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The purpose of this study was to review potential, physiological, hormonal and neuronal mechanisms that may mediate the sleep

changes. This paper investigates the literatures regarding the activity of the hypothalamic-pituitary-adrenal (HPA) axis, one of the

main neuroendocrine stress systems during sleep in order to identify relations between stress and sleep disorder and the treatment

of stress-induced insomnia. Sleep and wakefulness are regulated by the aminergic, cholinergic brainstem and hypothalamic systems.

Activation of the HPA and/or the sympathetic nervous systems results in wakefulness and these hormones including corticotropin-

releasing hormone (CRH), adrenocorticotropic hormone (ACTH), cortisol or corticosterone, noradrenaline, and adrenaline, are

associated with attention and arousal. Stress-related insomnia leads to a vicious circle by activating the HPA system. An awareness

of the close interaction between sleep and stress systems is emerging and the hypothalamus is now recognized as a key center for

sleep regulation, with hypothalamic neurontransmitter systems providing the framework for therapeutic advances. An updated

understanding of these systems may allow researchers to elucidate neural mechanisms of sleep disorder and to develop effective

intervention for sleep disorder.
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INTRODUCTION

Stress is a complex condition with emotional, cognitive, and
biological factors. Excessive stress causes long- and short-term
disability in the various human systems, and activates the defense
system of the central nervous system. The stress responses differ
depending on the type of stress and the individual’s physiological
responses. These latter responses consist of neuro-endocrine and
behavioral responses, and include the changes in the activity and
immune function of the hypothalamo-pituitary-adrenal (HPA) axis.

Sleep is an important component of human homeostasis.
Sleep disorders are closely associated with significant medical,
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psychological and social disturbances. Chronic sleep restriction is
an increasing problem in many countries. Since the body’ stress
systems play a critical role in adapting to a continuously changing
and challenging environment, it is an important question whether
these systems are affected by sleep loss. The human body mobilizes
defensive processes in an adaptive effort to maintain homeostasis.
If these defenses fail, insomnia may occur. Short-term insomnia is
caused by a change in routine such as psychiatric illness, disability,
and stress [1].

In the beginning of sleep, the activity of HPA axis is suppressed
continually. In the latter part of sleep, the HPA secretory activity
increases so it is close to the maximum circadian rhythm
immediately after waking up, and the prominent activity of the
HPA axis and sympathetic nervous system influences the overall
amount of rapid eye movement (REM) sleep [2]. Therefore, the
rise of adrenocorticotrophic hormone (ACTH) in the morning
is the decisive control factor regulating the end of sleep [3]. The
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fact that the beginning and end of sleep involve HPA axis activity
and the close temporal relationship between the axis and sleep
provides a clue to estimate the effects of the stress on sleep.

The immune system is also influential in the relationship bet-
ween stress and sleep. The most important link between the
immune system and sleep is established by the cytokines which act
as signaling molecules of the immune system such as interleukin-1
beta (IL-1f), tumor necrosis factor (TNF), and interferon. IL-1f,
TNE and interferon are known to participate in the regulation
of sleep [4]. If IL-1 or TNF are injected, non-REM (NREM)
sleep will increase. But, in the absence of these substances, sleep
is interrupted. IL-1p is also involved with the immune regulating
feedback chain, which activates the HPA axis, and may be one
pathway involved in the relationship between stress and sleep [5].

Typically, stress-related insomnia is transient and persists for
only a few days. But, in the clinic setting the real problem is
chronic insomnia, which is also called physiological insomnia.
The stress-diathesis theory of the onset of chronic insomnia posits
the involvement of a series of steps configured by the predisposing,
precipitating, and perpetuating factors. A greater understanding
is needed about the progress of insomnia caused by stress,
particularly physiological insomnia.

In this study, the factors involved in sleep and alertness, their
mechanisms of regulation, and the regulatory influences of the
activation of HPA axis on stress-related physiological responses
and changes in immune function on regulating sleep and alertness
mechanisms were examined. As well, the mechanisms by which
transient insomnia due to stress becomes chronically stabilized

