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Annotation

Our research group has went on several intervention programs which were applied to
infants, elementary school and junior high school students and university sports-club students
and also People who suffered disaster of Hanshin-Awaji Great Earthquake in 1995. All
intervention programs were performed and are now going on to promote mental and physical
health. The current intervention program focuses on the intervention which is based on a
newly constructed series-of-leaflets for promoting sleep health entitled “Three great benefits
due to ‘Go to Bed Early, Get up Early and Do not Forget Breakfast!””. These leaflets consists
of four versions for parents of small children, athletes, women and people who suffered great
disasters. In this keynote lecture, we would like to focus on the results of three intervention
studies to promote the athletes who are the members of succor team of Kochi University held
in November of 2008 (Takeuchi et al., 2012), 2010 (Wada et al., submitted) and 2011 (Wada
et al., unpublished; Harada et al.,. unpublished). All the three kinds of intervention seem to be
effective for athletes to change their chronotype into morning-typed one, promote the sleep
and mental health and finally improve their performance in playing sports.
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Introduction

This paper deals with the intervention programs which are educational methods to promote
sleep and mental health and improve the sports performance of athletes. The main contents of
the intervention are the tryptophan intake at breakfast and following exposure to sun lights.
Moreover, incandescent light with lower color-temperature lights as lighting at night is
recommended to keep melatonin secretion. The following four paragraphs are theoretical
basements of these contents as intervention.

Daytime serotonin secretion to be promoted

The Tryptophan is an essential amino acid which 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 (Moore et al., 2000; Zheng et al., 2004). Serotonin is known as a
precursor to melatonin. A shortage of serotonin causes depression (including bipolar affective
disorder: Mahmood & Silverstone, [2001]), panic disorder, obsessive-compulsive disorder,
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sleep disorders and eating disorders (Suzuki, 2000) and induces aggression,
anxiety/aggression-driven depression, impulsive behavior and suicidal attempts (Linnoila et
al., 1993; Van Praag, 2001; Lindstrom et al., 2004). Serotonin thus has a strong relationship
with mental health. Recently, serotonin reuptake inhibitors (SSRIs) have come to be widely
used for the treatment of affective disorders including depression (Taylor & Murray, 2006),
although there are controversies whether SSRIs are effective or not for the treatment of
depression in children and adolescents because of the shortage of coincident scientific
evidences of SSRIs for the young humans (Deniau & Cohen, 2005). ~

Sunlight exposure after the tryptophan intake at breakfast promoting serotonin synthesis

Exposure to sunlight in the daytime appears to trigger synthesis of serotonin in the pineal
body (Rosenthal et al., 1997). 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 (Harada et al., 2012).

Serotonin synthesis can be promoted by the exposure to sunlight after taking breakfast

Tryptophan intake at breakfast is effective for the onset and offset of sleep in young
children (Harada et al., 2007). 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 (Nakade et al., 2009), and
that the more young children take vitamin B6 at breakfast, the more they exhibit morning
typology (Nakade et al., 2012).

Melatonin synthesis from serotonin can be suppressed by evening lights with high color
temperature from fluorescent lamp

Melatonin is synthesized in the pineal body of the hypothalamic area and secreted at night.
Melatonin level at serum can be well and positively correlates with that at saliva level (Laakso
et al., 1990; Nagtegaal et al., 1998; Peuhkuri et al., 2012). Secretion of melatonin exhibits
circadian rhythms and is suppressed by bright light (Burgess et al., 2001; Kubota, 2002). Even
room lights such as fluorescent lamps can attenuate melatonin excretion duration at night
(Harada, 2004; Gooley et al., 2011). This evening lights might include lights with high color
temperature from the monitor of PC, TV-game, and mobile phone. These lights from the
monitor are possible to delay the circadian phase, depress the melatonin level at night and
reduce the sleep quality, although there have been only a few studies on the effect such lights
on circadian phase (Harada et al., 2004) and REM sleep reduction (Higuchi et al., 2005).

