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ABSTRACT

Twenty-one world experts on sleep medicine and epidemiologists met to review the effects on health of
disturbed sleep. Invited experts reviewed the state of the art in sleep parameters, sleep medicine and,
long-term effects on health of disturbed sleep in order to define a position on the secondary and longterm effects of noise on sleep for adults, children and other risk groups. This report gives definitions of
normal sleep, of indicators of disturbance (arousals, awakenings, sleep deficiency and fragmentation);
it describes the main sleep pathologies and disorders and recommends that when evaluating the health
impact of chronic long-term sleep disturbance caused by noise exposure, a useful model is the health
impact of chronic insomnia.
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Introduction
We spend almost a third of our life sleeping. Good quality sleep is essential for good health
and well-being. However, lifestyle and environmental factors are increasingly causing
difficulties in sleeping. Sleep disturbance is frequently considered the most serious
consequence of environmental noise.
The WHO European Centre for Environment and Health expanded its work on sleep
disturbance (focusing on the health consequences of poor sleep as well as on noise
disturbance itself) in order to define a position on the secondary and long-term effects of
noise on sleep for adults, children and other risk groups. 21 international specialists on sleep,
including psychiatrists and psychologists, gathered in Bonn from 22 to 24 January 2004.
This document describes the meeting discussion and presents the conclusions and
recommendations. Dr Christopher Drake reviewed the conclusions and recommendations.
A note on sleep
Sleep is a basic human need and is essential for good health, good quality of life and
performing well during the day. Several indicators can be used to describe sleep disturbance
or sleep disorders. These indicators are:
1)
2)
3)
4)

Sleep latency
Number and duration of nocturnal awakenings;
The total sleep time
Modifications in amount and proper rhythms of particular sleep stages such as slow
wave sleep (SWS, or stages 3 and 4);
5) Rapid Eye Movement sleep (REM sleep), together with modifications in the
autonomic functions (heart rate, blood pressure, vasoconstriction and respiratory
rate);
6) Repetitive nights of sleep disruption among one week or one month.
Self-reported sleep can also be used as an indicator: it is considered the least reliable
objectively but perceived as the most important by the individual.
Health effects of not sleeping
The main effects of sleep deprivation include physical effects (sleepiness, fatigue,
hypertension) cognitive impairment (deterioration of performance, attention and motivation;
diminishment of mental concentration and intellectual capacity and increase of the likelihood
of accidents at work and during driving) and mental health complications. Inadequate rest
impairs the ability to think, to handle stress, to maintain a healthy immune system, and to
moderate emotions. Maintained total sleep deprivation is fatal in some animal species.
The day after a night of abnormal or poor sleep is, whatever the cause, a disturbed day.
People can fall asleep at work, at school or when driving; feel tired; have concentration and
vigilance detriments; have memory blanks; irritability; frustration; and have a higher
probability of accidents or injury (WHO, 1998).
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Scope of the meeting
The main purpose of this meeting was to identify the current links between sleep disturbance
(under all its modalities) and health status of adults, children and risk groups (shift workers,
elderly, insomniacs), both on a long term and short term basis.
The following figure illustrates the reasoning and logic behind the meeting preparation and
the starting point for the writing of the meeting background papers.
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Figure 1 – Scope of the meeting
Main themes for the technical papers of the meeting

Results

(1) - Most unknown ; (2) - Little known ; (3) Important body of knowledge ; (4) Important body of knowledge ; (5)
Important body of knowledge

With three groups of population in mind (adults, children and specific risk groups) the
meeting reviewed:
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1.Sleep physiology: what is a “normal” sleep? What are the various types of sleep
disturbances? What kind of indicators are used to describe each of these types of
disturbances? (Awakenings, arousals, body movements, changes of sleep stages,
cortisol secretion etc.);
2. Are there specific sleep disturbances that are of special relevance for some “risk
groups”, and why? (This will cover children, elderly, shift workers, etc.).
3. The various health end points than can be linked to sleep disturbances.

Summary of the meeting discussion
Dr G. Klein welcomed the participants on behalf of Dr. M. Danzon, Regional Director of the
WHO Regional Office for Europe. He introduced the WHO Regional Office for Europe and
the work on noise and health and provided some key figures for noise and sleep in Germany.
Mr. Bonnefoy explained the background and the goals of the meeting and how it escapes the
traditional work of the WHO noise and health unit and how the results will be used for the
unit’s future actions.
Mrs. C. Rodrigues presented the meeting objectives and provided some methodological
guidance in order to optimize the work during the meeting.
In summary, the group was challenged to provide a definition of a normal sleep, of arousals
and their significance, sleep deficiency, sleep fragmentation, and, awakenings, using
scientifically based and accepted evidence and to answer some central questions:
-

Can we use the knowledge gained in evaluating the impact on health of a sleep
pathology to assess the impact on health of sleep disturbed by noise? If yes which
pathology would be best suited and what would be the limits to such an assumption?
This would help to translate the knowledge gained by clinicians to support advice to
Member States on their noise and health policies.

-

Can we list and describe the causes of sleep disturbances, the sleep changes and the
health effects (figure 2) having for each arrow the evidence, the gaps in knowledge,
public health significance and the consideration of confounding factors?
Causes of
sleep
disturbances

Sleep disturbances
(Sleep changes,
symptoms or
indicators)

Health status
Effects
Possible health
effects

•Temperature
•Drugs
•Body position
•Mental
distress
•…

•Arousals
•Daytime Sleepiness
• Poor sleep
• Decreased amount
of sleep
•…

•Behaviour
Age, …
•Mood
•Decrease in
perform tests
• Accidents
•…
Confounding

It leads to ..

(Mechanisms)

Quantification

factors; Other
causes

Existence of evidence and/or a causal link
(ref.) Relative risk? Dose/effect relationship ?

Figure 2 – Illustration of some points proposed for discussion
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The invited experts presented seven papers, followed by a short discussion within the whole
group. More detailed in-depth discussions about these presentations took place during
working groups on adults and children.
The seven papers are attached as annex 2. They were dealing with the following topics :
1. Adult’s sleep physiology; sleep quality and indicators of disturbed sleep. Main causes of
sleep disturbances on adults - Alain Muzet
2. Sleep characteristics and sleep deprivation in infants, children and adolescents - André
Kahn
3. Sleep disorders in adults; biological mechanisms through which sleep disorders affect the
health of adults. Identification of environmental factors leading to clinical sleep disorders Michel M. Billiard
4. Sleep disorders in children, mechanisms through which sleep disorders affect the health of
children - Alfred Wiater
5. Medium and long term effects of sleep disturbance (by disorders and/or by stressors) on
the health of adults - Sonja Nevsimalova
6. Medium and long term effects of disturbed sleep on the health of children - Oliviero Bruni
7. Sleep - gender, age, stress, work hours - Torbjörn Åkerstedt
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“Adult’s sleep physiology; sleep quality and indicators of disturbed sleep. Main
causes of sleep disturbances on adults led by Prof. Alain Muzet
In order to answer questions about the effects of sleep disturbances on health an agreement
on definitions of sleep patterns and different types of sleep disturbances is essential. The
paper dealt with “normal” sleep physiology, the factors that could interfere with the
physiologic processes and the immediate effects observed when sleep is disturbed.
The author suggested that very little is known on why we sleep, a little more is known on how
we sleep. He then introduced what could be understood as a “normal” sleep.
To some degree, sleep disturbance may be quantified by EEG measures, autonomic
variables, motor and hormonal responses. The normality of sleep can be influenced by
stages of sleep, individual factors, and context factors. We can measure it in adults with
subjective complaints (poor sleep quality, daytime fatigue, changes in mood, ..) and
behavioural changes the next day (daytime drowsiness, performance decrement, drug
consumption, …).
There is no habituation of the cardiovascular responses to noise. Each noise stress on the
human body is associated with a cardiovascular response that is composed of a
vasoconstriction of peripheral circulatory system and an increase of blood pressure even if
the sleep itself is not affected.
The questions raised at this session were used as the basis for defining the working groups’
terms of reference. The main points are the following:
- Sleep should be defined according to age and gender;
- Attention has to be paid to pharmacological effects;(related to sleeping drugs). There are a
number of factors that influence sleep quality and quantity;
- Arousals and interactions with sleep stages seem to be important,
- Sleep stages are important. What the brain is performing during the different sleep phases
when it gets interrupted is important!
- Not only awakenings are important! Autonomic responses/repeated cardio vascular
responses have no habituation to noise.
- The REM sleep has a tissue-repairing function, both macrostructure of sleep and
microstructure (cortical arousals, sub cortical arousals) are important.
- The cardiovascular responses are independent from sleep disturbance! A person may sleep
with a relatively high noise level, nevertheless he/she continues to have autonomic
responses. Similarly what happens at the level of the heart does not affect the sleep. Cortical
responses are always related with cardio vascular responses.
- During sleep the cortex is switched off.
- For decision makers it is important to provide guidelines and references easy to transfer to
legislation.
- How to evaluate sleep quality and sleep quantity? Is sleep satisfaction a good
measurement?
- Is sleep a fragile state or is it because of the sleep function that we are more fragile?
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Most of these questions were answered in the working groups.
Sleep characteristics and sleep deprivation in infants, children and adolescents – led
by Prof André Kahn.
A normal childhood is crucial to a healthy adult life. Children’s sleep patterns are very
different from adults, deserving therefore special attention. The existing knowledge of health
effects of sleep disturbance on children is not very large.
Prof André Kahn provided a review of a child’s “normal” sleep, the factors that have an
influence on it and the immediate effects observed when their sleep is disturbed. Sleep
recording techniques, normal sleep characteristics, and some of the effects of sleep
deprivation in children were described. The presentation focused then on normal sleep
characteristics for foetuses, infants, children and adolescents, the short-term effects of sleep
deprivation and on the effects of repeated sleep deprivation /co-morbidity.
Short-term effects of sleep deprivation in school-age children appear to be manifested by
daytime fatigue only; medium-term effects have been associated with daytime sleepiness
and behaviour problems. Attention-deficit/hyperactivity disorder has been suggested as a
possible consequence of non-sleep among children. On the medical level the body of
evidence is still poor.
Effects of repeated sleep deprivation in infants, children and adolescents are multifactorial
and complex, but repeated or chronic sleep disruption in children could be pervasive,
affecting the children’s physical, mood and cognitive well being. Changes in sleep quantity
and quality together with autonomic reactions are seen during exposure to ambient stressors
during sleep, reflecting modifications within the brain of the sleeping child. It remains,
however, to be determined what long-term effects pervasive ambient stressors have on the
child’s cognitive, mood and physical development.
One might predict that the effects of sleep deprivation on the child’s sleep and health depend
upon the stressor responsible for the deprivation or fragmentation of sleep, temporal aspects
of the stressor, genetic predisposition, psychological responses to the stressor, and the
nature as well as the duration of the evaluation.
All research on sleep and health in children needs to follow very strict ethical rules. This
explains partly the lack of knowledge observed in some areas.
Important points raised at the discussion:
- The definition of the “normal child sleep” parameters is extremely important, they should be
listed before starting to identify a disturbed sleep in order to be able at a further stage to
identify its consequences.
- Repeated sleep deprivation or insomnia were discussed in detail. A child cannot accurately
report about his/her sleep, so it is difficult to define sleep efficiency and to base further
findings on this evaluation technique.
- Special attention has to be paid to the methods of evaluating the status of a child after a
deprived night. Fatigue does not reflect equally in adults and children: a child can be
hyperactive due to a disturbed sleep.
- We need indexes and indicators that measure sleep quality in children.
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- The different parts of the night, in children for example, play different roles. The growth
hormone is released in the first part of the night and it does not happen in the second part of
the night, but there is little data to show this.
- Are children less sensitive to noise?, It is true that a child can sleep with high noise levels.
This faculty decreases with age. Most of the evidence is based on parents’ reports as the
main source of information and it is likely that the child did sometimes wake up but the parent
did not notice it.
Sleep disorders in adults; biological mechanisms through which sleep disorders
affect the health of adults. Identification of environmental factors leading to clinical
sleep disorders led by Prof. Michel M. Billiard
There are several types of sleep disorders. Insomnia, sleep apnoea, and restless leg
syndrome are some examples of clinical sleep disorders that can affect adults and interfere
with normal functioning. These sleep disorders can contribute to medical or emotional
problems. This is a field where a vast body of knowledge exists. For this meeting overinformation was avoided and the paper reviewed and presented the main sleep disorders in
adults and the health and well-being consequences of these diseases. It focused on sleep
disorders that were considered interesting, in the expert’s opinion, for discerning the health
impacts of sleep that is occasionally or chronically disturbed by noise.
According to the Diagnostic and Statistical Manual of Mental Disorders there are four
categories of sleep disorders, i) primary sleep disorders including dyssomnias, ii)
parasomnias, iii) sleep disorders related to medical/psychiatric disorders including insomnia
and hypersomnia; iv) and other sleep disorders including disorders due to a general medical
condition or a substance- induced sleep disorder. The presentation concentrated on
dyssomnias, parasomnias, medical/psychiatric sleep disorders, obstructive sleep
apnea/hypopnea syndrome, narcolepsy-cataplexy, environmental sleep disorder and periodic
limb movement disorder.
Primary insomnia is a dyssomnia and it has been shown that the pathophysiology of the
disorder is considered to be based on the confluence of predisposing, precipitating and
perpetuating factors. In a predisposed subject, noise may certainly act as a triggering factor.
Narcolepsy-cataplexy is most often remarkable for sleep fragmentation. However, in contrast
to the obstructive apnea/hypopnea syndrome there is no correlation between sleep
fragmentation and excessive daytime sleepiness.
Moreover the pathophysiology of narcolepsy is based on an imbalance between
acetylcholine and monoamines and on an impairment of the hypocretin system, which are
not found in noise induced insomnia.
A polysomnographic feature of obstructive sleep apnea/hypopnea syndrome and upper
airway resistance syndrome, consists in recurrent arousals and awakenings. Interestingly,
most of subjects with these conditions do not complain of poor sleep, but of non-restorative
sleep, fatigue and/or headache on morning awakening, and excessive daytime sleepiness.
These clinical features are certainly an incentive to look for morning symptoms and
excessive daytime sleepiness in subjects submitted to an abnormal level of noise.
Environmental sleep disorder has noise as one of its possible sources, possibly the most
important one. Two issues have been emphasized. First, environmental disorder does not
refer only to insomnia but also to excessive sleepiness, so that the possibility of excessive
daytime sleepiness in subjects undergoing a noisy environment must be kept in mind.
Second, vulnerability to either insomnia or hypersomnia, must be considered when reviewing
the risks from environmental sleep disorder.
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One of the polysomnographic features of periodic limb movement disorder is arousals and
awakenings. However periodic limb movements do not seem to be the cause of arousals and
awakenings. Even if noise disturbance manifests by arousals and awakenings the biological
mechanisms that act on the basis of these disorders are different and in some cases due to
chemical unbalances, or respiratory mechanisms, so the consequences will be different as
well.
The symptoms of insomnia are very similar to the ones experienced by the people reporting
noise sleep disturbance. But the single fact of having noise does not make everybody
exposed insomniac. It is a very interesting finding but has to be analyzed with some caution.
An insomniac is hyper-aroused, he is never sleepy.
Is there evidence that people suffering from insomnia have an increased mortality risk? Not
really: there is a statistical association but we cannot say with the present state of knowledge
that insomnia per se brings an increases risk of mortality. Some causality was found with
hypnotic drugs taken when suffering from insomnia!
Misinterpretations and misperception of sleep is common among insomniac people, they
affirm not having slept and when surveyed in a laboratory they actually sleep.
The insomniac subjects followed by Professor Billiard showed an increased body mass
index, but obesity was not covered by the study.
Sleep disorders in children, mechanisms through which sleep disorders affect the
health of children led by Dr Alfred Wiater
Healthy sleep is crucial for normal development and common sleep problems are seen in
general paediatric practice. Children’s sleep patterns are different from adults and so are
their clinical sleep disorders. Nightmares, bedwetting, sleep walking are some examples of
common sleep disorders experienced by children that can affect and compromise children’s
development. These sleep disorders can contribute to medical or emotional problems. The
specific influence of noise on children’s sleep should be examined in order to find appropriate
measures for reduction.
Dr Wiater’s presentation concentrated on the main sleep disorders that affect children’s sleep
and the main findings of a study carried out in Germany in 2000 by a group of paediatricians
and child psychiatrists to evaluate sleep disorders and behaviour problems in 5-6 year-old
and 9-10 year-old children.
Sleep disorders in children include intrinsic and extrinsic sleep disorders as well as
parasomnias. Intrinsic sleep disorders comprise disorders such as the obstructive sleep
apnea syndrome that can affect the health of children in the form of somatic disorders, e.g.
cardiovascular or respiratory problems. Predominantly, extrinsic sleep disorders occur during
childhood. Inadequate sleep hygiene, environmental sleep disorder, adjustment sleep
disorder, limit-setting sleep disorder, and sleep-onset association disorder belong to this
category. Extrinsic sleep disorders are strongly associated with behaviour problems such as
hyperactivity or psychological symptoms.
Parasomnias, especially nightmares, can also be associated with psychological problems.
Up to 35% of elementary school children of the Köln study presented sleep onset problems
and 21% of this group have problems sleeping through the night. Usually, several sleep
disorders can be diagnosed in one child. Environmental factors such as noise disturbances,
can influence children’s sleep. 15% of elementary school children complain about noise
disturbances during sleep. The main source of noise is road traffic.
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Sleep disorders in childhood are an important paediatric problem because of their influence
on children’s health and their strong correlation with behaviour problems. Parents often do
not recognize their children’s problems and disturbances. Educational efforts to make the
children used to regular bedtimes and wake-up times from early childhood could be helpful
for a normal sleep-wake-rhythm.
On the Cologne study the presence of a television set in the child’s bedroom and reporting
sleep problems by the child show strong association in this study. The children wake up
earlier and go to bed later because they are watching TV. Some TV programmes in the early
morning are specially designed for children.
Medium and long term effects of sleep disturbance (by disorders and/or by stressors)
on the health of adults – led by Prof. r Sona Nevsimalova
The aim of the presentation was to examine the effects which the most frequent sleep
disorders have on adults’ health, knowing that at least 30% of the population suffer from
some sort of sleep disturbance. The greatest impact on physical and mental health is seen in
patients suffering from the sleep apnoea syndrome (neurocognitive, cardiovascular, social
consequences and higher mortality), from insomnia (behavioural, psychiatric and medical
consequences), and from narcolepsy and hypersomnia (neurobehavioral and personality
changes, medical and social consequences). Patients suffering from the restless legs
syndrome complain of neurobehavioral problems and lower quality of life, while the
secondary forms of the disease are associated with other medical conditions. Parasomniacs
are endangered by violent and injurious behaviour during attacks that can even involve the
law.. Behavioural, cognitive and social consequences also affect patients with circadian
rhythm disorders. Therefore, understanding the patient’s health requires consideration of the
state of the patient asleep and also awake.
The consequences of insomnia can be behavioural manifesting in poor performance at
work, fatigue, memory difficulties, concentration problems, car accidents, psychiatric
problems - depression, anxiety conditions, alcohol and other substance abuse, medical cardiovascular, respiratory, renal, gastrointestinal, musculoskeletal disorders, impaired
immune system function and an increased risk of mortality.
Is the sleep of pregnant women more susceptible to external stressors? We do not have
evidence for this, but they are more prone to have some sleep disorders like restless legs
syndrome, sleep disordered breathing or insomnia.
Insomnia increases the mortality risk, but in fact there are no accurate data, it’s most
probably linked with work-related accidents among sleep disturbed people. The “simple” fact
of not sleeping does not lead to increased mortality associated with intrinsic health
conditions.
Medium and long term effects of disturbed sleep on the health of children – led by
Prof. Pr Oliviero Bruni
Sleep disorders during childhood represent an important children’s health issue, these may
affect cognitive development and learning during a critical brain growth period. The possible
long-term effects (at the adult age) of chronically disturbed sleep during childhood were also
considered.
Children with disturbed sleep presented cognitive dysfunction and behavioural disturbances,
abnormal growth hormone release and increase of diastolic blood pressure, are all related to
sleep fragmentation.

10

Environmental noise at home at night could lead to sleep disruption without leading to
behavioural awakenings through the alteration of sleep microstructure, in a similar manner as
other sleep disturbing events such as respiratory disturbances
A major issue is that children who have experienced prolonged sleep disruption during a
period traditionally associated with major brain growth and substantial acquisition of cognitive
and intellectual capabilities may suffer from a partially irreversible damage, compromising
their potential for academic achievement
In children, indicators of sleep disruption such as behavioral awakenings evaluated by
actigraphs or sleep architecture abnormalities are not sufficient to evaluate correctly the
consequences on growth, cognition and behaviour in children.
Professor Bruni suggested the respiratory disturbances during sleep as theoretical model to
evaluate the effects of disturbed sleep in children because it manifests with arousals, and
there is a lot of evidence on these disorders in children. This could raise controversy because
the respiratory problems have other mechanisms associated that never occur when the sleep
is disturbed by noise.
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Sleep physiology, sleep quality and indicators of disturbed sleep on risk groups
(elderly, shift workers; Main causes of sleep disturbances/disorders on specific risk
groups and their known consequences- led by Prof Torbjörn Åkerstedt
Specific population groups linked by behaviour, life style, age, and gender, among other
factors, can be at increased risk of having health problems from sleep disturbance. Stress
due to work or family seems to be one of the major causes of disturbed sleep. The effect of
stress on the risk of insomnia is well established, but reduced sleep in itself seems to yield
the same physiological changes as stress. This suggests that several of the major civilization
diseases in Europe and the US (diabetes, cardiovascular disease, burnout) could be
mediated via disturbed sleep. This link clearly warrants longitudinal studies with
interventions.
Shift workers constitute a group that suffers from disturbed sleep for most of their
occupational life. The reason is the interference of work hours with the normal timing of
sleep. This leads to an increased risk of accidents, directly due to excessive sleepiness, but
also to cardiovascular and gastrointestinal disease, although it is not clear whether the latter
effects are sleep related or due to circadian factors - or to a combination.
Data suggests that the risk of disturbed sleep increases with age but there also seems to be
a recent stress related increase in sleep disturbances in young adults. The long term health
consequences are not understood.
The relationship between gender and disturbed sleep is confusing. Females, as a rule
complain more of sleep problems, but do not exhibit any objective indications of more
disturbed sleep, at least not among otherwise healthy women. With increasing age the sleep
of males deteriorates whereas that of women is relatively well upheld. Pregnancy, however,
is a period of increased risk of disturbed sleep, whereas the menstrual cycle and menopause
show less evidence of disturbed sleep. Clearly there is a great need of longitudinal research
on gender and sleep and in particular on the possible health consequences around
pregnancy.
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Working Groups
On the second day the participants split into two working groups: one for children and one for
adults. They examined the reviews presented the day before and tried to reach consensus
on the report outline.
Working group 1 – children – rapporteur – Dr Alfred Wiater
Working group 2 – adults – rapporteur – Dr Damien Leger
The working groups tried to reach a consensus based on the meeting presentations and
expert opinions about what is a “normal sleep” (depending upon age) what are “arousals”
and the significance of arousals, including which are physiological and which can lead to
health effects), how should the number of arousals be used as an indicator of disturbed
sleep, “sleep deficiency”, “Sleep fragmentation” and “awakenings”.
The groups were challenged also to fill in a table (figure 2) providing for each arrow a quick
review of the existing evidence and the identification of existing gaps in knowledge. For
health effects, they were asked to explore the public health significance and to take into
consideration all the confounding factors when describing them:
Both working groups were asked the following question:“ To what extent can we assimilate
the “sleep disturbances pattern” of various sleep diseases to those caused by external
stressors and more specifically noise?”
The work of the working groups informed the conclusions and recommendations of this
report.
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Conclusions and recommendations
The following conclusions and recommendations have been agreed upon for children and
adults:
Conclusions
1. Healthy sleep is necessary for children and adults’ health and well-being. During
normal sleep several physiological events take place such as cortical and sub cortical
arousals and awakenings. The pathological increase of these physiological events
could lead to sleep fragmentation and un-restorative sleep with several diurnal
consequences.
2. The group evaluated the impact of disturbed sleep on the health of the general
population. Children, pregnant women, peri menopausal women and elderly are
major sub-divisions of the population that warrant special attention. There is some
evidence that disturbed sleep among these groups may have more deleterious health
effects than those observed among the general population.
3. Environmental stressors, such as noise, can alter the quality and the quantity of
sleep. Nearly all findings relate to short-term sleep disturbances. The long-term
effects of disturbed sleep due to noise need to be more carefully evaluated in
prospective longitudinal studies.

For adults:
1. Normal sleep in an adult population can be characterized using specific
methodologies:
a) Questionnaires1: The “normally sleeping” population can be identified through
positive response to questions such as the following:
- Are you satisfied with your sleep?
- Do you feel alert most of the day?
- Do you feel refreshed by your sleep?
- Sleep diaries/logs2
b) Objective measures3:
- Sleep duration could be defined by the number of minutes ±2σ (to be
provided by age groups and sex)
- Number of arousals can be expressed in the number of hours ± 2σ
1

References:
- Naresh M. Punjabi, MD, PhD; Karen Bandeen-Roche, PhD; Terry Young, PhD (2003);”Predictors of Objective
Sleep Tendency in the General Population”, [Electronic version] SLEEP, Vol. 26, No. 6;
- Joyce A. Walsleben PhD, Vishesh K. Kapur MD, Anne B. Newman MD, Eyal Shahar MD, Richard R.Bootzin
PhD, Carl E. Rosenberg MD, George O’Connor MD, F. Javier Nieto MD (2003) “Sleep and Reported Daytime
Sleepiness in Normal Subjects: The Sleep Heart Health Study”; [Electronic version] Journal SLEEP, paper
accepted for publication not published at present date;

2

Reference:
- Naomi Breslau; Thomas Roth; Leon Rosenthal; Patricia Andreski (Oct. 1997); “Daytime sleepiness: An
epidemiological study of young adults”; [Electronic version] American Journal of Public Health; 87, 10;
ABI/INFORM Global

3

References:
- Weissman et al. (1997); General Hospital Psychiatry 19 (245 250);
- Ford kamarow (1989) Jama 262, 1479-1484;
- Breslav at al. (1996) Biological psychiatry
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-

Sleep latency is the number of minutes ± 2σ (to be provided by age
groups and sex)
Sleep efficiency ≥ 85% (to be provided by age groups and sex)
Number of awakenings

c) In addition the following two parameters have sometimes been considered. It
should be noted that they do not reflect objective measurements:
- Actigraphic measures (i.e. sleep latency, sleep efficiency, total sleep
time)
- Awakenings with behavioural response (e.g. button press)
2.

The possible health consequences of chronic insomnia are becoming well
documented4:
a) higher risk of mortality (secondary to another psychiatric or somatic disorders)
b) higher risk of depression (and other affective disorders) up to 5 times5 more
than general population
c) increased somatic disorders: cardiovascular, gastrointestinal,
d) twice as many medical visits, and hospitalizations (all causes included, four
times more accidents than the general population)
e) lower quality of life
f) problems in family, work and school

3. Different epidemiological data suggests that about 30 to 35% of the general
population complain about sleep problems and 9 to 11% suffer from chronic
insomnia. These sleep problems have been related to:
a)
b)
c)
d)
e)
f)

Co-morbid mental disorders (depression, anxiety, substance abuse)
Primary insomnia
Co-morbid medical disorders
Restless legs syndrome
Environmental sleep disorders, with noise being only one of the factors
Hypnotic, stimulant, dependent sleep disorders

4. Noise is one of the most important known environmental stimulus disturbing sleep.
5. Noise is known to have a short-term impact on sleep. This impact can be assessed:
a) Subjectively: sleep satisfaction, refreshment
b) And objectively using psg, actigraphs based on mean values of total sleep
time, sleep latency, index of arousal, sleep fragmentation.
6. It is scientifically established that sleep disturbances due to noise can have a shortterm impact on daytime function by:
a) Excessive daytime sleepiness
b) Accidents6 and drowsy driving
c) Impaired neurobehavioral performance and mood
4
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7. In the absence of experimental studies directly testing the long-term impact of noise
on health, one way to assess the long-term consequences of noise is to adopt a
model. Primary insomnia as defined by DSM-IV and DSM-III (Diagnostic and
Statistical Manual of Mental Disorders) has been considered by the expert group as
an acceptable model. The key criteria for defining insomnia are the following:
a) At least three awakenings per night with difficulty getting back to sleep
b) At least twice a week for at least one month
This model would help us to estimate the possible impact of noise on health7.
8. The impact of noise on sleep is heavily mediated by the psychological status of the
individual. It can be argued that noise exposure can lead to the following sleep
disturbances:
a) Arousals and awakenings
b) Sleep reduction
c) Decreased sleep efficiency
d) Increased sleep latency
e) Subjectively decreased quality of sleep
In turn, these sleep disturbances, depending upon their severity, frequency of
occurrence and chronicity may lead to:
a) Decreased attention
b) Accidents
c) Reduced job performance and burn out
d) Excessive daytime sleepiness
e) Decreased quality of life
There are tentative associations between sleep disturbance and:
a) Cardiovascular disorders, diabetes and obesity through mediation by cortisol
excretion, decreased glucose assimilation and lipids
b) Hypertension and possibly non-dipping of blood pressure during the night.
9. Based on the following accepted evidence:
a) Noise, stress, and shift work can cause reduced sleep and fragmented sleep
(TST, Sleep efficiency, microarousals).
b) Sleep fragmentation can cause reduced glucose tolerance (dose-response is not
well described)
c) Reduced/fragmented sleep causes sleepiness and performance impairment in a
dose-response fashion
d) Reported poor sleep is associated with excess mortality, and cardiovascular
disease. (Here we lack evidence of any causal mechanism but the metabolic
changes can at least provide a likely explanation for the third outcome)8
It can be concluded that well established indicators of disturbed sleep are relevant to
evaluating the impact of external stressors such as noise or stress. It is known that
populations demonstrating “abnormal indicators” are associated with excess metabolic
changes, mortality, and morbidity. Unfortunately there are no clear causal links, and one
has to extrapolate based on the existing cause-effect relationship.

7
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10. Wide variations exist in sensitivity among individuals to sounds during sleep.
Consequently it is important that the clinician (and the WHO) not focus solely on the
intensity of the noise, but additionally on its informational (cognitive or emotional)
value.
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For children
1. The group agreed upon the following set of definitions for the child population9:
a - Normal sleep is the sleep that satisfies a child’s need according to age and culture
and fulfils measurable parameters, somatic criteria, and psychological and behavioural
criteria as described in literature
b - Awakenings – are a behavioural change where a child wakes up from sleep, opens
the eyes and/or cries.
c - Arousals – sub cortical arousal is manifested by autonomic changes with no EEG
changes; cortical arousal is manifested by concomitant autonomic and EEG changes.
d - Sleep deficiency – is characterized by too little sleep according to age, due to short
or fragmented sleep.
e - Sleep fragmentation – is sleep with repeated arousals or awakenings that can lead
to sleep deprivation and/or non-restorative sleep.
2.

Children’s sleep quality can be assessed through:
a) Subjective measures
- Parental reports based on standardized questionnaires
- Paediatric Sleep Questionnaire (Chervin)
- Children Sleep Habits Scale (Owens)
- Sleep Disturbance Scale for Children (Bruni)
- Cognitive consequences (Sadeh)
b) Indirect measures that evaluate day time consequences
- Child Behaviour Checklist (Achenbach)
- Conners Parent rating scales
- Paediatric Daytime Sleepiness scale (PDSS)10
- etc.
c) Information may be obtained from actigraphic techniques;
d) Objective measures mostly obtained through polysomnography:
- Arousals
- Awakenings
- Sleep deficiency
- CAP rate increase or modification

3. In children, noise exposure during night time leads to:
a) Arousals (cortical/sub cortical)
b) Sleep fragmentation
c) Awakenings
d) Sleep deficiency
4. These sleep disturbances, depending upon their severity, frequency of occurrence
and chronicity as well as the age of the child may lead to:
9
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Cognitive-behavioural dysfunction
Affective disorders
Daytime fatigue
Autonomic changes
5. Children subject to sleep disturbances are more prone to attention deficit
/hyperactivity behaviour11
6. The possibility exists that sleep disturbances can also lead to
Parasomnias
Weight excess
Immune system changes
Metabolic changes
Increased occurrence of accidents
Substance use/abuse (evidence needed)
Although more evidence should be gathered to substantiate these relations
7. For physiological reasons, children do not respond primarily to environmental stimuli
with awakenings, but with arousals and sleep fragmentation. Therefore, children’s
sleep disturbance needs to be assessed using specific tools and methods.
8. Environmental stressors, such as noise, can alter the quantity and quality of sleep in
children. Most findings have been related to short-term deprivations. The long-term
effects of disturbed sleep due to chronic noise should be evaluated using longitudinal
studies through adulthood.

11
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Recommendations
1. Sleep disturbances caused either by pathologies such as insomnia, sleep apnoea,
narcolepsy, or by external factors such as work stress, light or tobacco smoke may be
the origin of a number of disease states however, this has been insufficiently
explored. Sleep disturbances caused by night noise (or day noise for shift workers)
may be at the origin of this burden of disease, and its relative importance deserves to
be evaluated more extensively.
2. It is difficult to identify a pathology creating sleep disturbance similar to that caused by
noise. For the purpose of evaluating the global health impact of chronic long-term
(over six months) sleep disturbance caused by noise exposure, the impact of chronic
insomnia on health (described as a minimum of three awakenings per night with
difficulties to fall back asleep for at least one month) will be used as a model.
3. To compare primary insomnia and sleep disturbance provoked by noise it is advisable
to use standardized and well validated questionnaires designed to evaluate sleep
disturbance in insomnia:
i.
ii.
iii.
iv.

Severity scale
Psychological scale
Pittsburgh sleep quality index12
Thoughts and beliefs sleep scale

4. The health consequences of usual coping strategies to deal with noise induced sleep
disturbance should be evaluated. This covers the use of sedating and alerting drugs
(e.g caffeine, tobacco, hypnotics, …)
5. There are important health effects of noise exposure that are observed during sleep
and seem not to be associated with sleep disturbances. For public health purposes,
these effects are important and need be explored in detail. They include
cardiovascular diseases, and are mostly effects related to body responses to stress
induced hormonal excretion.
6. Important aspects of the responses of sleep in children to environmental stressors
and the resulting sleep deprivation need further evaluation. In particular, the potential
effects of noise induced sleep deprivation on children’ immune system, carbohydrate
metabolism and endocrine functions should be evaluated.
7. Several longitudinal studies are needed in different countries following individual’s
polysomnographic and metabolic parameters and measures of noise, stress and
health. In subgroups, intervention should include frequent blood sampling during
sleep. Also, long-term experimental studies of disturbed sleep should be carried out
with polysomnographic and metabolic measures.
8. A large epidemiological study should be undertaken on subjects exposed to nighttime noise during which polysomnographic measures (PSG) and neuroimaging
records (fMRI and PET) are performed. The study’s aim would be to objectively
measure changes in PSG in relation to noise exposure and to relate such changes to
their localization in the brain (fRMI and PET).

12

Reference: Buysse DJ, Reynolds III CF, Monk TH, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new
instrument for psychiatric practice and research. Psychiatry Res 1989;28:193-213.
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9. It is important to look at existing animal studies dealing with sleep deprivation, and
more specifically with insomnia caused by noise

10. Sleep and noise researchers should use the commonly agreed upon terminology as
described in the minutes of this meeting when using the terms: Normal sleep,
Awakenings, Arousals, Sleep efficiency, Sleep deficit and Sleep fragmentation.

