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A. Background

This workshop was sponsored jointly by three CIHR Institutes and two pharmaceutical
companies, indicating the breadth and variety of the topics covered. It addressed aspects of seep
and circadian rhythms research ranging from molecular mechanisms to public policy, and
spanning basic research, clinical research and population health issues. The aim of the workshop
was to document the significance of these research areas to human health, to evaluate the current
state of research and training in these areas in Canada, and to identify mechanisms to promote
future development of these areas.

Sleep disorders are increasingly recognized in the popular press as pervasive and highly
disruptive of normal functioning and health. The topics of which the public is mostly aware are:
insomnia, sleep disruption related to shift work or jet travel, and sleep disruptions due to
nightmares/sleepwalking, especially in children. There is more limited public awareness of
sleep-disordered breathing, sleep abnormalities in neurological and psychiatric conditions, and
less common syndromes such as narcolepsy. Sleep disorders medicine (broadly defined to
include psychological interventions) isthe clinical specialty that addresses these disorders.

Sleep research, however, extends far beyond these clinical issues to the study of
fundamental aspects of human physiology that are closely tied to sleep. These include: the
mechanisms of learning and memory; the causes and treatments of depression; the basic
regulatory mechanisms controlling cardiovascular and respiratory function; the aging process;
and the nature of human consciousness. The breadth of sleep research reflects the fact that sleep
isauniversal feature of the life of mammals (perhaps of al animals), and occupies a third of the
lives of humans. A fundamental problem is that our historic ignorance of the nature and
functions of sleep has allowed it to be generally neglected in the training of physicians and other
health care professionals, and to be poorly supported through funding agencies in Canada.
Research on the physiology, behaviour and mental activity of humans during the one-third of our
lives that we sleep does not receive anything close to proportiona attention or support from
funding agencies. This imbalance is predicated on the erroneous assumption that amost
everything of significance to human health, well-being and happiness occurs during waking
hours and is largely independent of what happens during sleep. The workshop reviewed in some
detail convincing evidence that contradicts this view.

Research on circadian (“about a day”) rhythms is historically separate but functionally
very closely linked to sleep research, and the two fields are becoming increasingly intertwined.
The fundamental temporal structure of human physiology and behaviour (and, indeed, that of
essentialy all living things on this planet) is the daily or circadian rhythm. Circadian rhythmicity
pervades every aspect of our physiology, from cell replication to cognitive functions, and
provides an organizing structure on a par with that of the principle of homeostasis. The temporal
structure of the circadian day is the product of a genetically programmed, internal pacemaker
system that is normally synchronized by light and other signals to environmental time cues.
Progress in analysing this system over the last decade has placed circadian rhythms research at
the leading edge of systems and molecular neuroscience. Indeed, the ‘molecular genetics of
circadian clocks has been identified as one of the magjor scientific stories of the past decade by
the journal Science (and was its runner-up Story of the Y ear in 1998).

The existence of circadian rhythmicity has profound and generally unrecognized
implications for diagnosis and treatment of a wide variety of clinical conditions, including



Sleep and Circadian Rhythms Workshop Report 3

cardiovascular/respiratory illnesses, cancer, and of course sleep disorders. Disruption of normal
circadian rhythmicity is reflected in the symptoms of jet lag, in the physiological disorganization
that accompanies shift work, and in several clinical conditions, including abnormal sleep-phase
disorders. Sleep-wake cyclicity and circadian rhythmicity are fundamental regulatory
mechanisms, as important to the health of the organism as are the mechanisms regulating
cardiovascular function, respiration, thermoregulation and metabolism.

The workshop reviewed the importance to human health of sleep and circadian rhythms
research and addressed the issue of funding mechanisms for this research. Research on sleep and
circadian rhythms and its application to medical and workplace conditions can provide the
opportunity to develop better treatment regimes for many clinical conditions, and can link
researchers, business and government in order to facilitate translation of existing and developing
knowledge essential to maintaining population health and reducing risks of injury and disease.
The absence of asingle Institute at CIHR devoted to these areas means that multiple Institutes or
CIHR *central’ must be responsible for their support. This is fitting in that the subject matter of
these research areas transcends traditional ways of organizing research; i.e., by disease entity,
organ system, target population, level of analysis, or methodology, as reflected in the Institute
structure of CIHR. The risk, however, is that CIHR will not contribute appropriately and
adequately to the development of research and training in these areas because of the absence of a
single disease focus for its advocacy, and the lack of a single Institute to champion this research.

There is little appreciation among either the public or most health professionals of the
impact on health and safety of sleep disorders, circadian rhythm disruption and, in genera, of the
temporal structure of human physiology. Appropriate training programs for the next generation
of health-care providers and researchers are clearly needed in order to develop a cadre of trained
personnel to conduct and disseminate research in these areas. Two equally important tasks fro
the future are to integrate the existing and emerging knowledge in these areas into the training
programs of health-care professionals, and to disseminate this knowledge effectively to the
general public, regulatory agencies, business and government.

B. The State of Knowledgein the Field
It is not possible to summarize in the space available the state of knowledge in the diverse
areas represented in this workshop, but some highlights are described below.

Circadian Mechanisms

Circadian physiology involves a central, neural pacemaker system, synchronized to
external cues associated with the day-night cycle, traditionally, the light-dark cycle itself. Our
understanding of this mechanism has advanced rapidly in the last decade with the identification
of severa families of clock genes that regulate circadian timing in different taxonomic groups,
including mammals. Altered expression of one of these genes has been linked to a human
circadian sleep timing disorder — advanced sleep phase syndrome. The gene transcription-
trandation feedback loops that constitute the core of the clock, and the intracellular links
between clock cell inputs, cycling clock genes, and clock cell outputs have yet to be fully
specified. Molecular and cellular mechanisms involved in the mediation of light effects on
circadian systems have also been elucidated, and the expression of cycling clock genes and their
protein products has been identified in peripheral tissues, as well as in the brain pacemaker
system.

