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ABSTRACT

There is an epidemic of myopia in East and South&sia, with the prevalence of myopia in
young adults around 80-90%, and an accompanyirfggrigvalence of high myopia in young
adults (10-20%). This may foreshadow an increasevirvision and blindness due to
pathological myopia. These two epidemics are link@tce the increasingly early onset of
myopia, combined with high progression rates, ralyigenerates an epidemic of high myopia,
with high prevalences of “acquired” high myopia eppng around the age of 11-13. The major
risk factors identified are intensive educationd imited time outdoors. The localization of the
epidemic appears to be due to the high educatpmeakures and limited time outdoors in the
region, rather than to genetically elevated sentitio these factors. Causality has been
demonstrated in the case of time outdoors throagamized clinical trials in which increased
time outdoors in schools has prevented the onsatyopia. In the case of educational pressures,
evidence of causality comes from the high prevaefanyopia and high myopia in Jewish boys
attending Orthodox schools in Israel compared éir isters attending religious schools, and
boys and girls attending secular schools. Combimnogeased time outdoors in schools, to slow
the onset of myopia, with clinical methods for siobgvmyopic progression, should lead to the
control of this epidemic, which would otherwise p@major health challenge. Reforms to the
organization of school systems to reduce intendg eempetition for accelerated learning

pathways may also be important.
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1. Introduction

As a recent report in Nature, entitled “The MyoB@om” demonstrated, it is now widely
accepted that there is an epidemic of myopia irdtheloped countries of East and Southeast
Asia, paralleled by an epidemic of high myopia @) 2015). Recent meta-analyses have
suggested that close to half of the world’s popoilamay be myopic by 2050, with as much as
10% highly myopic (Holden et al., 2016a). Becausthe links of high myopia to pathological
myopia (Spaide et al., 2014), in which change$fiédhoroid, retina and sclera can lead to
uncorrectable vision loss, and because correcfitimecunderlying refractive error does not
prevent the appearance of pathology, preventionyaipia and particularly high myopia has
become an important international public healtlogityy (Morgan et al., 2012; Holden et al.,

2016bh).

These epidemics have been extensively reviewed &woariety of perspectives (Foster and
Jiang 2014, French et al., 2013a; Holden et all426iolden et al. 2016a,b; Hysi et al. 2014;
Morgan, 2003; Morgan and Rose, 2005, 2013; Morgah £2012; Ohno-Matsui et al., 2016;
Pan et al., 2012; Rose et al., 2016; Sankaridulg-aoiden, 2014; Wallman and Winawer, 2004;
Wojciechowski, 2011; Wojciechowski and Hysi, 2018hich can be consulted for more details.
The specific aim of this review is to bring togethiee evidence that there is an epidemic of
myopia in the developed countries of East and S&asthAsia, to compare it to an epidemic of
myopia in Jewish boys attending Orthodox schoolsriael, to analyse the conditons in which
the epidemics of myopia have emerged, and to linkd changes in society to specific changes
in education and specific environmental exposuued ss near work and time outdoors, through
to biological pathways. We will not deal extensivelith genetic factors, because it is now

generally accepted that genetic change is too sl@xplain the rapid changes in prevalence that



have taken place in East and Southeast Asia (Hydi,2014; Morgan and Rose 2005;
Wojciechowski 2011, Wojciechowski and Hysi, 2013)r the purpose of this review, we will
simply note that genetic factors impose a levédasfeline risk of myopia, and concentrate on the
associations of myopia with environmental risk dastwhich have led to the epidemic of myopia
in the developed countries of East and Southedat W& conclude that changes in education
and the time that children spend outdoors havesplaymajor causal role in the emergence of

the myopia epidemics, and that these factors candukfied to achieve prevention.
2. An epidemic of myopia
21 Theevidencefor an epidemic

In the developed countries of East and Southedsat &k& prevalence of myopia is now 80-90%
in children completing secondary schooling at the af 17-18 (Morgan et al., 2012), compared
to the prevalences of 20-40% seen in many develaestern countries (Cumberland et al.,
2015; Morgan et al., 2012; Pan et al., 2012; Viglal., 2008, 2009; Williams et al., 2015a). In
contrast, in less developed parts of the worldhWéss developed education systems, the
prevalence of myopia in young adults is often tess 5-10% (Anera et al., 2009; Casson et al.,
2012; Dandona et al., 2002a,b; Gao et al., 20h2dez et al., 2004, 2012; Khandekar and
Abdu-Helmi, 2004; Lewallen et al., 1995; Lindquestal., 2011; Lithander, 1999; Pokharel et al.,

2000; Soler et al., 2015).
2.2  Thegeographical localization of the epidemic

The countries reporting high prevalences of myapéclustered in East and Southeast Asia.
Many have populations of Chinese ancestry, buptbealence of myopia is also high in South

Korea (Jung et al., 2012; Kim et al., 2014) anddaiing et al., 2017; Matsumura and Hirai,



1999), where the population is not of Chinese angesnd it is high in those of Indian and
Malay origin in Singapore (Koh et al., 2014). A lhigrevalence of myopia is not found in most
countries in Asia (Morgan and Rose, 2005; Pan.gP@l5). Despite this, myopia has often been
described as a Chinese or Asian problem, whemgah the epidemic crosses ethnic boundaries,

but is quite tightly localized geographically.

It is important to use correct geographical terrogy for regions, in order to accurately identify
where the epidemic is taking place. It is then fldsgo look for common factors in these
regions, and within these regions, in affected toes) which contrast with conditions in other
countries and regions which are not affected. As&large continent, extending east of the Ural
Mountains and River, south of the Black Sea, argt Bithe Dardanelles and Red Sea (Figure
1). It is diverse in terms of the continental genanhcestry of its populations, and diverse in
terms of culture and levels of economic developmi¢ing therefore unlikely to be a coherent

unit in relation to any complex disease, and indhge of myopia, it is not.