Policy
11. Since noise is an environmental factor that can be reduced through various technical
means, it seems to be relevant and efficient to promote noise reduction campaigns for
achieving improved sleep quality in the general population.
12. Traffic noise as well as neighbourhood noise play a significant role in terms of sleep
disturbance. Besides noise reduction at the source, governments should provide
various mechanisms, including financial support and programmes aimed at noise
insulation of dwellings.
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Figure 3 – Results of the working group 1
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Annex 1 – Technical papers
1. Adult’s sleep physiology; sleep quality and indicators of disturbed sleep. Main causes
of sleep disturbances on adults - Alain Muzet
2. Sleep characteristics and sleep deprivation in infants, children and adolescents André Kahn
3. Sleep disorders in adults; biological mechanisms through which sleep disorders affect
the health of adults. Identification of environmental factors leading to clinical sleep
disorders - Michel M. Billiard
4. Sleep disorders in children, mechanisms through which sleep disorders affect the
health of children - Alfred Wiater
5. Medium and long term effects of sleep disturbance (by disorders and/or by stressors)
on the health of adults - Sona Nevsimalova
6. Medium and long term effects of disturbed sleep on the health of children - Oliviero
Bruni
7. Sleep - gender, age, stress, work hours - Torbjörn Åkerstedt
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Adult’s sleep physiology, sleep quality and indicators of disturbed sleep.
Short-term effects on health of disturbed sleep in adults - Alain MUZET,
CNRS-CEPA, Strasbourg, France

1. Executive summary
The main purpose of this paper is to present a short overview of the physiological sleep
process and describe its functions and structure. Objective sleep recordings and sleep
questionnaires are used in a complementary approach to evaluate sleep normality and
sleep quality. Examples of evolution of sleep stages are given to explain how the sleep
process develops over time and progressively changes with age. Description of
indicators of disturbed sleep involves disturbance factors, the responsiveness of the
sleeper and how to measure it. Factors influencing the responsiveness of the sleeper
are discussed and examples of short-term effects of disturbed sleep are presented.

2. Introduction
Sleep is a physiological state occurring in alternation with wakefulness, and its duration
and quality are equally important for the quality of life. Indeed, waking and sleeping are
not at all independent from each other and they cannot be separated. Our sleeping
patterns have a direct influence on our waking behaviour and our daytime activities
influence our sleep.
Sleep plays a fundamental role in the recovery process of fatigue but other functions can
be dependent of it as well. It appears, however, to be quite fragile and responsive to
external physical disturbing factors, but sleep complaints are certainly not always related
to such events. In modern life, sleep appears to be a receptacle of aggression, tension,
and anxiety and its disturbance can take several forms, from mild to severe.
Sleep phenomenon appears to be modifiable to a certain extend. It can be voluntarily
reduced and its sudden reduction can be acceptable if not prolonged too much. Chronic
sleep reduction on the other hand is the major problem to be addressed as cumulative
effects are difficult to identify before they lead to clear pathologies. Therefore, the main
questions are "how much" and "how long" can sleep be disturbed without any severe
detrimental effects? In other words, does sleep disturbance, on the long run, lead to
sleep pathologies or to global health effects? Unfortunately, these questions still remain
unanswered until now.
Adult’s sleep physiology, normal sleep and sleep quality
When discussing sleep physiology, we may be concerned with two fundamental
research questions which are “why” and “how” do we sleep? Of course, these two
questions are linked and a normal sleep development should be able to satisfy the
exigencies of the functional role of sleep. Nevertheless, most of the time, the research
effort has been focussed on “how we sleep?” and fewer works have been oriented to try
to answer “why?”. In fact, it seems easier to answer the first question than the latter. In
fact, when sleep is normal, the question “why do we sleep” can be considered as futile. It

24

is when sleep is disturbed that this question is meaningful. The question is then: until
which breaking point can sleep be disturbed and still meet its functional role? Or: are the
functions of sleep endangered by sleep disturbance?
The sleep functions
The restorative function of sleep is obvious, but is it the only one? Is rest a substitute for
sleep? Is there a whole series of functions and are there separated functions for the
different sleep stages?
The early theories considered sleep as a mean of preventing fatigue and exhaustion
(Claparède, 1908). The German physiologist Hess (1929, 1931), considered that sleep
is a period where tropho tropic mechanisms of the nervous system provide the restitution
of the energy lost during wakefulness through the ergo tropic mechanisms. This requires
an equilibrium between somatic and autonomic functions. However, attempts to know
what is “lost” during wakefulness and “recovered” during sleep have not been successful
so far.
In more recent years, sleep functions have been considered as possibly separated
between the two mains sleep states: orthodox and paradoxical (Rapid Eye Movement:
REM) sleep. Orthodox, or synchronized sleep, could be assimilated to a state of sensory
deprivation or cortical deafferentation, while REM sleep, or desynchronised sleep, would
be a state where a homeostatic mechanism will bring back cortical excitation to some
necessary level (Ephron & Carrington, 1966). This view of REM sleep as reactivated
state, and the larger amount of REM sleep found in young animals, support the
hypothesis of REM as a specific state of sensory stimulation.
Among the theories concerning the functions of REM sleep, Roffwarg et al. (1966)
suggest that a certain amount of stimulation is necessary for a proper development of
the young cortex. As the newborn or the young animal need more stimulation to the
cortex than can be provided by sensory stimulation during the waking state, REM sleep
would provide a kind of endogenous, sensory-like, stimulation of the brain. In the line of
Moruzzi (1966), who suggest that sleep plays a role in the formation of engrams, or of
Greenberg and Pearlman (1972), who hypothesized that REM sleep is involved in
reprogramming the brain, Jouvet (1992) suggest that REM sleep is a perfect time for
genetic printing in the brain. Several authors also consider REM sleep as playing a role
in memory and learning processes (Breger, 1967; Hennevin & Leconte, 1971)
The sleep structure
When asking “how do we sleep?”, we are describing mechanisms and how they are
interrelated. For a very long time, the mysterious phenomenon of sleep was inaccessible
to study. The technology which made this access possible relies on the
electroencephalography method, developed by Hans Berger, in the 1920s. This
technique provides a record of the natural electric activity of the brain and, by chance,
the continuous recordings made during sleep appear to be quite characteristic and
different from those obtained during waking (Loomis et al., 1935). In the 1950s, it was
discovered that, at certain times during the night, the sleeper eyes were moving behind
the closed lids, in a similar manner to eye movements occurring during wakefulness
(Aserinky & Kleitman, 1955). When sleeper was awaken during these episodes, he or
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she was most often reporting to have dreamt, while this report was very infrequent when
awakenings were performed at other times of the night.
The scientific exploration of the sleep process followed these first discoveries. The
existence of two distinct types of sleep and the development of new recording
techniques were sufficient reasons to begin this new era. Qualified at the beginning of
“quiet” and “active” sleep, these two states were then named according to this specific
eye motility, as Non Rapid Eye Movement sleep (NREM) and Rapid Eye Movement
sleep (REM).
What is normal sleep? There is no definite rules for defining what normal sleep is.
However, sleep normality can be estimated through the observation of sleep
organisation or sleep structure. This means that sleep stages are present in their usual
amount and their usual time occurrence during the night (see hypnograms in the
following figures). However, the sleep structure depends on the age of the sleeper and
some large variations can appear in the progressive modifications which develop with
the aging process.
In order to be able to score the different sleep stages, it is necessary to associate EEG
recordings with, at least, two other physiological variables: the eye movements and the
electromyogram of facial or postural muscles. Most sleep laboratories associate other
recordings to these three basic ones. This is the case for heart rate, respiratory rate,
body temperature (core and skin sites), body movements, skin oxygen consumption,
blood pressure, vasomotor phenomenon…. These supplementary recordings can bring
additional information and are very useful in case of specific sleep disorders.
Sleep normally begins with NREM sleep, which is divided into four different sleep
stages, from 1 to 4; stages 3 and 4 being often combined to form what is called slow
wave sleep (SWS). The first step is the transition from wakefulness to stage 1. During
this time, brain waves characteristic of relaxed wakefulness (alpha waves) gradually
disappear and are replaced by the slower and larger theta waves. Then the transition
from stage 1 to stage 2 is signed by the occurrence on the EEGs of characteristic burst
of 13 to 15 Hz waves, lasting for one-half to two seconds, with a global shape of spindle.
These “spindles” are accompanied by sharp spikes of high-voltage brain activity present
on the different EEG leads and called “K complex”. After some minutes, the
electroencephalogram shows large undulations and those characteristic wave forms,
occurring at about one-half to 2 cycles per second, are called “delta” waves. The amount
of delta waves during the scoring period determines the current sleep stage. If less than
20 % of the period is occupied by delta waves, sleeper is considered as being still in
stage 2. If the recording contains delta waves in 20 to 50 % of its length, this period is
scored in stage 3, and it is scored stage 4 if this amount is larger than 50 % of the
scoring period. In NREM sleep, sleeper lies quietly on the bed and brain waves are slow
and regular.
NREM and REM alternate in cycles each of them lasting for approximately 90 minutes.
In REM sleep, brain waves look quite closely to those recorded during wakefulness while
extremities of the body are often subject to twitches and short movements contrasting
with an almost paralysed body. In REM, regulatory mechanisms of the main
physiological functions seem to be degraded. Thus, heart rate and respiratory rate are
hectic and they fluctuate a lot. Thermoregulation is also degraded in REM sleep (Candas
et al. 1979; Libert et al., 1982), which has been considered as a poïkilothermic state in

26

animals (Parmeggiani & Rabini, 1970). The first REM period of the night, starting about
80 to 90 minutes after sleep onset, lasts for 3 to 5 minutes. The rapid eye movements
occur by salves and not continuously during that period, while low muscle tone is
permanent on the electromyogram recording.
This first set of NREM sleep stages followed by a REM sleep episode constitute what is
called the first sleep cycle. It is followed by other cycles constituted almost the same way
(see figure 1). Each NREM-REM cycle last for about 90 to 100 minutes. However, as
sleep progresses, SWS becomes increasingly shorter and REM sleep episodes are
progressively longer. Thus, in young adults, nearly all SWS occurs in the first half of the
night, while only one third of total REM amount has been present during the same time.
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Figure 1: Hypnogram of a young adult during a non
disturbed sleep. Sleep onset occurs within 10
minutes after light out time (0). Sleep begins by
NREM sleep stages and the first REM episode
occurs some 90 minutes after sleep onset. SWS
(stages 3 and 4) occurs mainly during the first 3
hours of the night. REM sleep episodes appear at
very regular interval (90 to 100 minutes from the
onset of one REM sleep episode to the next). This
regular occurrence qualifies the REM cycle. No
awakening is seen during the entire night.
In SWS, heart rate and respiratory rate are stable and quite low, and the rate of
metabolic activity throughout the brain is reduced by 30 %. During REM sleep, blood
pressure, heart rate and respiratory rate fluctuate considerably. In people with
chronically elevated blood pressure, REM related large fluctuations might be responsible
for heart and arteries damages.
Body temperature falls during sleep and rises again shortly before usual awakening
time. However, the nocturnal evolution of body temperature depends on the possible
fluctuations of the ambient temperature (Dewasmes et al., 1994). The secretion of
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several hormones is tied to the sleep process. This is the case for example for
growth hormone, prolactin, or rennin activity.
Body movements and body postural changes are parts of the sleep process. They
certainly help to avoid prolonged constriction of parts of the body and redistribution of
blood into the vascular bed (Muzet et al., 1972). During NREM sleep, body movements
are reduced and even suppressed in SWS. In fact movements do not provoke
systematically awakenings, nor sleep stage changes. The short arousal which is often
associated with body movements last for a few seconds and the sleeper gets no
conscious perception of it. Therefore, body movements are part of the natural sleep
process and they cannot be considered as systematic responses to external stimuli.
Changes in the sleep structure with age

Adults average seven to nine hours of sleep per night, although a partial loss
during the week is often recuperated on week ends. The changes in sleep that
occur from young adult to old person are gradual and not always perceptible.
However, the change in easiness to fall asleep and the increased frequency of
nocturnal awakenings are clear indicators of the aging process affecting sleep
structure.
In older subjects, the sleep structure can be quite different from those seen at
younger age (see figure 2). The decline of SWS amount can start already at the
age of 40 years. After the age of 60 years, NREM stages 1, and 2 and REM
episodes constitute the majority of sleep content and waking episodes are
frequent throughout the night, even if they are not lasting too long.
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Figure 2: Hypnogram of a 60 years old person.
Sleep onset occurs in a normal delay, but it is
followed by subsequent awakenings, giving the
(false) impression of being delayed. The amount
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of SWS is tremendously reduced and stage 4
was never reached. REM sleep episodes occur
almost as regularly as in younger age, but they
often are fragmented. Sleep process is often
interrupted by short lasting awakenings. Most of
them occur during REM sleep episodes and
terminate them.

Sleep quality
Sleep normality, as well as sleep quality, can also be estimated through the use of sleep
questionnaires. There exist several sleep questionnaires and it is not exaggerated to say
that most of the sleep laboratories have developed their own. Some contain a set of
questions which are repeated over several days or weeks while others are proposing
questions on a supposed "usual" night sleep. Most of the questions refer to sleep
schedule, time taken to fall asleep, number and length of nocturnal awakenings, type of
final awakening, type of sleep disturbance if any, global sleep quality and morning mood.
However, individual judgements about normality and quality, as any subjective
assessment, can vary in large proportions between individuals, and sometime within
individuals. In addition, there exist very few correlations between sleep quality estimates
and the measured sleep stage structure (Moses et al., 1972; Muzet et al., 1973). These
large discrepancies between the objective measure of sleep structure and the evaluation
of sleep quality are even caricatured in some sleep pathologies such as the sleep
apnoea syndrome (SAS) where patients often consider that their sleep is of rather good
quality, even if it is restless.
As said before, sleep structure is changing with age and often so is sleep quality. Most
people often consider their sleep quality to be worse with increasing age. This is mainly
due to the fact that aged persons often wake up several times during the night, even for
very short periods of time. They also consider their sleep to be more fragile and they
often complain about external factors disturbing their sleep. It is obvious, however, that
some unexpected associations between a spontaneous awakening and a non-related
occurring noise are further described as noise-provoked awakenings. Therefore, and this
is an important point to keep in mind, it is difficult to evaluate the normality and quality of
sleep through the only subjective report of the sleeper.
3. Indicators of disturbed sleep
Sleep is a physiological state in which external stimuli are still perceived, although
sleeper reactivity is seriously reduced. This reactivity may take different forms and,
depending on the intensity of the stimulus, the observed responses can be strictly
localised and limited to a part of the body or generalised to the entire organism, such as
nocturnal awakening. In the first case, the responses of the sleeper are observed for
rather small stimulus intensities and they are visible on a few physiological parameters
(autonomic and/or motor responses, for example). In the second case, sleep disturbance
is more global and effects can be seen on all physiological measures.
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Disturbance factors
The immediate environment of the sleeper can be described in terms of physical
parameters which contribute to the nocturnal comfort or uncomfort. Thus, the level of
some of these parameters (ambient temperature, humidity, light, for instance) and the
actual additional presence of other environmental parameters (such as noise and
vibrations, for example) should be measured.
It is not always easy to identify the possible sources of sleep disturbance as, in the
everyday life, there are often combinations of several environmental physical factors. It
is, however, necessary to know their respective levels and also the amplitude of their
possible variations as they determine the real exposure of the sleeper. It is surprising to
note that despite of abundant scientific literature devoted to sleep, there are only a few
works taking into account the impact of environmental factors on human sleep. Among
those, there exist a disproportion between the rather large number of papers dealing
with the effects of noise on sleep and the very few devoted to the effects of other factors
such as ambient temperature and humidity, ambient lighting, barometric pressure,
magnetic field or air quality.
Responsiveness of the sleeper
Of course, the reactivity of the sleeper depends on the ability to detect stimuli through
the specialised sensorial organs and the transmission of their signals to the
corresponding central nervous system areas. However, detection thresholds can be
largely modified during sleep. Therefore, the elevation of the detection threshold, which
implies a larger stimulus intensity to reach the reaction threshold, is only visible through
the physiological responses measured by specific instruments and not through the
verbal report of the sleeper.
As said before, depending on the nature and physical characteristics of the stimulus, it is
possible to see all possible reactions, from discrete and very localised responses
affecting a single physiological variable to major and unspecific sleep disturbance. Thus,
a physical factor able to modify very quickly its characteristics, such as noise, can
provoke very rapid responses occurring within a few seconds only after the start of the
stimulation (Muzet & Naitoh, 1977; Muzet, 1989). A physical factor varying slowly, such
as ambient temperature, provokes modifications which are much more difficult to detect
as they occur more progressively, although their amplitude and their final impact on the
sleep structure can be important.
The measure of responsiveness during sleep
The simple visual observation of the sleeper allows to detect some of the immediate
effects due to disturbing events, such as lengthening of falling asleep delay, sudden
awakening, body movement or postural change. However, polygraph recording of EEGs,
body movements, heart rate and respiratory rate, vasomotor responses and blood
pressure of the sleeper, give more details about the evolution of sleep process, but they
remain most often reserved to the sleep laboratory. These recordings make possible the
detection of immediate effects due to the disturbing factor.
These immediate effects can be:
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•

Electroencephalogram modifications, which sign moderate or profound changes of
the sleep structure, from discrete arousal to sleep stage change or awakening;
• Modifications of heart and respiratory rates and amplitudes, often associated to
concomitant cardiovascular changes (vasomotor and blood pressure changes);
• Motor responses, from light movement of a limb to global postural change.
These responses can be observed isolated or associated, depending on the importance
of the sleep disturbance. They are most of time occurring without any consciousness
from the sleeper, except for prolonged awakenings.
Sleep stage distribution can be modified over the disturbed night. Fragmented or
interrupted slow wave sleep episode at the beginning of the night might be compensated
by another SWS episode occurring later during the same night. Similarly, Naitoh et al.
(1975) have shown that rhythm of REM sleep was notably modified by the effects of
external factors (noise and ambient temperature) on sleep. Figure 3 gives an example of
hypnogram of a noise-disturbed night.
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Figure 3: Hypnogram of a young adult in a
noise-disturbed night. Sleep onset is slightly
delayed. The first episode of stage 4 is partly
interrupted. A significant amount of SWS does
occur during the 5th hour (as a compensatory
mechanism of the disturbed first episode?). REM
sleep still shows clear rhythmic occurrence but
some of the episodes are fragmented. Significant
awakenings occur throughout the sleep process.
Sleep efficiency is reduced.

Subjective complaint of disturbed sleep
The subjective complaint of bad sleep can be reported in the following morning either
spontaneously or in response to specific questions. However, as stated earlier,
subjective estimates and objective measures of disturbed sleep are often not
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superimposed. Thus, some sleepers complain about poor sleep quality while no major
sleep structure modifications can be observed through the physiological recording. In the
reverse, it has been shown that under moderate noise exposure, most sleepers show
progressive subjective habituation to their noisy environment, while their physiological
responses to noise remain permanent over long exposure periods (Muzet & Ehrhart,
1980; Vallet et al., 1983).
Factors influencing sleeper responsiveness

The study of sleeper responsiveness is particularly complex due to the
multiplicity of factors to be taken into account. To the characteristics of the
stimulus, must be added the type of sleep, individual factors, and possible
situational factors.
Stages of sleep and deepness of sleep
The classical evaluation of responsiveness is generally performed by the determination
of the awakening threshold. The first evaluation of sleep deepness has been based on
the awakening threshold due to noise stimulus, using different intensities and applied at
different times of the night (Kohlschütter, 1862). This author found a tremendous
increase of the awakening threshold at the end of the first hour of sleep, and then an
important decrease of this threshold at the end of the third hour of the night. Michelson,
in 1897, found a curve showing comparable variations of the awakening threshold but
with several undulations. Whatever the stimulus used, all evaluations showed the
existence of a deep sleep period during the two hours following falling asleep, and then
a shallower stage of sleep during the following hours.
The first studies using electroencephalogram have shown that it was possible to use the
abundance on some specific EEG activities, and consequently the sleep stages, as
indicators of change in the responsiveness of the sleeper exposed to external stimuli
(Blake & Gerard, 1937; Blake et al., 1939). From these studies, it has been suggested
that EEG could be used as an indicator of deepness of sleep.
However, it appears quite clearly that there is a large variability is the capacity to
observe an awakening for a given stage of sleep and for a well calibrated stimulus. The
fluctuation of the awakening threshold can be considerably large for a given individual
and from one night to the next (Kleitman, 1963). When Rapid Eye Movement sleep
stage (REM sleep) was first described, it appeared clearly that the awakening threshold
seen in this particular state was much higher than that observed in stage 1, although
their EEG characteristics are quite similar. A classic study performed by Rechtschaffen
et al. (1966), has shown that, although the awakening threshold is generally the highest
in stage 4, the threshold obtained in REM sleep is most often higher than that seen in
stage 2, and that awakening is obtained in these two stages with a lower intensity in the
second half of the night than during the first half. This result suggest that, for a given
sleep stage, the awakening thresholds decrease progressively throughout the night
(Keefe et al., 1971).
In fact, numerous studies have shown that awakening threshold in REM sleep is
extremely variable. More than for any other sleep stage, stimulus signification plays an
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important role in the probability to observe an awakening in this state. This remark
applies also, but with a lesser degree, to other sleep stages. Already in 1937, Loomis et
al. have found that a sleeper response to noise stimulus was not mainly related to the
noise intensity but rather to its intrinsic signification. This aspect was also considered by
Oswald et al. (1960) who suggested that the subjective signification of a stimulus was
more important than its physical characteristics.
Individual factors
Among the most frequent considered individual factors, we can cite age, sex and
psychological profile. When using sound stimuli there exist a difference in EEG
responses between children and adults, the former group exhibiting a lower brain wave
reactivity to the stimulus than the latter one. However, this result contrasts with a
cardiovascular reactivity which is quite identical throughout the different age groups
(Muzet et al., 1981).
It is difficult to find any difference between men and women in localised physiological
responses, although young males seem to have a more disturbed sleep than young
female subjects, while this difference tends to reverse at age older than 30 years (Lukas,
1972; Muzet et al., 1973).
The individual attitude towards an expected awakening due to an identified stimulus, are
in part explaining the large differences observed between individuals. However, taking
as a criteria the self-estimation of sensitivity to noise (purely subjective evaluation), there
was no significant difference in measured cardiovascular reactivity during sleep between
subjects estimating themselves as highly sensitive to noise and subjects considering to
be no sensitive to it, although clear difference in reactivity appeared between the two
groups during their waking state (Di Nisi et al., 1990).
Situation factors
Situation factors are numerous and some of them might have a modulator effect on
sleep reactivity. Some of these factors can be consciously manipulated. This is the case
for prior sleep deprivation. In this case, after a total sleep deprivation, recovery sleep is
characterised by a marked increase in awakening thresholds ( Naitoh 1976; Williams et
al., 1964).
Pharmacological manipulation of sleep can modify the sleeper responsiveness to noise.
But after a sleeping medication intake, there exist a dissociation between a global
disturbance (awakenings) which is reduced, and the more localised responses
(cardiovascular responses, for instance) which are not modified (Muzet et al., 1983). It is
also necessary to underline that the elevation of the awakening thresholds observed with
some sleeping medications (Johnson et al., 1979; Spinweber et al., 1982) can lead to
major consequences when sound is used to warn the sleeper about an imminent danger
(Johnson et al., 1987).
4. Short-term effects of disturbed sleep
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We here define short-term effects as effects occurring within a few hours or a few days
after sleep has been disturbed. There is, of course, a large variability in the latency of
the secondary effects due to the variation of responsiveness from one individual to
another. Thus, some individuals might hardly be affected by repeated but moderated
sleep deprivation, while others can react after a single sleep deprivation of a few hours.
Subjective complaints about poor sleep quality, associated or not with fatigue and
change in mood, are often the most prominent manifestations of sleep disturbance.
Thus, sleep quality was used by Lukas as a measure of sleep disturbance effect (Lukas,
1975). Decreased mood and increased tiredness have been related to a decrease in
perceived sleep quality which, in turn, leads to decrease performance (Öhrström, 1989).
In some cases, increased drowsiness during daytime and the need for compensatory
sleep period (such as a day nap), are the signs of unsatisfactory sleep quality and
amount. These short-term effects can exist more or less permanently, depending on the
duration of the sleep disturbance. They may have severe consequences in term of work
ability and work accidents. For instance, following noise-disturbed nights, basic psychosensory-motor tasks such as simple or complex reaction time tests show a lengthening
of the responses (Wilkinson & Campbell, 1984; Öhrström & Rylander, 1990). These
effects are certainly not absolutely noise-specific and they are obviously related to the
sleep disturbance per se.
The major disturbance of sleep is obviously the reduction of its duration. Although we
know that it is possible to reduce the amount of sleep voluntarily on a short term basis
without any severe consequence, it is not the case when sleep reduction is chronic over
a long period of time. Prolonged sleep deprivation leads to chronic fatigue, excessive
sleepiness, decrease in motivation and reduction in daytime performance. Specific
workers who are engaged in high responsibility jobs, often show high anxiety level
because they have to perform difficult tasks and they need high resources and restful
sleep.
One of the most important effect of sleep disturbance remain the use of medication,
under or without the supervision of a medical specialist, and this seems to be particularly
accentuated in old age persons. The medical consumption has been increasing during
the last decades, and sleep disturbance, and subsequent poor daytime life quality, are
certainly among the major complaints which drive patients to their medical doctor. Thus,
the excess of drug consumption appears to be one of the main challenges of tomorrow.
5. Conclusions
Sleep, as a physiological state, is necessary for the well being of the living organism. Its
interactions with daytime activities are profound and they determine the global
equilibrium between these two fundamental states: sleep and wakefulness. Sleep
normality and sleep quality concepts are used in the everyday life, although it is often
difficult to state clearly how to define them. Sleep structure is changing over time and
this progressive evolution is quite variable from one individual to another. The sleep
quality concept may also considerably vary from one person to another as subjective
expectancy is highly variable and complex. Therefore, sleep disturbance has often to be
considered on an individual basis as far as sleep quality is concerned. There exist
obvious indicators of disturbed sleep structure as well as changes in main physiological
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functions during sleep. However, the significance of these modifications in term of global
health is often disputable. We certainly need to focus more our interest into the possible
cumulative effects of long-term sleep disturbance, in order to be able to prevent
populations against more or less well identified disturbance sources.
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Summary
In this review, we discuss usual sleep recording techniques, normal sleep characteristics
and the effects of sleep deprivation. Sleep quality and quantity mature while the child
ages. Sleep-wake behaviors are described in fetuses, infants, children and adolescents.
The short-tem and of medium-term effects of sleep deprivation are reviewed. While
abundant literature exists on the physiology and characteristics of children’s sleep, only
sparse empirical data are available on the effects of sleep losses on children’s physical,
cognitive, mood, and mental health functions.
I. Introduction
There is a large body of knowledge about the effects of age and brain maturation on
sleep behavior. Sleep characteristics may be modified by environmental sources of
annoyance, such as noise. When sufficiently severe, these stressors interfere with sleep
and appear to affect mood, behavior, cognitive, cardiovascular and autonomic
regulation. These aspects of sleep are reviewed in this document, that relies on
published reports with a literature search conducted with the use of PubMed and
MedLine (with as key words: sleep, sleep deprivation, infant or children), as well as
personal clinical experience in children’s sleep (Kahn et al. 1996; Kahn et al. 2002).
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II. Background
The study of sleep characteristics in children depends largely on recording and scoring
techniques. Excellent reviews are available for further readings (Coons and
Guilleminault, 1982; Brouillette, 1992; Curzi-Dascalova and Mirmiran, 1996).
II.1. Sleep recording
II.1.1. Techniques
There has been a lack of agreement regarding the techniques best used for data
acquisition in children. For newborns, some investigators have suggested direct
observation of the infant (Prechtl, 1964). In young infants, scoring systems based on the
recording of body movements have been developed (Sadeh et al. 2000). Some
researchers have recommended limiting the recording to cardiac or respiratory variables
(Haddad et al. 1987). A number of reports have been based on pneumograms or
respirograms, which combine cardiac and respiratory derivations (Flores Guevara,
1987). Other authors have recommended the use of complete polysomnographic studies
(Brouillette, 1992).
II.1.2. Timing and duration
Sleep studies in children also differ concerning the timing and duration of the recordings.
Some studies have been done during daytime naps (Emde and Walker, 1976), others
during the night (Brouillette, 1992). There are important differences between short
daytime nap studies and whole night recordings, because of the influence of circadian
rhythms. During nighttime recordings of infants, twice as many apnea occur in Rapid
Eye Movements (REM) sleep and six times as many in Non-Rapid Eye Movements
(NREM) sleep, than during short nap studies (Hoppenbrouwers et al, 1979). In addition,
REM sleep dominates the morning naps and NREM sleep the afternoon naps. Time until
sleep onset and REM latencies are also significantly shorter in afternoon naps than
during other sleep onsets (Emde and Walker, 1976).
Sleep studies in children may also differ because of environmental conditions.
Significant differences are seen between studies performed in sleep laboratories,
hospital wards, neonatal units and at home (Bernstein et al. 1973; Katona et al. 1980).
II.2. Sleep scoring
For the scoring of sleep recordings, joined epochs of set duration are considered for
scoring. Various lengths of scoring periods may be chosen, but usually 30-second
periods of the recordings are analysed. The entity termed “state” is then derived from a
cluster of attributes of different physiologic variables (Harper et al. 1981). According to
criteria recommended in the literature (Anders et al. 1971; Guilleminault and Souquet,
1979). States are categorized as: NREM sleep, also termed Quiet sleep; REM, or Active
sleep; “Indeterminate sleep”, and Wakefulness. In the first months of life, NREM is
usually classified as Quiet sleep, and REM as Active sleep. On polygraphic recordings,
Indeterminate sleep corresponds to a state in which criteria for neither REM nor NREM
can be met (Anders et al. 1971). During Active sleep, bursts of binocularly synchronous
rapid eye movements under closed eyelids are seen. These rapid eye movements are
numerous in newborn infants, decrease during the first weeks of life, and occur in bursts
separated by periods without ocular motility after 3 or 4 months of life. During Active
sleep, sucking movements, fine twitches, tremors, grimaces, and smiles occur together
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with intermittent stretching and large athetoid limb movements. Heart rate and
respiration are irregular, concomitantly with phasic eye movements. No or highly instable
activity is recorded from the chin electromyogram. Quiet sleep seems more basal and
regulated. It is characterized by minimal movement, except for irregularly occurring,
sudden, generalized movements called startles, which become rare after the newborn
period. There are no movements of the eyeballs, but after the newborn period, slow,
regular rolling movements may occur. Cardiac and respiratory rhythms are regular
(Parmelee et al. 1972).
Analysis conventions of sleep recordings vary widely among investigators, leading to
discrepancies in data interpretation (Reite et al. 1995). Manuals have been developed
that include both behavioral and polygraphic features (Anders et al. 1971). Some have
been adapted to fit electroencephalographic (EEG) changes in infants older than 3
months (Guilleminault and Souquet, 1979). For infants aged less than 3 months, it may
be difficult to score sleep stages adequately. In the newborn period, EEG characteristics
of REM and NREM sleep vary by subtle differences in voltage and frequency. At this
age, non-EEG parameters, such as chin muscle (EMG) tone, phasic twitches, rapid eye
movements, and respiratory regularity are the most useful features in distinguishing
sleep stages and wakefulness (Anders et al. 1971).
In order to study ‘arousals’, specific definitions are used in infants, as the scoring
methods used in adult sleep studies can be applied to older children, but not to infants
under 1 year of age. The International Pediatric Wake-Up Club has elaborated in 2001, a
method for the scoring of arousal in infants aged between 1 and 6 months. Arousals are
separated into subcortical activity and cortical arousals. A subcortical activity is defined
by the presence of body movements and/or autonomic changes in breathing and heart
rates, not accompanied by changes in EEG frequency or amplitude. A cortical arousal
corresponds to the simultaneous presence of autonomic and EEG changes. An
awakening is scored when the infant cried and/or opened the eyes. An arousal or an
awakening threshold reflects the tonic state of an unknown adaptive mechanism, or
mechanisms, which permit sleep to continue in the face of stimuli, which normally elicit
responses during wakefulness, but also permit awakening to some stimuli. The clinical
importance of malfunction of these mechanisms, as in the easily disturbed sleep of
insomniacs, is apparent (Rechtschaffen et al. 1966). The opposite inability to arouse has
been demonstrated in infants who died of Sudden Infant Death syndrome (Kato et al.
2003).
Scoring is usually done visually by at least two independent scorers to ensure reliability.
Computerized scoring systems have been developed. Scoring may differ significantly
between visual and software-based analysis (Reite et al. 1995).
III. Normal sleep characteristics in children (Table I)
Some major sleep-wake behaviors and related characteristics seen during sleep studies
are summarized in the following paragraphs.
III.I. Sleep-wake behavior
III.I.1. In utero
The mechanisms that control sleep-wake rhythms develop well before birth. In the
human fetus, spontaneous movements can be identified by ultrasound visualization at
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about 10 weeks of gestation. It is not known whether the fetus is truly awake (Prechtl,
1974), although certain movement patterns are reminiscent of postnatal movement
patterns during wakefulness (Hoppenbrouwers et al. 1978). Rhythmical cycling of activity
is recorded in utero between 20 and 28 weeks (Parmelee et al. 1967; Sterman and
Hoppenbrouwers, 1971). The fetal rest-activity pattern is characterized by long silent
periods that last minutes to hours, during which time there are no respiratory movements
(Dawes et al. 1972). Cycling times tend to vary between 40 and 60 min (Sterman and
Hoppenbrouwers, 1971). The periods of quiescence or sleep represent 53% of the time
at 30 weeks’ conceptional age and increase to 60% near term. The human fetus spends
most of its time in a state equivalent to sleep, similar to that recorded in newborn infants
(Njhuis et al. 1982). The healthy fetus in utero reacts to external noises. This is the result
of the development of the human cochlea and peripheral sensory end organs. These
complete their normal development by 24 weeks of gestation. Sound is well transmitted
into the uterine environment. Ultrasonographic observations of blink-startle responses to
vibroacoustic stimulation are first elicited at 24 to 25 weeks of gestation, and are
consistently present after 28 weeks, indicating maturation of the auditory pathways of
the central nervous system (Committee, 1997).
III.I.2. Preterm infants
In the premature infant of 31 weeks’ conceptional age, respiratory regularity is
informative about sleep state (Curzi-Dascalova et al. 1983). Breathing patterns, such as
respiratory pauses or phasic relationships between thoracic and abdominal respiration,
help to distinguish between Quiet sleep and Active sleep. In premature infants, Quiet
sleep can be identified by the 32nd week of gestation (Parmelee et al. 1972). In infants
born before 36 weeks’gestational age, percentages of Active sleep are elevated and
those of Quiet sleep reduced compared with later ages. There is also more
Indeterminate sleep (Parmelee et al. 1967). In infants born after 36 weeks’ gestational
age, sustained sleep states can be identified, with cycle times varying between 40 and
60 min (Sterman et al. 1971).
When premature infants reaching 40 weeks’ gestational age are compared with term
infants at comparable gestational ages, most cardiorespiratory differences vanish, but
they still have a higher respiratory frequency than newborn at term (Curzi-Dascalova et
al. 1983). Premature infants spend more time awake at the expense of active sleep
(Parmelee et al. 1967), and their sleep states tend to remain more poorly organized,
showing a lack of concordance between behavioral and EEG variables. This pattern
continues until 6 months of age (Gaultier, 1987). Ultradian sleep cycle is shorter in fullterm infants compared with conceptional age-matched preterm infants.
III.I.3. From birth to 12 months of life
Total sleep time per 24 h lasts about 16 to 17 h in the newborn period, decreases to 14
to 15 h by 16 weeks of age, and decreases to 13 to 14 h by 6 months of age (Parmelee
et al. 1967). In newborns, sleep and wakefulness follow an ultradian rhythm of about 4h.
The development of a well-defined circadian sleep-wake pattern is preceded by a freerunning cycle of about 25 h, similar to the free-running cycle seen in adulthood
(Hoppenbrouwers et al. 1982). An ultradian sleep cycle is identified between 4 and 6
weeks of age, when sleep begins to consolidate in relation to the light-dark cycle. A
priming of circadian sleep-wake cycle seems to be organized by the feeding cycle.
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It takes several months before a regular circadian sleep-wake cycle is installed and
before the infant sleeps through the night. By 1 month of age, infants’ sleeping periods
are longer during the night, and a sustained awakening begins to occur in the early
hours. Long sleep periods shift to nighttime by 2 to 3 months of age, when the
conjunction of environmental and developmental factors leads to the organization of a
predictable and stable diurnal distribution of wakefulness and sleep (Parmelee et al.
1972). The longest sleep periods gradually lengthen to 8 or 9 h of sleep time by 1 year of
age (Anders and Keener, 1985).
There is a need to distinguish between nighttime quiet awakenings and nighttime crying,
which often leads to removal from the crib. Some infants cry to signal their parents and
are labelled night wakers, whereas others are able to soothe themselves and return to
sleep (Anders and Keener, 1985). Sleeping through the night is reported for 44% of 2month-old infants (Hoppenbrouwers et al. 1982; Anders and Keener, 1985). Waking may
increase again during the second 6 months of life (Anders and Keener, 1985). By 1 year
of life, premature infants are better able to return to sleep on their own than full-term
infants, who are more likely to be taken from their crib (Anders and Keener, 1985).
During the day, wakefulness steadily increases as daytime sleep becomes consolidated
into well-defined daytime naps (Parmelee et al. 1972). Daytime sleep occurs in three or
four naps at 6 months and in two naps by 9 to 12 months of age.
III.I.4. Preschool children (1 to 5 years)
During early childhood and preschool years, changes in sleep-wake characteristics
occur more slowly than during the preceding months of life. The total amount of sleep
decreases slowly from 15 h at 1 year of life, to 13 to 14 h by 2 years, and 12 h by 4
years. The progressive reduction in total sleep time is due mainly to a decrease in
daytime sleep. Nighttime sleep becomes consolidated into long periods of approximately
10 h (Kohler et al. 1968). During the first 3 years of life, short naps occur in the
midmorning and early afternoon. The modal duration of naps is about 2 h. The morning
naps disappear, and by 3 to 5 years of life, the afternoon naps gradually disappear.
Older preschoolers are more likely to exhibit a prolongation of bedtime routine, insist on
sleeping with the light on, take a treasured object to bed, request parental attention after
being told “good night”, and experience more delays in falling asleep than when
younger. The frequency of night awakening remains low in the normal preschool
population, although older children are more likely to experience nightmares (Beltrami
and Hertzid, 1983).
III.I.5. School-age children (5 to 10 years)
Total sleep time shows a steady decline with increasing age but remains about 2.5 h
longer than adult sleep time (Coble et al. 1987). By 10 years of life, children spend 8 to
10 h in bed and sleep approximately 95% of that time. Prepubescent preadolescents are
alert throughout the day and rarely fall asleep (Carskadon et al. 1987). In this age range,
daytime naps are rare (Carskadon et al. 1987). A minority of children nap at 5 and 6
years, and naps usually disappear by age 7. Sleep becomes quieter, and body
movements decrease in frequency but are still more frequent than in older children.
Difficulties in initiating and maintaining sleep are reported in about 4% of normal
preadolescent children (Kahn et al. 1989).
III.I.6. Adolescents (11 to 18 years)
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As they mature, adolescents lose the ability to maintain adequate sleep, although they
show no reduction of their “need” for sleep (Szymczak et al. 1993). There is a
continuous decrease in total sleep time of about 2 to 3 h during adolescence, Time spent
in bed and total sleep time decrease as the adolescents’ age, resulting in a cumulative
sleep debt. Prepubescent children average about 10 h a night, midadolescents 8.5 h,
and older adolescents, primarily college students, about 7 h a night (Carskadon et al.
1987).
From 10 to 13 years of life, differences between weekend and school day sleep
schedules progressively increase with age with girls presenting longer weekend time in
bed and later weekend wake time than boys. The gender differences in adolescents’
sleep patterns are most likely explained by the girls’ higher pubertal status (Laberge et
al. 2001). Whereas total sleep time for children 10 years of life tends to be the same on
school nights as on non-school nights, young adolescents sleep about 40 min less
during school nights than during non-school nights. The longer sleep time on non-school
nights could reflect recovery from sleep deprivation during the week, as for school-age
children bedtimes and wake times are controlled more by outside influences on school
nights (Carskadon et al. 1980). Older adolescents report staying up to watch television
or to do schoolwork on school nights and waking up by alarm in the morning. The
demands of schoolwork escalate during adolescence, and parents tend to relinquish
control of bedtime (Carskadon et al. 1987). Often subjective and objective evidence of
increased daytime sleepiness appears. Older adolescents report greater difficulty with
daytime sleepiness than do younger adolescents (Carskadon et al. 1987). Their
sleepiness is most pronounced in the midafternoon (Carskadon et al. 1987).
III.II.

