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General Introduction



General Introduction
This PhD thesis consists of four steps as follows.

The 1% step: 1-1: Questionnaire study to understand the current situation of the circadian
typology of Japanese children in comparison with Czech children
1-2: Intervention study to test the Tryptophan-Serotonin-Melatonin Scheme.

The 2" step: Epidemiological study on the relationship between the circadian typology
and PTSD symptoms on the young participants who suffered the Great
Hanshin-Awaji Earthquake in their childhood.

The 3rd step: Intervention study on such young participants who suffered the Great
Hanshin-Awaji Earthquake in their childhood using a leaflet on “Go to
bed early, Get up early and Do not forget to have a breakfast”.

The 4™ step: Epidemiological study on the relationship between PTSD symptoms and
circadian typology in the people who experienced the landslide disaster
which occurred 6 years ago (on 29th November 2006).

Diversification of lifestyles and also evening-typed life in advance has created
problems in the basic living habits of children. This may contribute to a variety of
adverse effects, such as a decrease in motivation for learning, a decrease in physical and
mental energy, and possibly even an increase in several health disorders. Shifting to
evening-typed life for young children might be being accelerated, especially due to the
ongoing 24-hour commercialization of society [1]. Especially in Japan, environmental
factors such as mobile phones [2], convenience stores open 24 hours [3][4], midnight
broadcasting programs [5], watching TV program before sleep [6], and playing
computer game [7], seem to function as zeitgebers of circadian oscillators and increase
the tendency for Japanese students to be evening-typed. In addition, habitual playing of
video games reduces sleep health regardless of the countries where they are living [6,
8-13].

Two oscillators hypothesis driving human diurnal rhythms is general in
chronobiological field: one is the main clock having period of a little bit longer than 24
hours and another is the second or “slave” clock which is driving sleep-wake cycles
having of 33 to 40 hours period [14]. Persistent lower amplitudes of several zeitgebers
may promote an inner-desynchronized protocol between the main clock, which drives



the autonomous nervous system, and the slave clock, which controls the sleep-wake
cycle (Double-oscillations theory [15]). As a result, 24-hour commercialization society
may reduce the amplitudes of environmental daily cycles of light, social activities, and
food intake. Ishihara (2001) [16] reported that the sleep duration of Japanese children
shortened one hour over the thirty years of 1970-2000. Shifting to an evening-type life
for young children are progressing [17] and there is no sign to stop this current.

Shinomiya et al. (2004) [18] reported that Italian children were significantly
morning-typed than Japanese children. Another previous research has shown that
diurnal rhythms and sleep health in early childhood may be highly sensitive to the living
environment including light and regularity and timing of meals for Japanese children
[19]. However, amount of data might be not sufficient on current circadian typology of
Japanese children. As the former half of the 1% step of this thesis, questionnaire study
was performed to understand the current situation of the circadian typology of Japanese
children in comparison with Czech children.

Tryptophan is a nutritionally essential amino acid that can be absorbed exclusively
from meals in humans. It is metabolized via 5-hydroxytryptamine (serotonin) to
melatonin by a series of 4 enzymes in the pineal body [20, 21]. Vitamin B6 functions as
coenzyme of the enzyme to modify 5-hydrooxytryptophan to serotonin [20, 21]. So
intake of the Vitamin B6 at breakfast is indirectly related to serotonin synthesis.

Serotonin is known as a precursor to melatonin. A lack of serotonin causes depression,
panic disorder, obsessive compulsive disorder, sleep disorders and eating disorders [22]
and induces aggression, anxiety/aggression-driven depression, impulsive behavior and
suicidal attempts [23, 24]. Serotonin thus has a strong relationship with mental health.
In the past two decades, serotonin reuptake inhibitors (SSRIs) have come to be widely
used for the treatment of affective disorders including depression, although there are
controversies on whether SSRIs are effective or not for the treatment of depression in
children and adolescents because of the shortage of coincident scientific evidence of
SSRIs for young humans [25].

Exposure to sunlight in the daytime appears to trigger synthesis of serotonin in the
pineal body [26]. This action is hypothesized to occur mainly in the morning hours,
because the amount of tryptophan consumed with supper has neither significant effects
on Morningness-Eveningness (M-E) scores nor an effect on sleep habits, as shown by
another study on young Japanese children performed in 2005 [27].

Melatonin is synthesized in the pineal body of the hypothalamic area and secreted at
night. Melatonin level in the serum can be well and positively correlated with that in the
saliva [28-31]. Secretion of melatonin exhibits circadian rhythms and is suppressed by



bright light at night [32, 33]. Even room lights such as fluorescent lamps can attenuate
melatonin excretion duration at night [34]. Evening lighting conditions are also said to
affect circadian rhythms [35, 36] and mental health in mice [37]. Tryptophan intake at
breakfast is effective for the onset and offset of sleep in young children [38]. Moreover,
questionnaire surveys showed that young children exposed to sunlight for more than 30
minutes after having sources of protein at breakfast are more morning-typed than those
exposed for less than 30 minutes [39], and that the more amount of vitamin B6 young
children take at breakfast, the more they are morning-typed [40].

These findings imply that morning tryptophan and vitamin B6 intake and following
exposure to sunlight would promote synthesis of serotonin in the daytime and further
that of melatonin at night. However, it is difficult to test the hypothesis only with
questionnaire studies. To test this hypothesis, an intervention field study would be
effective. Therefore, an intervention field experiment was performed on university
students to test the hypotheses as the latter half of the 1% step of this thesis.

Sleep disturbance is one of 4 factors indicating PTSD symptoms as assessed by the
Impact Event Scale-Revised (IES-R) and the main symptom exhibited in PTSD [41-43].
In the former domain, symptoms related to sleep were characterized by intrusion of
traumatic memories or other threatening themes into dreams. Insomnia and nightmares,
an extreme manifestation of this problem, have even been referred to as the “hallmark”
of PTSD [44]. On the other hand, the study to assess the quality of sleep and its
architecture in injured victims of traffic accidents one year after the accident reported
that the main problem in PTSD is sleep misperception rather than actual sleep alteration
[45].

Posttraumatic stress disorder (PTSD) is the most frequently reported psychiatric
morbidity among victims of natural disasters [46]. Mental health problems of natural
disaster survivors have been reviewed by many studies [47-53]. A study interviewed to
the parents whose infants suffered the 1995 Great Hanshin — Awaji Earthquake in Japan
five months after the earthquake [54] reported the five points as follows. 1: The severer
they’ve been devastated, the easier the PTSD symptoms appeared and lasted long; 2:
Lifestyle stability alleviates psychological damage caused by the disaster; 3: The infants
whose parents with anxiety or PTSD symptoms developed their PTSD symptoms
significantly; 4: There is no significant correlation between age, sex, and the appearance
of the symptoms; 5: A lot of infants as victims complained sleep disorders and fear to
earthquake origin and showed regression. It tended to become prolonged.

Hayano (2005) [55] found that daily stress disturbed rest during sleep, induced
psychiatric disorders, and accumulated cardiac and/or blood vessel fatigue. Loss of



family members or close friends, basis for human life, and security feeling were the
most stressful things. A natural disaster caused victims to have PTSD or adjustment
disorders and increased a risk for cerebral apoplexy, cardiac infarct, and so on.

However, there have been few studies on the relationship between PTSD symptoms
and circadian typology. Previous study aims to determine the relationship between Post
Traumatic Stress Disorder (PTSD) and current circadian typology and sleep habits of
adults who experienced the Great Hanshin-Awaji Earthquake (on 17th January 1995)
after becoming adults [56]. The study reported that people who suffered severe damage
from a disaster and who currently show severe PTSD symptoms are more
evening-typed and have a lower quality of sleep. However, whether PTSD symptoms of
young people who suffered the Hanshin-Awaji earthquake in childhood could be
reduced by the morning-typed life has been remained to be studied. So an
epidemiological study was performed to examine this relationship as the 2" step.

Kuroda et al. [56], which was the first study to indicate a positive correlation between
evening-typed lifestyle and PTSD symptoms (morning-type lifestyle and reduced PTSD
symptoms), mentioned that the limitation of this study is that the questionnaire study
cannot say the causal relationship between morning-typology and reduced PTSD. And
they discussed that intervention to improve their quality of sleep and promote a
morning-typed lifestyle may be an effective way to reduce PTSD symptoms. An
intervention study on young participants who suffered the Great Hanshin-Awaji
earthquake in childhood using a leaflet on “Go to bed early, Get up early and Do not
forget to have a breakfast” and a sleep diary was done as the 3" step.

A landslide caused by the torrential rain attacked Albay, Philippines on November 29,
2006. The mortality was about 1000 included missing people [57]. A lot of people lost
their house and lands.

An epidemiological study was performed on a total of 271 adolescents who had been
evacuated from their homes 3 months after Typhoon Morakot in Taiwan [58]. The
prevalence of PTSD related to the typhoon was 25.8% and adolescents with PTSD had
more severe depression and internalizing, externalizing, social, thought and attention
problems than those without PTSD [58]. Even 4 years after the Parnitha earthquake in
Greece, 22% of survivors reported subjective distress and intense fear during the
earthquake, and the participation in rescue operations positively correlated with greater
post-earthquake psychological stress [59]. The psychological consequence of
earthquakes may be serious and long-lasting even when the magnitude of the earthquake
iIs moderate [59]. At 0.5 and 3 years after a severe earthquake (7.3 on the Richter scale)



in Taiwan, the estimated rate of victims with posttraumatic stress symptoms (PTSS) was
23.8% and 4.4%, respectively, and PTSS scores were tightly correlated with QOL
scores (showing less severe symptoms with higher QOL) [60]. Qu et al. (2012)[61]
reported that 8 months after the Sichuan earthquake, the prevalence of PTSD symptoms
was 19.9%, and the prevalence of depression was 29.0% and that earthquake experience
had significant correlation with PTSD and depression [61]. As just described, a great
disparity exists in the reported rates of PTSD symptoms across different studies and the
number of such studies has been limited.

The 4™ step of this study aims, first, to estimate the rate of PTSD symptoms among
survivors after 6 years from the landslide and, second, to explore what factors had
strong linkage with severe PTSD, from an epidemiological view point.
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Abstract

Average bedtime and sleep duration of Japanese infants aged 0-8 years were later by 1.3 h and
shorter by 1 h, respectively, than those of Czech infants. Japanese infants were predominantly more
evening-type than Czech infants, while Japanese parents (mostly mothers) were significantly more
morning-type than Czech mothers. Correlation value (rvalue) between the morningness-
eveningness (M-E) scores of infants and mothers was 0.405 in Japanese participants, whereas it was
relatively low (0.297) in Czech ones. Czech infants were reported as being depressed more fre-
quently than Japanese ones who were reported as being more frequently angry than the Czech

infants.

Key words: bedtime, Czech Republic, infants and mothers, Japan, morningness-eveningness

scores.

INTRODUCTION

A survey on young children's health in 2000 reported
that the percentage of Japanese children going to bed at
22.00 hours or later is approximately 0% of 3 year
olds." The ratio of evening-type infants showing a score
of less than 14 points in the momlngmmlnﬂzs
questionnaire (MEQ) constructed by Torsvall and
stedt® increased between 2003-2007 in Kochi (T
Harada et al., unpublished data, 2007). Such evening-
lnfan!s can be produced due to several factors
ted to the 24 h- soacty' for direct effects
such as watching TV and playing games* and indirect
effects such as mothers® going to stores open in the
evening and night and using mobile phones, can be on
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the circadian typology of infants. To evaluate, relatively,
the circadian typology and sleep habits of infants living
in Japan, which is an extremely evening-type society
(kindergarten starts at 08.30-09.30 hours), this study
compared the two characteristics shown by Japanese
infants aged 0-6 years with infants living in the Czech
republic (0-8 years) which is an extremely morning-
type society (kindergarten starts at 07.30-08.30 hours
in contrast).

METHODS

Japanese and Czech versions of the MEQ originally con-
structed by Torsvall and Akerstedt, and an oniginal ques-
tionnaire on sleep habits® and mental health, were
completed in June or November 2007 to avold the
severe summer and winter seasons. The original ques-
tionnaire on sleep habits included questions such as,
“How frequently does your child get angry in usual life
because of only a little trigger?” and "How frequently

© 2009 The Authors
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does your child have depressed mood 1n usual hife?”,
with the possible responses being (1) often, (2) some-
times, (3) rarely, and (4) not at all.

ndents included 697 (360 , 337 )
mglllslfo attending one of nine kmdcxgalgg gawm:gy;y
Kochi City in Kochi Prefecture in Japan (33°N) and 627
(305 girls, 322 boys) infants attending kinde:
drawn from all over the Czech Republic (49-31°N)
(manly South Bohemia). The questionnaire was dstrib-
uted 1o all or a number of infants attending the ran-
domly selected , and responses were
received for 70% and 86% of Japancse and Czech
infants, respectively. Parents (95% or more mothers)
answered the questionnaire for themselves and their
infants. Data were analyzed with the use
of SPSS software (version 12.0] for Windows; SPSS,
Chicago, 1L, USA). Because M-E distributions were not
normal (Shapiro-Wilk test, Japanese infants: statistic
value = 0.973, P < 0.001; Japanese parents: stalistic
value = 0.980, P < 0.001), non-parametric analysis was
adopted for the comparison of M-E scores.

The first part was a Japanese version of the MEQ
Torsvall and Akerstedt’ originally constructed for stu-
dents.’ The MEQ is used Lo measure an individual's
diurnal preference. Three of the seven questions
included in the MEQ pertain to sleep onset timing in
the evening, three to sleep offset tming in the
morning, and one Lo peak timing of activity during the
daytime. Each question allows for choice (scored from
110 4). The M-E score is the sum of the seven answers.
The minimum possible score is 7 (extreme evening-
type), and the maximum possible score is 28 (extreme
evening-type). The questionnaire currently used most
widely was constructed by Horne and Ostberg® which
was kengthened to include 19 items. Correlations have
been examined in M-E scores in the two versions: one
by Torsvall and Akerstedt” the other by Horne and
Ostberg.® High correlation values were seen in Junior
high students aged 11-13 years (K. Ishthara, unpub-
lished communication, 2000; r = 0.673-0.762; Pearson
correlation test: P < 0.001), and for 18-25-year-old
students in nal and therapy trainin
school (T. mpublshc!:lhggl 2003:’?: 0.736%
Pearson correlation test: P < 0.001), whereas there was
no such validation data for the Czech version of the
questionnaire. However, there was significant negative
correlation between ME scores and tme gaps in
wake-up time and bedtime between weekdays and
holidays in both the Japan and Czech versions. There-
fore, the Czech and Japanese versions of the Torsvall
and Akerstedt questionnaire are validated.

