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[134]. However, the review did not mention vitamin B12
i the treatment of jet Jag disorder or shift work disorder

1m0t
RSt

5.3.2.3. Physical activation. Physical activity is associ-
ated with an antidepressant effect in clinical depression
[144]. Exercise leads to improvements in physical and
mental health in patients with fibromyalgia {{45]. Lack
and Wright [146] described the effectiveness of exercise
on retiming the circadian rhythm in those with jet lag
and shift work. In patients with chronic fatigue syn-
drome, graded exercise therapy is of proven value in
randomized controlled trials {147]. Physical activation
or exercise is a polential method to relieve
asynchronization.

5.3.2.4. Chronotherapy. To resynchronize the circadian
clock with the desired 24-h cycle, chronotherapy 1s
applied for patients with circadian rhythm sleep disor-
der. The background of this approach is that the cycle
of the circadian clock of most people is longer than
24 h.In a case of delayed sleep phase, a successive delay
of sleep onset times by 3 h daily over a 5- to 6-day period
is required until the desired sleep onset time is achieved
[148]. This shift should be followed by rigid adherence to
a sel sleep-wake schedule and. good sleep hygiene
practices.

However, the potential confounding eflects of light
exposure at the wrong circadian time may limit the effec-
tiveness and practicality of this approach [149].

5.3.3. Alternative approaches

The following are the potential approaches to asyn-
chronization, although there are limitations regarding
the diagnostic standards and methodology: in terms of
the applicability of wide clinical use.

5.3.3.1. Kampo. -Kampo medicine is a-traditional Japa-
nese  herbal medicine which originated:‘in- traditional
Chinese medicine. - Chen ‘et al. [150] -found several
Kampo: prescriptions for ‘fatigue: syndrome’ patients
in- Pujifang; the most-comprehensive prescription man-
ual from the Ming Dynasty.-These are”Rokumi-gan
(standardized  number for prescription: in*Japan; -87),
Hochu-ekki-to (41), and Sho-saiko-to {9).-Chen et al.
{1507 reported [151] on the favorable effect: of “Ninjin-
yoei-to on. the - management  of" chronic- fatigue: syn-
drome. In a Japanese textbook {152}, adequate Kampo
treatments. to manage - patients with chronic fatigue
syndrome have beendescribed.: These: include Saiko-
keishi-to {10} (for those with fatigue after acute infec-
tion), Rokumi-gan (87) (for: those with glow {or heat
sensation: in the palm or the foot)), Kihi-to(65) (for
those with insomnia or. gastrointestinal- disturbarices),
Hochu-ekki-to (41) (for-those with fatigue or gastroin-
testinal  disturbances), - Zyuzen-taiho-to - {48}~ and/or

Ninjin-yoei-to (108) (for those with anemia), Ninzin-
to (32) in addition to Sinbu-to (30) or Qugiken-chu-
to (98) (for those with systemic hypofunction and/or
coldness) and Hachimi-ziou-gan (7) (for those with
weakness in the lower extremities). In the same book,
Kampo treatments for child patients with school refu-
sal are also mentioned. Kami-shouyou-san (24} is sug-
gested for those with depressive tendency, Saiko-
karyu-kotuborei-to (12) for those with aggressiveness
or impulsiveness, Rokumi-gun (87) for those with
glow (or heat sensation in the palm or the foot),
Kihi-to (65) for those with insomnia or gastrointesti-
nal disturbances, Seisho-ekki-to (136) for those with
apathy, Hochu-ekki-to (41) for those with gastrointes-
tinal disturbances, and Zyuzen-taiho-to (48) and/or
Ninjin-yoei-to  (108) for those with anemia, are
described in the book. Kanbaku-taisou-to (72) is the
author’s preference for patients at the early phase of
asynchronization with presumed elevation of sympa-
thetic nerve activity. For patients with depression
{153] and fibromyalgia [154], Kampo or traditional
Chinese medicine are used as one of the alternative
approaches.

5.3.3.2. Pulse light. In addition to the removal of stimuli
that induce the singularity eftect, adequate stimuli (Jight
pulse at-CT 9-15 (transition from subjective day to
night) [52]) could reverse the singularity. Such stimuh
should be investigated in the effort to manage asynchro-
nization, although no clinical trial has been as yet
conducted.

5.3.3.3. Direct contact. An older generation Japanese
pediatrician (Kawai H, personal communication, 2008)
[155] says that “Holding a baby in arms (“dakko” in
Japanese) is the most effective tranquilizer for the baby.”
Althotigh therapeutic touch is now réceiving attention as
a method to manage anxiety disorders including depres-
sion” [156}], dakko is-a ‘typical daily behavior which
involved direct contact between caretakers and young-
sters. ' With' the tapid spread of various types of media,
one concern- is ' that “direct -contact between ‘people is
now diminishing, In fact;, concurrent television exposure
is reported to be associated 'with fewer social skills [157].
Not only dakko-for babies-but-also hugging and inti-
mate, face-to-face conversations in adults are expected
to be promising in the effort to manage and/or prevent
asynchronization.