Sleep studies characteristics

III.II.1. Preterm and term infants
The proportion of sleep stages changes over time: Active sleep constitutes 90% of sleep
at 30 weeks’ gestation and only 50% at term (Rigatto and Brady. 1972). On the EEG,
Quiet sleep is formed by a combination of tracé alternant and high-voltage slow-wave
near term. Tracé alternant which consists of long periods with low voltage activity
interrupted by periods of irregular high delta and theta waves lasting up to 4 s, can be
seen until 46 weeks’ conceptional age. During the 2nd month after term, tracé alternant
is progressively replaced by a sequence of EEG patterns corresponding to NREM
stages.
III.II.2. From birth to 12 months of life
During the first months of life, the infant’s sleep characteristics shift to a more mature
form. Quiet sleep progressively differentiates into four distinct stages (Hoppenbrouwers
et al. 1982). On the EEG, the stage 1 is typified by bursts of high-voltage, rhythmic theta
activity; sleep spindles and K complexes characterize the stage 2; and stages 3 and 4
contain slow, high-voltage delta waves. Stages 2, 3 and 4 EEG patterns occur only in
NREM sleep stage, whereas the stage 1 EEG pattern can occur in wakefulness, REM
sleep, and NREM sleep (Anders et al. 1971). The EEG characteristics of Quiet sleep
change as the infant grows. So-called prespindles usually appear around 4 weeks of life
and become fusiform by 6 weeks. Sleep spindles, a hallmark of stage 2, are seen by 6
months of age and reach synchrony by 18 to 24 months (Anders et al. 1971). Spindle
density is maximal between 3 and 9 months of age and minimal between 27 and 54
months. Slow-wave delta activity appears at about 3 months of age (Coons and
Guilleminault, 1982). K complexes, another hallmark of stage 2, appear at about 5
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months of life (Anders et al. 1971). Distinction between stages 3 and 4 becomes
possible at 6 to 8 months. These stages are characterized by increasing proportions of
slow, high-voltage, synchronous delta waves. Stages 3-4 NREM sleep is also known as
“Slow-Wave” sleep, or “Delta sleep”. These changes in NREM sleep have been linked
with postnatal development of cortical control.
During sleep, REM and NREM states alternate. They follow each other in a periodic
fashion and together compose a sleep cycle (Anders et al. 1971). The establishment of
the periodic REM/NREM organization of sleep states is seen by 4 months of life (Harper
et al. 1981). In the newborn, the duration of sleep cycles appear stable at 30 to 70 min.
Throughout infancy and early childhood, sleep cycles’ mean duration progressively
lengthens to about 75 min. By midchildhood, these sequences gradually settle to about
90 min, as in adulthood.
In the first 6 months of life, REM sleep diminishes both in total time and its percentage of
sleep time (Coons and Guilleminault, 1982). During the first months of life, REM sleep
exceeds NREM sleep time. The amount of NREM sleep augments with age as that of
REM sleep decreases. NREM sleep is the dominant sleep phase in 60% of infants at 3
months and in 90% of 6-month-old infants, when the proportion of NREM sleep is twice
that of REM sleep. By 1 year of life, REM sleep occupies 40% of nighttime sleep (Anders
et al. 1971).
Sleep-onset latencies are approximately 30 min at 2 months of age, 20 min at 6 months,
and 15 min after 9 months. Throughout the first year of life, REM sleep latencies follow a
bimodal distribution, with values of 8 min or less and 16 min or more. With increasing
age, there is a shift to the longer latencies; REM sleep is seen in 64% of sleep onsets at
3 weeks of age and in 18% at 6 months (Coons and Guilleminault, 1987). By 3 months
of age, a diurnal distribution of REM sleep latencies emerges, with the longest latencies
measured between noon and 16:00 h and the shortest during the night.
III.II.3. Preschool children (1 to 5 years)
Sleep-onset latency averages between 15 and 30 min in 1- to 5-year-old children. At
sleep onset, NREM sleep predominates. Stage 2 NREM sleep appears within minutes
after the child falls to sleep and stage 3 and 4 NREM sleep appear within 15 min after
sleep onset.
The EEG elements and patterns continue to mature during the first 2 years of life. NREM
sleep occurs mainly during the first third of the night, and slow-wave sleep density
decreases across the night (Bes et al. 1991). As much as 2 h are spent in stages 3 and
4 NREM sleep. A gradual change is seen in the duration of the REM sleep periods.
When the child is between 1 and 5 years of age, REM percentage gradually decreases
from 30% of the total sleep time to the adult level of 20 to 25%. These changes are
related to the augmented periods of daytime wakefulness. The first REM period occurs
within 1 h after sleep onset. It is quite short, whereas succeeding periods tend to
become longer and more intense by the end of the night.
Cycle lengths increase gradually from 40 min at 2 years of age to 60 min at 5 years of
age. At this age, children have 7 to 10 cycles each nocturnal sleep period, with 3.5 stage
shifts per hour.
III.II.4. School-age children (5 to 10 years)
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Mean sleep latencies exceed 15 min (Carskadon et al. 1987), with high between-subject
variability (Coble et al. 1987). When the child is age 6 to 11 years, the volume of REM
sleep remains relatively stable at 20 to 25% of sleep time (Coble et al. 1987). The
proportion of stage 2 NREM sleep increases between 6 and 10 years of life and the
amount of stage 4 NREM sleep decreases accordingly (Coble et al. 1987). The loss in
stage 4 NREM sleep reaches 18% in 6- and 7-year-old children, an additional 14% in
10-year-old children and about 2 h in the latter portion of middle childhood (Carskadon et
al. 1987).
III.II.5. Adolescents (11 to 18 years)
Polysomnographic characteristics have approximately normal young adult values,
although body movements are occasionally seen more frequently than in adults. Slowwave sleep decreases significantly in a linear fashion across the Tanner stages, with an
approximately 35% decline from Tanner stage 1 (mean age 10.5 years) to Tanner stage
5 (mean age 16.9 years). The percentages of REM and NREM sleep now reach adult
levels, and REM periods clearly lengthen as the sleep period progresses (Carskadon et
al, 1980). Daytime alertness declines as adolescents grow. Their mean sleep-onset
latency falls in mid-adolescence (Carskadon et al, 1987). More mature children are
significantly sleepier at 13:30 h and 15:30 h than in the late afternoon and evening
(Carskadon et al. 1980).
IV. Health consequences of sleep disturbances
Significant changes in performance and sleep physiology have been documented in
adult subjects partially deprived of sleep (Sheldon et al. 1992). Total sleep deprivation
studies in animals have shown significant deleterious effects (Sheldon et al. 1992).
Experimental animals suffered severe pathological changes. Changes ranged from
severely debilitated appearance (ungroomed and yellowed fur) to intense neurological
abnormalities (ataxia and motor weakness) and death. In comparison, effects of total
sleep deprivation on human subjects have been remarkably few. Although brief
psychotic episodes have been reported in some adult subjects, long-term psychological
effects do not appear. The only certain and reproducible effect of total sleep deprivation
has been sleepiness, fatigue, decline in perceptual, cognitive and psychomotor
capabilities, and increasing transient ego disruptive episodes (Sheldon et al. ). As sleep
deprivation continued up to 60 hours of continuous wakefulness, reality testing and
performance became impaired and regressive behavior developed.
Children’s response to acute restriction in sleep is similar to that in adults but shows
some major differences. The effects of long-term sleep deprivation have been poorly
studied in children.
IV.I

Factors that modify arousal thresholds in children.

Various factors may modify sleep and arousal characteristics, changing the child
propensity to arouse or to maintain sleep. Endogenous factors that favor arousals from
sleep include age, as arousal threshold decrease from birth to 4 months of life (Kahn et
al. 1986); REM or NREM 2 sleep stage; duration of sleep (Rechschaffen et al. 1966);
previous sleep deprivation (Franco et al. 2004); food allergy (Kahn et al. 1985); pain,
stress or breathing problems (Rechschaffen et al. 1966). Environmental factors refer to
ambient temperature (Franco et al. 2001), body position (Franco et al. 1998), beddings
(Franco et al. 2002), drugs, exposure to cigarette smoke (Franco et al. 1999), or type of
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feeding (Franco et al. 2000). Ambient noise can also modify sleep-maintenance and
arousal characteristics. In the literature, both short-term as well as medium-term effects
of exposure to ambient stressors have been reported in children.
IV.II.

Sleep and arousal characteristics following a short sleep deprivation

The effects of short sleep deprivation on the following sleep periods were evaluated in
15 infants aged 78+/-7 days. Following a median sleep deprivation period of about 2
hours, the infants maintained a greater proportion of NREM sleep and had more
frequent obstructive apnea (Canet et al. 1989; Thomas et al. 1996; Franco et al. in
press). The results of these studies are in agreement with our findings in14 healthy 11weeek-old infants, who were recorded before and following 2 h of sleep deprivation.
Once sleep-deprived, the infants’ respiratory changes were associated with significantly
higher auditory arousal thresholds during REM sleep (Franco et al. in press) and
increases in sympatho/vagal control of the heart rate (Franco et al. 2003).
The parents of 8.6-year old children (range 2 to 17 years) reported their child had difficult
behaviors on the day that followed a 4-hour night-time sleep restriction (Wassmer et al.
1999). In a study, a 2-h sleep reduction induced by delayed bedtime, has been shown to
increase daytime sleepiness, mainly during morning hours (Ishihara, 1999).
Daytime sleepiness has been reported to decrease with increasing age, while an
afternoon dip occurs with pubertal development (Ishihara 1998). Following one night of
4 h of sleep deprivation imposed on children (aged 11 to 13 years), a decrease in
performance tests has been observed (Carskadon et al. 1981). These children, however,
showed no significant change in addition, attention or memory tests, despite a significant
increase in daytime sleepiness (Carskadon et al. 1981,b).
In another set of experiments, following one-night sleep loss, adolescents showed
increased sleepiness, fatigue, and reaction time. They selected less difficult academic
tasks during a set of tests, but the percentages of correct responses were comparable to
those seen following a normal sleep night (Engle-Friedman et al. 2003).
Another study has been conducted on 82 children, 8 to 15 years of age. They were
assigned an optimised, 10-hour night of sleep, or a restricted 4-hour night of sleep.
Sleep restriction was associated with shorter daytime sleep latency, increased subjective
sleepiness, and increased sleepy and inattentive behaviors, but was not associated with
increased hyperactive-impulsive behavior or impaired performance on tests of response
inhibition and sustained attention (Fallone et al. 2001).
IV.III. Behavior, school and learning performances following repeated sleep deprivation
Although children appear to tolerate a single night of restricted sleep without a
decrement in performance on brief tasks, perhaps more prolonged restriction and
prolonged tasks similar to those required in school would show decrement. In addition,
as children seem to require more time to recuperate fully from nocturnal sleep restriction
than adults (Carskadon et al. 1981), with additional nights of partial sleep deprivation,
cumulative sleepiness might become a significant problem.
Empirical data that directly addresses the effects of repeated sleep loss on children’s
mood or cognitive function are sparse. A range of clinical and observational data support
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a general picture that inadequate sleep results in tiredness, difficulties with focussed
attention, low thresholds to express negative affects (irritability and easy frustration), as
well as difficulty in modulating impulses and emotions. In some cases, these symptoms
resemble attention deficit hyperactivity disorder.
At 3 years of age children with persistent sleep problems (n= 308) were more likely to
have behavior problems, especially tantrums and behavior management problems
(Zuckerman et al. 1987).
In a study on16 children with a mean age of 12+/- 4 years, suffering from chronic pain
due to juvenile rheumatoid arthritis and secondary poor sleep, polysomnographic
recordings showed more night-time poor sleep, longer afternoon naptime and more
Zuckerman, than normal values from the literature (Zamir et al. 1998).
In a school survey, among 9 to 12 year old children (n= 1000), those with poor sleep
(insomnia for more than 6 months) had poorer school performance, defined as failure to
comply with expected grades, than good sleepers. Their learning problems were
tentatively attributed to the long-term effect of poor sleep (Kahn et al. 1989).
A questionnaire administered on 4- to12 year-old children (n= 472) showed a relation
between sleep problems and tiredness during the day (Stein et al. 2001).
In 9 to 12 year-old children (n= 77), shortening sleep by one hour was associated with
reduced alertness and significant lowering of neurobehavioral functioning (Sadeh et al.
2003). In school-age children (n= 140) recorded at home with an actigraph, a significant
relation was shown between the presences of fragmented sleep, daytime sleepiness and
lower performance on neurobehavioral functioning evaluated by various performance
tests (Sadeh et al. 2000). These children also had higher rates of behavior problems, as
reported by their parents (Sadeh et al. 2002).
In Finland, children, aged 7 to 12 years (n= 49), were interviewed together with their
parents and schoolteachers and recorded for 72 h with a belt-worn activity monitor
during weekdays. The decreased amount of sleep was associated with symptoms, such
as aggressive and delinquent behavior, attention, social, and somatic problems. The
sleep findings were better associated with the teachers’ than the parents reports,
suggesting that parents may be unaware of their child’s sleep deficiencies as the
behavioral problems may be more evident at school than at home (Aronen et al. 2000).
A prospective long-term study on 2518 children conducted in Sweden, revealed that
within a subgroup of 27 children with severe and chronic sleep problems, 7 children
developed symptoms that met the criteria for attention-deficit/hyperactivity disorder by
the age of 5.5 years (Thunström, 2002). Compared to the other children with sleep
problems, these subjects had more frequent psychosocial problems in the family,
bedtime struggles and long sleep latency at bedtime.
A questionnaire population-based, cross-sectional survey has been conducted in
Massachusetts on 30195 children, aged 5 years (Gottlieb et al. 2003). Children
described by their parents with sleep-disordered breathing (snoring, noisy breathing,
apnea) were significantly more likely to have daytime sleepiness and problem behaviors,
including hyperactivity, inattention and aggressiveness (all with odds ratio > 2.0). These
problem behaviors were suggestive of attention-deficit/hyperactivity disorder.
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Similar findings were found in a group of 5 to 7 year-old children with periodic limb
movement disorder were studied polygraphically and their recording compared with
those of age-matched children with attention-deficit/hyperactivity disorder. Their
repeated sleep fragmentation resulting from the periodic limb movement disorder
favored the development of symptoms similar to those seen in the attentiondeficit/hyperactivity disorder (Crabtree et al. 2003).
IV.IV. Other health-related effects
IV.IV.1. Depression
Depressed children and adolescents exhibit less sleep continuity and Non-REM sleep
than control subjects (Emslie et al. 2001). Abnormal sleep studies were reported to
predict recurrence of depressive symptoms in children and adolescents (Emslie et al.
2001). Children with trouble sleeping had significantly increased odds of
anxiety/depression based on mothers’ reports; the association increased from 6 to 11
years of life (Johnson et al. 2000).
An unexpectedly high proportion of children between 14 and 17 years of age with poor
sleep have been shown to suffer of moderate to severe depression (Manni et al. 1997;
Ohayon et al. 1997; Vandeputte and de Weerd, 2003). A group of 4175 adolescents, 11
to 17 years of age, were followed-up for one year. The study showed that insomniac
adolescents developed impaired daytime functioning and depressive feelings (Roberts et
al. 2002).
It is not known, however, how sleep and mood disorders are associated in children. In a
study on the association between maternal depression and persistent sleep problems in
3 to 4 year-old children, the children’s and mother’s depressive symptoms appeared to
result from, rather than to cause the sleep problems (Lam et al. 2003).
In a longitudinal 4-year survey on 7960 adolescents, 12 to 18 years old, depressive
symptoms preceded the development of sleep problems (Patten et al. 2000). In 569
schoolchildren, with mean ages from 10 to 15 years, a strong association between the
report of physical pain, mental distress and sleep problems was found, however, the
complaints could represent simultaneous signs of a multi symptom syndrome
(Bruusgaard et al. 2000).
Among 490 children followed-up from age 4 to 15 years, a progressively increased
correlation was found between sleep problems and depression/anxiety. It was concluded
that if early sleep problems may forecast emotional problems, important developmental
change exist in the overlap between sleep problems and emotional problems (Gregory
and O’Connor, 2002). Available evidence thus appears to suggest that prolonged poor
sleep can cause or aggravate mood depression in children. The issue is, however,
complex as both sleep and mood problems are interrelated and may depend on a
common susceptibility.
IV.IV.2. Weight excess
In a questionnaire survey conducted in Japan on 8274 children, aged 6 to 7 years, there
was a significant dose-response relationship between short sleeping hours and
childhood obesity (Sekine et al. 2002). The association could reflect a relation between
short sleeping hours, increased sympathetic activity, elevated cortisol secretion and
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decreased glucose tolerance (Spiegel et al. 1999). No objective data are available,
however, to confirm such association. In addition, there are no data in the pediatric
literature to sustain the existence of sleep-related eating disorders, as seen in adult
patients with excessive eating habits secondary to sleep disorders (Schenck et al. 1991).
The relation between sleep loss and weight excess is complex. It was shown that if 1116 years old adolescents experienced less sleep than non-obese adolescents, sleep
disturbances influenced a decrease in physical activity level, but were not directly related
to obesity, but (Gupta et al. 2002). In a sleep study, we could show that overweight
infants have alterations in sleep stages and suffer from repeated upper airway
obstruction, that may aggravate poor sleep at night and increase daytime sleepiness
(Kahn et al. 1989,b). Likewise, rapid weight loss in adolescents with morbid obesity
induce a decrease in sleep abnormalities (Willi et al. 1998).
IV.IV.3.

Parasomnia

Parasomnia are sleep-wake transition disorders. Sleep debt elevates arousal thresholds
and could hence favor the development of parasomnia in children, such as sleepwalking,
sleep terrors or enuresis (Mehlenbeck et al. 2000).
IV.IV.4. Seizures
Sleep deprivation activates epileptic discharges independent of the activating effect of
sleep. Techniques to induce sleep restriction have been advocated for the identification
of seizure in children (Liamsuwan et al. 2000). However, the induction of sleep
deprivation in 8-year old children has been reported to be poorly accepted by both
parents and children, and the efficiency of the technique may be low (Wassmer et al.
1999).
IV.IV.5.

Cardiovascular changes

No data is available in children on the potential development of cardiovascular problems
secondary to prolonged poor sleep. It is not known whether chronically sleep-deprived
children develop hypertension or abnormal cardiac function because of secondary
autonomic changes. In 3 month-old infants deprived of two hours of sleep, an increase in
sympathetic control of the heart rate has been measured (Franco et al. 2003). One night
sleep deprivation in young men, aged 18 to 27 years, has been associated with
increases in both sympathetic activity and cortisol concentrations (Spiegel et al. 1999).
IV.IV.6.

The immune system

Little is known on the effects of sleep deprivation on the immune system in children.
Observations have associated the development of infections to sleep deficiency and
fatigue. In young volunteers, 24 hours sleep deprivation was associated with a
significant reduction in lymphocyte chemotaxis to chemotactic factors (Matsui et al.
1991). The findings were interpreted as showing that fatigue due to sleep deprivation
plays a major role in the susceptibility to acute infections.
IV.IV.7.
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Carbohydrate metabolism and endocrine function

Sleep deprivation in young men, aged 18 to 27 years, has been associated with elevated
cortisol and thyrotropin concentrations together with a decreased glucose tolerance
(Spiegel et al. 1999).
IV.IV.8.

Accidents

In a study including adolescents over 15 years and adults, twice as many subjects
operating a motor vehicle or using machine tools reported having a crash or accident in
the previous year, than did the general population with no daytime sleepiness (Ohayon
et al. 1997).
IV.IV.9

Medications, alcohol, cigarettes and drugs

Sleep deprivation and associated day-time fatigue could induce coping strategies that
include the use of short- and long-term use sleep-inducing drugs as well as of excitatory
substances, such as smoking or caffeine. These medications could induce unwanted
health effects.
In a survey of 9 to 12 year-old children (n= 972), conducted in Belgium, regular use of
sedative drugs was found in 4% of the 132 children who slept poorly (Kahn et al. 1989).
The same frequency of sleep promoting drugs use, including benzodiazepines, was
reported in a group of 17-year-old adolescents from Italy (Manni et al. et al. 1997).
In a survey on 13831 adolescents, an association was found between sleep problems
and use of illicit drugs (Johnson and Breslau, 2001). In another study including
adolescents over 15 years of age and adults, severe daytime sleepiness was associated
with high daily caffeine consumption (Ohayon et al. 1997).
The reasons for these associations remain unknown. Common factors could relate poor
sleep and the use of excitatory substances or nicotine. In a prospective survey on 12 to
18 year-old adolescents, cigarette smoking status showed a dose-response relationship
with the development of sleep problems (Patten et al. 2000). In this study, cigarette
smoking was strongly associated with children’s reports of anxiety/depression. In
another study on high school students, smoking habits was reported to induce or
aggravate sleep disturbance (Phillips and Danner, 1995). Further prospective studies
should be conducted to determine whether prolonged sleep deprivation favors the
consumption of cigarettes, alcohol or illicit drugs in adolescents.
IV.IV.10.

The Sudden infant Death syndrome

The ability to arouse from represents a survival response in life-threatening conditions,
such as airway obstruction during sleep (Bowes et al. 1980). Insufficient and incomplete
arousal responses have been shown in infants victims of the Sudden Infant Death
syndrome (Kato et al. 2003). Such failure to arouse could be enhanced by previous
sleep deprivation, as sleep-deprived infants have higher arousal thresholds during the
following sleep period (Franco et al. in press).
V . Conclusions (Table II).
Although short-term effects of sleep deprivation in school-age children appear to be
manifested by daytime fatigue only, medium-term effects have been associated with
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daytime sleepiness and problem behaviors suggestive of attention-deficit/hyperactivity
disorder.
Several limitations to the present report should be discussed. Firstly, we do not know
whether the inference that is often made that the effects of ambient stressors might
develop with a longer exposure time is correct. Serious cardiorespiratory or autonomic
changes, such as increases in blood pressure could only develop following long-time
exposure starting from childhood. This, in fact, has never been documented, nor has the
extent of inter-subject variability, due to differences in susceptibility.
Secondly, we have no information to evaluate whether adaptation to sleep deprivation
could limit its effects observed during short- and medium-term experiments.
Finally, as the existing research data are applicable to generally healthy children, we do
not know how the reported findings could be applied to ill children, children receiving
medical treatments or very young premature infants.
Despite these limitations, it can be concluded that, based on the available evidence,
repeated or chronic sleep disruption in children could be pervasive, effecting the
children’s physical, mood and cognitive well being. Changes in sleep quantity and quality
together with autonomic reactions are seen during exposure to ambient stressors during
sleep, reflecting modifications within the brain of the sleeping child. It remains, however,
to be determined what long-term effects pervasive ambient stressors have on the child’s
cognitive, mood and physical development.
The multifactor effects of environment on sleep and arousal controls could be much
more complex than expected. On might predict that the effects of sleep deprivation on
the child’s sleep and health depend upon the stressor responsible for the deprivation or
fragmentation of sleep, temporal aspects of the stressor, genetic predisposition,
psychological responses to the stressor, and the nature as well as the duration of the
evaluation.
VI.

Future research topics

Important aspects of the responses of sleeping children to environmental stressors and
the resulting sleep deprivation need further evaluation. Studies are particularly needed in
children to determine cause and effect relationships for most health effects associated
with sleep deprivation. Some of the potentials for further researches are summarized as
follows:
There is interest in the collection of experimental data on the effects of sleep
fragmentation and deprivation at different age groups (Wesensten et al. 1999).
Following preliminary observations in animal studies (Bowes et al. 1980), arousal
responses to laryngeal and respiratory stimuli should be studied following both sleep
fragmentation and deprivation.
The potential effects of sleep deprivation on children’s immune system should be
evaluated (Mullington and al. 1997).
The relation between sleep debt and carbohydrate metabolism and endocrine function
should be evaluated in children (Spiegel et al. 1999).
Arousal thresholds should be re-evaluated with the use of computer-based algorithms,
and techniques such as non-linear dynamics of the waking EEG (Jeong et al. 2001).
The determination of usual coping strategies, including the use of short- and long-term
use of sleep-inducing or excitatory drugs, should be studied in children.
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The evaluation of the long-term effects of sleep deprivation in children should be
conducted during adult life.
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TABLE I

Usual sleep duration according to age

AGE

Sleep

Authors

Duration

Fetus

30 wk

53% of time

Parmelee et al. 1967

40 wk

60%

Sterman and

Hoppenbrouwers, 1971
Infant

0-1 m

16-17 hParmelee et al. 1967

1.5 m

14-15 h

6 m

13-14 h

Child

1 year

14-45 h

Parmelee et al. 1967

2 years

13-14 h

Kohler et al. 1968

4 years

12-13 h

10 years

8-10 h

Adolescent

12 years

8- 9 h

18 years

7- 8 h

60

Carskadon et al. 1987

TABLE II

Effects of sleep deprivation in children

A) Effects of short term sleep deprivation
Behavioral

Daytime fatigue
Decreased performance and concentration, memory
difficulties
Difficult behaviors

Medical

Undetermined

Mortality

Increased risk (Sudden Infant Death syndrome) ?

B) Effects of repeated sleep deprivation
Behavioral

Difficulty in modulating impulses and emotions.
Poor performance at school, fatigue, memory difficulties,
concentration problems.
Increased risk of accidents ?

Psychiatric

Depression, anxiety conditions ?
Aggressive and delinquent behavior ?
Attention-deficit/hyperactivity disorder ?
Alcohol, smoking, caffeine and other substance abuse ?

Medical

Increases in sleep disorders (parasomnia)
Increased risk of obesity ?
Changes in carbohydrate metabolism ?
Changes in immune system ?