@ 2009 The Authors
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The study lollowed the guidelines established by the
Journal, Chronobiology International, for the conduct
of research on human subjects.” We carefully explained
the concepts and purpose of the study orally and in
wnl.tng'?op kindergarten teachers or ngyrses alz:l to the
parents of the infants, emphasizing that questionnaires
were completely unregistered and that answers were
only to be used for academic purposes. After the expla-

nation, all parents agreed to participate in the research
study survey, which was admintstered at home.

RESULTS

Czech infants aged 0-8 years who were all kindergarten
attendants were more morning-type than Japanese
infants, while Czech parents were more evening-type
than Japanese mothers (Fig. 1).
Morningness-cveningness {M-E) scores became lower
(P < 0.001) (more evening-type) according to age both
in Japanese and Czech infants, while Japanese infants
were more evening-type than Czech ones between the
ages of 2 to 6years (Table 1). Both age and being
Japanese/Czech significantly and independently corre-
lated with M-E scores (Two-way ANOVA, effect of age:
df=1, F= 1083, P < 0.001; cffect of being Japanese/
Czech: df =1, F=161.3, P < 0.001). Means and SD for
weckday bedtimes of Japanese and Czech infants were
21.3 = 0.9 (r = 690) and 20.1 * 0.6 (n = 627),
respectively (Mann-Whitney U-test, P < 0.001). Means
and SD for wake-up times were 7.0 = 0.6 (n=
627) for Czech infants and 6.7 % 0.3 (n = 630) for
Japanese ones (Mann-Whitney U-test, P < 0.001).
The mean (= SD) sleep hours of Japanese infants
was 9.3 h (= 0.8) (n= 689) on weekdays, significantly
shorter than for Czech infants (106 * 0.7 [n = 624])
(Mann-Whitney U-test, P < 0.001).
Morningness-cveningness (M-E) scores of Czech
infants were much higher than those of their parents
(Mann-Whitney U-test, z=—12.33, P<0.001), whereas
those of Japanese infants were relatively similar to those
of their parents (Mann-Whitney U-test, 7 =-2.09, P=
0.03). The correlation value (r-value) between the M-E
scores of infants and mothers was 0.403 in Japanese
participants, whereas it was relatively low (0.297) in
Czech participants. The average bedume and sleep
duration of Japanese infants was later by 1.3 h and
shorter by 1 h, respectively, than those of Czech infants.
The average score (and SD) of “anger” was 2.91 (+
0.88) for Japanese infants, which was significantly lower
(more frequently angry) than 3.28 (* 0.74) for Czech
infants (% “often angry™ Japan 9.3, Czech republic 1.3;
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Figure 1 Distributions of moming-
ness-eveningness (M-E) scores shown
by Japanese (upper panel) and Czech
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Y-test, y*-value=80.09, df= 3, P<0.001). The average
score (and SD) of “depressed mood” was 3.38 (+ 0.66)
for Japenese infants, which was significantly higher
(Jess frequently depressed) than 231 (= 0.79) for
Czech nfants (% “often depressed™ Japan 0.7, Czech
12.6; y*-test, ¥-value = 393.92, df = 3, P < 0.001).
Infants who felt “often angry™ were significantly more
cvening-typed than those who felt angry less frequently
in both countries (Kruskal-Wallis test, Czech republic:
Y-value = 13.02, df = 3, P= 0.003; Japan: ¥*-value =
12.87, di = 3, P = 0.00%). There was no such relation-
ship between the frequency of fecling depressed and

M-E scores.

DISCUSSION

There are two possibilities as to why Czech infants are
more morning-type than Japanese ones. First, very
severe bedume discipline performed in general in the
Czech Republic seems to play an important role in the
extreme early bedtime and morning-type circadian

of Czech infants. Such strong discipline,
which links to the independency of infants’ diurnal
rhythm to that of the parents (Fig. 1), may be related
to the carlier starting time of Czech by
>1 h than Japanese ones. Second, the children's lif-
estyle is possibly affected by their parents’ lifestyle,
especially that of the mother. Another hypothesis for
the reason for the morning typology of Czech infants
could be the momning-type social system for Czech
parents compared to that experienced by Japanese
parents. For example, most official bus and train ser-

220

(lower panel) infants (black bars) and
thelr parents (while bars) (Mean *
SD [n]: Japanese Infants, 20.4 * 3.6
[626]; Japanese parents, 20.0 + 3.2
[682]; Czech Infants, 22.1 * 3.1
[626]; Czech parents, 19.6 + 33
1604]).

vices start at 04.00-05.00 hours in the Czech Republic
and at 05.00-06.00 hours in Japan. Czech Izborers in
factories start work at 06.00 hours, whereas Japanese
laborers start at 08.00-09.00 hours. Many Czech and
Japanese official services open at 07.30-08.00 hours
and 09.00 hours, respectively. The short sleep time in
Japanese infants, which may be influenced by the 24-h
commercial society, could have some impact on their
mental health.

Although it would be possible for the data of the
M-E questionnaire for babies to be compared to that
from clder children and students because of the
“common” questionnaire, one limitation ansing from
the M-E questionnaire exists in this study: extreme
morning-type babes (score >28) may be undetected. A
further limitation s that the ME questionnaire may be
limited in detecting the M-E preference of babies of
0-2 years, and in addition there may be geographical
bias for the respondents. The mental and physical
health of the parents scems to influence the mental
health of the infants’ in regards to angry and depressed
mood. This question remains to be solved in future

study
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8 years

7 years
20,7 = 3.0 219 =22
(70) (27)

6 years
190 = 43
27
210 =32
(103)

(146)

223+ 29
(173

5 years
196 = 3.7

4 years
19.4 3.6
(131)
220 230
(100)

3 years
203 =33
(141)
238 = 26
(72)

215 =30
92)
237 =25
(15)

1 year
3.0%27
(61)
3.7 =38
(20)

0 year
224 =31
g
27.0
(8%}

Table 1 Relationship of ciccadian typology of Japanese and Czech infants 1 age (Mean = SD [n])
2 years

Japan
Czech
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A tryptophan-rich breakfast and exposure to light improve sleep and
mental health in Japanese students

(Subtitle: Effect of intervention as introduction to taking protein and

vitamin rich breakfast and following sun-light exposure on sleep and

mental health of Japanese university soccer team members inhabiting
Kochi Prefecture)

ABSTRACT

Obijective of this study is to evaluate the effects of intervention, as asking Japanese
university students to get foods including protein and Vitamin B6 (especially
recommending fermented soy-beans and banana) at breakfast and to be exposed to
sun-lights after that for one month (October-November, 2008), on sleep-wake cycle
during the intervention. Participants of 83 attending university soccer club were divided
to three groups (G1: no intervention; G2: asking them to have protein resources and
Vitamin B6 resource at breakfast; G3: asking them to do as G2 plus sun light exposure
after breakfast). Sleep diary was noted by themselves through one month of intervention
period to evaluate the effects of it. Phase advance tended to be shown at all 4 phase
points (bed time, sleep-in-time, med-point of sleep, wake-up time) in the last week
period of intervention month only in G3 (P=0.100,0.148,0.070,0.148). The integrated
intervention to breakfast and the following light exposure might be effective for
evening-typed Japanese students to be shifted to be more morning-typed only within 2-4
weeks.

Introduction

Diversification of lifestyles and advanced eveningness has created problems in the
basic living habits of children. This may contribute to a variety of adverse effects, such
as a decrease in motivation for learning, a decrease in physical and mental energy, and
possibly even an increase in several health disorders. Shifting to an evening-type life for
young children might be being accelerated, especially due to the ongoing 24-hour
commercialization of society [1]. Two oscillators hypothesis driving human diurnal
rhythms is general in chronobiological field: one is the main clock having period of a
little bit longer than 24 hours and another is the second or “slave” clock which is
driving sleep-wake cycles having of 33 to 40 hours period [2]. Extreme evening-type
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habits have danger to induce the inner de-synchronization between the two clocks which
has afraid to induce the mental disease like as depression syndrome. Therefore, such
shifting to evening-typed life might be dangerous for children to keep healthful growth
especially from the view point of mental health.

Tryptophan is a nutritionally essential amino acid that can be absorbed exclusively
from meals in humans. It is metabolized via 5-hydroxytryptamine (serotonin) to
melatonin by a series of 4 enzymes in the pineal body [3, 4]. Vitamin B6 functions as
coenzyme of the enzyme to modify 5-hydrooxytryptophan to serotonin. So intake of the
Vitamin B6 at breakfast is indirectly related to serotonin synthesis. Serotonin is known
as a precursor to melatonin. A lack of serotonin causes depression, panic disorder,
obsessive compulsive disorder, sleep disorders and eating disorders [5] and induces
aggression, anxiety/aggression-driven depression, impulsive behavior and suicidal
attempts [6, 7]. Serotonin thus has a strong relationship with mental health. In the past
two decades, serotonin reuptake inhibitors (SSRIs) have come to be widely used for the
treatment of affective disorders including depression, although [8] there are
controversies on whether SSRIs are effective or not for the treatment of depression in
children and adolescents because of the shortage of coincident scientific evidence of
SSRIs for young humans.

Exposure to sunlight in the daytime appears to trigger synthesis of serotonin in the
pineal body [9]. This action is hypothesized to occur mainly in the morning hours,
because the amount of tryptophan consumed with supper has neither significant effects
on Morningness-Eveningness (M-E) scores nor an effect on sleep habits, as shown by
another study on young Japanese children performed in 2005 [10].

Melatonin is synthesized in the pineal body of the hypothalamic area and secreted at
night. Melatonin level in the serum can be well and positively correlated with that in the
saliva [11-14]. Secretion of melatonin exhibits circadian rhythms and is suppressed by
bright light at night [15, 16]. Even room lights such as fluorescent lamps can attenuate
melatonin excretion duration at night [17]. Evening lighting conditions are also said to
affect circadian rhythms [18, 19] and mental health in mice [20]. Tryptophan intake at
breakfast is effective for the onset and offset of sleep in young children [21]. Moreover,
questionnaire surveys showed that young children exposed to sunlight for more than 30
minutes after having sources of protein at breakfast are more morning-typed than those
exposed for less than 30 minutes [22], and that the more young children take in Vitamin
B6 at breakfast, the more they exhibit morning typology [23].

Although these findings imply that morning tryptophan and Vitamin B6 intake and
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following exposure to sunlight would promote synthesis of serotonin in the daytime and
further that of melatonin at night, it is difficult to test the hypothesis only with
questionnaire studies. This hypothesis cannot be tested by questionnaire work and
would require an intervention field experiment. An intervention field experiment was
thus performed on university students to test the hypotheses.

Participants and Methods

The intervention program was administered to 83 subjects (male, 19-22 years old,
average age: 20.32) belonging to a university soccer club. Forty seven subjects
answered to the integrated questionnaire before the intervention period. They were
divided into three groups (G1, n = 19: no intervention; G2, n = 13: asked to have
protein-rich foods such as fermented soybeans and Vitamin B6-rich foods such as
bananas at breakfast; G3, n = 17: the same breakfast contents as G2 and sunlight
exposure after the meal). This university football club includes only men. To separate
the participants equally, integrated questionnaires were administered to all participants
before the intervention period. The questionnaire consisted of the diurnal-type scale
constructed by Torsvall and Akerstedt [24], questions on sleep habits and meal habits
[25], an irritation index, and FFQ (Food Frequency Questionnaire).

We made nine groups initially based on the scores of the diurnal-type scale (three
groups: morning-type, middle-type, evening-type) and FFQ (three groups: good, mid,
bad). After that we divided participants into three groups for each of the nine groups
with random number list arbitrarily. There were no significant differences among the
body height, body mass and age of the three groups. All participants were asked to keep
a sleep diary throughout the 30 days of the intervention period, which was November in
2008. The sleep diary involved the question about sleep habits (bed time, falling asleep
time, awakening time), and about subjective mood (mood of the day, mood on
awakening). Participants of G2 and G3 were asked to report their breakfast contents,
and G3 were also asked to answer the duration of their time spent under sun light after
breakfast each day. The implementation score was calculated from the sum of days
when they had “high protein content breakfast” and “exposure to >30 min-exposure to
sunlight”.

For the statistical analysis, the “implementation score” was defined as how many days
participants had a protein-rich food (1 point) at breakfast and, further, exposed to
sunlight for more than 30 min after breakfast (1 point). The 30-day-long intervention
period was divided into 3 parts (FWP: First week period, MP: Medium period of 16
days, LWP: Last week period). The “high implementation group” was defined as 50%
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participants who marked higher implementation score in both breakfast contents (G2
and G3) and exposure to sunlight after breakfast (G3). The other 50% participants group
was defined as “the low implementation group”. The software used for statistical
analysis was SPSS 12.0 J for Windows (SPSS Inc., Chicago, IL, USA). Kai-square-test
was used for categorized variables, and Mann-Whitney U-test was used for ranked
variables. Pearson’s correlation analysis was performed to test the relationship between
two numerical variables.

Before the beginning of the study, participants received a full explanation with the
code of the guideline for a study targeting humans [26], including that the results of the
study would be used only for academic purposes, and all participants completely agreed
to participate in the study.

Results

In G1, it was shown that the phase of middle point of sleep from FWP to MP tended
to be delayed (Wilcoxon’s signed rank sum test: z=-1.851, p=0.064), whereas in LWP
the delayed phase went back to the original one in FWP (z=-2.201, p=0.028) (Table
1-A).

