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Preface

Changes in daily living circumstances over several decades have significantly affected
sleep quality, propelling two revolutions in health care: a treatment revolution, which
has been directed to the care of sleep disturbances, chiefly through pharmacological
methods, and a research revolution, which has produced a novel understanding

of the role of sleep in cognition. High-paced social and employment practices, for
instance, have notably combined to make insomnia a major dysfunction affecting
both physical and mental health, with nearly 30%-40% of the adult population
suffering from its mild to severe forms.

The need to treat insomnia and other sleep disorders has been the stimulus for
developing pharmacologic interventions that, historically, have pursued an empiric
approach. This approach has yielded drug candidates capable of alleviating sleep
disturbances, but often with accompanying undesirable effects. Benzodiazepines,
the first group of sleep medications developed, exhibited significant adverse

effects like cognitive and psychomotor impairment, anterograde amnesia, next-

day hangover, and rebound insomnia. Because of these adverse effects, the use of
benzodiazepines for treatment of insomnia became controversial. In their place the
non-benzodiazepine drugs like zolpidem, zaleplon, and zopiclone that followed all
had high affinity and selectivity for the al-subunit of the GABAA receptor complex,
which improved sleep maintenance shortly after administration but lost this effect,
however, at later sleep stages. These drugs too had adverse effects, which included
daytime drowsiness, dizziness, headache, and nausea. In like manner, empirical
approaches have yielded other drug candidates such as the orexin blockers with their
own suite of advantages and disadvantages. Following this empirical progression
has thus altogether yielded an extensive, proliferating, and somewhat bewildering
variety of sleep medications, with the current pharmacopeia now exhibiting a broad
range of biological properties affecting sleep.

Coincident with the revolution in sleep pharmacotherapy there has been a parallel
revolution in the understanding of the nature of sleep. While motivated chiefly by the
health needs of increasing numbers of individuals suffering sleep disturbances, the
study of the physical reality of sleep also presented itself as a strikingly interesting,
universal feature of cognition. All known mammalian species notably exhibit sleep.
This universal physical feature led to numerous studies that attempted to explain
sleep’s biophysical basis. Dominating the hypothetical landscape was the fact

that sleep’s defining feature entailed a sensory disconnection from afferent input.
Addressing the why and how of this feature has now yielded key insights into the
nature of sleep with a growing body of data coalescing around several models. These
models point to a global influence in the modulation of the neuroplastic events of
cognition and thus of an influence likely to be exerted on neurological functions
throughout the brain.

The text presented here is a recognition of these twin revolutions, which have been
driven by the need to address a common and increasingly prevalent class of health
and social impairments.



This text, however, is also a recognition that the revolutions in pharmacological
medications and in the understanding of the physical basis of sleep are windows into
a broader view of systemic dysfunction within the brain and so of the cross-cutting
relevance of sleep for the practice of medicine in numerous neurological domains.
This is to say that both the understanding of sleep and the methodology evolved for
its treatment have reached a point of synergy that represents a plateau with broader
implications for therapeutic intervention in cognitive dysfunction.

Consistent with this view, several studies have reported that sleep and psychiatric
disorders are comorbid, such as depression or anxiety, suggesting that sleep distur-
bances may constitute etiological factors contributing to psychiatric impairments.
Indeed, the identification of comorbidities ranging from psychoses and addiction
to neurological dysfunction and the like is a significant indicator that processes like
sleep that operate on global scales are likely to have wide-ranging functional effects.

Accordingly, this book presents an up-to-date portrait of these revolutions, demon-
strating the success achieved in pharmacological therapy and the insights acquired
through research exploration. However, the text is also intended to link these findings
to efforts to chart a trajectory that will reveal the cross-cutting relevance of sleep
pharmacotherapy not only for the medical management of its disorders but also for
the practice of medicine in a wider range of neurological issues.

To present these themes, the chapters are anchored by an introductory discussion
on the contemporary understanding of the biological and physical basis of sleep and
the implications that this understanding has about cognition and the physiological
mechanisms that are themselves affected by sleep. These mechanisms are then
discussed from the vantage of pharmacological tools that are capable of modulating
sleep events and therapeutically resolving its disturbances. A final section considers
the therapeutic terrain beyond sleep disturbances, the neurological domain of
sleep-induced, system dysfunction.

Current models of sleep situate it within the sphere of biophysical phenomena and
often characterize it as adhering strictly to fundamental physical principles. The
bodily processes that govern sleep and establish its rhythms are therefore themselves
constrained to accommodate these principles within the architecture shaping sleep
behavior. The biochemical medium underpinning this behavior is taken up in
Chapter 2. Included in its discussion is a comprehensive compendium of the many
small regulatory molecules involved in sleep and circadian rhythms. Their roles in
brain systems physiology, hypothalamic and pituitary hormone influences in sleep,
neuropharmacological agents, and changes during psychiatric disease are presented,
an organization that assists not only in relating their molecular contribution to brain
systems physiology but that is also helpful in understanding how they are likely to
interact with each other in normal and pathological circumstances.

The disruption of sleep regulatory mechanisms constitutes the most visible aspect
of sleep disturbances, their biochemical, electrophysiological, and behavioral
features having motivated the progressive evolution in the present pharmacopeia.
Chapters 3 and 4 consider two well-known symptomatic consequences of failures in
sleep regulation mechanisms: narcolepsy and the parasomnias.

Narcolepsy is one of the most common causes of chronic sleepiness, occurring
in nearly one of every 2000 individuals with significant impact on quality of life
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and employment. Chapter 3 by Jose et al. highlights current pharmacotherapeutic
practice for narcolepsy, which has a stated intention of managing but not curing
the disease. Its discussion addresses first- and second-line treatments, combined
therapies, kinetic profiles, and other details of the chief pharmaceuticals now
available for medical management of narcolepsy, a compendium that should be
useful for the physician not frequently accustomed to treating this class of patients.
Parasomnias are unusual motor and/or behavioral events that occur while falling
asleep, during sleep, or arousal, which may appear in rapid eye movement (REM)
or non-REM (NREM) phases of sleep. In pediatric populations, they can be highly
prevalent, as in NREM parasomnias, attaining nearly 40%. Chapter 4 by Carter
reviews the principal parasomnia classes, sleep-related movement disorders, REM
and NREM parasomnias, and arousal disorders, their symptomatology, and con-
traindications. The discussion considers not only pharmacokinetics, bioavailability,
receptor physiology, and system influences, but also provides a wealth of physical
molecular features (e.g., the presence of single vs double rings, receptor binding
site interactions, affinity constants, etc.) that distinguishes compound classes as
considered effects of their biological action. Included are such major players as the
benzodiazepines; melatonin; antidepressants; alpha delta, voltage-gated, calcium
channel blockers; dopamine agonists; and opioids.

Beyond the symptomatic expression of direct regulatory dysfunction, sleep
disturbances encompass ancillary symptoms whose modalities significantly, but
indirectly, impinge on secondary systemic wellbeing. Chapters 5 and 6 consider the
special case of apnea, with Chapter 5 exploring the significance of a risk indicator
in a previously unassessed, cultural setting, Taiwan, and Chapter 6 the diagnostic
breadth offered by supplementary disciplines.

Chapter 5 explores the link between snoring and obstructive sleep apnea (OSA),

a predisposing risk factor causative for cardiovascular disease and associated
dysfunctions, including hypertension, arrhythmia, coronary heart disease, and
stroke. The author’s focus on variables relating to altered suprachiasmatic nuclear
function is useful for relating apnea to a neurological basis. Chapter 6 takes up the
symbiotic and growing intersection between the medical dental disciplines and
the clinical specialties associated with sleep and disorders of the upper respiratory
airway, notably OSA. As the authors state, the intersection between disciplines

is comprehensive, including diagnosis, therapy, and medical management. This

is a significant evolution in two previously disparate approaches to upper airway
dysfunction affecting normal health.

The remaining three chapters chart territory that moves beyond sleep processes
themselves to the effects of sleep dysfunction in the public health arena (Chapter 7),
circadian rhythmic alterations and their effects on health and wellbeing (Chapter 8),
and influences on maternal wellbeing and bodily development during pregnancy
(Chapter 9).

Chapter 7 takes up the very significant issue of the difficult balance required for
navigation between threats to traffic safety and sleep dysfunctions harmful to
drivers. Compounding this difficult balance has been the proliferation in pharma-
cological products affecting sleep, often obtained in over-the-counter formulations.
The authors of the chapter address this situation by discussing the legal and medical
framework that has evolved in Switzerland for preserving public safety while also
providing for personal medical needs.
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The lack of synchrony between an individual’s internal, circadian rhythm and
locally experienced, environmental time can significantly impair quality of life.
Chapter 8 identifies the chief rhythmic dysfunctions that are observed clinically,
provides a diagnostic guide for the screening and evaluating of these dysfunctions,
and introduces basic treatment strategies that can be applied by non-sleep medicine
clinicians. The chapter also discusses the effect of these daily rhythm disorders on
the functioning of other organ systems.

Sleep and circadian rhythm dysfunction can also impact development by affecting
pregnancy symptoms and outcomes, as discussed in Chapter 9. A widely replicated
observation, for example, is the change seen in the Pittsburgh Sleep Quality Index.
Maternal effects introduced by these dysfunctions can extend to the foetus, who
lacks intrinsic circadian mechanisms and must depend on their maternal origin to
function. Small birth weights, growth retardation, and the subsequent evolution

of high blood pressure are among the significant effects on secondary systems that
are experienced by the foetus. Chapter 9 discusses the unique medical management
of sleep required for disorders during pregnancy, which is complicated by the
potential for harm to the foetus from pharmaceutical compounds used to treat sleep
dysfunction of the mother, as well as numerous secondary effects occurring in both
mother and child.

It is my hope that readers of this text will come to appreciate the medical significance
of sleep therapy not solely for treating sleep disturbances but also for the care of
other neurological symptoms for which the influence of sleep is only beginning to be
understood.

Denis Larrivee

Mind and Brain Institute,

University of Navarra Medical School,
Pamplona, Spain

Department of Arts and Sciences,
Loyola University Chicago,
Chicago, USA
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Chapter1

Introductory Chapter: The
Promise of Sleep
Pharmacotherapy - Healing
Systems Level Dysfunction

Denis Larrivee

1. Introduction

Perhaps no behavioral feature is more evident and more widely distributed, nor
more sought after than sleep. Yet, it is for its distinctiveness that sleep has often
seemed at odds with daily needs, where attention and responsivity are critical to
survival. Its presence, therefore, reveals the existence of some undetermined physi-
cal need, which no other mechanism can physically respond to.

Given the prominence and regularity of sleep, this physical need, and the
physiological mechanisms used to satisfy it, can be expected to exert an influence
on many bodily processes. Indeed, the events of sleep are now known to affect a
broad number of fundamental bodily systems that may be enhanced or diminished
in parallel with sleep phases. Sleep or circadian-related influences, for example,
have been documented for autonomic function [1], hormone secretion/core-body
temperature rhythm [2], energy production such as glucose metabolism [3], and
coordinated motor and immune functions. By extension, disruption of sleep
mechanisms can be expected to negatively impact the many processes that are
subject to their influence [4].

A growing body of evidence indicates that the events of sleep have their origin
in properties of the brain and nervous system circuitry. During NREM sleep,
for instance, down states have been shown to be associated with a slowly travel-
ing, oscillation wave that is synchronized throughout the cortex and substantial
portions of the subcortex [5]. Transitioning between sleep stages, additionally,
involves the modulation of an arousal system that is distributed throughout the
brain and that choreographs the shape of sleep architecture. These and many other
details imply that the systemic processes affected by sleep are initially affected
by a global impact exerted at the level of the brain, which potentially affects such
events as developmental regimes of synaptogenesis [6], psychiatric dysfunctions
[7], addiction [8], hormonal rhythms [1], and cognitive processes like memory and
learning [9].

Those dysfunctional sleep mechanisms that can be linked to secondary systemic
dysfunctions offer the intriguing possibility of medically managing and even of
therapeutically alleviating such dysfunctions through treatment modalities devel-
oped chiefly for sleep disturbances. Drugs that enhance states of sleep, for instance,
are also known to alter autonomic physiology, behavior, cognition, and affect
[10]. While the complexities of the brain’s neurochemistry and circuits mediating
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wakefulness and sleep make the control of the precise physiological mechanisms
uncertain, there has been considerable progress in developing medications that are
narrowly tailored to various features of sleep, such as rapid sleep onset, minimal
hangover, and low abuse potential, among other properties [11]. That is, the current
evolution in sleep pharmacotherapy has generated an armamentarium of sufficient
precision that it may be redirected to other neural systems. An improving database,
moreover, can be expected to further the ability to tailor sleep modulation so as to
selectively modulate events directly affected by sleep mechanisms.

An important component of rational therapeutic intervention, nonetheless,
clearly also requires a continually improving understanding of the sleep mecha-
nisms themselves [12]. This is to say that only from a knowledge of sleep can the
understanding of how it affects other systems be discerned. Accordingly, this
chapter will review several leading hypotheses regarding the physical properties
that govern sleep mechanisms, the prospects for modulating these properties
pharmacologically, and the systemic effects such therapy may have.

2. The universal need for sleep

Each time sleep occurs the ability to appraise the events around us is lost. This
interruption of sensorial content represents a definitional and unique feature of
sleep, one that distinguishes it from other behavioral states, all of which otherwise
retain the ability to promptly respond to stimuli. Although it is unknown why it
should be necessary to prevent the brain from receiving input for prolonged inter-
vals, the fact that humans and all other animal species require sleep indicates the
existence of a fundamental physical and neural reason for it to occur; that is, sleep
serves at least one essential function that cannot be carried out while awake.

One widely acknowledged proposal links this essential function to neuronal
properties evoked by centrally directed communication, which involves changes
in interneuronal exchange at the level of the synapse. This hypothesis, termed the
synaptic homeostasis hypothesis (SHY), privileges the unique ability of the brain to
learn from external events of the world that become inscribed through neuroplastic
changes in synaptic connections [12]. The SHY hypothesis proposes that these
neuroplastic changes entail sensorium-induced increases in synaptic potentiation,
which can be visualized electrophysiologically in miniature endplate potentials; that
is, there is a sensorium-induced increase in synaptic potentiation. Because the extent
of potentiation necessarily possesses an upper limit, there is a need to regularly
reduce the level of potentiation so that the brain can continue to learn. This read-
justment is proposed to occur during sleep.

Hence, sleep is the mechanism that has evolved to account for the cost of the
physical events of neuroplasticity, which enable the organism to adapt and sur-
vive in a constantly changing environment [13]. When this cost is not accounted
for cognitive function is poor. Acute and chronic sleep loss, for example, have
pervasive negative effects on performance and many brain functions, including
the ability to learn, remember, speak clearly, judge risk, and understand complex
information needed for decision making [14]. Post-training “fatigue,” for example,
the impaired capacity for new learning that follows intense training in a motor or
visual task, is restored only by sleep. Physically, therefore, sleep assists in main-
taining an overall balance of synaptic strength across brain circuits, which may be
conceived as a synaptic renormalization. The hypothesis thus predicts that overall
synaptic strength in the brain should not be balanced at all times, but instead
should be biased toward a net potentiation during the major wake period and
toward a net depression during sleep.
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Similar to the SHY hypothesis, the free energy principle of Friston and col-
leagues hypothesizes that ongoing informational input from the sensorium leads
to arise in the information-related, state variable, entropy [15]. Like potentia-
tion, entropy is a saturable quantity driven by sensorial input that progressively
approaches an upper bound. Unlike the potentiation hypothesis, the free energy
principle does not postulate a specific period devoted to recovery from synaptic
changes. Instead, the brain is proposed to counter the ensuing information accumu-
lation by optimizing behavioral patterns that minimize the need for future change.
For instance, inputs that occur together more frequently than would be expected
by chance are registered because they suggest regularities in the environment that
are predictable. Once these “coincidences” are detected, a neuron communicates
them to its target neuron, typically through synaptic strengthening. The effect of
registering these “coincidences” thus enables the brain to structure its behavior so
as to minimize surprisal and guide the selection of behavioral responses. By such
active inferencing [16], the brain comes to reflect the regularities observed in the
external world, an organizational arrangement that serves to maximize free energy
efficiency.

The free energy principle governing cognition resembles aspects of the SHY
hypothesis in providing an explanation for changes in synaptic events that are due
to sensorial input and that build on the brain’s ability to enable the organism to bet-
ter confront a continually changing, environmental landscape. Moreover, by staging
causal optimization in terms of an entropic cost function, the model accounts for
some physical constraints that place an upper bound on synaptic change.

Nonetheless, the free energy principle only indirectly addresses the issue of
saturability due to ongoing sensorial novelty, which is inherent in the interactive
circumstances of the external world and presumably greatly amplified by the
presence of living organisms [17]. This means that the persistence of novel input
from the sensorium will continue to generate synaptic reorganization, despite
causal inferencing that may diminish the overall level of reorganization. Faced
with ongoing novelty, organizational resources of brain synapses can be expected
to operate within physical ranges that regularly encounter upper limits under the
assumptions of both proposals. Indeed, the observation that all known animal
species need to “regularly disconnect” constitutes a strong argument that sensorial
novelty is persistent and that its input repeatedly saturates a physical condition that
must subsequently be replenished; that is, the brain is “awash” in new experiences
for which physical compensation is required. Hence, while the free energy principle
is agnostic with vegard to underlying mechanisms that vesult in saturability, both it and
the SHY hypothesis link sleep to ongoing afferent input that modifies the brain’s synaptic
organization in such a manner as to regularly require renormalization.

3. Theoretical implications of current sleep models

This conclusion, drawn from two leading proposals that describe sleep mecha-
nisms, has several implications. First — though tautological, existing evidence
strongly supports it — observable replenishment mechanisms should entail a senso-
rial disconnection from the external world and so renormalization should occur
during unconsciousness. It has been argued for instance [12] that if the nervous
system must acquire information about the environment to survive, such acquisi-
tion should be confined to periods of waking rather than during sleep, when neural
activity is at least partly disconnected from the external world” [18]. Second, such
mechanisms should occur globally; that is, at a minimum, they should be found
in all brain domains having sensorial input. Additionally, neuroplastic changes
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should also affect downstream targeted destinations; that is, rather than modifying
only brain regions receiving direct sensorial input, connectivity changes should

be distributed across most domains of the brain. Thirdly, renormalization should
occur cyclically, a conclusion that is implicit in the first two consequences of these

hypotheses.
3.1 Disconnecting from the sensorium

For excitatory synapses, which account for the majority of the synapses in
the mammalian brain, the first prediction has received support from molecular,
ultrastructural, and electrophysiological measures of synaptic strength [19]. At the
molecular level, changes in the strength of excitatory synapses have been shown
to involve changes in the surface expression and subunit composition of the gluta-
matergic AMPA receptors, as well as phosphorylation and other post-translational
changes that alter the open probability of these receptors and their ability to remain
anchored to the membrane. Surface insertion of GluAl-containing receptors, and
the phosphorylation of GluA1 at Ser831 and Ser845 by CaMKII and PKA, particu-
larly, have been correlated with synaptic potentiation.

RNA-seq analysis in the adult mouse frontal cortex, moreover, has revealed
a significant overlap of transcripts differentially expressed between acute sleep
deprivation and sleep, and transcripts affected by the loss of the transcription
factor myocyte enhancer factor 2C (MEF2C) [20]. This study also found a rela-
tive dephosphorylation of MEF2C after 6 h of sleep deprivation as compared to
sleep, consistent with a wake-related increase in MEF2C transcriptional activity.
Additionally, the study observed an increase in the frequency and amplitude of
mEPSCs. Altogether, these findings point to a key role for MEF2C in mediating
the response to sleep deprivation and the sleep-dependent decline in excitatory
synaptic strength. Consistent with this, MEF2 transcriptional activity is activated
in response to glutamate release and membrane depolarization, with the main effect
of MEF2 activity in postmitotic neurons that of constraining of dendritic spines and
excitatory synapses [21]. Many targets of MEF2, additionally, have been shown to
be involved in synaptic weakening, including the genes Arc and Homer1la.

Electrophysiologically, experimental evidence supports distinct physical changes
during the wake or sleep periods that are reflected in spontaneous miniature
excitatory postsynaptic currents (mEPSCs) in the rodent cortex. By the end of the
wakeful period, the amplitude and frequency of mEPSCs increase in the superficial
layers of the rat and mouse frontal cortices whereas following recovery sleep they
decrease. Ultrastructurally, the increase of the former has been correlated with the
synaptic insertion of calcium-permeable AMPA receptors [22]. During sleep, this
GluA1 synaptic expression decreases with a corresponding shrinkage of the axon-
spine interface.

3.2 The global distribution of sleep mechanisms

The second implication of these proposals is that renormalization should occur
globally; that is, if sleep is a consequence of enhanced synaptic strengthening,
renormalization should occur in all brain regions where sensorial input causes
neuroplastic change.

Current evidence indicates that for this to occur neuronal activity is crucial,
especially during NREM sleep, which comprises roughly 80% of all sleep time. New
studies show that down selection is, surprisingly, a consequence of spiking activity
involving several distinct electrophysiological signatures, including hippocampal
sharp waves, ripples, and slow oscillations [23]. Despite a broad consensus that
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SWRs are likely candidates for inducing synaptic potentiation, recent studies have
shown that SWRs promote synaptic weakening instead [24]. Consistent with these
results, closed-loop optogenetic inhibition of SWRs prevents the decline in the
slope of hippocampal fEPSPs that normally occurs in sleeping mice. Furthermore,
such experimental inhibition reduces firing during the ON/UP states of the slow
oscillation and prevents post-sleep improvement in neuroprosthetic learning. The
same optogenetic manipulation during the DOWN/OFF periods has no effect,
showing that the UP state of the slow oscillation - that is, the activity phase -— is the
critical period required for down-selection to occur.

Significantly, sleep-dependent renormalization seems to spare those neurons
and/or synapses that are most active during sleep. It is well established, for example,
that neurons activated during exploration and learning are preferentially reacti-
vated with a similar sequential pattern of firing during SWRs, while disruption
of SWRs impairs memory [25], suggesting that they play an important role in its
consolidation.

Organization of sharp waves and ripples appears to be mediated by a distinctive,
slow oscillation that features prominently during NREM sleep. The slow oscillation
wave originates from the thalamus and cortex and oscillates roughly every second
between an UP period of depolarization with spiking and a DOWN/OFF period
of hyperpolarization with neuronal silence [26]. During non-REM (NREM) sleep,
for instance, neural activity is observed in the EEG as a succession of K-complexes,
sleep spindles, and slow waves. This defining feature of NREM sleep occurs more
or less in synchrony across all neurons, allowing their pooled activity to be detected
at the cortical surface as slow waves. This means that the slow oscillation is a
global, synchronized network phenomenon, involving neurons throughout the
cortex and, to a lesser degree, neurons in subcortical areas, including the thalamus,
striatum, and cerebellum. Within the local cortical network (within a few tens of
millimeters), cortical neurons synchronously depolarize and hyperpolarize during
the slow oscillations.

3.3 The slow oscillation is a traveling wave

Studies monitoring the distribution of selected slow oscillation phases reveal
that the timing of the negative peak exhibits a continuous shift that can be traced
spatially throughout the cortex. On average, the maximum delay across the cortex,
calculated by determining the difference between the negative peak of the initial
slow-wave trace to the negative peak of the terminal trace is about 120 msec.
Additionally, slow oscillations originate more frequently in anterior regions and
propagate posteriorly. Streamline maps that condense the spatio-temporal dynam-
ics of the slow oscillation display an origin density that coincides with the position-
ing of anterior electrodes, while the average delay map assumes a predominant
fronto-occipital direction of propagation. Importantly, the pattern of origin and
propagation of slow oscillations is reproducible across time and across subjects.

Taken together, these studies show that post-learning sleep occurs across the
cortex leading to a slight increase in firing in a small set of neurons whose activity is
causally linked to neuroplasticity learning, with an activity synchronized and much
greater decrease in firing of a larger set of neurons not involved in neuroplastic
modulation, consistent with the renormalization hypothesis.

3.4 The cyclical nature of sleep

A third implication of the current sleep hypotheses is the cyclical character
of renormalization events, which are dictated by the ongoing twin needs of
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neuroplastic learning during wakeful periods and of replenishment during sleep.
The temporal organization of these cycles follows nature’s light/dark rhythms, where
the overall balance in total synaptic strength is maintained across the circadian
24-hour sleep/wake cycle with its temporally regulated, reoccurrence of simi-

lar events.

3.5 Circadian rhythms

Based on the presence of this pattern, the fields of circadian biology and sleep-
wake regulation have been closely linked for decades, with studies exploring how
the circadian clock regulates daily rhythms in sleep and wakefulness, and in turn,
how arousal levels in animals affect their circadian clocks. Despite their close rela-
tionship, the two, nonetheless, are physiologically independent. Collectively, they
may be understood as a homeostatic process — the plastic, organizational events
of wakefulness and the dissociative, restorative events of sleep — and the circadian
clock-like mechanisms that temporally govern the distribution of wakefulness
and sleep periods in synchrony with the external environment [27]. While the two
systems have been shown to share elements of their mechanisms, in other aspects
the two display many distinct features, evident in their anatomical, molecular, and
electrophysiological details.

The preeminent circadian clock in mammals is located in the suprachiasmatic
nucleus (SCN), immediately above the optic chiasm and juxtaposed with the third
ventricle. Lesions of the SCN eliminate daily rhythms such as the sleep-wake
rhythm [28]. The SCN circadian oscillator consists of a transcriptional-translational
negative feedback loop (TTFL), involving a group of clock genes that includes
Period (Per) 1 and 2; Cryptochrome (Cry) 1 and 2, Brain and muscle Arnt-like-1
(Bmall), and Clock. While the SCN clock phase is modulated by many inputs the
primary environmental synchronizer is light stimulation via the retina, which
is then relayed to the SCN. Circadian mechanisms regulating sleep include SCN
efferents to the subparaventricular zone, which sends excitatory projections to
the medial preoptic and dorsomedial hypothalamus, the latter of which sends
additional excitatory projections to LH orexin neurons and to the LC [27]. SCN
neuronal activity is higher in the day, with initial output from the SCN excitatory in
diurnal animals. Distinct from the circadian signals emanating from the SCN, there
are also distributed circadian influences on sleep. For example, the circadian clock
gene Bmall regulates the rhythmic production of histamine in wake-promoting
tuberomammillary neurons. Selective Bmall deletion in these neurons, renders
them arrhythmic. Another circadian clock gene, Reverba, regulates circadian
dopamine production in the VTA.

Unlike the SCN circadian clock, the sleep-wake system is distributed across
many brain regions, including the brainstem, midbrain, hypothalamus, thalamus,
and cortex. Moreover, sleep is composed of a complex mixture of different brain
states, having their unique electrical recording features. Broadly these include
slow-wave sleep, i.e., non rapid eye movement sleep (NREM), characterized
by high amplitude, low-frequency brain waves, and rapid eye movement sleep
(REMS), defined by low amplitude, higher frequency EEG activity, with mixtures
of these occurring during transitional phases [29]. The nature of the homeostatic
“process” is less clear than that of circadian rhythms, and likely encompasses
multiple factors. Examples of postulated molecules include extracellular adenosine,
which has been shown to increase during the wake in parallel with higher metabolic
activity and to decrease during sleep as metabolism wanes [30]; prostaglandin
D2, which also accumulates during wake, activates DP1 receptors and increases
extracellular adenosine levels; and cytokines such as interleukin (IL)-1p and tumor
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necrosis factor (TNF)a. Central to the concept of “process” is that sleep serves a
restorative function that allows the brain to consolidate synaptic changes generated
by previous events, replenish energy stores, and eliminate accumulated metabolic
byproducts [12]. Although the circadian and sleep-wake systems are quite distinct,
it is noteworthy that they share many cellular processes. Accumulating evidence
supports both systems utilizing extracellular processes that overlap the synaptic
mechanisms associated with learning, memory, and drug addiction, including
changes in enzymatic activity, morphological changes associated with the extra-
cellular matrix (ECM) and ECM-associated proteins, and astrocyte-associated
processes [31].

4. The arousal system and the modulation of global up and down states
4.1 The arousal system

The universality of sleep implies the need for precise mechanisms that enable
renormalization as well as the transitioning therefrom to wakeful periods of inter-
active learning. Insight into these mechanisms has emerged from studies of trauma
lesions in humans, pharmacological experimentation in mammalian species, and in
situ preparations. Together, they have revealed a critical dependence of sleep-like
states on the modulation of arousal systems, with the inhibition of neurotransmit-
ters like GABA leading to sleep and their stimulation to wakefulness. While these
have to date been the primary mechanisms identified for transitioning between
sleep stages, other work has also revealed physiological mechanisms that act directly
to induce sleep.

Characteristic of the trauma observations is the case of a 39-year-old man [32]
who suffered head trauma resulting from a car collision. Immediately after the
head trauma incident, the patient complained of excessive sleepiness and sudden
muscle weakness of all four extremities. At three months after onset, his Epworth
Sleepiness Scale score was 19, which has a normal range of 10. Diffusion tensor
imaging data of the ascending reticular activating system (ARAS) showed that the
tract volume of the right ventral lower ARAS was substantially decreased compared
with control subjects indicating neural trauma to the structure at the site between
the pontine RF and the hypothalamus, thus revealing the involvement of the ARAS
in sleep modulation.

Consistent with such trauma observations, data from many laboratories has
demonstrated that GABAergic transmission in the PnO promotes wakefulness [33].
Inhibiting GABAergic transmission in the PnO by microinjection of the GABA
synthesis inhibitor (3-MPA), for instance, decreases anesthesia induction time with
isoflurane and/or propofol. Elevating GABA levels with the uptake inhibitor (NPA)
into the PnO reverses this effect. On the other hand, modulation of GABA levels in the
PnO does not alter the time to recovery of anesthesia. These data provide support for
the conclusion that modulation of arousal is a primary mechanism for transitioning
between sleep stages, while the lack of effect on the emergence from anesthesia impli-
cates a more complex process for this aspect of arousal than GABA modulation alone.

In addition to GABA the peptides hypocretin-1 and -2, termed orexin A and B,
also modulate sleep stage transitioning via the arousal system [34]. Similar to the
case of GABA receptors, receptors for the hypocretins are site-specific and widely
dispersed. Cell bodies of hypocretin-producing neurons have been localized to the
dorsolateral hypothalamus but send projections to all the major brain regions that
regulate arousal. Hypocretin-1 delivered to rat dorsal raphé nucleus increases sero-
tonin release in the dorsal raphé and to the pontine nucleus increases acetylcholine
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and GABA levels, suggesting that the peptide may broadly activate neurotransmit-
ter release as a function of brain location.

Few studies have revealed a direct induction of sleep via neurotransmitter
upregulation. Of these, REM sleep was induced in rats using vasoactive intestinal
polypeptide (VIP). A closely related peptide, the pituitary adenylyl cyclase-activat-
ing polypeptide (PACAP), was even more effective [35]. The ICso for PACAP was 2.4
and 3.2 nM, for example, as compared with VIP ICsy > 1 mM, suggesting the peptide
has a highly specific and effective role in the induction of REM sleep regulation. In
an interesting observation, injection of PACAP into the PnO generated REM sleep
lasting 11 consecutive days.

4.2 Targeting the arousal system

Due to an improving understanding of the regulatory mechanisms for sleep
transitions, pharmacotherapy has chiefly emphasized the evolution of drugs
targeting receptors for neurotransmitters of the arousal system. These are briefly
discussed with regard to the selectivity of their effects and the specificity of their
interactions with sleep phases.

4.2.1 GABA, regional influences, and NREM sleep

Because of their powerful inhibitory effects, GABA, receptors have been the
targets of most sedative/hypnotic and general anesthetic drugs. GABA, receptors
exist as multiple subtypes and these subtypes are differentially located throughout
the brain. The differences in clinical effects caused by various benzodiazepine
(e.g., diazepam) and non-benzodiazepine (e.g., eszopiclone) sedative/hypnotics
are attributed to the relative selectivity for different GABA, receptor subtypes.
For example, administering the benzodiazepine site agonists zolpidem, diazepam,
and eszopiclone directly into the PnO caused drug-specific changes in cortical
electroencephalographic activity and increased acetylcholine release in the PnO
[11]. Systemic administration of eszopiclone to awake rats significantly decreased
acetylcholine release in the PnO and increased electroencephalographic power
in the delta frequency. These data suggest that different classes of clinically used
sedative-hypnotics can exert their arousal-modulating effects by actions at different
GABAA receptors in the PnO.

On the other hand, the development of sedative/hypnotic pharmaceuticals
has largely been empiric, leading to the present consecutive evolution from the
benzodiazepines, the initial drugs of choice, which were limited by their addiction
potential. The empiric approach has produced clinically useful drugs but has not
generated drugs with a comprehensive range of desirable properties. Nonetheless,
the identification and characterization of receptor subtypes, the regional distri-
bution of their siting within the brain, a growing ability to modify and simulate
sleep architecture, improved knowledge of the physiological features that distin-
guish sleep phases, and technological advances in drug delivery hold promise for
more selective therapeutic intervention. As mentioned, for example, systemic
administration of GABA mimetic drugs is known to promote sleep, sedation, or
general anesthesia. In brain regions containing neurons that promote wakefulness,
GABAergic inhibition has been shown to cause an increase in sleep. These brain
regions include the dorsal raphé nucleus and the tuberomamillary nucleus of the
posterior hypothalamus, for example. Yet, direct administration into the pontine
reticular formation of drugs that increase GABAergic transmission increases
wakefulness and inhibits sleep.
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4.2.2 Acetylcholine and REM sleep

Although acetylcholine plays a primary role in generating the brain-activated
states of wakefulness and REM sleep, cholinergic drugs are not part of the standard
pharmacological armamentarium of sleep disorders medicine. Nonetheless, under-
standing the mechanisms by which cholinergic neurotransmission generates and
maintains REM sleep is crucial, because of its selective influence on this phase of
sleep architecture as well as its interaction with other transmitter systems that are
targets of sleep pharmacotherapy [11].

Much of the research on the regulation of sleep by acetylcholine has focused on
transmission mediated by muscarinic cholinergic receptors. Of the five subtypes
(M;—Ms) of muscarinic receptors that have been identified, the M2 subtype plays a
key role in the generation of REM sleep. Cholinergic signaling originating from the
laterodorsal tegmental and pedunculopontine tegmental nuclei (LDT/PPT) and
the basal forebrain promotes the cortically activated states of wakefulness and REM
sleep. The distinction between sleep phases has been shown to be due to the presence
of two cortical populations of neurons that induce either wakefulness and REM sleep
(referred to as Wake-On/REM-On) or wakefulness alone (Wake-On/REM-Off).

In vivo data obtained from normal rats demonstrate that the sedative/hypnotics
zolpidem, diazepam, and eszopiclone differentially alter acetylcholine release in
the pontine nucleus, increase EEG delta power, and decrease acetylcholine release
in rat pontine reticular formation. Intravenous administration of eszopiclone,
for instance, prevents the REM phase of sleep, increases EEG delta power, and
decreases acetylcholine release in rat pontine reticular formation.

5. Sleep dysfunction and dysfunctional system states
5.1 Global dysfunction
5.1.1 Psychiatric diseases

Psychiatric diseases are often conceptualized as broadly linked to global
brain states, and so subject to the influences of global sleep disturbances. Several
examples indicate that sleep disturbances comprise etiological factors resulting in
psychiatric dysfunctions [36].

In adolescents at high-risk (UHR) for psychosis, for example, the study of the
relationships between sleep disturbances and psychosis symptoms, the volume of
an integral sleep structure (thalamus), and associations between thalamic abnor-
malities and sleep impairment in UHR youth an increased latency to sleep onset
and greater sleep disturbances/disrupted continuity compared to normal youth,
over and above concurrent mood symptoms. Among UHR youth, increased sleep
dysfunction was associated with greater negative symptom severity. Compared to
HC adolescents, UHR participants displayed decreased bilateral thalamus volume,
which appeared to be correlated with increased sleep dysfunction.

Slow waves and sleep spindles are the two main oscillations occurring during
NREM sleep. While slow oscillations are primarily generated and modulated by the
cortex, sleep spindles are initiated by the thalamic reticular nucleus (TRN) and reg-
ulated by thalamo-reticular and thalamo-cortical circuits. Monitoring these distinct
electrical signatures in 18 medicated schizophrenics revealed reduced sleep spindles
compared to healthy and depressed subjects during the first NREM episode. Whole
night hd-EEG recordings from a larger patient cohort revealed whole-night deficits
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in spindle power (12-16 Hz) and in slow (12-14 Hz) and fast (14-16 Hz) spindle
amplitude, duration, number, and integrated spindle activity (ISA) in prefrontal,
centroparietal and temporal regions. By contrast, no slow wave deficits were found
in schizophrenics. These results indicate that spindle deficits can be reliably estab-
lished in schizophrenics and are stable across the night, suggesting deficits in TRN
and thalamo- reticular circuits unrelated to antipsychotic medications.

It is widely known that children and adolescents with autism spectrum disorders
(ASD) suffer from sleep disorders. These include increased bedtime resistance,
insomnia, awakening, parasomnia, sleep-breathing disorders, and waking difficulties.
Frequently, the sleep disorder appears first, suggesting that sleep is a causal factor in
ASD development [7]. Abnormal behaviors from future ASD patients have been recog-
nized in the newborn period. These display sleep disorders preceding the onset of ASD.

5.2 Impaired regulation of sensorial input

5.2.1 Learning impairments due to disturbances that affect slow oscillations
in NREM sleep

A key postulate of current sleep models is the restorative effect of sleep on
learning in brain areas that have experienced heavy neuroplastic changes during
wakeful periods. This postulate was tested in experiments that focally perturbed
deep sleep in the motor cortex and investigated the consequences on behavioral
and neurophysiological markers of neuroplasticity related to motor practice. The
restoration in the ability to learn was markedly attenuated in these experiments
when slow waves were selectively perturbed in the motor cortex. This demonstrated
that deep sleep — specifically its electrical signature — was needed to maintain the
ability to learn efficiently after recovery from sleep and that disturbances of sleep
like insomnia would therefore be likely to impede learning.

5.2.2 Cyclical irvegularities affect autonomic balance and addiction

Disorders in sleep rhythms are increasingly commonly encountered in pedi-
atric and adolescent populations. Characteristic clinical features include familial
advanced sleep phase syndrome (ASPS) and delayed sleep phase syndrome (DSPS),
non-24-h sleep-wake syndrome (non-24), and morningness-eveningness recogni-
tion. Accompanying these rhythm irregularities are severe fatigue and gastrointesti-
nal discomfort [2] that appear to be due to autonomic imbalances.

Cyclical irregularities appear to also impact dopaminergic brain regions that are
substantially associated with addiction. In investigations of the midbrain ventral
tegmental area (VTA) neural activity recordings exhibited a strong vigilance state
with increased activity during wakefulness and rapid eye movement sleep relative to
non-rapid eye movement sleep. Six hours of sleep deprivation induced a significant
depression of neuronal activity in both areas. Surprisingly, these alterations lasted for
up to 48 hours and persisted even after the normalization of cortical EEG waves. These
results show that sleep disturbances significantly affect neuronal activity in midbrain
DA structures and so are likely to reflect the frequently observed relationship between
sleep alterations and dysfunction of the DA circuitry observed in addiction [37].

6. Conclusion

The clear implication from the current theoretical picture of sleep is that its
influence is fundamental to many neuronal systems. As such its properties are key
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to understanding how sleep broadly affects brain function and systemic well-being.
To date, however, the ability to assess this influence has lacked experimental tools
having sufficient precision to characterize these systems. This circumstance is
gradually in the process of resolution as the ongoing expansion in the pharmacopeia
of sleep medications continues.

While the data describing these medications offer a sobering reminder of the
complexity that must be logically integrated if we are to derive a coherent model
of the processes regulating sleep, it is simultaneously a cogent argument that the
manipulation of these mechanisms now has the potential for refined control.
Indeed, today’s pharmacopeia presents a spectrum of drugs tailored to various sleep
features.

The focus on the use of these medications is likely to demonstrate the cross-
cutting relevance of sleep for the practice of medicine in numerous neurological
issues. The pressing clinical problem of sleep disorders medicine will thus continue
to stimulate advances in understanding not merely the neurochemical regulation of
sleep but also the health of the brain’s broader neurological functioning.
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Chapter2

Neurophysiology of Basic
Molecules Affecting Sleep and
Wakefulness Mechanisms,
Fundamentals of Sleep
Pharmacology

Murat Kayabekir

Abstract

As part of the biological rhythm, the human brain has a healthy functioning
with the ability to differentiate between day and night hours in any given day
(sleep rhythm, life rhythm). From the control of hormone levels to muscle tonus,
from the regulation of respiratory rate to the content of our thoughts, sleep has an
impact on all bodily and cognitive functions. It is not surprising to see such effects
of sleep on the body as it leads to significant changes in the electrical activity of
the brain in general. Electrical signal changes in the brain (sleep-wakefulness
rhythm) are regulated by neurohormonal molecules and their receptors in the body.
Neurotransmitters that control sleep and wakefulness can be listed as “Glutamate,
Acetylcholine, Histamine, Norepinephrine and GABA”. Main hormones are:
Melatonin, Corticotropin Releasing Hormone (CRH), cortisol, prolactin, Growth
Hormone (GH), Insulin like Growth Factor (IGF-1, Somatomedin-C), Follicle
Stimulating Hormone (FSH) and Luteinizing Hormone (LH), progesterone,
estrogen, testosterone, catecholamines, leptin and neuropeptide Y”. The effects of
pharmacological agents on sleep and wakefulness cycles are materialized through
the following molecules and their receptors: Hypnotics (GABA A agonists, benzo-
diazepines, gabapentin, tiagabine), sedative antidepressants (tricyclic antidepres-
sants, trazadone, mitrazapine), antihistamines, medications used for the treatment
of sleeplessness (melatonin and melatonin analogues), amphetamine (most com-
monly used stimulant), secretion of monoamines (dopamine), non-amphetamine
stimulants used in the treatment of hypersomnia and narcolepsy (modafinil,
bupropion, selegiline, caffeine) and other substances (alcohol, nicotine, anesthet-
ics). To the extent we can conceptualize the physiological mechanisms of these basic
molecules listed above and the regions they affect, we can appreciate the effects of
these substances on sleep physiology and sleep disorders.

Keywords: sleep-wakefulness rhythm, major neurohormones, neurophysiological
effects of sleep-wakefulness molecules, basic sleep pharmacology
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1. Introduction

A healthy interaction between wakefulness and sleep periods and a balance
specific to the organism is necessary for the proper functioning of human physiol-
ogy and specifically that of the central nervous system (CNS) to be maintained.
Sleep is a physiological need, it is a behavior during which the response of the brain
to environmental stimuli is reversibly diminished. The absence or diminishment of
this need negatively impacts the interactions in the neuronal networks and pathways
responsible for the wakefulness of the brain. Electrical activity changes that appear
in the brain during NREM and REM periods with the help of neurohumoral factors
gives way to different physiological mechanisms in the body. Motor networks are
integrated during REM, and non-motor ones during NREM. Thus, diseases that
affect bodily organs and systems as well as medications can change NREM and REM
activities thereby changing the motor and sensory functions of the brain. We can
easily claim that many basic and clinical neurophysiological incidents taking place
when we are awake are in fact realized through physiological processes and patho-
physiological mechanisms occurring during sleep. Anxiety disorders, depression
and schizophrenia where neurotransmitter-receptor relationships are hindered, as
well as motor and non-motor degenerative diseases (Amyotrophic Lateral Sclerosis,
Parkinson’s disease) present with sleep disturbances and REM behavior changes
years ahead of clinical symptoms. Sleep is as important a piece of life as wakefulness.
As we continue to understand sleep, many of the causes of basic and clinical pro-
cesses from pediatric age to geriatric years will be further demystified.

2. Neurophysiology of basic molecules affecting sleep and wakefulness
mechanisms, fundamentals of sleep pharmacology

2.1 The relationship between behavior, limbic system and autonomous nervous
system

When we talk about brain, we think about cortex; when cortex is mentioned,
we focus on somatosensory (senses) and somatomotor (movement) cortex activi-
ties; when we hear about hypothalamus, we then consider hypothalamopituitary
hormones and feedback mechanisms. Yet, humans are not limited to biological
functions. Behavior is what defines a human being. Physiological and social charac-
teristics associated with behaviors and even habits can influence the diseases individ-
uals develop and the treatment approaches that are used. The emergence of behavior
is managed by the limbic system which in itself means limit. Hypothalamus is at the
center of the limbic system; rather than primarily focusing on biological-feedback
interactions, it plays a key role in the integration and control of behavior [1-3]. The
most important element of sleep and wakefulness cycle is our behavior model. Sleep
is the most basic physiological need and the most important electrical activity of the
brain influencing wakefulness behaviors (thirst, hunger, satiety, emotional state,
mood, social motivation, love, compassion, argument, fear, attention, concentra-
tion, learning, memory and many other cognitive, motor, sensory and autonomous
functions) [2-5]. Deep brain has hypothalamus at its center and it orchestrates affec-
tive sensations (like/dislike, satisfaction/revulsion, reward/punishment) together
with surrounding limbic structures. As the main center of integration, hypothalamus
uses parasympathetic and sympathetic fibers of the autonomous nervous system
generating vegetative, emotional and motivational mechanisms. Amygdala is the
main limbic structure for emotions: (1) it stimulates sympathetic activity, especially
previously learned fear-related behavior. (2) Can be voluntary, when the cerebral
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cortex decides to recall frightful experiences it acts through amygdala. (3) Some
people can regulate some autonomic activities by gaining extraordinary control

over their emotions. (4) It is sensitive to sleep deprivation that is why you get cranky
when you have not slept enough. Reticular formation of brain stem, regulation of
pupil size, respiration, heart, blood pressure, swallowing etc. Sleep/wakefulness
cycle is a complex blend of all these physiological and behavioral processes. There
are two distinct stages during sleep: a stage where there are no rapid eye movements
NREM (Non Rapid Eye Movement) and one where there are rapid eye movements
REM (Rapid Eye Movement). These stages are separated from one another and from
wakefulness with hard limits [4-8].

