing and oxygen intake over the short term,
it has long-term deleterious effects on vascular tone and blood pressure,
among other effects (Caples et al., 2005). These early events—which are
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mediated by a variety of chemoreceptors in the carotid body and brainstem—trigger pathophysiological changes that occur not only during the
obstructive apneas, but also extend into wakeful states during the day. For
example, during daytime wakefulness, people with OSA have higher sympathetic activity (Somers, et al., 1995) and heightened chemoreflex sensitivity, which in turn generates an increased ventilatory response (Narkiewicz
et al., 1999). The full pathophysiology of OSA remains somewhat elusive,
although research is piecing together the relationships between OSA and a
range of the previously described long-term health effects. The etiology of
central sleep apnea, although also not well understood, is hypothesized to
result from instability of respiratory control centers (White, 2005).
There are a number of risk factors for OSA, including:
• Obesity, male gender, and increasing age (Table 3-1) (Young et al.,
1993). It is unclear how incidence changes with older age; some data suggest that snoring and OSA may decline after age 65 years (Young et al.,
1993); however, other studies show very high prevalence rates of OSA in
elderly individuals (Bliwise et al., 1988; Ancoli-Israel et al., 1993; Foley et
al., 2003). The pathophysiological roles of these risk factors are not well
understood, although evidence suggests that fat deposition in the upper
airways, which is more likely in males, contributes to the physical narrow-

TABLE 3-1 Risk Factors for Obstructive Sleep Apnea
Risk Factor

Reference

Obesity and BMI greater than 25 kg/m2

Grunstein et al., 1993

Male gender

Strohl and Redline, 1996; Kapsimalis and
Kryger, 2002; Shepertycky et al., 2005

Familial association

Guilleminault et al., 1995; Pillar and Lavie,
1995; Redline et al., 1995; Buxbaum et al., 2002

Alcohol consumption

Taasan et al., 1981

Cranial facial structure
High and narrow hard palate,
elongated soft palate, small chin,
and abnormal overjet

Ferguson et al., 1995

Enlargement of the tonsils

Behlfelt, 1990

Lesions of the autonomic nervous
system

Mondini and Guilleminault, 1985; Rosen et al.,
2003

Race: African Americans, Mexican
Americans, Pacific Islanders, and
East Asians

Schmidt-Nowara et al., 1990; Redline et al.,
1997; Li et al., 2000
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ing that causes OSA (Robinson et al., 2004a). Menopause also increases the
risk of OSA (Bixler et al., 2001; Young et al., 2003), possibly through lower
levels of progestational hormones that influence the respiratory system
through changes in body fat distribution (Vgontzas and Kales, 1999). However, recent studies suggest that there may be a referral bias that results in a
lower apparent rate of sleep apnea in females than in males (Kapsimalis and
Kryger, 2002; Shepertycky et al., 2005). Epidemiological evidence suggests
that hormone replacement therapy lessens the risk of OSA (Shahar et al.,
2003). In children, the main risk factor for OSA is tonsillar hypertrophy,
although OSA may also occur in children with congenital and neuromuscular disorders and in children who were born prematurely (Rosen et al.,
2003). Asthma, a common childhood respiratory illness, is also associated
with OSA in children (Sulit et al., 2005).
• In adolescents, risk factors may be more similar to those seen in
adults and include obesity (Redline et al., 1999). Being a minority is a risk
factor for both increased prevalence and severity of sleep-disordered breathing in both children and adults (Rosen et al., 1992; Ancoli-Israel et al.,
1995; Rosen et al., 2003). The prevalence of sleep-disordered breathing in
the United States is approximately three times higher in middle-aged
members of minority groups compared to non-Hispanic whites (Kripke et
al., 1997). African American children are at increased risk, even after
adjusting for obesity or respiratory problems (Redline et al., 1999; Rosen et
al., 2003). Familial and probably genetic factors strongly contribute to OSA
(Buxbaum et al., 2002; Palmer LJ et al., 2003; Palmer et al., 2004).
• Patients with cardiovascular disease and diabetes are also at higher
risk for developing both OSA and central sleep apnea (Sin et al., 1999).
• Patients with impaired baroreflexes (e.g., patients with hypertension
or heart failure and premature infants) may be especially susceptible to
excessive autonomic responses to chemoreflex stimulation during periods
of apnea. In these patient groups, bradyarrhythmias, hypoxia, hypoperfusion, and sympathetic activation during apnea may predispose to sudden
death (Somers et al., 1988; 1992).
Sleep-Disordered Breathing May Affect Mortality
Limited evidence suggests that sleep-disordered breathing may affect
an individual’s mortality (Young et al., 2002a,b; Lavie et al., 2005). Studies
of patients at sleep clinics tend to show an association between sleep apnea
and mortality (He et al., 1988), but several well-designed, population-based
studies failed to find an association (Ancoli-Israel et al., 1996; Lindberg et
al., 1998; Kripke et al., 2002), except in one subgroup of patients below age
60 with both snoring and excessive daytime sleepiness. The subgroup experienced twice the risk of mortality (Lindberg et al., 1998). A recent observa-
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tional study of a large cohort of sleep apnea patients (n = 403), snorers, and
healthy controls who had been followed for an average of 10 years, found a
threefold higher risk of fatal cardiovascular events with severe OSA (Marin
et al., 2005). An observational follow-up study of the long-term effects of
CPAP therapy on mortality found that compared to individuals that began
receiving CPAP therapy for at least 5 years (n = 107), individuals that were
untreated with CPAP (n = 61) were more likely to die from cardiovascular
disease (14.8 percent versus 1.9 percent, log rank test, P = .009) (Yaggi et
al., 2005; Doherty et al., 2005).
Treatment
In adults, OSA is most effectively treated with CPAP and weight loss
(Strollo et al., 2005; Grunstein, 2005a). Evidence of CPAP’s efficacy for
alleviating daytime sleepiness comes from randomized controlled trials and
meta-analysis (Patel et al., 2003). The problem is that many patients are
noncompliant with CPAP (see Chapter 6). Other options, although less effective, include a variety of dental appliances (Ferguson and Lowe, 2005) or
surgery (e.g., uvulopalatopharyngoplasty) (Powell et al., 2005). In children,
the first-line treatment for most cases of OSA is adenotonsillectomy, according to clinical practice guidelines developed by the American Academy
of Pediatrics (Marcus et al., 2002). Children who are not good candidates
for this procedure can benefit from CPAP. Central apnea treatment is tailored to the cause of the ventilatory instability. Commonly used treatments
include oxygen, CPAP, and acetazolamide, a drug that acts as a respiratory
stimulant (White, 2005).

INSOMNIA
Manifestations and Prevalence
Insomnia is the most commonly reported sleep problem (Ohayon,
2002). It is a highly prevalent disorder that often goes unrecognized and
untreated despite its adverse impact on health and quality of life (Benca,
2005a) (see also Chapter 4). Insomnia is defined by having difficulty falling
asleep, maintaining sleep, or by short sleep duration, despite adequate opportunity for a full night’s sleep. Other insomnia symptoms include daytime consequences, such as tiredness, lack of energy, difficulty concentrating, and/or irritability (Simon and VonKorff, 1997). The diagnostic criteria
for primary insomnia include:
• Difficulty initiating or maintaining sleep or nonrestorative sleep.
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• Causing clinically significant distress or impairment in social, occupational, or other important areas of functioning.
• Not occurring exclusively during the course of another sleep disorder.
• Not due to the direct physiological effects of a substance or a medical condition (APA, 1994).
Insomnia symptoms are remarkably common, affecting at least 10 percent of adults in the United States (Ford and Kamerow, 1989; Ohayon et
al., 1997; Simon and VonKorff, 1997; Roth and Ancoli-Israel, 1999). Prevalence is higher among women and older individuals (Mellinger et al., 1985;
Ford and Kamerow, 1989; Foley et al., 1995). Severe insomnia tends to be
chronic, with about 85 percent of patients continuing to report the same
symptoms and impairment months or years after diagnosis (Hohagen et al.,
1993; Katz and McHorney, 1998). The comorbidity of sleep disorders with
psychiatric disorders is covered later in this chapter.
Etiology and Risk Factors
The precise causes of insomnia are poorly understood but, in general
terms, involve a combination of biological, psychological, and social factors.
Insomnia is conceptualized as a state of hyperarousal (Perlis et al., 2005).
Stress is thought to play a leading role in activating the hypothalamicpituitary axis and setting the stage for chronic insomnia. A key study showed
that adults with insomnia, compared with normal sleepers, have higher levels,
over a 24-hr period, of cortisol and adrenocorticotropic hormone (ACTH),
which are hormones released by the hypothalamic-pituitary-adrenal axis after stress exposure (Vgontzas et al., 2001). The 24-hour pattern of cortisol
and ACTH secretion is different, however, from that in individuals who are
chronically stressed. Cognitive factors, such as worry, rumination, and fear
of sleeplessness, perpetuate the problem through behavioral conditioning.
Other perpetuating factors include light exposure and unstable sleep schedules (Partinen and Hublin, 2005).
Insomnia patients often attribute their difficulty sleeping to an overactive brain. Several lines of evidence, from preclinical to sleep neuroimaging
studies in insomnia patients, suggest that there are multiple neural systems
arranged hierarchically in the central nervous system that contribute to
arousal as well as insomnia complaints. Disturbances in these systems may
differ according to the nature of insomnia. Structures that regulate sleep
and wakefulness, for example the brainstem, hypothalamus and basal forebrain, are abnormally overactive during sleep in primary insomnia patients
(Nofzinger et al., 2004b). In addition, limbic and paralimbic structures that
regulate basic emotions and instinctual behaviors such as the amygdala,
hippocampus, ventromedial prefrontal cortex and anterior cingulate cortex
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have been shown to be abnormally active during sleep in individuals with
primary insomnia and secondary insomnias related to depression (Nofzinger
et al., 2004a, 2005). Abnormal activity in neocortical structures that control executive function and are responsible for modulating behavior related
to basic arousal and emotions has been observed in individuals with
insomnias associated with depression (Nofzinger et al., 2004a, 2005).
The two main risk factors of insomnia are older age and female gender
(Edinger and Means, 2005). One large, population-based study found that
insomnia was nearly twice as common in women than men, although
reporting bias cannot be ruled out as a contributing factor (Ford and
Kamerow, 1989). The reason behind the apparent higher prevalence in
women is not understood. Other risk factors for insomnia include family
history of insomnia (Dauvilliers et al., 2005), stressful life styles, medical
and psychiatric disorders, and shift work (Edinger and Means, 2005). Although adolescent age is not viewed a risk factor, insomnia has rarely been
studied in this age group.
Treatment
Insomnia is treatable with a variety of behavioral and pharmacological
therapies, which may be used alone or in combination. While the therapies
currently available to treat insomnia may provide benefit, the 2005 NIH
State of the Science Conference on the Manifestations and Management of
Chronic Insomnia concluded that more research and randomized clinical
trials are needed to further verify their efficacy, particularly for long-term
illness management and prevention of complications like depression (NIH,
2005). Behavioral therapies appear as effective as pharmacological therapies (Smith et al., 2002), and they may have more enduring effects after
cessation (McClusky et al., 1991; Hauri, 1997). Behavioral therapies, according to a task force review of 48 clinical trials, benefit about 70 to 80
percent of patients for at least 6 months after completion of treatment
(Morin et al., 1999; Morin, 2005). The therapies are of several main types
(Table 3-2). The major problem with current behavioral therapies is not
their efficacy; rather it is lack of clinician awareness of their efficacy and
lack of providers sufficiently trained and skilled in their use. Other problems are their cost and patient adherence (Benca, 2005a). A specific strategy
to improve an individual’s sleep quality is by promoting proper sleep hygiene
(Kleitman, 1987; Harvey, 2000).
The most efficacious pharmacological therapies for insomnia are hypnotic
agents of two general types, benzodiazepine or nonbenzodiazepine hypnotics
(Nowell et al., 1997). Nonbenzodiazepine hypnotics are advantageous
because they generally have shorter half-lives, thus producing fewer impairments the next day, but the trade-off is that they may not be as effective at
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TABLE 3-2 Psychological and Behavioral Treatments for Insomnia
Therapy

Description

Stimulus control therapy

A set of instructions designed to reassociate the bed/bedroom
with sleep and to reestablish a consistent sleep-wake schedule: Go to bed only when sleepy; get out of bed when unable
to sleep; use the bed/bedroom for sleep only (e.g., no reading,
watching TV); arise at the same time every morning; no
napping.

Sleep restriction therapy

A method to curtail time in bed to the actual sleep time,
thereby creating mild sleep deprivation, which results in more
consolidated and more efficient sleep.

Relaxation training

Clinical procedures aimed at reducing somatic tension (e.g.,
progressive muscle relaxation, autogenic training) or intrusive
thoughts (e.g., imagery training, meditation) interfering with
sleep.

Cognitive therapy

Psychotherapeutic method aimed at changing faulty beliefs
and attitudes about sleep, insomnia, and the next-day
consequences. Other cognitive strategies are used to control
intrusive thoughts at bedtime and prevent excessive monitoring of the daytime consequences of insomnia.

Sleep hygiene education

General guidelines about health practices (e.g., diet, exercise,
substance use) and environmental factors (e.g., light, noise,
temperature) that may promote or interfere with sleep.

SOURCE: Morin (2005).

maintaining sleep throughout the night (Morin, 2005; Benca, 2005a). It is
still unclear whether hypnotics lead to dependence. It is suggested that they
should not be taken for more than 10 days in a row; however, recent studies
suggest that hypnotics do not always lead to dependence (Hajak et al., 2003;
Walsh et al., 2005; Benca, 2005a). There have been no large-scale trials examining the safety and efficacy of hypnotics in children and adolescents.
Other pharmacological classes used for insomnia include sedating antidepressants, antihistamines, and antipsychotics, but their efficacy and safety
for treating insomnia have not been thoroughly studied (Walsh et al., 2005).
SLEEP AND PSYCHIATRIC DISORDERS
Manifestations and Prevalence
Sleep disturbances are common features of psychiatric disorders. The
most frequent types of sleep disturbances are insomnia, excessive daytime
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sleepiness (hypersomnia), and parasomnia. Sleep disturbances are so commonly seen as symptoms of certain psychiatric disorders that they are listed
as diagnostic criteria under DSM-IV (APA, 1994). For example, insomnia is
a symptom used with others to diagnose major depression. The comorbidity, or coexistence, of a full-blown sleep disorder (particularly insomnia
and hypersomnia) with a psychiatric disorder is also common. Forty percent of those diagnosed with insomnia, in a population-based study, also
have a psychiatric disorder (Ford and Kamerow, 1989). Among those diagnosed with hypersomnia, the prevalence of a psychiatric disorder is somewhat higher—46.5 percent.
The reasons behind the comorbidity of sleep and psychiatric disorders
are not well understood. Comorbidity might be due to one disorder being a
risk factor or cause of the other; they might both be manifestations of the
same or overlapping physiological disturbance; one might be a consequence
of the other. In some cases, the sleep disturbance can be both cause and
consequence. In generalized anxiety disorder, for example, the symptoms of
fatigue and irritability used to diagnose it are often the result of a sleep
disturbance, which itself is also a diagnostic symptom.
Adolescents with major depressive disorders report higher rates of sleep
problems and, conversely, those with sleep difficulties report increased negative mood or mood regulation (Ryan et al., 1987). In addition, sleep-onset
abnormalities during adolescence have been associated with an increased
risk of depression in later life (Rao et al., 1996).
The best studied and most prevalent comorbidity is insomnia with major depression. Insomnia as a symptom of depression is highly common. On
the basis of longitudinal studies, insomnia is now established as a risk factor for major depression. Not all people with insomnia have a depression
diagnosis; however, studies have found that 15 to 20 percent of people
diagnosed with insomnia have major depression (Ford and Kamerow, 1989;
Breslau et al., 1996).
Depressed individuals have certain abnormalities detected by polysomnography. One is shorter rapid eye movement (REM) latency (a shorter
period of time elapsing from onset of sleep to onset of REM sleep), an effect
that persists even after treatment for depression. Other abnormalities
include shortened initial REM period, increased REM density, and slowwave deficits (Benca, 2005a). Shorter REM latency and slow-wave sleep
(SWS) deficits tend to run in families; these abnormalities are also found in
first-degree relatives of people with major depression, but who are
unaffected by depression (Giles et al., 1998). A variety of polysomnographic
abnormalities have been found with other psychiatric disorders (Benca,
2005a).

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

80

SLEEP DISORDERS AND SLEEP DEPRIVATION

Etiology and Risk Factors
The etiological basis for the comorbidity of sleep disorders and psychiatric disorders is not well understood. Most potential mechanisms for sleep
changes in psychiatric disorders deal specifically with insomnia and depression. Possible mechanisms include neurotransmitter imbalance (cholinergicaminergic imbalance), circadian phase advance, and hypothalamic-pituitaryadrenal axis dysregulation (Benca, 2005a). Recent evidence implicating
regions of the frontal lobe has emerged from imaging studies using positron
emission tomography. As they progress from waking to non-REM (NREM)
sleep, depressed subjects have smaller decreases in relative metabolism in
regions of the frontal, parietal, and temporal cortex when compared to
individuals who are healthy (Nofzinger et al., 2005). Normally, the transition from waking to NREM sleep is associated with decreases in these
frontal lobe regions. What appears to occur with depression is that the
decrease is less pronounced. Another finding of the study is that during
both waking and NREM sleep, depressed patients show hypermetabolism
in the brain’s emotional pathways, including the amygdala, anterior cingulate
cortex, and related structures. Because the amygdala also plays a role in
sleep regulation (Jones, 2005), this finding suggests that sleep and mood
disorders may be manifestations of dysregulation in overlapping neurocircuits. The authors hypothesize that increased metabolism in emotional
pathways with depression may increase emotional arousal and thereby
adversely affect sleep (Nofzinger et al., 2005).
Treatment
Comorbid psychiatric and sleep disorders are treated by a combination
of medication and/or psychotherapy (Krahn, 2005; Benca, 2005a). A major
problem is underdiagnosis and undertreatment of one or both of the
comorbid disorders. One of the disorders may be missed or may be mistakenly dismissed as a condition that will recede once the other is treated. In
the case of depression, for example, sleep abnormalities may continue once
the depression episode has remitted (Fava, 2004). If untreated, residual
insomnia is a risk factor for depression recurrence (Reynolds et al., 1997;
Ohayon and Roth, 2003). Further, because sleep and psychiatric disorders,
by themselves, are disabling, the treatment of the comorbidity may reduce
needless disability. Insomnia, for example, worsens outcomes in depression, schizophrenia, and alcohol dependence. Treatment of both conditions
can improve a patient’s functioning and possibly improve adherence with
therapy (Vincent and Hameed, 2003). Another concern is that medication
for one disorder might exacerbate the other (e.g., prescription of sedating
antidepressants for patients with hypersomnolence). The choice of medica-
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tion for psychiatric disorder (or vice versa) should be influenced by the
nature of the sleep complaint (e.g., more sedating antidepressant taken at
night for insomnia; more alerting antidepressant for excessive daytime
sleepiness).
Insomnia and Psychiatric Disorders
As mentioned above insomnia is associated with depression, acting as
both a risk factor and a manifestation (Ford and Kamerow, 1989;
Livingston et al., 1993; Breslau et al., 1996; Weissman et al., 1997; Chang
et al., 1997; Ohayon and Roth, 2003; Cole and Dendukuri, 2003). Several
studies done were longitudinal in design, including one that tracked more
than 1,000 male physicians for 40 years (Chang et al., 1997). Another study,
which followed 1,007 young adults at a health maintenance organization
for 3.5 years, found that a history of insomnia at baseline not only predicted new onset depression, but also other psychiatric disorders (any anxiety disorder, alcohol abuse, drug abuse, and nicotine dependence) (Breslau
et al., 1996) (Figure 3-6). The adjusted odds of developing a psychiatric
disorder were highest for depression (OR = 3.95; 95% CI, 2.2–7.0). This
figure is based on 16 percent of the sample who developed depression with
a history of insomnia at baseline, as compared with 4.6 percent who developed depression without a history of insomnia. The study’s general findings
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FIGURE 3-6 Incidence of psychiatric disorders during 3.5 years of follow-up of
patients with a prior history of insomnia.
SOURCE: Breslau et al. (1996).
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are supported by another large study of 10,000 adults by Weissman and
colleagues (1997). That study found insomnia to have increased the risk of
major depression by a similar magnitude (fivefold) and to have increased
the risk of panic disorder (one of the anxiety disorders) even more strikingly,
by 20-fold (OR = 20.3, 95% CI, 4.4–93.8). Insomnia is also a predictor of
acute suicide among patients with mood disorders (Fawcett et al., 1990).
The striking association between insomnia and depression in so many
studies suggests that insomnia is also an early marker for the onset of
depression, and the two may be linked by a common pathophysiology.
Although the pathophysiological relationship is not known, researchers are
focusing on overlapping neural pathways for anxiety, arousal, and/or circadian disturbance (Benca, 2005b). One hypothesis is that common pathways
are the amygdala and other limbic structures of the brain (Nofzinger et al.,
2005). Another hypothesis is that chronic insomnia increases activity of the
hypothalamic-pituitary-adrenal axis, which in turn contributes to depression (Perlis et al., 2005). The close association of insomnia and depression
also raises the tantalizing possibility that treating insomnia may prevent
some cases of depression (Riemann and Voderholzer, 2003), but limited
data are available. The biological basis for the relationship between
insomnia and new onset psychiatric disorders (other than depression) is
also not known.
NARCOLEPSY AND HYPERSOMNIA
Manifestations and Prevalence
Narcolepsy and idiopathic hypersomnia are characterized by a clinically
significant complaint of excessive daytime sleepiness that is neither explained
by a circadian sleep disorder, sleep-disordered breathing, or sleep deprivation, nor is it caused by a medical condition disturbing sleep (AASM, 2005).
The diagnosis of narcolepsy and hypersomnia is based principally on the
Multiple Sleep Latency Test (MSLT), which objectively quantifies daytime
sleepiness (Box 3-2) (Carskadon et al., 1986; Arand et al., 2005). Sleep logs
or actigraphy (a movement detector coupled with software that uses movement patterns to provide estimate sleep and wake times) can also be used to
exclude chronic sleep deprivation as a diagnosis prior to the MSLT. In many
cases narcolepsy arises during the mid to late teenage years; however, frequently initial diagnosis is not correct, resulting in delays in diagnosis of 15
to 25 years after the onset of symptoms (Broughton et al., 1997). Onset of
narcolepsy can also have a negative impact on school performance (see Chapter 4). Narcolepsy is associated with a number of symptoms (Anic-Labat
et al., 1999; Overeem et al., 2002), including the following:
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• Excessive daytime sleepiness, defined as a background of constant
sleepiness with sleep attacks leading to unintended napping during the day.
In most cases, naps are refreshing, but the rested feeling only lasts a short
time. When severe, sleepiness can manifest as automatic behavior, a continuation of activities in a semiautomatic manner when sleepy, with no
subsequent memory.
• Cataplexy, which are sudden and brief bilateral episodes of muscle
weakness triggered by a strong emotional stimulus, such as laughing.

BOX 3-2
Clinical Laboratory Findings in Narcolepsy and Hypersomnia
The Multiple Sleep Latency Test (MSLT) objectively quantifies daytime sleepiness. It consists of five 20 minute daytime naps at 2-hour
intervals. The amount of time it takes to fall asleep (sleep latency) and
the occurrence of rapid eye movement (REM) sleep is recorded. Mean
sleep latency of less than 8 minutes and two or more sleep onset rhythmic
eye movement periods is diagnostic for narcolepsy. The MSLT must
always be preceded by nocturnal sleep polysomnography to rule out
other causes of short MSL or sleep onset rhythmic eye movement periods
such as OSA, insufficient sleep, or delayed sleep phase syndrome. At
least 6 hours of sleep must have occurred prior to the MSLT. Sleep logs
or actigraphy for the preceding 2 weeks can be helpful to exclude chronic
sleep deprivation. It must also be conducted after withdrawal of psychotropic medications (generally more than 2 weeks). Antidepressants, most
notably, suppress REM sleep and/or may create REM rebound if stopped
too recently prior to testing.
HLA-DQB1*0602 is the human leukocyte antigen DQB1 subtype associated with narcolepsy. Almost all cases with cataplexy are DQB1*0602
positive; approximately 40 percent of narcolepsy cases without cataplexy
are HLA-DQB*0602 positive. The test is not highly predictive of narcolepsy, however, as 25 percent of the population is HLA-DQB1*0602
positive. Idiopathic and recurrent hypersomnia cases are not strongly
associated with human leukocyte antigen.
Cerebrospinal fluid (CSF) hypocretin-1, also called orexin-A, is a neuropeptide involved in the cause of narcolepsy and cataplexy. It can be
measured in the CSF, and this has been used to diagnose narcolepsy.
Most cases with cataplexy (and HLA-DQB1*0602) have CSF hypocretin-1
levels below 30 percent of normal control value. This finding is very specific
and sensitive for narcolepsy and cataplexy. Low CSF hypocretin is also
diagnostic of narcolepsy without cataplexy, but is found in only a small
portion of these cases (7 to 40 percent).
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• Sleep paralysis, or muscle paralysis akin to REM sleep atonia while
awake, when falling asleep, or waking up.
• Hypnagogic/hypnopompic hallucinations, which are dreamlike REM
sleep experiences, often frightening, that occur when falling asleep or waking up.
• Insomnia, typically difficulty maintaining sleep.
• Autonomic behavior, or continue to function (talking, putting things
away, etc.) during sleep episodes but awakens with no memory of performing such activities.
• REM behavior disorder, characterized by excessive motor activity
during REM sleep (Anic-Labat et al., 1999; Overeem et al., 2002).
Narcolepsy can be diagnosed clinically, by using the MSLT, or by measuring cerebrospinal fluid (CSF) hypocretin-1 (Box 3-2).
Idiopathic hypersomnia is classically separated into two subtypes. The
first, idiopathic hypersomnia with prolonged sleep time, is a rare disorder
and is characterized by the following:
• Excessive daytime sleepiness occurs, as described above for narcolepsy, but in the typical form naps are unrefreshing.
• Excessive amounts of daily sleep, typically defined as more than 10
hours of sleep per day, as documented for long periods of time using daily
logs and sleep studies.
• Sleep drunkenness (sometimes referred to as sleep inertia)—difficulty
waking up and individual is foggy for long periods of time after wake onset.
The second subtype of idiopathic hypersomnia, idiopathic hypersomnia without long sleep time, is characterized by a complaint of excessive
daytime sleepiness and a short mean sleep latency on the MSLT.
In most sleep disorders clinics with experience in this area, approximately one-third of hypersomnia cases are diagnosed with this condition
(Aldrich, 1996). The prevalence is estimated to be around 0.01 percent. In
contrast, the prevalence of idiopathic hypersomnia without prolonged sleep
time may be more substantial, as most patients are likely not diagnosed
(Arand et al., 2005).
Recurrent hypersomnia is periodic either in synchrony with menstruation (menstruation-linked periodic hypersomnia) or without any association and mostly in males with Klein-Levin syndrome (Billiard and Cadilhac,
1988; Arnulf et al., 2005a). Klein-Levin syndrome is characterized by recurrent episodes of dramatic hypersomnia lasting from 2 days to several
weeks. These episodes are associated with behavioral and cognitive abnormalities, binge eating or hypersexuality, and alternate with long asymptomatic periods that last months or years (Arnulf et al., 2005a).
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Narcolepsy and hypersomnia can affect children, adolescents, adults,
and older persons. In most cases these disorders begin in adolescence. The
prevalence of narcolepsy with definite cataplexy has been documented in
adults by numerous population-based studies and occurs in 0.02 to 0.05
percent of the population of Western Europe and North America (Mignot,
1998). In contrast, very little is known about the prevalence of narcolepsy
without cataplexy. Recent studies using the MSLT indicate that approximately 3.9 percent of the general population has MSLT score abnormalities
consistent with narcolepsy without cataplexy (Singh et al., 2005).
Secondary cases of narcolepsy or hypersomnia are also common, but
the overall prevalence is not known (Table 3-3). These can occur in the
context of psychiatric disorders, for example depression; central nervous
system tumors, most notably in the hypothalamus; neurodegenerative disorders, such as Parkinson’s disease; inflammatory disorders, such as multiple sclerosis or paraneoplastic syndromes; traumatic disorders, such as
head trauma; vascular disorders, such as those that are attributed to median
thalamic stroke; and genetic disorders, including myotonic dystrophy or
Prader-Willi syndrome (Billiard et al., 1994; Mignot et al., 2002a).
Etiology and Risk Factors
Similar to other sleep disorders, little is known about the pathophysiology and risk factors for narcolepsy and hypersomnia. Most of the knowledge in this area pertains to narcolepsy with cataplexy, which affects males
and females equally. Symptoms usually arise during adolescence. Many
contributing factors influence an individual’s susceptibility, including both
genetic and environmental factors (Mignot, 1998, 2001).
Virtually all individuals who suffer narcolepsy with cataplexy carry the
haplotype HLA-DQB1*0602 and have severe neuronal loss in regions of
the brain that are responsible for regulating the sleep-wake cycle. Approximately 70,000 hypothalamic neurons that are responsible for producing the
neuropeptide hypocretin (orexin) are lost in individuals with narcolepsy
with cataplexy (Thannickal et al., 2000; Peyron et al., 2000). Hypocretin is
an excitatory neuropeptide that regulates the activity of other sleep regulatory networks. Consequently, in some cases low levels of hypocretin-1 in
the CSF, may be used to diagnose narcolepsy (Kanbayashi et al., 2002;
Krahn et al., 2002; Mignot et al., 2002a) (Table 3-3). The cause of
hypocretin cell loss is unknown but it may be autoimmune due to the association with the HLA-DQB1*0602 (Juji et al., 1984; Mignot, 2001).
Less is known regarding the pathophysiology of narcolepsy without
cataplexy. The etiology is likely heterogeneous. An unknown portion may
be caused by partial or complete hypocretin deficiency (Kanbayashi et al.,
2002; Krahn et al., 2002; Mignot et al., 2002a). However, it has been
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TABLE 3-3 International Classification of Sleep Disorders: Definitions,
Prevalence, and Pathophysiology of Narcolepsy and Hypersomnias
Diagnostic
Criteria

Condition

North American
Prevalence

Pathophysiology
and Etiology

Narcolepsy with
cataplexy

Presence of definite
cataplexy; usually
abnormal MSLT
results

0.02–0.18%

Hypocretin deficiency; 90% with
low CSF HCRT-1
and positive for
HLA-DQB1*0602

Narcolepsy
without
cataplexy

MSLT: mean sleep
latency less than or
equal to 8 minutes, 2
or greater SOREMPs;
no or doubtful
cataplexy

0.02%;
many undiagnosed

Unknown, probably
heterogeneous; 7–
25% with low CSF
HCRT-1, 40% HLADQB1*0602 positive

Secondary
narcolepsy
or hypersomnia

As above, but due to
other known medical
conditions (e.g.,
neurological)

Unknown

With or without
hypocretin deficiency

Idiopathic
hypersomnia
with prolonged
sleep

MSLT: short mean
sleep latency, greater
than two SOREMPs;
long (10 hours or
greater) unrefreshing
nocturnal sleep

Rare, maybe
0.01–0.02%

Unknown, probable
heterogeneous
etiology

Idiopathic
hypersomnia
with normal
sleep length

MSLT: short mean
sleep latency, less
than two SOREMPs;
normal nightly sleep
amounts (less than 10
hours)

Probably common,
unknown
prevalence

Unknown, probable
heterogeneous
etiology

Periodic hypersomnia (includes
Kleine-Levin
syndrome)

Recurrent (more than
1 time per year)
sleepiness (lasting 2
to 28 days), normal
function between
occurrences

Rare, probably less
than one per one
million people

Unknown, probable
heterogeneous
etiology

NOTE: CSF, lumbar sac cerebrospinal fluid; HCRT, hypocretin; HLA, human leukocyte
antigen; MSLT, Multiple Sleep Latency Test; SOREMP, sleep-onset REM period.
SOURCE: AASM (2005).
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hypothesized that some individuals with partial cell loss may have normal
CSF hypocretin-1 (Mignot et al., 2002a; Scammell, 2003).
The pathophysiology of idiopathic hypersomnia is unknown. When the
disorder is associated with prolonged sleep time, it typically starts during
adolescence and is lifelong. It is essential to exclude secondary causes, such
as head trauma or hypersomnia owing to depression (Roth, 1976; Billiard
and Dauvilliers, 2001). Some cases with prolonged sleep times have been
reported to be familial, suggesting a genetic origin. Even less is known about
idiopathic hypersomnia with normal sleep time. This condition is more variable and symptomatically defined. The cause of Kleine-Levin syndrome is
unknown (Arnulf et al., 2005b).
Treatment
Treatment for these conditions is symptomatically based. Even in the
case of narcolepsy in which the disorder is caused by hypocretin deficiency,
current treatment does not aim at improving the defective neurotransmission (Mignot et al., 1993; Nishino and Mignot, 1997; Wisor et al., 2001).
Behavioral measures, such as napping, support groups, and work arrangements are helpful but rarely sufficient. In most cases, pharmacological treatment is needed (Nishino and Mignot, 1997; Lammers and Overeem, 2003).
However, as with other pharmaceuticals designed to treat sleep problems,
large-scale clinical trails have not examined the efficacy and safety of drugs
to treat narcolepsy in children and adolescents.
In narcolepsy with cataplexy, pharmacological treatment for daytime
sleepiness involves modafinil or amphetamine-like stimulants, which likely
act through increasing dopamine transmission. Cataplexy and abnormal
REM sleep symptoms, sleep paralysis and hallucinations, are typically
treated with tricyclic antidepressants or serotonin and norepinephrine
reuptake inhibitors. Adrenergic reuptake inhibition is believed to be the
primary mode of action. Sodium oxybate, or gamma hydroxybutyric acid,
is also used at night to consolidate disturbed nocturnal sleep. This treatment is also effective on cataplexy and other symptoms.
The treatment of narcolepsy without cataplexy and idiopathic hypersomnia uses similar compounds, most notably modafinil and amphetaminelike stimulants (Billiard and Dauvilliers, 2001). Treatments, with the
possible exception of lithium, of periodic hypersomnia and Kleine-Levin
syndrome type are typically ineffective (Arnulf et al., 2005a).
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PARASOMNIAS
Manifestations and Prevalence
Parasomnias are unpleasant or undesirable behaviors or experiences
that occur during entry into sleep, during sleep, or during arousals from
sleep (AASM, 2005). They are categorized as primary parasomnias, which
predominantly occur during the sleep state, and secondary parasomnias,
which are complications associated with disorders of organ systems that
occur during sleep. Primary parasomnias can further be classified depending on which sleep state they originate in, REM sleep, NREM, or others
that can occur during either state (Table 3-4).
Parasomnias typically manifest themselves during transition periods
from one state of sleep to another, during which time the brain activity is
reorganizing (Mahowald and Schenck, 2005). Activities associated with
parasomnias are characterized by being potentially violent or injurious, disruptive to other household members, resulting in excessive daytime sleepiness, or associated with medical, psychiatric, or neurological conditions
(Mahowald and Ettinger, 1990).
Disorders of Arousal, NREM
Disorders of arousal are the most common type of parasomnia, occurring in as much as 4 percent of the adult population (Ohayon et al., 1999)
and up to 17 percent of children (Klackenberg, 1982). Typically the arousals
occur during the first 60 to 90 minutes of sleep and do not cause full
awakenings, but rather partial arousal from deep NREM sleep. Disorders
of arousal manifest in a variety of ways, from barely audible mumbling,
disoriented sleepwalking, to frantic bouts of shrieking and flailing of limbs
(Wills and Garcia, 2002).
Confusional Arousals
Individuals who experience confusional arousals exhibit confused mental and behavioral activity following arousals from sleep. They are often
disoriented in time and space, display slow speech, and blunted answers to
questions (AASM, 2005). Episodes of resistive and even violent behavior
can last several minutes to hours. Confusional arousals are more than three
to four times more prevalent in children compared to individuals 15 years
or older (around 3 percent) (Ohayon et al., 2000). They can be precipitated
by forced arousals, particularly early in an individual’s sleep cycle.
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TABLE 3-4 Selected Primary Sleep Parasomnias
Name

Description

Disorders of arousal associated with NREM sleep
Individuals display mental confusion or confusional behavior
Confusional arousals
during or following arousal, typically from SWS
Involves a series of behaviors initiated during arousals from SWS
Sleepwalking
that culminate in walking around in an altered state of
consciousness
Typically initiated by a loud scream associated with panic,
Sleep terrors
followed by intense motor activity, which can result in injury
Disorders associated with REM sleep
Recurrent nightmares that are coherent dream sequences manifest
Nightmare disorder
as disturbing mental experiences that generally occur during
REM sleep
A complex set of behaviors, including mild to harmful body
REM sleep behavior
movements associated with dreams and nightmares and loss of
disorder
muscle atonia
Inability to speak or move, as in a temporary paralysis, at sleep
Recurrent isolated
onset or upon waking
sleep paralysis
Other parasomnias
Enuresis
Nocturnal groaning
(catathrenia)
Sleep-related eating
disorder
Sleep-related
dissociative
disorders
Exploding head
syndrome
Sleep-related
hallucinations

Involuntary release of urine
Characterized by disruptive groaning that occurs during expiration, particularly during the second half of night
Marked by repeated episodes of involuntary eating and drinking
during arousals from sleep
A dissociative episode that can occur in the period from wakefulness to sleep or from awakening from stages 1 or 2 or from
REM sleep
Characterized by a sudden, loud noise or explosion in the head;
this is an imagined, painless noise.
Hallucinatory images that occur at sleep onset or on awakening

NOTE: NREM, non-rapid eye movement; REM, rapid eye movement; SWS, slow-wave sleep.
SOURCES: Halasz et al. (1985), Terzano et al. (1988), Zucconi et al. (1995), Zadra et al.
(1998), and AASM (2005).

Sleepwalking
Sleepwalking is characterized by a complex series of behaviors that
culminate in walking around with an altered state of consciousness and
impaired judgment (AASM, 2005). Individuals who are sleepwalking commonly perform routine and nonroutine behaviors at inappropriate times
and have difficulty recalling episodic events. Like confusional arousals, the
prevalence of sleepwalking is higher in children than adults (AASM, 2005).
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There appears to be a genetic predisposition for sleepwalking. Children
who have both parents affected by sleepwalking are 38 percent more likely
to also be affected (Klackenberg, 1982; Hublin et al., 1997).
Sleep Terrors
Sleep terrors are characterized by arousal from SWS accompanied by a
cry or piercing scream, in addition to autonomic nervous system and behavioral manifestations of intense fear (AASM, 2005). Individuals with sleep
terrors are typically hard to arouse from sleep and, when they are awoken,
are confused and disoriented. There does not appear to be a significant gender
or age difference in prevalence or incidence of sleep terrors (AASM, 2005).
Disorders Associated with REM Sleep
Rapid Eye Movement Sleep Behavior Disorder
REM sleep behavior disorder is characterized by a complex set of behaviors that occur during REM sleep, including mild to harmful body movements associated with dreams and nightmares (AASM, 2005). Normally
during REM sleep, muscles are temporarily paralyzed; however, in REM
sleep behavior disorder this paralysis is absent, thus allowing individuals to
“play out” their dreams. The overall prevalence in the general population is
estimated to be less than half a percent, slightly higher in older persons
(AASM, 2005), and affecting men more frequently than women.
REM sleep behavior disorder is frequently associated with neurological
disorders and it has been suggested that it could be an early sign of
neurodegeneration (Olson et al., 2000). At least 15 percent of individuals
with Parkinson’s disease (Comella et al., 1998; Gagnon et al., 2002) and 44
percent of individuals with multiple system atrophy (Plazzi et al., 1997;
1998) also suffer from REM sleep behavior disorder. There are a number of
effective pharmacological treatments, including a long-acting benzodiazepine (Schenck and Mahowald, 1990), clonazepam (Schenck et al.,
1993), and dopamine agonists (Bamford, 1993; Fantini et al., 2003).
Nightmare Disorder
Nightmare disorder is characterized by recurrent disturbances of dreaming that are disturbing mental experiences that seem real and sometimes cause
the individual to wake up. If awoken, individuals commonly have difficulty
returning to sleep. Nightmares often occur during the second half of a normal
period of sleep. Dream content involves a distressing theme, typically imminent physical danger. During nightmares, individuals experience increased
heart and respiration rates (Fisher et al., 1970; Nielsen and Zadra, 2000).
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Nightmares commonly affect children and adolescents and decrease in frequency and intensity as an individual grows older (AASM, 2005). Drugs and
alcohol can trigger nightmares. Prevalence rates are also higher in individuals
suffering from acute stress disorder and posttraumatic stress disorder.

SLEEP AND NEUROLOGICAL DISORDERS
Individuals suffering from dementia commonly experience sleep
abnormalities. Although there are a variety of conditions associated with
dementia—Alzheimer’s disease, Parkinson’s disease, dementia with Lewy
bodies, Huntington’s disease, and Creutzfeldt-Jakob disease—there are
some common patterns of sleep impairment associated with all dementias.
Typically, sleep is more fragmented, leading to more awakenings and consequently less time asleep, and REM may be decreased (Petit et al., 2005).
These sleep impairments usually worsen as the disease progresses.
Alzheimer’s Disease
Manifestations and Prevalence
Alzheimer’s disease is a neurodegenerative disorder characterized by
memory loss and an intellectual decline that progresses with age and is
caused by the degeneration of neurons in the brain. It is estimated that
about 4 million individuals in the United States suffer from Alzheimer’s
disease. Approximately one-quarter of these individuals have sleep disturbances (Tractenberg et al., 2005; Moran et al., 2005). Alzheimer’s disease
causes an increase number of arousals and affects an individual’s sleep
architecture. As a result of an increase in duration and number of awakenings, individuals spend an increased percentage of time in stage 1 sleep and
a reduced percentage in stage 2 and SWS (Prinz et al., 1982a,b; Reynolds et
al., 1985; Montplaisir et al., 1995).
Etiology and Risk Factors
There is limited information regarding the etiology of sleep disorders
associated with Alzheimer’s disease and other conditions that cause dementia. Associations with sleep disturbance and other behavioral symptoms
have been identified, including aggressiveness (Moran et al., 2005) and depression (Tractenberg et al., 2005). However, the pathophysiology of this
association is not known. In addition to behavioral symptoms, OSA may
also occur at a higher prevalence in individuals with Alzheimer’s disease
than in the general population (Bliwise, 2002).

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

92

SLEEP DISORDERS AND SLEEP DEPRIVATION

Treatment
Treatment options for demented individuals who suffer sleep disorders
are typically the same as those received by individuals who do not have
dementia. The approach is to address the sleep disorder based on its symptoms while managing and treating the underlying medical or psychiatric
disorder (Petit et al., 2005). However, treating an individual’s sleep disorder is not effective in reducing dementia associated with Alzheimer’s disease.

Parkinson’s Disease
Manifestations and Prevalence
Sleep complaints and subsequent diminished quality of life are common
in individuals who suffer from Parkinson’s disease. Parkinson’s disease is a
neurological disorder that primarily affects the elderly—0.9 percent of
people 65 to 69 years of age to upwards of 5 percent of people 80 to 84
years of age have Parkinson’s disease (de Rijk et al., 1997). It is characterized by trouble initiating walking and other movements, muscle tremor, a
slow gait, and reduced facial expressions. Sleep disturbances associated with
Parkinson’s disease include difficulty falling asleep, nocturnal akinesia, altered sleep architecture, abnormal motor activity, periodic limb movements,
REM sleep behavior disorder (see above), and disturbed breathing. During
the day, many Parkinson patients have excessive sleepiness.
Sleep disturbances typically increase with disease progression. Individuals suffer from increased sleep latency and frequent awakenings, spending
as much as 30 to 40 percent of the night awake (Kales et al., 1971; Bergonzi
et al., 1975). This causes reduced time spent in stages 3 and 4 and REM
sleep and increased duration in stages 1 and 2 (Kales et al., 1971).
Etiology and Risk Factors
Sleep patterns are affected by abnormalities caused by neurodegeneration in regions of the brain that are involved in regulating the sleep-wake
cycle. Dopaminergic neurons in the substantia nigra are dramatically reduced in number, as are noradrenerics neurons in the locus coeruleus
(Jellinger, 1986) and cholinergic neurons in the pedunculopontine nucleus
(Zweig et al., 1989). Braak and colleagues (2004) examined a large series of
autopsy brains. They found that Lewy body degeneration begins in the
lower brainstem and ascends to involve the substantia nigra only after several years, consistent with observations that REM alterations may precede
the movement disorder by several years in many Parkinson’s disease patients. REM sleep behavioral disorder is often seen in patients with Parkin-
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son’s disease and other parkinsonian syndromes, such as multiple systems
atrophy and progressive supranuclear palsy. The ability to ameliorate the
symptoms of REM sleep behavioral disorder with dopaminergic agonist
drugs suggests that it may be an early sign of damage to the dopaminergic
system (Trampus et al., 1991).
Treatment
Treating sleep disturbances associated with Parkinson’s disease is complicated owing to the different actions associated with dopaminergic medications. Medications used to treat this disorder often include dopamine
precursors (levodopa/carbidopa) and dopamine agonists (pramipexole and
ropinirole). When used in low doses, these medications can promote sleep,
but high doses may cause increased nocturnal wakefulness, decreased SWS,
and decreased sleep continuity (Leeman et al., 1987; Monti et al., 1988;
Cantor and Stern, 2002). In contrast, excessive daytime sleepiness, including sleep attacks, has also been described in association with dopamine
agonists (Paus et al., 2003); therefore, many patients with Parkinson’s disease require daytime stimulants such as modafinil or amphetamine to relieve excessive sleepiness.
Other classes of medication used to treat Parkinson’s disease include
monoamine oxidase-B inhibitors (selegiline), presynaptic relating agents
(amatadine, anticholingeric agents), and catechol-O-methyltransferase
(COMT) inhibitors (hyoscyaine, benztropine). All may potentially affect
sleep (Chrisp et al., 1991), particularly with regard to decreasing REM sleep,
but the sleep effects of these medications remain to be well described
(Kaakkola, 2000).
Epilepsy
Manifestations and Prevalence
Epilepsy refers to a group of various disorders characterized by abnormal electrical activity in the brain that manifests itself in individuals as a
loss of or impaired consciousness and abnormal movements and behaviors. Sleep, sleep deprivation, and seizure activity are tightly intertwined.
After stroke and Alzheimer’s disease, epilepsy is the third most common
neurological disorder in the United States, with incidence between 1.5 to
3.1 percent (Shouse and Mahowald, 2005). It is estimated that sleeprelated epilepsy may affect as many as 10 percent or more of epileptic
individuals (AASM, 2005). Sixty percent of individuals who suffer partial
complex localization related seizures—21.6 percent of the general epileptic
population—exhibit convulsions only during sleep (Janz, 1962).
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Disorders that cause seizures may affect an individual’s sleep cycle, leading to sleep deprivation. Similarly, sleep and sleep deprivation increase the
incidence of seizure activity. Sleep-related epilepsy normally presents with
at least two of the following features: arousals, abrupt awakenings from
sleep, generalized tonic-clonic movements of the limbs, focal limb movement, facial twitching, urinary incontinence, apnea, tongue biting, and
postictal confusion and lethargy (AASM, 2005). These features cause sleep
fragmentation and daytime fatigue.
There are a number of common epileptic syndromes that manifest solely
or predominately during the night, including nocturnal frontal lobe epilepsy, benign epilepsy of childhood with centrotemporal spikes, early-onset
or late-onset childhood occipital epilepsy, juvenile myoclonic epilepsy, and
continuous spike waves during non-REM sleep. Nocturnal frontal lobe epilepsy is characterized by severe sleep disruption, injuries caused by involuntary movements, and occasional daytime seizures. Juvenile myoclonic epilepsy is characterized by synchronous involuntary muscle contractions that
often occur during awakening. Continuous spike waves during non-REM
sleep epilepsy are commonly associated with neurocognitive impairment
and sometimes with impairment of muscle activity and control.
Etiology and Risk Factors
Risk factors for sleep-related epilepsy include stress, sleep deprivation,
other sleep disorders, and irregular sleep-wake rhythms. The etiologies for
nocturnal seizures are not clearly understood. Genetic factors are likely important; however, as of yet no pathogenic markers have been associated
with sleep-related epilepsy. There are specific patterns of rhythmic activity
among neurons within specific regions of the brain—the hypothalamus and
brainstem—that regulate sleep and arousal. Association of specific neuronal
activity between these different regions is important for regulating sleep,
while bursts of disassociated neuronal activity may contribute to nocturnal
seizures (Tassinari et al., 1972; Velasco and Velasco, 1982; Applegate et al.,
1986; Shouse et al., 1996).
Treatment
Treatments for seizures caused by sleep-related epileptic syndromes are
typically similar to those of other seizure disorders (Dreifuss and Porter,
1997). Individuals with epilepsy are susceptible to nocturnal sleep disturbance and daytime sleepiness associated with commonly used medications.
However, daytime hypersomnolence is not always treatable with
antiepileptic drugs (Palm et al., 1992). In particular, phenobarbital, a mainstay of treatment for many years, causes daytime sedation in a dose depen-
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dent manner (Brodie and Dichter, 1997). Daytime sedation is also observed
with other antiepileptic agents including carbamazepine, alproate, phenytoin, and primidone. Some of the newer medication such as gabapentin,
lamotrigine, bigabatrin, and zonisamide are often better tolerated (Salinsky
et al., 1996). In addition to daytime sedation, these drugs also cause increased nocturnal sleep time. Vagal nerve stimulation, however, has been
reported to improve daytime alertness (Rizzo et al., 2003), but it may also
induce sleep apnea (Holmes et al., 2003).
Stroke
Manifestations and Prevalence
Stroke results in a sudden loss of consciousness, sensation, and voluntary movement caused by disruption of blood flow—and therefore oxygen
supply—to the brain. Following a stroke an individual’s sleep architecture
is often altered, causing a decrease in the total sleep time, REM sleep, and
SWS (Broughton and Baron, 1978). Insomnia is a common complication of
stroke that may result from medication, inactivity, stress, depression, and
brain damage.
The annual incidence of stroke is 2 to 18 per 1000 individuals, and sleepwake disturbances are found in at least 20 percent of stroke patients (Bassetti,
2005). In addition, over 70 percent of individuals who have suffered a mild
stroke and are under 75 years of age suffer fatigue (Carlsson et al., 2003).
Sleep-Disordered Breathing May Be a Risk Factor
Risk factors for stroke include heart disease, hypertension, alcohol
abuse, transient ischemic attacks, and, as described above, possibly sleepdisordered breathing (Diaz and Sempere, 2004). Studies investigating the
association between sleep-disordered breathing and stroke found that 60
to 70 percent of individuals who have suffered a stroke exhibit sleepdisordered breathing with an apnea-hypopnea index of 10 or greater (Dyken
et al., 1996; Bassetti et al., 1996). Sleep-disordered breathing has also been
found in a high frequency of individuals with transient ischemic attacks
(McArdle et al., 2003), hypertension (Morrell et al., 1999), myocardial
infarction, and heart failure (Good et al., 1996; Shamsuzzaman et al., 2003).
Treatment
There are no specific therapies that relieve sleep-related symptoms
caused by a stroke. Rather, treatments depend on the specific symptoms and are similar to the treatments of sleep disorders that arise indepen-
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dent of a stroke. For example, CPAP is the treatment of choice for sleep
disordered breathing, and insomnia and parasomnias are treated using similar temporary hypnotic drug therapies as typically used, zolpidem or benzodiazepines. However, treatments for hypersomnia are not always as effective following a stroke (Bassetti, 2005).

SUDDEN INFANT DEATH SYNDROME
Manifestations and Prevalence
Sudden infant death syndrome (SIDS), the sudden and unexpected death
of infants less than a year old during sleep, has no known cause (American
Academy of Pediatrics Task Force on Sudden Infant Death Syndrome, 2005;
CDC, 2006). The syndrome is currently the third most common cause of
infant death in the United States (CDC, 2006), responsible for approximately 3,000 infant deaths a year in this country (NICHD, 2006b). The
majority of SIDS-related deaths occur in infants who are between 2 and 4
months old (NICHD, 2006a).
Etiology and Risk Factors
Although there are no known causes for SIDS, various hypotheses
exist about the mechanisms underlying the syndrome. The leading theory
is that developmental abnormalities in the infant’s cardiorespiratory system increase the child’s susceptibility to suffocation (Meny et al., 1994;
Kinney et al., 1995; Verrier and Josephson, 2005). Infants who later die of
SIDS have higher heart rates, narrower heart rate ranges, and problems
with coordination of respiration, heart rate, and arterial blood pressure
while sleeping (Kemp and Thach, 1991; Schechtman et al., 1995; Kinney
et al., 1995; Verrier and Josephson, 2005). This lack of coordination in
the cardiorespiratory system may be a result of defects in the region of the
brain responsible for controlling breathing and arousal (Kinney et al.,
1995; Panigraphy et al., 1997; AAP, 2000), possibly resulting in a baby
being unable to wake up in response to troubled breathing.
Concordantly, risk factors attributed to SIDS typically relate to an
infant’s ability to breathe easily while sleeping. The chief risk factor for
SIDS is a prone sleeping position, otherwise known as stomach sleeping
(Dwyer et al., 1991; Ponsonby et al., 1993; Irgens et al., 1995). More recently, side sleeping is thought to be attended by an intermediate level of
risk (American Academy of Pediatrics Task Force on Sudden Infant Death
Syndrome, 2005; CDC, 2006). Other factors related to obstructed breathing space include bed sharing with adults or several family members, soft
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sleep surfaces and/or loose bedding and overheating while sleeping (Hauck
and Kemp, 1998; AAP, 2000).
Vulnerability to SIDS seems to depend on both gender and ethnicity.
Male infants are more likely to die of SIDS than female babies (NICHD,
2006a); African American infants have twice the likelihood as Caucasian
infants of dying from SIDS (Hauck et al., 2003; Daley, 2004; NICHD,
2006a), while Native American infants are three times as likely to be
victims of this syndrome (AAP, 2000). SIDS has also been reported to
occur at increased frequency in family members with OSA (Tishler et al.,
1996), suggesting that there may be common genetic risk factors for both
conditions.
Finally, general measures of poor health form the final category of risk
factors. Smoking, drinking, or drug use by the mother during gestation are
linked to an increased chance of SIDS-related deaths in infants, as is infant
exposure to smoke (Schoendorf and Kiely, 1992; AAP, 2000; Iyasu et al.,
2002). Infants born with low body weight, prematurely, or to mothers under the age of 20 are also at higher risk of SIDS (Malloy and Hoffman,
1995; AAP, 2000).
Prevention
Preventive measures have reduced the incidence of SIDS in the United
States by more than 50 percent. A number of national intervention programs currently exist through various organizations. Of these, the most
prominent intervention program is NIH’s “Back to Sleep” campaign
(Chapter 5).
Additional preventive measures include no smoking, drinking, or drug
use by the mother while pregnant; removal of loose bedding or other items
that could suffocate an infant; and prevention of high temperatures in the
baby’s sleeping environment (NICHD, 2006a).
SLEEP AND MOVEMENT DISORDERS
Restless Legs Syndrome
Manifestations and Prevalence
RLS is a neurological condition characterized by an irresistible urge to
move the legs (it also may affect the arms, trunk, or head and neck). It is
also associated with paresthesias—uncomfortable feelings—which individuals describe as creepy-crawly, jittery, itchy, or burning feelings. The symptoms are partially or completely relieved by movement. The urge to move
and unpleasant sensations worsen during periods of rest or inactivity, espe-
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cially in the evening and at night, causing most individuals difficulty falling
asleep (Michaud et al., 2000). The discomfort associated with RLS also
causes individuals to wake frequently during the night (Montplaisir et al.,
1997). Individuals with RLS often experience periodic limb movements;
however, periodic limb movement disorder (see below) is not always associated RLS (Michaud et al., 2000).
The prevalence of RLS has been reported to be at minimum 5 percent
(Lavigne and Montplaisir, 1994; Rothdach et al., 2000; NSF, 2005a;
Montplaisir et al., 2005; Phillips et al., 2006), which makes it one of the
most common movement disorders and sleep disorders. This condition may
be found in in adolescents and teenagers (Kryger et al., 2002a) and is more
common in older adults and females (Rothdach et al., 2000; Allen and
Earley, 2001; Nichols et al., 2002), affecting over 20 percent of pregnant
women. RLS symptoms associated with pregnancy are caused by transient
low levels of ferritin and folate; therefore, they typically disappear within 4
weeks after delivery (Lee et al., 2001).
RLS may also be associated with attention-deficit hyperactivity disorder (ADHD). In a cross-sectional survey of 866 children, ADHD symptoms
were almost twice as likely to occur with symptoms of RLS as would be
expected by chance alone (Chervin et al., 2002).
Etiology and Risk Factors
The exact cause of RLS is not completely understood. It likely results
from altered dopamine and iron metabolism, and there is evidence for a
genetic contribution. More than 50 percent of idiopathic cases are associated with a positive family history of RLS (Ekbom, 1945; Walters et al.,
1996; Montplaisir et al., 1997; Winkelmann et al., 2002; Allen et al., 2003),
and these cases segregate in an autosomal dominant fashion with high penetrance (90 to 100 percent) (Winkelmann et al., 2002). Susceptibility gene
loci have been identified on chromosomes 12q (Desautels et al., 2001), 14q
(Bonati et al., 2003), and 9p (Chen et al., 2004); however, no genetic markers or abnormalities have been identified.
RLS commonly occurs in individuals with iron deficiency, including
end-stage renal disease, iron-deficiency anemia, pregnancy, and gastric surgery. Iron deficiency, for example caused by repeated blood donation, may
also be associated with RLS (Silber et al., 2003; Ulfberg and Nystrom, 2004;
Kryger et al., 2003). It is hypothesized that low levels of iron impair transmission of dopamine signals, which contributes to RLS. Iron levels are reduced in the substantia nigra (Allen et al., 2001; Connor et al., 2003), which
is a region of the brain responsible for controlling voluntary movement
through neurons that rely on dopamine to communicate with each other.
The iron deficiency is consistent with abnormal regulation of the transferrin
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receptor, which is responsible for transporting iron across cell membranes.
Iron in turn is necessary for the synthesis of dopamine and the activity of
the D2 dopamine receptor (Turjanski et al., 1999). The association between
dopamine, iron deficiency, and RLS is further supported by observations
that dopamine antagonists usually make RLS symptoms worse (Winkelmann
et al., 2001), while dopaminergic agonists are used to treat RLS (Walters et
al., 1988; Wetter et al., 1999; Stiasny et al., 2001).
Idiopathic RLS is not associated with an increased mortality rate; however, in secondary cases of RLS, such as in individuals treated with longterm hemodialysis for end-stage renal disease, RLS is associated with a
greater mortality risk (Winkelman et al., 1996). In a survey of 894 dialysis
patients that rated symptoms of RLS, severe symptoms were associated with
an increased hazard ratio (OR = 1.39; 95% CI, 1.08–1.79) (Unruh et al.,
2004).
Treatment
There are both behavioral and pharmacological treatments for RLS;
however, there have been no clinical trials reporting the efficacy of nonpharmacological strategies to reduce RLS symptoms. Mild to moderate
symptoms can sometimes be treated by lifestyle changes, including maintaining a normal sleeping pattern, taking supplements to manage iron deficiencies, and minimizing consumption of alcohol, caffeine, and tobacco
(NINDS, 2005).
RLS is primarily treated using one of four classes of prescription medications: dopaminergic agents, benzodiazepines, opioids, or anticonvulsants
(central nervous system depressants). Dopaminergic agents are the primary
treatment option for individuals with RLS (Hening et al., 2004). Medications include the dopamine precursor levodopa (L-dopa). Although associated
with some adverse effects, administration of L-dopa significantly reduces
symptoms of RLS and periodic limb movements that occur throughout the
night (Brodeur et al., 1988). However, dopaminergic agents can also have a
stimulating effect that may exacerbate insomnia. Benzodiazepines are effective in improving sleep continuity and are therefore frequently prescribed in
combination with dopaminergic agents. Opioids may be prescribed in
patients with severe symptoms to help to induce relaxation and minimize
pain (Walters et al., 1993, 2001). However, opioids may also exacerbate
sleep apnea; therefore, they should be used cautiously in patients who snore
(Montplaisir et al., 2005). Anticonvulsants are commonly prescribed as an
alternative to dopaminergic agents, owing to their ability to minimize leg
pain (Montplaisir et al., 2005). It is believed that anticonvulsants, such as
carbamazepine and gabapentin, are less potent than dopaminergic agents;
however, there have been no comparative studies performed. Furthermore,
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there have been a limited number of studies that have examined the safety
and efficacy of these treatments in children and adolescents.
Periodic Limb Movement Disorder
Periodic limb movement disorder is characterized by disruptions to sleep
caused by periodic episodes of limb movements that occur during sleep,
which cannot be explained by any other sleep disorder (AASM, 2005). Individuals with periodic limb movement disorder primarily complain of difficulty with sleep onset and sleep maintenance, insomnia, and/or hypersomnia. The periodic limb movements manifest themselves as rhythmic
extensions of the big toe, dorsiflexions of the ankle, and occasional flexions
of the knee and hip (Coleman, 1982). These are scored using the periodic
limb movements index, which examines over the course of an hour the
number of movements that are 0.5 to 5 seconds in duration, separated by
an interval between 5 to 90 seconds, and in sequence of four or more an
hour. An overnight index score of 5 or greater in children and 15 or greater
in adults is considered pathogenic (AASM, 2005).
Periodic limb movements typically occur in the lower extremities and
may result in autonomic arousal, cortical arousal, or an awakening. However, typically the individual is unaware of the movements. They are more
frequent in the beginning of the night and cluster together. These events
are associated with a fast heart rate, followed by a period of slow heart
rate (Friedland et al., 1985). Periodic limb movements disorder is associated with above average rates of depression, memory impairment, attention deficits, oppositional behaviors, and fatigue (AASM, 2005). Similar to
RLS, dopaminergic medications are helpful in alleviating the disorder’s
symptoms.
Periodic limb movements are believed to be very common, especially in
older persons, occurring in 34 percent of individuals over the age of 60
(AASM, 2005). However, the disorder—periodic limb movements associated with sleep disruption—is not as common. Periodic limb movements
are very common in RLS, occurring in 80 to 90 percent of individuals. It is
also observed in individuals with narcolepsy, REM sleep behavior disorder
(Folstein et al., 1975), OSA (Montplaisir et al., 1996), and hypersomnia
(Whitehouse et al., 1982). Children with ADHD have an increased prevalence of periodic limb movements (Picchietti et al., 1998), and children with
periodic limb movement disorders are more likely to have ADHD (Picchietti
et al., 1999; Ozminkowski et al., 2004). Sleep-disordered breathing may be
a modulator that increases the association between periodic limb movements and ADHD (Chervin and Archbold, 2001).
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SLEEP AND MEDICAL DISORDERS
A number of different medical disorders and diseases, from a common
cold to cancer, frequently alter an individual’s sleep-wake cycle. These sleep
problems often result from pain or infection associated with the primary
condition. Although these are both known to cause problems with sleepwake cycles, as will be shown below, very little is still known about the
etiology.
Pain
Pain is described as an acute or chronic unpleasant sensory and emotional experience that varies from dull discomfort to unbearable agony that
is associated with actual or potential tissue damage. It commonly causes
sleep fragmentation and changes in an individual’s sleep architecture. The
symptoms depend on the type and severity of the pain. They include daytime fatigue and sleepiness, poor sleep quality, delay in sleep onset, and
decreased cognitive and motor performance (Table 3-5) (Bonnet and Arand,
2003).
Chronic pain affects at least 10 percent of the general adult population
(Harstall, 2003), of whom 50 percent complain of poor sleep (Atkinson et
al., 1988; Dao et al., 1994; Morin et al., 1998; Roizenblatt et al., 2001;
Riley et al., 2001; Dauvilliers and Touchon, 2001; McCracken and Iverson,
2002; Perlis et al., 2005), and 44 percent complain of insomnia (Moldofsky,
2001). There are a number of clinical pain conditions that individuals report affect their sleep quality—RLS, irritable bowel, gastric ulcer, cancer,
musculoskeletal disorders, dental and orofacial pain, spinal cord damage,
burns, and other trauma (Lavigne et al., 2005).
Although progress has been made, there are still many unanswered questions about how pain affects regions of the brain responsible for regulating
the sleep-wake cycle. Neurons that carry pain information to the brain do
communicate with regions of the brain that are responsible for arousal—
raphe magnus “off” cells (Foo and Mason, 2003). However, it is not known
if hypocretin and other genes that regulate the circadian rhythms are affected
by acute or chronic pain. Further, it is not known whether the hypothalamus,
which is involved in sleep homeostasis, is affected by chronic pain (Kshatri et
al., 1998; Mignot et al., 2002b). Because little is known about the interaction
between pain and the circuitry in the brain that is responsible for regulating
the sleep-wake cycle, much of the management of sleep problems focuses on
managing and alleviating the pain or sleep quality.
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TABLE 3-5 Selected Sleep-Related Symptoms and Findings in the
Presence of Pain
Bedtime symptoms
• Delay in sleep onset
• Anxiety, rumination
• Intense fatigue and more intense pain
Sleep time findings
• Lower sleep efficacy (less than 90%)
• Longer percentage sleep time in stage 1, with less in stages 3 and 4
• Numerous sleep stage shifts (stages 3 and 4 toward stages 2 or 1)
• Fragmentation of sleep continuity (increase in number of microarousals, awakenings,
sleep stage shifts, respiratory events, movement intrusions)
• Alpha electroencephalographic intrusions in stages 3 and 4 with or without elevated
phasic arousals (cyclic alternating pattern)
• Absence of reduction in heart rate variability in sleep (cardiac sympathetic
overactivation)
• Nightmares, periodic leg movements, apnea, sweating, heart palpitations
• Wake time in sleep with pain (e.g., neck, lower back, visceral, tooth)
Wake time symptoms
• Unrefreshing sleep sensation, fatigue, headache, etc.
• Sleepiness if driving
• Anxiety and anger over fulfilling daytime requirements at home or work
SOURCE: Lavigne et al. (2005).