The circadian pacemaker receives information about internal physiological state (e.g.,
related to arousal and behavioural activity) as well as information about light, the primary
synchronizing cue. Arousal-related cues can aso have very potent synchronizing effects on
circadian systems, and some neurochemical and molecular mediators of this phenomenon have
been described. But how photic and non-photic signals are integrated to maintain or adjust the
timing of circadian rhythms in natural environments is not well understood at either the
phenomenological or cellular levels. Recent studies of human circadian rhythms have focussed
on identifying the role of light, exercise and the hormone melatonin in regulation of circadian
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rhythms, and evaluating their utility as phase-shifting agents in simulated or actual shift-work
situations.

Effects on the circadian clock of acute or chronic sleep loss (such as occur as a result of
shift work, jet travel and biobehavioural disorders; e.g., depression), has hardly been explored.
Quite recently, sleep loss per se in an animal model has been shown to cause shifts of the
circadian system of rodents, reinforcing a growing interest in the physiological and functional
links between the central circadian pacemaker and the distributed neural systems regulating
deep-wake cyclicity. Some neural and endocrine output signals from the circadian pacemaker
have been identified, but specific pathways regulating most rhythmic processes, including the
deep-wake cycle, are not well characterized.

Animal studies have suggested links between aging and circadian organization. Aged
rodents have been shown to have disorganized circadian rhythms, which can be restored to more
normal amplitudes by transplantation of the neural circadian pacemaker from a young animal.
Disruption of circadian organization by lesions or repeated shifts of environmental cycles has
been demonstrated to reduce life span.

While there remains considerable controversy around these issues, some evidence
suggests that aspects of circadian system responses to environmental stimuli can be modified by
prior experience. The use of circadian time information as a modulator or attribute of cognitive
processes such as learning and memory, and the neural mechanisms linking learning, brain
plasticity and the circadian system remain very poorly understood.

Sleep Mechanisms

Our understanding of the physiology of sleep regulation has advanced rapidly with the
characterization of neural, endocrine and immune regulators of sleep cycles. A large body of
work has analysed the links among cortical and subcortical structures in regulating the cyclicty
of sleep and the changes in information processing and consciousness that accompany sleep. The
recent identification of a genetic defect giving rise to the sleep disorder narcolepsy in animal
models led rapidly to the identification of related genetic and neurochemical defects in humans
with narcolepsy. This newly identified neurochemical agent (orexin or hypocretin) also provides
anovel avenue to a better understanding of the mechanisms underlying normal sleep regulation.
Classical neurotransmitters such as acetylcholine and noradrenaline have been known to play
major roles in regulating the cycles of sleep and waking, and the mechanisms involved continue
to be a major focus for sleep researchers. It is now critical to begin to investigate how the novel
neuropeptides that have recently been identified as slegp regulators interact with these classical
neurotransmitters to control behavioural state.

The timing of sleep is regulated by both the circadian clock, as described above, and by
homeostatic factors that signal sleep need or sleep debt. The molecular substrates that represent
the homeostatic component of sleep regulation are still not known, but there is considerable
interest in the role of endogenous changes in adenosine levels in key brain areas as a candidate
mechanism. Thisis atopic of active investigation.

Other studies have examined links between sleep and learning. Sleep has been suggested
to be critical to the process of storing and making permanent some kinds of newly acquired skills
and memories. There are vigorour debates currently being waged in leading scientific journals
about the roles of different sleep stages in memory formation and consolidation.

Recent studies have demonstrated that age has a dramatic effect on sleep organization
and quality, and on the amplitude of circadian rhythms. Studies have also shown that endocrine
factors, especially those associated with reproductive cycles in women, can modulate sleep and
lead to serious sleep disorders. Sleep architecture and efficiency can change dramatically with
endocrine status and age, and these changes are reflected in different patterns of use of drugs to
regulate sleep patterns. Much remains to be learned about how endocrine and other factors
modify sleep and circadian rhythmicity during adolescence, pregnancy, menopause and aging,
and how these may impact on health and longevity.
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Clinical Populations

Studies on clinical populations have focussed on a number of issues. One is the role of
deep and circadian organization in maor psychiatric disorders such as major depression,
seasonal affective disorder (SAD) and schizophrenia. Sleep disruption has long been known to
be a feature of major depression, and manipulations of sleep duration and timing can aleviate
depression transiently in many patients. In addition, seasonal changes in the patterns of
melatonin secretion are abnormal in patients with SAD, and treatments that affect the circadian
system can have dramatic therapeutic effects. Finally, abnormal circadian and sleep-wake
organization were recently characterized in a patient with schizophrenia.

Because of the close pharmacological relations between mechanisms affecting mood in
depressed patients and those affecting sleep, many treatments for depression also alter sleep
parameters, but this issue has not been investigated thoroughly and requires a great deal more
study. In particular, newly developed treatments for depression, schizophrenia, and dementing
illnesses need to be assessed thoroughly for their effects on sleep. Both beneficial and harmful
effects of pharmacological treatments may be mediated indirectly by their effects on sleep, but
these effects are often not studied thoroughly in the course of drug development. New drugs to
aid sleep regulation have recently been released to market, including arousing agents such as
modafinil and short-acting, non-benzodiazepine sleep promoters. Successful behavioural,
therapeutic interventions for insomnia have also been developed based on applications of
learning theory.

The rhythmic sensitivity of physiological systems to pharmacological agents has been
well documented for many drug and target combinations. The clinical impact of this rhythmicity
IS obvious in some conditions that are themselves robustly rhythmic; e.g., daily rhythms of risk
for cardio- and cerebrovascular incidents, and symptoms of arthritis and asthma. A few tentative
steps have been taken in the design of drug treatment schedules or of drug formulations (e.g.,
Chrono-Vera™) to match their levels to the rhythmic intensity of symptoms in some conditions.
Another line of research has documented rhythms in the sensitivity of cancerous cells to
antineoplastic agents in both rodent models and humans. This rhythmicity may be related to
well-documented rhythms of cell replication. A number of clinical trials have demonstrated
fewer side effects and fewer reductions in drug dosage attributable to such side effects when
drug timing was optimized with respect to tumour and host sensitivity. Additional clinical trials
are under way to assess these findings in other conditions, but this area of research has received
little attention from most physicians treating patients with drugs or radiation therapies for cancer.