Mortality

Increased risk (Sudden Infant Death syndrome) ?
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Summary

According to the Diagnostic and Statistical Manual of Mental Disorders (1) there are four
categories of sleep disorders, primary sleep disorders including dyssomnias and
parasomnias ; sleep disorders related to another mental disorder including insomnia and
hypersomnia related to another mental disorder ; and other sleep disorders including
sleep disorders due to a general medical condition or a substance induced sleep
disorder. The current presentation focuses on five distinct sleep disorders, all listed in
the category of dyssomnias and all presenting with repeated interruptions of sleep,
namely primary insomnia, narcolepsy, breathing related sleep disorders, environmental
sleep disorder and periodic leg movement sleep disorder (PLMD). All these disorders
belong to the category of dyssomnias. Definition, prevalence, clinical features, diagnostic
tests are briefly outlined while biological mechanisms by which these sleep disorders
may affect health of patients
are more thorougly considered. Importance of
environmental factors differs widely according to these disorders
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Introduction
According to the Diagnostic and Statistical Manual of Mental Disorders (1) there are four
categories of sleep disorders, primary sleep disorders including dyssomnias and
parasomnias ; sleep disorders related to another mental disorder including insomnia and
hypersomnia related to another mental disorder ; and other sleep disorders including
sleep disorders due to a general medical condition or a substance induced sleep
disorder. The current presentation focuses on five distinct sleep disorders, all listed in
the category of dyssomnias and all presenting with repeated interruptions of sleep,
namely primary insomnia, narcolepsy, breathing related sleep disorders, environmental
sleep disorder and periodic leg movement sleep disorder (PLMD), with the emphasis put
on the biological mechanisms through which sleep disorders affect the health of adults.
The ultimate goal of the presentation is to make noise specialists familiar with the inner
mechanisms of various sleep disorders, with the hope that they shed some light on the
mechanisms by which night noise may impact on adult health.
Primary insomnia
Definition
Primary insomnia is characterized by a complaint of difficulty falling asleep or
maintaining sleep or of non restorative sleep, which is responsible for an alteration of
social and other domains of functioning. The alteration of sleep does not exclusively
occur in the context of another sleep disorder, a psychiatric disorder or the intake of a
substance (1).
Prevalence
In sleep disorders centers about 15 to 25% of subjects complaining of chronic insomnia
insomniacs receive a diagnosis of primary insomnia (1)
Clinical features
Individuals presenting with primary insomnia often complain of difficulties initiating sleep
or maintaining sleep. Less often they may only complain of non restorative sleep, that is
agitated, light or poor sleep. Primary insomnia develops as a consequence of two
mutually reinforcing factors : somatized tension and learned sleep-preventing
associations.
Individuals with primary insomnia typically react to stress with somatized tension and
agitation. Learned sleep-preventing associations can be due either to internal cognitions
or to external stimuli. Learned internal associations consit mainly of a marked
overconcern with the inability to sleep. A vicious cercle then develops : the more one
strives to sleep, the more agitated one becomes, and the less, then, one is able to fall
asleep. Patients in whom this internal factor (trying too hard to sleep) is a driving force
for insomnia often find that they fall asleep easily when not trying to do so, e.g. while
watching television, reading, or driving. Conditioned external factors causing insomnia
often develop from the continued association of sleeplessness with situations and
behaviors that are related to sleep. Thus , just lying in a bedroom in which one has
frequently spent sleepless nights may cause conditioned arousal, as may behaviors that
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lead up to frustration of not sleeping, such as brushing teeth or turning off the bedroom
lights. Patients with externally conditioned arousal often report that they sleep better
away from their own bedroom and away from their usual routines, e.g. in a motel, on the
living room couch, or in the sleep laboratory.
Laboratory tests
The effective management of insomnia requires a comprehensive evaluation of its
nature including a thorough clinical interview, and different diagnostic aids (table 1)
chosen according to the clinical context
Table 1
Sleep diary monitoring is of special interest in initiating and following a behavioral
cognitive treatment. The various questionnaires on sleep are helpful in precising the type
and severity of insomnia. Psychological tests are relevant to exclude insomnia
associated with mental disorder. The Horne and Östberg questionnaire is useful when a
circadian rhythm sleep disorder is suspected. Actigraphy is a simple and objective
method to assess the rest-activity dimension. Polysomnography (ambulatory or in lab)
allows conventional analysis of sleep continuity and architecture ; analysis of
physiological features during sleep, e.g. respiration, heart rate, body temperature, etc..) ;
analysis of the microstructure of sleep (spindles and K complexes, rapid eye
movements, cycling alternating pattern) ; and EEG spectral analysis. Typically
polysomnography reveals impairment of sleep continuity (longer sleep latency, more
time awake after sleep onset, decreased sleep efficiency) and architecture (more time in
stage 1 sleep, less time in stages 3-4 sleep) parameters.
Pathophysiology
A widely accepted etiological theory regarding primary insomnia attributes the condition
to a special confluence of endogenous predisposing characteristics, sleep disrupting
precipitating events and perpetuating behaviours or circumstances (10)
a) Endogenous predisposing characteristics
Endogenous predisposing characteristics correspond to hyperarousal. Hyperarousal
depends on physiological, cognitive and psychological factors, the respective part of
each of these factors being highly variable.
- Physiological factors
Heightened autonomic arousal is characterized by faster heart rate ; more elevated
frontalis muscle tension ; greater electrodermal conductance either during the presleep
period, during sleep, or following nocturnal awakenings ; higher temperature both during
the day and at night (11); no more tendency to sleep than normal controls on the
multiple sleep latency test (12).
Increased hypothalamic pituitary adrenal activity includes both significantly increased
evening and nocturnal plasma cortisol concentration and a reduced duration of the
« quiescent period » of the circadian cortisol rhythm, and a strong positive partial
correlation between the evening cortisol secretion expressed as area-under-the curve
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and the number of nocturnal awakenings in patients with primary insomnia (13).
Immune alterations consisting in lower levels of CD3+, CD4+ and CD8+ cells in
insomnia subjects as compared with controls have been reported (14).
Excess of cyclic alternating pattern (CAP) rate is another feature of hyperarousal.
During NREM sleep it is possible to identify two complementary conditions of arousal
stability (NCAP) and arousal unstability (CAP). Unstable sleep, which can be detected in
all stages, is expressed by the recurrence of arousal complexes (K-complexes
associated with spindles, alpha-like activity, delta bursts) which translate a brief (1015sec) activation of sleeping brain (CAP), and stable sleep by the background rhythm
peculiar to the sleep stage (NCPAP) (15).
Alteration of the homeostatic process of sleep is twofold. NREM sleep power, for all
frequencies below the beta range, has slower rise rates and reaches lower levels in the
insomniac group, whereas beta power is significantly increased. In REM sleep,
insomniacs show lower levels in the delta and theta bands, whereas power in the faster
frequency bands is significantly increased (16). Thus the pathophysiology of insomnia is
characterized not only by the generally acknowledged slow wave deficiency, but also by
an hyperarousal of the central nervous system throughout the night, affecting both
NREM and REM sleep.
- Cognitive factors
They are expressed in terms of worry, racing mind, rumination, intrusive thoughts,
planning, analysing, or difficulty in controlling exciting thoughts. A survey of causal
attribution of insomnia among self-defined poor sleepers indicates that cognitive arousal
is blamed 10 times more frequently (55%) than somatic arousal (5%) as its main
determinant. Over one-third (35%) of the subjects claim that both types of arousal are
important factors, while 5% endorse neither component (17)
- Psychological factors
They are reflected in elevated measures of anxiety, dysphoria, worry, somatized tension
or neuroticism in general (18-20). In turn, this psychological make up may heighten the
affective response of insomniacs to poor sleep (21) and trigger dysfunctional sleep
cognitions. Moreover subjects with primary insomnia are more emotionally reactive to
stressors and may take longer to recover from exposure to such events (22)
However there have been no prospective studies on the premorbid characteristics of
persons at risk for the development of chronic insomnia. Thus most of the predisposing
factors reviewed so far remain hypothetical, because they are based on retrospective
and correlational evidence
b) Precipitating factors
Stress is the most common precipitating factor of insomnia. Personal losses through
separation, divorce, or the death of a loved one are those most often associated with the
onset of insomnia. Family-, health-, and work-related stressors naturally lead to
sleepless nights. Chronic stress on the job or long-term conflicts with family members
may not only trigger sleep problems but also exacerbate them.
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c) Perpetuating factors
The most salient conditions maintaining insomnia consist of maladaptive sleep habits
and dysfunctional cognitions about sleep loss and its impact on a person’s life. Among
the former are hypnotic use, excessive amounts of time spent in bed, irregular sleep
schedule, napping, and among the latter, worry over sleep loss, rumination over daytime
deficits, performance anxiety, fear of losing control, learned helplessness.
Narcolepsy - cataplexy
Definition
Narcolepsy-cataplexy is a chronic debilitating sleep disorder characterized by two major
symptoms, excessive daytime sleepiness and cataplexy, and three so-called auxiliary
symptoms, hypnagogic hallucinations, sleep paralysis and disturbed nocturnal sleep
Epidemiology
According to recent surveys based on both questionnaires ans polysomnography the
prevalence of narcolepsy-cataplexy ranges between 0.026% (23) and 0.035% (24) in
Western countries
Clinical features
Excessive daytime sleepiness occurs daily, recurring periodically at intervals that vary
from patient to patient. At times excessive daytime sleepiness can be overcome, but it
often builds up into irresistible sleep episodes which are of variable duration depending
on the situation of the subject. Irresistible sleep episodes have a refreshing value that is
of considerable diagnostic value. Excessive sleepiness can also lead to automatic
behaviour. Memory problems are often reported but neuropsychological testing is
generally normal.
Cataplexy is distinct from excessive sleepiness. It is pathognomonic of narcolepsy. It
consists in a sudden loss of muscle tone, with preserved consciousness, triggered by
emotional factors, most often positive, such as laughter, and less frequently negative,
such as anger. All striated muscles may be affected, except the extraocular and
respiratory musculature. Cataplectic attacks may be complete, leading to a fall. More
often however, they are partial affecting facial muscles, or the neck or the upper or lower
limbs. Attacks are short-lived lasting from a split second to several minutes.
The other symptoms are designed as auxiliary since they are not mandatory for the
diagnosis. Hypnagogic hallucinations are mental imagery in the transition from
wakefulness to sleep. Visual imagery is predominant but auditory, kinesthetic and tactile
components can be encountered. The content of the hallucination is rarely pleasant. It
can even be frightening. Sleep paralysis is an inability to move the limbs, the head, also
in the transition from wakefulness to sleep. It is a frightening or even terrifying
experience when it first occurs. In comparison with similar phenomena in normal
subjects, those in narcoleptics are more frequent, of longer duration and more vivid.
Nocturnal sleep is usually disrupted. Typically narcoleptics fall asleep almost instantly
when they go to bed, but their sleep is afterward interrupted by repeated awakenings.
Parasomnias such as nightmares and REM sleep behaviour disorders are frequent.
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Laboratory tests
Narcolepsy-cataplexy can be diagnosed on purely clinical grounds but additional tests
are useful to confirm the diagnosis prior to establishing life long treatment .
On all-night polysomnography, a sleep-onset REM period (REM appearing within 20
minutes after sleep onset) is a highly specific finding. Sleep is often of poor quality with
frequent awakenings, more stage 1 sleep, less stages 3 and 4, fragmentation of REM
sleep, presence of dissociated sleep (25). Daytime polysomnography, e.g. the multiple
sleep latency test, provides an objective measure of excessive sleepiness and
demonstrates the presence of sleep-onset REM periods (SOREMPs). Sleep latencies of
less than 10 minutes, characteristically below 5 minutes, and two or more SOREMPs are
found in most narcoleptic patients.
HLA typing almost always shows the presence of HLA DQB1*0602 (and DR2 or
DRB1*1501) in Caucasians and Asians.
Measuring CSF hypocretin-1, also called orexin A, is higly specific and sensitive to
diagnose narcolepsy-cataplexy. Values below 110 pg/ml are highly specific. However up
to 10% of patients with narcolepsy-cataplexy have normal CSF hypocretin-1. Thus a
negative CSF test does not exclude narcolepsy-cataplexy.
Pathophysiology
Much of the knowledge in this area has been obtained from the naturally occurring
animal model : canine narcolepsy (26-27). Indeed the narcoleptic dog model has a
remarkable ressemblance to the human disease including cataplexy. A huge amount of
neuropharmacological data has been derived using the canine model, as described in
the landmark review of Nishino and Mignot (28). Excessive daytime sleepiness in
narcolepsy is primarily caused by a hypoactivity of the dopaminergic system. Indeed,
most stimulant medications act by increasing dopaminergic tone. Cataplexy is caused by
an imbalance between pontine aminergic and cholinergic systems. Cataplexy is
aggravated by cholinergic activation and/or deactivation of monoaminergic, particularly
adrenergic systems. Conversely, the alpha-1 adrenergic blocker prazosine, used as an
antihypertensive agent, severely worsens cataplexy.
A genetic predisposition for narcolepsy-cataplexy has been known for a long time.
Starting in the 1940s, several studies investigated the familial aspect of patients’
populations. Using standard diagnostic criteria, more recent studies have calculated the
proportion of index cases presenting with a family history of narcolepsy-cataplexy (2932). These studies showed a rate of 5 to 10%.
In 1984 a 100% association with the serologically determined HLA subtype DR2 was
reported in Japan (33), an association later confirmed in Europe and North America.
However several DR2-negative cases were later reported, suggesting the existence of
other predisposing genes.
As most autoimmune disorders are linked to specific HLA haplotypes, narcolepsycatapexy was hypothesized to be an autoimmune disease as well. However no direct
evidence for an autoimmune process has been identified so far in spite of extensive
studies looking for general markers of immune activation (34)
Later on high-resolution DNA-based mapping of this HLA region identified the strongest
association with the subtype DQB1*0602 (35). However approximately 25% of familial
cases are negative for HLA DQB1*0602 (36) supporting the existence of one or more
genes with high penetrance, not associated with HLA.
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In certain breeds of dogs (Labrador retrievers, Doberman pinschers) narcolepsycataplexy is transmitted as an autosomal trait with complete penetrance, whereas in
other breeds ( Poodles, Beagles) it is polygenic and/or determined by environmental
factors (37). In 1999 a positional cloning strategy led to the discovery of a mutation in the
gene that codes for the hypocretin type 2 receptor, a receptor coupled to a G protein
which has a high affinity for the hypocretin neuropeptides 1 and 2 (38). These
neuropeptides had been identified shortly before (39).
Hypocretins 1 and 2 are produced exclusively by a well defined group of neurons
localized in the lateral hypothalamus. These neurons project to the olfactory bulb,
cerebral cortex, thalamus, hypothalamus and brain stem particularly to the locus
coeruleus, raphe nucleus and bulbar reticular formation (40). Meanwhile endogenous
ligands of two orphan receptors with homologous structures had been identified and
called orexins A and B given their stimulating effects on appetite (41). These peptides
turned out to be the same as those identified previously and named hypocretins. Only
two weeks after the gene for canine narcolepsy was found, a second paper indicated
that a null mutation, induced by a targeted modification of the orexin gene of the mouse
(orexin knockout mouse) led to an autosomal recessive phenotype with characteristics
reminiscent of narcolepsy-cataplexy (brief episodes of behavioral arrests and
SOREMPs) (42). Based on these two studies it became clear that hypocretins (orexins)
and one of their receptors, type 2 receptor, are implicated in the etiology of canine
narcolepsy.
After the discovery of the mutation of the gene coding for the hypocretin-2 receptor in
narcoleptic dogs, several studies were conducted in the hypocretin system in human
narcolepsy-narcolepsy.
Systematic screening of mutations in hypocretin system were conducted in patients with
narcolepsy-cataplexy and SOREMPs. Up to date, only one study revealed a mutation of
the gene coding for hypocretin. This mutation was found in a case of atypical
narcolepsy-cataplexy with an early age of onset and no association with HLA
DQB1*0602 (43). On the other hand a marked reduction of hypocretin-1 was found in
the CSF of narcoleptic patients suggesting a loss of peptides in the brain of narcoleptic
subjects (44-45)
Genetic factors are of definite importance in narcolepsy-cataplexy. However studies in
monozygotic twins suggest the importance of environmental factors in triggering the
disease. Indeed of 16 pairs of identified monozygotic twins, only 4 or 5 are concordant
for narcolepsy (46). A certain number of environmental factors are suspected from case
reports but have never been genuinely proven to be involved in the triggering of
narcolepsy-narcolepsy. Among the most commonly evoked triggers have been a severe
psychological stress, an abrupt change in the sleep-wakefulness schedule, a head
trauma, a viral illness (47)
Sleep disordered breathing (SDB)
Definition
SDB consists mainly in obstructive sleep apnea/hypopnea syndrome (OSAHS) which is
characterized by recurrent episodes of complete (apnea) or partial (hypopnea) upper
airway occlusion during sleep, associated with day and nighttime symptoms, and in
upper airway resistance syndrome (UARS) which is characterized by sequences of
breaths involving an increasing respiratory effort leading to an arousal from sleep, which
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do not meet criteria for apneas or hypopneas and which are associated with clinical
manifestations very close to those of sleep apneas/hypopneas.
Prevalence
According to Young et al (48) an apnea/hypopnea index (AHI) > 15 is found in 9% of
men and 4% of women, and a AHI > 5 associated with excessive daytiime sleepiness in
4% of men and 2% of women. According to Bixler et al. (49) an AHI > 10 associated with
daytime symptoms is found in 3.3% of men, with a peak in the age range 45 to 64 years.
An evaluation of the prevalence of UARS is not available,
Clinical features
Symptoms of OSAHS include nightime and daytime symptoms. Snoring is loud and
long-standing, interrupted by respiratory pauses. Nocturnal polyuria is frequent. Other
nocturnal symptoms include sudation, agitation, and fatigue and/or headache on
awakening. Daytime symptoms include excessive daytime sleepiness, irritability,
negligence, cognitive impairment, sexual problems in the form of reduced libido and
impotence. The clinical symptoms of UARS overlap widely with those of the OSAHS,
except for apneas and hypopneas
Laboratory tests
Polysomnography analyses ventilation as well as sleep continuity and architecture.
During central or diaphragmatic apneas ventilatory effort is interrupted, whereas it
persists during obstructive apneas. Mixed apneas begin as a central apnea and end as
an obstructive apnea. UARS is defined by a pattern of progressively more negative
oesophageal pressure terminated by a sudden change in pressure to a less negative
level and an arousal. Sleep architecture is impaired, essentially composed of light NREM
sleep. When arousals are counted irrespective of their duration, they can often number
several hundreds in the course of the night. However the arousals are not usually
perceived by patients, who do not habitually complain of difficulty maintaining sleep but
of non restorative sleep.
The ear, nose and throat (ENT) examination focuses first on the upper oropharynx,
commonly referred to as the velo-pharynx, which is where most snoring occurs, and then
on the lower part of the oropharynx also referred to as the retrobasilingual pharynx, and
finally, on the rhinopharyngeal and laryngeal sectors. In addition fiberoptic investigation
and pharyngeal imaging, including computed tomography (CT scan) and/or
cephalometric radiography are performed in the case of either prosthetic or surgical
treatment orientation.
Pathophysiology of OSAHs and UARS
Upper airways behave as a Starling’s resistance with a collapsible tube corresponding to
the pharynx, set between two rigid segments, the nasal fossa upstream and the
tracheobronchial tree downstream. According to Poiseuille’s law, the flow is
proportionate to the pressure difference between the extremities of the tube divided by
the resistance of the system. Upstream pressure is equal to atmosphere pressure ;
downstream pressure, which is variable, is generated by the activity of the inspiratory
muscles ; it is best evaluated by measuring oesophageal pressure, reflecting pleural
pressure. Airflow resistance depends on two factors : the negative intrathoracic pressure
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(collapse force) and the pharyngeal compliance (the capacity of the pharyngeal wall to
collapse under this negative pressure), which depends on the tonicity of the pharyngeal
tissues on the one hand and on the activity of the dilatory muscles on the other hand.
Thus the intrathoracic pressure intervenes in two different ways in the airflow generated
during inspiration : on one hand it represents the generating motor force of this flow ; on
the other, it is also the force which will cause the pharynx to collapse and thus create a
resistance to the passage of air.
If pharyngeal compliance is weak, the increase in respiratory pressure in response to
increased resistance will not result in any change to ventilatory flow and, if the arousal
threshold is high, the system will remain stable. Conversely, if the arousal threshold is
low, the increase in respiratory effort will result in a micro-arousal, a sudden drop in
upper airway resistance and a short increase in flow despite reduced respiratory effort. If
pharyngeal compliance is high, the increase in respiratory effort will lead to enhance
resistance, such that inspiratory flow is no longer maintained despite (and because of)
the increase in respiratory effort. If the decrease in flow is weak, we are again in the
framework of UARS ; if the decrease in flow is greater hypopnea occurs. If pharyngeal
compliance is very high pharyngeal collapse will be complete, resistance is infinite, the
flow is zero, and obstructive apnea occurs.
Three types of factors are involved in the occurrence of this pharyngeal collapse :
- anatomical factors : narrowing of the oropharynx or of the hypopharynx
- mechanical factors : alterations of soft tissues consecutive to the repeated
microtraumatism of snoring
- neurological factors, as a failure of the command of pharyngeal muscles
In addition coexistent medical or lifestyle issues, which can be considered as
environmental factors may promote upper airway dysfunction. Among these factors are
obesity, sleep deprivation, variability in sleeping position, tobacco use, pharmacological
agents, alcohol intake and hypothyroidism
Pathophysiology of consequences
a) Excessive daytime sleepiness
Correlational evidence suggests a relation between sleep fragmentation and daytime
sleepiness.
Fragmentation, as indexed by the number of brief EEG arousals, number of shifts from
other sleep stages to stage 1 sleep or wakefulness, and the percentage of stage 1 sleep,
correlates with excessive daytime sleepiness in various patient groups (50). Patients
with OSAHS, who are significantly treated by surgery (reduction of the number of
apneas/hypopneas) show a reduced frequency of arousals from sleep as well as
reduced levels of sleepiness, whereas those who do not benefit from the surgery
(apneas remain) show no decrease in arousals or sleepiness, despite improved sleeping
oxygenation (51). Similarly, continuous positive airway pressure (CPAP) by providing a
pneumatic airway splint, reduces breathing-disturbances and consequent arousals from
sleep, and reverse excessive daytime sleepiness (52)
b) Hypertension
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Each of the partial or complete interruptions of airflow characterizing the OSAHS
fragments sleep and involves a substantial transient post-apneic rise in blood pressure
(53). Moreover the repetition of respiratory events over a period of several weeks in a
canine model is able to induce permanent hypertension (54).
Several epidemiologic studies have confirmed a role of apneas/hypopneas in the
development of hypertension in humans. The US National Sleep Heart Study has
established a relative risk between 1,37 and 2.27 for an apnea/hypopnea index greater
than 30/h (55). Of even more interest are the results of the analysis of data on sleepdisordered breathing, blood pressure, habitus, and health history at baseline and after
four years of follow-up, in 709 participants of the Wisconsin Sleep Cohort Study (and
after eight years of follow-up in the case of 184 of these participants) revealing a risk of
1.42 for an apnea/hypopnea index between 5 and 15 and a risk of 2.89 for an
apnea/hypopnea index between 5 and 15, after adjustment for baseline hypertension
status, body-mass index, neck and waist circumference, age, sex, and weekly use of
alcohol and cigarettes (56). Whether or not OSAHS constitutes an independent risk
factor is a debated issue. According to the Oxford group, an independent risk factor
between OSAHS and diurnal blood pressure does exist. However its amplitude and
clinical significance have still to be established (57).
c) Coronary heart disease
An association between OSAHS and coronary heart disease has been suggested by
several studies (58-60). These studies, however, were criticized because they did not
properly adjust for all important confounding factors. According to the Wisconsin study
(n=1206) the prevalence of coronary heart disease increases with the AHI (61). After
adjusting for sex, age and body mass index the relative risk is 1.2 for an AHI of 2 to 15,
1.5 for an AHI of 15 to 30 and 3 for an AHI > 30. In the Sleep and Heart Heath Study
(n=6424), the relative risk of hypertension increases with AHI, but the relative risk of
coronary heart disease, which appears for rather modest AHI (1.28 for an AHI of 5 to
11 ; 1.42 for an AHI > 11), remains stable beyond this limit after adjusting for age, ethnic
group, sex, tobacco, arterial hypertension, diabetes mellitus and total cholesterol (62).
However in a case-control study matching for age, sex and body mass index (BMI), and
additionally adjusting for hypertension, hypercholesterolemia, diabetes mellitus and
current smoking, a univariate logistic regression analysis showed that current smoking,
diabetes mellitus, and OSAHS, but not hypertension and hypercholesterolaemia were
significantly correlated with coronary artery disease, and in the same study, using a
multiple logistic regression model, current smoking, diabetes mellitus and OSAHS all
remained independently associated with coronary artery disease (63).
d) Stroke
A close relationship between sleep-disordered breathing (SDB) and stroke has been
recognised, and data are accumulating supporting the hypothesis that SDB may play an
important role in the pathophysiology of stroke and its evolution. A large cross-sectional
study (62) confirmed the association of SDB, not only with coronary heart disease but
also with stroke. Several publications suggest that SDB may increase stroke through
various mechanisms
including blood pressure swings, endothelial dysfunctions,
prothrombotic coagulation shifts, pro-inflammatory state, increased platelet aggregation
and atherosclerosis.
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However it is not yet clear whether patients with polysomnographically proven SDB have
an elevated cerebrovascular morbidity that is independent of the associated vascular
risk profile (64)
e) Cognitive impairment
Numerous studies have assessed a wide range of cognitive deficits associated with
OSAHS. Although these studies have used different neurophysiological tests and
different patient populations, various degrees of impairment of selective attention
(concentration), sustained attention (vigilance), short and long term memory, and
executive functions, have been evidenced (65) . It is very likely that both sleep
fragmentation and hypoxemia play a role in these deficits. However it is still difficult to
determine the respective contributions of these two factors

Environmental sleep disorder
Definition
Environmental sleep disorder is a sleep disturbance due to a disturbing environmental
factor that causes a complaint of either insomnia or excessive sleepiness.
Prevalence
Although the prevalence of environmental sleep disorder is not known, transient sleep
disturbances of this nature are likely to be very common. The percentage of the general
population with chronic environment-induced sleep disorders has not been determined.
Clinical features
Environmental sleep disorder caused by sleeping in unfamiliar surroundings tends to
affect subjects who are used to strict bedtime routines.
Among the measurable physical factors likely to lead to insomnia, noise has undoubtedly
been the most frequent subject of study. With weak noise stimulation minimal alterations
can be detected in polygraphic recording, such as the appearance of isolated K
complexes, short bursts of alpha waves or the momentary disappearance of delta
waves. At one stage higher « transient activation phases » are seen in sleep with the
return of alpha rhythms for periods of several seconds, which are insufficient to score the
epoch as wakefulness (66-67). At a still higher level, noise alters sleep with the
introduction of increased movements, arousals and changes in sleep stages (68-69).
The amount of time awake and in stage 1 increases, while the amount of NREM sleep
and REM sleep may be reduced. Sensitivity to noise varies widely from one individual to
another, in terms of intensity as well as significance. Some mothers will wake at the
slightest whimper from their child yet sleep throug a storm.
Inadequate temperature, e.g. too low or too high, is also likely to disturb sleep. The
amount of time awake and in stage 1 increases while the amont of REM sleep
diminishes (70). The cold is more harmful to sleep than is the heat.
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Laboratory tests
Diagnosis of environmental sleep disorder does not rely on laboratory tests, but on
interviewing the subject
Pathophysiology
Environmental sleep disorder is a sleep disturbance due to a disturbing environmental
factor that causes a complaint of either insomnia or excessive daytime sleepiness.
Residence near a busy airport or highway, a sleeping environment that is poorly heated
in cold seasons of the year or inadequately air conditioned in warm months, a
bedpartner who snores or is restless, and responsibility for a newborn infant or an invalid
are all predisposing factors for environmental sleep disorder with insomnia. Routine and
monotonous vocations, social isolation, and physical confinement are predisposing
factors for environmental sleep disorder with excessive sleepiness. Hospitalization that
results in imposed abnormal sleep-wake schedules or discomfort may contribute to
environmental sleep disorder. However the sensitivity of the patient to such
environmental sleep disturbances is often more critical than the level of noxious
stimulation.

Periodic limb movement disorder (PLMD)
Definition
PLMD consists in periodic episodes of repetitive and highly stereotyped limb movements
that occur during sleep. It is most often preceded by restless legs syndrome (RLS) which
occurs during wakefulness, particularly at bedtime, and is characterized by an irresistible
urge to move the legs, associated with paresthesias, at least partially relieved by
movement especially by walking
Prevalence
The prevalence of PLMD increases substantially with age. It is estimated that 5% of
normal subjects in between 30 and 50 years of age have a pathological index of PLMs
with polysomnography, while this percentage may increase to almost 30% in subjects of
over 50 years of age and 44% for those over 65 years (71)
Clinical features
Periodic leg movements (PLMs) take the form of periodic extension of the big toe and
dorsiflexion of the foot, occasionally with flexion of the knee and hip. Movements usually
last a few seconds, occur periodically, roughly every 30 seconds, and are more
numerous during the first half of the night.
Laboratory tests
These movements are characterized by a sustained contraction or a polyphasic burst. A
movement index of more than 5 per hour of sleep is considered pathological. They are
often associated with arousals, although some patients present a large number of PLMs
with no arousals or substantial modification of the general architecture of sleep. PLMD
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patients may complain of frequent nocturnal awakenings, unrefreshing sleep or
excessive daytime sleepiness.
The phenomenon may appear in normal subjects, but it is often associated with a wide
variety of sleep disorders such as insomnia, narcolepsy, OSAHS.
Pathophysiology
From a neurophysiological point of view the periodic nature of nocturnal leg movements
suggests the presence of a rhythmic generator in the central nervous system. Studies
carried out on cats and humans , either asleep or in a coma, have helped to reveal the
regular variations in blood pressure, heart beat, respiration rate, intraventricular pressure
and EEG during the course of sleep. The mean variation period is comparable to that of
the PLMs, varying from 20 to 60 seconds. Moreover, in RLS patients with PLMs, periodic
arousals persist during the night after the suppression
of movements by
pharmacological treatment (72). These results suggest that the periodic arousals may
not be secondary to movements but, on the contrary, directly involved in the
mechanisms responsible for their occurrence.
From a neurochemical point of view, there is substantial evidence to suggest that
dopamine is implicated in the pathophysiology of RLS and PLMs. First of all, L-dopa,
which predominantly increases concentrations of dopamine, and bromocriptine, a D-2
receptor agonist, inhibit both RLS and PLMs (73). Furthermore, PLMs are worsened by
administering pimozide, a D2 receptor antagonist (74). In addition a recent study using
PET functional imagery showed that in 13 patients presenting RLS, the link to D2
receptors was significantly reduced in the striatum (75). These results suggest that RLS
and PLMs are caused by a reduced dopamine transmission.

Conclusion
In the framework of this conference it is certainly relevant to raise the question of
whether or not any of these disorders may serve as a model or at least may shed some
light on the issue of sleep disorders caused by noise
Concerning primary insomnia it has been shown that the pathophysiology of the disorder
is considered to be based on the confluence of predisposing, precipitating and
perpetuating factors. Along this line, in a predisposed subject, noise may certainly act as
a triggering factor.
Narcolepsy-cataplexy is most often remarkable for sleep fragmentation. However, in
contrast to the obstructive apnea/hypopnea syndrome there is no correlation between
sleep fragmentation and excessive daytime sleepiness (76). Moreover the
pathophysiology of narcolepsy is based on an imbalance between acetylcholine and
monomaines and on an impairment of the hypocretin system, which are not found in
noise induced insomnia
A polysomnographic feature of OSAHS and UARS, consists in recurrent arousals and
awakenings. Interestingly, most of subjects with these conditions do not complain of
poor sleep, but of non-restorative sleep, fatigue and/or headache on morning
awakening, and excessive daytime sleepiness. These clinical features are certainly an
incentive to look for morning symptoms and excessive daytime sleepiness in subjects
submitted to an abnormal level of noise.
Environmental sleep disorder has noise as one of its possible sources, may be the most
important one. Two issues have been emphasized. First, environmental disorder does
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not refer only to insomnia but also to excessive sleepiness, so that the possiblity of
excessive daytime sleepiness in subjects undergoing a noisy environment must be kept
in mind. Second, vulnerability to either insomnia or hypersomnia, must be considered in
subjects at risk for environmental sleep disorder.
Finally arousals and awakenings are a polysomnographic feature of periodc limb
movement disorder. However PLMs do not seem to be the cause of arousals and
awakenings. On the other hand PLMs and arousals / awakenings may depend on a
common mechanism.
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Table I
Diagnostic aids for the investigation of chronic insomnia
Sleep diary monitoring
Sleep questionnaires
-

Sleep impairment index (2)
Beliefs and attitudes about sleep scale (3)
Pittsburg sleep quality index (4)
Leeds sleep evaluation questionnaire (5)

Psychological tests
-

The Beck Depression Inventory (6)
The Spielberger State-Trait Anxiety Scale (7)
The Mini International Neuropsychiaric Interview (M.I.N.I.) (8)

Questionnaire used in the evaluation of circadian rhythm sleep disorder
-

The Horne and Östberg Questionnaire (9)

Actigraphy
Polysomnography
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1. Summary
Main sleep disorders in children include intrinsic and extrinsic sleep disorders as well as
parasomnias. Intrinsic sleep disorders comprise disorders like the obstructive sleep
apnea syndrome that can affect the health of children in the form of somatic disorders,
e.g. cardiovascular or respiratory problems. Predominantly, extrinsic sleep disorders
occur during childhood. Inadequate sleep hygiene, environmental sleep disorder,
adjustment sleep disorder, limit-setting sleep disorder, and sleep-onset association
disorder belong to this category. Extrinsic sleep disorders are strongly associated with
behavior problems like hyperactivity or psychological symptoms. Parasomnias,
especially nightmares, can also be associated with psychological problems. Due to sleep
disorders, many children are unrefreshed in the morning and present with daytime
sleepiness. Up to 35% of elementary school children present with sleep onset problems
and 21% of this group have problems to sleep through the night. Usually, several sleep
disorders can be diagnoesed in one child. Educational efforts to make the children used
to regular bedtimes and wake times from early on could be helpful for a normal sleepwake-rhythm. Environmental factors, like noise disturbances, can influence children’s
sleep. 15% of elementary school children complain about noise disturbances during
sleep. The main source of noise is the road traffic noise. Noise disturbances are one
cause of sleep disorder-dependent health risks. Too little is known about the connection
between noise disturbances during children’s sleep and their sequelae. Direct effects of
noise-induced sleep disturbances on health must be considered as well as later
developmental problems that may occur during adulthood. Therefore, further studies are
necessary in order to establish specific prevention programs for children.
2. Introduction
Sleep disorders in children are classified according to several classifications. The most
subtly differentiated classification is the International Classification of Sleep
Disorders (ICSD). This classification was produced primarily for diagnostic and
epidemiological purposes in pediatric and adult sleep medicine. The ICSD consists of 84
disorders, round about half of them can be applied to infants and children. Diagnostic
criteria have been developed to aid in the diagnosis of a particular disorder. Insofar,
criteria like sleepiness and insomnia are clearly defined. The ICSD is consistent in style
with International Classification of Diseases (ICD) classifications for disorders affecting
systems such as the cardiovascular or respiratory. The ICSD is not compatible with the
Diagnostic and Statistical Manual III-R that contains an abbreviated list of sleep
disorders.
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Mechanisms through which sleep disorders affect the health of children have been
evaluated in several studies, recently in a German study including 11500 school
children. Up to 35% of the elementary school children present with sleep onset delays,
21% of this group have problems to sleep through the night. There are strongly
increased risks for behavior problems among children with sleep onset problems,
problems to sleep through the night and daytime sleepiness. On the other hand, severe
forms of sleep-related breathing disorders in infants and children may be associated with
cor pulmonale, developmental delay, failure-to-thrive, or death.
Environmental factors that influence children’s sleep are light and noise disturbances
during the night as well as television-viewing and playing video games before sleep.
15% of the 9-11 years-old children complain about noise disturbances during the night.
Sleep disorders in children are widespread complex disorders in direct connection with
the daytime behavior. The development and evaluation of disorder-specific prevention
and treatment concepts is urgently needed.