Infectious Disease
Infections caused by bacterial strains, viruses, and parasites may result
in changes to sleep patterns. Although it is accepted that the activity of the
immune system affects an individual’s sleep-wake cycle, very little is known
about how these two systems interact. This is complicated by the unique
effects that specific infections have on sleep patterns and the absence of a
large body of clinical research.
Bacterial Infections and Sleep
Bacterial infections typically cause an increase in the total time spent in
SWS and a decreased duration of REM sleep (Toth, 1999; Toth and Opp,
2002). Alterations of sleep patterns can be affected by the type of bacterial
infection (Opp and Toth, 2003). For example, gram-negative bacteria induce enhanced sleep more rapidly than do gram-positive bacteria. Differences in the process and progression of the disease also affect the sleepwake cycle.
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Viral Infections and Sleep
Viral infections also have effects on the sleep-wake cycle. Individuals
inoculated with rhinovirus or influenza virus report less sleep during the
incubation period, while during the symptomatic period they slept longer
(Smith, 1992). However, compared to healthy individuals there were no
reported difference in sleep quality and number of awakenings.
The human immunodeficiency virus (HIV) also has been shown to alter
sleep patterns. Individuals spend increased time in SWS during the second
half of night (Darko et al., 1995) and suffer from frequent arousals and
decreased time in REM sleep (Norman et al., 1990). As the infection
progresses to AIDS, individuals develop increased sleep fragmentation, significant reductions in SWS, and disruption to the entire sleep architecture
(Norman et al., 1990; Darko et al., 1995).
Cancer
Many patients with cancer also suffer pain or depression, which contributes to difficulty sleeping. These require treatment as in other patients
with pain or depression as causes of insomnia. Excessive sleepiness may be
caused by injury to the ascending arousal system due to brain metastases or
by leptomeningeal carcinomatosis. These signs often alert physicians to the
need to treat the underlying spread of cancer to the central nervous system.
Other patients with cancer may develop antitumor antibodies that attack
the brain. In particular, anti-Ma-2 antibodies tend to cause hypothalamic
lesions and may precipitate daytime sleepiness and even cataplexy
(Rosenfeld et al., 2001). Treatment of the underlying cancer may reverse
the symptoms in some cases.
Sleeping Sickness
Fungal and parasitic infections also can alter the sleep-wake cycle. For
example, sleeping sickness, or African trypanosomiasis, commonly occurs
in individuals who have been infected with the Trypanosoma brucei (Tb)
parasite. It is characterized by episodes of nocturnal insomnia and daytime
sleep, but not hypersomnia (Lundkvist et al., 2004).
Sleeping sickness is found primarily in sub-Saharan African countries,
where Tb is transmitted to humans as a result of bites received from tsetse
flies (Lundkvist et al., 2004). The prevalence of this disorder is not known;
however, over 60 million people live in areas where the Tb parasite is
endemic.
Sleeping sickness is associated with altered sleep architecture. EEG recordings of individuals with sleeping sickness from Gambia demonstrate
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periods of REM sleep that occur throughout the entire sleep-wake cycle,
frequently without normal intermediate NREM periods (Buguet et al.,
2001). Circadian fluctuations of hormones—cortisol, prolactin, and growth
hormone—are also altered in individuals with sleeping sickness (Radomski
et al., 1994). Therefore, it has been hypothesized that sleeping sickness may
be a circadian rhythm disease that affects the neural pathways that interconnect the circadian-timing and sleep-regulating centers (Lundkvist et al.,
2004).
Treatment Effects on Sleep
Numerous medical conditions are associated with a wide variety of
sleep disorders including insomnia, hypersomnia, parasomnias, and sleeprelated movement disorders. Although these disease-related sleep disorders
have recently been receiving an increasing amount of attention, including
addition to the latest International Classification of Sleep Disorders (AASM,
2005), the contribution that treatments for these medical conditions make
to the development of sleep disturbances is less well appreciated. However,
many medical therapies have iatrogenic effects on sleep-wake regulatory
systems causing disturbed sleep, daytime sleepiness, and other related side
effects.
Treatments for Cardiovascular Disease
Cardiovascular diseases, sometimes associated with sleep-related
breathing disorders (Peters, 2005) (see above), are commonly treated with a
wide range of medications including antihypertensives, hypolipidemics, and
antiarrhythmics; each class of medication can adversely affect sleep and/or
waking. For example, beta-antagonists, the mainstay of treatment for hypertension, are commonly associated with fatigue, insomnia, nightmares,
and vivid dreams (McAinsh and Cruickshank, 1990). Sleep disturbances
appear to be more severe with lipophilic drugs (e.g., propranolol) than with
hydrophilic drugs (e.g., atenolol). However, even atenolol, one of the most
hydrophilic beta-blockers, has been shown to increase total wake time (Van
Den Heuvel et al., 1997). The mechanism underlying sleep disruption by
beta-blocking agents may be their tendency to deplete melatonin, an important sleep-related hormone (Garrick et al., 1983; Dawson and Encel, 1993).
Fatigue and somnolence have also been reported with other antihypertensive medications such as carvedilol, labetalol, clonidine, methyldopa, and
reserpine (Paykel et al., 1982; Miyazaki et al., 2004). In contrast, angiotensinconverting enzyme inhibitors generally have very few effects on sleep (Reid,
1996). Hypolipidemic drugs, including atorvastatin and lovastatin, have

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

CONSEQUENCES OF CHRONIC SLEEP LOSS AND SLEEP DISORDERS

105

also been associated with reports of insomnia, but placebo-controlled
clinical trials of lovastatin, simvastatin, and pravastatin did not appear to
increase sleep disturbance (Bradford et al., 1991; Keech et al., 1996).
Amiodarone, a widely use antiarrhythmic agent (Hilleman et al., 1998), can
cause nocturnal sleep disturbance, and digoxin has been associated with
both insomnia and daytime fatigue (Weisberg et al., 2002).
Treatments for Cancer
Patients with cancer receive multiple types of treatments designed at
controlling the disease process including chemotherapy, biotherapy, radiotherapy, and medications. All can have important adverse effects on regulating the sleep-wake cycle. For example, sleep problems have been reported
in patients undergoing chemotherapy (Broeckel et al., 1998; Berger and
Higginbotham, 2000; Lee et al., 2004). However, objective measures of
sleep in the patients and analyses of clinical correlates are very limited.
Thus, the mechanisms underlying these sleep problems are poorly understood. Menopausal symptoms arising from chemotherapy and hormonal
therapy, especially those of a vasomotor type (e.g., hot flashes, sweating),
may be a contributing factor (Rombaux et al., 2000; Mourits et al., 2001;
Carpenter et al., 2002). Nocturnal sleep disturbances and daytime sleepiness
have also been reported in patients undergoing radiotherapy (Beszterczey
and Lipowski, 1977; Miaskowski and Lee, 1999).
Cytokines (biotherapy), a diverse group of peptide molecules that regulate cell functions, are sometimes used as adjunct therapy (Dunlop and
Campbell, 2000). Interferon, interleukin-2, and tumor necrosis factor are
associated with a variety of side effects including daytime sleepiness, disturbed sleep, and depression (Capuron et al., 2000). Although very effective
in reducing cancer-related pain, opioids often cause sleep disturbance and
are associated with decreased REM and SWS (Cronin et al., 2001).
Treatments for Renal Disease
RLS, periodic limb movement disorder, sleep apnea, and excessive daytime sleepiness affect up to 70 percent of patients with end-stage renal disease receiving treatment with hemodialysis (Parker et al., 2000; Parker,
2003). Hemodialysis may alter biological systems controlling processes that
regulate the sleep-wake cycle via several potential mechanisms. The rapid
fluid, electrolyte, and acid/base changes that occur are often associated with
central nervous system symptoms such as headache, restlessness, changes in
arousal, and fatigue during or immediately after treatment. Several studies
have reported an increase in cytokine production secondary to blood interactions with bioincompatible aspects of hemodialysis (such as blood expo-
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sure to membranes, tubing, and cellular mechanical trauma) and backflow
of endotoxins through the membrane (Panichi et al., 2000). Interleukin-1,
tumor necrosis factor-α, and interleukin-6 are the major proinflammatory
cytokines that may be involved (Pertosa et al., 2000). These substances
have both somnogenic and pyrogenic properties and have been linked to a
number of postdialytic symptoms (Konsman et al., 2002), including daytime sleepiness and sleep disturbances (Raison and Miller, 2001; Capuron
et al., 2002). Dialysis-associated changes in melatonin levels and pattern of
secretion and alterations in body temperature rhythm may also play a role
in disrupting circadian systems (Vaziri et al., 1993, 1996; Parker et al.,
2000; Parker, 2003).
Treatments for Rheumatologic and Immunologic Disorders
Numerous other classes of medications can alter sleep and waking. Corticosteroids are a class of medications that are used to treat a variety of medical conditions including rheumatologic and immunologic disorders, cancer,
and asthma. Sleep disturbances, insomnia, daytime hyperactivity, and mild
hypomania are common side effects (Wolkowitz et al., 1990); a significant
decrease in REM sleep may also occur (Born et al., 1987). Theophylline, a
respiratory stimulant and bronchodilator, is in the same class of medications
as caffeine and can likewise disturb sleep—even in healthy subjects (Kaplan et
al., 1993). Nonsteroidal anti-inflammatory agents may also affect sleep as
they decrease the production of sleep-promoting prostaglandins, suppress
normal surge of melatonin, and alter the daily rhythm of body temperature
(Murphy et al., 1994, 1996). Pseudoephedrine and phenylpropanolamine,
which have many of the same pharmacological properties of ephedrine, also
cause sleep disruption—and many of these preparation are readily available
over the counter (Lake et al., 1990; Bertrand et al., 1996).
Although the medications and treatments listed above are often necessary, it is essential for patients to be aware of potential side effects relating
to the sleep-wake-related cycle. Unfortunately, patients often neglect to report such complaints as they think nothing can be done to alleviate the
problems. However, numerous behavioral and pharmacological interventions are available to treat these iatrogenically induced problems with the
sleep-wake cycle. In addition, administering treatment or medications at
appropriate times of day in relationship to the sleep-wake schedule may
potentially be beneficial and enhance clinical outcomes (Levi, 1994; Bliwise
et al., 2001; Hermida and Smolensky, 2004). Research in this area is greatly
needed.
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BOX 3-3
Shift Work Disorder and Jet Lag
Shift Work Disorder
Shift work type circadian rhythm sleep disorder is characterized by
complaints of insomnia or excessive sleepiness resulting from work hours
that occur during the normal sleep period, including, night shifts, early
morning shifts, and rotating shifts. Total sleep time is normally reduced
by 1 to 4 hours and sleep quality is disturbed. During work shifts individuals can experience excessive sleepiness, reduced alertness, and
reduced performance capacity. Individuals are also commonly more irritable, and the disorder may have negative social consequences. The
condition is closely linked to work schedules; consequently, it abates in
response to a conventional sleep schedule.
Jet Lag
Jet lag type is a temporary circadian rhythm sleep disorder that occurs
when there is a transitory mismatch between the timing of the sleepwake cycle caused by a change in time zone. Individuals with jet lag
potentially experience disturbed sleep, decreased subjective alertness,
general malaise, somatic symptoms such as gastrointestinal disturbance,
and impaired daytime function. The severity and the duration of the symptoms are usually dependent on the number of time zones traveled and
the direction of travel—eastern travel and travel through multiple time
zones typically result in worse symptoms than western travel.

CIRCADIAN RHYTHM SLEEP DISORDERS
Circadian rhythm sleep disorders arise from chronic alterations, disruptions, or misalignment of the circadian clock in relation to environmental cues and the terrestrial light-dark cycle. The 2005 update of the International Classification of Sleep Disorders designated nine different circadian
disorders, including delayed sleep phase type, advanced sleep phase type,
nonentrained sleep-wake type, irregular sleep-wake type, shift work type,
and jet lag type (Box 3-3) (AASM, 2005). These disorders may be comorbid
with other neurological or psychiatric disorders, making the diagnosis and
treatment difficult (Reid and Zee, 2005). Diagnosis with a circadian rhythm
disorder requires meeting the following three criteria:
• Persistent or recurrent pattern of sleep disturbance due primarily to
either an alteration of the circadian timekeeping system or a misalignment
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between endogenous circadian rhythm and exogenous factors that affect
timing and duration of sleep.
• Circadian-related disruption leads to insomnia, excessive sleepiness,
or both.
• The sleep disturbance is associated with impairment of social, occupational, or other functions (AASM, 2005).
The following sections will describe two of the nine more common
types of circadian rhythm sleep disorders, delayed sleep phase type and
advanced sleep phase type.
Delayed Sleep Phase Syndrome
Manifestations and Prevalence
The sleep pattern of individuals suffering from delayed sleep phase syndrome (or delayed sleep phase type) is characterized by sleep onset and
wake times that are typically delayed 3 to 6 hours relative to conventional
sleep-wake times (Figure 3-7). An individual’s total sleep time is normal for
his or her age (Weitzman et al., 1981), but individuals typically find it difficult to initiate sleep before 2:00 and 6:00 a.m., and prefer to wake up
between 10:00 a.m. and 1:00 p.m. The impact of delayed sleep phase
syndrome has not been fully investigated and is therefore limited. In a study
that included 14 individuals it was reported that the syndrome may impair
an individual’s job performance and may be associated with marital problems
and financial difficulty (Alvarez et al., 1992). A second study investigated
the impact of delayed sleep phase syndrome in 22 adolescents and found an
association with increased daytime irritability, poor school performance,
and mental disturbances (Regestein and Monk, 1995; AASM, 2005).

Advanced sleep phase type
Typical sleep phase
Delayed sleep phase type

12:00 p.m.

4:00 p.m.

8:00 p.m.

12:00 a.m.

4:00 a.m.

8:00 a.m.

12:00 p.m.

Time of day

FIGURE 3-7 Representation of the temporal distribution of sleep.
SOURCE: Reid and Zee (2005).
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The exact prevalence of delayed sleep phase syndrome in the general population is unknown. It is unclear what the prevalence of this disorder is; however, it may be more prevalent in adolescents and young adults (Weitzman et
al., 1981; Pelayo et al., 1988; Regestein and Monk, 1995; AASM, 2005).
Etiology and Risk Factors
Night shift workers may be at higher risk for delayed sleep phase syndrome due to irregular circadian entrainment (Santhi et al., 2005). Similarly, individuals who live in extreme latitudes and are exposed to extended
periods of light may also be at increased risk of suffering from delayed sleep
phase syndrome (Lingjaerde et al., 1985; Pereira et al., 2005).
Biological, physiological, and genetic factors have been proposed to be
responsible for causing delayed sleep phase syndrome. Behaviorally, late
bedtimes and rise times delay an individual’s exposure to light, which may
prevent entraining of the circadian clock. Furthermore, exposure to dim
light in the late evening and at night, may also affect the circadian phase
(Zeitzer et al., 2000; Gronfier et al., 2004).
Biological alterations to the endogenous circadian system also contribute to delayed sleep phase syndrome. Although levels of melatonin typically
increase in the evening hours, individuals with this syndrome have a hypersensitivity to nighttime bright light exposure in the suppression of melatonin (Czeisler et al., 1981). It has also been hypothesized that the disorder
may result from a circadian phase that has a reduced sensitivity to photic
entrainment, or the free-running period of the circadian cycle is prolonged
(Czeisler et al., 1981). Consistent with these hypotheses, polymorphisms in
circadian genes influence the entraining and free-running period of the circadian cycle and may be associated with delayed sleep phase syndrome
(Takahashi et al., 2000; Iwase et al., 2002; Hohjoh et al., 2003; Archer et
al., 2003; Pereira et al., 2005). A recent study has also identified a candidate gene, human PER2, that results in familial advanced sleep phase syndrome (Xu et al., 2005).
Treatment
Treatment for delayed sleep phase syndrome requires resynchronizing
to a more appropriate phase to the 24-hour light-dark cycle. In addition to
a structured sleep-wake schedule and good sleep hygiene practices, potential therapies include resetting the circadian pacemaker with bright light,
melatonin, or a combination of both. However, studies that have investigated the efficacy of bright light have provided mixed results (Pelayo et al.,
1988; Rosenthal et al., 1990; Akata et al., 1993; Weyerbrock et al., 1996),
partially owing to limitations in their study design and the numbers of par-
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ticipants included in each study. Consequently, there are no standard criteria for its use. Similarly, there have been no large-scale controlled studies
examining the efficacy of melatonin, and as of yet it has not been approved
by the Food and Drug Administration for this indication (Reid and Zee,
2005).
Advanced Sleep Phase Syndrome
Manifestations and Prevalence
Advanced sleep phase syndrome (or advanced sleep phase type) is characterized by involuntary bedtimes and awake times that are more than 3
hours earlier than societal means (Figure 3-7) (Reid and Zee, 2005). As is
the case with delayed sleep phase syndrome, the amount of sleep is not
affected, unless evening activities result in later bedtimes. Therefore, the
syndrome is primarily associated with impaired social and occupational
activities.
The prevalence of advanced sleep phase syndrome is unknown; however, it has been estimated that as many as 1 percent of the middle-aged
adults may suffer from it (Ando et al., 1995). One of the challenges in
determining its prevalence is that affected individuals typically do not perceive it as a disorder and therefore do not seek medical treatment (Reid and
Zee, 2005).
Etiology and Risk Factors
The causes of this syndrome are not known; however, as with delayed
sleep phase type, biological and environmental factors likely contribute to
the onset of advanced sleep phase type. Several familial cases of this syndrome have been reported (Jones et al., 1999; Ondze et al., 2001; Reid et
al., 2001; Satoh et al., 2003), and these cases segregate in a dominant mode.
Polymorphisms in circadian clock genes have been identified in a family
with advanced sleep phase syndrome (Toh et al., 2001; Shiino et al., 2003).
Changes in the activity of genes involved in circadian biology are consistent
with observations that individuals with this syndrome have circadian
rhythms that are less than 24 hours.
Treatment
Treatment options for individuals with advanced sleep phase syndrome
are limited. Bright light therapy in the evening has been used successfully in
a limited study to reduce awakenings (Campbell et al., 1993; Palmer et al.,
2003). It is also hypothesized that administration of low levels of melatonin
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in the early morning may also be used (Lewy et al., 1996), though there are
no published reports verifying this option.
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4
Functional and Economic Impact of
Sleep Loss and Sleep-Related Disorders

CHAPTER SUMMARY Sleep loss and sleep disorders affect an
individual’s performance, safety, and quality of life. Almost 20 percent of all serious car crash injuries in the general population are
associated with driver sleepiness, independent of alcohol effects.
Further, sleep loss and sleep disorders have a significant economic
impact. The high estimated costs to society of leaving the most
prevalent sleep disorders untreated are far more than the costs that
would be incurred by delivering adequate treatment. Hundreds of
billions of dollars a year are spent on direct medical costs associated with doctor visits, hospital services, prescriptions, and overthe-counter drugs. Compared to healthy individuals, individuals
suffering from sleep loss, sleep disorders, or both are less productive, have an increased health care utilization, and an increased
likelihood of accidents.
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The public health consequences of sleep loss, night work, and sleep
disorders are far from benign. Some of the most devastating human and
environmental health disasters have been partially attributed to sleep loss
and night shift work-related performance failures, including the tragedy at
the Bhopal, India, chemical plant; the nuclear reactor meltdowns at Three
Mile Island and Chernobyl; as well as the grounding of the Star Princess
cruise ship and the Exxon Valdez oil tanker (NCSDS, 1994; NTSB, 1997;
Moss and Sills, 1981; United States Senate Committee on Energy and National Resources, 1986; USNRC, 1987; Dinges et al., 1989). Each of these
incidents not only cost millions of dollars to clean up, but also had a significant impact on the environment and the health of local communities.
Less visible consequences of sleep conditions take a toll on nearly every
key indicator of public health: mortality, morbidity, performance, accidents
and injuries, functioning and quality of life, family well-being, and health
care utilization. This chapter begins with an overview of the consequences
of sleep loss and sleep disorders on an individual’s performance, safety, and
quality of life. Drawing on the available body of evidence, the chapter then
describes the economic impact of sleep loss and sleep disorders.
PERFORMANCE AND COGNITION DEFICITS
Nearly all types of sleep problems are associated with performance deficits in occupational, educational, and other settings. The deficits include
attention, vigilance, and other measures of cognition, including memory
and complex decision making. This section addresses sleep loss and then
turns to sleep-disordered breathing and other sleep disorders.
Sleep Loss Affects Cognitive Performance
Sleep loss had been largely dismissed as the cause of poor cognitive performance by early, yet poorly designed, research. The prevailing view until
the 1990s was that people adapted to chronic sleep loss without adverse
cognitive effects (Dinges et al., 2005). More recent research has revealed sleep
loss-induced neurobehavioral effects, which often go unrecognized by the
affected individuals. The neurobehavioral impact extends from simple measures of cognition (i.e., attention and reaction time) to far more complex
errors in judgment and decision making, such as medical errors, discussed
below and in Box 4-1. Performance effects of sleep loss include the following:
• Involuntary microsleeps occur.
• Attention to intensive performance is unstable, with increased errors
of omission and commission.
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BOX 4-1
Reducing Interns’ Work Hours in Intensive Care Units
Lowers Medical Errors
The longstanding debate over medical residents’ lengthy work hours
pits patient safety advocates against those who view the practice as necessary for continuity of care, preparation for medical practice, and cost
containment (Steinbrook, 2002). After years of debate, and the threat of
federal regulations, the Accreditation Council for Graduate Medical Education changed its requirements in 2003 to restrict residents’ work hours
to about 80 hours per week (ACGME, 2003). The policy permits no more
than a maximum shift duration of 24 hours and overnight call no more than
every third night.
Does this revised policy protect patients? The Harvard Work Hours,
Health and Safety Study compared a schedule of about 80 hours per
week (termed the traditional schedule) with a reduced schedule that eliminated shifts of 24 hours or more and kept work hours under 63 per week.
The trial was conducted in intensive care units because they typically
have the longest hours and the highest rates of errors.
The intervention schedule not only enhanced interns’ sleep duration
and lowered their rate of attentional failures, but also reduced the rate of
serious medical errors, according to two articles published in 2004 in the
New England Journal of Medicine. In the first article, the investigators
used a within-subjects design (n = 20 interns) and validated sleep duration by polysomnography and attentional failures by slow-rolling eye
movements recorded during continuous electro-oculography. Under the
intervention schedule, the article reported that residents slept nearly 6
more hours per week, and they experienced half the rate of attentional
failures during on-call nights than under the traditional schedule (Lockley
et al., 2004).
The second article on medical errors reported results after randomizing interns to either the traditional or reduced schedule (Landrigan et al.,
2004). Two physicians who directly observed the interns without awareness of their schedules identified serious medical errors, defined as causing or having the potential to cause harm to a patient. Errors were recorded by type (medication, diagnosis, and procedure) and in terms of
number, or rate per 1,000 patient days. The study covered a total of
2,203 patient-days involving 634 admissions. Under the traditional schedule, interns made nearly 21 percent more medication errors and at least
five times more diagnostic errors. Overall, the unitwide rate of serious
medical errors was 22 percent higher in the traditional versus the intervention schedule (P < .001) as shown in the table below. The investigators concluded that reducing interns’ hours can lower the occurrence of
serious medical errors in the intensive care unit.

continued
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BOX 4-1 continued
Incidence of Serious Medical Errors (rate/1,000 patient days)
Variable

Traditional
Schedule

Intervention
Schedule

Serious medical errors made by interns
Serious medical errors
176 (136.0)
91 (100.1)
Preventable adverse
27 (20.9)
15 (16.5)
events
Intercepted serious
91 (70.3)
50 (55.0)
errors
Nonintercepted
58 (44.8)
26 (28.6)
serious errors
Types of serious medical errors made by interns
Medication
129 (99.7)
75 (82.5)
Procedural
11 (8.5)
6 (6.6)
Diagnostic
24 (18.6)
3 (3.3)
Other
12 (9.3)
7 (7.7)
All serious medical errors, unitwide
Serious medical errors
250 (193.2)
144 (158.4)
Preventable adverse
50 (38.6)
35 (38.5)
events
Intercepted serious
123 (95.1)
63 (69.3)
errors
Nonintercepted
77 (59.5)
46 (50.6)
serious errors
Types of serious medical errors made by interns
Medication
175 (135.2)
105 (115.5)
Procedural
18 (13.9)
11 (12.1)
Diagnostic
28 (21.6)
10 (11.0)
Other
29 (22.4)
18 (19.8)

P Value

< 0.001
0.21
0.02
< 0.001

0.03
0.34
< 0.001
0.47
< 0.001
0.91
< 0.001
0.14

0.03
0.48
< 0.001
0.45

SOURCE: Landrigan et al. (2004).

• Cognitive slowing occurs in subject-paced tasks, while time pressure
increases cognitive errors.
• Response time slows.
• Performance declines in short-term recall of working memory.
• Performance requiring divergent thinking deteriorates.
• Learning (acquisition) of cognitive tasks is reduced.
• An increase in response suppression errors in tasks requiring normal
primarily prefrontal cortex function.
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• The likelihood of response preservation on ineffective solutions is
increased.
• Compensatory efforts to remain behaviorally effective are increased.
• Although tasks may be done well, performance deteriorates as tasks
duration increases (Durmer and Dinges, 2005).
Attention and reaction time are altered by experimental sleep loss,
which leads to cumulative, dose-dependent deterioration of attention and
reaction time (Figure 4-1). Deterioration is measured in part using the psy-

FIGURE 4-1 Repeated nights of sleep loss have cumulative cognitive impairment.
NOTE: B, baseline day.
SOURCES: (A) Van Dongen et al. (2003); (B) Belenky et al. (2003).
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chomotor vigilance task (PVT), a test that requires continuous attention to
detect randomly occurring stimuli and that is impervious to aptitude and
learning effects. In one study 48 healthy subjects were randomized to 4, 6,
or 8 hours time in bed for 14 days (Van Dongen et al., 2003). Investigators
found a dose-dependent effect, which increased over time (Figure 4-1A).
Performance deficits in individuals who slept 6 hours or less per night were
similar to those observed in individuals after two nights of total sleep deprivation. Most striking was that study subjects remained largely unaware of
their performance deficits, as measured by subjective sleepiness ratings. A
second study (Belenky et al., 2003) showed a similar dose-dependent,
cumulative effect over 7 days of sleep loss in 66 healthy volunteers (Figure
4-1B). Subjects were followed for 3 days after the period of sleep restriction, during which time they recovered, but not enough to return to their
baseline levels. Imaging studies have demonstrated a physiological basis for
cognitive impairments with sleep loss that has been linked with metabolic
declines in the frontal lobe of the brain (Thomas et al., 2000). Although
there is not a large body of evidence, associations are also likely between
sleep loss and increased risk taking (Roehrs et al., 2004).
Sleep Loss in Adolescents and Academic Performance
Sleep loss in adolescence is common and grows progressively worse
over the course of adolescence, according to studies from numerous countries (Wolfson and Carskadon, 2003; Howell et al., 2004). Average sleep
duration diminishes by 40 to 50 minutes from ages 13 to 19. Despite the
physiological need for about 9 hours of sleep, sleep duration, across this age
span, averages around 7 hours and about a quarter of high school and
college students are sleep deprived (Wolfson and Carskadon, 1998). Research indicates that patterns of shortened sleep occur in the preadolescent
period and may be most marked in African American boys, compared to
white children or African American girls (Spilsbury et al., 2004). The decline in adolescent sleep duration is attributed to psychological and social
changes, including growing desire for autonomy, increased academic demands, and growing social and recreational opportunities, all of which take
place in spite of no change in rise time for school (Figure 4-2) (Wolfson and
Carskadon, 1998). Furthermore, the need to earn income adds to the burden. Students who worked 20 or more hours weekly, compared with those
who worked less than 20 hours, were found to go to bed later, sleep fewer
hours, oversleep, and fall asleep more in class (Millman et al., 2005).
Sleep loss affects alertness, attention, and other cognitive functions in
adolescents (Randazzo et al., 1998), but demonstrating a causal relationship between sleep loss and academic performance has been difficult. Most
studies attempting to link the two are cross-sectional in design, based on
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FIGURE 4-2 Sample distribution of sleep patterns.
SOURCE: Wolfson and Carskadon (1998).
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self-reporting of grades and sleep times, and lack a control for potential
confounders (Wolfson and Carskadon, 2003). An association between short
sleep duration and lower academic performance has been demonstrated
(Wolfson and Carskadon, 1998; Drake et al., 2003; Shin et al., 2003), but
the question of causality has not been resolved by longitudinal studies. A 3year study of 2,200 middle school students did not find that sleep loss resulted in lower academic performance. It only found a cross-sectional association at the beginning of the study. However, by the end of the study, as
sleep time worsened, grades did not proportionately decrease (Fredriksen et
al., 2004). A study of the Minneapolis School District, which delayed start
times for its high schools by almost 1.5 hours (from 7:15 a.m. to 8:40 a.m.),
found significant improvements in sleep time, attendance, and fewer symptoms of depressed mood (Wahlstrom et al., 2001). Further, there was a
trend toward better grades, but not of statistical significance. The study
compared grades over the 3 years prior to the change with grades 3 years
afterwards.
Much of the difficulty in studying sleep loss and its relation to academic
performance stems from multiple, often unmeasured, environmental factors that affect sleep (such as school demands, student employment after
school, family influences, TV viewing, and Internet access). These are set
against the rapid developmental and physiological changes occurring in
adolescence. Another difficulty is the challenge of objectively assessing
school performance (Wolfson and Carskadon, 2003).
Additional robust intervention studies are needed to determine the effect of having later school start times on student performance. However, a
confounder to later school start times is the potential onset of sleep phase
delay during middle school (seventh and eighth grade). Moving middle
school start time early to compensate for later high school start time may be
problematic for the middle school children. There have been no studies that
have examined effects of early start time on elementary-aged children
(Wolfson and Carskadon, 2003). An alternative to changing the school
starting times might be to implement bright light therapy in early morning
classes for high school students as a means to change the circadian timing
system of these students and thereby enable earlier sleep schedules (Wolfson
and Carskadon, 2003).
Sleep Loss and Medical Errors
The Institute of Medicine’s report To Err Is Human estimated that as
many as 98,000 deaths—due to medical errors—occur annually in United
States hospitals (IOM, 2000). Long work hours and extended shifts among
hospital workers are now known to contribute to the problem. Since the
report’s release, several new studies, discussed below, have found strong
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relationships between sleep loss, shift duration, and medical errors among
medical residents.
Medical residents work longer hours than virtually all other occupational groups (Steinbrook, 2002). During the first year, medical residents
frequently work a 24-hour shift every third night (i.e., 96-hours per week).
Two studies found that sleep-deprived surgical residents commit up to twice
the number of errors in a simulated laparoscopic surgery (Grantcharov et
al., 2001; Eastridge et al., 2003). In a survey of 5,600 medical residents,
conducted by the Accreditation Council for Graduate Medical Education,
total work time was inversely correlated with reported sleep time. Residents
who worked more than 80 hours per week were 50 percent more likely
than those working less than 80 hours to report making a significant medical error that led to an adverse patient outcome (Baldwin and Daugherty,
2004). The strongest evidence tying medical errors to sleep-related fatigue
from extended work hours comes from an intervention trial designed to
limit residents’ work hours (Box 4-1). Earlier attempts to demonstrate patient safety benefits by reducing resident hours were beset by methodological problems (Fletcher et al., 2004).
Residents are not the only health professionals to report medical errors
in association with short sleep. Nurses who completed logbooks recording
their schedule length, sleep, and errors, reported 3.3 times more medical
errors during 12.5 hour shifts than 8.5 hour shifts (Rogers et al., 2004).
Nearly 40 percent of the nurses reported having 12-hour shifts; and although their sleep duration was not directly studied, the findings suggest
that fatigue is a major factor.
Obstructive Sleep Apnea Is Associated with Development,
Cognition, and Behavior in Children
Children with obstructive sleep apnea (OSA) often have problems in
development, cognition, behavior, and academic performance, according to
detailed reviews of the evidence (Schechter, 2002; Bass et al., 2004). The
risk of neurobehavioral abnormalities in children with severe OSA is about
three times greater than in children without OSA (Schechter, 2002). The
contribution of overnight reduction of oxygen levels in the blood (hypoxemia) in comparison to sleep disruption is unclear. One study shows an
association with the lowest level of oxygen during sleep and scores in arithmetic (Urschitz et al., 2005), but other studies show cognitive or behavioral
deficits in children who snore without severe sleep apnea (Kennedy et al.,
2004; Rosen et al., 2004; Gottlieb et al., 2004; O’Hara et al., 2005). Outcome measures used in numerous studies include intelligence quotient, learning and vocabulary, attention, symptoms of attention deficit hyperactivity
disorder (ADHD), and academic performance. For example, two historical
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cohort studies found decrements in intelligence quotient, impaired learning,
and vocabulary in children with polysomnography-confirmed cases (Rhodes
et al., 1995; Blunden et al., 2000). A study of younger children with sleep
apnea also did not find a relationship with academic performance, after
adjusting for the effects of socioeconomic status (Chervin et al., 2003).
O’Brien and colleagues (2004) found that 35 children with sleep-disordered
breathing, compared with matched controls, showed significant deficits in
neurocognition, including overall cognitive ability, as well as attention and
executive function, but the study did not find behavioral differences. A previous study by the same researchers found higher symptoms of ADHD,
according to parents’ reports, in children with OSA (O’Brien et al., 2003).
Several other studies have found greater symptoms of ADHD in children
with OSA than controls (Weissbluth and Liu, 1983; Stradling et al., 1990;
Chervin et al., 1997).
The neurobehavioral effects of OSA may be partially reversible with
tonsillectomy and adenoidectomy, a surgical procedure that opens the airway. Treatment is related to partial improvement in school performance,
cognition, or behavior (Ali et al., 1996; Friedman et al., 2003). A limitation
to this work is that it is often difficult to control for the many confounders
that influence cognitive function, with a recent study showing that after
robustly adjusting for neighborhood socioeconomic status (Emancipator et
al., 2006), effects were much attenuated, although they persisted in a subgroup of children who had been born prematurely. No randomized controlled study has been conducted to address the potential reversibility of
cognitive deficits with sleep-disordered breathing; such data would more
definitively address this situation. Gozal (1998) studied 54 children with
sleep-disordered breathing and low school performance. Half of them
underwent surgical tonsillectomy and adenoidectomy to treat OSA. Children undergoing the interventions improved their academic performance,
compared to untreated children. One problem with the study design; however, was that surgical treatment was not randomly assigned (parents elected
whether or not their children could receive surgery). Given the high proportion of children with sleep-disordered breathing, especially in vulnerable
groups such as children in minority populations and those born prematurely, there is a large need to address the role of sleep-disordered breathing
and its reversibility in these important outcomes.
Sleep-Disordered Breathing and Cognitive Impairment in Adults
Several cross-sectional studies indicate that sleep-disordered breathing
in adults is associated with impaired cognitive function (Greenberg et al.,
1987; Bedard et al., 1991; Naegele et al., 1995; Redline et al., 1997; Kim et
al., 1997). Cognitive deficits, in turn, partially contribute to poorer work
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performance (Ulfberg et al., 1996), accidents and injuries, and deterioration
of the quality of life (see later sections).
A meta-analysis of the case-control studies found that the magnitude of
the cognitive disturbance was greatest in individuals with severe OSA. Cognitive domains most affected were attention and executive function (the capacity
to plan and organize complex tasks) with only milder effects on memory
(Engleman et al., 2000). The meta-analysis also found some cognitive benefit
associated with continuous positive airway pressure (CPAP) treatment. In a
series of randomized, placebo-controlled crossover trials, people with mild
OSA exhibited a trend toward better performance. The failure to detect a
robust effect may have been due to the fact that the patients had mild disease,
were nonadherent to therapy, or that they had a possibly irreversible component to the cognitive impairment. The cognitive deficits with sleep-disordered
breathing are thought to be related to both sleep fragmentation and hypoxemia (Weaver and George, 2005). However, one study showed no clear threshold level between level of hypoxia and performance deficits (Adams et al.,
2001). Animal models of chronic episodic hypoxia have led to the hypothesis
that cognitive deficits in humans result from injury of nerve cells in the prefrontal cortex (Beebe and Gozal, 2002), the area of the brain responsible for
problem solving, emotion, and complex thought.
MOTOR VEHICLE CRASHES AND OTHER INJURIES
Motor Vehicle Crashes
Sleepiness is a significant, and possibly growing, contributor to serious
motor vehicle injuries. Almost 20 percent of all serious car crash injuries in
the general population are associated with driver sleepiness, independent of
alcohol effects (Connor et al., 2002). Driver sleepiness is most frequently a
manifestation of sleep loss, as discussed below, but other sleep disorders,
which have lower prevalence, contribute to the problem, including sleepdisordered breathing, restless legs syndrome, and narcolepsy.
The 20 percent figure, cited above, is the population-attributable risk,
which is a key public health measure indicating what percentage of car
crash injuries, including fatal injuries of passengers, could be avoided by
eliminating driver sleepiness. The finding was based on a population-based
case-control study in a region of New Zealand in which 571 car drivers and
a matched control sample were asked detailed questions about measures of
acute sleepiness while driving (Connor et al., 2002). The study adjusted for
potential confounding factors, including alcohol. Crashes examined in this
study involved a hospitalization or death. The greatest risk factor for the
crashes was sleep loss and time of day (driving between 2:00 a.m. to
5:00 a.m.), but sleep apnea symptoms were not risk factors.
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Indications are that the public health burden of sleepiness-related injuries is likely increasing, given recent trends in drowsy driving. The National
Sleep Foundation found that self-reported drowsy driving has increased significantly over the past years, from 51 percent of respondents in 2001 to 60
percent in 2005 (NSF, 2005). Similarly striking was that more than 10
percent of the entire sample reported nodding off or falling asleep while
driving at least 1 to 2 days per month.
The impact of driver sleepiness is similar in magnitude to that of alcohol consumption. A study of all crashes between 1990 to 1992 reported to
North Carolina’s uniform reporting system found that fall-asleep crashes
(ones in which a law officer determines the driver to be asleep or fatigued)
and alcohol-related crashes were similar in terms of serious injuries (13.5
and 17.8 percent of crashes from all causes, respectively) and fatalities (1.4
and 2.1 percent of all fatalities, respectively) (Pack et al., 1995). In actual
driving performance on a closed course, sleep-deprived adults performed as
poorly as did alcohol-challenged adults (Powell et al., 2001). After a night
of total sleep deprivation, impairments in lane-keeping ability were similar
to those found with blood alcohol content of 0.07 percent (Fairclough and
Graham, 1999).
Fall-asleep crashes have distinct patterns by type, age, and time of day.
According to the North Carolina study, fall-asleep crashes are largely offthe-road and at higher speeds (in excess of 50 mph) (Pack et al., 1995).
Adolescents and young adults between the ages of 16 and 29 are the most
likely to be involved in crashes caused by the driver falling asleep (Horne
and Reyner, 1995; Pack et al., 1995). They account for about 50 percent of
all crashes (Horne and Reyner, 1995; Pack et al., 1995). Fall-asleep crashes
occur at two periods of day that coincide with circadian variation in sleepiness, in the early morning (2:00 a.m. to 8:00 a.m.) (Pack et al., 1995;
Connor et al., 2002) and during the midafternoon (Horne and Reyner,
1995; Pack et al., 1995; Carskadon, 2004). The most common reasons
behind fall-asleep crashes are working multiple jobs, night shift work, and
sleep duration of less than 5 hours (Connor et al., 2002; Stutts et al., 2003).
Sleep apnea accounts for a small, but measurable percentage of motor
vehicle crashes, primarily in drivers above the age of 25 (Sassani et al.,
2004). Individuals with sleep apnea are at twice the risk of having a traffic
accident as unaffected individuals (Teran-Santos et al., 1999)—the higher
the apnea-hypopnea index, the higher the risk (Young et al., 1997a). Sleepy
drivers tend to display reduced vigilance, slow reaction times, and loss of
steering control. Steering impairment in OSA, sleep deprivation, and alcohol intoxication was compared in a controlled clinical trial. Untreated OSA
and sleep deprivation were similar in producing progressive steering deterioration throughout the drive, whereas alcohol-impaired individuals steered
equally throughout the drive (Hack et al., 2001). Occupational groups at
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high risk of sleep-related crashes are night shift workers (Horne and Reyner,
1995; Ohayon et al., 2002; Drake et al., 2004), medical residents and house
staff (Marcus and Loughlin, 1996; Barger et al., 2005), and commercial
truck drivers (Walsh et al., 2005).
Commercial truck drivers have attracted the most study because of the
prevalence, severity, and public health impact of crashes involving commercial trucks. There are an estimated 110,000 injuries and 5,000 fatalities
each year in motor vehicle accidents involving commercial trucks (CNTS,
1996). The National Transportation Safety Board (NTSB) determined that
fatigue (including sleepiness) was the probable cause of 57 percent of crashes
leading to a truck driver’s death (NTSB, 1990a,b). Although this figure is
not universally accepted, the definition of fatigue by the NTSB is equivalent
to the term sleepiness or sleep-related fatigue used by sleep experts (i.e.,
fatigue that results in human performance failure) (Walsh et al., 2005). For
each truck driver fatality, another three to four people are killed (NHTSA,
1994).
A congressionally mandated study of 80 long-haul truck drivers in the
United States and Canada found that drivers had short sleep duration,
averaging 5.2 hours in bed and 4.8 hours of sleep per day (Federal Motor
Carrier Safety Administration, 1996). Sleep duration was verified electrophysiologically over the 5-day study. Further, commercial drivers have a
high prevalence of sleep apnea (Stoohs et al., 1995). Recent studies have
found that sleep apnea affects 8 to 15 percent of commercial drivers in the
United States and Australia (Gurubhagavatula et al., 2004; Howard et al.,
2004).
Work-Related Injuries
Sleep-related fatigue is an independent risk factor in work-related injuries and fatalities, according to two large and well-designed studies
(Akerstedt et al., 2002; Swaen et al., 2003). Swaen and coworkers prospectively studied a cohort of more than 7,000 workers in numerous industries
in the Netherlands over a 1-year period before studying the occurrence of
occupational accidents. During the year they collected information about
sleep patterns and other potential risk factors for work-related injuries. The
108 employees who reported being injured during the next year could be
assessed for risk factors without recall bias affecting the results. The study
found a dose-response relationship between two sleep-related fatigue measures and injuries. For example, highly fatigued workers were 70 percent
more likely to be involved in accidents than were workers reporting low
fatigue levels, after adjustment for other risk factors. Workers with chronic
insomnia were also far more likely than those who were good sleepers to
report industrial accidents or injuries (Leger et al., 2002). Finally, disturbed

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

150

SLEEP DISORDERS AND SLEEP DEPRIVATION

sleep plays a role in occupational fatalities. In a large 20-year prospective
study in Sweden of nearly 50,000 individuals, those reporting disturbed
sleep were nearly twice as likely to die in a work-related accident (OR =
1.89, 95% CI 1.22–2.94) (Akerstedt et al., 2002). Similarly, workers who
report snoring and excessive daytime sleepiness, indications of sleep apnea,
are twice as likely to be involved in workplace accidents, as verified by
registry data and after adjusting for all potential confounders (Lindberg et
al., 2001).
Falls in Older People
Falls are a common and costly problem in older people (65 years and
older), whether in the community or in long-term care facilities. Each year,
more than 30 percent of older people fall (Hausdorff et al., 2001). Falls are
the leading cause of death for this particular age group (Murphy, 2000).
Although most falls are not directly fatal, they are a leading cause of injuries and trauma-related hospital admissions (Alexander et al., 1992).
Insomnia increases the risk of falling (Brassington et al., 2000). One of
the major questions raised by this finding is what is responsible for the
increased risk of falls—the underlying insomnia or the use of medication to
treat it? Until recently, most of the studies addressing this question were not
large enough to yield an answer. In 2005, a large, prospective study of
34,000 nursing home residents across the state of Michigan ruled out use of
hypnotic medications as a risk factor for falls (Avidan et al., 2005). In fact,
the study found that treated insomnia, and untreated insomnia, but not
hypnotic medications, were predictors of falls. Although the results of this
study did not find that insomnia increased the risk of hip fractures, other
studies have found an association (Fitzpatrick et al., 2001). Preliminary
data from the Study of Osteoporosis in Women also indicate an increased
risk of falls associated with decreased sleep efficiency and sleep time (as
measured objectively using actigraphy) in a large group of older women,
with effects persisting after adjustment of health status and mood and other
confounders (Stone et al., 2004).

Interventions
There have been a few studies that have examined the effect of interventions on improving the outcomes associated with sleepiness. A range of regulatory, technological, and therapeutic approaches are possible to ameliorate
the problem of sleepiness among commercial drivers (Walsh et al., 2005).
However, there has been limited study of the benefit of these strategies. Thus,
before additional rules and regulations are developed, analysis of the effec-
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tiveness of the current regulations and statutory items is needed. This analysis
will help the establishment of much-needed future rules and regulations pertaining to sleep loss and fatigue. Preplanned naps have been successfully tested
in crew members on transmeridian flights; the findings show that safe and
feasible rotations occurred as crew members took brief, 40-minute nap
periods, and the naps improved alertness (Graeber et al., 1986a,b). Similarly,
a study of Italian policemen who patrol highways found that prophylactic
naps before a night shift can lower the risk of motor vehicle accidents during
the shift, according to a combination of retrospective questionnaire, prospective analysis, and mathematical modeling (Garbarino et al., 2004)
The strongest evidence for the public health benefits of treatment comes
from clinical trials and retrospective studies of the impact of CPAP therapy
for sleep apnea. These studies also dispel any doubt of the causal relationship between sleep disorders and accidents. In a randomized, controlled
clinical trial, 59 men with sleep apnea were assigned either to therapeutic
CPAP or subtherapeutic CPAP. The latter does not deliver enough pressure
to open the pharynx and achieve a therapeutic effect. One month later the
men were placed in a steering simulator. Therapeutic CPAP significantly
improved their steering performance and reaction time relative to subtherapeutic CPAP (Hack et al., 2000). Previous clinical trials had also shown
CPAP to be effective in terms of reducing the rate of self-reported automobile crashes and performance on driving tests, but they were uncontrolled
(Cassel et al., 1996; Krieger et al., 1997). A review and meta-analysis estimates that nearly 1,000 lives would be saved annually if all drivers with
OSA were treated with CPAP (Sassani et al., 2004).
IMPACT ON FUNCTIONING AND QUALITY OF LIFE
Sleep problems, difficulty initiating and maintaining sleep, nonrestorative
sleep, and excessive daytime sleepiness are associated with adverse effects
on well-being, functioning, and quality of life, according to numerous
studies covering the general population (Baldwin et al., 2001, 2004; Hasler
et al., 2005; Strine and Chapman, 2005), working people (Kuppermann et
al., 1995), and clinical populations (Simon and VonKorff, 1997), including
pediatric samples (Rosen et al., 2002). Studies have used various measures
of quality of life and functional status, the most common of which is a
validated questionnaire known as the SF-36, a 36-item measure that asks
about eight domains: (1) physical functioning; (2) role limitation due to
physical health problems (role physical); (3) bodily pain; (4) general health
perceptions; (5) vitality; (6) social functioning; (7) role limitations due to
emotional health problems (role emotional); and (8) mental health. A similar measure is the health-related quality of life survey, which asks fewer
questions. Individuals who suffer from primarily sleep apnea, narcolepsy,
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restless legs, primary parasomnias, and insomnia constantly report poorer
quality of life compared to population norms (Reimer and Flemons, 2003).
Using health-related measures of quality of life, the functional impact
of sleep loss was assessed by a large and nationally representative survey,
the United States Behavioral Risk Factor Surveillance System (Strine and
Chapman, 2005). The study focused on nocturnal sleep time in nearly
80,000 respondents. About 26 percent of the respondents reported obtaining insufficient sleep on a frequent basis (not enough sleep on 14 days or
more over the past 30 days). This group was significantly more likely than
those without frequent sleep insufficiency to report poorer functioning and
quality of life on each of the eight items of the health-related quality of life.
Several studies have dealt with insomnia and its adverse impact on quality of life (Zammit et al., 1999; Leger et al., 2001; Katz and McHorney,
2002). People with severe insomnia reported lower quality of life on all
eight domains of the SF-36 (Leger et al., 2001). Their low quality-of-life
ratings were similar to ratings by patients with congestive heart failure and
depression, according to a study of nearly 3,500 primary care patients (Katz
and McHorney, 2002) (Figure 4-3). About 16 percent of the sample had
severe insomnia, and the study adjusted for numerous factors including
health habits, obesity, other chronic conditions, and severity of disease. A
study of a large health maintenance organization population (n = 2,000)
found that insomnia (versus no current insomnia) was associated with significantly greater impairment, as measured by the self-rated Social Disability Schedule and the interviewer-rated Brief Disability Questionnaire. Individuals with insomnia also had more days of restricted activity due to illness
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FIGURE 4-3 Severe insomnia affects quality of life.
SOURCE: Edinger and Means (2005).
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and more days spent in bed (Simon and VonKorff, 1997). One study revealed a dose-response relationship, with higher levels of insomnia being
associated with greater impairments in the ability to accomplish daily tasks
and decreased enjoyment of interpersonal relationships (Roth and AncoliIsrael, 1999).
Individuals with severe OSA also report significantly poorer quality of
life, and mild OSA is also associated with reduced vitality (Baldwin et al.,
2001). These effects are similar to those of other chronic diseases in the
general population in the United States. Individuals with OSA who are compliant with CPAP treatment report improved changes in vitality and quality
of life 2 months after the onset of CPAP treatment (Redline et al., 1998).
Symptoms of restless legs syndrome are associated with lower quality
of life (Unruh et al., 2004), similar to the quality of life of individuals with
type 2 diabetes mellitus and acute heart attack (Allen et al., 2003). Restless
legs syndrome also affects marital relationships. Approximately one-third
of couples sleep in separate beds due to the discomfort of their partner’s
repetitive leg movements (Montplaisir et al., 2005).
Approximately a quarter of children and adolescents report difficulty
with sleep (Stein et al., 2001; Archbold et al., 2002). However, very few
studies have assessed the association between sleep loss and sleep disorders
and health-related quality of life in children. Analysis of a widely used parent report measure of children’s physical, emotional, and social functional
status and well being—the CHQ-PF50—found the quality of life of their
children deteriorated with the severity of OSA (Rosen et al., 2002). This is
consistent with a negative association between sleep difficulties and healthrelated quality of life that was observed a similar analysis of 80 parents of
children referred to a pediatric sleep disorders clinic (Hart et al., 2005).
Thus, sleep difficulties may broadly affect a child’s development through its
impact on children’s social, emotional, and physical functioning.
Family and Community Function
The consequences of sleep loss and sleep disorders are not restricted to
affected individuals; they also disrupt families and communities. Although
relatively sparse, the research described in this section points to widespread
impact on the health and well-being of sleep partners and/or other family
members. Their sleep quality and health can be disrupted, as can their wellbeing, income, and capacity to care for children or ill family members. Adverse effects on family cohesiveness, in turn, can lead to severe family turmoil and divorce. Similarly, sleep disruption of family caregivers has broader
societal effects by contributing to hospitalization or nursing home placement of ill family members for whom they provide care.
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Most research on families and communities deals with bed partners of
individuals with a sleep problem. Bed partners of individuals with sleepdisordered breathing report a lower quality of life, based on the SF-36 survey than the sleep-disordered breathing patients (Breugelmans et al., 2004).
Further, in a large population-based sample of older individuals, bed partners report poor health, depressed mood, poor mental health, and marital
unhappiness (Strawbridge et al., 2004).
Does CPAP therapy improve bed partners’ sleep? At least four studies
have addressed this question, with three showing improvement. Two of the
studies that demonstrated a benefit were nonrandomized and used a before
versus after study design. After approximately one month of CPAP therapy,
partners experienced less daytime sleepiness as measured by the Epworth
Sleepiness Scale and improved quality of life as measured by the SF-36 scale
(Doherty et al., 2003; Parish and Lyng, 2003). A small, polysomnographic
study of individuals using CPAP found that their partners show fewer arousals and greater sleep efficiency in the hours after CPAP’s introduction versus the hours before (Beninati et al., 1999). The improvement in sleep efficiency (percentage of time asleep while in bed) translated to an extra hour
of sleep per night. The only placebo-controlled study found that CPAP is
associated with subjective improvement in bed partners’ sleep (via the Pittsburgh Sleep Quality Inventory), but no objective improvement, as measured by polysomnography (McArdle et al., 2000).
Sleep-disordered breathing has also been found to heighten the rate of
divorce and the use of paid personal leave, among other effects, according
to a study of obese individuals with OSA. A team of Swedish researchers,
studying a large registry of obese subjects, found that individuals with OSA
(as defined by symptoms of snoring and daytime sleepiness) report about
three times the rate of divorce of those without OSA and/or daytime sleepiness (Grunstein et al., 1995). The effects are even more pronounced among
the women in the sample with OSA (n = 155). Men with OSA (n = 338)
reported less income, and both genders reported more sick leave and disturbed work performance. These effects were independent of the effects of
obesity and other health factors. In a separate study, 60 percent of bed
partners reported that they slept apart versus 20 percent of controls.
Although the partners’ level of marital satisfaction was similar to controls’, the partners reported greater dissatisfaction with the sleep behaviors
of their apneic spouses (Billmann and Ware, 2002).
A common complaint of parents is being awakened by a young child
with a sleep problem. Sleep loss is indeed reported more frequently by parents after the birth of a child than during pregnancy (Gay et al., 2004).
Improvement in parents’ sleep quality, as well as improvement of family
well-being, occurs after the introduction of a behavioral intervention designed to train parents to overcome sleep problems in young children
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through a graduated conditioning program known as extinction (Eckerberg,
2004). Previously, controlled clinical trials had shown that parent training
and extinction are effective for treating young children (Mindell, 1999;
Ramchandani et al., 2000), but the trials had not measured the impact on
sleep and well-being of parents and families.
Sleep disturbances in chronic illness, whether in the affected individual
or in the caregiver, affect decisions about hospital or nursing home placement. This is especially true for patients with Alzheimer’s disease, considering that up to 44 percent of them have sleep disturbances (Ritchie, 1996;
McCurry et al., 1999). Indeed, sleep disturbance in Alzheimer’s disease is a
common risk factor for nursing home placement (Chenier, 1997; Hope et
al., 1998). Sleep hygiene training, targeted at both Alzheimer’s disease patients and the caregivers, can improve sleep quality in patients (McCurry et
al., 1998, 2003, 2005). One area of future study is whether treating sleep
problems (in either the patient or the caregiver) can delay institutionalization. Counseling of caregivers—although not explicitly targeted to their
sleep disturbance or that of the patient—has been shown, in a separate
randomized trial, to delay nursing home placement (Mittelman et al., 1996).
Within nursing homes, behavioral and pharmacological therapies are effective at improving sleep problems (Alessi et al., 1999; Naylor et al., 2000).
ECONOMIC IMPACT OF SLEEP LOSS AND SLEEP DISORDERS
Although problems falling asleep or daytime sleepiness affect 35 to 40
percent of the population (Hossain and Shapiro, 2002), the full economic
impact of sleep loss and sleep disorders on individuals and society is not
known. There are limited data on the economic impact of insomnia, sleepdisordered breathing, and narcolepsy; the economic impact of other sleep
disorders has not been analyzed. As will be discussed in further detail in
Chapters 5 and 8, the lack of sufficient data result from inadequate reporting and surveillance mechanisms.
Increased Health Care Utilization
Daytime sleepiness, inadequate sleep time, insomnia, and other sleep
disorders place a significant burden on the health care system through increased utilization of the health care system (see below). Patients in the
highest quartile of the Epworth Sleepiness Scale are associated with an
11 percent increase in health care utilization, and individuals with sleepdisordered breathing or sleepiness and fatigue are associated with a 10 to
20 percent increase in utilization (Kapur et al., 2002b).
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Insomnia
Individuals suffering from insomnia place an increased burden on the
health care system (Ohayon and Roth, 2003). Their activity is more limited
(Simon and VonKorff, 1997), and they are significantly more likely to access medical and psychiatric care than are individuals that do not have a
sleep or psychiatric disorder (Weissman et al., 1997). Individuals with insomnia who also have an associated psychiatric disorder are more likely to
seek treatment for emotional problems (14.9 percent versus 8 percent)
(Weissman et al., 1997), have a greater number of physician visits, and be
admitted to a hospital twice as often (Leger et al., 2002). The burden insomnia place on the health care system is long-term—the majority of individuals with either mild (59 percent) or severe (83 percent) insomnia continue to suffer symptoms of insomnia 2 years after initial diagnosis (Katz
and McHorney, 1998). Consequently, individuals suffering from insomnia
place a significant economic burden on society resulting in increased health
care costs (see below).
Obstructive Sleep Apnea
Individuals with OSA also place a significant burden on the health care
system. In the year prior to diagnosis, the medical expenses of individuals
with OSA were almost two times as much as control individuals not diagnosed with OSA ($2,720 vs. $1,384) (Kapur et al., 1999). Around 80 to 90
percent of OSA cases remain undiagnosed and untreated, which increases the
burden of this disorder (Young et al., 1997b; Kapur et al., 2002a). Analysis
of health care utilization in Canadians with severe OSA found that during the
year prior to diagnosis, individuals with severe OSA spent more than twice
the number of days in the hospital compared to controls (251 versus 90). This
was associated with an increase in cost of services—$49,000 to $99,000
(Kryger et al., 1996). This figure is likely greater in the United States, which
also has 10 to 15 percent higher health care utilization associated with severe
OSA (Kapur et al., 2002b)—due to higher health care costs compared to
Canada. OSA also affects a child’s health care utilization. A survey of 287
children with OSA found that in the year prior to diagnosis, children with
OSA had a 226 percent increase in health care utilization and had significantly more visits to emergency departments (Reuveni et al., 2002).
A retrospective observational cohort study demonstrated that CPAP
treatment reversed the trend of increasing health care utilization observed
prior to OSA diagnosis (Bahammam et al., 1999; Albarrak et al., 2005). In
a Canadian study, physician visits decreased during the 5 years following
CPAP treatment, compared to the 5-year period prior to diagnosis, resulting in lower physician fees (Figure 4-4). After converting to American dol-
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FIGURE 4-4 Effect of CPAP treatment on physician fees.
SOURCE: Albarrak et al. (2005).

lars, mean total fees were greater the year prior to OSA diagnosis ($179.09
± $32.85) compared to the fifth year after diagnosis ($16.77 ± $33.66) in
individuals who were compliant with CPAP treatment (Albarrak et al.,
2005). The realized savings would likely be much larger in the United States
due to higher associated health care costs.
Direct Costs of Sleep Loss and Sleep Disorders
Billions of dollars are spent each year in the United States on the direct
costs of sleep loss and sleep disorders. These medical costs include expenses
associated with doctor visits, hospital services, prescriptions and over-thecounter medications. In 1995 the direct cost of insomnia in the United States
was estimated to be $13.9 billion (Walsh and Engelhardt, 1999). Further,
based on the costs associated with a laboratory-based polysomnogram, it
would cost over $17.5 billion to test and $3 billion to treat every person in
the United States who has sleep apnea1 (Sassani et al., 2004). Although it is
predicted that the advent of more effective portable monitoring devices
(Chapter 6) will decrease the costs associated with testing and diagnosis of
sleep disorders, the total direct costs will still remain high and be a burden.
1Estimates based on a 5 percent prevalence and 2005 estimates of the United States population (295,734,134) and every individual receiving a type 4 polysomnography (CMS code
95810).
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Indirect Costs of Sleep Loss and Sleep Disorders
The indirect costs associated with sleep loss and sleep disorders also
result in billions of dollars of annual expenditures, including costs associated with illness-related morbidity and mortality, absenteeism, disability,
reduction or loss of productivity, industrial and motor vehicle accidents,
hospitalization, and increased alcohol consumption (Hossain and Shapiro,
2002). As is the case with direct costs, for each of these categories further
analysis is required to determine the complete indirect costs of sleep loss
and sleep disorders. The annual economic impact of sleep problems relating
to workers inability to adjust to late shifts are estimated to be at minimum
over $60 billion (Table 4-1) (Moore-Ede, 1993). In addition, it has been
estimated that sleep-related fatigue costs businesses $150 billion a year in
absenteeism, workplace accidents, and other lost productivity (Sleep Disorders Create Growing Opportunities for Hospitals, 2001).
A 1994 analysis of automobile accidents estimated the cost of accidents
attributed to sleepiness to be between $29.2 to $37.9 billion (Leger, 1994).
Over 50 percent of automobile crashes involving a truck, where a fatality
occurred, were caused by sleep-related fatigue, costing approximately $2.7
million and 4,800 lives (NTSB, 1990a, 1990b; USDOT, 1991; Mitler et al.,
2000). However, there is no standardized mechanism to record fatigue- and
sleep-related accidents; therefore, these figures are likely underestimates of
the total cost of automobile accidents.
Although the complete economic impact of sleep disorders and sleep
loss is limited, the available data demonstrates the high burden that inadequate sleep has on the economy. With the average age of the population
rising, incidence of sleep disorders is likely to rise, leading to increased costs
(Phillips, 2005).

TABLE 4-1 Annual Economic Impact of Sleep
Problems Due to Late Shifts
Cost
(billions $)
Reduced manufacturing productivity
Increased motor vehicle accidents
Increased industrial accidents
Increased accidents, injuries, and deaths at work
Increase in other medical and psychiatric illnesses
Personnel turnover and retraining
Total

50.0
5.7
4.0
2.5
2.0
1.0
65.2

SOURCE: Moore-Ede (1993).
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Economic Impact of Insomnia
The total cost estimates of insomnia range from $30 billion (Walsh and
Engelhardt, 1999) to $107.5 billion (Stoller, 1994). The large variation in
the range is attributed to the underlying assumptions about the prevalence
of insomnia in the United States, which range from 10 to 33 percent. However, it is evident that even using more conservative prevalence estimates
the total annual costs in the United States exceeds tens of billions of dollars.
Direct Cost
In 1995 the direct costs of insomnia totaled approximately $13.96 billion (Table 4-2). However, this is an underestimate of the total costs, as
approximately 12 percent of all physicians, including hospital-based or government employed physicians (including doctors in VA hospitals), were not
included in these estimates. In 2002 it was estimated that in the United
States 27 million prescriptions were filled for hypnotics, worth about $1.2
billion (Mendelson, 2005). Calculations based on medical claims showed
that increased physician fees and medical expenses for elderly and nonelderly patients with insomnia were respectively $5,580 and $4,220 higher

TABLE 4-2 The Direct Costs of Insomnia in the
United States for 1995
Costs
(millions $)
Substances used for insomnia
Prescription medications
Nonprescription medications
Alcohol
Melatonin
Total Cost of Substances
Health care services for insomnia
Outpatient physician visits
Psychologist visits
Social working visits
Sleep specialist visits
Mental health organizations
In-patient hospital care
Nursing home care
Total
Total direct costs

809.92
325.80
780.39
50.00
1,966.11
660.00
122.40
75.30
18.20
153.00
30.80
10,900.00
11,960.70
13,926.11

SOURCE: Walsh and Engelhardt (1999).
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than match controls (Ozminkowski et al., 2004), demonstrating the expense incurred by individuals with insomnia.
In 1995 over 78 percent of direct costs associated with insomnia, $11.96
billion, was spent on nursing home care (Walsh and Engelhardt, 1999), a
132 percent increase since 1990 (Walsh et al., 1995). Although this proportion may seem high, almost half of the population over 65 years of age
report difficulty with sleep (Mellinger et al., 1985), and 20.4 percent of
admissions to a nursing home were attributed to sleep disturbances (Walsh
and Engelhardt, 1999).
Two factors contribute to these higher costs associated with insomnia.
First, the general population is typically reluctant to consult doctors about
their sleep problems, and second, inadequate physician training prevents
proper recognition, diagnosis, and treatment of patients with insomnia (see
Chapters 5 and 7) (Walsh and Engelhardt, 1999; Benca, 2005; NIH, 2005).
Indirect Cost
To date there has not been a detailed analysis assessing the total indirect costs associated with insomnia. A 1988 study estimated that productivity loss resulting from insomnia cost $41.1 billion (Stoller, 1994). Absenteeism cost more than $57 billion (Walsh, 2004). Therefore, once the costs of
industrial and motor vehicle collisions and related morbidities are included,
the indirect cost of insomnia could top $100 billion.
Insomnia places a greater burden on individuals of lower socioeconomic
status (Gellis et al., 2005), those who are less educated, and those who are
more likely to be unemployed (Bixler et al., 1979; Karacan et al., 1983;
Frisoni et al., 1993; Kim et al., 2000; Li et al., 2002). Falls caused by insomnia also contribute to its economic burden. A greater risk for falls was
associated with both hypnotic use (29 percent, OR = 1.29) and insomnia
(90 percent, OR = 1.90) (Avidan, 2005). Like other sleep disorders, insomnia is more prevalent in the elderly (Mellinger et al., 1985); therefore, as the
United States population continues to age it is expected that the cost associated with falls caused by insomnia will also continue to rise.
Economic Impact of Obstructive Sleep Apnea
Direct Cost
Similar to other sleep disorders, there is very limited data on the direct
costs associated with obstructive sleep apnea. Most of the analysis has explored the impact of OSA. The average costs of diagnosis and treatment over
five years for an individual is over $4,000 (Table 4-3) (Chervin et al., 1999;
Wittmann and Rodenstein, 2004). An analysis of 97 obese individuals with
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TABLE 4-3 Cost of Diagnosis and Treatment of
OSA
Polysomnogram
CPAP titration
CPAP equipment and setup
Initial office visits
Annual follow-up
Total

$1,190
$1,190
$1,290
$210
$330
$4,210

SOURCE: Chervin et al. (1999).