Asia includes East Asia, and Southeast Asia, wtierenost prominent myopia epidemic is
located, as well as Central, South and West Asiat Bsia is defined as consisting of China,
including Hong Kong and Macao, Taiwan, Japan, N&dhea, South Korea, and Mongolia. The
prevalence of myopia is high in most parts of Eesa (Morgan et al., 2012; Pan et al., 2012),
but there is no data available on North Korea arddd, and the prevalence appears to be low in
Mongolia (Morgan et al., 2006; Wickremasinghe et2004). Macao’s close affinities to

mainland China and Hong Kong, and its high edupatioutcomes, suggest that its prevalence

of myopia will be high. In most parts of East Adiae prevalence of myopia is therefore high.

Southeast Asia consists of Vietham, Cambodia, Lawsgapore, Indonesia, Malaysia, Brunei,

Thailand, Myanmar, Philippines and Timor Leste.gaore, which stands out for economic
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development and high educational standards ingj@m, is the only country in the region
where the prevalence of myopia is known to be (iMbrgan et al., 2012, Pan et al., 2012). It is
known to be low in children in Cambodia (Cassoralgt2012), Laos (Gao et al., 2012) and
Thailand (Yingyong, 2010). The myopia epidemicsthezefore localized to the developed
countries of East and Southeast Asia, and caus@air&aare likely to be common to them, and

distinct from other countries in the region.

2.3  Theoriginsof the epidemic of myopia

Elucidating the origins of the epidemics has bemblematic, since many older studies, and
even some more recent ones, have used unrepresestanpling procedures and ignored the
need for cycloplegia. The best approach to docuimgsecular changes in prevalence is to have
regular population-based surveys of the prevalehoeyopia based on cycloplegic refraction,
enabling comparison of the prevalence of myopidifiierent birth cohorts of children (or adults)
at the same age. Young adults around the age vdmendary schooling finishes in developed

societies, and when myopia tends to stabilize, ideo& useful standard sample.

Only a series of surveys from Taiwan meet thesetagstandards (Ding et al., 2017; Lin et al.,
2004, Shih et al., 2009). The first survey in 1888wed that the prevalence of myopia in 18
year-olds was already over 70%. Subsequent suimey@36, 1990, 1995, 2000 and 2006
demonstrated a peak prevalence of over 80%. There more marked increases in the
prevalence of myopia at younger ages, indicatinppareasingly early age of onset, but in these

seminal studies, there was little analysis of faiors.

Singapore has provided a less systematic set af bhatially, unaided visual acuity was

measured on males in the age range 15 to 25 itargiBervice examinations (Au Eong et al.,



1993a,b; Chew et al., 1988; Tay et al., 1992). €heigh uncorrectable low vision were
excluded from the analysis, and with this exclusiow visual acuity (VA) in children is
predominantly caused by myopia refractive erroos.the 1974-1984 and 1987-1992 cohorts,
low VA, using a VA cut-off of 6/18 or worse, inciezd from 26.3% in the 1974-1984 cohort, to
44.2% in the 1987-1992 cohort. Recent work sugghatsa more appropriate cut-off for
defining myopia is around 6/9 or 6/9.5 (Leone et2010; Tong et al., 2004; Xiang et al., 2013).
Data on non-cycloplegic refractions, which tenadver-estimate the prevalence of myopia, is
available for selected cohorts, with the prevalesfomyopia (<-0.5D) in the 1996-1997 cohort,
namely 79.3%. rising only slightly to 81.6% in tA@09-2010 cohort (Koh et al., 2014; Wu et al.,
2001). Looking at all this data, there can be nobddhat both Taiwan and Singapore have seen

a substantial increase in the prevalence of myoyea the past 60 years.

24 A morecomprehensivereview of the evidence

To obtain a more comprehensive picture requiresmgek compromise between
epidemiological purity and effective analysis. Wavé attempted to estimate the prevalence of
myopia in young adults using data obtained usiagreety of techniques, accepting that the
figures will not be precise, but in the right rangad arguably sufficient to identify an epidemic.
The RESC studies provide one of the most consisedstof data, but the oldest children
examined were 15 years-old (Dandona et al., 20G2b; et al., 2005; He et al., 2004, 2007,
Maul et al., 2000; Murthy et al., 2002; Naidoo ket 2003; Pokharel et al., 2000; Zhao et al.,
2000). In general, we have accepted estimates digea 15-25 as approximating those of young

adults, since onset and progression of myopiai@areet in this age group.

We have also used data on non-cycloplegic refrastwhich will tend to over-estimate the

prevalence of myopia in adults, as well as dataisual acuity, which will also tend to over-
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estimate the prevalence unless those with uncaivkctow visual acuity have been excluded.
The visual acuity cut-off is, naturally, cruciah &ddition, some data are based on estimates of
parental myopia, generally assessed by questiannalrich will tend to under-estimate the

prevalence, since parents with low myopia may roaWware of their condition.

Crucially, to obtain estimates for early birth calspwe have assumed that the prevalence of
myopia in older people in cross-sectional studidisgive an indication of the prevalence of
myopia when they were young adults. This assumtasrightly been questioned (Mutti and
Zadnik, 2000), because of the known longitudingddrgpic shifts in refraction in adults due to
loss of lens power (Iribarren, 2015). However, sititat time, two recent studies have shown
that the longitudinal shifts in refraction primaréffect those with emmetropic and hyperopic
refractions (Han et al., 2017; Hashemi et al., 2046d thus the prevalence of myopia remains
relatively stable during aging, until myopic shifédke place in association with the development
of cataracts. However, the hyperopic shifts inaetion seen for emmetropes and hyperopes
mean that while the prevalence of myopia tendststable, mean SER will show hyperopic
shifts. Cautiously used, we believe that this apphdhas considerable value in filling gaps in our

knowledge, as discussed below.