The condition that leads to the largest numbers of consults and sleep studies in most sleep
clinics is obstructive sleep apnea (OSA), the most common form of sleep-related breathing
disorder. Although the majority of patients remain undiagnosed, excessive daytime sleepiness, a
history of loud snoring, and sometimes witnessed cessation of breathing during sleep are the
major indications leading to investigation. The characteristic daytime sleepiness puts OSA
patients (and others in their vicinity) at very high risk while driving or operating heavy
machinery; falling asleep while driving is a common pattern in OSA patients. Because many
members of the work force involved in commercial transportation and in industrial activity have
significant risk factors for OSA, there is an enormous risk to public health and safety associated
with this condition. Important risk factors include being male, obese and middle-aged or older.
OSA has also been independently linked to many serious health problems, including
hypertension, cardiovascular disease and stroke. Few studies have examined whether successful
treatment for OSA reduces the risk of cardiovascular or cerebrovascular disease in patients. OSA
patients often have a long history of medical consultation and treatment before they are
accurately diagnosed, placing avery large burden on the health-care system. The costs associated
with untreated OSA have been documented, and have been shown to drop dramatically with
successful treatment.

While several treatment modalities for OSA are available, continuous positive airway
pressure (CPAP) delivered usually viaanasal mask is the most common treatment, with a strong
record of success where compliance is adequate. There is a very uneven distribution of sleep
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laboratories and clinics capable of diagnosing and treating OSA across the country, with little
coverage in many poorer provinces.

Because a separate New Frontiers workshop was organized to address the many features
of deep-related breathing disorders, our workshop included only minimal coverage of this
extremely important clinical condition. It is clear, however, that major research opportunities
exist related to the mechanisms underlying OSA, the relations of this condition to other medical
conditions, and the public health impact of inadequate diagnostic and treatment capacity for this
condition.

Shift Work and Fatigue

A major applied research thrust is related to fatigue and shift work-related disorders.
Because of extended hours of work, work during non-traditional hours, and rotating shift
schedules, a very large proportion of the work force is exposed to the risks associated with lost
sleep and disrupted circadian rhythms. These risks have proved to be very large. Many studies
have demonstrated that shift workers have increased risks for cardiovascular and gastrointestinal
disease and a few have demonstrated increased breast cancer risks, but there remain nagging
issues related to self-selection and confounding variables that need to be resolved. More clear-cut
is the evidence that those working at night, whether driving or flying commercial vehicles,
operating machinery, working in heath care or protection services, or acting as flight traffic
controllers, are at increased risk of falling asleep on the job. They are also at increased risk of
accidents when traveling to and from work, depending on the timing of their shift changes. One
approach to capturing the varied consequences of shift work is to evaluate them in terms of
changes in quality of life measures. These take into account factors such as domestic role
stresses, social isolation, marital and socia conflicts, use of drugs and alcohol, and other factors
that are not captured by accident statistics or counts of unintended naps.

Excess fatigue and other shift-work related problems constitute an enormously complex
issue involving economics, persona work preferences, unions, business profitability, domestic
stresses, occupational health and safety, and changing societal demands for services. It is further
complicated by the fact that the very real and very costly problems associated with shift work do
not have uniform solutions, as there are very substantial differences in work load, risk and
potential solutions for each work environment and worker cohort. While a good deal of research
has been done, it israre to find studies that are well-controlled, prospective in design and capable
of yielding unambiguous answers. The profound economic and social costs associated with
work-related fatigue and sleep loss demand continued efforts to identify solutions to these
problems.

The evidence that repeated shifts in lighting schedules may shorten lifespan in animal
models suggests that the immediately observable consequences of shift work on physiology and
behaviour (serious as these are) may only hint at the damage caused by chronic disruption of the
circadian system. A recent Workers' Compensation adjudication in Nova Scotia (to be appeal ed)
has made national headlines by supporting a worker’s contention that repeated exposure to
rotating shifts caused him permanent injury in terms of disrupted sleep and circadian rhythm
regulation. Industries have stressed that the spread of such claims could so disrupt productivity
asto render non-competitive all Canadian companies using shift workers. This would correspond
to companies employing about one-quarter of the Canadian work force. Yet the state of our
scientific understanding of the issues underlying the validity of these claimsis rudimentary.

Quality of Lifeand Health Status | mpacts
Assessing the impacts of slegp and circadian disorders on people is complicated by the
fact that changes in physiological parameters generally correlate weakly with subjective
assessments of sleep-related impacts on quality of life. Quality of life —the parameter often of
primary concern to patients— has received inadequate attention in studies of sleep disorders. In a
call for proposals in 2000, the US National Institutes of Health stated that “inadequate sleep is
such a pervasive problem that it appears to be accepted as a normal part of life”, and observed
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that “little is known about the consequences of sleep deprivation on quality of life and measures
of behavioral, cognitive and psychosocial function”.

One reason for this lack of information is that there have been few well-validated and
responsive quality-of-life measures for use with sleep patients. One of the two now used most
widely internationally for assessing sleep-related quality of life issues is a Canadian product
(Flemons & Reimer, 1998), the Calgary Sleep Apnea Quality of Life Index (SAQLI). When
quality of life has been assessed specifically, patients with sleep disorders show levels of
deterioration similar to those of individuals with other chronic diseases, such as hypertension and
chronic obstructive pulmonary disease. Standard treatments may not reverse these values to
population norm levels, suggesting that currently available treatments for common sleep
disorders are not fully effective.

Health Systems and Population | mpacts

Our knowledge of the physiological mechanisms regulating sleep and circadian systems
and of the clinical consequences of related disorders far outstrips our knowledge of the
consequences for population health and the health care system. Very little research has been
done on the impacts of untreated sleep disorders on health system costs, nor on the costs of lost
productivity and accidents. While some research has been done on this topic related to sleep
apnea, other disorders have hardly been addressed. One Canadian study has documented that
deep apnea patients use health-care resources to a much greater extent than unaffected
individuals for aten-year period before diagnosis, and reduce their use after treatment.

