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Abstract

In recent years, inadequate sleep time has become a serious issue
among Japanese people. Lack of adequate sleep causes various prob-
lems, including reduced productivity. Therefore, I focused on the pro-
cess of waking up. The mechanisms of human awakening were studied
with the goal of determining whether existing products provide the
most efficient method for promoting awakening. Humans were easily
awakened by suppressing hormonal secretion of melatonin, and ma-
nipulation of illumination was evaluated as a method for achieving
this suppression. Specifically, wavelengths of blue light (420 to 480
nm) were more effective for suppression of melatonin secretion and
promoting awakening. On the other hand, to promote sleep, it was suf-
ficient to accelerate the secretion of melatonin and control brightness
of illumination, thereby creating a sleep-friendly condition. In this
study, we proposed a ceiling light, distinct from existing products, that
is specialized for promoting sleep.

Key words: Lack of sleep time, Melatonin, Light

Introduction

Inadequate sleep time has become a serious issue, especially in many
developed countries. Due to the development of the Internet, changes
in labor styles, and the popularization of smartphones, people are able
to work anywhere, at any time. Consequently, people sometimes have
insufficient time to sleep, and therefore have difficulty waking up in
the morning. Moreover, sleepiness persisted after awakening, leading
to social issues such as a reduction in productivity.

Currently, the “sound” alarms were used as the most effective hu-
man wakening method. According to previous reports, the feeling at
the time of waking up deteriorated below the average value if only a
sound alarm was used. However, when the awakening condition in-
cluded illumination, the feeling was improved V. Therefore, awaken-
ing by light is more effective than awakening in response sound. Thus,
controlling the amount and wavelength of illumination from ceiling
lights, which are relatively inexpensive, can promote favorable con-
ditions for awakening. Moreover, the most effective wavelength for
human awakening was from 420 to 480 nm ®¥, corresponding to blue
light ®). In addition, suppression of melatonin secretion was also nec-
essary to promote awakening and this is enhanced by irradiation of
blue light ©. Because melatonin secretion can be reduced by strong
illumination, blue light with high light intensity should be used in
the morning, whereas indirect light with low light intensity should be
used at night. We proposed a ceiling light that is distinct from existing

products and specialized for sleeping, with the goal of promoting the

maximum amount of sleep time.

Main discussion

1. Physical harm due to inadequate sleep time

Because many modern people go to bed late, in response to changes
in working patterns, inadequate sleep time is a widespread problem
in people of all age groups . Moreover, due to the popularization of
computers, the eyes are exposed to large amounts of light from the
displays, leading to the collapse of circadian rhythms. Because the lack
of sleep has a deleterious effect on metabolism and endocrine function,
and causes phenomena similar to those that occur over the course of
aging, inadequate sleep time can perturb bodily systems and promote
aging 7. Sleep affects systematic physical functions, and sleep short-
age can result in impaired glucose tolerance and immune function and
can also greatly influence mental health ®. Therefore, inadequate sleep
and sleep disorders can cause lifestyle diseases such as obesity, diabe-

tes, and hypertension ©.

2. Productivity reduction due to inadequate sleep

The impact of inadequate sleep is not limited to physical damage.
Inadequate sleep has deleterious effects on concentration, memory,
and the ability to accomplish daily work and to enjoy relationships
with others; consequently, the quality of life (QOL) is reduced ®, it
was reported that “risk of industrial productivity decrease of a chron-
ic insomnia person was seven times higher than of the general peo-
ple” ®. Thus, inadequate sleep decreases productivity. Additionally,
in 1993 the United States government released a report by the sleep
disorder research advisory stating that the total economic losses due to
accidents related to the sleep was about 5 trillion yen per year ©. The
resultant economic loss on society as a whole is enormous . Thus,
inadequate sleep has a negative impact not only on the individuals,
but also on society. Addressing this issue would improve the economic

situation in society overall.