The argument that substantial cross-sectionalréifiees in the prevalence of myopia, of the kind
seen in many of the countries in East and Southfesagt can be explained by longitudinal shifts
in refraction is vulnerable toraductio ad absurdum argument; in other words that it leads to
absurd conclusions. For example, in South KoreaptbBvalence of myopia is over 80% in
recent birth cohorts and low (10-20%) in older adéan cross-sectional studies (Kim et al.,
2013). The recent high prevalence rates have ba#irmed using cycloplegic refraction (Jung

et al., 2012), but there is no published data erotder birth cohorts when they were young



adults. However, the argument that longitudinaldrgpic shifts could explain the difference
implies that the earlier birth cohorts have gonmeuligh a cycle of high prevalence of myopia and
high myopia, followed by a decline to very low lésjeand that the current generation may do the
same. The emergence of considerable moderatehianhygpia is highly unlikely to have been
missed in the older cohorts, even without formatl&s, since, without correction, moderate to
high myopia leads to substantial visual impairm&his argument is clearly not conclusive, but
direct evidence is impossible to obtain. It is, leser, worth noting that the level of education
has markedly increased in this population, frony@0% with university education in the oldest
cohort to 45.7% in the youngest (Kim et al., 20L8psistent with the general link between
education and myopia. It is also worth noting flsdlbw-up of the current generations affected
by high prevalences of myopia and high myopia pritivide more definitive evidence, since the
hypothesis that cross-sectional differences irptiegalence of myopia can be explained by
longitudinal hyperopic shifts implies that the @nt highly myopic cohorts should gradually
lose their myopia. It is further worth noting thiathis were to happen, the risks of developing
pathological myopia might still be high, because hlyperopic shifts in refraction are due to

changes in lens power, and not to reductions iessigce axial elongation.

In the case of European populations, the validityhe assumption about older cohorts can be
more directly tested. A moderate increase in tleegdence of myopia in Europe, based on non-
cycloplegic refractions has been reported (Williaahal., 2015b). As in Korea, education levels
have increased in more recent birth cohorts, ialfmwith a change in educational exposures
from under 5% to close to 50% with tertiary edumatiThe prevalence of myopia in the older
European cohorts, which ranges from 15-20%, cagireetly compared to the prevalence of

myopia in male military recruits in the UK aroun8leD, using cycloplegic refraction (Sorsby et
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al., 1960), which was around 10%. The ball-parleagrent suggests that cautious extrapolation

of this kind is valid.

25 Digtinct patterns of development of the epidemic of myopia

Bearing all the qualifications in mind, the datdected in Figure 2A on South Korea,
Singapore, Taiwan and Hong Kong show a consistetirp of a slow increase in the
prevalence of myopia from 20-40% after the Secomald\WWar to 70-90% today. Data from
Japan have not been included, but there is sondemse that the prevalence of myopia
increased prior to the Second World War, droppedhose born just before or after the war, and
then started to rise again (Ding et al., 2017; SE365). Some of the data used in this Figure

were also used by Nature for a graph of the mybp@m (Dolgin, 2015).

Figure 2B shows data from several studies in GuamgzSome have been published (He et al.,
2004; He et al., 2009; Xiang et al., 2013), otleesnot yet published. Again, the overall picture
is quite consistent, but importantly, differenthat seen in the other countries in the region. In
Guangzhou, the increase in myopia appears to lagetbby around 10-20 years compared to
Taiwan, Singapore, Hong Kong and South Korea. Tfogrthose born after 1970, the
prevalence increased extremely rapidly, achievengypwith other developed countries in the
region within one generation. The pattern is préypdbe to the limited expansion of higher
education in the early years of the People’s RepublChina, followed by rapid expansion after
the end of the Cultural Revolution in 1976. Theal®gence of the prevalence of myopia on
educational opportunities, and how rapid changebears striking. An erlier epidemic of
myopia in North American Eskimo and Canadian Ipoipulations also reported marked

changes in prevalence of myopia in one generatonrig et al., 1969; Morgan et al., 1973). It
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should also be noted that in many countries in BadtSoutheast Asia, the prevalence of myopia

is still low.

26 Istherean epidemic of myopiain populations of Eur opean ancestry?

In populations of European ancestry, there is uac#y about the prevalence of myopia in more
recent birth cohorts, because of the paucity ad thased on cycloplegic refractions. Using
cycloplegia, a prevalence of myopia of 18.6% in2D8year-olds was measured in 2012-2014 in
Northern Ireland (McCullough et al., 2016), whi@léw-up in the Sydney Myopia Study
reported a prevalence of 17.8% in those of Europeaestry (French et al., 2013b) at a similar
age. An earlier Polish study reported a prevalei@®-36% for 18-20 year-olds (Czepita et al.,
2007), and a much higher prevalence (49.7%) wasteghin 12 year-old children from Sweden
(Villarreal et al., 2000). For comparison, withaytloplegia, a recent NHANES study reported
a prevalence of myopia of 52.2% for those aged2(Qv&ale et al., 2008), and similar values
were reported for the youngest cohorts from Euingbe Gutenberg Health Survey (Wolfram et
al., 2014) and from a meta-analysis of predomiryafstherican studies (Kempen et al., 2004). A
follow-up NHANES study provided good evidence farugpward trend in the prevalence of
myopia (Vitale et al., 2009), but the estimatethis paper are bound to be over-estimates, as the
authors emphasise, due to an imprecise definitionyopia. The often cited prevalence of
41.6% from this paper needs to be compared to tre accurate prevalence of myopia of
33.1% reported in Vitale et al., 2008). Somewhatdovalues were reported in the UK Biobank
Study (Cumberland et al. 2016). There is thus aifsignt gap between the limited data
available on cycloplegic refractions and the estam@abtained without cycloplegia in studies on
populations of European ancestry. More data on g@adults measured with cycloplegia, or

from visual acuity with the use of a pinhole andagpropriate cut-off, are required. But even
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without this data, it is clear that the prevalentenyopia in young adults of European ancestry

in Europe, North America and Australia is much lotvn in East and Southeast Asia.