In G2, although the phase of wake up time tended to be delayed from FWP to MP
(z=-1.962, p=0.050), bed time, falling asleep time, and middle point of sleep were not
delayed (Table 1-B).

In G3, all of the 4 phase points were not delayed from FWP to MP at all, by
contraries, their bed time and wake up time tended to be in advance from MP to LWP
(bed time: z=-1.647, p=0.100; wake up time: z=-1.810, p=0.070)(Table 1-C)(Figure
1-A,B,C,D).

In G2, there were “negative” (which means higher implementation correlates with
earlier times) correlations between implementation score and bed time (Pearson’s
correlation test r=-0.520, p=0.069), wake up time (r=-0.731, p=0.004), and those at
middle point of sleep (r=-0.500, p=0.082) in FWP. In addition, there were also
significant the “negative” correlations between implementation score and bed time
(r=-0.734, p=0.004), falling asleep time (r=-0.628, p=0.007), wake up time (r=-0.544,
p=0.055), and middle point of sleep (r=-0.727, p=0.005) in MP (Figure 2-A, B, C, D).
However, in LWP, there was no significant correlation between implementation score
and subjective moods.

In G3, there were the “negative” correlations between implementation score and
wake up time (r=-0.586, p=0.017), mood of the day (r=0.428, p=0.099), and mood on
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waking up (r=0.561, p=0.024) in FWP. In MP there were also “positive” correlation
(which means higher implementation correlates with better mood) between
implementation rate and mood of the day (r=0.515, p=0.041) and mood on waking up
(r=0.713, p=0.001) (Figure 3-A, B).

Discussion

These results indicated that intervention on not only breakfast contents but also
sunlight exposure after breakfast was important to induce phase advance, which might
lead to their wake-up-mood and daytime mood improved.

That phenomenon may imply a hypothesis as follows: “Such intervention promotes
the synthetic pathway of tryptophan-serotonin-melatonin, and the increased peaks of
serotonin and melatonin which function as stronger inner-zeitgeber for circadian clock.
Both the phase advance and higher serotonin level in daytime could promote the mental
health.”

Their implementation score declined toward the end of intervention. This decline
needs something to encourage their motivation to the intervention.

In a previous research using questionnaires, a link between tryptophan intake and the
diurnal-type score was shown only for children aged O to 8years [21]. High levels of
melatonin in the blood plasma at night are thought to have a large effect on sleep onset
and the quality of sleep itself. Night-time blood plasma melatonin levels are many times
higher in early childhood than during adolescence [27].Sensitivity to light of young
children is much higher than adolescents and young adults such as university students,
because young children have wider pupil responding to light and more transparent lens,
and their serotonin and melatonin level are also far higher. So such intervention
program may be effective to make young children’s phase of their circadian clock in
advance.

Circumstances surrounding children and adolescents such as light condition, meal
habits, and social environment are changing rapidly with wide-spread 24-hour
commercialization society in Japan. This change makes people’s amplitude of circadian
oscillations declined and also the phase of their rhythms irregular. Harada [1] reported
the women students attending junior high schools used mobile-phone intensively at
night and that the intensive usage leaded to their evening-typed life style. Abuse of
mobile-phone can cause to disappear the circadian rhythms.

We don’t know whether we will develop, in the future, a new genetic potential to
keep a well-synchronized two oscillators even under environmental weak zeitgebers
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with irregular phase and lower amplitudes. We also do not know whether we already
have such genetic potential. Anyway, it is probably difficult to change, within only one
or two recent decades, physiological characteristics we’ve evolved over the time course
of tens of thousands years. So we should consider how we adjust our circumstances to
maintain clear 24-hour cycle and to function as good synchronizer (or zeitgeber) for
human beings as “diurnal animal”. The intervention in this study: “tryptophan and
vitamin B6 intake at breakfast, followed by the exposure to sunlight” can be a strategy
for us to live regularly keeping diurnal rhythms without inner de-synchronization.
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Table 1 Average and Standard deviation of four phase points (Bed time, Falling asleep
time, Awakening time, and Middle point of sleep) in First week period (FWP), Middle
period (MP), and Last week period (LWP) in three groups.

A Bed time Bed time Bed time Falling Falling Falling
Gl inFWP in MP in LWP asleep in asleep in asleep in
FWP MP LWP
Ave. 24.539 24.739 24.449 24.874 25.045 24.803
N 19 19 18 19 19 18
SD 0.905 0.758 0.912 0.902 0.741 0.912
Awakening Awakening Awakening Mid point Mid point  Mid point
time in time in time in in FWP in MP in LWP
FWP MP LWP
Ave. 8.212 8.383 8.179 5.416 5.779 5..294
N 19 18 18 19 18 18
SD 0.733 0.813 0.647 1.631 1.451 1.601
B Bed time Bed time Bed time Falling Falling Falling
G2 inFWP in MP in LWP asleep in asleep in asleep in
FWP MP LWP
Ave. 24.554 24.401 24.570 24.845 25.847 25.009
N 12 12 12 12 12 12
SD 0.579 0.721 0.814 0.666 0.773 0.792
Awakening Awakening Awakening Mid point Mid point  Mid point
time in time in time in in FWP in MP in LWP
FWP MP LWP
Ave. 8.234 8.445 8.542 5.385 5.493 5.784
N 12 12 12 12 12 12
SD 0.493 0.359 0.559 1.071 1.243 1.299
C Bed time Bed time Bed time Falling Falling Falling
G3 inFWP in MP in LWP asleep in asleep in asleep in
FWP MP LWP
Ave. 24.519 24.605 24.394 24.856 24.904 24.743
N 16 16 16 16 16 16
SD 0.640 0.625 0.663 0.603 0.555 0.717
Awakening Awakening Awakening Mid point Mid point  Mid point
time in time in time in in FWP in MP in LWP
FWP MP LWP
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Ave. 8.438 8.472 8.080 5.527 5.592 5.155
N 15 16 16 15 16 16
SD 1.174 0.903 0.745 1.093 0.933 1.318
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Figure 1-A Comparison of bed time during intervention among three groups.
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Figure 1-B Comparison of falling asleep time during intervention among three groups.
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Figure 1-C Comparison of awakening time during intervention among three groups.
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Figure 1-D Comparison of Middle point of sleep during intervention among three
groups.
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Figure 2-A Negative (which means higher implementation correlates with earlier times)
correlation between implementation score and bed time (Pearson’s correlation test
r=-0.734, p=0.004) in MP in G2.
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Figure 2-B Negative (which means higher implementation correlates with earlier times)

correlation between implementation score and falling asleep time (Pearson’s correlation
test r=-0.628, p=0.007) in MP in G2.
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Figure 2-C Negative (which means higher implementation correlates with earlier times)
correlation between implementation score and awakening time (Pearson’s correlation
test r=-0.544, p=0.055) in MP in G2.
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Figure 2-D Negative (which means higher implementation correlates with earlier times)
correlation between implementation score and middle point of sleep (Pearson’s
correlation test r=-0.727, p=0.005) in MP in G2.
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Figure 3-A In MP there were positive (which means higher implementation correlates
with better mood) correlation between implementation rate and mood of the day
(r=0.515, p=0.041) in G3.
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Figure 3-B In MP there were positive (which means higher implementation correlates
with better mood) correlation between implementation rate and mood on waking up
(r=0.713, p=0.001) in G3.
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A tryptophan-rich breakfast and exposure to light
with low color temperature at night improve
sleep and salivary melatonin level in Japanese
students

Kal Wada', Shota Yata?, Osami Akimitsu’, Milada Krejc?, Terud Noj®, Miyo Nakade®, Hitomi Takeuchi’ and
Tetsuo Harada™

Abstract

Background: Epidemiological studies in Japan have documented an asociation between moming typeand a
tryptophan-rich beakiast followed by exposure to sunfight in children. The association may be mediated by
enhanced melatonin synthesis, which facilitates seep at night. However, melatanin i inhibited by artificial light
levels with high colortemperature common in apanese homes at night. In this study, we investigated whether a
combination of tryptophan-rich breakdast and fight with low colar-temperatue at night could enhance melatanin
secretion and encourage earlier sleep times.

Methods: The intenention included having beakdast with protein- and vitamin B4 - rch foads and expasure to
suniight after breakfast plus exposure to incandescent light (low temperature fight) at night {October-Navember, 2010).
The participants were 94 members of a unersity saccer dlub, who were divided into 3 groups for the intenention (G1:
na intenention; G2 asked 1 have protein-rich foods such as fermented soybeans and vitamin B-nch foods such a
bananas at breakfst and suniight expasure after breakfast; G3: the same contents as G2 and incandescent light
expasure at nght). Salivary melatonin was measured around 11:00 pm.on the day before the beginning, a mid-paint
and on the day before the last day a mid-point and on the last day of the 1 moanth intenention.

Results: In G3, ther was a sgnificantly postive comelation between total hous the participants spent under
incandescent light at night and the fraquency of fedling sieepy during the last week {p =0034). The saivary melatonin
concentration of G3 was significantly higher than that of G1 and G2 in combined salhvary samplings at the mid-point
and on the day before the last day of the 1 month intervention {p =0.018), wheras no such significant difierences
were shown on the day just befom the start of the intenvention {p =0.63).

Condusion: The combined intervention on breakfast, marning sunfight and evening-lghting seems to be effective for
students incliding athietes to keep higher melatonin secretion at night which seems toinduce easy onset of the night
seep and higher quality of seep.

Keywords: Salivary melatonin, Tryptophan, Protin rich breakfast, Sunlight exposure, Lighting with low calar
tempemture
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Bacdkground

Tryptophan is an essential amino acid that can be
absorbed exdusively from meals In humans. It is metab-
olized via 5-hydroxytryptamine (serotonin) to melstonin
by a serles of 4 enzymes In the pineal body [1,2]. Sero-
tonin is known as a precursor to melatonin. A lack of
sertonin causes depression, panic disorder, obsessive-
compulsive disorder, sleep disorders and eating disorders
[3] and Induces aggression, anxiety/aggression-drven
depression, impulsive behavior and suicidal attempts
[45. Serotonin thus has a strong relationship with men-
tal health. In the past two decades, serotonin reuptake
inhibitors (SSRIs) have come to be widely used for the
treatment of affective disorders including depression,
although [6] there are controversies whether SSRIs are
efiective or not for the treatment of depression in chil-
dren and adolescents because of the shortage of colnd-
dent scientific evidence of SSRIs for young humans.

Exposure to sunlight in the daytime appears to trigger
synthesis of serotonin in the pineal body [7]. This action
is hypothesized to occur mainly in the moming hours,
because the amount of tryptophan consumed with sup-
per has neither significant eflects on Morningness-
Eveningness (M-E) scores nor an effect on sleep habits,
as shown by another study on young Japanese children
performed in 2005 [8].

Melatonin is synthesized in the pineal body of the
hypothalamic area and secreted at night. Melatonin level
in the serum can be well and positively correlated with
that in the saliva [9-12]. Secretion of melatonin exhibits
circadian rhythms and is suppressed by bright light at
night [13,14]. Even room lights such as fluorescent
lamps can attenuate melatonin excretion duration at
night [15]. Evening lighting conditions are ako said to
afiect crcadian rhythms [16,17] and mental health in
mice [18]. Tryptophan intake at breakfast is effective for
the onset and offset of sleep In young children [19].
Moreover, questionnaire surveys showed that young
children exposed to sunlight for more than 30 minutes
after having sources of protein at breakfast are more
moming-typed than those exposed for less than 30 mi-
nutes [2], and that the more young children take in
vitamin B6 at breakfast, the more they exhibit morning
typology [21].

Although these findings imply that morning trypto-
phan and vitamin B6 intake and following exposure to
sunlight would promote synthesis of serotonin in the
daytime and further to melatonin at night, it is difficult
to test the hypotheds only with questionmaire studies.
Moreover, this melatonin synthesis might be inhibited by
exposure to short-wave (blue) light incleding light emit-
ted from fluorescent lamps. This hypothesis cannot be
tested by questionmaire work and would require an
intervention fleld experiment An intervention feld
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experiment for was thus performed on universty stu-
dents to test the hypotheses.

Methods

The intervention program was administered to 94 sub-
jects (male, 19-22 years old, average age: 20.33) belong-
ing to a university soccer club. 63 subjects answered to
the integrated questionnaire before the intervention
period. They were divided into three groups (G1, n =20:
no intervention; G2, n=22: asked to have protein-rich
foods such as fermented soybeans and vitamin Bé-rich
foods such as bananas at breakfast and sunlight exposure
after breakfast; G3, n = 21: the same contents as G2 and
incandescent light exposure at night). This university
football club includes only men. All the members used
fluorescent lamps (white light) for the lighting at night.
To estimate the effects of the one month Interventions,
integrated questionnaires were administered to all par-
ticipants three times: before the start of the intervention
period, immediately after the end of the intervention
period, and one month after the end of the intervention
period (See note on Figure 1). The questionnaires which
were administered before the intervention and 1 month
after the intervention consisted of the diurnal-type scale
constructed by Torsvall and Akerstedt [22], questions on
sleep habits and meal habits [23], an {rritation index, the
General Health Questionmaire (GHQ), the Sense of Co-
herence (SOC) questionnaire, and FFQ (Food Frequency
Questionnaire). The questionmaire just after the inter-
vention perdod of 1 month consisted of self-asessment
questions asking how many days during the month-long
intervention period they Bllowed the recommendations
for breakfast content (the first point), sunlight exposure
after breakfast (the second point) and the use of light
bulbs that emit lower color temperature light at night
(the third point). We made nine groups initially based
on the scores of the diurnal-type scale (three groups:
moming-type, middle-type, evening-type) and FFQ three
groups: good, mid, bad). After that we divided partici-
pants into three groups for each of the nine groups with
random number list arbitradly. There were no signifi-
cant differences among the body height, body mass and
age of the three groups.