5:3.3:4. Control of the autonomic nervous system. From
the standpoint-of providing adequate cues to the circa-
dian: clock; ‘an -activation “of the ‘sympatlietic nervous
system in the morning and the parasympathetic one
iri“the evening might be meaningful in managing asyn-
chronization: InJapan, some pediatricians recommend
scrubbing the skin with a dry towel or cold water in
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order to train the autonomic nervous system in patients
with orthostatic dysregulation [158]. However. this
approach is not covered in the recently published
guideline [i59]

5.3.3.5. Respiration. Qigong is an ancient oriental
mindful exercise [160}, also described as a mind-body
integrative exercise or intervention from traditional
Chinese medicine which is used to prevent and cure
ailments, as well as to improve health and energy lev-
els {1611 According to Wikipedia {162}, Qigong (or
ch’i kung) refers to a wide variety of traditional ‘“‘cul-
tivation™ practices that involve movement and/or reg-
ulated breathing designed to be therapeutic. Qigong is
practiced for health maintenance purposes, as a thera-
peutic intervention, as a medical profession, a spiritual
path and/or component of Chinese martial arts. The
‘qi’ in ‘gigong’ means breath or gaseous vapor in Chi-
nese, and, by extension, ‘life force’, ‘energy’ or even
‘cosmic breath’. ‘Gong’ means work applied to a dis-
cipline or the resultant level of skill, so ‘qigong’ is
thus ‘breath work™ or ‘energy work’. Qigong recently
can be considered as an alternative therapy to help
meet the increasing demand of non-pharmacologic
modalities in achieving biopsychosocial health for
those suffering from anxiety [160] or for treating pain
{163]. Although thus far obtained from meta-analyses
based on low-quality studies and small numbers of
hypertensive participants, Qigong and Zen practitio-
ners meditation have been shown to significantly
reduce blood pressure [164],

Zen practitioners conduct “tanden breathing” that
involves slow breathing (range of 0.05-0.15Hz) into
the lower abdomen [165]. Tanden breathing was
found- to- affect the cardiac variability which is con-
trolied by the autonomic nervous' sysiem.. Although
rhythmical respiration-is reported to activate seroto-
nergic activity [68], Arita and Takahashi [166] prelim-
inarily found that tanden  respiration. . elevates
serotonergic: activity.

3.3.3.6. Other rhythmic movements. Chewing is reported
to activate serotonergic activity [68,167]. This behavior
could potentially be applied in managing asynchroniza-
tion. .through - deliberately activating = serotonergic
activity.

Segawa reported [168] that Tailure in" locomotion
{crawling) during infancy (=failure in interlimb coordi-
nation between. the upper and the lower extremities) is
caused by the hypofunction. of the serotonergic and/or
noradrenergic-neurons that resulted-in postural atonia
by disfacilitating the postural augmerntation pathways
and/or disinhibiting the postural suppression pathway
and preventing locomotion [169]. Segawa also described
that forced crawl training could relief symptoms resulted
from low serotonergic activity {1761,

6. Conclusions

Many children 1 Japan, from youngsters to senior
high school students, suffer from both daytime sleepi-
ness and nocturnal insomnia, and are persistently tired
and inactive. Are these complaints explained only by
sleep insufficiency? This article focused on the associa-
tion between nocturnal lifestyle and the problems of
these preschoolers/pupils/students with special reference
to the biological clock and the serotonergic system,
although involvements of dopamine {171}, opioid pep-
tide [90] and so on are also possible. A novel clinical
concept — asynchronization - is proposed and a similar
basic concept - singularity ~ is introduced.

For adolescents, Gaina et al. (23] and Gau et al. [40]
have recommended morning-type behavior for reducing
behavioral/emotional problems. Yokomaku et al. [44]
suggest that this recommendation should extend to pre-
schoolers. Ayurveda, an ancient system of health care
that is native to the Indian subcontinent, tells us that
in addition to good conduct, thought, diet, interpersonal
dealings and physical activity, early awakening, and
going to bed early are good for a healthy life [172].
Ekken Haibara wrote in his essay that one should
wake-up early in the morning and should avoid a late
bedtime to live a healthy life [173). Byoukesuchi, in a
book describing medical practices needed at home, said
that one should go to bed early at night and wake-up
before dawn to spend a healthy life {174]. Although
the authors of these texts did not know about biological
clocks or the serotonergic system, they all recommended
early awakening and going to bed early, probably
because they observed people felt and performed better
when they followed these habits. Thus, both traditional
wisdom and recent research. recommend morning-type
behavior, However, the advantages of - evening-type
behavior should be mentioned. For example, those with
a preference for evening-type behavior are known to
find it easier to adjust.to conditions with.a disturbed cir-
cadian rhythm:such as jet-lag than those with a prefer-
ence for morning-type behavior [175}, altliough the life
span of hamsters with frequent phase shifting is reported
to be shortened [176].