were investigated.
NEURONAL SYSTEMS AND CHEMICALS IN SLEEP AND WAKING

The arousal system of the brain stem

The brain stem reticular formation has two dorsal pathways:
a pathway towards the thalamus and a pathway towards the
basal forebrain. These pathways activate the cerebral cortex [6].
Glutamate is the most common excitatory neurotransmitter in the
brain 7] and major function of the reticular formation neurons is
to activate the sensory-motor, autonomic neuronal, and cerebral
cortex by the secretion of glutamate[8]. The pedunculopontine
tegmental nuclei and the laterodorsal tegmental nuclei (PPT/LDT)
which release acetylcholine play an important role on wakefulness
by projecting through the thalamus, hypothalamus, and the basal
forebrain [9]. Cholinergic neurons reciprocally enervate with the
thalamus, the locus coeruleus (LC), and the raphe nuclei (DRN)
[10]. Experimentally, acetylcholine in the cerebrum prompts was
reported to be increased during alertness and, more abundantly,
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REM sleep [11]. Noradrenergic neurons of the LC spread out
widely to the overall brain, and they activate alertness, followed by
NREM, with activity being lowest during REM sleep [12]. When
the LC is stimulated, the activity of the cerebral cortex (ie., EEG)
is increased [13], and the changes in the LC activity are increased
by new stimulation and various stressors. Stress may activate
the LC activity by secretion of corticosteroid releasing hormone
(CRH) in the paraventricular nucleus of the hypothalamus [14].
The nigrostriatal dopaminergic pathway promotes waking in
motor activity, and inhibits sleep [15]. But, the mesocortical and
mesolimbic dopaminergic neurons in the ventral tegmental area
(VTA) of the midbrain affect the cerebral cortex and the limbic
systems, regulating alertness. Serotonergic neurons of the DRN
are activated during waking state, and are inhibited in REM sleep
[16]. Serotonergic neurons are involved in the generating of slow
wave, but are not activated during sleep [17]. The collective data
to data are consistent with the view that the serotonergic neurons
are responsible for some of the activating systems, but seem to
reduce the cortex activation by exerting an inhibitory influence
on other neurons responsible for alertness [7]. Serotonin 5-HT1A
receptors are expressed in the gamma-aminobutyric acid (GABA)
ergic neurons of the basal forebrain [18]. GABAergic neurons
are hyperpolarized by secreting 5-HT in the DRN. Therefore,
it GABAergic neurons are inhibited by 5-HT1A receptor
agonist, then wakefulness can be indirectly caused by increasing
acetylcholine in the cortex.

Hypothalamic arousal systems

When the hypothalamus is stimulated, a series of arousal reac-
tions including the activation of the HPA axis, the cortex, and
the autonomic nervous system are elicited [19]. The posterior
hypothalamus, which is involved in alertness, uses glutamate
as the primary neurotransmitter [20]. The tuberomammillary
neurons (TM) located in the posterior hypothalamus are the only
histamine neurons in the brain; they receive information from
numerous activation-related regions of the brain stem and the
ventrolateral preoptic area (VLPO) [21]. Histamine modulates to
maintain cortical activity and wakefulness. Orexin, which is also
called hypocretin, is secreted by neurons in the lateral and medial
hypothalamus [22]. The orexin neurons project to the cerebral
cortex, and most of arousal regions including monoaminergic and
cholinergic neurons and connect with the preoptic area (POA)
and BE

A lack of orexin causes narcolepsy. Orexin is activated in the
alertness condition, and especially plays a role in motor activity.
The orexin neurons reciprocally project to VLPO neuron, but
there are no orexin receptors in the VLPO [23]. Therefore, the
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orexin neurons reinforce alertness, but do not directly suppress
the VLPO, and the asymmetrical relationship seems to contribute
to make the flip-flop switch stable, which stops conduction
to unwanted sleep. As a result, the activity of the LC, which is
inactivated during REM, is predominated by orexin neurons,
which led to conclusion that orexin is a target for regulating REM
sleep [24].

POA

The VLPO as a sleep center contains GABAergic/galaninergic
neurons, which act as an inhibitory neurotransmitter. POA neu-
rons principally use histamine, and so assume to be involved in
alertness and NREM [25, 26]. VLPO neurons send terminals
to the DRN and LC, which have important roles for REM.
Conversely, GABAergic neurons in the VLPO are suppressed by
noradrenalin and serotonin [27] and H2 receptors are suppressed
by histamine. c-Fos-immunoreactive neurons (Fos-IRNs) in the
VLPO and median preoptic nucleus (MnPN) have been closely
correlated with existing sleep quantity. In particular, Fos-IRNs
were increased during sleep recovery after sleep deprivation [28].
These findings show that the VLPOA is a crucial neural substrate
for sleep promotion. Adenosine promotes sleep by exciting
the neural activity of the POA [27], while on the other hand it
facilitates sleep by suppressing the alertness-activating neurons
such as cholinergic neurons [29].