The relationship between physical activities and sleep have been studied from a view-point
of effective method as physical training and activities to promote sleep health. For example,
thirty minutes of running in the morning during weekdays for 3 consecutive weeks impacted
positively on sleep and psychological functioning in healthy adolescents (18 yrs old, half
females) living in Switzerland compared with control subjects (no running trainings) (Kalak
et al., 2012). Another Switzerland study on adolescents aged 17.2 years on average showed
that compared with controls (4.69 hours physical-training per week), athletes (17.69 hours)
reported better sleep patterns including higher sleep quality, shortened sleep onset latency,
and fewer awakenings after sleep onset, as well as less tiredness and increased concentration
during the day (Brand et al., 2010). Atkinson and Davemme (2007) introduced in their review
paper a number of physiologic relationships between the behaviors of sleep and exercise, and
emphasized that the appropriate transition period between physical activity and sleep onset
might be important for ensuring good sleep quality. However, there have been no challenges
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on whether promotion of sleep health via shifting to morning-typed life can improve the
sports performance of athletes. This intervention program tries to promote the morning-typed
life of athletes and this chronobiological approach challenges to improve the mental and sleep
health and finally the athletes performance.

Three interventions for athletes
1. The first intervention to athletes, *““breakfast contents and following exposure to

light” (Takeuchi et al., 2012)

This study was performed to clarify whether a combined intervention of the consumption
of Tryptophan and Vitamin B6 at breakfast plus sunlight exposure after breakfast could
effectively increase morningness in the participants of Japanese University sport club
members (Fig. 1).

Background vk o
& on el = . ) - .
uestionnaire) ’.*

\/

breakfast
& (protein-VB6) o= Sun light

_tryptophan // exposure

)@ serotonin (antidepressant) 1
Better mental health @

melatonin (agent to fall sleep) 1

|
Better sleep health

(Harada. et al 2007 Nakade et al 2009) http:/ / www.template.usefulful .net/ tplate/ autoshapel6.htm

Fig. 1. Schematic presentation of the theoretical mechanism of tryptophan consumption at
breakfast and following exposure to sunlight to promote the sleep and mental health.

The students were divided into three groups with equal numbers of the different chrono-
types to eliminate bias. Participants in Group 1 (G1) had no intervention. Participants in
Group 2 (G2) were asked to eat protein resources such as fermented soybeans and Vitamin B6
resources such as bananas at breakfast and were also asked to record their breakfast contents.
Participants in Group 3 (G3) were asked to do the same as G2 plus expose themselves to
sunlight after breakfast and record the exposure duration.

Evening-typed participants who occupied 50% of all participants before the intervention in
G2 and G3 significantly shifted to more morning-typed (Fig. 2) two months after the
intervention. For the evening-typed participants who occupied 50% of all participants in G2
and G3, a significant and positive correlation was shown between the change in Trp amount
consumed at breakfast and the change in M-E score (more Trp consumption and shifting to
morning-type) before and after intervention (Fig. 3). Based on the correlation analysis, the
consumption of Trp at breakfast might be hypothesized to cause a shift in circadian typology
of university students to be more morning-typed.
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Fig. 2: Half of the students who were evening-typed in the ME distribution before the
intervention in G2 and G3 shifted to more morning-typed after the intervention. (Wilcoxon
signed-ranks test: z=-2.19, p=0.03).Before: before intervention ; After: 2 months after

intervention
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Fig. 3: Correlation between change of M-E score and Trp value from breakfast (G2 & G3)

Sleep quality (Monroe, 1967) was significantly improved after the intervention in G3
(p=0.03) and tended to be so in G2 (p=0.08), while it was similar to that before intervention in
G1 (p=0.28). The frequency to become angry or irritated was lower after intervention than
before it in G 2 (p=0.02) and G3 (p=0.049), whereas there was no difference in the mental
health in G1 (p=0.94).

2. The second intervention to athletes as ““breakfast contents, following exposure
to light” and using orange-color lights from light-bulbs as night lighting (Wada et al.,
submitted)

The correlation between tryptophan rich breakfast and following exposure to sunlight and
the morning type of Japanese infants (Harada et al., 2007) can be based on the following
hypothesis. “A high concentration of serotonin in the brain and high concentration of plasma
melatonin at night can induce earlier fall-in-sleep” (Fig. 1).
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Fig. 1: Schematic presentation of the theoretical mechanism of tryptophan consumption at
breakfast and following exposure to sunlight to promote the sleep and mental health.