3. An epidemic of high myopia

3.1 Theevidencefor an epidemic of high myopia

In parallel with the epidemic of school myopia,egmdemic of high myopia (more than 5 or 6D
of myopia) has appeared. This epidemic was cletirdriirst studies from Taiwan (Ding, et al.,
2017; Lin et al., 2004). Figure 3 shows currenadat myopia and high myopia from East and
Southeast Asia. The prevalence of high myopia hagased by as much as 10-fold, more than
the proportional increase in total myopia, meartiveg the percentage of myopes who become
highly myopic has increased (Morgan et al., 20Thg reported prevalence of myopia and high
myopia in young adults is much higher than in olaldults (Asakuma et al., 2012; He et al.,

2009; Liang et al., 2009; Liu et al., 2010; Sawatal., 2008; Wong et al., 2000).

Two features of the evidence provide a simple exatlan of this additional epidemic. As the
prevalence of myopia has increased, the age ot ohseyopia has decreased, which gives
myopia more time to progress before it stabiliZzé¢ss hypothesis is supported by evidence that
early onset of myopia is associated with highealfinyopia (Chua et al., 2016; Iribarren et al.
2009). The rate of progression of myopia in East &outheast Asia also seems to be higher than
in other parts of the world, and particularly haghyounger ages (Donovan et al., 2012b).
Sankaridurg and Holden (2014) have provided esésat mean progression by age up to the
age of 15. While there will be some progressioarafiat age, it will be limited. Assuming that a
child becomes myopic at the age of 6, at the pssjoa rates reported, the child will exceed the

threshold for high myopia in 5 to 6 years, at alibatage of 11 or 12, consistent with the age of
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onset of increasing high myopia in the data fronw&a (Lin et al., 2004), and with more recent
data from China (Guo et al., 2015; Wu et al., 20¥8)en myopia appears at age of 12 or later,
the chances of progression to high myopia are rnawér, and increasing age of onset further
lowers the risk. This is an important indicatioattprevention needs to begin in primary schools
or even preschools, and may not be as crucialgh $chools. However, it is important to note
that these arguments are based on averages, awhalezed prediction regimes will need to be

developed.

This pattern of development suggests that the apaef high myopia is simply a natural
consequence of an epidemic of myopia, characteliyezhrlier onset and high progression rates.
This “acquired” high myopia adds to low levels agihmyopia in older populations. The shared
origins of the epidemics of myopia and high myapiggest that they will share epidemiological
risk factors, and indeed high myopia in recenthbathorts shows similar associations with
education to those seen for school myopia, wheresass not seen in some cohorts of older
adults with a lower prevalence of high myopia (etal., 2016). It should be noted that
associations of high myopia with education havenbreported in some older cohorts (Wong et
al., 2000; Wong et al., 2002), suggesting thatnevieen the prevalence of myopia is relatively
low, acquired high myopia can occur in some, peshvagll-educated, people. This finding poses
considerable challenges for genetic studies, smstudies on recent samples, genetic
contributions may be swamped by large environmesftatts. Age of onset of high myopia may

help to distinguish genetic from acquired forms (lyan et al., 2017).

3.2  Theimplicationsfor pathological myopia

Most of what we know about the links between higlopia and pathological myopia comes

from studies on older cohorts (Asakuma et al., 2@igroft, 2012; Liu et al., 2010; Vongphanit
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et al., 2002), when high myopia was arguably memegjc in aetiology. Recent developments in
the definition of pathological myopia (Ohno-Mats2@16) and in the systematic classification of
myopic maculopathy (Ohno-Matsui et al., 2015) nigelde taken into account, but in general,
pathology becomes more severe with more severe imyelpactive error (or greater axial

length) and with age. However, how similar the paiy associated with genetic high myopic
is to that associated with acquired high myop@an®pen question. It is simply too early to have
definitive answers, but it would not be wise towase that “acquired” high myopia has no
pathological consequences. If the emergence obfmagh in association with high myopia
depends purely on the distortions associated witteased axial length in high myopia, then

considerable pathology would be expected.

4, Comparison with other social environments

41  Comparison with societies with little formal education

There are few studies with good methodology inettes with little formal education, but the
prevalence of myopia, determined with cycloplegias only 0.4% in a large sample of illiterate
African adults in Gabon (Holm, 1937), and the pternee of myopia under cycloplegia in
uneducated adult Inuit was only 1.2% (Skeller, 9&hly 20 years later, several papers using
cycloplegia reported low prevalences of myopiald@eoInuit, with much higher prevalences in
the younger adults (Alsbirk, 1979; Morgan and Myrir®73; Morgan et al., 1975; Young et al.,
1969), suggesting that there had been a markedgetesrational increase in myopia, attributed

to the establishment of settled communities andipian of rudimentary formal education.

The methodologically strong RESC series, which wsestiematic cycloplegia and population

enumeration reported that by the age of 15, thegbeace of myopia in children was less than
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3% in rural Nepal (Pokharel et al., 2000). Low @lewces at age 15 were also reported from
RESC studies in rural India (6.72%) (Dandona et28l02), Durban, South Africa (9.0 to 9.6%)
(Naidoo et al., 2003), and urban India (10.8%) (yret al., 2002), consistent with the
relatively limited development of their school grss (UNESCO Global Education Monitoring
Report, en.unesco.org/statistics, accessed Ma@13)2Low prevalences of myopia using
cycloplegia, but with school-based samples, hase laéen reported from Laos at .6% at the age
of 11) (Gao et al., 2012) and Cambodia (6% at teecd 12) (Casson et al., 2012) These reports
are particularly interesting, because they sugipastchildhood myopia remains very low unless
children are exposed to education, contrasting witide-spread belief that children naturally

become more myopic with age, as part of the proskphysical development.