The impact of sleep and circadian disorders on productivity has been difficult to quantify
because of a lack of instruments with appropriate sensitivity that can be used in natura
workplace situations. In one narrowly focussed study, however, there was a difference of 13%
observed in productivity between workers treating their alergic rhinitis with sedating versus
non-sedating antihistamines. The undoubtedly much larger impacts of sleepiness and fatigue
from clinical disorders still need to be documented.

As mentioned above, access to diagnostic and treatment facilities for sleep disorders
varies widely across provinces. Y et there has been little or no health-systems level research done
to compare the consequences for provincia health systems of these differences. Nor has there
been any research in Canada on alternative modes of delivery of services that may address the
discrepancies in access and the costs associated with diagnosis and treatment, as well as the very
substantial economic costs and human suffering associated with alack of treatment.

C. Workshop Activities

Our central activity was a two-day intensive workshop held in Halifax on December 8/9,
2001. During this workshop, 19 invited speakers from across Canada, and Dr. Torbjorn
Akerstedt of the Karolinska Institutet in Stockholm reviewed a number of issues for an audience
of approximately 29 invitees, including individuals from three Halifax universities and the
Capital Health District. Two of the invited speakers were members of the Executive Committee
of the Canadian Sleep Society, a professional association of clinicians, scientists and
technologists. Among the topics addressed were: the current state of knowledge related to sleep
regulation and circadian rhythms; Canadian strengths and weaknesses and funding mechanisms
for these research areas; economic, social and medical consequences of disorders of slegp and
rhythmicity; the need for a training program and alternative models of its development; and the
potential role of CIHR and its Institutes in facilitating the future development of research in this
area.

A Web page was created to facilitate communication and organization of the meeting,
and it has since been updated to include a number of the presentations, which are available for
download (http://www.dal.ca/~rusak/workshop/). A representative of the Organizing Committee
(Dr. Déebra Morrison) attended the Toronto meeting of New Frontiers Program grantees and
presented a summary of the workshop activities and conclusions, since Dr. Rusak was unable to
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attend. The availability of the Web page should facilitate future interactions among those who
attended the workshop and others interested in these research areas.

D. Specific Recommendations

Recommendation 1: Advisory Committee

A key issue motivating this workshop was the fact that the organization of the CIHR
Institutes did not identify a single Institute with responsibility for the fields of research
represented by this group. Sleep and/or circadian rhythms are mentioned as among the
responsibilities of two Institutes: ICRH and INMHA, but they occur in the context of along list
of other responsibilities. And they do not appear as relevant to Institutes concerned with cancer,
metabolism, aging, endocrine systems, women’s health, child and adolescent health, etc, where
they have clear relevance. Within the broad health mandate of CIHR, there is little reflection, for
example, of the following issues:

» theintegrated neural, endocrine and immune mechanisms regulating sleep and circadian

rhythms

the health, economic and social impacts of sleep-related breathing disorders

the underlying neural/cardio-pulmonary causes of sleep-related breathing disorders

the applications of sleep and rhythms research to medical treatments

the applications of sleep and rhythms research to shift work disorders, and to other

aspects of fatigue management

» the vulnerability of children and adolescents to fatigue and sleep loss, and the impact on
academic performance

» the dramatic changes in sleep occurring during pregnancy, menopause, and especially
aging

» the occurrence of fatigue and sleep disorders in many neurological conditions

Sleep and circadian rhythms research spans clinical and basic science, socia and
economic impacts, public policy and public health domains. It impacts on the mandates of
virtually all of the CIHR Institutes, reflecting the full range of the CIHR mandate.

But the organizational structure of CIHR will encourage only piecemeal support of
separate subtopics within these areas, because they fall in the periphery of the scientific agendas
represented by the Institutes. Thus, there may be support to study sleep or circadian rhythmicity
in relation to depression; to body weight regulation, diabetes and metabolism; to the timing of
cancer chemotherapy; to circadian monitoring of blood pressure regulation; or to the impact on
family function or on industrial and transportation safety of shift work schedules. Such support
will likely arise incidentally in the course of initiatives aimed at other topics: understanding the
mechanisms of depression, optimizing treatment of cardiovascular disease, etc.

This approach would fail to recognize the integrative nature of these fields and the
interdependence of knowledge, theories and practice related to each of these topics. The net
result will be afailure to adequately exploit the potential of these fields and of Canada' s research
excellence in slegp and circadian rhythmicity to better the health of Canadians.

To facilitate the development of research on the diverse aspects of sleep and circadian
rhythmicity that affect human health, CIHR should appoint an advisor or, preferably,
advisory committee, on this topic. Itsrole should be to provide Governing Council and the
Institute Advisory Boards with information and advice with respect to developing
initiatives integrated across Institutes in relation to sleep and circadian rhythms. The
advisory group should also be mandated to develop approaches to improve the
dissemination of knowledge of these resear ch areas, and to facilitate knowledge trandation.
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Recommendation 2. National Training Program

Expertise and facilities for research and training in sleep and circadian rhythms are
widely scattered across the country. There are major concentrations of researchers in Montréal
and Toronto, as one might predict on a population-density basis. Montréal has a particularly
strong representation because of a long history of support from Québec funding agencies, and
through an MRC/CIHR Group grant. Expertise that is not duplicated in these centresis, however,
also found in Halifax, Québec City, Winnipeg, Calgary, Vancouver, and Burnaby. As in many
scientific areas, Canadian expertise may be of international standard, but it is often only one
person deep nationally, much less in any one geographic location.

This geographic scatter of expertise (and specialized facilities) creates serious problems
in the training of the next generation of researchers on slegp and circadian rhythms. Any one
training centre can develop only alimited program and expose trainees to only a limited range of
research experience and faculty expertise. This situation creates real limitations on the
competitive quality of our trainees, however excellent the raw material. Their US competitors
benefit from training programs funded by the Nationa Institutes of Health and the National
Science Foundation that create broad, integrative training environments ranging in some cases
from molecular mechanisms to clinical and policy applications; e,g., a the University of Virginia
(in a consortium with Rockefeller and Brandeis), at Harvard Medical School, at the University of
Pennsylvania, at Stanford, and at Northwestern/University of Chicago, among others. They can
offer not only breadth of training, facilities and faculty expertise that are not duplicated in any
one location in Canada, but financial resources for trainee support and research that are not even
approached within the Canadian context.