All partidpants were asked to keep a sleep diary
throughout the 30 days of the intervention period, which
was October-November in 2010 The sleep diary in-
volved the question, "How was the depth of your last
nights sleep? to which participants answered every
moming The choices for answer were "deep”, “relatively
deep”, "relatively shallow”™ and “shallow”.

Incandescent light bulbs were distrbuted one by one
to the participants in the G3 group, and these partici-
pants were asked to install the light bulb in the room in
which they slept at night The G1 and G2 members were
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Questionnaire 1  Intervention Questionnaire 2  Questionnaire 3
G1: no infervention
G2: breakiast + snlight
G3: breakiast + sunlight +incandescent fight
G1-G3: y for mlivary mel
Llhnl The schedules of the interventions.

asked to switch fluorescent lamps on and the G3 ones
were asked to switch incandescent light bulbs on, in-
stead, when they got back to their residences after sun-
set. After the incandescent light was set, illumination
intensity was measured (Table 1). Participants of G2 and
G3 were asked to report their breakfast contents, and
G3 were also asked to answer the duration of their time
spent under incandescent light each day. 63 of 94 (67%)

participants answered the first questionmaire and 51 of
63 (81%) kept sleep diaries for 1 month.

The implementation score was calculated from the sum
of days that had "high protein content breakfast™ and “ex-
posure to >30 min-exposure to sunlight”. For night expos-
ure to low temperature light, the implemental score was
defined as the mean hours (per night for 30 days) when

paticipants were exposed to the low temperature light

Table 1 flumination vakse (Lux) of all subjects in the third group (G3)

Standing under the light* Sitting as usual’

Fluorescent Inandescent Fluom scent Inandescent

Max Min. Ave Max Min Ave Max Min Ave Max Min Ave
A L3 sn 574 7% 74 7 m 18 ¥6 n » 2
8 245 o 74 42 k-] 40 Ml 12 120 0 18 24
C 186 160 1 18 18 18 £ V) n 9 9 9
a} 8 4 152 n 1% 18 L] 10 08 n 9 18
E nx 1050 1019 2 b ] 0 ) & 2 12 1% ”w
F 1042 1013 1024 4 k- 40 2 2 27 s s s
G 22 L1724 04 2 0 L3 ¥a @ W 2 19 19
H 7 2409 0 0 61 63 B m b} 19 £ ] i3
I 1200 1002 1106 2 pi] p 1] 8 12 %3 ? 8 ?
J 1158 1106 1312 4 4 4 b= 15 w9 -] & [
K 657 651 654 n 0 n & 64 o 20 18 0
L 173 37 148 2 8 19 134 138 20 12 9 12
M 1092 K08 028 wn w0 i @ 23 £ 0 E14 0
N o4 9 o1 1 11 14 k3]
(4] €08 41 468 160 E¢) 150 m 1% £ » 9 -]
P 1307 19 1264 415 4an 43 < 41 4 45 45 45
Q o 42 2 140 129 136 W9 1% W’ 4 2 24
L} 1376 1078 1213 544 421 m o 49 4 9 g 9
S 1 0 1 us %4 £ 1 1 1 24 19 24
T n 0 £ 207 193 am 3 8 (2] bl n bl

The saface of ilemination matir Becar was pot vaically jud in foet of ayes of patidipants who am standing® or sitied’ and illeminaton vl was swasued.
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Table 2 Ettimates of the extent to which subjects in
groups G2 and G3 carried out the intervention

Question: On a sale of 0 to 100, how would you estimate your
confidence in your msponse? The question is “To what extent did
you carry out this intervention program dusing this one month
Intervention period?

1. Egimate for the whale protol (G2, GY) som /100
2 Egimate for *nieng poten-ach and Veamn 86ach scom /100
foods = brenias?’. (G2, GY)

1 Ezimaw for ‘exposre © aniight afer fe beaifaz”. s /100
162, GY)

4E for ‘exposre 1 low color temg gt scom /100

emtied flom incandescent bulbs @ night”. (G3)

emitted from the incandescent bulb. After the interven-
tion period for 30 days the participants were asked to
mark the scores on “To what extent do you satisfy on your
own carrying out each of the two (G2) or three (G3)
contents of intervention as a whole ©r 30 days, mark-
ing as 0-100 points as satisfaction score’ 7" (Table 2).
The salivary melatonin was measured of 10 subjects
which were randomly selected from each group because
of financial limitation for the chemical analysis (30 par-
ticipants in total) three times: the day before the start of
intervention, at the mid-point (two weeks past in the
intervention) and the day before the last day of the
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intervention. Participants were asked to extract their
own saliva at around 23:00 and keep it in a freezer. They
turned off the lights when they went to bed (ranging
from 2300 to 2400).

The saliva ssmples were collected around 2300 with
cylindrical cotton (1 em diameter, 3 cm long) which was
put under the tongue for 3 min. The saliva samples were
kept frozen at -25°C until analysis for 1 or 2 weeks.
After centrifugation (1000 x g for 5 min), melatonin con-
centrations in the saliva samples were determined using
an ELISA Mt (Direct Saliva Melstonin ELISA, Bulmann,
Switzedand).

For the statistical analysis, the "implementation rate”
was defined as how many days participants had a protein-
rich food (1 point) and Vitamin Bé-rich food (1 polnt) at
breakfast and, further, exposed to sunlight for more than
30 min after breakfast (1 point). Participants reported
how many minutes they were exposed to low-color
temperature lights during the 30 intervention days. The
30-day-long intervention period was divided into 3
parts (FWP: First week period, MP: Medium period of
16 days, LWP: Last week perdod). The “high implemen-
tation group”™ was defined as 50% particdpants who
marked higher implementation rate in both breakfast
contents and exposure to sunlight after breakfast (G2
and G3) and also were exposed to longer hours when
they were exposed to the low temperature lights each
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night (G3). The other 50% participants group was de- analysis was performed to test the relationship between
fined as “the low implementation group”. two numerical variables

The software used for statistical analysis was SPSS 12.0] Before the beginning of the study, participants re-
for Windows (SPSS Inc., Chicago, IL, USA). x'-test was  ceived a full explanation with the code of the guideline
used for categorized vadables and Mann-Whitney U-tests  for a study targeting humans [24], Including that the
was used for ranked variabes. Peasons correlation results of the study would be used only for academic
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purposes, and all participants completely agreed to par-
ticipate in the study.

Results

Sleep diary data and salivary melatonin concentration
during the 30 days of the intervention

There was significant positive correlation between hours
spent under Incandescent light at night and the feeling
of sleeping well in Last Week Period (LWP) (Pearson’s
correlation test: £ = 0265, p =0.034) (Figure 2).

The concentration of salivary melatonin shown by the
participants of G3 was significantly higher than that of G1
and G2 in the mid-pointand the day before the Lt day of
the intervention (Bonferroni multiple comparison test: G1
versus G3, p=0.018; G2 versus G3 p=0.011), whereas
there were no significant differences among the three
groups on the day just before the start of the intervention
(Kruslal Wallis test: x'-valie =092, df=2, p=063)
(Fgure 3).

The "high implementation group” tended to show a
higher concentration of salivary melatonin in MP than the
“low implementation group™ did in G3 (Mann-Whitney
U-test: 2 =-2.000, p = 0.071) (Rgure 4). Participants of G3
tended to follow the morning intervention recommenda-
tions (high protein breakfast and sunlight exposure) on
more days than G2 participants did (Mann-Whitney
U-test: FWP; 2 = -1.952, p = 0053 MP; 2=-1628 p=0.1(5,
LWP; 1:1.53,p=0221) m 5. The Implemenmhn
rate in FWP tended © be higher than in MP (Wilcoxon's
signed rank sum test: G2, z=-1851, p=006% G3.
2=-1914, p=005) and LWP (G2, 2= 2298, p=002;

G3:, 2=-28%, p=0004). The implementation rate in MP
tended to be also higher than in LWP in G2 and G3 (G2,
z=-1681,p = 0093 G, 2=-2533 p=0.011).

Several parameters before and after the intervention
period

There was a significantly positive correlation between
the implementation satisfaction Index (Maximum score:
100, Table 2) and the regularity of time to take break-
fast and supper (Kendall tau-b test: breakfast, r = 0.058,
p =0.038; supper, r* = 0.057 p = 0.036).
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Lon
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Figure 5 Comparison of how many days students followed the
recommendations during the 30-daydong intervention
between two groups in the first week pesod (FWP), medium
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There was a significant positive correlation between
the index of how many days among the 30 days subjects
were satisfied in their own implementation of the inter-
vention (of having a breakfast that includes high protein
foods) and M-E scores one month after the intervention
(higher scores showing morning-type) (Pearson’s correl-
ation test: £ = 0.195 p=0.006) (Figure 6).

There was a significant positive correlation between
the number of nights when participants were exposed to
incandescent light during the month-long intervention
and the regularity Index of meal time, not only br
breakfast, but also for lunch and supper, just after the
intervention (Kendall tau b-test: r=-0574, p =0.007,
= 0.146, p=0084, r'=0215, p=0.029). Participants
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who ate breakfast more frequently for one month after
the intervention showed a lower frequency of having
late n@h( smacks during that month (Kendall tau-b
test: £ =-0.142, p=0003) than those who ate break-
fast less frequently.

The participants in G3 after the intervention showed a
lower anger/irdtation index than before the intervention
(Wilcoxon's signed rank sum test: 2= -3072, p=0.002),
whereas there was only the tendency towards reduced ir-
ritation in G1 (2=-1.786, p=0.074) and no differences
were seen in G2 (2=-0954, p=0340) (Figure 7). Two
components of the anger/irritation index, the fre-
quency to be irritated and the frequency to become
angry due to small trigger, were also reduced after the
intervention in comparison with before the Interven-
tion in G3 (Wilcoxon’s signed rank sum test: irritation,
2 =-2.496, p=0.013; anger;, 2= 2714, p=0.007).

Discussion
This study showed that a triple intervention concerning
breakfast content, sunlight exposure after breakfast and
exposure to Jow temperature light emitted from incan-
descent bulbs is a powerful method for inducing secre-
tion of high amounts of melstonin by the pineal glind in
human adults. Underlying mechanisms can be hypothe-
sized to consigt of two components. The flist & that
serotonin synthesis from tryptophan taken at breakfast
may be enhanced by the exposure to sunlight just after
taking breakfast. The second is that the high potential of
melatonin synthesis based on the high serotonin synthe-
sis in the pineal during daytime might be available due
to the night exposure to the "low temperature light”
emitted from incandescent bulbs. Although many re-
ports have shown that melatonin secretion is suppressed
by light emitted from fluorescent lamps Inchuding short
wave length (with around 460 nm of wave length) com-
ponents [25-27], and especially short wave length light
[27-30], this study newly implies that the combined be-
haviors of modifying breakfast content, receiving sun-
light exposure and receiving exposure to low color
temperature lighting at night can facilitate achievement
of high plasma melatonin at night in humans.

Melatonin, a hormone secreted from the pineal gand,
causes the core body temperature to decrease and in-
duces sleep [31-33]. High plasma melatonin levels at
night may play an important role in sleep onset and
sleep quality [34]. In this study, the longer time partici-
pants spent under incandescent lights at night, the sig-
nificantly higher scores they marked to feel deep deep.
This better sleep quality might be due to high plasma
melatonin levels.

This intervention study supports the hypothesis that the
trple intervention of having sources of tryptophan and
vitamin B6 at breakfist, following up breakfast with
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exposure to sunlight and the exposure to low temperature
lights as night lighting can stimulate the synthesis of sero-
tonin and succeeding melatonin synthesis at night and
that these hormones work as natural anti-depresson
drugs and/or natural sleeping pills and make students
more-morning typed and improve their mental health.

A limitation of this study as a "field intervention ex-
periment” is that we did not include a control group
with low-tryptophan breakfast, sunlight exposure, and
exposure to low temperature light to find out the im-
portance of the Intake of tryptophan at breakfast for the
mechanism of tryptophan-sermtonin-melatonin pathway
more deady. This study was not a *physological experi-
ment” to set up several experimental groups and control
all the environmental conditions, and such expediment
remains to be conducted in the future. Another limita-
tion of this study is that it was performed only with
men, whereas the inclusion of participants from a female
sports club could add Important data on gender differ-
ences in response to breakfist modulation and the

change in lighting at night.

Consent

Written informed consent was obtained from the partic-
ipants for publication of this report and any accompany-
ing images.
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The current circadian typology and sleep habits of people who
experienced the Great Hanshin-Awaji Earthquake in their childhood

Introduction
Disasters and PTSD

On 17" January 1995, the Great Hanshin-Awaji earthquake with a magnitude of 7.2 as
the Richter scale attacked Hanshin-Awaji area in Japan. The earthquake killed 6,434
people [1]. Many studies investigating the psychological states of natural disaster
victims, especially earthquakes such as in Italy [2], Armenia [3], and China [4], have
been demonstrated.

Kato et al. [5] assessed the frequency of short-term, post-traumatic symptoms among
survivors of the Hanshin-Awaji earthquake using the Post-Traumatic Symptom Scale.
This paper reported that subjects experienced sleep disturbances, depression,
hypersensitivity, and irritability during the third week after the earthquake.

Half and three years after a severe earthquake (7.3 on the Richter scale) in Taiwan, the
estimated rate of survivors with posttraumatic stress symptoms (PTSS) was 23.8% and
4.4%, respectively, and PTSS scores were highly correlated with QOL scores (less
severe symptoms with higher QOL) [6].

Even 4 years after the Parnitha earthquake in Greece, 22% of survivors reported
subjective distress and intense fear during the earthquake, and participation in rescue
operations positively correlated with greater post-earthquake psychological stress [7].
The psychological consequence of earthquakes may be serious and long-lasting even
when the magnitude of the earthquake is moderate [7].