3. Bad feelings upon awakening due to inadequate sleep

As mentioned above, inadequate sleep is major source of social
problems associated with our daily life. One of the problems that aris-
es due to inadequate sleep is that we do not wake up feeling good in
the morning. If many people have difficulty getting to work because
they feel bad in the morning, it can result in huge losses to a company.
Therefore, 1 focused on feelings upon awakening. In any case, it is

necessary to design an appropriate alarm to promote awakening.
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4. Vibration is ineffective at promoting awakening

In considering awakening, I focused on Yasuragi 100, used by the
JR staff. In this method, vibrations are applied to the body by repeating
expansion and contraction of air bag. Because the body is vibrated
directly, this method seems to be very effective for promoting awaken-
ing. Accordingly, I investigated firstly the use of vibration to promote
awakening, based on Yasuragi 100. However, “the human uncon-
sciously remove the goods while sleeping” 19, Although Yasuragi 100
gives the vibration to the body, the human may unconsciously remove
this vibration air bag while sleeping. Thus, vibration is not an effective
means to promote awakening.

5. The light is effective

Finally, I focused on the light. Because we may not worry about to
remove the light from the ceiling unconsciously while sleeping, and it
is possible to sense light through closed eyelids 'V, light can be used
to reliably wake people up. In addition, light before wake-up promotes
natural and pleasant awakening (' because the level of melatonin, a
hormone involved in sleep, is decreased by light stimulation (V. Light
with a wavelength from 420 to 480 nm, corresponding to blue light,
is most effective for promoting awakening. Based on the findings that
melatonin dosage, once increased at nighttime, decreases significantly
upon illumination by light with an intensity of 3000 lux after 40 min-
utes 12, T hypothesized that 3000 lux blue-light irradiation for one hour
before waking up would be useful to promote awakening. In consider-
ing existing products, I evaluated the Awakening Akari and Relaxation
Akari of Panasonic Co. The Awakening Akari is a lighting system that
supports a comfortable awakening light and sound environment (¥;
upon wake-up time, the device gradually increases light intensity, and
triggers the sound alarm when the set time approaches ¥. Based on
this idea, the newly developed product generates blue light at 3000 lux
one hour before waking. Because light is effective on its own, sound
is not used in this product. On the other hand, the Relaxation Akari is
a lighting system in which light scene is switched to indirect lighting
at the set time, creating an environment suitable for sleep !'?. Based on
this idea, also in the developed product, the light is switched to indirect
lighting one hour before sleeping.

To evaluate the effect of the Awakening Akari on children, exper-
iments were performed on elementary school students from third to
sixth grades under the supervision of Prof. Yasuo Kamikawa at Toya-
ma University ¥. The results revealed that the number of children who
had to be awakened by their parents decreased, and their feelings upon
awakening were improved ).

In this study, we propose the use of a ceiling light that can change
in brightness, based on the Awakening and Relaxation Akari concepts.
The ceiling light is switched to indirect lighting one hour before sleep-
ing and blue-light irradiation starts one hour before waking. Because
this type of ceiling light is inexpensive and easy to install, it could be
widely adopted. Moreover, such a light could be operated by a smart
phone, allowing it to be controlled from a remote location and to adapt
to the user’s behavior. Although the study described here is an origi-
nal work, the targets and methods were limited. Because the proposed
light system is adaptive, it can be improved by collecting data about
feelings upon waking up, and subjecting these data to analysis. Based
on the results of such analyses, this lighting system could be applied

to a wide range of users.

Conclusion

1. Summary of this study

In recent years, inadequate sleep time has become a serious issue.
Inadequate sleep results in bad feelings upon awakening. In this study,
I focused on waking up in the morning. Suppressing the secretion
of melatonin, which promotes sleep, results in comfortable awaken-
ing. Because melatonin secretion is decreased by illumination, the
proposed lighting system uses strong illumination in the morning to
promote awakening, and weak illumination at night to promote sleep.
Moreover, because light with a wavelength from 420 nm to 480 nm is
effective for promoting awakening, a blue light is used at waking-up
time, but not when the user is falling asleep. The light can be operated
by a smart phone, making it possible to be controlled from a remote
location and to adapt to the user’s behavior. The proposed lighting sys-
tem can assure long sleep times, and thereby help to address the social
problems resulting from inadequate sleep.

In this study, a new ceiling light system specialized for sleep was
developed to address issues related to inadequate sleep. I believe that
the social problems due to inadequate sleep could be solved by com-
mercialization and wide adoption of this product.