OSA in Canada found that over a 2-year period they had almost $30,000 in
expenditures from physician claims and utilized $49,000 to $99,000 more in
services than their control counterparts (Kryger et al., 1996).
Indirect Cost
There is also limited analysis of the total indirect costs associated with
OSA. Based on estimates of from the Sleep Heart Health Study, only 10 to
20 percent of individuals with OSA are estimated to have been diagnosed
(Kapur et al., 2002a). The annual medical costs resulting from untreated
OSA was $3.4 billion (Kapur et al., 1999).
Automobile collisions attributed to OSA also contribute to the large
economic burden of the syndrome. Sassani and colleagues performed a
meta-analysis of PubMed from 1980 to 2003 and investigated the relationship between collisions and OSA (2004). This information was then combined with data from the National Safety Council to estimate OSA-related
collisions, costs, and fatalities. Based on this analysis, it was estimated that
in the year 2000 more than 800,000 drivers were involved in OSA-related
motor vehicle collisions (Sassani et al., 2004). These collisions resulted in loss
of life to 1,400 individuals and cost $15.9 billion. The authors calculated
that annually it would cost $3.18 billion to provide CPAP treatment to all
drivers who suffer from OSA, saving 980 lives and $11.1 billion to $7.9 billion if the cost of CPAP treatment is taken into account. For every dollar spent
on CPAP, $3.49 would be saved in reduced collision costs. This savings
does not include the presumed reduction in the number of accidents at work,
decreased health care costs, or improved quality of life (Sassani et al., 2004).
Relationship Between Socioeconomic Status, Race,
and Obstructive Sleep Apnea
The relationship between socioeconomic status, race, and obstructive
sleep apnea is not well understood. There are limited data that suggest that
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the prevalence and severity of OSA is higher in African Americans compared to whites (Scharf et al., 2004), especially in adults under 25 years of
age (Redline et al., 1994; Rosen et al., 2002). Compared to whites, African
Americans with OSA are more likely to have a higher body mass index
(Redline et al., 1994) and a lower mean income (Scharf et al., 2004).
Analysis performed between Asians and whites found that OSA in Asians
was significantly more severe compared to whites (Ong and Clerk, 1998).
However, differences in age, gender, body mass index, or neck circumference did not account for these differences.
Economic Impact of Narcolepsy
The impact of narcolepsy on the economy is also not well understood.
A review of the PubMed database through May of 2005 found only one
relevant report. It examined narcolepsy’s effect on 75 individuals in Germany (Dodel et al., 2004). After converting to American dollars the annual
total costs to an individual were $15,410. The average direct costs accounted for 21 percent of the total expenditures ($3,310 total), $1,260 for
hospital care, and $1,060 for medications. However, these figures have been
extrapolated from a single German cohort and differences in the organization of their respective health care systems have not been taken into account. Therefore, improved surveillance data are needed to determine the
actual economic impact of narcolepsy on the American population.
The socioeconomic status of an individual does not affect the prevalence and severity of narcolepsy; however, narcolepsy may worsen an
individual’s socioeconomic standing. In Germany individuals with narcolepsy have a significantly higher unemployment rate than average, 59 percent compared to the national average of 9 percent (Dodel et al., 2004).
Similarly, studies performed in the United Kingdom (Daniels et al., 2001)
and the United States (Goswami, 1998) found that 30 to 37 percent of
respondents had lost their job due to narcolepsy.
Summary
Although the data are limited, the effect of sleep disorders, chronic
sleep loss, and sleepiness on accident rates, performance deficits, and health
care utilization on the American economy is significant. The high estimated
costs to society of leaving the most prevalent sleep disorders untreated are
far more than the costs that would be incurred by delivering adequate treatment. Hundreds of billions of dollars are spent and/or lost annually as a
result of poor or limited sleep. However, greater surveillance and analysis
are required to estimate the full economic implications of these problems.
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5
Improving Awareness, Diagnosis, and
Treatment of Sleep Disorders

CHAPTER SUMMARY The public health burden of chronic sleep
loss and sleep disorders coupled with the low awareness among the
general population, health care professionals, and policy makers requires a well-coordinated strategy to improve sleep-related health
care. Increasing the awareness and improving the diagnosis and treatment of sleep disorders necessitates a multipronged effort that includes three key components: public education, training for health
professionals, and surveillance and monitoring. First, a public health
campaign is required to increase awareness among the general population. Second, specific education and training strategies are needed
to increase awareness among health care professionals, including improved curriculum content and certification requirements. There are
a number of surveillance and monitoring tools, but very few examine
issues pertaining to sleep loss and sleep disorders. Thus, third, improved surveillance and monitoring of the general population is
needed. The preeminent goal of this strategy is to create and sustain
a broad societal commitment to engaging in proper sleep habits as a
primary tenet of health. Such a commitment will involve participation by those individuals and organizations in a position to educate
the public at national, state, local, and community levels—including
K–12 education, colleges and universities, medical schools and other
health profession education programs, hospitals, community clinics,
local health departments, private industry (e.g., transportation,
manufacturing facilities, nursing homes), and entertainment media.
It will also require simultaneous investment in public education cam173
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paigns for all age groups as well as a sustained effort to integrate
sleep-related content into curricula of undergraduate health science
programs all the way through continuing education programs for
health professionals.

CHALLENGES FACING INDIVIDUALS WITH SLEEP DISORDERS
Sleep is often viewed by the general public as a “perceptual hole in
time”—during which nothing productive occurs (Dement and Vaughn,
1999). One only has to examine common colloquialisms such as “don’t get
caught napping,” “if you snooze you loose,” or “time is money” to gain a
sense of the prevailing attitude that sleep is either optional, a luxury, or
unimportant. In fact, being able to “get by on 4 hours of sleep” (and thus
being able to increase productivity) is often considered an enviable trait.
Daily sleeping and waking patterns are no longer driven by the light
and dark cycle but, rather, by work schedules, economic interests, and increasing globalization. Unfortunately, the resulting “24/7” schedules are
typically not optimal in terms of filling physiological requirements for sleep.
Thus, daytime sleepiness and its consequences are becoming increasingly
common problems affecting up to 15 percent of the population (Punjabi et
al., 2003). For some, sleep disruption and constant sleepiness are often
deemed an inevitable part of their social roles as spouses, workers, caregivers, and so on. Although improving diet and exercise as a part of a
healthy lifestyle program is acceptable, sleep continues to be considered an
expendable luxury (Dzaja et al., 2005). Thus, performance and social
responsibilities may often take precedence over sleep, largely because of
multiple role demands and expectations.
Stigma is a problem that often complicates chronic illness. Acceptable
standards for roles and activities are socially determined, and individuals
who deviate from these expectations because of chronic illness are often
labeled as “different” and are thus stigmatized (Falvo, 2005). Similarly,
individuals with certain sleep disorders, which are often chronic in nature,
may also be stigmatized because of the inability to fulfill role expectations.
An additional factor that may underlie this stigma is that sleep is typically
misperceived as an “asocial” activity. However, sleep is actually a very important type of social interaction—an activity that is negotiated with self,
family, friends, employers, lawmakers, fellow drivers on the road, and so
on (Meadows, 2005). When, where, and how sleep occurs is an extremely
important sociocultural matter (Taylor, 1993; Williams, 2002), and there
can be considerable negative sociocultural consequences when the sleep behavior, either intentionally or unintentionally, is unacceptable (Mehlman,
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2001; Moore et al., 2002). Obesity also presents another challenge to some
individuals with sleep disorders. Obesity engenders negative feelings among
caregivers, which may affect an individual’s health care (Banno and Kryger,
2004).
The lack of awareness among the general public that results from the
absence of sleep content in public health education programs causes patients to be hesitant about discussing sleep problems with their health care
providers. In addition, fear of being labeled as having a psychiatric problem
or exhibiting drug-seeking behaviors are also deterrents (Culpepper, 2002).
In the case of insomnia, the most common of all sleep-related complaints,
patients typically do not seek help because they believe either that nothing
can be done or that the health care providers will do nothing to address the
problem (Engstrom et al., 1999).
Patients with excessive daytime sleepiness represent the largest group
seeking help at sleep laboratories but often only after they have encountered numerous problems that interfere with performance of normal activities of daily living, their ability to hold a job and maintain a marriage,
interact socially, or have had an accident. All too often, these individuals
have been labeled lazy or unmotivated. For children with narcolepsy, for
example, the stigma associated with their increased daytime sleep tendency
can affect social acceptance owing to unusual behavior as well as future risk
of increased psychiatric disorders, potential obesity, and depressive symptoms (Dahl et al., 1994; Guilleminault and Pelayo, 1998). Thus, individuals
may have to overcome a stigma attached to having a sleep disorder, and
seeking appropriate treatment is a very serious issue.
Somnology Public Health Education Campaigns
A review of the National Center on Sleep Disorders Research (NCSDR),
Centers for Disease Control and Prevention (CDC), and private foundations demonstrate a limited investment in education and awareness campaigns directed toward increasing the general public’s knowledge of the
health implications associated with chronic sleep loss and sleep disorders.
National Center on Sleep Disorders Research Public Education
Campaigns
The NCSDR was established within the National Heart, Lung, and
Blood Institute (NHLBI), partially in response to the previous experience
and success the NHLBI had in public education campaigns (see below). As
directed by the congressional authorization language, the NCSDR is responsible for coordinating the “disseminat[ion of] public information concerning the impact of sleep disorders and sleep deprivation” (Appendix D)
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(U.S. Congress, Senate, 1993). It has also developed a variety of education
materials; however, resources have not been devoted to an in-depth evaluation of the effectiveness of these materials. The primary education programs
that the NCSDR have initiated include the following:
• Sleep, Sleep Disorders, and Biological Rhythms is a curriculum
supplement developed for grades 9 through 12 (NHLBI, 2003b). Approximately 12,000 copies of the curriculum supplement have been sent to
teachers. There have been more than 11,000 visitors to the sleep curriculum
website and 10,000 downloads. More than 2,000 students entered sleep
diary data on the Internet.
• The Garfield Star Sleeper Campaign was designed to educate children, parents, educators, and health care providers about the importance of
nighttime sleep during childhood (NHLBI, 2005b).
• Time For Kids is a magazine on sleep that was developed and distributed by the NCSDR to 30,000 third-grade teachers and the 750,000
children in their classes in connection with National Sleep Awareness Week
(NHLBI, 2004).
• The Healthy Sleep Handbook is a booklet that will be available to
the general public and provide an overview of sleep disorders with signs
and symptoms, consequences, and potential treatments. It will explain why
sleep is needed, what happens if you don’t get enough sleep, and tips on
how to obtain enough sleep (NHLBI, 2006).
As these examples demonstrate, apart from campaigns directed toward
children and adolescents, which have been inadequately evaluated, the
NCSDR has not engaged in widespread multimedia public education campaigns directed toward other susceptible populations, including college students, adults (especially shift workers), elderly people, and high-risk minority populations. This is in part owing to the limited resources of the NCSDR
for public education (see Chapter 7). A potential strategy to strengthen
these activities is to collaborate with other federal agencies including the
CDC, as was directed by the congressional authorization; however, there
has been limited involvement of the CDC and other federal agencies in
these activities.
Private Foundations Education and Awareness Campaigns
Although limited, private foundations and professional societies, and
to a lesser extent patient advocacy organizations, have developed a number of public education programs. A highly successful example is the National Sleep Foundation’s (NSF) National Sleep Awareness Week campaign. This campaign coincides annually with the start of daylight savings
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time and brings together over 750 sleep centers and 100 government agencies and other nonprofit organizations to plan and implement several public awareness and education projects. Activities have included sleep health
fairs, lectures, and a public policy and sleep leadership forum. The NSF
also conducts the Sleep in America poll, an annual telephone survey that
gauges how and when Americans sleep, and created a multimedia educational tool called Cycles of Sleeping and Waking with the Doze Family that
illustrates information about sleep and includes a website, print materials,
and CD-ROM.
Although the Sleep Research Society (SRS) and the American Academy
of Sleep Medicine (AASM) are primarily professional societies, they also have
contributed to increasing the awareness among researchers, health care providers, and the general public. For example the SRS is a cosponsor of the
Trainee Day at annual meeting of Associated Professional Sleep Societies,
recently published the Basics of Sleep Research guide, and established the
Sleep Research Society Foundation, which annually supports up to six
$20,000 grants. The AASM professional initiatives and public education
efforts include among others, the CPAP (continuous positive airway pressure)
Compliance Campaign, establishing accreditation programs for sleep technologists and behavioral sleep medicine training programs, and assisting in
the development of new clinical practice guidelines. Other private organizations such as the American Sleep Apnea Association, Restless Legs Syndrome
Foundation, and Academy of Dental Sleep Medicine have also created smaller
public education tools such as patient education brochures, support groups,
and online videos.
Educational Activities of the Centers for Disease Control and Prevention
The public education efforts coordinated by the CDC provide additional models that could be used to increase awareness about the health
implications of chronic sleep loss and disorders. The CDC has extensive
experience in health education and has developed very effective programs
in such diverse areas as obesity, colorectal cancer screening, and adolescent
health.
The CDC’s public information campaign to encourage physical activity
includes a website that covers the importance of physical fitness including
the health benefits, how much exercise is needed, how to overcome barriers
to exercise, and specific tips for becoming more active. The website includes
references to documents and other organizations that are resources for individuals interested in this topic (CDC, 2006).
The CDC also partners with other related government and private entities to make these public health campaigns even more effective. For example, the Screen for Life campaign is a successful multimedia colorectal
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cancer screening education program in which the CDC has partnered with
other organizations including state departments of health, the National
Colorectal Cancer Research Alliance, and the Entertainment Industry
Foundation. This program targets the general public as well as health professionals and encourages colorectal cancer screening for every person after
age 50. In addition to the education and awareness campaign, the CDC also
developed a nationwide surveillance program to assess the capacity to perform colorectal cancer screening tests and follow-up for the United States
population aged 50 years or older.
One advantage of working with an organization such as the CDC is its
credibility and connections to individuals and organizations that can increase program effectiveness. For example, Katie Couric, NBC Today Show
host, and Academy Award-winning actor Morgan Freeman have served as
spokespersons for different campaigns.
Given that chronic sleep loss and sleep disorders are a major public
health problem, a public and professional campaign on sleep conditions
would fit in well with existing CDC mission and programs.
PUBLIC EDUCATION
Sleep loss and daytime sleepiness affect 30 to 40 percent of the general
population (Hossain and Shapiro, 2002); however, millions of individuals
suffering from sleep disorders remain undiagnosed and untreated. For example, 80 to 90 percent of obstructive sleep apnea cases remain undiagnosed, which increases the burden of this disorder (Young et al., 1997;
Kapur et al., 2002). Most large-scale public health education programs and
campaigns to date have focused primarily on diet and exercise and have not
included adequate information about sleep. However, the time is right for
the development of a sleep campaign. There is a beginning public awareness
of the importance of sleep owing to recent articles in the popular press and
television programs. Two concurrent strategies are required to increase
awareness among the general public: a multimedia public education and
awareness campaign, and improved education and training programs to
increase awareness among health care professionals.
National Sleep Public Education and Awareness Campaign
Considering the burden that chronic sleep loss and sleep disorders have
on all age groups, a multifocal campaign is required to improve awareness
among children, adolescents, adults, elderly people, and high-risk populations. The primary role of a campaign would be to improve recognition of
the health and economic benefits of proper sleep, as well as educating parents and adults of the consequences associated with not receiving adequate
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sleep. In this regard it will be important to inform the public and policy
makers of the negative consequences of chronic sleep loss and sleep disorders. The campaign could argue that by taking specific personal actions to
improve sleep hygiene, by recommending specific behaviors for all age
groups, the adverse health and economic consequences could be reduced.
The need for such a campaign rests on the following assumptions:
• The general public does not recognize the prevalence of, or the consequence associated with chronic sleep loss and/or sleep disorders.
• Most health care providers neither recognize the prevalence of, nor
the many risks associated with, chronic sleep loss and/or sleep disorders.
• Many of the technological advances made in the previous century
(e.g., television, Internet) serve to deprive people, especially children and
adolescents, of needed sleep.
• Sleep loss and sleep disorders are associated with numerous other
health complications
• Increased understanding will lead to better sleep behaviors and thus
improved health and function.
Treatment of sleep problems, even if only behavioral and educational
in nature, has the potential to increase an individual’s well-being and productivity. Such a campaign would offer new information to both the
general population and health care providers. In addition, the activities of
a broad sleep awareness campaign could be linked to all stakeholders—
government agencies, private industry, foundations, professional societies,
patient advocacy organizations, educators, colleges and universities, and
community organizations.
The committee envisions that wherever possible, a national campaign
would coordinate activities with local needs and provide for the tailoring of
its messages for different communities, including specific age groups, minority groups, and shift workers. In addition, the committee envisions that
the campaign should be developed in coordination with the NCSDR, CDC,
the proposed National Somnology and Sleep Medicine Research and Clinical Network (see Chapter 8), the Department of Transportation, the Department of Labor, the Department of Education, other relevant federal
departments and agencies, with input from private organizations such as
the NSF and the AASM. Rigorous evaluation is a critical component. Further, this campaign could be integrated and coordinated with other public
health campaigns, including those on obesity and heart disease, with the
purpose of increasing the awareness among all Americans of the importance of sleep and the adverse health and social consequences of poor sleep.
Further, reinforcing messages should be provided in diverse media and effectively coordinated with other events and dissemination activities.
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In proposing the National Sleep Public Education and Awareness Campaign, this committee considered and recognized the associated costs and
challenges. These include the following:
• Educating and convincing leaders in the public health field that the
health and economic burden associated with chronic sleep loss and sleep
disorders requires a national campaign.
• The expenses associated with developing and operating a large nationwide public education and awareness program.
• Coordinating federal, state, and local government agencies that
would be involved in a campaign.
• Coordinating the activities of foundations, professional societies, and
private companies.
• The large number of individuals experiencing sleep loss or sleep disorders span all age groups, each of which will require a specific strategy.
In summary, although evidence is limited, previously coordinated
health education campaigns demonstrate the potential value of efforts
designed to increase the awareness of both the prevalence and consequences of chronic sleep loss and sleep disorders. For example, broad
coordinated national campaigns such as the NHLBI’s National High Blood
Pressure Campaign (Roccella, 2002), the National Institute of Child
Health and Human Development’s (NICHD) Back to Sleep Campaign,
the CDC’s Screen for Life colorectal cancer campaign, the antitobacco
efforts of the late 1960s and early 1970s and the late 1990s and early
2000s (Warner, 1981; Siegel, 2002), and the antidrug campaigns of the
middle 1980s (IOM, 2002) have had corresponding reductions in risky
behavior.
Back to Sleep Campaign
The Back to Sleep program offers an example of a very successful
public education awareness campaign that arose from a strong associative
discovery between infant sleeping position and the risk of sudden infant
death syndrome (SIDS) (Willinger, 1995; Kemp et al., 1998). In 1993, the
American Academy of Pediatrics released its first policy statement on reducing the risk of SIDS that recommended that infants be placed on their
backs while sleeping. The following year, the NICHD spearheaded the
Back to Sleep campaign. Cosponsors included the Maternal and Child
Health Bureau, the American Academy of Pediatrics, the SIDS Alliance,
and the Association of SIDS and Infant Mortality Programs. The NCSDR
was involved in planning and developing communication materials for the
campaign.
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Before it was instituted, the death rate for SIDS was approximately 1.3
per 1,000 live births (CDC, 1996). Postsurveillance analysis showed a 50
percent reduction in SIDS rates since the Back to Sleep campaign began
(NICHD, 2003). The campaign increased public awareness of SIDS risks
and safety through a series of radio and television public service announcements and distribution of more than 20 million pieces of literature to health
care professionals and the public.
National High Blood Pressure Education Campaign
Another successful public education program is the National High
Blood Pressure Education Program. It was established by the NHLBI in
1972 “to reduce death and disability related to high blood pressure through
programs of professional, patient, and public education” (NHLBI, 2005a).
The NHLBI coordinates a group of federal agencies, voluntary and professional organizations, state health departments, and numerous communitybased programs. At the core of the education activities is the program’s
coordinating committee, which follows a consensus-building process to
identify major issues of concern and to develop program activities. Each
representative from the coordinating committee member organizations work
together to provide program guidance and to develop and promote educational activities through their own constituencies. The National High Blood
Pressure Education Program is responsible for the five following areas: information collection and dissemination; public, patient, and professional
education; community program development; evaluation and data analysis;
and technology transfer and electronic distribution of materials.
The education campaign does not depend greatly on advertising, but
rather relies heavily on actions by other institutions: campaign organizers
working with physicians’ organizations to encourage physicians to provide
advice about high blood pressure consistent with national guidelines; proposing stories to newspapers and television and radio that convey the priority messages; and developing affiliations with, and providing materials to,
grassroots organizations interested in hypertension (Roccella, 2002). When
the program began there was very little awareness and treatment for hypertension. Less than one-fourth of the American population understood the
relationship between hypertension and stroke and hypertension and heart
disease and only 31 percent sought treatment. Today, more than threefourths of the population recognizes that relationship and over 53 percent
seek treatment (NHLBI, 2005a).
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Recommendation 5.1: The National Center on Sleep Disorders
Research and the Centers for Disease Control and Prevention
should establish a multimedia public education campaign.
The National Center on Sleep Disorders Research—working with
the Centers for Disease Control and Prevention, the proposed National Somnology and Sleep Medicine Research Network, private
organizations and foundations, entertainment and news media, and
private industry—should develop, implement, and evaluate a longterm national multimedia and public awareness campaign directed
to targeted segments of the population (e.g., children, their parents,
and teachers in preschool and elementary school; adolescents; college students and young adults; middle-aged adults; and elderly
people) and specific high-risk populations (e.g., minorities).
To implement this recommendation, the following should be done:
• This campaign should be developed in coordination with appropriate federal departments and agencies and with input from independent experts to focus on building support for policy changes.
• This campaign should be built upon and integrated within existing public health campaigns, including those focused on diet and
exercise (e.g., obesity and heart disease).
• Reinforcing messages disseminated through multiple media should
be effectively coordinated with events targeting providers of health
information such as physicians, nurses, and teachers.
PROFESSIONAL TRAINING AND AWARENESS IS REQUIRED
Societal misperceptions also stem from a lack of professional knowledge about the benefits and impact of sleep. Therefore, the success of the
proposed National Sleep Public Education Awareness Campaign particularly relies on increased awareness and more sleep-oriented curricula for the
health care providers. Further, underutilization of sleep centers in the United
States to assist in diagnosing and treating sleep disorders partly stems from
both the lack of public and professional awareness and insufficient training
of primary caregivers (Wyatt, 2004). Without widespread recognition of
the importance of sleep on the part of both the public and health care providers, society is at significant risk for sleep-related health problems. If
health care providers are unaware of the symptoms and problems that occur as a result of compromised sleep, they simply will not pursue the topic
with patients. Thus, patient contacts with the health care system are often
major sources of “missed opportunities” to diagnose sleep problems and
share important information about sleep. In addition, increasing the aware-

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

IMPROVING AWARENESS, DIAGNOSIS, AND TREATMENT

183

ness of health care providers also offers an opportunity to attract health
care professionals into the field (see Chapter 7 for detailed discussion).
Those who receive sleep-related education are more likely to ask individuals about past or current sleep problems (Haponik and Camp, 1994).
Some progress is being made in developing strategies to improve education
and awareness among health care professionals. For example, competencybased goals and teaching strategies for sleep and chronobiology in undergraduate medical education have recently been proposed (Harding and Berner, 2002;
Federman, 2003). Similar curricula content has also been developed for undergraduate and graduate nursing programs (Lee et al., 2004). A survey conducted
in 1992 revealed that minimal, if any, didactic content on sleep was included in
medical and nursing programs (Buysse et al., 2003; Rosen et al., 1998; NHLBI,
2003a). Although curricula in medical and nursing school have been updated
since 1992, and there are no recent surveys, anecdotal evidence suggests that
sleep-related content is still not adequately addressed. Considerable progress
remains to be made.
Treatment of Sleep Disorders Requires Interdisciplinary Training
Sleep disorders vary widely in their complexity, their comorbidities, the
risks they represent, and the scope of their manifestations (Chapter 3). They
may be a symptom of a behavioral or social change, a secondary manifestation associated with a primary disease, or may be the primary problem.
Examination of the disorders associated with each of these categories
demonstrates the requirement for educated multidisciplinary health care
specialists who have the capacity to recognize, diagnose, and treat chronic
sleep loss and sleep disorders. At minimum, there are 13 different health
care specialties and subspecialties that are involved in diagnosis and treatment—anesthesiology, cardiology, dentistry, endocrinology, immunology,
neurology, nursing, nutrition, otolaryngology, pediatrics, psychiatry, psychology, and pulmonology. For example, individuals with obstructive sleep
apnea (OSA) typically require recognition by a primary care physician, and
diagnosis and treatment from a sleep specialist who is a pulmonologist,
neurologist, psychiatrist, or otolaryngologist. Following, or concurrent with,
diagnosis and treatment, the chronic nature of a sleep disorder also may
require being seen by a specialist (e.g., endocrinologist for diabetes and
obesity, cardiologist for hypertension). Patient and family education, primary care, follow-up and support are often provided by nurses with expertise in the field. Therefore, proper treatment of chronic sleep loss and sleep
disorders requires multidisciplinary care. However, as discussed below,
there has been very little education of health care professionals about the
pathology, etiology, or treatment of chronic sleep loss and sleep disorders.
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Undergraduate Sleep-Related Education
Education at the undergraduate level provides a unique opportunity to
share important health information when readiness to learn has transcended
adolescent levels. It also provides an important opportunity to expose students to the topics and potentially increase the number of individuals interested in this area of medicine. In fact, curricula that include sleep-related
material at the undergraduate level may be particularly appropriate and
effective for a number of reasons.
First, leaving home to attend college is often the first time that young
adults are totally responsible for self-care. Numerous studies have demonstrated that one of the most common difficulties undergrads experience is
sleep disturbance. For example, in a survey of 191 college students, most
reported that they had developed some form of sleep disturbance (Buboltz
et al., 2001). Further, a recent study of 964 undergraduate residence hall
students found that sleep problems were among the list of significant predictors of stress (Dusselier et al., 2005). A study of 1,300 students in the
United States Military Academy found that incoming cadets were significantly sleep deprived, receiving only about 4 hours and 50 minutes of sleep
per night during the week in their first fall semester (Miller and Shattuck,
2005). The reasons for the high prevalence of these sleep problems in undergraduate students are likely related to a variety of factors including poor
sleep hygiene, stress associated with changes in lifestyle, study demands,
socializing, use of stimulants, and in some cases a feeling of the need to
demonstrate mental and physical toughness.
Undergraduates also experience the consequences of poor sleep habits
and require the necessary health information to make appropriate lifestyle
changes. Earlier studies demonstrated that students’ poor sleep quality was
associated with increased tension, irritability, depression, confusion, and
lower life satisfaction as well as increases use of marijuana and alcohol
(Pilcher et al., 1997). In addition, poor sleep has been associated with impaired academic performance and deficits in learning and memory (Lack,
1986; Gais et al., 2000; Stickgold et al., 2000; Walker et al., 2003; Fenn et
al., 2003). Unfortunately, many students who experience academic problems do not realize that poor sleep may be a crucial contributing factor
(Buboltz et al., 2001).
Chronic Sleep Loss and Sleep Disorders Awareness
Programs for Undergraduates
Although some sleep-related public health educational activities have
been developed (see previous section), their impact appears to be minimal.
Thus, new ways to incorporate sleep education into undergraduate student
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life are needed. First and foremost, university administrators need to recognize and acknowledge that students’ sleep habits and problems are an important component of campus life. Including content regarding sleep in orientation programs, even in the form of a simple informational flier, may provide
a forum for further discussions in other types of programs and activities.
Advisors might ask basic questions regarding overall sleep patterns and make
recommendations regarding class times that are more compatible with a
student’s normal sleep patterns. Further, university and college administrators should examine how campus and community environments, such as activities, schedules, sports, and work routines, contribute to sleep disruption
(Buboltz et al., 2001) and encourage academic departments to educate their
faculty regarding the sleep-related problems of students (Miller and Shattuck,
2005). In addition, awareness campaigns should be developed to target undergraduate students in dormitories and academic health centers. Similar effective programs have been developed for public health campaigns concerning
sexually transmitted disease, alcohol abuse, nutrition, and suicide. For
example, the American College Athletic Association and the National Association of Student Personnel Administrators have helped design and integrate
a number of public health campaigns for college students, such as the Health
Education and Leadership Program.
Undergraduate Somnology and Sleep Medicine
Curriculum Development
Colleges and universities can both educate students and stimulate interest in the field by making simple cost-effective changes in curriculum. For
example, at the United States Military Academy, the general psychology
course that is taken by all freshmen now includes information on acute and
chronic sleep loss (Miller and Shattuck, 2005). Numerous other types of
freshman courses, such as general health, biology, and sports education,
might include similar content and easily incorporate it with other healthrelated information such as nutrition, alcohol and drug abuse, and suicide
prevention (Miller and Shattuck, 2005). Offering an elective course, perhaps in collaboration with an academic sleep center, might also help recruit
future clinicians and scientists to the field. Curriculum recommendations
for both nursing and undergraduate medical students have recently been
proposed (Strohl et al., 2003; Lee et al., 2004). Other types of novel activities might include the following:
• Develop undergraduate research experiences in sleep to increase the
interactions of these students with graduate students in this area (Box 5-1).
• Develop sleep consortiums among two or more universities and educational programs that could be shared using advanced technology, as the
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BOX 5-1
Summer Sleep and Chronobiology Research Apprenticeship
The Summer Sleep and Chronobiology Research Apprenticeship is a
unique undergraduate training program in the behavioral sciences at
Brown University, which fosters behavioral science research education
primarily for undergraduate students, but also for young pre- and postdoctoral scientists. The program provides undergraduate students an
intensive research and academic experience in a human sleep and
chronobiology research laboratory. It spans 13 weeks, including 2.5 weeks
of intensive laboratory skills training, a week attending the annual meeting
of the sleep professional societies (APSS), and a 10-week research apprenticeship in an ongoing study of sleep and circadian rhythms in adolescents. The program also supports one or two graduate student teaching
assistants, providing role models to the apprentices, additional teaching
experience, time for research projects, and full summer stipend. Each year
the program concludes with a 2-day “retreat” colloquium. At this retreat,
every apprentice is responsible for preparing and presenting a brief talk at
the APSS meeting on a research theme they began to examine and
researched through the summer.
The National Institute of Mental Health (NIMH) should be commended
for funding the training program for 8 years. This brought an unprecedented level of fiscal stability, focus, and opportunity for young trainees.
Unfortunately, the NIMH no longer supports undergraduate training programs. The Trans-NIH Sleep Research Coordinating Committee should
be encouraged to continue to support similar undergraduate mentorship
programs.
Because the program is largely designed for undergraduate students,
its success is somewhat difficult to measure. Not every student has gone
on to behavioral science research; some are in medicine, others in such
disparate fields as law or business. Others, however, have followed the
route to graduate study. One former student is working with a noted sleep
and chronobiology scientist. Another student is performing research on
sleep in birds. A third is a graduate student in neurobiology using
electroencephalograms (EEG) and magnetic resource imaging (MRI) as
methods to investigate the relationship between thalamic activation and
cortical activation during sleep spindles. Another individual recently
received a young investigator award from the European Sleep Research
Society (2004, Prague ESRS meeting) for research on adolescent sleep
patterns.
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numbers of faculty qualified to teach information about sleep may be limited in particular settings.
Students in the clinical health science majors, such as those in nursing
and premedicine, should have didactic and associated clinical work in sleep
medicine that include specific content in the following:
• Interactions between sleep and health.
• The neurobiology and functions of sleep.
• Effects of restricted or reduced sleep on pathophysiology of diseases.
• Mechanisms that lead to sleep disorders across the life span and
across genders.
• Normal sleep processes across ages, genders, and socioeconomic
groups.
• Effective sleep interventions for sleep disorders (Strohl et al., 2003).
GRADUATE RESEARCH TRAINING IN
SOMNOLOGY AND SLEEP DISORDERS
Graduate school is traditionally a time of focused concentration on a
specific area of investigation, and the curricular requirements for graduate
degrees in biological sciences are typically highly variable among disciplines,
programs, and universities. Exposure to research on sleep-related topics is
probably most applicable to interdisciplinary programs in neuroscience, as
well as to single-discipline programs (e.g., pharmacology, physiology, biochemistry, anatomy, and cell biology). Although the content of these curricula typically depend on the research interests of the local faculty, it is in
the interest of the students to have a broad exposure to neuroscience that is
usually accomplished via a graduate level survey course in the field, and for
that course, or other relevant courses, to include some exposure to sleeprelated research. Although there are limited data, it appears that this exposure does not occur. For example, one of the top neuroscience and sleep
programs, the neuroscience graduate course in the health sciences and
technology program at Harvard University and Massachusetts Institute of
Technology, includes only a single lecture on the molecular biology of circadian rhythms and no exposure to sleep-related research (personal communication, C.B. Saper, Harvard University, December 1, 2005).
OVERVIEW OF MEDICAL SCHOOL SOMNOLOGY EDUCATION
The inadequacy of somnology education in medical curricula has been
a long-standing issue. As far back as 1978, a survey by the American Sleep
Disorders Association (now the AASM) revealed that 46 percent of medical
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schools provided no sleep-related education and 38 percent sponsored minimal instruction (Orr et al., 1980). Although the percentage of medical
schools that include sleep disorders in their curricula has risen modestly
from 54 percent in 1978 (Orr et al., 1980) to 63 percent in 1993, the time
devoted averages only 2.11 hours (Rosen et al., 1998). Eighty-nine percent
of medical students never performed a clinical evaluation of an individual
with a sleep disorder (Rosen et al., 1993).
The situation has slowly improved. A survey performed by a special
subcommittee of the AASM, called Taskforce 2000, in 1995 indicated a
growth in time devoted to somnology content to 4 hours in the preclinical
basic sciences and 2 hours in the clinical clerkships (Rosen et al., 1998).
However, structured learning experience in the sleep laboratory and clinical
evaluation of individuals with sleep disorder remain limited. Major barriers
continue to be lack of time in the medical curriculum, the need for better
resources and teaching facilities, and the need for leadership and effective
advocacy.
Barriers to Implementation of Sleep-Related Medical Curriculum
Efforts to enhance the training and education in somnology and sleep
medicine at all levels of medical education continue to face important challenges. These include the following:
• Somnology and sleep medicine is still a relatively new field, cutting
across many traditional disciplinary boundaries. Therefore, there is a need
to implement a cohesive, interdisciplinary, and centrally organized sleep
medicine curriculum.
• The importance of sleep to good health is often poorly appreciated;
hence, it is underrepresented in the medical curriculum.
• Somnology and sleep medicine is a budding interdisciplinary field;
sleep and circadian rhythms interact and influence nearly every organ system. A coordinated curriculum that includes content related to somnology
and sleep disorders is needed in every related teaching block.
• Limited availability of faculty and mentors with appropriate scientific and clinical expertise creates a need for “content champions” to push
the educational agenda in a centrally organized way.
• A paucity of local educational resources, including clinical infrastructure, exists (Orr et al., 1980; Rosen et al., 1993, 1998; Owens, 2005). As
described below, the NIH and AASM have contributed significant resources
to the development and establishment of somnology medicine curricula in
the past. However, there has been limited evaluation of these efforts.
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Sleep Academic Award
From 1996 to 2003 the NCSDR and the NHLBI cosponsored the Sleep
Academic Award program. Its primary objective was to develop and evaluate model curricula in somnology and sleep medicine for adaptation into
academic institutions. In tandem with curricular development, the Sleep
Academic Award program also sought to promote interdisciplinary learning environments and faculty development in somnology and sleep medicine. The model curriculum for medical schools encompassed these four
basic core competencies:
•
•
•
•

Explain the nature and causation of sleep.
Discuss the impact of sleep and circadian disorders.
Perform a sleep history.
Initiate measures to improve sleep and to reduce sleepiness.

Other Sleep Academic Award professional education initiatives included
the addition of sleep questions to board examinations in psychiatry, pediatrics,
otolaryngology, and pulmonary medicine; the creation of a sleep clinical
case vignette bank for use in objective structured clinical examinations and
problem-based learning seminars; the development of continuing medical
education lectures and courses; and the implementation of faculty development workshops.
The Sleep Academic Award program also undertook initiatives in
graduate medical training related to the effects of sleep loss and fatigue.
These initiatives included collaboration with the American Medical Association and the Accreditation Council for Graduate Medical Education
(ACGME) on work hours for residents. The MedSleep dissemination initiative distributes educational resources and products for free, including webbased materials, slide sets, videotaped case histories, and curriculum outlines (AASM, 2005). In addition, the AASM Medical Education Committee
has established a network of sleep-related education advocates in over 100
of the nation’s medical schools to continue the development and implementation of educational materials and to provide evaluation.
Effectiveness of the Sleep Academic Award Program
Although the overall impact and durability of Sleep Academic Award
program initiatives have not been measured, they have provided time and
money for academic career development in somnology (research and scholarship), training in educational methodology, opportunity for mentorship,
and access to leadership positions in professional organizations. Similarly,
the durability of institutional impact, while difficult to predict precisely, has
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included: provision of teaching, educational support, and materials; increases
in the knowledge base of graduates; research opportunities; and engagement of multiple disciplines in somnology and sleep medicine education.
Several empirical studies regarding somnology medical education supported by the Sleep Academic Award program have been published in a
special section of the January 2005 edition of Sleep Medicine. These studies
have shown the following:
• The efficacy of a pediatric screening tool (the BEARS) to increase the
amount of sleep information recorded in primary health care settings
(Owens and Dalzell, 2005).
• The development and validation of a tool (the Dartmouth Sleep
Knowledge and Attitude Survey) in assessing outcomes of educational interventions in sleep medicine (Sateia et al., 2005).
• The impact of education in improving the recognition of sleep disorders in a community-based setting (Zozula et al., 2005).
• The positive impact of lecture and case-based discussion on the performance of medical students in an objective structured clinical examination (Papp and Strohl, 2005).
• The use of the objective structured clinical examination for sleep
medicine to gain access to the medical school curriculum by providing objective structured clinical examinations on sleep problems such as obstructive sleep apnea and chronic insomnia (Rosen et al., 2005).
One important outcome of the Sleep Academic Award has been an
improvement in the number of somnology and sleep disorders questions
on board exams; however, the representation is still low, given the public
health burden. For example, the content outline of the board exam for
internal medicine indicates zero to two sleep-related questions. The American Board of Otolaryngology lists corrective sleep surgery as 1 of 22 surgical concepts that is covered in the exam, where surgical concepts represents 15 percent of the exam content (American Board of Otolaryngology,
2006). The American Board of Psychiatry and Neurology mentions somnology and sleep disorders as 1 of 20 areas covered in the exam’s physiology section—physiology also constitutes 15 percent of the exam (American Board of Psychiatry and Neurology, 2006). The content specifications
for the American Board of Pediatrics mentions somnology and sleep disorders 19 times (American Board of Pediatrics, 2006).
Nurses as Care Managers
Another key group of health care providers that could play an especially significant role in advocating healthy sleep and promoting the diag-
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nosis and management of sleep problems are nurses—the largest number of
health care providers in the United States. Nurses are in a unique position
to contribute to new knowledge about sleep and health promotion, provide
primary care, as well as monitor sleep habits and disseminate information
to patients, and enhance patient compliance with treatment (Lee et al.,
2004). Unfortunately, nursing education faces many of the same challenges
as other health care provider educational programs regarding the incorporation of sufficient sleep content in its programs. Recently, curriculum recommendations for somnology and chronobiology education for nursing at
the undergraduate and graduate level programs have been developed (Lee
et al., 2004). These guidelines have been integrated into a limited number of
nursing programs; however, greater integration of sleep-related material is
required in nursing education programs.
OVERVIEW OF SOMNOLOGY IN MEDICAL RESIDENCY
TRAINING CURRICULA
To ensure a high degree of recognition and the most effective clinical
care, it is important that more training programs educate residents about
the need for early detection and, whenever possible, the prevention of
chronic sleep loss and sleep disorders. Primary care providers are largely
responsible for this surveillance in the medical system. Therefore, it is imperative that internists, family medicine doctors, and pediatricians are sufficiently trained to assume the surveillance role. As many individuals are
referred to pulmonologists, neurologists, psychiatrists, and otolaryngologists for disorders that are related to sleep problems, extensive training in
sleep medicine also should be integrated into those program curricula.
The current ACGME program requirements for residency training in
internal medicine, family medicine, pediatrics, and psychiatry do not mention chronic sleep loss or sleep disorders. Program requirements for residency in neurology list sleep disorders as one of 22 subjects to be addressed
in seminars and conferences. However, except for residency programs in
otolaryngology, none of the other four residency program requirements
address clinical experiences in sleep medicine (ACGME, 2005a).
Curricula should be designed to ensure that knowledge and skills
required to detect the broad range of sleep disorders and to manage those
that are not complex should be a component of general competency in each
of the five relevant specialty areas of medicine. General competency in
somnology and sleep medicine should be certified and recertified by the
respective boards of the American Board of Medical Specialties (ABMS).
With guidance from the residency review committee of the ACGME, each
training program in these five specialty areas must develop curriculum content for somnology and sleep medicine. Departments sponsoring these train-
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ing programs have a responsibility to have in place, or alternatively, to
identify faculty-level expertise in somnology and sleep medicine, and ensure
availability of these individuals for learners in the residency training program. As a result of the multidisciplinary nature of sleep medicine, interdepartmental sharing of expertise for training should be required in many
settings. Clinical experience with diagnosis and management of patients
with sleep disorders is preferred to didactic experiences. For this reason, the
presence of an institutional sleep disorders clinic, laboratory, or center
should be a key component of the educational infrastructure. Exposure of
residents to the multidisciplinary nature of sleep evaluation and treatment
will best prepare them for roles as primary caregivers, particularly for identification, treatment of simple sleep problems, and triage of more complicated patients to appropriate subspecialists.
Residents should become aware of the general health consequences of
sleep disorders, such as the relationship between sleep deprivation and obesity, cardiovascular disease, and behavioral disorders. In addition, subspecialists in internal medicine and pediatric prevention, diagnosis, and
treatment should be fully familiar with the sleep-related consequences of
chronic disease and incorporate this awareness into their practices and subspecialty fellow training. Providing generalists with sleep-related education
would enable them to be competent to care for a substantial number of
sleep problems and refer individuals to sleep specialists as needed.
In view of the workforce shortage in the field (see Chapter 7) and the
small number of both training programs and individuals enrolled in somnology and or sleep medicine training programs (see below), exposure of
residents to this area of medicine will enhance awareness of career opportunities in this discipline and improve clinical care. Thus, the goal of embedding somnology and sleep medicine exposure and experiences in core residency training is to prepare a wide range of individuals to participate as
frontline caregivers, and also to ensure that somnology and sleep medicine
is visible to learners early in their training process and possibly foster their
consideration of somnology or sleep medicine as a career focus. Exposure
of residents to discovery and translational research related to sleep medicine might also enhance the attractiveness of the field. Therefore, somnology
and sleep medicine investigators should participate, wherever possible, in
the residency training process.
OVERVIEW OF SLEEP MEDICINE FELLOWSHIP TRAINING
AASM-Accredited Fellowship Training Programs
Until recently fellowship training programs in sleep medicine were rare,
with a small number of academic institutions, hospitals, and other facilities
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hosting programs that were not standardized. To address this, a formal
accreditation program for fellowship training programs in sleep medicine
was established by the AASM. The number of fellowships has grown progressively, particularly over the last decade. There are now 53 fellowship
training programs (Table 5-1). Reflecting the multidisciplinary roots of sleep
medicine, these training programs are housed in various departments within
these institutions.

TABLE 5-1 Accredited Programs for Fellowship Training in Somnology
and Sleep Medicine
Date
Accredited

Name of Institution

1980

Stanford University

1989

Center for the Study of Sleep and Waking

1991
1991
1992
1993

Detroit Veterans Affairs Medicinal Center
Henry Ford Hospital
Mount Sinai Sleep Disorders Center
Michael S. Aldrich Sleep Disorders Laboratory

1993

Newark Beth Israel Sleep Disorders Center

1993

University of Pittsburgh School of Medicine

1994
1995

Cleveland Clinic Foundation
Mayo Sleep Disorders Center

1996

Rush University Medical Center

1997
1998
1998
1998
1999
2000
2000

Wayne State University
University of Kentucky
University of Mississippi Medical Center
Intermountain Sleep Disorders Center
Children’s Memorial Hospital
Brigham and Women’s Hospital
Duke University Medical Center

Department
Affiliation
Psychiatry and
Behavioral Sciences
Psychiatry and
Behavioral Sciences
Neurology
Pulmonary Division
Pulmonary Division
Neurology and
Psychiatry
Department of
Pulmonary
Medicine
Psychiatry and
Medicine,
Pulmonary Division
Neurology
Pulmonary and
Critical Care
Departments of
Psychology and
Medicine
Pulmonary Division
Internal Medicine
Psychiatry
Pulmonary Division
Pediatrics
Medicine
Pulmonary, Clinical
Neurology, and
Clinical
Neuropatholgy
continued
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TABLE 5-1 continued
Date
Accredited

Name of Institution

2001

Sleep Medicine and Circadian Biology Program/
Indiana University School of Medicine

2001
2001

State University of New York at Buffalo
School of Medicine
University of Nebraska Medical Center

2001

Rush University Medical Center

2001

Northwestern University Medical School

2001
2001

Worcester Medical Center Campus at
St. Vincent Hospital
Scott and White Memorial Hospital and Clinic

2001
2001

Lahey Clinic
University of Pennsylvania

2001

Case Western Reserve University

2002

Southwestern Medical Center

2002
2002

Seton Hall University School of Graduate
Medical Education
St. Elizabeth’s Medical Center

2002

Long Island Jewish Medical Center

2002
2002

New Mexico Center for Sleep Medicine
University of Iowa Hospitals and Clinics Sleep
Disorder Center
Hackensack University Medical Center Institute
of Sleep-Wake Disorders
Dartmouth Hitchcock Medical Center

2002
2002
2003
2003

Mayo Clinic/Mayo Graduate School of Medicine,
Jacksonville
Johns Hopkins University Sleep Disorders Center

Department
Affiliation
Pulmonary, Allergy,
Critical Care, and
Occupational
Medicine
Medicine
Pulmonary Critical
Care Section of the
Department of
Internal Medicine
Department of
Psychology
Department of
Neurology
Department of
Neurology
Department of
Pulmonary/Critical
Care
Pulmonology
Pulmonary, Critical
Care, and Sleep
Section
Departments of
Medicine, Pediatrics, and Neurology
Department of
Psychiatry

Pulmonary Division,
Department of
Medicine
Department of
Medicine
Neurology

Department of
Psychiatry
Division of Education
Services
Pulmonary/Critical
Care
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TABLE 5-1 continued
Date
Accredited

Name of Institution

2003

Tulane University Health Science Center

2003

Wake Forest University Health Sciences

2003

Beth Israel Deaconess Medical Center

2003

Beth Israel Deaconess Medical Center

2003

University of Texas Health Science Center, Houston

2003

Center for Sleep Disorders at Johnson City
Medical Center

2003

University of Wisconsin-Madison

2003
2003

Clinilabs, Inc. (Sleep Disorders Institute)
State University of New York at Buffalo

2004
2004

St. Mary’s Medical Center/Ultimate Health Services
University of Washington

2004

Norwalk Hospital Sleep Disorders Center

2004

Temple University Health System Sleep
Disorders Center

2004

Washington University School of Medicine

2004

University of Louisville/Kosair Children’s Hospital

Department
Affiliation
Comprehensive Sleep
Medicine Center
Department of
Psychiatry
Department of
Neurology
Division of Pulmonary, Critical Care,
Sleep Medicine
Division of Pulmonary, Critical Care,
Sleep Medicine
Pulmonary/Critical
Care/Internal
Medicine
Department of
Medicine
Department of
Neurology
Regional Sleep Center
Medicine and
Neurology
Department of
Medicine
Department of
Internal Medicine,
Division of
Pulmonary and
Critical Care
Department of
Neurology
Department of
Pediatrics

SOURCE: Personal communication, J. Barrett, AASM, December 12, 2005.

With the complex nature of sleep medicine in mind, the guidelines for
accreditation allowed programs to design fellowship training in two ways.
The first design allowed for the sleep medicine fellowship to be a minimum
of 12 months of training in comprehensive sleep medicine that could be
done during or after specialty fellowship training. The second design
allowed for the sleep medicine fellowship to be of a combined nature, in
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which a substantial portion of the sleep medicine training is embedded
within the primary specialty training.
The guidelines for accreditation of fellowship training required that
programs provide graduates with clinical, technical, and research experience that promotes sound clinical judgment and a high level of knowledge
about the diagnosis, treatment, and prevention of sleep disorders. The guidelines emphasized education in specific content areas, including basic neurological sleep mechanisms; chronobiological mechanisms; cardiovascular,
pulmonary, endocrine, and gastrointestinal sleep physiology; specific disorders of sleep; and the psychopharmacology of sleep, as well as the operation of polysomnographic equipment, polysomnographic interpretation,
and troubleshooting.
Eligibility requirements for an accredited program include at least one
year of training preceded by the completion of an accredited residency program, and sponsorship by an institution that meets fellowship training
requirements set forth by the ACGME. The director of the program must
be a physician who is a diplomate of the American Board of Sleep Medicine
(ABSM), and the program has to be associated with a sleep disorders center
accredited by the AASM.
Completion of training in an accredited program satisfies requirements
for eligibility to sit for the sleep medicine certification examination administered by the ABSM.
ACGME Sleep Medicine Fellowship Training Programs
In 2002, the AASM submitted an application to ACGME for accreditation of fellowship training programs in sleep medicine. ACGME approved
the program requirements for sleep medicine fellowship training programs
in June 2004. Accreditation of fellowship training programs by the ACGME
now provides a framework for the continued expansion of specialized clinical training in sleep medicine and draws greater attention to the necessity of
training programs.
The ACGME fellowship requires 1 year of clinical sleep medicine.
Trainees can enter the sleep medicine fellowship if they have been trained in
one of the following: general internal medicine (3 years of postgraduate
training); neurology (4 years of postgraduate training); psychiatry (4 years
of postgraduate training); general pediatrics (3 years of postgraduate training); otolaryngology (5 years of postgraduate training).
In June 2004, ACGME convened a Sleep Medicine Working Group to
develop requirements for fellowship training in sleep medicine and formalize the accreditation process. The working group created a comprehensive
program guideline that included requirements to ensure competence in core
areas, including facility and resources for training, faculty, assignment of
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rotation and duty, curriculum, program content, and clinical experience
(ACGME, 2005b). The first round of program accreditation was effective
July 1, 2005, and 25 programs have received accreditation from ACGME
for fellowship training.
DEMONSTRATION OF KNOWLEDGE: BOARD CERTIFICATION
ABSM Certification
In response to increasing recognition and awareness of the importance
of sleep and sleep disorders, professional certification in sleep medicine has
been administered for physicians and practitioners to demonstrate skill and
competence.
The American Sleep Disorders Association (now the AASM) in 1978
established an examination committee. That same year, the committee held
the inaugural clinical polysomnography examination; 21 candidates passed
the exam. Each year the examination committee received an increasing number of applications, which led to discussions regarding the future of certification. In 1989, the AASM voted to create an independent entity, and in
1991 the ABSM was incorporated and assumed all the activities and responsibilities of the former examination committee.
The ABSM is an independent nonprofit organization and has a board
of directors that oversees all aspects of exam administration and governance. The ABSM was self-designated and was not recognized by the ABMS.
Until 2005, the ABSM certification examination consisted of two parts.
The part I examination consisted of multiple choice questions covering the
basic sciences of sleep, clinical sleep medicine, and interpretation of polysomnogram fragments and other material. Part II was computer-based and
consisted of a series of clinical cases with partial polysomnograms, Multiple
Sleep Latency Tests, and other relevant data, with candidates typing short
answers to questions. The ABSM decided to fuse the two parts of the examination in 2005 and offer a single-day, one-part examination that incorporates the format of both former parts.
Eligibility for the examination is dependent on a candidate fulfilling
five requirements as well as possessing acceptable experience in the evaluation of sleep disorders patients. These eligibility requirements ensure adequate and proper education and training—either through an accredited
fellowship program or through a combination of training and experience—
and competency evaluation through certification of a primary board. Professionals from other clinical disciplines, such as doctoral psychologists and
nurses who met all criteria, were also eligible to sit for the examination.
Over the past 14 years, the ABSM certification examination has developed a strong reputation in the medical community and experienced tre-
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mendous growth in terms of applicants. The number of candidates applying
for the certification examination as well as the number of diplomates (Figure 5-1) has increased dramatically each year; however, as will be discussed
in detail in Chapter 6, the capacity is still not sufficient to diagnose and
treat all individuals with sleep disorders.
Establishment of the ABMS in Sleep Medicine
Despite its growth in reputation and numbers of diplomates, it became
evident by the late 1990s that the ABSM as a freestanding board would not
be recognized as fully legitimate by organized medicine. Because sleep medicine requires only 1 year of postresidency fellowship training, the ABSM
was ineligible to join the ABMS as an independent board.
In 2002, the ABSM met with several specialty societies and professional
organizations to discuss the necessity for certification examination in sleep
medicine and the best design for such an examination. A consensus plan
was developed for the establishment of a new subspecialty examination in
sleep medicine to be jointly offered by the American Board of Internal Medicine, the American Board of Psychiatry and Neurology, and the American
Board of Pediatrics; the American Board of Otolaryngology joined later as
a sponsoring board. Following further successful negotiations, a plan for
this examination was submitted to the ABMS in early 2004. In March 2005,
the ABMS announced approval of the certification examination in sleep
medicine. A specific time frame for the new examination has not been set; it
is expected, however, that the first examination cycle will begin in 2007.
There are three pathways that qualify physicians to sit for the new
examination: (1) certification by one of the primary sponsoring boards and
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FIGURE 5-1 Total number of diplomates of the ABSM (1979–2005).
SOURCE: Personal communication, J. Barrett, AASM, December 15, 2005.
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the current ABSM; (2) certification by one of the primary sponsoring boards
and completion of training in a 1-year sleep medicine fellowship program,
not overlapping with any other residency or fellowship; and (3) clinical practice experience. This clinical practice experience pathway may consist of a
5-year “grandfathering” period open to physicians who are board certified
in one of the sponsoring specialty boards and who can attest that he or she
has the equivalent of 1 year of clinical practice experience in sleep medicine
during the prior 5 years. This experience could, for example, be gained by
an individual practitioner who has devoted one-third of his or her practice
to sleep medicine over 3 years. Physicians in the clinical practice pathway
will also have to attest to a specified minimum number of patients seen and
polysomnograms and Multiple Sleep Latency Tests read. At the end of this
initial 5-year period, the only route to board eligibility will be through an
ACGME accredited fellowship training program. This creates a one-time,
unprecedented opportunity for pulmonologists, neurologists, otolaryngologists, psychiatrists, and other physicians already working in the field to sit
for the board examination. However, not all sleep clinicians will be eligible
for this accreditation. The ACGME only permits accreditation of doctors,
thus nurses, dentists, and doctorally prepared sleep specialists (e.g. psychologists and behavioral health specialists) in other fields are no longer
eligible to sit for the examination. As a consequence, there is the potential
that in the future particular bodies of knowledge will not be represented in
sleep medicine.
Representatives from all four boards are developing and setting standards for the new examination. The American Board of Internal Medicine
has administrative responsibility for examination development, and the participating/sponsoring boards have responsibility for setting admission criteria for their own diplomates. These standards and criteria are expected to
be announced in 2006.
Although this new structure is based on sleep medicine becoming recognized as an independent specialty, it is too early to tell how well this new
approach will work in developing the needed workforce of practitioners for
sleep medicine and the next generation of physician-scientists. The fellowship is somewhat unusual in that there is only the requirement for 1 year of
training beyond completion of residency. It is unclear whether pulmonologists,
who have until now formed the majority of the clinical workforce in sleep
medicine (60 percent of diplomates in 2005), will continue to be attracted
to the field (Figure 5-2). Clinical requirements for pulmonary medicine
involve 18 months of training beyond residency. It appears that this will not
count to training in sleep medicine even though there is now a defined
curriculum for sleep medicine in pulmonary medicine (American Thoracic
Society, 2005) and 10 to 15 percent of the board examination for pulmonary medicine is about sleep disorders. An additional clinical year of train-
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FIGURE 5-2 Percent of pulmonology diplomates of ABSM.
SOURCE: Personal communication, J. Barrett, AASM, December 15, 2006.

ing above and beyond that for pulmonary medicine may represent a barrier
to pulmonologists entering this discipline. It is hoped that this issue is
addressed, as pulmonologists encompass a significant percentage of the clinical workforce of practitioners in sleep medicine.
Another area of uncertainty is funding for these new sleep fellowships.
Previously, when the fellowship was not ACGME-approved, fellows could
obtain reimbursements for their clinical activities, including sleep study interpretation. In some other programs, sleep medicine training was incorporated into multiyear research training supported by training grants from the
National Institutes of Health (NIH). Neither of these options is available in
the new format.
Unfortunately, the rules introduced by the ACGME are not flexible and
require 1 complete year of clinical training even in programs that are multiyear and committed to research training. This may have a negative impact
on the already fragile pipeline of physician-scientists in this new discipline
as outlined elsewhere in this report (see Chapter 7). As described in detail in
Chapter 8, the committee encourages the proposed Type II comprehensive
academic sleep centers to incorporate research training into their sleep medicine fellowships, while for Type III centers this is considered an essential
component.
A final potential limitation of this new examination structure is that it
is open exclusively to physicians. Other clinician scientists in fields such as
psychology, neuroscience, and nursing will not be eligible to sit for the
examination as was the case in prior years. Currently, there are 154 ABSM
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PhDs board-certified by the AASM (personal communication, J. Barrett,
AASM, January 13, 2006). Excluding these individuals may have an important negative effect on patient access, interdisciplinary nature of sleep programs, and the decision of talented potential scientists and clinicians to
pursue the study of somnology.
NEXT STEPS
Medical, nursing, and pharmacy students along with individuals in
graduate training, residency, and fellowship training programs require
greater exposure to the public health burden of sleep loss and disorders;
they also must understand the relationship between sleep problems and the
proper diagnosis and treatment of a wide range of medical problems
throughout an individual’s life span. Although the data are limited, they
suggest that focused training about sleep can positively influence the performance of medical students (Haponik and Camp, 1994), residents (Owens
and Dalzell, 2005), physicians (Haponik et al., 1996; Rosen et al., 2005;
Papp and Strohl, 2005), and primary care clinical staff (Zozula et al., 2005).
For example, interns who had previous instruction about sleep-related
material often asked patients about past or current sleep problems (82 percent of the time), while sleep histories were rarely obtained by interns who
did not have any previous instruction (13 percent of the time) (Haponik et
al., 1996).
The challenges that lie ahead, outlined below, are many:
• Sustaining educational initiatives begun by the Sleep Academic
Award program.
• Monitoring progress and developing new and updated educational
materials, such as sleep objective structured clinical examinations.
• Coordinating efforts across institutions.
• Identifying remaining gaps by assessing the impact of sleep education on physician knowledge, skills, and attitudes; clinical practice; and
public health.
• Assessing the relative value and effectiveness of sleep curricula that
are integrated across other areas versus those that are stand-alone units.
• Developing means of credentialing nurses, psychologists, and other
clinicians who will not qualify for American Board of Medical Specialties
certification.
• Integrating sleep-related content into continuing education
requirements.
To these ends, educational outcomes research grants and partnerships
with appropriate medical subspecialty groups for development and dissemi-
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nation of educational programs is essential. Further, many health carerelated programs are actively embracing new technologies for teaching (e.g.,
computer simulations of office practices) that provide an opportunity to
ensure that sleep-related materials are incorporated into evolving curricula.
Most important, however, somnology health care providers need to be
engaged in curriculum development and implementation. This will enable
more effective curricular time and resources necessary for addressing basic
educational goals in sleep disorders medicine and for integrating sleep materials into other academic areas. A coordinated curriculum—one that is
not departmentally based—offers many advantages to encouraging more
rational allocation of time and resources to critical areas of public health,
including sleep and its disorders (Reynolds et al., 1995). This could be critical to a new integrative approach to teaching and learning about somnology
and sleep disorders for the rest of the medical curriculum.
Recommendation 5.2: Academic health centers should integrate the
teaching of somnology and sleep medicine into baccalaureate and
doctoral health sciences programs, as well as residency and fellowship training and continuing professional development programs.
The subjects of sleep loss and sleep disorders should be included in
the curricula of relevant baccalaureate and graduate educational
and research programs of all the health sciences. Similarly, postgraduate, residency, and fellowship training programs, as well as
continuing professional development programs, must include this
content. The curriculum should expose students in the fields of
medicine and allied health fields to the etiology, pathophysiology,
diagnosis, treatment, prevention, and public health burden of sleep
loss and sleep disorders. Relevant accrediting bodies and licensing
boards ought to define sleep-related curriculum requirements and
expectations for knowledge and competency (e.g., Liaison Committee on Medical Education, Accreditation Council for Graduate
Medical Education, American Board of Medical Specialties, the
National League for Nursing, the Commission on Collegiate Nursing Education, and the Council on Education for Public Health).
Further, a means for credentialing nonphysicians should be maintained by the American Board of Sleep Medicine, or new mechanisms should be developed by relevant organizations.
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DATA SYSTEMS FOR SURVEYING SLEEP
AND SLEEP DISORDERS
Adequate public health education not only requires informing public
and health care practitioners, but also adequate monitoring of the public health burden. The development of adequate surveillance and monitoring systems is important for informing policy makers, health care providers, researchers, and the public about the effectiveness of health care services, programs, and policies. However, there is currently very little
ongoing nationwide surveillance. A number of existing national and statewide databases that can be used for surveillance and monitoring of disease
burden in the United States population are available. The CDC manages
and coordinates many of the large national surveys. Two of these databases, the National Health and Nutrition Examination Survey (NHANES)
and the National Health Interview Survey (NHIS), have readily available
information relevant to chronic sleep patterns and sleep disorders. Other
data systems would need to add new components that incorporate sleeprelated measures to be of use to researchers in the field. However, not only
is it important for new criteria to be added to surveillance and monitoring systems, but researchers must also be encouraged to make use of these
datasets.
National Center for Health Statistics
The National Center for Health Statistics (NCHS) is one of the centers
of the CDC, and its primary goal is to monitor health trends throughout the
nation and to guide actions and policies to improve the health of Americans. The NCHS has permanent surveillance systems of health and disease
outcomes (e.g., vital statistics); it also conducts permanently ongoing nationwide studies and surveys. In addition, it conducts special studies as need
arises (e.g., supplemental components to national surveys on a limited time
basis). As described below, data relevant to sleep research are currently
available from some of these systems, but the possibility of additional data
collection to fill current knowledge gaps should be carefully considered.
There are a number of major health statistics sources in the United
States, stratified according to the local, state, and national nature of their
frame. Some sources are purely national (e.g., NHANES, the National
Health Care Survey, and the Medical Expenditure Panel Survey); others are
state (e.g., Behavioral Risk Factor Surveillance System, the State and Local
Area Integrated Telephone Survey) or local (e.g., the National Immunization Survey); yet, the frame for other sources span across all levels of government (e.g., vital statistics, Medicare, and Medicaid).
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National Health and Nutrition Examination Survey (NHANES)
Since 1959, a series of health examination surveys of the United States
population have been conducted by the CDC and the NCHS. NHANES
protocol is designed to monitor the health and nutritional status of Americans. In 1999 NHANES was changed from a periodic survey to an annual
survey with public data files released in 2-year periods to protect confidentiality and increase statistical reliability. As in previous national health examination surveys, participants are interviewed in their homes followed by
a complete health examination, part of which includes biological specimen
collection. The examinations are conducted in a mobile examination center. Each mobile examination center consists of four interconnected specially designed trailers, which house biomedical equipment and laboratory
capabilities. An examination team composed of 16 specially trained health
professionals and support staff, including a licensed dentist, physician, interviewers, health technicians, and an x-ray technician, operates each mobile examination center.
NHANES monitors the prevalence of diseases and risk factors, nutritional habits and anthropometry status, growth and development, and environmental exposures. Because of its cyclical nature, in addition to its core
components, NHANES temporarily adds components (either additional
questionnaires or exam procedures). Starting in 2005, and scheduled to end
in 2008, a sleep section was added to the household questionnaire. This
was done with cosponsorship from the NHLBI and targeted participants in
the survey older than 16 years. The NHANES sleep questionnaire is based
on instruments previously used in epidemiological studies and includes questions on sleep habits as well as questions on functional outcomes of sleep
disorders (Table 5-2).
National Health Interview Survey
The NHIS is the core survey of the Department of Health and Human
Services, and since its establishment in 1957 it has been the principal source
of information on the health of the civilian noninstitutionalized population
of the United States (excluding patients in long-term care facilities, Armed
Forces personnel on active duty, and U.S. nationals living abroad). Its main
objective is to monitor the health of the U.S. population through the collection and analysis of data on a broad range of health topics. It is designed as
a cross-sectional household interview continuously running throughout each
year. The current sampling plan was redesigned in 1995, and it is based on
a multistage area probability sample that permits the selection of a nationwide representative sample of households on a weekly basis. Approximately
43,000 households (including about 106,000 persons) are successfully re-
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TABLE 5-2 NHANES Sleep Questionnaire, 2005–2008
How often do you experience:
Trouble falling asleep
Wake up during night/difficulty getting back to sleep
Wake up too early/difficulty getting back to sleep
Feel unrested during the day
Feel excessively sleepy during the day
Do not get enough sleep
Take sleeping pills
Nasal stuffiness, etc., at night
Leg cramps and leg jerks
Have you ever been told you have a sleep disorder?
What sleep disorder?
Sleep apnea?
Insomnia?
Restless legs syndrome?
Have you ever snored?
How long does it take for you to fall asleep?
Do you have difficulty carrying out following activities because you are too tired or sleepy:
Concentrating
Remembering
Working on a hobby
Performing employed or volunteer work
Operating a motor vehicle

cruited each year. Since 1995, both African American and Hispanic persons
are oversampled, and samples are drawn for each state.
The core content of the survey questionnaire (the “basic module”) remains largely unchanged from year to year, thus allowing for trend analyses
and for data from more than 1 year to be pooled to increase sample size for
analytical purposes. However, survey content is updated every 10 to 15
years. The latest significant revision was put in place in 1997. It includes the
Family Core, the Sample Adult Core, and the Sample Child Core. The Family Core includes information on household composition, sociodemographic
characteristics, information for matches to administrative databases, and
basic indicators of health status and utilization of health care services; it is
the sampling frame for additional integrated surveys such as the Medical
Expenditure Panel Survey (see below). From each family, one sample adult
and one sample child (if any) are randomly selected and given the corresponding core interviews that cover the individual’s health status, disability, health behaviors, use of health care services, and immunizations. In
addition to the Basic Module, the NHIS includes a Periodic Module and a
Topical Module that contain supplemental sections to respond to new public health data needs as they arise.
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The NHIS has only one question related to sleep: “On average how
many hours of sleep do you get a night (24-hour period)?”. This question
was included in the supplemental surveys administered in 1977, 1985, and
1990, and was added to the core survey in 2004. Based on these data, the
percentage of adults who reported sleeping 6 hours or less jumped from
approximately 20 percent of the population in 1985 (Schoenborn, 1986) to
25 percent in 2004 (National Center for Health Statistics, National Health
Interview Survey, 2004) across all age groups.
One important feature of the NHIS is its use as a sampling frame for
other national surveys such as the National Survey of Family Growth and
the Medical Expenditure Panel Survey. Because of its relevance for this report, the latter is described in more detail below.
Vital Statistics and the National Death Index
Vital statistics include data on all births and deaths. The latter are based
on information contained in the death certificate and include identifying
information (name and social security number), demographic data, and data
on underlying and contributing causes of death. NCHS’s National Death
Index is a resource available to investigators seeking information surrounding the death of individual participants in prospective cohort studies. This is
useful for investigators exploring the association between sleep disorders
identified in study participants and risk of mortality from certain causes
(e.g., cardiovascular, disease, hypertension, depressive disorders, and injuries). It also provides the opportunity to conduct aggregate analyses of distribution and trends of mortality directly attributable to sleep problems.
National Health Care Survey
The National Health Care Survey is a collection of health care provider
surveys that obtains information about the facilities that supply health care,
the services rendered, and the characteristics of the patients served (Table
5-3). Each survey is based on a multistage sampling design that includes
health care facilities or providers and patient records. Data are collected
directly from the establishments and/or their records, rather than from the
patients. The participating surveys identify health care events—such as hospitalizations, surgeries, and long-term stays—and offer the most accurate
and detailed data on diagnosis and treatment, as well as on the characteristics of the institutions. These data are used by policy makers, planners,
researchers, and others in the health community to monitor changes in the
use of health care resources, to monitor specific diseases, and to examine
the impact of new medical technologies, to mention a few.
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TABLE 5-3 Surveys Included in the National Health Care Survey’s
System
National Ambulatory Medical Care Survey
National Employer Health Insurance Survey
National Health Provider Inventory
National Home and Hospice Care Survey
National Hospital Ambulatory Medical Care Survey
National Hospital Discharge Survey
National Nursing Home Survey
National Survey of Ambulatory Surgery