Sentor high school students in Korea are reported to
go-to bed (0:54 on.school nights) [1 77} later than those in
Japan (0:06 [7] or 23:50 [8]). Although’ Chinese senior
high school students in Hong Kong went to bed earlier
(23:24) than those in Japan, it was concluded that they
did not get enough.sleep [178] In addition, some of
those who are called NEET (Not in Employment, Edu-
cation. or Training) [}79} might be suffering from asyn-
chronization. The mtroduction of asynchronization is
expected to help advance the understanding of the path-
ophysiology of an evening-type behavior preference that
affects many children/pupils/students in Japan and other
countries, and {0 provide methods for both investigating
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and treating it. The author hopes that such progress will
contribute to both the protection from and treatment of
those suffering from asynchronization, and also help
prevent the next generation from developing circadian
disruptions at an early stage of life.
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A Novel Proposal Explaining Sleep Disturbance of Children in Japan
— Asynchronization

Jun Kohyama, MD
Tokyo Kita Shakai Hoken Hospital, Tokyo

It has been reported that more than half of the children in Japan suffer from daytime sleepiness. In contrasl, about one quarter of junior
high-school students in Japan complain of insomnia. According 1o the International Classification of Sleep Disorders (Second edition), these
children could be diagnosed as having behaviorally-induced insufficient sleep syndrome due to inadequate sieeping habits. Getting on adequate
amount of sleep should solve such. problems;however, such a therapeutic approach often fails. Although social factors are involved in these
sleep disturbances, 1 feel that a novel notion — asynchronization — leads to an understanding of the pathophysiology of disturbances in these
children. Further, it could contribute to resolve their problems. The essence of asynchronization is a disturbance of various aspects (e.g.,
cycle, amplitude, phase, and interrelationship} of the biological rhythms that normally exhibits circadian oscillation, The main cause of
asynchronization is. hypothesized (0 be the combination of light exposure during night-and the lack of light exposure in the morning.
Asynchronization results in the disturbance of variable systems. Thus, symptoms of asynchronization include disturbances of the autonomic
nervous system ( sleepiness, insomnia, disturbance of hormonal excretion, gastrointestinal problems, etc.) and higher brain function
{ disorientation; loss of sociality, loss of ‘Wil or motivation, impaired alertness and performance; eic.). Neurological: ( atiéntion deficit,
aggression, impulsiveness, hyperactivity, etc.), psychiatric, (depressive disorders, personality disorders, anxiety disorders, etc,) and somatic
(tiredness, fatigue, etc.) disturbances could also be symptoms of asynchronization, Al the initial phase of asynchronization, disturbances are
functional and can be resolved relatively easily, such as by the establishment of a regular sleep-wakefulness cycle; however, without adeguate
intervention the disturbances could gradually worsen and become hard to resolve. »

No To Hararsu 2008,;40:277-83
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A NOVEL DISEASE CONDITION PRESENTING WITH INSOMNIA AND HYPERSOMNIA —ASYNCHRONIZATION

Jun Kohyama, MD, PhD
Tokyo Kita Shakai Hoken Hosp. 4-17-56 Akabanedai, Tokyo 115-0053, Japan
TEL +81 3 5963 3311 FAX +81 3 5963 6678 j-kohyama@tokyokita-jadecom.jp

Abstract

More than half of the preschoolers/students in lapan have recentiy complained of daytime sleepiness, while
approximately one quarter of junior and senior high school students reportedly suffer from insomnia. These
children might suffer from behavioral-induced insufficient sleep syndrome due to inadequate sleep hygiene, and
conventional therapeutic approaches often fail. The present study addressed whether asynchronization, a novel
clinical notion, could be responsible for the pathophysiology of these sleep disturbances and could provide a
better understanding for successful interventions. This clinical concept was designed with special reference to
the basic concept of singularity. The essence of asynchronization comprises disturbances in various aspects (e.g.,
cycle, amplitude, phase, and interrelationship) of biological rhythms that normally exhibit circadian oscillation.
These disturbances presumably involve decreased activity of melatonergic and serotonergic systems. The major
triggers for asynchronization are hypothesized to be a combination of light exposure during the night, which
decreases melatonin secretion, as well as lack of light exposure in the morning, which decreases activity in the
serotonergic system. Prevention of asynchronization must include acquisition of morning light and avoidance of
nocturnal light. Possible potential therapeutic approaches for asynchronization invoive conventional and
alternative therapies. We should know more about the property of the biological clock.