2.2 Neuroanatomy of sleep and wakefulness behavior

There are two main regions (mesopontine reticular activating system (RAS)
and hypothalamus; these two central regions modulate the intralaminar
thalamus and neurons found in the basal forebrain) and a circadian pacemaker
(Suprachiasmatic Nucleus (SCN)) with a central role that regulate the sleep and
wakefulness cycle: RAS stimulates the cortex by ventral and dorsal tracts. Ventral
tract stimulates the frontal parts of the brain through hypothalamus and subthala-
mus, dorsal tract stimulates it through the nucleus groups in the thalamus. During
wakefulness, transmission of sensory information from thalamus is permitted
through RAS control managed by thalamus. During sleep, the activity of RAS stops
and the transmission of sensory information through thalamus is blocked and the
stimulation of cortex is prevented. Anatomic structures responsible for the hypo-
thalamic control of sleep and wakefulness: for wakefulness, stimuli originating
from rostral pons and caudal midbrain regions reach paramedian midbrain in
diencephalon and here, the signals divide into two paths aiming to reach thalamus
and hypothalamus. Main structures projecting to thalamus are PedinculoPontine
Tegmental (PPT) and LateroDorsal Tegmental (LDT) nuclei that are of cholinergic
nature. The structure that initiates sleep is thought to be the ventrolateral preoptic
nucleus (VLPO) located on the anterior part of the hypothalamus. VLPO suppresses
the activities of brain stem, pons and locus coeruleus (LC), dorsal raphe nucleus
(RN), laterodorsal tegmental pedinculopontine tegmental nucleus via GABA and
galanine neurotransmitters. Suprachiasmatic Nucleus (SCN) is known as the light
sensitive circadian pacemaker. During daytime, light stimulus is transmitted from
retina to hypothalamus through neural pathways and it results in the secretion of
melatonin from the pineal gland. It is an anatomical structure that has a central role
in maintaining the day-night rhythm [1, 9-11]. It is multisynaptic and sympathetic
nervous system contributes to this.

2.3 Physiology of neurotransmitters for sleep and wakefulness
2.3.1 Basic neurotransmitters for sleep and wakefulness cycle and a neurohormone

Dopamine: It is synthesized from L-Dopa with aromatic L-amino acid decar-
boxylase enzyme (cofactor pyridoxine). Dopamine receptors: D1 receptor; is found
on nigrostriatal pathway specifically on nucleus caudatus, it plays a role on the
initiation of locomotor system movements. D2 receptor; is found prominently in
striatum and mesolimbic pathways, it plays a role in motor effects associated with
extrapyramidal system. D3 receptor; is mostly found in the limbic system, it plays
an important role in emotional and cognitive processes. D4 receptor; is increased
in number in schizophrenia. D5 receptor; is important for the dopamine/acetyl-
choline balance in the basal ganglia and in maintaining a normal somatomotor and
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striated muscle tone. Parkinson and Huntington chorea are prototypic diseases for
decreased and increased dopaminergic activity, respectively. Dopamine decreases
the secretions of prolactin and TRH [12-14].

Serotonin (5-hydroxytriptamine, 5-HT): L-Tryptophan is converted into
5-hydroxytryptamine (5-HT) with tryptophan hydroxylase (5-hydroxytrypto-
phane) and amino acid decarboxylase enzymes. Most of the serotonergic pathways
are found within the Raphe system (2 pathways) in the brain. (1) Ascending
pathway: Regulation of feeding behavior (decreases the appetite together with
histamine and nicotine), continuation of normal behavioral patterns, regulation of-
NREM-REM sleep cycle, hormonal regulation (increases ACTH and prolactin secre-
tions, decreases GnRH secretion), depression, anxiety and migraine pathogenesis.
(2) Descending pathway: Acts as a modulator in the transmission of pain sensation
to the central level. Serotonin receptors: SHT1-A: Shows an anxiolytic effect. SHT1-
B: It is a presynaptic inhibitor. 5SHT1-D: Closes the AV shunts in the brain, plays a
role in migraine pathogenesis. SHT2: Has excitatory effects on behavior. SHT2-C:
Specifically found in choroid plexus where atypical antipsychotic clozapine exerts
its effects. SHT3: Stimulates the respiratory center and is found in the autonomous
nervous system. 5SHT4: Primarily found in the myenteric plexus within the gastroin-
testinal system [12-14].

Adenosine: It is a nucleoside naturally found in all bodily cells. It forms mol-
ecules like adenosine triphosphate (ATP) and adenosine diphosphate (ADP) to
transmit energy inside the cells; at the same time, it is one of the chemical messen-
gers (xanthine) or neurotransmitters in the brain. It is a substance that is produced
either directly or as a result of ATP hydrolysis. It is broken down by adenosine
deaminase. It has 2 known receptors: P1 (A1-4) and (Al and A2 receptors are
blocked by methyl xanthines) P2X-2Y. It has depressant effects on the CNS. As an
inhibitor transmitter in the brain, it shows an incremental increase specifically in
RAS throughout the wakefulness period; when it reaches its highest level, adenosine
inhibition takes place, sleep starts and adenosine concentration gradually decreases
during sleep. Caffeine blocks the depressant effects of adenosine on the brain,
decreases adenosine inhibition and provides for the continuation of wakefulness
while carbamazepine (adenosine agonist, antiepileptic) helps to continue adenosine
inhibition [15-17].

Melatonin (A neurohormone that identifies daytime and nighttime): It plays
an important role in identifying the circadian rhythm. It is synthesized from 5-HT
in the pineal gland by acetyltransferase and methyltransferase enzymes. Melatonin
receptors are mostly found in SCN. The physiological actions of melatonin are
mediated by two G-protein coupled membrane receptors, which belong to the
family of the quinone reductases. Melatonin receptors: MT1; is primarily found
in the human skin. It is associated with the aging process and Alzheimer’s disease.
MT1 and MT2 receptors are expressed in the SCN and they have distinct functional
roles in sleep regulation. Activation of the MT1 receptor suppresses neuronal firing
rates in the SCN, while MT2 mainly acts by inducing circadian rhythm phase shifts.
MT?2; has anxiolytic, antidepressant and hypnotic effects and is related to pain
pathophysiology. MT3; is related to quinone reductase enzyme and it plays a role in
the prevention of stress as well as detoxification [18-20].

2.3.2 Neurotransmitters in charge of sleep and wakefulness
“Glutamate, Acetylcholine, Histamine, Norepinephrine and GABA”

Glutamate: It is the main excitatory neurotransmitter in the brain and medulla
spinalis. Its inactive form is glutamine. It plays a primary role in the generation of
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excitatory postsynaptic potentials and long-term potentiation in the brain and these
are the most important mechanisms in learning and memory formation. Its most
important receptors are: NMDA (N-methyl-D-aspartate; it isa Na'™-K*-Ca** channel
type receptor, its selective antagonist is phencyclidine and its endogenous blocker
isMg*"), AMPA (alpha-amino-3-hydroxy-5 methyl-4- isoxazole propionic acid),
Kainate (kainic asid) receptors (KARs) [12-13].

Acetylcholine: It has muscarinic and nicotinic receptors in the CNS. Nearly 80%
of the cholinergic pathways in the brain originate from Meynert’s nucleus basalis.
Nicotinic receptors are mainly found in Renshaw cells that inhibit alpha motor neu-
rons in medulla spinalis. In addition to learning and memory functions, they also
play a role in the balanced functioning of the extrapyramidal system. A parallelism
has been shown between the degeneration of this pathway and the occurrence of
Alzheimer’s disease and Huntington chorea [12-14].

Histamine: Ventral posterior hypothalamus and tuberomamillary nucleus
(TMN) receiving histaminergic projections have the highest concentrations of
histaminergic neurons in the brain. H1 receptors are found in glial cells and H3
receptors are in basal ganglia. Serotonin-like effects of histamine are: (1) to decrease
the appetite and (2) to increase the secretion of ACTH and prolactin [13, 14].

Norepinephrine: In the CNS, catecholaminergic neurons are most abundant
in locus coeruleus. The highest concentrations of norepinephrine are found in
hypothalamus, nucleus amygdala and the dentate gyrus of hippocampus. Medullar
reticular formation harbors the highest levels of epinephrine. It has Beta 1 and
2 activator receptors which are widespread in the CNS. Alpha 1 causes vigilance
(behavioral activations). Alpha 2 acts as an autoreceptor at presynaptic level and
is inhibitory in nature (sedation). The activation of this system in the CNS leads to
panic reaction presenting with alertness, fear and a state of alarm. Furthermore,
it causes anxiety and tremor. However, the decrease in the efficacy of this system
leads to depression. Catecholamines also increase the secretions of GnRH and
ACTH [12-14].

Gamma-Aminobutyric Acid (GABA): It is the main inhibitory mediator of
the brain. GABA is synthesized from glutamic acid by glutamic acid decarbox-
ylase enzyme (activated by valproic acid). The main route of its inactivation in
the synaptic space is re-uptake and it is broken into succinic acid semialdehyde
by the GABA transaminase enzyme (inhibited by vigabatrin). It has two recep-
tors of inhibitory character: (1) GABA-A receptor is a chlorine channel. When
itis activated, due to the influx of the Cl ions, intracellular negativity increases
(hyperpolarization). This receptor has 5 subunits (2 alpha, 2 beta, 1 gamma): The
agonist for the beta subunit is muscimol, its antagonist is bicuculline; alpha subunit
is a benzodiazepine receptor. Barbiturate is a Cl channel agonist, while picrotoxin
and pentylenetetrazole are antagonists. It has binding regions for ethanol and
ivermectin. (2) GABA-B receptor is not of ion channel character. It is not affected
by benzodiazepines or barbiturates. It is activated by baclofen and antagonized by
faclofen and saclofen [14-16].

2.3.3 Mechanism of action of neurotvansmitters on sleep and wakefulness neurons

Reticular activating system stimulates the cortex by utilizing glutamate while
ponto-mesencephalic tegmental neurons do this by using acetylcholine. Neurons at
locus coeruleus predominantly utilize norepinephrine, they extend from the brain
stem to the cerebral cortex encompassing the forebrain; by activating the stimula-
tion of the cortex, and they contribute to maintaining wakefulness. Cholinergic
neuronal network leads to wakefulness in two types of cortexes:
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1.1t projects to laterodorsal tegmental and pedinculopontine tegmental nuclei,
midline and intralaminar thalamic nuclei and to a lesser degree to lateral
hypothalamus and basal forebrain.

2. Cholinergic neuron group starts from the basal forebrain with a widespread
projection to cortex. This pontomesencephalic neuron group is a part of the
ascending reticular activating system; they play a part in the activation dur-
ing wakefulness and are actively involved in paradoxical sleep. Glutamate is
another excitatory neurotransmitter acting as the primary neurotransmitter
of the ascending reticular activating system. Glutamate is found at very high
concentrations at the brainstem reticular formation. It plays an active role in
the wakeful brain and is secreted from the cortical cells during wakefulness.
During deep sleep, slow wave sleep (SWS) “burst discharges” appear as a result
of the activation of special glutamate receptors. Histamine plays an impor-
tant role in wakefulness as well. Histamine containing neurons are found in
tuberomammillary nuclei and posterior hypothalamus. Noradrenergic neu-
rons (locus coeruleus), have diffuse projections in the brain extending to the
cortex. Histaminergic neurons are associated with cortical activation during
wakefulness while they are shut down during REM sleep. Sleep requires a shift
from sympathetic regulation to parasympathetic regulation. Parasympathetic
centers of significance are located in “solitary tract nucleus neurons, anterior
hypothalamus and preoptic fields” When increasing adenosine concentrations
in RAS reach their highest levels, serotonergic raphe neurons facilitate the
beginning of sleep while GABA-ergic neurons inhibit the activating system.
These GABA-ergic neurons are selectively activated during SWS. As a result of
this inhibition, brain stem, hypothalamus and nasal forebrain are suppressed
and disfacilitation (inhibition) and hyperpolarization of thalamocortical
system takes place. Thereby, from the wakeful state where we see rapid, tonic
discharges on EEG, the system shifts into sleep state where we start recording
sleep spindles and slow wave activity. Initiation and continuation of SWS is
made possible by lengthening and strengthening the inhibition of the activat-
ing system with GABA-ergic system. Metabolic rate of adenosine dictates sen-
sitivity to sleep deprivation while directly influencing the quality and duration
of SWS [6, 9, 20-25].

2.3.4 The physiology of the circadian system and melatonin in the regulation of
circadian vhythm

In Latin, circa means pertaining to and dian means day; circadian is a word used
to explain the daily physiological rhythms of an organism, mainly the sleep and
wakefulness.

The anatomy of the circadian rhythm: The regions in charge of the circadian
rhythm in mammals are the right and the left suprachiasmatic nuclei (SCN)
located in the anterior hypothalamus. SCN is divided into ventrolateral and
dorsomedial sections on the basis of biochemical structure, peptide phenotypes
and afferent-efferent pathways. SCN is affected by environmental changes such
as light and time of nutrition. SCN also has functional regions that regulate
circadian rhythm outputs associated with neural activity. Light is perceived by
retinal photoreceptors (cones, rods, retinal ganglion cells containing melanopsin).
The action potentials that are generated here lead to the secretion of glutamate
and pituitary adenylate cyclase activating polypeptide via retinohypothalamic
pathways. Information about light intensity and temporal stimulus is directly
transmitted to SNC while it is indirectly transferred to the lateral geniculate region
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in the thalamus. SCN receives significant inputs from serotonergic median raphe
nucleus and intergeniculate region containing neuropeptide Y and GABA (These
regions are not essential for circadian rhythm; however, they transfer information
about light sensitive phase changes and stimulants other than light to the circadian
rhythm center). The effects of light on SCN activity and circadian phase changes
are completely opposite of those of neuropeptide Y and serotonin. As the center of
circadian rhythm, SCN contributes to the regulation of behavioral, physiological
and genetic rhythms. The most important aspect is its relationship with hypo-
thalamus; (1) Main neuronal pathway regulating sleep-wakefulness rhythm SCN —
neighboring supraventricular region, SCN-dorsomedial hypothalamic region (2)
SCN-sends both direct and indirect fibers to paraventricular hypothalamic nucleus
regulating corticosteroid secretion and melatonin synthesis. The regulation of

the circadian rhythm improves the adaptation of the organism to life; towards the
end of a night’s sleep, body temperature, plasma cortisol levels and sympathetic
autonomous activity all increase. When sleep time approaches, body temperature
decreases and melatonin secretion starts. In mammals, circadian rhythm center at
SCN regulates the phases and timings of all cyclical behavioral functions together
with sleep-wakefulness cycle. Identifying the neuronal pathways and neurotrans-
mitters playing a role in this regulation is crucial for developing pharmacological
and strategical approaches for chronobiological sleep disorders [25-27]. Melatonin
in the regulation of sleep and circadian rhythm: Melatonin is the neuroen-
docrine modulator of day-night rhythm with receptors densely located at the
suprachiasmatic nucleus (SCN). The endogenous circadian rhythm of melatonin
secretion is directly proportional to the endogenous rhythm of sleep tendency.
Secretion of melatonin from the pineal gland is controlled by SCN. This pathway
is multisynaptic and has contributions from the sympathetic nervous system.
When administered to the body from outside melatonin helps initiate sleep; as

it leads to phase shifts, it has therapeutic effects in insomnia and regulation of
sleep-wakefulness phases. The biological clock can be regarded as an insurance
preventing sleep phase shifts caused by homeostatic changes. When human beings
intend to change the timing of sleep-wakefulness rhythms at their own will (most
common causes are travels to regions with time differences and working with
shifts), insomnia ensues. Sleep regulation, Homeostasis, Sleep homeostasis and
Sleep-wakefulness rhythm: Three main processes play a role in sleep regulation:
(1) Homeostatic process which tells us the relationship between the last sleep and
wakefulness periods. In sleep deprived organisms the duration and depth of sleep
increases as a compensatory mechanism. (2) Circadian process; in other words the
biological clock. (3) Ultradian process which defines the duration of REM—NREM
sleep cycles and the interactions between them. Sleep wakefulness rhythm is
identified by circadian and homeostatic processes. Homeostasis is the preservation
of required internal environment conditions (extracellular fluid) for maintain-

ing the vitality of the organism. Sleep homeostasis is the equivalent of sleep-
wakefulness balance in sleep regulation. This balance is maintained by homeostatic
mechanisms and deviations from the normal are either normalized or brought
closer to normal. Circadian process can be regarded as an internal clock that lasts
24 hours. Homeostatic process is related to the time spent awake before sleeping.
Therefore, there are three important features of a medication to be used in the
treatment of insomnia caused by circadian clock changes: (1) Hypnotic effect:

the ability to initiate or to maintain sleep when homeostatic effect is inadequate

to do so. (2) Chronohypnotic effect: the ability to inhibit the time of waking-up
normally regulated by the circadian center. (3) Chronobiotic effect: concerning the
regulation of the circadian rhythm, the ability to initiate phase shifts and to do so
during desired hours. Melatonin is a hormone that harbors all these three features.
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Secretion of melatonin from the pineal gland is controlled by SCN. Furthermore,
it is multisynaptic and has contributions from the CNS. If there is light exposure
during night hours, melatonin levels decrease immediately. Melatonin levels are
influenced by certain medications: Beta blockers used for the prophylaxis of
hypertension, cardiac arrhythmias and headaches block the sympathetic activ-

ity both at the heart and at the pineal gland. On the other hand, antidepressant
drug fluvoxamine prevents the degradation of melatonin and increases its plasma
concentrations. Administration of 0.3-80 mg oral melatonin during daytime when
endogenous melatonin levels are low, will decrease sleep latency and have a sleep
inducing effect. Melatonin effect is related to body posture; it increases when lying
down and decreases when standing up. Neurotransmitter imbalance is present in
SCN of essential hypertension patients and there is a decrease in the secretion of
melatonin in coronary artery disease that follows. In patients with uncontrolled
hypertension, taking 2.5 mg of melatonin 1 hour before sleep is shown to increase
the total duration and the efficacy of sleep. EEG pattern of sleep regulation:
Sleep regulation is mainly identified by sleep homeostasis: in sleep deprivation,
the length of sleep increases and it gets deeper as a compensatory mechanism.
Because sleep needs are identified by the homeostatic and circadian processes. As
the time spent awake before sleeping increases, slow waves in sleep EEG increase
and sleep spindles decrease. Neurophysiologically, thalamocortical neurons have a
moderate level hyperpolarization during the superficial stages of NREM sleep (N1
and N2) and high level of polarization during deep stages (N3) of NREM. During
superficial NREM sleep, there are more frequent thalamocortical discharges and
EEG equivalent of these are sleep spindles. Theta activity in awake EEG shows the
homeostatic process. As the period spent awake gets longer, theta activity increases
and SWS (delta) activity increases to the same extent. Despite the fact that their
mechanisms of action are different, similar to benzodiazepines the use of melato-
nin suppresses low frequency EEG activity [27-29].

2.4 The effects of sleep and circadian rhythm on hormones

Circadian rhythmicity and sleep-wakefulness homeostasis includes; (1) the
modulation of hypothalamic hormones, peptides and molecules, (2) the metabolic
pathways influenced by peripheral hormones and (3) autonomous nervous system
control of endocrine organs. In the regulation of temporal organization of hormone
secretion, processes associated with the electrical signal changes during the sleep
stages of brain (NREM-REM) are as effective as circadian rhythm and homeo-
static processes. These processes effect different hormonal axes (somatotropic,
corticotropic and gonadal axes) and metabolic pathways at different levels. For
example thyroid stimulating hormone (TSH) levels might change both with sleep
and circadian rhythm while cortisol levels only change with circadian rhythm.
Growth hormone (GH) and prolactin (PRL) can be at a certain level during day-
time- wakefulness but they increase while sleeping. Glucose and insulin have been
shown to be effected by both sleep and the circadian rhythm increasing while being
awake at night and while being asleep during daytime. Circadian oscillations can
be generated in many peripheral organs under autonomous nervous system control
including adipocytes and pancreas beta cells that generate endocrine signals. These
“local” oscillators seem to be under the control of central electrical batteries found
in suprachiasmatic nuclei either directly through neural and endocrine signals
or indirectly via sleep-wakefulness cycle and behavioral rhythms like nutrition.
Endocrine secretion of these peripheral oscillators during wakefulness and sleep
and their possible participation in the temporal organization of metabolic function
are still open to research [30-32].
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2.4.1 Somatotropic axis and sleep

Growth Hormone (GH): Pituitary secretion of GH is stimulated by hypotha-
lamic GH secreting hormone (GHRH) and is inhibited by somatostatin. Acylated
form of ghrelin that is predominantly produced in the stomach binds to growth
hormone secreting (GHS) receptors and endogenously stimulates GH secretion.
GH is a respiratory stimulant. Animal studies have shown that the infusions of
GHRH and ghrelin result in SWS, while GH infusion leads to REM sleep. There is a
consistent relationship between the presence of Delta waves on EEG and high con-
centrations of GH and maximum GH secretion takes place minutes after the start
of SWS. Pharmacological agents used in narcolepsy like gamma hydroxyl butyrate
(GHB) and ritanserin that stimulate SWS cause an increase in GH. Sleep-initiated
GH secretion is regulated by GHRH stimulation that primarily takes place during
somatotropin inhibition where somatotropic activity decreases. Secretion of GH
during early sleep is suppressed by the administration of a GHRH antagonist [15].
SWS decreases with age and there are also medical conditions that result in sleep
fragmentation which all decrease GH secretion. Sleep deprivation effects GH secre-
tion through deteriorations in both the circadian rhythm and sleep-wakefulness
homeostasis. Insulin like Growth Factor (IGF-1) (Somatomedin C): It is a hor-
mone primarily synthesized in the liver by being stimulated with GH. It mediates
the anabolizing effects of GH in the muscle tissue. In men it decreased after 21 years
of age while there is a rapid decline in women after menopause. It is a respiratory
stimulant like GH and leads to increases in SWS. Somatostatin: Inhibits the GHRH
stimulation of GH secretion. It has a suppressive effect on the respiratory center and
is thought to play a role in sudden infant death syndrome [33-35].

2.4.2 Corticotropic axis and sleep

The activity of the corticotropic axis is related to stress reaction and behavioral
activation. Corticotropic axis activity can be measured peripherally by plasma levels
of pituitary adrenocorticotropic hormone (ACTH) and adrenal hormone cortisol
that is directly controlled by ACTH stimulation. Plasma levels of these hormones
are highest during early hours of morning, they decrease throughout the day reach-
ing lowest limit during late night hours and early stages of sleep period. Therefore,
sleep is normally initiates when corticotropic activity is slow. Reactivation of ACTH
and cortisol secretion happens suddenly a couple of hours ahead of waking up.
Corticotropin releasing hormone (CRH): It regulates GnRH secretion and stimu-
lates adrenocorticotropic hormone secretion (ACTH) from the pituitary gland. It
binds to CRH receptors that are abundant in the brain and stimulates breathing.

In instances of stress it acts as a part of hypothalamo pituitary adrenal axis and
increases plasma cortisol levels. Cortisol: Physiologically low levels of cortisol at
the beginning of sleep is correlated with SWS and cortisol secretion mostly starts
during superficial stages of sleep. When there is sleep deprivation, cortisol levels
act in parallel to circadian rhythm increasing and decreasing at the same time;
however, as there is a change in the time sleep starts and ends, cortisol levels are
somewhat higher during nighttime (where it should be lower), and somewhat
lower during the day (where it should be higher) (thus the amplitude of cortisol
rhythm decreases). In elderly individuals with fragmented sleep and decreased
SWS, worsened memory and insulin resistance that is observed is related to the
increased cortisol levels at night. Waking up during fragmented sleep results in
increases in cortisone levels (as concerns cortisol increase and sleep fragmentation,
it is not clear which one is the cause and which is the result). Cushing patients were
shown to have bad sleep quality, decreases in REM latency, increases in first REM
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intensity and decreases in deep sleep. Addison patients also had decreases in deep
sleep. Therefore, we can conclude that for deep sleep to happen, the organism needs
cortisol rhythm within normal limits [36-38].

2.4.3 Thyrotropic axis and sleep

Thyroid Stimulating Hormone (TSH)-Triiodothyronine (T3)-Thyroxine
(T4): It is stable throughout the day and increases during the early hours of the
evening reaching its maximum level at the beginning of sleep. Before waking up
in the morning, it returns to its stable levels that continue through the day. TSH
secretion is influenced by the circadian rhythm and by sleep. Sleep had an inhibi-
tory effect on TSH. This effect disappears during sleep deprivation, nocturnal
TSH levels increase together with increases in T3 and T4. Thyroid hormones are
respiratory stimulants. In hypothyroidism, there is a tendency for hypoventilation
and obstructive apnea syndrome. There is sleepiness during daytime and decreases
in SWS. In hyperthyroidism, there is increased movement during sleep, decreased
REM duration and insomnia due to increased metabolic rate [39, 40].

2.4.4 Prolactin (PRL) and sleep

PRL levels begin to increase shortly after the start of sleep and make a night
peak at the middle of sleep. The possible primary mechanism underlying this peak
is decreased dopaminergic inhibition of PRL during sleep. Thyrotropin releasing
hormone (TRH), vasoactive intestinal peptide (VIP), oxytocin, estrogen and angio-
tensin Il increase PRL secretion while dopamine, GABA and acute hypoxia inhibits
it. The primary effect of PRL during sleep is to stimulate REM sleep. Rapid PRL
increase at the beginning of sleep is thought to be related to SWS. In prolactinoma
and lactating mothers SWS increases due to increased PRL secretion. Fragmented
sleep decreases PRL secretion (Mechanism: Waking up in the morning and wakeful-
ness that fragment sleep are related to a rapid inhibition of PRL secretion) [41, 42].

2.4.5 Gonadal axis and sleep

The relationship between 24-hour-gonadotropin secretion rhythms and gonadal
steroid levels changes based on the stage of maturity and is sex-related during
young adulthood [42].

Gonadotropins: Before puberty, luteinizing hormone (LH) and follicle stimu-
lating hormone (FSH), is secreted in a pulsatile fashion both in boys and girls.
Increased amplitude of gonadotropin secretion during sleep is a distinctive char-
acteristic of adolescence. In adolescent girls, estradiol levels are higher during the
day than the night; in adolescent boys high levels of testosterone during nighttime
coincide with increases in gonadotropins. Both sleep and circadian rhythm con-
tribute to the increases in gonadotropin pulsations during the night in adolescents.
As they transition into adulthood, the effect of circadian rhythm either decreases
or disappears completely. In sleep deprivation, LH increases, FSH does not change.
Adult 24-hour plasma LH levels are regulated by the menstrual cycle in women,
in men it changes according to NREM-REM cycles. In young men, REM sleep
deprivation weakens night increases of testosterone in particular. In elderly men,
there is a decrease in LH secretion during sleep while it increases in elderly women;
however this is not in relation with the circadian rhythm. Progesterone: It increases
during pregnancy and during the luteal phase of menstrual cycle. As it is a respira-
tory stimulant, there are low carbon dioxide levels and hyperventilation during
these periods. When progesterone decreases during the postmenopausal period,

26



Neurophysiology of Basic Molecules Affecting Sleep and Wakefulness Mechanisms, Fundamentals...
DOI: http://dx.doi.org/10.5772/intechopen.100166

nocturnal desaturation, hypopnea and apneas are seen more frequently. In individ-
uals administered with estrogen and progesterone during postmenopausal period,
sleep breathing disorders were less common. Estrogen: In young women, it is at

its lowest level during menstruation and at its highest during the midluteal phase
(estradiol). It is in the form of estrone during postmenopause. Estradiol increases
the effects of progesterone on respiration by increasing the number of progesterone
receptors. Testosterone: Despite the low amplitude of nighttime increase in gonad-
otropin secretion, there is a significant diurnal rhythm for testosterone levels in the
circulation. Testosterone is at its lowest levels during the late hours of the night;
after sleep starts, there is a strong increase and it reaches its maximum levels during
the early hours of the morning [51, 52]. Therefore, the strong circadian rhythm of
plasma testosterone can be partially controlled by factors other than LH. Nighttime
increase of testosterone is temporarily related to the delay of first REM episode.
There are studies showing that sleep breathing problems are due to decreased levels
of testosterone during nighttime as well as those showing that respiratory stimula-
tion is decreased by the negative effect on progesterone [43-46].

2.4.6 Catecholaminergic axis and sleep

With initiation of sleep, noradrenaline and adrenaline levels decrease as the case
with cortisol reaching their minimum levels within an hour. Noradrenaline plays a
role in respiratory control while adrenaline is a bronchodilator. Nocturnal catechol-
amine levels are increased in patients with obstructive apnea syndrome.

2.5 Physiological mechanisms of basic molecules that cause sleep related
metabolic changes

2.5.1 Molecules mediating nutrition and sleep vegulation

Sleep plays an important role in energy balance. Hypocretins and orexins are
hypothalamic stimulant neuropeptides with strong wakefulness promoting effects,
they also stimulate feeding; their definition created the molecular basis for delineat-
ing the interactions between nutrition and sleep regulation.

Orexin: Orexin containing neurons in lateral hypothalamus directly lead to
locus coeruleus and other brainstem and hypothalamic stimulation areas; here
they interact with leptin sensitive neuronal network which plays a role in balanc-
ing food intake and energy consumption. Orexin containing neurons are active
when awake and inactive when asleep. Orexin activity is inhibited by leptin which
is a satiety hormone and stimulated by ghrelin, an appetite stimulating hormone.
Leptin: Leptin is a hormone secreted by adipocytes, it provides information to
the regulating centers at hypothalamus about energy status. Nighttime increases
of leptin is thought to suppress hunger during night fasting. When administered
systemically, it causes increases in SWS and decreases in REM. As it inhibits
Neuropeptide Y (suppresses respiration) secretion, it stimulates corticotropin
releasing hormone-CRH (stimulates respiration) secretion. Research trials have
shown that it stimulated respiration and that CPAP (continuous positive air pres-
sure) treatment decreased leptin receptor sensitivity. Long term total sleep depriva-
tion decreases leptin levels. Ghrelin: It plays a role in regulating energy balance and
stimulating appetite. Ghrelin levels increase sharply before each fixed meal time
and make a nadir 1-2 hours after eating. Although hunger continues, ghrelin levels
do not continue to increase throughout sleep and decreases during later hours of
sleep instead. When at high levels during sleep, it is a strong endogenous stimulant
of GH secretion [43, 47-49]. Neuropeptide Y (NPY): NPY is widely distributed
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in hypothalamus, amygdala, locus coeruleus and cerebral cortex. Atleast six NPY
receptor subtypes have been defined. NPY plays a role in food intake, hormonal
secretion, circadian rhythms, stress reaction, anxiety and sleep functions. In
animals, depending on the site of injection, NPY was found to have sleep promoting
effects as well as wakefulness effects. In humans, NPY is thought to have hypnotic
characteristics and act as a physiological antagonist of CRH. NPY participates in the
timing of sleep onset in humans and can thus play a role in the integration of sleep
regulation, food intake and metabolism [43, 50].

2.5.2 Autonomic nervous system co-transmitters (neuvopeptides)

Nuclei located in hypothalamus (posterior and lateral regions contain sympa-
thetic nuclei, anterior regions have parasympathetic ones) control the autonomic
nervous system. Together with hypothalamus and limbic structures, sympathetic
and parasympathetic portions of the autonomic nervous system regulate vegeta-
tive sensory and motivational behaviors. Norepinephrine (noradrenaline) is the
main transmitter for the sympathetic system (catecholaminergic system), and
Neuropeptide Y acts as a cotransmitter. In vascular beds, adrenergic endings secrete
NPY together with noradrenaline. By itself, NPY has a vasoconstrictor effect.
Acetylcholine (Ach) is the main transmitter of the parasympathetic system (cholin-
ergic system) and VIP (vasoactive intestinal peptide) functions as the cotransmitter
of this system. In the salivary and perspiratory glands, in the genital system and
adrenal medulla cholinergic endings secrete VIP together with ACh. VIP exerts
partial vasodilator and strong bronchodilator effects [7, 12-14].

2.5.3 Melanin-concentrating hormone (MCH)

MCH, is a 19 amino acid long cyclic neuropeptide acting as a neurotransmit-
ter. Neurons containing MCH are primarily found in lateral hypothalamus and
incerto-hypothalamic regions and they have widespread projections within the
brain. In humans, biological functions of this neuropeptide are realized via two
metabotropic receptors, namely MCHR1 and MCHR?2, whereas rodents only have
MCHR1. General functions in the organism: (1) Feeding behavior and energy
conservation; high concentrations of MCH, might lead to increased eating and is
associated with increases in body mass. On the contrary, decreases in existing levels
of MCH can lead to decreased eating. Increased MCH levels in olfactory regions
have been associated with the consumption of oily foods with high calorie content.
Good tasting food items promote MCH encouraging higher consumption of them.
Sugar, specifically glucose seems to be supporting the role of MCH in sleep and
energy conservation. Supporting energy conservation in this manner has been asso-
ciated with high body mass even when the diet is under control. (2) Having MCH
at certain locations only during lactation seems to help promote maternal behavior.
(3) Reproduction: MCH has been assumed to act as a modulator in Luteinizing
Hormone (LH) secretion by having a direct effect on the pituitary gland or by indi-
rectly influencing gonadotropin releasing hormone (GNRH) in the hypothalamus.
Estrogen seems to be required for MCH to influence reproduction. (4) Skin pig-
mentation: MCHR1 has been found in human melanocytes and certain melanoma
cells. In these cells, it has an antagonistic relationship with a-MSH and it decreases
melanin production. Specific regulation of sleep behavior: As concerns the sleep
cycle, MCH and orexin have an antagonistic relationship with one another, orexin is
nearly totally active during wakefulness periods and MCH is more active. MCHergic
neurons are more active during sleep, specifically during REM sleep; although
they increase SWS as well, they mainly increase the duration of REM sleep. MCH
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knockout mice have shorter REM sleep especially under negative energy balance
circumstances. Systemically administered MCHR1 antagonists decrease sleep.
While MCH promotes sleep, there are limited number of studies associating

MCH with narcolepsy. Narcolepsy has long been described as a disorder of REM
sleep mechanism. An individual with narcolepsy starts sleeping with REM sleep.
Narcolepsy presents with the loss of hypothalamic cells that contain hypocretin and
orexin. A research study has demonstrated that individuals having narcolepsy had
diminished orexin neurons that would promote wakefulness and that the number
of MCH neurons was not different than those of an average individual who does not
have narcolepsy. MCH has been associated with depression and anxiety. MCHR1
antagonists were shown to act as antidepressants [1]. Chemokines and cytokines
generally appear as a result of inflammation or infection and can then damage MCH
neurons thereby possibly causing anorexia in an individual. MCH has been identi-
fied both in melanoma and squamous cell carcinoma cell lines [43, 51-54].

2.6 Overview (a general look at sleep related neuropharmacology)

The system and molecules that are in charge of regulating sleep-wakefulness
modulate general homeostatic mechanisms as well as orchestrating highly cogni-
tive activities like attention, learning and memory. We need to develop a general
perspective for pharmacologic substances influencing these activities.

2.6.1 Alcohol

Ethyl alcohol; blocks glutamate NMDA receptors and is an indirect agonist
of GABA receptors. Cerebral granular cells increase GABAergic transmission in
cerebellar cortex and hippocampus. Alcohol is neurotoxic at high doses; it can
specifically hinder cholinergic input that advances to the cortex through basal
forebrain neurons. It can lead to a significant deterioration in motor performance
and can result in sleep deprivation. There might be behavioral problems stemming
from sleep deficiency as well as memory problems in alcoholics because of apparent
effects of alcohol on hippocampus. Individuals having undiagnosed schizophrenia,
anxiety disorders and depression might try to benefit from sedative and anxiolytic
effects of alcohol by overconsumption. In these individuals, blood circulation to the
frontal region deteriorates and their decision making capacity is impaired [14, 15].

2.6.2 Anesthetics, sedatives and hypnotics

Main mechanisms of effect for sleep inducing pharmacological agents are still
being delineated. The primary site of action of most anesthetics may be the sleep-
wake control system. In anesthesia, considering that arousal and alertness represent
a continuum of levels from mania to coma, with physiological and behavioral
concomitants, the monitoring of EEG, along with behavioral and autonomic signs,
should be used routinely to assess level of anesthesia. Most anesthetics, including
barbiturates, etomide, propofol, neuroactive steroids, and volatile anesthetics,
act on GABAa receptors among other receptors. Sedation and natural sleep occur
greatly as a result of enhanced GABAergic transmission, which in turn affects the
release of a number of excitatory transmitters such as acetylcholine, excitatory
amino acids, and histamine. Actions may take place specifically in such regions
as the RAS, TMN, and basal forebrain (all of which have local circuit GABAergic
neurons and receive GABAergic input from VLPO, as described earlier), thereby
regulating the level of arousal. The benzodiazepines act by binding to a site that
modulates GABA receptors, especially GABAa receptors. These agents produce
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sedative, hypnotic, anxiolytic, and anticonvulsant activities. They act generally by
amplifying GABAergic transmission, such that short-acting agents have been used
to promote sleep in insomnia patients, although more recently, effective non-
benzodiazepine hypnotics have been developed. These agents also act to facilitate
GABAa receptor function (e.g., zolpidem and zaleplon). Insomnia is a very common
symptom, especially in the elderly, and has a number of causes, including physical,
social, and psychiatric. Antidepressants with sedative effects (tricyclic antide-
pressants, trazadone, nefazadone and mitrazapine) exert their effects on emotional
state via 5-HT norepinephrine (NE) receptors, their sedative effects are seen
through H1, 5-HT?2, alphal receptor antagonisms. Drugs used in insomnia treat-
ment (melatonin and melatonin analogues) exert their effects via MT1 and MT2
receptors. Other hypnotic substances acting through GABA (Valerian prepara-
tions, Gabapentin, Tiagabine), Sedative antipsychotics (Olanzapine, quetiapine;
they are SHT-2A antagonists), Gamma hydroxybutyrate (its mechanism of effect
is not fully understood, it is considered to modulate dopamine activity; it is recom-
mended in narcolepsy for cataplexy treatment) [14, 15, 55, 56].

2.6.3 Antihistamines

Histaminergic projections at tuberomamillary nucleus are active during wak-
ing up. The pathology of this region leads to hypersomnia. Histaminergic inputs
coming from TMN to RAS suppress SWS, but they do not have an effect on REM.
RAS, basal forebrain, lateral hypothalamus and cortex have high levels of histamine
receptors. Antihistamine (histamine receptor blockers) effects on these regions
cause dizziness, sleepiness and cognitive dysfunction. In children first and second
generation antihistamines can cause poisoning and coma; however, newer (third
generation) pediatric formulations (e.g. fexofenadine, loratadine, cetirizine) seem
to be safer [57].

2.6.4 Caffeine

The popularity of caffeine is due to its stimulant characteristics. It blocks
adenosine receptors in RAS, decreases the inhibitor effect of adenosine; thus,
free adenosine levels in the brain are increased resulting in a stimulant activity in
the CNS. Caffeine appears to block adenosine Al and A2a receptors, producing a
psychomotor stimulant effect. Because of the high levels of A2a receptors in the
striatum, the potential use of caffeine for the treatment of Parkinson’s disease
has been advanced. Since adenosine A2a receptor blockade appears to protect
dopaminergic neurons from toxic agents, a neuroprotective role has been proposed
for caffeine in the treatment of Parkinson’s disease. Caffeine intake has also been
associated with a decreased risk of Alzheimer’s disease, again presumably acting as
a neuroprotective agent [12].

2.6.5 Nicotine

It is an alkaloid found in abundance in tobacco and eggplants. It is metabolized
in the liver and its main metabolite is cotinine. With smoking low dosed of nicotine
exerts its effects on sympathetic (tachycardia, high blood pressure) and parasym-
pathetic (tonus in the digestive system, increases in peristaltic movements and acid
secretion) effects. (Thromboxane A2 increase, lipolysis, psychomotor stimulation,
decreases appetite, analgesic effect, increases the secretion of ADH, ACTH, cortisol
and insulin, decreases secretion of LH and PRL). Causes psychological and physi-
cal addiction. Inhaled nicotine in cigarette smoke is known to permeate the lungs

30



Neurophysiology of Basic Molecules Affecting Sleep and Wakefulness Mechanisms, Fundamentals...
DOI: http://dx.doi.org/10.5772/intechopen.100166

where more than 80% of the available nicotine is absorbed into the bloodstream.
After absorption into the blood, nicotine readily crosses the blood- brain barrier
and appears to be rapidly partitioned into brain tissue. Concentrations of nicotine
in the brain have been reported to be 5-7 times higher than blood concentrations.
Smokers assert that, in addition to its positive effects on concentration and atten-
tion, the primary positive effect of smoking is that it calms and relaxes. Recent
findings suggest that one of the sites of action of nicotine may be in the RAS,
specifically, on PPN neurons. Nicotine, at least initially, has an inhibitory effect on
cholinergic RAS neurons, which could produce the calming effect reported upon
inhalation of cigarette smoke. The majority of cigarettes are consumed by the men-
tally ill, especially those with disorders involving hypervigilance or hyperarousal,
such as schizophrenia, anxiety disorders, and depression. That is, smoking may be
a form of self-medication, presumably because of its calming effects. This effect
(inhibition of cholinergic RAS neurons) appears to differ from the role of smoking
in reducing the incidence of Parkinson’s disease, which appears to be manifested as
a neuroprotective action on dopaminergic neurons by nicotine. Cerebral vasodila-
tion is seen immediately after smoking, but chronic smokers show global reductions
in cerebral blood flow. Considering that hypofrontality is present in schizophrenia,
anxiety disorders, and depression, the initial beneficial, calming effects of nicotine
may be followed by deleterious consequences on cortical blood flow. Such an effect
may drive craving for the next cigarette, creating a vicious cycle of continuous self-
administration [12, 58, 59].

2.6.6 Stimulants

The most commonly used stimulant, amphetamine, induces release of mono-
amines, especially dopamine, but also blocks their reuptake and may have neu-
rotoxic effects on nigral neurons and, more recently, is suspected of inducing the
degenerations of certain striatal neurons. Unfortunately, this agent is abused for
recreational purposes and continues to be prescribed for the treatment of attention
deficit disorder (ADD). Fortunately, methylphenidate does not appear to have such
neurotoxic effects, although its use has decreased.

Non-amphetamine stimulants: Modafinil- has been specifically produced for
the treatment of narcolepsy. Modafinil is a newer stimulant that does not appear to
act through dopaminergic mechanisms, like amphetamine. Modafinil does seems
to affect structures involved in the regulation of sleep— wake states and to affect
a number of transmitter systems, including noradrenergic, histaminergic, and
orexinergic, as well as excitatory amino acid and serotonin release. In addition, it
may block GABAa receptors [60-62].

2.6.7 Schizophrenia, anxiety disorder and depression

Hypofrontality, hypervigilance and sleep irregularities are common symptoms
for these disorders. Regions in relation with RAS (cholinergic PPN, noradrenergic
LC and serotonergic RN) that we tried to tackle so far, their neurotransmitters and
pharmacological agents that are effective on their receptors are used for the treat-
ment of these symptoms. The serotonergic RN is known to inhibit the PPN and
LC, with the cholinergic PPN exciting the LC and the noradrenergic LC inhibiting,
via alpha-2 adrenergic receptors, the PPN. The PPN sends excitatory cholinergic
projections to the substantia nigra (SN), which, in turn, sends dopaminergic pro-
jections to the striatum. The treatment of depression previously included tricyclic
antidepressants such as amitryptiline, imipramine, and clomipramine, agents that
mainly blocked reuptake of noradrenaline and serotonin, and blocked histamine
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and acetylcholine release, thus accounting for increased sleepiness. The selective
serotonin reuptake inhibitors (SSRIs) more selectively affect the RAS by increasing
the inhibition. It is not clear if the etiology of depression is related to disinhibition
of the PPN and LC by a decrement in serotonergic tone, although this would seem
a likely origin for the sleep—wake symptomatology of depression. The treatment of
anxiety disorder is involved the use of benzodiazepine amplification of GABAergic
inhibition. In addition, the use of the alpha-2 noradrenergic receptor agonist cloni-
dine produces anxiolytic effects, probably by inhibiting autoreceptors in the LC and
postsynaptic receptors in the PPN, thus downregulating vigilance. Because of the
peripheral cardiovascular effects of clonidine, alpha-2 adrenergic receptor agonists
without such actions would be more desirable. One study provided strong evidence
for the use of the alpha-2 adrenergic receptor agonist dexmedetomidine as an
anxiolytic for the treatment of anxiety disorders like posttraumatic stress disorder,
panic attacks, and general anxiety disorder [32]. The etiology of anxiety disorder
has been proposed to include downregulation or degeneration of LC outputs (pos-
sibly induced by stress hormones), which would act to release, or disinhibit, PPN
neurons at site.

The etiology of schizophrenia has been suggested to include increased PPN
output, accounting for marked hypervigilance and hallucinations. Excessive PPN
output would overactivate the SN and, in turn, increase striatal release of dopamine
that is, complying with the dopamine theory of schziophrenia. SWS are reduced in
schizophrenics. Consistent with this assumption, lower SWA has been more often
reported in institutionalized patients with profound cognitive impairment as well
as in schizophrenia patients with prominent negative symptoms. The treatment of
schizophrenia previously involved the use of the dopaminergic receptor blocker
haloperidol, which induced tardive dyskinesia, among other serious side effects.
Newer antipsychotics such as risperidone and quetiapine appear to block dopa-
minergic, noradrenergic, and serotonergic receptors. More striking antipsychotic
effects were provided by the use of clozapine, which was designed as a muscarinic
cholinergic blocker for the treatment of Parkinson’s disease [14, 63-65].

2.6.8 Motor and non-motor degenerative diseases (amyotrophic lateral sclevosis,
Parkinson’s disease)

ALS is an incurable neurodegenerative disorder of upper and lower motor
neurons, which is characterized by degeneration of the corticospinal tracts, result-
ing in loss of motor neurons in the brain, brainstem and anterior horn cells of the
spinal cord. Loss of motor neurons in the brainstem and spinal cord causes weakness
of the pharyngeal, laryngeal, intercostal and diaphragmatic muscles. During non-
REM sleep, muscle tone is decreased and during REM sleep muscle tone is almost
completely lost. Automatic ventilation during sleep is almost completely dependent
on the diaphragm (particularly in REM sleep) therefore diaphragmatic dysfunction
(such as that seen in ALS) can predispose to hypoventilation and nocturnal hypox-
emia. Parkinson Disease [PD] is the second most common neurodegenerative disor-
der after Alzheimer’s disease. PD occurs as a result of chronic, progressive decrease in
dopamine levels of the substantia nigra, secondary to loss of dopaminergic neurons in
the pars compacta and the occurrence of Lewy bodies in the cytoplasm of remaining
neurons. It is primarily diagnosed clinically and patients may present with the char-
acteristic motor deficits, which include the resting tremor, bradykinesia, rigidity and
postural instability. However, most will have both motor and nonmotor symptoms.
The nonmotor symptoms cause disturbances, which affect sleep, mood, cognition,
sensation and autonomic function. Among the nonmotor symptoms in PD, sleep
disorders are second in frequency only to neuropsychiatric disorder [16, 65-68].