4.2  Historical changesin wester n societies developing moder n education systems

We can get some insight into historical changdabeprevalence of myopia from two papers on
populations of European ancestry, where the botiods go back to the beginning of the
previous century. The Beaver Dam Eye Study repcat®8% myopia in its youngest age cohort
(43-54 years old) compared to 14.4% in the oldested on non-cycloplegic refraction (Wang et
al., 1994). The cohorts were then followed for #ang (Lee et al., 2002). There were clear
myopic shifts in mean SER in more recent birth ¢thavith mean SER for cohorts born before
1922 around 1.0D, and negative mean SER valugbhdse born after 1933 (see Figure 2 of Lee
et al., 2002). Because longitudinal hyperopic shifefraction are likely to affect mean SER,
data expressed as percentage of myopia would be meaningful for our purposes. Similar
data were obtained from Europe, expressed as mpogvalence (see Figure 1 of Williams et

al., 2015a). In this case, the prevalence of myais low for cohorts born before 1940, but in
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more recent cohorts, there was a considerableaser@ prevalence of myopia when measured

at the same age.

Overall, these data suggest that increases inrévalgnce of myopia can be traced back as far as
early 1900s in Europe and North America. This wasrgod in which education expanded to
meet the needs of modern industry. For examplinarJS, only 10% of young people had a

high school diploma in 1910, but by 1940, nearl¢&@ad one (120 Years of American
Education. A Statistical Portrait, availablenatps://nces.ed.gov/pubs93/93442.pdf.). Similar

levels of education were not seen in East and $asttAsia until after the Second World War,
and in many parts of the world, they have still appeared. This pattern of development is
summarized in Figure 4, showing the increasing @exnce of myopia in young adults as school
systems have progressively developed. The majoease from prevalence rates normal in

western school systems to those found in East Asihool systems is clear.

5. Environmental risk factors

While the systematic association of myopia prevagenith educational experiences is striking,
as with all associations, it could be confoundeghénallel changes. As societies have developed,
there have been systematic increases in educhtibthere have been parallel changes in a
number of other parameters such as family incoiviagl environments, including changes in
population density, style of housing, pollutioretdiand lifestyle, and some associations with
factors of this kind have been reported. Receiithas also become common to argue that
computers, smart phones and tablets have playelé,aaithough the early data on high
prevalences of myopia from Taiwan and SingaporeweHected on cohorts with little to no

exposure to these devices.
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We have recently dealt with these risk factorsome detail. Overall, we concluded that none of
these factors provide good explanations for theeldgament of the myopia epidemics, whereas
educational change does. Given the evidence fongt@ssociations between myopia and
education, reported risk factors for myopia nowdh&ebe rigorously assessed for confounding

with education. The detailed arguments are giveaniother paper (Rose et al., 2016).

5.1  Education isa key causal factor

The link between education and myopia is strongamgistent, and shows up in the association
between myopia and years of schooling in adultsEAng et al., 1993a; Mirshahi et al., 2014),
and during development, in the associations betyeavralence of myopia, accelerated learning
streams and academic grades (French et al., 2(i8aal., 2008; Quek et al. 2004; Rosner and
Belkin, 1987; Saw et al., 2007). In almost all $#gdvhich have addressed the issue, in
populations of a range of ethnic backgrounds, rediecated people are found to be more
myopic. In reviewing this issue previously (Morgamd Rose, 2005), we argued that the
tendency for schooling to lead to increased mybpdbeen documented in almost all major
population groups, and we suggested that it castita common human characteristic. Nothing

published since has invalidated this conclusion.

5.2  Theepidemic of myopiain Orthodox Jewish boys

In young adult Jewish boys attending Orthodox stshimolsrael, the prevalences of myopia
(81.3%) and high myopia (20.4%) are as high asetlseen in young adults in East and
Southeast Asia (Zylbermann et al., 1993), and niigher than in girls attending girls-only
Orthodox schools, and boys and girls attendinglaesehools. Moreover, the extremely

distorted distribution of refraction (Figure 5)Jawish boys attending Orthodox schools, not
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seen in the other population sub-groups, is vamyiar to that seen in both boys and girls as
young adults in East and Southeast Asia (unpuldisia¢a from the Guangzhou Twin Eye
Study). Similar distributions of refraction hasalseen reported for recent cohorts of young
adults in Singapore (Koh et al., 2014) and SoutredJee et al., 2012; Kim et al., 2013) This
suggests that the processes underlying the epidearecquite similar, and that an explanation of
the epidemic in Orthodox Jewish boys in terms afoational pressures and perhaps limited time
outdoors is likely to apply. The evidence certaisiyggests that educational exposures in the
affected group are particularly high, but differeaén time spent outdoors have not been
examined. In contrast, it would be difficult to éxip the high prevalence of myopia in Orthodox

Jewish boys as compared to their sister siblingerms of familial factors, including diet.

The situation of the boys attending Orthodox Jewidiools is as close to a socially imposed
controlled trial as is likely to occur, althoughstclearly not randomized. The results suggest
strongly that educational pressure is a causabfazylbermann et al (1993) emphasised both
educational pressure and aspects of the learnyfegadopted for religious studies (such as
variations in print size, and a rocking posturedudering religions studies which imposes
regular changes in focus) in their analysis, batl#tter are clearly not shared with children in
East and Southeast Asia. However, education fotvtbeffected groups is very similar in terms
of early onset and increase in study pressures p@ong the two epidemics provides a strong

argument that education is a major causal factor.