Key words: desynchronization; melatonin; serotonin; sleep; circadian rhythm; singularity

1. Introduction presumed involvements of neurological systems
Circadian rhythms are generated in the such as the biological clock, melatonergic system
suprachiasmatic nucleus (SCN), SCN development and serotonergic system- in youth that prefer a
takes place throughout the course of gestation, nocturnal lifestyle are reviewed. Finally, a new
remains immature for some time after birth, and is clinical entity — asynchronization [3, 4] - has been
suggested to be vulnerable to matérnal influences proposed, in an attempt to elucidate the
[1]. Studies have shown that the earlier mothers fell pathophysiology of circadian disruptions and to
into - nocturnal sleep -during - late ‘pregnancy, the provide novel, clinical therapeutic approaches. This
longer the babies slept during the night at one clinical concept has been termed with special
month of age [2]. The same report described that reference . to the. basic - concept - of . singularity.
onset ‘timé for ‘the longest nocturnal sleep of Circadian singularity behavior was discovered in
mothers during late pregnancy was similar to the 1970, according to observation that specific, dim,
babies at one month of age, suggesting that blue-light, pulse stimulus, with a unique stimulus
synchronization of sleep rhythm begins during late time and duration, resulted in disturbed circadian
pregnancy. Because circadian rhythm disturbances rhythm in Drosophila [5].
in the young can impact SCN function during the
lifespan, therapeutic strategies are much needed. 2. Insomnia and hypersomnia among Japan youth
Nevertheless, very little is understood regarding 2-1. Recent statistics of bedtime and sleep duration
pathophysiology of circadian rhythm disruption, The percentage of 1-year-old children who go to
which makes it difficult to determine the bed later than 22:00 has increased from 25.7% in
appropriate clinical approach for these patients. 1980 to 54.4% in 2000. Similar statistics have also
This review article introduces the recent been reported for the rate of 3-year-old children
phenomenon of a nocturnal lifestyle among who go to bed later than 22:00: 21.7% in 1980 [6],
Japanese youth, and the association between 43.8% in 1999 [7]. 49.8% in 1999-2000 [8], 52.0%
nocturnal lifestyle and behavior. In addition, the in 2000 [6], and 51.1% in 2004 [9].
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The rate of fourth-grade students at
clementary schools in Tokyo going to bed later than
(200 has also increased from 0% in 1979 to 2% in
2002 {10]. The mean bedtime in 2004 for
elementary school students in the fifth and sixth
grade was 22:03, junior high school students was
23:18. and senior high school students was 0:06
{11}, An additional study from 2005 reported’ the
mean bedtime for students in the fifth grade was
22:10, students in the second grade of junior high
school was 23:26, and students in the second grade
of senior high school had a mean bedtime of 23:50
[12]. Tagaya et al. reported an average bedtime of
0:03 from senior high school students in 2000 [13].

In 3-year-old children, the bedtime delay has
resulted in a reduction of total daily sleep [8].
Indeed, in accordance with a recent development in
later bedtimes, sleep duration of Japanese children
has also reduced. Shimada er al [14] examined
studies of sleep duration of infants, and concluded
that sleep duration in the early 1990s decreased
from 12.9 hours in 1985 [15] to 10.9 hours. The
nocturnal sleep duration of children aged 3-6 years
in 2000 (10.10 hours for children attending
kindergarten, 9.35 hours for children attending
nursery school, and 9.95 hours for children
attending neither kindergarten nor nursery school)
was reported to be 9-15 minutes less than in 1995
{16]. Among 21273 children aged 0-36 .months
from 12 different countries (United States, United
Kingdom, Australia, New Zealand, Canada, Hong
Kong, Korea, Taiwan, Thailand, Indonesia, Japan,
China), Japanese: children exhibited the shortest
sleep duration (nap + nocturnal sleep duration) of
11.6 hours,. while those in New Zealand revealed
the longest duration of 13.3 hours [17].

Between 1965 and 2000, the sleep duration of
elementary school, as well as junior and senior high
school students, in Japan decreased on average by
1.1-1.6 minutes per year [18]. More specifically,

mean nocturnal sleep duration in 2004 was 8.77
hours for elementary school students in fifth and
sixth grade, 7.42 hours for junior high school
students, and 6.55 hours for senior high school
students [11]. Similarly, in 2005, mean nocturnal
sleep duration was 8.40 hours for fifth-grade
elementary school students, 7.23 hours for
second-grade junior high school students, and 6.51
hours for second-grade senior high school students
[12]. Tagaya ef al. reported average sleep duration
of senior high school students in 2000 to be 6.30
hours [13].