Circadian Typology and Sleep Habits

The ongoing 24-hour commercialization society accelerated shifting to evening- typed
life for many people [8]. As a result, 24-hour commercialization society may reduce the
amplitudes of environmental daily cycles of light, social activities, and food intake.
Persistent lower amplitudes of several zeitgebers may induce an inner-desynchronized
protocol between the main clock, which drives the autonomous nervous system, and the
slave clock, which controls the sleep-wake cycle (Double-oscillations theory [9]). So,
evening-typed diurnal rhythms, which are linked to the shortage of sleep due to late
bedtimes and also poor quality of sleep [10-15], may lead to lower moods and higher
levels of irritation than morning-typed ones [16].
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PTSD, Sleep Disturbance and Circadian Typology

A previous study to assess the quality of sleep and its architecture in injured victims
of traffic accidents one year after the accident found that the problem in PTSD is mainly
sleep misperception rather than actual sleep alteration [17]. On the other hand, Wang et
al. [18] reported that sleep disturbance is one of 4 factors indicating PTSD symptoms as
assessed by the Impact Event Scale-Revised (IES-R) and the main symptom exhibited
in PTSD. Some studies were consistent [19, 20].

Previous study aims to determine the relationship between Post Traumatic Stress
Disorder (PTSD) and current circadian typology and sleep habits of adults who
experienced the Great Hanshin-Awaji Earthquake after becoming adults [21]. Kuroda et
al. [21] found that people who damaged strongly from a disaster and who currently
show severe PTSD symptoms are more evening-typed and have a lower quality of sleep.
However, whether PTSD symptoms of young people who suffered the Hanshin-Awaji
earthquake in childhood can be reduced by the morning-typed life was remained to be
studied. This study aims to determine the relationship between Post Traumatic Stress
Disorder (PTSD) and current circadian typology and sleep habits of people who
experienced the Great Hanshin-Awaji Earthquake in their childhood in January 1995.

Participants and Methods
Questionnaire Study

An integrated questionnaire was administered to 275 people aged 19-37 (mean age:
21.9 years) in Hyogo Prefecture (35°N), Japan in March 2012, with responses received
from 275 people (females: 173, males: 93, unknown: 9) which were all available for
analysis. The questionnaire consisted of basic questions about attributes such as age and
sex, questions on sleep habits and sleep quality, the Torsvall-Akerstedt Diurnal Type
Scale [22] and a Japanese version [23] of the Impact of Event Scale- Revised (IES-R)
which has been usually used as PTSD scores [24] composed of 22 questions, 8
questions related to “intrusion”, 6 on “hyper-arousal” and 8 on ‘“avoidance-numbing”
(Table 1). The original questions on sleep habits which Harada et al. [25] originally
constructed have been used in several papers [26-31].

Statistical Analysis

The data was statistically analyzed using Mann-Whitney U-tests and Pearson’s
correlation analysis with SPSS 20.0 statistical software. Diurnal Type scale scores were
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expressed as means plus or minus the standard deviation (Mean + SD).

Criterion for High and Low Damage Groups

Participants were divided into a High Damage Group (HDG) and a Low Damage
Group (LDG) based on the IES-R scores. Participants who scored 25 or more in the
IES-R were placed in HDG and those who scored less than 25 were placed in LDG.

The study followed the guidelines established by the Chronobiology International
Journal for the conduct of research on human subjects [32]. Before administrating the
questionnaires, each participant was given a written explanation that detailed the
concepts and purposes of the study and stated that their answers would be used only for
academic purposes. After the above explanation, all participants agreed completely with
the proposal. The study was also permitted by the ethic committee in the Laboratory of
Environmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi
University which carried out an ethical inspection of the contents of the questionnaire

Results

55 participants (20.8%) scored 25 or more can be decided to be the persons who have
PTSD symptoms (Figure 1). There is no significant difference of bedtime, wake-up
time, and sleep duration in weekday between HDG (High Damage Group) and LDG
(Low Damage Group).

HDG participants exhibited significantly worse sleep quality than LDG participants
(Mann-Whitney U-test: Z=-4.637, p<0.001) (Figure 2). There was no significant
difference in sleep latency (p>0.05) (5 test: x*-value=0.481, df=2, p=0.786). HDG
participants woke more frequently during sleep (Figure 3) and had more difficulty in
falling asleep than LDG participants (woken during sleep: y*-value=48.517, df=1,
p<0.001, difficulty in falling asleep: y*-value=13.378, df=2, p=0.001).

HDG participants exhibited significantly worse subjective sleep quality than LDG
participants (Mann-Whitney U-test: z=-3.348, p=0.001) (Figure 4). LDG participants
fell asleep easily and slept deeply with higher frequency than HDG participants
(p=0.005, p=0.011), although there was no difference in mood at awakening in the
morning between the two groups (p>0.05).

LDG participants tended to be more morning-typed than HDG participants (HDG:
14.17, LDG: 15.12, z=1.659, p=0.097) (Figure 5). Despite of degree of PTSD,
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significant positive correlation was shown between morning-typology and high sleep
quality (HDG: ME versus Monroe r=-0.420, p=0.002, ME versus Subjective QOS
r=-0.580, p<0.001; LDG: ME versus Monroe r=-0.304, p<0.001, ME versus Subjective
QOS r=-0.359, p<0.001).

Significant relationship of ME scores didn’t appear to the IES-R score (ANOVA
Variable factor: ME score, p=0.710), while that of Monroe’s QOS did so (Higher quality
of sleep with lower IES-R score; ANOVA Variable factor: Monroe, p<0.001).

Discussion

In this study, 20.8% participants scored 25 or more can be decided to be the persons
who have PTSD symptoms. Kun et al. reported that the estimated prevalence rate of
PTSD symptoms of younger adults was 28.6% (n=364; <15-34 years) [33]. Their
survey was conducted three months after the 2008 Sichuan earthquake. Another
previous study which was undertaken 15 months after the same earthquake reported that
the prevalence rate of PTSD symptoms of younger adults was 8.0% (n=138; <60 years)
[34]. In this study, estimated PTSD symptoms remains even 17 years after the Great
Hanshin-Awaji Earthquake. A previous study found that PTSD became chronic in 46%
of all patients who developed the disorder [35], and Kessler et al. reported that one-third
of individuals who developed PTSD after traumatic event did not have remission of the
disorder after ten years [36]. Whether the rate of PTSD in children which suffered such
disaster was kept for long years has been remained unclear. Anyway, results of this
study suggested that long-lasting mental health care services were required by the
people who experienced severe disasters.

This study showed that there was no correlation between diurnal type and PTSD
symptoms directly, but morning-typed participants had significantly good sleep quality.
And it also resulted in that people who suffered the Great Hanshin-Awaji earthquake in
childhood and, moreover, currently have PTSD had difficulty in achieving high sleep
quality. A previous study was conducted to investigate the relationship between PTSD
and current circadian typology and sleep habits of adults who exposed to the Great
Hanshin-Awaji Earthquake after becoming adults. They reported that old people who
showed severe PTSD symptoms had a lower quality of sleep and were more
evening-typed [21]. Because the PTSD symptoms are relatively moderate in young
adults, the relationship between circadian typology and the IES-R score might be
unclear in this study.
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There are three possible hypothetical and physiological pathways to reduce PTSD
symptoms which might be reduced by the morning-typed life. The first possible
mechanism is that people who had better quality of sleep could consolidate the memory
system during REM sleep and delete the scarce memory of the earthquake, because
dreaming during REM sleep consolidates the memorizing system in the brain [37, 38].

The second is via a high amount of serotonin synthesis in the morning due to a
rich-protein breakfast [31, 39, 40] followed by light exposure after that [41]. Such high
serotonin level in the brain could improve mental health in the daytime.

The third one is better inner synchronization of the main and slave clocks [42]. This
strong coupling of the two clocks could improve their mental health and reduce the
severity of PTSD symptoms. The clocks of morning-type people might be also well
entrained to zeitgebers such as light, temperature and social cues.

Intervention to improve their quality of sleep and promote a morning-typed lifestyle
may be an effective way to reduce PTSD symptoms. The causal relationship between
the morning-typed life and reduced PTSD symptoms can be a research question to be
tested in the future.

Conclusion and Limitation

Intervention to improve their quality of sleep and promote a morning-typed lifestyle
might be an effective method to reduce PTSD symptoms. The limitation of this study is
that the rate of PTSD symptoms the IES-R score reported in our study is only measured
by IES-R which is self-reported tool. It is said that interpretation and generalization of
the results should be treated with caution because IES-R was not designated to estimate
diagnostic prevalence of PTSD [43]. Moreover questionnaire study cannot say the
causal association between morning-typology and reduced PTSD. Some experimental
or intervention study for the causal relationship is remained in the future.
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Figure 2 Comparison of current (March 2012) PTSD scores of participants of a High
Damage Group (HDG) and a Low Damage Group (LDG) of the Hanshin-Awaji Great
Earthquake (Jan 1995). HDG participants exhibited significantly worse sleep quality
than LDG participants (Mann-Whitney U-test: Z=-4.637, p<0.001).
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Figure 3 Comparison of frequency of waking during sleep of between High Damage
Group (HDG) and Low Damage Group (LDG). HDG participants woke more
frequently during sleep than LDG participants (y test: x>-value=48.517, df=1, p<0.001).
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Figure 4 Comparison of subjective quality of sleep index between High Damage Group

(HDG) and Low Damage Group (LDG). HDG participants exhibited significantly worse
sleep quality than LDG participants (Mann-Whitney U-test: z=-3.348, p=0.001)
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Figure 5 Comparison of diurnal type scale between High Damage Group (HDG) and
Low Damage Group (LDG). LDG participants tended to be more morning- typed than
HDG participants (HDG: 14.17, LDG: 15.12, Mann-Whitney U-test: z=1.659, p=0.097).
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Intervention program for young people who suffered a natural disaster,
Great Hanshin-Awaji Earthquake in their childhood

Introduction
Natural disaster and PTSD

Several problems in mental health of natural disaster survivors have been reviewed by
many studies [1-4]. An epidemiological study was performed on a total of 271
adolescents who had been evacuated from their homes into a safe place 3 months after
Typhoon Morakot in Taiwan. The prevalence of PTSD related to the typhoon was
25.8% and adolescents with PTSD had more severe depression and internalizing,
externalizing, social, thought and attention problems than those without PTSD [5]. Even
4 years after the Parnitha earthquake in Greece, 22% of survivors reported subjective
distress and intense fear during the earthquake and participation in rescue operations
positively correlated with greater post-earthquake psychological stress [6]. The
psychological consequence of earthquakes may be serious and long-lasting even when
the magnitude of the earthquake is moderate [6]. At 0.5 and 3 years after a severe
earthquake (7.3 on the Richter scale) in Taiwan, the estimated rate of victims with
posttraumatic stress symptoms (PTSS) was 23.8% and 4.4%, respectively, and PTSS
scores were tightly correlated with QOL scores (with less severe symptoms linking to
higher QOL) [7]. Qu et al reported that 8 months after the Sichuan earthquake, the
prevalence of PTSD symptoms was 19.9%, and the prevalence of depression was 29.0%
and that earthquake experience had significant correlation with PTSD and depression

[8].

PTSD, Sleep Disturbance and Circadian Typology

In general, evening-typed diurnal rhythms are linked to the shortage of sleep due to
late bedtimes and also poor quality of sleep [9-14]. Morningness-Eveningness
preference shows the phase relationship of circadian clocks to the environmental
zeitgebers and can be an appropriate indicator of circadian phase in human circadian
clocks in ordinary life [15, 16].

Sleep disturbance is one of 4 factors indicating PTSD symptoms as assessed by the
Impact Event Scale-Revised (IES-R) and the main symptom exhibited in PTSD [17-19].
In the former domain, symptoms related to sleep are characterized by intrusion of
traumatic memories or other threatening themes into dreams. Insomnia and nightmares,
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an extreme manifestation of this problem, have even been referred to as the “hallmark”
of PTSD [20]. On the other hand, the study to assess the quality of sleep and its
architecture in injured victims of traffic accidents one year after the accident reported
that the main problem in PTSD is sleep misperception rather than actual sleep alteration
[21].

Previous study aimed to determine the relationship between PTSD and current
circadian typology and sleep habits of adults who experienced the Great Hanshin-Awaji
Earthquake (on 17th January 1995) after becoming adults [22]. The study reported that
people who had suffered severe damage from a disaster and who currently showed
severe PTSD symptoms were more evening-typed and had a lower quality of sleep.
Wada et al. (unpublished) indicated that people who had suffered a disaster in childhood
and currently had PTSD also showed a difficulty in achieving high sleep quality. As a
hypothesis, these people with PTSD are possible to be treated by an intervention to
improve their quality of sleep and promote a morning-typed lifestyle, and this
intervention might become an effective method to reduce PTSD symptoms.

This study aims to evaluate the effects of an intervention on sleep and mental health
including PTSD symptoms of such young participants using a leaflet on “Go to bed
early, Get up early and Do not forget to have a breakfast” and a sleep diary.

Participants and Methods

The intervention program was administered to 96 subjects belonging to school of
nursing. To estimate the effects of the one month intervention, integrated questionnaires
were administered to all participants two times: before the start of the intervention
period and one or two months after the end of the intervention period (See legend of
Figure 1). Ninety-four of 96 (98%) participants answered the first questionnaire and 72
of 94 (77%) kept sleep diaries for 21 days and answered the second questionnaire.
Participants aged 38 or more were eliminated. Finally 66 participants (male: 7, female:
57, unclear: 2, 19-37 years old, average age: 22.73) were used for analysis.

All participants were asked to keep a sleep diary throughout the 21 days of the
intervention period, which was in November or December of 2012. To counterbalance
the effect of the day length, two intervention periods were set across the winter solstice.
Twenty-three subjects participated in the intervention in November and 43 participants
did in December. The sleep diary consisted of questions on sleep habits (including
falling asleep time and awakening time), physical condition, mood on awakening,
awakening frequency during night sleep, and the implementation status of 5 contents of
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intervention, which were as follows: Exposed to early morning sunlight (1%, Protein
rich food taken at breakfast (2"), Exposed to sunlight after breakfast (3™), Cut back on
the time to watch TV at night (4™), Cut back on the time to be exposed to fluorescent
light at night (5™).