Cytokines including IL1-p and TNF influence homeostatic
sleep control [30]. TNF-a causes NREM via the POA and the
LC. In experiments with mice, the injection of TNF-a in these
regions resulted in increased NREM, and the LC suppressed
noradrenaline alertness mechanisms. Prostaglandin D2 (PGD2)
is another important endogenous sleep factor that also acts in the
POA. Growth hormone-releasing hormone (GHRH) also plays an
important role in the regulation of NREM [30].

THE PROCESS OF SLEEP REGULATION

Schema of a typical entrained 24-hour day

Sleeping involves sufficient periods of wakefulness and decline
of core temperature, which are merged to open the “gate” to sleep.
The beginning of sleep involves the first circadian vertex of slow
wave sleep. The pressure of slow wave sleep decreases with time.
Generally, the vertex of circadian REM can be set between the
half-cycle of two slow wave sleep pressures. To minimize sleepiness
in the early evening and to maintain proper alertness, three
factors seem to be critical: low pressure of slow wave sleep, REM-
minimum pressure of sleep, and peak core temperature. Sleep and
alertness are mutually competitive and necessarily exclusive; the
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development of alertness is the reverse of sleep pressure. In the
late evening core temperature begins to decrease, and somnolence
related to sustained alertness continuously increases. This cycle is
repeated thereafter.

Homeostatic process of sleep

Slow wave activity is a physiological indicator of NREM sleep
homeostasis. Slow wave activity can be considered an indicator
of the depth or intensity of sleep. The stimulus reaction decreases
depending on the increase of slow wave activity, and this activity
is inversely correlated with alertness [31]. In addition, the process
of comprehensive slow wave sleep is high in the beginning of
sleep but decreases gradually thereafter [32]. Spectral analysis
of brainwave activity revealed a change in density of average
brainwave between 0.25-2.0 Hz depending on the process of sleep
[33]. A nap late in the afternoon includes increased slow wave
sleep than a nap early in the afternoon [34]. Shorter duration of
night-time sleep produces increased slow wave activity in a nap
the next morning [35]. Concerning the effects of sleep deprivation,
recovery sleep includes increased slow wave sleep following the
deprivation of partial or full sleep [32]. Especially, the increase of
slow wave sleep is markedly enhanced in the first day of recovery
sleep, as the extension of alertness period [36].

The immune system is involved with the various stress responses,
and homeostasis during sleep and generation of NREM. Levels
of TNF and IL1-p in the brain change with time courses; a study
conducted in a mouse model demonstrated high levels of TNF
mRNA and protein in the cortex and hypothalamus when sleep
inclination was maximal. In the study, sleep deprivation was linked
with an increase in the brain density of cytokine. In addition,
upregulation of cytokine and somnolence was also evident in mice
challenged with infection. Bacterial cell wall muramyl peptides
and viral double strand RNA [37] reinforce cytokine production,
similar to compounds including IL1-B and TNF. If TNF is
injected in the POA of the hypothalamus, it reinforces REM,
while injections of TNF soluble receptor at the same site spur a
spontaneous decrease in sleep. Injections of IL1-p receptors at
the same site suppress alertness-activating neurons and stimulate
sleep-activating neurons [30]. TNF or IL1-P reinforces sleep
in these areas as well as in other regions of the brain, if TNF or
IL1-B is injected directly into the cerebral cortex; slow wave sleep
is increased in the injected half of the brain sphere. Similarly,
injection of TNF soluble receptor or IL1-p soluble receptor
suppressed the increases of slow wave sleep after sleep deprivation
in the injected half-sphere [38].

Cytokines, especially TNF and IL1-f, act on the sleep control
circuit and are involved with sleep-related morbidity. IL1-B, IL2,
143

www.enjournal.org



Kuem Sun Han, et al.

en

IL6, IL8, IL15, IL18, TNE, fibroblast growth factor, and nerve
growth factor are some of the cytokines that have been shown to
reinforce sleep. But, IL4, IL10, IL13, and insulin-like growth factor
as among the cytokines that suppress sleep. These sleep regulatory
substances (SRS) are responsible for some regulatory mechanisms
that maintain the ark of the cycle of long-lasting sleep/alertness,
and so have been linked to sleep homeostatic mechanisms [30].
After sleep deprivation, the production of interferon (IFN), TNE
and IL1-p was increased [37]. Sleep apnea can accompany sleep
deprivation and hypoxia, and involves an increase of TNF [37].
IL1-p and TNF activate nuclear factor-kappa B (NFkB) and
c-Fos (AP-1), transcription factors, and a myriad of short half-
life, small molecules such as activated nitric oxide adenosine, and
prostaglandins [39]. Adenosine causes NFkB nuclear translocation
in the basal forebrain. NFkB is activated by sleep deprivation [40].