3. Main sleep disorders in children
The ICSD comprises four categories:
Dyssomias, i.e. disorders of initiating and maintaining sleep and the disorders of
excessive sleepiness. Dyssomnias are divided into three groups: Intrinsic, extrinsic and
circadian-rhythm sleep disorders. One well-known example for an intrinsic dyssomnia in
children and adults is the obstructive sleep apnea syndrome. There are difficulties in
maintaining sleep because of awakenings following oxygen desaturations. As a result of
the sleep disruption patients develop an excessive daytime sleepiness, so that both
criteria of dyssomnia coincide in this disorder.
Parasomnias comprise the disorders of arousal, partial arousal, or sleep stage
transition, which do not cause a primary complaint of insomnia or excessive sleepiness.
Parasomnias
intrude into the sleep process and are not primarily disorders of sleep and wake states
per se. Parasomnias are divided into four groups: arousal disorders, sleep-wake
transition disorders, parasomnias usually associated with rapid eye movement (REM)
sleep, and other parasomnias. One example is sleepwalking. After returning to bed the
sleepwalker continues to sleep without reaching alertness at any point and he or she is
amnestic for the episode’s events.
Sleep disorders associated with mental, neurologic, or other medical disorders
comprise disorders with a prominent sleep complaint that is felt to be secondary to
another condition. The listing of mental, neurologic, or other medical disorders does not
include all mental and medical disorders that affect sleep and wakefulness, however
those, most commonly associated with sleep symptoms. Examples are psychoses,
sleep-related epilepsy and sleep related asthma or gastroesophageal reflux.
Proposed sleep disorders include those disorders for which there is insufficient
information available to confirm their acceptance as definitive sleep disorders. Some
sleep disorders that are controversial as to whether they are extremes of the normal
range or represent a definitive disorder of sleep are included here, i.e., short sleeper and
long sleeper.
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In the following, according to the ICSD, sleep disorders in children are listed:
Dyssomnias
A. Intrinsic sleep disorders
Most important in pediatrics of this group is the obstructive sleep apnea syndrome. Up
to 3% of the pre-school children are affected. The obstructive sleep apnea syndrome is
characterized by repetitive upper airway obstructions during sleep, usually associated
with blood oxygen desaturations. Children can exhibit loud habitual snoring, arousals,
and unusual sleep positions, such as sleeping on hands and knees. Some children
present with noisy breathing, some with quiet obstructions. Nocturnal enuresis is
common. Because of the sleep disturbance, the children are unrefreshed in the morning
and may develop excessive daytime sleepiness or hyperactivity. The obstructive sleep
apnea syndrome of children is often caused by an adenotonsillar hypertrophy. Untreated
it may be associated with cor pulmonale, developmental delay, failure-to-thrive, or death.
After the operative removal of adenoids and tonsils most of the children are cured.
Sometimes nCPAP-therapy during sleep is mandatory.
Sleep Disorders in Children

OBSTRUCTIVE SLEEP APNEA SYDROME

The central sleep apnea syndrome is characterized by a cessation or decrease of
ventilatory effort, usually associated with blood oxygen desaturations. Children are
seldom affected.
The central alveolar hypoventilation syndrome is characterized by ventilatory
impairment, resulting in sleep-related blood oxygen desaturations, occurring in patients
with normal mechanical lung function. The syndrome is known as obesity hypoventilation
syndrome. In nonobese patients, the syndrome can be considered to be idiopathic, and
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a primary disorder of respiratory control can be inferred. Central nervous system
depressants may precipitate central alveolar hypoventilation during sleep. Neurologic
lesions, such as infection, infarction may lead to the acquired form of the disorder. Both
forms of the disorder, the idiopathic form as well as the acquired form can occur during
childhood.
Narcolepsy is characterized by excessive sleepiness that typically is associated with
cataplexy, sleep paralyses and hypnagogic hallucinations. 20-30/million children under
18 years are affected. The peak incidence is around 14 years of age. Excessive
sleepiness is usually the first symptom to appear. Cataplexy appears either
simultaneously or with a delay of 1 or more years. It rarely precedes the onset of
sleepiness. Because of the unspecific beginning of the disorder, the diagnosis setting is
often delayed.
B. Extrinsic Sleep Disorders
Extrinsic sleep disorders include disorders that originate or develop from outside.
External factors produce these disorders, and the removal of these factors leads to
resolution of the sleep disorder. This is not to say that internal factors can be important
in the development or maintenance of the sleep disorder, just as external factors can be
important in the development and maintenance of an intrinsic sleep disorder. However,
the internal factors by themselves would not have produced the sleep disorder without
presence of an external factor. On the other hand, the diagnosis of an extrinsic sleep
disorder is only made when the external factors, i.e. environmental factors like excessive
noise or extreme lighting effects are particularly abnormal and would produce sleep
disturbance in most people. Extrinsic sleep disorders are the predominant sleep
disorders during childhood.
Inadequate sleep hygiene is a sleep disorder due to practices of daily living that are
inconsistent with the maintenance of good-quality sleep and full daytime alertness.
Especially, there are practices that produce increased arousal and practices that disturb
sleep organization. Stress and excitement, such as to much exercise close to bedtime,
playing at night, uncomfortable ambient temperature are factors causing increased
arousals. Sleep may become disrupted when there is excessive daily variation in
bedtime, arising time, and amount of sleep.
Environmental sleep disorder is due to a disturbing environmental factor that causes a
complaint of either insomnia or excessive sleepiness. The sleep complaint is tied directly
to a causative environmental condition. Sleep-disturbing circumstances include heat,
cold, noise, light and others. The sensitivity of the patient to such environmental
circumstances is often more critical than the level of noxious stimulation. Sensitivity to
environmental disturbances in nocturnal sleepers increases towards morning. Older
individuals are generally more sensitive to environmental factors than are younger ones,
although substantial variability in sensitivity may be noted in a particular age group.
Three conditions must be present to make a diagnosis of environmental sleep disorder:
(1) the sleep problem is temporally associated with the introduction of a physically
measurable stimulus or definable set of environmental circumstances, (2) the physical
rather than the psychologic properties of the environmental factors are the critical
causative elements, and (3) removal of the responsible factors results in an immediate
or gradual return to normal sleep and wakefulness.
Mental status examination and psychologic evaluation reveal no psychiatric explanation
of sleep complaint. Physical examination reveals no underlying medical cause.
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Depending on the chronicity and the extent of sleep disturbance resulting from the
environmental cause, secondary symptoms, including deficits in concentration, attention,
and cognitive performance, reduced vigilance, daytime fatigue, depressed mood, and
irritability may result. In childhood, noise-induced, light-induced, and temperatureinduced sleep disturbances mainly cause environmental sleep disorders.
Adjustment sleep disorder represents sleep disturbance temporally related to acute
stress, conflict, or environmental change that causes emotional arousal. Adjustment
sleep disorder may occur at any age. Children with this disorder apparently are more
likely to present with insomnia than daytime sleepiness. Examples are insomnia in the
week preceding the first day of school, or in reaction to school- or family-related
problems.
Limit-setting sleep disorder is primarily a childhood disorder that is characterized by
the inadequate enforcement of bedtimes by a caretaker, with the patient then stalling or
refusing to go to bed at an appropriate time. It also occurs after nighttime wakings. Limitsetting sleep disorder is both, a childhood disorder and a caretaker complaint. If
appropriate limits cannot be set, it can become a problem of poor sleep hygiene,
irregular scheduling, and insufficient sleep in adulthood.
Setting limits can become a problem if parents give in to requests made by a child in the
bed. Requests are typically for an extra drink, to make a trip to the bathroom, to be
tucked in again, to have a light turned on or off, to have another story, to watch
television, or to have help dealing with fear. Often when a certain level of exacerbation is
reached, caretakers do enforce limits, and the child stays in bed and goes to sleep.
Sleep-onset association disorder occurs when sleep onset is impaired by the absence
of a certain object or set of circumstances. It is mainly a disorder of childhood. Sleep is
normal when certain conditions are present; when they are not, transitions to sleep, both
at bedtime and after nighttime wakings, are delayed. Conditions associated with sleep
onset are e.g., rocking, sucking a pacifier, replacing the pillow, pulling up the blanket,
and story reading. Often symptoms of sleep-onset association disorder persist until age
three or four. Occasionally, bedtime rituals change and symptoms may persist longer.
Food allergy insomnia is a disorder of initiating and maintaining sleep due to an
allergic response to food allergens. The sleep disturbance is typically one of difficulty
initiating sleep and of frequent arousals and awakenings. Additional symptoms include
crying, psychomotor agitation and daytime symptoms. Other symptoms of allergy may
accompany the sleep disturbance e.g., skin irritation, respiratory difficulties, or
gastrointestinal upset. Food allergy insomnia usually begins in infancy and can resolve
by age two to four years. Often a specific treatment is necessary.
Nocturnal eating (drinking) syndrome is characterized by recurrent awakenings, with
the inability to return to sleep without eating or drinking. The condition is primarily a
problem of infancy and early childhood, with intake of large volumes by nursing or bottlefeeding at times of waking. After the patient consumes the expected amount of food or
liquid, return to sleep is rapid. Infants are usually nursed to sleep and then again
repeatedly during the night. The association of nursing with sleep onset is thus
important, but the large number of wakings (typically three to eight) is usually greater
than is seen when only the learned sleep-onset associations represent the problem.
True hunger signals are presumed to be present by the way the child takes the feeding,
but the timing of these hunger symptoms seems to be learned rather than representative
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of a true nutrition requirement. Full-term, normally growing, healthy infants of six months
of age or more should have the ability to sleep through the night without requiring
feedings.
C. Circadian-Rhythm Sleep Disorders share a common underlying chronophysiologic
basis. The major feature is a misalignment between the patient’s sleep pattern and the
sleep pattern that is desired or regarded as the societal norm. Concerning the delayed
sleep-phase syndrome, adolescence appears to be the most common period of life for
the onset of this disorder, but childhood cases have been reported. Non-24-hour sleepwake disorder has been described in congenitally blind infants.
Parasomnias
A. Arousal Disorders
The disorders of arousal are grouped together because impaired arousal from sleep has
been postulated as a cause for these disorders. The onset of these disorders in slow-wave
sleep is a typical feature. Confusional arousals most commonly occur in children and have
features in common with both sleepwalking and sleep terrors. They are probably partial
manifestations of sleepwalking and sleep-terror episodes. They can occur in people who
have either or both disorders. Or confusional arousals may occur as an isolated sleep
disorder. The diagnosis of confusional arousal is only stated if the arousal occurs as an
isolated sleep disorder.
Confusional arousals consist of confusion during and following arousals from sleep,
usually from deep sleep in the first part of the night. The individual is disoriented in time
and space, is slow of speech and mentation, and responds poorly and slowly to command
or questioning. There is major memory impairment, both retrograde and anterograde in type.
Behavior may be very inappropriate. The Confusional behavior may last from several
minutes to several hours. Confusional arousals can be precipitated by forced
awakenings, mainly in the first third of the night.
Sleepwalking consists of a series of complex behaviors that are initiated during slowwave sleep and result in walking during sleep. The patient may be difficult to awaken but,
when awakened, often is mentally confused. The patient is usually amnestic for the
episode's events. Sleepwalking originates from slow-wave sleep and, therefore, is most
often evident during the first third of the night or during other times of increased slowwave sleep, such as after sleep deprivation. The motor activity may terminate
spontaneously. Sleep talking can also be observed during these events. Sleepwalking
can include inappropriate behavior, it can furthermore result in falls and injuries.
Other parasomnia activity, such as sleep terrors, can also occur in patients who are
sleepwalkers.
Sleep terrors are characterized by a sudden arousal from slow-wave sleep with a
piercing scream or cry, accompanied by autonomic and behavioral manifestations of
intense fear. Sleep terrors manifest as a severe autonomic discharge, with tachycardia,
tachypnea, flushing of the skin, diaphoresis, mydriasis, decreased skin resistance, and
increased muscle tone. The patient is unresponsive to external stimuli, and, if awakened,
is confused and disoriented. Amnesia for the episode occurs, although sometimes there
are reports of fragments or very brief vivid dream images or hallucinations. The episode
may be accompanied by incoherent vocalizations or micturition. Attempts to escape from
bed or to fight can result in harm to the patient or others.
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B. Sleep-Wake Transition Disorders
Rhythmic movement disorder comprises a group of stereotyped, repetitive
movements involving large muscles, usually of the head and neck; the movements
typically occur immediately prior to sleep onset and are sustained into light sleep. The
most commonly recognized variant is headbanging, which itself has several forms. The child
may lie prone, repeatedly lifting the head or entire upper torso, forcibly banging the head
back down into the pillow or mattress. Headrolling consists of side-to-side head
movements, usually with the child in the supine position. Bodyrocking occurs when the
child rocks forward and backward without head-banging. Bodyrocking may involve the entire
body, with the child on hands and knees, or it may be limited to the torso, with the child
sitting. Less common rhythmic movement forms include bodyrolling, legbanging, or
legrolling. Rhythmic humming or chanting may accompany any of the rhythmic movements
and may be quite loud. Episodes typically occur at sleep onset, although they may also
occur during quiet wakeful activities. Duration of the individual cluster of movements also
varies greatly but generally is less than 15 minutes. Cessation of movements following
disturbance or being spoken to suggests the occurrence of the disorder in wakefulness or
lighter stages of sleep.

C. Parasomnias Usually Associated with REM Sleep
These parasomnias typically are associated with the REM sleep stage. They are
grouped together because some common underlying pathophysiologic mechanism
related to REM sleep possibly underlies these disorders.
Nightmares are frightening dreams that usually awaken the sleeper from REM sleep.
The nightmare is almost always a long, complicated dream that becomes increasingly
frightening towards the end. The long, dreamlike feature is essential in making the clinical
differentiation from sleep terrors. The awakening occurs out of REM sleep. Sometimes
there will not be an immediate awakening, but, instead recall of a very frightening dream
will occur at a later time. This latter situation is not common with nightmares. The element
of fright or anxiety is an essential part of the nightmares. Talking, screaming, striking out,
or walking during the nightmare rarely occurs and differentiates nightmare from sleep terrors
and REM sleep behavior disorder.
D. Other Parasomnias
This group of parasomnias comprises those parasomnias that cannot be classified in other
sections.
Sleep bruxism is a stereotyped movement disorder characterized by grinding or
clenching of the teeth during sleep. The disorder is typically brought to medical attention to
eliminate the disturbing sounds, although the first signs of the disorder may be recognized
by a dentist. Bruxism can lead to abnormal wear of the teeth, periodontal tissue damage, or
jaw pain. Bruxism can also occur during wakefulness. Sleep-related and waking bruxism
appear to be etiologically different phenomena, although the effects on dentition may be
similar. Additional symptoms include a variety of muscle and tooth sensations, atypical
facial pain, or headache. There is great variability in the intensity and duration of bruxism.
These events are not usually associated with an awakening but can produce brief
arousals from sleep. Although most often reported in healthy children and adults, the
disorder is also commonly reported in children with cerebral palsy and mental retardation.
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Sleep enuresis is characterized by recurrent involuntary micturition that occurs during
sleep. Persistent bed-wetting after age five in the absence of urologic, medical, or mental
pathology is considered a primary enuretic disorder. Typically, the child has never
achieved continuous dry nights. In secondary enuresis, the child has had at least three to six
months of dryness. Enuretic episodes occur throughout all sleep stages, as well as during
nocturnal awakenings. Most episodes occur in the first third of the night. Bladder control
during the daytime can be normal. Small functional bladder capacity and an irritable bladder
are associated with multiple wettings at night and also with increased frequency of voiding
and urgency during the day. Obstructive breathing and sleep apnea may be precipitating
factors, particularly in children who have loud snoring. When obstructive sleep apnea
syndrome is diagnosed, both the apnea and the enuresis often resolve after treatment of the
apnea. Acquired metabolic or endocrine disorders may predispose a person to developing
enuresis.
Primary snoring is characterized by loud upper-airway breathing sounds in sleep,
without episodes of apnea or hypoventilation. Snoring usually produces sufficiently loud
inspiratory or expiratory sounds. The snoring typically occurs while the patient is in the
supine position and is usually continuous, present with each breath, and not accompanied
by arousals or other evidence of sleep disturbance. The patient has no complaint of
insomnia or excessive sleepiness. The patient may experience a dry mouth, which can lead
to awakenings with a desire to drink water.
Infant sleep apnea is characterized by central or obstructive apneas that occur during
sleep. Apnea of prematurity refers to recurrent pauses in breathing of more than 20 seconds
duration or shorter pauses associated with cyanosis, abrupt pallor, or hypotonia. Two thirds
of the apneic events occur during sleep, and the remainder occur during episodes of
increased motor activity when infants appear awake. Cyanosis usually occurs after 20
seconds of apnea. With few exceptions, mixed and obstructive apnea terminate with
spontaneous opening of the airway, and central apnea terminates with resumption of
respiratory movements. Apnea of prematurity may be associated with clinically significant
bradycardia. Sensory stimulation can help the infant resume ventilation.
Cardiopulmonary resuscitation occasionally is necessary.
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Congenital central hypoventilation syndrome (CCHS) is characterized by
hypoventilation, which is worse during sleep than wakefulness and is unexplained by
primary pulmonary disease or ventilatory muscle weakness. The CCHS presents in an
otherwise normal-appearing infant who does not breathe spontaneously or breathes
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erratically. In most infants, a problem is evident at birth. The infant cannot be weaned
from mechanically assisted ventilation. Other infants may appear to breathe adequately
by clinical examination but experience hypoventilation (not necessarily apnea) that is
characterized by hypoxia and hypercapnia, resulting in progressive pulmonary
hypertension, cor pulmonale, and central nervous system hypoxic damage. Infants with
CCHS may present with apneic episodes. Infants who present at a few months of age can
have cyanosis and pulmonary hypertension as the predominant signs. Central alveolar
hypoventilation can be seen in infants with myelomeningocele, the Arnold-Chiari
malformation, and other neurologic syndromes due to neuroectodermal malformations
involving the brain stem or craniocervical junction. There is a higher than expected
frequency of neuroblastoma and Hirschsprung's disease associated with CCHS.
Sudden infant death syndrome (SIDS) is unexpected sudden death in which a
thorough postmortem investigation fails to demonstrate an adequate cause for death. At
least 80% of SIDS deaths occur at a time when infants were assumed to be asleep. It
has not been unequivocally established whether the primary cause of death is cardiac
or respiratory failure. SIDS victims are believed to have been healthy immediately
before death. Temporal association with a mild upper-respiratory infection has been
observed in about 60% of SIDS cases, but this finding cannot explain the death.
Predisposing factors include sleeping position, tobacco smoke exposure, preterm birth,
subsequent siblings of SIDS victims, infants born to substance-abusing mothers, apnea of
infancy (AOI), ethnicity and socioeconomic status.
Benign neonatal sleep myoclonus is characterized by asynchronous jerking of the
limbs and trunk that occurs during quiet sleep in neonates. The jerks usually occur in
clusters of four or five, with a frequency of approximately one per second. The jerks can
occur in any part of the body but most often involve the arms or legs, sometimes being
most prominent in distal muscle groups. The pattern of movements tends to vary between
affected individuals and can consist of flexion and extension or abduction and adduction.

4. Mechanisms through which sleep disorders affect the health of children
Sleep medicine in pediatrics is based on epidemiological data of age-dependent sleep
disorders and relating environmental factors. Several studies concerning this subject
have been published. Since 2002, in Germany, a group of pediatricians and child
psychiatrists have been carrying out a study to evaluate sleep disorders and behavior
problems in 5-6 year-old and 9-10 year-old children. The results of this study provide
actual data about sleep disorders and their sequelae for the health of children.
Therefore, they will be described in the following. The study has been carried out in
Cologne, a German town with 1 million inhabitants. The aim was to gain data about two
whole age groups of children.
6629 parents (n=8944, response: 74%) completed questionnaires about their pre-school
children’s sleep habits and disturbances, daytime activities and relating environmental
factors during a three months period and additionally the Strengths and Difficulties
Questionnaire (SDQ). In a second survey 4950 parents of 4th grade elementary-school
children (n=8599, response: 58%) completed the above-mentioned questionnaires. Their
children completed a modified version of both questionnaires. The Χ²-test was
conducted to compare means and proportions of gender specific differences in the
prevalence of sleep disorders. Correlations between sleep and environmental factors as
well as behavioral problems were assessed by calculating the relative risk. Under
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consideration of the big size of the sample group the level of significance was set to p<.
001.
Sleep Disorders and Behavior Problems of
School-Aged German Children

A.Wiater*, G. Lehmkuhl**, S. Kraenz**, A. Mitschke*,
L. Fricke**, U. Breuer
* Department for Pediatrics, Hospital Cologne-Porz,Cologne, Germany
**Department for Psychiatry and Psychotherapy of the Child, University of Cologne,
Germany

Study Design:
1. Parents questioning preschool children 2002
Parents questionnaire with 33 Items to sleep behavior,
environmental factors and daily activities and parents version of
SDQ
n = 8944 Response: 6464 (74%) m 51.5% f 48,5%
Age summit between 5 and 6 years
2. Parents and children questioning fourth grade 2002
Parents questionnaire and children questionnaire (28 Items) and
parents and children version of SDQ
n = 8599 Response: 4921 (58%) m 48.1% f 51,9%
Age summit between 9 and 11 years
The results of the study are shown in Fig. 1-6. According to the parents, 10% of the preschool children had sleep onset delays, 8% problems to sleep through the night, 4%
daytime sleepiness, 4% sleep terrors, 3% sleepwalking, 14% nightmares, 11% nocturnal
enuresis and 19% bruxism. Sleep disturbances by light and noise were mentioned by
6%, respectively 5 % of the parents. Television viewing before sleeping was reported in
57% of the pre-school children. 21% of this age group had a television set in the
bedroom.
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Prevalence of further sleep disorders and factors of influence
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Prevalence of Insomnia and Parasomnia
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The data of the 4th grade elementary-school children revealed sleep onset delays
sometimes in 23%, often in 6% according to the parents, problems to sleep through the
night sometimes in 11%, often in 3%, daytime sleepiness sometimes in 18%, often in
1%, sleep terrors sometimes in 5%, often in 1%, sleepwalking sometimes in 7%, often in
1%, nightmares sometimes in 27%, often in 3%. According to the parents, sleep
disturbances by light occurred sometimes in 6% and often in 2% of the children, by noise
sometimes in 10% and often in 2%. Television viewing before sleeping was reported in
altogether 81% of the 4th grade children. 34% of this age group had a television set in
the bedroom.
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Prevalence of further sleep disorders and factors of influence
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According to the children, sleep disorders appeared more often than supposed by their
parents: sleep onset delays sometimes in 35%, often in 10%, problems to sleep through
the night sometimes in 21%, often in 6% and nightmares sometimes in 40%, often in
4%. Sleep disturbances by light and noise were mentioned even more often by the
children than by their parents: disturbances by light sometimes in 6%, often in 2%, by
noise sometimes in 12% and often in 3%.
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Prevalence of further sleep disorders and factors of influence
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Factors associated with sleep problems are shown in Fig. 7-9. There is a strong
association between sleep onset delays, problems to sleep through the night, daytime
sleepiness and sleep disturbances by light and noise, infections, allergies and familiar
stress. There is a strong association between television viewing before sleeping and
sleep onset delays in the pre-school group and a strong association between videoplaying before sleeping and problems to sleep through the night as well as daytime
sleepiness in the 4th grade age group. Television viewing before sleeping in this age
group, according to the children’s answers, is strongly associated with daytime
sleepiness. On the other hand, the risk of sleep onset delays, problems to sleep through
the night and daytime sleepiness is reduced among children with regular bedtimes and
regular wake times and children who wake up by themselves in the morning.
Concerning the behavior problems, assessed by the SDQ, Fig. 10 and 11 show that
there are strongly increased risks of emotional problems, hyperactivity, conduct
problems and peer problems among children with sleep onset problems, problems to
sleep through the night and daytime sleepiness. These results are valid for both age
groups.
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Comorbidity of sleep problems
Preschool children 2002
Relative risk for " behaviour problems " ( parent`s-SDQ)
Emotional
symptoms

Hyperactivity

Sleep onset delay

2,6 *

3,4 *

2,8 *

2,1 *

1,3

Problems to sleep
through the night

2,5 *

2,8 *

2,4 *

2,0 *

1,3

Daytime sleepiness

4,7 *

2,6 *

2,3 *

2,9 *

1,3

Preschool children
2002

Fig. 10

Conduct
problems

Peer problems

Prosocial
behavior

* = relative risk for psychological problems with 99,9 % > factor 1, p < .001
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Comorbidity of sleep problems
Fourth grade 2002
Relative risk for " behaviour problems " ( parent`s-SDQ)
Emotional
symptoms

Hyperactivity

Sleep onset delay

5,4 *

3,7 *

3,3 *

3,0 *

1,9

Problems to sleep
through the night

4,6 *

3,2 *

3,6 *

2,0

1,2

Daytime sleepiness

4,3 *

2,8 *

5,3 *

3,4 *

3,8 *

Fourth grade 2002

Fig. 11

Conduct
problems

Peer problems

Prosocial
behavior

* = relative risk for psychological problems with 99,9 % > factor 1, p < .001

This study provides fundamental epidemiologic data about sleep disorders, relating
environmental factors and associated behavior problems of German school-aged
children. The epidemiological data corresponds to the results of the studies of Blader,
Paavonen and Stein. According to these authors the prevalence of sleep onset delays
among 4-12 year-old children is 11%, the prevalence of problems to sleep through the
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night is 7%. Owens found sleep onset delays in 21% and problems to sleep through the
night in 12% of 4-10 year-old children. Rona described sleep problems in 20% of the 5
year-old and in 6% of the 11 year-old children.
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Comparative clinical trials:
Blader et al., Arch Pediatr Adolesc Med 1997
n = 987, 5-12 yo, Sleep onset delay: 11,3%, Problems to sleep
through the night : 6,5%
Rona et al., Arch Dis Child 1998
n = 14372, 5-11 yo, Sleep problems: 5 yo 20%, 11 yo 6%,
Owens et al., Pediatrics 1999
n = 1099, 4-10 yo, Sleep onset delay : 21%, Problems to sleep
through the night : 12,6%
Paavonen et al., Acta Paediatr 2000
n = 5813, 8-9 yo, Sleep onset delay : 11,1%, Problems to sleep
through the night : 7,1%
Stein et al., Pediatrics 2001
n = 472, 4-12 yo, Sleep disorder: 10,8%

In the present study the epidemiological data of the pre-school children cannot directly
be compared with the 4th grade age-group because the questionnaire for the latter group
was modified. Parents and children had the opportunity to answer to the sleep-related
questions with ‘sometimes’, ‘often’ and ‘never’, whereas the parents of the pre-school
children had to choose between ‘yes’, ‘no’ and ‘don’t know’. The authors decided in favor
of two different questionnaires, in order to gain highly differentiated results and to use
directly comparable questionnaires for parents and children in the 4th grade age group.
The pre-school children were not questioned themselves.
There was poor correspondence between the parent’s and children’s answers. The
prevalences of sleep disorders and sleep associated problems were strongly higher
according to the answers of the children than according to the parents’ answers. This
fact has also been described by Paavonen and other authors. Obviously, the parents of
the 9-10 year old children don’t know enough about their children’s condition.
The influence of light and noise on the children’s sleep can be reduced by appropriate
environmental measures. Reducing infections, allergies and familiar stress situations will
be more difficult. On the other hand, parents have the opportunity to make their children
used to regular bedtimes and wake times from early on. There is a strong correlation
between sleep disorders and behavior problems. According to the results gained, it is
not possible to conclude, if sleep disorders cause behavior problems or vice versa.
Probably, there is an interdependence between both.
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The high prevalence of sleep disorders in childhood and the sequelae of sleep disorders
to daytime symptoms should intensively focus our interest on this problem, especially as
we cannot foresee, if further developmental problems are following.

5. Identification of environmental factors that may play a role in clinical sleep
disorders
In the following, the interest is focused on noise disturbances during sleep. In order to
evaluate the Cologne parents questionnaire, 307 telephone interviews were carried out.
In this way, 61 interviews about noise disturbances were included. The results are
shown in Fig. 12-17. Predominantly, parents reported on external noise. The main
source of noise was the road traffic noise (66%). Mainly little and moderate sleep
disturbances by traffic noise were mentioned. Also, the other noise sources, such as air
traffic and rail noise caused mainly moderate sleep disturbances.
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Noise disturbance
Telephone interview n = 307 / noise disturbance n = 61 (20 %)
97%

100%
80%
60%

Source of noise

40%
20%

3%
0%
Internal noise External noise
Fig. 12
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Source of noise, external noise
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Noise disturbance road traffic
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Noise disturbance air traffic
n = 15
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Noise disturbance rail traffic
n=9
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Noise disturbance other causes
n = 15
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Sleep disturbances by noise occur in 15% of the 9-11 year-old children. Regarding the
association of sleep disorders with daytime and behavior problems it can be assumed
that noise disturbances are very important in connection with sleep and health risks for
children. There are few papers about noise exposure and sleep disturbances in
childhood. Kahn has summarized several studies on this subject. Additionally, the study
of Eberhardt should be mentioned. In this study, the effect of road traffic noise on the
sleep of children is described.
Further studies are necessary. The Cologne study group has worked out a study design
in cooperation with the German Aerospace Center in order to gain more specific data
about noise and sleep disturbances in childhood. The realization of the study depends
on sponsorship opportunities.
6. Conclusions
Sleep disorders in childhood are an important pediatric problem because of their
influence on the children’s health. They are also a social problem, because sleep
disorders strongly correlate with behavior problems. Parents often do not recognize their
children’s problems and disturbances. They should concentrate more on their children’s
condition. Educational activities can influence regular sleep rhythms from early on and
help to prevent sleep disorders. Environmental improvements can also reduce sleep
disorders. The specific influence of noise on the children’s sleep should urgently be
examined in order to find appropriate measures for reduction. Reducing infections,
allergies, and familiar stress situations will be more difficult. Finally, specific training
programs for children with sleep disorders and their parents should be established.
Mainly, developmental problems and any effect on future health must be prevented.
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Summary
We spend almost one third of our lives sleeping, and the quality of sleep determinates
the quality of our life. This presentation is focused on medium- and long-term
consequences of sleep disturbances caused by different environmental stressors and by
sleep disorders. Particularly sleep restriction, as the main stressor, evokes behavioral
and cognitive, even neurological and other medical consequences. It is important to
determine the extent to which environmental factors (e.g. stimuli evoked by noise, light,
motion, temperature, high-altitude level) affect sleep quality and add to sleep loss, sleep
pathology, daytime sleepiness, and daytime functioning. The aim of this paper is to
follow-up the effects which the most frequent sleep disorders have on adult people’s
health, assuming that at least 30% of the population suffer from some sort of sleep
disturbance. The greatest impact on physical and mental health is seen in patients
suffering from the sleep apnoea syndrome (neurocognitive, cardiovascular, social
consequences and higher mortality), from insomnia (behavioral, psychiatric and medical
consequences), and from narcolepsy and hypersomnia (neurobehavioral and personality
changes, medical and social consequences). Also patients suffering from the restless
legs syndrome complain of neurobehavioral problems and lower quality of life, while the
secondary forms of the disease are associated with other medical conditions.
Parasomniacs are endangered by violent and injurious behavior during attacks that can
even lead to law-actions. Behavioral, cognitive and social consequences also trouble
patients with circadian rhythm disorders. Therefore, understanding the patient´s health
requires equal consideration of the state of the patient awake and asleep.
Introduction
Recent advances in sleep neurobiology and in molecular biological approaches have
contributed to our understanding of sleep control mechanisms in healthy sleep. Genetic
expression studies of sleep in animal models have brought important discoveries about
the genetic basis of sleep, and progress has been made in the electrophysiology of
sleep at the neuronal level. Important roles of amino acid and monoamine mechanisms
in regulating muscle tone at the motor-neuronal level across the sleep cycle have been
demonstrated, and the circuitry controlling neurotransmitter release has been clarified
(Dauvilliers et al. 2003). These advances contribute to our understanding of numerous
sleep disorders including sleep disordered breathing, cataplexy, REM sleep behavior
disorder and other parasomnias.
The neurochemical phenotypes of major groups of neurons contributing to REM and
NREM sleep regulation have been identified. Previously evaluated monoaminergic
mechanisms (serotonin, norepinephrine, epinephrine, dopamine, histamine) have been
shown to interact with amino acid (glutamate, GABA, glycine) neurotransmitter systems
at forebrain and brainstem levels. Anatomical connection between the neurons critical to
REM and NREM sleep have been traced (Adrien 2003). Hypocretin/orexin has been
identified as an important modulator of activity in the sleep control system. Other
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peptides important in the control of sleep states have been described and localized in
brainstem and forebrain sleep control regions (Dauvilliers et al. 2003).
Further physiological research is needed for the interaction between sleep and
thermoregulatory, metabolic, cardiovascular and respiratory regulation at all levels of the
neuroaxis to be better described and understood. The role of sex, sex hormones, sexual
maturity, pregnancy and lactation in sleep control needs more detailed investigation, too.
Identification of the possible sleep indicators
Nocturnal polysomnography (PSG), usually accompanied by videorecording, is the gold
standard for the detection, diagnosis (and/or for treatment monitoring) of most sleep
disorders.
In spite of the availability of computerized PSG, sleep records monitoring and staging
requires a skilled and educated sleep laboratory team.
A standard manual was developed to provide guidelines for sleep staging, and its
recommendations are suitable for many pathologies as well (Carskadon and
Rechtschaffen, 2000). One of the basic criteria of healthy sleep concerns the stability of
sleep stages.
Many sleep disorders involve frequent, brief arousals that do not alter sleep stage
scoring but that may be clinically relevant. Such arousals are a common feature of
normal aging, but can sometimes be correlated with alertness level and regarded as a
gate for insomnia. This type of arousal occurs frequently in patients with sleep apnoea
syndromes, periodic movements in sleep, and other sleep disorders, and brief arousals
in these cases are often associated with a body movement or respiration event. The
definition of transient arousal includes any clearly visible EEG arousal (usually alpha
rhythm) lasting two seconds or longer, but not associated with any stage or state change
in the epoch scored. (Carskadon et al. 1982). In REM sleep transient arousals are coded
only when EEG alpha activity is associated with some other sign of arousal (e.g.
increased heart rate, transient changes in blood pressure, EMG elevation or respiratory
irregularity). Particularly autonomic changes are highly correlated with the extent of EEG
arousals. According to American Sleep Disorders Association (Chokroverty 1999) the
arousal is defined as an abrupt change from a deeper stage of NREM sleep to a lighter
stage, or from REM sleep to wakefulness, with the possibility of awakening as the final
outcome.
Awakening is defined as a state of waking up from a NREM or REM sleep stage
characterised by alpha and beta EEG activity, accompanied by a rise in tonic EMG
(connected sometimes with body movements), voluntary rapid eye movements and eye
blinks. Breaks in sleep, resulting in arousal and wakefulness, indicate sleep
interruptions. Sleep fragmentation connotes repetitive interruptions of sleep by arousals
and awakenings, leading to the interruption of any stage of sleep owing to the
appearance of another stage or wakefulness, and to NREM-REM sleep cycles
disruption (Chokroverty 1999). Frequent sleep pattern changes are a characteristic
feature of worsened-quality sleep.
Stressors, neurobehavioral data and functional neuroimaging
According to a recent discovery (Lavie 2002), chronic partial sleep loss for as little as
one week can lead to metabolic and endocrine changes as precursors for specific
disease states (e.g. obesity and diabetes). Other studies have been focused on how
sleep loss affects neurobehavioral functions, especially neurocognitive performance.
Functional brain imaging and EEG brain mapping studies show that the pattern of
functional connectivity between brain regions evident in performing specific cognitive
tasks are altered by sleep loss (NCSDR, 2003). To go by this finding, the maintenance
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of sustained performance during sleep loss may depend upon regional functional
plasticity. Cumulative waking neurocognitive deficits and state instability that develop
from chronic sleep loss have a basis in a neurobiological process that can integrate
homeostatic pressure for sleep across days. Increased efforts have helped to determine
the roles of REM and NREM sleep in memory consolidation.
Functional brain imaging techniques such as positron emission tomography (PET),
functional magnetic resonance imaging (fMRI), magnetic resonance spectroscopy
(MRS),
single
photon
emission
computed
tomography
(SPECT),
magnetoelectroencephalography (MEG) have been recently tested in the study of sleep
and waking (NCSDR, 2003). These techniques allow measurement of metabolic and
neurochemical activity throughout the brain, and can reveal dynamic patterns of regional
cerebral activity during various brain states including stages of sleep and levels of
alertness during wakefulness or during functional challenge. These techniques can also
help identify both normal and abnormal sleep/wake processes.
In the last five years, functional neuroimaging techniques (particularly PET) have
revealed that NREM sleep is associated with deactivation of centrencephalic regions
(brainstem, thalamus, basal ganglia) and multimodal association cortices (e.g. prefrontal
and superior temporal/inferior parietal regions). REM sleep is characterized by
reactivation of all centrencephalic regions deactivated during NREM sleep except the
multimodal association areas. PET studies during sleep-deprived wakefulness have
revealed regional cerebral deactivations that are especially prominent in prefrontal and
inferior parietal/superior temporal cortices, and in the thalamus. This pattern is
consistent and helpful in explaining the nature of cognitive performance deficits that
occur during sleep loss. As revealed by means of fMRI techniques during cognitive
tasks performance, the maintenance of performance following sleep loss may be a
function of the extent to which other cortical brain regions can be recruited for task
performance in the sleep-deprived state.
PET, SPECT and fMRI studies have revealed, in depressed patients, initially
elevated activation in the anterior cingulate and medial orbital cortices (NCSDR, 2003).
In these patients, sleep deprivation reduces this regional hyper-activation, and
improvements in mood are a function of the extent, to which this activity is reduced.
These studies point to possible mechanisms by which antidepressant drugs may exert
their effects. Further research should be oriented toward neuroimaging and
measurements of changes in the brain´s metabolic activity at the neurotransmitter level.
Sleep, sleep restriction, environmental stressors and health consequences
According to the National Center of Sleep Disorders Research, existing U.S. government
publications, such as „Healthy People 2000“ and its sequel „Healthy People 2010“,
contain recommendations on adequate nutrition and physical fitness for healthy
functioning, but no recommendation or standards for „normal“ sleep duration and quality
(NCSDR, 2003). Epidemiological data have never been obtained defining normal sleep
and wakefulness as measured systematically. Only limited EEG sleep data as a function
of age and gender are available from laboratory studies published 25-30 years ago. In
spite of the importance of sleep for health and normal development and aging, there are
no standards of sleep physiology based on current polysomnographic criteria. Therefore,
prospective longitudinal studies are needed to develop a comprehensive database
defining normal sleep-wake behavioral patterns in terms of age and sex throughout the
life span.
Inspite of this fact, considerable attention has been devoted to sleep and
environmental factors (ICSD 1997), such as sensory stimulation resulting from
environmental noise, light, motion, temperature, high-altitude level and even odors.