Participants marked their implementation status every day. For the 1% and 3 contents,
they marked circle or x for “Yes” or “No” and answered how many minutes they had
been exposed to sunlight. For the 2™ content, they chose one from four choices for
breakfast contents (a double circles: they had nutritionally well balanced breakfast; a
circle: they had breakfast including staple diet; a triangle: they had something; a
x-marking: they had nothing). For the 4™ content, they marked a circle when they had
not watched the TV program. If they had watched it on TV, they did a x-marking and
filled how many minutes they had watched. For the 5™ content, they filled how many
hours they had stayed under fluorescent light.

For the statistical analysis, the “implementation score” was calculated. A circle of the
1%, 3" and 4™ contents meant 1 point and a x-mark was 0 point. A double circle of the
2" content was 1 point, a circle was 0.67 points, a triangle was 0.33 points, and a
x-mark did O points. On the 5" content, “0 hour” converted to 1 point and “the
maximum hours” among all participants each day converted to 0 point. The other hours
were rationally converted to the mark distributed from 0 and 1 points, in each day.

The 21-day-long intervention period was divided into 3 parts (FWP: First week
period, MWP: Middle week period, LWP: Last week period). The “high implementation
group (HIG)” was defined as 50% participants who marked higher implementation
scores in each or all of 5 contents. The other 50% participants group was defined as “the
low implementation group (LIG)”.

The questionnaire administered before the intervention consisted of basic questions
about attributes such as age and sex, the diurnal-type scale constructed by Torsvall and
Akerstedt [23], questions on sleep habits, quality of sleep, and a Japanese version [24]
of the Impact of Event Scale- Revised (IES-R) which had been usually used as PTSD
scores [25] composed of 22 questions, 8 questions related to “intrusion”, 6 on
“hyper-arousal” and 8 on “avoidance-numbing” (Table 1). One or two months after the
intervention period, the second questionnaire was administered once which consisted of
questions on continuous implementation of the 5 intervention-contents and questions on
the change in the consciousness to “light” and “meal” in addition to all contents of the
first questionnaire. The original questions on sleep habits which Harada et al. [26]
originally constructed have been used in several papers [27-32].

The software used for statistical analysis was SPSS 20.0 J for Windows (SPSS Inc.,
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Chicago, IL, USA). y*test was used for categorized variables and Mann-Whitney
U-tests was used for ranked variables. Pearson’s correlation analysis was performed to
test the relationship between two numerical variables.

The study followed the guidelines established by the Journal, Chronobiology
International for the conduct of research on human subjects [33]. Before administrating
the questionnaires, each participant was given a written explanation that detailed the
concepts and purposes of the study and stated that their answers would be used only for
academic purposes. After the above explanation, all participants agreed completely with
the proposal. The study was also permitted by the ethic committee in the Laboratory of
Environmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi
University which carried out an ethical inspection of the contents of the questionnaire

Results

Only 1 person was over the cutoff point (between 24 and 25) before intervention
(Figure 2). This high-traumatic person’s comprehensive sleep health tended to be
improved through the intervention (Wilcoxon test: z=1.941, p=0.052) (Table 1).

The others’ (non high-traumatic persons) diurnal type scale before intervention was
significantly lower (evening-type) than that after intervention (Wilcoxon test: z=2.004,
p=0.045) (Figure 3). Sleep latency of the others was significantly shortened through the
intervention (z=-2.004, p=0.045) (Figure 4).

The wake-up time of the high implementation group on the 2" content (Protein rich
food taken at breakfast) tended to become earlier than that of the low implementation
group (Mann-Whitney U-test: z=1.807, p=0.071). Monroe’s sleep quality index in the
high implementation group on the 3™ content (Exposed to sunlight after breakfast) was
significantly improved (z=2.540, p=0.011) and their sleep latency tended to be shorten
than those of the low implementation group (z=1.902, p=0.057). Participants in the high
implementation group on the 4™ content (Cut back on the time to watch TV at night)
significantly shifted morning typed than those in the low implementation group
(z=-2.518, p=0.012). Subjective sleep quality index of the high implementation group of
the 5™ content (Cut back on the time to be exposed to fluorescent light at night) was
significantly more improved than that of the low implementation group (z=2.159,
p=0.031) (Table 2).
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Discussion

It was difficult to verify the effect of intervention to ease-up the PTSD symptoms
because of absence of the participants who had severe PTSD. In the previous
intervention study focused on the elderly who experienced the Great Hanshin-Awaji
Earthquake (on 17th January 1995) after becoming adults, the prevalence of PTSD was
31.7% (Kuroda, Wada et al., unpublished). Jia et al. found that there were significant
distinctions in the prevalence of PTSD (22.5% vs. 8.0%) and general psychiatric
morbidity (42.0% vs. 25.4%) between elder and younger adult survivors after an
earthquake [34]. They concluded that compared with the younger adults, the elderly
survivors were more likely to develop PTSD and general psychiatric morbidity [34].
The underlying mechanisms that the elderly were more likely to develop psychological
problems after disasters are still unclear. But Pekovic et al. argued that due to the fact
that an elder often already feels frail because of chronic health conditions, impaired
cognitive abilities and decreased sensory awareness, the impact of an unexpected
disaster may be overwhelming [35]. Additionally Kessler et al. found reported that
one-third of individuals who develop PTSD after trauma did not have remission of the
disorder after ten years [36]. The disaster-related impact seems more severe and lasting
than we thought when the elderly were involved in the impaired psychological recovery
[37]. It had past seventeen years since the Great Hanshin-awaji Earthquake. The reason
of absence of the young participants who had severe PTSD might be related to that the
post-disaster vulnerability to PTSD could be age-dependent.

On the other hand, the remains of participants significantly shifted their circadian
phase in advance in the sleep-wake rhythms and got better quality of sleep. Intervention
study of the same sort for university students belonging to football club concluded that
the combined intervention on breakfast, morning sunlight and evening-lighting seems to
be effective for students including athletes to keep higher melatonin secretion at night,
because this intervention successfully induced easy onset of the night sleep and higher
quality of sleep in these athletes [38]. Another previous intervention study (using a
leaflet introducing the benefits of morningness and technical issues to make
morning-typed life) for the elderly who experienced the Great Hanshin-Awaji
Earthquake when they were adult reported that intervention to improve participants’
quality of sleep and promote a morning-typed lifestyle may be an effective way to
reduce PTSD symptoms (Kuroda, Wada et al., unpublished). These results suggested
that the leaflet intervention would be an effective way to ease up PTSD symptoms for
people who suffered natural disaster in childhood and have currently severe PTSD.
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Conclusion and Limitation

Intervention to improve their quality of sleep and promote a morning-typed lifestyle
may be an effective method to reduce PTSD symptoms. The limitation of this study is
absence of the young participants who had severe PTSD in this study. Because of this it
is difficult to verify the effect of intervention to PTSD symptoms. It is remained for
future studies to test the effect of the leaflet intervention on the ease-up of PTSD in the
young people who suffered the East-Japan Great Earthquake on 11th March, 2011.
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Figure 1: Schematic presentation of the schedule of the intervention program.
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Figure 2: IES-R score before the intervention. Only 1 person was over the cut-off point
(between 24 and 25).
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Table 1: Change in comprehensive variables on sleep health of the high-traumatic
person with the IES-R score of 25. This sleep health of this person tended to be
improved through the intervention (Wilcoxon test: z=1.941, p=0.052).

Variables Before After Change
Bed time (h) 25.00 24.50 Improved
Fall asleep time (h) 25.50 25.25 Improved
Awakening time (h) 6.00 6.00 Stable
Sleep duration (hs) 4.50 4.75 Improved
Middle point (h) 3.75 3.63 Improved
ME-Awakening (p) 12 6 Worsen
ME-Asleep (p) 5 7 Improved
Activity peak (p) 2 3 Improved
Intrusion (p) 8 7 Improved
Avoidance (p) 8 10 Worsen
Hyperarousal (p) 9 5 Improved
Arousal during Sleep (t) 2 1 Improved
Sleep latency (m) 30.0 45.0 Worsen
Wake up latency (m) 0.0 0.0 Stable
Difficulty falling asleep (p) | 3 2 Improved
Difficulty wake up (p) 1 1 Stable
Sleep deeply (p) 3 3 Stable
Mood on awakening (p) 3 3 Stable
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Figure 3: Comparison of diurnal type scale between before and after the intervention of
non high-traumatic persons who showed less than 25 of IES-R score. The diurnal
type scale after intervention was significantly higher (more morning-typed) than that
before the intervention (Wilcoxon test: z=2.004, p=0.045)
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Figure 4: Comparison of sleep latency between before and after the intervention of the
non high-traumatic persons. It was significantly shortened through the intervention
(Wilcoxon test: z=-2.004, p=0.045).
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Table 2: Contents-segregated and cross-sectional analysis on the effects of the
intervention to the 65 subjects on the variables of sleep health and circadian typology.
The results of Mann-Whitney tests were shown on whether the high-implementatsion

group was more impromed than the low-impementation one in each item.

©: sig improve (p<0.05)

O: tend improve (0.05<p<0.1)

Awakening
time

Sleep
latency

ME score

Monroe

Quality of
sleep

1st content
(Early morning
sunlight)

2nd content
(Protein rich
breakfast )

3rd content
(Sunlight after
breakfast)

4th content
(Limitation
watch TV

5th content
(Limitation use
fluorescent)
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The current circadian typology and sleep habits of people who
experienced the Landslide in Philippines

Introduction
Natural disaster and PTSD

Mental health problems of natural disaster survivors have been reviewed by many
studies [1-7]. Posttraumatic stress disorder (PTSD) is the most frequently reported
psychiatric morbidity among victims of natural disasters [8]. An epidemiological study
was performed on a total of 271 adolescents who had been evacuated from their homes
to a safe place 3 months after Typhoon Morakot in Taiwan. The prevalence of PTSD
related to the typhoon occupied 25.8% of all victims and adolescents with PTSD had
more severe depression and internalizing, externalizing, social, thought and attention
problems than those without PTSD [9]. Even 4 years after the Parnitha earthquake in
Greece, 22% of survivors reported subjective distress and intense fear during the
earthquake and participation in rescue operations positively correlated with greater
post-earthquake psychological stress [10]. The psychological consequence of
earthquakes may be serious and long-lasting even when the magnitude of the earthquake
is moderate [10]. At 0.5 and 3 years after a severe earthquake (7.3 on the Richter scale)
in Taiwan, the estimated rate of victims with posttraumatic stress symptoms (PTSS) was
23.8% and 4.4%, respectively, and PTSS scores were tightly correlated with QOL
scores (less severe symptoms linked to higher QOL) [11]. Qu et al reported that 8
months after the Sichuan earthquake, the prevalence of PTSD symptoms occupied
19.9% and the prevalence of depression did 29.0% of all victims and that earthquake
experience had significant correlation with PTSD and depression [12]. As just described,
a great disparity exists in the reported rates of PTSD symptoms across different studies.
Such inconsistency may be attributed to the differences in the magnitude of the
earthquakes, proximity to the epicenters, the time of assessment, the methods of
sampling, and the measures used [3, 13].

PTSD, Sleep Disturbance and Circadian Typology

In general, evening-typed diurnal rhythms are linked to the shortage of sleep due to
late bedtimes and also poor quality of sleep [14-19]. Morningness-Eveningness
preference shows the phase relationship of circadian clocks to the environmental
zeitgebers and can be an appropriate indicator of circadian phase in human circadian
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clocks in ordinary life [20, 21].

Sleep disturbance is one of 4 factors indicating PTSD symptoms as assessed by the
Impact Event Scale-Revised (IES-R) and the main symptom exhibited in PTSD [22-24].
In the former domain, symptoms related to sleep are characterized by intrusion of
traumatic memories or other threatening themes into dreams. Insomnia and nightmares,
an extreme manifestation of this problem, have even been referred to as the “hallmark”
of PTSD [25]. On the other hand, the study to assess the quality of sleep and its
architecture in injured victims of traffic accidents one year after the accident reported
that the main problem in PTSD is sleep misperception rather than actual sleep alteration
[26].

Typhoon “Reming” induced a landslide disaster in Philippines

A landslide caused by the torrential rain attacked Albay, Philippines on November 29,
2006. The mortality was about 1000 which included missing people [27]. A lot of
people lost their house and lands. Previous study determined the relationship between
PTSD and current circadian typology and sleep habits of adults who experienced the
Great Hanshin-Awaji Earthquake (on 17th January 1995) after becoming adults [28].
This study reported that people who had suffered severe damage from a disaster and
currently showed severe PTSD symptoms were more evening-typed and had a lower
quality of sleep.

This study aims, first, to estimate the rate of PTSD symptoms among survivors after
6 years from the landslide, and, second, to explore what factors had strong linkage with
severe PTSD.

Participants and Methods
Questionnaire Study

An interview on the contents of an integrated questionnaire was administered in
December 2012 to 109 people from two villages in Albay, Philippines. One village was
attacked by the landslide disaster which occurred in 2006 on site and another was set by
government as a settlement area. All of respondents were 101(collection rate was 93%).
Respondents under 20 years old and 70 or more were eliminated. So, remains were 88
(male: 16, female: 72, Ave.: 41.39£12.34 [SD]). University students having experience
of the interviewing for social research interviewed participants in local language.

The questionnaire consisted of basic questions about attributes such as age, sex and
annual income, questions on sleep habits and sleep quality, the Torsvall-Akerstedt
Diurnal Type Scale [29] and Impact of Event Scale- Revised (IES-R) which has been
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usually used as PTSD scores [30] composed of 22 questions, 8 questions related to
intrusion, 6 on hyper-arousal and 8 on avoidance-numbing. The original questions on
sleep habits which Harada et al. [31] originally constructed have been used in several
papers [32-37]. After interview, it became apparent that annual income they answered
possessed insufficient reliability. Therefore, it was eliminated.

Statistical Analysis

The data were statistically analyzed using Mann-Whitney U-tests and Pearson’s
correlation analysis with SPSS 21.0 statistical software. Diurnal Type scale scores were
expressed as means plus or minus the standard deviation (Mean + SD).