Two of the participating surveys are of particular relevance for the study
of health care resources utilization in relation to sleep disorders: the National Ambulatory Medical Care Survey and the National Hospital Discharge Survey.
The National Ambulatory Medical Care Survey
The National Ambulatory Medical Care Survey, which has been conducted annually since 1989, is a national survey designed to meet the need
for objective, reliable information about the provision and use of ambulatory medical care services in the United States. Findings are based on a
sample of visits to non-federally employed office-based physicians who are
primarily engaged in direct patient care. Specially trained interviewers visit
the physicians prior to their participation in the survey in order to provide
them with survey materials and instruct them on how to complete the forms.
Data collection from the physician, rather than from the patient, provides
an analytic base that expands information on ambulatory care collected
through other NCHS surveys. Each physician is randomly assigned to a
1-week reporting period. During this period, data for a systematic random
sample of visits are recorded by the physician or office staff on an encounter
form provided for that purpose. Data are obtained on patients’ symptoms,
physicians’ diagnoses, and medications ordered or provided. The survey
also provides statistics on the demographic characteristics of patients and
services provided, including information on diagnostic procedures, patient
management, and planned future treatment.
The National Hospital Discharge Survey
The National Hospital Discharge Survey (NHDS), which has been conducted annually since 1965, is a national probability survey designed to
provide information on characteristics of inpatients discharged from non-
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federal short-stay hospitals in the United States. The NHDS collects data
from a sample of approximately 270,000 inpatient records acquired from a
national sample of about 500 hospitals. Only hospitals with an average
length of stay of fewer than 30 days for all patients, general hospitals, or
children’s general hospitals are included in the survey. However, the NHDS
excludes data from a number of hospitals, including federal, military, and
Veterans Affairs (VA) hospitals; hospital units of institutions (such as prison
hospitals); and hospitals with fewer than six beds staffed for patient use.
The data includes information related to the personal characteristics of the
patient—age, sex, race, ethnicity, marital status, expected sources of payment, and diagnoses and procedures coded to the International Classification of Diseases, 9th Revision, Clinical Modification. It also includes administrative items such as admission and discharge dates (which allow
calculation of length of stay). Annually, data from the NHDS are made
available to the public. As an example of the amount of data available in
this survey, the estimated number of all listed sleep disorders diagnoses in
NHDS in 2003 was 322,000. Although the NHDS excludes information
obtained through VA hospitals, there is a similar database provided by the
VA that has been used to examine the association of psychiatric disorders
and sleep apnea (Sharafkhaneh et al., 2005).
Data from these surveys could be used to monitor prevalence of complaints related to sleep disorders; trends in sleep-related diagnosis and services; characteristics of patients, characteristics of health care providers; use
of medical technology and how use differs according to region or patients’
access to care; emergence of alternative care sites; and medication use in
ambulatory care settings.
Behavioral Risk Factor Surveillance System
Funded by CDC, the Behavioral Risk Factor Surveillance System complements the NCHS national surveys by providing state-specific data on
prevalence of the major behavioral risks among adults associated with premature morbidity and mortality. The main objective is to collect data on
actual behaviors, rather than on attitudes or knowledge, that would be
especially useful for planning, initiating, supporting, and evaluating health
promotion and disease prevention programs at the state and local levels.
The Behavioral Risk Factor Surveillance System is an annual telephone
survey (based on random digit dialing) in each participating state. The telephone surveys methodology was chosen not only because of cost advantages but also because telephone surveys were considered especially desirable at the state and local level, where the necessary expertise and resources
for conducting area probability sampling for in-person household interviews were not likely to be available.
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The survey started in 1984 with 15 participating states. By 1994, all
states, the District of Columbia, and three territories were participating.
Although the survey was designed to collect state-level data, a number of
states from the outset stratified their samples to allow them to estimate
prevalence for regions within their respective states. The CDC developed a
standard core questionnaire for states to use to provide data that could be
compared across states.
The emergence of telemarketing and increasing use of mobile phones
and automatic answering systems resulted in dwindling response rates over
the last few years. However it remains as the only state-specific source of
health-related data nationwide. There are currently no sleep-related questions in Behavioral Risk Factor Surveillance System.
Medical Expenditure Panel Survey
Funded by the Agency for Healthcare Research and Quality, the Medical Expenditure Panel Survey is a national probability survey designed to
continually provide policy makers, health care administrators, businesses,
and others with timely, comprehensive information about health care use
and costs in the United States, and to improve the accuracy of their
economic projections. The survey began in 1977 and comprises three component surveys: the Household Component, the Medical Provider Component, and the Insurance Component. The Household Component provides
a variety of measures of health status, health insurance coverage, health
care use and expenditures, and sources of payment for health services. The
Medical Provider Component covers hospitals, physicians, and home
health care providers and is meant to estimate the expenses of people enrolled in health maintenance organizations and other types of managed
care plans. Finally the Insurance Component is used to analyze the behavior and choices made with respect to health care use and spending, as well
as the amount, types, and costs of health insurance available to Americans
through their workplace.
Medicare Current Beneficiary Survey
Funded by Centers for Medicare and Medicaid Services, the Medicare
Current Beneficiary Survey is a continuous, multipurpose survey of a nationally representative sample of aged, disabled, and institutionalized Medicare beneficiaries. The Medicare Current Beneficiary Survey is the only comprehensive source of information on the health status, health care use and
expenditures, health insurance coverage, and socioeconomic and demographic characteristics of the entire spectrum of Medicare beneficiaries. The
purpose of the survey is to determine expenditures and sources of payment
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for all services used by Medicare beneficiaries; to establish all types of health
insurance coverage and relate coverage to sources of payment; and to trace
changes over time, such as health status, and the impacts of programmatic
changes. It includes survey data on measures of health status and access to
care that are linked to the physicians and hospital claims data. The survey
was initiated in 1991 and is designed to support both cross-sectional and
longitudinal analysis. Data are collected through interviews that take place
over 4-month intervals. Each interview includes questions regarding the
household composition; an accounting of the individual’s health insurance
coverage; a review of an individual’s health care utilization in the period
since the last interview; details about each type of service, provider characteristics, and medicines prescribed; and a detailed account of charges and
payments associated with these health care events. The interview data are
linked to Medicare claims.
Youth Risk and Behavior Survey
The Youth Risk Behavior Surveillance System includes national, state,
and local school-based surveys of representative samples of 9th- through
12th-grade students (National Center for Chronic Disease Prevention and
Health Promotion, 2005). These surveys are conducted every 2 years,
usually during the spring semester. The national survey, conducted by CDC,
provides data representative of high school students in public and private
schools in the United States. The state and local surveys, conducted by departments of health and education, provide data representative of the state
or local school district. The Risk Behavior Surveillance System was developed in 1990 to monitor priority health risk behaviors that contribute markedly to the leading causes of death, disability, and social problems among
youth and adults in the United States. These behaviors, often established
during childhood and early adolescence, include: tobacco use, dietary behaviors, physical activity, alcohol and other drug use, sexual behaviors, and
behaviors that contribute to unintentional injuries and violence. Despite the
importance of sleep deprivation and other sleep disorders in young adolescents (see Chapter 3), no questions on sleep and sleep behaviors have ever
been included in the survey.
Process for Inclusion of New Components in Surveys
One impediment for the addition of greater sleep-related content in
surveillance and monitoring instruments is the process required to have
new components added. In addition to a high standard of scientific merit,
inclusion of new components also often requires specific sponsorship. The
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following is a description of the criteria for adding components or questions to NHANES. Other surveys and monitoring instruments have similar
requirements.
Criteria for Adding Components to NHANES
Criteria for adding components or questions to NHANES and the NHIS
are based on scientific merit, public health importance, costs, sponsorship,
lead time, feasibility and logistics in the context of the rest of the survey
components, priority ranking in relation to competing components, and
survey burden.
NHANES runs in 2-year cycles and is governed by an internal committee
formed by NCHS leadership, epidemiologists, statisticians, and physicians.
Every 2 years, this committee requests proposals for adding components to
the upcoming 2-year cycle, including both questionnaire components and
mobile examination center exams. Proposals are received through a competitive bidding process and are expected to include detailed rationale for
the public health relevance of the proposal, eligibility criteria (e.g., age,
gender eligibility), detailed estimates of costs, personnel needs, amount of
time required to do the exam, needs for laboratory or other type of equipment, statistical power estimates, quality assurance/quality control procedures, and the availability of external funds to subsidize the additional component. The committee then makes a preliminary determination as to its
suitability before it reviews the proposal. Proposals under consideration are
then examined by a team of NCHS personnel and proponents to carefully
study and work out all the details and logistics of the implementation of the
new exam.
New components to the exam are typically introduced for a single 2year cycle, sometimes for multiple cycles (e.g., the sleep questionnaire is
introduced for two cycles from 2005 to 2008). Eventually components are
rotated off when sufficient data and sample size are acquired; some exams
may be rescheduled at a later date in order to monitor changes and trends
overtime. Other NCHS surveys follow similar procedures for review of
added components with a few differences.
Both public and private organizations are eligible to propose new components to add to the NHANES and other NCHS surveys. Federal, state, or
local government agencies can provide funds to the NCHS to cofinance the
costs of the proposed additions. For example, the sleep questions on
NHANES are sponsored by the NHLBI. Nonprofit organizations and private companies can also make proposals but cannot provide funds to the
NCHS; cosponsorship from private industry, however, can occur through
money deposited in the CDC foundation.
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Recommendation 5.3: The Centers for Disease Control and Prevention and National Center on Sleep Disorders Research should
support additional surveillance and monitoring of sleep patterns
and sleep disorders.
The Centers for Disease Control and Prevention, working with the
National Center on Sleep Disorders Research, should support the
development and expansion of adequate surveillance and monitoring instruments designed to examine the American population’s
sleep patterns and the prevalence and health outcomes associated
with sleep disorders.
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6
Ensuring Adequate Diagnosis and
Treatment: Access, Capacity, and
Technology Development

CHAPTER SUMMARY Millions of individuals suffering from
sleep disorders remain undiagnosed and untreated. Most American
communities do not have adequate health care resources to meet
the clinical demands. Further, the current diagnostic and therapeutic capacity is not sufficient for the present demand, let alone the
predicted increase in demand arising from the proposed public education campaign. Thus, additional technology development is required. Based on estimates of the prevalence of sleep disorders,
millions of individuals are undiagnosed and untreated. As awareness increases, greater investment in the development and validation of new diagnostic and therapeutic technologies will be required
to meet the anticipated demand. Numerous technological advances
have enhanced the feasibility of portable diagnosis and treatment,
but they have not been fully evaluated and validated. Therefore,
the committee urges the evaluation and validation of existing diagnostic and therapeutic technologies, as well as the development of
new technologies.
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Increased awareness among the general public and health care practitioners will present numerous challenges to existing health care providers
and researchers who are already stretched too thin. Therefore, as described
in the following sections, development and improved capacity through technology development is required.
An increased recognition of sleep disorders has resulted in an increase
in demand. In a 3-year period over the late 1990s, demand for a sleep test
doubled in the United States (Pack and Gurubhagavatula, 1999). In France
the number of patients diagnosed and receiving continuous positive airway
pressure (CPAP) treatment is annually increasing by 20 percent (Gagnadoux
et al., 2002). Demand has been accompanied by improved patient access to
physicians and other clinicians trained in sleep medicine and to facilities
where clinical sleep tests, polysomnograms, can be performed. There are
currently an estimated 1,292 sleep centers or laboratories in the United
States, 39 percent of which were accredited by the American Academy of
Sleep Medicine (AASM) (Tachibana et al., 2005). However, resources have
not kept up with demand. For example, 80 to 90 percent of obstructive
sleep apnea (OSA) cases remain undiagnosed and untreated, which increases
the burden of this disorder (Kapur et al., 2002). Narcolepsy, too, is infrequently detected (Singh et al., 2005), but precise rates of under diagnosis
are not available because this condition is less common. Similarly, there is
poor recognition and treatment of insomnia (Benca, 2005), as well as poor
communication between patient and physician. Thus, even with a growth
in resources, this issue is of significant importance to the millions of individuals suffering from sleep disorders.
DEVELOPING PORTABLE DIAGNOSTIC TOOLS
Polysomnography, the “gold standard” procedure for the diagnosis of
most sleep disorders, is not readily available for everyone who needs it.
These procedures employ simultaneous monitoring of numerous physiological parameters including brain wave activity, eye movements, muscle activity (chin and legs), heart rate, body position, and respiratory variables, including oxygen saturation. The test is typically performed overnight in a
sleep laboratory with a technician in attendance, requiring an individual to
sleep in the laboratory. Thus, this procedure necessitates facilities that accommodate overnight testing (beds and monitoring areas), highly sophisticated equipment, trained staff who are willing to work night shifts, and
physicians trained in sleep medicine.
Although there may currently be cost-effective ways to manage sleep
disorder, the capacity does not currently exist to diagnose and treat all
individuals. Most American communities do not have adequate health care
resources to meet the clinical demands of treating the large number of
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patients with sleep disorders (Banno and Kryger, 2004; Tachibana et al.,
2005). In many health care systems and communities, waiting lists may be
as long as 10 weeks (Rodsutti et al., 2004), with even longer waiting times
in certain systems such as Veterans Affairs Medical Centers (Sharafkhaneh
et al., 2004). Although this is not a problem that is unique to the field, long
wait lists cause significant delays in diagnosing and treating individuals
(Banno and Kryger, 2004). This is of particular concern for individuals with
sleep disorders that lead to increased chance of injury. For example,
undiagnosed severe OSA can lead to death or serious harm of self or others
due to crashes (George, 2001). Further, long wait times contribute to high
no-show rates that in turn increases the length of the wait-lists (Callahan
and Redmon, 1987; Olivares, 1990). This also may decrease market share
(Christl, 1973; Antle and Reid, 1988). It has been estimated that sleep apnea
alone, a diagnosis that necessitates polysomnography to meet current
criteria set out by third-party payers, annually requires at least 2,310
polysomnograms per 100,000 population to address the demand for diagnosis and treatment (Flemons et al., 2004). However, on average, only 427
polysomnograms per 100,000 population are performed each year in the
United States, a level far below the need. In fact, 32 states annually perform
less than 500 polysomnograms (Tachibana et al., 2005). Only Maryland
annually performs more than 1,000. This large geographic variability in
levels of sleep services is not explained by Medicare reimbursement rates,
race, or distribution of OSA risk factors in these areas (Tachibana et al.,
2005). Further, such geographical variability suggests the need for more
standardized approaches for diagnosis and disease management.
Limitations in providing overnight diagnostic sleep laboratory services
are attributed to a number of factors. Direct costs associated with having a
polysomnogram performed (Chapter 4) are high. In addition, there are high
expenses to sleep laboratories, including costs related to the initial investment in equipment (hardware and software) and information technology
needed to manage large amounts of digital data. There are considerable
personnel costs related to dedicating one to two trained technicians to each
patient for a 10- to 12-hour period (for orientation, hookup, and minuteby-minute monitoring) and for scoring of studies (2 to 3 hours per study),
overhead for space (which traditionally has used in-patient hospital space
and more recently has used space in upscale hotels that contract with health
care organizations to provide rooms or floors that serve as “communitybased sleep laboratories”), and costs related to consumable supplies used
for monitoring. Most insurers require sleep laboratories to be supervised by
physicians or other clinicians certified by the American Academy of Sleep
Medicine. In addition, many patients are reluctant to undergo somewhat
intrusive monitoring and to spend one or more nights away from home.
The latter is of special concern to individuals with home care (of their chil-
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dren or parents) responsibilities. These factors have contributed to an interest in developing portable, and perhaps simpler, less costly and less intrusive devices that can be used in a patient’s own home, with the goals of
improving access and decreasing the cost of sleep studies.
The Potential of Developing Portable Sleep Monitoring
Numerous technological advances have enhanced the feasibility of portable monitoring. These include miniaturization of recording components,
efficiencies of digital data storage, remote monitoring capabilities (allowing
centrally based technicians to monitor signals at home via wireless or modem communications), and development of new physiological sensors. Advances have been such that essentially the same data that are collected using
full polysomnography in the laboratory can be collected in the home with
monitors that weigh less than 300 grams. Large-scale epidemiological studies have demonstrated the feasibility of such multichannel recordings done
in children and in middle-aged and elderly individuals (Goodwin et al.,
2003; Redline et al., 1998). Recent experience in a community sample of
almost 3,000 older men, a large percentage of whom had OSA and periodic
limb movements, indicates that this approach can yield high quality data in
97 percent of studies performed (personal communication, S. Redline, Case
Western Reserve University School of Medicine, December 15, 2005). The
improvement in the high quality of data in this study compared to previous
studies is largely due to technological advances. A study comparing the
quality of data obtained from an in-home to an in-laboratory study demonstrates comparable quality and evidence of slightly less stage 1 sleep (i.e.,
lighter sleep) in the home, suggesting that patients may sleep better and
have more representative sleep at home (Iber et al., 2004). The apneahypopnea index (AHI) determined using the two methods were highly correlated; however, a Bland Altman plot showed that at lower AHIs, the AHI
tended to be lower in the laboratory than at home, and at higher AHIs, the
AHI was higher in the laboratory than home. The latter phenomenon was
thought to relate to positional differences in apnea severity, with severely
affected patients probably spending more time on their back when sleeping
in the typical hospital bed than when studied at home. However, although
recent studies suggest low failure rates, there may be significant differences
in the failure rates of unattended monitoring in less controlled settings.
Thus examination of the efficacy of such technologies should be performed
in less controlled settings, as may occur in clinical practice.
Despite the promise of this technology, such comprehensive monitoring, even at home, is probably as burdensome to patients as when performed in the laboratory, requires a technician to travel to the patient’s
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home to set up and retrieve the units, and has a higher failure rate due to all
the vagaries of using many sensors in an unattended manner. Failure rates
between 5 to 20 percent have been reported for ambulatory diagnostic
devices (Redline et al., 1998; Whitney et al., 1998; Fry et al., 1998; Mykytyn
et al., 1999; Portier et al., 2000); however, since these reports were released
there have been many technological improvements. A formal cost-benefit
analysis of 12 to 14 multichannel in-home monitoring compared to inlaboratory monitoring has not been performed. Thus, there is interest in use
of simpler technology with sufficient predictive value to be used in decision
making.
Technological advances also have led to the incorporation and packaging of various groups of sensors, many novel, designed to provide simpler
means for quantifying airflow limitation or breathing effort, oxygen desaturation, snoring sounds, movement, heart rate, blood pressure, and vascular tone variability.
Several of these devices are designed to primarily provide estimates of
sleep and wake time over 24-hour periods, such as wrist actigraphs (i.e., a
movement detector coupled with software that uses movement patterns to
provide estimated sleep and wake times) (Ancoli-Israel et al., 1997). These
are used more often in research than in clinical settings, although clinically
they have been used to enhance evaluation of sleep-wake disorders. These
devices provide estimates of sleep time that correlate moderately well to
polysomnography-based estimates; however, in certain high-risk subgroups,
such as children with attention-deficit/hyperactivity disorder or sleep apnea, they may perform less well (Bader et al., 2003).
A detailed review of different ambulatory technologies for sleep apnea
measurement was recently performed (Flemons et al., 2003; Tice, 2005). Most
devices have been designed to screen or diagnose sleep apnea. Several novel
portable devices that have been informed by a growing knowledge of physiological correlates of sleep apnea have been developed. A recent review by the
AASM has identified the utility of measuring nasal pressure from a sensor
placed in the outer nares, which accurately detects airflow limitation (Krieger
et al., 2002), the sine qua non of OSA. Several devices combine this sensor
with sensors that measure oxygen saturation, snoring, and other sleep apnea
correlates. For example, a relatively simple device has been designed to measure nasal pressure, oximetry, head movement, and snoring with a head band
containing these sensors that is placed around the forehead and can be selfapplied without glue or skin preparation (Westbrook et al., 2005). The AHI
derived using an early version of this device tested in both in-home and inlaboratory settings in a large sample showed sensitivities of 92 to 98 percent
and specificities of 86 to 100 percent for identification of sleep apnea. An
advantage of such technology includes its potential to easily measure sleep
over two or more nights (enhancing reliability) and its potential reduced cost
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(estimated at 30 to 50 percent of that of in-laboratory polysomnography).
There has also been great interest in the use of completely novel sensors that
have not been traditionally used in the sleep laboratory, but which are based
on growing interests in the autonomic sequelae of sleep apnea. One such
device measures peripheral artery tone from a sensor placed on the finger and
has been shown to provide estimates of vascular flow, a measure that reflects
variations in breathing and sleep-related arousals (Lavie et al., 2000). One
wrist-worn device that uses this sensor in combination with sensors measuring oxygen saturation, heart rate, and movement has shown promising utility
for sleep apnea detection. Preliminary data from one study showed a 95 percent sensitivity and 100 percent specificity (Pittman et al., 2004). Other studies
have also supported this approach (Ayas et al., 2003), including results from
a study of almost 100 individuals (Zou et al., 2006). Another exciting advance
is the development of oximeters that are relatively resistant to movement
artifact, thus improving the accuracy of such data in unattended settings
(Barker, 2002).
CHALLENGES TO DEVELOPING AMBULATORY TECHNOLOGIES
Despite the promise of this technology, use of portable monitoring for
diagnosis or management of sleep disorders has not yet been endorsed by
any professional organization. Dozens of studies have been conducted that
evaluate different aspects of technology use (ranging from evaluation of the
accuracy of individual sensors to use in epidemiological studies to use in
case identification); however, very few studies have met rigorous criteria for
endorsement of a new diagnostic test, including comparison to a reference
standard, blinded assessments, and use of large samples (Tice, 2005). Although development and evaluation of new and improved sleep monitors
are much needed, the industry has failed to invest in conducting such rigorous studies. The National Institutes of Health (NIH) has invested in such
assessments mostly through Small Business Innovation Research (SBIR)
grants; however, between 2002 to 2005, only 17 SBIR grants were awarded
to develop and evaluate new sleep technology, and many of these studies
were designed to test feasibility (phase I) rather than efficacy.
There are several challenges to technology development and evaluation
that may be fairly specific to sleep medicine. Challenges relate to the underlying uncertainty over: (1) which physiological signals best capture the
stresses associated with sleep apnea and thus would most optimally identify
patients who are either at increased risk for sleep apnea-related morbidity
or who are most likely to require and respond to therapy; and (2) what
threshold values, if any, for quantitative data derived from physiological
monitoring best identify patients at risk or likely to respond to therapy. The
collection of 12 or more channels of physiological data on sleep architec-
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ture, cardiovascular responses, and disordered breathing potentially provides the clinician a comprehensive panel of data from which to make treatment decisions. The influences of reducing this panel of data on clinical
decisions and short- and long-term disease management are unclear. Emerging data suggest that different sleep apnea-related outcomes may be differentially predicted by alternative indexes of physiological stress captured by
polysomnography. One recent cross-sectional study, for example, showed
that while indexes of overnight hypoxemia were most strongly associated
with glucose impairment, the arousal index best predicted hypertension
(Sulit et al., 2006). Thus, monitors that selectively record one set of physiological disturbances may be well suited for predicting some, but not all
outcomes. Threshold values may also differ according to the physiological
outcome of interest. For example, data from the Sleep Heart Health Study
suggest that an increased prevalence of hypertension may be observed at a
threshold AHI that is higher than the threshold associated with other cardiovascular manifestations (Nieto et al., 2000; Shahar et al., 2001). Such
uncertainties hamper technological efforts at choosing sensor “packages”
that are most clinically relevant and evaluation procedures that require clear
consensus over affection status to determine sensitivity and specificity.
Implicit in the challenges noted above are the very limited available
data that address the clinical utility of the most commonly considered reference standard of polysomnography, coupled with current practice that
focuses on specific numbers obtained from this test to make specific diagnoses. However, the latter practice is actually not well supported by
evidence, and there is much debate over which threshold levels define
“disease” and what combinations of data should be used to construct each
metric (Ryan et al., 1988; Redline and Sanders, 1999). Little available
research has evaluated the specific contribution of polysomnography over
information obtained by other clinical assessments, including history and
examination. As mentioned, although multiple physiological variables are
captured, there is no clear consensus on how these data are most optimally
combined for case identification or for disease assessment. Historically, the
field (including third-party insurers) have used a single metric such as the
AHI for defining sleep apnea, or the periodic limb movement index (PLMI)
for periodic limb movement disorder, defining disease by using a single
cutoff value for each (e.g., AHI greater than 5 for sleep apnea or PLMI
greater than 5 for periodic limb movement disorder). However, this approach, which emphasizes the centrality of a single number—and which is
known to vary from night to night (Quan et al., 2002)—differs from that in
other fields where data from physiological tests are used as one of many
indices to gauge disease severity and to follow treatment responses, but are
not used as the sole diagnostic instrument. For example, asthma, a common
chronic inflammatory disease of the airways, is diagnosed predominantly
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using a careful history; lung function tests are used to gauge disease severity
and treatment responses and sometimes to help differentiate asthma from
other respiratory conditions. The issues that plague equipment development and laboratory access in the sleep laboratory have not impeded the
development of lung function laboratories. Rather, the development and
accreditation of lung function laboratories and lung function equipment
(including portable spirometers) are based on collecting reproducible data
that meet physiological criteria for accuracy, independent of the role of
such equipment as tools evaluated on their ability to independently classify
disease status. It is recognized that the latter requires consideration of multiple factors, including symptoms, level of impairment, response to allergic
and irritant triggers, and often empiric responses to therapeutic trials.
Other challenges relate to designing studies that specifically address
a number of distinct potential applications of portable sleep monitoring. These include screening—which is often population-based, and
intended to detect cases independent of symptoms; clinical case definition—
identification of cases among patients referred because of health concerns;
disease management in which sleep monitoring provides quantitative data
on progression or regression of disease severity; and epidemiological studies—in which sleep monitoring is used to provide a quantitative assessment
of a physiological exposure or outcome. It is important that any given
evaluation study of new technologies be designed to address a specific question or related series of questions.
Scoring and Processing of Sleep Studies
Current scoring approaches use a system of epoch by epoch scoring (30
seconds per epoch) developed over 40 years ago when polysomnography used
only paper-based systems based on analog data. This approach is recognized
to be both labor-intensive and time-consuming. Further, reliance on human
scorers using visual pattern recognition requires intensive and ongoing training to achieve high reliability (Whitney et al., 1998), which may be lower
than that potentially attained by automated methods (which also have their
limitations). Visual scoring also may not maximally utilize the spectral components of the electrophysiological data, which may provide useful information on sleep architecture. Furthermore, there is a shortage of trained sleep
technicians. Currently there are only 2,198 certified technicians to monitor
and score sleep tests, far below the need (Association of Polysomnographic
Technologists, 1999). Recognizing these issues, the AASM convened a task
force in 2004 to reassess current scoring approaches, critically evaluate both
sensors and scoring algorithms, and update scoring approaches as appropriate
to include digital analysis of electrophysiological data. This report, scheduled
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for release in 2006, should provide important advances for the diagnosis of
chronic sleep loss and sleep disorders.
Summary of Formal Evaluation Reviews
Three recent in-depth reviews have been performed to examine the
effectiveness of portable monitoring devices (Ross et al., 2000; ATS, 2004;
Tice, 2005). As described above, these reports were largely aimed at evaluating the literature regarding the accuracy of clinical diagnosis relative to
reference in lab polysomnography, with some attempt at also evaluating
the literature relative to cost-effectiveness and clinical prediction. In 1998,
the Agency for Healthcare Research and Quality performed a literature
review and meta-analysis on studies of portable monitoring for OSA.
The review concluded that at the time there was insufficient evidence to
make firm recommendations for use of portable monitoring for the diagnosis of sleep apnea (Ross et al., 2000).
An executive summary on the systematic review and practice parameters for portable monitoring in the investigation of suspected sleep apnea
in adults was published in 2004 by an evidence review committee consisting
of members from the American Thoracic Society, the American College of
Chest Physicians, and the American Academy of Sleep Medicine (ATS, 2004;
Flemons and Littner, 2003). In that summary, the following recommendations were made:
• Given the available data, the use of portable device was not recommended for general screening.
• The use of portable devices was not recommended in patients with
comorbid conditions or secondary sleep complaints.
• The use of portable devices should require review of raw data by
trained sleep specialists.
The review committee also recognized the need for further development of portable devices and suggested several goals for future research. It
was found that most studies on portable monitoring were performed primarily on white males with OSA who had few comorbidities. The evidence
review committee recommended that future studies should include more
diverse populations, other than patients with sleep apnea, that are not subject to selection bias. Additional recommendations were that future studies
should address clinical predictive algorithms in combination with portable
monitoring in the diagnosis of sleep apnea, and study design should assess
the cost-effectiveness and outcomes associated with different diagnostic and
management strategies.
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The California Technology Assessment Forum most recently evaluated
the evidence that supported use of ambulatory devices over in-laboratory
procedures for the purposes of diagnosing sleep apnea (Tice, 2005). The
following five technology assessment criteria were identified:
• The technology must have final approval from government regulatory bodies.
• The scientific evidence must permit conclusions concerning the effectiveness of the technology regarding health outcomes.
• The technology must improve health outcomes.
• The technical must be as beneficial as any established alternatives.
• The technology must be attainable outside of the investigational setting.
They determined that only the first two criteria had been met, but the
last three were not. This review also identified the paucity of data regarding
the “reference standard” (laboratory polysomnography) as improving
health outcomes and suggested that a therapeutic trial of CPAP therapy
may be a more efficient and clinically relevant approach than use of either
in-home or in-laboratory sleep monitoring.
Evaluating Daytime Sleepiness
There is also a need to improve diagnostic procedures aiming at the
quantification of excessive daytime sleepiness and the diagnosis of narcolepsy and hypersomnia. The current gold standard is the clinical Multiple
Sleep Latency Test (MSLT), conducted after nocturnal polysomnography is
performed (Littner et al., 2005). Sleepiness is considered consistent with
hypersomnia or narcolepsy when a mean sleep latency less or equal to 8
minutes is observed (AASM, 2005). The observation of multiple sleep onset
rapid eye movement (REM) periods (SOREMPs) during five naps is considered diagnostic for narcolepsy (see Chapter 3). Problematically however,
the MSLT is sensitive to sleep deprivation and sleep-disordered breathing;
thus, the test is often difficult to interpret. Population-based studies with
the experimental MSLT, a modified version of the MSLT where mean sleep
latency, but not SOREMP are measured, suggest that a large portion of the
population has a short sleep latency (Kim and Young, 2005) and that the
test correlates only partially with subjective measures of excessive daytime
sleepiness. This has led to the revised diagnostic criteria that suggest that
the MSLT should only be interpreted in the absence of sleep apnea and
sufficient sleep prior to the MSLT (total sleep time equal to or greater than
6 hours) (AASM, 2005). Very limited clinical MSLT data are available in
population samples, but data to date suggest that 3.9 percent of individuals
may be positive for SOREMPs independent of daytime sleepiness (Singh et
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al., 2005). Similarly, the Maintenance of Wakefulness Test (MWT), a test
in which the subject is asked to try not to fall asleep in naps and sleep
latency is measured, has been used to objectively measure alertness in drug
trials but is not validated to demonstrate an ability to stay awake for patients
at risk, for example in medicolegal cases and the evaluation of driving
abilities (Littner et al., 2005).
As conducted, the MSLT and the MWT are time-consuming and
expensive, and validation in the general population sample is lacking. How
sleep apnea and prior sleep time in and outside the laboratory affects the
occurrence of SOREMPs in MSLTs is not established. It is also unknown
whether these tests may not be more valid after a night at home and verification of sleep with actigraphy or other procedures, a modification that
would reduce cost in some cases. Finally, performance tests such as the
psychomotor vigilance task, used commonly to evaluate performance after
sleep deprivation, may have applications in this area (Dauvilliers and
Buguet, 2005), especially if those tests can be adjusted to be used in ambulatory situations. Biochemical and imaging research aiming at discovering
biomarkers of sleep debt and sleepiness is also needed.
Other Diagnostic Technologies
In addition to the development of ambulatory strategies, efforts are also
currently under way to utilize other techniques to diagnose individuals who
suffer chronic sleep loss or sleep disorders. These strategies include the development of genetic and biochemical tests for narcolepsy, magnetic resonance
imaging (MRI) to visualize the upper airway in children with OSA, and
acoustic reflectometry (a noninvasive ultrasound technique) of the upper airway to quantify anatomic obstruction of the upper airway in children (Mignot
et al., 2002; Arens et al., 2003; Monahan et al., 2002; Donnelly et al., 2004;
Abbott et al., 2004). Tests such as the standardized immobilization test or
biochemical/imaging measures of brain iron metabolism are being developed
to assist in the diagnosis and quantification of severity in restless leg syndrome (Allen and Earley, 2001; Garcia-Borreguero et al., 2004; Trenkwalder
et al., 2005). Actigraphy and other methods are also used to estimate leg
movement frequency in outpatients (Kazenwadel et al., 1995; Sforza et al.,
2005). Video technologies may also be of value, especially in the diagnosis of
individuals with night terrors. Finally, there is a need to establish novel procedures to objectively identify abnormalities in insomnia beyond the changes
generally observed using sleep questionnaires, logs, and polysomnography
(Roth and Drake, 2004). These may involve the use of spectral analysis (Perlis
et al., 2001), microstructural cyclic alternating patterns analysis (Parrino et
al., 2004), and functional neuroimaging (Drummond et al., 2004; Nofzinger,
2005).
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The development of polysomnograms that are performed in a local hospital and telemonitored by a central sleep laboratory could allow for a single
technician to monitor multiple studies from a central location. However,
the reliability of these procedures varies (Gagnadoux et al., 2002).
FUTURE DIRECTIONS
Given the cumbersome nature and cost of the diagnosis and treatment of
sleep disorders and sleep loss, the resultant inequities with regard to access,
and in order to ensure future quality care, greater investment in the development of new, and validation of existing, diagnostic and therapeutic technologies is required. Improvement in portable monitoring techniques will likely
enhance access to sleep diagnostic services. With the inadequate availability
of sleep centers and sleep technicians, not only in the United States but more
so worldwide, access to portable diagnostic screening procedures and streamlining initiation of treatment would clearly be advantageous. In particular,
portable monitoring at level III (limited channel polysomnogram of four or
more cardiopulmonary bioparameters) or level IV (testing of only one or two
cardiopulmonary bioparameters) would help lower health costs and shorten
waiting lists. In selected patient populations, portable monitoring in conjunction with inpatient split-night polysomnography or unattended autotitration
of nasal CPAP could prove to be the most cost-effective and rational approach
to most patients with a clinical profile for moderate to severe sleep apnea
syndrome. Research in the design and evaluation of existing and novel
diagnostic technologies is also needed in the area of insomnia, hypersomnia,
and restless legs syndrome and periodic limb movements.
However, the rational application of technology needs to be coupled
with the following:
• A reexamination of the role of diagnostic testing in case identification and disease management, clarifying optimal use of objective physiological monitoring data (including data obtained from portable monitors)
in clinical diagnostic and management algorithms.
• Recognition that the development of new physiological monitoring
tools needs to be guided by research that clarifies the short- and long-term
clinical predictive information of specific channels (including responses to
clinical interventions), or combinations of data. This should include consideration of the extent to which data from new technologies complement
those from other techniques.
• Standardization of diagnostic and treatment criteria, language, and
technologies.
• Investigation of how information from laboratory and portable diagnosis may interface as complementary rather than competitive technologies.
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• Investment by industry and the NIH in rigorous evaluation and outcome studies that are designed to test specific questions regarding technology applications in improving the efficiency of screening, case identification, and disease management.
• Assessment of technologies utilizing indexes to examine their costeffectiveness.
• Development of technologies keeping in mind that treatment of sleep
disorders requires a chronic care management scheme (see Chapter 9).
• Specific efforts to develop and modify technologies for children.
Recommendation 6.1: The National Institutes of Health and the
Agency for Healthcare Research and Quality should support the
validation and development of existing and new diagnostic and
therapeutic technologies.
The National Center on Sleep Disorders Research—working with
the Trans-NIH Sleep Research Coordinating Committee, the
Agency for Health Care Policy and Research, other federal agencies, and private industry—should support the evaluation and validation of existing diagnostic and therapeutic technologies. Further,
development of new technologies such as ambulatory monitoring,
biological markers, and imaging techniques should be vigorously
supported.
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Opportunities to Improve Career
Development in Somnology

CHAPTER SUMMARY The science and prevalence of sleep loss
and sleep disorders necessitates a larger and more interdisciplinary
workforce to advance the field’s knowledge base and provide optimal clinical care. In 2004, there were only 253 principal investigators working on 319 sleep-related research projects (NIH R01). Of
the 253 principal investigators, only 151 researchers are involved
primarily in clinical sleep research, and 126 focus primarily on basic research projects. Further, only 54 doctorates were awarded
with a focus on somnology or sleep medicine. This workforce is
insufficient, given the burden of sleep loss and sleep disorders. The
National Institutes of Health (NIH) and private foundations have
not adequately invested in increasing the research workforce. Since
1997, there have been no new requests for application or program
announcements for sleep-related fellowship, training or career development programs. Further, over the period encompassing 2000
to 2004 there was a decrease in the number of career development
awards. Given all this, the field is ripe for expansion, but there are
too few young and midcareer investigators. To improve the pipeline of individuals in the field, it is critical that the NIH commit to
increasing the number of fellowship, training, and especially career
development awards. Further, given the limited number of individuals clustered at a small number of institutes, the NIH should
fully embrace flexible mentoring programs that are capable of meeting the challenges.
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The relative paucity of individuals trained and committed to careers in
sleep and sleep disorders research has been recognized by the National Center on Sleep Disorders Research (NCSDR). It identified the need to train
investigators as the highest priority among the 10 major sections of their
2003 research plan (NHLBI, 2003). Attracting, training, and supporting
investigators in sleep-related research is critical for fueling the scientific efforts needed to make important discoveries into the etiology, pathogenesis,
prevention, and treatment of chronic sleep loss and sleep disorders. Further,
it is also important to train individuals whose major role will be master
clinician, organizer and manager of care, and clinician-educator. In 2004,
there were only 151 researchers who had a clinical sleep-related research
project grant (R01) and only 126 investigators focused primarily on basic
sleep-related research projects.1 The small number of research project
grants, 331 in 2004, can be substantially attributed to the limited number
of individuals working in the field. It is, therefore, of critical importance
that further investment be made to expand the number of well-trained investigators in the field.
Many of the strategies described in Chapter 5 to increase the awareness
among health care professionals will also likely attract new investigators
into the field. These strategies include targeting the career interests of high
school and college students, as well as graduate students and students in
allied health fields. Further, as will be described in detail in this chapter,
increasing the number of investigators in the field will require the National
Institutes of Health (NIH), professional societies, patient advocacy groups,
and others to significantly increase their investment in career development
programs. As a result of the current limited pool of senior investigators and
concurrent clustering of senior people at a limited number of academic
centers, it will be equally important to adopt flexible mentoring programs
that are capable of meeting the challenges.
GROWTH OF THE SOMNOLOGY AND SLEEP MEDICINE FIELD
Somnology and sleep disorders research is a relatively young discipline
that has grown significantly over the last 35 years. However, the current
workforce is still not adequate, given the public health burden of the disorders (Chapters 3 and 4). Since the establishment of the first sleep center in
1970, clinical recognition of sleep disorders has grown but is still not widely
1Abstracts of all sleep-related R01s in the Computer Retrieval of Information on Scientific
Projects (CRISP) database were analyzed under the following thesaurus terms: insomnia,
periodic limb movement disorder, restless legs syndrome, circadian rhythm, sudden infant
death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation, and dream. See
Appendix A for further details.
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acknowledged to be among the most common chronic health conditions
(Chilcott and Shapiro, 1996; Young et al., 2002). Clinical advances have
helped to attract and increase the number of clinicians and scientists to
somnology and sleep medicine, as evidenced by the growth of membership
in professional sleep societies. Since 1995, membership in the American
Academy of Sleep Medicine (AASM) has more than doubled, while the Sleep
Research Society (SRS) membership has almost tripled (Figure 7-1). However, the recent growth also emphasizes the need for a greater number of
senior mentors and leaders in the field. The level of sleep-related research
has grown, with over a 100 percent increase in the annual number of new
NIH research project grants (R01) awarded in 1995 and 2004 (37 to 82).
However, at the same time that the science and magnitude of the problem
argues for greater investment, NIH funding of sleep-related activities has
reached a plateau. Therefore, there are still substantial deficiencies in the
workforce needed to address clinical somnopathy, and needs may be even
greater relative to investment in research.
Growth in sleep-related research is limited by the paucity of funded
investigators in the field. In 2004, only 253 investigators held active sleeprelated NIH R01 grants. Although there has been an increase in the number
of investigators since 1995, in comparison to other disorders, there are still
too few sleep researchers. For instance, the absolute number of funded investigators with sleep-related projects is only around 80 percent of fields
such as asthma,2 which is a single disorder that affects 20 to 40 million.
Further, funded investigators in sleep-related research tend to be older. The
average age of all NIH investigators when awarded their first R01 has
steadily risen and now is between 42 and 44 years of age (NIH, 2006b).
However, in 2004, the average age of recipients at the time of their first
R01 sleep-related grant was 51 (personal communication, M. Snyder, NIH
Office of Scientific Affairs, November 8, 2005), which suggests an emergent need to replenish the pipeline with new investigators who can sustain
the field and make it grow.
The limited number of researchers is clustered at a limited number of
institutions. Of the 253 funded primary investigators in 2004, 33 percent of
all investigators were at the top 10 academic sleep programs (ranking by
the total number of somnology and/or sleep disorders grants), and 60 percent of all investigators were at the top 25 institutes (Appendix J). Likewise,
34 percent of all sleep-related R01 grants are awarded to the top 10 sleep
2314 individuals with asthma grants were identified by analyzing all 2004 R01 grants.
Asthma grants were identified by all R01 grants that contained the word asthma as a thesaurus
term. It is important to note that because only one search term was used, this search was not as
thorough as the search performed for somnology and somnopathy R01 grants. Therefore, it
may represent a significant under representation of the asthma field.
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FIGURE 7-1 Individual membership in the AASM (A) and the SRS (B) has continued to grow over their history.
SOURCE: Personal communication, J. Barrett, AASM and SRS, (January, 2006).

academic programs, and 59 percent of all R01 grants are clustered in 25
institutions. In 2004, Harvard University, the University of Pennsylvania,
and the University of Pittsburgh received 46 percent of sleep-related career
development awards. Further, although many sleep disorders disproportionately affect minorities (Rosen et al., 2003), the number of minority
investigators in the field is poorly representative (Spilsbury et al., 2004). In
2004, only 15 percent of all investigators with an R01 identified themselves
as belonging to a minority ethnicity (Asian, African American, Hispanic,
Pacific Islander, or other) (personal communication, M. Snyder, NIH Office
of Scientific Affairs, November 8, 2005). As minority clinicians and investigators are more likely to work in underserved areas (Urbina et al., 1994), a
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dearth of minority investigators may limit clinical research that requires
access to minority populations and ultimately limit the translation of research advances to these important populations.
Barriers to Sleep Research Career Development
Barriers to attracting, training, and sustaining a critical mass of sleep
investigators include the poor awareness among the general public and
health care professionals and the availability of appropriate mentors to provide scientific and career guidance to new investigators.
Exciting basic science research and the dissemination of this excitement
to a broad group of potential trainees are necessary and potentially ratelimiting steps in attracting new investigators from a limited pool of individuals committed to academic careers. In 2005, there were 204 student
members of the SRS; only 54 individuals received a doctorate in sleep-related
research, as compared to 158 in pain and 630 in cancer.3 Given the total
number of principal investigators in the field, it appears that the majority of
individuals with sleep-related doctorates do not remain in the field. Therefore, although there have been some remarkable successes in scientific investigation aimed at elucidating fundamental sleep physiology and biology
(e.g., discovery of a mammalian Clock gene (Antoch et al., 1997; King et
al., 1997; Tei et al., 1997) and the cause of narcolepsy (Lin et al., 1999;
Chemelli et al., 1999; Mignot et al., 1999; Thannickal et al., 2000; Peyron
et al., 2000), the future pace of scientific discovery is limited by the small
numbers of active researchers pursuing basic investigation. Fundamental
scientific discoveries play critical roles in galvanizing interest in any scientific discipline. Recruiting and retaining trainees in somnology and sleep
medicine competes with other more established fields, many of which have
made highly publicized advances, enjoy widespread respect across medical
centers, and are more established as an academic discipline.
Investigators, particularly new ones who commit to interdisciplinary
sleep-related research, are challenged to prove their value in academic medical centers that are accustomed to recognizing and rewarding individuals
with “departmentally” defined research foci. Resource allocation needed to
support new investigators may require complex negotiations among academic
departments, which may deter new investigators or otherwise limit their
access to needed support. In addition, identification of optimal mentoring
relationships, critical for career development, will likely require sustained
relationships among individuals with competing institutional commitments.

3Data were collected through a keyword search, using either sleep, pain, or cancer, of the
Dissertation Abstracts database through DIALOG.
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As for all scientific fields, new investigators require protected time and
support as they transition to independent funding. Increasing fiscal pressures and, for physicians, demands to spend more time on clinical services,
are threats to protected time critical for career development. New investigators are also often burdened with substantial debt from school loans, providing disincentives to participate in prolonged postdoctorate training.
NIH TRAINING AND CAREER DEVELOPMENT PROGRAMS
A variety of NIH-funded career development and academic training
awards have been sponsored over the past decade (see Appendix H). In particular, there has been growth in the recognition and investment by the NIH
in a broad variety of individual and institution-based career training programs, with a recent emphasis on clinical, translational, and interdisciplinary
research training. Programs have been developed with the aims of attracting
new trainees and developing the research and academic skills, and supporting
their transition to independent and externally funded investigators (K01, K02,
K08, K23, and K25). Other awards support midcareer development and
mentorship skills (K24, K26). National Research Service Award Institutional
Training Grants (T32) provide institutions with funds to support the training
of individual postdoctoral candidates. The K30 and K12 series of NIH institutional training awards provide institutional support to develop new or expanded training programs and curriculum development.
NIH Support of Sleep-Related Training Activities
To determine the current investment in the field and how the grant
portfolio has changed over the last 10 years, this committee performed a
detailed review and analysis of the portfolio of NIH sleep-related awards in
career training (K), fellowship (F), and training (T). Abstracts of all K, F,
and T awards in the Computer Retrieval of Information on Scientific
Projects (CRISP) database were analyzed. This database collects information on the number of federally funded biomedical research projects. Data
from the CRISP database were used to assess the number of awards that
were classified under the following thesaurus terms: insomnia, periodic limb
movement disorder, restless legs syndrome, circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation, and dream. To limit the number of grants that were not relevant to
somnology or sleep disorders, the committee included only grants in which
the key words appeared in both the thesaurus terms and the abstract and
not the abstract alone. Temporal trends and distributions of awards across
NIH institutes and to academic institutions were examined (see Appendixes
H and J for compiled findings). The committee did not have access to the
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applications that were submitted and not funded; therefore, it is not possible to conclusively determine if changes in investment are the result of
NIH policy, the number and/or quality of submissions in each area, composition of grant review committees, or combination of these factors.
Temporal Analysis of Sleep Training Awards
Although there is a statistically significant increase in the total number of K awards from 1996 to 1998 (Appendix H), there was a relative
leveling of total awards from 1998 to 2004—despite the establishment by
the NIH of three new career development programs and significant increases in extramural funding. Further, since 1997, the NIH has not invested in a single sleep-related request for application (RFA) or program
announcement (PA) career development program (Appendix F). Analysis
of the number of sleep-related T and F awards shows an increase between
2000 and 2004 (Figure 7-2). However, the number of K awards decreased
over the same time period and a larger proportion went to a smaller group
of academic institutions. Three institutions, Harvard University, University of Pennsylvania, and University of Pittsburgh, accounted for 27 percent of all sleep-related T, K, and F grants received in 2000, 35 percent in
2004. This concentration is even greater if only K award distribution is
analyzed. The same three institutions received 29 percent of all K awards
in 2000, and 46 percent in 2004. This may reflect the extensive development of these programs and concentration of senior investigators.
70
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FIGURE 7-2 Total sleep training, career development, and fellowship grants in 2000
and 2004.
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Support of training grants may also diminish. The NIH reported that in
response to rising tuitions and steady budgets that if the current formula
used to determine the number of awards is not altered there would be an
overall loss of 4,000 training grant slots by 2015 (Bhattacharjee, 2005a).
Institute-Specific Funding of Career Development Awards
Career development awards in sleep are sponsored by numerous NIH
institutes (see Appendix H). In general, for any given award category, with
few exceptions no more than one new career development award was
granted in any given year between 2000 and 2004. Since 2000, investment
in career development awards for clinical scientists, K08 and K23, has varied. The National Institute of Mental Health (NIMH) and the National
Heart, Lung, and Blood Institute (NHLBI) awarded the greatest number of
grants. In 2003 and 2004 there was only one new K08 award. Although
there has been greater investment in the K23 series, it is still minimal with
five new awards in 2003 by four different institutes. K24 awards for midcareer development have also been minimal in 2003 and 2004, with no new
awards in 2003 and only three in 2004—two of which were by the NHLBI.
There has also been very limited investment in the K07 academic career
awards, designed to improve curricula and emphasize development of scientist leadership skills. Apart from the Sleep Academic Award program, there
has been very little investment through the K07 mechanism, no new awards
were granted in 2003, and only three in 2004. Further, no institute apart
from the NHLBI has supported this mechanism for sleep-related awards.
Over the 5-year period between 2000 and 2004, there has been even
less investment in career development awards for mentored research (K01),
independent scientists (K02), and senior scientists (K05). All three of these
mechanisms historically have been used to support basic research. NIMH
was the first institute that supported these three mechanisms for sleeprelated activities, but in recent years there has been a marked decrease. For
example, in 2002, the NIMH supported six sleep-related K01 awards, seven
K02 awards, and two K05 awards. In 2004, these numbers have decreased
to two K01 awards, two K02 awards, and one K05 award. These latter
statistics underscore the relatively small amount of investment of any given
institute in sleep research training, with no evidence that any institute or the
Trans-NIH Sleep Research Coordinating Committee has assumed leadership in this area. Although the decrease in career development awards is
dramatic, it is important to note that over the same period, there has been
an increase in fellowship awards (Appendix I).
Of the 314 career development awards that were funded during the five
years between 2000 and 2004, NHLBI sponsored 94 (29 percent), and the
NIMH sponsored 162 (52 percent). One third (32 of the 94) of sleep-related
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NHLBI-sponsored training grants were K07 awards devoted to the Sleep
Academic Award program, which were designed to support the development
of curricula and educational leadership, not research training. The vast majority of the Trans-NIH Sleep Research Coordinating Committee member
institutes—many of whom have a large portion of the sleep-related research
project grant portfolio (Appendix G)—have minimally supported career development. The underlying reasons may be multiple, including poor or low
numbers of applications, insufficient sleep-related research expertise on study
sections (which is also partially affected by a limited number of senior members of the field), and lack of awareness of the extent of the problem. Further,
K awards are expensive; consequently, institutes are often reluctant to invest
heavily in the K awards, especially in periods of budget constraints.
One potential strategy to offset the lack of investment would be to
leverage the combined resources from multiple member institutes of the
Trans-NIH Sleep Research Coordinating Committee to develop a larger
pool of money for training programs. In 2003, the NIH supported 845 K23
career development awards at a total cost of over $114 million, or an average annual cost of $135,000 per award. If four institutes were to cosponsor
a K23 program in somnology or sleep medicine, this would cost each institute approximately $34,000 annually per award, a 75 percent decrease in
expense. The committee strongly recommends joint investment in training
programs; it does so recognizing that there are potentially increased overhead costs associated with tracking and implementing an annual transfer of
funds between institutes. Further, mechanisms need to be developed to enable all institutes contributing to a joint effort to be acknowledged in congressional goals for new grants.
NIH Roadmap Initiatives
As part of the NIH director’s research agenda, a series of roadmap
initiatives was identified to foster the development of interdisciplinary training for investigators at all levels of their careers. These initiatives emphasize
translational research, behavioral/social sciences, and quantitative sciences.
Between 2004 and 2005, $8 million was invested in the establishment of
seven K12 Multidisciplinary Clinical Research Training Programs (NIH,
2006a). Because sleep-related research is particularly well suited to interdisciplinary and translational strategies, it could serve as one of several key
programs for these new initiatives
New NIH Career Award Support
Recognizing the difficulty of becoming an independent researcher and
in response to the Institute of Medicine’s and National Academies’ report,
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Facilitating Interdisciplinary Research, on fostering independence among
young biomedical researchers, the NIH recently announced the creation
of three new initiatives (Bhattacharjee, 2005b). Each initiative is designed
to facilitate postdoctoral fellows into independent faculty positions. The
first—the NIH Pathway to Independence Award program—is a 5-year
award composed of two phases (NIH, 2006b). The initial phase (K99) is a
1- to 2-year mentored period designed to allow investigators to complete
their supervised research work, publish results, and search for an independent faculty position. The second, independent phase (R00) would comprise the remaining 3 years of the award and is structured to provide
financial support to awardees who secure an assistant professorship while
they establish their own research program and successfully apply for an
NIH investigator-initiated (R01) grant. The second mechanism is an independent research grant program, which does not require preliminary data.
The final initiative is to speed up the R01 grant application turnaround
time for new researchers who fail to receive an award on their first
attempt.
Summary of NIH Support of Career
Development Programs
In summary, analysis shows that no single NIH institute has made substantive investments into sleep-related research career development or training awards. There are alarming downward temporal trends in level of support for research training and career development, suggested by the recent
drop in funded K awards, with further clustering of funding to fewer institutions. Institutes that support large levels of sleep research funding should
also be encouraged to make a significant investment in career development
initiatives. Funding trends also suggest that there are very few individuals
with training support to develop careers in basic sleep science. There are
many existing training grants or large research programs in disciplines related to somnology or sleep medicine (e.g., internal medicine, neurology,
psychiatry, psychology, otolaryngology, nursing, epidemiology, neuroscience, and health services research). Given the interdisciplinary nature of
the field, these programs provide an additional mechanism for increasing
the number of somnology and sleep medicine trainees. Although there is an
exciting national movement toward supporting interdisciplinary and translational research highlighted in roadmap initiatives, existing programs
largely have not recognized the potential of the somnology and sleep medicine field as a prototype for these initiatives. This represents a great opportunity to both foster development of sleep research and to forge new interdisciplinary approaches.
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Professional Organization and Foundation Support
of Career Development
Professional societies have played important roles in sponsoring career
development across a wide variety of disciplines. Well-established career training awards are available from professional organizations with
interest in somnology and sleep disorders, such as the American Heart Association, American Diabetes Association, American College of Chest Physicians, American Lung Association, and the American Thoracic Society,
among others. Table 7-1 shows the number of career development awards
several organizations made in 2004. Since sleep-related research is relevant
to several of these organizations, the number of sleep-related training grants
is also provided. It is worth noting that investment in sleep-related research
is low for all professional organizations profiled below; for example, despite the significant association of sleep disorders and cardiovascular disease, only 2 of the 845 awards given by the American Heart Association’s
career training program portfolio supported sleep-related research. One impediment leading to the limited support from these organizations is that
they might not recognize the important role they have in fostering interdisciplinary research, as they are focused on more traditional organ-based
research.
There are two primarily sleep-focused organizations that have training
awards: the National Sleep Foundation (NSF)’s Pickwick Club Award, and
the American Sleep Medicine Foundation (ASMF)’s Faculty Career Advancement Award.
The ASMF, affiliated with the American Academy of Sleep Medicine,
annually sponsors between four and six fellowship awards, each as much as
2 years in duration and for a maximum annual funding level of $60,000.
From 2003 to 2005 the program received on average 18 applications (personal communication, R. Money, AASM, November 9, 2005). In 2005, the
TABLE 7-1 Career Training Awards by Professional
Organizations with Secondary Interests in Sleep (2004)

American Heart Association
American Diabetes Association
American College of Chest Physicians
American Lung Association
American Thoracic Society

Total Awards

Sleep Awards

845
9
11
115
6

2
0
1
2
0

NOTE: The information contained in this table was obtained from personal
communication with appropriate staff members at each organization.
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ASMF also developed the AASM/Pfizer Scholars Grant Program in Sleep
Medicine to provide support for career development of junior faculty in
somnology and sleep medicine.
The Pickwick Club Fellowship of the NSF, an independent public health
advocacy organization, awards two to four fellowships of 1 to 2 years in
duration for postdoctorate trainees in sleep-related research. Support is
primarily for annual salary support ($35,568 to $45,048). In 2004, investment in research training by the NSF is estimated at approximately
$180,000.
Foundations, such as the Francis Family Foundation, have made notable contributions to training pulmonary scientists through the Parker B.
Francis Fellowship Program. Over the last 30 years, this foundation has
contributed nearly $40 million in support of more than 600 fellows, some
of whom have worked in the somnology and sleep medicine field. Each
award is for 3 years, and provides stipends, fringe benefits, and travel expenses to postdoctoral fellows or newly appointed assistant professors to
enable their research development related to pulmonary disease and lung
biology. A survey of former fellows demonstrated that greater than 90 percent of respondents are currently employed in academic settings and spend
a significant portion of their time on research.
Summary of Foundation Support of Career Development Programs
Given the overall paucity of support, further investment is required
by private foundations for career development. Foundations, such as the
Parker B. Francis Foundation and the Cystic Fibrosis Foundation (Box
7-1) are excellent models of sustained foundation support for research
career development. Although professional organizations cannot directly
support research fellowships, through associated foundations they have
made moderate to large investments in research career development, including funding for some trainees with a primary somnology and somnopathy focus. Funds for these programs have been derived from endowments and well-organized, targeted fund-raising efforts. This analysis
identifies the potential availability of funding for sleep training from multiand interdisciplinary initiatives available through professional organizations with secondary interests related to sleep loss and/or sleep disorders,
in addition to the need for organizations with primary sleep-related agendas to invest more heavily in developing the next generations of investigators. Similar to the committee’s call for multiple institutes of the TransNIH Sleep Research Coordinating Committee to combine resources to
support career development programs, private foundations should also
explore mechanisms to coordinate their efforts. This will ensure that the
maximal effect from these efforts is realized.
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BOX 7-1
Model Investment by a Foundation into
Career Development: The Cystic Fibrosis Foundation
An example of a scientific community that has rallied to support the
career development of research trainees is in cystic fibrosis. Despite the
relative rarity of this condition in the population (30,000 children and
adults), and the relatively small pool of researchers available to recruit
from, foundation support has succeeded in developing a cadre of productive researchers, who largely have a strong history of sustained academic contributions. Three key programs have been developed through
the Cystic Fibrosis Foundation: the Clinical Fellowship Program, the
LeRoy Mathews Program, and the Harry Shwachman Fellowship. Together, these programs provide support for the full spectrum of trainees:
combined clinical/research fellowship training, early research career development (enrolling fellows within the first 4 years of training), and junior
faculty development. Support for these programs is derived from wellorganized fund-raising and philanthropy. The combined support for these
training programs represents approximately 2 percent of the annual
Cystic Fibrosis Foundation budget.
The Clinical Fellowship Programs expose fellows early in their training to working in a multidisciplinary team environment. Annually, approximately 23 fellows are supported, at a total cost of $1.2 million. It supports
first and second years for the clinic, and during the third and fourth year
supports time for basic, translational, or clinical research. Fellows receive an annual base salary of $52,000 with an additional $10,000 for
research supplies. Most junior and many senior faculty members who
staff the 115 accredited Cystic Fibrosis Foundation centers have derived
some support through this program.
The LeRoy Mathews program is a smaller program, with an annual
cost of approximately $345,000. It targets the development of fellows
and their transition to a junior faculty role. Each awardee is supported for
6 years. Two fellows are supported at any given time. Fellows may be
accepted into the program up to their fourth year of specialty training.
The Harry Shwachman fellowships are 3-year programs that target
junior faculty with the goal of supporting their development as independent investigators. These awards are considered to be equivalent to NIH
K08 awards in the scope of support for protected time and in the requirement for mentored research.
The Cystic Fibrosis Foundation also utilizes these programs to create
a “community” of scholars through sponsorship of fellows to attend special sessions at national meetings.
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The Role of Mentoring and Availability of Sleep Mentors
Numerous studies have documented the pivotal role of mentoring in
career development (Chilcott and Shapiro, 1996; Palepu et al., 1998; Young
et al., 2002; Lieff et al., 2003). The Council of Graduate Schools promoted
the concept that: “Mentors are advisors, people with career experience willing to share their knowledge; supporters, people who give emotional and
moral encouragement; tutors, people who give specific feedback on one’s
performance; masters, in the sense of employers to whom one is apprenticed; sponsors, sources of information about and aid in obtaining opportunities; models of the kind of person one should be to be an academic”
(Zelditch, 1995). The cornerstone of most training programs, including NIH
and foundation-funded programs, is evidence of a strong mentor-mentee
relationship. Multiple mentors are required for multidisciplinary research
training. Many advocate for formal oversight committees for trainees and
junior faculty. Successful peer-reviewed training awards include clearly
articulated roles for mentors as the responsible agents for overseeing the
entire scope of the trainee’s career development program.
The availability of appropriate mentors to provide scientific and career
guidance to new investigators (as well as to serve as a catalyst to attract
such individuals to the field) is limited, with some variation across institutions. There is currently a concentration of investigators and grants at a
limited number of academic institutions. Even highly established sleep academic centers have a paucity of senior mentors. This often requires senior
mentors to be responsible for several mentees, potentially reducing the effectiveness of the mentorship relationship. The availability of mentors is
also limited by the fiscal constraints of academic medical systems and structures, which normally do not always recognize the contribution of mentoring to the institute’s mission. Increasing fiscal pressures at academic centers require faculty to be increasingly accountable for justifying their effort
in relationship to compensation. Mentoring is, in general, not a compensated activity. Thus, there are growing disincentives for potential mentors
to assume new mentorship relationships.
The limited availability of appropriate mentors has far-reaching consequences to the growth of the field. Trainees may make decisions to enter
certain fields because of the reputation of accessible mentors. Securing protected time and research support from external sources requires commitment by at least one strong mentor. Young investigators benefit enormously
by relationships with a mentor who can help negotiate complex academic
settings, prioritize goals and work, critically examine research methods and
data interpretation, refine presentation and scientific and grant-writing
skills, and develop high levels of professionalism.
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OPPORTUNITIES TO ACCELERATE SOMNOLOGY AND
SLEEP MEDICINE CAREER DEVELOPMENT
Each challenge also presents opportunities to develop novel strategies
for career development, to enhance the recognition of somnology and sleep
disorders research as an interdisciplinary field and more effectively interface with other related disciplines, and to build upon existing NIH and
private foundation initiatives. In addition to strategies described in Chapter
5, additional strategies include the following:
• Training in somnology and sleep medicine can be structured to
complement those of other programs and vice versa, by interactively engaging trainees in other programs. The interdisciplinary organization of the
field creates a foundation for trainees from multiple fields to participate
and apply their methods or expand their initial foci to questions relevant to
somnology and somnopathy. The NIH can foster this by adopting transinstitutional training programs.
• The NIH Roadmap explicitly emphasizes the importance of interdisciplinary research, especially aimed at achieving translational research objectives. As academic institutions vie for support from NIH Roadmap programs, incorporation of somnology and sleep disorders research as a
translational research focus may provide a competitive edge.
• The innovation of the new NIH K12 training programs—which
provide support to an educational institution for career development
experiences for clinicians leading to research independence—and their
sensitivity to respond to the scientific needs of the community make
these programs desirable avenues for providing support for both mentors and mentees interested in somnology and sleep disorders. Modern
communication technologies make long-distance mentoring feasible and
effective.
• Recent loan repayment policies have been initiated at the NIH,
which may substantially reduce the burden of loan repayment in return
for evidence of scientific activity and further investment in academic
training. Targeting sleep-related research trainees and junior faculty for
NIH loan repayment is suggested as a potentially important recruitment
tool. Availability of NIH and foundation training programs are a crucial
source of support to ensure protected time and resource investment in
new investigators.
• The growing strength of several private organizations (e.g., foundations, professional societies, industry) committed to promoting sleep health
and somnology and sleep disorders professionals is a largely untapped resource for support for trainees.
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Potential Mechanisms to Improve Training
A particular challenge for development of investigators in sleep research
is that currently few institutions have the critical mass of established investigators in this area to provide mentorship and training. This suggests that
mechanisms need to be sought to leverage the intellectual resources at these
few institutions.
Remote Mentoring Programs
Successful career development awards require the identification of a
strong mentor. However, if such mentors may only be located at the
candidate’s home institution, there would be little growth of somnology
and/or sleep disorders research expertise in institutions other than the few
large academic programs. Further, educating grant reviewers of career development applications allows more flexibility in the range of mentorship
relationships—a flexibility needed to allow the field to grow.
There are several NIH mechanisms to support midcareer development
and mentorship skills (K24, K25). In 2004, however, only three individuals
were awarded a new K24 grant in somnology and/or sleep medicine (no
new grants were awarded in 2003), and there were no new K25 awards in
somnology and/or sleep medicine for the same year. The new K12 Translational Research Institutional Training program also provides salary support
for mentees. However, no K12 scholars identified a sleep-related focus in
their research application. These data indicate the need for greater NIH
investment in developing and supporting the effort of mid- to senior-level
investigators as mentors and to provide support for mentoring time.
Specialized NIH programs have also been developed to facilitate the
creation of national networks of mentors and mentees. However, due to
budgetary constraints, some NIH institutes are no longer funding undergraduate programs. Two programs were very successful in developing
mentoring skills of mentors, creating new mentor-mentee relationships, and
exposing trainees to intensive research experiences—Brown University’s
Summer Sleep and Chronobiology Research Apprenticeship (see Chapter 5)
and the Summer Research Institute in Geriatric Psychiatry (Box 7-2)
(Halpain et al., 2001).
Another approach to efficiently “matching” mentors and mentees
across institutions is through networks supported by professional societies.
The American Thoracic Society established a mentoring program in 1999
and serves as a clearinghouse for mentors and mentees with complementary
issues (and sometimes concordant gender). The American Thoracic Society
provided venues for matched mentors and mentees to meet with the goal of
facilitating the mentoring relationship.
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BOX 7-2
Summer Research Institute:
A Model Program for Mentor-Mentee Networks
The Summer Research Institute is a 10-year-old program that has
created a national network of mentors in a relatively small field (geriatric
psychiatry). The Summer Research Institute provides a useful model for
attracting new investigators to a defined field and for bridging and shortening the transition period from fellowship to first research funding. The
program offers a 1-week “boot camp” in research career survival skills
for postdoctorates and junior faculty. At the end of each program, a workshop facilitates interactions and sharing of research among all trainees.
The program’s success is evidenced by the career trajectories of trainees. Of the approximately 300 program alumni (postdocs, junior faculty),
80 percent now hold full-time academic positions, and 50 percent or so
have competed successfully for extramural research from the NIH and
foundations.