2-2. Complaints of young people with nocturnal
lifestyle

In 1979, 8.1% of children attending day nursery
schools in Japan were reported to frequently yawn
in the morning, and 10.5% were easily tired. By
2000, these numbers had increased remarkably to
53.2% and 76.6%, respectively [19]. Accordingly,
approximately 80% of kindergarten and nursery
school teachers reported that many children were
sleep-deprived [20].

In 2004 in Tokyo, 50% of fifth- and
sixth-grade elementary school boys, 60% of fifth-
and sixth-grade elementary school girls, 70% of
Junior high school boys, and 80% of junior high
school girls reportedly complained of sleepiness
during .the third.and fourth lesson periods (from
approximately 10:00.to 12:00) [21]. In contrast to
the early morning. (around. 4:00). and . afternoon
(around 14:00) periods, late morning is the period
when. humans. generally tend to. be most alert and
active [22].

In - addition, 47.3%, 60.8%, and. 68.3% of
fifth-grade elementary. school students; = second-
grade junior high school students, and second-grade
senior high school students reportedly experienced
sleep deficiency, respectively [12]. The reasons
given for sleep deficiency indicated by these
students are shown in Table L.

Table 1. Causes of sleep deficiency {12}

Elementary school stadents

Juntor high school studeits

Seuntor high school shidents

1 | Dafficulhies falling asleep (43.8%) TV and video {44 .5%) Celiular phone use (42 4%

2 TV and video (39.3%;) Homework {33 3%} TV and video (38 8%

3 Hontework (26.3%) Difficulties falling asleep Difficulties faiing asleep
(31.1%) (27.1%)

The nuember in parentheses mdicates the percentage of students whe listed the issue among students who felt

they sutfered from sleep msufficiency.
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A nationwide study to ascertain the
prevalence of insomnia, the symptoms, and
associated factors among students in junior and
senior high schools in lapan revealed a prevalence
of difficulty in initiating sleep (14.8%), difficulty
maintaining sleep (11.3%), and early morning
awakening (5.5%) [23]. The prevalence of insomnia,
defined as the presence of one or more of these
three symptoms, was 23.5%.

Taking these facts together, young people in
Japan are likely to suffer from both daytime
sleepiness and nocturnal insomnia. In Japan, it was
reported that sleep insufficiency was the main cause
of daytime sleepiness in junior high school students,
and that inappropriate sleep habits, such as low
physical activity level and television viewing, were
the potential responsible factors [24]. Exercise is
important for good sleep hygiene {25], and an
association between the duration of television
viewing and irregularity of sleep habits in young
children has been described [26]. Television
viewing during childhood and adolescence has been
associated with increased weight, poor fitness,
smoking, and increased cholesterol in adulthood
{27]. Watching television, along with playing
videogames for an extended period of time, were
significantly associated with prolonged sleep onset
latency, as well as poor- sleep hygiene and an
insufficient amount of sleep' [28]. Lack of :sleep
increases: body weight {29]: Overweight individuals
tend to - be less physically -active; and- reduced
physical-activity, in turn; exacerbates weight gain.
Reduced physical activity and excessive  media
exposure - are - likely to be factors that increase
inadequate- sleep - hygiene, which can result in
insomnia-leading - to sleep deficiency and daytime

Teble 2 Major conplaints of students (+20%5{10]

Elemeniary school students

sleepiness.

In addition, the lack of discipline in the home
and in public education system, as well as shopping
centers that are open 24 hours per day and mobile
phone, might contribute to poor sleep hygiene. Data
obtained from 17,465 university students, aged 17
to 30 years, that were taking non-health-related
courses at 27 different universities in 24 countries,
revealed that both male and female students in
Japan exhibited the shortest sieep duration and the
highest rate of self-rated unhealthiness [30]. In
addition, according to the study performed by Walt
Disney Studio Home Entertainment in 2008, sleep
duration of individuals aged 18-64 years was
shortest in Japan, from the 17 countries evaluated
{31]. I wonder that most adults, including parents in
Japan, do not view sleep as a valuable behavior and,
therefore, neglect sleep, which might lead to
increased prevalence of inadequate sleep hygiene
among the younger generation.