Criterion for High and Low Damage Groups

Participants were divided into four groups based on their IES-R scores (24 or less:
non PTSD, 25-48: low PTSD, 49-66: Middle PTSD, 67 or more: High PTSD).

Ethical consideration

The study followed the guidelines established by the Chronobiology International
Journal for the conduct of research on human participants [38]. Before administrating
the questionnaires, each participant was given a written explanation that detailed the
concepts and purposes of the study and stated that their answers would be used only for
academic purposes. After the above explanation, all participants agreed completely with
the proposal. The study was also permitted by the ethic committee in the Laboratory of
Environmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi
University which carried out an ethical inspection of the contents of the questionnaire

Results

80 participants (90.9%) scored 25 or more can be decided to be the persons who have
PTSD symptoms.

Age (Pearson’s correlation test: 1=0.278, p=0.009: higher age with higher PTSD score)
(Figure 1), Monroe’s quality of sleep index (r=0.212, p=0.048: lower quality of sleep
with higher PTSD one), and Mental health (r=-0.449, p<0.001: worse mental health
with higher PTSD one) (Figure 2) had significant correlation between IES-R scores.
QOL(r=-0.199, p=0.066) did not have significant correlation between IES-R scores.
There was no significant association between IES-R scores and the diurnal type scale
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(r=-0.075, p=0.486).

Participants were divided into four groups based on their IES-R scores (24 or less:
non PTSD, 25-48: low PTSD, 49-66: Middle PTSD, 67 or more: High PTSD). There
were significant difference in Age (ANOVA: F=4.524, df=3, p=0.005, BMI (F=4.617,
df=3, p=0.005), and Mental health (F=7.477, df=3, p<0.001) among the four groups.
Participants in Middle PTSD group were significantly younger than Low PTSD group
and High PTSD group (Bonferroni correction: vs. Low PTSD, p=0.019; vs. High PTSD,
p=0.018) (Figure 3). There was no significant difference in age between Non PTSD and
Low PTSD group or High PTSD group (Bonferroni correction: vs. Low PTSD,
p=0.641; vs. High PTSD, p=0.674) (Figure 3). Participants in Non PTSD group had
significantly higher BMI than Middle PTSD group and High PTSD group (Bonferroni
correction: vs. Middle PTSD, p=0.004; vs. High PTSD, p=0.015) (Figure 4). Mental
health of participants in High PTSD group was significantly better than the others
(Bonferroni correction: vs. Non PTSD, p=0.001; vs. Low PTSD, p=0.003; Middle
PTSD, p=0.032) (Figure 5).

Participants who had lower PTSD symptoms had dinner at regular time with higher
frequency (y° test: x* value=14.746, df=9, p=0.098), and lost higher number of
family-members and/or close-friends (y* value=7.399, df=3, p=0.060) (Figure 6, 7).

Participants who had protein-rich food at breakfast (46.27 points) exhibited
significantly lower IES-R scores than participants (57.87 points) who had no
protein-rich food (Mann-Whitney U-test: z=-2.871, p=0.004) (Figure 8).

A significant relationship (ANOVA: F=7.874, df=1, p=0.006) between contents of
breakfast and IES-R scores didn’t disappear even with the covariance of Age
(ANCOVA: p=0.011), BMI (p=0.006), Monroe’s sleep quality index (p=0.008),
regularity of dinner (p=0.005) and whether they lost or not family member (p=0.010).
However, p-value was risen from 0.006 to 0.125 when ANCOVA was performed with
covariance of mental health index.

Discussion

Numerous studies have examined the risk factors of PTSD among earthquake
survivors. The frequently reported risk factors include female gender, older age, low
level of education, degree of exposure to earthquake, death in the family, loss of friends,
loss of property, greater fear during the earthquake, number of traumatic experiences,
inadequate social support, and previous psychiatric illness [13, 39-41].

In this study, Age and Mental health index showed strong correlation with PTSD
score. Jia et al. found that the elderly survivors were more likely to develop PTSD and
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general psychiatric morbidity than the younger adults [42]. They discussed that the
post-disaster vulnerability to PTSD and general psychiatric morbidity is still
age-dependent [42]. The underlying mechanisms that the elderly were more likely to
develop psychological problems after disasters are still unclear. But Pekovic et al.
argued that due to the fact that an elder often already feels frail because of chronic
health conditions, impaired cognitive abilities and decreased sensory awareness, the
impact of an unexpected disaster may be overwhelming [43]. The disaster-related
impact seems more severe and lasting than we thought when the elderly were involved
in the impaired psychological recovery [44].This current study’s results did not deny
that theory.

The result of ¥ test indicated that, in addition to age and mental health index, loss of
family member and dinner regularity also had significant relation with PTSD score.
Death in the family has been often suggested as significant risk factor for PTSD
symptoms, though the contents or extent of the risk would be inconstant. Some studies
indicated that death in the family was painful event for survivors [42, 45-49], whereas
other previous studies reported that loss of a family member was not a significant
predictor [40, 41, 50], or was not strong but significant [13]. Chan et al. discussed that it
might be led from cultural difference and whom they lost [49]. Their study suggested
that loss of a child was a strong predictable factor of the severity of PTSD symptoms for
parents [49]. It was not able to know whom the survivors lost in this study. It is
remained to reveal the relationship between “who” were dead for survivors and
PTSD-severity for future study.

In this study, the estimated rates of probable PTSD were 90.9% (25 or more on
IES-R). Although such estimated rates have great differences among studies, the high
rate over 90% is much higher rate than those in previous studies [9-13]. The reason why
the estimated rates were extremely high is still unclear. It has been described in the first
paragraph of the Discussion session that there are the eleven risk factors which have
been reported frequently. Because the questionnaire used in this study had not included
these contents at all, it was difficult to imply or discuss the reason why the rates of
probable PTSD symptoms were extremely high. It is remained for future studies.

The most interesting result in this study was that participants who had protein-rich
food at breakfast (46.27 points) exhibited significantly lower IES-R scores than those
(57.87 points) who had no protein-rich food. Moreover, this significant relationship
between protein rich breakfast and low IES-R scores did not disappear when ANCOVA
was performed with the covariance as one of “age”, “BMI”, “Monroe’s sleep quality

2 13

index”, “regularity of dinner”, and “whether they lost or not family member”. These
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would indicate that protein-rich food intake at breakfast may ease up the traumatic
symptoms through the mental health improvement due to the syntheses promotion of
serotonin [37] and dopamine [51]. It would be, especially, a possible hypothesis that
higher serotonin synthesis in the morning at pineal from tryptophan taken at breakfast
might soften the PTSD symptoms through the mental health improved. Intervention to
improve their quality of sleep and promote a morning-typed lifestyle may be an
effective method to reduce PTSD symptoms.

Limitation

There are several limitations to this study. First, the small sample size may have
possibility to produce spurious statistical findings. Second, several additional and
important factors (such as education level, number of traumatic experiences, loss of
property and so on) that might affect PTSD symptoms were not included in this study.
Third, the rate of PTSD symptoms reported in our study is only measured by self-rated
tool. Chan et al reported that IES-R was not designated to estimate diagnostic
prevalence of PTSD, so interpretation and generalization of the results should be treated
with caution [49]. Forth, questionnaire study cannot make clear causal association
between PTSD and some possible factors. An experimental or intervention study for the
causal relationship is remained in the future.

Acknowledgements

We thank all the participants of this study and Bicol university students who assist to
interview the participants. Thanks are also due to the Kochi University President
Foundation for Support of Research (2009-2012: to T. Harada) and Research Funds by
JSPS (Fund No: 22370089: 2010-2013: to T. Harada; Found No: 23-10971: 2011-2014:
to K. Wada) for financial support. Thanks are also due to Mis Laura Sato who is
professional English editor and supported us from linguistic point of view.

References

[1] Van Griensven F, Chakkraband ML, Thienkura W, Pengjuntr W, Lopes Cardozo B,
Tantipiwatanaskul P, Mock PA, Ekassawin S, Varangrat A, Gotway C, Sabin M,
Tappero JW: Mental health problems among adults in tsunami-affected areas in
southern Thailand. JAMA 2006, 296: 537-548.

[2] Chou YJ, Huang N, Lee CH, Tsai SL, Tsay JH, chen LS, Chou P: Suicides after the
1999 Taiwan earthquake. Int J Epidemiol 2003, 32: 1007-1014.

[3] Wang X, Gao L, Shinfuku N, Zhang H, Zhao C, Shen Y: Longitudinal study of

84



earthquake-related PTSD in a randomly selected community sample in north China.
Am J Psychiatry 2000, 157: 1260-1266.

[4] Cao H, McFarland AC, Klimidis S: Prevalence of psychiatric disorder following the
1988 Yun Nan (China) earthquake: the first 5-month period. Soc Psychiatr
Epidemiol 2003, 38: 204-212.

[5] Lowe SR, Manove EE, Rhodes JE: Posttraumatic stress and posttraumatic growth
among low-income mothers who survived Hurricane Katrina. Journal of Consulting
and Clinical Psychology 2013, 81: 877-889.

[6] Klassen BJ, Porcerelli JH, Markova T: The Effects of PTSD Symptoms on Health
Care Resource Utilization in a Low-Income, Urban Primary Care Setting. Journal of
Traumatic Stress 2013, 26: 636-639.

[7] Searing EAM, Rios-Avila F, Lecy JD: The impact of psychological trauma on wages
in post-conflict Bosnia and Herzegovina. Social Science and Medicine 2013, 96:
165-173.

[8] McMillen JC, North CS, Smith EM: What parts of PTSD are normal: Intrusion,
avoidance, or arousal? Data from the Northridge, California, earthquake. Journal of
Traumatic Stress 2000, 13: 57-75.

[9] Young P, Yen CF, Tang TC, Chen CS, Yang RC, Huang MS, Jong YJ, Yu HS:
Posttraumatic stress disorder in adolescents after Typhoon Morakot-associated
mudslides. Journal of Anxiety Disorders 2011, 25: 362-386.

[10] Livanou M, Kasvilis Y, Basoglu M, Mytskidou P, Sotiropoulou V, Spanea E,
Mitsopoulou T, Voutsa N: Earthquake-related psychological distress and associated
factors 4 years after the Parnitha earthquake in Greece. European Psychiatry 2005,
20: 137-144.

[11] Tsai KY, Chou P, Chou FH-C, Su TT-P, Lin S-C, Lu M-K, Ou-Yang W-C, Su C-Y,
Chao S-S, Huang M-W, Wu H-C, Sun W-J, Su S-F, Chen M-C: Three-year
follow-up of the relationship between posttraumatic stress symptoms and quality of
life among earthquake survivors in Yu-Chi, Taiwan. Journal of Psychiatric
Research 2007, 41: 90-96.

[12] Qu Z, Wang X, Tian D, Zhao Y, Zhang Q, He H, Zhang X, Xu F, Guo S:
Posttraumatic stress disorder and depression among new mothers at 8 months later
of the 2008 Sichuan earthquake in China. Arch Womens Ment Health 2012, 15:
49-55.

[13] Basoglu M, Kili¢ C, Salcioglu E, Livanou M: Prevalence of posttraumatic stress
disorder and comorbid depression in earthquake survivors in Turkey: An
epidemiological study. Journal of Traumatic Stress 2004, 17: 133-141.

85



[14] Mecacci L and Zani A: Morningness-eveningness preferences and sleep-waking
diary data of morning and evening types in student and worker samples.
Ergonomics 1983, 26: 1147-1153.

[15] Hayashi M and Hori T: Survey on a sleep habits for university and high school
students. Hiroshima University Faculty of Integrated Arts and Sciences Bulletin 111
1987, 11: 53-63.

[16] Tanaka H, Hayashi M, Hori T: The developmental feature of the sleep problems in
adolescence: The approach for the application to educational stage. Hiroshima:
Memoirs of the Faculty of Integrated Arts and Sciences, Hiroshima University
1997: 141-154.

[17] Ishihara K, Miyake S, Miyashita A, Miyata Y: Comparisons of sleep-wake habits of
morning and evening types in Japanese worker sample. Journal of Human
Ergology 1988, 17: 111-118.

[18] Harada T, Takeuchi H: Epidemiological study on students’ daily rhythms and
sleeping habits. Journal Japanese Society for Chronobiology 2001, 7: 36-46.

[19] Harada T, Takeuchi H: Chapter 25: Rhythm in life habit of Japanese infants,
children and students. In: Chronobiology and Industrial Applications (eds.
Shibata S.), Tokyo: CMC Co. Ltd. 2011, 204-217.

[20] Ishihara K: Morningness-eveningness. In: Handbook of Chronobiology (eds. Chiba
Y, Takahashi K), Tokyo: Asakura- Shoten, 1991, 269-274.

[21] Harada T: Diurnal rhythm and sleep habit of infants, school pupils and
students—Focusing on environmental factors in life including 24 hours
commercialization society in Japan. Chronobiology 2008, 14: 36-43.

[22] Germain A, Shear MK, Hall M, Buysse DJ: Effects of a brief behavioral treatment
for PTSD-related sleep disturbances: A pilot study. Behaviour Research and
Therapy 2007, 45: 627-632.

[23] Mellman TA, Kumar A, Kulick-Bell R, Kumar M, Nolan B: Nocturnal/daytime
urine noradrenergic measures and sleep in combat-related PTSD. Biological
Psychiatry 1995, 38: 174-179.

[24] Wang L, Zhang J, Shi Z, Zhou M, Huang D, Liu P: Confirmatory factor analysis of
posttraumatic stress symptoms assessed by the impact of event scale-revised in
Chinese earthquake victims: Examining factor structure and its stability across sex.
Journal of Anxiety Disorders 2011, 25: 369-375.

[25] Ross RJ, Ball WA, Sullivan KA, Caroff SN: Sleep disturbance as the Hallmark of
posttraumatic stress disorder. Am J Psychiatry 1989, 146: 697-707.

[26] Klein E, Koren D, Arnon |, Lavie P: No evidence of sleep disturbance in

86



post-traumatic stress disorder: A polysomnographic study in injured victims of
traffic accidents. Isr J Psychiatry Relat Sci 2002, 39: 3-10.