In 2005, the SRS and the AASM also initiated a long-distance mentormentee program. This program is still under development; too few data are
available to evaluate its effectiveness or level of participation.
In summary, the pivotal role of mentorship in attracting trainees to
sleep medicine and facilitating their academic success is clear. Given the
relatively small numbers of available mentors, additional efforts are needed
to encourage NIH, professional societies, and foundations to provide support for developing mentors. In addition, creative use of national networks
of mentors and mentees needs to be encouraged. Funding agencies need to
recognize the role of long-distance mentorship plans, if those plans adequately address important issues in successful mentor-mentee relationships.
Given all this, the field is ripe for expansion, but there are too few
young and midcareer investigators.
Integration of Somnology and Sleep Medicine with
Other Training Programs
Another strategy to be considered is providing additional training positions to already established training grants in relevant disciplines, such as
neuroscience and clinical epidemiology. This, when combined with the remote mentorship model, would have considerable benefit. It would not only
provide a new mechanism to provide training to trainees, but also the men-
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tor with expertise in the primary discipline, such as neuroscience or clinical
epidemiology, at the host institution might also become interested in sleep
research.
The development of midcareer mentoring awards for 1 to 2 years would
allow midcareer investigators in institutions with little sleep expertise but
relevant skills (e.g., neuroscience or clinical epidemiology) to get retrained
in sleep research. They would do so in collaboration with one of the comprehensive sleep centers described elsewhere in this report. Such mentoring
could be a combination of time spent at the comprehensive sleep center and
remote mentorship while at their own institution. The home institution
would need to indicate its commitment to developing a sleep research program for this to be a viable, productive strategy.
Somnology—the branch of science devoted to the study of sleep and
wakefulness—requires a larger interdisciplinary research workforce. This
can be accomplished by both attracting individuals from other related fields
and by establishing a new cohort of researchers who work specifically on
sleep-related topics. As presented in this chapter, the current status of the
sleep research field requires new mechanisms to be considered to seed institutions that currently lack the intellectual resources.
Recommendation 7.1: The National Institutes of Health and private foundations should increase investment in interdisciplinary
somnology and sleep medicine research training and mentoring
activities.
The National Institutes of Health, foundations, and professional
societies should utilize and develop further funding mechanisms to
attract young investigators into the field of somnology and sleep
medicine. As a reflection of the interdisciplinary nature of somnology and sleep medicine, members of the Trans-NIH Sleep Research
Coordinating Committee should be encouraged to combine resources to sponsor grants for disciplinary and cross-disciplinary
training and mentoring activities (T, F, and K funding mechanisms)
of medical students, graduate students, postdoctoral fellows, clinical fellows, and junior faculty.
To implement this recommendation the following should be
considered:
• The Trans-NIH Sleep Research Coordinating Committee should
establish a somnology and sleep medicine career development
program. This program should support trainees for a significant
number of years, spanning research training in fellowship and
research career development as a faculty member. It should also
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facilitate mid-career training opportunities (e.g., K21, K24), the
Academic Career Award for Education and Curriculum Development program (K07), and research education grants (R25).
• Existing training grants or large research programs in disciplines
related to somnology or sleep medicine (e.g., internal medicine,
neurology, psychiatry, psychology, otolaryngology, nursing, epidemiology, neuroscience, health services research) should allow
for the addition of a sleep medicine trainee. Where pertinent
expertise is not available on-site, remote mentoring at other institutions should be encouraged.
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8
Bolstering Somnology and Sleep
Disorders Research Programs

CHAPTER SUMMARY The National Center on Sleep Disorders
Research (NCSDR) and the Trans-NIH Sleep Research Coordinating Committee were established to coordinate the sleep-related research, training, and education activities at the National Institutes of
Health (NIH). At the same time that the science and magnitude of
the public health and economic burden requires greater investment,
the output from the NCSDR and Trans-NIH Sleep Research Coordinating Committee has not kept pace. As a consequence, NIH funding for sleep-related activities has reached a plateau, and the future
outlook for somnology and sleep medicine is unclear. A detailed examination of the past and current investment in sleep-related research
demonstrates that there are only 331 funded research projects and
253 independent investigators, far below the requirements of the
field. Further, of the 253 principal investigators only 151 researchers
are primarily involved in clinical sleep research and 126 primarily
focus on basic research projects. The challenge for the field is to
develop a collaborative and focused approach with a strong research
infrastructure. To bolster clinical and basic research efforts, catalyze
collaborative research efforts, and attract the breadth of talented researchers who will be able to move somnology and sleep disorders
research and clinical care forward to achieve optimal outcomes
requires a coordinated and integrated strategy. The NCSDR, its advisory board, and the Trans-NIH Sleep Research Coordinating Committee need to take a proactive role in providing continued leadership. Further, a research network is of particular importance in the
253
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field because of the need for a coordinated interdisciplinary research
approach to basic and clinical research, clinical care, public education, and training. Therefore, the NIH should establish Somnology
and Sleep Medicine Centers of Excellence within a National Somnology and Sleep Medicine Research and Clinical Network.

The field of somnology and sleep medicine is poised to take great strides
in elucidating and addressing the etiology, pathogenesis, and public health
burden of chronic sleep loss and sleep disorders. This strong position is the
result of the National Institutes of Health (NIH) establishing the TransNIH Sleep Research Coordinating Committee and the National Center on
Sleep Disorders Research (NCSDR). However, at the same time that the
science and magnitude of the problem requires greater investment, NIH
funding to sleep-related activities has reached a plateau. Consequently, the
future outlook for somnology and sleep medicine is unclear. The next significant advances necessitate leveraging these resources to their utmost
potential in conducting research and refining diagnosis and treatment interventions for sleep loss and sleep disorders.
This chapter provides an overview of the current coordination of sleeprelated activities at the NIH, including an evaluation of the NCSDR. Included in the evaluation is a detailed a summary of sleep-related research
activities sponsored by the NIH between 1995 and 2004. The chapter culminates with a discussion on the next steps required to accelerate progress,
including the establishment of a National Somnology and Sleep Medicine
Research and Clinical Network.
NIH COORDINATION OF SLEEP-RELATED ACTIVITIES
To a greater extent than many medical and research disciplines, the
field of somnology and sleep medicine cuts across many disciplines, including but not limited to cardiology, dentistry, endocrinology, epidemiology,
geriatrics, molecular biology, neurology, neurosciences, nursing, nutrition,
otolaryngology, pediatrics, pharmacology, psychiatry, and pulmonology.
In 2004, there were 331 sleep-related research project grants sponsored by
17 institutes at the NIH (Table 8-1, Appendix G). The NIH has two mechanisms to coordinate its sleep-related activities, the Trans-NIH Sleep Research Coordinating Committee and the NCSDR.
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TABLE 8-1 NIH Institute Support of Somnology and Sleep Disorders
Research Project Grants (R01) in 2004
Institute

Number
of Grants

National Heart, Lung, and Blood Institute
National Institute of Mental Health
National Institute of Neurological Disorders and Stroke
National Institute on Aging
National Institute of General Medical Sciences
National Institute of Nursing Research
National Eye Institute
National Institute on Drug Abuse
National Institute on Alcohol Abuse and Alcoholism
National Institute of Diabetes and Digestive and Kidney Diseases
National Institute of Child Health and Human Development
National Cancer Institute
National Institute of Arthritis and Musculoskeletal and Skin Diseases
National Institute on Deafness and Other Communication Disorders
National Center for Complementary and Alternative Medicine
National Institute of Allergy and Infectious Diseases
Fogarty International Center

102
88
49
31
22
19
15
13
12
11
10
7
5
4
3
1
1

NOTE: Institutes and centers in bold are not members of the Trans-NIH Sleep Research
Coordinating Committee.

Trans-NIH Sleep Research Coordinating Committee
In 1986, the Director of the NIH established the Trans-NIH Sleep
Research Coordinating Committee to facilitate an interchange of information about somnology and sleep disorders research. This coordinating
committee meets every 2 to 3 months to discuss current sleep-related activities within the NIH and develop new programs. Currently 13 NIH
institutes and offices are members of the Trans-NIH Sleep Research Coordinating Committee. The director of the NCSDR chairs the Coordinating
Committee, and its members are program staff from the various NIH institutes with an interest in somnology and sleep disorders. Although most
institutes that support sleep-related research are members of the coordinating committee, a few are not (Table 8-1), including the National Institute of General Medical Sciences and the National Eye Institute. In 2004
these two institutes each supported more sleep-related grants than 8 of the
13 current members—close to 10 percent of all sleep-related research
project grants.
The Trans-NIH Sleep Research Coordinating Committee offers the
somnology and sleep medicine field an exceptional resource for increasing
and coordinating NIH support of interdisciplinary sleep-related research
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and career development programs. Over the last 10 years, through requests
for applications (RFAs) and program announcements (PAs), members of
the coordinating committee have cosponsored 16 out of the 18 research
project grant initiatives (Appendix F). This has the advantage of spreading
out the costs of an initiative over multiple institutes, thus being able to
support greater investment. However, as will be discussed in greater detail
later in this chapter, recently the coordinating committee has not taken a
proactive role in developing new research programs.
National Center on Sleep Disorders Research
In direct response to the 1993 report of the National Commission on
Sleep Disorders Research, Wake Up America: A National Sleep Alert, a
provision of the NIH Revitalization Act instructed the Director of the NIH
and the National Heart, Lung, and Blood Institute (NHLBI) to establish the
NCSDR. As described in the congressional language, the mission of the
NCSDR is to “conduct and support of biomedical and related research and
research training, the dissemination of health information, and the conduct
of other programs with respect to various sleep disorders, the basic understanding of sleep, biological and circadian rhythm research, chronobiology
and other sleep related research” (U.S. Congress, Senate, 1993). As mandated by Congress the NCSDR has the authority:
• for the conduct and support of research, training, health information dissemination, and other activities with respect to sleep disorders, including biological and circadian rhythm research, basic understanding of
sleep, chronobiological and other sleep-related research; and
• to coordinate the activities of the NCSDR with similar activities of
other federal agencies, including the other agencies of the NIH, and similar
activities of other public entities and nonprofit entities. (See Appendix D for
complete congressional language.)
The NCSDR establishment within the NHLBI allowed it to call upon
the existing successful programs at the NHLBI in sleep-disordered breathing as well as the NHLBI’s expertise in public education programs. It was
realized at the inception of the NCSDR that there was a major need to
educate both public and health care professionals about sleep and sleep
disorders. Because many NIH institutes have a strong interest in somnology
and sleep disorders research and fund portfolios of grants in this area, it
was not envisioned that all funding for sleep-related programs would be
done through the NCSDR. Rather, the NCSDR would facilitate development of research and training programs in areas of identified need. In addition, it would be a center that facilitated and coordinated research across
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the many institutes of the NIH with an interest in sleep-related research, as
well as across the many federal agencies that have an interest in sleep deprivation and sleep disorders. These agencies include: the Centers for Disease
Control and Prevention (CDC) (prevalence and impact of sleep disorders,
inadequate sleep); the Department of Defense (impact of sleep deprivation
and nighttime activity on human performance); the Department of Transportation (crashes occurring from falling asleep at the wheel); the Occupational Safety and Health Administration (impact of sleep deprivation and
sleep disorders on industrial accidents and shift work sleep disorder); and
the Department of Veterans Affairs (VA) (impact of sleep disorders on
health of veterans, posttraumatic stress disorder). It is of note that although
one out of every five Americans perform shift work, the Department of
Labor withdrew its membership from the NCSDR advisory board in 2003.
Following the departure of the department’s representative the Department
of Labor chose not to appoint a replacement member. The committee hopes
that the Department of Labor will reconsider this, as it can make an important contribution to the national effort to decrease the burden of sleep loss
and sleep disorders.
Several federal agencies have research and public education programs
including the Department of Defense, the Department of Transportation,
and the CDC. However, the NCSDR has not made clear or demonstrated
far-reaching coordination of these activities, with potential missed opportunities for integrating sleep-related programs among federal agencies and
departments. The original mandate to the NCSDR, as envisioned in the
authorizing legislation, saw the CDC playing a major role in public education and surveillance. As described in Chapter 5, the CDC is involved in
many public education campaigns and national surveys. Apart from the
recent addition of sleep-related questions in the National Health and Nutrition Examination Survey (NHANES), this has not occurred. There are insufficient data about the sleep patterns of Americans, and the CDC’s expertise should be sought in conducting surveillance, monitoring sleep disorders
and sleep habits, and developing public health campaigns about sleep loss
and sleep disorders.
The NCSDR budget is a line item on the NHLBI administrative budget
and includes the director, a public health analyst, an executive assistant,
and an office assistant. From a separate NHLBI budget source, the NCSDR
receives an allocation each year to support the activities of the Sleep Disorders Research Advisory Board and other programmatic activities, including
workshops. Thus, the budget available to the director of the NCSDR is
limited. The member institutes in the Trans-NIH Sleep Research Coordinating Committee provide support for their representative to the Committee, and NCSDR provides administrative support as needed for the TransNIH Sleep Research Coordinating Committee from its fiscal resources
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already described. The Office of Prevention, Education, and Control support other NHLBI personnel who work on educational programs and two
such individuals (personal communication, M. Twery, NIH, January 24,
2006).
The Advisory Board of the National Center on Sleep Disorders Research
The original NCSDR authorizing legislation established an advisory
board to the NCSDR, composed of 12 members of the public—8 scientific
members and 4 public members who either are advocates for or have a
particular sleep disorder. Included in the advisory board are 10 ex officio
members who represent relevant federal agencies (Table 8-2). The advisory
board meets biannually. As directed in the authorizing congressional language “The advisory board shall advise, assist, consult with, and make
recommendations to the Director of the National Institutes of Health and
the Director of the Center concerning matters relating to the scientific
activities carried out by and through the Center and the policies respecting
such activities, including recommendations with respect to the [research]
plan” (U.S. Congress, Senate, 1993). As will be discussed in further detail
below, throughout the 12 years since its establishment the advisory board
has had varying levels of activity in these responsibilities.
Since its inception, the advisory board has had 29 members. It is NIH
policy that the appointed members of advisory councils or other mandated
boards cannot serve for terms of more than 4 years and that reappointment
is not permitted. This presents a strain on a small field such as somnology
and sleep medicine, as those most knowledgeable about the field are frequently selected. It is important that the composition of the advisory board
consists of members who are credible and who have the respect of the
somnology and sleep medicine community, as well as an understanding of
large research and educational enterprises, background as a practicing

TABLE 8-2 Ex Officio Members of the NCSDR Advisory Board
Director of the National Institutes of Health (NIH)
Director of the National Center on Sleep Disorders Research (NCSDR)
Director of the National Heart, Lung, and Blood Institute (NHLBI)
Director of the National Institute of Mental Health
Director of the National Institute on Aging
Director of the National Institute of Child Health and Human Development
Director of the National Institute of Neurological Disorders and Stroke
Assistant Secretary for Health
Assistant Secretary of Defense (Health Affairs)
Chief Medical Director of the Veterans Affairs (VA)
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researcher, and awareness of a wide variety of public policy issues. Individuals who have been involved in the advisory board are provided in
Appendix E, together with, where appropriate, their academic honors and
area of expertise. As a result of the small numbers of senior members in the
field, the tradition of academic leadership has been difficult to maintain on
the advisory board. The board would benefit from advice made by senior
investigators who have credibility and a sound understanding of both scientific and clinical advances, as well as an appreciation for policy issues. It is
the opinion of this committee that after an appropriate interval senior members of the somnology and sleep medicine fields should be permitted to be
reappointed to serve an additional term on the advisory board, along with
the most promising juniors member of the field. This should be permitted
until the field has a large enough cadre of experienced leaders.
NATIONAL SLEEP DISORDERS RESEARCH PLAN
One of the requirements of the advisory board is to periodically develop a comprehensive research plan. The first research plan was published
in 1996. Its recommendations were based on analyses of the needs of the
field and the investment in sleep-related programs by the federal government. The recommendations reflected the need to support three areas of
research: (1) basic research using state-of-the-art approaches to elucidate
the functions of sleep and the fundamental molecular and cellular processes
underlying sleep; (2) patient-oriented research to understand the cause,
evaluate the scope, and improve the prevention, diagnosis, and treatment of
sleep disorders; and (3) applied research to evaluate the scope and consequences of sleepiness and to develop new approaches to prevent impaired
performance during waking hours (NHLBI, 1996). Sixteen specific recommendations were crafted in such a way that the outcomes of the effort were
easily measurable (see grant analysis below).
The second research plan, published in 2003, provided a brief overview
of each topic area and an update of the research progress made since the
1996 report. The report contained over 191 individual recommendations.
It has yet to be established, but the large number of recommendations may
decrease the effectiveness of the document. The report did provide relative
weight to some recommendations, but this may limit the implementation of
the remaining recommendations. Based on the recommendations the advisory board identified a limited number of research priorities:
•
•
•
•

Understand the neurobiology and function of sleep.
Assess the impact of reduced sleep across age.
Find the causes of various sleep disorders.
Establish normative standards for sleep need and sleep variables.
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• Discover/improve treatments for sleep disorders.
• Study if sleep disorders are associated with, and how they affect, the
progression of other diseases.
• Educate health care professionals and the public about healthy sleep
habits and sleep disorders.
• Apply novel technologies to the study of sleep.
• Develop data and examine prevention, intervention, treatment, and
other sleep-related programs specific to women and minorities.
In the research plan, training was considered the highest priority and a
separate category was created to underline its importance.
Although the 2003 plan is more comprehensive than the 1996 plan,
it lacks specificity in each recommendation, and no strategy was established to advance the research agenda. The large number of recommendations and the broad focus make it difficult to establish measures to evaluate the research plan’s effectiveness. The 2003 research plan laid out an
ambitious set of priorities but did not provide a strategy to implement the
recommendations.
Scientific Advances Since the 2003 Sleep Disorders Research Plan
Below is a brief update of the state of science since 2003. However, as
only 2 years have passed since the publication of the 2003 plan, this review
is not meant to serve as an in-depth evaluation of the plan or an in-depth
review of the current state of the field. Rather, its purpose is to demonstrate
the potential the field has to continue to make great scientific strides. The
outline for this update uses the organization originally used in the executive
summary of the 2003 National Sleep Disorders Research Plan. As the following sections will demonstrate, although there has been scientific progress
leading to an even greater number of unanswered questions, over the last
few years the field has not grown but has reached a plateau.
Circadian Neurobiology
Research in this area is expanding because of advances in basic research.
The major molecular and anatomical components associated with the generation of circadian rhythms have been known for about a decade. Genetic
variants associated with delayed and advanced sleep phase are increasingly
reported in a small minority of patients with familial occurrence (Xu et al.,
2005). However, the clinical implications of altered circadian rhythms are
yet to be explored. Some examples include the need to better define the
causes and consequences of delayed phase in adolescence and to understand
advanced phase in the elderly (Carskadon et al., 2004; Monk, 2005).
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The importance of circadian rhythms extends beyond the brain. It is
now recognized that the circadian clock does not solely operate within the
suprachiasmatic nucleus but also at multiple levels in peripheral and central
organs (Yamazaki et al., 2000; Yoo et al., 2004). Researchers have continued to elucidate with increasing detail the molecular mechanisms regulating
these multiple molecular clocks. For example, peripheral clock markers can
now be generated and studied in human fibroblasts (Brown et al., 2005). In
addition, the genetic disruption of molecular mechanisms regulating circadian rhythms is recognized as deleterious at multiple levels within the organism. For example, the Clock-mutated mouse was found to suffer from
metabolic abnormalities and to be prone to obesity (Turek et al., 2005). It is
also increasingly likely that Clock genes have effects on the sleep process
itself. This research may explain, for example, why shift workers are prone
to certain diseases (Harrington, 1994; Boggild and Knutsson, 1999).
Sleep Neurobiology and Basic Sleep Research
The importance of the hypothalamus in sleep regulation, beyond the
generation of circadian rhythms and their genesis within the suprachiasmatic
nuclei, is increasingly clear (Saper et al., 2005). The recognition of the ventrolateral preoptic area as a sleep generator, together with the identification
of the hypocretin (orexin) system as a wake promoting system, has fueled
intense research in this area. How these two systems interact neuroanatomically, and how they affect other classical neurobiological systems, such
as the monoamine and cholinergic systems, is being elucidated (Saper et al.,
2005). Projection sites and novel sleep regulatory nuclei are being identified. The impact of this research is being felt beyond the field; for example,
the role of the hypocretin system in regulating dopaminergic systems and
addiction potential for drugs of abuse is the subject of intense investigation
(Harris et al., 2005).
The function of sleep is also increasingly explored through phylogenetic approaches—the study of sleep in various animal species (Rattenborg
et al., 2004; Lyamin et al., 2005). Sleep is a vital behavior conserved across
evolution, suggesting it serves one or more critical functions. One important function may be the development of the neonatal brain, as many animals sleep a lot just after birth. The necessity of sleep may also be seen in
animals that are in constant motion (e.g., swimming aquatic mammals or
migrating birds) as they have developed unihemispheric sleep to allow for
the generation of sleep under these difficult ecological circumstances. Interestingly, several reports are now suggesting that in specific instances, sleep
can be suppressed completely for very long periods (up to months), such as
during long-range migration in certain birds (Rattenborg et al., 2004) or
even more surprisingly just after birth in some cetaceans (Lyamin et al.,
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2005). These recent results suggest it may be possible to sustain life without
sleep in special circumstances, which challenges existing dogma and suggests an area ripe for further advances.
This field of research is also benefiting from genetic studies in animal
models. Knockout mice models (mice that are bred so that they lack certain
genes) are now systematically being evaluated for sleep abnormalities. Gene
variants, including a number of variants that affect sleep, have been isolated
in various mouse strains that have specific electroencephalogram patterns
(Tafti et al., 2003). These and other genetic mechanisms should be explored
in future studies (Maret et al., 2005).
Sleep Disorders in Neurology
The discovery in 1999 and 2000 that hypocretin/orexin is involved in
the pathophysiology of most narcolepsy-cataplexy cases is now being translated into clinical practice. Measuring cerebral spinal fluid (CSF) hypocretin-1
(orexin-A) is used in some cases to diagnose narcolepsy and is listed as a
diagnostic tool in the revised International Classification of Sleep Disorders
(AASM, 2005; Bader et al., 2003; Mignot et al., 2003). This diagnostic
procedure may be especially important considering the recent report of high
prevalence of sleep onset during rapid eye movement (REM) sleep instead
of during nonrapid eye movement (NREM) sleep in the general population,
a finding that may suggest a large number of false positives for this test and/
or a high prevalence of narcolepsy without cataplexy (Singh et al., 2005).
Sleep disturbances are recognized as a major issue in Parkinson’s and
Lewy body disease (Rye, 2004), also suggesting a role for dopamine in sleep
regulation. Not only can Parkinson’s disease patients have a narcolepsy-like
daytime sleepiness, but REM behavior disorder is now recognized as an
important component of these disorders, often preceding Parkinson’s disease by several decades. Investigators are also increasingly interested in other
disorders where hypocretin abnormalities might explain sleep disturbances
(Nishino and Kanbayashi, 2005), most notably Huntington’s chorea, a disorder where mice models show a preferential hypocretin cell loss (Petersen
et al., 2005). Similar sleep studies are also occurring with Alzheimer’s dementia and stroke patients, where central and obstructive sleep apnea (OSA)
may play an important role in both causing and exacerbating the condition.
Finally, rapid progress is occurring in our understanding of restless legs
syndrome (Trenkwalder et al., 2005). Pathophysiology and treatment may
be closely linked to the dopaminergic system and iron metabolism. Genetic
studies suggest the existence of at least three potential loci, located on chromosomes 12, 14, and 9, and investigators are narrowing down on possible
candidate genes. It is likely that those actually causing diseases will soon be
identified (Manconi et al., 2004).
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Sleep-Disordered Breathing
Genetic epidemiological studies conducted over the prior decade have
clearly established that sleep-disordered breathing, although a complex trait,
has a strong genetic basis with evidence of oligogenic inheritance (Buxbaum
et al., 2002). Areas of linkage for the apnea-hypopnea index (AHI) appear
to differ by ethnicity (Palmer et al., 2003, 2004). Association and fine mapping studies have quantified the potential role of several candidate genes in
the pathogenesis of sleep apnea (Gottlieb et al., 2004b; Larkin et al., 2005a),
with results implicating a gene near the APOe4 locus (Larkin et al.,
2005a). There is also evidence that sleep-disordered breathing and obesity,
a major public health problem, are partly linked by pleiotropic genetic
mechanisms (Palmer et al., 2003, 2004). Thus, future studies of the genetics of
sleep-disordered breathing also likely will illuminate the genetic basis
of obesity. Applying advances in genome association methods to population studies of sleep apnea will be important in discovering genes for this
and related diseases.
Large scale epidemiological studies in the 1990s quantified the prevalence of OSA in middle aged and elderly populations (Ancoli-Israel et al.,
1991, 1995; Young et al., 1993). More recently, population-based studies
also identified sleep-disordered breathing to be common in American
school-aged children, with an especially high prevalence in African American children (Rosen et al., 2003). Other studies have identified the predilection of other groups to sleep apnea. These include commercial drivers
(Howard et al., 2004), whose occupations place them at particular risk for
sleepiness-associated injuries (Gurubhagavatula et al., 2004). Further work
is needed to develop and apply screening approaches for identifying individuals at high risk for sleep apnea (see technology section). However, in
the case of commercial drivers, a two-stage screening strategy using questionnaires and simplified tests was shown to be effective (Gurubhagavatula
et al., 2004). Given that commercial drivers with sleep apnea are likely to
be at an increased risk for crashes, occupational screening of this group
may provide an important opportunity to test the model for occupational
screening for sleep disorders.
There is developing evidence that sleep apnea leads to oxidative stress
(Lavie, 2003). This likely results from the cyclical doxygenation-reoxygenation,
akin to ischemia reperfusion, that occurs with apneic events, causing free radial
production and increased levels of inflammatory molecules. C-reactive protein,
a biomarker for cardiovascular disease, may be elevated in OSA. C-reactive
protein declines with treatment with continuous positive airway pressure
(CPAP) (Yokoe et al., 2003). Increasing oxidative stress is not only relevant to
the cardiovascular risk of sleep apnea but also to its effects on neurocognition.
Cyclical intermittent hypoxia leads to oxidative damage of various groups of
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neurons: hippocampal neurons with resulting learning deficits (Row et al.,
2003); hypoglossal motoneurons, a mechanism that may accelerate disease progression (Veasey et al., 2004b), as well as wake active neurons (Veasey et al.,
2004a). The latter may be the mechanism by which residual sleepiness occurs
in patients with OSA even when they are well treated with nasal CPAP.
There is ongoing evidence from prospective studies that OSA is a risk
factor for cardiovascular events and mortality, and this evidence is becoming more compelling based on large prospective cohort studies. Such studies
show that patients with sleep apnea, in particular severe sleep apnea (i.e.,
AHI greater than 30 episodes per hour), have increased rates of cardiovascular events, strokes, mortality independent of other risk factors, and hypertension (Yaggi et al., 2005; Marin et al., 2005). Patients with severe
sleep apnea who were not treated have an increased rate of cardiovascular
events and deaths compared to controls with similar degrees of obesity who
do not have sleep apnea (Marin et al., 2005). When patients with severe
sleep apnea are treated with CPAP, both the rate of cardiovascular events
and cardiac deaths drop to control rates (Marin et al., 2005). Although this
provides strong support for a role of OSA in atherogenesis, the critical proof
for a causal association, and further defining a need for early treatment,
requires randomized trials designed to assess the impact of OSA on cardiovascular events.
The Sleep Heart Health Study has added further support for sleep apnea being a risk factor for insulin resistance independent of the effects of
obesity (Punjabi et al., 2004). In this large study the presence of sleep apnea
(i.e., AHI greater than 15 events per hour) was independently associated
with insulin resistance even after controlling for body mass index and waistto-hip ratio, a measure of visceral obesity (Punjabi et al., 2004). Moreover,
data suggest that treating patients with OSA by nasal CPAP significantly
increases insulin sensitivity as measured by the euglycemic clamp method
(Harsch et al., 2004). This effect was, however, most evident in relatively
nonobese subjects, with questions regarding the extent to which sleep apnea treatment improves glucose tolerance in obese individuals with sleep
apnea and may help prevent diabetes. A small study suggests that this is so;
improvement is particularly found in those with high levels of a specific
type of hemoglobin that is a marker for poor glucose control (Babu et al.,
2005).
Although much of the focus of research continues to be on OSA,
progress is also being made in other aspects of sleep-disordered breathing.
Obesity-hypoventilation syndrome, a condition in which individuals
hypoventilate during sleep (due to an increased respiratory load from the
increased weight) and have elevated daytime arterial PCO2 levels, has been
shown to be common yet frequently unrecognized in obese hospitalized
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patients. Obese patients with this problem have poorer medical outcomes
(Nowbar et al., 2004).
Thus, this research in sleep and sleep disorders is vibrant and has great
potential to improve public health problems related to sleep-disordered
breathing.
Insomnia
A turning point in this area may have been the recent NIH-sponsored
State-of-the Science Conference on chronic insomnia (Dolan-Sewell et al.,
2005). In this conference, a decision was made to abandon the concept of
secondary insomnia. The rationale for this change was that it is difficult in most
cases to distinguish causes and consequences for insomnia. The possibility that
insomnia is associated with abnormalities of sleep microarchitecture and brain
metabolism, as measured by imaging studies, is also increasingly recognized.
This, together with the concept of hyperarousal in patients with insomnia
(Nofzinger et al., 2004), is leading to the discovery of objective markers and a
pathophysiological model for insomnia. It was also recognized that insomnia is
not only frequently associated with depression but may be an independent
predictor of it (Roth and Roehrs, 2003).
Treatment modalities for insomnia are changing. Prescribed hypnotic
use is reported in children and adolescents, a pattern that raises concern as
there are limited data in this area (Owens et al., 2003). An increasing number of well-designed studies are showing efficacy and safety for cognitivebehavioral therapies (Morin, 2004). This, together with the introduction
and development of a large number of new hypnotics of various modes of
action, is changing clinical practice in insomnia.
Pediatric Sleep Sciences
There have been several advances in the field of pediatric sleep medicine in the last two years: the discovery of the gene for congenital central
hypoventilation syndrome, improved understanding of the pathogenesis and
epidemiology of sleep apnea, and better understanding of the complications
associating OSA in children. However, pediatric sleep remains relatively
understudied, and there are still many gaps in the knowledge base. For
example, although the Back to Sleep Campaign has been very successful
there is still very little information concerning the etiology of sudden infant
death syndrome (SIDS).
In 2003, Amiel and colleagues described a mutation of the PHOX2B
gene in 62 percent of their patients with congenital central hypoventilation
syndrome (Amiel et al., 2003). Following refinement of the technique, 97
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percent of patients have been shown to have a mutation of the gene (WeeseMayer et al., 2003), which is dominant and usually a de novo mutation.
This finding has already become useful in clinical practice, with clinical
testing and amniocentesis now available.
There has been increasing research in the area of pediatric sleepdisordered breathing. Several studies have provided a better understanding
of the pathophysiology of OSA in children, including the role of upper
airway reflexes in this disease (Gozal and Burnside, 2004; Marcus et al.,
2005). Major advances have been made in understanding the complications
of childhood OSA. In particular, work from a number of different labs has
shown that very mild obstructive apnea, and perhaps even primary snoring,
is associated with changes in neurocognitive and behavioral function in
children (Fregosi et al., 2003; Rosen et al., 2004; Gottlieb et al., 2004a).
Other studies have shown that childhood OSA is associated with cardiac
hypertrophy (Amin et al., 2005), inflammation (Tauman et al., 2004; Larkin
et al., 2005b), and the metabolic syndrome (de la Eva et al., 2002), potentially putting children at risk for cardiovascular complications later in life.
Of great interest is the observation of adverse outcomes in individuals with
a very mild sleep apnea (including habitual snoring without appreciable
levels of overnight hypoxemia). Given that almost all of the work to date
has been descriptive, it is imperative that interventional studies assess
whether early diagnosis and treatment would modify short- or long-term
health outcomes. In this regard, there is also a need to identify the efficacy
of sleep apnea treatment in children, including tonsillectomy and adenoidectomy, for which there has not yet been a single randomized controlled study
of treatment for sleep apnea.
Sleep Deprivation
The impact of sleep deprivation and shift work on driving and industrial accidents has been known for more than a decade. Unfortunately,
change, especially in the area of commercial driving, has been difficult to
implement. Modafinil, a wake-promoting agent, may be effective for the
treatment of shift work disorder and prove to be useful in this setting
(Czeisler et al., 2005). Sleep deprivation is also increasingly recognized as
being associated with poor school performance, especially when school restarts after an extended number of days off. This may be mediated by delayed sleep phase, early school start time, and increased sleep need during
adolescence (Carskadon et al., 2004).
Recent studies have shown that sleep deprivation causes medical errors
among physicians (Lockley et al., 2004; Landrigan et al., 2004; Barger et
al., 2005). Attentional lapses and errors can be improved by reducing work
hours and increasing sleep (Lockley et al., 2004; Landrigan et al., 2004).
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These findings are leading to rapid changes in the on-call requirements for
physicians in training (Cavallo et al., 2004).
The impact of chronic sleep restriction on human health and endocrinological status is also increasingly recognized. Associations among short
sleep, obesity, diabetes, and mortality have been reported (Alvarez and Ayas,
2004; Gottlieb et al., 2005). A large number of studies have shown crosssectional association between short sleep and obesity (Cizza et al., 2005). A
trend for a longitudinal association between shortening sleep and gaining
weight is also typically found. The biological mediation of these changes
may be through alterations in leptin and ghrelin, two major appetite regulatory hormones (Taheri et al., 2004; Spiegel et al., 2004). The levels of these
hormones are altered in health subjects if sleep is restricted for a few nights.
Sleep Education and Training
Although a top priority of the 2003 research plan, the NIH has not
established any new large-scale programs in training or career development.
In fact, as has been described in Chapter 7, there has been a decrease in the
number of career development grants pertaining to sleep. Further, although
a few private foundations and professional societies have invested some in
professional development, as discussed in Chapter 5, increased efforts are
required to fully embrace the need to increase education and training programs. Thus, progress in this critical area has been quite limited.
ANALYSIS OF NIH-SPONSORED RESEARCH PROJECT GRANTS
Currently, assessment of the success of the sleep research effort at NIH
seems to be based largely on the total dollars being committed by various
institutes to the field (for more information see the 2001 to 2004 annual
reports of the Trans-NIH Sleep Research Coordinating Committee). NIH
funding for somnology research has increased by more than 150 percent
since the NCSDR became fully operational in 1996, reaching a total of
$196.2 million (0.07 percent of the NIH budget) in fiscal year 2004
(NHLBI, 2003). However, this growth occurred during the same period
that the overall budget to the NIH doubled.
At the same time that the science and magnitude of the problem
requires greater investment, over the last few years NIH funding to sleeprelated activities has plateaued. This has partially overlapped the period
when the overall NIH budget has plateaued. Consequently, the future outlook for somnology and sleep medicine is unclear. In 2004, for the first
time since the NCSDR was established, there was a decrease of $846,000
in annual expenditures for sleep-related projects. This decrease raises even
greater concern because it occurred in the same year that the NCSDR in-
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cluded the expenditures of three additional institutes not included in previous fiscal reports. A comparison of research funding for the institutes in
2003 fiscal year analysis reveals a decrease of $1.142 million. Further,
between 2003 and 2004 there were fewer research project grants funded,
and this trend may continue as the number of new research project grants
funded in 2004 also decreased (Appendix G). There must be incremental
growth in this field to meet the public health and economic burden caused
by sleep loss and sleep disorders.
It is difficult to accurately track the commitment of different NIH institutes to somnology and sleep disorders, in part because there is no uniform
accounting system. Some NIH institutes count only a proportion of a grant
when only a component of the grant is related to sleep research, but others
count the entire grant, even though sleep-related research is only a minor
part of the grant. This is particularly problematic for large program project
or center grants. More important, however, these financial data do not
allow the advisory board or leadership of the NCSDR to track the type of
research being conducted and hence help identify areas of need. Originally
the NCSDR Advisory Board took an active role in assessing the then current portfolio of sleep research grants, such as the analysis that was published in the journal Sleep in 1999 (Gillette et al., 1999). The committee
presents its analysis below and urges the advisory board to continue to take
an active role in this and perform a similar analysis on an annual basis.
Somnology and Sleep Disorders RFAs and PAs
The 1996 research plan was based on analyses of currently funded
grants and led to a number of specific RFAs and PAs. Recently, there has
been a marked reduction in the number of sleep-related RFAs that provide
an important mechanism to develop research programs in specific areas of
need. They identify a narrowly defined area for which one or more NIH
institutes have set aside funds for awarding grants. This is different from
PAs, which identify areas of increased priority or emphasis but typically do
not have specific funds set aside (except for PAS announcements).
Over the last 3 years, the NCSDR has only sponsored two programs,
one PA and one RFA—Research on Sleep and Sleep Disorders: PA-05-046
(in 2004) (NIH, 2004) and Mechanisms Linking Short Sleep Duration and
Risk of Obesity or Overweight: RFA-HL-06-003 (in 2005) (NIH, 2005).
The marked reduction over recent years in efforts identifying and developing RFAs and PAs is seen by examining the list of RFAs and PAs in sleep
disorders research since the inception of the NCSDR (Appendix F).
The recent efforts of the NCSDR can be compared to those of the National Center for Medical Rehabilitation Research (NCMRR), which is a
similarly structured center in the National Institute of Child Health and
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Human Development. The NCMRR supports research on enhancing the
functioning of people with disabilities in daily life. Compared to the 1 RFA
established by the NCSDR in fiscal year 2004, the NCMRR established 6
RFAs and 4 PAs. Further, between 2001 and 2004 the NCMRR established
20 RFAs, while the NCSDR established only 4 RFAs. It is unclear why
there is such a dramatic difference in the activity of these two centers.
Protocol for Research Project Grant Analysis
This committee performed a detailed analysis of the 1995 and 2004
portfolios of NIH somnology and sleep disorders research project grants
(R01) to determine the current investment in the field and to examine how
the grant portfolio has changed over the last 10 years. To do so, abstracts of
all sleep-related R01s in the Computer Retrieval of Information on Scientific Projects (CRISP) database were analyzed. This database collects information on the number of federally funded biomedical research projects.
Sleep-related R01s were collected by searching the CRISP database for all
abstracts that were classified under the following thesaurus terms: insomnia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, SIDS, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation,
and dream. To limit the number of grants that were not relevant to somnology or sleep disorders, the committee only included grants in which the key
words appeared in both the thesaurus terms and abstract and not the
abstract alone. It should be noted that the following conclusions are based
on the number of grants awarded in each area. The committee did not have
access to the applications that were submitted and not funded; therefore, it
is not possible to conclusively determine if changes in investment are the
result of NIH policy, the number and/or quality of submissions in each
area, composition of grant review committees, or a combination of these
factors.
General Findings
The CRISP search identified 156 sleep-related grants for 1995 and 397
for 2004. Upon review of their abstracts a number of these were determined
to be unrelated to sleep. This resulted in 116 total sleep-related grants in
1995 and 331 sleep-related grants in 2004, a 2.85 fold increase (Table 8-3).
The number of the grants deemed not relevant to sleep-related research—
34 out of 156 in 1995, and 59 out of 397 in 2004—represents a relatively
constant percentage (i.e., 21 percent and 15 percent, respectively; supplemental grants and grants with no abstract were also not classified). Thus,
use of this methodology to track temporal trends in number of grants seems
appropriate. Of the relevant sleep R01 grants there were 253 principal
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Grants Analyzed
Number of grants analyzed
Number of grants relevant to sleep
Number of principal investigators
Clinical or Basic Research
Clinical research projects
Basic research projects (not circadian rhythm)
Circadian rhythm projects
Type of Sleep Disorder
Restless legs syndrome and periodic limb movements
Insomnia
Narcolepsy/hypersomnia
Circadian rhythm
Parasomnia
Sleep deprivation
Sleep apnea
Sleep neurological, other
Drug abuse
Sleep medical, other
Sleep psychiatric disorder
179
61
97

61
24
16
0
9
4
6
1
3
16
3
2
13
11

71
28
19
0
10
5
7
1
3
19
3
2
15
13

5
22
6
22
0
18
65
6
11
23
10

397
331
253

156
116
100

Number
of Sleep
Grants

Number
of Sleep
Grants
Percentage
of Sleep
Grants

2004

1995

2
7
2
7
0
5
20
2
3
7
3

54
18
29

Percentage
of Sleep
Grants

N/A
2.20
1.20
3.14
N/A
6.00
3.42
2.00
5.50
1.53
–0.23

2.52
2.18
5.11

2.54
2.85
2.53

Number in 2004 /
Number in 1995

TABLE 8-3 Analysis of Somnology and Sleep Disorders Research Project Grants (R01): 1995 and 2004
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NOTE: Percentages were rounded. N/A = Not applicable.

Research Strategy
Systems neuroscience
Electrophysiology
Pharmacology
Cell biology
Molecular
Genetic
Observational study
Intervention study
Epidemiology
Hormone/biomarker
Clinical trial
Assessment of devices
Species
Human, no age specified
Human, child and adolescent
Human, adult
Human, elderly
Rat
Mouse
Drosophila
Other or not specified
28
22
11
23
9
4
31
19
9
11
10
3
22
10
16
15
18
2
2
28

32
26
13
27
10
5
36
22
10
13
12
4
26
12
18
17
21
2
2
32
68
23
51
30
77
32
15
60

62
70
36
57
70
53
84
54
24
71
27
5
21
7
15
9
23
10
5
18

19
21
11
17
21
16
25
16
7
22
8
2
2.62
1.92
2.83
1.76
3.67
16.00
7.50
1.88

1.94
2.69
2.77
2.11
7.00
10.60
2.33
2.45
2.40
5.46
2.25
1.25
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investigators in 2004, a 2.53 fold increase from 1995 (100 principal investigators). Given that an estimated 50 to 70 million Americans have sleeprelated health challenges, the current investment of 0.07 percent of the NIH
budget and presumably a lesser proportion across other agencies, we believe, is not sufficient.
Clinical, Basic, and Circadian Rhythm Research Projects
Each grant was categorized to determine if the research was primarily
basic or clinical in nature. Fifty-four percent of the grants in 2004 focused
on clinical sleep disorders. Seventeen percent of 2004 grants were focused
on basic sleep research projects, and 29 percent were devoted to the study
of circadian rhythms. The total percentage of nonclinical research projects
devoted to circadian rhythms rose from 40 percent of nonclinical research
projects in 1995 to 61 percent in 2004. There has been over the last 10 years
a disparate growth in these areas. Investment in circadian rhythms research
projects increased by 5.11-fold; however, basic research unrelated to circadian rhythms only increased by 2.53-fold, well below the need. Not surprisingly, this largely reflects where much scientific advance has occurred.
Sleep Disorders
Since 1995, there has also been growth in the number of grants focused
on sleep disorders. The current analysis suggests that research funding is
disproportional to the public health burden and the known prevalence and
consequences of the disorders. In a few cases, research has actually decreased or barely grown. These areas include parasomnia research (from
one grant in 1995 to none in 2004), sleep in psychiatric disorders (0.23-fold
decrease), and narcolepsy (1.20-fold increase). The lack of research regarding
parasomnias is troublesome, considering the prevalence of these conditions.
Similarly, the decrease in research grants in the area of sleep disturbances in
psychiatric diseases is disturbing, considering the growing recognition that
insomnia is a major risk factor for depression (see the Scientific Advances
Since the 2003 Sleep Disorders Research Plan). This last observation should
be mitigated by the relatively hefty increase in insomnia research.
Research in the area of narcolepsy and hypersomnia sleep disorder research also stayed flat. This last finding was disappointing, considering the
recent discovery of hypocretin deficiency as the main cause of narcolepsy
with cataplexy and the growing recognition that a large number of patients
have milder forms of centrally mediated hypersomnolence, narcolepsy without cataplexy, and idiopathic hypersomnia. Research in this area may be
uniquely poised to make progress, but funding has not increased. Not a
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single grant was identified on the study of idiopathic hypersomnia or KleineLevin syndrome. The latter is admittedly a rare condition.
Over the 10-year span between 1995 and 2004 there has been no
growth in research examining the etiology and pathophysiology of SIDS. In
1995 seven R01s were identified as focusing, at least partially, on SIDS,
but in 2004 there were only six grants. Although the prevalence of SIDS has
decreased since the Back to Sleep public education campaign began, this is
still an area of research that warrants attention.
Selected areas grew more rapidly. There has been increasing interest in
restless legs syndrome/periodic leg movements research; but the current investment is still low. There were no grants with a primary focus in these
areas in 1995 and six in 2004. Given the high prevalence of restless legs
syndrome and its negative impact (Chapter 3), the small number of grants
is, however, still surprising. Further, although the number of insomnia research project grants has also grown from 10 grants in 1995 to 22 grants in
2004 (2.20-fold growth), this growth is modest given the high prevalence of
insomnia. Clinical research project grants focused on the elucidation of sleep
apnea demonstrated an increase in support that is reflected in the increased
appreciation of its public health burden that occurred over the same
period—19 grants in 1995 (15 percent of total grants) and 65 in 2004 (22
percent of total grants), a growth of 3.42-fold.
Assessment of Devices
The committee also noted that research assessing new devices barely
grew from 1995 to 2004 (1.25-fold increase). This was also a troubling
trend, as the study group identified the need to validate and increase the use
of ambulatory monitoring devices in the diagnosis and assessment of sleep
disorders, most notably sleep-disordered breathing (see Chapter 6).
Research Strategy
The committee also examined the primary research strategy proposed
in each project. The striking trends in this area have been the dramatic
growth in studies employing molecular (7.00-fold growth) and genetic
(10.60-fold growth) strategies. Although this partially reflects the trends in
modern biomedical research, the NHLBI, the National Institute of Mental
Health, and the National Institute of Child Health and Human Development sponsored an RFA in 1996 to advance the understanding of the molecular and genetic basis of sleep and sleep disorders (RFA-HL-96-015).
This RFA provided researchers funding for research projects that had molecular and genetic strategies.
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Species
In this area there are also key trends. The growth in studies using mice
is staggering, 16-fold from 1995 to 2004. There were only two grants using
mice in 1995 and 32 in 2004. This is likely to be in direct response to the
NHLBI, the National Institute of Mental Health, the National Institute on
Aging, and the National Institute of Neurological Disorders and Stroke
sponsoring an RFA in 1998 to develop improved molecular, cellular, and
systems approaches to investigate sleep and circadian phenotypes in mice
(RFA-HL-99-001).
There has also been a major increase in studies utilizing Drosophila as
a model organism (7.50 fold increase). The use of Drosophila to study sleep
was originally recommended at a workshop held by the NCSDR in 1995
and was included in the previously mentioned 1996 RFA to advance the
understanding of the molecular and genetic basis of sleep and sleep disorders (RFA-HL-96-015). There are also a large number of grants that are in
the “Other” category for species.
There are, as expected, a large number of studies on humans. The
total number of grants in humans in 1995 was 73, but in 2004 it was
172, a 3.35-fold increase. It is concerning, however, that there are still
only 23 grants studying sleep and its disorders in children and adolescents. This represents only 13 percent of total grants in humans, and the
increase in pediatric sleep grants (1.92-fold) is lower than that for all
grants (2.35-fold) and for all grants in humans (3.35-fold increase). The
number of grants studying sleep and its disorders in the elderly, a population with a particularly high prevalence of sleep disorders, is also only
30. The growth in this area (1.77-fold) is also less than in other categories. Finally, although there has been growth in human subjects research,
there has been a limited number of long-term clinical outcomes intervention studies that have examined strategies to improve the scientific base
and treatments.
Composition of Grant Review Panels
An analysis of relevant NIH review panel expertise was also performed.
To do so, the composition of review panels that received applications with
sleep was analyzed. A total of 24 review panels, including special emphasis
panels and standing integrated review groups (IRG), were included. Reviewers were subjected to Medline searches with the keywords sleep and
circadian. Names were also visually inspected by multiple members of the
committee who had expertise in various aspects of somnology and sleep
medicine. Membership to sleep or circadian rhythms societies was noted,
together with area of expertise. Only reviewers with a major sleep or circa-
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dian research focus, as judged by their publication record or professional
society, were considered.
Twenty-eight reviewers with knowledge in sleep or circadian biology
were identified in the 24 review panels. It is important to note that although
some review panels may not have experts in the field, often the Center of
Scientific Review will appoint ad hoc reviewers when specific expertise is
absent on the review panel. One third of the reviewers (12 out of 36 reviewers) were concentrated in a single study section, the Biological Rhythms and
Sleep Study Section. Another third (9 reviewers) were in NHLBI special
emphasis panels. Eleven of the total 28 (39 percent) reviewers were primarily interested in circadian rhythm research, rather than basic sleep research
or clinical sleep disorders. Four other NHLBI review panels had more than
2 reviewers with sleep and circadian expertise; these included the mentored
patient-oriented carrier development (K23) grant review panel (2 reviewers); a NHLBI special emphasis panel on T32 grants (2 reviewers); a small
business activities special emphasis panel (4 reviewers) and the Respiratory
Integrative Biology and Translational Research panel (2 reviewers). It was
notable that two study sections with sleep in their title (and mandate) had
one or no reviewers with a sleep expertise: the Neural Basis of Psychopathology panel, addictions and sleep disorders (1 reviewer); and the cardiovascular and sleep epidemiology study section (no reviewers with sleep
expertise).
As expected, there was an association between reviewer expertise and
types of grants funded. A notable finding was the low percentage of reviewers with clinical research expertise (36 percent) covering all of the different
sleep disorders outlined in earlier chapters. This finding may be one potential reason why clinical research was the area with the least growth. However, because the committee was unable to examine and categorize all the
grants that were submitted and not funded, it is difficult to interpret this
finding. Further, the limited number of sleep reviewers, as well as the small
number of funded grants, may also be a direct reflection of the limited
number of scientists (especially senior investigators) in specific areas of this
field.
Value of Grant Analysis Protocol
Categorizing each research project grant offers researchers and policy
makers the opportunity to examine the current investment in particular
areas, identify areas in need of greater investment, and provide a quantifiable metric to examine the success of specific RFA and PA programs. This
committee strongly encourages the NCSDR Advisory Board to perform a
similar annual analysis of all somnology and sleep disorders grants, including research (R), training (T), fellowship (F), career development (K), pro-
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gram (P), and cooperative (U) activities sponsored by the NIH, the CDC,
and Department of Defense, Department of Transportation, Department of
Labor, and other relevant federal agencies. This committee also believes
that the Center for Scientific Review should gather basic keyword information on submitted grants and reviewers to address adequacy of review expertise on review panels. This information would be helpful to the NIH at
large and to the NCSDR as it develops a more proactive research plan.
Although the success of an RFA is dependent on the number and quality
of grant applications, this analysis demonstrates the value an RFA may have
in expanding interest and awareness in specific areas of a field. Therefore,
this committee recommends that the NCSDR Advisory Board use their annual analysis to identify priority research and training areas and annually
recommend an RFA to appropriate advisory councils of the Trans-NIH Sleep
Coordinating Committee and other federal agencies including the CDC.
NEXT STEPS IN ACCELERATING PROGRESS
Given the multiple and varied sources of federal and private funding and
support for the field and the numerous disciplines involved in research and
clinical care, the challenge for the field of sleep medicine is to develop a collaborative and focused approach with a strong research infrastructure. To
bolster clinical and basic research efforts, catalyze collaborative research efforts, and attract the breadth of talented researchers who will be able to move
somnology and sleep disorders research and clinical care forward to achieve
the therapeutic solutions requires a coordinated and integrated strategy.
Strengthen the NCSDR and Its Advisory Board
It is an opportune time for coordination of sleep-related activities
throughout the federal government. The NCSDR and its advisory board
should take the lead in reinvigorating a coordinated strategy. To assist in
this coordination, annually the directors of the NCSDR and the NCSDR
Advisory Board should meet with all institute directors who are members of
the Trans-NIH Sleep Coordinating Committee and directors of other relevant federal agencies. Further, institutes at the NIH that manage a large
sleep-related portfolio should be encouraged to appoint appropriate representatives of the field of Somnology and Sleep Medicine to their advisory
councils and program project review committees.
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Recommendation 8.1: The National Center on Sleep Disorders
Research and its advisory board should play a more proactive role
in stimulating and coordinating the field.
The National Center on Sleep Disorders and Research (NCSDR)
should have adequate staff and resources to ensure its ability to
fulfill its mission of coordinating and stimulating training, research,
and health information dissemination relevant to somnology and
sleep disorders. All relevant institutes with significant sleep portfolios should become members of the Trans-NIH Sleep Research
Coordinating Committee. Further, the NCSDR Advisory Board
should take a more proactive role in advising the director of the
NCSDR. On an annual basis, the NCSDR and its advisory board
should:
• Identify specific objectives that address each of the three NCSDR
missions and evaluate specific actions taken to accomplish each
objective. This assessment should be reported in an annual meeting to the Trans-NIH Sleep Coordinating Committee, the institute directors of its members, and to the director of the NIH.
• Directors of the other federal agencies that fund significant sleeprelated activities, such as Department of Defense, Department of
Commerce, Department of Education, Department of Labor,
and Department of Transportation should report annually on
their activities to the NCSDR Advisory Board.
• The NCSDR Advisory Board should annually review the current NIH portfolio of sleep-related grants, as well as requests for
applications, and program announcements, assess them for responsiveness to the program plan and identify gaps in research
and training.
• The NCSDR Advisory Board should annually recommend new,
or modify existing, requests for applications that can be presented to appropriate NIH institutes and other federal agencies
including the Centers for Disease Control and Prevention and
Department of Defense. Multiple members of the Trans-NIH
Sleep Coordinating Committee are encouraged to continue to
cosponsor sleep-related grants.
Enhance Research Collaborations
Clinical advances in treatments for chronic sleep loss and sleep disorders depends on the quality and integration of fundamental knowledge from
multiple laboratory and clinical disciplines; including but not limited to:
cardiology, dentistry, endocrinology, epidemiology, molecular biology,
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neurology, neurosciences, nursing, nutrition, otolaryngology, pediatrics,
pharmacology, psychiatry, and pulmonology. Historically the field has been
clinically focused and has not integrated the efforts of its clinical and basic
research scientists. For the field to make its next set of advances it will
require a strengthened research infrastructure that will feature the development of combined clinical and research centers of excellence focused on
somnology and sleep medicine and a structured network to facilitate and
ensure collaborative interdisciplinary approaches.
Centers of excellence are required to establish and enhance somnology
and sleep disorders research. A critical feature of these centers will be their
ability to foster collaborations among the many research and clinical disciplines through a coordinated and integrated effort. They should promote
interdisciplinary research, which is needed to explore the interrelationship
between sleep and an individual’s health (e.g., common medical illnesses).
The proposed research network described below will integrate the efforts of
the broad array of researchers (both investigators at centers of excellence
and from other institutions) who study or are involved in somnology and
sleep medicine and other relevant avenues of therapeutic intervention for
chronic sleep loss and sleep disorders.
Establish Centers of Excellence
The committee urges a strong continued commitment by the NIH to
designate and support Somnology and Sleep Medicine Centers of Excellence. These centers would provide the interdisciplinary environment that is
essential to accelerate the development of future advances in treating chronic
sleep loss and sleep disorders. They would facilitate interactions between
laboratory, clinical, and population scientists. Further, the centers would
create an environment to support cross-cutting research that requires collaboration among scientists who work in different intellectual contexts.
These would not only be “research centers,” but they would be sites for
collaborations focused on the close association between research, clinical
care, education, and dissemination of information.
Modeled after the National Cancer Institute’s Cancer Center Program
(NCI, 2004), these comprehensive centers of excellence would offer expanded laboratory facilities; focused interactions among preclinical researchers, clinical researchers, and patients; and central sites for clinical
trial design. They would serve as the centerpiece of the nation’s effort to
reduce morbidity and mortality from chronic sleep loss and sleep disorders.
This investment would likely draw new senior-level researchers into the
somnology and sleep medicine field and would heighten the interest of
young investigators in devoting their research interests to chronic sleep loss
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and sleep disorders treatment. Further, structuring these centers to include
strong integrated and coordinated clinical and basic research programs will
help facilitate translational research. The centers would deliver medical advances to patients, educate health care professionals and the public, and
reach out to underserved populations.
As described in detail in Chapters 5 and 7, enhancing career opportunities for researchers at all points in their careers is vital to accelerating
progress in somnology and sleep medicine research. The committee believes
that strengthening the research infrastructure through the development of
new comprehensive centers will be the impetus needed to attract and retain
early career, mid-career, and senior researchers. At these centers they will
have the opportunity to fully engage in their own research initiatives, in
addition to having the resources to develop and nurture trainees and sustain
a full research effort.
These centers should be supported with the infrastructure needed to promote and enhance the institutional development of somnology and sleep medicine and treatment capabilities. This includes core research laboratory equipment, tools, and facilities; an emphasis on training programs; strong basic
and clinical research components; and a structured plan for research priorities. However, the committee does not call on any specific organizational
model, recognizing the diversity of academic settings that include well organized, freestanding centers; a center matrix within an academic institution; or
a formal consortium under centralized leadership. The centers should also
have the capacity to facilitate clinical trials; develop best practices and clinical
guidelines; educate the community; screen and counsel individuals with
chronic sleep loss and sleep disorders; and educate health professionals about
state-of-the-art diagnostic, preventive, and treatment techniques. These centers of excellence should serve as the cornerstone of a National Somnology
and Sleep Medicine Research and Clinical Network designed to coordinate
and support somnology and sleep medicine research efforts.
Similar to the organization of the cancer centers, this committee envisions both Somnology and Sleep Medicine Centers and Comprehensive
Somnology and Sleep Medicine Centers (NCI, 2004). Somnology and Sleep
Medicine Centers should have a scientific agenda primarily focused on basic, population science, or clinical research, or any two of these three components. Similar to comprehensive cancer centers with a clinical component, the centers with clinical components are expected to conduct early
phase clinical trials (NCI, 2004). A comprehensive somnology and sleep
medicine center is expected to have reasonable depths and breadths of research in each of these areas. As with the National Cancer Institute designated comprehensive centers, Comprehensive Somnology and Sleep Medicine Centers are expected to disseminate information to the public and
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health care professionals about medical advances developed within the center. They should also establish formal programs for teaching, screening,
therapy, and/or preventative interventions.
As identified by the National Cancer Institute, there are six essential
characteristics of a designated cancer center: facilities, organizational capabilities, interdisciplinary and transdisciplinary collaboration and coordination, cancer focus, institutional commitment, and center director (Box 8-1).
Each of these attributes—substituting somnology and sleep medicine focus
for cancer—is also likely to be critical for establishing and sustaining efficient and productive somnology and sleep medicine centers of excellence.