Summarizing the molecular connection related to homeostasis
of sleep, SRS including TNE IL1-p, and NGF are generated or
secreted by neuron throughout the waking period, in a process
that can be affected by stress. SRS production/secretion can
be subject to positive or negative feedback regulation from
transcription factors such as NFkB, cytokines, and hormones.
Cytokine production and activity includes transcription and
detoxification, and their direct actions on sleep were mediated by
nitric oxide and adenosine, whose short half-lives enable ready
and swift response [5].

Circadian process of sleep

The circadian cycle of physical function continues without
outside temporal clues from the beginning, and it is natural and
that the cycle is precisely 24 hours [35]. People naturally feel sleepy
at night, due to the fatigue resulting from daily life rather than
the screening of the internal clock, so sleep can be delayed by
appropriate stimuli. As a result, the fact that determination of sleep
time is changed by the circadian mechanisms in daily life can be
overlooked. Control of circadian rhythm by REM is not related
to sleep time, but the peak REM tendency is coincident with the
peak nadir of body temperature in the early morning, Somnolence
is regulated by homeostatic and behavioral results, and circadian
rhythm. The tendency of sleep is consistently high when the
rhythm of human body temperature is disrupted; the result is a
need for sleep in early afternoon (i.e., nap, siesta). This distribution
reflects the phase of the circadian cycle, which is determined
endogenously.

The suprachiasmatic nucleus (SCN) is the “master clock” of the
brain. SCN neurons are activated in a 24-hour transcription and
detoxification cycle. Animal experiments have demonstrated
that SCN removal abrogates the circadian rhythm of behavioral
144
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and physiological processes, which can prevent sleep [41]. Under
normal circumstances, melatonin in the SCN will be reset every
day by being secreted by the light entering through the eyes in the
morning and from the pineal at night [42]. The light is detected
by series of ganglion cells equipped with the predisposing factor
melanopsin, which is delivered to the SCN. Information from
SCN neurons is amplified in the near sub-paraventricular zone
(SPZ) [43]. The neurons from the DMH deliver the information
to neurons responsible for circadian secretion, which regulates
hormones such as orexin neuron related to VLPO and alertness
as central sleep, body temperature and corticosteroids, and
thyrotropin-releasing hormone. Therefore, sleep-wake, activity,
feeding, temperature and corticosteroid rhythms are changed
equivalent to the DMH variable activity [44].

Core temperature is one of the physiological progresses regu-
lated by the circadian pacemaker. Sleep begins when the core
temperature falls from its peak. Sleep ends following the nadir
of core temperature. In addition to the circadian rhythm of core
temperature, one of the important substances involved in the
regulation of sleep-wakefulness rhythm is melatonin. Dim light
melatonin onset (DLMO) begins 2-3 hours before the usual
start time of sleep [45]. The DLMO is relatively less affected by
exogenous factors, so it is recognized as reliable marker to measure
the circadian rhythm of humans. In addition to melatonin, other
substances involved in regulating the sleep-wakefulness circadian
rhythm are corticosteroids. Endogenous rhythm influences the
circadian rhythm of HPA secretion through the multi-synaptic
SCN-adrenal pathway [46]. Cortisol secretion is very rhythmic,
and is maintained at a low level during the day and at the
beginning of night, but the secretion increases from the latter part
of the night towards morning, The nadir of cortisol appears within
2 hours after the start of sleep. In other words, sleep begins when
cortisol is lowest and finishes when cortisol is highest. Physical or
physiological stress changes cortisol secretion by activating the
HPA axis.

