
バイオレットライトによる近視進行抑制技術

Suppression  of  myopia  progression  by  violet  light

医学部眼科学教室 坪田一男

近視が世界中で増加しており、2050年には世界の半分近くが近視になる可能性が報告されています。
進展すると他の障害を引き起こし失明に至る場合もあります（失明原因の第4位）。
太陽に含まれるバイオレットライトが近視進行を抑えることが分かってきました。
屋内には存在しないこの光を活用するため、バイオレットライトメガネを含めた応用例をご紹介します。

近視は世界的なブーム

研究概要

屋外活動が近視に効果的

THE MARCH OF MYOPIA
East Asian countries have seen a steep rise in short-sightedness 
over the past 50 years. The condition is caused by a slightly 
elongated eyeball, which means that light is focused just in 
front of the retina instead of on it.

1930 1950 1970 1990 2010

Hong Kong

South Korea
Singapore
Taiwan

0

20

40

60

80

100

Es
tim

at
ed

 p
re

va
le

nc
e

in
 2

0-
ye

ar
-o

ld
s

Retina

Light

this neurotransmitter in turn blocks the elongation of the eye during 
development. The best evidence for the ‘light–dopamine’ hypothesis 
comes — again — from chicks. In 2010, Ashby and Schaeffel showed 
that injecting a dopamine-inhibiting drug called spiperone into chicks’ 
eyes could abolish the protective effect of bright light11.

Retinal dopamine is normally produced on a diurnal cycle — ramp-
ing up during the day — and it tells the 
eye to switch from rod-based, night-
time vision to cone-based, daytime 
vision. Researchers now suspect that 
under dim (typically indoor) light-
ing, the cycle is disrupted, with conse-
quences for eye growth. “If our system 
does not get a strong enough diurnal 
rhythm, things go out of control,” says 
Ashby, who is now at the University of 
Canberra. “The system starts to get a bit 
noisy and noisy means that it just grows 
in its own irregular fashion.”

TIME OUT
Based on epidemiological studies, 
Ian Morgan, a myopia researcher at 
the Australian National University in 
Canberra, estimates that children need 
to spend around three hours per day 
under light levels of at least 10,000 lux 
to be protected against myopia. This is 
about the level experienced by someone 
under a shady tree, wearing sunglasses, 
on a bright summer day. (An overcast 
day can provide less than 10,000 lux and 
a well-lit office or classroom is usually 
no more than 500 lux.) Three or more 
hours of daily outdoor time is already 
the norm for children in Morgan’s native 
Australia, where only around 30% of 
17-year-olds are myopic. But in many 
parts of the world — including the United States, Europe and East 
Asia — children are often outside for only one or two hours.

In 2009, Morgan set out to test whether boosting outdoor time would 
help to protect the eyesight of Chinese children. He and a team from the 
Zhongshan Ophthalmic Center (where Morgan also works) launched 
a three-year trial in which they added a 40-minute outdoor class to the 
end of the school day for a group of six- and seven-year-olds at six ran-
domly selected schools in Guangzhou; children at six other schools had 
no change in schedule and served as controls. Of the 900-plus children 
who attended the outside class, 30% developed myopia by age nine or 
ten compared with 40% of those at the control schools. The study is 
being prepared for publication.

A stronger effect was found at a school in southern Taiwan, where 
teachers were asked to send children outside for all 80 minutes of their 
daily break time instead of giving them the choice to stay inside. After 
one year, doctors had diagnosed myopia in 8% of the children, com-
pared with 18% at a nearby school12.

Morgan is buoyed by the preliminary findings, but thinks that he can 
do even better. “We’ve got proof of principle that increasing the amount 
of time children spend outside actually works,” he says. “The question 
then is how do we make this work in practice at a level that would have 
a significant impact?” He recognizes that many schools do not have 
the flexibility to add time outdoors. So last year, in collaboration with 
Congdon, he began piloting the idea of teaching kids in a classroom 
made of glass to let in more natural light. “This glass classroom idea is 
quite applicable for whole swathes of China,” Congdon says. 