We propose the establishment of a national training program in sleep and circadian
rhythms for undergraduate, graduate and postgraduate (MSc, PhD and residents) students. It
should include an integrated set of curricula adapted to the levels of trainees and including web-
based instruction, videoconferencing, and local didactic course content. Trainees funded through
the program would complete components of their training at multiple institutions, depending on
their research needs and interests and availability of specialized facilitiesin different locations. A
summer institute would be offered annually to which distinguished Canadian and foreign
scientists would be invited to interact with groups of trainees in both forma and informal
learning situations. Degree programs would be certified via appropriate university faculties, and
students in some areas would be able to do work placements in industry or medical facilities
related to their research and training programs.

We recommend that CIHR help to sponsor a national training program on sleep and
circadian rhythms, as outlined above, and assist an organizing committee to make
necessary institutional and industrial contactsto facilitate the development of the program.

Recommendation 3: Collaborative Network on Sleep Disruption and Fatigue

The areas of basic sleep and circadian rhythms research have important implications for
many aspects of human health, both in medical contexts and in relation to critical public health
issues. No mechanism exists on a national basis to facilitate translation of research findings into
policies and practices to improve heath and safety. In other health research areas, mechanisms
such as an Institute Advisory Board can serve as a venue for these kinds of interactions, but no
such mechanism exists in the absence of an Institute devoted to sleep and circadian rhythms. The
economic impact of disorders associated with shift work, extended work hours and fatigue is
enormous, and great potential exists for partnering to develop and commercialize better
approaches to dealing with these issues.

We propose the establishment of a national Collaborative Network on Sleep Disruption
and Fatigue. It would focus on the education of relevant groups as to the implications of
deep disruption and fatigue for health and safety, and provide a mechanism to facilitate
translation of research into practice in industry, government and the clinic. Participants
should include: researchers, clinicians, policy makers, educators, trainees, funding
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agencies, pharmaceutical companies, Department of National Defense, shift work
employer s and employee groups, and patient support groups.

Recommendation 4: Future Workshops
Future workshops should be organized to follow up on the previous two recommendations.
One would bring together a group to design and develop a formal proposal for a training
program in sleep and circadian rhythms. A second would bring together the various
partners required to design and begin to implement a national collaborative network on
dleep disruption and fatigue.

Recommendation 5: Requests for Applicationsin Sleep and Circadian Rhythms
Since these research areas are not central to the mandates of any individual Institute and
are not represented on Governing Council, there are few obvious avenues for the development of
RFAs on important research topics in these areas. The level of support available for Canadian
research on sleep and circadian rhythms is not internationally competitive. Potential topics of
interest listed below include references to women's health, to rural and Northern health issues,
and to avenues for potential commercialization and industrial benefits:
» the relations of sleep-disordered breathing to other medical conditions, including
cerebro- and cardiovascular disorders
*neural systems and molecular mechanisms linking sleep and circadian rhythms
regulatory mechanisms
* the long-term impacts of currently utilized shift-work and school schedules on worker
and student health, safety and quality of life
«animal and human laboratory models to assess pharmacological and behavioural
treatment approachesto shift work and jet lag
* design and implementation of healthier shift-work and school schedules
* evaluating age-related changes in sleep and circadian organization, and developing age-
appropriate mechanismsfor treating related disorders
» deep and rhythms issues specific to women: effects of menopause on sleep; pregnancy
and risk of OSA; shiftwork-related increases in risk of breast cancer; pre-
menstrual and post-partum mood disorders
* the impact of extreme Northern seasonal changes in daylength on human sleep, health,
and adaptation to work schedules
» the economic, social and quality-of-life impacts of regional disparities in access to
clinical sleep assessment and treatment

On the basis of advice from the Advisory Committee (Recommendation #1), CIHR should
introduce appropriate RFAs on sleep and circadian rhythms, either through Governing
Council, or through a consortium of Institutes with overlapping interests related to
particular topics.

E. Adviceto Funders

The NFP workshop on Sleep and Circadian Rhythms was a unique opportunity for a
subset of Canadian researchers in these fields. Members of the two major research groups
represented at this meeting (sleep and chronobiology) have rarely had the opportunity to meet
before in a Canadian context. Their primary (and limited) means of communication have been
through international meetings covering both topics, which are themselves rare, and through the
Canadian Sleep Society, which held its first scientific meeting in 2001. This workshop
opportunity, therefore, alowed for exposure of these groups to each other’s interests and
concerns in reference to issues that affect us specifically as Canadian researchers. It was judged
by participants to have been very successful in identifying core issues and concerns, in
identifying key research areas for the future, and in building a broader community identity.
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Given the late notification of funding for this workshop (which was not included in the
initial funding round), there was very little time to organize the meeting in the context of the
deadlines required by the New Frontiers program. There were necessary compromises made in
terms of invitees, format and content that might not have been necessary with a more relaxed
time-line for the organization of the meeting. As the funding organizations involved were
themselves under time and budget constraints not of their design, this concern is not one that
could have been corrected easily.

Another problem, however, was that no staff member from the three Institutes who
sponsored the meeting attended it, despite having lengthy notification of its timing. The short
time-lines involved for the entire program and the number of workshops sponsored through it
might have been important factors. Since none of the CIHR Institutes are headquartered in
Atlantic Canada, geography and travel time may also have been factors, as they are so often for
Atlantic Canadian scientists. We are well aware of the extreme time pressures on staff from the
Institutes during the inaugral year of organizing their structures and developing their programs.
Nevertheless, the delayed funding and absence of any representation from Institute staff
reinforced the concern of participants that the research areas represented at the meeting are not
regarded as central to the missions of any of the Institutes involved. This concern strengthens our
desire that the recommendations presented above actually be implemented.
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Benjamin Rusak

Director of Research

Department of Psychiatry
Dahousie University

9214 Abbie J. Lane Building

QE Il Hedlth Sciences Centre
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Telephone: (902) 473-2433 or 494-2159
Fax: (902) 473-4596 or 494-6585
Email: rusak@is.dal.ca
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Appendix Il: Agenda

Saturday, December 8, 2001
0900-0915 B. Rusak
0915-0945  B. Rusak
0945-1015  N. Mrosovsky

1015-1030 Break
1030-1100  R. Mistlberger
1100-1130 K. Semba
1130-1200 M. Ralph
1200-1315 Lunch
1315-1345 D. Boivin
1345-1415  J. Carrier
1415-1445  G. Bjarnason
1445-1500 Break
1500-1530 H. Driver
1530-1600 R.Lam
1600-1630 R.Lametd.