32



Neurophysiology of Basic Molecules Affecting Sleep and Wakefulness Mechanisms, Fundamentals...
DOI: http://dx.doi.org/10.5772/intechopen.100166

2.6.9 Analytical functions of molecules affecting sleep in neurophysiology and
physiopathology

Particular attention to hormonal conditions is warranted. After all, the first sign
of puberty is pulsatile hormone (LH) release during sleep. For example, narcolepsy
is tightly linked with certain human leukocyte antigen (HLA) haplotypes, suggest-
ing that it is an autoimmune disorder. Kleine— Levin syndrome, discussed earlier, is
linked to similar haplotypes, which suggests an autoimmune etiology. Interestingly,
in most cases of narcolepsy, Kleine— Levin syndrome, as well as schizophrenia,
panic attacks, obsessive— compulsive disorder, and other disorders, the age of onset
is soon after puberty. Along other lines, in about 20% of schizophrenic patients,
the mother had an influenza attack during the second trimester, while narcoleptics
are born predominantly during the late winter— early spring, that is, after influenza
season. It has been suggested that developmental dysregulation, either pre- or
perinatally (initial insult), becomes pathologically manifest after exposure to
puberty and its hormonal onslaught. These considerations point to complex interac-
tions between development, environment, and hormonal status, all of which seem
to affect sleep— wake regulation in as yet unknown ways. These findings suggest
that the effects of hormones, either prescribed or taken as dietary supplements, or
abused, need to be more closely studied and considered in the design of therapeutic
interventions [69, 70].

Brain energy requirements are extraordinarily high; any modification in glucose
utilization by the brain may profoundly affect glucose tolerance. Cerebral glucose
utilization is lower during SWS than during either REM sleep or wake. Using PET
scans, a strong correlation was evidenced between slow-wave activity, an index of
the intensity of SWS, and regional blood flow in the prefrontal brain. Furthermore,
experimental studies, involving continuous enteral nutrition or intravenous glucose
infusion while allowing for normal nocturnal sleep, have shown that glucose
tolerance is minimal during the first half of the sleep period, i.e. when SWS is the
dominant sleep stage. These findings confirm the existence of a robust link between
SWS and glucose tolerance. Both reduction in total sleep duration with slow-wave
sleep (SWS) largely preserved and alterations of sleep quality (especially marked
reduction of SWS) with preservation of total sleep duration areassociated with
insulin resistance without compensatory increase in insulin secretion, resulting in
impaired glucose tolerance and increased risk of type 2 diabetes. When performed
under rigorously controlled conditions of energy intake and physical activity,
sleep restriction is also associated with a decrease in circulating levels of leptin
(an anorexigenic hormone) and an increase in circulating levels of ghrelin (an
orexigenic hormone), hunger and appetite. Furthermore, sleep restriction is also
associated with a stimulation of brain regions sensitive to food stimuli, indicating
that sleep loss may lead to obesity through the selection of high-calorie food. There
is also evidence that sleep restriction could provide a permissive environment for
the activation of genes that promote obesity. Indeed, the heritability of body mass
index is increased in short sleepers. Thus, chronic sleep curtailment, which is on the
rise in modern society, including in children, is likely to contribute to the current
epidemics of type 2 diabetes and obesity [71-73].

Chronic sleep loss is increasingly common in industrialized societies, affecting
about 45% of adults. Sleep deprivation induces behavioral, hormonal, and neuro-
chemical alterations. The stress inherent in sleep deprivation causes changes in the
concentration of hormones such as cortisol as well as in prolactin and estradiol,
which are known to influence dopaminergic transmission.

Studies have suggested that dopamine (DA) is responsible for the behavioral
changes observed after sleep deprivation. Specifically, REM sleep deprivation has
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been shown to be related to changes in D2 post-synaptic receptor sensitivity in the
rat striatum. DA transporter (DAT) knockout mice exhibit increased wakefulness
and less SWS. REM sleep would induce increases in dopaminergic activity after
sleep deprivation and selective REM sleep deprivation for a prolonged period would
result in down-regulation of DAT, enhancing dopaminergic neurotransmission.
Amphetamine derivatives inhibit DAT-mediated DA reuptake [74, 75].

Short-term sleep deprivation has shown therapeutic properties for with mood
disorders, long-term/ chronic sleep deprivation and disruption have instead been
related to the development of mood disorders via monoamine (5-HT, NE, DA)
activity dysregulation. The main symptoms of depression are due to a functional
deficiency of the brain monoaminergic transmitters: norepinephrine, serotonin
and/or dopamine, whereas mania is caused by a functional excess of monoamines
at critical synapses in the brain. Although recently some observations have chal-
lenged the legitimacy of this theory, a dysregulation in monoamine production
and transmission is still considered an important factor in the regulation of mood,
emotions, cognition, motivational behaviors and stress responses. Deuschle et al.
[81] conducted a study in a group of individuals suffering from chronic insomnia,
and found that the short allele of the 5-HT transporter was significantly more
frequent in patients suffering from insomnia than in good sleepers. Roman et al.
[82] suggested that chronic sleep restriction may increase an individual’s vulnerabil-
ity to develop mood disorders by impairing serotoninergic transmission throughout
the activation of the stress system The genetic makeup of the dopamine system
involved in vulnerability to mood disorders has also been shown to be involved
in the response to sleep loss and in alterations in responses to reward in humans.

A polymorphism in the dopamine 2 receptor, more commonly in the dopamine
transporter system, has been related to a vulnerability to psychiatric disorders in the
presence of sleep deprivation in humans. It has been widely shown that individuals
suffering from insomnia display hyperactivation of the hypothalamic-pituitary—
adrenal-axis at both brain and peripheral levels. Increases in norepinephrine,
epinephrine and other markers of sympathetic outflow have been related to
cognitive and emotional arousal and somatic hyperarousal in individuals suffering
from insomnia: it is the key pathophysiological mechanism of insomnia. Changes
observed in brain structures in individuals suffering from insomnia include a
reduction in the volume of the prefrontal cortex, caudate head and hippocampus,

as well as an increase in the amygdala volume, modifications resembling those
described in individuals suffering mood disorders. Given these similarities, it has
been hypothesized that insomnia may influence the development and maintenance
of a mood disorder throughout the activation of the stress system and of its negative
consequences on the brain, including hippocampal neurogenesis, synaptic plasticity
and connectivity [76-85].

Finally, we can talk about the relationship between sleep and antidepressants, which
are effective on monoamine (5-HT, NE, DA) activity systems in the brain: (1) Tricyclic
antidepressants (TCA) (antagonist of SHT-1, NE, M1, H1 receptors); (a) tertiary TCAs
shorten sleep latency and reduce awakenings during sleep. Therefore, it is perceived as
a sedative; doxepin and amitriptyline decrease REM rate in sleep EEG, cause prolonga-
tion of REM sleep latency, (b) Secondary TCAs such as desipramine are less sedative
and relatively stimulating, (c) potent serotoninergic TCAs such as clomipramine
increase eye movements in NREM. It increases the periodic leg movements during
sleep, (2) nonspecific reuptake inhibitors (SHT, NE DA); trazadone is sedative and
nefazodone is less sedative, they increase SWS sleep, (3) monoamine oxidase inhibi-
tors (MAOI) (eg, tranylcypromine, moclobemide), (4) selective serotonin reuptake
inhibitors SSRI (eg, fluoxetine, escitalopram, paroxetine, sertraline), (5) serotonin and
norepinephrine reuptake inhibitors (SNRI) (eg, venlafaxine, duloxetine, reboxetine)
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(6) Bupropion (inhibition of norepinephrine and dopamine reuptake) these agents
increase SWS, prolong REM latency, shorten REM time, (7) Agomelatine (agonism at
melatonin M1 and M2 receptors, antagonism at serotonergic 5-HT2C receptors) have
been found to increase SWS [86-89].

2.6.10 Conclusion

The more we learn about the neurophysiology of sleep and the effects of related
molecules, the better we understand the pathological processes in wakefulness.
Understanding the functioning of the sleep brain, along with neurotransmitters,

hormones, and new molecules, will explain unknown physiological processes and
inspire innovative processes in pharmacology.
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Abstract

Narcolepsy is a chronic, disabling sleep disorder with a significant diagnostic
delay. Nowadays, treatment is focused on managing symptoms that impacts patient’s
life, such as at workplace, social events or even at school, but not aimed cure the
disease. However, we have pharmacological treatments that effectively help control
the main symptoms (excessive daytime sleepiness, cataplexy, fragmentation of noc-
turnal sleep, sleep paralysis and hypnagogic and hypnopompic hallucinations). On
the other hand, pharmacological treatment must be individualised as there are great
variations in severity, order of appearance symptoms and development of the disease.
We intend to expose the different symptomatic treatments recommended by clinical
guidelines and the clinical management from a practical point of view. Future treat-
ments include therapies based on the replacement of hypocretin or the administration
of agonist receptors. Other techniques such as hypothalamic stem cell transplanta-
tion, gene replacement therapy or immunotherapy are also being investigated.

Keywords: narcolepsy, sleep, cataplexy, pharmacotherapy, pharmacology,
sleepiness

1. Introduction

Narcolepsy is a chronic and disabling disease, which, according to the Interna-
tional Classification of Sleep Disorders (ICSD-3), considered to be hypersomnias of
central origin [1]. Narcolepsy presents with a variable combination of sleep-wake
symtoms and motor, psychiatric, emotional, cognitive, metabolic and autonomic
disturbances that reflect the hypothalamic origin of the disorder.

The leading symptoms are:

1.Excessive daytime sleepiness (EDS), which can also manifest with sleep
attacks, involuntary napping, automatic behaviours, difficulty sustaining
attention and memory disturbances.

2.Cataplexy, briefs episodes of bilateral loss of muscle tone triggered by sudden
emotions in the presence of a normal state of consciousness. Often is partial,
rarely complete with falls.
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Other sleep-wake symptoms are fatigue, sleep paralysis, hypnagogic and hyp-
nopompic hallucinations, nightmares, lucid dreams, enacted dreams, disrupted
night-time sleep, restless legs syndrome or parasomnias.

The current International Classification of Sleep Disorders (ICSD-3) defines two
types of narcolepsy:

a. Narcolepsy type 1 (NT1): EDS for > 3 months in association with either CSF
orexin levels < 110 pg./ml or cataplexy and a mean sleep latency < 8 minutes
on the multiple sleep latency test (MSLT) and at least two sleep onset REM
periods (SOREMPs) during MSLT y/o night-time polysomnography.

b. Narcolepsy type 2 (NT2): EDS for > 3 months in the absence of cataplexy but
with a mean sleep latency on the MSLT < 8 minutes and at least two
SOREMPs on the MSLT y/o night-time polysomnography, as well as CSF
orexin levels > 110 pg./ml (or not measured).

If cataplexy develops over time or CSF orexin levels decrease to < 110 pg./ml,
the diagnosis of NT2 must be change to NT1.

The main symptoms of NT1 are related to hypocretin/orexin (ORX) deficiency,
due to the selective destruction, likely autoimmune in origin, of ORX-producing
hypothalamic neurons. Likewise, hypocretin deficiency reduces the excitatory sig-
nal of the neurons responsible for the synthesis of neurotransmitters that promote
wakefulness, such as noradrenaline (NA), dopamine (DA), serotonin (5-HT) and
histamine.

Genetically, approximately 98% of patients with NT1 carry the HLA class II
allele DQB1*06:02; this allele is present in 50% of patients with NT2 and only
12-30% of the general population [2]. So far, no specific antibodies against ORX
neurons have been detected. This could be due either to their location in a restricted
area where there is a small number of damaged antibodies, or because the activation
of specific T cells is negligible.

There is a clear variability in the evolution of the disease over time. On one hand,
it is important to note that when a patient develops symptoms, the hypocretinergic
neurons may already present irreversible damage; on the other hand, on average,
there is a diagnostic delay of 10 years from the onset of symptoms. For this reason,
it is still not possible to establish a concrete and extrapolable pattern. Some patients
observed with severe narcolepsy and cataplexy show full symptomatology in the
first days of the disease, while others develop a progressive course with excessive
daytime sleepiness (EDS) as the initial symptom and followed by cataplexy after
months or years of evolution.

Different hypotheses have been postulated regarding the pathophysiology of
cataplexy. On one hand, there is a direct relationship between the brain areas
responsible for inhibition of muscle tone in REM sleep and hypocretinergic neurons.
The loss of these neurons would cause dissociated REM sleep (the atonia of the REM
phase would appear during wakefulness) manifesting itself clinically as cataplexy or
sleep paralysis [3]. Likewise, it has been proposed that hypocretin deficiency would
facilitate sleep-wake transitions more frequently due to the instability of wake—
sleep regulation mechanisms.

Pharmacotherapy in the treatment of narcolepsy is currently aimed at controlling
the principal symptoms: EDS, cataplexy, sleep fragmentation, sleep paralysis and
hypnagogic and hypnopompic hallucinations, but are not intended to cure the dis-
ease. However, the treatment does manage to significantly improve quality of life.

The following is a detailed breakdown of the different existing treatments and
the promising future lines that are being developed for the treatment of Narcolepsy.
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2. Existing lines of therapy

As we have already mentioned, current therapies are aimed at the symptomatic
treatment of narcolepsy. One key point to take into account is the high degree of
inter-individual variability in the clinical presentation of the disease, in terms of the
different clinical evolution over the years, and the therapeutic response and possible
side effects related to the different treatments.

The first approach should therefore focus on the adoption of non-
pharmacological measures, with programmed short-duration daytime naps being
one of the most prominent.

Establishment of rigid schedules for waking up and going to bed, attempting to
avoid transgressions or sleep deprivation, should be recommended. Like other
patients with sleep disorders, avoiding excessive caffeine or alcohol consumption
should be recommended. Last, but not least, it is helpful to orient the patient from
the point of view of work, providing suggestions as to the jobs that are most
advisable and less advisable for patients with narcolepsy. In addition, they should be
informed of associations or support groups at the national and international level.

Regarding pharmacological therapy, the different existing lines of therapy can
be classified according to their mode of action or according to the type of symp-
tomatology that they are intended to treat (daytime sleepiness, cataplexy, sleep
fragmentation, etc.).

2.1 Recommended treatments for excessive daytime sleepiness (EDS)

1.Modafinil: inhibits the dopamine transporter, facilitating an increase in its
concentration, although its mechanism of action is still unclear. Approved by
the FDA and EMA. Armodafinil is also FDA approved and the usual doses for
adults range from 100 to 250 mg.

Dosage: in tablets of 100-400 mg orally. Initially, treatment is started with
100 mg, which can be divided into two intakes of 50 mg at least 2 hours apart.
The dose should later be increased depending on the degree of drowsiness,
considering the dose-dependent occurrence of side effects.

Pharmacokinetics: the absorption of modafinil is fast, with a maximum plasma
concentration of about 2 to 4 h. The effective elimination half-life of modafinil
after multiple doses is approximately 15 h. The main route of excretion is via
the liver and part of its metabolites via the kidneys. Patients with severe
hepatic impairment should be treated with lower doses. Reversible inhibition
of the cytochrome P450 enzyme CYP2C19, as well as CYP3A4, CYP1A2 and
CYP2B633 has been observed. Coadministration of modafinil with diazepam,
phenytoin and propranolol, which are eliminated via the CYP2C19 enzyme,
may increase their levels. It is reccommended that alternative methods of
contraception be considered during treatment with modafinil and one month
after the end of the treatment.

Safety and adverse events: generally well tolerated and the most common
adverse events were headache (13%), nervousness (8%) and nausea (5%).
Treatment-related cardiovascular events were infrequent, including
palpitations (1.5%), hypertension (1%) and tachycardia (1%). Studies with
modafinil have shown a potential for dependence, so the possibility of
dependence with long-term use cannot be completely ruled out. It is also
recommended that an ECG be performed on all patients prior to the start of
treatment.
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The combination of modafinil with connexin-30 inhibitors is under
development (discussed later in the chapter).

2.Methylphenidate: blocks the reuptake of noradrenaline and dopamine
(inhibiting the transporters of these neurotransmitters at the presynaptic level)
increasing the concentration of dopamine and noradrenaline in the synaptic
cleft. Broadly speaking, this generates its stimulant effect within the central
nervous system (CNS), primarily in the prefrontal cortex. It is also a weak
agonist at the 5-HT1A receptor, which is an additional mechanism that
contributes to increased dopamine levels. Before starting any treatment with
stimulants, it is advisable to perform at least an electrocardiogram to rule out
possible cardiac arrhythmias [4]. Due to the risk of serious side effects, avoiding
use with patients with structural heart abnormalities is recommended.

Dosage: doses are administered orally and range between 10 and 60 mg and
should not exceed 72 mg. Immediate and extended release are available.

Adverse effects: insomnia and nervousness are the most frequent events,
although other effects related to the CNS (dizziness, headache, tics,
akathisia), gastrointestinal (nausea/vomiting, dry mouth, decreased appetite,
weight loss, abdominal pain) and cardiovascular system (tachycardia and
palpitations) have also been reported. Methylphenidate is FDA approved for
the treatment of attention deficit hyperactivity disorder (ADHD) in children
and adults and as a second-line treatment for narcolepsy in adults.

3.Pitolisant: histamine H3-receptor antagonist-inverse agonist (to be developed

later).

4. Amphetamines or dextroamphetamine: the main action is through increases in

synaptic concentrations of monoamine neurotransmitters, thus indirectly
enhancing noradrenergic and dopaminergic neurotransmission in the CNS.
Catecholaminergic signalling is the primary mediator of efficacy in narcolepsy.
This same pathway is also responsible for the major side effects, as well as its
potential for abuse. It should be considered that it is a drug with very limited
use, because there is a difficult balance between achieving correct therapeutic
efficacy and an acceptable control of side effects.

Dosage: doses between 5 and 30 mg orally, twice a day, or 20 mg in a sustained
release formulation twice a day are usually used.

Adverse effects: decreased appetite, nausea, vomiting, insomnia, headache,
increased blood pressure and heart rate, etc.

Safety: has a high potential for abuse, can cause psychosis and manic episodes.

2.2 Recommended treatments for cataplexy and symptoms resulting from
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dysregulation of REM sleep

1.Sodium oxybate (Xyrem®): this is the sodium salt of gamma-hydroxybutyrate

(GHB). GHB is synthesised in neurons throughout the CNS and is an active
metabolite of gamma-aminobutyric acid (GABA). It inhibits noradrenergic
neurons in the locus coeruleus during sleep, with a rebound effect of these
neurons during the day thus promoting wakefulness, although its mechanism
of action remains unclear. One of the hypotheses about the mechanism of
action on the control of EDS and cataplexy postulates that it could be mediated
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through GABA-B agonist actions on dopaminergic, noradrenergic, as well as
thalamocortical neurons. In 1998, the FDA granted permission to test oxybate
as an orphan drug for narcolepsy. In 2002 it developed a distribution program
through hospital pharmacies only. And in Europe, it is available under
restricted prescription and special situation. It also has a risk management and
pharmacovigilance program.

Dosage: it is an oral solution (500 mg/ml). The recommended initial dose is
4.5 g/night (divided into 2 doses, each of 2.25 grams) spaced at least 2.5~

4 hours apart before the new dose, so that most of the drug has been
eliminated when the patient wakes up. Up to a maximum of 9 g/day (7 g/day
in children <12 years).

Pharmacokinetics: it is rapidly absorbed with a maximum plasma
concentration (tmax) of 1.5-2 h. Less than 5% of the unaltered drug appears in
the urine 6-8 h after dosing. No active metabolites. Also does not induce
cytochrome P450 enzymes. In patients with cirrhosis of the liver, a lower dose
should be started because a doubling of the area under the curve, reduced oral
clearance and prolonged elimination half-life have been observed.

Safety: the most frequent adverse effects were: headache (11.6%),
nasopharyngitis (6.4%), dizziness (5.2%), weight loss (5.2%), nausea (5.1%),
urinary incontinence in (2.4%) and sleepwalking in (3.1%). Serious adverse
events included depression, angina, inguinal hernia, psychosis or attempted
suicide. In addition, the European Medicines Agency (EMA) recommends
assessing the risk/benefit in patients with obstructive sleep apnoea syndrome
(OSA), especially in doses higher than 6 g/night. On the other hand, it is
important to control daily salt intake in patients with heart failure,
hypertension or renal failure because the molecule has a high salt content. It
also must be taken under consideration the potential for abuse, before being
administered, the patient’s medical history should be reviewed.

Recently, a multi-centre, randomised, placebo-controlled trial involving
children and adolescents with narcolepsy with cataplexy was developed
examining efficacy and safety. Based on this study, the FDA approved the use
of sodium oxybate in paediatric patients with narcolepsy beginning at seven
years of age.

There are now new therapeutic lines with controlled-release GHB (see below).

.Pitolisant: histamine H3-receptor inverse antagonist—-agonist (to be developed

later).

.Venlafaxine and Duloxetine: are dual serotonin and noradrenaline reuptake

inhibitors. These are the most used antidepressants to control cataplexy. This
recommendation lacks clinical evidence of efficacy and is based solely on
expert opinions.

Dosage: initially 37.5 mg, sometimes requiring higher doses (75-300 mg). The
extended-release form is preferable.

Safety: It can be administered to children and is not recommended for
pregnant women.

4.Fluoxetine and Citalopram: are selective serotonin reuptake inhibitors (SSRIs).

A crossover study comparing clomipramine and fluvoxamine showed that
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SSRIs improved cataplexy, but were less active than the antidepressant.
Studies have been carried out with femoxetine, zimelidine and escitalopram
showing a clear anticataplectic effect and good tolerance.

5.Reboxetine: dopamine and noradrenaline reuptake inhibitor (discussed
below).

6.Monoamine oxidase inhibitors (MAOIs): act by inhibiting the enzyme
monoamine oxidase by increasing the availability of monoamine
neurotransmitters. A suppression of REM sleep has been observed as the main
effect. Phenelzine has been used successfully in seven patients with resistant
narcolepsy, with persistent efficacy after 1 year of treatment. In addition, there
have been two placebo-controlled studies with selegiline (MAO-B inhibitors)
at doses of 20-40 mg which demonstrated a significant reduction in the
frequency of cataplexy. With MAO-A inhibitors such as brofaromine,
significant results were also obtained, reducing cataplexy with no significant
side effects. However, they are rarely used in clinical practice due to their
adverse effects (weight gain, orthostatic hypotension, irritability, sweating,
dry mouth, etc.)

7.Tricyclic antidepressants (TCAs): are non-specific monoamine reuptake
inhibitors that increase the availability of serotonin, noradrenaline and
dopamine. Some also have anticholinergic effects that may affect the anti-
cataplegic properties.

Dosage: between 10 and 150 mg, generally lower doses than those used as an
antidepressant are needed to be effective in controlling cataplexy and its
effects are very fast (only a few days) compared to the effects as an
antidepressant. Several antidepressants have been tried, but clomipramine has
been the most commonly used TCA.

Safety: if the antidepressant is abruptly discontinued, an elevated risk of
rebound cataplexy or “status cataplecticus” has been observed.

It should be noted that the Class I evidence for Narcolepsy with cataplexy (NT1)

and without cataplexy (NT2) was obtained for the previously described
psychostimulant drugs and for sodium oxybate. Oxybate therefore remains the
first-line treatment of choice in NT1, especially for the control of cataplexy,
although as we will see below, pitolisant demonstrated efficacy similar to oxybate in
patients with NT1 in a recent randomised placebo-controlled clinical trial.

2.3 Treatments currently being developed
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1. Pitolisant (Wakix®): as we have explained previously, this is an inverse
agonist of the histamine H3 receptor (competitive H3R antagonist) that acts at
presynaptic level activating histaminergic neurons (it blocks the inhibitory
effect of histamine on the release of endogenous histamine and improves the
release in the entire central nervous system) favouring wakefulness and also
with an additive anticataplectic effect. It was designated an Orphan Medicinal
Product by the European Medicines Agency in 2007 and confirmed again in
2016 [5]. It was also granted orphan drug status by the FDA in 2010. It has
been approved by the European Medicines Agency (EMA) in 2016 and by the
FDA in 2019 for NT1 and NT2.
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Dosage: single morning dose (9-36 mg/day) orally. 4.5 mg and 18 mg tablets.
In Spain it is dispensed in hospital pharmacies. The guideline approved in
Europe is as follows:

1st week: the starting dose is 9 mg divided into two 4.5 mg tablets to be
administered at the same time in the morning.

2nd week: increase to one 18 mg tablet or consider decreasing the dose to
4.5 mg.

3rd week: the recommended dose is 36 mg, consisting of two 18 mg tablets.

Pharmacokinetics: it is rapidly absorbed, with a maximum plasma
concentration (tmax) of 3.5 h and an elimination half-life (t1/2) of
approximately 10-12 hours. It is metabolised through cytochrome p450
(CYP3A4) and (CYP2D6) and eliminated in urine as inactive metabolites and
25% of the dose is excreted through exhaled air.

Safety: it has a good tolerance profile even after one year of follow-up, as well
as good control of cataplexy. It should be noted that Pitolisant would be of
special interest to patients with cardiovascular comorbidities. It has very low
abuse potential: a study in comparison to Phentermine and a placebo in
patients with a history of recreational polydrug use indicated that Pitolisant, at
therapeutic and supratherapeutic doses, has a similar abuse risk to the placebo.
The maximum recommended dose in moderate-severe hepatic or renal
impairment is 17.8 mg and it is contraindicated in end-stage kidney disease or
severe liver disease. In women of childbearing age, it is recommended that a
non-hormonal method of contraception be used during treatment and 21 days
after stopping treatment. Antidepressants and antihistamines (which cross the
blood-brain barrier) may reduce the efficacy of Pitolisant and special caution
should be exercised because of the narrow therapeutic margin when using
certain treatments such as immunosuppressants.

In a clinical trial, it was observed that pitolisant did not modify the
pharmacokinetic profiles of oxybate or modafinil, and oxybate showed no
relevant effect on pitolisant. However, a reduction in exposure was observed
with modafinil, although no dose adjustment was necessary.

Side effects: in order of frequency were insomnia (8.4%), headache (7.7%),
nausea (4.8%), anxiety (2.1%), irritability (1.8%), dizziness, etc. The most
serious adverse effects: abnormal weight loss and miscarriage (only 0.09%).

In the HAROSA I and II trials in patients with Obstructive Sleep Apnoea
Syndrome and cardiovascular comorbidities, no changes in systolic and
diastolic blood pressure and heart rate were observed [6] compared to a
placebo. Supratherapeutic doses between 108 and 216 mg produce an increase
in the QTc interval (10-13 ms), so caution should be exercised with those
drugs that prolong QT. No ECG is required before starting treatment.

Based on our clinical experience in the Sleep Unit of the Hospital General
Universitario de Castellén, below we provide the results of patients who
followed the compassionate-use program prior to commercialization, to
initiate treatment with pitolisant in 14 adult patients and one patient with
paediatric narcolepsy who did not respond to the treatments available at that
time:

8 patients diagnosed with NT1: request made on the basis of EDS, and/or
persistent cataplexy.
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Resistance or intolerance to available treatments (modafinil, sodium oxybate,
dimethylphenidate ... )

3 patients with NT2: two patients with secondary narcolepsy (Steinert’s
myotonic dystrophy, Devic’s neuromyelitis optica) and one patient with
intolerance to modafinil and/or dimethylphenidate.

2 patients with idiopathic hypersomnia: one patient who reported severe
hypersomnia and another patient in whom Modafinil was contraindicated due
to adverse effects.

1 patient with obstructive sleep apnoea syndrome (OSAHS) who presented
residual hypersomnolence without improvement with modafinil.

A 14-year-old boy with narcolepsy without cataplexy, as first line treatment
for excessive daytime sleepiness after having been treated with
methylphenidate.

Currently, all patients with NT2, idiopathic hypersomnia and sleepiness
secondary to (OSA) continue to be treated and the symptoms of EDS have
been corrected.

Of the patients with NT1, 3 continue to be treated and the cataplexy, which
was mild-moderate, has been controlled. The other 5 patients dropped out due
to lack of response because they presented severe cataplexy since being
diagnosed with the disease.

In Ref. to safety and adverse events (AE): 2 patients out of the 15 who

started treatment with pitolisant had conciliation insomnia. One was a patient
with NT2 secondary to neuromyelitis optica, who presented this
symptomatology with a dose of 18 mg, which was resolved by lowering the
dose to 13.5 mg. The second patient presented NT1, in treatment with
sodium oxybate 5.5 grams/night associated with pitolisant 36 mg/day that
reverted when the dose of pitolisant was reduced to 22.5 mg. There was no
other type of AE.

.Solriamfetol (JZP-110): a selective dopamine and noradrenaline reuptake

inhibitor (with no effect on the release of other monoamines) intended to
improve drowsiness (EDS) in patients with obstructive sleep apnoea or
narcolepsy [7]. In 2019, the FDA approved it for narcolepsy-associated
drowsiness and the EMA is currently reviewing the marketing authorisation
application for this indication. At the moment, experience with Solriamfetol is
limited.

Dose: range 75-150 mg/day of oral administration.

Pharmacokinetics: it is rapidly absorbed, with a maximum plasma
concentration (tmax) of 2 hours and an elimination half-life (t1/2) of
approximately 7 hours. It is minimally metabolised and excreted mainly in
the urine as an unchanged drug. Dose adjustment is recommended in
moderate and severe renal insufficiency (maximum doses 75 and

37.5 mg/day, respectively). It should not be used concomitantly with
monoamine oxidase inhibitors (MAOIs), which should be discontinued

2 weeks in advance.

Adverse events: headache (11.1%), nausea (6.6%) and decreased appetite
(6.8%) and less frequently dry mouth, constipation, anxiety and palpitations.
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It is important to note that it is not necessary to discontinue oral and hormonal
contraception as is recommended for modafinil and pitolisant.

Safety: Abuse potential was assessed in patients with a history of recreational
polydrug use compared to phentermine. In conclusion, they present a similar
or lower risk of abuse than phentermine and have therefore received a
Schedule IV designation in the United States.

Two studies have been conducted: a first 12-week, randomised, double-blind,
placebo-controlled phase IIb trial to evaluate efficacy in adults with
narcolepsy with or without cataplexy. And a similarly designed phase III trial
of 12 weeks duration for the treatment of obstructive sleep apnoea and EDS in
narcolepsy.

3. Summary

In recent years there has been a significant increase in new therapeutic options
such as Pitolisant and Solriamfetol, aimed at developing better control of narcolepsy
symptoms.

Pitolisant is positioned as a first-line drug of choice for the management of
symptoms such as excessive daytime sleepiness and cataplexy, in addition to being
able to be used in both adults and children, and is the only one of the new thera-
peutic lines whose use is considered in paediatric narcolepsy. With regard to the
usual treatments, as we have already mentioned, a clinical trial with sodium oxybate
in the paediatric population has also been published recently.

Solriamfetol would be included in the first line treatment of excessive daytime
sleepiness (EDS) in adults. In addition, the use of both Pitolisant and Solriamfetol
would be advisable as a first-line strategy, in combination with the other
anticataplectic drugs for a better control of cataplexy. Both can be used in combi-
nation for second-line treatment of EDS.

Pharmacological strategy of the European guidelines for the treatment of
narcolepsy [8]:

_Clinical pathway for the management of narcolepsy (adults)

Pharmacological management

| EDS unique/ main symptom | | EDS and Cataplexy | | EDS, Cataplexy and DNS
Monotherapy: Monotherapy: Monotherapy:
» MODAFINIL or » SODIUM OXYBATE * » SODIUM OXVBATE *
» SOLRIAMFETOL* or » PITOLISANT (mild-maderate
] St » PITOLISANT cataplexy) Combination therapy:
» SXB*, VEN/CLO, and 1. line WPD
LINE Combination therapy: or
» VEN/CLO, and 1.line WPD » Any WPD, VEN/CLO and (only
or exceptionally and only short-term)
» X8 *and 1.line WPD z-drugs
Consider optimol dosage and titration Consider optimal dosoge and titration
If not or only partially effective after 4-6 If not or only partially effective after 46
weeks: change to second line options weeks: change to second line options
[ o
Change to combination therapy: Change to combination therapy: 3::)' D"‘:’W ““‘”"‘d" sleep
d = wake-promating drugs
»PiT .ﬂi MOD or SOL > Exchange SXB " to VEN/CLO (and MOD = Modafini; SOL = Solriamfetol;
» SXB* and any WPD vice versa) PIT = Pitolisant; SXB = Sodium Oxybate;
or or VEN = Venlafaxine: CLO = Clomipramine
Change to monotherapy: » SXB *, VEN/CLO and 1.line WPD MPH = Methylphenidate;
»SXBH or or AMPH = Amphetamines; AD = Antidepressant

*Suggested from trials, few clinical experience ;
»MPH or »Exchange VEN/CLO to another AD # consider sieep apnea before starting with SXB
»>AMPH

For combination of therapies see also table 13
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Clinical pathway for the management of narcolepsy (children)

Pharmacological management

[ EDS unique/ main symptom EDS and Cataplexy EDS, Cataplexy and DNS
Monotherapy: Meonotherapy: Monotherapy:
» MODAFINIL or > SODIUM OXYBATE * » SODIUM OXYBATE *
* PITOLISANT® ar or
] st » METHYLPHENIDATE or Combination therapy
» SODIUM OXYBATE * »MOD, MPH, or PIT and SXB *
Consider optimol dosage and titration Consider optimal dosage and titration
I not or enly partially ffective after 1f not or anly portially effective after
4-6 weeks: change to second-line options 4-6 weeks:change 10 second-ine options
3 Use another monotherapy: Change to (other) combination E"‘ED' D;::";‘-’_I"a“"':‘ I”_“l" '
= 2 = Modafinil; SOL = Solriamfetol;
» AMPHETAMINE-DERIVATES therapy: PIT = Pitofisant; SXB = Sodium Oxybate;
» MOD, MPH, or PIT and VEN VEN = Venlafaxine; CLO = Clomipramine
or MPH = Methylphenidate;
»-MOD, MPH, or PIT, and VEN (or A =l ainms; ) L Capan

*Needs further results from dinical trials and
clinical experience;
# consider skeep apnes before starting with SXB

another AD) gnd SXB *

3.1 Therapies under development
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1.AXS-12 (Reboxetine): a selective NA reuptake inhibitor with a weak effect on

5-HT reuptake and no effect on DA reuptake. It is a drug initially intended for
the treatment of depression. It is currently in development for the treatment of
cataplexy and EDS associated with narcolepsy. The FDA has designated it as an
orphan drug. Preclinical data have shown a reduction in cataplexy and sleep
attacks in narcoleptic mice (attributed to an effect on NA reuptake inhibition).
Since noradrenaline reuptake inhibitors are very effective for the treatment of
cataplexy, it will probably be used to control cataplexy and become an
alternative for patients who cannot take oxybate and pitolisant. One of the
possible indications could be the treatment of patients with major depressive
disorder and narcolepsy [8].

Pharmacokinetics: Rapidly absorbed after oral administration (tmax)
approximately 2-4 h and eliminated mainly through metabolism by CYP3A4.

Safety: A Phase II, randomised, double-blind, placebo-controlled, crossover
study is underway in participants with narcolepsy with cataplexy and EDS.

Adverse events: dry mouth, hyperhidrosis, constipation and restlessness were
reported in a 2-week pilot study. Post-marketing experience (with indication
for depression) has reported other AEs such as: insomnia, dizziness, dry
mouth, constipation, nausea and hyperhidrosis.

2.THN102 (modafinil/flecainide): this is the association of the inhibitory effect

of astroglial connexins associated with a dopamine reuptake inhibitor,
improving the coupling of astroglial cells, since it is believed that astrocytes
and astroglial connexins are involved in the regulation of sleep and
wakefulness. In the cortex, modafinil would act by increasing the expression of
messenger RNA (mRNA) and the connexin 30 protein, one of the main
astroglial connections. On the other hand, flecainide has an inhibitory effect on
astroglial connexins. In preclinical studies, flecainide enhanced the
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procognitive and wakefulness-promoting effects of modafinil in mice and
modafinil/flecainide coadministration decreased the number and duration of
direct transitions to REM sleep in orexin-inactivated mice.

Pharmacokinetics: not specifically reported. Data from mouse models indicate
that flecainide did not affect the pharmacokinetic parameters and
bioavailability of modafinil.

Efficacy: evaluated in a three-way, phase II, double-blind, randomised,
placebo-controlled, crossover trial in 48 adults with narcolepsy with or
without cataplexy for 2 weeks. Participants received modafinil/flecainide 300/
3 mg, modafinil/flecainide 300/27 mg and modafinil 300 mg/placebo in each
of the three periods. Preliminary results indicated no difference in efficacy
between THN102 and modafinil alone. This could be due to an over-
representation of participants with severe narcolepsy who presented a low
response to modafinil.

Safety: no safety data currently available.

The potential role of THN102 in narcolepsy is unclear. The narcolepsy study
was stopped due to lack of efficacy in the phase II study.

.Divalproex sodium: increases exposure to sodium oxybate, allowing the dose

of sodium oxybate to be decreased. Concomitant use of other central nervous
system (CNS) depressants may intensify the central depressant effects of
sodium oxybate.

4.FT-218: (Controlled-release sodium oxybate): acts on the GABA-B agonist

receptors and uses Micropump technology®, a microparticle platform that can
be used to achieve prolonged or delayed delivery of orally administered small-
molecule drugs. The dosage would therefore be only once a night. The FDA has
currently designated it as an orphan drug.

Dosage: 4.5-6-7.5 or 9 g once a night.

Pharmacokinetics: A Phase III trial evaluating the bioavailability of FT218
compared to immediate-release sodium oxybate (Xyrem®) in healthy
volunteers is currently under development.

Efficacy: of FT218 is being evaluated in another phase III, multi-centre,
double-blind, placebo-controlled REST-ON trial (Randomised study
Evaluating the efficacy and SafeTy of a Once Nightly formulation of sodium
oxybate). Adverse effects are expected to be similar to immediate-release
sodium oxybate.

5.JZP-258: is a new low sodium oxybate product (combination of sodium

oxybate, potassium oxybate, calcium oxybate and magnesium oxybate) and
has 92% less sodium. It would therefore be more advisable for use in patients
with hypertension, heart failure or renal failure). In addition, it is tolerated
better because it does not leave an unpleasant taste and does not have as many
gastrointestinal effects as sodium oxybate.

Pharmacokinetics: lower Cmax, longer tmax and similar AUC were obtained
compared to sodium oxybate.

Efficacy: evaluated in a phase III multi-centre, randomised, phase III
withdrawal study.
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Adverse events: reported most frequently were headache (22.4%), nausea
(13.4%) and dizziness (11.4%); treatment-related SAEs were reported in only
two participants. In addition, a 24-week open-label safety study is underway.

6.SUVN-G3031: is an inverse agonist of the histamine 3 receptor (H3R) that is in

phase II development.

Anticataplectic and wakefulness-promoting effects have been observed in
rodents, increasing acetylcholine, histamine, DA and NA levels in the cortex,
but without altering DA levels in the striatum or nucleus accumbens, which
might suggest a lower abuse potential. No adverse effects on ECG parameters,
fertility, embryofoetal development or CNS safety concerns have been
reported in preclinical studies.

7.TAK-925: is a selective agonist of the hypocretin/orexin 2 receptor (ORX2R). It

has demonstrated wakefulness-promoting effects in wild mice and primates. It
also increased wakefulness time and improved wakefulness fragmentation and
cataplexy and attenuated weight gain in ORX/ataxin-3 transgenic mice
without changing food intake. If the results are confirmed, it could be targeted
to treat a wide range of symptoms without causing ORX2R desensitisation.

Pharmacokinetics: A Phase I study with single ascending doses (7-240 mg,
administered as an intravenous infusion over 9 hours) has been conducted in
36 healthy volunteers, evaluating safety, pharmacokinetics and tolerability. In
addition, another placebo-controlled crossover study was carried out in 14
NT1 patients where doses of (5, 11.2 and 44.8 mg, as a 9 h intravenous
infusion) were administered [9]. The exposure was proportional to the dose
over the dose range studied and t1/2 was less than 2 h; PKs were similar in
healthy volunteers and NT1 patients.

Adverse events: increase in blood pressure and HR. Improved mean sleep
latency as determined by the TMW maintenance of wakefulness test in NT1
patients (from 22.4, 37.6, and 40.0 min with TAK-925 5, 11.2, and 44.8 mg,
respectively, compared to 2.9 min with placebo.

8.TAK-994a selective hypocretin/orexin 2 receptor agonist (administered
orally), has been shown to increase wakefulness and reduce cataplexy-like
episodes in mouse models and to improve wakefulness fragmentation in these

models.

4. Future therapies
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A. Administration of orexin peptides (ORXR2) as effective stimulants may also

be of interest to decrease EDS in patients with N'T2 and idiopathic
hypersomnia and associated conditions with normal CSF ORX levels.

B. Neural transplantation of orexin: Hypocretin-1 does not cross the blood-brain
barrier. In animal models, it has been observed that intraventricular
administration of ORX suppressed narcolepsy symptoms in mice subjected to
ORX/ataxin-3 neuronal ablation. Intrathecal ORX administration via an
implantable pump was also proposed as a therapy for refractory patients with
NT1. Unfortunately, these models have not been developed in humans, so the
development of peptide analogues of hypocretin that cross the blood-brain
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barrier and act centrally via non-invasive routes of administration would be
the most viable future therapy. On the other hand, a non-invasive method
through intranasal administration of ORX, directing the drugs to the brain
along the olfactory and trigeminal neural pathways, could also be of interest as
it has been shown to decrease the amount of REM sleep and REM sleep is more
stable, but no effect has been observedin regard to drowsiness. At present,
intranasal hypocretin is not a viable treatment [10, 11].

C. Transformation of stem cells into orexin neurons: in rats, patches have been
transplanted with posterior hypothalamus cells causing a reduction in
drowsiness. Hypothalamic neurons have been generated in vitro from
embryonic stem cells and pluripotent stem cells. This therapy could therefore
become a final option for very severe and drug-resistant narcoleptic patients.

D.Orexin-based gene therapy: the use of recombinant viruses has been
postulated. Studies have been promising (improving symptoms in
narcoleptics). More studies are needed to establish the safety and efficacy of
the technique, but they could be future therapies.

E. Immune therapy: as mentioned above, by the time a patient is symptomatic,
ORX neurons may already be irreversibly destroyed. A recent article used a
highly sensitive method to detect rare T cell populations and found the
presence of CD4+ T cells that recognised prepro-ORX peptide epitopes in NT1
and that have not been observed in healthy controls. Based on the model of
immune-mediated hypocretinergic neurone destruction, immunotherapy
applied at the onset of the disease to prevent neuronal death was postulated as
a treatment. To date, several studies have been conducted implementing this
methodology in narcoleptics, but the existing data are based on a very small
number of patients, and they are uncontrolled case studies. Some of the
different therapeutic strategies that have been tried include: corticosteroids,
intravenous immunoglobulins (IVIG), plasmapheresis, rituximab, etc. with
variable efficacy, possibly due to the lack of safety if the treatment was applied
at the onset of the disease and not when the situation was already irreversible.
A study has been published of a patient who received treatment with IVIG for
15 days right at the onset of the disease, completely reversing the clinical
symptoms (EDS and cataplexy) and normalising the levels of ORX in CSF,
which were initially undetectable. Regarding new immune-based therapies. A
recent review has been published, presenting several treatments targeting
NT1, including: Natalizumab, Fingolimod, Abatacept, monoclonal antibodies
targeting T or B cells, TNF alpha inhibitors, Anakinra, antigen-specific
therapies or Cyclophosphamide. In another study they propose that for future
trials with immunotherapy, patients should have a specific profile with clear
selection criteria, benefiting above all, those with ongoing inflammatory or
autoimmune processes [12].

5. Conclusion

Recent years have seen a resurgence of new lines of therapy for the treatment of
narcolepsy. These new future prospects predict a promising prognosis in terms of
being able to guarantee a better quality of life for patients with narcolepsy, perhaps
even a possible correction of the hypocretin deficit, completely resolving the symp-
tomatology and achieving complete control of the disease. Future lines of research
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should be based on the discovery of new reliable biomarkers to be able to identify
the patients who best respond to immunomodulators and, of course, on the discov-
ery of the underlying mechanisms related to the destruction of hypocretin-
producing neurons. On the other hand, we have highlighted the lack of clinical trials
in some specific groups, such as pregnant women or the elderly population. In
addition, further trials in patients with common comorbidities such as psychiatric
disorders or cardiovascular risk factors would be of interest.
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Chapter 4

The Pharmacology of Parasomnias
and Movement Disorders of Sleep

Gregory S. Carter

Abstract

The treatment of parasomnias and sleep related movement disorders is not
always pharmacologic, indeed, some of these disorders respond to behavioral
approaches without the risks of pharmaceuticals. This chapter endeavors to pull
forward the disorders in which pharmacologic treatment is the best choice and lay
out the pharmacologic properties of the treatments. It is not the goal of this chapter
to present an encyclopedic review of the parasomnias and sleep related movement
disorders. It is, however, the intent of this chapter to comprehensively review
pharmacologic treatments used in the management of the disorders in which drug
use is most necessary. The pharmacokinetic and pharmacodynamic properties and
known risks of these pharmaceuticals are presented and discussed. When more
than one pharmaceutical is used clinically within a class of drugs, thorough review
of selected drugs is presented. The chapter includes investigations, mostly human
studies, of the drugs discussed. The author’ extensive experience in pharmacology,
neurology, and sleep medicine take the chapter through pharmacological informa-
tion a clinician needs to guide the management of these disorders.