THEORETICAL MODELS OF INSOMNIA

Stress as a precipitating factor

Post-traumatic stress disorder (PTSD) is an extreme case of
stress-related insomnia, which occurs after traumatic experiences.
According to Hefez et al. [47], individuals who have experienced
extremely traumatic events shows more recollection of a dream
with low sleep efficiency. Cartwright and Wood [48] reported that
sleep can be easily disrupted in people undergoing divorce, with
decreased delta sleep. Kageyama et al. [49] asserted the relevance
of the subjective quality of reporting between career stress and
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poor sleep, and Hall et al. [50] opined that stress-related thinking
is connected with insomnia. Verlander et al. [51] reported that an
emotional reaction is the best predictor for explaining the factors
such as depth and quality of sleep among three stress factors:
burden events, personality mediators, and emotion reactions.
Paulsen and Shaver [52] reported that the negative life events have
indirect effects only, but do affect objective sleep. Cernovsky [53]
demonstrated that the major stress and sleep obstacles are not
closely correlated, and that the negative life-cycle is somewhat
connected with sleep obstacles among the various sleep factors.
Reynolds et al. [54] reported that REM is increased in the brain
waves of the people who have experienced bereavement, but it
does not affect the rate of sleep efficiency, REM latency, and delta
sleep.

In the 1980s, the interest in minor stress (i.e., “hassles’) was
heightened by considering coping mechanism of individuals about
stress or personality of characteristics separate from previous
trends in major stress events such as death and divorce, which
lead to significant changes in life. The daily worry and frustration
that are a routine occurrence have been proposed as harmful for
individuals health [55]. Thus, minor stress is a more important
factor than the major stress, can have bigger effects on the disease
and psychological and physical symptoms, and can be a better
predictor. Hick and Garcia [56] reported that the increasing stress
lessens the length of sleep. The influence of stress as the trigger or
influence of insomnia has been inconsistent. However, according
to the Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-1V), “Most of the insomnia occurs with acute
for psychological, social and medical stress™; in one study, 78%
insomnia patients reported a link between such stresses and
insomnia [57].

In several prospective studies, the main predictors of insomnia
were depression, health problems, physical inability, and mental
and social state [58]. In addition, while stress is acknowledged as
an important risk factor of insomnia, Morin et al. [59] opined that
its significance difters between the insomnia patients and affected
individuals concerning an individuals reaction to the of frequency
of stress.

Stress and related sleep physiology

Stress activates the sympatho-adreno-medullary (SAM) and
HPA systems, influencing cardiovascular, catecholamine, cortisol,
ACTH, and CRH hyperactivity [60]. The stress system interacts
by endocrines, the gastrointestinal and immune systems, and
positive/negative feedback pathways [61]. Excessive secretion
of cortisol negatively affects neural structures such as the
hippocampus, resulting in memory deficits [62] and, especially,
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negatively influences sleep by affecting the activity of the SAM
and HPA systems [63]. The immune system is also affected by
stress; the autonomic nervous system activates genes involved in
production of immune substances such as cytokines [64].

Increased activity of the autonomic nervous system [65] and
cortisol causes alertness. Increased ACT influences awakening.
Therefore, awakening from sleep after stress can be related to
the early increase of ACTH [66]. It has been shown that the
injection of ACTH increases sleep latency, decreases slow wave
sleep, and fragments sleep [67]. For example, the receptor activity
of mineral corticosteroid increases NREM, and the receptor
activity of glucocorticosteroid increases alertness and REM [66].
In experiments where mice were immobilized or subjected to
social stimulation, decreased slow wave sleep and REM were
documented, and their increase during recovery sleep was
revealed [68]. Acute and chronic stress decreases slow wave sleep
and REM in mice exposed to stress, but a normal sleep pattern was
re-established upon recovery. In an acute stress situation, CRH
(an ACTH secretion hormone) mediates the stress reaction in the
central nervous system [69]. CRH acting as a neurotransmitter
in the LC activates noradrenaline neurons in the LC. But, under
chronic stress, distal corticosteroids increase and sleep is disrupted.
Therefore, in chronic stress, the reaction of slow wave sleep and
REM is not significant.

The immune system is important in the relationship between
stress and sleep. Acute or chronic stress in humans and animals
considerably affects sleep through the immune system. Acute
stress mainly activates the immune system related to natural
killer (NK) cells mediated by catecholamine [70]. Meanwhile,
chronic stress down-regulates the immune system by decreasing
B and T cells and reducing NK cell activity [71]. This occurs in
depression and PTSD [71]. IL1-P is also involved in an immune
regulated feedback that activates the HPA axis. This is involved
in the relationship between stress and sleep. Blood IL-1 levels
change depending on the cycle of sleep-alertness, and blood
TNF is related to the slow wave activity of brainwaves. Also, there
is a strong correlation between the degree of the loss of sleep
continuity and NK cell function obstacles [72].