The major complaints of elementary school
and junior high school students in 2001 in Tokyo
{10} are listed in Table 2. Most of these complaints
were consistent with symptoms described as
associated  features of behaviorally  induced
deficient sleep syndrome (irritability, concentration
and attention - deficits; - reduced  vigilance, dis-
tractibility, reduced motivation, anergia, dysphoria,
fatigue, “restlessness, ‘lack of coordination, and
malaise) in the International Classification of Sleep
Disorders-2 (1CSD-2) [32]. Can these complaints,
however, be explained by sleep insufficiency?

As mentioned previously, bedtime: delay in
youngsters: reduces total daily sleep duration {8],
and approximately 80% of kindergarten and nursery
school teachers reported that many - children are

persistent sised to vawit (62%), desire t sleep (58%). desire to lie down (47%).

evestrain (33%), difficulties to sit straight (29%), memorizing difficultses

neck stiffness (26%6), low activity (25%), difficulties o concentrate (25%;

i

bapersensitive (24%. thirsty (21%6), make neny mustakes {20%)
Funtor high schocl students

desire o steep (boysigirls: 73.8%780.8%). persistent need to yawn 43.6%%

desive to lie down (43.3%47.2%); evestinin (30.7%44.7%).

wietnorizivie difficulties {35.3%33.6%), neck stifiness (28.3%/35. 196,
harbago (26.5%73.2%). Tow activity (21.3%28.0%),

hypersensitive (20.096/77.0%). difficulties to concentrate (21 (%23 8%).
aritated (20.5924.2%¢).
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69.1%.



sleep- deprived {20]. In fact, sleep deprivation has
been demonstraied to exerl a negative effect on
daytime functions [33-35], general well being [36].
metabolic and endocrine function [37. 38], and
body weight [29]. However, the required sleep
duration of an individual person is very difficult to
determine, because the need for sleep is variable
and depends on several factors [39]. Adults

normally sleep for varied lengths of times, and such

habits are considered to develop at a young age [32].

Of course, these differences should not mean that
one should not take care of their sleep duration. 1f
individuals are alert and active during late morning,
then they are more likely to have healthier sleep
duration, sleep quality, and life rhythms.

3. Nocturnal lifestyles and behaviors

Not only a shortage of sleep duration, but also
delayed bedtimes and wake-up times are known to
produce physical. mental, and/or emotional
problems.

3-1. Adults and older children

Later bedtimes and wake-up times are significantly
associated with sub-clinical manic-type symptoms
among working adults [40], and  evening-type
medical school students are reported to experience
reduced sleep efficiency compared with morning-
type students [41]. To determine if an individual.is a
morning-type or- evening-type person,  a. self-
assessment questionnaire was used. According to an
original-report [42], morning-type: people went to
bed and arose significantly earlier than evening-type
people. Evening-type young adolescents. in-Taiwan
exhibited -a greater -association with- mood and
anxiety symptoms[43].. Among 663 1. adolescents
aged 14.1-18.6 years, evening-types were found to
exhibit more: attention- problems; -perform more
poorly.in: school, ‘experience more injuries, and
were -emotionally: upset-more often than the other
chronotype ‘individuals- {44]. ‘Japanese- junior high
school- students, with an evening: preference, were
reported to be more: likely to-exhibit poorer sleep-
wake parameters and lifestyle habits than those with
a morning preference [45]; and there was a greater
association between evening:type individuals- and
impulsivity in. students: [46]. - Compared : with
morning-type students, evening-type 12- to 13-year
old -students - were ‘reported 10 be more likely to
exhibit - behavioral/emotional probiems, - suicidal
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behavior and ideation, and habitual substance use
{47]. Evening-type children aged 8-13 years have
been shown to exhibit a greater tendency towards
antisocial behavior, rule-breaking, attention pro-
blems, conduct disorder symptoms in boyvs, and
aggression towards others in girls [48].

According to a nationwide survey, students in
Japan with regular bedtimes and waking times
showed better school performance than those with
irregular sleeping times [49]. And conversely, an
irregular lifestyle is known to be associated with
delayed bedtimes and waking times. Of the college
students surveyed, those with poor sleep quality
exhibited less regularity in social rhythms relative
to those with good sleep quality, and later rising
times and bedtimes were reported to be associated
with worse sleep quality [S0]. Moreover, in adult
populations, evening-type people are reported to
demonstrate a more irregular daily lifestyle than
morning-type people [51].

These reports all suggest an association
between. delayed waking times, bedtimes and
irregular lifestyle with problematic behaviors of
older children, adolescents, and adults.

3-2. Studies on preschoolers

Although few studies have described an association
between sleep habits and behavior in preschoolers,
problematic behaviors among children aged 4 to 6
years have been associated with late and irreguiar
waking  times - and bedtimes,  but not with sleep
duration {52].