109

These environmental stimuli inhibit the initiation and maintenance of sleep. Therefore,
sleep environments in which sensory stimulation is minimal (e.g. dark, quiet, comfortable
temperature) tend to be preferred subjectively as a factor enhancing sleep initiation and
maintenance. More attention should be paid to co-sleeping or bed-sharing, to sleep
location, position and beding. Ambient noise and vibration have occasionally been
studied as factors improving or impairing sleep quality, but little is known regarding the
extent to which various types of noise and vibration affect sleep. A few experiments
(Buresova et al. 1991) have found that light at night enhance alertness, and properly
timed light exposure can speed up phase shifts of circadian biology. For example, shift
workers can profit from this finding. It is important to determine the extent to which
environmental factors affect sleep quality and contribute to sleep loss, sleep pathology,
daytime sleepiness, and daytime functioning.
Very few data are available about stressors such as long-term hospitalization in
chronically ill patients and/or critically ill patiens. Some of them spend many weeks
and/or months at the acute units with severe neuropathy-myopathy syndromes caused
by critically illness. However, there are no data on sleep in connection with chronic
sleep deprivation due to resuscitation environment.
The health consequences of insufficient sleep have recently been studied by many
sleep researchers. Approximately 40% of adults report that daytime sleepiness interferes
with their work and social functioning at least a few days each month as a result of
insufficient nocturnal sleep. Excessive daytime sleepiness is thus a major public health
problem as a consequence of interference with daily activities including cognitive
problems, motor vehicle accidents (especially at night), poor job performance and
reduced productivity (Lavie, 2002). In the last decade, experimentally based data were
collected on chronic restriction of sleep (by one to four hours at night), accumulating
daytime sleepiness and cognitive impairment. Most individuals develop cognitive deficits
from chronic sleep debt after only a few nights of reduced sleep quality or quantity; new
evidence suggests additional important health-related consequences of sleep debt
related to common viral illnesses, diabetes, obesity, heart disease, depression and other
age-related chronic disorders.
The effects and consequences of sleep deprivation are summarized in Table 1
(according to Lavie et al., 2002).
The relationship between sleep quantity and quality as much as estimates of morbidity
and mortality remain controversial. Epidemiological data (NCSDR, 2003) suggest that
habitually short sleep (less than six hours sleep per night) or long sleep duration (more
than nine hours´ sleep per night) is associated with increased mortality. It is not clear
how the length of sleep can increase this risk. Up to now, no epidemiological prospective
study has been published, examining the relationship between sleep and health
(morbidity and mortality) with subjective and objective estimates. Recent studies,
however, show that sleep at least eight hours long is necessary for optimal performance
and for the prevention of physiological daytime sleepiness and accumulation of sleep
debt.
Special attention should be paid to sleep and health in women. Although sleep
complaints, particularly insomnia, are almost twice as prevalent in women, 75% of all
sleep research has been conducted in men. Physiologic changes in neuroendocrine
hormones, body temperature, mood, and emotional state during puberty, the menstrual
cycle, pregnancy and menopause have profound effects on sleep quality, daytime
functioning, and well-being in women (Moline et al 2003). Although female sex is a risk
factor for insomnia, and insomnia is a risk factor for depression, little is known about how
changes in sex hormones during the menstrual cycle influence sleep physiology and
mood. Women with significant dysmenorrhea may be at higher risk for developing
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insomnia and depression. Hormonal changes and physical discomfort are common
during pregnancy, and both can affect sleep. Certain sleep disorders such as the
restless legs syndrome (RLS), periodic limb movements (PLMs), sleep disordered
breathing (SDB) or insomnia may emerge during pregnancy; hence, these women may
face a higher risk for the above mentioned sleep disorders later in life. Pregnancy
predisposes women to snoring, and pregnant women who snore may be at risk for preeclampsia and/or SDB. Women with pre-eclampsia and an excessive weight gain during
pregnancy are more threatened with the development of SDB and pregnancy-induced
hypertension. Very little is known about the effects of late stage pregnancy sleep
disturbances on labor and delivery, emotional distress, or post-partum depression. Many
women during the menopausal transition (perimenopause, menopause, postmenopause) complain of sleep disturbances that are attributed to vasomotor symptoms
(e.g. hot flushes and night sweats) rather than to the state of menopause. Different
studies show that 33-51% of women in the menopausal period suffer from insomnia, and
that menopause is a significant risk factor for SDB (Moline et al. 2003).
Sleep disorders: medium and long term effects on health
The following survey of sleep disorders and their consequences covers only diseases
with the most common prevalence.
Sleep disordered breathing (SDB) has come to be used as a synonym for the sleep
apnoea syndrome (SAS) and related disorders. SAS is characterized by frequent
cessations of breathing during sleep. It is usually associated with excessive daytime
sleepiness (EDS), however, in some cases it may be associated with insomnia.
Cessation of breathing during sleep can be partial (hypopnoea) or complete (apnoea),
which may result more frequently from obstruction of the upper airway (obstructive
apnoea), less frequently from loss of ventilatory effort (central apnoea) or a combination
of both (mixed apnoea). The severity of the syndrome is determined by the rate of SDB
events per hour of sleep (respiratory disturbance index, RDI or apnoea-hypopnea index,
AHI) and the magnitude of associated oxygen desaturations. Both hypopnoeas and
apnoeas result in arousals from sleep and lead to disrupted sleep architecture, and to
the diminishing and/or disappearance of deep stages of NREM sleep and REM sleep
(Lavie, 2002). A 2% prevalence of SAS is estimated in middle-aged women, 4% in
middle-aged men and increases of up to 30% in the elderly. The major consequences
of obstructive sleep apnoea (OSA) are summarized in Table 2 (according to Lavie et al.,
2002). Four main groups of medium and long-term effects on the SAS patients´ health
can be distinguished:
1. Neurocognitive effects: EDS is the most common presenting complaint, being reported
in up to 90% of these patients. Sleep fragmentation arising from frequent transient
arousals for reopening the airway and for restoring ventilation is a characterisic
polysomnographic (PSG) feature. Insufficient nocturnal sleep causes daytime
sleepiness; however, EDS is reversible and will disappear with successful treatment. An
increased rate of accidents due to increased somnolence is well documented, although
impaired cognitive functions (e.g. judgement) can play a role, too. Cognitive performance
is clearly impaired and manifested as deterioration of memory, intellectual capacity and
motor coordination. The ability to perform psychomotor vigilance tasks such as visual
reaction and auditory learning is also impaired. The mechanism of cognitive impairment
in OSA patients is probably multifactorial and results from chronic sleep deprivation
(insufficient nocturnal sleep with sleep architecture changes) and from recurrent
hypoxaemia. Personality changes may also be accompanied by proneness to
depression.

111

2. Cardiovascular consequences: The most important life-threatening adverse effect of
OSA pertains to the cardiovascular system. Systemic hypertension is the main risk
factor. Blood pressure and percentage hypertension increase in proportion to SAS
duration and severity. The level of RDI and the % decrease in nocturnal oxygen
saturation are the main predictive factors of high blood pressure, both systolic and
diastolic. Beside SAS, habitual snoring is another risk factor for systemic hypertension.
Successful treatment of sleep apnoea helps to reduce blood pressure and other risk
factors. The relationship between OSA and pulmonary hypertension is probably more
complex and severe pulmonary hypertension canonly be seen in OSA patients with
daytime hypercapnia (e.g., obesity hypoventilation syndrome) or with pulmonary
parenchymal abnormalities (e.g. emphysema). Data published up to now give evidence
of a link between sleep apnoea and higher advanced coronary artery disease and
increased risk of cerebrovascular accidents. According to recent studies, mechanisms
for both complications may result from OSA influence on endothelial dysfunction. A
decrease in nitric oxide production and an increase in the rate of biochemical markers
leading to atheroscletrosis in OSA patients have been found. A hypothesis of easier and
earlier development of atherosclerosis in these patients was advanced by Lavie (2002).
There are also reports of coincidence with arrhytmias in OSA patients, and of a higher
risk of inflammatory and immune-mediated processes.
3. Social consequences: A decreased quality of life is often reported by OSA patients. The
situation is influenced by day-time somnolence, decreased cognitive functions, threat of
impotence in men, potential gastro-oesophageal reflux and heartburn, morning
headaches and decreased self-esteem. Decreased sense of mental health and energy is
often mentioned by OSA patients. The patients´ loud snoring and stops in breathing lead
to decreased sleep quality in bed-partners, and affect marital relationships.
4. Mortality: OSA is a life-threatening factor in young and middle-aged patients, and this
risk depends on the severity of the disease. RDI >20 significantly reduces the survival
time of 8 compared with OSA patients showing RDI< 20. No reduced survival rate was
seen in treated patients or in patients older than 50 years (Lavie 2002). Similar
dependence of the mortality risk factor was observed also in patients suffering from
habitual snoring and EDS. The absence of increased mortality in elderly men suggests a
possible adaptation of the cardiovascular mechanisms to the long lasting nightly insults.
Insomnia is commonly defined as difficulty in initiating and/or maintaing sleep (ICSD
1997). According to a research group of the U.S. National Center for Sleep Disorders
Research (1999), “insomnia is an experience of inadequate or poor quality sleep
characterized by one or more of the following: difficulty falling asleep, difficulty maintaing
sleep, waking up too early in the morning, nonrefreshing sleep“. Insomnia also involves
daytime consequences, such as „tiredness, lack of energy, difficulty concentrating,
irritability.“ A reasonable prevalence estimate for chronic insomnia in the general
population is about 10%, when considering insomnia of any duration or severity between
30% and 50%, and their incidence increases with aging. In the course of
perimenopausal time, women are particularly vulnerable to developing this complaint.
The major consequences and co-morbidity in chronic insomnia (see Table 3) comprise
behavioral, psychiatric and medical problems; several studies also report a higher
mortality risk (Zorick and Walsh 2000).
1. Behavioral consequences: Transient (short lasting) insomnia is usually accompanied by
spells of daytime sleepiness and performance impairment the next day. Persistent (long
lasting) insomnia tends to be associated with poor performance at work, fatigue, memory
difficulties, concentration problems and twice as many fatigue-related automobile
accidents as in good sleepers.
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2. Psychiatric conditions: Epidemiologic research indicates that the prevalence of any
psychiatric disorder is two to three times higher in insomniacs. The risk of depression as
a co-morbid state appears to be particularly strong, being approximately four times more
likely in insomnia patients. Futhermore, insomnia may be an early marker for psychiatric
disorders such as depression, anxiety conditions and alcohol abuse. Anxiety has been
found quite common in insomniacs compared with the general population. About 2540% of insomnia patients are estimated to have significant anxiety; the abuse of alcohol
and other substances is increased in insomniacs relative to good sleepers (Ford and
Kamerow, 1989). Samples of unselected psychiatric patients have about a three-fold
increase in the frequency of insomnia compared with healthy control subjects, and the
severity of the condition correlates with the intensity of the psychiatric symptoms. Among
samples of outpatients who consulted their general practitioners for insomnia, about
50% presented with psychiatric conditions, and about half of these patients were
probably depressed (Zorick and Walsh, 2000).
3. Medical consequences: Insomnia has been statistically associated with various medical
conditions, including disorders of the cardiovascular, respiratory, gastrointestinal, renal
and musculoskeletal systems. A large series of insomniacs showed that poor sleepers
are more than twice as much at risk of ischemic heart disease as good sleepers
(Hyyppa, 1989). Primary insomnia patients were also shown (Irwin et al.,1995) to have
impaired immune system function.
4. Mortality risk: Only a few epidemiological studies deal with mortality in insomniacs.
According to Kripke et al. (1991), reduced sleep time is a greater risk there than
smoking, hypertension, and cardiac disease. Increased mortality rates are also reported
in short sleepers; in this respect, though, further systematic investigation of the link
between insomnia, short sleep, and death is desirable.
Narcolepsy and idiopathic hypersomnia are conditions with EDS as a leading
symptom. While idiopathic hypersomnia patients (Roth, 1980, Billiard and Besset, 2003)
suffer from prolonged nocturnal sleep and prolonged sleepiness during the day,
accompanied very often by sleep drunkenness, sleep attacks in narcolepsy (Roth 1980,
Billiard and Dauvilliers, 2003) are of short duration and the condition is as a rule
combined with attacks of cataplexy (muscular atonia) provoked by emotional stimuli, and
with states of hypnagogogic hallucination and/or sleep paralysis. Narcolepsy, and
probably also idiopathic hypersomnia are often underdiagnosed. In both conditions,
diagnostic criteria require clinical history taking, and as for narcolepsy, diagnosis should
include PSG examination (predominantly multiple latency sleep test, MSLT), HLA
oligotyping and biochemical examination of hypocretin (orexin) levels in cerebrospinal
fluid (Mignot, 2000).
Both condition have a considerable socio-economic impact on affected patients as
decreased quality of life is reported by many authors (Broughton and Ghanem 1994,
Nevsimalova et al. 1996, Daniels et al. 2001). The main clinical consequences
(predominantly in narcolepsy) include neurobehavioral complaints, personality changes,
associated medical problems and decline in social standing.
1. Neurbehavioral complaints: As a direct consequence of sleepiness, affected individuals
are vulnerable to sleep-related accidents (road and work), tending to fall asleep in
undesirable and embarrassing situations, and may therefore be prone to social
maladjustment. Functional and cognitive impairment is also a characteristic feature of all
conditions associated with daytime sleepiness. Althought decreassed memory is
reported by many patients, psychological tests show only decreased attention and
concentration due to increased sleepiness, no declarative and/or nondeclarative memory
changes have been reported (Nevsimalova et al., 1996, 2002).
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2. Personality changes: Typical features of narcoleptic personality include proneness to
underestimation, negative self-image and depressive disposition. Many patients suffer
from increased anxiety and feelings of isolation and being misunderstood. Their
affections are usually strongly guarded, but particularly in younger patients, behavioral
and mood manifestations of sleepiness may include irritability leading up to violence.
About half the patients present with neurasthenic symptoms and proneness to
psychasthenia. The personality traits may be due to an adaptation reaction to the
disease, but a biological predisposition is suspected as well (Nevsimalova et al, 2002).
3. Associated medical problems: Sleep apnoea may be seen more frequently with
narcolepsy, an association between periodic limb movements (PLMs) and narcolepsy
and/or idiopathic hypersomnia has been mentioned as well (Montplaisir et al. 2000). The
effect of antidepressant treatment on these symptoms is discussed, too (Robinson and
Guilleminault, 1999). Narcoleptic and hypersomniac patients suffer from autonomic
nervous system dysfunction (Raynaud´s syndrome) and signs of orthostatic hypotension
were described by some authors (Roth, 1980). Narcolepsy may be associated with
endocrinological dysfunction; predominantly sexual functions are affected. Up to half of
the patients suffers from impotency; the role of antidepressant drugs as well as
autonomic dysfunction is under discussion.
4. Social status decline: Due to EDS, narcolepsy and hypersomnia are a major
employment problem for the victims. The disorder is often a source of occupational
discrimination, dismissal, early retirement, and disability. Our data (Nevsimalova et al.,
2002) brought no evidence of progress at education and/or family life being adversely
affected by narcolepsy. However, decreased assertion in employment and limitation in
self-realization in free time were found to be an explicit consequence of the disease.
Restless legs syndrome (RLS) is a common disorder with a prevalence of some 5% of
the general population and with increased incidence in older age; the disease is,
however, often underdiagnosed. The main symptoms cover sensory complaints with
motor restlessness predominantly in the lower extremities, worsening typically at rest
and in the evening and nocturnal hours and being relieved with activity. These
symptoms impair initiating and/or maintaing nocturnal sleep. Most of the cases are
connected with sleep-related PLMs causing fragmentation of sleep and leading to EDS
(Montplaisir et al. 2003). Idiopathic and symptomatic forms are distinguished, with a
strong genetic predisposition in idiopathic cases. Table 5 illustrates the main
consequences of RLS.
Recent studies (Allen et al., 2002) show that patients suffering from RLS have impaired
quality of life as regards lifestyle and socio-economic status. Insufficient nocturnal sleep
leads to daytime sleepiness and neurocognitive dysfunction. Secondary RLS forms are
associated with other medical conditions such as iron deficiency anaemia, renal failure,
rheumatoid arthritis, peripheral neuropathy and congestive heart failure. Selective
serotonin reuptake inhibitors (SSRI) and tricyclic antidepressants are believed as
underlying causes of RLS, too.
Parasomnias are a group of sleep disorders marked by undesirable physical and
behavioral phenomena occurring during sleep. They are more common in children,
although some of them tend to persist into adulthood or can arise even in elderly life
(e.g. REM behavior disorder). Disorders of arousal such as sleep terror, sleep walking
and confusional arousals affect approximately 1% of the adult population. Adult cases
are typically more difficult to treat than those of childhood, and psychopathological
conditions are much more frequent (Broughton, 1999). The more often described
complications (Table 6) include aggressiveness and violence, light self-injury up to
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severe casualty, and odd histories describing different ways of leasing home. Violent
behavior in sleep appears more frequently in men and may be related to endocrine
differences (testosterone).
Sleep-wake transition disorders include benign sleep starts, sleep talking and nocturnal
leg cramps. Rarely, rhythmic movement disorders can be observed in adulthood that
disturb NREM, sometimes even REM sleep and lead to insufficient alertness and to daytime sleepiness.
Parasomnias associated with REM sleep, particularly the REM behavior disorder (RBD)
present a great problem in the elderly. The pathophysiological abnormality in RBD is
based on the absence of REM sleep atonia, which permits the „acting out“ of dreams,
often with dramatic and violent or injurious behavior. These acts of oneiric behavior are
often misdiagnosed as manifestations of a seizure or psychiatric disorder; as a result,
RBD is often underdiagnosed. RBD may be associated with underlying neurological
disorders, particularly Parkinson´s disease. The overwhelming male predominance (up
to 90% of all cases) points to the above mentioned relationship between sex hormones
and aggression and violence. Violent behavior may result in events that have forensic
implications (Mahowald and Schenck, 1999).
Circadian rhythmicity disorders are a frequent cause of sleep disruption. As for the jet
lag syndrome, its short-lasting effects are better known than medium and long-lasting
ones, but then, shift work and irregular sleep schedules present a great problem in
modern society. Shift work insomnia is common, and impaired performance, as a
primary consequence, together with the negative impact that shift work exerts on social
and family life, can negatively affect the quality of life. In adition, shift work is associated
with an increased risk of some somatic diseases (Mahowald and Ettinger, 1999),
particularly with cardiovascular morbidity and mortality and with gastrointestinal
diseases.
The advanced sleep phase syndrome (ASPS) occurs typically in older patients who
habitually go to sleep early and wake up early. On the other hand, delayed sleep phase
syndrome (DSPS) patients are often adolescents and/or young adults who habitually go
to sleep late and wake up late. The aetiology of both conditions involves genetic and
environmental factors. The most of affected individuals find these sleep patterns
distressing, but some of them choose their sleep schedule to fit their life style and
behavioral habits. ASPS in the elderly is often misdiagnosed as insomnia. The medium
and long term effects (Table 7) are known especially in DSPS. Affected individuals suffer
from chronic sleep deprivation and from behavioral and cognitive consequences of sleep
debt. There is increased abuse of alcohol and other substances, and some young
subjects show criminal leanings. A striking relationship has been found between
circadian rhythms and psychiatric disorders, particularly seasonal affective disorder,
primary depression, and bipolar affective disorder (Benca et al., 1992).
The non-24-hour sleep wake syndrome is a great problem for totally blind individuals.
Complications include a large scale of neurobehavioral and social consequences
caused by a lack of the ability to be entrained or synchronized by the usual time cues.
Irregular sleep-wake patterns occur in individuals with central nervous system disorders
(e.g. hypothalamic lesions, head injury, strokes, dementia, developmental disabilities);
these can influence the clinical picture and therapeutical effect on the underlying
disease.
Conclusions
Further research into the influence of environmental stressors (particularly partial loss of
sleep) and into the impact that sleep disturbances have on physical and mental health is
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desirable. It is necessary (1) to identify the full range of psychological, behavioral and
physiological (e.g. endocrine, immune, cardiovascular, liver, muscle etc.) consequences
of long-term cumulative partial sleep deprivation caused by sleep restriction and/or by
insufficient nocturnal sleep in the most prevalent sleep disorders, and to clarify their
underlying mechanisms, (2) to answer the question if cumulative neurobehavioral deficit
that accrues during chronically restricted and/or destructed sleep is reversible, (3) to
determine whether and how factors such as cognitive activity/workload and physical
activity/work modulate sleepiness, (4) to determine the physiological basis and
behavioral characterization of sleep inertia, and (5) to identify factors that account for
individual differences in need for slep and lead to increased or decreased morbidity and
mortality.
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Tab. 1
Consequences of sleep deprivation
Behavioral

Cognitive

Sleepiness
Mood changes
Irritability and
Nervousness
Impairment of function

Neurological

Mild and quickly reversible

Biochemical

Increased metabolic rate
Increased thyroid activity
Insulin resistance

Others

Hypothermia
Immune
impairment
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function

Depression /mania
Violence
Newly learned skills
Short-tem memory
Complex task
Slow reaction time
Cerebellar
ataxia,
nystagmus, tremor, ptosis,
slurred speech, increased
reflexes,
increased
sensitivity to pain
Decreased weight despite
increased caloric intake
(in animals)
Diabetes, obesity
(in humans)
Susceptibility to viral illness

Tab. 2
Consequences of obstructive sleep apnoea
Neurocognitive
Cardiovascular
Social
Mortality
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Excessive
daytime
sleepiness,
decreased
cognitive
performance, increased road traffic and work accidents,
depression
Systemic and pulmonary hypertension, coronary artery disease,
congestive heart failure, arrhythmias, cerebrovascular accidents
Decreased quality of life, poor sexual function, partner´s sleep
disorders, increased divorce rate
Increased risk in young and middle age

Tab. 3
Consequences of insomnia
Behavioral
Psychiatric
Medical
Mortality
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Poor performance at work, fatigue, memory difficulties,
concentration problems, automobile accidents
Depression, anxiety conditions, alcohol and other substance
abuse
Cardiovascular,
respiratory,
renal,
gastrointestinal,
musculoskeletal disorders.
Impaired immune system function
Increased risk is reported

Tab. 4
Consequences of narcolepsy and idiopathic hypersomnia
Neurobehavioral
Personality changes
(narcolepsy)
Medical

Social

122

Sleep-related accidents (road, work), falling asleep in
undesirable and embarassing situations (narcolepsy), functional
and cognitive impairment, attention and concentration problems
Prone to underestimation, negative self –image, depression,
anxiety feelings of isolation and misuderstanding. Neurasthenia,
psychasthenia. Irritability, violence (young patients)
Assdociated sleep apnoea syndrome, restless legs syndrome,
PLMs
Autonomic nervous system, endocrinological dysfunction.
Orthostatic hypotension
Employment problems: job discrimination and dismissal, early
etirement, disability. Limitation in self-ealization (free-time
activities)

Tab. 5
Consequences of restless legs syndrome
Neurobehavioral
Social
Associated
medical
conditions
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Increased day-time sleepiness, neurocognitive dysfunction
Impaired quality of life (life style, socio-economic status)
Iron deficiency anaemia, renal failure, rheumatoid arthritis,
peripheral neuropathy, congestive heart failure

Tab. 6
Consequences of parasomnias
Disorders of arousal
sleep terrors, sleep walking,
confusional arousal
Sleep-wake transition
rhytmic movement disorder
REM parasomnias
REM behavior disorders
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Aggressive,
escape

violence

injury,

casualty,

Insufficient alertness, day-time sleepiness
Violent, injurious behaviors, law-actions

Tab. 7
Consequences of circadian rhytmicity disorders
Advanced sleep phase syndrome
Delayed sleep phase syndrome

Non-24-hour sleep wake syndrome
Irregular sleep wake pattern
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Behavioral, cognitive
Behavioral, cognitive
Abuse of alcohol and other substances
Inclination to criminality
Vulnerability to psychiatric disorders
Neurobehavioral
Social
Interference with work and family activities
Leading to institutionalization
Discomfort for patients and those around
them
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Executive Summary
This report will focus on the developmental consequences and health risks associated
with disturbed sleep and describe the existing knowledge on the health impact of sleep
disturbances that may be considered as similar to those caused by noise.
•
•
•
•

•
•
•

•

•

•
•

129

Sleep disorders during childhood represent an important children’s health issue
Children are more vulnerable than adults to effects of disturbed sleep
Sleep disturbances may affect cognitive development and learning during a
critical brain growth period
Environmental noise at home during night time could lead to sleep disruption
without leading to behavioral awakenings through the alteration of sleep
microstructure, in a similar manner as other sleep disturbing events such as
respiratory disturbances
Sleep disruption and/or sleep fragmentation (mainly in SWS and REM) is the
common physiopathological mechanism involved in the daytime consequences
of different sleep disorders
Children with disturbed sleep presented cognitive dysfunction and behavioural
disturbances, abnormal growth hormone release, increase of diastolic blood
pressure that are all related to sleep fragmentation
A major issue is that children who have experienced prolonged sleep disruption
during a period traditionally associated with major brain growth and substantial
acquisition of cognitive and intellectual capabilities may suffer from a partially
irreversible compromission of their potential for academic achievement
In children, indicators of sleep disruption such as behavioral awakenings
evaluated by actigraphs or sleep architecture abnormalities are not sufficient to
evaluate correctly the consequences on growth, cognition and behavior in
children
In children the more stable homeostatic process of sleep does not permit a clear
sleep macrostructural disruption, the arousal threshold is higher and EEG
arousals are less common in children than adults while subcortical arousals
occur frequently
The potential indicators of sleep disruption in children are mainly represented by
arousals and cyclic alternating pattern (CAP)
Arousal analysis, CAP analysis and identification of new parameters of sleep
fragmentation (Sleep pressure score) in children can give new insights on the
relationships between sleep disruption and cognitive consequences

I. Introduction
Sleep disorders during childhood such as disorders of initiating and maintaining sleep,
disorders of excessive somnolence, circadian rhythm abnormalities, sleep breathing
disorders and disturbed sleep due to medical conditions or environmental factors such
as noise, represent an important children’s health issue.
In the last years, a growing body of literature demonstrated the strict relationships
between sleep disturbances and daytime consequences, especially related to the
cognitive-behavioral functioning.
This report will focus on the developmental consequences and health risks associated
with disturbed sleep and describe the existing knowledge on the health impact of sleep
disturbances that may be considered as similar to those caused by noise.
The document takes into account several papers published on the effects of the sleep
disruption on health and on quality of life during childhood and has the aim to evaluate
the medium- and long-term effects of disturbed sleep on health and to identify the
possible indicators of negative consequences on health.
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II. Background
In the past and for a long time it has been assumed that body restoration occurs mainly
during NREM sleep and brain restoration mainly during REM sleep. However, this view
is not acceptable any more; recent studies showed that memory and learning
mechanisms need not only REM sleep but also NREM sleep preservation.
Sleep disruption and/or fragmentation is the common physiopathological mechanism
involved in the daytime consequences of different sleep disorders and, therefore, might
be responsible for several health problems that cannot be easily recognized as primarily
due to sleep disturbances (Hobson and Pace-Schott, 2002).
Sleep is commonly referred to as a condition of isolation and detachment from the
outside world. It is the period of our daily life during which the responses to extrinsic
stimuli are abolished or drastically attenuated. However, the sleeping brain may be
promptly aroused. During sleep, information processing can occur with some particularly
meaningful stimuli, such as subject’s name (Oswald et al., 1960; McDonald et al., 1975)
and the physiological responses to noise during sleep mostly reflect the magnitude of
the auditory stimuli (Di Nisi et al., 1990).
There is increasing evidence from both experimental data and everyday life that sleep
organization is extremely sensitive to acoustic stimuli. The tolerable limits and the
awakening thresholds mostly depend on the functional state during which the noise
occurs, as emerges from the hierarchic reactivity of the sleep stages under auditory tests
(Rechtschaffen et al. 1966). Anyway, apart from its physical pattern (i.e., amplitude,
spectrum, intensity) and psychological content (Oswald et al. 1960), noise generally
exerts an arousing influence on sleep (Ehrhart and Muzet 1974; Muzet and Naitoh
1977).
In polygraphic terms, a noisy night-time environment causes a decrease in delta sleep
(Stage 4 NREM) and in REM sleep and to an increase in the time spent awake (Vallet
and Mouret 1984).
The lack of habituation and the remarkable improvement after noise abatement (Bistrup
ML, 2003) suggest that the environment is continuously scanned for potential danger
and that noise represents in any case a stressful factor.

Effects of noise on sleep in children
Environmental noise represents one of the underestimated causes of sleep disruption. In
modern countries and in high industrialized societies there is a transition of
environmental health dangers with economic status with an increase of so-called
“modern risks” for health. One of the most important factors is environmental noise.
Noise pollution constitutes a persistent problem that threatens to increase significantly
in the future. Nearly half of the World Health Organisation European region is exposed
to daily community noise levels of between 55 and 65 adjusted noise levels (dBA) that
exceeds recommended criteria for residential areas, schools, and hospitals (Berglund et
al., 2000).
Children may be more vulnerable to noise than adults, because of poorer control over
their environments. Therefore, in apparent contradiction to general belief, children react
to night-time noises.
The report from a project coordinated by the National Institute of Public Health of
Denmark in 2001 by Marie Louise Bistrup, has identified as future research priorities the
effects of noise on children’s sleep and cognitive functions. In this paper on page 19-20
it is stated: “The effects on children’s cognitive capacity and the role of noise on stress
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and on sleep as well as awareness of children’s circadian rhythms, psychologically as
well as physiologically, need to be considered when the public health of children is
assessed with regard to noise.” This statement, it is more and more important
considering the recent reports on the link between sleep and cognitive-behavioral
functioning (Hobson and Pace-Schott, 2002).
Most of the studies on the negative effects of noise on cognitive-behavioural functioning
focused on major noise sources (airports or highway traffic) neglecting typical
neighbourhood noise (Haines et al., 2001; Haines et al., 2003) and concentrated on the
impact of daytime noise during school hours, ignoring the noise level at night (Bistrup,
2003).
However, a number of reports showed that physiological responses occur in children at
lower levels of noise exposure than in adults. Children aged 5 to 7 years, reacted with
changes in their respiratory curves to acoustic stimuli of much lesser intensity (10 to 15
dB) than adults did (Smeczuk, 1967). However, considering behavioral parameters such
as awakenings, children appear to be less easily awakened than adults during Slow
Wave Sleep (SWS) and behavioural awakenings are nearly absent in situations in which
adults do show that they are awake, with a behavioural response (Lukas, 1972).
Another study showed that in 24 boys, aged 8-12 years, noise can affect sleep
differently depending on sleep stage: behavioral arousals occurred in 35% of cases in
stage 2 NREM and in 49.8% during REM sleep, while only 4.6% occurred during SWS
(Busby and Pivik, 1985).
Eberhardt (1988) studied the effects of road traffic noise on sleep in children (aged 6 11 years) by using EEG recordings, actimetry (body movements) and questionnaires:
children living in quiet surroundings were exposed to on average 68 pre-recorded truck
noises with maximal sound levels of 45, 55 and 65 dB(A) during several nights and
showed: a) increased body movements; b) very few awakenings; c ) no statistically
significant changes in any of the EEG parameters studied, but an increase in intermittent
wakefulness. Eberhardt (1988) concluded that children are less sensitive to noiseinduced awakenings and body movements than adults.

Noise exposure during daytime and night time and its relationships with mental
health
Passchier-Vermeer (2001) in evaluating studies of stress-related somatic effects on
blood pressure and neuroendocrine indices of chronic stress in schoolchildren raised the
problem that noise exposure during class and exposure at home are probably highly
correlated. Therefore he raised the following problems/questions: noise-induced effects
should be exclusively attributed to noise exposure during class or exposure in other
situations (at home) also influenced the effects observed? And what is the role of noise
during sleep in the cognitive effects of noise exposure on children, since sleep
disturbance caused by night-time noise can impair memory reprocessing during sleep?
To investigate the relation between typical environmental noise levels (highway, rail,
road) and multiple mental health indices of school children, Lercher et al. (2002) carried
out a study in a demarked area defined by the Austrian Government as an
environmental health impact assessment. They demonstrated noise effects on children’s
mental health at low typical levels of environmental noise: in general, exposure to
ambient noise was associated with small decrements in children’s mental health and
poorer classroom behaviour. Child self reported mental health was significantly linked to
ambient noise only in children with low birth weight and preterm birth.
In a recent survey on sleep hygiene in 818 preschoolers and school-aged children it has
been found that subjects living in a noisy environment had shorter sleep duration and

132

later bedtime. Further, significant differences in several sleep behavior scales as
evaluated by the Children Sleep Habits Questionnaire (Owens et al., 2000) have been
found: children living in noisy environment showed higher scores in the following scales:
sleep onset delay, sleep duration, parasomnias and sleepiness. Also, noisy environment
was reported in 21% of the children with sleep problems vs. 8% of controls (Giannotti et
al., 2004).
Environmental noise experienced at home during night time is an unpredictable and
most often discontinuous event (i.e., traffic noise, aircraft or train noise, noisy
environment for other reasons i.e. proximity with a discotheque, etc.), that might lead to
sleep disruption without leading to behavioral awakenings through the alteration of sleep
microstructure, in a similar manner as other sleep disturbing events such as respiratory
disturbances.
Therefore, considering clinical settings, we can assume that, in children, an experimental
model of consequences of noise can be represented by the respiratory disturbances
during sleep such as snoring, upper airway resistance syndrome (UARS) or obstructive
sleep apnea (OSA), either for the noise produced by snoring or by the effects on arousal
system and sleep microstructure.
For this reason, we will describe the well-studied effects of sleep breathing disorders on
children’s health and then we will evaluate the indicators of sleep disruption from the
point of view of sleep microstructure.

133

III. Neuroanatomical basis of the relationships between sleep, behavior and
learning
Behavioral-cognitive disturbances consequent to sleep disruption are mainly related to
memory and executive functioning. Executive dysfunction is a primary manifestation of
the adverse cellular and biochemical events triggered by OSA, and is anatomically
related to dysfunction of prefrontal regions of the brain cortex (PFC). Harrison and Horne
(2000) have argued that sleep-deprived adults display PFC-related cognitive
dysfunction. Furthermore, Dahl et al. (1996) have also applied a PFC model to account
for the relationship between sleep disruption and emotional disturbances in children.