However, this high melatonin-concentration can be depressed by the fluorescent lamps
which are being used by most of all Japanese homes. The intervention consisted of , first,
having breakfast with protein- and vitamin B6- rich foods and , second, exposure to sunlight
after breakfast plus exposure to incandescent light (low temperature light) at night (October-
November, 2010). Participants as university soccer club members of 94 (2010) were divided
into 3 groups for the intervention (G1[Photo 1-A]: no intervention; G2[Photo 1-A]: asked to
have protein-rich foods such as fermented soybeans and vitamin B6-rich foods such as
bananas at breakfast and sunlight exposure after breakfast; G3[Photo 1-B]: the same contents
as G2 and incandescent light exposure at night). Melatonin in salivary collected was measured
around 11:00 p.m. at a mid-point and on the last day of the 1 month intervention. In G3, there
was significantly positive correlation between total hours when the participants spent under
incandescent light at night and the frequency to feel deep sleep (p=0.034) during the last
week.

The salivary melatonin concentration of G3 was significantly higher than the melatonin
level of G1 and G2 in combined salivary samplings at the mid-point and on the day just after
the 1 month intervention (p=0.018) (Fig. 4-A), whereas no such significant differences were
shown on the day just before the start of the intervention period (p=0.63) (Fig. 4-B). The
integrative intervention on breakfast, morning sunlight and evening-lighting may be effective
for students including athletes to keep higher melatonin secretion at night which seems to
induce easy introduction of the night sleep and higher sleep-quality.
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Photo 1: Examples of night time lighting for Group 1 and Group 2 (A) and Group 3 (B)
during the intervention 1 month. (A): fluorescent lamp with higher color-temperature lights;
(B): Incandescent light with lower color-temperature lights
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Fig. 4. Comparison of salivary melatonin concentration among the three groups. Group 1: no
intervention; Group 2: Recommendation of high protein breakfast andexposure to
sunlight; Group 3: Same as Group 2 plus the recommendation of exposure to low color
temperature light emitted from an incandescent light bulb. A: Melatonin level in the
saliva collected on the day just before the intervention (Kruskal Wallis test: %
value=0.92, df=2, p=0.63); B: Melatonin in the saliva collected at the mid-point and
on the day before the last day of the intervention(Bonferroni multiple comparison test:
mG1 versus G3, p=0.018; G2 versus G3, p=0.011).
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3. The third intervention to athletes using the leaflet (Harada et al., 2011) for athletes “three
benefits for athletes due to ‘Go to Bed Early, Get up Early and Do not Forget Breakfast!’
(Wada et al., unpublished; Takeuchi et al., unpublished)

All soccer team members were asked to follow the contents of the leaflet for athletes “three
benefits for athletes due to *‘Go to Bed Early, Get up Early and Do not Forget Breakfast!” for
one month of mid November to mid December 2011. Integrated questionnaire was
administered before the intervention, just after the intervention and three months after the

intervention. During one month intervention, sleep diary and meal contents survey were
applied to the participants every day.

Just after the intervention, the number of days when they could follow each of the seven
contents (1. Exposure to sunlight early in the morning, 2. Exposure to sunlight after breakfast,
3. Exposure to orange-colored lights from light bulb as night lighting, 4. Consumption of
protein resources at supper, 5. Limitation of using TV-Game at night, 6. Limitation of using
PC at night, 7. Limitation of watching TV at night) of intervention was recorded. Change in
each of 11 elements of performance quality (Table 1) from the beginning of intervention was
subjectively evaluated at one month later. The sum of change-values in 11 elements was
presented as index of change in soccer-performance quality. The soccer team members were

divided to three groups which were ranked in accordance with total performance ability (G1:
ranked the first, G2: the second and G3: the third).

Table 1. Question: How was your current soccer performance which could be evaluated by
11 elements, changed in comparison with that just before the intervention period?