Suzuki et al. [S3} compared the relationship
between a 2-week sleep diary and the ability to
copy -a triangular figure on the first attempt in 222
children-aged -5 and 6 years. The. children who
successfully’ copied the- triangle had significantly
earlier mean morning wake-up- times, as well as
significantly- longer ‘mean  total sleep. duration,
compared :with children- who- failed .to copy the
triangle. -Compared with children. with  regular
sleep-wakefulness rhythms, children with irregular
sleep-wakefulness rhythms exhibited a .5.9-times
greater risk:of inability to copy the triangle. A
semi-structured- interview: with -16: teachers identi-
fied 48 troublesome episodes in-42. children. The
rate of children with.irregular sleep-wakefulness
rhythms among the children with the troublesome
episodes. - (19/42) was - significantly . greater . than
children without . troublesome - episodes (15/180).



These results suggested that children with irregular
sleep-wakefulness rhythms exhibit more behavioral
problems. as well as problems with integration of
cognitive and motor activity.

in a separate study, 204 children, aged 12-40
months (mean 22.6 months), were assessed for daily
average physical activity counts per minute (PA)
[54]). Results showed that increased age, male
gender, and early wake-up times exhibited signi-
ficant positive correlations with PA.,

4. Nocturnal lifestyle and neurological systems
The above-mentioned studies on preschoolers,

along with previously cited papers on older children,

adults,
behaviors that are associated with delayed wake-up

adolescents, and report  problematic
times, delayed bedtimes, and an irregular lifestyle.
Although delayed bedtimes also resulted in sleep
loss [8], problematic behaviors were. found to be
more likely associated with delayed wake-up times,
delayed bedtimes, and an irregular lifestyle,
regardiess of sleep duration [52]. In the following
the

associated with these results will be addressed.

section, presumed neuronal mechanisms
4-1. Biological clock

Circadian signals are relayed: from the SCN to the
hypothalamic dorsomedial nucleus via-the subpara-
ventricular zone. The dorsomedial nucleus of the
hypothalamus combines inputs from the SCN.with
inputs- from other areas, allowing for flexible
control, and sends signals to structures that regulate
various - circadian. rhythms, . such as feeding, loco-
motion, - sleep-wake - alternation, corticosterone
secretion: [55); and ' the autonomic nervous system
[56]. Typically, the endogenous. period of the
circadian clock is longer than 24 hours, and it is
through exposure-to-sunlight in the morning people
become . accustomed 1o+ the - 24-hour- cycle - [57].
Conversely, - light ~exposuré - at ‘night- delays. the
circadian clock phase [57], or disrupts its function
[58-60]. Non-photic cues, such as eating times [61]
and activity [62]. also serve to-synchronize: the
circadian system to a 24-hour day. In the absence of
time - cues,-daily - thythms: become. altered,: deve-
loping their own rhythm. After spending life under
such- conditions for a considerable period of time,
the' staging of various.biological: thythms: changes,
such as sleep—~wakefulness -and. temperature [63].

Under such conditions, reciprocal phase interactions
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within circadian rhythins are disturbed. In general,
most people spontaneously awake in the morning
when the body temperature begins to rise from its
lowest level and, conversely. fall asleep at night
when the body temperature begins to decline from
its highest level. However, once this reciprocal
interaction is impaired, the phase relationship bet-
ween body temperature and sleep-wake circadian
rhythms is disrupted [63], known as circadian
desynchronization [64, 65]. This condition might
produce various physical and mood disturbances
(disturbed nighttime sleep, impaired daytime alert-
ness and performance, disorientation, gastrointe-
stinal problems, loss of appetite, inappropriate
timing of defecation, excessive need to urinate
during the night). Similar complaints and mood
alterations have been observed in patients with jet
lag [66], seasonal affective disorder [67], and in
astronauts [68].

Endogenous phasing of the circadian bio-
logical clock in morning-type individuals varies
from evening-type individuals [69], who experience
a temperature rise later in the morning and later
waking times [70]. Moreover, individuals who are
alert in the morning experience an earlier circadian
rhythm temperature peak than do individuals who
are alert in the evening.[71]. These reports sug-
gested that evening-type individuals  suffer from
circadian desynchronization [64, 65]. Those- with
delayed - waking - times. - and.. bedtimes, -and an
irregular- lifestyle (an -evening - preference). are
hypothesized to suffer from circadian desynchro-
nization.

Arendter al. [66] showed that jet lag recovery
rate, which is: attributed in large part to temporary
circadian desynchronization; varies with individuals,
as wellas with: the direction of time zone change.
The- susceptibility -for developing symptoms, pre-
sumably-due to desynchronization, is likely to vary
in different individuals. In this regard, the following
reports suggest that desynchronization susceptibility
is affected by biological background.