Sunday, December 9, 2001

0900-0930 D. Morrison
0930-1000  A. Décary
1000-1030 M. Reimer

1030-1100 Break
1100-1200  T. Akerstedt
1200-1315 Lunch
1315-1345 M. Dumont
1345-1415 R. Heslegrave
1415-1445 V. Gil
transportation
1445-1500 Break
1500-1530  J. De Koninck
R. Godbout

1530-1545 M. Reimer
1545-1700  B. Rusak
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WORKSHOP AGENDA

Introduction, overview and goals
Light effects on circadian and other neural systems
Nonphotic clock resetting: a personal history & thoughts on funding

Functional relations of sleep and circadian systems
Anatomy and physiology of sleep/circadian relations
Molecular approaches to circadian systems

The human circadian system
Sleep disorders across the lifespan
Circadian systems and cancer chemotherapy

Women’ s health and sleep research
Psychiatric illness and circadian rhythms
Clinical trialsin sleep disorders medicine

Obstructive sleep apnea: Health consequences and costs
Cognitive consequences of OSA
Quality of life and health status impacts of sleep/circadian disorders

The costs and consequences of shift work

Laboratory studies of shift work
Field studies of shift work
Pilot studies of fatigue management in commercial

Sleep research and training needs and opportunitiesin Canada
A proposal for a Canadian sleep/circadian training program
General discussion and planning
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DebraMorrison Dahousie Univ. Organizing Ctee debra.morrison@cdha.nshealth.ca
Nicholas Mrosovsky | Univ. of Toronto Speaker mro@zoo.utoronto.ca
Martin Ralph Univ. of Toronto Speaker ralph@psych.utoronto.ca
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Gail Eskes Dalhousie/CDHA Psychology eskes@is.dal.ca
Katherine Harman Dalhousie Physiotherapy k.harman@dal.ca
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Erin Michalak UBC Psychiatry erin_michal ak@hotmail.com
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APPENDIX IV
A SAMPLING OF CANADIAN
SLEEP AND CIRCADIAN RHYTHMSPUBLICATIONS

The list below is not meant to be an exhaustive, nor an entirely representative, list of Canadian research publications
in the several areas reviewed in the workshop. It provides a biased sampling of publications in these areas, with a
focus on conference organizers and participants. There was no specific attempt to cover the topic of sleep-disordered
breathing, since this topic is covered through a separate workshop. It does provide examples of the kinds of research
publications that have been and are being generated by Canadian researchersin these areas.

Alapin I, Fichten CS, Libman E, Creti L, Bailes S, Wright J. How is good and poor sleep in older
adults and college students related to daytime sleepiness, fatigue, and ability to concentrate?
J Psychosom Res, 2000, 49:381-390.

Amir S, Robinson B, Edelstein K. Distribution of NADPH-diaphorase staining and light-induced
Fos expression in the rat suprachiasmatic nucleus region supports arole for nitric oxide in the
circadian system. Neuroscience. 1995 Nov;69(2):545-55.

Amir S, Stewart J. Resetting of the circadian clock by a conditioned stimulus. Nature. 1996 Feb
8;379(6565):542-5.

Antle MC, Mistlberger RE Circadian clock resetting by sleep deprivation in the Syrian hamster.
J. Neuroscience 20(24):9326-32, 2000.

Antoniadis EA, Ko CH, Ralph MR, McDonald RJ. Circadian rhythms, aging and memory.
Behav Brain Res. 2000 Sep;114(1-2):221-33.

Arvanitogiannis A, Robinson B, Beaule C, Amir S. Calbindin-D28k immunoreactivity in the
suprachiasmatic nucleus and the circadian response to constant light in the rat. Neuroscience.
2000;99(3):397-401.

Arvanitogiannis A, Amir S. Conditioned stimulus control in the rat circadian system depends on
clock resetting during conditioning. Behav Neurosci. 1999 Dec;113(6):1297-300.

Baker FC, Maoney S, and Driver HS (1999) A comparison of subjective estimates of sleep with
objective polysomnographic datain healthy men and women. J Psychosom Res 47:335-341.

Baker FC, Mitchell D, and Driver HS (2001a) Oral contraceptive alter sleep and raise body
temperature in young women. Pflugers Arch Eur J Physiol 424:729-737.

Baker FC, Selsick H, Driver HS, Taylor SR, and Mitchell D (1998) Different nocturna body
temperatures and sleep with forced-air warming in men and in women taking hormonal
contraceptives. J Sleep Res 7:175-181.

Baker FC, Waner JI, Vieira EF, Taylor SR, Driver HS, and Mitchell D (2001b) Sleep and 24
hour body temperatures. a comparison in young men, naturally cycling women and women
taking hormonal contraceptives. J Physiol 530:565-574.

Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index as an outcome
measure for insomnia research. Sleep Med.. 2001 Jul;2(4):297-307.

Benhaberou-Brun D, Lambert C, and Dumont M (1999) Association between melatonin
secretion and daytime sleep complaints in night nurses. Sleep 22:877-885.

Biello SM, Mrosovsky N. Blocking the phase-shifting effect of neuropeptide Y with light. Proc
R Soc Lond B Biol Sci. 1995 Feb 22;259(1355):179-87.

Bina, K.G., Semba, K. and Rusak, B. Localization of cholinergic neurons projecting to the
suprachiasmatic nucleus of the rat. Journal of Comparative Neurology 334:1-13, 1993.
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Bjarnason GA, Jordan RC, Wood PA, Li Q, Lincoln DW, Sothern RB, Hrushesky WJ, Ben-
David Y. Circadian expression of clock genes in human mucosa and skin: association with
specific cell-cycle phases. Am J Pathol, 2001, 158:1793-1801.