2. Challenge

Although the influence of the amount of visible light during the day
remains unknown, the hypothesis that blue light affects the retina 4
warrants a search for different lighting conditions with effects similar
to those of blue light. The use of Soraa LED (purple light) represents
such an alternative light source. By using the Soraa LED, we can de-
crease or eliminate health damage.

Acknowledgement

I greatly appreciate the kind support of Mr. Akiyoshi Shimura.

References

L BORE, BIME—ER, BFHEbGT, BOE. R
Y O H R D ANDE —CCHIC K 20K WHE SO
EH—, MRS E RS SCE 33: 196. (2000).

2. Pilorz, V., S. K. E. Tam, S. Hughes, C. A. Pothecary, A. Jagannath,
M. W. Hankins et al. Melanopsin Regulates Both Sleep-Promoting
and Arousal-Promoting Responses to Light. PLoS Biol. 14:
1002482. (2016).

3. Newman, L. A., M. T. Walker, L. R. Brown, T. W. Cronin & P.
R. Robinson. Melanopsin forms a functional short-wavelength
photopigment. Biochemistry 42: 12734-12738. (2003).

4. Emanuel, A. J. & M. T. H. Do. Melanopsin tristability for
sustained and broadband phototransduction. Neuron 85: 1043—
1055. (2015).

5. TW—TA4 MR, TIV—F 1k &iE, <http:/blue-light.
biz/about bluelight/> [accessed July 2. 2016]. (2012 onwards).

6. PAZSHE . ATIGRE, WEIRIRERY, AEEDV L @i DL 7%
ORI BT 2 Ok — MY . AR AREE 56: 535-540.
(2001).

7. Spiegel, K., R. Leoproult, E. Van Cauter. Impact of sleep debt on
metabolic and endocrine function. Lancet 354: 1435-1439. (1999).

19



8. MR T, H bHE— . MEIREE S Ot 24T RIE TR
TYRDY L DS BRE & BEIRRE DS R 47: 785-791.
(20006).

9. RIHH, PEITHRE . OKENCH T 2 RIRMEEIC X 5 28k
IS I DERMNIZAA L TORME . FEEER AR ZHE
5 30: 329-352. (2008).

10. Wertz, A. T., J. M. Ronda, C. A. Czeisler & K. P. Wright. Effects
of sleep innertia on cognition. JAMA 295: 159-164. (20006).

11. Figuerio, M. G., B. Plitnick & M. S. Rea. Pulsing blue light
through closed eyelids: effects on acute melatonin suppression and
phase shifting of dim light melatonin onset. Nature and Science of
Sleep 6: 149-156. (2014).

12, BRSO, BRI, DIRRRE, (4 RE, KINEEF, B .
R 2 AT =2, LH,FSH, TR5 7 F VOHjfE.
HARN T EREE, 66 737-746. (1990).

13. Panasonic. H % ¥ D & 7 D , <http://panasonic.jp/light/led/
suimin/> [accessed June 26. 2016]. (2013 onwards).

14. Narimatsu, T., Y. Ozawa, S. Miyake, S. Kubota, K. Yuki., N.
Nagai & K. Tsubota. Biological effects of blocking blue and
other visible light on the mouse retina. Clin. Exp. Ophthalmol. 42:
555-563. (2014).

HRRH IR O H Y A 27 )V & % R
EY— Y ADWSE

il 44
MR 2T AR R AR
EE

A, HAANDHERASENKERFEEZ>TW5., Fit,
HEARA R I & O RO TR E DR A RRTENE T T 5.
TR TEES ] WS T LICHEELE. ABPERD B
HAZWIZE L, BAFORMD RS RN L ThS 0N
BEoT. AT RV VS RIVE YOI S C ki
K0, HOWRDRITLRBEhbholzc. AT =D
RIS K> THIRIE N B DT, HEFNT 2 ENENTH S
EEZ Tz FHIC 420 nm-480 nm D FE LD A T - = DO
HERBICENTHS. —J, IRBTEDICEAT M= D5
FIET XX VOT, RIDEERETL, IROPTVEED]
Dx1TH. LEXD, BHEO®S IEZEREE iz, BRIRICHT
kL= 054 W BEZ].

BEEM  MERAE, AT b=,

WA B9 % EHR AL
HEAS 5 (LR R AP P A AR D)

takimoto@saci.kyoto-u.ac.jp

20