Rose points out that additional outdoor time “has to be mandated 
through the schools, because getting parents to voluntarily do this is 

extremely difficult”. Saw and her colleagues learned this when they 
trialled a 9-month programme to teach parents in Singapore about the 
importance of outdoor time in order to prevent myopia. They provided 
step-counters, organized outdoor weekend activities for families and 
even offered cash prizes for cooperation. But by the end of the trial, 
the time spent outdoors was not statistically different from that for a 

control group with no such campaign13. 
In some places, children cannot get 

any more outdoor light: there are too 
few hours of daylight, the sun is too 
fierce, or the cold too intense. Animal 
research10 has suggested that powerful 
indoor lights could do the trick instead: 
light boxes currently sold to treat sea-
sonal affective disorder, for example, 
can deliver up to 10,000 lux illumina-
tion, but their effects on myopia have 
not been tested extensively in humans.

Meanwhile, researchers have been 
working on ways to prevent myopia 
from worsening. Sankaridurg and 
her colleagues have developed spe-
cial glasses and contact lenses that can 
alter eye growth by focusing light from 
distant images across the entire field 
of view, rather than just at the centre, 
as standard lenses do. Other research 
groups have shown that nightly eye 
drops with a neurotransmitter-block-
ing drug called atropine can also help to 
control myopia progression14, although 
the mechanism remains unclear. “We 
want to take a holistic approach” to tack-
ling myopia, Sankaridurg says.

But eye drops and light boxes do not 
have quite the appeal of sending chil-
dren outside to play, which has plenty of 
other benefits besides those for the eyes. 

“It probably also increases physical activity, which decreases likelihood 
of obesity and enhances mood,” Rose says. “I can only see it as a win 
— and it’s free.” 

More than a century ago, Henry Edward Juler, a renowned British 
eye surgeon, offered similar advice. In 1904, he wrote in A Handbook 
of Ophthalmic Science and Practice that when “the myopia had become 
stationary, change of air — a sea voyage if possible — should be pre-
scribed”. As Wildsoet points out: “We’ve taken a hundred years to go 
back to what people were intuitively thinking was the case.” ■

Elie Dolgin is a science writer in Somerville, Massachusetts.
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近視が進むとは、主に眼軸長が伸びること

世界中で増えている
東アジアが顕著

増加はここ最近の話ではない
学童期に悪化するケースが多い

2050年には世界の半分近くが

近視になる予想
アジアでは80〜90%超

2000, this was 1406 million (22.9% of the global population;
uncertainty interval, 932e1932 million [15.2%e31.5%]),
increasing to 1950 million in 2010 (28.3% of the global
population; 1422e2543 million [20.6%e36.9%]). This is
projected to increase to 2620 million in 2020 (34.0% of the
global population; uncertainty interval, 1976e3366 million
[26.2%e42.6%]), to 3361 million by 2030 (39.9% of the global
population; uncertainty interval, 2578e4217 million [32.3%e
47.5%]), to 4089 million by 2040 (45.2% of the global
population; uncertainty interval, 3145e5128 million [38.1%e
52.1%]), and to 4758 million by 2050 (49.8% of the global
population; uncertainty interval, 3620e6056 million [43.4%e
55.7%]).

Regional differences are evident throughout the projection
period, as shown in Table 1. The high-income countries of Asia-
Pacific begin with a significantly higher prevalence of myopia
than any other region. East Asia, Southeast Asia, and the high-
income countries of North America close the gap to some extent
by 2050 because of a combination of ceiling effects in some age
groups, prevalence distribution across age groups, and changing
age demographics.