5.3  Doeseducation explain everything?

While accepting a role for education, some haveeddghat education cannot provide the whole
explanation. In Singapore, adjustment for educataluced, but did not completely eliminate

ethnic differences in myopia, suggesting that ofaetors were involved (Wu et al., 2001). This
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issue will be discussed in more detail in Sectigh Similarly, the E3 meta-analysis of European
data suggested that there were independent adbitibecohort and education effects (Williams
et al., 2015a). The problem with the E3 meta-amaigsthe assumption that an educational
category will have the same educational contendliféerent birth cohorts. For example, the
category “primary” is applied to all subjects with or less years of education, but in the earlier
cohorts, many will have had much less than 16 yedwsation, whereas in the later birth
cohorts, most will have achieved this level. Over time period covered by these cohorts, there
has also been a marked change in overall educhaohegevements, and it seems likely that
when primary school education in the strict serigaeterm (generally six years of school,),
provided only sufficient preparation for childrenwork as unskilled workers, it would have
been much less intensive than primary school eductas preparation for a further six years of
school, followed in many cases by higher level &sidWhile we do not regard these papers as
conclusive, we do not want to argue that educasidhe only factor, because another

independent factor, the time that children spertdars, has already been established.

6. Time outdoors as a protective factor

There is now consistent evidence that children sgend more time outdoors are less likely to
be or become myopic (Dirani et al., 2009; Frenchl e2013a,b; Guggenheim et al., 2012; Guo
et al., 2013; He et al., 2015; Ip et al., 2008;e3oet al., 2007; Jones-Jordan et al., 2011,2012;
Khader et al., 2006; Lin et al., 2014; Mutti et 2002; Onal et al., 2007; Parssinen and Lyyra,
1993; Rose et al., 2008a,2008b; Sherwin et al.220M et al., 2010; Wu et al., 2013; Wu et al.,
2015a,b; Xiong et al., 2017; You et al., 2012, 200hly a few studies have failed to confirm
the association (Low et al., 2010; Lu et al., 20@@out 2 hours a day outdoors, out of school

hours, in western countries, eliminates the aduitioisk associated with more near work (Rose
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et al., 2008a), as well the risk associated withrigamyopic parents (Jones et al., 2007). The
evidence from randomized clinical trials which ham®wn that increased time outdoors reduces
incident myopia (He et al., 2015;Wu et al., 2018hvides evidence of a causal association.
There is no systematic evidence of changes in outebgposures over the time in which the
prevalence of myopia has changed, because datesdind have not been collected. However,
the anecdotal case is strong that over time, inyrpants of the world, over recent decades,

children have adopted lifestyles based on more inaeors.

Collection of data on time outdoors has so fardbr@peen carried out using questionnaires, of
limited validity, but they appear to be sufficigntbbust to establish the consistent associations.
Children from developed counties in East and S@ghAsia consistently report much less time
outdoors than children in Australia or the US (Feteet al., 2013a,b,c,d; He et al., 2015; Jones et
al., 2007; Jones-Jordan et al., 2011; Jones-Jatan 2012; Rose et al., 2008a,b). More data
will no doubt become available rapidly, with thevdl®pment of objective methods of
measurement such as the use of HOBO light metdvar@z and Wildsoet, 2013; Dharani et al.,
2013; Schmid et al., 2013) and a wrist-borne dekieewvn as the Actiwatch (Read et al., 2014,
2015), and most recently, the availability of spet#-mounted devices capable of measuring
light exposures and nearwork exposures simultamg@ua/w.clouclip.com). Developing a
comprehensive picture of exposures to risk fadwmrshildren in different locations, which takes

account of both school time, and out-of-school tilm@&n important priority.

7. Linking risk factorsto biology

7.1 Time outdoors
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Studies on animal models have shown that, at iedke form-deprivation model, bright light
exposures can completely abolish the developmeexérimental myopia (Ashby et al., 2009;
Ashby and Schaeffel, 2010; Karouta and Ashby, 20a§;et al., 2013, 2014, 2016; Norton,
2016; Smith et al., 2012, 2013). It now also gelheexcepted that the mechanism initially
proposed (Rose et al., 2008a), involving light-icel release of dopamine (Boelen et al., 1998;
McCarthy et al., 2007; Megaw et al., 2001, 2006)icl is known to inhibit axial elongation
(luvone et al. 1991; McCarthy et al., 2007; Stonal¢ 1989) has been confirmed. The evidence
is against an active role for UV exposures (Fregtcll., 2013a; Guggenheim et al., 2014), or
physical activity per se (Rose et al., 2008a; Gubgen et al., 2012), although both are higher

when children are outdoors. Thus, there is a dledogical pathway for an effect.
7.2  Education

In contrast, the biological link is not so clear &alucation. Near work seems to be a significant
factor, and while some have written it off (MuttichZadnik, 2009), a recent meta-analysis has

concluded that it plays a significant role (Huangle 2015).

Originally, it was thought that the additional astonodation involved in nearwork would be the
key factor, but this view has been undermined bglence that accommodation is not important
in animal studies of experimental myopia (Schmid ®ildsoet, 1996; Wildsoet et al., 1993),
and that the site of action of anti-muscarinic dragch as atropine, which block myopic
progression in animals as well as humans, is n@tlcesommodation (McBrien et al., 1993a,b).
With the demonstration in animal studies of poweeftects of defocus on the rate of axial
elongation (Schaeffel and Feldkaemper, 2015; Waillaxad Winawer, 2004), thinking on this
issue is now dominated by the possibility thatriatting defocus signals, perhaps associated

with accommodative lag, play an important role. Sghpathways to prevention are currently
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being explored with optical devices, including nfattal soft contact lenses, but the molecular

and cellular pathways involved are still obscure.