Keywords: Treatment of parasomnias, movement disorders of sleep, pharmacology
of sleep disorders, comparison of the benzodiazepines, comparison of the dopamine
receptor agonists, gabapentin and pregabalin for sleep disorders, risks of sleep
medications, melatonin, restless leg syndrome, alcohol, caffeine, and opiate effects
on sleep disorders

1. Introduction

Henri Roger first gave us the term “parasomnia” in 1932 [1]. Subsequently,
parasomnias have been extensively described and classified into non-REM-related
parasomnias and REM-related parasomnias, so designated for the sleep stage from
which the parasomnia emerges [2]. Though there is overlap in treatment options
for the parasomnias, treatment most often follows semiology and pathophysiology.
Sleep-related movement disorders are likewise varied in their presentations [3]. The
treatment of parasomnias and sleep-related movement disorders relies on removal or
avoidance of precipitants, behavioral techniques, prosthetic or dental devices, as well
as, medications. Multi-pronged approaches including behavioral techniques in addi-
tion to medications may be most effective. The use of medication is still a necessary
component of care in illnesses with significant immediate and long-term complica-
tions. This includes serious complications to the individual suffering from these sleep
disorders, as well as, their bed partners and others within their circle of family and
friends. In the body of this chapter, I will review the parasomnias and sleep-related
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movement disorders with behavioral and pharmaceutical approaches to treatment.
Where behavioral approaches alone are much preferred, this chapter will not delve
into the physiology, psychology or known pathology of the disorder. Where pharma-
ceutical approaches are common, the chapter will briefly discuss the pathophysiology
of the disorder and the desirable treatment strategies from clinical studies and expert
opinion. Drug classes will be fully addressed in individual sections. These sections
will discuss the pharmacokinetics, pharmacodynamics, and adverse effect profiles

of the more commonly prescribed drugs within these classes, comparing them by
popularity, desirable properties, and risks of adverse events. Lastly, in the conclusion
this chapter will briefly review the current controversies of pharmacologic treatment.

2. The parasomnias

The parasomnias can be divided into the non-REM parasomnias, the REM para-
somnias, the overlap parasomnias, and others which defy definition by sleep stage [4].
To best understand these differences, it is necessary to have some knowledge of role
sleep plays in normal physiology. The sleep stages show a cyclic pattern of light sleep
(N1) proceeding to common sleep (N2), then to slow wave or deep sleep (N3) and
finally rapid eye movement (REM) sleep. The cycles gradually change with more N3
sleep in the first half of the night and more REM sleep in the second half of the night.
These sleep cycles have been shown to serve multiple physiologic and homeostatic
functions, but for the purposes of this chapter, deep sleep (N3) has been associated
with the arousal disorders (confusional arousals, sleep walking, and sleep terrors)
and REM sleep has been associated with dream enactment or REM sleep behavior
disorders and nightmares. Each of these disorders demand therapeutic approaches
that may not work for the others, i.e., sedation may be helpful (at least temporarily)
for REM sleep parasomnias, but be counter-productive in the arousal disorders.

2.1 Clinical evaluation

The clinical differentiation of the parasomnias demands a careful and complete
history and physical exam. Witnesses to and video recordings of the parasomnia are
invaluable. Precipitants for parasomnias include sleep-related breathing disorders,
sleep deprivation and insufficient sleep for age, emotional trauma and chronic
mental illness, narcolepsy, endocrine disorders including hypothyroidism, diabetes,
and perimenstrual distress, degenerative brain disorders, such as Parkinsonism and
dementia with Lewy bodies, head injury and stroke, epileptic and non-epileptic
seizures, and medications including lithium, neuroleptics, anticholinergics,
antidepressants, sedative-hypnotics, opioids, and various recreational drugs
including alcohol. Very high dose caffeine consumption is another concern as is
current marijuana use and the use of illegal drugs such as fentanyl and cocaine. A
family history of parasomnia may or may not be present on initial evaluation. A
thorough physical examination may reveal findings consistent with sleep apnea or
respiratory compromise, thyroid enlargement or tenderness, neurologic deficits or
psychiatric abnormalities. Given the spectrum of parasomnias and varying etiolo-
gies underlying them, if the clinician’s assessment misses an important precipitant
or co-morbidity, pharmacologic management will likely fail or cause adverse effects.

2.2 Arousal disorders

The arousal disorders arise out of deep sleep (N3) and are felt to represent
parasomnias emerging from difficulty completely awaking from sleep.
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A. Recurrent episodes of incomplete awakening from sleep

Inappropriate or absent responsiveness to efforts of others to intervene or redirect the person during
the episode

Limited (e.g., a single visual scene) or no associated cognition or dream imagery

D. Partial or complete amnesia for the episode

E. The disturbance is not better explained by another sleep disorder, mental disorder, medical
condition, medication or substance use

Notes
The events usually occur during the first thivd of the major sleep episode
The individual may continue to appear confused and disoriented for several minutes or longer following the episode.

Table 1.
General diagnostic criteria for disovders of avousal (criteria A-E must be met) [2].

These disorders consist predominantly of confusional arousals, sleep walking
and sleep terrors and effect children under 11 years of age more than adults.
There is a wide variance in reports of prevalence of arousal disorders from
9-45% of children [2, 4-7]. The lifetime prevalence in individuals over 15 years
of age falls to 2.9% to 4.2%. The diagnostic criteria are presented in Table 1.
Genetic factors [8], infections, sleep deprivation, and obstructive sleep apnea
[9] can all be predisposing factors, whose elimination may prevent recurrent
events. With the exception of epilepsy, pharmacotherapy may not be effective
and may actually worsen symptoms [10]. Reassurance and behavioral approaches
such as creating a safe sleeping environment, anticipatory or scheduled awaken-
ings, cognitive behavioral therapy [10, 11], and hypnosis [12] are among the
non-pharmacologic options.

Use of drugs in the developing brain is a concern for pharmacologists due to
the extreme plasticity of immature neuronal networks. Another concern for the
use of pharmaceutical agents in children is the tendency of the disorders to resolve
spontaneously as a child matures. Proserpio et al. [13] laid out four indications for
initiation of pharmacotherapy. The first is persistence of frequent episodes despite
elimination of predisposing factors. The second is high risk of injury. The third is
significant functional impairment, and the fourth is potential legal consequences.
In the presence of 2-4, there may not be time to pursue behavioral approaches to
management.

The most frequently used drugs for arousal disorders are the benzodiazepines.
Antidepressant drugs have been used less frequently. Of note, none of these drugs
has an FDA indication for their use in arousal disorders or have any large-scale con-
trolled studies of their efficacy. The very long-acting benzodiazepine, clonazepam,
has been the most frequently used agent [14-16] though other benzodiazepines
including alprazolam and diazepam have been used in adult sleep terrors and sleep-
walking. Antidepressant drugs including sertraline, paroxetine [17], clomipramine,
imipramine [18], and trazodone [19] have been used in small case series. Case
reports have also shown efficacy in the treatment of arousal disorders for melatonin
[20, 21], hydroxytryptophan [22, 23], and ramelteon [24].

2.2.1 Sleep-related Hypermotor epilepsy
Nocturnal frontal lobe epilepsy, otherwise known as sleep-related hypermotor
epilepsy, can present as recurrent, intractable confusional arousals [25, 26]. Routine

polysomnography is not as helpful in differentiating an arousal disorder from sleep-
related hypermotor epilepsy as is video-electroencephalographic recording in an
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inpatient epilepsy monitoring center. While this is an expensive evaluation option,
home video recording via cell phone camera, stereotypical behavior of the events,
frequency up to nightly, persistence into adulthood, and the presence of a brain
disorder can guide a clinician’s decision to proceed [27]. In the author’s experience
in a busy university sleep clinic, less than 5% of adult patients presenting with
arousal disorders are referred for epilepsy monitoring, however, 30% of the patients
who were referred for epilepsy monitoring were diagnosed with likely or definite
sleep-related hypermotor epilepsy. As a side note, treatment trials with anti-seizure
drugs in these patients are not helpful for differentiation, as the pharmacologic
control of sleep-related hypermotor epilepsy is often challenging.

2.3 REM parasomnias

The REM sleep related parasomnias most prominently include REM sleep behav-
ior disorder and nightmare disorder [2]. REM sleep behavior disorder is often man-
aged with medications, but nightmare disorder is more often treated with behavioral
interventions. The prevalence of REM sleep behavioral disorder (REMSBD) is
unknown but has been estimated to be 0.38% of the general population, increasing in
frequency with age [28, 29]. It is more prevalent in men and usually emerges after age
50 [2]. There is a prominent association in older patients with the synucleinopathies
[30]. The differential in younger patients can be quite wide. This parasomnia can be
co-morbid with narcolepsy, brain tumors, antidepressant medications, and neurode-
velopmental disorders [2]. Severe obstructive sleep apnea can cause dream enactment
that mirrors REM sleep behavior disorder [31]. A variety of medications have been
implicated in the precipitation of REM sleep behavior disorder. Antidepressants
including venlafaxine, mirtazapine, and selective serotonin reuptake inhibitors,
but not the dopamine reuptake inhibitor bupropion [32], can precipitate REMSBD.
Medications including beta-blockers, anticholinesterase inhibitors, and selegiline
have been reported to precipitate REMSBD [2]. Nightmares may occur in 60-75% of
children; however, frequent nightmares are far less common occurring in only 1-5%
of children [33]. Post-traumatic stress disorder is a common cause of nightmares in
adults [34], but 2-8% of the general population may have troublesome nightmares.
Various pharmaceuticals can precipitate nightmares. These include drugs affecting the
neurotransmission of norepinephrine, serotonin, and dopamine such as antidepres-
sants, antihypertensives, and dopamine receptor agonists. In addition, the withdrawal
of a REM sleep suppressant can precipitate the complaint of nightmares. Varenicline,
a nicotinic antagonist, may commonly induce nightmares [35]. The clinical manage-
ment of nightmares includes removing as many predisposing factors as possible.

The chapter will not discuss parasomnias, such as exploding head syndrome and
sleep related hallucinations, that are treated with reassurance and very rarely with
drugs. Sleep enuresis may occur in 15-20% of five-year-old’s [2]. It is more common
in boys. Non-pharmacologic treatments are superior when the etiology is obstruc-
tive sleep apnea [36], ingestion of high doses of caffeine or psychosocial stressors.
Nightly desmopressin is used when indicated for frequent intractable sleep enuresis.
Pharmacologic management is necessary for urinary tract infections, diabetes
insipidus, diabetes mellitus, or nocturnal epilepsy [2]. Fortunately, improvement
occurs with age in these children.

3. Sleep related movement disorders

The sleep related movement disorders consist of restless leg syndrome, periodic
limb movement disorder, sleep related leg cramps, sleep related bruxism, the sleep
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related rhythmic movement disorders, sleep related myoclonus at sleep onset,
propriospinal myoclonus at sleep onset [2]. Benign sleep myoclonus of infancy is
different in that more than half of these infants have neonatal opioid withdrawal
syndrome [37]. Sleep related rhythmic movement disorders, sleep related myoc-
lonus at sleep onset, and propriospinal myoclonus at sleep onset, and benign

sleep myoclonus of infancy are very rarely treated with pharmaceuticals once the
diagnosis is made. Reassurance and building a safe bedroom environment are the
treatments of choice. Likewise, sleep related bruxism (SRB) is best treated with
oral devices that protect the teeth. Sleep related bruxism has its highest incidence
in childhood, occurring in 14-17% of children before decreasing over the life span
to 3% of older persons [38]. Sleep related breathing disorders are often co-morbid
with sleep bruxism [39] though the relationship is unclear. More recently, botuli-
num toxin has been used for intractable sleep bruxism [40, 41]. Sleep related leg
cramps are common. Almost all adults have had a leg cramp during sleep, and likely
during wakefulness. Nightly leg cramps are reported in 6% of adults older than 60
[42]. The precipitants of sleep related leg cramps are as numerous as the over-the-
counter dietary supplements used to treat them. The fact that no supplement has
dominated the market speaks to their success. Predisposing factors include, but are
not limited to, hypokalemia, hypocalcemia, hypomagnesemia, vigorous exercise,
prolonged standing, oral contraceptives, diuretics, and long duration of action beta
blockers [43]. Prescription medications including carisoprodol, diltiazem, gaba-
pentin, orphenadrine, verapamil, have been used with success that likely does not
significantly exceed placebo, presuming there were any controlled trials.

3.1 Periodic limb movement disorder/restless leg syndrome

The remaining sleep related movement disorders are the closely related periodic
limb movement disorder and restless leg syndrome. Restless leg syndrome (RLS)
is a clinical symptom complex. Periodic limb movements (PLM) are a polysom-
nographic finding seen very frequently with the symptom complex of restless leg
syndrome. When the symptom complex of restless leg syndrome is absent, the
polysomnographic finding of periodic limb movements become a disorder when
there is clinically significant sleep disturbance or impairment in mental, physical,
social, occupational, educational, behavioral, or other areas of functioning [2].
Periodic limb movements are seen on polysomnograms with greater frequency
as patients grow older, though not all of these patients complain of sleep distur-
bance or nonrestorative sleep. Patients with periodic limb movement disorder can
develop symptom worsening with prescription drugs including selective serotonin
reuptake inhibitors, tricyclic antidepressants, lithium, and dopamine receptor
antagonists. Low brain iron levels as manifested in peripheral blood by low ferritin
levels and low total iron binding percentage are another precipitant. As with RLS,
gene variants have been identified accounting for a fraction of affected individu-
als with a family history [3]. Care must be taken on polysomnograms to separate
arousals secondary to limb movements from arousals due to sleep related breathing
disorders. Distinction of periodic limb movements of sleep with no secondary
sleep arousal versus periodic limb movement disorder with secondary arousal can
be difficult. This is especially true of patients undergoing polysomnograms for
another sleep pathology, such as suspected sleep related breathing disorder. The
use of PLM associated cortical electroencephalographic arousals to determine
clinical significance of periodic limb movements may thus be misleading. Cortical
arousals as measured by an abrupt change to 3 seconds of 8 cycles per second
rhythms (or higher frequencies) within 0.5 second of the limb movement [44]
may be more subjective than the rule would suggest. Thus, the decision to treat or
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not to treat a patient with a periodic limb movement index of greater than 15 limb
movements per hour can be dependent on the treating physician’s overall clinical
assessment. Restless leg syndrome is an urge to move the legs usually accompanied
by an uncomfortable sensation in the legs. The need to move worsens with rest,

is relieved by movement, and emerges in a drug naive patient at a specific time in
their circadian cycle, usually in the evening [2]. Between 21 and 57% of patients
will have arm symptoms. Sleep initiation and maintenance may be quite difficult for
these patients resulting in their seeking medical care. The overall prevalence of RLS
is estimated to be 5-10% in Europe and the United States but lower in Asia. Both
prevalence and severity increase with age. Family history (obtained in 40-92% of
cases) and the female gender confer increased risk. Pregnancy, especially the third
trimester, has a risk three times greater risk than the general population. Restless
leg syndrome is a clinical diagnosis that requires differentiation from the pain of

leg cramps, arthralgias, myalgias, neuropathic pain, neuroleptic-induced akathisia,
subtle spasticity from myelopathy, and anxiety-induced restlessness and repetitive
movements. Many of these patients require prescription medications for control

of symptoms. Medications for RLS and PLM disorder fall into four classes which
will be discussed in depth later in this chapter. The four classes are the dopamine
agonists, the alpha 2 delta subunit neuronal voltage-gated calcium channel blockers,
the benzodiazepines and the opioids.

4. Implications for pharmacological management

The prescription drugs used in parasomnias and sleep related movement
disorders fall into several classes. The benzodiazepines are broadly used for para-
somnias and sleep related movement disorders. Melatonin is also widely used for
parasomnias. Antidepressants with various pharmacodynamic properties are often
used both to suppress parasomnias and treat comorbid mood disorders. Prazosin is
a drug that has been widely used for nightmares. The dopamine receptor agonists
are used with great frequency for both periodic limb movements and restless legs
syndrome. The alpha 2 delta subunit neuronal voltage-gated calcium channel block-
ers are used predominantly for RLS/PLMD and other disorders. The final class of
prescription drugs is the opioids.

We cannot go further into this chapter without taking into consideration the
ideal properties of a drug to treat sleep disorders. These properties of oral medica-
tions include good gastro-duodenal absorption, ability to cross the blood brain bar-
rier, a metabolic rate and duration of action that match the need for intervention,
and a low potential for drug interactions. Low short-term and long-term effects on
the molecular receptor target are also important. Direct and indirect adverse effects
are additional determinants of patient compliance and satisfaction.

5. The Benzodiazapines

The benzodiazepines were first synthesized by Leo Sternbach in 1955 [45].
The benzodiazepines had activity on the neuronal chloride ionophore augment-
ing the effect of gamma aminobutyric acid (GABA) in facilitating sleep, sedation,
anti-anxiety effects, and muscle relaxation. Hundreds of benzodiazepines were
synthesized between 1960 and 1980 [46], but only a few have had commercial
success. With the marketing of chlordiazepoxide in 1960 and diazepam in 1963
the benzodiazepines increased rapidly in prescription frequency [47]. The utility
of these drugs as anti-anxiety agents and sedative hypnotics was important to this
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rise, but safety characteristics were equally important. The therapeutic window of
the benzodiazepines was much wider than the barbiturates and the lethal dose for
50% of animals in toxicology studies of diazepam was ten times that of secobarbital
[48]. Over 50 years the growth of benzodiazepine prescribing was substantial.

In 2017 there were 45.0 million alprazolam, 26.4 million lorazepam, 29.2 million
clonazepam, 12.6 million diazepam, and 7.0 million temazepam prescriptions
dispensed in the United States [49]. The benzodiazepines were placed in Schedule
IV of the Controlled Substances Act of 1971. Alprazolam was one of the top three
prescription drugs diverted to the illicit market. While the benzodiazepines were
less dangerous than barbiturates due to a wider therapeutic window, there were still
14 deaths associated with benzodiazepines in 2017, most due to intentional over-
dose. According to the National Institute on Drug Abuse there were a total of 70,630
overdose deaths in the United States in 2019 [50]. Most of those deaths were due

to opioids, mainly fentanyl. The benzodiazepines were involved in 9,711 of those
deaths, usually in combination with opioids. By comparison there were 5,175 deaths
in 2019 associated with antidepressants. Many dose-related adverse effects of
benzodiazepines resulted from depression of the central nervous system including
drowsiness, impaired judgment, diminished motor skills, and anterograde amnesia,
causing falls and confusion in the elderly, breathing problems in symptomatic

sleep apnea or chronic pulmonary disease, driving impairment, and worsened job
performance.

5.1 Pharmacokinetics and pharmacodynamics

The GABA system is the location of the primary pharmacodynamics of the
benzodiazepines [51]. This system is the major inhibitory system in the central
nervous system, thus the drug effect producing central nervous system depression.
The GABA-A receptors upon which the benzodiazepines produce their effect are
pentameric ligand-gated chloride ion channels. There are 21 different subunit iso-
forms within the GABA-A chloride ionophore. These are divided into eight families
which within their family share 70% of their amino acid sequences. These subunit
families are classified into alpha, beta, gamma, delta, epsilon, pi, omega, and rho.
The first four of these are most important for benzodiazepine action. The structure
most frequently seen in the brain consists of two alpha subunits and two beta
subunits and one gamma or, less frequently, one delta subunit [52]. The neurotrans-
mitter GABA binds to the interface between the alpha and beta subunits to open the
chloride ionophore. Benzodiazepines bind to the interface of the alpha and gamma
subunits. The benzodiazepine binding produces an allosteric change making the
GABA receptor more sensitive, producing benzodiazepine clinical effects. Of inter-
est for future drug development, the alpha subunit family contains alpha-1 through
alpha-6 subunits which vary in benzodiazepine sensitivities and specific clinical
effects [53, 54]. Thus, alpha subunit composition containing alpha-1 is associated
with sedation, amnesia, anti-seizure activity, and addiction propensity. Alpha-2
subunits are associated with anti-anxiety propensity, muscle relaxation, cognitive
disturbance, and analgesic properties. Alpha-5 subunits are associated with learn-
ing, memory, and muscle relaxation.

While the basic 3 ring skeletal molecular structure of the benzodiazepines is
the same, different additions to this molecular structure yield important differ-
ences in properties. Classification of these additions to the basic benzodiazepine
nucleus use 7 groupings, five of which are important to this discussion. The triazolo
group (alprazolam, triazolam, estazolam) and the imidazo group (midazolam)
include drugs that are closely related structurally. Likewise, the 3-hydroxy group
(lorazepam, oxazepam, and temazepam) all have similar molecular structures. The
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2-keto group, including diazepam and the 7-nitro group including clonazepam are
significantly different structurally from the other benzodiazepines. These molecular
structure differences contribute to the pharmacologic properties of these drugs. The
GABA-A receptors also change in response to exogenous factors including benzodi-
azepine exposure. Internalization of the receptor complex leads to degradation and
altered composition of the pentameric structure, rendering the receptor complex
less sensitive and less numerous.

There are two prime factors in the choice of a benzodiazepine, half-life and
potency. A low potency and long half-life benzodiazepine is diazepam and a low
potency and short half-life benzodiazepine is temazepam. A high potency and
long half-life benzodiazepine is clonazepam and two high potency short half-life
benzodiazepines are alprazolam and lorazepam. The pharmacodynamic effects of
the benzodiazepines are similar. Thus, pharmacokinetic properties, potency, dosing
requirements, and efficacy have determined usage. Several of the benzodiazepines
have been used in the pharmacologic treatment of parasomnias and sleep related
movement disorders, and as a class may be the most frequent and widely used
pharmacological management. Four commonly used agents are described below in
alphabetical order.

5.2 Alprazolam

This triazolo benzodiazepine was approved by the FDA in 1981 for the treatment
of panic disorder. The doses of alprazolam for panic disorder were very high, up
to 6-12 mg per day. It quickly became the most widely prescribed benzodiazepine
shortly after marketing. The oral absorption of alprazolam after a single 1 mg dose
is rapid with an oral bioavailability of 80-100% and peak plasma concentrations
in young males occurring within 0.7 to 1.8 hours after administration [55]. Itisa
CYP3A4 substrate subject to multiple metabolic inducers and inhibitors. The meta-
bolic products of hepatic microsomal oxidation yield alpha-hydroxy and 4-hydroxy
alprazolam which have 10% of the plasma concentrations of the parent drug
and lower affinity for benzodiazepine receptors. A number of drugs may impair
metabolism of alprazolam, including fluoxetine [56] and propoxyphene, enhancing
central nervous system effects. The elimination half-life in young men ranged from
9 to 16 hours. Healthy elderly men had significantly longer half-lives with a mean of
19 hours versus a mean of 11 hours in young men [57].

Alprazolam falls into the intermediate range among benzodiazepines in regards
to lipid solubility (50% of diazepam). This characteristic determines the degree of
uptake into the brain [58] as well as the speed at which alprazolam enters the brain.
Several studies have demonstrated that the steady state plasma concentrations
of alprazolam after multiple dosing are proportional to the daily dose and do not
change the half-life [59-61].

The general binding characteristics are similar to the other benzodiazepines,
however, the receptor affinity of alprazolam (K;) of 3.4 nm is tighter than diaz-
epam’s K; of 5.3 nm [62]. This reflects the potency enhancement from the chloride at
position 8 on the phenyl ring along with the triazolo ring. This enhancement is even
tighter for another triazolobenzodiazepine, triazolam, with its remarkable receptor
affinity (K;) of 0.5 nm [63]. A unique characteristic not shared by other benzodiaz-
epines [62] was seen with low doses (0.02-0.05 mg/kg) of alprazolam in mice [64].
An increased benzodiazepine receptor number was seen compared to the decreased
receptor number seen with other benzodiazepines and high dose alprazolam.

Clinical information regarding the use of alprazolam in REM sleep behavioral
disorder is limited [65]. Published results [66, 67] yield varying utility, though this
author’s results [68, 69] have been quite positive at doses of alprazolam 0.5 mg at
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bedtime. Alprazolam would appear to have good pharmacokinetic and pharma-
codynamic properties for use in nocturnal parasomnias when a benzodiazepine is
indicated. Currently, however, it is not frequently prescribed for that purpose. Of
note, in the elderly (>65 years old) there is a significant and dramatic dose related
increase in sedation and neuromotor testing decrement between alprazolam doses
of 0.5 mg and 2.0 mg [60].

5.3 Clonazepam

Clonazepam is the most common drug used for parasomnias. It is limited to oral
administration, but has been used widely for panic disorder and psychosis, as well
as, having anti-seizure properties shared with diazepam, lorazepam, and clobazam.
This 7-nitro group benzodiazepine differs structurally from other benzodiazepines
resulting in high potency and tight binding affinity (Ki 2.0 nm) to benzodiazepine
receptors. Clonazepam is rapidly and completely absorbed after oral administration
and reaches peak plasma concentrations in 1-4 hours [70]. Absolute bioavailability
is 90%. It is highly metabolized by the hepatic microsomal system with less than
2% being excreted unchanged in the urine. The remarkable property of this drug is
its long half-life of 30-40 hours. The constant presence of the drug with multiple
dosing results in benzodiazepine downregulation with loss of both high affinity
binding and receptor number [71, 72]. Specific clonazepam binding was reduced
by 24.9% with chronic administration. This likely explains the loss of efficacy and
development of tolerance with multiple dosing. Clonazepam, more than lorazepam
or alprazolam, produced impairment on neuromotor tasks [73, 74]. Alprazolam
showed significantly faster recovery on testing performance than either clonaz-
epam or lorazepam even though lorazepam has a similar half-life. Ellinwood et al.
also found that the equivalent dose of alprazolam was half the dosage level of the
other two drugs, a phenomenon that could not be explained by receptor affinity.
The length of impairment with lorazepam was greater than clonazepam presumably
secondary to its greater lipid solubility.

Clonazepam is currently the suggested treatment for REM sleep behavioral
disorder with more published studies than other drugs that have been used in this
disorder [65]. Clonazepam showed efficacy in 80% of 200 patients at the Minnesota
Regional Sleep Disorders Center [66, 67]. There is concern, however, for the use of
clonazepam in dementia, gait disorders, and obstructive sleep apnea due to reports
of worsening of each of these with chronic clonazepam dosing. Aurora et al. [65]
reviewed the adverse event profile of clonazepam and found reports of sedation,
impotence, early morning loss of motor coordination, confusion, and memory
dysfunction.

5.4 Diazepam

Diazepam, within six years of it being marketed, became the most prescribed
drug in the United States from 1969 to 1982 [49]. Diazepam has chemical proper-
ties of lipid solubility and non-ionization at physiological pH that made absorption
through the gut wall and cerebral capillaries rapid, allowing potent brain concentra-
tions within minutes. Peak blood levels with oral dosing are achieved in 1-2 hours.
The half-life varies between 20 and 80 hours making the drug a long-acting agent.
Diazepam gained multiple uses including anti-anxiety, sedative, anti-seizure, anti-
vertigo, and muscle relaxant effects due to its action on both central and peripheral
benzodiazepine receptors. It is available in oral, rectal, and parenteral formulations.
Hepatic metabolism of diazepam produces an active metabolite, desmethyldiaz-
epam (DMD), which at steady state with repeated dosing eventually has a higher
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plasma concentration than its parent drug. The elimination of DMD occurs much
more slowly than diazepam with a half-life of 36-96 hours. If diazepam is discon-
tinued, withdrawal symptoms can occur ranging from anxiety to seizures with
higher doses. Diazepam remains a secondary benzodiazepine for both non-REM
and REM sleep related parasomnias. It is a tertiary treatment when first and second-
line treatments have failed.

5.5 Lorazepam

Lorazepam has many uses in addition to its indication for anxiety with depres-
sion. It has been used as a hypnotic and as a treatment for panic disorder, alcoholic
delirium tremens, status epilepticus, and pre-procedural sedation [73]. It is avail-
able in oral and parenteral formulations. Its use for parasomnias and sleep-related
movement disorders has been limited and Aurora et al. [65] did not report loraz-
epam being used for REM sleep behavior disorder.

Lorazepam is one of the 3-hydroxy group of benzodiazepines. This drug is avail-
able in oral and parenteral formulations and is metabolized by glucuronidation thus
the absence of concern for hepatic impairment or an active metabolite. It has utility
for anti- anxiety and anti-seizure applications. It is absorbed quickly after oral
administration with a time to peak plasma levels of 1-5 hours [70]. Like diazepam,
lorazepam is highly lipophilic and quickly crosses the blood-brain barrier. It is
rapidly absorbed when administered orally and has a half-life of 10-20 hours. As
discussed in Section 4.1b, lorazepam has a longer duration of action than might be
expected for its elimination half-life. The ortho chloride on the ring structures of
lorazepam, clonazepam, and triazolam increase receptor binding and thus potency.
The tighter binding may be the reason for the longer duration of action [73].

6. Melatonin

Endogenous melatonin is a hormone secreted by the pineal gland in tandem with
the circadian rhythm. Studies of melatonin revealed sedative properties leading to
its use in sleep disorders [75-77]. Melatonin is considered a dietary supplement by
the Food and Drug Administration in the United States and thus the formulations
are not subject to the regulations that govern prescription medications mentioned
in this chapter.

Buscemi et al. [78] did a clinical review of 14 randomized controlled trials of
exogenous melatonin for sleep disorders. The meta-analysis showed a reduced sleep
latency of 11.7 minutes (CI: —18.2, —5.2), but this was most significant in those
patients with delayed sleep-phase syndrome. All of the patients studied carried
diagnoses of either insomnia or delayed sleep-phase disorder. No doses higher than
5 mg per night were used and half the studies used no more than 3 mg per night. Of
the 222 combined participants, 13 reported headaches, 10 dizziness, 3 nausea, and
3 drowsiness. In all of these there was no significant difference between melatonin
and placebo.

Moroni et al. [79] conducted another systematic review looking at 19 published
studies utilizing different formulations of exogenous melatonin. Most of the studies
reviewed used low dose melatonin (<5 mg). The immediate-release formulations
produced a decrease in sleep onset latency and the sustained release formulations
had a greater effect on reducing wakefulness after sleep onset. Oral formula-
tions of melatonin had variability in both absorption and metabolism. There
were no adverse effects noted in very short-term therapy among healthy research
participants.

70



The Pharmacology of Parasomnias and Movement Disorders of Sleep
DOI: http://dx.doi.org/10.5772/intechopen.100472

The amount of melatonin that enters the systemic circulation is decreased by
first-pass metabolism. The hepatic enzyme involved in metabolism of melatonin
is CYP1A2 [80, 81]. This enzyme has higher activity in males, likely contributing
to the gender differences seen in one study [82] which showed almost three times
higher systemic circulation concentrations in females. An older group of research
participants also showed three times the maximal concentration in their systemic
circulation [83].

The Standards of Practice Committee of the American Academy of Sleep
Medicine (AASM) published recommendations which included a suggestion that
melatonin be used for the treatment of REM sleep behavior disorder [65]. They noted
that melatonin had been shown to be effective with few adverse effects. There are
actually only a few reports showing efficacy of melatonin in parasomnias [75, 84].
This author’s experience in a large university sleep clinic confirms the efficacy of
melatonin in some patients, but the patients with parasomnias treated successfully
with melatonin comprise less than half of the patients treated successfully with
benzodiazepines [68].

Dose related adverse effects were reported including headache, morning sleepi-
ness, and delusions/hallucinations [75]. In another set of AASM recommendations
for the management of circadian disorders [85] melatonin adverse effects were
discussed in greater depth. There were no serious adverse effects, however, head-
aches, somnolence, hypotension, hypertension, gastrointestinal upset, and exac-
erbation of alopecia areata were all reported. An increase in depressive symptoms
[86], impairment of glucose tolerance [87], and reproductive function [88] were
reported. Studies beyond 3 months of melatonin use and studies in pediatrics were
and remain scarce. Pediatric concerns were reported including potential effects
on growth hormone regulation with high dose melatonin (10 mg) [89]. There was
additional thought that the efficacy in pediatric parasomnias might be related to an
indirect effect of improving sleep rather than a direct effect of melatonin [65].

In conclusion, melatonin is efficacious in some patients with REM sleep behav-
ioral disorder and possibly other parasomnias with no serious adverse effects.

7. The antidepressants

There have been many antidepressants used in patients with a variety of para-
somnias either as primary or concomitant therapy. Parasomnias can be co-morbid
with mental health disorders leading to antidepressant treatment. The confounding
factor is that some parasomnias and sleep-related movement disorders may be
exacerbated or even elicited by antidepressant therapy [90-94]. Lam et al. [95] used
a questionnaire to identify patients with parasomnias then confirmed the diagnosis
via a clinical interview. Of the 1235 participants who completed the interview 22.3%
had clinically confirmed somnambulism, sleep-related eating disorder, or sleep
related injury. REM sleep behavior disorder (RSBD) was the cause of sleep related
injury in 66.7% of the subgroup of participants with sleep related injury. The use
of selective serotonin reuptake inhibitors (SSRIs) was associated with symptoms of
RSBD in 5% of participants. Of the 29 participants diagnosed with somnambulism
34.5% were using sedating antidepressants [96].

Drug-induced RSBD has been further associated with the tricyclic antidepres-
sant clomipramine and the monoamine oxidase inhibitors selegiline and phenelzine
[94]. In spite of these risks co-morbid psychiatric disorders often lead to treatment
with antidepressants in individuals with parasomnias. There are also a variety of
case reports of the effective use of antidepressants for management of parasomnias.
Imipramine was used successfully in seven children diagnosed with sleep terrors
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or somnambulism [97]. Paroxetine at a dose of 40 mg in the morning was used
successfully in a 46-year-old woman with a 30-year history of sleep terrors and
somnambulism. REM suppressant properties of the antidepressants would appear
to be a rational approach to the control of nightmares, though the evidence is not
convincing [98]. Given these therapeutic uncertainties with use of the antidepres-
sants for parasomnias and sleep related movement disorders, these drug classes are
not first line treatments for these disorders and will not be discussed in depth here.

8. The alpha 2 delta subunit neuronal voltage-gated calcium
channel blockers

The two drugs in this class are gabapentin and pregabalin and will be dis-
cussed separately. These drugs are not used for management of parasomnias, but
have gained increasing favor for use in restless legs syndrome and periodic limb
movement disorder. The current recommendations of the Scientific and Medical
Advisory Board of the Restless Legs Syndrome Foundation were recently published
in Mayo Clinic Proceedings. The alpha 2 delta subunit neuronal voltage-gated
calcium channel blockers were recommended as first line therapy for chronic
persistent restless legs syndrome (RLS) [99].

8.1 Gabapentin

Gabapentin was approved in December 1993 by the Food and Drug
Administration (FDA) for the adjunctive therapy of partial seizures. After initial
approval gabapentin sales increased significantly due to off-label uses for treat-
ment of chronic pain syndromes [100]. In 2000 gabapentin was the top-selling
anticonvulsant and ranked 17th in total expenditures among all drugs. In 2002 the
FDA added the indication of postherpetic neuralgia, but by 2004 gabapentin sales
had increased to 3 billion dollars per year [101]. In 2004 the US Department of
Justice issued its largest fine to date ($430 million) to the Warner-Lambert group of
pharmaceutical companies, manufacturer of gabapentin, for promoting gabapentin
for uses not approved by the FDA [102]. In 2012 gabapentin enacarbil (a pro-drug
with better absorption characteristics) received FDA approval for the treatment of
restless legs syndrome and postherpetic neuralgia. By 2015 the use of gabapentin
formulations had tripled from 2002 [103]. In 2017 gabapentin was the fifth most
commonly prescribed medication in the United States [104].

Gabapentin has many desirable pharmacokinetic properties [105]. Mean
maximum plasma concentrations were attained 2-3 hours after a 300-400 mg
oral dose with a bioavailability of 60%, however, absorption kinetics are slowed
and bioavailability decreased as the dose is increased. Gabapentin readily crosses
the blood brain barrier due to its lipid solubility. It is not bound to plasma pro-
teins. The elimination half-life is dependent on renal clearance alone in a linear
fashion. The drug does not affect the metabolism of other drugs or induce hepatic
enzymes. The elimination half-life of gabapentin after a single oral dose of
200-400 mg is about 5-7 hours with 80% of the dose recoverable unchanged in
the urine. The most common adverse effects (significantly greater than placebo)
are somnolence, dizziness, and ataxia. Happe et al. [106] reported efficacy of
gabapentin given 2 hours before bedtime in restless legs syndrome in 2001.
Subsequently, gabapentin enacarbil was found to be effective in a double-blind,
placebo-controlled, multicenter study of 325 subjects [107]. This pro-drug (rap-
idly converted to gabapentin after absorption) sought to overcome the absorp-
tion deficiencies of gabapentin which was dependent upon active transport by a

72



The Pharmacology of Parasomnias and Movement Disorders of Sleep
DOI: http://dx.doi.org/10.5772/intechopen.100472

low-capacity nutrient transport system expressed in a narrow region of the upper
small intestine. Gabapentin enacarbil is actively transported by a high-capacity
nutrient transporter located throughout the large and small intestine [108].

There was significant improvement in RLS symptoms with both the 600 mg and
1200 mg doses of gabapentin enacarbil in the 12-week study compared to placebo.
The most commonly reported adverse effects were dizziness and somnolence.
Gabapentin enacarbil remains a preferable drug to generic gabapentin, however,
cost concerns have made generic gabapentin more widely prescribed.

8.2 Pregabalin

Pregabalin and gabapentin share the same mechanism of action, inhibiting
calcium influx into neuronal terminals and thus inhibiting the release of excitatory
neurotransmitters. Orally dosed pregabalin is absorbed more rapidly than gabapen-
tin with maximal plasma concentrations achieved in 1 hour [108]. The absorption
is linear with plasma concentrations increasing proportionally to dose and the
bioavailability of 90% or greater. Neither drug binds to plasma proteins or inhibits
hepatic enzymes, and both drugs are eliminated by renal excretion alone with
elimination half-lives of less than 6 hours. At higher dose therapy (1800-4800 mg)
gabapentin bioavailability can fall to 25-50% [109]. Pregabalin bioavailability
remained above 90% across its entire dose range.

A randomized, double-blind, 6-week study of pregabalin in 137 patients with
restless legs syndrome showed an effective daily dose for 50% of patients at 37.3 mg
and for 90% of patients at 123.9 mg per day [110]. A higher proportion of respond-
ers to the Clinical Global Impressions-Improvement Scale (CGI-I) was seen at the
two highest doses of pregabalin 300 and 450 mg per day. Dizziness and somnolence
were the most common adverse effects, though dry mouth complaints also exceeded
placebo. A second double-blind, placebo-controlled study [111] was performed
almost simultaneously with the Allen et al. [110] study. This second study random-
ized 58 patients in a 12-week flexible-dose trial. The mean effective dose at the end
of treatment was 322.5 mg per day. There was a significant improvement in the
International Restless Legs Scale (IRLS) and Clinical Global Impression (CGI).
Polysomnography measured a reduction in mean periodic limb movement index,
improvement in sleep architecture, and decrease in wakefulness after sleep onset.
Adverse effects were reported to be mild and included unsteadiness, somnolence,
and headache.

From the earliest studies of pregabalin there has been a concern about cogni-
tive effects of this drug. Salinsky et al. [112] looked at this potential adverse effect
in 32 healthy volunteers. The participants were randomized in a double-blind,
parallel study receiving either pregabalin or placebo. Pregabalin was titrated over
8 weeks to 600 mg per day. At baseline and after 12 weeks of treatment all subjects
underwent cognitive testing. A battery of 14 tests were used including finger
tapping, grooved pegboard, digit symbol, Stroop color-word, selective reminding,
name learning, story recall, Wonderlic personnel, visual reaction time, controlled
oral word association, divided attention, letter-number sequencing, profile of
mood states and Portland neurotoxicity scale. Thirty subjects completed the trial.
There was significant (p < 0.01) worsening in the treatment group on the objective
Stroop-color-word test and controlled oral word association test, as well as, the
subjective Portland neurotoxicity scale. While the study demonstrated cognitive
effects, both the speed of the titration and the final dose were greater than this
author’s current practice and the methodology of the treatment studies described
here. This study, however, does demonstrate concerns over rapid dose increases and

high dose therapy.
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9. The dopamine receptor agonists

The dopamine agonists have been the first line treatment of periodic limb
movement disorder and restless legs syndrome for many years. It is only recently
that the alpha 2 delta subunit neuronal voltage-gated calcium channel blockers have
advanced to preferred therapy [99]. It has, however, been long appreciated that
the dopamine receptor agonists have adverse effects [113]. Impulse control disor-
ders such as pathological gambling, hypersexuality, compulsive shopping, or an
irresistible urge to wander have been identified in surveys [114]. The D3 dopamine
receptor has been implicated in these behaviors [115], however, no dose response
curve or dose related risk assessment has been established for these phenomena. A
more pervasive and widespread adverse effect is the phenomena of augmentation.
Augmentation manifests as earlier onset of RLS symptoms with decreased dura-
tion of benefit from medications and symptoms involving other parts of the body.
Though the highest risk of augmentation occurs with short acting agents such as
levodopa, current expert opinion is that augmentation will occur with all the cur-
rently available dopamine agonists over time [99].

9.1 Pramipexole

Pramipexole is a non-ergot dopamine agonist with higher affinity to D3 than D2
or D4 receptor subtypes. It has FDA indications for Parkinson’s disease and restless
leg syndrome [116]. It is rapidly absorbed and reaches peak plasma concentrations
in 2 hours. If taken with a meal the absorption is delayed by about an hour. The bio-
availability of pramipexole is greater than 90%. Renal excretion is the primary route
of elimination with 90% of the dose recovered unchanged in the urine. The half-life
of pramipexole is 8 hours in young adults and 12 hours in the elderly. The most
common adverse effect (in excess of placebo) was somnolence. The recommended
final treatment dose after up-titration was 0.5 mg given 2-3 hours before bedtime.
Though higher doses are used in practice, the risk of increasing augmentation with
high dose therapy leads to concern about high dosing [68].

9.2 Rotigotine

Rotigotine is dispensed as a transdermal delivery system [117]. It is a non-ergo-
line dopamine agonist for the D3, D2, and D1 dopamine receptors approved by the
FDA for use in RLS as well as Parkinson’s disease. When a patch is applied there is a
3-hour delay before the drug is detected in plasma and the time to maximal plasm
levels is 15-18 hours. Approximately 45% of the dose is released from the patch in
24 hours. After removal of the patch the elimination half-life is 5-7 hours. Most roti-
gotine is eliminated in the urine as inactive conjugates. The highest recommended
dose (for RLS) of rotigotine is 3 mg per 24 hours. The most common adverse effect
was a skin reaction at the site of the patch, though nausea also exceeded placebo.
The constant delivery system suppresses RLS augmentation temporarily though
other medications may ultimately be needed for breakthrough symptoms [68].

9.3 Ropinirole

Ropinirole is a selective non-ergoline dopamine D3 much greater than D2
receptor agonist [118]. It is rapidly absorbed but its bioavailability is only 50%. The
maximal plasma concentrations are achieved in 0.5 to 4 hours (mean 1.5 hours).
The drug is metabolized in the liver to inactive metabolites by the P450 iso-enzyme
CYP1A2. The elimination half-life is 3 hours, though this can be variable and elderly
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patients have 15% slower clearance. The drug is FDA approved for use in restless
legs syndrome, as well as, Parkinson’s disease. The short half-life and duration of
action of this drug can lead to tachyphylaxis and doses higher than recommended
producing a high rate of augmentation in the author’s experience.

10. Prazosin

The American Academy of Sleep Medicine published a position paper on the treat-
ment of nightmare disorder in 2018 [119]. The position paper divided nightmares into
those associated with post-traumatic stress disorder (PTSD) and those not associated
with PTSD. Nightmares associated with PTSD are more difficult to suppress and thus
awide variety of behavioral and drug combinations have been used, beyond the capa-
bility of this chapter. The drugs that may be used in nightmare disorder in the absence
of PTSD are benzodiazepines, not including clonazepam, and prazosin.

Prazosin is a quinazoline derivative and peripheral vasodilator [120]. Its vaso-
dilator properties are due to postsynaptic alpha adrenergic receptor blockade.
Prazosin is extensively metabolized in the liver producing high first pass elimination
and resultant low oral bioavailability after oral dosing. With an oral dose of 1 mg in
normal subjects the bioavailability of prazosin ranged from 43.5 to 69.3% [121]. The
mean elimination half-life is about 2.5 hours. Prazosin shows initial dose postural
hypotension which disappears with continued administration.

On acute administration of prazosin, only very low levels crossed the blood—
brain barrier [122]. On chronic administration of high dose prazosin, however,
prazosin apparently crossed the blood-brain barrier in adequate concentrations to
affect the central alpha adrenergic receptor density in the cerebral cortex [123]. This
effect would not have occurred without significant penetration of prazosin into
the brain. There were a number of studies showing efficacy of prazosin in veterans
with PTSD induced nightmares [119]. In contrast, however, there was a recent
large randomized, placebo-controlled study with negative results [124], leading to
uncertainty about this treatment.

11. The opioids

Various opioids have been used for intractable restless legs syndrome. These
include propoxyphene [125]. tramadol [126], oxycodone [127], hydrocodone [128],
and methadone [129]. Most of these have been used as adjunctive therapy, but
methadone has been used in monotherapy. The mechanism of action of the opioids
in RLS is unclear, however, it appears to work through a central dopaminergic neu-
rotransmission as dopamine receptor antagonists will block the therapeutic effect.
The current opioid crisis has lent a stigma to chronic use of methadone that has dis-
couraged its use by many patients suffering with intractable restless legs syndrome.
This is unfortunate as opioid therapy with management directed towards restless
legs syndrome rather than chronic pain syndromes can be quite helpful [130]. The
concern with long-term opioid therapy is the occult development or exacerbation
of a sleep related breathing disorder. For this reason, all patients on chronic opioids
should be clinically monitored for evidence of sleep apnea [131].

11.1 Methadone

Methadone is a synthetic opioid that is nearly equipotent with morphine, but
with dramatically different pharmacokinetic characteristics [132]. Methadone
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is a racemic mixture of R and S-methadone with the R isomer being 8-50 times
more potent. Methadone may prevent or attenuate opioid tolerance via its weak
antagonist properties on the N-methyl-D-aspartate (NMDA) receptor. Methadone
is rapidly absorbed with maximal plasma concentrations 2.5 to 4 hours after oral
administration. The bioavailability of methadone is 70-80%, though this can
vary depending on the degree of first pass metabolism. Methadone is hepatically
metabolized to inactive metabolites by the cytochrome P450 enzymes, CYP3A4 and
CYP2B6. The elimination half-life of methadone ranges from 5 to 130 hours with
a mean of 20-35 hours. The elimination half-life of the R isomer is approximately
25% longer than the S isomer. Methadone shows apparent autoinduction of its own
metabolism. The half-life during chronic therapy is only 40% of the half-life with
acute administration. A number of medications can either decrease or increase
methadone levels via induction or inhibition of CYP3A4. Quantitative plasma levels
may be necessary. Of note, there have been unintentional deaths with methadone.
Many of these deaths occurred on the fifth day of regular dosing [133]. Prescribers
need to be aware of methadone’s peculiar pharmacokinetics.