Inversely, insomnia causes physiological responses like those in
stress situations. Sleep increases growth hormone and testosterone
[73], and reduces metabolism and blood flow, to fight against
stress [74]. In a state of insomnia, cortisol, heart rate, central
temperature, and oxygen consumption are increased [2], as are
glucose tolerance [75] and cytokines [76]. Sleep deprivation
increases ghrelin and decreases leptin, which exacerbates appetite
[77]. Evidence to date indicates (bit has not confirmed) a close
connection between stress and sleep. Stress causes pyscho-

145

www.enjournal.org



Kuem Sun Han, et al.

en

physiological responses and activates the HPA system, which are
incompatible with normal sleep. Also, insomnia causes a vicious
circle of stress-insomnia by further activating the HPA system.
Especially, chronic stress can cause continuous hippocampus-
related memory system fatigue by up-regulating the HPA system.
The long-term impacts of chronic stress remain unclear.

Physiological model

Patients with insomnia, despite lacking night sleep and day-
time fatigue, are at a higher state of alertness than those who
have appropriate sleep, which has also been demonstrated by the
fact that patients with insomnia have longer sleep latency than a
control group consisting of ordinary people who sleep upon an
execution of latency repeat inspection. This suggests that insomnia
is an over-alertness obstacle ranging for 24 hours, and not one
limited only to nighttime [78]. As another piece of evidence of
over-alertness, patients with insomnia have an increased metabolic
rate for 24 hours, their sympathetic nervous system is relatively
exacerbated [78], and their adrenal cortex hormone and cortisol
density are markedly increased compared to ordinary people [2].
HPA axis activity-related cytokine hypersecretion or daily cycle
fluctuation can explain insomnia-related fatigue and poor sleep.
Also, patients with insomnia have an increased relative rate of
beta-power in brainwaves while awake during the hypnagogic
period in which the delta power declines, which suggests the
alertness of the central nervous system [79]. The nervous system
circuit interacting through brain imaging techniques plays an
important role for the neuronal physiology of insomnia [80], in
which general alertness system (upturn reticula formation and
hypothalamus), the system that regulates emotions (hippocampu,
tonsil, anterior cingulate cortex) and cognitive system (prefrontal
lobe), are involved.

Behavioral model

According to a behavioral model proposed by Spielman et al.
[81], insomnia is presumed to be caused acutely by both consti-
tutional and causal factors. Acute insomnia is gradually and chro-
nically strengthened and stabilized by a nonadaptive reaction
strategy. In other words, if an insomnia episode begins, patients
choose various nonadaptive strategies intended to produce more
sleep (e.g., spending excessive time in bed and staying awake
in bed for a long time). These behaviors reduce sleep efficiency,
which results in conditioned alertness during usual sleep and the

occurrence of chronic insomnia.

Cognitive model
A cognitive model first proposed by Morin [82] notes that
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concern and reflection by early stress disrupts sleep and causes
an acute episode of insomnia. The individuals reactions to this
transient sleep trouble (i.e., behaviors, beliefs, attitudes, and
interpretations) contribute to sustaining or deteriorating the
subsequent insomnia. Once sleep disturbance begins, concern
and reflection changes from life stress to sleep itself, and with day-
time symptoms in the absence of sufficient sleep. This negative
cognitive activity is further strengthened if one feels threatened
related to sleep or perceives a lack of sleep [83]. Moreover, moni-
toring day-time symptoms due to sleep and lack of sleep causes
autonomic neuronal alertness and emotional distress, which
causes selective attention to threatening clues associated with
sleep to sustain insomnia [84]. Such a chain reaction causes a
state of over-alertness, which conflicts with a state of relaxation
needed for inducing sleep. Excessive concern with sleep and fear
for not having sleep generates bad sleep habits such as taking a
nap or staying in bed for a long time, which collapses the sleep-
alertness cycle and homeostasis of sleep. In a nutshell, regardless
of the causes of insomnia in an early phase, bad sleep habits and
non-functional recognition of sleep are almost always involved in
perpetuating or deteriorating sleep obstacles over time [85].