Figure 2 shows our estimates of the total number of people with
high myopia globally. This was 163 million in 2000 (2.7% of the
global population; uncertainty interval, 86e387 million [1.4%e
6.3%]), increasing to 277 million in 2010 (4.0% of the global
population; uncertainty interval, 153e589 million [2.2%e8.6%]).
This is projected to increase to 399 million in 2020 (5.2% of the
global population; uncertainty interval, 233e815 million [3.1%e
10.3%]), to 517 million by 2030 (6.1% of the global population;
uncertainty interval, 298e1082 million [3.7%e12.2%]), to 696
million by 2040 (7.7% of the global population; uncertainty
interval, 381e1518 million [4.6%e15.4%]), and to 938 million
by 2050 (9.8% of the global population; uncertainty interval,
479e2105 [5.7%e19.4%]). Regional differences are evident
throughout the projection period, as shown in Table 1.

Figure 3 shows the distribution of people with myopia and
prevalence of myopia across age groups. In 2000, the greatest

numbers of people with myopia were between 10 and 39 years
of age. However, our projections suggest that through both
cohort and age effects this distribution will spread by 2050, with
large numbers of people with myopia from 10 years of age all
the way through to 79 years of age.

Figure 2. Graph showing the number of people estimated to have myopia and high myopia for each decade from 2000 through 2050. Error bars represent
the 95% confidence intervals.

Table 1. Prevalence of Myopia Estimated for Each Global Burden
of Disease Region between 2000 and 2050

Region

Prevalence (%) in Each Decade

2000 2010 2020 2030 2040 2050

Andean Latin America 15.2 20.5 28.1 36.2 44.0 50.7
Asia-Pacific, high income 46.1 48.8 53.4 58.0 62.5 66.4
Australasia 19.7 27.3 36.0 43.8 50.2 55.1
Caribbean 15.7 21.0 29.0 37.4 45.0 51.7
Central Africa 5.1 7.0 9.8 14.1 20.4 27.9
Central Asia 11.2 17.0 24.3 32.9 41.1 47.4
Central Europe 20.5 27.1 34.6 41.8 48.9 54.1
Central Latin America 22.1 27.3 34.2 41.6 48.9 54.9
East Africa 3.2 4.9 8.4 12.3 17.1 22.7
East Asia 38.8 47.0 51.6 56.9 61.4 65.3
Eastern Europe 18.0 25.0 32.2 38.9 45.9 50.4
North Africa and Middle East 14.6 23.3 30.5 38.8 46.3 52.2
North America, high income 28.3 34.5 42.1 48.5 54.0 58.4
Oceania 5.0 6.7 9.1 12.5 17.4 23.8
South Asia 14.4 20.2 28.6 38.0 46.2 53.0
Southeast Asia 33.8 39.3 46.1 52.4 57.6 62.0
Southern Africa 5.1 8.0 12.1 17.5 23.4 30.2
Southern Latin America 15.6 22.9 32.4 40.7 47.7 53.4
Tropical Latin America 14.5 20.1 27.7 35.9 43.9 50.7
West Africa 5.2 7.0 9.6 13.6 19.7 26.8
Western Europe 21.9 28.5 36.7 44.5 51.0 56.2
Global 22.9 28.3 33.9 39.9 45.2 49.8

Numbers and uncertainty are provided in the Supplemental Material
(available at www.aaojournal.org).
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47.6億人