In practice doses of methadone from 5-40 mg daily have been used. Given
the pharmacokinetics starting therapy at a small dose of 2.5-5 mg is appropriate
with up-titration of the dose as needed for symptoms. Methadone in patients with
intractable RLS can produce remarkable improvement [68, 129].

11.2 Oxycodone-naloxone

Constipation and bowel dysfunction is the prime adverse effect of long-term opi-
ate therapy. The combination of an opioid with a competitive mu receptor antagonist
in a sustained release formulation is a unique answer to opioid adverse effects. The
combination is also a tool against abuse of oxycodone since dissolution and injection
results in naloxone having a much greater effect blocking mu receptors. A double-
blind, randomized, placebo-controlled trial with this formulation was performed
with 276 RLS patients [134]. The study started participants on a dose of oxycodone
5.0 mg and naloxone 2.5 mg twice a day increasing per each study site’s investigator
to a maximal dose of oxycodone 40 mg and naloxone 20 mg. Adverse effects more
than twice as frequent as placebo included fatigue, constipation, somnolence, dry
mouth and pruritis. There was clear efficacy of the combination over placebo.

12. Conclusions

This chapter did not attempt to be all inclusive, as a full description of the phar-
macological interventions into sleep related movement disorders and parasomnias
would fill the entire book. The chapter does attempt to provide pharmacological
basis for treatment of the most challenging areas for pharmaceutical intervention,
notably the REM sleep parasomnias and restless legs syndrome.

A challenge of REM sleep parasomnia management is the continuing use of clon-
azepam as first line therapy. This potent drug is effective, but due to its extremely
long half-life, is prone to adverse effects in many patients. Unfortunately, the even
more potent drug, triazolam, is too short acting and the two drugs (alprazolam and
lorazepam) with duration of actions that are reasonable for the goal of suppress-
ing dream enactment are less potent than either triazolam or clonazepam, thus
appearing to need higher doses. Unexpectedly, the observational experience of the
University of Texas Southwestern Medical Center at Dallas Clinical Center for Sleep
and Breathing Disorders has been that the efficacy of alprazolam is half the expected
dose that was used in trials in Minneapolis. Retrospective review is in progress.
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The other pharmacological challenge is the management of severe persistent and
intractable restless leg syndrome. In recent decades the algorithms for management
have become clearer pointing to the early use of gabapentin and pregabalin and
the use of opioids in intractable patients, however, there is a lag of that knowl-
edge reaching the medical community that is faced with these patients and their
demands for treatment. This is another area where the growth of medical knowl-
edge is exceeding our educational capabilities.
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Chapter 5

Impact of Insomnia in the Elderly:
The Correlation between Snoring
and Apnea/Hypopnea Index

Bing Tang

Abstract

The purpose of this study was to examine the relationship between snoring and
obstructive sleep apnea/hypopnea index in community dwelling older men and
women. In this retrospective case-series study, the author was using a sequential
collection of clinical datum design. There were 124 community-dwelling elders
(mean age=71.85 years, Standard Deviation=4.85 years) with complaints of sleep
disturbance. Including 46 females (F: M= 1:1.71), all the total subjects with sleep
disturbance, after meeting the following criteria of exclusion: age below 65 years,
heart failure, and chronic obstructive lung disease, were admitted to the sleep medi-
cine laboratory where sleep questionnaire was used. They underwent in laboratory
over-night polysomnography (PSG). The period of this study was 13 months; the
total number of subjects whom took PSG in this Sleep Center Laboratory was 1,087
individuals during this period. The proposed neural model used is a generalized
regression neural network (GRNN). This neural model has some advantages such
as cost and time efficiencies in relation to experimental measurements. The training
speed of the proposed technique is faster and the network architecture is simpler.

In all likelihood, this model can be used in clinical applications that can reduce the
necessity of in-laboratory nocturnal sleep studies since it has surpassed current
classification approaches in terms of accuracy, simplicity, cost, time efficiency, and
generalization. The correlation between snoring and AH1 was evaluated, though
there was no measurement of vasopressin-positive and vasoactive-intestinal-
polypeptide (AVP) neurons in postmortem examination of suprachiasmatic nucleus
(SCN), as there was no death case. To the contrary, focus was set on the analysis of
sleep disturbances that could be interpreted as the result of altered SCN function.
The relationship between Snoring and AHI for the elderly with regard to its clue
and impact on INSOMNIA is presented. The relationship between clinical sleep
apnea and the physiological events surrounding the octogenarians was assessed.
Clinically no indication for any brain tissue biopsy.

Keywords: apnea/hypopnea index (AHI), insomnia, obstructive sleep apnea,
polysomnography (PSG), snoring, suprachiasmatic nucleus (SCN) nucleus,
vasoactive-intestinal-polypeptide (AVP) neurons

1. Introduction

Sleep apnea is a condition that causes breathing to stop and start repeatedly during
sleep. It can leave a person extremely exhausted and sleepy during the day; it is even

89 IntechOpen



Sleep Medicine and the Evolution of Contemporary Sleep Pharmacotherapy

Histogram and Fitted Normal Density

0.020

L]

0.015
1

density
0.010
1

0.005
1

‘_1

value of data series

Figure 1.
Histogram of AHI distribution.

dangerous to one’s own health. On the other hand, obstructive sleep apnea is the most
common type of sleep apnea and it happens when the potential patients’ airway is
blocked and causes pauses in breathing and subsequently loud snoring. Normal snor-
ing usually does not interfere with the quality of sleep almost as much as sleep apnea
does. The author’ data set were checked for normality of AHI distributions using the
Kolmogorov-Smirnov’s and Shapiro-Wilk’s tests. The results (Figure 1) suggest that
the data significantly deviate from a normal distribution, therefore, The null hypoth-
esis of a normal distribution is rejected in this data set [1].

2. Materials and methods
2.1 Data collection

This study utilized the sequential collection of nocturnal EEG data from a
community dwelling of older adults.

It was conducted from January 1, 2002 to January 31, 2003 at the Sleep Medicine
Center (Laboratory) of Changhua Christian Hospital, Taiwan. Subjects with heart
failure and chronic obstructive lung disease were excluded from the study, since
there was no physician at night in the Sleep Medicine Laboratory.

The Hospital Internal Research Board and Ethical Committee approved the
study, which was in conformity with the Declaration of Helsinki. The author reports
no conflict of interest. Under these circumstances, among the consecutive subjects
who underwent nocturnal polysomnography (PSG) during that period, there were
alltogether 1,087 cases of PSG performed. The data belonged to individuals who
were younger than 65 years were excluded. Hence, the inclusion criteria were (1) the
chief complaint of sleep disturbance and (2) aged 65 years and over.

Therefore, 124 participants were selected out of 1,087 cases of PSG taken dur-
ing study period. Not one of the participants was demented and they aged from
65 to 88.5 years. Also, no pairs of individuals were related to each other. Body
mass index (BM1) data were available from 117 individuals and there were 11
octogenarians. The participants of this study provided consents that also include
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their personal and medical data. In addition, at the time of their initial evalua-
tion and enrollment, they all authorized clinical data in the research database to
be used in this study. All data used in accordance with the spirit and principles of
Health Insurance Portability and Accountability Act regulations (H1PAA, 1996)
[2]. All other data referred from other published studies with all their sources
were respectively specified for the purpose of comparison. The Author reports
no conflict of interest. Each individual gave a written informed consent. This
author reports no conflict of interest.

2.2 Apnea hypopnea index

Initially, the subjects accomplished the Epworth Sleepiness Scale and Quality
of Life SF-36 (QOL) sleep questionnaires to measure excessive daytime sleepi-
ness (ESG). This tool is widely recognized and accepted because it is simple to
use. The results of polysomnography (PSG) were collected from the participants
and evaluated based on the apnea hypopnea index (AH1). There was a significant
reduction in QOL for the apneic subjects. The degree of reduction was proportional
to severity. For apneics with AH1 >30, there was greater impact on vitality, physical
functioning, social functioning, mental health, and emotional functioning. Among
the total 124 individuals, there was no single one who was demented. There was no
pair of individuals related to each other.

2.3 Obstructive sleep apnea

The sleep recordings were scored according to the classification developed by
Rechtschaffen and Kales [1, 3]. Kales et al used special techniques that allow subject
mobility and obtain continuous electroencephalographic recordings of sleepwalkers
[4]. An apneic event was defined as a reduction in airflow greater than > 90% for a
duration of 10 seconds or longer. A hypopneic event was scored if there is a decrease
of airflow for at least 10 seconds in respirations, a 30-percent reduction in ventila-
tion, and a decrease in oxygen saturation. The apnea hypopnea index (AH1) was
calculated as the sum of events of apneas and hypopnea as per hours of nocturnal
sleep. Subject with an AH1 of five or more was considered as having a diagnosable
case of obstructive sleep apnea (OSA).

2.4 Polysomnography

Polysomnography (PSG) was conducted from 9:30 pm to 6:30 am in the sleep
laboratory using Alice 4 Sleep Diagnostic System, Respironics, Carlsbad, Calif,
USA and finger pulse oxymetry (model N 200. Nellcor, Hayward, California,

U. S.). As far as the recordings are concerned, the latter included recording the
central and occipital electroencephalogram (EEG) derivations (C3, C4, Ol, 02),
bilateral electrooculogram (left outer canthus and right outer canthus), submen-
tal and anterior tibialis electromyogram (EMG), electrocardiogram, nasal/oral
airflow were using a thermistor, respiratory effort using chest and abdominal
inductance belts.

2.5 Sleep-disordered breathing

Sleep-disordered breathing (SDB) has been defined as having AH1 score of five
or higher.
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3. Results
3.1 Data analysis

The variables used in the analysis of the studied data contain some missing
height data. Consequently, there is same small amount of missing BMI data, with
less than 5.64 % (7/124) of the sample. Conversely, as compared with another
data of 1,014 (aged 65 and over) control subjects came from 15,798 subjects
who had participated in the Nutrition and Health Survey in Taiwan (NSC
93WFD2000205), between 1993 and 1996, one can tell that a missing rate of
5.64% is rather small. Age and blood pressure of those 1,014 subjects were ana-
lyzed and there were 665 subjects with complete data of their age, blood pressure,
weight, height, and BMI, while 95.79% (15,133/15,798) of the control subjects
were missing one or more of the above listed information. AH1 is classified
according to the following 4 classes: < 5, between 5-15, between 15 and 30, and
those > 30. For those AH1 equate and greater than 15, t test was done, and its p
value is 0.023, which is significant. An independent t test was done to compare
snorers and non-snorers who had AH1 at least 15, the result shows that there
is a significant difference with a p value = 0.023. The point-biserial correlation
coefficient which is used to measure the strength and direction of the association
between one continuous variable and one dichotomous variable. It is symbol-
ized here as rpb and pertains to the case that were collected where the variable
of snoring is dichotomous and the other variable, AH1, is non-dichotomous. The
dichotomous variable is treated as the X variable, its two possible values being
coded as X=0 and X=1; and the non dichotomous variable, AH1 is treated as the Y
variable (rpb = 0.39, two tailed p < 0001). On the other hand, the Spearman rank
correlation coefficient between AHI and snoring, now as the continuous variable,
reveals that there is a correlation coefficient rs = 0.26, with a confidential interval
(ClI) of 0.09-0.42, and two tailed p = 0.0035. There is no inconsistency here: rpb
and rs would tend to provide different measures of correlation because they are
measuring correlation independently.

However, from the graph of Spearman's Rank Correlation test between AHI
(RD1/T) and Snoring, it appears to be heteroskedastic, would tend to have
the effect of artificially inflating the value of rpb. Among the 124 subjects of
this study with sleep disturbance in this author’s original study, there were 60
insomniacs. There are other related studies in super-healthy’ elderly also inde-
pendently found reduced amplitude of circadian output, whether from melato-
nin secretion or the ability to stay awake in the evening or stay asleep at the end
of the night.

Both research teams, actually independently approximate the changes in the
sleep homeostat with physiological measurements. Both involve in circadian
rhythm reduction in amplitude phase. Both apply the same concept that the supra-
chiasmatic nucleus (SCN) declines with age, and more diminished with advanced
age. Both independently follow the theory that there is a marked decrease in the
total number of arginine vasopressin-positive (AVP), and vasoactive-intestinal-
polypeptide neurons, and a diminishing in the suprachiasmatic (SCN) nucleus
volume in 80- to 100-year-old individuals. SCN decreases in normal aging, which
changes the circadian rhythms.

Those other studies independently investigate physiological mechanisms and
clues resulting in diminishing SCN function, while this author's study focuses on
physiological measurement of sleep disturbance and its fragmentation that could
be interpreted because of altered SCN function. Obviously, sleep disturbances with
the related sleep fragmentation are in the forefront to be linked by old age.
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3.2 A novel finding of AHI: a quantile-quantile plots (q-q plots)

The quantile-quantile (q-q) plot is a graphical technique for determining if two
data sets come from populations with a common distribution. The quantile-quantile
plots of AHI suggest how far it deviates from being normal; the result is supported
with kurtosis and skewness that are greater, / less than a -2 to +2 range when their
standard deviations are considered. This implies that the assumption of normality
appears to be not met; however, none of the measures of kurtosis and skewness on
multiple linear regressions of AHI are being significant or worrisome.

120 -
n=122
100 4 2 rs=0.33
95% CI: 0.16t0 0.42
2-tailed p=0.0002
80 A o
o
< 038 o
T B0 o O ¥
< © © 00 ©
o 2 regin
40 4 e )
o ©° < 8 OOO o 8
o, %, %o
20 00y o0
g oB8g°o 0@00
o o g8 § §°@°o “e 8§ ©
0 o] < o o 09 o
-20 T T T T
24 29 34 39 44

Neck Circumference (N C) (cm)

Figure 2.
The Spearman rank correlation coefficient between AHI and neck civcumference.

120 4
n=124
< rs=0.26
100 A 95% CI: 0.09 to 0.42
2-tailed p = 0.0035
80 - o
<
< L= & o L]
L=
(=]
60 o e
L= 38+ oo ¢° %
o o
R0 °
e L
< <
- <
) o =
- o 0@.@ L) Q_Gb
T o o2 =
Lo
Fre @
= i o
B 2%
o oC o o O o
-20 y . . r =
=500 S00 1500 2500 FI500 4500

Snoring per night sleep at the Sleep Medicine Laboratory

Figure 3.
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3.3 AHI and BMI

BMI was calculated as weight (kilograms) divided by height squared (meters
squared). It has direct relationship to obstructive sleep apnea. The upper limit of nor-
mal BMI in Far- East Asian is 23.5 kg/m2 from current WHO data. From the same set
of data from one of Taiwanese studies [4-8], using the Spearman’s rank correlation
coefficient (rs), the correlation between AHI and BMI is 0.295 with a confidential
interval (CI) of 0.09-0.42 (Figure 2). This rs is close to 0.330 which is the rs between
AHI and neck circumstance. Therefore, the relationship between AHI and Neck
Circumference can be used to approximate with that between AHI and BML.

3.4 AHI and snoring

The Taiwanese study [5] is able to disclose that the AHI mode was 9.4 per hour;
its count for 40 subjects. The highest number of AHI was 106 per hour in that study.
There appears at least some effect on frequency of snoring by grouping factor of
AHI. Spearman’s rank correlation coefficient (rs) test revealed a mildly positive
correlation between AHI and snoring (rs was 0.26) (Figure 3).

4. Discussion

Insomnia has been frequently caused by Sleep-disordered breathing. Sleep-
disordered breathing (SDB) is defined as having AHI score of five or higher. It was 9
percent for women and 24 percent for men. According to US study, obesity, and male
sex were strongly associated with the presence of sleep-disordered breathing [9]. It
is important to recognize the signs and symptoms of sleep apnea, namely excessive
daytime sleepiness and snoring. Prompt treatment of an underlying sleep disorder,
such as OSAS, can relieve symptoms of psychiatric disease such as depression.

4.1 AHI values

A high percentage of over-65-years subjects have AHI > 5 in the US. Not all
elders need to be all treated only if their AHIs are greater than five are, includ-
ing but not limited to those degree 1 of Severity in our current studied subjects.
An AH1 > 5 have conventionally been a cutoff point for the existence of SDB. A
relatively higher point of cut-off of AHI > 15 has been used, especially for the
elderly, in most of sleep studies. Those that have an AHI > 20 require treatment.
Without treatment, obstructive sleep apnea can lead to serious complications
and may lead to several life-threatening conditions. The responses to any treat-
ment at different levels of AHI have received scant research attention, therefore,
it is unclear that AHI is a risk factor for those aged over 65 years. However, a
report in English by Ancoli-Israel et al [10] presented that it was central sleep
apnea that is largely a risk factor and not obstructive apnea. Central sleep apnea
occurs when the brain does not send proper signals to the muscles that control
breathing. Therefore, central apnea predicts mortality above age of 65 years;
others also published almost similar data [5, 11].

4.2 AHI and age
There are some other published studies that reported there is a marked decrease

in the total number of AVP and vasoactive-intestinal-polypeptide neurons, as well
as the SCN volume decreases in 80- to 100-year-old people compared with that
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are found in the younger normal adults. To analyze sleep disturbance as the result
of altered SCN function, the age range of the sample in this study is within the
assortment of 80 to 100 years of age. Attentions have been paid not only to Arginine
Vasopressin-Positive (AVP) but as well to vasoactive- intestinal-polypeptide
neurons, along with SCN regarding its volume and its number of neurons. With this
regard, the study had 11 among the total 124 individuals being octogenarian and
over, the finding will be compared with other studies [12].

In comparison, the aforementioned studies as well as the current study both
independently approximate the changes in sleep homeostat with physiological
measurements. Both involve in circadian rhythm reduction in amplitude phase.
Both apply the same concept that the suprachiasmatic nucleus (SCN) declines
with age, and more diminished with advanced age. Both independently follow
the theory that there is a marked decrease in the total number of vasoactive-
intestinal-polypeptide neurons, and a diminishing in the suprachiasmatic (SCN)
nucleus volume in 80- to 100-year-old individuals. SCN decreases in normal
aging, which changes the circadian rhythms.

Those other studies, just like this study, independently investigate physiological
mechanisms and clues resulting in diminishing SCN function, while the current
study focuses on physiological measurement of sleep disturbance and its frag-
mentation that could be interpreted because of altered SCN function. Obviously,
sleep disturbances with the related sleep fragmentation, which in turn, results in
INSOMNIA, are in forefront to be linked by old age (Figure 4).

4.3 The estimated prevalence of sleep-disordered breathing

It is known that the estimated prevalence of sleep-disordered breathing defined
as an AH1 score of five or higher, was 9 percent for women and 24 percent for men.
Male sex and obesity were strongly associated with the presence of sleep-disordered
breathing (SDB). Conversely, habitual snorers, both men and women, tend to have
a higher prevalence of AH1 of 15 or higher.
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Figure 4.
Among participants who were aged 80 years and above, the minimal apnea/hypopnea index (AHI)

was highest among all the age groups, while the median and maximum AHI were both lowest among
all the age groups.
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4.4 Difference in the two different ASSM criteria

As per the American Society of Sleep Medicine (ASSM) criteria for 1999
and 2007 respectively, it may differ on the oxyhemoglobin saturation study, but
definitely, there is no difference in the sleep apnea criteria for the AHI cutoff of
moderate obstructive sleep apnea. For those items that are different from both year
criteria, for example, the recommended hypopnea definition of 2007, have to be
met at least for the criteria as follows. The nasal pressure signal excursions decline
by at least 30% of baseline. The duration of this diminishing, take place for a period
lasting 10 seconds. There is an at least 4% desaturation for pre-event baseline. In
addition, minimally, 90% of the event's duration must meet the amplitude reduc-
tion of criteria for hypopnea.

In addition, the difference between AASM’s 1999 and 2007 in the definition
of the respiratory events with regard to the severity of degree of obstructive sleep
apnea is obviously identical with each other. In fact, the degrees of Sleep Apnea
severity was AF11> 15/hr and > 30/hr representing respectively moderate and
severe OSA according to the above criteria [13, 14]. With regard to the roles and
function of the SCN, it has been clearly presented with the tabulation.

4.5 Maximum and minimum BMI

Females had mean height, weight, and cervical circumference less than the male
counterparts. The female subjects had a mean BMI of 26.550 kg/m2, while male 25.19.
The mean BMI of total 124 subjects was 25.574 + 4.521 kgs/m?2, while that of control
was 23.768 + 3.662 kg/m?2, the difference was significant (the p-value < 0.0009). The
Pearson’s correlation coefficient between height and BMI was significantly different
between males (-0.227) and females (-0.0854). In these data, the female subjects were
about one year older than the male in the average. However, the female subjects had
average (mean) height, weight, and cervical circumference, which were respectively
less than the counter parts of the males. The 95% confidential interval for mean BM1
was 24.746-26.402. The minimum BM1 was 15.20, and maximum was 39.15.

4.6 Snoring and BMI

AH1 was noted to be correlated with BM1, snoring, body height and weight,
and cervical circumference respectively. There was a highly significant correlation
between BM1 and snoring. The subjects whose BMIs were more than 25 had more
frequent snoring than those whose BMls were less than 25 in the studied population.
BM1 of patients was higher than control subjects. There were significant positive
correlation between AH1 and BMI; Spearman’s rank correlation test revealed that
the relationship between snoring and BMI was highly significant.

4.7 The effect of BMI grouping on the frequency of snoring in a Taiwanese study

BMIs were classified as following three groups; group 1 (BMI > 30), group 2
(BMI between 25 and 30), and group 3 (BMI < 25). Mann-Whitney test reveals as
follows. The two groups of BMI were selected for comparison. Group difference
between group 1 and group 2 was insignificant (Grouping factor BMI: Mann-
Whitney test, degree of freedom (d.f.) = 1, p = 0.432). Group differences either
between group 1 and group 3, or group 2 and group 3 were significant (Grouping
factor BMI: Mann- Whitney test, d.f. = 1, p < 0.001, p= 0.001, respectively) [5]. The
groups of subjects with their BMI > 30, and a BMI between 25 and 30 snored more
frequent than those in the group with a BMI < 25.
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4.8 A discussion on Asian OSA prevalence

There is little information on the prevalence and severity of obstructive sleep
apnea in Asian snorers although OSA may not be uncommon in Asian patients.
Nevertheless, there is a single report on Singapore population that is predomi-
nantly Chinese [15]. The authors maintain that the sleep apnea syndrome is
more common than the 2-4% prevalence that is quoted frequently [9]. From the
snorers aged from 30-60 years in an adult population in Singapore, the authors
evaluate how many snorers suffer from pathological apnea as well as sleep apnea
syndrome. Within a similar age group in the same population studied with PSG
in their sleep laboratory, there were 106 consecutive habitual loud snorers. The
authors have found that 24.1% were loud habitual snorers. 87.5% of loud habitual
snorers had significant OSA on PSG and 72% of these apneics complained of
excessive daytime sleepiness (EDS). Based on the assumption that all apneics
snored, the authors speculate that sleep apnea syndrome affects about 15% of the
population by extrapolating these figures. EDS in their cases were validated with
clinical hypersomnia [16].

There are four stages of sleep; one for rapid eye movement (REM) sleep and
three that form non-REM (NREM) sleep. Less than half of brain waves consist of
delta waves during stage 3 while more than half of brain activity consists of delta
waves during REM sleep. Poor delta wave sleep is obviously related to hypersom-
nolence. OSA occurred mainly in stage 1 and 2 non-rapid eye movement (NREM)
sleep instead of in REM sleep. Frequently, the arousals prevented sleep from
going beyond stage 1 and 2. Because the prevalence of sleep apnea syndrome in
Singaporean population aged 30-60 years exceeds one’s expectations, therefore,
it is likely that the people in that population, aged 30 to 60 years, suffer more
hypersomnolence, which is associated with the repression of delta wave sleep by
apnea occurring taking place mostly in stage 1 and 2 NREM sleep [15]. Conversely,
the reported prevalence of OSA reveals as follows. The 19% of 1,775 subjects with
a mean age of 71 years, SD 10.5, range 40-100 had OSA [6]. In the Philippines and
Taiwan, there is no such above study.

Sleep-disordered breathing (SDB) is defined as having AH1 score of five or
higher, it was 9 percent for women and 24 percent for men. According to a US study,
obesity was strongly associated with the presence of sleep-disordered breathing in
men [17]. In the US, a large percentage of over-65- years subjects have AH1 > 5 and
elders do not need to be treated if their AHIs are greater than 5. An AHI > 5 have
conventionally been a cutoff for the presence of SDB but in most of sleep stud-
ies, a higher cut-off of AHI > 15 have been used. An AHI > 20 might be better to
distinguish those requiring treatment. There are not enough proposed studies that
will shed light on the treatment responses at different levels of AHI. It is unclear
that AHI is a risk factor for those aged over 65 years. Also, Asian’s smaller upper
airway merits attention. With respect to the risk factors for SDB, for example, it
was reported from Singapore that other population also reported largely similar risk
factors associated with habitual snoring and SDB [15]. Therefore, differential risks
may highlight the importance of ethnicity in determining the burden of SDB. Itis
important for the health care development and research on SDB in Asia to remain
alert of this circumstance in both lay and professional communities [18].

4.9 Risk factors of snoring
Snoring has independent and significant risk factor. It raises the risk for

diabetes, obesity, hypertension, stroke, heart attack, and other cardiovascular
problems. Snoring can create major relationship problems too. For all practical
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purpose, individuals were referred to the Sleep Studies because of their mixed sleep
problems. It is common that an individual is unaware of his own snoring. Itis nota
correct assumption that subjects who did not give an account of snoring and sleepi-
ness do not have OSA. We should always be ready to lend a hand by questioning

the respective bedroom partner of a potential patient with chronic sleepiness and
fatigue, or other type of sleep disturbances.

4.10 Studies on snoring

For examples, some other U S studies reveal that Tractenberg et al’s findings
[19, 20] were as follows. The large sample of their own 2005 and 2006 articles
are originally derived from the community and they are not from a single
sample with sleep disturbances. Their data still may be useful as an external and
independent reference for the samples cited in this study. Hence, by comparing
studies for what has been reported in this chapter, Tractenberg et al have obvi-
ous advantages on their data intake to a certain extent. This is true only if we
are aggressively tracing data that have been achieved 29 years ago, for instance,
as of September 2002 [19, 20]. In their studies, the criteria of the frequency of
snoring were defined as: 0. for never; 1, for less than once per month; 2, for at
least once per month; 3, at least, once per week; and finally, 4, nearly everyday
per day/ night. Those participants who were non-demented elderly people had
the frequency rating of heavily snoring from 0.7 +1.1 to 0.9 + 1.2. Those reports
encounter the issue of the level of awareness of the sleep disturbance problems in
the reporters at nights.

The literature estimates the prevalence habitual snoring in general population
ranges from 3.6% to 35.7% [9, 21, 22]. In one of the studies in Taiwan [5], it inter-
viewed 1,252 subjects of a sleep-medicine-laboratory based cohorts, who lived in
the dwelling communities of Changhua area, Mid- Taiwan, which is adjacent to
Taichung area. Their ages range from 10 to older than 60 years. 606 were males and
646 were females. The snoring prevalence in Taichung area, Taiwan, is 47.8 % for
males, whereas 37.2% for females according to a report by Liu and Liu [23].

Sawit [24] has extensively reported that snoring is a risk factor for stroke, myo-
cardial infarction, as well as acute vascular disease. In addition, habitual snorers
are generally more at risk than occasional snorers. Except one by Liu and Liu [23],
Taiwan does not have enough of such studies. Therefore, further studies to probe on
the relationship of sleep apnea with snoring should have been carried out.

5. Conclusion

In short, other than the clarification for relationship between Snoring and
AHI for the elderly as presented in this study, this study also successfully exam-
ined the relationship between clinical sleep apnea resulting in insomnia, as well
as the physiological events surrounding the octogenarians among the elderly
individuals studied.

Other than what has been discussed and mentioned previously, is there any
model that we may follow accordingly? Certainly, there is. About twelve years
ago, this author together with Yan proudly published an article entitled “A NOVEL
MODEL USING GENERALIZED REGRESSION NEURAL NETWORK (GRNN)
FOR ESTIMATING SLEEP APNEA INDEX IN THE ELDERLY SUFFERING FROM
SLEEP DISTURBANCE. “ The proposed model has sensitivity and specificity of
95.7% and 50% respectively for training cases, while 88.0% and 52.9%, respectively
for the testing cases [25].
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Abstract

Dentists hold a key role in the context of ever-growing concerns regarding the
management of Obstructive Sleep Apnea (OSA) in adults. Dentists’ contribution
in this domain starts with the screening of patients with possible OSA. An earlier
intervention for correcting a dento-maxillary anomaly or a parafunction will often
serve as a preventive treatment with regard to possible OSA. Furthermore, dental
medicine offers nowadays, apart from orthodontic and surgical treatment, a set
of therapeutical methods, the most commonly used being the oral appliance and
myofunctional therapies. Another important sphere of professional responsibility
of the dentist involved in the treatment of OSA consists of periodical examinations
focused on assessing clinical evolution, corrective interventions on oral appliances
and interventions for preventing local complications. On the other hand, recent
studies indicate the potential of different pharmacotherapy agents on OSA patho-
physiology, severity and treatment. These agents have shown promising results
in improving the efficacy of other therapies dedicated to OSA, therefore, current
topics in modern scientific research include the evaluation of standard, even higher
doses of single agents or the combination of different agents on the evolution of
OSA, as well as the assessment of the association of diverse pharmacotherapy agents
with other OSA therapies.

Keywords: Obstructive Sleep Apnea, Dental Sleep Medicine, Oral Appliances,
Myofunctional Therapy, Pharmacotherapy Agents

1. Introduction

Sleep disorders represent an increasingly common pathology, whose undesirable
effects could profoundly affect patients’ every-day life. The sleep-related breathing
disorders (SRBD) are placed by the American Academy of Sleep Medicine (AASM)
among the six categories of sleep disorders in the International Classification of
Sleep Disorders, Third Edition (ICSD-3) [1-3]: insomnia; sleep-related breathing
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disorders; central disorders of hypersomnolence; circadian rhythm sleep-wake
disorders; parasomnias; sleep-related movement disorders. Moreover, seep-related
breathing disorders - that are characterized by abnormalities of respiration dur-
ing sleep - are classifies into four major categories: OSA (obstructive sleep apnea);
CSA (central sleep apnea); sleep-related hypoventilation disorders; sleep-related
hypoxemia disorder [4].

Obstructive Sleep Apnea (OSA) in adults represent a pathology included in the
SRBD, which is associated with repetitive episodes of partial or complete collapse
of the upper airway during sleep. As a result of these episodes, reduced (hypopnea)
or absent (apnea) airflow lasting for at least 10 seconds is registered [3, 4]. In this
specific context, the blood oxygen saturation is reduced and the brain is therefore
alarmed, so “micro arousals” (“cortical arousal”) appear during sleeping. Apnea
episodes can repeat hundreds of times a night, without the patient being aware
of them. However, the sleep-quality becomes poor, physiological sleep-pattern is
disturbed and the individuals are constantly tired during the day, their work perfor-
mance is affected and their quality of life decreases; moreover, individuals can even
cause various work, road or domestic accidents due to excessive day-time sleepiness.
OSA is a potentially life-threatening disease, its consequences including high blood
pressure, diabetes, heart attack or stroke [3-5].

Obstructive sleep apnea (OSA) is traditionally quantified initially with testing
during sleep by the apnea-hypopnea index (AHI), respiratory disturbance index
(RDI) or respiratory event index (REI) [1, 4]. AHI results after analyzing a poly-
somnography (PSG) that is usually done in a sleep laboratory, and includes total
episodes of apneas and total hypopneas per hour of sleep. RDI represents the sum
of total apneas, total hypopneas and respiratory efforts related to arousals per hour
of sleep. REI is a measure of respiratory events in a certain sleep unit of time, when
using a home sleep apnea testing (HSAT); it is estimated that REI can underestimate
the real index of respiratory events and OSA severity. However, the diagnosis of
OSA is frequently based on the combination of clinical assessment and a diagnostic
sleep study (an in-laboratory polysomnography/PSG or a home sleep study) [6].

OSA evidence-based therapeutic options includes: medical, surgical, behavioral
strategies and adjuvant therapy/pharmacotherapy agents. Medical therapy is
represented by PAP - positive airway pressure - therapy (CPAP/continuous positive
airway pressure - the device deliver a steady pressure rate for both inhalation and
exhalation); BPAP/bilevel positive airway pressure - the device deliver different
pressure rates for inhalation and exhalation); APAP/automatic positive airway pres-
sure - automatically adjusts to meet each specific person’s night breathing needs)
and oral appliances therapy (OAT), which aim is to reposition intraoral or cranio-
facial structures in order to increase the pharyngeal airway space, thus preventing
pharyngeal collapse [4, 6].

Surgical options dedicated to OSA patients include: the reduction of soft tissues
(i.e. adeno-tonsillectomy, uvulo-palatopharyngoplasty, tongue reduction), maxil-
lomandibular surgery, hyoid repositioning, the increment of nasal patency [7],
hypoglossal nerve stimulation (HGNS).

On the other hand, behavioral strategies are represented by the following:
weight loss - ideally up to a body mass index BMI <25 kg/m?; exercising; avoiding
the consumption of tobacco and recreational substances; avoiding caffeine and
alcohol before bed [1, 8]; positional therapy (non-supine position during sleep)

[6, 9-12]. Different studies highlighted that weight loss is an important tool in
OSA treatment, being effective in lowering OSA severity and reducing cardiovas-
cular risks [6, 13-15].

PAP treatment is considered first-line treatment for OSA, however, its adherence

is often poor [5]. The necessity for novel treatment options to help those who cannot
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adhere to positive airway pressure treatment is highly emerging. Regarding OAT
therapy, which is enthusiastic received and applied by specialized trained dentists,
several barriers were also identified, including the difficulty to accurately predict
which patients will receive therapeutic benefit from this therapy and the possible
side-effects related to oral appliances (OA). On the other hand, different classes of
medication have been tested with regards to their effect on OSA severity. This paper
will present dentists’ key role in the context of ever-growing concerns regarding the
management of OSA in adults, in conjunction with relevant arguments that indicate
the rising potential of different pharmacotherapy agents on OSA.

2. Dentist’s role in screening and treating OSAS
2.11dentification of possible sleep disorders

In order to provide high-quality healthcare services to patients with OSAS,
medical practitioners - including dentists - should adhere to the latest standards of
care and should be able to participate effectively and efficiently in the management
of these pathologies, according to evidence-based practices [1, 16]. Medical inter-
disciplinary collaboration represents a major element for diagnosis and treatment of
patients with OSA. The expanding medical knowledge and the new advancements
in scientific research on diverse OSA therapies place the dentist in a key-role posi-
tion in the context of managing OSA in adults. Along with other medical specialists
(sleep medicine specialists, pneumologists, ENT - ear, nose, and throat specialists,
neurologists, cardiologists, endocrinologists, bariatric surgeons, maxillofacial
surgeons, psychiatrists, psychologists), the specialists in the domain of dental sleep
medicine (DSM) can participate both in the identification of possible sleep disor-
ders and in the treatment of certain types of sleep pathologies (snoring, bruxism,
mild or even moderate OSA), as well [17].

The specificity of the theoretical and practical content of dental medicine offers
the practitioner of dental medicine the chance to contribute to solving medical-
dental problems for a large number of patients, whose age can range from youngest
to oldest. The professional and social responsibility requires that the dentist pays
special attention to specific morpho-functional aspects at the level of the dento-
maxillary apparatus (stomatognathic system) which, for certain patients, can
suggest the presence of earlier or more advanced OSA manifestations.

Therefore, dentist’s role in the management of OSA starts with the screening
of the patients visiting the dental office. The screening guidelines for detection of
possible sleep disorders recommend that data can be collected even from anamnesis
and clinical - general and local - direct observations. The “suspect patient” with
possible OSA often has a specific profile, reporting: daytime sleepiness; difficulties
in daily activities; chronic fatigue; attention, concentration and memory problems;
behavioral disorders: irritability, anxiety, aggressiveness; episodes of wheezing,
gasping, choking, snoring or bruxism during sleep (bruxism occurs in up to 95%
of patients with OSA) [3, 4]; tooth tapping; night-sweating; leg or arm movements
during sleep; frequent urination during night; dry mouth sensation in the morning;
morning headaches and dizziness. These elements are frequently observed: obesity;
large neck-size (>43 cm for men; >40 cm for women); hypertension; gastro-
esophageal reflux; age over 50; dysmenorrhea, amenorrhea, menopause; smoking;
alcohol consumption [3, 4].

Along with these general aspects, dentist should notice and register local
aspects that can be related to possible sleep disorders: large tonsils, voluminous
posterior palatal soft tissues, hypotonic palatal or lingual musculature, tongue
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size (macro-glosia), tongue indentation, maxillary compression, maxillary micro-
gnatism, micro-gnathism, mandibular retrognatism, deep palate, dental malposi-
tion, partial edentulous areas, tooth wear, narrow superior air-ways, oral breathing,
deviated nasal septum, nose shape (narrowing) and obstructions [3, 4].

Nevertheless, patients with possible OSA will receive a thorough, complete
oral examination of soft and hard tissues, and a direct examination of the tem-
poromandibular joint (TM]J) [18]. Intraoral and extraoral photographs, full dental
arch impressions for obtaining dental study casts, intraoral scanning for obtaining
digital models, conventional radiological exams and additional CBCT (Cone-beam
computed tomography) exams are recommended.

Application of specific questionnaires represents another important “tool” in the
screening of patients with possible OSA in the dental practice; the most used ques-
tionnaires are EPWORTH and STOPBANG questionnaires [17]. Ideally, dentists
should apply the questionnaires for all patients that are susceptible of OSAS. Based
on data collected from anamnesis, clinical and para-clinical investigations, and on
questionnaires’ results, the dentists should refer the patients with possible OSA to
the sleep medicine specialist.

2.2 Diagnosis and treatments of OSA: an interdisciplinary collaboration

In order to evaluate the sleep disorders, the sleep medicine specialists will per-
form specific clinical examinations and para-clinical tests on patients with possible
sleep apnea, that were referred by the dentists (i.e. polysomnography — an overnight
test that includes the monitoring of the patient’s airflow through the nose and
mouth; blood oxygen level/pulse-oximetry; blood pressure; electrocardiographic
activity/ECG; brain wave pattern/electroencephalogram/EEG; eye movement/
Electrooculography/EOG; movement of respiratory muscle and limbs). Additionally,
interdisciplinary collaboration between sleep medicine specialists and pneumolo-
gists, cardiologists, E.N.T. - ear, nose, and throat - specialists, neurologists, endo-
crinologists or psychiatrists is very useful for obtaining relevant data regarding
the patient’s general health status. The sleep medicine specialists will establish the
diagnosis and severity of OSA based on previously collected data [3, 4, 16], mostly
determined by the combination of clinical assessment and a diagnostic sleep study
(an in-laboratory polysomnography/PSG or a home sleep study) [6].

OSA are classified as central, obstructive and combined, depending on their
specific ethio-pathogenic mechanism. As previously stated, apnea-hypopnea index
(AHI) is a very important element in establishing the severity of OSAS; it represents
the number of times in an hour when a sleeping person either stops breathing com-
pletely or inhales limited air-flow. Each episode must last at least 10 sec. AHI is a
major indicator for obstructive sleep apnea, as follows: AHI of 30 or more events in
an hour indicates severe sleep apnea; AHI = 15-30 events suggests moderate apnea;
AHI = 5-15 events indicates mild apnea [3, 4].

The sleep medicine specialists are responsible for establishing the proper
therapy for OSA patients. The therapeutic conventional options for OSA in adults
are: medical, behavioral, surgical and adjuvant - pharmacotherapy agents.

CPAP (Continuous Positive Airway Pressure) Therapy - introduced by Sullivan in
1981 - is considered the main treatment for OSA (severe, moderate and mild forms).
The evaluation of the evolution of OSA under this specific therapy is assessed
according to: reduction of daytime sleepiness, specific evaluation of OSA, patient
and family satisfaction, adherence to therapy, achieving an optimal amount of sleep
per day, practicing proper sleep hygiene, weight reduction, evaluation of factors
that may aggravate the condition, titration (polysomnography/PSG) [3, 4]. CPAP
therapy (Continuous Positive Airway Pressure Therapy) is frequently recommended
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for severe sleep apnea. On the other hand, specific recommendations are usually
accepted with regard to the oral appliance therapy [1, 16, 19, 20]. Oral appliance
therapy should be used only when the patient cannot endure or refuses the CPAP
therapy, as some specific problems related to the use of CPAP therapy can appear:
dry mouth, eye watering, chest pressure, cold sensation, frequent awakenings,
noise, mask-leak, skin irritations, claustrophobia [3, 4]. Adherence to CPAP therapy
(defined as > 4 h average nightly use) is considered poor with only 46-83% being
adherent, even for severe and moderate OSA [3, 4, 6, 21]. Additionally, the effec-
tiveness of oral appliances in these severe cases of OSA is estimated to be also poor.
On the other hand, oral appliance therapy can be recommended as an additional
treatment in the case of moderate apnea and can be the first-choice treatment in
mild apnea cases. Moreover, the sleep medicine specialist who diagnoses the OSA
refers the patients who could eventually benefit from OAT (oral appliance therapy)
to the special trained dentist; following the complete specialized examination of the
recommended patients, the dentist will decide the possibility of applying the oral
appliance therapy (OAT).

2.3 Oral appliance therapy (OAT)

Oral appliance therapy (OAT), is considered - for more than 20 years - a mini-
mally invasive and effective treatment of OSAS. Oral appliances are represented by
tongue retaining devices/TRD (which hold the tongue in a more anterior position)
and mandibular advancement devices/MAD (mandibular advancement appliances
or mandibular repositioning appliances/MRAs) [3, 4, 6, 22]. The reviewed scientific
studies highlighted that the largest evidence base and guidelines exist for man-
dibular advancement devices [6]. These devices include a custom-made adjustable
monobloc or double occlusal splint (corresponding to the upper and lower dental
arches) that has the role to anteriorly reposition the mandible and the adjacent soft
tissues (including the tongue) during sleep. This stabilized position of the mandible
will enable a larger opening of the pharynx lumen, which mechanically keeps the
upper airway open during sleep, by preventing the soft tissue of the throat and the
tongue from collapsing into the airway [17, 20, 23]. It is strongly advisable that OSA
treatment should never be initiated by a dentist without the patient’s assessment
by a sleep medicine specialist. At this specific stage, interdisciplinary collaboration
with orthodontists, specialists in prosthodontics, radiologists, specialists in geriatric
dentistry, gerontologists, air-way prosthodontic specialists, TMD (temporo-
mandibular disorders)/Oro-facial pain specialists or maxillo-facial surgeons is
recommended in order to carefully prepare the sequences of the treatment plan.
The results obtain via general and local examination performed by the dentists are
essential not only in identifying patients with possible OSAS, but in the confirma-
tion of the proper candidates for oral appliance therapy [18]. Moreover, the selection
of the appropriate oral appliance for a specific clinical case is the responsibility of
the dentists who are specialized in the treatment of sleep apnea [3, 4], and is influ-
enced by diverse elements, as follows: characteristics of cranio-facial structures;
oral condition (number, location and health-status of remaining teeth; periodontal
tissues status; soft tissue health); oral functionality; anticipated dental restorative
needs; reported allergies and/or sensitivities; patients’ manual dexterity, visual acu-
ity and cognitive ability; patients’ comfort; financial considerations [1, 3, 4]. At the
moment, more than 100 types of oral appliances are available on the medical market
(i.e.: IST - Intraoral Snoring Appliance; Monoblock, Klearway; TAP-T Thornton
Adjustable Positioner; Erkodent — Silensor; Somnodent; boil and bite — ready-made
splints etc). A custom, titratable appliance is recommended versus a non-custom
oral device [16, 19], as a successful oral appliance therapy (OAT) is considered to be
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an integrated, customized treatment. The oral appliances are small-sized, portable,
easy to tolerate and easy to clean.

The two occlusal splints of the oral appliance are connected by a special system
that allows the stabilization of the mandible in a protrusive position. 75% of the
maximum protrusion of the mandible, i.e. approximately 8-9 mm on average, is
usually recommended to be determined and registered for the most oral appliances;
this amount of protrusion is considered to be the maximum allowed for an oral
appliance therapy dedicated to OSAS. The adjustment of mandibular advancement
level (titration) is recommended to be included in the specific monitoring of OSA
patient (part of the immediate check-ups and long-term follow-ups, as well).

Obtaining an oral appliance involves several successive steps: conventional
impressions of the dental arches or intraoral scanning; obtaining the models of the
dental arches (cast models, 3D printed models or digital ones); registration of the
protrusive position of the mandible; project and fabrication of the oral appliance;
oral appliance delivery: intra-oral placement, control and adjustments; use and
homecare instructions delivery.

Regarding the registration of the protrusive position of the mandible for OAT,
findings in medical literature suggest that a 25-75% protrusion is ranged as com-
fortable and yet therapeutic [24, 25]. On the other hand, maximizing the mandibu-
lar protrusion with oral appliances may be more important in severe cases of apnea.
Different studies highlighted that the treatment results with oral appliances are
better when the mandibular advancement is greater - however, possible associated
local side effects should be observed and fixed [24, 26]. The protruded mandibular
position can be determined and registered with special devices (i.e. “The George
Gauge™ Kit”).

As stated before, patients undergoing oral appliance therapy should be informed
and educated about the correct night-wear of the appliance, about its insertion,
disinsertion and proper cleaning; morning exercises (using, for example, the
Occlusion Trainer [18]), gymnastics and facial, head and neck massages are recom-
mended as well [1, 19].