[27] Department of Social Welfare and Development of Phillippine, Regional Office No.
5: Terminal report on disaster operations 2007

[28] Kuroda H, Wada K, Takeuchi H, Harada T: PTSD Score, Circadian Typology and
Sleep Habits of People who Experienced the Great Hanshin-Awaji Earthquake 17
Years Ago. Psychology 2013, 4: 106-110.

[29] Torsvall L, Akerstedt T: A diurnal type scale: Construction, consistency and
validation in shift work. Scandinavian Journal of Work, Environment & Health
1980, 6: 283-290.

[30] Wilson JP, Keane TM: Assessing Psychological Trauma and PTSD (The 2™
edition), New York: The Guilford Press 2004, pp. 668.

[31] Harada T, Inoue M, Takeuchi H, Watanabe N, Hamada M, Kadota G, Yamashita Y:
Study on diurnal rhythms in the life of Japanese university, junior high and
elementary school students including morningness-eveningness preference.
Bulletin of the Faculty of Education, Kochi University Series 1998, 56: 1-91.

[32] Takeuchi H, Hino N, lwanaga A, Hino N, Matsuoka A, Harada T: Light conditions
during sleep period and sleep-related lifestyle in Japanese students. Psychiatry and
Clinical Neurosciences 2001, 55: 221-222.

[33] Takeuchi H, Inoue M, Watanabe N, Yamashita Y, Hamada M, Kadota G, Harada T:
Parental enforcement of bedtime during childhood results in Japanese junior high
school students preferring morningness to eveningness. Chronobiology
International 2001, 18: 823-829.

[34] Harada T, Morikuni M, Yoshii S, Yamashita Y, Takeuchi H: Usage of mobile phone
in the evening or at night makes Japanese students evening-typed and night sleep
uncomfortable. Sleep and Hypnosis 2002, 4: 150-154.

[35] Takeuchi H, Oishi T, Harada T: Morningness-eveningness preference, and mental
and physical symptoms during the menstrual cycle of Japanese junior high school
students. Sleep and Biological Rhythms 2003, 1: 245-247.

[36] Shinomiya H, Takeuchi H, Martoni M, Natale V, Harada T: Comparative study on
circadian typology of Japanese and Italian students aged 12 - 18 years. Sleep and
Biological Rhythms 2004, 2: 93-95.

[37] Harada T, Hirotani M, Maeda M, Nomura H, Takeuchi H: Correlation between
breakfast tryptophan content and morningness-eveningness in Japanese infants and
students aged 0 - 15 years. Journal of Physiological Anthropology 2007, 26:
201-207.

87



[38] Portaluppi F, Smolensky MH, Touitou Y: Effects and methods for biological
rhythm research on animals and human beings. Chronobiology International 2010,
27:1911-1929.

[39] Chang C-M, Connor KM, Lai T-J, Lee L-C, Davidson JRT: Predictors of
posttraumatic outcomes following the 1999 Taiwan earthquake. Journal of Nervous
and Mental Disease 2005, 193: 40-46.

[40] Salcioglu E, Basoglu M, Livanou M: Long-term psychological outcome for
non-treatment-seeking earthquake survivors in Turkey. Journal of Nervous and
Mental Disease 2003, 191: 154-160.

[41] Salcioglu E, Basoglu M, Livanou M: Post-traumatic stress disorder and comorbid
depression among survivors of the 1999 earthquake in Turkey. Disasters 2007, 31:
115-129.

[42] Jia Z, Tian W, Liu W, Cao Y, Yan J, Shun Z: Are the elderly more vulnerable to
psychological impact of natural disaster? A population-based survey of adult
survivors of the 2008 Sichuan earthquake. BMC Public Health 2010, 10:172.

[43] Pekovic V, Seff L, Rothman MB: Planning for and responding to special needs of
elders in natural disasters. Generations 2007, 31: 37-41.

[44] Toyabe S, Shioiri T, Kuwabara H, Endoh T, Tanabe N, Someya T, Akazawa K:
Impaired psychological recovery in the elderly after the Niigata-Chuetsu
Earthquake in Japan:a population-based study. BMC Public Health 2006, 6: 230.

[45] Basoglu M, Salcloglu E, Livanou M: Traumatic stress responses in earthquake
survivors in Turkey. Journal of Traumatic Stress 2002, 14: 269-276.

[46] Breslau N, Kessler RC, Chilcoat HD, Schultz LR, Davis GC, Andreski P: Trauma
and posttraumatic stress disorder in the community: The 1996 Detroit area survey
of trauma. Archives of General Psychiatry 1998, 55: 626-632.

[47] Goenjian AK, Najarian LM, Pynoos RS, Steinberg AM, Manoukian G, Tavosian A,
Fairbanks LA: Posttraumatic stress disorder in elderly and younger adults after the
1988 earthquake in Armenia. American Journal of Psychiatry 1994, 151: 895-901.

[48] Peng K, Shucheng H, Xunchui C, Lan Y: Prevalence and risk factors for
posttraumatic stress disorder: A cross-sectional study among survivors of the
Wenchuan 2008 earthquake in China. Depression and Anxiety 2009, 26:
1134-1140.

[49] Chan CLW, Wang C-W, Qu Z, Lu BQ, Ran M-S, Ho AHY, Yuan Y, Zhang BQ,
Wang X, Zhang X: Posttraumatic stress disorder symptoms among adult survivors
of the 2008 Sichuan earthquake in China. Journal of Traumatic Stress 2011, 24:
295-302.

88



[50] Livanou M, Basoglu M, Salcioglu E, Kalender D: Traumatic stress responses in
treatment-seeking earthquake survivors in Turkey. Journal of Nervous and Mental
Disease 2002, 190: 816-823.

[51] Akimitsu O, Wada K, Noji T, Taniwaki N, Krejci M, Nakade M, Takeuchi H,
Harada T: The relationship between consumption of tyrosine and phenylalanine as
precursors of catecholamine at breakfast and the circadian typology and mental
health in Japanese infants aged 2 to 5 years. Journal of Physiological Anthropology
2013, 32: 13.

89


http://www.jphysiolanthropol.com/content/32/1/13
http://www.jphysiolanthropol.com/content/32/1/13
http://www.jphysiolanthropol.com/content/32/1/13
http://www.jphysiolanthropol.com/content/32/1/13
http://www.jphysiolanthropol.com/content/32/1/13

100
(Point)

IES-R

I I [ I I [
20 30 40 50 60 70

Age (Years)

Figure 1: Significant and positive correlation between Age and IES-R score (higher

score means severer PTSD) (Pearson’s correlation test: r=0.278, p=0.009).
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Figure 2: Significant and negative correlation between mental health and IES-R scores

(higher score means severer PTSD) (Pearson’s correlation test: r=-0.449,
p<0.001).
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Figure 3: Relationship between age and rank of PTSD scores. Participants were divided
into four groups based on their IES-R scores (24 or less: non PTSD, 25-48:
low PTSD, 49-66: Middle PTSD, 67 or more: High PTSD). There were
significant difference between intergroup on Age (ANOVA: F=4.524, df=3,
p=0.005). Participants in Middle PTSD group were significantly younger than
Low PTSD group and High PTSD group (Bonferroni correction: vs. Low
PTSD, p=0.019; vs. High PTSD, p=0.018).
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Figure 4: Relationship between BMI scores and rank of PTSD scores (ANOVA:
AF=4.617, df=3, p=0.005). Participants in Non PTSD group had
significantly higher BMI than Middle PTSD group and High PTSD group
(Bonferroni correction: vs. Middle PTSD, p=0.004; vs. High PTSD,
p=0.015).
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Figure 5: Relationship between mental health and rank of PTSD scores (ANOVA:
F=7.477, df=3, p<0.001). Mental health of participants in High PTSD group was
significantly better than the others (Bonferroni correction: vs. Non PTSD, p=0.001; vs.
Low PTSD, p=0.003; Middle PTSD, p=0.032).
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Figure 6: Relationship between regularity of dinner time and PTSD scores. High PTSD
group tended to show significantly higher ratio of participants having meals at irregular
time with high frequency than the other PTSD groups (y° test: x* value=14.746, df=9,
p=0.098).
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Figure 7: Relationship between whether participants lost their relative or close-friend
and PTSD scores. Non PTSD group showed lower ratio of participants with a relative or
close-friend lost at this disaster than the other groups (5 value=7.399, df=3, p=0.060).
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Figure 8: Participants who had protein-rich food at breakfast (46.27 points) exhibited
significantly lower IES-R scores than those (57.87 points) who had no protein-rich food
(Mann-Whitney U-test: z=-2.871, p=0.004)
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General Discussion

The following hypothesis was supported by the intervention study for university
student belongs to sports club and would be applied to practical life of victims who
suffered current PTSD symptoms.

“A triple intervention of taking sources of tryptophan and vitamin B6 at breakfast (1),
following up breakfast with exposure to sunlight (2) and the exposure to low
temperature lights as night lighting (3) can stimulate the synthesis of serotonin and
succeeding melatonin synthesis at night. These hormones work as natural
anti-depression drugs and/or natural sleeping pills and make students more-morning

typed and improve their mental health.”

This intervention study for university athletes showed that the triple intervention was
a powerful method for inducing secretion of high amounts of melatonin by the pineal
gland in human adults in this study.

The month-long intervention experiment resulted in overall improvements of
frequency of breakfast consumption and regularity of meal timings of the university
soccer team members. Many students who received breakfast intervention shifted their
circadian phase in advance. Moreover, they reported that students who implemented one
or three contents of the triple intervention groups showed a significantly lower
frequency to become angry or irritated after the intervention. Participants in the control
group with no intervention did not improve such problems in mental health compared to
before the intervention [1].

A joint study (Fukushige et al., submitted) was administered to examine, more
directly, the tryptophan- serotonin- melatonin hypothesis. Thirty-seven healthy men
(aged 21.6 £ 0.49 years) lived their own rooms in a residence for the experiment for 5
days and 4 nights. Participants were randomly divided into the two groups which have
taken rich tryptophan (476mg, RICH GROUP) and poor tryptophan at breakfast (55mg,
POOR GROUP). Furthermore, each group divided into two groups which were exposed
to blight light (> 5000Ix, BL GROUP) and dim light (< 50Ix, DIM GROUP) during
daytime (07:30-18:00). Under the BL condition, salivary melatonin level in the RICH
group tended to be higher than that in the POOR group at 4" day after start of the
experiment (p=0.076). However, under the DIM condition, such tendency was not
shown. It was concluded that the tryptophan intake from breakfast and the daytime
bright light exposure were effective for melatonin secretion and better night sleep.
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The tryptophan-serotonin-melatonin hypothesis was being valid with supports by
some experimental studies. Underlying mechanisms can be hypothesized to consist of
two components. The first is that serotonin synthesis from tryptophan taken at breakfast
may be enhanced by the exposure to sunlight just after taking breakfast. Reports of
Moore et al. (2000) [2] and Zheng et al. (2004) [3] support the hypothesis that
tryptophan contained in protein and consumed at breakfast is converted to serotonin in
the morning (assisted by sunlight exposure) leading to improvement in mental health.
The second is that the high potential of melatonin synthesis based on the high serotonin
synthesis in the pineal during daytime might be available due to the night exposure to
the “low temperature light” emitted from incandescent bulbs.

Many reports have shown that melatonin secretion is suppressed by light emitted
from fluorescent lamps including short wave length (with around 460 nm of wave
length as absorbance peak of melanopsin) components [4-8]. This study newly implies
that “an integrated effectiveness” of modifying breakfast content, receiving sunlight
exposure and receiving exposure to low color temperature lighting at night can facilitate
achievement of high plasma melatonin at night in humans.

Posttraumatic stress disorder (PTSD) is the most frequently reported psychiatric
morbidity among victims of natural disasters [9-11]. Numerous studies have examined
the risk factors of PTSD among earthquake survivors. The frequently reported risk
factors include female gender, older age, low level of education, degree of exposure to
earthquake, death in the family, loss of friends, loss of property, greater fear during the
earthquake, number of traumatic experiences, inadequate social support, and previous
psychiatric illness [12-15]. A previous study was performed to estimate the prevalence
of posttraumatic stress disorder (PTSD) and assess determinants related to PTSD
symptoms among adult earthquake survivors after the 2008 Wenchuan earthquake in
China. This previous study also found that older age, female gender,
unmarried/divorced/widowed, ethnic minority, death of family member, no household
income, and damaged household were independent risk factors for PTSD symptoms in
heavily damaged areas [16].

This thesis newly demonstrated that participants who had protein-rich food at
breakfast (46.27 points) exhibited significantly lower IES-R scores than participants
(57.87 points) who had no protein-rich food, and a significant relationship between
contents of breakfast and IES-R scores didn’t disappear when a ANOVA was performed
this relationship with the covariance of Age, BMI, Monroe’s sleep quality index,
regularity of dinner, and lost or not family in the 4th step (related to Philippines’s
landslide). It is impossible to probe a causal relationship by the questionnaire study. For
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instance, on the relation between lower quality of sleep and PTSD symptoms severity,
both form a positive feedback loop including a mechanism of memory consolidation by
REM sleep function. In addition to that, intake protein-rich food (tryptophan) which is
possible to reduce PTSD symptom both through high serotonin level and also
promotion of sleep quality due to high level of melatonin can be put as a explanatory
variable to PTSD symptoms. Some intervention or experimental studies are expected in
the future.

Because meal habits and/or light conditions are familiar with our daily common life,
the triple interventions as having sources of tryptophan and vitamin B6 at breakfast (1),
following up breakfast with exposure to sunlight (2) and the exposure to low
temperature lights as night lighting (3) can be applicable for children and people who
suffered natural disasters and with PTSD symptoms. The implication of the triple
interventions can stimulate the synthesis of serotonin and succeeding melatonin
synthesis at night and that these hormones work as natural anti-depression drugs and/or
natural sleeping pills. These two hormones could make students more-morning typed
and improve their mental health. Therefore, this intervention recommended in this thesis
would be applicable for most of all people living in this 24-hour commercialization
society in Japan.
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