Neurocognitive model

Patients with insomnia tend to overestimate their sleep latency,
while tending to underestimate their overall sleep time (i.e., they
say it takes a long time to fall asleep and that they do not sleep in).
Polysomnogram data indicate wakefulness even if sleep begins,
which prompts awakening. Also, for patients with insomnia,
use of benzodiazepine-based sleeping pills does not normalize
sleep, although patients report more benefits attributed to the
medication than can be explained by objective variables with
improved sleep [86]. Cognitive neural perspective focusing on
cortex alertness measured by brainwave activity allows patients
with insomnia to explain diagnostically the paradox in the
patients [86]. The consistency of the behavioral model is that the
neuronal cognitive model concerns the view that acute insomnia
is stirred by living stress, while continuous insomnia is caused
by maladjusted countermeasures, and that chronic insomnia
results from conditioned alertness. The difference of the neuronal
cognitive model on chronic insomnia focuses on cortical arousal,
a form of conditioned alertness [86]. According to the neuronal
cognitive model, hypnagogue or high frequency brainwave
activity at that time is a primary feature of chronic insomnia, and
conditioned alertness in this form prompts various sensory and
cognitive phenomena that do not occur during quality sleep.

The theoretical model of insomnia is a stress-constitution model,
which argues that pre-onset predisposing factors, precipitating
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factors like stress, and subsequent perpetuating factors causes the
expression of insomnia. In other words, people with insomnia
have a characteristic of the predisposing factors of insomnia,
the precipitating factors including cause an actual artwork, such
acute insomnia is strengthened by nonadaptive reaction strategy
to become chronically stabilized. Physiological, cognitive, and
awakening of intellectual mind, maladjusted behavior, circadian
rhythm, and sleep homeostatic obstacles can be the perpetuating
factors that perpetuate transient insomnia caused by stress.

MANAGING INSOMNIA THROUGH DAILY LIFE STRESS MA-
NAGEMENT

Insomnia caused by various stress factors can be prevented and
managed by managing everyday life habits. The management
of day-to-day lifestyle can be divided into mental and physical
aspects based on the comprehensive model of stress [87]. As the
management of mental aspect, since the perception and evaluation
of the factor rather than the event itself significantly affect stress,
one should make efforts to change his/her cognitive evaluation to
a more positive one and to reduce everyday life stress. This can be
accomplished by maintaining the balance between work and rest
by releasing stress at the moment to deal with the stress, expressing
concerns or problems with the expression of emotional tension,
maintaining an inner balance with reality by accepting what
cannot be changed and accepting what is wrong, trying to plan and
record a daily routine and form a habit of setting priorities, And
seeking solutions by simplifying the pertinent issue when facing a
complicated and difficult problem [88].

The management of day-to-day lifestyle in physical aspect
includes regular and balanced meals, Balanced physical activity
by regular moderate motion about for 30 min., 3-4 times a week,
(e.g., stretching, jogging, biking or hiking), and induced body rest
and relaxation, such as controlled respiration and muscle tension
methods.

Most of all, goal-setting, continuing to make constant efforts
toward the goals, accepting the fact that no one is perfect, and
doing ones best can help overcome insomnia caused by stress.

CONCLUSIONS

Excessive stress is detrimental on many levels to humans, and
it activates the defense system of the central nervous system.
Stress-related physiological responses differ depending on each
individual cognitive form, and these physiological responses
cause the neuro-endocrine responses and behavioral responses.

Sleep is an essential biological process for humans. Many
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anatomical structures and biochemical substances are involved
in the regulating mechanisms including the HPA axis, which is
activated by the factors including stress and immune function. The
regulation of sleep is configured with the circadian process that
determines the beginning and ending of sleep, and the homeostatic
process that maintains the depth and the amount of sleep. In the
early stage of sleep, the activity of HPA axis is suppressed and
ongoing, while in the latter part of sleep HPA secretion activity
increases. The increased HPA axis and activity of the sympathetic
nervous system influences rapid eye movement (REM) sleep.
Components of immune system including IL-1p are involved
in the homeostatic regulating mechanisms of sleep. In addition,
IL-1B participates in the immune regulating feedback chain that
activates the HPA axis. Stress-related insomnia leads to a vicious
circle by activating the HPA system. Chronic insomnia, which is
termed physiological insomnia, is a clinical problem. The stress-
diathesis theory concerning the onset of chronic insomnia posits
the involvement of a series of factors consisting of predisposing,
precipitating, and perpetuating factors. Stress-induced insomnia
that becomes chronically stabilized is connected to the treatment,
so that an understanding of the perpetuating factor is essential.
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