Nevertheless, patients should be aware of the importance of weight control and
sleep hygiene; a proper lifestyle, which involves a healthy diet, gymnastics, sports,
avoiding caffeine, alcohol, tobacco or recreational substances [1, 3, 4, 8] can have
a positive effect on the results of oral appliances therapy. Additionally, positional
therapy is considered to be a beneficial adjunct to oral appliance therapy, in order to
reduce AHI across total sleep time [6, 25, 27].

Oral myofunctional therapy (OMT) is also recommended to be associated with
OA therapy [4]. Suzuki et al. showed that application of OMT was accompanied
with a decrease of AHI by approximately 50% in a group of students with high
Epworth Sleepiness Scale (ESS) [28]. Upper airway muscle training (oropharyngeal
exercises, breathing, speech, swallowing, chewing exercises, movement of the
tongue, nose, cheeks, and jaw) completed for 3 months (one hour per day) could
decreased the AHI by 39% in patients with moderate OSA [29].

Immediate check-ups and also long-term follow-ups are needed after the inser-
tion of a mandibular advancement device (MAD). Appointments are made within
the first days or, at least, within the first two weeks after the delivery of the oral
appliance; patient comfort and the efficacy of the applied treatment should first be
assessed by the dentists, along with small adjustments of the appliance that are also
recommended, such as reduction of the pressure against the teeth or marginal fit
adjustments. Titration/calibration of the oral appliance is a very delicate and impor-
tant aspect in oral appliance therapy. Continued gradual advancement of the man-
dible may bring further improvement of the symptoms related to OSA [1, 3, 4, 16].
On the other hand, sometimes reduction of the mandibular protrusion is necessary,
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if adverse local effects are registered. The oral appliance therapy outcomes are
evaluated by the sleep medicine specialists three months after the initiation of the
OA treatment; a control polysomnography is recommended and the progress and
benefits of the treatment should be registered.

Periodical examinations focused on assessing clinical evolution, corrective
interventions on oral appliances, as well as the interventions for preventing the oro-
dental complications - that oral appliances can generate - represent another sphere of
professional responsibility of the dental practitioner involved in the OSA treatment.
Periodical dental and medical check-ups (every six months or at least once a year) are
strongly recommended for long-term monitoring of patients with OSA. The manage-
ment of this patients in long term imply permanent communication between the den-
tists, the patient’s physician and other healthcare professionals that were involved in
the treatment. The dentist should check and register: patient comfort; oral appliance
efficacy; persistence of previously resolved symptoms related to OSA; the structural
integrity and the occlusal stability of the oral appliance; wear, fractures; bacterial or
fungal growth on the appliance [1, 4]. During this periodical dental examinations
the appearance of possible side effects correlated to oral appliance therapy can be
observed: muscle and joint soreness; soft tissue or gingival inflammation; excessive
salivation or, on the contrary, dry mouth sensation; tooth mobility or fractures; teeth
migrations and occlusion disturbances [3, 4, 30]. All side effects produced by the oral
appliance therapy should be registered, documented and managed; it is important to
determine the possible causes of these unpleasant side-effects and to try to reduce the
damage. Balance between the actual need of oral appliance therapy and the severity
of generated side effects should be evaluated in order to determine if oral appliance
therapy should be discontinued and if the patient agree with another form of therapy
recommended by the physician. Yet, Lavigne [4] consider that the adverse effects of
oral appliances are generally considered to be negligible, mild or transient among
most patients.

3. Pharmacotherapy agents and OSA pathophysiology

The use of medical-dental therapies, as stand-alone or in combination with
other therapeutical alternatives for controlling OSA, represent a viable option in
certain clinical cases, depending on the OSA clinical severity and/or the patient’s
acceptance of the suggested solution. As pharmacotherapy agents have shown good
results in improving the efficacy of other therapies dedicated to OSA, modern
scientific research in the field of OSA focuses on the evaluation of diverse doses
of single agents or the combination of different agents on the evolution of OSA.
Another important aspect regards the association of diverse pharmacotherapy
agents with other conventional OSA therapies.

Hypnotics represent a group of pharmacological agents that promote sleep
and moderate sedation by depressing the central nervous system. Hypnotic use is
relatively frequent for people diagnosed with OSA, as they usually experience cur-
rent insomnia [31]. Interest has grown steadily in the current scientific research to
determine the specific effects of hypnotics on OSA severity, pathophysiology, their
possible side-effects.

Benzodiazepines have sedative-hypnotic, myorelaxant, and anticonvulsive
actions, in higher doses being commonly prescribed for insomnia [31]; early studies
suggested that their use in patients with OSA has been controversial and can pos-
sibly worsen overnight hypoxemia in OSA [32, 33].

Hoijer et al. [32] reported in 1994 that nitrazepam did not adversely influence
apnea intensity or severity in patients with mild to moderate sleep apnea; the
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authors suggested that contraindicating benzodiazepine use in sleep apnea may be
restricted to the patients with severe sleep apnea.

Late in 2011, a study conducted by Wang et al. [33], showed that mild-moderate
OSA patients with higher awake central chemosensitivity have higher breathing
impairment during sleep following the use of a hypnosedative - temazepam; in
this context, the authors highlighted the clinical importance of phenotyping the
individual OSA response to temazepam using ventilatory chemoreflexes during
wakefulness.

A relatively recent study, conducted by Lin BM et al. [34] confirm that the use of
benzodiazepine receptor agonists is not associated with increased odds of snor-
ing in middle-aged and elderly women. On the other hand, the administration of
certain benzodiazepine sedatives in chronic pain patients on opioids induces mild
respiratory depression, which is associated with reduced severity of OSA, probably
increasing the arousal threshold [35]. However, some studies reported that benzo-
diazepines can produce poor motor coordination, dizziness or next-day drowsiness,
and can alter the cognitive process and driving ability [31].

Certain pharmacological agents used to treat depression also have sedative
effects, and thus are administered to improve night-sleep. As there is an increase
need to augment OSA early detection, treatment options and strategies, emerging
therapies such as non-benzodiazepine sedative hypnotics (NBSH) could be consid-
ered good alternative treatments, along with weight loss, positional therapy, oral
appliances, or surgery [6]. Subjects with OSA usually demonstrate a low arousal
threshold or propensity to wake easily in response to a disturbance. Sedatives were
tried as a therapy for OSA, and different studies highlighted that sedative agents can
increase arousal threshold [6, 36-39], for example, trazodone (100 mg, taken orally,
90 min. before bedtime) - a non-myorelaxant sleep-promoting agent - increases the
respiratory effort-related to arousal threshold [36] and eszopiclone (3 mg, imme-
diately prior to sleep) also increases the arousal threshold and lowers the AHI in
obstructive sleep apnea patients [38].

Recently, Chen et al. [40] studied the effect of sedative antidepressants on the
severity of OSA in stroke patients, as these medication is frequently prescribed
for stroke patients due to their high prevalence of depression and insomnia.
Patients were administered 100 mg of trazodone (Trazodone Tub, Taoyuan,
Taiwan) just before polysomnography. The authors reported that trazodone may
decrease OSA severity without increasing nocturnal hypoxia in OSA patients
with comorbid ischemic stroke. On the other hand, it is acknowledged that
trazodone - a tricyclic antidepressant - can cause severe toxicity at excessive
doses [31].

Z-drugs represent a class of non-benzodiazepine agents (zolpidem, zopiclone,
eszopiclone, zaleplon), with certain properties that make them more attractive:
they have less adverse side effects, do not reduce deep sleep, and cause less residual
daytime effects [31, 41].

The effects of zopiclone — a nonbenzodiazepine sedative — on the arousal thresh-
old and on genioglossus muscle activity were analyzed in a group of patients with
predominantly severe OSA [42]; thus, the potential effects of zopiclone on obstruc-
tive sleep apnea (OSA) severity was studied. The results of this study showed that
zopiclone (7.5 mg, taken orally, immediately prior to sleep) increased the arousal
threshold without reducing genioglossus muscle activity; the authors noted that
these aspects may be favorable for some patients with OSA.

However, despite of these promising results of different scientific studies,
Eckert et al., early in 2014, [37], pointed out that no trial or evidence has demon-
strated a clear and significant improvement in severity of sleep disordered breath-
ing when sedative therapy is applied, even in patients with a low arousal threshold.
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Moreover, Carter et al. [42] stated that zopiclone may worsen hypoxemia in some
patients with OSA.

Yet, the effect of non-benzodiazepine sedative hypnotics (NBSH) on continu-
ous positive airway pressure (CPAP) adherence in patients with obstructive sleep
apnea (OSA) was highlighted in a recent study [43]: the authors concluded that
non-benzodiazepine sedative hypnotics administered in OSA patients may increase
CPAP adherence (defined as CPAP use for >4 h/night, on >70% of nights); addi-
tionally, they noted that especially eszopiclone showed the most significant effect
on CPAP adherence, however, the effect of zolpidem and zaleplon on CPAP adher-
ence requires further investigation.

Recently, orexin antagonists have been recommended primarily for people with
insomnia [31, 44]. Certain roles of orexin neuropeptides (that are produced by
neurons in the lateral hypothalamus) are represented by the regulation of sleep and
arousal, as well of circadian rhythms; orexin neurons are activated during wakeful-
ness, but during sleep they are inhibited [45]. Consequently, dual orexin receptor
antagonists (DORAs: almorexant, lemborexant, filorexant, suvorexant) may be
considered an additional pharmaceutical option to treat insomnia in some patients
[44]. For example, suvorexant showed a more balanced sleep architecture profile
and greater potency than almorexant, yet, no clinically meaningful respiratory
effects during sleep were observed in patients with mild or moderate OSA, receiv-
ing a single dose (40 mg) or multiple doses of suvoxerant [46]. As the influence
of suvorexant in patients with severe OSA have not been profoundly studied, this
medication must be used with caution and administered at lower doses in patients
with OSA [44].

Along with the pharmacological agents listed and presented above, antihista-
mines (histamine antagonists) - that are often recommended in case of respiratory
allergies - have also been used to treat mild insomnia. However, they are not associ-
ated with dependence, but tolerance can occur with their long-term use.

Additionally, Carter et al., in 2021 [31], concluded that common hypnotics
can increase the respiratory arousal threshold by approximately 15-30% and have
inconsistent effects on next-day alertness; however, in case of obese patients, severe
OSA, higher respiratory arousal threshold, or at high doses, hypnotics can worsen
overnight hypoxemia.

A stated before, different mechanisms can contribute to multifactorial OSA
pathophysiology [5], including: increased collapsibility of the passive upper air-
way; impaired neuromuscular tone (relative hypotonia of upper airway dilator
muscle/genioglossus muscle) and sympathetic neural activity; greater the loop
gain; anatomic craniofacial features (increased anterior facial height, decreased
pharyngeal airspace, inferiorly placed hyoid bone); high body mass index (obesity);
rostral fluid shifts. This heterogenous pathogenesis can generate opportunities for
therapies with diverse mechanisms of action: antihypertensive medication (acet-
azolamide; spironolactone), anti-inflammatory agents, antidiabetic medications,
antidepressant medications or synthetic cannabinoids [5]. Moreover, Lavigne, in
2009 [3], stated that “of all the metabolic syndrome components, OSA has been
most strongly linked with hypertension”. Different scientific studies confirm this
statement. Eskandari et al. [47], conducted a study in a group of men participants
with moderate to severe OSA, which was divided in three sub-groups depending
on the received treatment: acetazolamide therapy only; continuous positive airway
pressure (CPAP) therapy only; acetazolamide plus CPAP therapy; the authors
pointed out that a reduction in AHI was found in all three experimental groups,
with the greatest reduction noted in the acetazolamide plus CPAP group. It was also
demonstrated that spironolactone administered to patients with moderate—severe
OSA and resistant hypertension produces a change in AHI from 36.6/hour at

111



Sleep Medicine and the Evolution of Contemporary Sleep Pharmacotherapy

baseline to 14.8/hour [48]. In the same line, Fiori et al. [49], showed that spirono-
lactone plus furosemide daily reduced AHI by 14.4%, after one week of treatment,
versus sodium-restricted diet that reduced AHI by 22.3% and versus 0.8% reduc-
tion of AHI correspondent to the placebo monotherapy.

As regard of Sodium-glucose Cotransporter-2 inhibitors (SGLT-2 inhibitors),
there are previous studies indicating that SGLT-2 inhibitors may reduce OSA
severity. Furukawa et al. [50] found that dapagliflozin might improve moderate
to severe sleep-disorders breathing in Japanese patients with obesity and type 2
diabetes mellitus (mean AHI decreased from 25/hour to 19/hour). Tang et al. [51]
considered that dapagliflozin could demonstrate therapeutic value for patients with
T2DM (type-2 diabetes mellitus) combined with OSA; this study highlights that
dapagliflozin can significantly reduce glucose, BMI, blood pressure and AHI and
improve hypoxemia during sleep, therefore, indicates that dapagliflozin has poten-
tial as an effective treatment approach for OSA.

On the other hand, limited studies have been conducted in patients with
OSA in order to demonstrate reduction in AHI with synthetic cannabinoids use.
Yet, recently, Taranto-Montemurro L et al. [52] showed for the first time that
the combination of a norepinephrine reuptake inhibitor (atomoxetine/80 mg at
bedtime) and an antimuscarinic (oxybutynin/5 mg at bedtime) clearly reduces
OSA Severity (>50%); the authors suggested these results may reorient future
treatment of OSA.

4, Conclusions

It is well acknowledged the complexity of OSA, its heterogeneity in terms of risk
factors and consequences, pathophysiological phenotypes, clinical presentation, and
comorbidity [6, 53]. We understand more and more the importance of phenotyping
patients with OSA (clinical, anatomical, genetic and polysomnographic pheno-
typing, biomarkers assessment, life style factors evaluation) and identifying the
patients that can benefit from a pharmacotherapy that targets their major predispos-
ing factors [4, 6]. This aim implies advanced validation of the phenotyping tools and
algorithms that should be used to identify the principal factors precipitating OSA in
individual patients [53]. The interconnected risk factors for OSA needs to be con-
sidered in order to achieve precision medicine in OSA [4]. Pharmacotherapy agents
may have an important role as monotherapy in the treatment of mild OSA, or could
be used in association with other therapies in moderate-to-severe OSA, including
oral appliances therapy (OAT), provided by dentists trained in dental sleep medicine
(DSM). Additionally, as patient-centered care is the future, recognizing and under-
standing patient profound medical needs, preferences, their psychological status,
expectations and beliefs [4] contribute in the successful implementation of OSA
complex therapies.

Moreover, considering the interest shown in the field of TMD (temporo-man-
dibular disorders) and oro-facial pain for under and post-graduate students train-
ing, and given the important role of the dentist in the early detection, treatment
and monitoring of patients with OSA and sleep bruxism, it is necessary that the
aspects related to dental sleep medicine (DSM) should also be found in a multi- and
inter-disciplinary organized form in university curricula (stand-alone disciplines,
courses, practical training), this approach corresponding to the growing need for
treatment of this pathology in the general population.

An important issue is the one related to the actual “dental/clinical complex
symbiosis” in OSA therapy, that should lead to improved personal medical care.
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The combined modern therapies for OSA (medical, surgical, behavioral strategies,
pharmacotherapy agents) have to be adjusted continuously, in respect to recent
scientific research, in order to deliver the best results for patients, emphasizing their
quality of life in addition to medical care.

Current - Western allopathic medicine benefits from the accumulation of large
fundamental biomedical knowledge, special equipment, modern materials and
techniques.

Medical specializations and supra-specializations offer increased chances for
therapeutic success, provided that the early diagnosis and therapeutic indication
are as accurate as possible and the patient has proper, legitimate access to the health
services provided by the medical staff.

The complexity of clinical cases varies between patients, and the clinical com-
plexity of a single clinical case can evolve towards simplification or, on the contrary,
towards increased complexity. The greater the complexity of a clinical case is, the
greater is the need for multidisciplinary collaboration, in order to increase the
accuracy of medical decisions.

In our opinion, the previous considerations are also valid in the case of OSA,
whose etiopathogenic and clinical complexity requires such an approach. To meet
such a requirement - that focuses on the quality of life of the patient, with his unique
bio-psycho-social-cultural profile, unlikely repeatable - health care systems, along
with socio-economic, cultural or political systems must act in multiple directions.

First of all, the health systems should be provided with the necessary medical
personnel, having various clinical specializations; nevertheless, medical personnel
should have a balanced territorial distribution and it should be open to continuous
training and inter-disciplinary collaboration.

Secondly, regarding the rapidly evolving topic represented by OSA, which obvi-
ously represents an interdisciplinary chapter of human pathology, it would be inter-
esting to organize university courses with interdisciplinary content, that are opened
to all students in both medicine and dentistry. This approach can create a strong
basis for future interdisciplinary clinical collaborations between post-graduates.
Importantly, the medical management between the dental and clinical disciplines
should be optimally and formally integrated. This aspect involves the promotion of
clinical guidelines suitable for dental practitioners’ use, and proper training for the
next generation of dentists.

Additionally, medical dental practitioners contribution in OSA management
could be found in the clinically justified concern of phenotyping OSA patients,
so that each patient is recommended the best (simple or combined) therapeutic
variant, adjusted to the individual etiopathogenic context and to the severity of the
disease.

On the other hand, properly designed both clinical and dental research studies
could contribute to better specification of the various “subsets” of patients, which
could thus benefit more from the application of a proper therapeutic variant. In this
context, dentistry could become more useful and more effective in the management
of OSA patients and cases of “over-treatment” or cases of malpractice could thus be
avoided.

The role of dentistry and the involvement of dental sleep medicine specialists
in prevention, detection, treatment of mild or moderate forms of OSA, and in
long term management of OSA is acknowledged. Moreover, multidisciplinary and
interdisciplinary medical path allow a holistic approach of the patient, thus provid-
ing best therapeutic results.

Promising results were achieved in the field of pharmacotherapy of OSA - as
stand alone or in combination with other therapies. Nevertheless, more scientific
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research and consistent clinical trials are needed in order to offer great perspectives
for this fascinating medical domain.
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AHI Apnea-Hypopnea Index

APAP automatic positive airway pressure
BMI body mass index

BPAP bilevel positive airway pressure

CBCT cone-beam computed tomography
CPAP continuous positive airway pressure
CSA central sleep apnea

DORAs dual orexin receptor antagonists

DSM dental sleep medicine

ECG electrocardiographic activity

EEG electroencephalogram

ENT ear, nose, and throat specialist/surgeon
EOG electrooculography

ESS Epworth Sleepiness Scale

HGNS hypoglossal nerve stimulation

HSAT Home Sleep Apnea Testing

IST Intraoral Snoring Appliance

MAD mandibular advancement devices
MRAs mandibular repositioning appliances
NBSH non-benzodiazepine sedative hypnotics
OA oral appliance

OAT oral appliance therapy

OMT oral myofunctional therapy

OSA obstructive sleep apnea

PAP positive airway pressure

PSG polysomnography/polysomnogram
RDI Respiratory Disturbance Index

REI Respiratory Event Index

SGLT-2 inhibitors Sodium-glucose Cotransporter-2 inhibitors
SRBD sleep-related breathing disorders

TAP T Thornton Adjustable Positioner
TMD temporo-mandibular disorders

T™]J temporomandibular joint

TRD tongue retaining device

T2DM type-2 diabetes mellitus
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Chapter 7

Sleep and the Fitness to Drive:
A Swiss Perspective

Stefan Lakdmper and Kristina Keller

Abstract

Medical conditions and behavioral patterns affecting sleep are a largely
underestimated threat to traffic safety. Unsupervised or even illegal self-treatment
of sleep issues by, for example, anti-histamines, cannabis products, or stimulants,
questions safe driving and the fitness to drive as well as low compliance/adherence
to treatments (CPAP, medication, etc.) of medical conditions, such as OSAS, or
narcolepsy. In such cases, Swiss law calls for a medical assessment of the fitness to
drive by experts in traffic medicine. With increasing complexity, this medical
assessment is escalated in a four-tiered system of qualified experts, ranging from a
qualified practitioner to experts in traffic medicine, at, for example, an Institute for
Legal Medicine. The following overview provides insight in the Swiss framework of
traffic medicine assessments that — with all caveats and potential drawbacks — helps
mitigating the risk of sleep-related accidents. For this, we first introduce Swiss
traffic medicine and then argue for consistent terms and measurements to assess
sleepy driving. A concise summary of those sleep related conditions most relevant
in traffic medicine is followed by an overview over potential issues of
sleep-medication.

Keywords: sleep, fitness to drive, traffic medicine, OSAS, narcolepsy,
sleep medication

1. Introduction

The consequences of medical conditions and behavioral patterns negatively
affecting sleep pose a largely underestimated threat to traffic safety. According to a
recent survey of Swiss road safety authorities (ASTRA), about 2% of all car acci-
dents in Switzerland are documented to be caused unequivocally by the driver
falling asleep [1]. Similar numbers are reported from other countries. The U.S.
Institute for Insurance Information (III) lists “drowsy, asleep, fatigued, ill or
blacked out” operation in 2.4% of drivers/operators involved in fatal crashes [2] and
the U.S. National Highway Traffic Safety Administration (NHSTA) reports 1.9% of
fatalities in motor vehicle crashes to have involved drowsy driving [3].

However, the estimated number of undetected or unreported accidents and
fatalities might be much higher: various sources suspect that up to 30% of all
accidents can be related - in part or full - to either falling asleep or to sleepiness at
the wheel [4-6]. A study commissioned by the Australian Sleep Health foundation
[7] and summarized prevalence and prevention information by the U.S. Center for
Disease Control (CDC) [8] indicate that a surprisingly large fraction of the
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respective population suffers from undiagnosed sleep deprivation. In a representa-
tive poll, 1in 25 U.S. adult drivers (ages 18 or older) report to have fallen asleep
while driving in the last 30 days [9]. The NHSTA estimates that drowsy driving was
responsible for 72,000 crashes, 44,000 injuries, and 800 deaths in 2013. These
numbers are likely underestimated, and up to 6,000 fatal crashes each year may be
caused by drowsy drivers in the U.S. alone [8, 10-12].

While the two preceding paragraphs illustrate the scope (of the threat/risk/chal-
lenge) with (impressive) figures, they also highlight a fundamental problem for
mitigation strategies and concepts, i.e. an apparently incomplete definition and
demarcation of terms used above, such as “drowsy, asleep, fatigued, ill, [ ... ] blacked
out” [2], unconscious, tired, sleep-deprived or sleepy. The large spectrum of terms in
use is in contrast to the need of a medical expert to communicated clearly and in a
specific manner, not only with peers, but also in court, in assessments for authorities
issuing driving licenses, and — last but not least — with his patients.

To briefly provide a few — possibly trivial, but illustrative — examples: it is
essential if an unconscious patient caused an accident because he fell asleep or due a
“black-out” (transient loss of consciousness, TLoC). Similarly, it is important
whether a driver reports a “permanent subjective feeling of tiredness”, or lacks any
pre-sensation of spontaneously falling asleep in irregular intervals. While the latter
might indicate narcolepsy, the first might possibly be very distracting from and
dangerous for driving (inattention), but it might be short of any measurable danger
to actually fall asleep. Chronic sleep-deprivation or sleep-fragmentation might lead
to clearly measurable daytime sleepiness (excessive daytime sleepiness, EDS), but
this might remain completely unnoticed to the driver. Over time, the driver’s might
have lost the ability to distinguish sleepiness from a (transient morning-) drowsi-
ness or a post-prandial fatigue might have eroded, irrespective of the causes.

In the best case, any of the above conditions or situations is known ahead of any
incident and family practitioners and experts in sleep- and traffic medicine collab-
orate for the best possible treatment and control to prevent any (daytime) sleepi-
ness, in particular while driving.

However, one or more of the above situations or conditions might remain
undetected, resulting, in the worst case, in an accident truly caused by the driver
actually falling asleep. Such accidents, briefly termed sleep accident (SA) in the
following text, usually exhibit certain characteristics. Drivers crash on a well-
known monotonous road stretch, close to the final destination (e.g. home or work).
Typically, there are no detectable traces of braking, of avoiding obstacles/vehicles
or of abrupt changes in direction. In addition, drivers are usually well oriented and
responsive in a clear and alert manner immediately following the accident [13].
However, indications are not always as clear and it is the second very mandate of
traffic medicine to identify and document the causes of such accidents post hoc.

As already seen before, reasons for (daytime) sleepiness can be numerous and
divers. Statistical figures hint at how one could structure a description of causes on a
first level: the predominant fraction of SAs of drivers under 40 happen in weekend
nights. In contrast, sleep accidents of drivers above 40 happen mostly on weekdays
in the (late) afternoon [4]. Thus, following a dichotomization in “the younger
partying” and “the older suffering from xx”, the reasons can be divided very
coarsely in predominantly behavioral or medical.

On a second level, the first might be further detailed in behavioral, social,
professional and environmental reasons, whereas the latter might stem from cen-
tral, neurological, somatic or psychiatric conditions or, finally, be substance- or
medication-induced (See Table 5).

On a third level, that is also important for an overall assessment in traffic
medicine, behavioral and social patterns overlaying fundamental causes might
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Signs of sleep accident

Signs of TLoC-accidents

Monotonous, well known route

Close to destination

No trace of breaking

No trace of breaking

Immediately oriented driver

Continued disorientation

Diffuse knowledge about falling asleep

Despair about unclarity of causes

Rather trying to obscure clarifications

Strong interest in clarifying causes

Drivers aged <40: rather weekend nights

Independent of age

Drivers aged >40: rather afternoons

Independent of age

Seen by other drivers

Seen by other drivers

Slow reduction in speed

Abrupt changes in direction

Slowly loosing track

Table 1.
Comparison of characteristic signs of sleep accidents as compared to accidents caused by a transient loss of
consciousness (TLoC).

further aggravated the sleep conditions and associated risks in traffic. Especially in
affluent and highly developed countries, with dense traffic and high social stress,
sleep conditions are often counteracted by excessive use of commercially available
stimulants (caffeine) or over the counter (OTC) substances (melatonin,
doxylamine, diphenhydramine). Rather than addressing the problem, masking it by
(an often inappropriate) use of such remedies already hampers mitigation of the
risks. At the same time, several rounds of “next generation” sleep medication have
repeatedly shown to involve the danger of developing tolerances, rebound- or side-
effects, and even addiction. Especially latter is relevant in the context of self-
medication and off label use of prescribed medication (antidepressants) or even
drug abuse (cannabis, upper/downer, and opioids [14]), potentially causing
unpredictable drug interactions leading to sudden sleepiness or TLoCs (Table 1).

The preceding paragraphs already outline the overall structure of the chapter
and briefly sketch order and content of its sections: First, we introduce the unique
set-up of Swiss traffic medicine, some necessary legal terms and recent organiza-
tional developments. We then argue for consistent use of terms and measurements
used in the assessment of sleepiness. Following is a brief overview over those sleep
conditions most relevant in every-day traffic medicine, including respective treat-
ment options that are relevant to follow-up assessment. Lastly, we illustrate dangers
of uninformed or inappropriate use of hypnotics and antidepressants due to drug
interactions, highlighting the particular power of hair-analysis.

The chapter mostly collects regulations and existing literature. However, it is
supplemented with two case reports and a short report on case numbers from the
database of the division of traffic medicine at the Institute of Forensic Medicine at
the University of Zurich.

2. Traffic medicine in Switzerland

To mitigate risks in traffic in general, Swiss license holders have to fulfill medical
minimum requirements (MMR) by law (Strassenverkehrsgesetz, SVG Art 14 & 15
d, and Verkehrszulassungsverordnung, VZV, Art 7 [15, 16]). Swiss legislation
already defined these “medical minimum requirements “(MMR) in 1932 in the form
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of ordinances [17]. These MMRs have been continuously modernized and adapted.
In addition, they are framed by detailed subject-specific guidelines.

It is thus surprising that — despite known fatalities due to sleep accidents, the
MMRs did, in fact, lack any explicit requirements with respect to sleep until 2016.
Only then, a revision of the VZV in the context of a large-scale legislative effort to
modernize and improve traffic (Via Sicura) specified in the MMR that there must
not be any diseases or conditions leading to “elevated” daytime sleepiness. How-
ever, who does determine whether such a condition is or was present, and how? Are
other contributing factors evaluated?

In general, the medical minimum requirements are controlled by experts trained
in traffic medicine, who are organized and trained in a four-tiered federation-wide
system, ranging from a trained physician (level 1) to full time experts (level 4, see
Figure 1) since 2016.

Within this system, the medical assessment is escalated depending on the cate-
gory of driving license applied for or increasing complexity, allowing for second
opinions in doubt up to a level-4 expert, who are mostly associated with institutes
for forensic/legal medicine. Among others, the law requires mandatory biannual
checkups of elder drivers above age 75 for all categories and mandatory control
exams for higher categories, such as professional taxi-, bus- or truck-drivers, after
3-5 years.

In the context of a sleep accident, the driver is in any case confronted with the
question whether falling asleep — and thus the accident — happened in negligence; in
other words, did the driver’s behavior or wrongdoing lead to falling asleep or can it
be attributed to a known or unknown medical condition. Apart from clarifying the
legal issue of liability, this has direct consequences on the driver’ license, as there
are - at least — justified doubts whether the driver can fulfill the MMRs. In Swiss
legal terms, it needs to be clarified whether the drivers momentary ability to drive
(ATD, German: Fahrfihigkeit) or the drivers general fitness to drive (FTD, Ger-
man: Fahreignung) was/or is given.

The legal term ability to drive (ATD,) refers to the driver’s momentary and
incidental physical and mental capabilities to safely conduct a vehicle. The ability to
drive safely can be impaired by, for example, alcohol, improperly used medication
and/or drugs. In addition, Swiss Federal Court rulings elaborate that in order for a
driver to be legally “able to drive”, both a basic capability and a mental and behav-
ioral reserve capacity is required. This reflects the need to be able react adequately

Level 4: Med. Specialist TM (SGRM)

General and long-term doubts in the ability to conduct
a vehicle +
(Art 15 SVG, Abs. 1)

Applicants older than 65, applicants with disabilities, second opinion, control
examinations, evaluation after accidents/severy iliness, clarification requests
by social security or practicioners

escalation in doubt

Level 2: Practicioners with Module 4-5, (1 day course)

Applicants in higher license categories
Control exams (3-5 years, respectively)

1Qnop u| UopE|EISI

Evaluating senior drivers (>75, every two years)

Figure 1.
Swiss four-tieved system of experts trained in traffic medicine.
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to unexpected incidences in traffic and thus refers to the driver’s requirement to
guarantee this capacity before while driving, i.e. behavioral aspects, habits or
character.

In contrast, the legal term “fitness to drive” (FTD) refers to the general physical
and mental prerequisites to safely conduct a vehicle, unrelated to a specific incident
or moment, relating obviously to chronic medical conditions limiting driving,
which is in conflict with the MMRs. An assessment of the FTD or ATD at the level 3
or 4 generally encompasses a cursory medical examination (traffic medical exam,
TME), anamnesis the patient’s general medical status, history and recent incidents/
events. Simple cognitive performance tests (mini mental status tests, clock test, trail
making tests) reflect the need to take into account the general performance capa-
bilities (German: Leistungsfihigkeit), assuming that safe driving requires both a
basic physical and mental capacity (for undisturbed traffic, German:
Grundleistung) as well as a mental and physical reserve capacity, relevant in
unforeseen situations (German: Reserveleistung) [18].

While lower level assessments formally check general health, compliance, and
adherence of, for example, the elderly drivers as required in two-year intervals at
ages 75 and higher, higher-level assessments clearly deal with substantial doubts in
the FTD, including those doubts relating to signs of addictive behavior and drug
abuse. The final assessment provide the decision base for the authorities issuing the
driving license.

According to recently updated guidelines [19], not all drivers who have caused a
presumed sleep accident have to undergo a full TME and TMA in a top-tier institu-
tion (level 4): it is mandatory if there is information or hints pointing at either a
medical condition or medication as the cause for falling asleep. In this case, the
driving license is temporarily revoked until the authorities further decide based on
the TMA. This is also the case, if it is unclear to both the driver and/or the author-
ities, whether the accident was truly caused by falling asleep or a transient loss of
consciousness (TLoC, see Section 2.1) [20]. In case the driver can plausibly explain
the accident by falling asleep due to behavior (too little sleep, shift work, etc.), a
TMA is not required and subsequent sanctions by the authorities rely fully on the
concession of an impaired driving ability.

2.1 Transient loss of consciousness as “camouflage statement” in sleep
accidents

Because a first-time TLoC based on a so far unknown medical condition is
presumed to have positive effects on the driver’s liability assessment, a TLoC is
often stated to “camouflage” any form misbehavior [21]. This is understandable in
the context of patients that are, for example, very well aware of their own low
medical or behavioral compliance/adherence, with known preconditions or psy-
chogenic and gar-related cognitive deficits. Here, shame and the fear of conse-
quences need to be taken into account.

A transient loss of consciousness (TLoC) as cause of an accident is already highly
unlikely if during the anamnesis of the accident situation the above-mentioned
characteristics can be found. However, this needs to be delimitated clearly; TLoCs
can be caused by cerebral hypo-perfusion of cardiac, orthostatic or reflex origin,
such as syncope, functional and medication arrhythmia, hypotonia, vasovagal
reflexes hyper-responsive baroreceptor reflex in the carotid sinus or — without
cerebral hypo-perfusion — by neurological, pharmacological or endocrinology con-
ditions, such as epilepsy, narcolepsy, intoxication, hypoglycemia. In addition, a
TLoC needs to be delimitated from other conditions such as a psychogenic

127



Sleep Medicine and the Evolution of Contemporary Sleep Pharmacotherapy

pseudo-syncope, catatonia or cataplexy. The latter is often associated with narco-
lepsy and - in accident reconstruction — easily confused with falling asleep.

3. Sleepy driving: terms and measurements

The following section intends to take up the point of “incomplete definition and
demarcation of terms used” as described in the introduction and tries to link a
clarification to the legally binding - albeit slightly unclear - term “elevated daytime
sleepiness” from the MMRs in Section 2, by arguing for ideally using consistent
terms and measurements.

With “elevated daytime sleepiness” being the central term in Swiss legislation,
this section, thus, clarifies our understanding of a.) Sleepiness (What are the signs
of Sleepiness? What is sleepy? What is daytime sleepiness?) and b.) how to appro-
priately measure it? What is “elevated”, “excessive” ... or - for that matter —
“existing” (measurable) daytime sleepiness?

3.1 Sings of sleepiness

Fundamentally and independent of the time of day, measurement condition or
cause, the state of “sleepy” displays unequivocal sings of imminent falling asleep. If
the sleep needed is avoided - either willfully or by external force - these sings
increase in frequency: if one is “sleepy”, one yawns often and attack-like. Further-
more, it is increasingly difficult to keep the eyes open and these are often felt as
“dry” and heavy (“heavy eyelids”). Muscle-tone and attention decrease signifi-
cantly. Vision is reduced in focus and perception speed, often leading to blurred or
even doubling pictures. In consequence, it becomes difficult to integrate environ-
mental input correctly and to react to them in timely manner. At the same time,
continued monotonous activities become erratic and concentrated. Sleepy test sub-
jects also report on changed temperature sensation (rather towards chilly) and
slightly increased perspiration (Table 2).

All these signs are believed to be noticed by all drivers [22, 23] well before
influencing the driving performance significantly [24]. However, it remains unclear
if, for example, chronically sleepy individuals (such as shift workers, truck drivers,
etc.) are still able to correctly judge these signs and/or act accordingly. This might
be influenced by continued willful ignorance and, thus,
familiarization/desensibilisation.

As mentioned above, there exists a general uncertainty as to how discriminate
the state of “sleepiness” from terms that are used in a similar or even synonymous
way: these include tiredness, exhaustion and drowsiness (see below). Lastly, the
difficulty to actually “measure” and “communicate a measure” of sleepiness should
not be underestimated, even in the medical and diagnostic context. Therefore, the
following section aims at clarifying terms and measures used in Swiss traffic
medicine.

3.2 Measures of sleepiness and its relevance in traffic medicine

As clarified in the preceding section, sleepiness per se is a natural reaction: it is
the direct presage of the functional and unavoidable necessity to sleep, as dictated
by chronobiology in (more or less) regular intervals, normally in the evening
[23, 25, 26]. Therefore and irrespective of the cause, be it medical or behavioral, the
customary composite “day-time sleepiness” describes an unusual and, in traffic,
inacceptable condition.
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Signs of sleepiness

Yawning (repeated, in attacks)

Dry eyes

«heavy eye lids

Sharp vision requires effort

Reduced muscle tone

Reduced attention, effort for vigilance strongly increased

Changed temperature sensation

Sweating (forehead)

Consequences for perception and performance in general

Visual perception slowed down and blurred

Slowed and error prone integration of environmental influences

Monotonous actions/tasks increasingly erratic and unconcentrated

Effects on driving performance

Track and speed cannot be held constant

Unexpected reduction of speed, inexplicable for others

Abrupt corrections of speed and direction when waking up

Table 2.
Unequivocal signs of being sleepy at the wheel.

Independent of the time of day, “sleepiness” also describes an initially abstract
measure of the inclination or tendency to fall asleep [27]. Transferred in a concrete
and manageable measurement, this measure is operationally defined as the
recorded time from a test start until a test subject actually falls asleep (in minutes),
i.e. a latency. This parameter is also termed “sleep latency”, but requires the actual
test situation to be named (see below). Although seemingly intuitive, but slightly
incorrectly, this parameter is also circumscribed as “sleep propensity” (Figure 2).

Figure 2(a) displays a schematic course of performance change during the day
in % (after [23]). Based on this, Figure 2(b) illustrates the measurement of sleep
latencies and allows clarifying the difference between the terms sleep latency and
sleep propensity (sleep inclination). Solid lines in red or blue, respectively, illustrate
schematically the “course” (on an arbitrary, qualitative scale ranging from “awake”
to “asleep”) from the start of the test (t = 0) until the test subject has fallen asleep
(crossing the x-axis). L1-L3 indicate three different sleep latencies. It is apparent
that on red and blue solid lines each result in the same sleep latency, but starting
from a different (abstract and qualitative) activity level. The dashed red and blue
lines, four of which are denoted as N1-N4, indicate the slopes (inclinations)
resulting from start and end of the measurements. N1-N4 help to illustrate the
slightly misleading term sleep propensity/inclination: given the same latency L1, N1
shows a steep slope, N2 displays a flat slope, as it starts form a lower activity level.
N2 is similar to N3, which relates to a much longer latency L3. Vice versa, N4 is
much smaller as compared to N3 although it corresponds to the same Latency L3. As
the latency has been made accessible through operationalization, the activity level
remains fully elusive. Consequently, the terms sleep inclination/propensity should
be avoided in favor of the clearly defined sleep latency. The same applies to terms
such as sleep pressure for which an illustrative correlate is even harder to find.

Sleep latencies are usually measured in two ways, the MSLT and the MWT [28].
Most frequent in sleep medicine is the classical multiple sleep latency test (MSLT).
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(a) Schematic course of performance change duving the day in % (after [23]). (b) Three exemplary courses of
activity from awake to asleep form two different starting levels (red and blue) including measured sleep
latencies (L1-L3, black arrows)). N1—4 (ved and blue dashed lines) illustrate slopes (inclinations) to argue
against the terms sleep inclination or sleep propensity (see main text).

In four or five repetitions at intervals of 2 h, it is observed, if - and how fast - a test
subject is falling asleep within 20 min. Individuals are subjected to a typical sleep
setting: she/he is lying in a bed in a fully darkened room with closed eyes and with
the purpose to fall asleep. Once the EEG registers a > 15 s stretch of one or more of
the three typical sleep states, the measurement stops and the individual is woken
up. Final MSLT sleep latency is the average of the 4-5 measurements. The MSLT
thus measures how fast a test subject can manage to fall asleep during the day.

The multiple wakefulness test (MWT) measures also a sleep latency, but
approaches sleepiness from the opposite perspective, i.e. the wish to stay awake.
Individuals are subjected to a soporific, but not ideal situation: she/he is sitting in a
comfortable chair in a partially darkened (dim) room with open eyes and with the
clear purpose not to fall asleep, i.e. to stay awake. Again, the above-mentioned 15 s-
rule for the EEG applies to determine after how long an individual has fallen asleep
within either 20 min. or - more usual - 40 min. Again, this latency is measured in
four or five repetitions with intervals of 2 h. Final MWT sleep latency is the average
of the 4-5 measurements. The MWT thus measures, how many minutes a person
can (actively) avoid falling asleep during the day. The MWT includes active ele-
ments and incorporates the ability of the test subject to counteract falling asleep.
Consequently, the MWT is considered more comparable to assessing a driving
situation than the MSLT [28, 29].

However, clinicians might use definitions of EDS and criteria of it in MWT/
MSLT differing from or overlapping with those in traffic medicine [28]. The new
ICSD-3 [30, 31] defines EDS as “daily episodes of an irrepressible need to sleep or
daytime lapses into sleep”. For disorders, such as narcolepsy and idiopathic
hypersomnia (IH), which require demonstration of objective sleepiness by the
multiple sleep latency test (MSLT), a mean sleep latency of 8 min on the MSLT is
required. This criterion is unchanged from the ICSD-2 and represents the best
compromise between sensitivity and specificity [32]. Here, the MWT is not
specifically mentioned as diagnostic tool, while its relevance in the clinic has been
proven useful for the evaluation of treatment success with respect to everyday life
situations [28].

Swiss guidelines for traffic medical assessments allow for a modification of the
MWT, in slight favor of the drivers, the FTD-MWT: here is allowed to consume
usual amounts of beverages containing caffeine during breaks and to take one mid-
day nap of 20 min. Both is not allowed in the diagnostic classical MSLT and MWT.
In practice, the number of modified FDT-MWTs is, however, very low.

130



Sleep and the Fitness to Drive: A Swiss Perspective
DOI: http://dx.doi.org/10.5772/intechopen.99791

In order to discriminated daytime sleepiness as measured predominantly by
MWTs from an increased demand of sleep due to neurological conditions, such as a
hypersomnia or a narcolepsy [28], the MWT is usually accompanied by poly-
somnography (PSG, classic, ad libitum) which should ideally follow directly after a
14-day period of actigraphy, including protocolling the sleep behavior [29].

Such “objective” measures of sleepiness as measured in MWT or MSLT should
be clearly distinguished from phenomenological experienced and questionnaire-
based, i.e. “subjective” sleepiness. Some questionnaires and methods (KSS, as well
as VAS-batteries), determined a “momentary and felt” sleepiness, whereas, for
example, the ESS determines the subjective estimate of sleepiness over a period of
time (usually 14 days) post hoc and in relation to representative situations and,
therefore, registers - at best - an average subjective feeling. Although often in use,
the ESS is strongly criticized for is high level of subjectivity [27]. Also, the ESS
offers low prognostic reliability, as the subjective estimate of sleepiness might
manifest differently in different, soporific situations, such as monotonous night
drives or similar [33].

3.3 Day-time sleepiness: qualifiers and guidelines

It is the very nature of the so-far mentioned tests that, in principle, they can
measure both the natural sleepiness induced by medical conditions and behavioral
patterns, both in the course of the day and at night. In realiter, these tests are almost
exclusively performed and related to the common daytime period, in order to
evaluate deviation from the norm.

Intermittent or chronic sleepiness during the day as measured by way of above-
mentioned objective methods is termed “daytime sleepiness”. However, in different
contexts the term is often complemented with varying qualifying adjectives: to state
two, the medical field generally prefers the term “excessive daytime sleepiness”
(EDS) [34] mostly in connection with insomnias and other conditions. As intro-
duced in Section 2, Swiss law prohibits driving with medical conditions leading to
any “elevated” (German: erhdhte) daytime sleepiness. Other qualifiers “signifi-
cantly increased”, “relevant”, “excessive” and “severe” daytime sleepiness, leaving
the reader often without respective information how to understand and value the
qualifier. German regulations have taken up this issue by clarifying that “any
measurable” daytime sleepiness is relevant to the assessment of the fitness to drive.
In this meaning, but for reasons of general understanding, we here continue using
the general term EDS.

Contrary to sleepiness (both in general and EDS), the concepts of “tiredness”,
“exhaustion” or even “fatigue”, often originating from a very broad spectrum of
psychogenic and chronic syndromes, are not very well accessible to latency mea-
surements. Apparently, latency measures — especially MSLT-measurements — pro-
duce even paradox information: while physical activity improves (i.e. reduces)
daytime sleepiness, the very broad and rather unspecific “tiredness” in the above
mentioned syndromes is aggravated by physical activity, but cannot me measured
in MSLT and MWT as these monotonous and soporific test situations do not repre-
sent a stimulus for sleep [35].

In consequence, the assessment of the fitness to drive in the case of a chronic
medical condition relating to sleep critically hinges on evaluating daytime sleepiness
(EDS) by way of MWT sleep-latency measurements. This is particularly important
in order to assess treatment progress and/or treatment compliance.

Current guidelines provide orientation to assess the fitness to drive as based on
MWT sleep latencies (Table 3). Per definitionem the MWT captures daytime sleep-
iness (EDS) at values <40 min. Empirical and normative data display that 97.5% of
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Fitness to drive (lower categories) Positive Borderline Borderline Negative
positive negative
MWT latency (average) > 34 min 20-33 min < 20 min
MWT latency (single) < 20 min
single sleep fragments (<5s) normal normal
Multiple sleep fragments (<5 s) X (repetition)
Longer sleep fragments (>5s) X (repetition)
Fitness to drive (higher Positive Borderline Borderline Negative
categories) positive negative
MWT latency (average) > < 34 min
34 min
Any sleep fragements X
(6 month)
Table 3.

Evaluation of the fitness to drive based on MWT-sleep latencies and other parameters as measure in an MW'T
according to current guidelines [10].

healthy test subjects can stay awake for more than 8 min and 59% for 40 min or
more [33, 36]. Current guidelines suggest a limiting MWT sleep latency of >34 min
as the limit to a relevant “excessive daytime sleepiness” (EDS), corresponding well
with the average sleep latency of 36.5 min [28]. However, the guidelines allow
leeway in as far as single sleep fragments and micro-sleep episodes might be
allowed, although their existence strongly recommends repeating the MWT after a
reduced control interval and/or improved therapy.

4, Relevant conditions in traffic medicine

As has become clear in Section 2 of this chapter, traffic medicine is - in some
way - a statutory service institution. Assessments are by order of (and paid for by)
the driver but serve the issuing authorities in deciding if or under which conditions
a driving license can be (re)-granted. The assessment covers all medical fields (see
MMR). While unclear conditions or problems might prompt further inquiries to
associated specialists, Traffic medicine is far from being a diagnostic or a treatment
institution, but rather a “medical detective’s office”.