26.2億人

9.4億人

4.0億人

近視とは何か？

近視は失明原因の第４位

正常眼 強度近視眼（55歳女性）

ü 視覚障害者は今後増加していく

ü 75歳では4割近くが視覚障害

ü 学童期からの対応が大切である可能性

無調節の状態で眼に入る平行光線が網膜の前方で結像する眼の屈折状態。
視力障害を伴うものは疾患であり、進行抑制・治療の必要がある。

外で遊ぶのがいい！

親が近視でも屋外活動により近視発症率を抑制可能

親の近視の数
0
1
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近
視
に
な
る
割
合

1時間未満/日

2時間以上/日

0-5                 6-9             10-14             >14

両親近視
＋

屋外活動時間短い
↓

近視になりやすい

両親近視でも、
屋外活動時間長い

↓
近視発症率抑制

屋外活動時間 （時間／週）

近視関連の環境因子
◎屋外活動（抑制）

○近業（進行）
△親の高収入（進行）
△高IQ（進行）
△都会住人（進行）

屋外で２時間遊ぶ子どもはなかなかいない！

1日のうちの外遊び・スポーツの時間：
小学生 40分、中学生 20分、高校生 10分

小学生 3割、中学生 7割、高校生 8割は外で全く遊ばない・スポーツしない

注：習い事や部活動は除く

出典：第2回「放課後の生活時間調査 -­子どもたちの時間の使い方［意識と実態］」、ベネッセ（2014）出典： Jones  LA,  et  al.  Invest  Ophthalmol  Vis  Sci,  2007.

出典： 中江公裕、増田寛次郎、他.  わが国における視覚障害の現状.  
厚生労働科学 研究費補助金 難治性疾患克服研究事業

網脈絡膜萎縮・視神経萎縮に関する研究 平成 17  年度総括・分担研究報告書

出典：Holden  BA,  et  al.  Ophthalmology  123  (5),  May  2016.出典：Dolgin  E.  The  myopia  boom.  Nature.  2015;;  519:  276-­278.

しかし、

出典： 近視研究会ホームページ（ http://myopia.jp/definition/ 、http://myopia.jp/myopia/）
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バイオレットライトを用いた製品の可能性

バイオレットライトが近視進行抑制に有効である可能性
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バイオレットライトは
太陽光に豊富に含まれている

360〜400nm

エネルギー量 28 W/m2

（太陽光全体の3%）

屋内には、バイオレットライトはほとんど無い
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メガネレンズ 窓ガラス LED照明

バイオレットライトによる近視進行抑制の発見
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バイオレットライトを透過するARTIFLEX®群は
眼軸長伸長量が有意に少ない

Torii H., Ohnuma K., Kurihara T., Tsubota K., Negishi K. under revision

VL
波長透過特性
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バイオレットライトを透過するARTIFLEX®群は
眼軸長伸長量が有意に少ない

Torii H., Ohnuma K., Kurihara T., Tsubota K., Negishi K. under revision
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2種類の虹彩支持型有水晶体眼内レンズ

バイオレットライトを通すと、眼軸はあまり伸びず、屈折値もあまり悪くならない

成人 子供
バイオレットライト透過型

コンタクトレンズ

製品への2つのアプローチ

屋外に行く時間がないならば、バイオレットライトを屋内で浴びれるようにしよう！

VLを
発する

VLを通す

メガネ、ガラス 照明関連

JINSから発売中

南青山アイクリニックにて
モニター募集中

Ø 坪田ラボと共同開発中
Ø 特許取得済（特許第6085722号、第6175210号）
Ø 臨床研究進行中（メガネ、LEDスタンド）

バイオレットLED搭載の近視進行抑制メガネを
医療機器として開発中

ü 見た目普通のメガネ
ü 低パワーで十分なバイオレットライトの量
ü 眩しくない（バイオレットライトへの眼の感度は低い）
ü 短波長紫外線をカットするレンズ搭載。安全で効果的

さらに新しい最新版試作機展示中

近視学童対象の治験を来年実施予定

出典： Torii  H,  Kurihara  T,  ...,  Kondo  S,  ...,    et  al.  “Violet  Light  Exposure  Can  Be  a  Preventive  Strategy  Against  Myopia  Progression”.  EBioMedicine.  2017;;  15:  210-­219.
Torii  H,  Ohnuma  K,  et  al.  “Violet  Light  Transmission  is  Related  to  Myopia  Progression  in  Adult  High  Myopia”.  Sci.  Rep.  2017.

お問い合わせ先： 近藤 眞一郎 shinichiro.kondo@keio.jp

一方で、

ヒヨコ