Model linking prefrontal cortex, sleep and cognitive dysfunction in children
Beebe and Gozal (2002) described a model for explaining the behavioral-cognitive
complications seen in sleep disruption due to OSA, involving the PFC and the executive
system (composed of behavioural inhibition, set-shifting, self-regulation of affect and
arousal, working memory, analysis/synthesis, and contextual memory).
Whereas the majority of other structures of the brain are silent at some point during
sleep, the PFC displays reduced activity across all sleep stages. The PFC appears
functionally disconnected during sleep from other regions with which it normally interacts
during daytime hours, because of the necessity for `recalibration' of PFC circuits without
input interference from other brain regions. Functional neuroimaging and magnetic
resonance spectroscopy have documented changes in prefrontal metabolism and
neurochemistry following sleep deprivation in healthy adults (Maquet, 2000). Sleep may
be the only time when PFC restoration is possible, and it is reasonable to assume that
disruption of sleep continuity can modify this homeostatic process.
The PFC is one of the last areas of the brain to mature, with some functional
components not completing maturation until adolescence or even later. Though PFCmediated behaviors are evident as early as infancy and preschool years, children do not
reach adult levels on many executive functional tasks until age of 10-12 years. Ongoing
researches suggest that the PFC is particularly vulnerable to the cyclical hypoxia of
OSA, and that the peak period of OSA incidence in childhood may constitute a period of
particular susceptibility to disruption in PFC that may be only partially reversible, despite
increased maturational plasticity.
Moreover, the cognitive and behavioral effects of OSA may directly impact on the child's
learning and social development and there is some evidence that residual learning
deficits may occur long after sleep-disordered breathing has resolved in children.
Executive functioning deficits, in the adults, correlate better with the level of blood gas
abnormalities and sleep fragmentation than with either self-reported or objectively
measured sleepiness. In OSAS children hypoxemia is not as evident as in adults;
therefore we can suppose that neurobehavioral and cognitive dysfunctions at this age
are mainly related to sleep fragmentation (i.e. cortical and subcortical arousals).
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IV. Neurophysiological basis of the relationships between sleep, behavior
and learning
Several studies have pointed out the role of sleep for brain maturation and psychomotor
development in infants and children.
Sejnowski and Destexhe (2000), in order to evaluate the functions of sleep, analyzed the
patterns of the brain rhythms during normal sleep. The thalamus is the major gateway
for the flow of information toward the cerebral cortex during sleep. During spindling and
slow-wave sleep, the thalamo-cortical neurons increase activity that are more spatially
and temporally coherent than in the awake state. For example, spindle oscillations
induce calcium to entry in the dendrites of pyramidal neurons, that later could lead to
permanent changes in the network. Thus, calcium entry during sleep may be the mainly
factor which prepare the synapses for permanent changes, and also may activate a
molecular ‘gate’, opening the door to gene expression.

SWS and spindle oscillations in memory consolidation
In analyzing the spatiotemporal structure of SWS oscillations, they stated that the most
interesting observation was that slow-waves also contain a myriad of brief episodes of
low-amplitude fast oscillations (similar to those occurring during wake) that are nested
within slow-wave complexes. These electrophysiological brief episodes are equal to the
fast oscillations of awake and REM sleep. SWS could then be part of ‘recall’ and ‘store’
sequences, in which the fast oscillations could reflect recalled events experienced
previously, which are stored in the network through the synchronized firing that occurs
during the slow-wave complexes in the EEG. SWS could be viewed as a cyclic, iterating
process leading to memory consolidation.
These two types of sleep oscillation, spindles and slow waves, may have
complementary roles in network reorganization. At sleep onset, the thalamus generates
synchronized spindle oscillations. This process could serve to open the door between
synaptic activation and gene expression, so that pyramidal neurons are ready to
produce permanent changes in response to some specific synaptic events that need to
be consolidated. As sleep deepens, slow-waves such as delta oscillations progressively
dominate the EEG. Alternating slow-wave complexes with brief episodes of fast
oscillations during slow-wave sleep could bring to the permanent formation of small sets
of strongly interacting neurons. This type of interactions might provide a biophysical
mechanism for the consolidation of memory traces in cerebral cortex: sleep spindle
oscillations might have a prominent role in gating mechanisms for plasticity in pyramidal
neurons, and in a subsequent phase of sleep the slow waves and fast oscillations could
provide the substrate for consolidation.

Hippocampus and neocortex interactions in information processing
Moreover, this mechanism might involve interactions between the hippocampus and the
neocortex. The hippocampus may not be the site of storage for the information before
consolidation, but may instead facilitate the associative links between information stored
in different parts of the cerebral cortex and other parts of the brain.
During waking, environmental input to the primary sensory neocortices proceeds into the
hippocampus, during NREM, information from the hippocampus to the neocortex and
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during REM, wake-like flow of information from neocortex to hippocampus as in waking
(Maquet et al., 2000). The neocortex during the wake state provides the hippocampal
formation with a detailed description of the days events; during slow-wave sleep, the
inputs from the hippocampus recreates some version of these events in the neocortex,
where permanent memory representations are gradually formed over repeated episodes
of sleep. When the neocortex switches from slow-wave sleep to REM sleep
characterized by high-frequency oscillation of 40 Hz, similar to that which occurs during
attentive waking states, the hippocampus switches from sharp wave activity to a theta
rhythm. This cycle of reciprocal activation and reactivation occurs repeatedly during
sleep (Sejnowski and Destexhe, 2000).

Dual process hypothesis of sleep for memory and learning
Other authors (Peigneux et al., 2001) confirmed the role of sleep in the processes of
memory consolidation and pointed out the importance of NREM sleep also for cognitive
functioning. They proposed the dual-process hypothesis that NREM and REM sleep
facilitate different memory processes:
a) NREM sleep facilitates declarative or explicit memory (deprivation of earlynight, SWS-rich, sleep selectively impairs performance on declarative-memory
tasks such as paired-word associates or spatial-task memory)
b) REM facilitates procedural and non-declarative learning (deprivation of latenight, REM-rich, sleep impairs performance on procedural-memory tasks, i.e.
mirror drawing or word-stem priming)
These two processes are strictly related: improvement in a discrimination task
performance was found to correlate with the % of slow-wave sleep in the first quarter of
the night and the % of REM sleep in the last quarter indicating a two-stage process for
the consolidation of improvement on this task (Stickgold et al., 2000).
Therefore the disruption of either SWS or REM can lead to negative daytime
consequences on mental health. Different studies have demonstrated that mainly SWS
in the first part of the night and REM are the most affected sleep stages after noise
exposure (Terzano et al., 1990, Lukas, 1972). Therefore we can hypothesize that the
negative effects of noise during sleep can be mediated by SWS and REM fragmentation.
Further, it is not necessarily needed that the duration of sleep stages are reduced in
order to have negative consequences but the alteration of their continuity can have the
same negative effects.
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V. Medium and long term effects disturbed sleep
In the literature few data on medium and long term effect of disturbed sleep in children is
available form the longitudinal point of view. Most reports focused on respiratory
disturbances during sleep as theoretical model to evaluate long term effect of disturbed
sleep in children. In this review we will report the medium and long term negative
consequences of disturbed sleep on cognitive functioning, behavior, mental health,
growth and cardiovascular system.

Neurocognitive manifestations
Several studies in adults have shown that sleep fragmentation and hypoxemia can result
in daytime tiredness and loos of concentration, retrograde amnesia, disorientation,
morning confusion, aggression, irritability, anxiety attacks and depression. One could
hypothesize that sleep fragmentation and hypoxemia would affect the
neuropsychological and cognitive performance also in children, where the impact of
abnormal sleep may be even greater than in adults. In fact, neurocognitive and
behavioural deficits and school problems have been reported recently in children with
sleep related obstructive breathing disorders (SROBD).

Attentional capacity
This represents the ability to remain on task and appropriately attend to stimuli in the
environment. Taken together the studies to date indicate that children with SROBD are
less reflective, more impulsive, and show poorer sustained and selective attention.
Blunden et al. (2000) reported that, compared to sixteen controls, sixteen children with
mild SROBD showed reduced selective and sustained attention. Owens-Stively et al.
(1997) suggested a dose response in attention-impulsivity with moderate-severe OSAS
children showing greater deficits than mild OSAS children. Importantly, early treatment
showed that attention deficits in children with OSAS are reversible (Guilleminault et al.
(1982)). In another study, 12 children with moderate to severe OSAS showed significant
post surgical reductions in inattention and improvement in aggressive and hyperactive
behaviors and vigilance after surgical treatment (Ali et al., 1996).

Memory
Rhodes et al. (1995) found inverse correlations between memory and learning
performance and the apnea hypopnea index in 14 morbidly obese children. Smaller
deficits were observed by Blunden et al. (2000), who found in their sample of children
with mild SROBD that mean global memory performance was in the lower end of the
normal range compared to controls.
A recent study using actigraphy in normal school-age children showed that lower sleep
efficiency and longer sleep latency were associated with a higher percentage of incorrect
responses in working memory tasks; shorter sleep duration was associated with
performing tasks at the highest load level only. Also, controlling for age, gender, and
socioeconomic status, sleep efficiency and latency were significantly associated with the
mean incorrect response rate in auditory working memory tasks. This study showed that
sleep quality (evaluated as sleep efficiency= 100* [sleep + light sleep]/duration) is more
strongly associated with performance in working memory tasks than sleep duration,
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suggesting that in assessing sleep, attention should be directed not only at the amount
of sleep but also at sleep quality.

Intelligence
Inspection of the mean IQ scores reported in the study by Rhodes et al. (1995)
suggested that their sample of five obese children with moderate-severe OSAS
performed in the borderline range whereas controls performed in the normal range.
Blunden et al. (2000) showed smaller deficits in children with mild SROBD whose mean
verbal and global IQ were in the lower end of the normal range.
It remains unclear as to whether the putative negative effects of SROBD on intelligence
are global in nature or confined to specific areas such as verbal rather than performance
or visuo-spatial intelligence and whether these impairments can be reversed.

Learning and school performance
It has been widely reported (Stradling et al., 1990; Guilleminault et al., 1996; Richards et
al., 2000) that children with SROBD show reduced academic performance and learning.
Weissbluth et al. (1983) found that poor academic achievers had a higher prevalence of
night-time snoring (38% vs. 21%) and breathing difficulties (13% vs. 6%). Forty percent
of 297 children with SROBD (22% primary snorers and 18% sleep-associated gas
exchange abnormalities) were in the lowest 10th percentile of academic performance
(Gozal, 1998) and SROBD in early childhood may continue to adversely affect learning
in later years (Gozal and Pope. 2001). Gozal (1998) found in his sample of poor
academic achievers that school grades improved post-adenotonsillectomy in treated but
not untreated children.
Apart from SROBD, also healthy normal children with fragmented sleep (measured by
actigraphy) showed lower performance on neurobehavioral functioning (NBF) measures,
particularly those associated with more complex tasks and also had higher rates of
behavior problems (Sadeh et al., 2002). Further, in normal children, without sleep
disorders, also modest sleep restriction can affect children's NBF. Sadeh et al. (2003)
monitored 77 children for 5 nights with activity monitors; on the 3rd evening, the children
were asked to extend or restrict their sleep by an hour on the following 3 nights. Their
NBF was reassessed on the 6th day following the experimental sleep manipulation and
showed that sleep restriction led to improved sleep quality and to reduced reported
alertness.
These studies suggest that fragmented sleep or insufficient sleep is highly relevant
during childhood and that children are sensitive to modest alteration of their natural
sleep duration.
Early reports documented that untreated OSAS can have long term negative effects
such as failure to thrive, cor pulmonale, and mental retardation. These severe sequelae
are less common now, due to the early diagnosis and treatment, but recent reports
focused on other long term effects mainly related to neurocognitive deficits, such as poor
learning, behavioral problems, and attention deficit hyperactivity disorder (Marcus,
2001).
Gozal et al. (2001) tried to determine the potential long-term impact of early childhood
snoring. Analyzing questionnaires of 797 children in low academic performance group
(LP) and 791 in high academic performance (HP) group, they found that frequent and
loud snoring during early childhood was reported in 103 LP children (12.9%) compared
with 40 HP children (5.1%). Therefore, children with lower academic performance in
middle school are more likely to have snored during early childhood and to require
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surgery for snoring compared with better performing schoolmates. These findings
suggest that children who experienced sleep-disordered breathing during a period
traditionally associated with major brain growth and substantial acquisition of cognitive
and intellectual capabilities may suffer from a partially irreversible compromise of their a
priori potential for academic achievement. Three major components that result from the
intermittent upper airway obstruction that occurs during sleep in children could
theoretically contribute to such neurocognitive deficits, namely episodic hypoxia,
repeated arousal leading to sleep fragmentation and sleep deprivation, and periodic or
continuous alveolar hypoventilation.
Schooling problems may underlie more extensive behavioral disturbances such as
restlessness, aggressive behavior, excessive daytime sleepiness, and poor
neurocognitive test performances. Nearly 20-30% of children affected by OSAS or loud
and frequent snoring have important consequences on behavior with inattention and
hyperactivity. Problems similar to symptoms of ADHD are linked to the presence of
repeated sleep arousals, and intermittent hypoxic events, inducing a lack of behavioral
inhibition, with negative implications for working memory, motor control, and selfregulation of motivation and affect.
In contrast with these data, recently Friedman et al. (2003) found a significant
improvement of functions, at least in mild to moderate OSAS, when measured several
months following after adenotonsillectomy, but they confirmed that their results could not
be rule out the possibility of partial irreversible damage to academic function even after
treatment that may be detected only later in life and stated that also adults with deficits
of neurocognitive executive functions related to the prefrontal area failed to improve
significantly after treatment.
The negative long term effects may be mediated by the irreversible alteration of PFC
and be related to structural changes of the brain as a consequence of both hypoxemia
and sleep fragmentation induced by OSAS or other pathologies affecting sleep.
In a recent report Macey et al, (2002) demonstrated, in OSAS adults, gray matter loss in
cerebral sites involved in motor regulation of the upper airway as well as in areas
contributing to cognitive function (frontal and parietal cortex, temporal lobe, anterior
cingulate, hippocampus, and cerebellum). It can be argued that, in critical stages of brain
development (i.e. in childhood), such effects can determine even more severe
consequences that could explain the negative long term effects.
It is speculative to think that the remodeling of brain could be also mediated by sleep
and therefore sleep fragmentation could affect the process of brain plasticity (i.e. the
capacity of the brain to modify its structure and function along time). Recent studies
showing experience-dependent gene-expression of gene zif-268 during paradoxical
sleep in rats exposed to a rich sensorimotor environment or the role of sleep for
enhancing the remodelling of ocular dominance in the developing visual cortex are also
in line with the hypothesis that sleep participates to neuronal plasticity and memory
processes (Peigneux et al., 2001).

Neurobehavioral manifestations
Behavioural disturbances are common in children with SRODB with higher prevalence
rates of both internalised (e.g. withdrawn, shy, anxious and psychosomatisation) and
externalised (e.g. impulsivity, hyperactivity, aggression and delinquency) problematic
behaviours (Blunden et al., 2001). The most frequently documented problematic
behaviour in children with SROBD is inattention hyperactivity with a prevalence rate of
20-40% (Weissbluth et al., 1983; Ali et al., 1993). Conversely, children with inattentionhyperactivity showed a high prevalence rate of snoring (Chervin et al., 1997) and a co-
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diagnosis of attention-deficit hyperactivity disorder (ADHD) has been reported in 8-12%
of children with OSAS (O’ Brien and Gozal, 2002).
Few studies have documented that children with sleep disorders tend to have behavioral
problems similar to those observed in children with attention deficit hyperactivity
disorder. A survey of 782 children documented daytime sleepiness, hyperactivity, and
aggressive behavior in children who snored, with 27 and 38% of children at high risk for
a sleep or breathing disorder displaying clinically significant levels of inattention and
hyperactive behavior, respectively (Ali et al., 1994).
Mental health
There is a lack of data about the long term effect of disturbed sleep on mental health in
children.
A recent longitudinal study on the outcomes of early life sleep problems and the relation
to behavior problems in early childhood stressed the importance of studying the natural
history of sleep problems and their consequences to identify whether persistent or
recurrent sleep problems at age 3 to 4 years are associated with comorbidities such as
child behavior problems, maternal depression, and poor family functioning (Peiyoong et
al., 2003).
The authors found that night waking at 3 to 4 years of age continued to be common.
Seventy eight percent of mothers reported that their child awoke overnight at least once
during the week, and of these waking children, 43% were reported to have awakenings 4
or more nights per week. Children with early sleep problems had significantly higher
mean scores on Internalizing and Externalizing Behavior and the Aggressive Behavior
and Somatic Problems subscales of the Child Behavior Checklist (CBCL).
Despite the importance of the restorative effects of sleep, there is poor information
available on sleep behaviors and sleep disturbances among children and adolescents
and the implications of these disturbances and problems for health. Available evidence
documents those youths with disturbed sleep also experience a range of deficits in
psychological, somatic, and interpersonal functioning. It has been noted that within
groups of children and adolescents with psychiatric, behavioral, or emotional problems,
rates of sleep disorders are elevated (Sadeh et al., 1995).
On the other hand, children and adolescents with disturbed sleep report more
depression, anxiety, irritability, fearfulness, anger, tenseness, emotional instability,
inattention and conduct problems, drug use, and alcohol use.
Only few longitudinal studies in adolescents evaluated the impact of insomnia on future
functioning. In a large sample of 11-17 years old adolescents, followed for 1 year, using
symptoms of DSM-IV criteria for insomnia, Roberts et al, (2002) found that nearly 18% of
the youths 11-17 years of age report non restorative sleep almost every day in the past
month, over 6% report difficulty in initiating sleep, over 5% waking up frequently during
the night, another 3% had early-morning awakening almost every day, over 7% report
daytime fatigue and 5% daytime sleepiness. Combining ‘‘often’’ and ‘‘almost every day’’
response categories dramatically increases prevalence, ranging from 60% for non
restorative sleep to 23% for daytime fatigue and to 12% for waking up at night with
difficulty to go back to sleep. The re-evaluation of sample at follow-up showed that
insomnia predicted two indicators of psychological functioning: self-esteem and
symptoms of depression (Roberts et al, 2002).
Growth impairment
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Failure to thrive is a well known complication of disturbed sleep and childhood OSAS.
The cause of poor growth is not known, although many different reasons have been
implicated: a) poor caloric intake associated with adenotonsillar hypertrophy; b)
excessive caloric expenditure secondary to increased work of breathing; c) abnormal
growth hormone release secondary to loss of deep non-REM sleep. The relative roles of
these factors are unclear (ATS, 1999, Marcus et al., 1994). Circulating concentrations of
insulin-like growth factor-I (IGF-I) and IGF-binding protein 3 (IGFBP-3), reflect mean
daily GH levels, and seem to correlate well with physiologic changes in GH secretion. In
the operated children with initial OSAS a highly significant reduction in Apnea-Hypopnea
Index (AHI) was found and both the IGF-I and the IGFBP-3 concentrations increased
significantly. GH is released in a pulsatile fashion; the initial secretion is synchronized
with the onset of slow-wave sleep (SWS) and strongly correlated with slow-wave activity,
within 90 to 120 minutes from the onset of sleep (Nieminen et al., 2002). In OSAS
children, the sleep architecture is relatively well-preserved, but the microstructural
alteration of slow-wave sleep due to microarousals induced by respiratory disturbance
could play a role in the abnormal profile of GH secretion.
Cardiovascular complications
Children with OSAS had a significantly higher diastolic blood pressure (BP) than those
with primary snoring. Multiple linear regression showed that blood pressure could be
predicted by apnea index, body mass index, and age. The etiology of OSAS-related
hypertension it is thought to be due to a number of factors, particularly sympathetic
nervous system activation secondary to arousal, and to a lesser degree, hypoxemia.
Although cortical arousals at the termination of obstructive apneas are less common in
children than adults, children may manifest signs of subcortical arousal, including
autonomic changes such as tachycardia. It is therefore possible that these subcortical
arousals are associated with elevations of BP. A correlation between the frequency of
obstructive apnea and BP, but no correlation between SaO2 and BP was found,
suggesting that respiratory-related subcortical arousals rather than hypoxemia may be a
major determinant of BP elevation in children (Marcus et al., 1998). Similarly to BP
variations induced by OSAS, other studies suggest that chronic exposure to
environmental noise during sleep could contribute to permanent increases in BP in
otherwise healthy individuals and that no habituation to noise was apparent over three
consecutive sleep sessions (Carter et al., 2002)
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VI. Identification of the possible sleep indicators of negative health effects
Most of the studies of negative effects of noise on cognitive-behavioral functioning
focused on the impact of daytime noise during school hours and not on the noise in the
home environment or on the noise level during nighttime.
Since, as demonstrated by the several studies presented in the previous section, the
majority of negative behavioral and cognitive daytime consequences are related to sleep
fragmentation as measured by arousal analysis, one of the most important future issues
is to protect environment from noise, not only during daytime, but during night time.

Which are the indicators of disrupted sleep?
Indicators such as behavioral awakenings evaluated by actigraphs or sleep architecture
abnormalities are not sufficient and could be misleading. A large study of the effects of
aircraft noise was carried out in individuals’ homes as opposed to the laboratory. The
investigation showed relatively few awakenings, as measured by actigraphy, from
aircraft flyovers at outdoor maximum sound levels as high as 80 dBA. The Authors
concluded that the impact of aircraft noise on sleep has been overestimated (Horne J et
al., 1994; Ollerhead JB, 1994). Other researchers objected to the British study’s
conclusions stating that it is insufficient to measure only awakening without taking into
account shifts of sleep stage, which occur at much lower sound levels. In this direction,
Ohrstrom found effects on subjective sleep quality and tiredness without a significant
increase in awakenings (Ohrstrom E, 2002).
Further, it is well known that habituation exists for awakenings whereas other effects
such as heart rate reactions and minor EEG-reactions do not habituate, as reported by
Thiessen’s (1978) and Ohrstrom (1988) that showed that habituation occurs for
awakenings but not for sleep stage shifts and perceived sleep quality.
Potential indicators of sleep disturbance in adults are time to fall asleep, premature
awakening, perceived sleep quality, daytime sleepiness and reduced performances
(Ohrstrom E, 2000). However, it is known that arousal threshold is higher in children,
that children are more difficult to awake, that the self perception of sleep quality is not so
accurate in children and finally that sleepiness in not a typical feature of a sleep deprived
children. Therefore in children, unfortunately, we can not identify sleep disruption from a
behavioral point of view, based on the above mentioned indicators for adults.
We have shown in the previous sections that most of the negative health effects of
disturbed sleep are mediated by the increase in arousals, meaning that microstructure of
sleep is interrupted or disturbed.
For that reason, we can hypothesize that the most important sleep indicators for
negative health effects are linked to the arousal system.
The analysis of arousals during sleep is important for the recovery functions of sleep and
arousal density is the best predictor of daytime somnolence (Bonnet, 1985; Roehrs et al,
1989). It is known that arousability has significant implications in pediatrics: a) excessive
arousability could lead to sleep disruption and insomnia potentially associated with
impairment of development; b) depressed arousability is implicated in sudden infant
death syndrome (SIDS) and in some forms of parasomnias.
Clinically based studies in OSAS children can elucidate this central theme. As it was
reported by Marcus (2001), arousal is an important defense mechanism against sleepdisordered breathing. Apnea-related EEG arousals are less common in children than
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adults while subcortical arousals, as demonstrated by movement or autonomic changes,
occur frequently.
Further, a recent study by Bandla and Gozal (2000) demonstrated that arousal
identification in children based on visually identifiable EEG patterns or movement may
markedly underestimate the dynamic changes in spectral EEG characteristics that were
evident with obstructive episodes. Thus sleep disruption in children with OSAS is
probably more subtle.
Only few published studies in children reported a significant relationship between
arousal indices and neurocognitive function utilizing objective measurements (Rhodes et
al., 1995, Tauman et al., 2004).

How arousals are defined in the sleep literature?
The first definition of arousals was made by the American Sleep Disorders Association in
1992:
a) an abrupt shift in EEG frequency, lasting 3 sec. or more, which may include
theta, alpha, or frequencies greater than 16 Hz but not spindles;
b) subjects must be asleep (10 continuous seconds or more of any stage of
sleep) before an EEG arousal can be scored and at least 10 continuous seconds
of intervening sleep is necessary to score a second arousal;
c) arousals are not scored only on the basis of chin muscle tone or on changes in
respiration or heart rate;
d) K complexes or delta waves are not counted as arousals unless there is also
the abrupt shift to higher frequencies, seen in at least one derivation;
e) arousals in NREM can occur without any increase in chin muscle tone,
whereas arousals in REM can be scored only if accompanied by an increase in
submental EMG.
We should consider that, in younger children, arousals induce EEG frequencies mainly
in the theta band (4-7 Hz) but with increasing age frequencies shift to the alpha band (813 Hz). In some studies EEG frequency shifts greater than 1 s (instead of 3 s) were
considered. Mograss et al. (1994) coded the arousals in OSA children (2-11 years) and
showed that most arousals were less than 3 seconds and do not necessarily disrupt
sleep architecture.
Definition of what constitutes arousal is critical, and criteria of detection and scoring are
still controversial (Sforza et al., 2000). Scientific papers reported different ways to codify
arousals or indicators of sleep fragmentation: Arousals (ASDA, 1992), microarousals
(MA) and phases of transitory activation (PAT) (Schieber et al., 1971) translate a cortical
arousal response. With more sophisticated methods of arousal detection, recent studies
(Halasz, 1998) opened the discussion of whether synchronized EEG sleep patterns, i.e.
K-complex or delta bursts, might represent a form of arousal response in humans. The
authors found that stimuli-induced arousals consisted of transient EEG patterns, without
subsequent EEG desynchronization and associated with autonomic activation. These
events, called subcortical or autonomic arousal (Martin et al., 1997), are intrinsic
components of human sleep, appearing spontaneously as phases A1 of cyclic
alternating pattern (CAP) (Terzano et al., 2001) and expression of levels of greater or
lesser arousal. One major subject of discussion in sleep studies is whether bursts of Kcomplexes (K-bursts) and delta waves (D-bursts), expressions of a subcortical arousal,
truly reflect an arousal response during sleep. It is known that responses to auditory
stimulation in humans induce vasoconstriction, blood pressure variations, and increase
in ventilation, concomitant with bursts of K-complexes or delta waves; moreover, delta
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bursts occur in patients with upper airway resistance syndrome and OSAS as an arousal
response to airflow limitation (Sforza et al., 2000).
Using heart rate (HR) variation over time Sforza et al. (2000) found a significant change
in HR during K- and Delta-bursts consisting of a tachycardia followed by a bradycardia,
reflecting the changes seen during MA and PAT but to a lesser degree. The link
between EEG and HR variation during MA and PAT and the fluctuations in HR during
subcortical arousal suggest a continuous spectrum in the arousal mechanisms, starting
at the brainstem level and progressing to cortical areas. Thus, subcortical arousals might
represent the primary form of arousal response in sleep, preceding the appearance of a
cortical arousal and implicating a common mechanism in the human arousal response.
These so called “subcortical arousals” (K-bursts and delta bursts) are included in the
events that are coded as phase A1 in CAP atlas from Terzano et al. (2001) which have
also been shown to be able to modify significantly heart rate variability during sleep in
children (Ferri et al. 2000).

Significance of CAP
During NREM, sleep maintains an oscillating pattern that reflects different levels of
arousal that has been coded as CAP. CAP is a periodic EEG activity of NREM sleep
characterized by repeated spontaneous sequences of transient events (phase A) which
clearly breaks away from the background rhythm of the ongoing sleep stage, with an
abrupt frequency/amplitude variation, recurring at intervals up to 1 min long. The return
to background activity identifies the interval that separates the repetitive elements
(phase B) (Terzano et al., 2001). CAP A phases have been subdivided into a 3-stage
hierarchy of arousal strength:
– A1: A phase with synchronized EEG patterns (intermittent alpha rhythm in
stage 1; sequences of K-complexes or delta bursts in the other NREM stages),
associated with mild or trivial polygraphic variations;
– A2: A phase with desynchronized EEG patterns preceded by or mixed with
slow high-voltage waves (K-complexes with alpha and beta activities, k-alpha,
arousals with slow wave synchronization), linked with a moderate increase of
muscle tone and/or cardiorespiratory rate;
– A3: A phase with desynchronized EEG patterns alone (transient activation
phases or arousals) or exceeding 2/3 of the phase A length, and coupled with a
remarkable enhancement of muscle tone and/or cardiorespiratory rate
This hierarchical activation from the slower EEG patterns (moderate autonomic
activation without sleep disruption) to the faster EEG patterns (robust vegetative
activation associated with visible sleep fragmentation) can have different meanings: A1
subtypes are involved in the build-up and maintenance of deep NREM sleep, can have a
protective role for sleep continuity and could be related to different hormonal and
physiological activities of NREM sleep; A2 and A3 can be involved in the REM-on
activity and have the function of maintaining the subject arousability (Terzano and
Parrino, 2000).
CAP has been related to several physiological and pathological conditions in adults
(noise, insomnia, parasomnias, sleep disordered breathing, epilepsy, etc.) and can be
viewed as a new paradigm to explore the pathophysiological bases of sleep disorders
and to evaluate the effects of sleep stressors on sleep structure to identify the indicators
of daytime consequences of sleep.
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CAP and its relationships with noise
Only two studies evaluated the effects of noise on CAP. Terzano et al. (1990) showed
that with increasing intensity of sound pressure level (basal condition followed by
continuous white noise at 45 dBA, 55 dBA, 65 dBA and 75 dBA), all the macrostructural
components of sleep were affected, demonstrating a linear relationships with the sound
pressure levels. For the microstructure of sleep, white noise induced a remarkable
enhancement of CAP/NREM, characterized by a linear trend from the lowest to the
highest intensities with increase of CAP rate associated with increasing disruption of
REM and NREM stage 4. The greatest increase of CAP rate was detected in NREM
stage 4, the duration of which underwent remarkable changes both at the lowest and the
highest sound pressure levels. For CAP/NREM values between 45% and 60%, subjects
generally recalled a moderate nocturnal discomfort and values of CAP/NREM over 60%
corresponded to a severe complaint.
In 1993, Terzano et al. studied two groups of healthy subjects that slept in a random
sequence for two non-consecutive nights either under silent baseline or noise-disturbed
conditions. Total NREM sleep described by traditional parameters was statistically
unaffected during the disturbed nights, but the perturbing effects of noise on NREM
sleep stability and continuity were revealed by a significant increase in the CAP rate at
45 dB(A). Irrespective of the specific age, noise decreased mainly SWS, REM and total
sleep time, and increased wake after sleep onset, Stage 1 NREM and the CAP rate.
The Authors concluded that under the thrust of increasing sound pressure levels, CAP
operates as a "buffer" mechanism that counteracts, within compatible ranges, the
disruptive effects of noise on the macrostructure of sleep. This result corroborates
previous findings described by Lukas (1972, who reported that reactions less than a
sleep stage change correlate better to the noise intensity than awakening reactions.

Linking CAP with arousals and behavioral-cognitive dysfunction in children
The issue of the link between CAP, arousal and behavioral-cognitive dysfunction is
important in children for several reasons:
a) arousal threshold is higher in children
b) the more stable homeostatic process of sleep does not permit a clear
macrostructural disruption
c) stimulus-related EEG arousals are less common in children than adults while
subcortical arousals, as demonstrated by movement or autonomic changes,
occur frequently
d) many obstructive respiratory events may not be terminated by an arousal
thus preserving sleep architecture
e) arousal identification in children based on visually identifiable EEG patterns or
movement may markedly underestimate the dynamic changes in spectral
EEG characteristics that were evident with obstructive episodes
f) self perception of sleep quality is not so accurate in children
CAP analysis of sleep in children can give new insights on the relationships between
sleep disruption and cognitive consequences. This kind of analysis can be valuable in
assessing children whose daytime learning and behavior might be adversely affected by
disruption of their sleep, even with apparently normal sleep macrostructure.
Few studies have been carried out on CAP in children. Bruni et al., 2002 showed that
sleep of school-aged children, considered as the ‘gold standard’ for sleep quality, is rich
of phases A1 (mainly K-bursts and delta bursts). In the build-up and maintenance of
deep sleep, activation events are composed basically of subtypes A1. We can
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hypothesize that, since the restorative value of sleep is related to SWS, the A1 subtypes
could play an important role in maintaining this function. Phases A1 can be therefore
considered as a reinforcement of sleep rather than an arousal phenomenon and
protective against factors that could lead to sleep disruption. Further, A1 subtypes
undergo a complex development in association with topical maturational epochs
showing a peak in the pre-adolescents and adolescents, which is probably associated to
specific metabolic age-related variations, especially the growth hormone secretion
(Terzano et al., 2003).
Recently, Bruni et al (2003) presenting preliminary data on CAP in pre-school children
and comparing with the school age group, found an increase of A2 phases. In younger
children the most common pattern of EEG frequency changes associated with an
arousal is a shift to a more rhythmic pattern, primarily in the theta-alpha range that was
coded as A2 phases. This EEG pattern should be considered as an arousal pattern
typical of this age range. The higher prevalence of A2 phases could represent a signal of
higher sleep instability in this age range.
Clinical applications of this new method of scoring are beginning to be explored.
Sleep disorders such as OSA in children, can affect CAP. We analyzed CAP in 9 OSAS
children and we did not find differences in macrostructural parameters and in CAP rate
but a decrease in A1 phases and an increase in A2 phases, mainly during SWS (Bruni et
al., 2003).
We report unpublished data that analyze the relationships between CAP and
neurobehavioral functioning. We studied, in collaboration with the Centre for Sleep
Research, Dept. of Paediatrics, University of Adelaide, South Australia, 17 children (6 M,
11 F; mean age 7,6 years) that underwent standard polysomnography and
neuropsychological evaluation including: Wechsler Intelligence Scale for Children
(WISC-III); Wide Range Assessment of Memory and Learning (WRAML); Auditory
Continuous Performance test (ACPT); Child Behavior Checklist (CBCL). Statistical
analysis showed positive correlation between WISC-III performance IQ and total A1
percentage (r .84) and A1 duration (r .59), while negative correlation has been found
with A2 percentage (r -.78). CBCL Internalizing score negatively correlated with A2-A3.
WISC III verbal IQ, WRAML and ACPT did not show a relationship with CAP
parameters.
The visual analysis of CAP allows to recognize 2 main frequency components belonging,
respectively, to the low delta range (phase A1) and to the alpha-beta range (phase A2
and A3).
The quantitative spectral analysis of these different A phase subtypes, by means of the
FFT, showed that the low-frequency band (0.25-2.5 Hz) had a clear prevalence over the
anterior prefrontal-frontal regions, while the high-frequency band (7-15 Hz) involved
mostly the parietal-occipital areas. The analysis of the cortical generators of the two
frequency bands of CAP, carried out by means of the “low resolution brain
electromagnetic tomography”, confirmed that the generators of the low-frequency
component of CAP are localized mostly over the frontal midline cortex and those of the
high-frequency band involve the parietal and occipital areas (Ferri et al., 2004).
The low frequency components (A1) are mostly represented during SWS and SWS is
now widely recognized as involved in different functions (cognition, behavior, growth
hormone secretion, ecc.); we can hypothesize that SWS disruption induced by
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respiratory disturbances or noise or other factors can be responsible of daytime
consequences of sleep fragmentation.
Considering that:
a) a positive correlation exists between performance IQ and A1 phases;
b) A1 in children are mostly represented during SWS (Bruni et al., 2002);
c) in OSAS children the decrease of A1 phases and the corresponding increase of
A2 was mainly observed in SWS (Bruni et al., 2003);
d) A1 phases generators are located in the prefrontal-frontal cortex;
e) the prefrontal cortex is involved in executive cognitive functions;
f) negative cognitive effects are mediated by prefrontal cortex dysfunction induced
by OSA;
g) the factor responsible for the daytime effects in OSAS children is sleep
fragmentation other than hypoxemia;
we can hypothesize that the disruption of sleep continuity and mainly the fragmentation
of SWS, with a reduction of A1 (generated in prefrontal cortex) and an increase of A2,
could alter the homeostatic process that is necessary for prefrontal cortex restoration
and for ‘recalibration’ of prefrontal cortex circuits and lead to cognitive dysfunctions .