This position encompasses, that a broad knowledge, long-term experience and a
keen eye/ear for potential inconsistencies in the stories told by drivers form the
basis of — often very standard and uniform - daily assessments and control exams.

This includes also, that many of the more severe or chronic conditions are, in
fact, managed by the family physician and associated specialists. Higher-level
expert in traffic medicine might thus check and confirm a lower level assessment
of a managing doctor based on records and statements, but might not see the
patient directly. To give an example unrelated to this books topic, a well-
controlled diabetic is only rarely required to undergo a level 4 exam. Similarly,
well-documented state of treatment positive and compliant patients with affective
disorders are sufficient.

The same applies to the large field of conditions affecting sleep: Severe condi-
tions immediately prompt the action of specialists and might lead to immediate
revocation of a driver’s license, be it permanent or until successful treatment is
documented according to guidelines. With respect to sleep conditions, it is rather
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the unclear cases, post hoc assessments of accidents and substance/medication-
related issues — mostly involving the danger of EDS - that are present in traffic
medicine.

4.1 Conditions leading to EDS

It is evident from the preceding chapters, that the symptom of a measurable
daytime-sleepiness (EDS) stemming from either behavioral aspects or medical con-
ditions is most relevant to traffic medicine in the assessment of the fitness to drive.
In the following section, we provide a brief overview over the prevalence and the
different medical conditions associated with EDS.

For lack of a general public health definition of EDS accessible to large-scale
public health studies, the determination of the prevalence of EDS has proven to be
difficult. With estimated prevalence ranging between 3.2 to 32.5% as reported in
[37], valuable information for orientation is provided by yearly polls of the U.S.
National Sleep Foundation [38]. The 2008 poll reports, that around 30% of partic-
ipants concede to sleepy/drowsy driving at least once per month during the last
year, mostly to and from work ([39], p. 32). While this number is highly subjective,
ESS-data provide a slightly less subjective or more systematic orientation about self-
assessed sleepiness: accordingly, 18% of the participants scored 10 or more points
qualifying them as excessively sleepy with increased likelihood of medical condi-
tions [40]. A more stringent report [37] analyzed data from 5,962 face-to face
interviews within the National Comorbidity Survey Replication (NCS-R), resulting
in a prevalence of EDS of 23%. This study identified individuals with significant
impairment/distress due to “excessive sleepiness (ExS.)” based on reported sleepi-
ness in conjunction with an irrepressible need for sleep, difficulty waking up and/or
prolonged nighttime sleep that was unrefreshing [37].

In Table 4, we summarized and categorized possible origins for EDS by (a)
Sleep deprivation, i.e. too little sleep in general, be it behavioral or situational, (b)
Reasons for fragmented sleep be it for environmental or medical reasons, (c) Pri-
mary CNS related hypersomnia, including narcolepsy, (d) “True” neurological
conditions that might be associated directly or indirectly with altered sleep e.)
Psychiatric conditions often accompanied directly or indirectly with altered sleep
and, lastly, (recreational or illicit) substances/stimulants or medications that typi-
cally induce EDS and/or sleepiness. Due to its focus on the outcome sleepiness,
rather the table might seem somewhat arbitrary. However, this categorization
should not be confused with a classification of sleeping disorders per se as in, for
example [42], or the new ICSD-3 [30-32].

We therefore added coloring, indicating items in different categories that are
accessible to similar treatment/changes. Accordingly, basically all reasons for sleep
deprivation, sleep fragmentation by environmental reasons and most substance
induced reasons for sleepiness/EDS are accessible to behavioral/situational change
(light blue) Obstructive sleep apnea syndrome and Obesity Hypoventilation Syn-
drome are accessible to device assisted treatment (CPAP, APAP, servo ventilation,
gray).

While narcolepsy and epilepsy are often well manageable with relatively mild
medication (light red), many primary CNS hypersomnia and neurological condi-
tions, including RLS and PLMD are less accessible to treatment or require more
complex care management (gray-blue). Similarly, the most other organic condi-
tions require complex medication including symptomatic pain relief (yellow, see
opiates). Lastly, care and medication psychiatric conditions requires specialized
attention with respect to EDS and sleepiness, in particular in the context of the
fitness to drive (light green).
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As the occurrence of EDS is trivial or at least likely in cases of hypersomnia or
neurological disorders, respectively, specialist case management addresses this
danger usually in a very efficient manner. Consequently, traffic medicine rarely
receives unclear cases stemming from these conditions. Rather, traffic medicine is
usually only required to assess and document the requirement for regular reports of
lower level experts - in most cases the patient’s physician - to the authorities.

EDS can be caused, on the one hand, by short- or long-term (miss-) behavior
(i.e. “partying) or working conditions such as night or shift work [43]. On the other
hand, it can stem from medical conditions, such as narcolepsy [44], hypersomnia
[45], OSAS [46], RLS [47], or medication, such as anti-histaminica or antidepres-
sants [48, 49]. In the clinical setting, two of the most commonly encountered causes
leading to EDS are obstructive sleep apnea, restless leg syndrome and periodic limb
movement disorder [41]. Other reports count non-apnea sleep disorders higher in
risk, but for all injuries, not limited to driving [50]. At the same time, several
reports [51] indicate, that also sleep medication- or sleep medication-withdrawal-
induced psychomotor impairments/disorders, such as REM-sleep behavior disor-
der, RBD, might lead to parasomnias and, in consequence, EDS [42].

While our own records indicate only 114 out of 256,387 entries indicate a clear
sleep accident (search term “Einschlafunfall”) of various origins, we do find 750
and 1,904 entries for the term OSAS or sleep apnea (search term “Schlafapnoe”),
respectively 170 entries are retrieved for sleeping problems (search term
“Schlafstérung”), 125 for restless-leg syndrome and 111 entries for narcolepsy. Only
17 entries can be retrieved for hypersomnia.

The potentially multifactorial origin of EDS shows exemplarily the importance
of a full anamnesis and complete medical examination in traffic medicine. We
illustrate this by way of a case study.

4.2 Case study 1: uncovering a case of OSAS-induced EDS

One morning in March, around 7 am, a 62-year-old man drove at moderate
speed on a straight street to work. According to eyewitnesses, the driver’s car
moved more and more towards the lane of the oncoming traffic. After two small
grazing collisions, a frontal collision at moderate speed ended the drive. The driver
reported a “blackout” and declared no recollection of the initial grazing collisions or
ignition of the airbags. He reported to be “fully back” immediately after the frontal
crash. He stepped out of the car unharmed, called the police helped the other driver
and secured the site. Subsequently, a “wave-like” uneasiness with low pulse
(40 bps) set in, which lasted for around 3 hours. As neither he nor the police could
clearly identify a sleeping incident and he claimed a blackout, the police revoked his
driving license based on a first-time TLoC until final assessment in traffic medicine.
He was hospitalized for 3 days for both security and further check-ups.

For the traffic medical exam, which took place 5 months later in August, the
patient presented himself in good physical and mental conditions. He reported to be
in good health, to have been active, to drink usual amounts of alcohol and to be fully
drug-naive. He reported plans to retire abroad the following year after 40 years of
successful work. He is unable to explain the blackout, as he has driven this route to
work about “100,000 times”.

Extensive medical exams included cardiological, neurological and neuro-
angiological reports, including overnight EEG. While epileptiform spike-patters
were observed when falling asleep, these were considered norm variants and not to
causative for a blackout. However, strong snoring and a medium-grade OSAS was
reported with an AHI of 33 although this was restricted to unusual sleeping posi-
tions (back). The patient was surprised about this finding and reported to notice no
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negative physical effects of this condition. Only, his wife moved out of the bed-
room due to the snoring. As there was no evidence excluding a TLoC and indica-
tion for an OSAS - although without clear signs of EDS — the permission to drive
was not re-granted. This assessment could be reconsidered, provided the patient
had proof for no further TLoC-like events within a year and could provide a
repeated polysomnographic examination for confirmation of the moderate state of
his OSAS.

The patient presented himself 13 months later (September) with the following
records: A second PSG (performed December the previous year) reported a severe
OSAS with AHI of 77, ESS 3/27 with subjectively normal sleep. At this point, a MWT
was performed, but was considered non-evidentiary, such that there is no result
reported. APAP treatment was initiated in January. An MWT performed in May
confirmed inconspicuous (4 x > 40 min) with very good patient compliance. The
snoring had subsided and the wife had moved back into the shared bedroom.
Despite clear signs for a sleep accident, the initial round of examinations only
revealed unclear results, except indications for an un-diagnosed sleep condition
(OSAS) from the wife’s reports and a first nighttime-EEG. Here the patient’s com-
pliance is exemplary. Based on this and no further indication of a TLoC-like event,
the assessment supported re-granting the license on the condition of yearly follow-
up reports. Most likely due to his retirement and relocation abroad the patient was
lost to follow-up in our files.

In conclusion, it is in the interest of the individual driver’s safety and traffic
safety in general to obtain a full anamnesis and medical examination in traffic
medicine. While traffic medicine is primarily neither a diagnostic nor therapeutic
instance, traffic medicine’s unique perspective, mandate and its concomitant in-
depth assessment of the medical fitness to drive allows detecting previously
unreported cases of EDS.

However, an EDS based on medical condition might be obscured or — vice versa -
incorrectly assumed, when other conditions require medication that potentially
leads to sleepiness. This will be highlighted in the following chapter that introduces
the dimension of depression, age and behavior in the context of inappropriate use of
medication, such as antidepressants and sleeping pills.

5. Substance (ab/mis)use and the fitness to drive

As outlined in Section 2, active participation in traffic requires adequate physical
and psychological performance and reserve capacities. With any medication or
substance taken, one’s overall performance might improve or worsen. While many
substances might reduce performance in a noticeable, but manageable fashion,
some might induce (daytime) sleepiness. This is particularly true for most psycho-
active substances, either in its wanted or unwanted effects (such as lag, hangover,
rebound, side effects, and paradox reactions).

Somewhat trivial but not always known, this is clearly true for sleeping pills,
(hypnotics/ hypnosedativa), but also for medication in psychiatric disorders (anti-
depressants, antipsychotics), allergies (antihistaminic) and, partially, degenerative
disorders (e.g. Parkinson) [52]. Therefore, traffic medicine needs to know how to
evaluate the fitness and the ability to drive under the influence of such medication.
As described in the first paragraphs of this section, this is particularly important if
such medication is combined, as often — but not exclusively - the case of elderly
drivers.

We then provide a brief sketch of historic improvements and persisting prob-
lems of the above classes of drugs, with a focus on potential issues for safe driving
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related to sleep, leading general recommendations for experts based on a classifica-
tion by the International Council on Alcohol, Drugs and Traffic Safety, ICADTS.
Subsequently we evaluate potential issues of excessive self-medication (melatonin,
doxylamine) and the (ab)use of (illicit) drugs such as cannabis, barbiturates and
opioids. By way of a case example, we highlight the value of hair sampling for
controlling long-term substance (ab)use.

5.1 The triangle depression, sleep, and age

According to a recent report of the Swiss health observatory (Obsan) from 2016
[53], a substantial fraction of the Swiss population feels heavily (5%) or moderately
to heavily (13%) burdened with mental and psychological problems. Consequently,
18 out of 100 are likely to present mental disorders. Yearly prevalence varies by
year: most frequent are anxiety disorders (14%), affective disorders (7.8%),
somatoform disorders (4.9%) and alcohol-related disorders (3.4%). Almost 90% of
all affective disorders are depressions (6.9% of total). Around 5% of the Swiss
population take either hypnotics on a daily basis. About 40% of the population with
mental problems take antidepressants. In both groups, women are more prevalent,
and the incidence increases strongly with age [54]. Importantly, there are indica-
tions that there is a gender difference in driving performance when using hypnotic
medication [55].

While antidepressants alone might have strong effects on driving performance
via sleep disturbance [14], initial symptom of above mentioned mental disorders
(or of the prolonged stress periods leading to mental disorders), is heavily disturbed
sleep, directly linking an increased use and prescription of psychopharmaca to that
of hypnotic medication, i.e. sleeping pills, the latter often being benzodiazepines or
Z-Drugs [53].

These figures have increased in the last decades [56] and steep increases in these
figures are to be expected as a consequence of the severe social restriction due to the
corona pandemic. Here, sleep patterns that are altered due to the lack of social
control (school, home-office, retirement and lack of social contacts) might them-
selves contribute to the etiology of psychiatric disorders and stress-syndromes, in
particular in children and adolescents. Conversely, the demographic increase of
elderly drivers with increasing rates of comorbidities and concomitant multi-
medication might potentiate the relevance of drug interactions in traffic on the
other side of the age spectrum. However, even without age-related conditions or
depression, the elderly often report sleep issues, which are loosely remedied by
standard hypnotics, such as Z-Drugs and benzodiazepines, or self-medication by off
label use [57].

Here, many patients naively presume that prescribed or OTC medication does
not pose a risk in traffic and do not even mention taking it in an assessment.
Similarly, the addictive potential of some of the medication and “doctor hopping” to
obtain a desired drug should not be underestimated, even in highly regulated
markets such as Switzerland. Such unmonitored self-medication might result in
adverse side effects and unexpected drug interactions.

5.2 General recommendation for prescribing doctors and classification
of medication

In any case, the above unknowns poses a series of problems for both prescribing

doctors and experts in traffic medicine. Whenever assessing the FTD or prescribing
new medication experts should answer the following set of questions:
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* Does a medication have positive and/or negative effects on physical and mental
performance and reserve capacity required for safe driving, and if yes, how
much? Is the result balanced?

In other words: Does the medications main effect sufficiently increase physical
and mental performance and reserve capacity required for safe driving? Do the
medication’s undesired effects lower the physical and mental performance and
reserve capacity required for safe driving?

* How long the medication should be prescribed?

¢ Are there long-term consequences of the treatment (Parkinson, L-Dopa, wear-
off effects), indicating negative progression and thus narrower control
intervals of the FTD?

¢ Is there addictive potential associated with the drug?
¢ Is the medication taken correctly? Are compliance and adherence given?

* Do any indications exist, that call for checking adherence/compliance by
blood-level testing or similar?

While information relating medication to accident risks or odds ratios exists
[57], it is limited and painstaking to collect. However, both on the acute level (i.e.
the ability to drive) and the long term (the fitness to drive) it is widely undisputed
that psychotropic drugs do affect the capabilities for safe driving: very simply
speaking, hypnotic, sedatives and antidepressants are prescribed to calm down, to
lower activity level and/or to fall asleep. It seems, on the one hand, thus, rather
trivial that these desired effects might have spill-over-effects of the ability to drive.

It is not trivial on the other hand, to collect and categorize the existence and,
subsequently, the extent of such effects on safe driving. Thankfully, the large-scale
EU-Project DRUID (Driving Under the Influence of Drugs) that included partici-
pation of the ICADTS presented an aggregated list of medications affecting safe
driving [58, 59] and published according prescription guidelines [57].

Listed drugs were classified as follows:

I.Presumed to be safe or unlikely to produce an effect
II.Likely to produce minor or moderate adverse effects
III.Likely to produce severe effects or presumed to be potentially dangerous

All antidepressants/-psychotics and hypnotics are listed in category II or III. The
most relevant drugs are listed in Table 5, possibly a helpful tool for both physicians
and experts.

Wherever know, detailed information is provided as to how long not to drive
after changes in the respective medication. As a general rule of thumb from the
perspective of traffic medicine, patients should abstain from driving for a period of
about 14 days after treatment start, change or end of a treatment regime.

With every change in medication, the effects of prescribed drugs as well as the
duration of effects on driving should be explained in detail. The recommendation to
abstain from driving and the warning information should be registered in the
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Active ingredient Classification Active

ingredient

Classification

ANTIPSYCHOTICS

BENZODIAZEPINES + Z-DRUGS

Levomepromazine III

Diazepam

111

Fluphenazine II Chlordiazepoxide III

Perphenazine I Oxazepam I

Thioridazine 11 Potassium I

clorazepate

Haloperidol I Lorazepam 111

Melperone I Bromazepam 111

Pipamperone II Alprazolam 111

Benperidol I Flurazepam 111

Flupentixol I Nitrazepam III

Zuclopentixol II Flunitrazepam 111

Clozapine I Triazolam I

Olanzapine II Lormetazepam  III 1 mg (capsule): >10 hours post dosing little
or no impairment (Category I)

Quetiapine II Temazepam III 10 mg: >10 hours post dosing little or no
impairment (Category I)

Sulpiride I Midazolam I

Amisulpride I Zopiclon 111

Lithium II Zolpidem 11 10 mg: >10 hours post dosing little or no
impairment (Category I)

Risperidone I Zaleplon 1110 mg: >5 hours post dosing little or no
impairment (Category I)

Clotiapine I

ANTI-DEPRESSANTS

ANTI-DEPRESSANTS

Desipramine I Paroxetine I
Imipramine II Sertraline I
Clomipramine II Fluvoxamine I
Trimipramine III Escitalopram I
Amitriptyline 111 Moclobemide I
Nortriptyline I Mianserin 11
Doxepin I II Trazodone I
Melitracen I Mirtazapine 111
Fluoxetine I Venlafaxine I
Citalopram I

STIMULANTS

Dexamfetamine II

Methylphenidate I

Table 5.

Classification of hypnotics, anti-depressants and -psychotics, stimulants with respect to effects on driving
according to the DRUID study [58] in collaboration with ICADTS [60]. Excerpt from [59].
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patient’s records. After the initial treatment phase, patients should be controlled. If
there are clinical sings of, for example generally lowered response time, reduced
vigilance, reduced speed of perception processing or motoric effects, the patient
should not be allowed to drive as these severely affect the reserve capacity for safe
driving substantially.

In particular, drugs carrying an addictive potential should not be prescribed for
long terms and their appropriate (therapeutic) dosage and use should be confirmed
by blood-level testing.

5.3 Disappointed and false expectations: sleep medication and its effect
on driving in a historical perspective

Disturbances of sleep have always troubled humanity [61]. Sleep medicine as a
subject field in medicine has only evolved rather late (c. since the mid 1970s) but
fulminant [62]. This especially after linking mayor breakthroughs in measurement
technologies, findings and concepts such as the electroencephalogram, EEG [63],
detection of sleep-stages [64] including rapid eye movement sleep, REM, [65], to
the regulation and control of circadian rhythms and chronobiology [26, 66, 67].

Before bromides solutions emerged in the 1800s, it was mostly alcohol and drugs
such as opium and cannabis that served to induce or facilitate falling asleep. The
first effective synthetic hypnotic was chloral hydrate in 1869, followed by paralde-
hyde around 1880 and the introduction of the first of a long series of barbiturates
(phenobarbital, 1912) after initial synthesis of the founding compound barbital in
1903.

While the above substances were introduced well before the public had wide-
spread access to such medication or, for that matter, driving, their addictive poten-
tial and recreational use remain a problem in traffic medicine today.

Between the first and second world war, the extensive, indiscriminate and
uncontrolled use of barbiturates (and for that matter other drugs [68]) such as,
phenobarbital, secobarbital, amobarbital and pentobarbital in the general popula-
tion coincides with an increase of cars and traffic density.

This increase in cars and traffic density accelerated drastically with the begin-
ning of the second half of the 20th century, motivating a further evolution of traffic
medicine, more and more including the control of addictive substances. This devel-
opment parallels a boost in the development in sleep medicine (see above) but also
coincides with the development and increasingly widespread use of the next gener-
ation of hypnotics, the benzodiazepines, which today are still one of the most
widely prescribed group of medication.

The lower number of unfavorable side effects of benzodiazepines as compared
to barbiturates led to brad use as a household hypnotic, severely underestimating
the development of tolerances, addiction and side effects. As above mentioned for
early sleep remedies, the (by-)use of benzodiazepines in recreational settings keeps
this class of hypnotic well in the focus of traffic medicine even nowadays [14].

Much like in other, earlier cases (radium, heroin, pervitin [68]) the repeated
promise of “side-effect-free” medicine proved to be naive and incorrect again. In
particular, benzodiazepines are associated with a rather large number of psycho-
motor disorders indirectly affecting sleep in a negative way [51].

Initially, this seemed to be different with a new group of hypnotics, arriving in
the late 1980ies: the non-benzodiazepines, often called Z-Drugs [69], promised to
be specific and highly effective hypnotics. However, identical pharmacodynamics
as compared to benzodiazepines indicate paths to similar side effects. These are,
however, sometimes slightly less pronounced or just different: Z-Drugs seem to
have lower tendency for physical dependence and addiction, but are known to
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produce amnesia and, rarely, hallucinations. Counterintuitively, some of the Z-
Drugs double the risk of developing depression and some long-terms studies found
a marked increase in suicide risk [70]. Zolpidem itself is associated with rebound
insomnia, possibly resulting in subsequently aggravated EDS. In Contrast to
zolpidem and zopiclone, zalepon is not associated with an increased risk of motor
vehicle accidents [71]. However, effects of Z-Drugs on human performance includ-
ing some rather bizarre behavioral effects heavily affecting sleep have been sum-
marized [69].

Nowadays, swift and thorough testing the effects of novel - and supposedly
again more specific - hypnotics on driving performance [72] prevents major sur-
prises in novel sleep medication with respect to effects on driving performance.
This includes orexin system blockers, such as Suvorexant [73] and Lemborexant
[74], or melatonin agonists [66, 67], such as Ramelteon [71, 75].

This also applies to reevaluation of older information [76, 77] concerning driving
performance after the “rediscovery” of some tricyclical antidepressants, such as
doxepin (Silenor) [78] which effectively trigger sleep onset in an antihistamine-like
fashion, i.e. by selectively blocking H1-receptors.

As mentioned above for the older generations of dedicated hypnotics, older
generations of other medication have been - and are still - used to facilitate or
induce sleep based on their side effects. However, the negative consequences on
driving performance might however be even more pronounced than in modern
hypnotics. Depending on a countries medical system, this self-medication is more
or less uncontrolled. Here in particular, ab- or miss-use of over the counter drugs
might be risky in traffic. Additionally, some of these substances are likely to be part
of an addictive behavior. Some substances have even become literally “traditional”
to the degree of “folklore”. To mention here directly are, among others, first-
generation antihistamines such as doxylamine (e.g. Sanalepsi, Unisom), diphenhy-
dramine (e.g. Benadryl, Nytol), but also partially available antitussives such as
codeine (e.g. Mucatussin) but also the inappropriate use of melatonin pills with
questionable results on sleep, but potentially sever impacts on driving performance
[79-81].

With this plethora of information to deal with, it is to be expected that
unintended and uniformed misuse of individual or combined medication might lead
to sleepiness on the wheel, potentially resulting in severe accidents. Similar to
unknown medical conditions, it is again traffic medicine’s mandate to “elucidate”
the exact or at least most likely cause of such accidents. Very often a thorough
anamnesis and sighting of all available records is insufficient to give conclusive
results. It is then, that modern tools of forensic pharmacology and toxicology come
into play, much like in the case of drug checking [82]. Unless take at — or in timely
context of — the incident urine and blood sampling suffer from the low diagnostic
window and are mostly useless. In contrast, high-resolution hair-sampling might
provide valuable information over considerable time-spans [83], which also allows
to confirm or falsify previous information form anamnesis or testimonials.

5.4 Case study 2: uncovering a medication induced sleep accident

One morning in May, a fifty-year-old woman cased an accident on the highway
in commuter traffic. She reported to have nodded off, causing the accident in
consequence. She also stated to have taken the sleeping pill Zolpidem and the
anti-depressant Trazodone the evening before and an additional antidepressant
(Sertraline).

The toxicological examination of blood revealed in fact Zolpidem and Trazodone
in therapeutic concentrations and Sertraline in sub-therapeutic concentrations.
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Accordingly, the toxicological assessment postulated an improper use of the hyp-
notic, as Zolpidem was detected at such high concentrations in the morning, despite
its short half-life. According the ability to drive (ATD) at the time of the accident
was impaired due to improper medication. Accordingly, the road safety authorities
ordered for a full traffic medical assessment including a traffic medical examination
at level 4.

Here, the women reported to have started taking Trazodone two years prior to
the accident as she had developed sleeping problems due top psychosocial prob-
lems. Trazodone and Sertraline had been prescribed by her psychiatrist. Addition-
ally, her practitioner had prescribed Zolpidem from time to time. She reported to
have taken Zolpidem only rarely, as she had gotten to know of its addictive poten-
tial. At the time of the examination, she had ceased to take Zolpidem already for a
period. She explained the situation and the resulting accident by accidentally
mixing up Zolpidem and Sertraline.

A routine laboratory set for drugs was ordered, In addition, a segmented hair
analysis was performed to confirm discontinuation of Zolpidem use.

Status: The patient presented herself in good general condition,
cardiopulmonally compensated, no neurological defects, and psych status after
MADP inconspicuous/nondescript.

Therapy at exam: Trazodone, Sertraline.

Routine Laboratory:

Urine: Tetrahydrocannabinol (THC), Cocaine, Methadone, Benzodiazepines,
Amphetamine, Methamphetamine, Opiates, Barbiturates, Ecstasy, Buprenorphine,
Zolpidem, Tramadol, Fentanyl, Ketamine, MDA, Methaqualone, Methylphenidate,
Oxycodone, Phencyclidine, Propoxyphene, Spice/K2, Zaleplon: negative, Trazo-
done, tricyclic anti-depressants: positive.

Hair Analysis Results: (Benzodiazepins und Z-Drugs):

1.Segment: ca. 3 cm (proximal, younger, estimated July-September): Zolpidem
49 pg./mg

2.Segment: ca. 2 cm (distal, older, estimated April-June): Zolpidem 120 pg./mg

In all, anamnestic and laboratory information was sufficient to conclude, that
there was no continued medication ab- or misused. The information supported the
patient’s explanation of a singular medication mistake. The patient was compliant
and adherent. The MMR’s are given and the fitness to drive could be affirmed.

6. Concluding summary

By way of data form so-called “developed” countries we illustrate a striking
prevalence of and, subsequently, an imminent threat for traffic safety by sleep-
related disorders. In line with the ambition to minimize fatalities, Switzerland
approaches mitigating such (and other medical) threats by defining medical mini-
mum requirements for a driving license. Regular or incidence-related control of
these requirements in a highly structured process in traffic medicine reflects one
possible strategy that is logically consistent with highly regulated health care,
administration and society in general. However, the threat form sleepy driving is
universal and fundamentally independent of “development” or location. Thus,
consolidated expert advice depends largely on facilitated exchange of unequivocal
information, potentially even at the danger of oversimplification. In this line, we
argue for a more consistent use of the term “sleepiness” and its signs. We
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furthermore suggest a more consistent use of standardized measurements (MWT)
to detect excessive (or existent) daytime sleepiness (EDS) as the most relevant
consequence of sleep conditions met most often in traffic medicine (OSAS, narco-
lepsy, substance induced EDS). It is often not strikingly bizarre sleep disorders but
rather unidentified ones that present the highest risks for traffic. Thus, we inform
about simple but clear signs of sleepiness. This is to sensitize both practitioners and
experts. These should have an open eye a.) for the interplay between seemingly
unrelated conditions potentially leading to EDS affecting the fitness to drive and b.)
for the relevance of uncontrolled, uninformed and unintentional substance ab- and
misuse affecting the ability to drive. In particular, the latter aspect depends not only
on a particular legal and administrative framework’s setup, but also on the general
or individual attitude in society.
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Chapter 8
Circadian Rhythm Disorders

Ajay Sampat and Armand Ryden

Abstract

Circadian rhythm disorders are a group of sleep conditions that involve a
misalignment of an individual’s internal timekeeping system with that of one’s
desired sleep-wake time. This desynchrony can compromise sleep health as well as
the functioning of other organ system, and significantly diminish one’s quality of
life. There are six well-defined circadian rhythm disorders that can be classified as
either intrinsic or extrinsic, based on the underlying factors that contribute to the
condition. Intrinsic circadian disorders include the following: 1) advanced sleep-
wake phase disorder, 2) delayed sleep-wake phase disorder, 3) irregular sleep-wake
rhythm disorder, and 4) non-24-hour sleep-wake rhythm disorder. The two cir-
cadian disorders caused by external factors include 1) shift work disorder, and 2)
jet lag disorder, both of which are due to behaviorally mediated misalignments of
circadian system. This chapter serves to summarize these disorders, guide clinicians
towards screening and evaluation of these conditions, and introduce basic treat-
ment strategies that can be applied by non-sleep medicine clinicians.

Keywords: circadian rhythm disorder, advanced sleep—wake phase disorder, delayed
sleep-wake phase disorder, irregular sleep-wake rhythm disorder,

non-24-hour sleep-wake rhythm disorder, shift work disorder, jet lag disorder,
melatonin, phototherapy

1. Introduction: what every clinician needs to know

The intrinsic circadian system synchronizes basic physiologic functions such as
temperature regulation, appetite, and hormonal homeostasis and is responsible for the
stable sleep and wake states that occur at regular times with respect to day and night.
The term circadian derives from the Latin words “circa,” meaning approximately, and
“diem,” meaning day, which emphasize that the intrinsic cycle is usually not exactly
24 hours in length [1]. The average circadian cycle length is generally 24.2 hours, which
means that the cycle always requires entrainment to the environment because the
day is exactly 24 hours long. Light is the most potent mechanism of entrainment, but
meals and exercise also have an impact on entrainment [1-3]. Dysynchrony between a
persons internal circadian system and their desired wake and sleep periods can lead to
one of 6 different types of circadian rhythm sleep-wake disorders (CRSWDs). These
disorders can present clinically with symptoms of insomnia and/or excessive daytime
sleepiness, along with impairments in cognitive, emotional, and social functioning. A
key feature of these conditions is that re-alignment of the intrinsic circadian period to
the desired circadian period leads to resolution of symptoms.

CRSWDs may be due to a primary problem with the circadian system, such as
altered sensitivity of the circadian system to light, and genetic and/or age-related
factors that disrupt the intrinsic period of the system.
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The diagnosis of CRSWDs can be difficult, due to the overlapping symptoms
with other sleep disorders and medical conditions. Recognizing consistent patterns
in abnormal sleep schedules is key to helping differentiate CRSWDs from other
disorders. CRSWDs are primarily clinical diagnoses and use of a detailed sleep diary
is an important part of the evaluation. Other objective measures such as actigraphy
and melatonin measurements can supplement information obtained from the
patient’s history [4]. Polysomnography is usually not indicated unless there is a
suspicion for a comorbid sleep disorder, such as a sleep-related breathing disorder.

Management of circadian rhythm sleep-wake disorders involves a combination
of behavioral interventions, light therapy, and timed melatonin therapy. Treatment
is individualized to the specific circadian rhythm sleep—wake disorder [5]. The goal
of therapy is to gradually realign the patient’s sleep and wake times with the desired
schedule. The timing of light and melatonin therapies is critical to determining their
biologic effects. The key biologic markers are the dim light melatonin onset (DLMO),
which typically occurs approximately two hours prior to habitual sleeptime, and the
core body temperature minimum (CBT-min), which typically occurs 2-3 hours prior
to habitual wake up time. Exposure to light prior to the body temperature minimum
will cause the circadian rhythm to delay (i.e. the next night, there will be a tendency
to go to bed and wake up later). Light exposure after the core body temperature
minimum will cause the circadian system to advance (i.e. the next night, there will
be a tendency to go to bed and to wake up earlier). The effect of light is most potent
when it is in the blue spectrum and administered close to the CBT-min. Melatonin
has the opposite phase response relationship that light has; melatonin given prior to
the CBT-min will cause the circadian rhythm to advance (i.e., the next night, there
will be a tendency to go to bed and wake up earlier) whereas melatonin administra-
tion after the CBT-min will cause the circadian system to delay (i.e., the next night,
there will be a tendency to go to bed and wake up later).

The International Classification of Sleep Disorders, third edition (ICSD-3), has the
following three diagnostic criteria for all circadian rhythm sleep-wake disorders [6]:

1. A disrupted sleep-wake pattern, thought to be due to misalignment or
malfunction of the circadian system;

2. A complaint of insomnia, excessive sleepiness, or both;

3. Suboptimal performance in an important area of functioning (e.g. occupation,
education, social life, mental or physical life).

2. Classification of the circadian rhythm sleep-wake disorders

Intrinsic CRSWDs include the following: 1) advanced sleep-wake phase disorder
(extreme early bird), 2) delayed sleep-wake phase disorder (extreme night owl),
3) non-24-hour sleep-wake rhythm disorder (drifting circadian rhythm), and 4)
irregular sleep—wake rhythm disorder (no rhythm). The two circadian disorders
caused by extrinsic factors are 1) shift work disorder and 2) jet lag disorder, both of
which are due to behaviorally mediated misalignments of circadian system.

3. Are you sure your patient has a circadian rhythm sleep-wake disorder?
What should you expect to find?

Circadian rhythm disorders can result in clinically significant symptoms of
insomnia, excessive daytime sleepiness, and cognitive impairment. In addition,
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a drastic misalignment of one’s circadian clock with societal norms can often have
implications for one’s emotional well-being and social functioning. There are 6
major categories of circadian rhythm sleep-wake disorders which are grouped
based on patterns of sleep time:

3.1 Advanced sleep-wake phase disorder (ASWPD)
ICSD-3 Diagnostic Criteria [6]:

1. An advance (early timing) in the phase of the major sleep episode in relation
to the desired or required sleep time and wake-up time, (i.e. the patient feels
sleepy too early and wakes up too early).

2. Symptoms are present for at least three months.

3. When the patient sleeps of his/her own accord, sleep quality and duration are
improved with a consistent but advanced timing of the major sleep episode.

4.Sleep log and, whenever possible, actigraphy monitoring for at least seven days
show a stable advance in sleep period. Both work/school days and free days
must be included during the actigraphy monitoring period.

5.The patient’s symptoms are not better explained by another current sleep,
medical, neurological disorder or mental disorder.

Clinical Characteristics: ASWPD is an intrinsic defect of the circadian system in
which sleep duration and quality are normal, but where sleep and wake up times are
earlier than desired or socially acceptable. Generally, the intrinsic circadian rhythm
period is actually shorter than normal.

Patients with ASWPD often report that they are unable to stay awake past 7 PM
and tend to wake up around 2-5 AM. If a patient is able to set their own schedule
they will obtain adequate sleep and feel refreshed in the morning. However, since
due to social obligations they often stay up later than naturally desired while
still waking early. This can lead to a sleep deficit over time that leads to daytime
sleepiness.

3.2 Delayed sleep-wake phase disorder (DSWPD)

ICSD-3 Diagnostic Criteria [6]: A delay (late timing) in the phase of the major
sleep episode in relation to the desired or required sleep time and wake-up time (i.e.
the patient does not feel sleepy at bed time and wakes up too late).

6. The symptoms are present for at least three months.

7. When patients sleep of their own accord, sleep quality and duration are
improved with a consistent but delayed timing of the major sleep episode.

8.Sleep log and, whenever possible, actigraphy monitoring for at least seven days
show a stable delay in sleep period. Both work/school days and free days must

be included during the actigraphy monitoring period.

9. The patient’s symptoms are not better explained by another current sleep,
medical, neurological disorder or mental disorder
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Clinical Characteristics: DSWPD is one of the most common circadian rhythm
sleep-wake disorders, often affecting adolescents and young adults when eveningness
tendencies are typically the strongest. This is a defect of the circadian system whereby
the sleep/wake cycle is misaligned with the patient’s desired schedule by more than
2 hours. Individuals go to sleep and wake up at substantially later times than desired,
which can lead to social consequences such as chronic tardiness at work or school.
Delayed bedtimes (usually between 1 and 6 AM), coupled with early awakenings to
meet social/occupational/academic obligations, result in a sleep debt that accumu-
lates over time. There is often a high prevalence of comorbid depression, and higher
degrees of circadian misalignment correlate with greater severity of depression.

The intrinsic circadian period is generally longer than normal. DSWPD typically
emerges during adolescence and can continue into adulthood.

3.3 Irregular sleep-wake rhythm disorder (ISWRD)
ICSD-3 Diagnostic Criteria [6]:

1. Chronic or recurrent pattern of irregular sleep and wake episodes throughout
the 24-hour period.

2. Symptoms are present for at least three months.

3.Sleep log and, whenever possible, actigraphy monitoring for at least seven
days, show no major sleep period and multiple irregular sleep bouts (at least
three) during a 24-hour period.

4.The patient’s symptoms are not better explained by another current sleep,
medical, neurological disorder or mental disorder.

Clinical Characteristics: ISWRD is characterized by a temporally disorganized
sleep and wake pattern such that there are no clearly defined periods of wake and/
or sleep. Multiple sleep and wake periods can occur throughout the day, and usually
consist of 3 or more short intervals, approximately 1-4 hours each. The longest
period generally occurs in the morning between 2 and 6 AM; however, the distribu-
tion of sleep and wake periods can vary per individual. The total sleep duration
throughout a 24-hour period is generally normal for the individual’s age. Because
of the fragmented nature of sleep, individuals can experience frequent napping,
excessive daytime sleepiness, and difficulty staying asleep at night.

3.4 Non-24 sleep-wake rhythm disorder (N24SWRD)
ICSD-3 Diagnostic Criteria [6]:
1. History of insomnia, excessive daytime sleepiness, or both, which alternate with
asymptomatic episodes, due to misalignment between the 24-hour light-dark cycle
and the non-entrained endogenous circadian rhythm of sleep-wake propensity.

2. Symptoms persist over the course of at least three months.

3. Daily sleep logs and actigraphy for at least 14 days, preferably longer for blind
persons, show a pattern of sleep and wake times that typically delay each day.

4.The patient’s symptoms are not better explained by another current sleep,
medical, neurological disorder or mental disorder.
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Clinical Characteristics: N24SWD, also known as non-trained rhythm disorder,
is characterized by chronic cycles of sleep and wake that are not always synchronized
with the 24-hour environment. There is a gradual, but consistent drift of sleep and wake
times later into the day. Attempting to maintain a regular sleep-wake schedule can lead
to symptoms of excessive daytime sleepiness, chronic fatigue, early morning awaken-
ings and insomnia. These symptoms alternate with days to weeks in which the patient is
asymptomatic, owing to the patient’s endogenous circadian system coinciding with the
external 24-hour cycle. Napping is common, and patients often report impairment of
social and occupational functioning due to non-entrained sleep-wake schedule.

N24SWD occurs most often in blind individuals. Onset of symptoms usually
occurs in 2nd or 3rd decade of life, and men are disproportionally affected com-
pared to women at a ratio of >2: 1 [7].

3.5 Shift work sleep-wake disorder (SWD)
ICSD-3 Diagnostic Criteria [6]:

1. Insomnia and/or excessive sleepiness, accompanied by a reduction of total
sleep time, which is associated with a recurring work schedule that overlaps
with the usual time for sleep.

2. Symptoms are present and associated with the shift work schedule for at least
three months.

3.Symptoms cause clinically significant impairment in mental, physical, social,
occupational, education, or other important areas of functioning.

4.Sleep log and, whenever possible, actigraphy monitoring for at least 14 days
(work and free days) demonstrate a disturbed sleep and wake pattern.

5.The patient’s symptoms are not better explained by another current sleep,
medical, neurological disorder or mental disorder.

Clinical Characteristics: Individuals who work night shift experience difficulty
with sleep and alertness at desired times, and are at greater risk for the variety of
adverse health outcomes associated with poor sleep. Shift workers generally report
30-90 minutes less sleep compared to those not working shifts, and their sleep qual-
ity tends to be more fragmented and of poorer quality. Shift workers also experience
difficulty falling and staying asleep, with as many as 20% of shift workers having
clinically significant insomnia [8]. During waking hours, night shift workers are
more prone to increased sleepiness, decreased neurocognitive function and more
significant changes to mood than their non-night shift counterparts.

3.6 Jet lag disorder (JLD)
ICSD-3 Diagnostic Criteria [6]:

1. Insomnia or excessive daytime sleepiness associated with a reduction of total
sleep time coinciding with jet travel across at least two time zones

2.Impaired daytime function, general fatigue, or somatic symptoms that begin
within two days of travel

3. The sleep disturbance cannot be explained by another disorder.
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Clinical Characteristics: JLD occurs when an individual travels through
time zones faster that the endogenous circadian rhythm can adjust, resulting
in desynchrony between the external light—dark cycle and one’s internal clock.
Symptoms of JLD include difficulty falling and staying asleep, excessive daytime
sleepiness, generalized fatigue, impaired daytime performance, and various
somatic symptoms (most commonly gastrointestinal) that begin 1 to 2 days
post-travel [8].

In addition to number of time zones traveled, the severity of jet lag is affected by
the direction of travel. Eastward travel leads to more difficulty with falling asleep
and is more difficult to adjust to, while westward travel is more disruptive to sleep
maintenance.

4. How and/or why did the patient develop a circadian rhythm
sleep-wake disorder? Which individuals are of greatest risk of
developing a circadian rhythm sleep-wake disorder?

4.1 Advanced sleep-wake phase disorder (ASWPD)

Genetic studies have shown possible links to mutations in the PER2 and
CSNK1D clock genes, both of which are inherited in autosomal dominant pattern
[2, 3]. There is an estimated 1% prevalence, with males and females being equally
affected. Older adults are more likely to have advanced tendencies. Other con-
tributing factors include decreased responsiveness to evening light, and increased
responsiveness to morning light, both of which can shift the sleep-wake cycle
earlier than desired.

4.2 Delayed sleep—wake phase disorder (DSWPD)

The pathophysiology of DSWPD is multifactorial [2, 3] . It is hypothesized that
certain exogenous factors, such as increased exposure to evening light and greater
sensitivity to evening light may play a role in development of DSWPD. Genetic
factors may play a role, but their exact contribution is less understood than is the
case for ASWPD.

DSWPD typically emerges during adolescence and can continue into adult-
hood. Males and females seem to be affected equally. Peak age appears to be
21 years old in males and 17 years old in females. There is a large variability in
its reported prevalence, with population study estimates ranging from <1% up
to 10% [1-3]. Patients with hepatic cirrhosis are also affected at much higher
rates (33%).

4.3 Irregular sleep-wake rhythm disorder (ISWRD)

ISWRD is most commonly seen in individuals with neurodegenerative conditions,
particularly those with Alzheimer’ disease and late-afternoon sundowning [1-3].
It is also more common in those with traumatic brain injury, in children with devel-
opmental delay, in patients with schizophrenia, and particularly in patients who are
institutionalized. It is hypothesized that intrinsic circadian dysfunction, coupled with
decreased exposure to external synchronizing agents such as light and social activity,
are factors in ISWRD.
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4.4 Non-24 sleep-wake rhythm disorder (N24SWRD)

The etiology of N24SWD is related to disruption of the portion of the circadian
system responsible for capturing photic stimuli in the retina. Pathologies that lead
to vision loss often but not necessarily impact this system. Thus, N24SWD occurs
most often in blind individuals, with reports of 50% of blind patients diagnosed
with N24SWD and up to 70% of blind individuals having symptoms of chronic
sleep disturbance [2, 3, 7]. Men are disproportionally affected compared to women
ataratio of >2:1. N24SWD is rare, but has been reported, in sighted individuals. In
sighted individuals, N24SWD is thought to be a severe form of delayed sleep phase
disorder where entrainment to light can no longer be effective [7].

4.5 Shift work sleep-wake disorder (SWD)

The mechanism behind SWD is thought to be governed by disruptions of 2
physiologic processes [1-3]. The first is related to one’s homeostatic drive for sleep,
which increases throughout wakefulness. The second is one’s intrinsic rhythmic
oscillations for sleep and wake periods, which is governed by the circadian pace-
maker. This latter process is calibrated by environmental clues such as light. Both
the homeostatic process and the circadian process are disrupted in SWD.

Individuals at greatest risk for SWD are those that work rotating night shifts,
rather than permanent night shifts, because they are never able to adapt to a
stable sleep-wake pattern [8]. In addition, those with other sleep comorbidities
can have synergistic effects of sleep disturbance, which lead to symptomatic
worsening.

4.6 Jet lag disorder (JLD)

JLD results from desynchrony between the external light-dark cycle and an indi-
vidual’s internal clock when travel across time zones occurs more quickly than the
endogenous circadian rhythm can adjust. The prevalence of this condition is poorly
defined [8]. Factors that affect jet lag severity include the direction of travel and
number of time zones traveled, the person’ ability to sleep during travel, individual
variations in circadian timing, presence of light cues at destination, and intake of
alcohol and caffeine.

5. What diagnostic studies will be helpful in making or excluding the
diagnosis of a circadian rhythm sleep-wake disorder? What other
diseases can mimic circadian rhythm sleep-wake disorders?

5.1 Advanced sleep-wake phase disorder (ASWPD)

ASWPD is a clinical diagnosis and should be suspected in individuals who have
a history of early sleep onset and wake times. It is important to obtain a detailed
sleep history that addresses sleep patterns, napping habits, and daytime symptoms
of sleepiness, cognitive changes, or mood changes. Targeted questions should be
asked about difficulty falling or staying asleep and sleep quality both during the
patient’s current schedule and during times when he/she has followed the preferred
schedule. Obtaining collateral history from a bed partner is often useful.
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Patients with suspected ASWPD should keep a sleep log for at least 7 days,
preferably 14 days, including both weekdays and weekends (Figure 1).
Actigraphy is helpful to supplement the sleep diary, especially if the history is
unreliable. Melatonin levels, through salivary or plasma sampling, may show
early melatonin onset or earlier phase of melatonin metabolite excretion via
urinary 6-sulfatoxymelatonin, although these tests are not widely available for
clinical purposes [2, 3, 9].

5.2 Delayed sleep-wake phase disorder (DSWPD)

DSWPD is a clinical diagnosis and should be suspected when individuals report
consistent bedtime and wake times that are significantly later than social norms.
Bedtimes are often more informative than wake times, which are usually dictated
by social or work/school obligations. It is also helpful to ask about sleep patterns
during weekends, and during unrestricted periods such as vacations, when patients
are able to sleep based on their own circadian preference (Figure 2). Sleep logs
of at least 7 days, including both school/workdays and weekends, are needed to
identify specific patterns [9]. It is important to inquire about other social factors,
such as caffeine use later in the day, or excessive use of light-emitting devices before
bedtime, which can also delay sleep onset.

Wrist actigraphy is another means of obtaining more quantitative data [9]. If
the actigraph has a photo sensor it can provide information about the correlation
between an individual’s light exposure and sleep time. Polysomnography is not
typically indicated, unless there is clinical suspicion for another comorbid sleep
disorder, such as sleep-disordered breathing. Salivary melatonin assays are avail-
able; however, these assays are used primarily as research tools and not for clinical
diagnosis.
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Figure 1.