8. The paradox of progression

8.1 Timeoutdoorsdoesnot appear to regulate progression.

While the biological pathways that lead to delayhie onset of myopia seem to be reasonably
clear, there is general agreement that therdles éividence for regulation of progression, defined
as myopic shifts in refraction in those who areatty myopic (French et al., 2013a,b; He et al.,
2015; Jones et al., 2007; Jones-Jordan et al.,, Fdse et al., 2008a; Wu et al., 2013; Xiong et
al., 2017). However, Parssinen et al. (2014) hapented that increased time outdoors was

associated with slower progression in a study @8lyears of follow-up.

A difference in association with time outdoors betw onset and progression is surprising, given
that axial elongation is the basis of both procesderogression is not regulated by the same
factors as onset of myopia, then this needs txpmed, but there is no obvious explanation so
far. An alternative explanation is that the failtwdind associations of progression with the
known risk factors is due to the restricted ranigexposures seen in myopic children, many of
whom are myopic because of the high educationaispres and limited time outdoors to which
they have been exposed. This will make it hardgetosignificant associations, particularly

when the data on exposures is obtained from imgpeegiiestionnaires.

8.2  Seasonal differencesin myopia progression

Consistent with this idea, there is considerabldexnce that myopic progression can be actively
regulated, since there are marked seasonal etieatsyopic progression in populations of both
European and East Asian ancestry (Cui et al., 2Db8pvan et al., 2012b; Gwiazda et al.,
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2014). Myopic progression is faster in winter tii@summer, with up to two-fold variations
reported. These make seasonal effects as powsrthkaest pharmacological and optical
interventions to slow myopic progression. The éfere consistent with an impact of
educational pressures and time outdoors, and indegolbling of time outdoors in the summer
break compared to school terms (21.8 vs 10.3 hpenrsveek), with an almost four-fold
reduction in study time (1.7 vs 9.4 hours per wéwlg been reported (Deng et al., 2010). It is
important to resolve this question, because, ietoutdoors does prove to regulate progression

as well as onset, then increased time outdoorsdithore effective in preventing high myopia.

9. Why isthe myopia epidemic concentrated in East and Southeast Asia?

9.1 Aregeneticdifferencesimportant?

The tight geographical localization of the myoppédemic has led to the plausible hypothesis
that the populations of these regions might be tigaily more susceptible to environmental risk
factors than other populations. However, when dgakith ethnic differences, it is vital to
consider cultural factors as explanations, bechusgan ethic/racial groups are rather similar in
overall genetic terms, while differentiation inrtes of cultural factors, while difficult to quantify

is often extreme (Risch, 2006).

It is clear that children in East and Southeasa A& not develop myopia without relevant
environmental exposures, since the prevalence opmyn older cohorts, and in those with low
educational levels, is consistently low. Differahgenetic susceptibility to environmental risk
factors has therefore often been assumed, butitheas yet, little evidence of significant
differences in “myopia susceptibility” genes in G\WWAnalyses between populations of

European and East Asian ancestry (Verhoeven éCil3).
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9.2  Educational pressureishigh in the developed countries of East and Southeast Asia

In contrast, the evidence for educational diffeemnio the countries with a high prevalence of
myopia is strong. This can be seen in internatiedalkational surveys, where the dominance of
the high prevalence of myopia countries is cleaor@dAn and Rose, 2013). There are two
common international surveys, the Program in Studssessment (PISA) and the Trends in
Maths and Science Survey (TIMSS). These surveywallfunded, and have statistical power
that is rarely possible in ophthalmic epidemioloBYSA 2015(available at

https://www.oecd.org/pisa/pisa-2015-results-in-focus.pdf) reported on performance of students aged

15 in three areas, scientific, reading, and mathiealditeracy. Singapore, Japan, South Korea,
Taiwan or Chinese Taipei, and Beijing, Shanghangdsu and Guangdong representing mainland
China, and Hong Kong and Macao took part. Thesato@s dominated the top rankings in all
testing domains, with stronger performance in natitecal literacy than in scientific literacy
and reading literacy. Some countries, such as idhl@anada and Australia, which have lower
prevalences of myopia, also occupy significant nagek suggesting that high educational
outcomes in PISA are not necessarily associatddamitepidemic of myopia. In the TIMSS
surveys (available atmss2015.0rg/), Singapore, Japan, South Korea, Taiwan and HamgK
took part, and their dominance of the ranking waeneclearer. These locations took the top 6
places in all domains, with only the Russian Fetitemaand Slovenia taking top 6 position in one
domain each. This comparison provides an objeckraonstration of the high educational
outcomes achieved in the developed countries df&akSoutheast Asia, which parallel the

high prevalence of myopia.

We (Morgan and Rose, 2013) have previously sugdeistd systems in which educational

pressure starts early, often because access tiigeler accelerated learning streams is
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competitive, may be an important difference betwibencountries which have strong education
systems and which develop an epidemic of myopid those which have not. These systems
also impose high homework loads and parents matemsixe use of out-of-school classes to

promote their children’s learning.

9.3 Andlesstimeis spent outdoors

The limited questionnaire data available suggéststhe time that children spend outdoors is
lower in the developed countries of East and S@sthasia. In the Sydney Myopia Study,
children of European origin spent over 21 hourseakwutdoors outside of school hours,
compared to nearly 14 in children of East Asiagiorat the age of 6-7, who have a higher
prevalence of myopia (French et al., 2013b; Ros#. e2008a). This compared to only 3 hours
per week in Chinese children of similar age growipgn Singapore (Rose et al., 2008b).
Similarly, Chinese-Canadian children reported dhhours per week outdoors, compared to
10.5 for Canadian children of European origin (Ghenal., 2007). Similar low levels have been
reported for Chinese children in Guangzhou (5 hperswveek) (He et al., 2015) and Shantou (6
hours per week) (Lu et al., 2009) of similar ageSkdney, levels of time outdoors remain high,
but drop slightly with age (French et al., 2013e)ereas in Singapore, time outdoors for 12
year-olds appears to rise to around 21 hours pek\{girani et al., 2009), comparable to that
reported from Australia. The low level of time oatus in young children in East and Southeast
Asia may therefore be particularly critical for ttievelopment of myopia, but more accurate data

from objective measurements is required.