Other new indicators of sleep disruption
These new scoring parameters can allowed us to evaluate the effects of different factors
affecting sleep and therefore specify the exact indicators of negative health effects.
Following this direction, new markers of sleep disruption are currently being developed.
In an in press paper, Tauman et al. (2004) identified a new parameter of sleep disruption
named Sleep Pressure Score (SPS). It is derived from a calculation between indexes of
all arousals during sleep (ARtotI), of spontaneous arousals (SAI) and of respiratory
related arousals (RAI): SPS = (RAI/ARtotI) x (1-SAI/ ARtotI). This new parameter has
been correlated with cognitive measures and it has been found that SPSHigh children
were significantly more likely to have deficits in memory, language abilities, verbal
abilities, and some visuospatial functions than children with SPSLow, that are consistent
with prefrontal cortex (PFC) dysfunction, in agreement with the Beebe and Gozal model
(2002). Thus, a simple quantitative measure of sleep perturbation derived from the
polysomnographic distribution of respiratory and spontaneous arousals provides a
sensitive correlate of cognitive function in snoring children and demonstrated that sleep
fragmentation imposes adverse effects on daytime pre-frontal cortical performance in
children that is independent of the effects of episodic hypoxia and hypercapnia.

147

VII. Conclusions
Reviewing our entire dissertation, we have sufficient evidences that disturbance of the
arousal system and sleep fragmentation, either evaluated as cortical or subcortical
arousals, CAP or SPS, are implicated in determining all medium and long term negative
consequences.
Due to the paucity of studies on this argument we propose a shortlist of future research
priorities:
• Analysis of sleep microstructure in normal children
• Analysis of sleep microstructure in learning disabled children
• Analysis of sleep microstructure in behaviorally disturbed children
• Correlation between alteration of sleep microstructure and behavioral and
cognitive functioning in children
• Prevention of negative cognitive consequences of disturbed sleep
• Identification of possible therapies to avoid sleep disruption (behavioral
techniques, drugs, etc.)
• Sensibilization of pediatricians and physicians about the importance of sleep for
development
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ABBREVIATIONS
ACPT=Auditory Continuous Performance Test;
ADHD=Attention Deficit Hyperactivity Disorder;
ADHD=Attention Deficit Hyperactivity Disorder;
AHI=Apnea/Hypopnea Index;
ARtotI=Total arousals Index:
BP=Blood Pressure;
CAP=Cyclic Alternating Pattern;
CBCL=Child Behaviour Checklist;
FFT=Fast Fourier Transform;
HR=heart rate;
IQ=Intelligence Quotient;
MA=Microarousals;
NREM= Non Rapid Eye Movement;
OSAS=Obstructive Sleep Apnea Syndrome;
PAT= Phases of Transitory Activation;
PFC=Prefrontal Cortex;
RAI=Respiratory-related Arousals Index;
REM=Rapid Eye Movement;
SAI=Spontaneous Arousals Index;
SPS=Sleep Pressure Score;
SROBD=Sleep-Related Obstructive Breathing Disorders;
SWS=Slow Wave Sleep;
UARS=Upper Airway Resistance Syndrome;
WISC-III=Wechsler Intelligence Scale for Children 3rd edition;
WRAML=Wide Range Assessment of Memory and Learning.
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Executive summary
The present review suggests that the risk of disturbed sleep increases with age
but there also seems to be a recent stress related increase in sleep disturbances
in young adults. The long term health consequences are not understood.
The relation between gender and disturbed sleep is confusing. Females, as a
rule complain more of sleep problems, but do not exhibit any objective indications
of more disturbed sleep at least not among otherwise healthy women. With
increasing age the sleep of males deteriorate whereas that of women is relatively
well upheld. Pregnancy, however, is a period of increased risk of disturbed sleep
, whereas the menstrual cycle and menopause show less evidence of disturbed
sleep. Clearly there is a great need of longitudinal research on gender and sleep
and in particular on the possible health consequences around pregnancy.
Stress due to work or family seems to be one of the major causes of disturbed
sleep. The effects on the risk of insomnia is well established, but reduced sleep
in itself seems to yield the same physiological changes as stress. This suggests
that several of the major civilization diseases in Europe and the US (diabetes,
cardiovascular disease, burnout) could be mediated via disturbed sleep. This link
clearly warrants longitudinal studies with interventions.
Shift workers constitute a group that suffers from disturbed sleep for most of their
occupational life. The reason is the interference of work hours with the normal
timing of sleep. This leads to an increased risk of accidents, directly due to
excessive sleepiness, but also to cardiovascular and gastrointestinal disease,
although it is not clear whether the latter effects are sleep related or due to
circadian factors - or to a combination. Recent studies also suggest that breast
cancer may result from shift work due to the effects of light on melatonin
secretion. This still needs verification, however. Future research needs to identify
countermeasures, the reasons for large individual differences in tolerance and
the possible cancerogenic and other effects.
The conclusions above should be seen against the profound effects of reduced
or fragmented sleep on the neuroendocrine (including glucose and lipid
regulation) and immune systems as well as the effects on mortality, diabetes and
cardiovascular disease.
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Introduction
The present paper is focused on the basic individual factors and two risk groups that
clearly run the risk of disturbed sleep in normal daily life. The two obvious individual
factors in this context is age and gender. The two risk groups are those exposed to
stress and those who have their work hours interfere with normal sleep hours.
Gender & age
Gender turns up an important predictor of disturbed sleep in virually all epidemiological
studies. (Bixler et al., 1979; Karacan et al., 1976, Ancoli-Israel, 1999 #4652; Sateia et
al., 2000; Leger et al., 2000). On the other hand there doesn’t seem to be much of a
difference in polysomnographical parameters between males and females, except for
the former loosing SWS with increasing age and having a slightly reduced sleep
efficiency also with increasing age (Williams et al., 1974) (Hume et al., 1998). Ehlers et
al timed the start of differences between genders to 20-40 years (Ehlers and Kupfer,
1997). Also spectral analysis indicates slightly larger amounts of low frequency activity in
females (Dijk et al., 1989a; Dijk et al., 1989b). In addition, men seem to run a higher risk
for morbidity and mortality related to sleep problems than women (Nilsson et al., 2001).
The inconsistency between polysomngraphy and subjective measures has not bee
resolved but it may be important that most polysomnographical studies have control for
anxiety and depression. Thus, it is conceivable that the higher level of subjective
complaints in women reflects a higher prevalence of anxiety. The latter is a speculation,
however.
A confounding factor in gender comparisons is that also phase in female biological
cycles is usually controlled for in polysomnographical studies, meaning that potential
effects of, for example, menstruation, may not receive its proper weight. A recent review
has gone through the literature i this area (Moline et al., 2003). It found that the luteal
phase of the menstrual cycle is associated with subjective sleep problems, but this has
not been supported by polysomnographical studies. Pregnancy affects sleep negatively
already in the first trimester and the effects mainly involve awakenings and difficulties
getting back to sleep. Napping is a frequent coping method. The post-partum period is
often associated with severe sleep disruption, mainly due to feeding and comforting the
infant. There seems to be some relation between sleep disruption and post-partum
mood, but nothing is known about the causal relations. Menopause seems to involve
disrupted sleep in relation to hot flashes, depression/anxiety and sleep disordered
breathing. Estrogen is associated with improved sleep quality but it is not clear whether
the effects is via a reduction of hot flashes. Estrogen also improves sleep-disordered
breathing.
With respect to background factors, age is an established predictor of disturbed sleep
(Bixler et al., 1979; Karacan et al., 1976; Ancoli-Israel and Roth, 1999; Ribet and
Derriennic, 1999; Sateia et al., 2000; Leger et al., 2000). Interestingly, though, older age
may be related to a lower risk of impaired awakening (Åkerstedt et al., 2002c), that is,
in this study it was easier to wake up and one felt more well rested with increasing age,
while at the same time, sleep quality was lower. The increased risk of disturbed sleep is
consistent with the increasingly strong interference of the circadian morning upswing of
metabolism with increasing age (Dijk and Duffy, 1999). Thus sleep maintenance is
impaired and when sleep is interrupted "spontaneously", the awakening is, by definition,
easily accomplished and will be lacking in inertia. This ease of awakening may be
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interpreted as "being well rested", and obviously the need for sleep is not great enough
to prevent an effortless transition into wakefulness.
In addition, sleep homeostasis seems to be weakened with age in the sense that sleep
becomes more fragmented and SWS or power density in the delta bands decreases
(Williams et al., 1974) (Bliwise, 1993; Dijk et al., 1999). As mentioned above, the effects
are more pronounced in males, a fact may be linked to reduced levels of growth
hormone and testosterone.
Stress
A number of epidemiological studies point to a strong link between stress and sleep
(Åkerstedt, 1987; Ancoli-Israel and Roth, 1999; Urponen et al., 1988). In fact, stress is
considered the primary cause of persistent psychophysiological insomnia (Morin et al.,
2003). Also, recent epidemiological studies have shown a connection between disturbed
sleep and later occurrence of stress-related disorders such as cardiovascular disease
(Parish and Shepard, 1990; Nilsson et al., 2001; Leineweber et al., 2003) and diabetes
type II (Nilsson et al., 2002). The mechanism has not been identified but both lipid as
well as glucose metabolism is impaired in relation to experimentally reduced sleep
(Åkerstedt and Nilsson, 2003).
Burnout is another result of long term stress and a growing health problem in many
western countries (Weber and Jaekel-Reinhard, 2000). In Sweden, burnout is estimated
to account for most of the doubling of long-term sickness absence since the mid-nineties
(RFV, 2003). The characteristic clinical symptoms of the condition are excessive and
persistent fatigue, emotional distress and cognitive dysfunction (Melamed et al., 1992;
Kushnir and Melamed, 1992). Self-reports of disturbed sleep are pronounced in subjects
scoring high on burnout (Melamed et al., 1999; Grossi et al., In press). Since shortened
and fragmented sleep is related to daytime sleepiness and impaired cognitive
performance (Bonnet, 1986b; Bonnet, 1986a; Bonnet, 1985; Dinges et al., 1997; Gillberg
and Åkerstedt, 1998; Åkerstedt, 1990), disturbed sleep might provide an important link
between the state of chronic stress and the complaints of fatigue and cognitive
dysfunction seen in burnout.
Partinen et al (1984) investigated several occupational groups and found disturbed sleep
to be most common among manual workers and much less so among physicians or
managing directors. Geroldi et al (1996) found in a retrospective study of older
individuals (above the age of 75) that former white collar workers reported better sleep
than blue collar workers. Kupperman et al (1995) reported less sleep problems in
subjects satisfied with work.
In what seems to be the most detailed study so far, Ribet et al (1999) studied more than
21000 subjects in France, using a sleep disturbance index and logistic regression
analysis. It was found that shift work, a long working week, exposure to vibrations, and
"having to hurry" appeared to be the main risk factors, controlling for age and gender.
Disturbed sleep was (Bixler et al., 1979; Karacan et al., 1976; Ancoli-Israel and Roth,
1999), more frequent in women, and in higher age groups.
The particular stressor linked to disturbed sleep may be working under high demands.
(Urponen et al., 1988; Ancoli-Israel and Roth, 1999; Ribet and Derriennic, 1999;
Åkerstedt et al., 2002b)]. High demands is the classical work stress factor and when
combined with low decision latitude it has been shown to be related to cardiovascular
disease (Theorell et al., 1998) and absenteeism (North et al., 1996). Interestingly, when
"persistent thoughts about work" was added to the regression in the study by Akerstedt
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et al (2002b) this variable took over part of the role of work demands as a predictor.
This suggests that it may not be work demands per se that are important, but rather their
effect on post-work unwinding. In two studies it has been demonstrated that even
moderate worries about being awakened during the night or of having a negative feeling
about the next day will affects sleep negatively, mainly reducing SWS (Torsvall and
Åkerstedt, 1988; Kecklund and Åkerstedt, 1997). On the other hand there is very little
data to connect real life stress with polysomnograhical indicators of disturbed sleep.
Most studies have used rather innocuous and artificial stressor in a lab environment.
Field studies of stress are virtually lacking, with some exceptions (Hall et al., 2000).
Also lack of social support at work is a risk indicator for disturbed sleep (Åkerstedt et al.,
2002b). We have not been able to find much previous data of this type but poor
(general) social support has been associated with sleep complaints in Vietnams
veterans (Fabsitz et al., 1997). On the other hand, there are a number of studies
indicating a close connection with poor social support for, for example, cardiovascular
disease (Arnetz et al., 1986), or muscle pain (Ahlberg-Hultén et al., 1995).
Interestingly, the metabolic changes seen after sleep curtailment in normals or in
insomniacs and sleep apneics are similar to those seen in connection with stress. That
is, lipid and glucose metabolism are increased, as are cortisol levels (Spiegel et al.,
1999; Vgontzas et al., 2001; Vgontzas et al., 2000). Together with the prospective links
to stress related diseases such as diabetes type II and cardiovascular disease discussed
above, and with mortality (Kripke et al., 1979; Kripke et al., 2002; Åkerstedt et al., 2002a;
Dew et al., 2003), the findings could suggest that disturbed sleep may be an important
mediator in the development of stress-related diseases.
Shift work
The dominating health problem reported by shift workers is disturbed sleep and wakefulness.
At least 3/4 of the shift working population is affected. (Åkerstedt, 1988). When comparing
individuals with a very negative attitude to shift work with those with a very positive one, the
strongest discriminator seems to be the ability to obtain sufficient quality of sleep during
daytime (Axelsson et al., submitted). EEG studies of in rotating shift workers and similar groups
have shown that day sleep is 1-4 hours shorter than night sleep (Foret and Lantin, 1972; Foret
and Benoit, 1974; Matsumoto, 1978; Tilley et al., 1981; Torsvall et al., 1989; Mitler et al., 1997).
The shortening is due to the fact that sleep is terminated after only 4-6 hours without the
individual being able to return to sleep. The sleep loss in is primarily taken out of stage 2 sleep
("basic" sleep) and stage REM sleep (dream sleep). Stages 3 and 4 ("deep" sleep) do not
seem to be affected. Furthermore, the time taken to fall asleep (sleep latency) is usually
shorter. Also night sleep before a morning shift is reduced but the termination is through
artificial means and the awakening usually difficult and unpleasant. (Dahlgren, 1981a; Tilley et
al., 1982; Åkerstedt et al., 1991; Kecklund, 1996)
Interestingly, day sleep does not seem to improve much across series of night shifts (Foret and
Benoit, 1978; Dahlgren, 1981b). It appears, however, that night workers sleep slightly better
(longer) than rotating workers on the night shift (Kripke et al., 1971; Bryden and Holdstock,
1973; Tepas et al., 1981). The long term effects of shift work on sleep are rather poorly
understood. However, Dumont (1988) found that the amount of sleep/wake and related
disturbances in present day workers were positively related to their previous experience of
night work. Guilleminault (1982) found an overrepresentation of former shift workers with
different clinical sleep/wake disturbances appearing at a sleep clinic. Recently, we have shown
that in pairs of twins discordant on night work exposure, the exposed twin reports somewhat
deteriorated sleep quality and health after retirement (Ingre and Åkerstedt, in press).
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The main reason for the short daytime sleep is the influence exerted by the circadian rhythm.
The more sleep is postponed from the evening towards noon next day, the more truncated it
becomes and when noon is reached the trend reverts (Foret and Lantin, 1972; Åkerstedt and
Gillberg, 1981) . Thus, sleep during the morning hours is strongly interfered with, despite the
sizeable sleep loss that, logically, should enhance the ability to maintain sleep. (Czeisler et al.,
1980). Also homeostatic influences control sleep. For example, the expected 4-5 hours of
daytime sleep, after a night spent awake, will be reduced to 2 hours if a normal night sleep
precedes it and to 3.5 hours if a 2-hour nap is allowed (Åkerstedt and Gillberg, 1986). Thus,
the time of sleep termination depends on the balance between the circadian and homeostatic
influences. The circadian homeostatic regulation of sleep has also been demonstrated in great
detail in studies of forced or spontaneous desynchronization under conditions of temporal
isolation and ad lib sleep hours (Czeisler et al., 1980; Dijk and Czeisler, 1995).
Alertness, performance and safety
Night oriented shift workers complain as much of fatigue and sleepiness as they do about
disturbed sleep (Åkerstedt, 1988). The sleepiness is particularly severe on the night shift,
hardly appears at all on the afternoon shift, and is intermediate on the morning shift. The
maximum is reached towards the early morning (0500h to 0700h). Frequently, incidents of
falling asleep occur during the night shift (Prokop and Prokop, 1955; Kogi and Ohta, 1975;
Coleman and Dement, 1986). At least 2/3 of the respondents report that they have
experienced involuntary sleep during night work.
Ambulatory EEG recordings verify that incidents of actual sleep occur during night work in, for
example, process operators (Torsvall et al., 1989) . Other groups, such as train drivers or truck
drivers show clear signs of falling-asleep incidents while driving at night (Caille and Bassano,
1977; Torsvall and Åkerstedt, 1987; Kecklund and Åkerstedt, 1993). This occurs towards the
second half of the night and appears as repeated bursts of alpha and theta EEG activity,
together with closed eyes and slow undulating eye movements. As a rule the bursts are short
(1-15 seconds) but frequent, and seem to reflect let-downs in the effort to fend off sleep.
Approximately 1/4 of the subjects recorded show the EEG/EOG patterns of fighting with sleep.
This is clearly a larger proportion than what is is found in the subjective reports of falling asleep
episodes.
As may be expected, sleepiness on the night shift is reflected in performance. One of the
classics in this area is the study by Bjerner et al (1955) who showed that errors in meter
readings over a period of 20 years in a gas works had a pronounced peak on the night shift.
There was also a secondary peak during the afternoon. Similarly, Brown (1949) demonstrated
that telephone operators connected calls considerably slower at night. Hildebrandt et al (1974)
found that train drivers failed to operate their alerting safety device more often at night than
during the day. Most other studies of performance have used laboratory type tests and
demonstrated, for example, reduced reaction time or poorer mental arithmetic on the night shift
(Tepas et al., 1981; Tilley et al., 1982). Flight simulation studies have, furthermore shown that
the ability to "fly" a simulator (Klein et al., 1970), or to carry out a performance test (Dawson
and Reid, 1997) at night may decrease to a level corresponding to that after moderate alcohol
consumption (>0.05% blood alcohol) Interestingly, Wilkinson et al (1989) demonstrated that
reaction time performance on the night shift (nurses) was better in permanent than rotating
shift workers.
If sleepiness is severe enough, interaction with the environment will cease and if this coincides
with a critical need for action an accident may ensue. Such potential performance lapses due
to night work sleepiness were seen in several of the train drivers discussed earlier (Torsvall
and Åkerstedt, 1987). The transport area is where most of the available accident data on night
shift sleepiness has been obtained (Lauber and Kayten, 1988). Thus Harris (Harris, 1977) and
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Hamelin (1987) demonstrated that single vehicle accidents have, by far, the greatest
probability of occurring at night. So does fatigue-related accidents (Horne and Reyner, 1995)
but also most other types of accidents, for example head-on collisions, rear end collisions
(Åkerstedt et al., 2001). The National Transportation Safety Board ranks fatigue as one of the
major causes of heavy vehicle accidents (NTSB, 1995).
From conventional industrial operations very little relevant data is available but fatal work
accidents show a higher risk in shift workers (Åkerstedt et al., 2002a) and accidents in the
automotive industry may exhibit night shift effects (Smith et al., 1994) and an interesting
analysis has been put forward by the Association of Professional Sleep Societies' Committee
on Catastrophies, Sleep and Public Policy (Mitler et al., 1988). Their consensus report notes
that the nuclear plant meltdown at Chernobyl occurred at 0135h and was due to human error
(apparently related to work scheduling). Similarly, the Three Mile Island reactor accident
occurred between 0400h and 0600h and was due to, not only the stuck valve that caused a
loss of coolant water but, more importantly, to the failure to recognize this event leading to the
near meltdown of the reactor. Similar incidents, although with the ultimate stage being
prevented, occurred 1985 at he David Beese reactor in Ohio and at the Rancho Seco reactor
in California. Finally, the committee also states that the NASA Challenger space shuttle
disaster stemmed from errors in judgement made in the early morning hours by people who
had insufficient sleep (through partial night work) for days prior to the launch. Still, there is very
limited support for the notion that shift work outside the transport area actually carries a higher
over all accident risk.
As with sleep, the two main factors behind sleepiness and performance impairment
are circadian rand homeostatic factors. Their effects may be difficult to separate in field
studies but are clearly discernible in laboratory sleep deprivation studies (Fröberg et al.,
1975) as well as in studies of forced desynchronization (Dijk et al., 1992). Alertness falls
rapidly after awakening but gradually levels out as wakefulness is extended. The
circadian influence appears as a sine-shaped superimposition upon this exponential fall
in alertness. Space does not permit a discussion of the derivation of these functions, but
the reader is referred to Folkard and Åkerstedt (Folkard and Åkerstedt, 1991) in which
the "three-process model of alertness regulation is described. This model has been
turned into computer software for predicting alertness and performance and to some
extent accident risk.
Health effects
Gastrointestinal complaints are more common among night-shift workers than among day
workers. In a review of a number of reports covering 34047 persons with day or shift work was
found ulcers occurring in 0.3%-0.7% in day workers, in 5% of persons with morning and
afternoon shifts, in 2.5-15% of persons with rotating shift systems with night shifts, and in 10%30% in ex-shift workers (Angersbach et al., 1980). Several other studies have come to similar
conclusions (Thiis-Evensen, 1958; Segawa et al., 1987; Harrington, 1994) Other
gastrointestinal disorders, including gastritis, duodenitis and dysfunction of digestion are more
common in shift workers than in day workers (Koller, 1983).
The pathophysiologic mechanism underlying gastrointestinal disesease in shift workers is
unclear, but one possible explanation is that intestinal enzymes and intestinal mobility are not
synchronized with the sleep/wake pattern. Intestinal enzymes are secreted with circadian
rhythmicity, and shift workers’ intake of food is irregular compared with intestinal function (Suda
and Saito, 1979; Smith et al., 1982). A high nightly intake of food may be related to increased
lipid levels (Lennernäs et al., 1994) and eating at the circadian low point may be associated
with altered metabolic responses (Hampton et al., 1996). In addition, reduced sleep affects lipid
and glucose metabolism (Spiegel et al., 1999).
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A number of studies have reported a higher incidence of cardiovascular disease, especially
coronary heart disease, in male shift workers than in men who work days (for review see
(Kristensen, 1989; Bøggild and Knutsson, 1999). In a study of 504 paper mill workers followed
for 15 years was found a dose-response relationship between years of shift work and incidence
of coronary heart disease in the exposure interval 1-20 years of shift work (Knutsson et al.,
1986). A study of 79000 female nurses in the United States gave similar results (Kawachi et
al., 1995) as did a study with more than 1 million Danish men (Tüchsen, 1993) and a cohort of
Finnish workers (Tenkanen et al., 1997). As with gastrointestinal disease, a high prevalence of
smoking among among shift workers, might contribute to the increased risk of coronary heart
disease, but smoking alone cannot explain the observed overrisk (Knutsson, 1989b). Another
possibility is disturbances of metabolic parameters such as lipids and glucose for which there is
some support as discussed above.
Only a few studies have addressed the issue of pregnancy outcome in shift workers. In one
study of laboratory employees shift work during pregnancy was related to a significantly
increased risk of miscarriage (RR 3.2) (Axelsson et al., 1984). Another study of hospital
employees also demonstrated an increased risk of miscarriage (RR=1.44, 95% CI 0.83-2.51)
(Axelsson and Rylander, 1989). Lower birth weight of infants of mothers who worked irregular
hours has been reported (Axelsson and Rylander, 1989; Nurminen, 1989). No teratogenic risk
associated with shift work was reported (Nurminen, 1989).
The mortality of shift and day workers was studied by Taylor and Pocock (Taylor and
Pocock, 1972), who studied 8603 male manual worker in England and Wales between
1956 and 1968. Day, shift, and ex-shift workers were compared with national figures.
SMR can be calculated from observed and expected deaths reported in the paper.
SMRs for deaths from all causes were 97, 101 and 119 for day, shift, and ex-shift
workers respectively. Although the figures might indicate an increasing trend, the
differences were not statistically significant. However, the reported SMR close to 100 is
remarkable because the reference popoulation was the general male population. Most
mortality studies concerned with occupational cohorts reveal SMRs lower than 100,
implying a healthy worker´s effect (Harrington, 1978). The same study showed
significantly increased incidence of neoplastic disease in shift workers (SMR 116). A
danish study of 6.000 shift workers failed to demonstrate any excess mortality in shift
workers (Bøggild et al., 1999).
Rather little evidence exists on the connection between shift work and cancer. The mortality
study by Taylor and Pocock (Taylor and Pocock, 1972) reported a increased incidence of
neoplasms in shift workers compared with the general population . A recent Danish casecontrol study reportd an increased risk of breast cancer among 30-45-year old women who
worked mainly nights (Hansen, 2001). In 75.000 nurses those with more than 15 years of night
work showed an increased risk of colorectal cancer (Schernhammer et al., 2003). If the results
are confirmed a possible mechanism may be the low levels of the hormone melatonin, due to
light exposure during the night with a subsequent suppression of melatonin.
Very few studies are available but Koller et al (1978) found a prevalence of endocrine and
metabolic disease of 3.5% in shift workers and 1.5% in day workers. Kawachi et al found in a
prospective study of shift workers that the age-standardized prevalence was 5.6% at 15 years
of shift work experience compared with 3.5% for no exposure (Kawachi et al., 1995). Nagaya
et al found that markers of insulin resistance was more frequent in shift workers above the age
of 50 than in day workers (Nagaya et al., 2002). Other indicators, such as body mass index,
glucose leves, etc give a rather inconclusive impression as indicated in a review by Böggild
and Knutsson (Bøggild and Knutsson, 1999).
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Another contributing factor to gastrointestinal diseases might be the association between shift
work and smoking. A number of studies have reported that smoking is more common among
shift workers (Angersbach et al., 1980; Knutsson et al., 1988). Studies concerned with alcohol
consumption comparing day workers and shift workers have produced conflicting results
(Smith et al., 1982; Knutsson, 1989a; Romon et al., 1992) , probably due to local cultural
habits. One study, which used g-Glutamyltransferase as marker of alcohol intake, did not
indicate that the shift workers had higher intake of alcohol than the day workers (Knutsson,
1989a).
Sickness absence is often used as a measure of occupational health risks. However,
sickness leave is influenced by many irrelevant factors and cannot be considered as a reliable
measure of true morbidity. Studies on sickness abscence in day and shift workers have
revealed conflicting results and there is no evidence that shift workers have more sickness
abscence than day workers. For review, see (Harrington, 1978).
Shift system characteristics
Which aspects of shift work are the most problematic then? And which are most conducive to
wellbeing? The area has been reviewed recently by, for example Knauth (1996).
As important as night work in causing difficulties is, in our opinion, so called ”quick changes”,
that is, reduced time-between-shifts, often only 8 hours. Obviously, if sleep is reduced between
shifts, fatigue is increased in the second shift (Knauth et al., 1983; Kurumatani et al., 1994;
Totterdell and Folkard, 1990; Axelsson et al., in press). The reason for the quick changes is
usually that one likes to compress the working week to gain longer sequences of time off.
Aside from the night shift per se an important shift system characteristic is the number of
night shifts in a row. Most studies indicate that the circadian system and sleep do not adjust
(improve) much across a series of night shifts Fröberg et al (1972; Åkerstedt, 1977; Chaumont
et al., 1979; Dahlgren, 1981a; Minors and Waterhouse, 1985) . Not even in permanent night
workers is there seen an improvement (Patkai et al., 1977; Åkerstedt et al., 1977; Folkard et
al., 1978) . Thus, one would expect a long series of night shifts (>4) to be particularly taxing.
Sanderson (1986) indeed found that rated alertness and general wellbeing in 3-shift workers
improved when a 2-3 day rotation was substituted for the old 7 day rotation. On the whole, the
advantage with rapid rotation is that the taxing night shift is not permitted to exert its influence
for more than a limited period of time (Knauth, 1995). On the other hand, if it is of major
importance that performance capacity remains high during the night it seems that a solution
with permanent night shifts is preferrable, in combination with other teams that work a two shift
system with morning and afternoon shifts only (Folkard, 1992; Wilkinson, 1992). The issue of
speed of rotation is still debated, however, and there are arguments for advantages of
permanent night work.
With respect to the duration of shifts there is a feeling among researchers an
practitioners that the prevalence is increasing but there is a lack of quantitative data.
Interestingly, long shifts seem popular since they permit long sequences of free time and
reduced commuting. Still, most would be tempted to assume that problems would
increase with increasing duration and there is support for this notion (Kelly and
Schneider, 1982; Reid et al., 1993; Rosa and Colligan, 1989; Rosa, 1991; Wheeler et
al., 1972). Also, in a study of accidents in truck drivers Hamelin (1987) demonstrated a
U-shaped relation between hours driven and accidents, ie, after an initial "warm up"
period accident risk was low, with an increase towards 11 hours of driving. On the other
hand, many studies have failed to find negative effects, or have found even positive
effects (Duchon et al., 1994; Mills et al., 1983; Peacock et al., 1983; Williamson et al.,
1994; Persson et al., 2003). Folkard has suggested that there also is an increase in
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accident risk after 3 hours (Folkard, 1997). The reason for the contradictory results may
due to differences in, for example, the number of consecutive shifts, start and stop
times, and on work load. Clearly, those schedules that involve an accumulation of work
give rise to a sleep deficit that is problematic and which further causes elevated
sleepiness levels during work (Kogi et al., 1989; Rosa and Colligan, 1989). Furthermore,
a combination of sleep deficit, due to too many consecutive shifts, and physically
demanding work has been shown to be negative (Rosa and Bonnet, 1993). Other
factors that are seen as potential dangers if combined with extended shifts are overtime,
no opportunity to take unscheduled rests, paced jobs, and second jobs (Rosa, 1995).
Thus, there seems to be no strong argument against moderate extensions (2-4h) of 8h
shifts, at least not as long as work load is acceptable..
Another debated aspect of the shift schedule is its direction of rotation (Knauth, 1995). Since
the free - running period of the human sleep/wake cycle averages 25 hours and since it can be
entrained by environmental time cues only within 1-2 hours of the free run period, phase delays
are easier to accomplish than phase advances. For the rotating shift worker this implies that
schedules that delay, ie, rotate clockwise (morning- afternoon- night) should be preferred to
those that rotate counterclockwise. There has been, however, very few practical tests of this
theory, particularly in relation to sleepiness. Still, Czeisler (1982) has demonstrated that a
change from counter clockwise to clockwise rotation, together with a change from 7 day to 21
day rotation, improved production and wellbeing in 3-shift workers. Orth-Gomér (1983) found
that a change in the same direction in rapidly (1 day) rotating police officers reduced blood
pressure and improved wellbeing. It appears, that similar effects may be obtained simply by
having the night shift moved from the start to the end of the shift cycle (Fredén et al., 1986).
We believe that the present opinion on the topic of direction is that it might be of less
importance than originally thought.
Individual differences and strategies
There has been many attempts to identify individuals who are more or less tolerant to shift
work, but very few clear results have been obtained (Härmä, 1995). However, health problems
in shift workers usually increase with age (Foret et al., 1981; Åkerstedt and Torsvall, 1981) .
The problems also increase with increasing exposure to shift work (Foret et al., 1981;
Åkerstedt and Torsvall, 1981; Koller, 1983; Dumont et al., 1987). Gender is not in itself
necessarily related to shift work tolerance (Härmä, 1993). On the other hand the extra load of
household work may put women at a disadvantage. Being a morning type person (as opposed
to an evening type) is associated with poorer adjustment to shift work (Aanonsen, 1964;
Folkard et al., 1979).
Similarly, rigidity of sleep patterns is associated with difficulties in shift work (Folkard et al.,
1979; Costa et al., 1989). It is not clear, however, to what extent the self estimate of sleep
rigidity simply represents a reaction to prior shift work (or other irregular work hours).
Comparisons of individuals who differ in attitude to shift work show that a major factor behind
the negative attitude is a perceived inability to obtain good quality sleep in after night shifts
(Axelsson et al., in press). Interestingly, low testosterone levels characterize those with
negative attitudes and these levels are directly related to disturbed sleep (Axelsson et al.,
2003).
Interestingly, a good physical condition of the individual may facilitate shift work. Thus, Härme
et al (1986)] had threeshift workers improve their physical fitness through a training program.
This greatly reduced rated overall fatigue. Another factor that will exacerbate night work
sleepiness is sleep pathology such as that associated with, for example, sleep apnea (Lavie et
al., 1981) .
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A number of diseases have been considered incommensurate with shift work, for
example, diabetes and ulcer (Rutenfranz, 1982; Costa, 1998) . There is, however, very
little hard evidence that such diseases will exacerbate with shift work.
Conclusion
Shift work or similar arrangements of work hours clearly affects sleep and alertness and
there is a moderate risk of cardiovascular and gastrointestinal disease. Other diseases
such as cancer or diabetes may be related to shift work but the evidence is as yet rather
weak.
Conclusions
The present review suggests that the risk of disturbed sleep increases with age but there
also seems to be a recent stress related increase in sleep disturbances in young adults.
The long term health consequences are not understood.
The relation between gender and disturbed sleep is confusing. Females, as a rule
complain more of sleep problems, but do not exhibit any objective indications of more
disturbed sleep at least not among otherwise healthy women. With increasing age the
sleep of males deteriorate whereas that of women is relatively well upheld. Pregnancy,
however, is a period of increased risk of disturbed sleep , whereas the menstrual cycle
and menopause show less evidence of disturbed sleep. Clearly there is a great need of
longitudinal research on gender and sleep and in particular on the possible health
consequences around pregnancy.
Stress due to work or family seems to be one of the major causes of disturbed sleep.
The effects on the risk of insomnia is well established, but reduced sleep in itself seems
to yield the same physiological changes as stress. This suggests that several of the
major civilization diseases in Europe and the US (diabetes, cardiovascular disease,
burnout) could be mediated via disturbed sleep. This link clearly warrants longitudinal
studies with interventions.
Shift workers constitute a group that suffers from disturbed sleep for most of their
occupational life. The reason is the interference of work hours with the normal timing of
sleep. This leads to an increased risk of accidents, directly due to excessive sleepiness,
but also to cardiovascular and gastrointestinal disease, although it is not clear whether
the latter effects are sleep related or due to circadian factors - or to a combination.
Recent studies also suggest that breast cancer may result from shift work due to the
effects of light on melatonin secretion. This still needs verification, however. Future
research needs to identify countermeasures, the reasons for large individual differences
in tolerance and the possible cancerogenic and other effects.
The conclusions above should be seen against the profound effects of reduced or
fragmented sleep on the neuroendocrine (including glucose and lipid regulation) and
immune systems as well as the effects on mortality, diabetes and cardiovascular
disease.
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