Tlgs 14-day sleep diary of a patient with advanced sleep—wake phase disorder (ASWPD) depicts an early
sleep onset (7-8 pm) and early wake time (3-4 am). The total duvation of sleep time (shaded box) remains
normal at 7-8 hours. Individuals with ASWPD usually do not have symptoms if they are allowed to sleep per
their preferved schedule; however, when tasked with staying up later than their usual bedtime, they can have
significant difficulty. This civcadian vhythm is move prevalent in older adults who may not have the same work
or school obligations (“vet” represents “vetired”) that can contribute to other civcadian rhythm disorders, such as
delayed sleep—wake phase disorder.

156



Circadian Rhythm Disorders
DOI: http://dx.doi.org/10.5772/intechopen.99816

s
Jan1 | Sat | OFF I 1 7
Jan 2 | Sun | OFF t l
Jan 3 Mon | School t I o
Jam 4 | Tues| School t l é
2

Jans | wed | Sohool 1 O |
Jan @ [Thars [ School I _Jl

Jan @ | Sat | OFF

T3 L —
Jan10_| Won | Sehool [} %l
Jan 1 | Tues| Sehool " ll
Jan 13 | Thurs| School t llr

3on 14 1| oo [ [ e ——

Figure 2.

This 14-day sleep diary of a patient with delayed sleep—wake phase disorder (DSWPD) depicts variable
sleep depending on the day of the week. The upwards arrow indicates “time in bed” while the downwards
arrow indicates “time out of bed”. The shaded area represents sleep time of the patient. For example, in this
diagram, the individual goes to bed between 9 and 10 pm on school days but is not able to sleep until 2-3 am.
Due to his fixed school start time, he has to get out of bed between 6 and 7 am, leaving only 4-5 hours of sleep
time (shaded box). However, on weekends (Friday and Saturday nights), he goes to sleep at his desived time of
2-3 am and wakes up at his desived time between 1 and 2 pm, accounting for a total sleep time of 10-11 hours.
This variation in sleep pattern, based on day of the week, is classic for DSWPD, and vesults in the symptoms
described by those with this condition.

11

L week 2

5.3 Irregular sleep-wake rhythm disorder (ISWRD)

The diagnosis of ISWRD is made by clinical history, with supplemental informa-
tion from wrist actigraphy. There must be a reported chronic or recurrent pattern of
irregular sleep and wake episodes throughout a 24-hour period, with a minimum of
3 cycles occurring during that time (Figure 3). A sleep log, and/or actigraphy must
document these cycles for at least 7 days (preferably 14 days), and symptoms must
be present for at least 3 months [9].

Polysomnography is not usually indicated, unless there is concern that the sleep
disturbance is better explained by another disorder (e.g., a sleep-related breathing
disorder).

5.4 Non-24 sleep-wake rhythm disorder (N24SWRD)

Sleep diary and actigraphy are important in confirming a non-entrained
sleep pattern and will also show a gradual drift of onset and offset of the sleep—
wake rhythm (Figure 4). In order to appreciate the drift, this data should be
obtained for at least 2 weeks, and symptoms should be present for at least
3 months [9].

Other measurements such as continuous core body temperature or serial mea-
surements of melatonin can be confirmatory as they also exhibit a similarly non-
24-hour drifting rhythm. However, these procedures are not required to make the
diagnosis of N24SWD.

Attention should be paid to distinguish N24SWD from DSWPD, as these
patients can display a similar evening phenotype and up to 25% of N24SWD are
often initially misdiagnosed as DSWPD [2, 3, 9].
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This 14-day sleep diary of a patient with irregular sleep-wake rhythm disorder (ISWRD) depicts an irregular
pattern of sleep throughout each 24-hour period. Duving each day, there are at least 3 sleep cycles occurring in
a vecurrent, but irvegular fashion. The total sleep duration (shaded box) is usually normal for an individual’s
age, however there is no clearly defined pattern. This disorder is more prevalent in older individuals and in
those with dementia.
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Figure 4.

Tlgs 14-day sleep diary of a patient with non-24 sleep—wake phase disorder (N24SWPD) depicts a gradual
drift in onset and offset of the sleep duration (shaded box), usually by 30 minutes each day. In order to best
appreciate this drift, a sleep diary or actigraphy should be obtained for at least 2 weeks, and ideally more if
possible. This civcadian rhythm disovder is most prevalent in individuals who are blind.

5.5 Shift work sleep-wake disorder (SWD)

SWD is best assessed through careful sleep history and sleep diary. Particular
attention should be paid to a patient’s occupation, history with shift work disorder
with prior jobs, and impaired task performance at work. Factors specific to the
patient’s home environment (i.e. lack of dedicated dark space for sleeping, noise lev-
els during the day, etc.) can further reduce the likelihood that the patient can obtain
restorative sleep. The clinical history should also inquire about features of other
comorbid sleep, medical, and mental disorders. A sleep diary should be obtained
for at least 2 weeks and should capture both work and non-work days [9]. Validated
questionnaires, such as the Insomnia Severity Index and Epworth Sleepiness Scale,
can be used but are not required to diagnose SWD.

158



Circadian Rhythm Disorders
DOI: http://dx.doi.org/10.5772/intechopen.99816

Wrrist actigraphy, especially when performed with an actigraphy that includes
a photosensor, can better quantify sleep duration. There is no need for polysom-
nography unless there is a clinical suspicion for a comorbid sleep disorder, such as
a sleep-related breathing disorder. Melatonin sampling is done in research settings,
but is not routinely used in the clinical setting.

5.6 Jet lag disorder (JLD)

Clinical history is the most important tool. The clinician should specifically
obtain information about number of time zones crossed and the timeline of symp-
tom occurrence. JLD is often confused with travel fatigue since there are many over-
lapping symptoms; however, the distinction is that travel fatigue is not dependent
on the number of time zones traveled and tends to resolve quicker.

Since JLD is transient, and clinical history is usually clear, there is typically no
role for formal diagnostic testing.

6. If you decide the patient has a circadian rhythm sleep-wake disorder,
how should the patient be managed?

6.1 Advanced sleep-wake phase disorder (ASWPD)

Bright light therapy in the early evening is the primary treatment for ASWPD,
with the goal to delay the circadian phase so it is better aligned to desired sleep and
wake times [5, 9]. Patients should use a bright light that filters out ultraviolet rays
(2,500 to 10,000 lux) for 1-3 hours per day, starting at the time when they first
experience sleepiness in the evening (usually around 7-9 pm). This should be done to
gradually delay bedtime by 1-2 hours each day until desired times are met (Figure 5).

There is no strong evidence to support pharmacologic therapy in ASWPD. Melatonin
in the morning can theoretically shift the clock to a later phase, however the sedating
effect of melatonin often limits morning use. Early morning hypnotics to resume sleep
can lead to daytime grogginess and hangover effect and thus are generally discouraged.

18:00 Midnight 6:00 MNoon 18:00
Advanced Sleep Phase | | >
Normal Sleep Phase
| | | | |
| | |
18:00 Midnight 6:00 Noon 18:00

Figure .

For individuals with advanced sleep—wake phase disorder (ASWPD), bright light thevapy should be given for
1-3 hours per day in the evening starting at the time of sleepiness. This will gradually shift the sleep time until
the desired schedule is met.
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6.2 Delayed sleep-wake phase disorder (DSWPD)

Management of DSWPD consists of behavioral modifications to realign one’s
circadian system with desired sleep-wake times, and concurrent melatonin use and
light therapy. Easily modifiable behaviors should be targeted first. These behaviors
include avoiding daytime naps, eliminating excessive use of caffeine and/or alco-
hol, reducing stimulating activity, and minimizing light (particularly blue light)
exposure 2 hours prior to bedtime.

For those who fail to respond to behavioral therapies alone, timed melatonin can
supplement these behavioral modifications. One reasonable approach would be to
take melatonin daily, approximately 3-5 hours prior to desired sleep time [5]. Doses
may vary from 0.5-5 mg, though it is best to use the lowest effective dose. Melatonin
dose and timing can be strategically adjusted based on clinical response. Relapse
tends to occur in high rates (80-90%) once melatonin is discontinued [3, 5].

Morning light therapy can be coupled with the above interventions. Commercial
light boxes that either contain a broad spectrum of white light or narrow spectrum
of blue light (2,000-10,000 lux) should be used every morning between just after
typical wake-up time, with gradual advancing of the sleep-wake time until the
desired time is reached [5, 9]. Care should be taken to avoid light exposure earlier
than 2-3 hours before the habitual wake up time because light prior to the core body
temperature minimum may cause further delays in circadian phase (Figure 6).

18:00 Midnight 6:00 Noon 18:00

6 < || Delayed Sleep Phase

Normal Sleep Phase

18:00 Midnight 6:00 Noon 18:00

Figure 6.

For individuals with delayed sleep—wake phase disorder (DSWPD), treatment can consist of low-dose
melatonin (to be taken ~3-5 hours prior to desived sleep time), along with phototherapy in the morning upon
awakening. This combination can cause gradual advancement in sleep phase.

6.3 Irregular sleep—wake rhythm disorder (ISWRD)

Treatment of ISWRD involves using behavioral strategies to restructure an
individual’s daily routine, and to optimize sleep hygiene to better consolidate sleep
times and improve daytime alertness. It is important to create a cognitively enriched
and socially interactive environment during the day to maintain alertness and
prevent excessive napping. At night, measures should be taken to reduce noise and
light, and to prevent sleep disturbances caused by other factors (e.g., nocturia).
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Light therapy remains the most effective intervention during the day. Exposure
to 3,000-5,000 lux of light for at least 2 hours in the morning has been shown to
improve daytime alertness, reduce napping, and consolidate nightly sleep [5].

Melatonin can also be used for management of ISWRD, though positive results
with melatonin use are less consistent than with treatment of other CRSWDs.
Melatonin doses of 1-5 mg can be used 30 min prior to bedtime to facilitate sleep,
and melatonin is more effective if used in conjunction with light therapy [3, 5].
Controlled-release formulation can be more effective than immediate release in this
specific patient population with ISWRD.

6.4 Non-24 sleep-wake rhythm disorder (N24SWRD)

Treatment for N24SWD includes attempting to re-synchronize the circadian
pacemaker using behavioral approaches and pharmacologic therapy. Education
regarding proper sleep hygiene and maintenance of regularly scheduled timing of
meals, social activities and physical exercise is important.

Tasimelteon, a melatonin agonist with affinity for the MT1 and MT2 recep-
tors, is Food and Drug Administration (FDA) approved for use in N24SWD
[5]. Melatonin can also be used to achieve gradual re-alignment. Higher doses
(3-10 mg) may be given 1-2 hours prior to the desired bedtime for the first month.
Entrainment usually occurs within 5-10 weeks, after which low-dose melatonin
(0.5-1 mg) should be maintained to prevent relapse [5, 7].

Less robust evidence exists for bright light therapy, though it has been shown
to be effective in sighted individuals with N24SWD and can be used in the early
morning after awakenings.

6.5 Shift work sleep-wake disorder (SWD)

Management of SWD should first start with changes to work schedule, if pos-
sible, with adjustments to sleep hygiene. A regular daytime sleep schedule that can
be followed, even during non-working days, is recommended to promote stability to
the circadian system. This can be organized around an individual’s personal sched-
ule, but should ideally incorporate at least a 5 to 6-hour block of uninterrupted
sleep. The sleep environment should be optimized to reduce sound, light, unfavor-
able temperatures and other factors that can interfere with sleep. Light blocking
window shades can be used, and a temperature setting between 65 and 70 degrees
Fahrenheit is optimal.

While at work, individuals can use continuous exposure to high-intensity light
(2,000-10,000 lux) for as little as four 20-minute periods during the first part of
the nigh [8] t. Use of blue light-blocking goggles in the morning and general avoid-
ance of morning light help the circadian rhythm remain adapted to the shift work
schedule. Additionally, short naps (<45 minutes) prior to the start of the work
shift are a low-risk intervention that can be used to promote wakefulness during
the shift.

If these behavioral measures fail, medication therapy is the next step.
Modafinil (200 mg) and armodafinil (150 mg) are FDA approved for shift work
disorder and can be used during the first part of the night [5, 8]. Small doses
of caffeine (100-250 mg, equivalent to a small cup of coffee) can also be used
during the first part of the night. Short-acting hypnotics such as zolpidem and
zaleplon can be used to promote sleep during the daytime; use of hypnotics must
be introduced cautiously to prevent nocturnal grogginess (during work hours).
Exogenous melatonin 30 min prior to desired bedtime can be used, although the
evidence for this is poor [5].
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6.6 Jet lag disorder (JLD)

The treatment strategy depends on the length of trip, number of time zones trav-
eled, and direction of travel [9]. Trips less than 3 days are usually too short to create
problematic jet lag symptoms. Treatment planning is best done in anticipation of travel.

For eastward travel on trips longer than 3 days and up to 7 time zones, a strategy
using timed light exposure and melatonin can help advance the circadian rhythm
(making natural bedtime and wake time earlier) to the new time zone. Bright light
therapy can be started up to 3 days prior to departure to start the advancing process.
Individuals should wake up about 1 hour prior to usual wake-up time and expose
themselves to bright light for at least an hour. Upon arrival at destination, strategic
light exposure throughout the afternoon and light avoidance during the early morning
can help with this circadian realignment. The specific timing of light exposure is based
on when the patient’s habitual core body temperature minimum (CBT-min) occurs,
which is usually 3 hours before habitual wake-up time. Light exposure after the CBT-
min causes circadian phase advancement, whereas light exposure before the CBT-min
causes a circadian phase delay and is thus counterproductive for eastward travel [8].

Timed melatonin (3-5 mg) taken at the desired destination bedtime can be used
concurrently with prescribed light exposure. Melatonin should first be taken on
the evening of arrival and continued for up to 5 days. Hypnotics have been used
by patients during travel, but these medications can lead to impaired daytime
performance, and thus are generally not recommended for management of JLD.
Caffeine can help mitigate daytime sleepiness. Other stimulants (e.g. modafinil,
armodafinil) can offset daytime sleepiness though these medications are not
FDA approved for JLD. For eastward travel that crosses more than 8 time zones,
it is often easier to pursue a circadian phase delay, rather than a circadian phase
advance, to mitigate symptoms of JLD. This approach generally involves seeking out
early morning light at the destination and avoiding light exposure in the afternoon.

Westward travel requires a delay in the circadian rhythm (later bed times and
wake times) to adjust to the destination time zone. It is advised to seek bright light
before the calculated CBT-min at the destination (based on the home time zone).
For example, if one’s habitual wake up time in Boston is 8 am Eastern Standard
Time (EST), the habitual CBT-min will be at 5 am EST. If that individual travels to
Westward to Hawaii (5-hour time zone delay), the CBT-min will occur at midnight
EST, thus bright light exposure should be given prior to that time. Melatonin or
hypnotics are generally not required in JLD associated with westward travel.

Resources such as wwwijetlagrooster.com and the British Airways jet lag
advisor [10] can help individuals plan light and melatonin exposure including in
preparation for travel.

7. How do patients generally respond to treatment? What other
considerations exist for patients with circadian rhythm disorders?

Treatment of circadian rhythm sleep wake disorders can often be challenging,
and requires an individualized and multimodal approach, incorporating behavioral
strategies such as directed light exposure, and appropriately timed melatonin.
Overall effectiveness can be improved by combining these measures with chrono-
therapy, which gradually and progressively shifts the circadian clock.

Patients tend to respond well initially, however often require significant personal
investment to maintain their newly desired schedule, and relapse to prior sleep sched-
ule is not uncommon. It is essential to have the support of family, friends, teachers
and coworkers to establish and maintain a sustainable new sleeping schedule.
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When treating circadian rhythm sleep wake disorders, it is important to opti-
mize the treatment of other comorbid medical conditions, especially psychiatric
and mood disorders. This is especially true in adolescents and older patients. The
importance of addressing sleep hygiene and one’s sleep environment cannot be
overstated as a critical component of treatment.

The treatment of CRSWDs remain a challenge, in part because of the scarcity
of large, multicenter placebo-controlled trials using phototherapy and pharmaco-
therapy. However there have been recent rapid advances in our understanding of
the genetics of circadian rhythm regulation, which may lead to improved diagnostic
tools and treatments. For example, technology involving DNA manipulation has
been used to generate Cry1/Cry2 knockout animals to further study the expres-
sion of specific genes on circadian function [11]. This opens up avenue for new
therapeutic approaches in many disorders, specifically neuropsychiatric conditions,
associated with circadian rhythm disturbance.

8. Conclusions

Circadian rhythm disorders are common conditions that occur as a result of
misalignment between an individual’s intrinsic time-keeping system, and extrinsic
cues. There are usually multifactorial contributions, including genetic influences,
and behaviorally induced elements. Effective treatment approaches largely revolve
around strategically timed melatonin and phototherapy to shift one’s sleep phase to
a more desired time. Consultation with a sleep medicine clinician may be helpful if
symptoms persist, or to clarify a suspected circadian rhythm disorder.
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Chapter 9
Sleep Disorders in Pregnancy

Patrizia Moretti, Giulia Menculini and Lucia Gonfia

Abstract

Sleep disturbances and changes in circadian rhythms are commonly observed in
pregnant women. These disorders can result from anatomical, physiological, psy-
chological, and hormonal alterations that can influence sleeping during this phase.
Sleep disorders during pregnancy can be responsible for detrimental effects on
both mother and foetus. In this chapter we will focus on the epidemiology of sleep
disorders, physiological sleep mechanisms and their alterations during pregnancy,
as well as on risk factors for sleep disorders in pregnancy. We will then focus of the
most frequent sleep disorders during pregnancy, also considering eventual adverse
implications for both mother and child, prognosis, and possible pharmacological
and non-pharmacological treatments.

Keywords: Circadian Rhythms, Insomnia, Hypersomnia, Sleep disorders

1. Introduction: sleep disorders and changes of circadian rhythms during
pregnancy

Sleep architecture and sleep regulation mechanisms are different depending on
gender. Indeed, women are used to perceive worse subjective sleep quality when
compared to men, as demonstrated by shorter circadian period in this population.
Moreover, female tend go to bed earlier and fall asleep later and present a larger
melatonin production pattern [1-6]. The prevalence of sleep disorders is also
different in males and females. Hence, some disturbances, such as hypersomnia,
insomnia, parasomnia, and restless legs syndrome are more frequent in women,
while narcolepsy, arousal disorders, Klein-Levine syndrome, and sleep behaviour
disorder with rapid eye movement are more frequent in men [7-9].

Pregnancy and perinatal period (one year after childbirth) represent particu-
larly vulnerable periods for women, due to anatomical, hormonal, and psycho-
logical changes that infuence women’s global health [10]. Poor sleep is a common
condition during this period especially during the third trimester [11]. Indeed,
52-61% of women during the last eight weeks of pregnancy show reduced and poor
sleep quality, with even higher prevalence among women with a diagnosis of cur-
rent or previous depressive disorder or history of smoking [7].

Moreover, pre-existing sleep disorders may become more serious during pregnancy
and these disturbances increase as the gestational period progresses. Sleep changes in
pregnancy are detected by polysomnogram measurements, which during the third
trimester usually show an increase in wakefulness after sleep onset and a decrease in
Rapid Eye Movement (REM) sleep compared to non-pregnant women [12].

During pregnancy, sleep disorders may contribute to the occurrence of irritabil-
ity, diurnal hypersomnia with reduction in efficiency, abuse of hypnotic/anxiolytic
drugs, impulse control disturbances, also leading to the development of mood
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disorders and to increased suicidal ideation with a risk of suicidal behaviours [12,
13]. Moreover, low birth weight and morphological abnormalities may occur in

the foetus and his/her circadian rhythms may also be disrupted, since these are
regulated by maternal factors. To note, the foetus does not produce melatonin, a
hormone with an essential role in sleep-wake rhythm regulation. Further circadian
rhythms that may be altered as consequence of sleep-wake disorders are: body
temperature, physical activities, eating patterns, and hormone secretion, particu-
larly melatonin and glucocorticoids These alterations can also explain why pregnant
shift-workers display a higher risk of low birth weight, spontaneous abortion, and
premature birth, and have sons affected by insomnia or low-birth weight, but also a
higher risk of infertility, miscarriage, and pre-eclampsia [7, 13-17].

Previous studies reported different data about the incidence of sleep disorders
during pregnancy, but consensus was reached about pregnant women having more
disturbed sleep than during other times in their lives. Particularly, about 25% of
pregnant women report significant sleep disturbances during the first trimester,
with rates rising up to almost 75% during the third trimester [18]. Some authors also
argue that up to 97% women report disturbed sleep during pregnancy [19].

2. Factors affecting sleep during pregnancy and action of sexual
hormones

Poor sleep quality and insufficient sleep duration are common in the general
population and can result from environmental and psychosocial factors, as well as
from medical and psychiatric disorders. During pregnancy, possible causes of sleep
complaints, such as hormone release alterations, increase their incidence. A relevant
role is also played by anatomical and physiological changes.

Sleep disturbances seem to be caused by different factors during the three
trimesters of gestation. During the first trimester, the main causes of disturbed
sleep are vomiting, nausea, and history of infertility. Gastrointestinal disorders
appear to be sleep-disturbing factors also in the second trimester [11], whilst in the
last trimester women with muscular-skeletal pain, overweight, restless legs, reflux,
uncomfortable positions, and snoring present more sleep disturbances [20].

The main precipitating factors are listed below:

* Anatomical and physiological factors, such as ligament stretching, uterine
contractions, or foetal movement;

* Breathing difficulties due to increased uterine volume raising the diaphragm;
* Nocturnal incontinence due to increased sodium excretion during the night;
* Impairment in body movements;

* Hormonal changes, especially ovarian ones;

* Widespread pain and cramps;

* Increased sympathetic nervous system activities;

* Gastrointestinal disorders, such as gastro-oesophageal reflux, constipation,

delayed gastric emptyng;

* Ancxiety, stress, and tension [10, 21-24] (see Table1).
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Pathogenetic factors

- Socio-demographic

- age > 30 years old;

- educational level

- single marital status

- history of infertility

- Psychiatric disorders/symptoms

- anxiety

- depression

- increased stress level

- predisposing personality traits (internalisation, perfectionism, obsessive, neurotic, and dependent on
gratification)

- hormonal, metabolic and anatomical changes

- sex hormone fluctuations (increased oestrogen and progesteron, studies about activity of two
hormones are still conflicting)

- amplified hypothalamic—pituitary-adrenal axis

- reduced melatonin

- inhibition of the dopaminergic system

- increased prolactin

- nutritional deficiency

- joint pain

- chronic diseases

- cramps

- nausea

- enlarged abdomen and weight gain

- respiratory disorders

- posture restrictions

- nocturia

Pathophysiological consequences of poor sleep quality in pregnant women

- elevate glucocorticoids levels

- oxidative stress

- decreased glucose tolerance

- increased inflammatory cytokines

- dysfunction of serotoninergic system and hyperactivity of noradrenergic system

- deficits in neuroplasticity

- hypertension

Main pathological conditions detected

- psychiatric disorders (anxiety, depression, psychosis and substance or alcohol abuse, suicidal ideation)

- gestational diabetes

- hypertension, pre-eclampsia and eclampsia

- low birth weight and preterm birth

- morphological alterations and foetal disorders

- spontaneous abortion

- increased risk of caesarean section

Table 1.
Overview of the development of new pathological conditions in pregnancy from sleep-altering physio-
pathological conditions.
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3. Consequences of sleep disorders during pregnancy on women

Sleep is a fine mechanism regulated by different factors and its alteration
presents consequences for both the mother and the child. Furthermore, discomfort
and frustration experienced by women may also influence their partners, who may
in turn present sleep disorders. The most frequent consequences of sleep disorders
during pregnancy are discussed in this section.

3.1 Affective disorders and suicidal ideation

Sleep plays a fundamental role in learning, by influencing the development
new neuronal circuits. Subsequently, sleep restriction can lead to a disruption of
neuroplasticity, thus triggering some among the pathophysiological mechanisms
responsible for the development of depression. The pathophysiological mechanisms
underlying both sleep disorders and depression are regulated by common neuro-
biological systems, i.e., hyperactivity of the hypothalamic—pituitary-adrenal axis,
dysfunction of serotoninergic system, and hyperactivity of noradrenergic system
[25]. Indeed, these specific systems play a role in the regulation of basic emotional
responses, such as fear and reward. Therefore, insomnia may compromise adequate
emotional processing and may underpin a greater susceptibility to develop psycho-
pathology, particularly anxiety and depressive symptoms and, to a lesser extent,
psychosis and substance or alcohol abuse [26].

This may explain why disturbed sleep is reported in up to 90% subjects with
depression and REM sleep disturbances may precede the clinical expression of
depression itself, aiding the identification of individuals at high risk for developing
the disease [27].

However, there are conflicting studies on the correlation between sleep disorders
and depression during pregnancy. In previous reports, insomnia did not predict
post-partum depression in women with no prior history of depression, as evidenced
in a longitudinal study carried out in women at the 17th and 32nd week of gesta-
tion and eight weeks after childbirth. This study underlined women suffering
from depression before pregnancy also reported more severe residual insomnia
symptoms compared to those who scored low for depression at both times [28]. On
the contrary, another study showed that poor sleep may represent a potential risk
factor for depression during both the prenatal and post-partum period [29]. An
Italian study reports that pregnant women with high stress-related sleep reactiv-
ity, compared to those with low reactivity, reported more symptoms of insomnia,
higher rates of depression, anxiety, and suicidality [13].

Post-partum depression (PPD) is a condition that affects 10-15% of women
during pregnancy. It presents with depressive symptoms, such as low mood,
hopelessness, sleep disturbances, emotional lability, feelings of guilt, changes
in appetite, suicidal ideation, memory loss, fatigue, difficulty in concentrat-
ing, and irritability, usually compromising the mother-baby relationship [30].
Physiological, hormonal and metabolic changes occurring during pregnancy
often interrupt mother’s sleep—wake cycle, and the loss of the sedative effects of
endogenous progesterone can lead to post-partum insomnia. In addition, women
may wake up several times during the night to take care of their baby and all
these factors can contribute to the development of depressive symptoms. Women
with a previous history of mood disorders and obsessive-compulsive disorder,
as well as women who already presented circadian rhythm disruptions, were also
more susceptible to developing this condition. The correlation between sleep
disorders and post-partum depression can also be demonstrated by the evidence
that treatments for sleep disturbances in pregnant women, i.e. trazodone or
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diphenhydramine, may contribute to a consequent reduction in symptoms of
post-partum depression [12, 30].

Suicidal behaviour is the leading cause of injury and death during pregnancy
and suicidal ideation is often considered a key predictor of subsequent suicide
attempts [25]. During pregnancy, the prevalence of suicidal ideation can reach
between 5 and 14%, which appears to be twice as high as in women without sleep
disorders [25, 31]. The presence of comorbid depression leads to a further increase
of suicidal risk. Main predisposing factors that lead a pregnant woman to plan
suicide are: history of abuse, accidental pregnancy, marital status, family dynamics,
low level of education, partner violence, mood disorders, and sleep disorders [25].
The correlation between sleep and suicidal ideation or behaviour can be explained
since poor sleep quality may contribute to changes in cognitive, emotional and
behavioural processes, and the resulting irritability and emotional lability may
encourage suicidal attitude [25, 31].

3.2 Gestational diabetes

Sleep disruptions can exacerbate glucose intolerance. This mechanism can
explain why mothers with gestational sleep deprivation during early pregnancy
may be up to 4.5 times more likely to develop gestational diabetes than other
mothers [32]. Furthermore, mothers with sleep deprivation during pregnancy
more frequently give birth to children with a 40% increased risk of overweight and
obesity [21].

3.3 Hypertension, pre-eclampsia and eclampsia

Hypertension and pre-eclampsia present an incidence of 5-10% during preg-
nancy and they can be identified as the main causes of maternal and perinatal
morbidity and mortality [33, 34]. Sleep disturbances during pregnancy have been
associated with increased gestational weight gain, which can lead to hypertension,
pre-eclampsia, and eclampsia [9, 6, 17, 32]. This risk can be even higher during the
last trimester, when the increase in oestrogen levels leads to an increase the develop-
ment of these complications [7].

3.4 Low birth weight and preterm birth

The World Health Organisation (WHO) defines low birth weight (LBW) asa
birth weight under 2,500 g, very low birth weight (VLBW) as less than 1,500 g and
extremely low birth weight (ELBW) as <1,000. Pre-term delivery is the main cause
of perinatal morbidity and mortality. It is also the cause of 75% deaths during child-
birth and represents half of long-term neonatal morbidity causes [35]. Reduced
maternal sleep duration tends to be associated with lower birth weight [36]. Indeed,
LBW incidence appears to be lower among sons/daughters born from women
who sleep 9-9.9 hours every night, than among those women sleeping 6-7.9 hours
[37]. Sleep deprivation during pregnancy is associated with longer labour during
childbirth, lower pain threshold and discomfort, higher caesarean section rates,
and preterm delivery [36]. These factors can result from the increase of proinflam-
matory cytokines, such as interleukin-6, promoting the release of prostaglandins
that trigger the onset of labour, thus leading to an increased risk of preterm delivery
[36]. This is particularly evident among specific populations, i.e., Afro-American
women, that show a risk of pre-term birth increased by 10 times in the presence
of sleep disorders when compared to those who have good sleep quality [38]. At
the same time, babies who were born prematurely cause concern in new mothers,
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who will sleep worse and will be more susceptible to postpartum depression [38,
39]. However, further studies on the relationship between sleep and inflammatory
markers are needed to better understand their actual correlations [18].

3.5 Morphological alterations and foetal disorders

An association among maternal breathing disorders during sleep and foetal
pathologies is already known, but during recent years specific foetal problems also
appeared to be associated with other sleep disorders. Indeed. sleep disorders can
lead to altered hormone levels, which can activate pathophysiological mechanisms
that cause dysfunctions in offspring [40]. Short sleep duration is associated with an
exaggerated inflammatory response, i.e., increased circulating and stimulated levels
of inflammatory cytokines and sleep disturbances, particularly during the first
20 weeks of pregnancy, may contribute to the activation of inflammatory processes,
also by causing stress, which represents a well-known activator of inflammation
[16-18]. This hypothesis is based on in vitro data, suggesting that an increase in
cytokine levels inhibits trophoblast invasion, that would result in subsequent
disruption of maternal vascular bed and placental remodelling, an abnormality
present in pre-eclampsia, premature birth, and pregnancies with intrauterine
growth retardation [18]. Sleep deprivation during the last week of pregnancy
caused reductions in the number of nephrons and increased blood pressure in the
offspring [41]. Furthermore, gestational sleep deprivation may be associated with
an increased risk of overweight and higher blood pressure in offspring up to the age
of 11 years, with more pronounced effects in girls than boys [32].

4. Insights into the most common sleep disorders during pregnancy

The following is a description of the most common psychiatric disorders that
can be found in pregnant women. Undoubtedly, the most common disorder is
insomnia [42], but other disorders such as restless legs syndrome and narcolepsy
are should also be considered in order to preserve the health of both mothers and
children. Respiratory disorders, such as sleep apnoea syndrome and snoring, may
also be encountered during pregnancy [9]; these disorders are not of direct psychi-
atric interest, but can be differentially diagnosed from other sleep disorders and can
sometimes be the cause for these (as in the case of insomnia) and therefore require
specialist monitoring [10].

4.1Insomnia
4.1.1 Definition, predisposing factors and epidemiology

Recent classifications listed in the Diagnostic and Statistical Manual-5th Edition
(DSM-5) [43] and in the International Classification of Sleep Disorder- Third
Edition (ICSD-3) [44] deleted the distinction between primary and secondary
insomnia (that is, dependent on other medical and mental disorders) in favour of a
single diagnostic category. Insomnia is defined whether as an independent diagnostic
entity or as a comorbidity of other mental, medical, and sleep disorders without the
need to establish causal relationships. Spielmann et al. in 1987 proposed the diathe-
sis-stress model of insomnia, which relies on the conceptualisation of the 3P model:
predisposing, precipitating and perpetuating factors contribute to the development
and maintenance of insomnia [27, 45]. Predisposing factors are already present
before the onset of insomnia. Female sex, pre-menstrual syndrome, pregnancy,
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post-partum, and menopause may influence the risk of developing insomnia.
Moreover, reduced melatonin levels, which may be inversely related to gonado-
tropin secretion, play a relevant role. Anyway, the main of these is represented by
sleep vulnerability in response to stress, namely sleeping difficulty due to stressful
precipitating stimuli [46]. Furthermore, internalisation, perfectionism, obsessive,
neurotic, and dependent personality traits are other factors that may contribute to
these effects [47-49]. All this explains particular sleep vulnerability in pregnancy,
both because pregnancy itself is a predisposing factor, but also since stress and sex
hormones interfere with sleep [16, 17, 50]. Among precipitating factors, there are
mechanisms that promote higher likelihood of developing sleep disorders, thus
determining the transition from pre-morbid insomnia to acute insomnia. If these
disturbing factors are not eliminated, early insomnia may evolve into a chronic
form. The main among these precipitating factors are: stress, health problems, pain,
anxiety, mood lowering [45].

Insomnia in pregnancy has a prevalence from 5-38% of women in early preg-
nancy, and it is reported as high as 60% in the eight weeks before the childbirth
[7, 9]. Pregnancy is a period characterised by worries, fears and doubts about the
health of the baby and this can be a precipitating factor of insomnia as well. As for
perpetuating factors, these are mainly represented by behavioural, cognitive and
physiological factors that persist in subjects already presenting with insomnia and
may lead to chronic insomnia in 80% cases, such as drinking caffeinated bever-
ages in the evening or engaging in stressful activities while lying in bed [45, 51].
Pregnant women with predisposing factors for insomnia and some neuroendocrine
alterations can develop precipitating factors, increasing both inflammation modu-
lating factors and amplifying hypothalamic-pituitary-adrenal axis with activation
of allostatic load that can cause adverse pregnancy outcomes [16, 17]. Sleep also
plays a fundamental role in learning through new neuronal circuits development,
and sleep restriction can thus lead to a disruption of neuroplasticity and to the
development of the pathological mechanism of depression, given the correlation
between the two systems. Therefore, insomnia may compromise adequate emo-
tional processing and may predispose to greater susceptibility to the development of
psychiatric symptoms, such as anxiety, depression and, to a lesser extent, psychosis
and substance or alcohol abuse [26].

Insomnia in pregnancy can be differentially diagnosed with various disorders
that may in turn be comorbidities, causes or consequences of insomnia. The
adequate identification of insomnia, as well as other comorbidities, is crucial in
order to. The conditions that may underpin differential diagnosis issues with insom-
nia are the following: Major Depressive Disorder (MDD); Bipolar Disorder (BD);
Generalised Anxiety Disorder (GAD); Post-Traumatic Stress Disorder (PTSD);
Panic Disorder (PD); Obsessive Compulsive Disorder (OCD); Obstructive Sleep
Apnea-Hypopnea (OSAH); Restless Leg Syndrome (RLS) [42].

4.1.2 Pathophysiological mechanisms underlying the development of insomnia
during pregnancy

Hormonal changes are the most important factors influencing duration, quality,
and physiology of sleep. The action of sex hormones in sleep could be observed
in preclinical studies conducted on ovariectomised rats [52]. Steroid hormones,
namely oestrogen and progesterone, increase during pregnancy with different and
often complementary effects on sleep and respiratory physiology. The early increase
in progesterone during the first trimester improves slow-wave sleep and activity
through induction of GABA receptors. Indeed, allopregnanolone, a metabolite of
progesterone, is a strong modulator of the GABA-A receptor and produces sedative
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and anxiolytic effects. Progesterone acts as a stimulant of the respiratory drive, as
in obese women, increasing the activity of the genioglossus muscle, thereby dilat-
ing the diameter of the upper airways. Counterpart to this protective effect against
obstructive sleep apnoea (OSA) may be an increased risk of central apnoea, due

to hormone-induced re-setting of chemoreceptors that favours hyperventilation/
hypocapnia coupling, as well as an increased pressor response to hypercapnia and
apnoea [10, 23, 53, 54]. Literature shows that high levels of oestrogens promote
sleep [55]. At the same time, some studies report that during the luteal phase of
the menstrual cycle (the phase where progesterone levels evidently increase) some
women may experience worse sleep [56, 57]. Low levels of oestradiol (E2) due, for
example, to lower ovarian production, are associated with worst sleep quality and
higher prevalence of insomnia [58]. Studies in rats that were administered oestra-
diol after sleep deprivation have shown variable results, as sleep worsened accord-
ing to some authors, while according to others sleep recovery could be facilitated
[59]. In postmenopausal women that were given hormone replacement therapy with
oestrogen, a subjective improvement in sleep was detected, whether oestrogen was
administered orally or transdermal, or when combined with progestin [60, 61].
Different results from several reports may be consequence of a different individual
sleep responses to sex hormones activities [55].

4.1.3 Treatment for insomnia

For ethical reasons, investigational drugs are never tested on pregnant women
and literature focused on treatments for this population is scant. However, some
reports seem to provide preliminary answers. Approximately 1% of women use
melatonin during pregnancy. Melatonin is not monitored by the Food and Drug
Administration and therefore doses and timing of administration are not well-
known or regulated yet [62, 63]. Maternal melatonin is required to synchronise
foetal circadian rhythms, but an alteration in endogenous production, including
external administration, could alter the amount of melatonin receptors in the
foetus. In fact, clinical studies on its use during pregnancy are inconclusive and
conflicting [64] Some studies show that melatonin does not cause adverse effects
in the offspring and it and may have a protective activity due to its antioxidant
properties. Particularly, a study conducted in 2016 showed that prenatal treatment
with melatonin significantly reduced neonatal biometry and birth weight [65].

In addition, melatonin treatment increased the duration of gestation by 7.5% and
shifted childbirth time, also reducing glucose tolerance and altering hormone levels
[19]. Subsequently, the use of melatonin in pregnancy is currently discouraged until
more reliable data are available [63]. Although there are concerns about the admin-
istration of exogenous melatonin in pregnancy and its impact on the development
of circadian rhythms and reproductive function in offspring, exogenous melatonin
may also have some potential protective effects on the foetus [9].

Among the drugs most safely used in pregnancy antihistamines are listed, which
are used by 10-15% of pregnant women for nausea and vomiting, and which also
present sedative effects, so these properties seem to be useful for insomnia treat-
ment [10, 63]. Trazodone can also be proposed as a sedative drug during pregnancy
[10, 30] since some studies exclude an association with congenital malformations,
although literature is limited [42]. Sedative-hypnotics such as zolpidem have
limited data on reproductive safety and therefore their use in pregnancy is limited
[33]. However, benzodiazepines can be considered for treatment during pregnancy,
taking into account the risk/benefit ratio [9, 42].

Insomnia can be treated both with medication and non-pharmacological
treatments. Short-duration and self-limited conditions may not need to be treated,
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whilst if the disorders are debilitating, it is necessary to assess maternal or foetal
adverse effects and impact on quality of life [9].

Pregnant women are reluctant to the assumption of drugs, due to the fear of
adverse events on the foetus. For these reasons, women are willing to accept non-
pharmacological treatments such as cognitive behavioural therapy (CBT), for which
promising results are demonstrated [66, 67]. Further non-pharmacological inter-
ventions, such as sleep restriction, stimulus control, relaxation techniques, sleep
hygiene and sleep education led to a subjective improvement in sleep quality as well
as subclinical anxiety and depressive symptoms [9].

4.2 Disorders of circadian sleep-wake rhythms in pregnancy
4.2.1 Definition and prevalence

According to DSM-5, the diagnostic criteria for circadian sleep-wake rhythm
disorders are: persistent or recurrent pattern of sleep disruption due mainly to an
alteration of the circadian system or a mismatch between endogenous circadian
rhythm and the sleep-wake rhythm required by an individual’s physical condition
or imposed by social or work commitments; sleep disruption leads to excessive
sleepiness, insomnia or both and sleep disruption causes clinically significant dis-
tress or impaired functioning in cognitive, social, occupational or other important
areas. The prevalence of circadian rhythms disorders is about 3-10% [68].

4.2.2 Pathophysiological mechanisms of circadian sleep—wake vhythm disorders
in pregnancy.

Circadian rhythms that may be altered as consequence of sleep-wake disorders are:
body temperature, physical activities, eating patterns, melatonin and glucocorticoids
secretion [14]. The activation of this system occurs through the action of light, which
activates photoreceptive cells in the retina that produce melanopsin and through the
retino-hypothalamic tract projected to the suprachiasmatic nucleus of the hypothala-
mus, regulating various pathways. Alterations in circadian rhythms are known to occur
in depressed patients. Indeed, this population of subjects can present abnormalities
in the secretion of cortisol, TSH and melatonin, as well as increased internal body
temperature at night. Furthermore, there is a clear worsening of depressive symptoms
with darkness, which may be clearly evident in seasonal affective disorder, as light
therapy is effective in circadian rhythms disorder and SAD [14, 69, 70]. Of particular
importance is the interaction between maternal melatonin and glucocorticoid secre-
tion and effects in the foetus [71], as melatonin has a pleiotropic biological action with
consequent antioxidant, antidepressant, antihypertensive, epigenetic, and trophic
effects on the foetus [72, 73]. At the same time, increased cortisol leads to elevated lev-
els of glucocorticoids and if these are excessive could interfere with foetal tissue [74].

4.2.3 Main clinical manifestations in pregnancy.

Pregnant women may also be affected by circadian rhythms disorders and in this
case, in addition to the mood disorders mentioned above, they may present with
other pathological conditions and the effects of these alterations are clearly evident
in shift workers, who have a higher risk of low birth weight, spontaneous abortion
and premature birth, but also a higher risk of infertility, miscarriage, pre-eclampsia
[7, 14, 15]. In pregnant rats subjected to altered sleep-wake rhythms an increase of
adiposity may occur, together with impaired glucose tolerance, and insulin resis-
tance manifesting in offspring 12 months later [75].
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4.2.4 Treatment

In this care, treatment is purely non-pharmacological, based on a correct sleep/
wake pattern and bright light therapy [7], but there are still doubts about the actual
beneficial effects of this therapy in adult offspring; effectiveness of alternative
therapies such as: phytotherapy, acupuncture, acupressure, aromatherapy, reflexol-
ogy, music therapy and yoga are unknown [71].

4.3 Restless legs syndrome
4.3.1 Definition and epidemiology

Restless legs syndrome (RLS) or Willis-Ekbom disease is a motor-sensory disor-
der of the lower limbs associated with increased likelihood of sleep-wake disorders,
such as poor sleep, poor daytime function and excessive daytime sleepiness in preg-
nancy. This condition is almost twice as common in women as in men, but reasons
for this imbalance in prevalence are not precisely understood [76]. Indeed, the first
known epidemiological study of RLS during pregnancy reported a prevalence of
11.3%, but in the third trimester prevalence appeared to rise up to 30%. Pregnancy
is a cause of a transitory form of the syndrome, but after several pregnancies it can
also become persistent [10].

4.3.2 Pathophysiological Mechanisms.

The main mechanism involved in the pathogenesis of restless legs syndrome is a
dysregulation of the dopaminergic system, so a reduction in the absorption of this
neurotransmitter favours the development of the disease. In general, pathogenetic

factors facilitating the appearance of RLS during pregnancy appear to be:

* Elevate levels of oestrogen, (especially oestradiol, particularly in the third
trimester of pregnancy)

* Increased prolactin (decreased action of dopamine)

* Iron-deficiency- related anaemia (common disorder in pregnancy)

* Hypertension (bidirectional relationship) [7, 77, 78].
4.3.3 Treatment

In pregnancy, a correct treatment for RLS can be iron supplementation when
needed. Other pharmacological agents, such as clonazepam, clonidine, and opioids
may be needed in severe conditions, despite there is a high risk of neonatal with-
drawal with these drugs [9, 18]. Non-pharmacological treatments that can be used
in pregnant women with RLS are physical exercise and behavioural strategies, such
as reduced caffeine intake [76].
4.4 Narcolepsy
4.4.1 Definition epidemiology, pathogenesis

Narcolepsy is a sleep disorder characterised by excessive sleepiness, associated
with cataplexy, sleep paralysis, and hypnagogic hallucinations [79]. The prevalence
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of narcolepsy in the general population is 14/1,000 inhabitants and in pregnant
women a similar prevalence can be described. Under a pathogenetic point of view,
narcolepsy is the result of an alteration of the nuclei of the reticular system (SRA)
that promote wakefulness [7, 80].

Narcolepsy in pregnancy causes adverse effects such as excessive maternal
weight gain and gestational diabetes, whilst cataplexy contributes to a higher risk of
emergency caesarean section [9].

4.4.2 Treatment

Narcolepsy is less common in pregnancy than other sleep disorders, but is
more difficult to manage during pregnancy and in the perinatal period, also due
to possible adverse effects of the drugs that may be used. In fact, amphetamines
can cause low birth weight and increased risk of miscarriage is reported in women
using sodium oxybate [7, 9, 81]. Data on the safety of selective serotonin reuptake
inhibitors are conflicting, since there are not significant association with birth
defects with use of fluoxetine, but it may contribute to transient neonatal complica-
tions during the third-trimester and to risk of social-behavioural abnormalities in
childhood [82]. Subsequently, non-pharmacological treatment options are recom-
mended, such as avoiding drugs can cause daytime sleepiness, intermittent napping
and practising good sleep hygiene [9] (See Table 2).

5. Conclusions

According to Immanuel Kant, ‘Heaven has given man three things to compen-
sate for the difficulties of life: hope, sleep and a smile’. Indeed, hope and a smile
can also be a consequence of satisfactory sleep, especially during pregnancy, but
physical changes and conflicting emotions during this period can at the same time
alter sleep patterns. Paying attention to sleep disorders during pregnancy could
prevent the development of serious health consequences both for the health of
mother and child. Identifying sleep disorders also encourages their adequate and
early treatment, thus preventing the development of general symptoms such as
asthenia, irritability, and emotional lability, or more serious psychiatric disorders,
such as depression, mania and psychosis. At the same time, a multidisciplinary
approach to sleep disorders in pregnancy is required. Indeed, the cooperation
of psychiatrists, neurologists, gynaecologists, and psychologists may allow a
improved sleep quality and increase overall well-being of women, children, and
their family.
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