Nilssen et al. [72] compared the prevalence of
sleep. disorders: in-two -ethnically. different popu-
lations: living in-the same extreme arctic climate.
More: than 50% ‘of the Norwegian population in
these studies [72. 73] resided in the northern region
of -Norway, whereas the Russian subjects: were
primarily recruited from the southern part of Russia



The determined that

Russians exhibited a greater prevalence of sleep

and the Ukraine. study
disorders than Norwegians. A one-year prevalence
of self-reported depression was also compared in
the two populations [73), with similar results. The
authors [72, 73] postulated that insufficient accli-
matization after migration to the north resulted in
these effects. Susceptibility to these symptoms was
presumably due to desynchronization, which was
likely affected in part by unknown biological back-
ground factors, including acclimatization. However,
acclimatization cannot be altered within one
generation.
4-2. Melatonergic system
Melatonin not only regulates the circadian phase
[74], but also acts as a hypnotic, is an effective
free-radical scavenger and antioxidant, and directly
induces gonadotropin-inhibitory hormone expres-
sion [75]. Interestingly, bright light during night-
time decreases melatonin secretion [76].

The existence of immunoreactivity against
the
Rhodospirillum rubrum, one of the oldest species of

melatonin was demonstrated in bacterium

living organisms, at possibly 2-3.5 billion years [77].

Bacterial melatonin might provide on-site pro-
tection of bacterial DNA against free-radical attack.
Melatonin is also known to exert antioxidant effects
in the brain [78], and sleep is hypothesized to
function as an antioxidant or scavenging process in
the brain [79].

Melatonin promotes and synchronizes sleep
by acting on SCN-expressing melatonin MT1 and
MT2 receptors, respectively. Synthesized melatonin
receptor agonists exhibiting increased duration of
action are expected to provide significant clinical
value for treating insomnia patients [80]. The onset
of melatonin secretion begins 14-16 hours after
waking, usually around dusk [81]. Exposure to
bright, midday light has been shown to increase
melatonin secretion during the night, without a
circadian phase shift [82]. Although the results are
preliminary, in a study of 3-year-old children, early
sleepers tended to exhibit higher levels of urinary
6-sulfatoxymelatonin (6SM) (6SM/creatinine ratio),
the primary melatonin metabolite. compared with
late sleepers [83].

Decreased melatonin levels in aged zebrafish
have been shown to correlate with altered circadian
thythms [84]. Danel er al. observed an inversion in
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melatonin circadian rhythm secretion in alcoholics,
not only during intake, but also during short- and
long-term withdrawal. They concluded that cir-
cadian disorganization of melatonin secretion could
be responsible for desynchronization in some
alcoholic patients {85]. Because melatonin regulates
the circadian phase [74], altered melatonin secretion
could disturb circadian oscillation, producing
various biological alterations. Nevertheless, in the
rat, altered melatonin rhythm had no effect on
circadian thythms of locomotor activity and body
temperature [86].

4-3. Serotonergic system

Exposure to morning sunlight has been demonstrated
to activate the serotonergic system [87] and, con-
versely, a nocturnal lifestyle is unlikely to activate the
serotonergic system. Moreover, depression correlates
with decreased norepinephrine, serotonin, or both [88].
In addition, selective serotonin reuptake inhibitors,
which increase the availability of serotonin at the
synaptic cleft, have been widely used to treat depress-
sion. Emotional instability, typical in indivi- duals
with nocturnal lifestyles, might be associated with
insufficient serotonergic activity. The seroto- nergic
system is activated through rhythmic move- ments,
such as gait, chewing, and respiration [89]. Adequate
physical activity could, therefore, be important for the
activation of serotonin. Exercise- derived benefits for
brain function the
molecular level [90], and physical activity has been

have been demonstrated at

reported to decrease the risk of Alzheimer’'s disease
[91-94]. Physical activity, which activates seroto-
nergic activity, is one of the key factors in promoting
brain function in animals and humans.

The concept of low serotonin syndrome,
which comprises aggressiveness, impulsivity, and
suicidal behavior- has been proposed [95]. In adult,
male, vervet. monkeys, decreased serotonergic
activity was reported to be a disadvantage, and
enhanced activity an advantage, for attaining high
social dominance status [96]. Disturbance in the
lateral orbito-prefrontal circuit induces aggressive
behavior and -loss of sociability [97], and the
serotonergic system has been shown to activate this
circuit [98]. Serotonin levels, which are increased
through exercise, have been shown to enhance lear-
ning ability {91]. Serotonergic activity is profoundly
affected by the sleep-wakefulness. cycle, exhibiting
highest activity while waking, and. lowest activity