Bjarnason GA, Jordan R. Circadian variation of cell proliferation and cell cycle protein
expression in man: clinical implications. Prog Cell Cycle Res, 2000, 4:193-206.

Bjarnason GA, Jordan RC, Sothern RB. Circadian variation in the expression of cell-cycle
proteins in human oral epithelium. Am J Pathol, 1999, 154.613-622.

Bjarnason GA. Menstrual cycle chronobiology: is it important in breast cancer screening and
therapy? Lancet, 1996, 347:345-346.

Bjarnason GA. Clinical chronotolerance to anticancer drugs:. relevance for dose-intensity.
(Review). In Vivo, 1995, 9:557-564.

Boivin DB (2000) Influence of dleep-wake and circadian rhythm disturbances in psychiatric
disorders. J Psychiatry Neurosci 25:446-458.

Boivin DB and Czeider CA (1998) Resetting of circadian melatonin and cortisol rhythms in
human by ordinary room light. NeuroReport 9:779-782.

Boivin DB, Czeider CA, Dijk DJ, Duffy JF, Folkard S, Minors DS, Totterdell P, and
Waterhouse M (1997) Complex interaction of the sleep-wake cycle and circadian phase
modulates mood in healthy subjects. Arch Gen Psychiatry 54:145-152.

Boivin DB, Duffy JF, Kronauer RE, and Czeisler CA (1994) Sensitivity of the human circadian
pacemaker to moderately bright light. J Biol Rhythms 9:315-331.

Boivin DB, Duffy JF, Kronauer RE, and Czeisler CA (1996) Dose-response relationships for
resetting of human circadian clock by light. Nature 379:540-542.

Brooks CJ, Shergold DJ, Angus RG, Heslegrave RJ, Redmond P. Actigraph measurements of
work/sleep patterns during a navy operation. JR Nav Med Serv. 1988 Winter;74(3):153-63.

Broughton RJ (1998) SCN controled circadian arousal and the afternoon "nap zone". Sleep
Research Online 1:166-178.

Broughton RJ, Fleming JA, George CF, Hill JD, Kryger MH, Moldofsky H, Montplaisir JY,
Morehouse RL, Moscovitch A, Murphy WF. Randomized, double-blind, placebo-controlled
crossover trial of modafinil in the treatment of excessive daytime sleepiness in narcolepsy.
Neurology. 1997 Aug;49(2):444-51.

Broughton R, Krupa S, Boucher B, Rivers M, Mullington J. Impaired circadian waking arousal
in narcolepsy-cataplexy. Sleep Res Online, 1998, 1:159-165.

Broughton R and Hasan J (1995) Quantitative topographic electroencephalographic mapping
during drowsiness and sleep onset. J Clin Neurophysiol 12:372-386.

Broughton R and Mullington J (1992) Circasemidian sleep propensity and the phase-amplitude
maintenance model of human sleep/wake regulation. J Sleep Res 1:93-98.

Carrier J, Land S, Buysse DJ, Kupfer DJ, and Monk TH (2001a) The effects of age and gender
on sleep EEG power spectral density in the "middle" years of life (20y-60y).
Psychophysiology 38:232-242.

Carrier J, Land S, Buysse DJ, Kupfer DJ, and Monk TH (2001b) The effects of age and gender
on sleep EEG power spectral density in the middle years of life (ages 20-60 years old).
Psychophysiology 38:232-242.

Carrier J, Monk TH, Buysse D, and Kupfer DJ (1997) Sleep and morningness-eveningness in the
"middle" years of life (20-59 y). J Sleep Res 6:230-237.

Carrier J, Monk TH, Reynolds 111 CF, Buysse DJ, and Kupfer DJ (1999) Are age differences in

deep due to phase differences in the output of the circadian timing system. Chronobiol Int
16:79-91.
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Carrier J, Paquet J, Morettini J, and Touchette E. (in press) Phase advance of sleep and
temperature circadian rhythmsin the middle years of life. Neurosci Lett.

Cermakian N, Sassone-Corsi P. Multilevel regulation of the circadian clock. Nat Rev Mol Cell
Biol. 2000 Oct;1(1):59-67.

Corkum P, Moldofsky H, Hogg-Johnson S, Humphries T, Tannock R. Sleep problems in
children with attention-deficit/hyperactivity disorder: impact of subtype, comorbidity, and
stimulant medication. JAm Acad Child Adolesc Psychiatry. 1999 Oct;38(10):1285-93.

Décary A, Rouleau |, Montplaisir J. Cognitive deficits associated with sleep apnea syndrome: a
proposed neuropsychological test battery. Sleep. 2000 May 1;23(3):369-81.

De Koninck J, Lorrain D, Christ G, Proulx G, Coulombe D. Intensive language learning and
increases in rapid eye movement sleep: evidence of a performance factor. Int J
Psychophysiol. 1989 Sep;8(1):43-7.

Desautels A, Turecki G, Montplaisir J, Ftouhi-Paquin N, Michaud M, Chouinard VA, Rouleau
GA. Dopaminergic neurotransmission and restless legs syndrome: a genetic association
analysis. Neurology. 2001 Oct 9;57(7):1304-6.

Deurveilher, S., Burns, J. and Semba, K. Indirect projections from the suprachiasmatic nucleus to
the ventrolateral preoptic nucleus: A dual tract-tracing study in rat. Submitted to Eur. J.
Neurosci.

Driver H (1996) Sleep in women. J Psychosom Res 40:227-230.

Driver HS, Dijk DJ, Werth E, Biedermann K, and Borbely AA (1996) Sleep and the Sleep
el ectroencephal ogram across the menstrual cycle in young healthy women. J Clin Endocrinol
Metab 81 :728-735.

Dumont M, Benhaberou-Brun D, and Paguet J (2001) Profile of 24-h light exposure and
circadian phase of melatonin secretion in night workers. J Biol Rhythms 16:502-511.

Dumont M and Carrier J (1997) Daytime sleep propensity after moderate circadian phase shifts
induced with bright light exposure. Sleep 20:11-17.

Dumont M, Macchi MM, Carrier J, Lafrance C, and Hébert M (1999) Time course of narrow
frequency bands in the waking EEG during sleep deprivation. NeuroReport 10:403-407.