BOX 8-1
The Six Essential Characteristics of a National Cancer
Institute-Designated Cancer Center
Facilities: Dedicated resources to the conduct of cancer-focused research and to the center’s shared resources, administration, and
research dissemination should be appropriate and adequate to the task.
Organizational capabilities: Adequate capacity for the conduct of research and the evaluation and planning of center activities should take
maximum advantage of the parent institution’s capabilities in cancer
research.
Interdisciplinary and transdisciplinary collaboration and coordination: Substantial coordination, interaction, and collaboration among center members from a variety of disciplines should enhance and add value
to the productivity and quality of research in the center.
Cancer focus: A defined scientific focus on cancer research should be
clear from the center members’ grants and contracts, and from the structure and objectives of its programs.
Institutional commitment: The center should be recognized as a formal
organizational component with sufficient space, positions, and resources
to ensure organizational stability and fulfill the center’s objectives.
Center director: The director should be a highly qualified scientist and
administrator with the leadership experience and institutional authority
appropriate to manage the center.
SOURCE: National Cancer Institute (2004).
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Develop Comprehensive Somnology and Sleep Medicine
Centers of Excellence
The establishment of Somnology and Sleep Medicine Centers of Excellence requires large programs that can support and foster excellence in research, clinical care, and population science. This committee recognizes that
there are few academic programs that currently have this capacity. However, to facilitate other academic centers achieving this goal, the NIH Exploratory Center award (P20) may be used for this endeavor. These awards
are intended to facilitate the development of collaborative research teams of
established investigators by providing support for collaborative research
projects and core services for investigating leading-edge research questions
not currently being addressed in optimal ways (NIMH, 2006). Further, the
mechanism supports planning for new programs, expansion or modification of existing resources, and feasibility studies to explore various approaches to the development of interdisciplinary programs that offer potential solutions to problems of special significance (NIH, 2006a). Support is
typically limited to 5 years and is not renewable.
The Silvio O. Conte Centers to Develop Collaborative Neuroscience
Research provide a good example. These centers, supported through a P20
mechanism, support early-stage development of collaborative teams of highcaliber investigators from diverse disciplines to study basic and/or clinical
neuroscience issues. They are characterized by the following:
• the capacity to bring together a team of collaborative investigators
with different scientific perspectives.
• an organization that supports innovative creativity, and potentially
high-risk/high-import research questions that require collaborative research.
• interactive research projects and core facilities to support projects.
• a program director with a demonstrated ability to organize, administer, and direct the center.
• opportunities for young investigators and close coordination between
the center and relevant predoctoral and/or postdoctoral research training
programs.
• outreach that makes the public aware of the importance and implications of the center’s research.
A developing center must have a clearly articulated plan to develop a
set of scientific core functions that will enhance and expand the capacity to
move somnology and/or sleep disorders research and treatment into community settings.
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NIH Institutional Clinical and Translational Science Award
The NIH has established the Institutional Clinical and Translational
Science Award, which has the purpose of developing programs to overcome
the growing barriers between clinical and basic research, facilitate the sharing of knowledge to the clinic and back again to the basic research laboratory, and aid academic institutes in developing efficient capabilities to perform clinical and translational science. Through these programs, the NIH
aims to: (1) attract and develop a cadre of well-trained multi- and interdisciplinary investigators and research teams; (2) develop programs that spawn
innovative research tools and information technologies; and (3) synergize
multi- and interdisciplinary clinical and translational research and researchers to catalyze the application of new knowledge and techniques to clinical
practice at the front lines of patient care (NIH, 2006b). As supported by all
the same arguments already presented throughout this report, somnology
and sleep medicine programs are ideal recipients.
As the NIH highlights, to ensure the successful establishment and longterm sustenance of these groundbreaking programs, it is important that the
developed program accrue significant institutional support, be granted status as a major administrative entity within the applicant institution, and
that the program director have authority, perhaps shared with other highlevel institutional officials, over requisite space, resources, faculty appointments, protected time, and promotion (NIH, 2006b).
National Somnology and Sleep Medicine Research Network
A research network is of particular importance in the field because of
the need for a coordinated interdisciplinary research approach to basic and
clinical research, clinical care, public education, and training. The proposed
National Somnology and Sleep Medicine Research Network would improve
the efficiency and capacity to research on rare sleep disorders. The Somnology and Sleep Medicine Centers of Excellence discussed above would spearhead this dedicated focus on basic, clinical, and translational research and
would promote collaborations among all sites conducting research relevant
to somnology and sleep medicine. Similar to cancer centers, the Somnology
and Sleep Medicine Centers of Excellence would act as local, regional, and
national resources for the scientific community and the community at large.
This will require coordination among all participating centers. Although
online technologies greatly enhance the nearly instantaneous sharing of ideas
across the nation and globally, the research network envisioned by the committee would involve not only a strong virtual component but also a structured plan for periodic and regular meetings and workshops to set priorities
and strengthen interactions.
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The committee strongly believes that the somnology and sleep medicine
field is now sufficiently mature for the development of a National Somnology and Sleep Medicine Research Network and could successfully compete
for network funding from the NHLBI and other members of the Trans-NIH
Sleep Research Coordinating Committee that have substantial commitments
to somnology and sleep disorders research. Individual Somnology and Sleep
Medicine Centers of Excellence could compose the cornerstone of this network, and institutions that do not have sufficient scope and size to successfully compete for a Somnology and Sleep Medicine Center of Excellence
would be active affiliate members of this network. The committee envisions
a sustained network for somnology and sleep medicine in the United States
that would facilitate public education, career development opportunities,
translational research, and implementation of multi-center clinical trials.
The process of developing components of the National Somnology and
Sleep Medicine Research Network can draw on the experiences of several
such networks that already exist, but with more focused objectives, such as
the aforementioned National Cancer Institute centers. The NHLBI currently
sponsors 12 networks. The National Institute of Child Health and Human
Development sponsors the National Center for Medical Rehabilitation
Research regional research networks. Each network is coordinated and
administered out of one academic institution, which coordinates the efforts
of institutions that are affiliated with the network. The leading coordinating
institutions are structured to facilitate major collaborations among affiliated
institutions, with the potential to connect with researchers from other facilities within the region. They support multidisciplinary research cores, information transfer, and pilot projects with the goal of facilitating ongoing
projects and stimulating the development of future research activities in medical rehabilitation (NCMRR, 2005).
Another example of a regional network is the Muscular Dystrophy
Cooperative Research Centers. Cosponsored by the National Institute of
Arthritis and Musculoskeletal and Skin Diseases, the National Institute of
Neurological Disorders and Stroke, the National Institute of Child Health
and Human Development, as well as the Muscular Dystrophy Association,
these centers work collaboratively on both basic and clinical research
projects. Each center has one or more core facility to support them and
must also make core resources or services available to the national muscular dystrophy research community.
The National Somnology and Sleep Medicine Research Network envisioned by the committee would be structured to facilitate and require active
involvement of the participants and substantive interactions between basic
and clinical researchers. As will be described in detail in Chapter 9, the
committee calls on new and existing academic programs in somnology and
sleep medicine to be organized to meet the criteria of three types of interdis-
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ciplinary sleep programs—Type I, Type II, or Type III. A Type I clinical
interdisciplinary sleep program is designed to provide optimal interdisciplinary clinical care for individuals who suffer sleep loss or sleep disorders.
Although not consisting of large research components, a Type I program
should have a data collection and management system that provides clinical
data to a coordinating center within the network. A Type II training and
research interdisciplinary sleep program includes the characteristics of a
Type I program, but in addition is designed to provide optimal education,
training, and research in somnology and sleep medicine. A Type III regional
interdisciplinary sleep program coordinator includes the characteristics of
Type I and II programs; however, a Type III program is designed to serve as
a regional comprehensive center and coordinator for education, training,
basic research, and clinical research in somnology and sleep medicine within
the National Somnology and Sleep Medicine Research Network. The Committee also envisions that all Type I and II programs would be affiliate
members of the National Somnology and Sleep Medicine Network.
Although there are only a limited number of academic institutions that
currently have the capacity to be a Type III regional interdisciplinary sleep
program, this should not delay the establishment of the research network.
Initially the network could consist of a limited number of programs. The
network would benefit greatly from cultural, ethnic, and environmental
diversity. Therefore, a long-range goal should be to have 8 to 10 geographically distributed regional coordinating centers.
In summary, the National Somnology and Sleep Medicine Research
Network should do the following:
• Coordinate and support the current cadre of basic and clinical
researchers.
• Train new investigators and fellows through local and remote mentoring programs.
• Provide core facilities for basic research.
• Support multisite clinical research in children, adolescents, adults,
and elderly people.
• Create and support virtual networking centers to facilitate the sharing of data and resources online and enhance collaborations with researchers not working in research centers.
• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in cooperation with
the research and clinical network.
• Work with the CDC to integrate and support surveillance and
population-based research.
• Create and coordinate public health education campaigns.
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Efforts to develop a National Somnology and Sleep Medicine Research
and Clinical Network are consistent with many of the goals of the NIH
Roadmap (NIH, 2006b), including an emphasis on translational research
that results in clinically useful therapies and a need for multidisciplinary
efforts to be used to address this complex medical condition.
Recommendation 8.2: The National Institutes of Health should
establish a National Somnology and Sleep Medicine Research
Network.
The National Center on Sleep Disorders Research, in collaboration
with the Trans-NIH Sleep Research Coordination Committee,
should establish a National Somnology and Sleep Medicine Research Network. Type III regional interdisciplinary sleep programs
designated by the National Institutes of Health would act as regional centers working with basic research laboratories and sleep
cores at NIH-designated clinical translational research centers. It is
envisioned that the networks would do the following:
• Coordinate and support the current and future cadre of basic
and clinical researchers.
• Train new investigators and fellows.
• Provide core capabilities for basic, clinical, and translational
research.
• Support multisite clinical research in children, adolescents,
adults, and elderly.
• Create and support virtual networking centers to facilitate the
standardization and sharing of data and resources online and
enhance collaborations with researchers not working in research
centers.
• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in cooperation with the research and clinical network.
• Together with the Agency for Healthcare Research and Quality
develop standards for research, outcomes, and clinical practice.
• Work with the Centers for Disease Control and Prevention to
integrate and support surveillance and population-based research.
Establish Sleep Laboratories in the NIH Clinical Research Program
As described in the 2003 research plan, “[t]he role of sleep disturbances
and sleep disorders in the morbidity of most chronic conditions is understudied . . . [and] poorly understood”(NHLBI, 2003). The report further
went on to call for greater study of the “bidirectional relationship between
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sleep processes and disease development, progression, and morbidity.”
Given these priorities, it is of note that the intramural clinical research program at the NIH does not have a sleep laboratory. Consequently, many
experimental sleep therapies and the relationship between sleep processes
and disease development are not being examined. If there is adequate investment in extramural sleep-related programs, the field can continue to
make great strides; therefore, the committee does not support use of limited
resources to invest in an intramural somnology and sleep disorders research
program. However, because appropriate sleep patterns constitute one of
the basic tenets of health, the committee strongly urges the NIH intramural
clinical research program to ascertain the need for potentially establishing a
sleep study laboratory so that evaluation of sleep may be integrated into
ongoing relevant clinical research protocols at NIH.
Recommendation 8.3: The National Institutes of Health should
ascertain the need for a transdisciplinary sleep laboratory that
would serve as a core resource in its intramural clinical research
program.
The director of the National Institutes of Health Intramural Research Program should ascertain the need for a transdisciplinary
sleep laboratory within the intramural clinical research program
that would serve as a core resource for the community of intramural clinical investigators across all institutes.
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9
Building Sleep Programs in
Academic Health Centers

CHAPTER SUMMARY New organizational structures for interdisciplinary sleep programs in academic health centers are necessary. This chapter makes the case for why interdisciplinary sleep
programs are needed nationwide. It then offers a framework for
establishing academic somnology and sleep medicine programs.
Without being prescriptive, the chapter discusses operating principles gleaned from interdisciplinary somnology and sleep medicine
programs that have flourished, as well as from others that have
struggled. Finally, the chapter unveils the committee’s recommendation for a three-tier structure that ensures all academic health centers
provide adequate interdisciplinary clinical care, with subsequent
tiers also emphasizing training and research components. If these
components and guiding principles are followed, interdisciplinary
sleep programs can thrive, whether as a freestanding department or
as a program within an existing department or division. Although
not a trivial undertaking, it is necessary that all academic health
centers strive to develop or transform their current sleep activities
into interdisciplinary sleep programs. Some academic health centers
are close to, or already have, achieved strong clinical programs.
Once a sleep program is established, whether multidimensional or
not, it can generate higher revenues than costs, according to a fiscal
analysis presented in this chapter. To ensure improved care and
scientific advances, the committee recommends clinical accreditation standards be updated to address patient care needs.
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Building sleep programs at academic health centers is not a matter of
bricks and mortar. It is a matter of crumbling the organizational walls that
separate a variety of traditional scientific and medical disciplines to function more appropriately to meet patient care needs and to facilitate research
and training. In this chapter, the committee lays out a vision for each of the
nation’s 125 academic health centers to formally establish an interdisciplinary
somnology and sleep medicine program. Building sleep programs nationwide will strengthen Somnology and Sleep Medicine as a recognized medical specialty. There is too much at stake—a large patient population, high
levels of underdiagnosis, and high public health toll—for inaction.
RATIONALE FOR SLEEP PROGRAMS IN
ACADEMIC HEALTH CENTERS
The rationale for sleep programs has been presented throughout this
report. This section of the chapter recapitulates those arguments concerning the magnitude of the public health problem and the lack of appropriate
education at every level of academic instruction. It also answers the specific
question—why is a sleep program optimally interdisciplinary?
Public Health Burden Is High
Chronic sleep loss and sleep disorders are serious and common problems, affecting an estimated 50 to 70 million Americans (NHLBI, 2003).
These conditions have a bearing upon nearly every facet of public health—
morbidity, mortality, productivity, accidents and injuries, quality of life, family well-being, and health care utilization. Earlier chapters of this report documented the prevalence of sleep problems and their health consequences. Sleep
loss and sleep-disordered breathing, for example, are associated with obesity,
diabetes, hypertension, cardiovascular disease, and stroke (Chapter 3).
Nearly all types of sleep problems affect personal as well as public
health (Chapter 4). The foremost symptom of sleep loss and most sleep
disorders—daytime sleepiness—affects performance and cognition. When
these functions are perturbed, whether at work, in school, or in the community, serious consequences can ensue. One of the most serious comes in the
form of motor vehicle injuries. More broadly, the annual direct and indirect
costs of sleep problems reach well beyond $100 billion (Chapter 4).
Most Patients Remain Undiagnosed and Untreated
Most individuals with sleep disorders remain undiagnosed and thus
untreated. Two large epidemiological studies, each with thousands of subjects, found that the vast majority, up to 90 percent, of individuals with
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sleep-disordered breathing had not been diagnosed (Young et al., 1997;
Kapur et al., 2002). Narcolepsy and insomnia are also infrequently detected
(Benca, 2005; Singh et al., 2005). All of the findings reported above are
consistent with surveys indicating that primary care physicians infrequently
ask questions about sleep problems (Chung et al., 2001; Reuveni et al.,
2004).
Patients with Sleep Loss and Sleep Disorders Require
Long-Term Care and Chronic Disease Management
Sleep disorders are chronic conditions with complex treatments. They
are frequently comorbid with other sleep disorders, as well as other complex conditions (e.g., cardiovascular disease, depression, and diabetes)
(Chapter 3). Sleep disorders also are dynamic, meaning that the underlying
condition or its treatment changes with age and onset of new comorbidities.
Despite the importance of early recognition and treatment, the primary
focus of most existing sleep centers is on diagnosis rather than on comprehensive management of sleep loss and sleep disorders as chronic conditions.
The narrow focus of sleep centers may largely be the unintended result of
accreditation criteria, which emphasize diagnostic standards, as explained
later, as well as a result of reimbursement, which is for diagnostic testing.
There are numerous reasons for a paradigm shift to chronic disease
management. Proper treatment for most sleep disorders—as for other chronic
diseases such as congestive heart failure, diabetes, asthma, and depression—
requires a period of time for fine-tuning, extended follow-up, and lifestyle
changes. Sleep disorders cannot be adequately treated in a single visit.
The need for chronic care management is even more pressing for the
many patients (probably up to 30 percent) with combined sleep pathologies. These patients are difficult to manage without multiple clinicians being involved. For example, 20 to 50 percent of narcoleptics have obstructive sleep apnea (OSA); 40 percent of narcoleptics have insomnia; 40 percent
of narcoleptics have periodic leg movements disorder (Baker et al., 1986;
Cherniack, 2005; Chung, 2005). Residual daytime sleepiness is common in
patients with sleep apnea adequately treated with continuous positive airway pressure (CPAP); it may require additional pharmacotherapy. Similarly,
a large portion of patients with sleep apnea have insomnia and vice versa.
Insomnia plus sleep apnea is a difficult combination, as it makes it more
challenging for patients to tolerate CPAP and thus increases the likelihood
of failure if the combination is not addressed.
Sleep disorders are also common in patients with various medical and
psychiatric conditions. For example, increased sleep apnea is found in obese
subjects with or without the metabolic syndrome and in patients with stroke
or various neurodegenerative disorders. Restless legs syndrome can occur in
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the context of iron deficiency, renal failure, and pregnancy. Rapid-eyemovement (REM) behavior disorder is often an antecedent of Parkinson’s
disease and Lewy body disease. Hypersomnia is a common symptom in
Parkinson’s disease, depression, and various neurological conditions. Similarly, insomnia can occur in the context of various medical and psychiatric
conditions and is associated with depression. These patients often require
coordinated care across disciplines. As will be described below, interdisciplinary sleep programs provide the best structure to facilitate this type of care.
Inadequate Numbers of Training and Research Programs
Training of health professionals seldom deals with sleep hygiene, sleep
loss, and sleep disorders (Chapters 5 and 7). Although there have been
some improvements, challenges lie ahead for training of medical, nursing,
and pharmacy students. Research opportunities for medical residents, subspecialty residents, and doctoral and postdoctoral researchers are also limited. Most sleep researchers are clustered in a handful of institutions, according to the grants analysis presented in Chapter 7. Because mentoring is
critical to success in clinical or basic research, the concentration of mentors
at so few institutions leaves students elsewhere with few opportunities to
successfully enter the field, thereby constricting the pipeline of new clinicians and researchers.
Large Body of Knowledge
Given the limited number of sleep experts nationwide and their clustering in a handful of institutions, is there a sufficient knowledge base and
need to justify creation of an interdisciplinary somnology and sleep medicine program at each of the nation’s academic health centers? The simple
answer is yes. Over the last 25 years, the field has grown to the point that a
large base of knowledge now exists regarding diagnosis and treatment. Several recent milestones for the field attest to the achievement of a critical
mass of knowledge. Sleep medicine is a medical subspecialty now recognized by the American Board of Medical Specialties. The Accreditation
Council for Graduate Medical Education (ACGME) now accredits fellowship training programs. Numerous educational resources, including curriculum, are available from the American Academy of Sleep Medicine. The
standard 1,500-page textbook, Principles and Practice of Sleep Medicine, is
in its fourth edition. There is also a vibrant body of research, described in
previous chapters, on the basic science of sleep and sleep disorders. The
number of recipients of National Institutes of Health (NIH) R01 grants in
sleep has risen from 100 to 253 over the last 10 years (Chapter 8).
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Why Is Somnology and Sleep Medicine Program
Optimally Interdisciplinary?
Medicine has historically drawn strength from compartmentalizing into
distinct specialties and subspecialties. But sleep medicine is not an ordinary
subspecialty; its purview spans multiple organ systems. Consequently, complications that arise as a result of sleep loss and sleep disorders require
attention from health care professionals in many disciplines. Further, sleep
cycles and perturbations exert physiological effects. The major circadian
rhythm that originates in the brain influences body temperature, heart rate,
muscle tone, and the secretion of hormones. There are also circadian clocks
in the heart and other organs. Beyond maintaining proper health and normal
cognitive and motor function, sleep is required for survival (Rechtschaffen
et al., 1989). Disturbance of sleep or loss of sleep has widespread metabolic
implications (Chapter 2). Finally, the scientific study of sleep loss and sleep
disorders integrates the efforts of many disciplines, including but not
limited to neuroscience, epidemiology, molecular and cellular biology,
and genetics.
Thus, by its very nature, the field is at the interface of many medical
and scientific disciplines. Therefore, it is not surprising that board certification in sleep medicine is under the auspices of four different medical
boards—the American Boards of Internal Medicine, Pediatrics, Otolaryngology, and Psychiatry and Neurology.
To harness the needed specialties, sleep programs must be multidisciplinary. But being multidisciplinary is not sufficient. A true interdisciplinary program is an orientation, approach, or philosophy that seeks to go
beyond the sum of the parts to build a new enterprise (Figure 9-1). It is not
necessary for sleep medicine to be housed in a stand-alone department or
division. Many interdisciplinary sleep programs thrive in a department (see
below). However, sleep programs that are restricted to a single department
that does not allow for interdisciplinary treatment and care tend to struggle.
This is partly because they fail to provide a sense of identity; they lack a
career path for faculty, which in turn, makes it difficult to recruit students
and additional faculty—the very ingredients needed to establish and rejuvenate a field. Further, fragmented programs lack the collaborative spirit necessary for excellence in clinical care, training, and research.
The field of somnology and sleep medicine is an excellent example of
an interdisciplinary field because it strives to integrate ideas, tools, and perspectives from several disciplines in order to advance understanding beyond
the scope of a single discipline or field of research practice. The field is being
forged from existing fields of cardiology, dentistry, endocrinology, geriatrics,
neurology, neuropsychopharmacology, neuroscience, nursing, otolaryngology,
pediatrics, psychiatry, psychology, and pulmonology (Box 9-1). Although
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A) Interdisciplinary
A

Joined together to work on a common question or
problem. Interaction may forge a new research field
or discipline.

C
B

B) Multidisciplinary
A

B

A’

B’

Disciplines joined together to work on a common question
or problem, split apart when work is complete, having
likely gained new knowledge, insight, strategies from
other disciplines.

FIGURE 9-1 Interdisciplinary and multidisciplinary research.
SOURCE: NAS (2004).

not all of these disciplines are essential for starting a sleep program, each
enriches the sleep field in transcendent ways. Two of the most advanced
and successful sleep programs, at Harvard University and the University of
Pennsylvania, attest to the productivity and vibrancy of an interdisciplinary
approach. The success of the program at the University of Pennsylvania
also demonstrates that the success of an interdisciplinary sleep program is
not dependent on it being its own stand-alone department.
Many types of health professionals are needed to guide the chronic
management of sleep disorders. Individuals with sleep loss and sleep disorders have a multitude of health-related problems that require attention from
a number of medical disciplines. However, given the limited number of
certified health care professionals in sleep medicine and depending on the
size and structure of an interdisciplinary sleep program, an individual often
may need to be referred to a specialist in another department who may not
be certified in sleep medicine. These physicians come from a variety of medical specialties, including internal medicine, pediatrics, otolaryngology, pulmonology, neurology, and psychiatry. Psychologists are essential in behavioral management of sleep disorders.
Nurses and nurse practitioners also play an important role in patient
support, patient teaching (especially in sleep hygiene and use of CPAP),
follow-up, and promoting adherence to prescribed medical therapies
(Epstein and Bootzin, 2002; Lee et al., 2004b). For example, in one of the
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BOX 9-1
Examples of Interdisciplinary Approaches
to Somnology and Sleep Medicine
Several major accomplishments of somnology and sleep medicine have
critically depended on the insights and perspectives of disparate disciplines:
Cardiology
Contributions of cardiology and large cohorts such as the Framingham
study led to the Sleep Heart Health Study. This large cohort study has
shown that sleep apnea is a risk factor for hypertension, cardiovascular
disease, and insulin resistance (Nieto et al., 2000; Shahar et al., 2001;
Punjabi et al., 2004).
Endocrinology
Cumulative sleep loss led to reduced leptin and increased ghrelin and
hence increased appetite (Spiegel et al., 2004; Taheri et al., 2004). This
led to the hypothesis that a hormonally mediated increase in appetite
may help to explain why short sleep is a risk factor for obesity.
Pulmonary
Pulmonologists, with their knowledge of pulmonary physiology and ventilators, led the development of nasal CPAP, the most efficacious and
common treatment for OSA (Sullivan et al., 1981).
Neurobiology and Genetics
Contributions of neurobiologists led to the demonstration that the rest
period in the fruit fly (Drosophila) is analogous to mammalian sleep (Shaw
et al., 2000; Hendricks et al., 2000).This provides a powerful new genetic
model to study sleep mechanisms.
Nursing
Nursing’s focus on quality of life led to development of the Functional
Outcomes of Sleepiness Questionnaire (Weaver et al., 1997). This instrument, which measures functional capacity in relation to sleep, is now
used in clinical trials.

few studies of its kind, group education sessions with a pulmonary nurse
practitioner were found to enhance CPAP compliance over a 2-year period
(Likar et al., 1997). Other nursing interventions, such as appropriately timed
exercise, relaxation, and meditation, have also been shown to have beneficial effects on sleep in patients with chronic illnesses such as cancer and
those in the acute care setting (Davidson et al., 2001; Mock et al., 2001;
Richards et al., 2003; Allison et al., 2004). The role that poor sleep plays in
enhancing other symptoms such as depression, fatigue, and pain is also
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receiving increased attention by nurse clinicians and researchers in an
attempt to improve overall symptom management (Miaskowski and Lee,
1999; Lee et al., 2004a; Miaskowski, 2004; Parker et al., 2005).
Despite its promise, the field, like any enterprise that strives to cut across
traditional disciplines, is fragile—even in the most supportive environments
(NAS, 2004). Sleep clinicians or researchers often face daunting obstacles
and disincentives, most of which arise from the customs and practices of
individual academic departments. Those obstacles are discussed later in this
chapter.
CONSTRAINTS FACING INTERDISCIPLINARY
SLEEP PROGRAMS
Many of the most promising new lines of academic pursuit fall outside
of traditional disciplines (Ehrenberg and Epifantseva, 2001). Yet interdisciplinary programs, even under the best of circumstances, face barriers and
impediments within the confines of academic or research institutions
(Ehrenberg et al., 2003; Lach and Schankerman, 2003). A recent National
Academies report focusing on ways to facilitate interdisciplinary research
was unambiguous about the difficulties confronting these programs, despite their promise. The report observed that, “Researchers interested in
pursuing [interdisciplinary research] often face daunting obstacles and disincentives.” Some of these obstacles take the form of personal communication or culture barriers; others are related to the tradition in academic institutions of organizing research and teaching activities by discipline-based
departments—a tradition that is commonly mirrored in funding organizations, professional societies, and journals (NAS, 2004). This is a generic
problem, regardless of whether the interdisciplinary research program deals
with nanotechnology or the perception of pain.
The problem of departmental silos permeates interdisciplinary programs within any setting: academic health centers, universities, national
laboratories, or industry. The following section presents a series of constraints that together limit the achievement of interdisciplinary programs.
These constraints were identified on the basis of an analysis of six sleep
programs using methods from operations research that the committee
commissioned (see below). Several of the other constraints described in
the following sections stem from organizational structures that were established prior to the advent of interdisciplinary research: interdisciplinary programs challenge institutional reward systems; interdisciplinary
requirements impose obstacles, different administrative jurisdictions, and
lack of appropriately trained staff for sleep studies; and service demand
outstrips service supply.
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Different Administrative Jurisdictions
As a corollary of the interdisciplinary nature of sleep programs, another constraint is that the services offered by a sleep program often occur
at different locations under different administrative jurisdictions. Coordinating all the different types of personnel, lines of authority, policy and
procedures, and quality control measures across organizational boundaries
is challenging. Who bears the costs and their alignment with benefits and
the various revenue streams is neither obvious nor consistent.
Interdisciplinary Programs Challenge the
Institutional Reward System
Most institutional reward systems are organized within traditional disciplines or academic departments. These are the units that control what
most professionals covet: hiring capacity, tenure and promotion decisions,
and space allocation. Interdisciplinary programs challenge this disciplinebased reward system, as well as the culture accompanying each discipline
(i.e., the customs and shared values that create group cohesion).
The National Academies report on interdisciplinary research conducted three surveys of different groups either working within or overseeing interdisciplinary programs: individual professionals, provosts, and
attendees of a conference on interdisciplinary research. In all, some 500
people responded to the surveys (NAS, 2004). The report acknowledges
that the samples were not random. But since these are the only surveys of
their kind, it is worth noting that the overwhelming majority of respondents (70.7 percent) reported that there were impediments at their institution. The leading barriers identified by individual professionals and
provosts: promotion criteria, budget control, control on use of indirect
costs, compatibility with university’s strategic plans, and space allocation (Figure 9-2).
Interdisciplinary Requirements Impose Obstacles
Interdisciplinary sleep programs, at a minimum, require multidisciplinary participation. As explained earlier, an interdisciplinary program
moves beyond being multidisciplinary and is one in which multiple disciplines collaborate in a way that forges a new discipline or endeavor. Provision of clinical services in sleep medicine call upon professionals from internal medicine and its relevant subspecialties (e.g., pulmonology, cardiology,
neurology, psychiatry, otolaryngology, pediatrics, and geriatrics) and other
disciplines such as nursing, dentistry, and psychology. Research includes
genetics, endocrinology, neuroscience, statistics, pharmacology, and epide-
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FIGURE 9-2 Barriers to interdisciplinary research.
SOURCE: NAS (2004).

miology. Similar issues exist in teaching undergraduate, graduate, and physicians in their residencies, fellowships, and postdoctoral work.
The unintended consequence is to produce barriers to interdisciplinary
patient care, training, and research. Barriers include the length and depth of
training in a single field necessary to develop scientists successful at competing for funds, the difficulty in forging a successful career path outside the
single disciplinary structure, impediments to obtaining research funding for
interdisciplinary research, and the perceived lack of outlets for the publication and dissemination of interdisciplinary research results.
Lack of Appropriately Trained Staff for Sleep Studies
By nearly universal consensus, one sleep technician can monitor at one
time two uncomplicated diagnostic studies or one complicated study. Yet, the
number of certified technicians nationally is inadequate to meet this need. As
with any market in which the supply is less than demand, costs of certified
technicians is rising faster than the average rate of inflation or the average
rate of medical costs. This has two likely consequences: sleep programs are
forced to provide on-the-job training for their technicians; and private-sector
organizations are able to adjust their payment structures more readily than
academic health centers. Thus, academic centers often provide training, but
higher salaries in the private sector lure the experienced technologists. The
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net consequence is that the lack of trained technicians can act as a serious
structural impediment to developing interdisciplinary sleep programs.
Demand Outstrips Supply
Estimates suggest that 50 to 70 million Americans suffer from a chronic
disorder of sleep and wakefulness (NHLBI, 2003). As discussed in detail in
Chapter 6, the predicted number of individuals with sleep disorders greatly
outstrips the ability to provide services using trained personnel (Tachibana
et al., 2005). Although there are over 3,250 American Board of Sleep
Medicine (ABSM) diplomats, inadequate staffing results in long wait time
until next appointment. Analysis commissioned on behalf of the committee
indicated that wait times could range by as much as 4 weeks to 4 months.
KEY COMPONENTS AND GUIDING PRINCIPLES
FOR BUILDING SLEEP PROGRAMS
In this section, the committee offers guidance to academic health centers about the missions and roles of sleep programs. There is no single way
to create or expand an interdisciplinary sleep program. The committee
recognizes that every institution has established—often over many decades—
its own policies, procedures, institutional organization, and lines of authority.
The committee offers principles that can guide development of somnology
and sleep medicine programs. For each of these key components and guiding principles, the committee draws on its experience with programs that
have been successful, as well as those that have struggled. It also draws on
the formidable barriers identified in the previous section. If these components and guiding principles are followed, interdisciplinary sleep programs
can thrive, whether as a freestanding department or as a program within an
existing department or division.
Key Components of Interdisciplinary Sleep Programs
Strong Linkages from Diagnostic Testing Centers to Comprehensive Care
Diagnostic sleep centers need to establish strong linkages with treatment providers. The emphasis of sleep centers may be too narrowly focused
on diagnosis. The committee heard testimony and anecdotal reports that
many patients, once tested, are lost to follow-up. Once diagnosed, severe
sleep apnea, for instance, optimally should be followed up by a physician
certified in sleep medicine. Less severe forms of apnea may warrant watching or referral to a dentist for preparation of dental devices, if a dental
problem is etiologically related.
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A Chronic Disease Management Model
Responding to the well-documented problem that most Americans with
chronic diseases receive suboptimal care (IOM, 2000; 2001), Wagner and
colleagues have developed and tested a model for improved management of
chronic illness in the primary care setting. Components of the model have
been demonstrated to lower health care costs or lower use of health care
services (Bodenheimer et al., 2002). The model’s six components are:
• community resources (e.g., exercise programs, senior centers, and
self-help groups)
• health care organization (a provider organization and its relationships with purchasers, insurers, and other providers)
• self-management support (ways to help families acquire the skills
and confidence to manage their chronic illnesses)
• delivery system design (structuring medical practice to create teams,
including nonphysician personnel, for patient support and follow-up)
• decision support (access to specialists that does not necessarily require a specialty referral)
• clinical information systems (e.g., reminder systems, feedback to physicians, registries for planning patient care)
Education and Training
Few health professionals receive adequate training in somnology and
sleep medicine, as summarized earlier in this chapter and considered in depth
in Chapters 5 and 7. At a minimum, medical students need basic training in
sleep disorders, as do pharmacy, public health, dentistry, and nursing students. This training should cover the public health burden of sleep loss and
sleep disorders and the importance of diagnosis and treatment throughout
the life span. Sleep disorders and sleep medicine should be covered in greater
depth in residency and fellowship training programs in all primary care
specialties, as well as specialties related to sleep (e.g., otolaryngology), but
without formal ACGME-accredited sleep fellowship programs. Research
training—for clinical fellows, as well as for graduate and postgraduate researchers—is a key component for more specialized sleep programs (Type II
and III; see below).
Clinical, Basic, and Translational Research
The field, as an interdisciplinary enterprise, garners momentum from
the many clinical and basic disciplines at its core. The translational opportunities inherent in the field were among the motivations behind the forma-
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tion by the NIH, in 1986, of the Trans-NIH Sleep Research Coordinating
Committee (Chapter 8). The coordination and integration of many scientific fields will maximize these efforts.
Participation in Proposed Research Network
The committee recommended in Chapter 8 the creation of a National
Somnology and Sleep Medicine Research and Clinical Network. The purpose
of the proposed network is to advance the field by providing a means to
connect individual investigators, research programs, and research centers.
The network would provide a resource for education, training, collaborations, core facilities, data coordination, and access to multisite clinical research trials. Most sleep programs could benefit greatly from participation
in the proposed network. For the network to be successful, all participating
programs should be required to submit research and clinical data to whatever joint projects the network undertakes. This concept parallels the structure of many existing networks supported by NIH, as noted in Chapter 8.
Guiding Principles of Interdisciplinary Sleep Programs
Leadership
Leadership, so easily recognizable but elusive to define, is the single
greatest success factor in forming a new program. The most successful programs developed over the past two decades are largely traceable to the conviction, determination, and persistence of committed leaders. These programs have served as beacons to others, facilitating their establishment. In a
survey of 186 principal investigators, the IOM and National Academies
committee on interdisciplinary research asked, “If you could recommend
one action that principal investigators could take that would best facilitate
interdisciplinary research, what would that be?” The leading recommendation from this survey was to increase leadership support of team-forming
activities (NAS, 2004).
Revenue Generation and Fiscal Independence
Established sleep programs can generate higher revenues than costs,
according to the analysis that the committee commissioned. This has resulted in individual departments taking “ownership” of the sleep program,
thereby limiting reinvestment potential. But this is a shortsighted strategy.
As emphasized throughout this report, there is enormous opportunity both
in terms of clinical service and research. Academic centers, which adopt
budgeting strategies that offer individual incentives to work together, should
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be better positioned to promote interdisciplinary research. Moreover, deans
can facilitate interdisciplinary research by specifically giving chairpersons
incentives for this type of activity. Such strategies give deans a very specific
role in development of and support of somnology and sleep medicine as an
interdisciplinary discipline.
Transparent Policies and Procedures
Sleep programs that are administered as divisions within individual departments may be at a disadvantage. They are not represented at the level of
the school of medicine and hence may not be directly involved in strategic
planning initiatives of the academic medical center. Further, the program
competes for faculty positions in a structure that is not focused on development of interdisciplinary programs. On the other hand, entities that have
medical-school-wide structures that support the interdisciplinary nature of
sleep medicine have the converse—they are involved in strategic planning,
there is financial transparency with budget authority, and they have the
ability to advocate for faculty positions.
ORGANIZATIONAL AND FISCAL STRUCTURES FOR
SUSTAINING OR EXPANDING A SLEEP PROGRAM
How can programs in somnology and sleep medicine be organized to
sustain themselves and grow? This was the driving question behind an analysis the committee commissioned. The analysis focused on organization and
fiscal structure of five interdisciplinary sleep programs—each with clinical,
teaching, and research capacity. By studying programs with distinct organizational structures, the analysis sought to determine which were most conducive to sustaining or expanding their sleep program.
The analysis was undertaken using methods from operations research,
a field that examines the impact of organizational structure on a program’s
capacity to achieve its mission. Operations research has shown that a
program’s success not only depends on leadership and quality of faculty
and students, but also on its organization. It has identified organizational
structure as being associated with success in producing doctorates (Ehrenberg
and Epifantseva, 2001), acquiring grants (Ehrenberg et al., 2003), and
developing patented technology (Luszki, 1958; Lach and Schankerman,
2001; 2003). This section of the chapter summarizes the specific questions,
methods, and major findings of the commissioned paper. It is important to
point out that the choice of programs was meant neither to be representative of all sleep programs, nor to cover the question of how to start a program de novo. Consequently, although the general findings are consistent,
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any conclusions drawn from the analysis may be limited and may not transcend every medical center.
Specific Questions and Methodology
The analysis addresses three specific questions: (1) Can sleep programs
generate revenue in excess of their costs? (2) Which revenue streams produce the largest net revenue available for program development? (3) What
organizational structure maximizes control over resources for program
development? Parametric analysis applying the principles of operations
research was used to examine these three questions. Semistructured interviews were conducted at five academic sleep programs with varying organizational structures: Emory University, George Washington University,
Stanford University, University Hospital of Cleveland, and University of
Pennsylvania. The interviews dealt with the topics in Box 9-2. Financial data
were obtained from each program, and direct observations were performed,
including the provision of clinical services and the effect of teaching on
patient throughput. Major priorities of the analysis were to develop an
operational framework to categorize organizational structures, to delineate
specific constraints affecting sleep programs, to identify major cost structures and major funding streams, and to develop a “business plan” for each
major organizational variant most likely to sustain or expand its program.
Direct Costs
The analysis identified three major direct costs: clinical services, teaching, and research. Clinical services consist of obtaining a reliable clinical
history from a patient, determining what studies to conduct and, based on
findings, establishing a diagnosis and developing a treatment plan. Diagnostic sleep studies are constrained by the fact that a sleep technician simultaneously can run, at best, two studies. “Reading” of studies requires frequent technician and clinician “calibration” for quality assurance purposes.
Most programs are able to generate approximately 30 readings a week per
full-time equivalent. Incorrect staffing ratios (e.g., medical assistant to provider ratios lower than 2 to 1) often produce longer patient wait times,
which negatively affect patient throughput. No-show rates typically increase
beyond a 2-week “next appointment” wait time. The direct costs of performing a sleep study are rising rapidly, primarily as a result of personnel
costs. The changes in direct service costs between 1994, 2000, and 2005 are
depicted in Figure 9-3.
The programs in the study taught medical students, residents, doctoral
students, sleep fellows, and postdoctoral fellows. Though many faculty

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

308

SLEEP DISORDERS AND SLEEP DEPRIVATION

BOX 9-2
Areas Addressed in Semistructured Interviews
1. A description of the program’s revenue stream(s)
a. Tests, including polysomnograms
b. Treatment protocols
c. Clinical consults
d. Other services
2. Approximate operating budget for:
a. Number of staff
i. Administrative
ii. Technical support
lll. Practitioners
b. Number of beds allocated to sleep
c. Equipment maintenance and upgrades
d. Training and continuing education
e. Basic and clinical research
f. The amount and source of discretionary funds controlled by the
sleep center director
3. What percentage of the center’s revenue goes to its parent department or division?
4. What percentage of the center’s revenue goes to other departments
through cost-sharing agreements?
5. What percentage of the center’s operating budget does your sleep
center receive from its parent department or division?
6. What are the challenges in working under the current system—does
this create any barriers in care or service?
7. Are changes in the infrastructure needed? If so, why and what?

taught these medical students, there was not a formal mechanism for offsetting the expense through tuition revenue sharing. This is a more substantial
problem in administrative structures in which the academic hospital is a
separate legal entity from the university. Although there is generally a formal revenue sharing arrangement between the university and the hospital,
there is seldom a similar arrangement between the university and the medical faculty.
Direct observations of programs being profiled here are consistent with
findings of other studies that “teaching moments” increase the time spent
for each clinical encounter by 20 to 30 percent. All programs examined for
this study participated in fellowship training. Funding, with the exception
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FIGURE 9-3 Direct service costs of sleep studies.

of direct NIH training grant support, was done without transparency and
with minimal recognition of the expenses involved.
For research, there is a broad range of costs involved, depending on
whether the research is basic or applied. This analysis focused only on direct costs and did not take into account start-up costs or shared or underutilization of space or personnel costs.
Revenue Streams
There are three major clinical revenue steams: sleep studies—technical
and professional components (the latter being for interpretation) and clinical
encounters, teaching revenue streams (student tuition fees, graduate medical education [GME] funding, and NIH training grants), and one research
revenue stream (grant funding both from federal and nonfederal sources).
Sleep studies generate the largest net revenue but mostly in the technical
component. Clinical interpretations of sleep studies exhibited positive but
lower margins. Clinical encounters were, at best, a breakeven proposition.
This reflects general reimbursement patterns and the relatively higher overhead in academic practice by comparison to private practice settings. The
relative efficiency of office practice varied considerably based on the organizational structure, but even under the best structure there was little evidence of net revenue beyond salary support for this part of the activity.
Interpretation of sleep studies does offer moderate net revenues even in
the least efficient of the organizational structures. Direct costs are minimal,
and federal and commercial insurance payments are predictable and above
direct costs. Net revenue can support program development for both clinical
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and teaching purposes. Whether a given sleep program can access the net
revenue for development depends on the organizational structure and financial arrangements between the sleep program and its parent organization(s).
By far the greatest net revenue comes from sleep diagnostic procedures.
However, compared with other outpatient procedures (e.g., endoscopy and
surgery) and many inpatient procedures, the net revenue from sleep studies
may represent a type of “opportunity cost,” insofar as they are not as
profitable as other procedures. The net revenue is sufficient, however, to
support clinical, teaching, and research program development. Even so,
whether a sleep laboratory is a potential source of programmatic reinvestment is very much affected by the entity that owns the laboratory. In a
hospital setting, the sleep laboratory margins compete for space and personnel with other services that generate much higher net margins. The difficulty in acquiring sleep laboratory space and sharing in the revenue has
resulted in many academic programs outsourcing sleep laboratory studies
to private contractors. Revenue sharing plans, such as those at Emory University and the University of Pennsylvania, with private contractors can
support clinical teaching.
Three sources of revenue for teaching include capture of student tuition, federal GME funding, and NIH training grants. However, none of the
sleep programs profiled here received student tuition revenue despite the
substantial time spent teaching students. This generally reflects funds flow
in most academic centers and is therefore not specific to sleep programs.
Training grants support the education of fellows during their research training. Support of the fellows’ clinical education is derived from a variety of
sources and therefore differs from one institution to another.
Federal and nonfederal research grants support the direct costs of research, but the indirect cost recovery, even when distributed, does not completely cover the overhead costs of doing research. Institutional supplements
generally close the gap.
Findings About the Role of Organizational Structure
There are two major parameters defining the effect of organizational
structure on academic sleep centers. The first is the relationships among the
university, school of medicine, university hospital, and faculty practice
group. The second is the relationship between the sleep program and the
rest of the faculty practice groups.
Macrostructure
The relationships among the university, university hospital, and faculty
group have a major bearing on transparency in career development, re-
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source sharing, and program development. For a fortunate few, these organizational units exist within the same legal entity. For most, they are disaggregated, with many having the hospital as a separate legal entity. In others,
the faculty practice group, hospital, and school of medicine are all separate
legal entities. Under the disaggregated organizational structures, all the complications and barriers exist to multidisciplinary collaboration in clinical,
teaching, and research activities. Even more relevant to the purpose of this
report, the ability to reinvest net revenues generated by the various sleep
programs’ revenue streams is dependent on individual initiative, personal
relationships, and historical fiscal arrangements.
Microstructure
The relationship between the sleep program and the rest of the faculty
practice group controls program development. In a few instances, the program is a formally recognized administrative structure (either as a separate
division or as a formal “center”). A formally recognized program enhances
the likelihood of revenue and resource sharing, faculty recruitment and
development, decisions about how to reinvest revenue, and the ability to
respond to local conditions. All too often, however, the sleep program is
informally recognized. Net revenues are folded back into the department—
with no advantage to the sleep program. The sleep program often has little
control over faculty selection and evaluation, risk of multiple sleep services
being offered by competing departments, and significant barriers to crossdiscipline teaching activities and credit. This, in turn, limits the program’s
capacity to attract new faculty of high quality. Consequently, most programs
have relied on the charisma, determination, persistence, and persuasiveness
of their program leader. However, successful sleep programs do not need to
be established in separate administrative structures. Many large, successful
programs with strong leadership are housed within long-established medical
departments or divisions.
The degree of transparency (or lack thereof) in administrative policy
and procedures governing cost and revenue allocation and the weighting of
teaching and research activities relative to clinical income at both the individual faculty member and program level varied considerably. The integrated model demonstrated the greatest transparency, greatest growth, and
least concern about how to reinvest in the program.
Summary of Fiscal and Organizational Analysis
Sleep programs can generate higher revenues than costs. The net revenues (i.e., profits) can be used for reinvestment to sustain and build the
program. Programs studied here have three sources of revenues: grants,
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clinical revenues, and teaching revenue. The technical revenue for sleep studies is the most profitable type of clinical revenue. It often is more profitable
when contracted out to a private management firm with lower cost structures and more efficient operations. Contracting out also brings an added
dividend: it gives the sleep program a dedicated source of revenue over
which it may exert greater control. Training’s financial benefits or disadvantages cannot be calculated, largely because none of the programs profiled here captured those costs.
The ability to control reinvestment in the sleep program is largely governed by the administrative structure within which the program is located.
The ideal structure for controlling reinvestment exists when the program is
a formal division within a medical school or the health science center—and
when the medical school operates under the same administration as does
the university hospital and faculty group. However, the committee recognizes that establishment of independent sleep departments is not possible in
the vast majority of medical centers. Many successful sleep programs are
divisions or centers in an existing medical department (e.g., internal medicine,
neurology, or psychiatry). Therefore, facilitating growth of sleep programs
can best occur by following the key principles previously set forth and the
organization guidelines that will be discussed in the following section.
If the emphasis of the sleep program is on clinical services and clinical
teaching, then the greatest reinvestment opportunities occur when the program is recognized as a formal clinical center, especially one that contracts
out for sleep studies. If research is its greatest priority, then the greatest
opportunities for program reinvestment occur when the sleep program is its
own center administering its own grant activity.
Sleep programs have come into existence because of the vision and dedication of their leaders. Constructing a new enterprise requires that type of
leadership, but sustaining and enhancing a program requires more: it requires
a self-supporting organizational structure with transparent goals, rules of
participation, and the capability to control reinvestment opportunities.
ACCREDITATION AND CERTIFICATION ARE
ESSENTIAL TO QUALITY CARE
Although somnology and sleep medicine is a relatively new field, it is
coming of age during this transformative period in medicine as a whole.
Sleep medicine needs to be committed to the same high standards and evolving system of care influencing other fields of medicine, starting with the
basics—accreditation and certification. The American Academy of Sleep
Medicine (AASM) has standards for sleep centers, which include standards
dealing with three broad functions: (1) accreditation of sleep centers
and laboratories; (2) accreditation of sleep fellowship training programs;
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and (3) certification of specialists in sleep medicine. Two of the AASM’s
functions recently have been assumed, at its request, by national certifying
organizations (Table 9-1). The transition to these national certifying bodies
is still in progress.
Accreditation of Sleep Centers or Laboratories
In 2005, the AASM accredited a total of 900 sleep centers and laboratories. There are two types of accreditation. One type, which accounts for
the vast majority of accreditations (832 of 900), is a sleep disorders center.
The centers are described as having a “comprehensive or full-service sleep
disorders program” (American Academy of Sleep Medicine, 2006b). The
other type of accreditation is for a more limited laboratory for sleep-related
breathing disorders only.
The committee identified several problems with respect to quality of
care. The foremost problem is that only 30 percent of sleep centers nationwide are accredited (Tachibana et al., 2005). Considering that an estimated
1 million polysomnograms were performed in 2001, it is likely that approximately 700,000 of them were not performed in accredited centers.
Although there is no systematic evidence of poor quality of care in unaccredited centers, there is no assurance of quality care either. Because many
of the serious health outcomes of sleep disorders may not manifest until
years later, it would be difficult to link those outcomes with quality problems at the time of testing. Further, the fact that a majority of programs are
not accredited taints the credibility of the field, preventing it from achieving
the legitimacy that it has long sought.
TABLE 9-1 Evolution in Accrediting and Certifying Organizations in
Somnology and Sleep Medicine
Past Accrediting
or Certifying
Organization

Current Accrediting
or Certifying
Organization

Number
Accredited or
Certified in 2005

Sleep Centers or
Laboratories

American Academy
of Sleep Medicine

American Academy
of Sleep Medicine

894
(832 centers, 62 labs)

Sleep Fellowship
Training Programs

American Academy
of Sleep Medicine

Accreditation
Council for Graduate
Medical Education

50 AASM
24 ACGME

Board Certification
in Sleep Medicine

American Board
of Sleep Medicine

American Board of
Medical Specialtiesa

3,250

aThe

American Board of Medical Specialties will begin certification in 2007.
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Finally, the absence of accreditation impedes sleep centers moving toward better care for patients (by embracing both diagnosis and treatment,
rather than diagnosis alone). The overview to the standards indicates that
accredited centers provide a comprehensive approach to patient care
(AASM, 2006a). But this broad mission is not reflected in the actual criteria
for accreditation. Accrediting criteria emphasize personnel, patient acceptance, facilities, and technical staff. The criteria lack specific emphasis on
long-term disease management and improved outcomes provided by patient
care. The committee heard testimony that many patients who are evaluated
and diagnosed at centers are not systematically tracked in terms of followup care—either for treatment or for monitoring adherence with treatment.
This testimony is consistent with research revealing that compliance with
CPAP is poor (Kribbs et al., 1993; Reeves-Hoche et al., 1994). The committee could not find studies that directly address the extent to which
diagnosed patients are not receiving treatment and follow-up care. The committee believes, however, that the accreditation procedure represents a
unique opportunity to ensure that sleep centers are primarily focused on
improving patient outcomes rather than diagnosis.
Accreditation of Fellowship Training Programs in Sleep Medicine
Starting in the mid-1990s, the AASM began to accredit sleep fellowship
training programs. These are 1-year programs for medical doctors, which
may be taken after completion of a residency (e.g., internal medicine, neurology, otolaryngology, psychiatry, or pediatrics or fellowships such as pulmonary medicine). In 2003, the ACGME approved AASM’s application for
transferring its fellowship training program to ACGME. AASM had actively sought approval in order to further elevate the standards for training
and education. The newly established ACGME accreditation program began in June 2004. Accreditation criteria cover such areas as curriculum,
qualifications of faculty, fellow competencies, scholarly activities, duty
hours, and evaluation. By 2011, eligibility for board certification in sleep
medicine will require attending an ACGME-accredited fellowship program
in sleep medicine. Currently there are 24 ACGME-accredited fellowship
programs and approximately 50 AASM accredited programs.
Certification of Specialists in Sleep Medicine
Since its inception, the AASM (or its predecessor organization) certified
specialists by a specialty examination. By 1991, the AASM formed an independent body to serve that function, the American Board of Sleep Medicine. Certified professionals are known as diplomates in sleep medicine.
The number of diplomates rose from 21 in the late 1970s to 3250 in 2005.
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One of the board’s major goals was realized in 2005, when it was accorded
recognition as a bona fide subspecialty by the American Board of Medical
Specialties. The timetable calls for a 6-year transition period. By 2011, board
certification in sleep medicine will become available under the auspices of
the American Boards of Internal Medicine, Pediatrics, Otolaryngology, and
Psychiatry and Neurology. However, as discussed in Chapter 5, not all
clinicians will be eligible to sit for the exam. The ACGME only permits
accreditation of medical doctors; thus nurses, dentists, and doctorally prepared sleep specialists (e.g., psychologists and behavioral health specialists)
in other fields will require alternative means of credentialing. It is possible
that this may continue to be performed through the American Board of
Sleep Medicine. Alternatively, other appropriate professional organizations
may wish develop their own standards.
Health Insurance Role in Improving Quality
Health insurance, whether private or public (e.g., Medicare or Medicaid), is a driving force in health care delivery. Health insurance coverage
drives the types of services that are offered and the incentives under which
physicians operate. Health insurance coverage also influences who has access to services and how consumers select and use them (Hillman, 1991;
Miller and Luft, 1994).
Health insurance coverage also influences the quality of care, often in
unintentional ways. For example, fee-for-service health insurance may promote overuse of services—ones may not be necessary or that may expose
patients to greater harm than benefit. Conversely, managed care may promote potential underuse of services from which patients might benefit (IOM,
2001). A major recommendation of the IOM report, Crossing the Quality
Chasm, was to use health insurance as a means to ensure development of
programs in quality improvement. Payment policies, the report recommended, should be used to reward higher quality of care.
The concept of using payment methods to reward better quality of care
already has taken hold in many areas of medicine. It also is occurring in
sleep medicine. In several regions, private health insurers require as a condition of reimbursement that sleep studies be conducted in accredited laboratories or centers (AASM, 2006a).
NEXT STEPS
Continued clinical advances and growth of the field depends on the
appropriate emphasis and organization of academic sleep programs. These
structures require special attention, not only to diagnosis, but also to longterm patient care that recognizes the need for chronic disease management
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and strategies. The committee recommends a three-tier structure that
ensures all academic health centers have at least a minimum set of organizational components that ensure adequate interdisciplinary clinical care, with
subsequent tiers also emphasizing training and research components. Further, to ensure improved care and scientific advances, the committee recommends accreditation standards be updated to include patient care criteria.
Proposed Organizational Guidelines for
Interdisciplinary Sleep Programs
As suggested throughout this chapter and the entire report, the current
organizational structures at many academic health centers are not sufficient
to ensure continued advances in clinical care and research. Consequently,
the committee recommends that each health center strive to put in place an
interdisciplinary sleep program. However, the committee recognizes that
each of the 125 academic health centers has a different organizational structure and resources. Consequently, a three-tier model for interdisciplinary
sleep programs is recommended, progressing from programs that emphasize clinical care and education, to programs with a considerable research
capacity, advanced training, and public education (Table 9-2). The first tier
TABLE 9-2 Guidelines for Interdisciplinary Type I, II, and III Academic
Sleep Programs

Attribute
Structure and Composition
Clinical specialties represented:a
Internal medicine and relevant
subspecialties
Neurology
Psychiatry and subdisciplines
Otolaryngology
Pediatrics and subspecialties (as
necessary may be separate program)
Nursing
Psychology
Dentistry
Medical director certification in sleep
medicine (American Board of Medical
Specialties or American Board of Sleep
Medicine)b
Consultant services from specialties
not represented

Type I
(clinical)

Type II
(clinical,
training,
research)

Type III
(regionalized
comprehensive
centers)

x

x

x

x
x
x
x

x
x
x
x

x
x
x
x

x

x
x

x

x

x
x
x
x

x

x

x
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TABLE 9-2 continued

Attribute
Sleep specialists provide consultant services
Single accredited clinical sleep center
Comprehensive program for diagnosis
and treatment of individuals
Training Program
Training program for health care
professionals and/or researchers
Medical school training and education
Education for residents in primary care
Residents in neurology, psychiatry,
otolaryngology, and fellows in pulmonary
medicine rotate through sleep program
Accredited fellowship program for physicians
Research training for clinical fellows
NIH-sponsored training grants for graduate
and postgraduate researchers
Research Program
Research areas of emphasis:c
Neuroscience
Epidemiology/public health
Pharmacology
Basic or clinical research program
Basic and clinical research program
Member of proposed national somnology
and sleep medicine research and clinical
network
Regional coordinator for:
Core facilities for basic research
Multisite clinical trials
Core facilities for clinical research
Mentoring of sleep fellows
Public education
Data coordinating site

Type I
(clinical)

Type II
(clinical,
training,
research)

Type III
(regionalized
comprehensive
centers)

x
x
x

x
x
x

x
x
x

x

x

x

x
x

x
x
x

x
x
x

x
x
x

x
x
x

x
x

x
x
x

x
xd

x

x
x

x
x
x
x
x
x

aThis

list is not meant to be exclusive or exhaustive and should be modified as relevant specialties and training programs emerge.
bCurrently this is American Board of Sleep Medicine. It is anticipated that in 2007 the examination would be supplanted by the American Board of Medical Specialties.
cThis list is not meant to be exclusive or exhaustive. Other research areas could be involved
(e.g., genetics, systems neurobiology, and bioengineering).
dType I programs would be responsible for generating and submitting data to the national data
registry established by the proposed national somnology and sleep medicine research and clinical network.
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represents a comprehensive program that emphasizes diagnosis and patient
care. Type II and III interdisciplinary programs require a progressively larger
commitment to clinical care, research, and training.
It is the belief of the committee that, if these components and guiding
principles are followed, interdisciplinary sleep programs can thrive, whether
as a freestanding department or as a program within an existing department, division, or unit. There is the danger that establishing stand-alone
centers will result in the formation of additional barriers. Therefore, academic sleep programs must be organized to limit the formation of silos and
facilitate interdisciplinary care and research. In most academic health centers, faculty participating in a sleep program will likely continue to have
their primary appointment in departments, programs, or centers. To ensure
interdisciplinary research and care, as well as prevent the formation of
additional silos, faculty appointed in sleep programs are encouraged to
maintain a connection with both the sleep program and their primary
appointment.
Many academic health centers have in place the components to establish these types of programs. However, organizing and coordinating the
components to reach the committee’s vision is not an inconsequential task.
Not all academic health centers are currently positioned to create interdisciplinary sleep programs. The committee recognizes that there must be incentives to facilitate this transition. To achieve this lofty goal will take great
effort by the leaders of sleep programs and support and commitment from
academic leadership. Establishing Type II and Type III interdisciplinary programs will require additional support from the NIH. As discussed in Chapter 8, the increased availability of training grants and program project grants
will also help aid the establishment of these programs. However, simply
increasing the funding available for these activities may not be effective. It is
important to also establish comprehensive interdisciplinary sleep programs
that will provide an environment conducive for interdisciplinary sleeprelated research, training, and career development. Finally, comprehensive
patient care will also be facilitated through the creation of accreditation
standards for interdisciplinary academic programs in Somnology and Sleep
Medicine that cover the diagnosis, treatment, and long-term follow-up of
individuals with sleep disorders. As discussed previously in this chapter, the
AASM has a demonstrated track record and the expertise to develop these
criteria, which could be expanded to include the overall management of
sleep disorders.
The need to establish novel structures for Somnology and Sleep Medicine within academic health centers is in line with current changes occurring in many other areas of science and medicine. The organization of
basic science departments in academic health centers has been in a continuing state of transition in recent years, according to new data analysis
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from the American Association of Medical Colleges (AAMC). Medical
schools are restructuring their basic science departments by consolidating
the number of traditional departments and adding new departments to
reflect scientific complexity and opportunity, as well as the changing nature of interdisciplinary biomedical research. The number of traditional
discipline-based departments decreased from 2000 to 2004, but the overall number of departments has remained steady (Bunton 2006; Mallon et
al., 2003). The creation of viable interdisciplinary sleep programs by the
medical school leadership should benefit from ongoing experimentation
in parallel areas.
Recommendation 9.1: New and existing sleep programs in academic health centers should meet the criteria of a Type I, II, or III
interdisciplinary sleep program.
New and existing sleep programs should at a minimum conform
to the criteria of a Type I clinical interdisciplinary sleep program.
Academic medical centers with a commitment to interdisciplinary
training are encouraged to train sleep scientists and fellows in sleep
medicine, which would require at least a Type II training and research interdisciplinary sleep program. Research-intensive medical
centers should aspire to become Type III regional interdisciplinary
sleep programs and coordinators of the National Somnology
and Sleep Medicine Research Network. The American Academy
of Sleep Medicine should develop accreditation criteria for sleep
programs specific to academic health centers.
Type I Clinical Interdisciplinary Sleep Program
The Type I Clinical Interdisciplinary Sleep Program, which if not already in existence, is achievable by the majority of centers nationwide and
focuses on clinical care specialties. It further highlights the importance of
increased awareness among health care professionals by requiring educational programs for medical students and residents in primary care. This
minimum commitment to training is so important because of the sheer commonality of sleep disorders in primary care. Optimally, each academic health
center should have a single Type I Clinical Interdisciplinary Sleep Program
accredited center that emphasizes a comprehensive diagnosis and treatment
program and includes representation from internal medicine and its relevant subspecialties, such as pulmonary medicine, neurology, psychiatry,
otolaryngology, pediatrics, and nursing. Often pediatrics and its relevant
subspecialties—especially in large, freestanding children’s hospitals—may
be better served by a separate program. Further, this list of participating
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specialties is not meant to be exclusive or exhaustive but should be modified as relevant specialties and training programs emerge. Although it is
important that generalists and the key specialists are capable of treating
individuals with sleep disorders, programs should also ensure that patients
are referred to relevant specialists as needed. The medical director of each
program should be certified in sleep medicine, and it should be a goal of
each program that all physicians also be certified.
Type II Training and Research Interdisciplinary Sleep Program
A Type II Training and Research Interdisciplinary Sleep Program includes the characteristics of a Type I program but in addition is designed to
provide optimal education, training, and research in somnology and sleep
medicine. Nurses and psychologists should be included in the programs.
Further, a Type II program should have an accredited fellowship program
for all eligible physician rotations through the sleep program for all pulmonology, neurology, otolaryngology, and psychiatry residents. In addition,
as described in Chapter 8, a Type II program would serve as an active
member of the proposed National Somnology and Sleep Medicine Research
and Clinical Network through at least an active basic or clinical research
program. Research areas of emphasis should include, but not be limited to,
science in the biological basis of sleep and population-based research on
sleep patterns and problems.
Type III Regional Interdisciplinary Sleep Program
A Type III Regional Interdisciplinary Sleep Program includes the characteristics of Type I and II programs; however, in addition, a Type III program is designed to serve as a center for public health education, training
for clinical care and research, basic research, patient-oriented research,
translational research, and clinical care. As described in Chapter 8 the committee envisions that this type of program would act as a regional coordinator for the proposed National Somnology and Sleep Medicine Research and
Clinical Network for education, training, mentoring, clinical care, research,
clinical research studies, and large-scale population genetics studies. The
committee does not recommend a specific number of Type III programs but
recognizes that only a minimum number of programs currently have the
necessary resources. However, as the field grows, more programs should
develop the resources necessary to become a Type III program. Establishing
these programs will not only require a significant investment from academic programs, but also, as described in Chapter 8, a long-term commitment by the NIH.
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Chronic Care Accreditation Standards
As described earlier in this chapter, sleep disorders are chronic conditions with complex treatments. However, despite the importance of early
recognition and treatment, the primary focus of most existing sleep centers
is on diagnosis rather than on comprehensive management of sleep loss and
sleep disorders as chronic conditions. This narrow focus may largely be the
unintended result of compliance with criteria for accreditation of sleep laboratories, which emphasize diagnostic standards and reimbursement, for diagnostic testing. Clinical accreditation standards should be updated to address patient care needs.
Chronic disease management models, such as those used to provide
optimal care for individuals with diabetes, asthma, congestive heart failure,
and depression, have been proven to be effective at providing betterintegrated care (Tsai et al., 2005). Therefore, the committee recommends
that accreditation criteria for all sleep centers, embedded in either academic
health centers or private sleep laboratories, be expanded to emphasize treatment, long-term patient care, and management strategies. Although sleep
laboratories may face a financial burden implementing the changes, the
committee believes this is the most effective way to ensure optimal patient
care. Such criteria should be subject to further analysis and a demonstration
that chronic care is a worthwhile investment. If such studies demonstrate a
benefit, this may then change reimbursement patterns.
Recommendation 9.2: Sleep laboratories should be part of accredited sleep centers, the latter to include long-term strategies for patient care and chronic disease management.
All private and academic sleep laboratories should be under the
auspices of accredited sleep centers and include adequate mechanisms to ensure long-term patient care and chronic disease management. Accreditation criteria should expand beyond a primary focus
on diagnostic testing to emphasize treatment, long-term patient
care, and chronic disease management strategies.
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A
Study Process

The committee reviewed and considered a broad array of information
in its work on issues involving sleep disorder research. Information sources
included the primary scientific literature, books and scientific reviews, and
presentations from researchers, as well as representatives from federal agencies and academic, professional, and nonprofit organizations.
LITERATURE REVIEW
Extensive bibliographic searches were conducted, resulting in a reference database of more than 2,000 entries. Searches of the primary biomedical bibliographic databases, MEDLINE and EMBASE,1 were supplemented with searches of Dissertation Abstracts Online, LexisNexis, and
THOMAS (a federal legislative database). The Dissertation Abstracts database provided information on the current level of Ph.D. thesis production in
the field of sleep disorders.2

1Excerpta

Medica.
of Medicine staff searched the Dissertation Abstracts database using the search
terms sleep, sleep disorders, sleep apnea, dream, insomnia, hibernation, periodic limb movement, restless legs syndrome, circadian rhythm, narcolepsy, and sudden infant death syndrome.
The question mark is used to search for terms with multiple endings. For example, the search
term sleep disord? resulted in hits that included sleep disorder and sleep disorders.
2Institute
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GRANT ANALYSIS
To identify information on funding mechanisms and trends from the
National Institutes of Health (NIH), Institute of Medicine (IOM) staff queried the Computer Retrieval of Information on Scientific Projects (CRISP)
database. This database collects information on the number of federally
funded biomedical research projects. Data from the CRISP database were
used to assess the number of fellowships (F grants), career grants (K grants),
research grants (e.g., R01 grants), project grants (P grants), training (T
grants), cooperative agreements (U grants), and Small Business Innovation
Research and Small Business Technology Transfer awards funded by the
NIH. To discern the number of NIH grants directed toward sleep-related
research, IOM staff used appropriate keywords (which appeared in a 9,000word thesaurus) for various sleep disorders, including: insomnia, periodic
limb movement disorder, restless legs syndrome, circadian rhythm, sudden
infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation, and dream. To limit the number of grants that were not relevant to
somnology or sleep disorders the committee included only grants in which
the keywords appeared in the thesaurus terms and not the abstract. Additional information on general funding trends at NIH was located in published documents and was provided by NIH staff.
PUBLIC WORKSHOPS
The committee held five meetings over the course of the study to address the study charge, review the data collected, and develop the report.
Three of those meetings included public workshops: April 11–12, 2005;
June 29–30, 2005; and September 15–16, 2005.
The first workshop (Box A-1) included three sessions that covered the
public health significance of sleep deprivation and disorders, sleep deprivation and society, sleep apnea, and the impact of sleep deprivation and disorders on specific populations.
The committee held the second public workshop (Box A-2) in Washington, D.C. In that workshop the committee heard from 17 speakers who had
expertise in surveillance and monitoring programs and technologies, model
interdisciplinary programs, and training and education in sleep research.
The third meeting took place at the Jonsson Conference Center in
Woods Hole, Massachusetts. The public workshop (Box A-3) consisted of
two sessions that included a review of results from a survey and commissioned paper on sleep and a discussion with Dr. Charles Czeisler, director
of Harvard Medical School’s Division of Sleep Medicine and president-elect
of the Sleep Research Society.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

327

APPENDIX A

BOX A-1
Institute of Medicine
Committee on Sleep Medicine and Research
April 11–12, 2005
Monday April 11, 2005
Session I: Sponsors’ Perspective, Panel Discussion with Committee
10:15

National Sleep Foundation
Richard Gelula, Executive Director
National Institutes of Health
Stuart Quan, Chair, NIH Sleep Disorders Research
Advisory Board
Carl Hunt, Director, National Center on Sleep Disorders
Research, National Heart, Lung, and Blood Institute
Merrill Mitler, Program Director, Extramural Research
Program, National Institute of Neurological Disorders
and Stroke
Sleep Research Society
Charles Czeisler, President-Elect
Jerry Barrett, Executive Director
American Academy of Sleep Medicine
Michael Sateia, President
Lawrence Epstein, President-Elect
Jerry Barrett, Executive Director
Jennifer Markkanen, Assistant Executive Director

Tuesday, April 12, 2005
Session I: Public Health Significance of Sleep Deprivation and
Disorders
8:25

Welcome and Introductions
Harvey Colten, Chair

8:30

Impact of Insomnia and Periodic Leg Movements
Thomas Roth, Henry Ford Health System of Detroit

9:00

Overview of the Public Health Significance of Sleep
Deprivation and Disorders
Terry Young, University of Wisconsin

continued
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BOX A-1 continued
9:30

Sleep Duration: Neurobehavioral, Physiological, and
Epidemiological Issues
David Dinges, University of Pennsylvania School of
Medicine

Session II: Sleep Deprivation and Society
10:15

Accidents Caused by Sleep Deprivation and Disorders
Allan Pack, University of Pennsylvania Medical Center

10:45

Metabolic Consequences of Sleep Deprivation
Daniel Gottlieb, Boston University School of Medicine

Session III: Sleep Apnea
11:15

Effect of Apnea on Cardiovascular Disease and
Metabolic Functions
Susan Redline, Case Western Reserve University School
of Medicine

11:45

Discussion of Morning Session

Session IV: Impact of Sleep Deprivation and Disorders on Specific
Populations
1:00

Snoring in Children: Sound the Alarm!
David Gozal, University of Louisville

1:30

Sleep Loss and Women’s Health
Kathy Lee, University of California, San Francisco

2:00

Sleep Disturbance in Geriatrics
Donald Bliwise, Emory University

2:30

Discussion of Afternoon Session
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BOX A-2
Institute of Medicine
Committee on Sleep Medicine and Research
June 29–30, 2005
June 29, 2005
11:15

Lee Goldman
University of California, San Francisco, Department of
Medicine

Surveillance Programs and Technologies
1:00

Welcome and Introductions
Harvey Colten, Chair
Paul Eggers, NIDDK, Co-Project Officer, United States
Renal Data System
Ed Sondik, Director, National Center for Health Statistics

2:15

Open Discussion

2:45

Roger Rosa
Senior Scientist, National Institute for Occupational Safety
and Health

3:15

Eugene J. Lengerich
Co-Chair, Pennsylvania Cancer Control Consortium

3:45

Andrea Califano
Co-Director, Center for Computational Biochemistry and
Biosystems, Bioworks and the NCI caCORE platform

4:15

Open Discussion

June 30, 2005
Organizational Impediments
8:30

David Lewis
President and Chief Executive Officer, SleepMed, Inc.