< Improved———————————————— — — — — — — — Receded->

1. Judgment of @ Quicker @a little bit quicker @ a little bit delayed @ delayed

the situation in play
2.Field of visionin play (D Broader @ allittle bit broader () a little bit narrower @ narrower
3. Moving legs felt D heavier @ a little bit heavier @) a little bit lighter @ lighter

in play

4. The first touch @ more skillful @ slightly more skillful Q) slightly less skillful @ less skillful

to the ball

5. Rudimentary errors @ decreased @ a little bit decreased @ a little bit increased @ increased
6. Irritation in play (D decreased @ a little bit decreased @ a little bit increased @ increased
7. Shortageofstamina (1) decreased (@ a little bit decreased @ a little bit increased @) increased
8. Injuryin play D decreased @ a little bit decreased @ a little bit increased @ increased
9.Bodybalanceinplay (D improved @ a little bit improved @ a little bit receded @ receded
10.Precision of long kick (D higher @ a little bit higher ® a little bit lower @ lower

11.Motivation for training (D higher @ a little bit higher @) a little bit lower @ lower
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There was significant positive correlation between the index of improvement of soccer-
performance quality and the sum-index of how many days each participant followed each of
seven contents of intervention (p=0.003) (Fig. 5).
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Fig. 5: The implementation of 7 kinds of intervention issues for one month seems to be
effective for improvement of soccer performance (Pearson’s correlation test: r=-
0.426, p=0.003).

In the G1 showing highest performance, there was significant positive correlation between
the scores of the diurnal type scale and the index of performance improvement (Morning-
typed participants showed improvement of performance) (p=0.003). In G3 which ranked the
third in accordance with total performance ability, mental health was improved by the no
usage of PC at night during the intervention period of one month (Pearson’s correlation test:
r=0.64, p=0.001, n=22) (Fig. 6).
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Fig. 6: Mental health was improved by the no usage of PC at night during the intervention
period of one month in the soccer team, as Group 3 which ranked the third in accordance with
total performance ability (Pearson’s correlation test: r=0.64, p=0.001, n=22)(GHQ: The
General Health Questionnaire)

Improvement of mental health indicated by “irritation” and “anger”, due to the intervention
for one month was mainly shown in G1 and G2 (Fig. 7).
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Fig. 7: Improvement of mental health on “irritation” and “anger” due to the intervention for
one month. The improvement was significant only in the soccer team, Group 2 which ranked
the second in accordance with total performance ability (Wilcoxon-test: Group 1 which
ranked the first, z=-1.651, p=0.099; Group 2, z=-2.126, p=0.033; Group 3 which ranked the
third, z=-1.365, p=0.172)

Significant improvement was shown only in G2 which ranked the second in accordance
with total performance ability (Wilcoxon-test: Group 1 which ranked the first, z=-1.651,
p=0.099; Group 2, z=-2.126, p=0.033; Group 3 which ranked the third, z=-1.365, p=0.172)

(Fig. 7).

Discussion and conclusion

The first two interventions and the third intervention using this leaflet would be effective
to improve the performance of athletes via changing them into the morning-typed persons.
The improvement of sports performance is based on the following three physiological
mechanisms.

1. Sufficient growth hormone secretion due to early bedtime can repair the physical damage
due to training, and athletes could have healthful physical conditions in which they are
hard to be injured during training and game.

Growth hormone secretion peak has been coincided with the appearance of deep Non-
REM sleep with slow wave due to EEG, and growth hormone releasing hormone can decrease
wakefulness and increase SWS in human and rats (Cauter & Plat, 1996). These two
phenomena were enhanced by cortisol application (Bohlhalter et al., 1997).

This means “Go to bed early” promotes higher secretion of growth hormone in athletes.
Saceda et al. (2011) reported that growth hormone application promotes the peripheral nerve
regeneration in rats. In general, growth hormone seems to accelerate immunological power
(Hattori, 2009) and the repairmen of peripheral organs in adult humans.

2. New skills fixation as memory in the brain during REM sleep at the following night

REM sleep has a function of the fixation of memorized issues in the brain (Fogel et al.,
2007; Smith, 2012). Skills in sports which are newly taken during the training could be fixed
in the brain during REM sleep in the last half of the sleep hours in the next night of the
training day.

3. High concentration of serotonins in the brain daytime which can promote the
concentration on the play in the training an game for the athletes.
The protein rich breakfast and following exposure to sunlight can promote the serotonin
synthesis in the brain in the morning and the serotonin seems to increase the concentration on
the play during the training and game.

The results of the three intervention studies on soccer team members of Kochi University
showed the possibility to improve the performance of sports through promoting sleep health
and morning-typed life. Detailed 7 contents in the leaflet would be powerful for promoting
physical and mental health of athletes in the world.
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