Dumont M, Montplaisir J, and Infante-Rivard C (1997) Sleep quality of former night-shift
workers. Int J Occup Environ Health 3:510-S14.

Fichten CS, Creti L, Amsel R, Brender W, Weinstein N, and Libman E (1995) Poor sleepers who
do not complain of insomniaz myths and redlities about psychological and lifestyle
characteristics of older good and poor sleepers. JBehav Med 18:189-223.

Flemons, W.W. (2000). Measuring health related quality of life in sleep apnea. Seep, 23, S109-
S114.

Flemons, W.W. & Reimer, M.A. (1998). Development of a disease-specific health-related
quality of life questionnaire for sleep apnea. American Journal of Respiratory and Critical
Care Medicine, 158, 494-503.

Flemons, W.W. & Reimer, M.A. (1998). Development of a disease-specific health-related
quality of life questionnaire for sleep apnea. Am J Respir Crit Care Med, 158, 494-503.

Flemons, W.W. & Ttsai, W. (1997). Quality of life consequences of sleep-disordered breathing.
J Allergy Clin Immunol, 99, S750-S756.

Forest G and Godbout R (2000) Effects of sleep deprivation on performance and EEG spectral
anaysisin young adults. Brain Cognit 43:195-200.

Gaudreau H, Carrier J, and Montplaisir J (2001a) Age-related modifications of NREM sleep
EEG: from childhood to middle age. J Sleep Res 10:165-172.
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Gaudreau H, Morettini J, Lavoie HB, and Carrier J (2001b) Effects of a 25-h sleep deprivation
on daytime sleep in the middle-aged. Neurobiol Aging 22:461-468.

Godbout R, Bergeron C, Stip E, and Mottron L (1998) A laboratory study of sleep and dreaming
in acase of Asperger’s syndrome. Dreaming 8: 75-88.

Godbout R, Bergeron C, Limoges E, Stip E, and Mottron L (2000) A laboratory study of sleep in
Asperger’s Syndrome. NeuroReport 11: 127-130.

Guillemette J, Hébert M, Paquet J, and Dumont M (1998) Natural bright light exposure in the
summer and winter in subjects with and without complaints of seasonal mood variations.
Biol Psychiatry 44:622-628.

Harley, CW., Farrell, R.C. and Rusak, B. Light-dark variation in glycogen phosphorylase
activity and GFAP immunoreactivity in the suprachiasmatic nucleus of Syrian hamsters.
Journal of Comparative Neurology 435:249-258, 2001.

Hébert M, Dumont M, and Paquet J (1998) Seasonal and diurnal patterns of human illumination
in natural conditions. Chronobiol Int 15:59-70.lonescu D, Driver HS, Heon E, Flanagan J,
and Shapiro CM (2001) Sleep and daytime sleepines in retinitis pigmentosa patients. J Sleep
Res 10:329-335.

Kayumov L, Zhdanova IV, Shapiro CM. Melatonin, sleep, and circadian rhythm disorders.
Semin Clin Neuropsychiatry. 2000 Jan;5(1):44-55.

Kryger MH. Diagnosis and management of sSleep apnea syndrome. Clin Cornerstone.
2000;2(5):39-47.

Laberge L, Carrier J, Lespérance P, Lambert C, Vitaro F, Tremblay RE, and Montplaisir J (2000)

Sleep and circadian phase characteristics of adolescent and young adult males in a
naturalistic summertime condition. Chronobiol Int 17:489-501.

Laberge L, Petit D, Simard C, Vitaro F, Tremblay RE, Montplaisir J. (2001) Development of
deep patternsin early adolescence. J Sleep Res 10:59-67.

Lafrance C and Dumont M (2000) Diurnal variations in the waking EEG: comparisons with
dleep latencies and subjective alertness. J Sleep Res 9:243-248.

Lafrance C, Dumont M, Lespérance P, and Lambert C (1998) Daytime vigilance after morning
bright light exposure in volunteers subjected to sleep restriction. Physiol Behav 63:803-810.

Lam RW (editor): Seasonal Affective Disorder and Beyond: Light Treatment for SAD and Non-
SAD Conditions. Washington DC, American Psychiatric Press, 1998.

Lam RW, Carter D, Misri S, et a: A controlled study of light therapy in women with late [uteal
phase dysphoric disorder. Psychiatry Res 86:185-192, 1999.

Lam RW, Levitan RD: Pathophysiology of seasona affective disorder: a review. J Psychiatr
Neurosci 25:469-480, 2000

Lam RW, Levitt AJ (editors): Canadian Consensus Guidelines for the Treatment of Seasonal
Affective Disorder. Vancouver BC, Clinical & Academic Publishing, 1999.

Lam RW, Tam EM, Grewal AK, Yatham LN: Effects of apha-methyl-para-tyrosine-induced
catecholamine depletion in patients with seasona affective disorder in summer remission.
Neuropsychopharmacology 5(Suppl 1): 97S-101S, 2001

Lam RW, Tam EM, Yatham LN, Shiah IS, Zis AP: Seasonal depression: the dual-vulnerability
hypothesis revisited. J Affect Disord 63:123-132, 2001

Lam RW, Zis AP, Grewa A, et al. Effects of rapid tryptophan depletion in patients with seasonal
affective disorder in remission after light therapy. Arch Gen Psychiatry 1996; 53:41-44

Leung RS, Bradley TD. Sleep apnea and cardiovascular disease. Am J Respir Crit Care Med.
2001 Dec 15;164(12):2147-65.
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Douville P (2001) Effects of electric and magnetic fields from high-power lines on female
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Levitan RD, Masellis M, Basile VS, Lam RW, et a: Polymorphism of the serotonin-2A receptor
gene (HTR2A) associated with childhood attention deficit hyperactivity disorder (ADHD) in
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Libman E, Creti L, Brender W, Amsel R, and Fichten CS (1997) What do older good and poor
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TD. High prevalence of unrecognized sleep apnoea in drug-resistant hypertension. J
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Lowrey PL, Shimomura K, Antoch MP, Yamazaki S, Zemenides PD, Raph MR, Menaker M,
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