9:00

Michael Martin
Director of the Division of Physiology and Pathology in the
Center for Scientific Review, NIH

continued
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BOX A-2 continued
9:30

William Dement
Director, Sleep Research Center, Stanford University
School of Medicine

10:15

David White
Director, Sleep Disorders Program, Brigham and Women’s
Hospital

10:45

General Discussion

Model Interdisciplinary Programs
12:30

Kathleen C. Buckwalter
Codirector University of Iowa Center on Aging

1:00

Story Landis
Director, NINDS, Co-chair NIH Pain Consortium

1:30

Hal Moses
Founding Director of the Vanderbilt-Ingram Cancer
Center

2:00

David J. Kupfer
Chair, Department of Psychiatry, University of Pittsburgh
School of Medicine

2:30

Steven Wolinsky
Division Chief of Infectious Diseases
Northwestern University

3:00

General Discussion

Training and Education
3:30

Judith Owens
Brown University Medical School, AASM MED Sleep
Program

4:00

Daniel Buysse
Department of Psychiatry, UPMC Sleep Medicine Center
and Sleep Medicine Fellowship Training Program

4:30

Roger Bulger
President, Association of Academic Health Centers

5:00

General Discussion
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BOX A-3
Institute of Medicine
Committee on Sleep Medicine and Research
September 15–16, 2005
September 15, 2005
12:45
Results from AASM Academic Health Centers Survey
Michael Sateia, Section of Sleep Medicine Chief,
Dartmouth University
Past President, American Academy of Sleep Medicine
1:30

Preliminary Findings of Commissioned Paper
John Fontanesi, Center for Management Science in
Public Health, University of California, San Diego

September 16, 2005
10:15
Discussion with Charles Czeisler
Director, Division of Sleep Medicine, Harvard Medical School
President-Elect, Sleep Research Society
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Acronyms

AASM
ABSM
ACGME
ADHD
ADSM
AHI
AMA
APSS
ASAA
ATS

American Academy of Sleep Medicine
American Board of Sleep Medicine
Accreditation Council for Graduate Medical Education
attention-deficit hyperactivity disorder
Academy of Dental Sleep Medicine
apnea-hypopnea index
American Medical Association
annual meeting of sleep professional societies
American Sleep Apnea Association
American Thoracic Society

BEARS

BMI

B = bedtime issues, E = excessive daytime sleepiness,
A = night awakenings, R = regularity and duration of
sleep, S = snoring
body mass index

CDC
CNS
CPAP
CRISP
CRP
CSA
CSF

Centers for Disease Control and Prevention
central nervous system
continuous positive airway pressure
Computer Retrieval of Information on Scientific Projects
C-reactive protein
central sleep apnea
cerebrospinal fluid
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DCI
DNA

Diseases and Conditions Index
deoxyribonucleic acid

EEG

electroencephalogram

GABA

gamma-aminobutyric acid

HCRT
HLA
HPA

hypocretin
human leukocyte antigen
hypothalamic-pituitary axis

IRG

integrated review groups

L-DOPA

levo-dopa

MEPS
MRI
mRNA
MS
MSLT

Medical Expenditure Panel Survey
magnetic resonance imaging
messenger ribonucleic acid
multiple sclerosis
multiple sleep latency test

NAMCS
NCHS
NCMRR

National Ambulatory Medical Care Survey
National Center for Health Statistics
National Center for Medical Rehabilitation
Research
National Center for Sleep Disorders Research
National Employer Health Insurance Survey
National Hospital Ambulatory Medical Care Survey
National Health and Nutrition Examination Survey
National Hospital Discharge Survey
National Home and Hospice Care Survey
National Health Interview Survey
National Heart, Lung, and Blood Institute
National Health Provider Inventory
National Institutes of Health
National Institute of Mental Health
National Nursing Home Survey
nonrapid eye movement
National Survey of Ambulatory Surgery
National Sleep Foundation
National Transportation Safety Board

NCSDR
NEHIS
NHAMCS
NHANES
NHDS
NHHCS
NHIS
NHLBI
NHPI
NIH
NIMH
NNHS
NREM
NSAS
NSF
NTSB
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OSA

obstructive sleep apnea

PA
PLMI
PSG

program announcement
periodic limb movement index
polysomnography

REM
RFA
RLS
RNA

rapid eye movement
request for application
restless legs syndrome
ribonucleic acid

SAA
SBIR
SCN
SCOR
SDB
SIDS
SOREMP
SRS
SWS

sleep academic award
Small Business Innovative Research
suprachiasmatic nucleus
specialized center of research
sleep-disordered breathing
sudden infant death syndrome
sleep onset REM period
Sleep Research Society
slow-wave sleep

WASO

wake time after sleep onset

YRBSS

Youth Risk Behavior Surveillance System
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Glossary of Major Terms

Acoustic reflectometry A technique that allows for noninvasive measurement of human airways to quantify anatomical obstruction of the upper
airway.
Actigraph A movement detector coupled with software that uses movement patterns to diagnose sleep disorders.
Adenoid An enlarged mass of lymphoid tissue at the back of the nasopharynx that, when enlarged, can obstruct the nasal and ear passages, forcing respiration through the mouth and inducing nasality, postnasal
discharge, and dullness of facial expression.
Adenotonsillectomy The surgical removal of tonsils and adenoids.
African trypanosomiasis A category of disease caused by infection with
the Trypanosoma brucei (Tb) parasite and resulting in sleeping sickness.
Antihypertensive A class of drugs that are used to reduce high blood
pressure.
Antipsychotic A powerful tranquilizer typically used to treat psychosis.
Apnea Transient stop of respiration due to either normal or abnormal
causes.
Apnea-hypopnea index The total number of episodes of apnea and hypopnea per hour of sleep. A value of 5 or greater is abnormal and may be
associated with excessive daytime sleepiness.
Atonia Lack of physiological muscle tone.
Attention-deficit/hyperactivity disorder (ADHD) A syndrome of disordered learning and disruptive behavior, with no known cause, and characterized by one or all of the following symptoms: inattentiveness,
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hyperactivity, and impulsive behavior. Also known as attention deficit
disorder (ADD).
Autoimmune Referring to or caused by autoantibodies or white blood
cells that attack molecules, cells, or tissues of the organism producing
them.
BEARS A 5-step pediatric sleep screening form to identify sleep problems
(B = bedtime issues, E = excessive daytime sleepiness, A = night awakenings, R = regularity and duration of sleep, S = snoring).
Body mass index (BMI) A measure of body fat that is the ratio of the
weight of the body in kilograms to the square of its height in meters.
Carotid body A small body of vascular tissue that is able to sense changes
in the partial pressures of oxygen and carbon dioxide in the blood and
to mediate reflex changes in respiration.
Cataplexy A symptom of narcolepsy, characterized by a sudden loss of
muscle control with retention of clear consciousness in response to a
strong emotional stimulus.
Catecholamine An amine (such as norepinephrine or dopamine), derived
from tyrosine, that functions as a neurotransmitter, hormone, or both.
Central sleep apnea Cessation of breathing during sleep that is caused a
disturbance in the brain’s respiratory center.
Cerebral cortex The surface layer of the brain’s gray matter, which coordinates sensory and motor information.
Cerebrospinal fluid (CSF) A liquid that is secreted from the blood into the
internal cavities in each cerebral hemisphere of the brain and circulates
through the cavities to the spaces formed between the brain or spinal
cord and the surrounding membranes; serves chiefly to maintain uniform pressure within the brain and spinal cord.
Chemoreflex A physiological reflex initiated in a chemoreceptor or in response to a chemical stimulus.
CHQ-PF50 A parent report measure of children’s physical, emotional,
and social functional status and well-being.
Chronobiology The science of biological rhythms.
Circadian rhythms 24-hour periods or cycles of biological activity or
function.
Cognitive therapy Psychotherapeutic method aimed at changing faulty beliefs and attitudes about sleep, insomnia, and the next-day consequences.
Other cognitive strategies are used to control intrusive thoughts at bedtime and prevent excessive monitoring of the daytime consequences of
insomnia.
Confusional arousal One type of disorder of arousal associated with
NREM sleep. Individuals display mental confusion or confusional behavior during or following arousal, typically from slow-wave sleep.
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Corticosteroids Any of various adrenal-cortex steroids used medically,
especially as anti-inflammatory agents.
Dementia A condition characterized by the progressive development of
multiple cognitive deficits, such as memory impairment, difficulty in
speech comprehension and production, and inability to plan and initiate complex behavior.
Dialysis A category of medical procedures to remove wastes or toxins
from the blood and adjust fluid and electrolyte imbalances.
Diurnal Occurring in the daytime.
Dysesthesia The impairment of tactile sensitivity.
Electroencephalograph (EEG) Machine used to monitor and categorize
sleep stages by measuring changes in brain wave activity.
Electro-oculogram A record of the standing voltage between the front and
back of the eye that is correlated with eyeball movement (as in REM
sleep) and obtained by electrodes suitably placed on the skin near
the eye.
Electrophysiology The study of the electrical activity related to physiological function of living tissue.
Epilepsy A category of disorders characterized by abnormal electrical
activity in the brain and featuring symptoms such as sudden brief episodes of altered or diminished consciousness, involuntary movements,
or convulsions.
Epworth sleepiness scale A series of questions used to determine whether
an individual is sleepy or not.
Excessive daytime sleepiness Background of constant sleepiness with sleep
attacks leading to unintended napping during the day; a characteristic
symptom of narcolepsy.
Exploding head syndrome Characterized by a sudden, loud noise or explosion in the head, this is an imagined, painless noise.
F30 fellowship Individual Predoctoral National Research Service Award
for M.D./Ph.D. degrees. Fellowship award that provides combined
medical school and predoctoral Ph.D. support for a maximum of 6
years.
F31 fellowship Predoctoral Individual National Research Service Award.
Fellowship award that provides up to 5 years of support for research
training leading to the Ph.D. or equivalent research.
F32 fellowship Postdoctoral Individual National Research Service Award.
Fellowship award that provides postdoctoral research training to
broaden scientific background.
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F33 fellowship National Research Service Award for Senior Fellow. Fellowship award that provides opportunities for experienced scientists to
broaden scientific background.
Gene A DNA sequence that encodes a protein.
Gene loci The term used to describe the locations of genes on a chromosome.
Generalized anxiety disorder An anxiety disorder characterized by chronic
excessive anxiety and worry that is difficult to control, and it consequently impairs daily functioning and causes stress. Primary symptoms include: restlessness, irritability, poor concentration, and sleep
disturbances.
Hemodialysis The removal and purification of blood from an artery, followed by the addition of vital substances and reintroduction into the
circulatory system through a vein.
Hypersomnia Periods of normal duration of sleep and waking are interspersed with excessive periods of sleep.
Hypersomnolence Excessive drowsiness.
Hypertension Abnormally high arterial blood pressure that typically results in a thickening and inelasticity of arterial walls and left heart ventricle hypertrophy. A risk factor for various pathological conditions or
events such as heart attack, heart failure, stroke, end-stage renal disease, or retinal hemorrhage.
Hypnagogic Relating to or occurring in the drowsiness stage that immediately precedes the onset of sleep.
Hypnagogic hallucinations A characteristic symptom of narcolepsy that is
marked by frightening dreamlike REM sleep experiences when falling
asleep.
Hypnopompic Referring to the semiconsciousness period that precedes
waking.
Hypnopompic hallucinations A characteristic symptom of narcolepsy that
is marked by frightening dreamlike REM sleep experiences when waking up from sleep.
Hypnotic An agent that induces sleep.
Hypocretin-1 One of a pair of highly excititory neuropeptide hormones
(the other being hypocretin-2) that are biosynthesized in the hypothalamus and are involved in the cause of narcolepsy-cataplexy. Also known
as orexin-A.
Hypopnea Extremely shallow or abnormally slow respiration.
Hypoxia Impaired oxygenation of the tissues of the body.
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Insomnia A prolonged and usually abnormal inability to obtain adequate
sleep that may result in sleepiness, fatigue, difficulty concentrating, and
irritability.
Interleukin Compounds of low molecular weight that chiefly function in
immune system regulation and cell-mediated immunity.
K award Career development awards offered by the NIH to assist new
investigators at stages beyond postdoctoral training in order to become
independent scientists. Support for the awards is limited to one 3- to 5year term and is usually restricted to one mentored career award per
individual.
K01 award Mentored Research Scientist Development Award. Provides
salary and fringe benefits for awardees for career development
experience.
K02 award Independent Scientist Award. Provides up to 5 years of salary
and fringe benefit support for newly independent scientists.
K05 award Senior Scientist Award. Provides salary and fringe benefit
support for outstanding scientists to enhance skills in their research
field.
K07 award Academic Career Award. Provides up to 5 years of funding to
develop or improve curricula changes that emphasize development and
leadership skills of scientists.
K08 award Mentored Clinical Scientist Development Award. Provides
salary and fringe benefit support for the development of clinician research scientists.
K12 award Mentored Clinical Scientist Development Program Award.
Provides support to an educational institution for career development
experiences for clinicians leading to research independence.
K23 award Mentored Patient-Oriented Research Career Development
Award. Provides salary and fringe benefit support for the development
of patient-oriented research scientists.
K24 award Midcareer Investigator Award in Patient-Oriented Research.
Provides salary and fringe benefit support to allow protected time for
patient-oriented research and time to act as mentors for beginning clinical investigators.
K25 award Mentored Quantitative Research Career Development Award.
Provides salary and fringe benefit support for career development for
scientists with quantitative and engineering backgrounds to foster interdisciplinary collaboration in biomedical research.
K-complex Negative sharp waves followed immediately by slower positive component; sleep spindles may ride on K-complexes. May occur in
response to sound or spontaneously but may be distinguished from
background activity on the EEG.
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Kleine-Levin syndrome Characterized by recurrent episodes of dramatic
hypersomnia lasting from 2 days to several weeks. These episodes are
associated with behavioral and cognitive abnormalities, binge eating or
hypersexuality, and alternate with long asymptomatic periods that last
months to years.
Leptin A peptide hormone produced by fat cells and involved in the regulation of body weight by acting on the hypothalamus to suppress appetite and burn fat stored in connective tissue.
Magnetic resonance imaging (MRI) A type of diagnostic imaging technique that relies on the interactions of magnetic fields and radiofrequency radiation with body tissues.
Melatonin A vertebrate hormone that has been linked to circadian rhythm
regulation, is derived from serotonin, and is secreted by the pineal gland
especially in response to darkness.
Multiple Sleep Latency Test (MSLT) A test that objectively quantifies daytime sleepiness.
Myoclonic epilepsy Epilepsy characterized by myoclonic seizures, which
involve brief and involuntary contractions of a muscle.
Narcolepsy A chronic neurological condition marked by transient attacks
of deep sleep, with symptoms of cataplexy, hypnagogic hallucinations,
sleep disruption, and sleep paralysis.
Nares The pair of openings of the nose.
Nightmare disorder Recurrent nightmares that are coherent dream sequences
and manifest as disturbing mental experiences, generally occurring during REM sleep.
Night terrors One type of disorder of arousal associated with NREM
sleep. Typically initiated by a loud scream associated with panic, followed by intense motor activity, which can result in injury.
Nocturnal groaning Characterized by disruptive groaning that occurs during expiration, particularly during the second half of night. Also known
as catathrenia.
Non-rapid eye movement sleep (NREM) A state of deep, usually dreamless, sleep that occurs regularly during a normal period of sleep with
intervening periods of REM sleep and is characterized by delta waves
and a low level of autonomic physiological activity—called also nonREM sleep or slow-wave sleep.
Obstructive sleep apnea (OSA) Obstructive sleep apnea is caused by recurrent interruption of breathing during sleep due to upper airway obstruction caused by sleep-related loss of upper airway muscle tone or
anatomical obstruction of the upper airway. Also called obstructive
sleep apnea syndrome.
P01 grant Federally supported research program project grant that is sponsored by the National Institutes of Health and that funds as many as

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

APPENDIX C

341

three separate, multidisciplinary research projects that are based on a
central research theme. Funding is limited to about $1 million each year
in direct costs.
P20 grant Federally supported research program project grant that is sponsored by the National Institutes of Health and that funds exploratory
grants. Provides support for the development of new or interdisciplinary programs or the expansion of existing resources.
P30 grant Federally supported center core grant that is sponsored by the
National Institutes of Health and that provides funds to develop an
infrastructure that supports centralized research, facilities, and resources. Core grants provide resources to investigators to help them
achieve a higher level of productivity. Awards are limited to 5 years and
about $500,000 in direct costs per year.
P50 grant Federally supported specialized center grant that is sponsored
by the National Institutes of Health and that provides funds for multiinvestigator, multidisciplinary research. Funding is limited to about
$1 million each year in direct costs.
Parasomnia Unpleasant or undesirable behaviors or experiences that occur during entry into sleep, during sleep, or during arousals from sleep.
Pharyngeal Relating to or located in the pharynx area.
Polysomnogram A sleep test that continuously acquires physiological data
obtained during sleep, including brain wave activity, eye movements,
muscle activity (chin and legs), heart rate, body position, and respiratory variables, including oxygen saturation.
Polysomnography Use of a polygraph to record multiple physiological
variables during sleep.
Prader-Willi syndrome A genetic disorder marked by mental retardation,
below average height, hypotonia, abnormally small hands and feet,
gonadal incompetence, and excessive appetite resulting in extreme
obesity.
R01 award Federal research project grant that supports specific healthbased research for 1 to 5 years. It can be investigator initiated or
submitted in response to a request for application or program
announcement.
R03 award Federal grant that supports small research projects for a limited period of time and with limited resources. Grants are awarded for
up to 2 years with direct costs limited to $50,000 per year.
R13 award Federal grant that supports conference grants. Provides support for a symposium, seminar, workshop, or other formal conference
assembled to exchange and disseminate information or to explore a
subject, problem, or field of knowledge.
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R21 award Federally supported exploratory or developmental research
grant that supports the early development of an innovative project.
Grants are awarded for up to 2 years, with total direct costs not to
exceed $275,000 for the length of the project.
R25 award Federal grant that supports education project grants. Provides
support to develop a program in education, information, training, technical assistance, or evaluation.
Rapid eye movement (REM) Rapid and simultaneous movement of both
eyes, and associated with REM sleep.
Rapid eye movement sleep A state of sleep that is experienced in several
cycles during a normal period of sleep and is marked by increased forebrain and midbrain neuronal activity and by reduced muscle tone. Humans experience dreams, rapid eye movements, and vascular congestion
of the sex organs during REM sleep.
Rapid eye movement sleep behavior disorder A complex set of behaviors,
including mild to harmful body movements associated with dreams and
nightmares and loss of muscle atonia.
Restless legs syndrome (RLS) A neurological condition characterized by
an irresistible urge to move that occurs or worsens at rest and is relieved by activity. It is also sometimes characterized by worsening in the
evening and night.
Sleep apnea A condition marked by transient cessation of breathing during sleep, as a result of either airway obstruction or a disturbance in the
brain’s respiratory center. Especially associated with excessive daytime
sleepiness.
Sleep drunkenness Difficulty waking up and being foggy for long periods
of time after wake onset. Also known as sleep inertia.
Sleep hygiene Describes the practice of maintaining proper sleep health.
Sleep medicine A branch of clinical medicine devoted to the diagnosis and
treatment of individuals suffering from chronic sleep loss or sleep
disorders.
Sleep paralysis Muscle paralysis akin to REM sleep atonia while awake,
when falling asleep, or waking up.
Sleep-related dissociative disorder A dissociative episode that can occur in
the period from wakefulness to sleep or from awakening from stages 1
or 2 or from REM sleep.
Sleep-related eating disorder Marked by repeated episodes of involuntary
eating and drinking during arousals from sleep.
Sleep-related hallucination Hallucinatory images that occur at sleep onset
or on awakening from sleep.
Sleep restriction therapy A method to curtail time in bed to the actual
sleep time, thereby creating mild sleep deprivation, which results in
more consolidated and more efficient sleep.
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Sleep spindle Waxing and waning electrical brain activity at 7 to 14 Hz,
grouped in sequences that last 1 to 2 seconds and recur periodically
with a slow rhythm of 0.1 to 0.4 Hz. Typically appear during sleep
stage 2.
Sleepwalking One type of disorder of arousal associated with NREM
sleep. Involves a series of behaviors initiated during arousals from slowwave sleep that culminate in walking around in an altered state of
consciousness.
Slow-wave sleep (SWS) Term used to describe sleep stages 3 and 4 together due to characteristic slow waves.
Somnology The branch of science devoted to the study of the physiology
of sleep, the behavioral dimensions of sleep, and the consequences of
sleep loss and sleep disorders on an individual’s and the general population’s health, performance, safety, and quality of life.
Somnolence Drowsiness.
Spasticity A state of increased muscular tone in which abnormal stretch
reflexes intensify muscle resistance to passive movements.
Stage 1 sleep First stage of NREM sleep characterized by low-voltage,
mixed frequency waves on the EEG; small eye movements; and tonic
muscles.
Stage 2 sleep Second stage of NREM sleep characterized by low-voltage,
mixed frequency waves on the EEG, sleep spindles, and K-complexes;
occasional small eye movements near sleep onset; and tonic muscles.
Stage 3 sleep Third stage of NREM sleep characterized by high-voltage,
slow-wave activity on EEG; no eye movements; and tonic muscles.
Stage 4 sleep Fourth stage of NREM sleep characterized by high-voltage,
slow-wave activity on EEG; no eye movements; and tonic muscles.
Sudden Infant Death Syndrome (SIDS) The death of an apparently healthy
infant usually before 1 year of age that is of unknown cause and occurs
especially during sleep.
Suprachiasmatic nucleus (SCN) Either of a pair of neuron clusters in the
hypothalamus that receive visual information from the retina via the
optic nerve and that regulate the body’s circadian rhythms.
T32 training grant National Research Service Award Institutional Research Training Grants. Provides support to institutions to develop or
enhance research training opportunities for predoctoral and postdoctoral students.
T34 training grant National Research Service Award Institutional Undergraduate Research Training Grant. Provides support to institutions to
promote undergraduate research training to underrepresented groups
in the biomedical and behavioral sciences.
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T35 training grant Short-Term Institutional Research Training Grant. Provides support to institutions for predoctoral and postdoctoral training
focused on biomedical and behavioral research.
Type 2 diabetes mellitus Diabetes that develops especially in adults and
especially in obese individuals. Marked by high blood sugar that is a
consequence of impaired insulin utilization and a physiological inability to compensate with increased insulin production. Also called adultonset diabetes, late-onset diabetes.
U Cooperative Agreements Provided to support any part of the full range
of research and development activities composing a multidisciplinary
attack on a specific disease entity or biomedical problem area.
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Congressional Language Establishing the
National Center on Sleep Disorders
Research, § 285b–7

The following is the congressional language that was part of the 1993
National Institutes of Health (NIH) Revitalization Act, which created the
National Center on Sleep Disorders Research. The NIH Revitalization Act
became law (P.L. 103-43) on June 10, 1993.
a)

Establishment Not later than 1 year after June 10, 1993, the Director
of the Institute shall establish the National Center on Sleep Disorders
Research (in this section referred to as the “Center”). The Center shall
be headed by a director, who shall be appointed by the Director of the
Institute.
b) Purpose The general purpose of the Center is—
1. the conduct and support of research, training, health information
dissemination, and other activities with respect to sleep disorders,
including biological and circadian rhythm research, basic understanding of sleep, chronobiological and other sleep related research;
and
2. to coordinate the activities of the Center with similar activities of
other Federal agencies, including the other agencies of the National
Institutes of Health, and similar activities of other public entities
and nonprofit entities.
c) Sleep Disorders Research Advisory Board
1. The Director of the National Institutes of Health shall establish a
board to be known as the Sleep Disorders Research Advisory Board
(in this section referred to as the “Advisory Board”).
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2. The Advisory Board shall advise, assist, consult with, and make
recommendations to the Director of the National Institutes of
Health, through the Director of the Institute, and the Director of
the Center concerning matters relating to the scientific activities
carried out by and through the Center and the policies respecting
such activities, including recommendations with respect to the plan
required in subsection (c)1 of this section.
3.
A. The Director of the National Institutes of Health shall appoint
to the Advisory Board 12 appropriately qualified representatives of the public who are not officers or employees of the
Federal Government. Of such members, eight shall be representatives of health and scientific disciplines with respect to
sleep disorders and four shall be individuals representing the
interests of individuals with or undergoing treatment for sleep
disorders.
B. The following officials shall serve as ex officio members of the
Advisory Board:
i.
The Director of the National Institutes of Health.
ii.
The Director of the Center.
iii. The Director of the National Heart, Lung, and Blood
Institute.
iv. The Director of the National Institute of Mental Health.
v.
The Director of the National Institute on Aging.
vi. The Director of the National Institute of Child Health
and Human Development.
vii. The Director of the National Institute of Neurological
Disorders and Stroke.
viii. The Assistant Secretary for Health.
ix. The Assistant Secretary of Defense (Health Affairs).
x.
The Chief Medical Director of the Veterans’ Administration.
4. The members of the Advisory Board shall, from among the members of the Advisory Board, designate an individual to serve as the
chair of the Advisory Board.
5. Except as inconsistent with, or inapplicable to, this section, the
provisions of section 284a of this title shall apply to the advisory
board established under this section in the same manner as such
provisions apply to any advisory council established under such
section.

1So

in original. Probably should be subsection “(d)”.
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Development of comprehensive research plan; revision
1. After consultation with the Director of the Center and the advisory
board established under subsection (c) of this section, the Director
of the National Institutes of Health shall develop a comprehensive
plan for the conduct and support of sleep disorders research.
2. The plan developed under paragraph (1) shall identify priorities
with respect to such research and shall provide for the coordination
of such research conducted or supported by the agencies of the
National Institutes of Health.
3. The Director of the National Institutes of Health (after consultation with the Director of the Center and the advisory board2 established under subsection (c) of this section) shall revise the plan developed under paragraph (1) as appropriate.
Collection and dissemination of information The Director of the Center, in cooperation with the Centers for Disease Control and Prevention, is authorized to coordinate activities with the Department of
Transportation, the Department of Defense, the Department of Education, the Department of Labor, and the Department of Commerce to
collect data, conduct studies, and disseminate public information concerning the impact of sleep disorders and sleep deprivation.

2So

in original. Probably should be capitalized.
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Sleep Disorders Research Advisory
Board Membership

Name

Year of
Term
Expiration

Affiliation

Scientific and Health
Wayne E. Crill, MD

Debra J. Meyers, MD
Thomas Roth, PhD
J. Christian Gillin, MD
Allan Pack, MB, ChB, PhD

Barbara A. Phillips, MD,
MSPH

James K. Walsh, PhD
Sudhansu Chokroverty, MD

Martha U. Gillette, PhD

Professor and chair, Department of
Physiology and Biophysics, School of
Medicine, University of Washington
Private Physician Pulmonary Associates
Director, Sleep Disorders and Research Center,
Henry Ford Hospital
Professor, Department of Psychiatry/UCSD/
VAMC
Director of Medicine Center on Sleep and
Respiratory Neurobiology, Hospital of the
University of Pennsylvania
Professor, Division of Pulmonary and Critical
Care; Medicine Director, Sleep Apnea
Laboratory, University of Kentucky and Good
Samaritan Hospitals
Director, Sleep Medical Center St. Luke’s
MSPH
Professor and associate chair of neurology;
chief of neurophysiology, Department of
Neurology, St. Vincent’s Hospital & Medical
Center
Professor, Department of Cell and Structure
Biology, University of Illinois
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Name

Affiliation

Fred W. Turek, PhD

Director, Center for Circadian Biology &
Medicine; professor and chair, Department
of Neurobiology and Physiology, Northwestern
University
Director, Sleep Disorders Center Rhode
Island Hospital
Howard Hughes Medical Institute,
Department of Biology, Brandeis University
Director, Sleep Disorders Program,
Division of Endocrinology, Brigham and
Women’s Hospital
Department of Biology, Behavioral Nursing
and Health Systems, University of
Washington Seattle
Director, Center for Narcolepsy,
Stanford University School of Medicine
Vice president and provost, University of Virginia
Professor, Department of Psychiatry and
Human Behavior, Brown University School
of Medicine
Chief Pulmonary and Critical Care Medicine
Section Director, Sleep Disorders Center
Professor of Medicine, University of Arizona
Professor and chair, Department of Neurology
and Program in Neuroscience, Harvard
Medical School
Professor, family health care nursing,
School of Nursing, University of California,
San Francisco
Assistant professor, Department of Psychiatry
and Behavioral Sciences, Stanford University
Chief, Division of Clinical Epidemiology,
Department of Pediatrics, Rainbow Babies and
Children’s Hospital
Professor of pediatrics, medicine, epidemiology,
and biostatistics, Case School of Medicine
Professor of psychiatry; Director, Section of
Sleep Medicine, Dartmouth University
Assistant professor, Department of
Anesthesiology, University of Michigan
Medical Center
Professor of environmental sciences,
University of Texas-Houston

Richard P. Millman, MD
Michael Rosbash, PhD
David P. White, MD

Carol Landis, DNSc, RN

Emmanuel Mignot, MD,
PhD
Gene Block, PhD
Mary Carskadon, PhD

Stuart F. Quan, MD

Clifford Saper, MD, PhD

Kathryn A. Lee, RN, PhD,
FAAN
Rafael Pelayo, MD
Susan Redline, MD, MPH

Michael J. Sateia, MD
Gina Poe, PhD

Michael H. Smolensky, PhD

Year of
Term
Expiration
2000

2001
2001
2001

2002

2002
2004
2004

2005

2005

2006

2006
2006

2006
2007

2008

continued
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Year of
Term
Expiration

Name

Affiliation

Howard P. Roffwarg, MD

Professor of psychiatry and human behavior;
2009
Director, Division of Sleep Medicine, co-director,
Animal Sleep Neurophysiology Laboratory,
University of Mississippi Medical Center
Professor of neurology, neurobiology,
2009
and physiology; director, Sleep Disorders
Center, Northwestern University

Phyllis C. Zee, MD, PhD

Public and Patient Advocates
Carol C. Westbrook
Carla G. Kidd
Victoria P. Haulcy, MPH
Morris L. Lyons
Carol Upchurch Walker
Carol Bell Anderson
James Everett, Jr., MD
Sandra McGinnis
Dara Spearman
Phillip Williams
Sara Caddick, PhD
Lorraine Wearley, PhD
Sheila C. Connolly, RN
M. Elizabeth Johns
Julianne Hill

1996
1998
1999
2000
2000
2002
2002
2003
2003
2004
2005
2007
2007
2008
2009

NOTE: Members in bold indicate a former or the current chair of the NCSDR Advisory
Board. Each term is 4 years in length.
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National Institutes of Health
Sleep-Related Initiatives:
1994–2004
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1997

1998

1999

2000

R01

R01

U01

R01, R21

NHLBI, NIDR,
NICHD

NHLBI, NIMH,
NIA, NINDS
NHLBI

NIOSH, NCI,
NHLBI, NIA,
NIDCD, NIEHS
NHLBI

NIAAA

Define abnormalities in airway structure and function
responsible for obstructive sleep apnea in children, and
identify physiological and clinical measures associated
with increased morbidity.

Develop improved molecular, cellular, and systems
approaches to investigate sleep and circadian phenotypes
in mice.

Establish the mechanisms that underlie the chronobiology
of nocturnal exacerbations of asthma and airway inflammation, as well as the role played by sleep and sleep
disturbances.

Develop knowledge that can be used in preventing
occupational diseases and injuries and to better understand their underlying pathophysiology.

Establish a new data coordinating center for the Sleep
Heart Health Study.

Stimulate research on alcohol and sleep in areas that may
improve understanding of the etiology and treatment of
alcoholism.

Obstructive Sleep Apnea in
Children:
HL-98-004

Phenotypic Characterization
of Sleep in Mice:
RFA-HL-99-001

Nocturnal Asthma, Chronobiology, and Sleep:
RFA-HL-99-011

Implementation of the
National Occupational
Research Agenda:
RFA-OH-99-002

Data Coordinating Center
for Sleep Heart Health
Study: RFA-HL-99-014

Research on Alcohol and
Sleep:
RFA-AA-00-005

R01, R18

1999

1999

1996, 1997

K07

NHLBI

Develop and/or improve the quality of medical curricula
for the prevention, management, and control of sleep
disorders.

Sleep Academic Award:
HL-97-015; HL-96-021

R01

1996

R01

NHLBI, NIMH,
NICHD

1996

P50

NHLBI

Advance the understanding of the molecular and genetic
basis of sleep and sleep disorders.

Establish specialized centers of research (SCORs) programs to foster translational research.

SCOR in Neurobiology of
Sleep & Sleep Apnea:
RFA-HL-96-014

Year

Funding
Activity

Participating
Institutes/Centers

Molecular Biology and
Genetics of Sleep and Sleep
Disorders: RFA-HL-96-015

Primary Purpose

Title

TABLE F-1 Sleep Initiatives (RFAs) Sponsored by the National Institutes of Health, 1994–2004

Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

352

Copyright © National Academy of Sciences. All rights reserved.

2000

2001

2001

2002

2003

R01

R01

R01

R01

R01

NIDDK,
NHLBI, NINR,
NIAMS, NIDCR
NHLBI, NIDA

NHLBI, NIMH,
NINR, NICHD

NHLBI, NIA

NHLBI, NIMH

Develop basic, clinical, and behavioral ancillary research
studies of the Study of Health Outcomes of Weight-Loss
(SHOW) clinical trial.

Elucidate characteristics of sleep physiology, sleep
disorders, and pathophysiological mechanisms mediating
the interrelationship between sleep disturbance and heart,
lung, and blood diseases.

Improve the understanding of fundamental biological
mechanisms through which sleep deprivation and sleep
disorders affect the cardiopulmonary, hematological,
immunological, mental, and behavioral health of children.

Elucidate the relationship of sleep deprivation and sleepdisordered breathing to characteristics of the metabolic
syndrome including obesity, high blood pressure, dyslipidemia, insulin resistance, and vascular inflammation.

Elucidate the etiology of sleep disturbances and fatigue
associated with human immunodeficiency virus infection
and acquired immunodeficiency disease syndrome.

Ancillary Studies in Conjunction with SHOW Trial:
RFA-DK-00-017

Interrelationships Between
Sleep and Heart, Lung, and
Blood Diseases:
RFA-HL-01-009

Sleep and Sleep Disorders in
Children:
RFA-HL-01-006

Role of Sleep and Sleep
Disordered Breathing in the
Metabolic Syndrome:
RFA-HL-03-008

Inter-relationships of Sleep,
Fatigue, and HIV/AIDS:
RFA-HL-04-010

Copyright © National Academy of Sciences. All rights reserved.

SOURCE: National Heart, Lung, and Blood Institute, 2003; National Sleep Disorders Research Plan, 2003. Bethesda, MD: NIH.

NOTE: Primary purpose of each PA and RFA are adapted from language in NIH announcements. NCCAM = National Center for Complementary
and Alternative Medicine; NCI = National Cancer Institute; NCSDR = National Center on Sleep Disorders Research; NHLBI = National Heart, Lung,
and Blood Institute; NIA = National Institute on Aging; NIAAA = National Institute on Alcohol Abuse and Alcoholism; NIAID = National Institute
of Allergy and Infectious Diseases; NIAMS = National Institute of Arthritis and Musculoskeletal and Skin Diseases; NICHD = National Institute of
Child Health and Human Development; NIDA = National Institute on Drug Abuse; NIDCD = National Institute on Deafness and Other Communication Disorders; NIDCR = National Institute of Dental and Craniofacial Research; NIDDK = National Institute of Diabetes and Digestive and Kidney
Diseases; NIDR = National Institute of Dental Research; NIEHS = National Institute of Environmental Health Sciences; ; NIH= National Institutes of
Health; NIMH = National Institute of Mental Health; NINDS = National Institute of Neurological Disorders and Stroke; NINR = National Institute
of Nursing Research; NIOSH = National Institute for Occupational Safety and Health; PA = program announcement; RFA = request for application.

2000

R01

NHLBI

Improve understanding of how intermittent hypoxia
contributes to the pathophysiology of cardiopulmonary,
vascular, hematological, and sleep disorders.

Oxygen Sensing During
Intermittent Hypoxia:
RFA-HL-00-004
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1998

R01
NCI, NCRR, NEI,
NHGRI, NHLBI, NIA,
NIAAA, NIAID,
NIAMS, NICHD,
NIDA, NIDCD, NIMH,
NINDS, NINR, NLM

Support basic bioengineering research whose outcomes are
likely to advance health or health-related research within the
mission of the NIH.

Bioengineering Research
Grants:
PAR-99-009

1997

T32

NHLBI, NIA, NIAAA,
NICHD, NIDA,
NIMH, NINDS, NINR

Ensure that scientists, highly trained in sleep research, are
available in adequate numbers to address important gaps in
our biomedical and biological understanding of sleep,
including those outlined in the NIH director’s Sleep Disorders
Research Plan.

Institutional National
Research Service Award in
Sleep Research:
PA-97-064

1997

R01, R03,
R29, K01,
K02, K08,
P01

Study a broad range of basic and clinical topics related to
musculoskeletal fitness, exercise physiology, and sports
medicine.

Research on Musculoskeletal
Fitness and Sports Medicine:
PA-97-025

NIAMS, NICHD,
NINR

Support research to identify, create, and develop innovative
technologies and to provide these technologies for biomedical
research.

Innovative Approaches
to Developing New
Technologies: PA-97-014

1996

NIA, NIAAA, NICHD,
NIDA, NHLBI, NIMH,
NINDS, NINR

Enhance sleep research in the following areas: neuroscience
and behavioral science; molecular and cellular mechanisms of
sleep and circadian rhythms across the life span; development
of sleep from fetal life through infancy; role of dreaming in
humans; etiological factors and pathophysiology of transient
or persistent insomnia; and the treatment of sleep disorders.
R21

Year

NCRR

Funding
Activity

1994

Participating
Institutes/Centers
R01, R03,
R29, P01

Primary Purpose

Basic and Clinical Research
on Sleep & Wakefulness:
PA-95-014

Title

TABLE F-2 Sleep Initiatives (PAs) Sponsored by the National Institutes of Health, 1994–2004
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Advance biomedical knowledge related to sleep or sleep
disorders; improve understanding of the neurobiology or
functions of sleep over the life span; enhance timely diagnosis
and effective treatment for individuals affected by sleeprelated disorders; or implement and evaluate innovative
community-based public health education and intervention
programs.

Research on Sleep and Sleep
Disorders:
PA-05-046

2004

2001

1999

1999

Copyright © National Academy of Sciences. All rights reserved.

SOURCES: National Heart Lung and Blood Institute, 2003; National Sleep Disorders Research Plan, 2003. Bethesda, MD: NIH.

NOTE: Primary purpose of each PA and RFA are adapted from language in NIH announcements. DOE = Department of Energy; FIC = Fogarty
International Center; NASA = National Aeronautics and Space Administration; NCCAM = National Center for Complementary and Alternative
Medicine; NCI = National Cancer Institute; NCRR = National Center for Research Resources; NCSDR = National Center on Sleep Disorders
Research; NEI = National Eye Institute; NHGRI = National Human Genome Research Institute; NHLBI = National Heart, Lung, and Blood Institute;
NIA = National Institute on Aging; NIAAA = National Institute on Alcohol Abuse and Alcoholism; NIAID = National Institute of Allergy and
Infectious Diseases; NIAMS = National Institute of Arthritis and Musculoskeletal and Skin Diseases; NICHD = National Institute of Child Health and
Human Development; NIDA = National Institute on Drug Abuse; NIDCD = National Institute on Deafness and Other Communication Disorders;
NIDCR = National Institute of Dental and Craniofacial Research; NIEHS = National Institute for Environmental Health Sciences; NIH= National
Institutes of Health; NIMH = National Institute of Mental Health; NINDS = National Institute of Neurological Disorders and Stroke; NINR =
National Institute of Nursing Research; NIOSH = National Institute for Occupational Safety and Health; NLM = National Library of Medicine;
NSF = National Sleep Foundation; ORWH = Office of Research on Women’s Health; PA = program announcement; RFA = request for application.

R01, R21

R01

NINDS, NHLBI, NIA,
NIMH

Develop an understanding of the pathogenesis of RLS and
PLMD that will lead to new forms of treatment.

Restless Legs Syndrome and
Periodic Limb Movement
Disorder: PA-01-086
NHLBI, NCSDR, NIA,
NIAAA, NIAMS, NCI,
NICHD, NCCAM,
NIDA, NIMH, NINDS,
NINR, ORWH

R01

R01, P01,
P20

NIOSH, NCI, NHLBI,
NIA, NIAAA, NIAID,
NIAMS, NIDCD, NIEHS

NIMH, NIDA, NSF,
NIA, NICHD, NIDCD,
NLM, NASA, FIC,
DOE, NIAAA, NHLBI,
NIDCR, NCI, NINDS

Develop knowledge that can be used in preventing occupational diseases and injuries, and better understand their
underlying pathophysiology.

Encourage and support investigator-initiated, neuroinformatics research that will lead to new digital and electronic
tools for all domains of neuroscience research.

Occupational Safety and
Health Research:
PA-99-143

Human Brain Project
(Neuroinformatics):
PAR-99-138
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G
National Institutes of Health
Support of Sleep-Related R01 Grants

The following information is a summary of extramural sleep research
grants at the National Institutes of Health (NIH).
Institute of Medicine staff searched the Computer Retrieval of Information on Scientific Projects (CRISP) database for key-terms relevant to sleep.
These terms include insomnia, periodic limb movement disorder, restless
legs syndrome, circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation, and dream. Abstracts
were reviewed and only those grants with these terms listed in both the
thesaurus and abstract, and not the abstract alone, were considered in the
counts. The numbers for each grant reflect individual, unduplicated counts
for a given year (Table G-1 and Figure G-1). All institutes were searched.
Note that every abstract from 1995 and 2004 was analyzed to determine its
relevance to somnology and somnopathy (see Table 6-3). This resulted in
even fewer grants being relevant to the field. This analysis was not performed on grants awarded from 1996 to 2003; therefore these numbers
may be slightly inflated.
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TABLE G-1 Sleep-Related R01 Grants, 1995–2004
Fiscal
Year

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Number of Awards
Number of New
Awards

116
37

79
24

243
68

259
71

244
43

332
86

369
118

402
101

420
113

331
82

450
400

Number of grants

350
300
250

R01 total

200

R01 new

150
100
50

04
20

03
20

02
20

01
20

00
20

99
19

98
19

97
19

19

95

0

Fiscal year

FIGURE G-1 Sleep-Related R01 Grants, 1995 to 2004.

There are 12 institutes that are members of the Trans-NIH Sleep Research Coordinating Committee. Table G-2 shows the annual NIH support
of sleep-related research for various institutes. However, analysis of NIH
support of sleep-related R01 grants shows that two of the largest supporters of sleep grants, the National Institute of General Medical Sciences and
the National Eye Institute, are not members of the Trans-NIH Sleep Research Coordinating Committee.
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TABLE G-2 Annual NIH Institute Support of Sleep-Related Research

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

NIMH

NHLBI

NINDS

NIA

NIGMS

NINR

NEI

NIDA

NIAAA

35
26
56
57
53
72
87
105
101
88

20
15
46
47
48
84
80
93
104
102

29
14
41
49
57
59
53
50
53
49

16
11
30
32
29
33
35
40
36
31

2
0
7
10
9
10
16
17
21
22

9
6
12
10
10
16
15
15
22
19

8
0
11
10
11
14
15
16
16
15

4
1
8
11
10
11
14
17
12
13

7
1
10
8
11
9
12
11
13
12

ABBREVIATIONS: NCCAM = National Center for Complementary and Alternative Medicine; NCI = National Cancer Institute; NEI = National Eye Institute; NHLBI = National Heart,
Lung, and Blood Institute; NIA = National Institute on Aging; NIAAA = National Institute on
Alcohol Abuse and Alcoholism; NIAID = National Institute of Allergy and Infectious Diseases;
NIAMS = National Institute of Arthritis and Musculoskeletal and Skin Diseases; NICHD =
National Institute of Child Health and Human Development; NIDA = National Institute on
Drug Abuse; NIDCD = National Institute on Deafness and Other Communication Disorders;
NIDCR = National Institute of Dental and Craniofacial Research; NIDDK = National Institute of Diabetes and Digestive and Kidney Diseases; NIGMS = National Institute of General
Medical Sciences; NIH = National Institutes of Health; NIMH = National Institute of Mental
Health; NINDS = National Institute of Neurological Disorders and Stroke; NINR = National
Institute of Nursing Research; NIOSH = National Institute for Occupational Safety and Health.
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NIDDK

NICHD NCI

NIAMS NIDCD

NIOSH

NCCAM

NIAID NIDCR FIC

2
1
8
8
2
29
14
16
15
11

17
6
15
11
15
17
17
16
13
10

2
0
2
3
3
7
7
5
6
5

1
0
1
0
4
3
3
2
3
3

0
0
0
0
0
2
3
3
4
3

2
1
2
1
0
0
0
0
1
1

0
0
2
2
3
3
4
5
6
7

0
0
0
0
0
3
4
4
3
4

0
0
0
1
1
1
0
0
0
0
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0
0
0
0
0
0
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H
Summary of NIH Support of
Sleep-Related Career Development Awards

The following information is a summary of extramural sleep research
grants at the National Institutes of Health. Institute of Medicine staff
searched the Computer Retrieval of Information on Scientific Projects
(CRISP) database for key-terms relevant to sleep. These terms include insomnia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep
apnea, sleep, hibernation, and dream. Abstracts were reviewed and only
those grants with these terms listed in both the thesaurus and abstract, and
not the abstract alone, were considered in the counts. The numbers for each
grant reflect individual, unduplicated counts for a given year. All institutes
were searched.
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

K01

Mentored Research
Scientist Development Award

Provides salary and fringe
benefits for awardees for
career development
experience

1 (1)

9 (3)

6 (1)

K02

Independent
Scientist Award

Provides up to 5 yeasrs of
salary and fringe benefit
support for newly independent
scientists

10 (1)

8 (1)

3 (1)

Number of Career Awards (K01, K02) in Sleep-Related
Research 1995-2004
16

12
K01
K01
K02
K02

10
8
6
4
2

04
20

03
20

02
20

01
20

00
20

99
19

98
19

97
19

95

0

19

Number of grants

14

Fiscal year
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

K05

Senior Scientist
Award

Provides salary and fringe
benefit support for
outstanding scientists to
enhance skills in their
research field

6 (2)

5 (0)

1 (0)

K07

Academic

Provides up to 5 years of
funding to develop or
improve curricula changes
that emphasize development
and leadership skills of
scientists

1 (0)

20 (0)

3 (3)

Number of Career Awards (K05, K07) in Sleep-Related
Research 1995-2004

Number of grants

25
20

K05 total

15

K05 new

10

K07 total
K07 new

5
0

95

19

97

19

98

19

99

19

00

20

01

20

02

20

03

20

04

20

Fiscal year
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

K08

Mentored Clinical
Scientist
Development
Award

Provides salary and fringe
benefit support for the
development of clinician
research scientists

8 (1)

12 (1)

K12

Mentored Clinical
Scientist
Development
Program Award

Provides support to an
educational institution for
career development
experiences for clinicians
leading to research
independence

0

K23

Mentored PatientOriented Research
Career Development
Award

Provides salary and fringe
benefit support for the
development of patientoriented research scientists

0 (0)

0

10 (6)

2004
8 (1)

0

28 (8)

Number of Career Awards (K08, K23) in Sleep-Related
Research 1995-2004

25
K08 total

20

K08 new

15

K23 total
10

K23 new

5

20
04

20
03

20
02

20
01

0
20
0

99
19

19
98

19
97

5

0
19
9

Number of grants

30

Fiscal year
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

K24

Midcareer
Investigator Award
in Patient-Oriented
Research

Provides salary and fringe
benefit support to allow
protected time for patientoriented research and time
to act as mentors for
beginning clinical investigators

0 (0)

5 (1)

8 (3)

0 (0)

0 (0)

1 (0)

K25

Mentored
Quantitative
Research Career
Development
Award

Provides salary and fringe
benefit support for career
development for scientists
with quantitative and
engineering backgrounds to
foster interdisciplinary
collaboration in biomedical
research

Number of Career Awards (K24, K25) in Sleep-Related
Research 1995-2004

Number of grants

9
8
7
6
5

K24 total

4
3

K25 total

K24 new
K25 new

2
1
0
95

19

97

19

98

19

99

19

00

20

01

20

02

20

03

20

04

20

Fiscal year

Summary of NIH Institute Support of K Awards
Of the 314 career development awards that were funded during the
5 years between 2000 and 2004, the National Heart, Lung, and Blood
Institute (NHLBI) sponsored 94 (29 percent). Thirty-two of all the NHLBIsponsored training grants were K07 grants awarded in 2000 and 2001.
K07 grants are designed to provide 5 years of funding to develop or improve curricula changes that emphasize development and leadership skills
of scientists.
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K01: Mentored Research Scientist Development Award
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

NCCAM

NINR

NIA

NIDDK

NCRR

Total

4 (1)
4 (0)
6 (1)
3 (0)
2 (0)

1 (1)
1 (0)
1 (0)
1 (0)
1 (0)

2 (1)
2 (1)
2 (0)
1 (0)
0 (0)

1 (0)
1 (0)
1 (0)
1 (1)
1 (0)

1 (0)
1 (0)
0 (0)
0 (0)
1 (1)

0 (0)
1 (1)
1 (0)
1 (0)
1 (0)

9 (3)
10 (2)
11 (1)
7 (1)
6 (1)

K02: Independent Scientist Award
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

NINDS

NICHD

Total

6 (1)
6 (1)
7 (1)
5 (0)
2 (0)

2 (0)
2 (0)
1 (0)
1 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
1 (1)

8 (1)
8 (1)
8 (1)
6 (0)
3 (1)

K05: Senior Scientist
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

Total

5 (0)
3 (0)
2 (1)
1 (0)
1 (0)

5 (0)
3 (0)
2 (1)
1 (0)
1 (0)

K07: Academic Career Award
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NHLBI

Total

20 (0)
12 (0)
8 (0)
0 (0)
3 (3)

20 (0)
12 (0)
8 (0)
0 (0)
3 (3)
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K08: Mentored Clinical Scientist Development Award
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

NINDS

NHLBI

NICHD NCI

AHRQ

NEI

NIGMS

Total

4 (1)
5 (2)
4 (0)
4 (0)
3 (0)

4 (0)
3 (2)
3 (1)
1 (0)
1 (1)

1 (0)
0 (0)
1 (1)
1 (0)
1 (0)

1 (0)
1 (1)
1 (0)
1 (0)
1 (0)

0 (0)
0 (0)
1 (1)
1 (0)
1 (0)

1 (0)
1 (0)
1 (0)
1 (0)
0 (0)

0 (0)
1 (1)
1 (0)
1 (0)
1 (0)

12 (1)
11 (6)
12 (3)
10 (0)
8 (1)

1 (0)
0 (0)
0 (0)
0 (0)
0 (0)

K23: Mentored Patient-Oriented Research Career Development Award
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

NIA

NIDDK

NCRR

NINDS

NHLBI

NICHD Total

1 (1)
1 (0)
3 (2)
4 (1)
7 (2)

2 (1)
2 (0)
1 (0)
1 (0)
2 (1)

0 (0)
0 (0)
1 (1)
1 (0)
2 (1)

2 (2)
2 (0)
3 (1)
4 (1)
5 (1)

0 (0)
0 (0)
0 (0)
0 (0)
1 (1)

5 (2)
6 (1)
7 (1)
9 (2)
7 (2)

0 (0)
0 (1)
1 (0)
2 (1)
2 (0)

10 (6)
11 (2)
16 (5)
21 (5)
26 (8)

K24: Midcareer Investigator Award in Patient-Oriented Research
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NIMH

NIAAA

NIA

NCRR

NHLBI

NICHD

Total

1 (0)
1 (0)
2 (1)
3 (0)
1 (0)

1 (0)
0 (0)
1 (0)
1 (0)
0 (0)

1 (1)
1 (0)
1 (0)
1 (0)
1 (0)

0 (0)
0 (0)
0 (0)
0 (0)
1 (1)

1 (0)
1 (0)
2 (1)
2 (0)
3 (2)

0 (0)
1 (1)
1 (0)
1 (0)
1 (0)

4 (1)
4 (1)
7 (2)
8 (0)
7 (3)
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K25: Mentored Quantitative Research
Number of Awards (New Awards)

2000
2001
2002
2003
2004

NHLBI

Total

0 (0)
0 (1)
1 (0)
1 (0)
1 (0)

0 (0)
0 (1)
1 (0)
1 (0)
1 (0)

ABBREVIATIONS: AHRQ = Agency for Healthcare Research and Quality; NCCAM = National Center for Complementary and Alternative Medicine; NCI = National Cancer Institute;
NCRR = National Center for Research Resources; NEI = National Eye Institute; NHLBI =
National Heart, Lung, and Blood Institute; NIA = National Institute on Aging; NIAAA =
National Institute on Alcohol Abuse and Alcoholism; NICHD = National Institute of Child
Health and Human Development; NIDDK = National Institute of Diabetes and Digestive and
Kidney Diseases; NIGMS = National Institute of General Medical Sciences; NIMH = National
Institute of Mental Health; NINDS = National Institute of Neurological Disorders and Stroke;
NINR = National Institute of Nursing Research.
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I
Summary of NIH Support of
Sleep-Related R13, R25, P, F, T,
and U Grants

The following information is a summary of extramural sleep research
grants at the National Institutes of Health. Institute of Medicine staff
searched the Computer Retrieval of Information on Scientific Projects
(CRISP) database for key terms relevant to sleep. These terms include insomnia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep
apnea, sleep, hibernation, and dream. Abstracts were reviewed and only
those grants with these terms listed in both the thesaurus terms and abstract, not the abstract alone, were considered in the counts. The numbers
for each grant reflect individual, unduplicated counts for a given year. All
institutes were searched. Note that no sleep-related U grants were funded
between 1994 and 2004.
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

R13

Conference Grant

Provides support for a
symposium, seminar,
workshop, or other formal
conference assembled to
exchange and disseminate
information or to explore a
subject, problem, or field of
knowledge

0

0

2

R25

Education Project
Grant

Provides support to develop
a program in education,
information, training,
technical assistance, or
evaluation

0 (0)

4 (1)

1 (0)

Number of Research Project Grants (R13, R25) in SleepRelated Research 1995-2004
4

R13 total

3
R25 total

2

R25 new

1

04
20

03
20

02
20

01
20

00
20

99
19

98
19

97
19

95

0
19

Number of grants

5

Fiscal year
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

P01

Research Program
Project

Provides support for an
integrated, multiproject
research program involving
a number of independent
investigators who share
knowledge and common
resources

5 (1)

17 (5)

11 (6)

P20

Exploratory Grant

Provides support for the
development of new or
interdisciplinary programs
or the expansion of existing
resources

0 (0)

1 (0)

2 (2)

P30

Center Core Grant

Provides support for shared
resources and facilities to a
program providing a multidisciplinary approach with
existing research funds

0 (0)

6 (3)

4 (2)

P50

Specialized Center
Grant

Provides support to assemble
“critical masses” of basic and
clinical scientists to work
together collaboratively

6 (3)

10 (3)

7 (5)

Number of Program Awards (P01, P20) in Sleep-Related
Research 1995-2004

15

P01 total

10

P01 new
P20 total

5

P20 new

04
20

03
20

02
20

01

00

20

20

99
19

98
19

97
19

95

0

19

Number of grants

20

Fiscal year
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Number of Program Awards (P30, P50) in Sleep-Related
Research 1995-2004
10

P30 total

8

P30 new

6

20
04

20
03

20
02

20
01

20
00

19
99

P50 new

19
98

P50 total

2
0

19
97

4

19
95

Number of grants

12

Fiscal year

Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

F30

Individual
Predoctoral
National Research
Service Award for
M.D./Ph.D.
Fellowship

Fellowship award that
provides combined medical
school and predoctoral Ph.D.
support for a maximum of
6 years

1 (1)

3 (0)

3 (1)

F31

Predoctoral
Individual
National Research
Service Award

Fellowship award that
provides up to 5 years of
support for research training
leading to the Ph.D. or
equivalent research

3 (0)

8 (0)

28 (14)

F32

Postdoctoral
Individual
National Research
Service Award

Fellowship award that
provides postdoctoral
research training to broaden
scientific background

5 (3)

13 (3)

25 (13)

F33

National Research

Fellowship award that
provides opportunities for
experienced scientists to
broaden scientific background

0

0
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Number of grants

30

Number of Fellowship Awards (F30, F31) in Sleep-Related
Research 1995-2004

25

F30 total

20
15

F30 new

10

F31 total

5

F31 new
04
20

03
20

02
20

01
20

00
20

99
19

98
19

97
19

19

95

0

Fiscal year

Number of Fellowship Awards (F32) in Sleep-Related

F32 total

04
20

03
20

02
20

01
20

00
20

99
19

98
19

97

F32 new

19

95
19

Number of grants

Research 1995-2004
30
25
20
15
10
5
0

Fiscal year
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Number of Awards
(New Awards)
Grant

Title

Description

1995

2000

2004

T32

National Research
Service Award
Institutional
Research Training

Provides support to institutions
to develop or enhance research
training opportunities for
predoctoral and postdoctoral
students

3 (0)

11 (1)

16 (2)

T34

National Research
Service Award—
Institutional
Undergraduate
Research Training

Provides support to institutions to promote undergraduate research training
to underrepresented groups
in the biomedical and
behavioral sciences

0

0

0

T35

Short-Term
Institutional
Research Training

Provides support to institutions for predoctoral and
postdoctoral training focused
on biomedical and behavioral
research

0 (0)

0 (0)

7 (4)

T32 total
T32 new
T35 total

04
20

03
20

02
20

01
20

00
20

99
19

98
19

97

T35 new

19

95

20
18
16
14
12
10
8
6
4
2
0
19

Number of grants

Number of Training Grants (T32, T35) in Sleep-Related
Research 1995-2004

Fiscal year
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J
Summary of Investment in
Sleep-Related Projects at the
Top 30 NIH-Funded Institutions

The following is a summary of the amount the top 30 National Institutes of Health (NIH)-funded institutions, ranked according to the total
number of awards each institution received from the NIH in 2004. Institute
of Medicine staff searched the Computer Retrieval of Information on Scientific Projects (CRISP) database for key-terms relevant to sleep. These terms
include insomnia, periodic limb movement disorder, restless legs syndrome,
circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy,
sleep apnea, sleep, hibernation, and dream. Abstracts were reviewed and
only those grants with these terms listed in both the thesaurus terms and
abstract, not the abstract alone, were considered in the counts. The committee then examined each institute’s grant portfolio to determine the
number of sleep-related awards it received.
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TABLE J-1 Sleep-Related Research at the Top 30 NIH-Funded Institutions

Rank by
Number
of Total
Grants

Rank by
Number
of Sleep
Grants

Institution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

6
1
12
11
5
2
3
13
17
17
13
NAb
9
13
18
10
19
10
10
15
8
19
17
2
NAb
16
8
11
12
13

Johns Hopkins University
University of Pennsylvania
University of Washington
University of California, San Francisco
University of Michigan
University of Pittsburgh
University of California, Los Angeles
Washington University
Yale University
University of North Carolina-Chapel Hill
Duke University
Columbia University
Stanford University
Harvard University (Medical School)
Massachusetts General Hospital
Case Western Reserve University
University of California, San Diego
University of Wisconsin, Madison
Vanderbilt University
University of Minnesota
Emory University
Baylor College of Medicine
University of Alabama at Birmingham
Brigham and Women’s Hospital
Cornell University
University of Colorado Denver/HSC Aurora
Oregon Health & Science University
Scripps Research Institute
Northwestern University
University of Virginia

Total

Number
of Awards
Received
1,304
1,176
1,031
977
945
938
890
885
852
777
759
747
739
723
672
670
663
653
642
606
580
559
553
535
490
486
473
465
451
450
21,691

NOTES: To isolate only qualifying sleep-specific grants in the Total Number of Sleep Grants
column, grants were obtained by searching the NIH CRISP database for key terms relevant to
sleep. These terms include insomnia, periodic limb movement disorder, restless legs syndrome,
circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep,
hibernation, and dream. Abstracts were reviewed, and only those grants with these terms listed
in the thesaurus were considered in the counts. The number for each institution reflects individual, unduplicated counts for a given year.
aThe

totals for P Awards are for “parent grants” and do not include subprojects.
and Cornell Universities both received zero sleep awards in 2004.

bColumbia
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Sleep-Related Awards

Number
of Sleep
Awards
16
27
9
9
16
21
19
7
3
3
7
0
11
7
2
10
19
10
10
6
12
1
3
22
0
4
12
9
8
7

Number of
Career
Development
Awards

Number of
Program
Awardsa

Number of
Fellowship
Awards

Number of
Training
Awards

Number of
Research
Project
Awards

3
7
1
1
0
4
2
0
0
0
0
0
0
1
1
3
2
0
1
1
0
0
0
6
0
0
2
0
0
1

0
2
1
0
1
2
2
0
0
0
0
0
1
0
0
0
1
0
0
0
0
1
0
2
0
0
0
0
0
0

2
2
1
3
0
2
1
2
0
1
0
0
0
1
1
0
2
1
0
0
3
0
0
3
0
0
0
3
2
1

2
3
1
0
2
2
0
0
0
0
0
0
1
0
0
0
1
1
0
0
0
0
0
1
0
0
0
0
1
0

9
13
5
5
13
11
14
5
3
2
7
0
9
5
0
7
13
8
9
5
9
0
3
10
0
4
10
6
5
5

290
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K
Biographical Sketches of
Committee Members and Staff

Harvey R. Colten, M.D., (IOM) (Chair), recently retired as vice president
and senior associate dean for Academic Affairs at Columbia University
Medical Center. He was the chief medical officer, iMetrikus, Inc., and a
clinical professor of pediatrics at the University of California, San Francisco, between 2000 and 2002. Previously, he served as dean of the medical
school and vice president for medical affairs at Northwestern University
from 1997 to 1999 and was the Harriet B. Spoehrer Professor and chair of
the Department of Pediatrics at Washington University School of Medicine
in St. Louis, Missouri, from 1986 to 1997. Dr. Colten earned a B.A. degree at
Cornell in 1959, an M.D. from Western Reserve University in 1963, and an
M.A. (honorary) from Harvard in 1978. Following his clinical training in
1965, he was an investigator at the National Institutes of Health until 1970.
In 1970, he was appointed to the faculty at the Harvard Medical School,
where he was named professor of pediatrics in 1979 and chief of the Division
of Cell Biology, Pulmonary Medicine, and director of the Cystic Fibrosis
Program at Children’s Hospital Medical Center in Boston. Dr. Colten’s
research interests include the regulation of acute phase gene expression and
genetic deficiencies of proteins that play a major role in pulmonary diseases,
autoimmunity, and inflammation, on which he has published more than
270 original articles, book chapters and invited reviews. He is a member of
Alpha Omega Alpha and a recipient of other honors, including a Special
Faculty Research Award from Western Reserve University, the E. Mead
Johnson Award for Pediatric Research, a MERIT Award from the National
Institutes of Health (NIH), Distinguished Service Award from the American
Association of Immunologists, and honorary membership in the Hungarian
378
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Society of Immunology. He has been listed in Who’s Who in America since
1982. Dr. Colten has been on editorial boards and advisory committees of
several leading scientific and medical journals. He served on and was vice
chairman of the Council of the Institute of Medicine and has served on
multiple committees including the Committee on Drug Use in Food Animals, Committee on Palliative and End-of-Life Care for Children and Their
Families, and the Committee for Review and Assessment of the NIH’s Strategic Plan to Reduce and Ultimately Eliminate Health Disparities.
Francois M. Abboud, M.D., (IOM), is currently the Edith King Pearson
Chair in Cardiovascular Research; professor of medicine, physiology, and
biophysics; director, University of Iowa Cardiovascular Research Center;
and associate vice president for research at the University of Iowa. He was
chair of the Department of Internal Medicine from 1976 through 2002. His
research is focused on integrative neurobiology of cardiovascular regulation, including the molecular determinants of sensory signaling and autonomic control. Human studies have focused on the integrated control of
sympathetic activity in physiological and pathological states (e.g., sleep apnea
and hypertension). He has received a number of awards, including ASPET
Award for Experimental Therapeutics, American Society for Pharmacology
and Experimental Therapeutics, the Wiggers Award of the American Physiological Society, the Research Achievement Award and the Gold Heart
Award from the American Heart Association, and the CIBA award and
medal for hypertension research of the Council for High Blood Pressure
Research. He was editor-in-chief of Circulation Research, has served on the
advisory council of the National Heart, Lung, and Blood Institute (1995–
1999), is former president of the American Heart Association and the Association of American Physicians, and is currently associate editor of the journal Physiology in Medicine.
Gene D. Block, Ph.D., is the Thomas Jefferson Professor of Biology and the
vice president and provost of the University of Virginia. Dr. Block’s area of
expertise is in circadian biology; he has studied the neurophysiological basis
of circadian rhythms in mammals and in invertebrate models. He was founding director of the National Science Foundation’s Science and Technology
Center in Biological Timing. He also served as the University of Virginia’s
vice president for research and is past president of the Society for Research
on Biological Rhythms. He received his A.B. degree from Stanford University and his Ph.D. degree from the University of Oregon.
Thomas F. Boat, M.D., (IOM), is director of the Children’s Hospital
Research Foundation and the professor and chair of the Department of
Pediatrics at the University of Cincinnati. Dr. Boat has served as a member
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and chair of the Biochemistry II Study Section of the National Institutes of
Health and as a council member of the National Heart, Lung, and Blood
Institute. He chairs the Research Development Program Advisory Committee for the National Cystic Fibrosis Association and is a member of their
Medical Advisory Committee. Dr. Boat is a recipient of the St. Geme Award
from the Federation of Pediatric Organizations as well as former chair of
the American Board of Pediatrics, president of the Association of Medical
School Pediatric Department Chairs, and past president of the American
Pediatric Society. His areas of expertise include pathophysiology of lung
disease in children, subspecialty pediatric education, improvement of health
services for children, and academic health center management.
Iris F. Litt, M.D., (IOM), is the Marron and Mary Elizabeth Kendrick
Professor of Pediatrics and national director of the Robert Wood Johnson
Clinical Scholars Program at the Stanford University School of Medicine.
Dr. Litt’s research focus is on the health problems of adolescent women,
with particular emphasis on the interaction of psychosocial phenomena with
biological features of the second decade of life. She previously participated
in multiple Institute of Medicine (IOM) committees including the Committee
on Lesbian Health Research Priorities, the Committee on Youth Development, and the Forum on Adolescence, and was workshop participant on
Sleep Needs, Patterns, and Difficulties of Adolescents. She has been a member of the IOM since 1995; she served as editor of the Journal of Adolescent
Health from l990 to 2005 and was the former director for the Division of
Adolescent Medicine at Stanford University from 1976 to 2005.
Emmanuel Mignot, M.D., Ph.D., (IOM), is professor of psychiatry and
behavioral sciences and director of the Center for Narcolepsy at Stanford
University, as well as a Howard Hughes Medical Institute investigator.
Dr. Mignot has experience in clinical and basic research in the area of sleep
disorders medicine. He is board certified in sleep disorders medicine.
Dr. Mignot has extensive experience in basic and clinical research of sleep
disorders, most particularly with narcolepsy. He is currently on the Board
of Scientific Councilors of the National Institute of Mental Health and
serves on the editorial board of scientific journals in the field of sleep disorders research. Dr. Mignot is a past chair of the National Center on Sleep
Disorders Research Advisory Board of the National Institutes of Health,
former president of the Sleep Research Society, and former board member
of the National Sleep Foundation. Dr. Mignot received both his M.D. and
Ph.D. degrees from Paris University in 1984 and 1986, respectively.
Robert H. Miller, M.D., M.B.A., is the executive director of the American
Board of Otolaryngology. Previously, he was professor and chair of
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Otolaryngology-Head and Neck Surgery and vice chancellor at Tulane University Medical Center, dean of the University of Nevada School of Medicine, and was a Robert Wood Johnson Health Policy Fellow. His research
interests have focused on the medical workforce and health policy. He received his M.D. degree in 1973 from Tulane University, did a residency in
otolaryngology, performed head and neck surgery at UCLA, and received
his M.B.A. degree from Tulane in 1996.
F. Javier Nieto, M.D., Ph.D., is the Helfaer Professor of Public Health, and
professor and chair of the Department of Population Health Sciences at the
University of Wisconsin School of Medicine and Public Health in Madison.
His areas of research interest include cardiovascular disease epidemiology,
markers of subclinical atherosclerosis, emerging risk factors for cardiovascular disease, and health consequences of sleep disorders and psychosocial stress. He is a board member of the American College of Epidemiology;
a member of the American Society of Epidemiology; a fellow of the American Heart Association’s Council on Epidemiology and Prevention; and he is
affiliated with the American Public Health Association, Society for Epidemiologic Research, Spanish Epidemiologic Society, and Spanish Society of
Public Health and Health Services Administration. He received his M.D.
degree from University of Valencia in 1978, his M.P.H. from University of
Havana, Cuba, and his Ph.D. in epidemiology from the Johns Hopkins
School of Public Health in 1991.
Allan I. Pack, M.D., Ph.D., is professor of medicine and director of the
Center for Sleep and Respiratory Neurobiology and chief of the Division of
Sleep Medicine at the University of Pennsylvania. Dr. Pack’s current major
research focus is sleep and its disorders, particularly sleep apnea. In 1988,
Dr. Pack was awarded one of three specialized centers of research (SCOR)
in cardiopulmonary disorders during sleep from the National Institutes of
Health; in 1998, he received a second SCOR in neurobiology of sleep and
sleep apnea. Dr. Pack is the author of over 190 original papers and chapters
and has edited three books. He has received a number of awards, including
the Nathaniel Kleitman Award and the William C. Dement Academic
Achievement Award from the American Academy of Sleep Medicine. He
received his M.B.ChB. degree in 1968 and his Ph.D. in 1976, both from the
University of Glasgow.
Kathy P. Parker, Ph.D., R.N., F.A.A.N., is the Edith F. Honeycutt Professor
at the Nell Hodgson Woodruff School of Nursing and professor of neurology
at Emory University. In 2001, she established the Center for Research on
Symptoms, Symptom Interactions, and Health Outcomes, one of nine
exploratory nursing research centers funding by the National Institute of
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Nursing Research. She has more than 20 years of clinical experience in
nursing and is one of five nurses in the country certified in Clinical Sleep
Disorders by the American Board of Sleep Medicine. She is a fellow in the
American Academy of Sleep Medicine and the American Academy of Nursing. Dr. Parker’s program of research focuses on sleep-wake disturbances in
hemodialysis patients and the effects of pain and opioids on sleep in cancer
patients.
Samuel J. Potolicchio, M.D., is professor of neurology at the George Washington University Medical Center. Dr. Potolicchio’s research interests are in
sleep and convulsive disorders, particularly epilepsy, and in other neurological disorders. He also treats patients with peripheral neuropathies, sleep
disturbances, mental confusion, impaired memory, and memory loss.
Dr. Potolicchio has served as a member on previous Institute of Medicine
Committees on the Gulf War and health.
Susan Redline, M.D., M.P.H., is professor of pediatrics, medicine, epidemiology and biostatistics at Case Western Reserve University School of
Medicine and is the chief of the Division of Clinical Epidemiology in the
Department of Pediatrics at Rainbow Babies & Children’s Hospital. Her
research interest focuses on the epidemiology of chronic diseases with an
emphasis on sleep apnea, and on pulmonary and cardiovascular diseases.
She directs the Case Sleep and Epidemiology Research Center, which serves
as a national sleep reading center for numerous large-scale sleep epidemiological studies. Dr. Redline also directs the University Hospitals of Cleveland
Sleep Disorders Center. She is an associate editor of Sleep and a current
member of Scientific Advisory Committee of the American Thoracic Society
and a member of the National Center on Sleep Disorders Research Advisory Board of the National Institutes of Health.
Charles F. Reynolds III, M.D., is a University of Pittsburgh, School of Medicine Endowed Professor of Geriatric Psychiatry, and senior associate dean
of the University of Pittsburgh, School of Medicine. He directs the National
Institute of Mental Health (NIMH)-sponsored Advanced Center for Interventions and Services Research in Late-Life Mood Disorders and the John
A. Hartford Center of Excellence in Geriatric Psychiatry at the Western
Psychiatric Institute and Clinic. Dr. Reynolds’ primary research interests
focus on mood and sleep disorders of later life, the prevention and treatment of those disorders, suicide prevention, and the dissemination of
evidence-based practice to general medical settings. Dr. Reynolds is the past
recipient of a MERIT Award and a Senior Scientist Award from the NIMH;
he has led the field in studies of maintenance treatment of mood disorders
in old age. He currently serves on the National Mental Health Advisory
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Council and has previously served on the Institute of Medicine Committee
on the Pathophysiology and Prevention of Adolescent and Adult Suicide.
Dr. Reynolds is immediate past president of the American College of
Psychiatrists. He graduated from the Yale University School of Medicine in
1973 and from the University of Virginia in 1969.
Clifford B. Saper, M.D., Ph.D., is James Jackson Putnam Professor of
Neurology and Neuroscience at Harvard Medical School and chair of the
Department of Neurology at Beth Israel Deaconess Medical Center. Previously, he was an assistant, then associate, professor in the Departments of
Neurology and Anatomy and Neurobiology at the Washington University
School of Medicine and associate professor and then the William D. Mabie
Professor of Neurology and Neuroscience at the University of Chicago,
where he chaired the graduate program in neuroscience. Dr. Saper’s research interests focus on identifying neuronal circuitry involved in regulating integrated functions maintained by the hypothalamus, including wakesleep cycles, body temperature, and feeding, and determining the homologous
circuitry in human brains and examining how it may be disrupted in specific
neurological and psychiatric disorders. Currently, he is editor-in-chief of
the Journal of Comparative Neurology and serves on the editorial boards of
Neurology, Physiological Genomics, Sleep, and Neuroimmunomodulation.
Dr. Saper formerly was a member of the National Center on Sleep Disorders Research Advisory Board of the National Institutes of Health and
previously served on the National Research Council’s Howard Higher
Medical Institute (HHMI) Predoctoral Fellowships Panel on Neurosciences
and Physiology.
IOM STAFF
Bruce M. Altevogt, Ph.D., is a senior program officer in the Board on Health
Sciences Policy at the Institute of Medicine (IOM). He received his doctoral
thesis from Harvard University’s Program in Neuroscience. While at Harvard
Dr. Altevogt studied how the glial cells in the central and peripheral nervous
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training, 191
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Acute stress disorder, 91
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143, 266
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grants for research on, 274
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medication safety issues, 65, 78, 87, 100
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treatment, 110-111
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(AASM), 2, 22, 26, 29, 67, 177, 179,
187, 188, 218, 219, 221, 224-225,
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22, 191, 198-201, 202, 296, 315
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198, 297, 315
American Board of Pediatrics, 190, 198,
297, 315
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314-315
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202
certification examination, 197-198
establishment of, 198-201
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American College of Chest Physicians, 225,
243
American Diabetes Association, 243
American Heart Association, 243
American Lung Association, 243
American Medical Association, 189
American Professional Sleep Societies, 22
American Sleep Apnea Association, 22, 177
American Sleep Disorders Association. See
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Medicine
American Sleep Medicine Foundation, 244
Faculty Career Advancement Award,
243
American Thoracic Society, 225, 243, 248
Analysis of NIH grants
clinical, basic, and circadian rhythm
projects, 270, 272
for device development, 273
protocol, 269, 275-276
by research strategy, 271, 273
review panel composition, 274-275
RFAs and PAs, 268-268
sleep disorders, 270, 272-273
by species, 271, 274
temporal trends, 269-272
Antiarrhythmics, 104, 105
Anxiety and anxiety disorders, 59, 63, 79,
81, 82
Appetite, 60-61, 72, 267
Arousal from sleep. See also Sleep-wake
regulation
disorders of, 82, 88-90
forced, 88
and myocardial infarction risk, 38
neurological systems, 76, 82
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response to respiratory resistance, 39
sleep-disordered breathing and, 65, 71
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Attention-deficit/hyperactivity disorder
(ADHD), 22, 98, 100, 145, 146, 221,
335
Attention deficits, 100, 138, 141-142, 145,
147
Attitudes about sleep and sleepiness, 174175
Automobile accidents. See Motor vehicle
accidents
Awareness. See Public awareness of sleep
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B
Back to Sleep campaign, 180-181
Bacterial infections, and sleep, 102
BEARS pediatric screening tool, 190, 336
Behavior
aggressive, 91
obstructive sleep apnea and, 22, 1
45-146
oppositional, 100
REM sleep behavior disorder, 90
risk taking, 142
sleep loss and, 63, 142
violent, 88
Behavioral Risk Factor Surveillance System,
152, 203, 208-209
Blood pressure, 38, 63, 68, 69, 70. See also
Hypertension
Body Mass Index (BMI), 60, 336
Brain. See also individual structures
activity during sleep, 21, 35, 36, 37, 39
blood flow and metabolism, 39, 80, 142,
227
emotional pathways, 80
imaging of cognitive impairments, 142
iron deficiency, 98-99, 227, 262
metastases, 103
pain circuitry, 101
sleep-wake regulation processes and
structures, 40-41, 43, 76-77, 80,
101
suprachiasmatic nucleus, 39, 42-43, 261
Breathing. See Respiratory activity; Sleepdisordered breathing

C
Caffeine, 65, 106
California Technology Assessment Forum,
226
Cancer, and sleep problems, 101, 103, 105,
106
Cardiovascular activity during sleep, 38
Cardiovascular disease
childhood sleep disorders and, 70, 266
education campaigns, 179, 181
OSA and, 68, 69-71, 72, 74, 263-264, 266
sleep loss and, 21, 25, 28, 59, 62-63
treatment-related sleep problems, 104105
Career development in sleep research. See
also Professional training
advances since 2003 research plan, 267
barriers to, 237-238
career training (K) awards, 238-242,
248, 250, 251, 275-276, 339, 360367
K12 Multidisciplinary Clinical research
Training Program, 241, 247, 248
mentors and mentoring, 6, 234, 237,
238, 242, 246, 248-250, 296, 361,
363, 364, 365, 366, 367
midcareer, 238, 248, 250, 364, 366
model support programs, 244-245
NIH support, 5-6, 25, 234, 238, 238246, 339, 360-367
opportunities to accelerate, 247-251
professional organization and
foundation support, 243-245, 247,
248
public awareness/education and, 237
recruiting and retaining trainees, 237,
238, 278-279
Caregivers, 154-155
Cataplexy, 83, 85, 86, 87, 103
Catching up on sleep, 64
Catecholamines, 71, 336
Caucasians, 97, 142, 162
Center of Scientific Review, 275, 276
Centers for Disease Control and Prevention,
5, 347
educational activities, 7, 176, 177-178,
179, 180, 182, 257
sleep-related research, 257, 276, 277
surveillance, 8, 57, 203, 204, 208, 209,
210, 257, 285
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Services, 209
Central nervous system tumors, 85
Central sleep apnea, 73, 74, 75, 262, 336
Cerebral blood flow, 39
Cerebrospinal fluid hypocretin-1 (orexin-A),
83, 84, 85, 86, 87, 262
Children
academic performance, 145, 146
ADHD, 22, 98, 100, 145, 146, 221
cardiovascular disease risk in adulthood,
70, 266
cognitive deficits, 145
diagnostic technologies, 220, 221, 227
epilepsy, 94
grants for research on, 274
insomnia, 265
medication safety issues, 65, 78, 87, 100,
265
narcolepsy, 87, 175
nightmares, 91
obesity, 61
OSA, 22, 61, 66, 68, 70, 71, 74, 75,
145-146, 153, 156, 227, 263, 265,
266, 352
parasomnias, 88, 89, 91
periodic limb movement, 100
quality of life, 153
sleep deprivation and sleep disorders,
154-155, 353
sleep patterns, 46, 48
sleepwalking, 89
snoring, 145, 266
tonsillar hypertrophy, 70, 71, 74, 146
utilization of health care, 156
CHQ-PF50, 153, 336
Circadian phase advance, 80
Circadian rhythm
age and, 44-45, 46, 47, 49, 261
defined, 41, 336
development, 44-45, 46
function, 41
gender differences, 47-48
grants for research, 270, 272, 275
and metabolism, 61-62
molecular mechanisms, 41-42, 261
and motor vehicle accidents, 148
neurobiology research advances, 260261
and obesity, 261
shift work and, 58, 109, 261

sleep disorders, 21, 82, 107-111
sleep-wake regulation, 39-40, 41
sleeping sickness and, 104
suprachiasmatic nucleus and, 42-43, 261
and thermoregulation, 43, 45, 47, 106
Clinical Fellowship Program, 245
Clock genes, 41, 42-43, 101, 109, 110, 237,
261
Cognitive deficits
brain imaging studies, 142
disasters, fatigue-related, 20, 138
measuring, 137, 141-142
and medical errors, 138, 139-140, 144145
OSA and, 145-146, 263, 266
sleep-disordered breathing, 65, 146-147
sleep loss and, 138-142, 145
Cognitive therapy, 78, 336
College students
premed, 185, 187
recruitment for sleep research, 185
sleep disturbances, 176, 184
sleep education programs, 184-185
Colorectal cancer screening campaign, 177178, 180
Commission on Collegiate Nursing
Education, 9, 202
Confusional arousals, 88-89, 336
Congenital central hypoventilation
syndrome, 265-266
Congestive heart failure, 65, 69, 74, 95,
152
Continuous positive airway pressure (CPAP)
therapy, 68, 70, 71, 72, 75, 96, 147,
151, 153, 154, 156-157, 161, 177,
218, 228, 264, 295, 298, 299, 314
Coronary artery disease, 65, 69, 70
Corticosteroids, 43, 106, 337
Cortisol, 45, 47, 71, 76, 104
Council of Graduate Schools, 246
Council on Education for Public Health, 9,
202
CPAP. See Continuous positive airway
pressure
Cystic Fibrosis Foundation, 244, 245
Cytokines, 71, 105, 106

D
Dartmouth Sleep Knowledge and Attitude
Survey, 190
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Delayed sleep phase syndrome
etiology and risk factors, 109, 266
genetic factors, 260
interventions, 143
manifestations and prevalence, 83, 107,
108-109
treatment, 109-110, 143
Dementias, 91-93
Dental and orofacial pain, 101
Dental appliances, 75
Department of Commerce, 5, 277, 347
Department of Defense, 5, 257, 276, 277,
347
Department of Education, 5, 179, 277, 347
Department of Energy, 355
Department of Health and Human Services,
204, 258
Department of Labor, 5, 179, 257, 276,
277, 347
Department of Transportation, 5, 179, 257,
276, 277, 347
Department of Veterans Affairs, 208, 219,
257, 258
Depression
adolescents, 63, 79, 143
cancer and, 103, 105
dementias and, 91
and hypersomnia, 85, 87, 296
insomnia and, 23, 77, 79, 80, 81-82,
103, 265
older adults, 48
periodic limb movement and, 100
and quality of life, 152
REM sleep characteristics, 79
sleep loss and, 2, 28, 56, 57, 59, 63,
143, 175, 184
Diabetes
OSA and, 65, 71-72, 74
and quality of life, 153
sleep loss and, 2, 21, 25, 28, 56, 59, 6162, 267
type 2 defined, 344
Diagnosis of sleep disorders
access to, 9, 218
accreditation criteria, 28
actigraphy, 82, 83, 221, 227
apnea-hypopnea index, 66, 67, 223, 335
circadian rhythm disorder, criteria for,
107-108
comorbid psychiatric disorders and, 8081

costs, 157, 160-161, 219, 307
demand for, 9, 218
evaluating daytime sleepiness, 226-227
future directions, 228-229
genetic and biochemical tests, 227
hypersomnia, 84, 86, 226
imaging technologies, 227
insomnia, criteria for, 75-76
International Classification of Sleep
Disorders, 56, 86, 104, 107-108, 262
microstructural cyclic alternating
patterns analysis, 227
MSLT, 82, 83, 84, 85, 86, 226-227
MWT, 227
narcolepsy, 83, 84, 86, 226, 262
OSA, 65, 67, 83, 160-161
polysomnography, 9, 26, 68, 70, 71, 83,
157, 218, 219, 223, 227
portable tools, 26, 218-223
reimbursement for, 28
revenues from, 310
RLS, 227
scoring and processing of sleep studies,
224-225, 309-310
sleep logs, 82, 83, 227
spectral analysis, 227
survey of trends, 208
telemonitoring from sleep centers, 228
video technologies, 227
waiting time for patients, 26, 218, 303,
307
Disasters, fatigue-related, 20, 138
Disease mortality, 63-64
Dissociative disorders, 89, 342
Dopamine, 40, 41, 87, 98-99, 261, 262
agonists, 90, 99, 100
antagonists, 99
Dreams/dreaming
and muscle atonia, 38, 90
nightmares, 46, 90, 104
sleep stage and, 21
vivid, 38, 104
Drug abuse, 23, 81, 91, 97, 184, 270

E
Eating disorders, 23, 84, 89, 342
Economic impacts
direct costs, 2, 157, 159-161
indirect costs, 108, 158, 160, 161
insomnia, 156, 159-160
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motor vehicle accidents, 158
narcolepsy, 162
obstructive sleep apnea, 156-157, 160162
productivity losses, 21, 108, 158
utilization of health care, 2, 21, 155-157
Education on sleep disorders. See Medical
education in somnology; Professional
training; Public education
Elderly people. See Older adults
Electrocardiography, 69
Electrooculography, 69, 139, 337
Electroencephalography (EEG), 21, 34, 35,
36, 40, 43, 69, 103, 186, 337
Electromyography, 69
End-stage renal disease, 98, 99, 105-106, 296
Endocrine function, 39
Endothelial dysfunction, 68
Entertainment Industry Foundation, 178
Enuresis, 89
Epilepsy, 93-95, 337, 340
Epworth Sleepiness Scale, 154, 155, 337
Exploding head syndrome, 89, 337
Exploratory Center award, 281

F
Falls, 150, 160
Familial/genetic factors, 73, 74, 77, 79, 85,
87, 90, 94, 97, 98, 109, 110, 260,
261, 262, 263, 265-266
Fatigue, 20, 79, 95, 100, 104, 105, 149, 353
Fellowship (F) awards, 238, 239, 250, 275276, 337-338, 371-372
Fogarty International Center, 255, 355, 359
Folate deficiency, 98
Francis Fellowship Program, 244

G
Garfield Star Sleeper Campaign, 176
Gastric bypass surgery, 72, 98
Gender differences
insomnia, 76, 77
OSA, 66
REM sleep disorders, 90
RLS, 98
SIDS, 97
sleep patterns, 47-48, 142
thermoregulation, 48-49

Generalized anxiety disorder, 79, 338
Genetic disorders, 85
Genetic factors. See Familial/genetic factors
Ghrelin, 60, 267
Grants for sleep research. See National
Institutes of Health
Glucose metabolism
and AHI threshold, 223
circadian rhythm and, 42
CPAP and, 71
OSA and, 65, 71-72
sleep loss and, 59, 61-62, 63
Grants for sleep research. See National
Institutes of Health
Growth hormone, 39, 104

H
Harvard University, 187, 236, 239, 298,
376-377
Harvard Work Hours Health and Safety
Study, 139
Head trauma, 85, 87
Health care professionals. See also
Professional training
attraction to sleep field, 183
awareness about sleep disorders, 182183
board certification in sleep medicine,
197-201, 298, 314-315
Health insurance coverage, 28, 209, 219,
315
Healthy Sleep Handbook, 176
Heart attack. See Myocardial infarction
Hemodialysis, 105
Hispanics, 205
HIV/AIDS, 103, 353
Homeostatic sleep pressure, 47, 49
Hormone replacement therapy, 74
Human Brain Project, 355
Huntington’s chorea, 91, 262
Hyperactivity, 106
Hyperarousal, 265
Hypercapnia, 72
Hypersexuality, 84
Hypersomnia
defined, 83, 338
diagnosis, 226
etiology and risk factors, 85, 87
grants for research, 270, 272-273
idiopathic, 82, 84, 86, 87, 272-273
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individuals, 175
manifestations and prevalence, 82, 8485, 86, 87
and mortality risk, 74
neurological disorders and, 92, 296
with normal sleep length, 84, 86, 87
OSA and, 65, 66, 68
periodic, 84, 86, 87
and periodic limb movement disorder,
100
with prolonged sleep time, 84, 86, 87
and psychiatric disorders, 78-79, 80-81,
85, 87, 296
secondary, 85, 86, 88, 100, 105
sleep attacks, 93
treatment, 80-81, 87, 94-95
and work-related injuries, 150
Hypertension, 2, 21, 25, 56, 59, 62, 65, 6669, 70, 74, 95, 180, 181, 223, 338
Hypnagogic/hypnopompic hallucinations,
84, 87, 89, 338
Hypnotic drugs, 77-78, 96, 150, 158, 160,
265, 338
Hypocretin (orexin), 41, 85, 87, 101, 261,
262, 338
Hypolipidemic drugs, 104-105
Hypomania, 106
Hypoperfusion, 74
Hypothalamic-pituitary-adrenal axis, 71, 76
dysregulation, 80, 82
Hypothalamus, 40, 41, 43, 85, 101, 103,
261
Hypoventilation, 38
Hypoxemia, 71, 72, 145, 147
Hypoxia, 71, 74, 263-264, 338, 353
Hypoxic ventilatory response, 39

I
Immune response, 102
Immunologic disorders, 106
Infants
congenital central hypoventilation
syndrome, 265-266
low birth weight, 97
newborns, 35, 44-45, 261
premature, 74, 97, 146
SIDS, 96-97, 180-181, 265
sleep patterns, 35, 44-45, 47-48

Infectious diseases, and sleep, 102-104
Inflammatory disorders, 85
Insomnia
brain imaging studies, 265
circadian rhythm disruptions and, 108
comorbid sleep disorders, 295
defined, 338
and depression, 23, 77, 79, 80, 81-82,
103, 265, 296
deterrents to seeking help, 175
economic impacts, 155, 156, 157, 159160
etiology and risk factors, 23, 40, 76-77,
100
and fall risk in older people, 150, 160
grants for research, 270
human leukocyte antigen DQB1*0602,
83, 85, 86
manifestations and prevalence, 2, 20, 58,
75-76, 159
medications and, 99, 103, 104-105, 106,
150, 159
narcolepsy and, 84
NIH State-of-the-Science Conference,
265
pain and, 101
psychiatric disorders and, 77, 79, 80, 8182, 156, 159
and quality of life, 75, 152-153
sleeping sickness and, 103
stroke and, 95
treatment, 23, 65, 77-78, 96, 150, 265
undiagnosed and untreated cases, 218,
294-295
utilization of health care, 155, 156, 159
and work-related injuries, 149
Institutional National Research Service
Award, 354
Insulin resistance, 71, 72, 264
Intelligence quotient, 145, 146
Interdisciplinary research, defined, 27, 28,
298
Interdisciplinary sleep programs, academic.
See also Sleep centers and
laboratories
accreditation and certification, 28, 312315, 318, 321
administrative jurisdictions, 301
approach, 27-28, 296-303
Centers of Excellence, 11-12, 278-282,
283
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chronic disease management model, 28,
304, 321
consortia, 185, 187
constraints on, 26-28, 300-303
diagnosis-treatment linkages, 28, 303305
direct costs, 307-309
education and training, 304
examples of approaches, 299
grants, 318, 370
guiding principles, 11, 14-16, 305-306
health insurance coverage, 315
institutional reward system and, 301
key components, 303-306
knowledge base, 26, 296
leadership, 305
macrostructure, 310-311
microstructure, 311
network participation, 12-13, 282, 284,
305, 320
next steps, 315-321
obstacles, 27, 301-302
organizational structures, 13-14, 27-28,
310-311, 312, 316-320
and quality of care, 27
rationale for, 26-28, 294-300
recommendations, 14, 319, 321
research component, 304-305
revenue generation and fiscal
independence, 28, 305-310,
311-312
staffing, 298-300, 302-303, 307
transparent policies and procedures, 306,
311
Type I clinical program, 13, 15-16, 279,
284, 316, 317, 319-320
Type II training and research program,
13, 15-16, 200, 284, 316, 317, 318,
320
Type III regional program, 13-14, 15-16,
200, 284, 316, 317, 318, 320
International Classification of Sleep
Disorders, 56, 86, 104, 107, 262
Internet, 21, 58
Interventions. See also Treatment
effectiveness of, 150-151
Iron deficiency, 98, 262, 295-296
Irregular sleep schedules, 58
Irregular sleep-wake disorder, 107
Irritability, 79, 108, 184

J
Jet lag, 58, 107

K
K awards. See Career development in sleep
research
K complexes, 36, 38
Kleine-Levin syndrome, 84, 86, 87, 273,
340

L
Learning and vocabulary, sleep loss and,
140, 145, 146, 184, 264
Leptin, 60, 72, 267, 340
Lewy body disease, 92, 262, 296
Light-dark cycle, 39, 40, 43
Light exposure, 47, 76, 109, 110, 143

M
Magnetic resonance imaging, 186, 227, 340
Maintenance of Wakefulness Test (MWT),
227
Maternal and Child Health Bureau, 180
Median thalamic stroke, 85
Medical disorders and sleep. See also
individual disorders
cancer, 103, 105
grants for research, 270
infectious diseases, 102-104
pain, 100-101
treatment-related effects, 104-106
Medical education in somnology. See also
Professional training
accreditation and certification, 189, 190,
191-192, 196, 197-201, 202
barriers to curriculum implementation,
25, 188
evaluation of effectiveness of, 188, 189190
inadequacy of, 187-188
multidisciplinary learning environment,
189, 192, 193, 202
nurses as care managers, 190-191
overview, 187-191
residency training curricula, 191-192
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Sleep Academic Award program, 189190, 240, 241, 352
undergraduate education, 185, 187
workforce shortages, 192
Medical errors, sleep loss and, 138, 139140, 144-145, 266
Medical Expenditure Panel Survey, 203,
206, 209
Medical residents
medical errors, 138, 139-140, 144-145
motor vehicle accidents, 149
restriction of work hours, 25, 139, 189
somnology training curricula, 191-192
Medicare Current Beneficiary Survey, 205,
209-210
MEDSleep, 25, 189
Melatonin, 39, 43, 45, 47, 49, 104, 106,
109-111, 159, 340
Memory, 36, 38, 57, 100, 138, 140, 147,
184
Menopause and menopausal symptoms, 74,
105
Menstruation, 48, 84
Metabolic syndrome, 261, 266, 295, 353
Microsleeps, 138
Microstructural cyclic alternating patterns
analysis, 227
Modafinil, 65, 87, 93, 266
Molecular Biology and Genetics of Sleep
and Sleep Disorders, 352
Monitoring. See Sleep monitoring
Mood, sleep loss and, 23, 48, 63, 65. See
also Anxiety and anxiety disorders;
Depression
Mortality
falls in older people, 150
RLS and, 99
SIDS, 181
sleep-disordered breathing and, 74-75,
264
survey, 206
work-related fatalities, 150
Motor vehicle accidents, 2, 21, 56, 147-149,
158, 160, 161, 266
Movement disorders. See also Periodic limb
movement disorder; Restless legs
syndrome
neurological disorders and, 92
Multidisciplinary research, defined, 27, 28,
298
Multiple sclerosis, 85

Multiple Sleep Latency Test (MSLT), 82,
197, 199, 226-227, 340
Multiple systems atrophy, 90, 93
Muscular Dystrophy Cooperative Research
Centers, 283
Musculoskeletal disorders, 101
MWT. See Maintenance of Wakefulness
Test
Myocardial infarction, 2, 38, 56, 60, 62, 69,
70, 95, 153
Myotonic dystrophy, 85

N
Naps/napping, 64, 83, 84, 87, 151, 226
Narcolepsy
and academic performance, 82
and accidents and injuries, 147
with cataplexy, 83, 85, 86, 87, 262, 336
without cataplexy, 85-87, 272
comorbid sleep disorders, 295
defined, 340
diagnosis, 226, 227, 262
economic impacts, 155, 162
etiology and risk factors, 85-87, 237
grants for research, 270, 272
manifestations and prevalence, 34-35,
82-85, 86
and periodic limb movement disorder,
100
and quality of life, 151-152
secondary, 85, 86
and stigma, 175
treatment, 23, 87
undiagnosed and untreated cases, 218,
294-295
National Aeronautics and Space
Administration (NASA), 355
National Ambulatory Medical Care Survey,
207
National Association of Student Personnel
Administrators, 185
National Cancer Institute (NCI), 255, 278280, 283, 352, 354, 355, 359, 366
National Center for Complementary and
Alternative Medicine (NCCAM),
255, 355, 359, 365
National Center for Health Statistics
(NCHS), 57, 203, 204, 206
National Center for Medical Rehabilitation
Research, 268, 283
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National Center for Research Resources
(NCRR), 354, 365, 366
National Center on Sleep Disorders
Research (NCSDR), 22, 256-258
advisory board to, 3, 5, 257, 258-259,
276-277, 345-350
budget, 257
educational materials, 176
establishment, 24, 175, 254, 256, 345
funding, 24, 355
information collection and
dissemination, 347
leadership, 3
mission, 24, 256-257, 345
public education campaigns, 7, 175-176,
179, 180, 182, 347
recommended role, 4-5, 7, 8, 10, 277
research plans, 2, 29, 259-267, 347
RFA, PA, 239, 256, 268-269, 274, 275276
Sleep Academic Award, 189
strengthening, 4-5, 276-277
technology evaluation and validation,
229
National Colorectal Cancer Research
Alliance, 178
National Death Index, 206
National Eye Institute (NEI), 24, 255, 354,
357, 358, 366
National Health and Nutrition Examination
Survey (NHANES), 203, 204, 205,
211, 257
National Health Care Survey, 203, 206-208
National Health Interview Survey, 57, 203,
204-206, 211
National Heart, Lung, and Blood Institute
(NHLBI), 12, 22, 23, 24, 25, 175,
180, 181, 189, 204, 211, 240, 241,
255, 256, 257, 258, 273, 274, 275,
283, 352, 353, 354, 355, 358, 364,
365, 366, 367
National High Blood Pressure Campaign,
180
National Hospital Discharge Survey, 207-208
National Human Genome Research Institute
(NHGRI), 23, 354
National Immunization Survey, 203
National Institute for Occupational Safety
and Health (NIOSH), 352, 355, 359
National Institute of Allergy and Infectious
Diseases (NIAID), 23, 255, 354, 355,
359

National Institute of Arthritis and
Musculoskeletal and Skin Diseases
(NIAMS), 255, 283, 353, 354, 355,
359
National Institute of Child Health and
Human Development (NICHD), 22,
180, 255, 258, 268-269, 273, 283,
352, 353, 354, 355, 359, 365, 366
National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK), 23,
255, 353, 359, 365, 366
National Institute of Dental and
Craniofacial Research (NIDCR), 23,
352, 353, 355, 359
National Institute of Environmental Health
Sciences (NIEHS), 23, 352, 355
National Institute of General Medical
Sciences (NIGMS), 255, 357, 358,
366
National Institute of Mental Health
(NIMH), 22, 23, 24, 186, 240, 255,
258, 273, 274, 352, 353, 354, 355,
358, 365, 366
National Institute of Neurological Disorders
and Stroke (NINDS), 22, 23-24, 255,
258, 274, 283, 352, 354, 355, 358,
365, 366
National Institute of Nursing Research
(NINR), 23, 255, 353, 354, 355,
358, 365
National Institute on Aging (NIA), 22-23,
255, 258, 274, 352, 353, 354, 355,
358, 365, 366
National Institute on Alcohol Abuse and
Alcoholism (NIAAA), 23, 255, 352,
354, 355, 358, 366
National Institute on Deafness and Other
Communication Disorders (NIDCD),
24, 255, 352, 354, 355, 359
National Institute on Drug Abuse (NIDA),
23, 255, 353, 354, 355, 358
National Institutes of Health (NIH), 22
career development awards, 240-241
conference on insomnia, 265
coordination of sleep research, 2, 254259; see also National Center on
Sleep Disorders Research; Trans-NIH
Sleep Research Coordinating
Committee
Exploratory Center award, 281
grants for sleep research, 24, 25, 222,
235-236, 254, 267-276, 351-355
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Institutional Clinical and Translational
Science Award, 282
leadership in somnology research and
training, 3-5, 17
loan repayment policies, 247
new career award support, 241-242
Office of Behavioral and Social Science
Research, 23
Office of Research on Women’s Health,
355
roadmap initiatives, 14, 241, 242, 247,
285
Science Conference on the
Manifestations and Management of
Chronic Insomnia, 77
technology development grants, 222,
229
training awards, 200, 238-240
National League for Nursing, 9, 202
National Library of Medicine (NLM), 354,
355
National Occupational Research Agenda,
352
National Research Service Award
Institutional Training Grants, 238
National Safety Council, 161
National Sleep Foundation (NSF), 2, 22, 29,
148, 176-177, 179, 355
Pickwick Club Award, 243, 244
National Sleep Public Education and
Awareness Campaign, 178-182
National Sleep Awareness Week, 176-177
National Somnology and Sleep Medicine
Research and Clinical Network, 7,
12-13, 14, 179, 279, 282-285, 320
National Survey of Family Growth, 206
National Transportation Safety Board, 149
Native Americans, 97
NCSDR. See National Center on Sleep
Disorders Research
Neurological disorders with sleep
abnormalities
Alzheimer’s disease, 91-92, 262
epilepsy, 93-95
grants for research, 270
multiple system atrophy, 90
Parkinson’s disease, 85, 90, 92-93, 262
spinal cord damage, 101
stroke, 95-96
Nicotine dependence, 81, 97
Nightmare disorder, 89, 90-91, 340

NIH. See National Institutes of Health
Nocturnal frontal lobe epilepsy, 94
Non-rapid-eye-movement (NREM) sleep
arousal disorders, 88-90
brain activity, 21, 35, 36, 40
continuous spike wave epilepsy, 94
cycles, 35
defined, 340
disorders of, 34-35
physiological changes, 37, 38
stages, 21, 34, 35-37, 343; see also Slowwave sleep
Nonentrained sleep-wake syndrome, 107
Nonsteroidal anti-inflammatory drugs, 106
Nurses and nurse practitioners
medical errors, 145
role in interdisciplinary programs, 298300
somnology education, 183, 185, 187,
190-191
Nurses Health Study, 61, 62, 71

O
Obesity
education campaign, 177, 179
and hypertension, 66
hypoventilation syndrome, 264-265
and OSA, 61, 66, 72, 160-161, 263, 295
sleep loss and, 2, 21, 25, 56, 59-61, 267
stigma of, 175
utilization of health care, 161
Obstructive sleep apnea (OSA)
advances in research, 263, 265, 266
age/aging and, 66, 73, 263
alcohol use and, 73
Alzheimer’s disease and, 91, 262
apnea-hypopnea index, 65, 66, 67, 69,
71, 148, 220
and cardiovascular disease and stroke,
69-71, 72, 74, 263-264
in children, 22, 61, 66, 68, 70, 71, 74,
75, 145-146, 153, 156, 263, 265,
266, 352
comorbid sleep disorders, 295
defined, 340
developmental, behavioral, and cognitive
effects, 145-146
and diabetes and glucose tolerance, 70,
71-72, 74
diagnosis, 65, 67, 83, 160-161, 225
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economic impacts, 156-157, 160-162
etiology, 72-73
familial/genetic factors, 73, 74, 97
gender differences, 66, 73-74
grants for research, 268
and hypertension, 66-69, 74
manifestations and prevalence, 2, 20, 66,
178, 263
and motor vehicle accidents, 148, 161,
219, 263
obesity and, 61, 66, 72, 73-74, 160-161
and periodic limb movement disorder,
100
portable monitoring equipment for, 220,
225
and quality of life, 153
race and, 66, 73, 74, 161-162, 263
research, 23
risk factors, 73-74, 91
and SIDS risk, 97
socioeconomic status and, 161-162
training requirements for health
professionals, 183
treatment, 23, 26, 68, 75, 151, 153,
156-157, 264
and sudden death, 74
undiagnosed and untreated cases, 218
utilization of health care, 156-157,
161
Occupational safety and health. See also
Work
regulation, 150-151
research, 355
Occupational Safety and Health
Administration, 257
Older adults
advanced sleep phase, 260
education campaigns, 176
falls, 150
grants for research on, 274
insomnia, 76, 77, 160
neurological disorders, 92
OSA, 66, 68, 73, 154, 263
periodic limb movement disorder, 100
portable monitoring equipment for, 220
quality of life, 154
REM sleep disorders, 90
RLS, 98
sleep patterns, 22-23, 47, 48-49
OSA. See Obstructive sleep apnea
Oxidative stress, 68, 263-264

P
Pain, and sleep problems, 100-101, 105
Parasomnias
defined, 341
grants for research, 270, 272
manifestations and prevalence, 88
NREM sleep arousal disorders, 88-90
psychiatric disorders and, 79
and quality of life, 152
REM sleep disorders, 90-91
treatment, 96
Parker B. Francis Fellowship Program, 244
Parkinson’s disease, 85, 90, 92-93, 262,
296
Pathway to Independence Award program,
242
Performance problems, 2, 82, 108, 142-144,
145, 146-147, 154, 158, 160, 184,
266. See also Cognitive deficits
Periodic limb movement disorder, 2, 20, 92,
98, 100, 220, 223, 273, 295, 355
Periodic limb movement index, 223
Physical activity education campaign, 177
Physicians. See Health care professionals
Polysomnography, 26, 68, 70, 71, 83, 139,
146, 157, 341
Portable monitoring and therapeutic devices
challenges to developing, 222-228
cost-effectiveness, 157, 221
evaluation of effectiveness, 10, 225-226,
273
feasibility and quality, 220-222, 228
future directions, 228
rationale for, 9, 218-220, 228
validation of, 26, 222-224, 273
Posttraumatic stress disorder, 91, 257
Prader-Willi syndrome, 85, 341
Pregnancy and postpartum period
RLS, 48, 98, 296
sleep patterns, 48
substance abuse, 97
Process C, 39-40
Process S, 39-40
Professional training. See also Medical
education in somnology
access to, 296
accreditation, 177, 192-197, 314
advances since 2003 research plan, 260,
267
awareness programs, 184-185
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board certification, 197-201, 314-315
challenges, 201
costs, 307-309
curriculum development, 6, 8-9, 183,
185-187, 202, 238, 240, 241, 296,
362
fellowship programs, 192-197, 198, 199,
200, 238, 240, 242, 243, 244, 296,
314, 337-338, 371-372
funding, 5, 6, 186, 200, 201-202, 343344, 362, 369
graduate research programs, 8-9, 187,
189, 373
improvement strategies, 248-250
integration with other programs, 8, 249250
interdisciplinary approach, 25-26, 183,
187, 247, 249-251
leadership skills, 240, 241
limitations of current programs, 27, 160
182-183
next steps, 201-202
NIH awards, 25, 238-240
pooling funds for, 241
recommendations, 6, 8-9, 202, 250-251
remote mentoring programs, 248-249
requirements, 182-187
revenues from, 311
tools and products, 25, 202
undergraduate education, 8-9, 183, 184187, 373
workforce shortages, 192, 296
Program (P) awards, 281, 340-341, 352,
355, 370
Psychiatric disorders with sleep disturbances
database, 208
economic costs, 159
etiology and risk factors, 80
grants for research, 270, 272
insomnia, 77, 78, 81-82, 156, 159, 296
manifestations and prevalence, 78-79,
208, 295
parasomnias, 79
treatment, 80-81
utilization of health care, 156, 175
Psychomotor vigilance task, 142
Public education
absence of sleep content, 175
awareness of sleep disorders, 2, 20, 22,
26, 29, 175, 234
Back to Sleep program, 97, 180-181

CDC activities, 177-178, 257
celebrity spokespersons, 178
for college students, 185
coordinating activities, 179, 180, 181
costs and challenges, 180
curriculum supplements for children and
adolescents, 176, 177, 234
evaluation of effectiveness, 176, 179
focus and role, 178-179
grants, 177
integrating with other public health
campaigns, 179, 185
multimedia campaigns, 177, 178-182
National High Blood Pressure Education
Program, 181
National Sleep Awareness Week, 176177
National Sleep Public Education and
Awareness Campaign, 178-182
NCSDR campaigns, 175-176
private-foundation campaigns, 176-177
rationale for, 179
recommendations, 7, 182
strategies for strengthening, 176, 178182, 184

Q
Quality of care
accreditation of sleep centers and, 313314
certification of specialists and, 314-315
health insurance reimbursement and,
315
Quality of life
bed partners of individuals with sleep
disorders, 153-154
measuring, 151, 152, 153, 154
sleep loss and, 48, 75, 147, 151-153,
184

R
Race/ethnicity
and OSA, 66, 73, 74, 161-162, 263
and SIDS, 97
and sleep patterns, 142
Rapid-eye-movement (REM) sleep
behavior disorder, 84, 89, 90, 92, 93,
100, 262, 296, 342
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brain wave activity, 37, 40
characteristics, 37-38
cycles, 35
defined, 342
depression and, 79
discovery, 21
infections and, 102
and muscle atonia, 37, 38, 40, 45, 84,
335
nightmare disorder, 89, 90-91
onset of sleep during, 226, 227, 262
OSA and, 69
physiological changes, 37, 38-39
suppressants, 83, 105, 106
Reaction/response time, 138, 140, 141-142,
148
Recommendations
academic interdisciplinary sleep
programs, 18, 319, 321
accreditation standards, 11, 321
career development, 6, 250-251
National Somnology and Sleep Medicine
Research Network, 12-13, 14, 285
NIH leadership role, 3-5, 7, 8, 10, 17,
277
professional education and training, 6,
8-9, 17, 202, 250-251
public education campaign, 7, 17, 182
sleep laboratories, 10-11, 286, 321
summary of, 17-18
surveillance and monitoring, 7-8, 17,
212
technology development, 10, 18, 229
REM. See Rapid-eye-movement sleep
Renal disease, treatment-related sleep
problems, 105-106
Research. See Somnology and sleep
medicine research
Research (R) awards, 234, 235, 236, 242,
255, 269-272, 273, 275-276, 296,
341-342, 352, 353, 354, 355, 356359, 369
Respiratory activity, 38-39
Restless legs syndrome (RLS)
and accidents and injuries, 147
and ADHD, 22
defined, 342
diagnosis, 227
etiology and risk factors, 48, 98-99, 100,
105, 262
grants for research, 270, 273

manifestations and prevalence, 2, 20, 9798, 295-296
pain and, 101
periodic limb movements and, 100
and quality of life, 152, 153
research grants, 355
treatment, 99-100
Restless Legs Syndrome Foundation, 22,
177
Rheumatologic disorders, 106

S
Schizophrenia, 80
Science Conference on the Manifestations
and Management of Chronic
Insomnia, 77
SCOR in Neurobiology of Sleep & Sleep
Apnea, 352
Screen for Life campaign, 177-178, 180
Serotonin, 40, 41
reuptake inhibitors, 87
SF-36 scale, 151, 154
Shift work
disorder, 20, 21, 57, 58, 64, 77, 107,
109, 266
economic impacts, 158
and motor vehicle crashes, 148-149
obesity and metabolic disorders, 261
personnel turnover and retraining, 158
prevalence, 257
public education campaigns, 176
SIDS. See Sudden infant death syndrome
Silvio O. Conte Centers to Develop
Collaborative Neuroscience
Research, 281
Sleep Academic Award program, 189-190,
240, 241, 352
Sleep apneas, 105. See also Obstructive
sleep apnea; Sleep-disordered
breathing
and accidents and injuries, 147, 148,
149, 150
AHI for defining, 223
defined, 342
demand for diagnosis and treatment,
219
diagnostic technologies, 222, 223
economic costs of, 157
grants for research, 270
and insulin resistance, 264
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and oxidative stress, 263-264
and psychiatric disorders, 208
and quality of life, 151-152
treatment, 151
Sleep architecture. See also Non-rapid-eyemovement (NREM) sleep; Rapid-eyemovement (REM) sleep
age-related changes, 43-49
brain activity, 34, 265
cancer and, 103
cycles, 35-36, 44, 45
defined, 34
iatrogenic effects of medical therapies,
104-106
infections and, 102-104
neurological disorders and, 90, 92
pain and, 101-102
physiological changes, 37, 38-39
pubertal development and, 46-47
sleeping sickness and, 103-104
social cues and, 45, 46
stroke and, 95
types of sleep, 34-35
Sleep centers and laboratories, 22
accreditation, 11, 26, 196, 313-314, 321
community-based, 219
costs, 219
funding, 281
learning experiences in, 188
lung function laboratories compared,
224
models for, 278-282
in NIH clinical research program, 285286
number in U.S., 218
quality of care, 313-314
recommendation, 10-11, 286
staffing, 219, 224, 307
telemonitoring of hospital
polysomnograms, 228
utilization, 26, 182
Sleep-disordered breathing, 82. See also
Obstructive sleep apnea
and accidents and injuries, 147
and ADHD, 100
advances in research, 263-265
apnea-hypopnea index, 67, 95, 263
bed partners of individuals with, 154
and cognitive impairment, 146-147
economic impacts, 155
etiology and risk factors, 72-75, 263

manifestations and prevalence, 56, 6572, 74
and metabolic syndrome, 353
and mortality, 70, 74-75
and periodic limb movement disorder,
100
and quality of life, 154
treatment, 75, 96, 104
utilization of health care, 155
Sleep disorders. See Circadian rhythm;
Insomnia; Medical disorders and
sleep; Narcolepsy; Neurological
disorders with sleep abnormalities;
Parasomnias; Psychiatric sleep
disorders with sleep disturbances;
Restless leg syndrome; Sleepdisordered breathing; Sleep loss and
sleep disorders
Sleep drunkenness (inertia), 84, 342
Sleep Heart Health Study, 61, 67, 68, 6970, 71, 161, 223, 264
data coordinating center, 352
Sleep hygiene training, 78, 155, 184, 342
Sleep in America poll, 177
Sleep loss and sleep disorders, general. See
also individual disorders
and academic performance, 142-144
access to care, 201, 294-295
adolescents, 142-144
and alcohol use, 63
animal studies, 21, 61-62
and cardiovascular morbidity, 62-63
challenges for individuals with, 174-178
cognitive effects, 138-142
cumulative effects, 2, 142
and diabetes, 61-62
effectiveness of interventions, 150-151
environmental factors, 143
etiology and risk factors, 34, 57-59
family and community effects, 153-155
fragmentation of sleep, 71, 147
and functional status, 151-152, 153-155
and glucose tolerance, 61-62
grants for research by type of, 270, 272273
health effects, 2, 21, 25, 28, 56, 59-64
lifestyle and sociocultural factors, 174
management and treatment, 64-65
manifestations, 56, 57
and medical errors, 138, 139-140, 144145
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and mood and behavior, 63
and mortality, 63-64
and obesity, 59-61
prevalence, 2, 20, 56, 57, 206
public health burden, 2, 56, 294
and quality of life, 48, 151-153
Sleep medicine. See Somnology and sleep
medicine research
Sleep monitoring. See Portable monitoring
and therapeutic devices
Sleep paralysis, 84, 87, 89, 90, 342
Sleep patterns
age and, 44-47, 142, 143
circadian rhythm disruption, 21
temporal distribution, 108
Sleep Research Society, 2, 22, 25, 29, 177,
235, 237, 249
Sleep Research Society Foundation, 177
Sleep restriction therapy, 77, 342
Sleep, Sleep Disorders, and Biological
Rhythms, 176
Sleep spindles, 36, 186, 342-343
Sleep terrors, 89, 90, 227, 343
Sleep-wake regulation
brain processes and structures, 40-41,
43, 76-77, 80, 85, 92, 94, 261
iatrogenic effects of medical therapies,
104-106
immune system and, 102
phylogenetic studies, 261-262
two-process model, 39-40
Sleepiness, excessive daytime. See
Hypersomnia
Sleeping sickness, 102-104, 335
Sleepwalking, 88, 89-90, 343
Slow-wave sleep
arousal disorders, 90
body temperature and, 43
characteristics, 36-37
defined, 343
depression and, 79
endocrine function, 39
infections and, 102
opioids and, 105
Small Business Innovation Research (SBIR)
grants, 222
Snoring, 65, 66, 70, 73, 74, 99, 145, 150,
221, 266
Socioeconomic status
and insomnia, 160
and narcolepsy, 162
and OSA, 161-162

Somnology and sleep medicine research. See
also Career development in sleep
research; Interdisciplinary sleep
programs
academic programs, 5, 235-236, 375377
adolescents, 186
advances since 2003, 260-267
animal studies, 261-262, 271, 274, 352
basic, 23, 25, 240, 259, 261-262, 270,
272, 279, 282, 354
Basics of Sleep Research guide, 177
bias in studies, 59, 70, 74
Centers of Excellence, 278-282, 283
challenges, 6, 22-26
circadian rhythm, 260-261, 270, 272
clinical, 270, 272, 274, 279, 282, 285286
collaborations, 28, 276, 277-278
coordination by NIH, 2, 3-5, 22-24,
186, 229, 240, 241, 244, 250, 254256, 257-258, 267, 268, 275-276,
277, 357
defining, 2 n.1, 20, 23, 250, 342, 343
fellowship training, 192-197, 198, 199,
200
grants from NIH, 4, 200, 235-236, 254,
255, 256, 277, 282, 296, 340-342,
351-359, 368-373, 375-377; see also
Analysis of NIH grants
growth of field, 4, 22, 25, 234-238, 296
historical background, 21-22
human studies, 271, 274
insomnia, 265
interdisciplinary approach, 3-4, 6, 242,
254, 278-282, 297-300
investigator shortages, 2, 5, 6, 25-26, 27,
234, 296
knowledge base, 296
minorities in, 236-237
molecular/genetic studies, 262, 263, 271,
273
national network, 7, 14, 179, 279, 282285, 320
neurobiology-related, 260-262, 352
next steps, 276-286
outlook for, 254, 267-268
pediatric sleep sciences, 265-266
phylogenetic approaches, 261-262
professional societies, 22, 235
recommendations, 4-5, 277, 283, 285286
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resource allocation, 4-5, 26
sleep deprivation, 266-267
sleep-disordered breathing, 263-265, 352
sleep disorders, 262, 272-273
sleep laboratories, 285-286
technology development and assessment,
26, 273, 354
Standardized immobilization test, 227
Stigma of sleep disorders, 174-175
Stimulus control therapy, 78
Stress, 76, 77, 91, 94, 184, 222
Stroke, 93, 181, 262
and sleep architecture, 85, 95-96
sleep-disordered breathing and, 65, 69,
70, 95
sleep loss and, 56, 62
Sudden infant death syndrome (SIDS)
Back to Sleep campaign, 97, 180-181,
265, 273
etiology and risk factors, 96-97
grants for research, 273
manifestations and prevalence, 96
prevention, 97
Summer Research Institute, 249
Summer Sleep and Chronobiology Research
Apprenticeship, 186, 248
Surveillance. See also individual surveys
diagnoses of sleep disorders, 208
existing data systems and surveys, 203212, 257
importance, 203
incorporating new components in
surveys, 210-211, 257
physicians’ role in, 191
questionnaire on sleep, 205
recommendations, 212
Sleep in America poll, 177
utilization of health care resources, 207208
vital statistics, 206
Sympathetic nervous system activity, 38, 61,
63, 65, 68, 69, 71, 72, 73, 74

T
Technology development. See also Portable
monitoring and therapeutic devices
assessment criteria, 226
future directions, 228-229
grants for, 273

recommendation, 10, 229
Thermoregulation, 43, 45, 47, 48-49,
106
Time for Kids magazine, 176
Tonsil enlargement and tonsillectomy, 70,
71, 73, 75
Training. See Professional training
Training (T) awards, 238, 239, 250, 251,
275-276, 343-344, 354, 373
Trans-NIH Sleep Research Coordinating
Committee, 4, 5, 6, 10, 12, 24, 186,
229, 240, 241, 244, 250, 254, 255256, 257-258, 267, 276, 277, 283,
305, 357
Treatment. See also Sleep loss and sleep
disorders; individual disorders
access to, 26, 201, 218-219
adherence to, 26, 68, 70, 77, 80, 147,
157, 177, 298, 299, 314
behavioral therapies, 77, 78, 87, 99,
109, 154-155, 265
clinical practice guidelines, 177
cognitive therapy, 78, 265
comorbid psychiatric disorders, 80-81
CPAP therapy, 68, 70, 71, 72, 75, 96,
147, 151, 153, 154, 156-157, 161,
177, 218, 228, 264, 295, 298, 299,
314
demand for, 218
economic costs of, 159, 160-161
effectiveness, 151, 154, 155
extinction program, 155
guidelines, 64
light therapy, 109, 110, 143
management approach, 28, 295-296
melatonin therapy, 109-111, 159
naps, 151
pharmacological, 64-65, 77-78, 87, 90,
93, 99-100, 155, 159; see also
individual drugs and drug classes
residual sleepiness, 295
sleep hygiene training, 78, 155
sleep restriction therapy, 77
Truck drivers, commercial, 149, 150-151,
263, 266
TV watching, 21, 58
Type I, II, III interdisciplinary sleep
programs. See Interdisciplinary sleep
programs
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V
Vigilance deficits, 138, 148
Viral infections, and sleep, 103

W

Weight gain, sleep loss and, 267
Wisconsin Sleep Cohort study, 66, 68, 72
Work. See also Occupational safety and
health; Shift work
absenteeism, 154, 158, 160
accidents and injuries, 147, 149-150,
158, 160, 266
hours, 138, 139, 148
performance/productivity losses, 2, 146147, 154, 158, 160

Y
Youth Risk and Behavior Surveillance
System, 210

Wakefulness, 40-41
medications promoting, 64-65
sympathetic nervous system
hyperactivity, 73
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