9.4  Explaining ethnic differencesin the prevalence of myopiain Singapore
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Singapore provides a multi-ethnic laboratory in etthihe role of environmental factors in
generating racial/ethnic differences can be asde3$e prevalence of myopia is different
between the three major ethnic groups, with Chimegsee myopic than Indians and Malays (Au
Eong et al., 1993; Koh et al. 2012; Wu et al., 200t all groups are more myopic than in other
parts of the world. It is important to note that ghrevalence of myopia in children of Indian (or
South Asian) origin is much higher in Singaporentiraindia (Dandona et al., 1999, 2002a,b;
Murthy et al., 2002; Saw et al., 2002; Saxena.ef@ll5), as is that of children of Malay origin
than in Malaysia (Saw et al., 2006). This sugg#stsit is the environmental exposures that
children receive in Singapore which are importandetting the prevalence of myopia, rather
than genetic background. It is also important ttertbat the gaps between the ethnic groups

have been closing over time.

Singapore produces detailed educational statmtiosh show that educational outcomes are
higher for Chinese compared to Indians and Malayailable at
https://www.moe.gov.sg/about/publications/education-statistics). Wu et al. (2001), in the 1996-7
sample of conscripts, therefore adjusted for edowcat differences, and the prevalence risk ratio
for myopia for Chinese was reduced from 1.3 to 4ri] from 1.1 to 1.0 for Indians, with Malays
as the reference group. Similarly, the prevalersteratio for high myopia was reduced from 3.0
to 1.5 for Chinese and from 1.3 to 1.2 for Indiaesative to the Malay population. The authors
concluded that myopia was strongly associated adtlrcation, but that the remaining ethnic

differences could be explained by genetic backgiaumother environmental factors.

This sort of adjustment is widely used in ophthalepidemiology, where it is generally used to
establish the existence of “independent risk factddowever, there are limits to the

effectiveness of this procedure (Brotman et al05)0lmportant issues are that complete
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abolition of associations can only be expected Wwigh quality definition and measurement of
variables, and that independence can only be rebfpastablished when all of the major
variables have been adjusted for. Conversely\iddates are included in the analysis, then
associations may be improperly eliminated. Wherptgger by Wu et al. was published, the
importance of time outdoors as a variable was eatgnized, but it is now known that children
from the three ethnic groups differ in the amouitiroe that they spend outdoors, with Malays
reporting more time outdoors than Indians and tBeimese (Dirani et al, 2012). Adjustment for
this variable would probably reduce the differenioesveen ethnic groups even further,
suggesting that most, if not all, of the differenbetween ethnic groups can be explained in

terms of differences in educational and outdooiosxpes.

These results suggest that the epidemics of myomdéahigh myopia have resulted from a perfect
storm of factors. The developed countries of Eadt$outheast Asia adopted mass
comprehensive education to support their econoeveldpment. Perhaps because of a long
cultural emphasis on education as the pathwaydoess, competitive aspects of the educational
process have been emphasized, with a high pammtahitment to the educational success of
their children. And this has been combined withuall patterns that tend to avoid time

outdoors, reflected in the low amounts of time ootd reported.

Important questions for the future are whether épislemic is likely to spread to other countries
in the region, which may follow the lead of themoaomically successful neighbours, and
whether it will spread to other countries arounelworld as they seek to compete with the
“winners” in PISA and TIMSS. In at least one coyritr Southeast Asia, Vietnam, performance

in the PISA and TIMSS surveys is increasing, amndlitbe an important test case to follow.

10. A framework for myopia prevention
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Seet et al. (2001) developed a framework for undedsng the emergence of an epidemic of
myopia in Singapore, and for prevention of myopiaey distinguished between distal factors
which covered broad social factors such as urbdaizand meritocracy, intermediate factors
such as indoor environment and near work activity proximal factors such as genetics and
biology. With the advantage of over 15 additionads of research, we propose a more
developed hierarchy of causal factors, based oadosocial changes, increasingly focusing on
factors more specifically related to education anpia, and linking them to specific changes
in processes that directly influence the rate adladongation, which is the primary biological

pathway which dictates the development of myopiguie 6).

There have been many social changes during thegsaxf urbanization and industrialization,
with increased population density, pollution, ches@ diet, but only the development of
modern schooling systems can be convincingly aasatiwith the increasing prevalence of
myopia, and only the particularly intensive fornisducation system common in the developed
countries of East and Southeast Asia, combined hatstyles that deprive children of protective
time outdoors can be convincingly associated withdpidemics of myopia. It is unlikely that

the more general social changes can be reversegearif reversal is really desirable.

10.1 Reform of myopigenic education systems

Some characteristics of the school systems indiveldped countries of East and Southeast Asia
can be called into question. These systems shginghrticipation and completion rates with
those of western countries, but are characterigezhdly competition for selective learning
streams and schools. Similarly, there is a stroegg on directed rather than exploratory
learning, large amounts or homework and/or extengse of out-of-school classes and tutorials,

which may deprive children of time outdoors.
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Many of these aspects can, over time, be modifieadministrative actions. For example, China
has defined the prevention of myopia as a taskdbools, and has moved to limit the
importance of key schools, thus reducing competitamd to limit homework loads. These steps
have often been opposed by parents, teachers aodtemhal administrators because of concerns
about educational outcomes, but the results ofnatenal testing suggest that good outcomes
can be obtained with less structured practicesteTisein fact, considerable debate over whether
the education provided in many systems in EastSmdheast Asia may end up stifling creative
thinking (Zhao, 2014). Action on these issues ip@yriven by concern about issues other than
myopia, such as concern about student mental héiatidss and obesity, as well as a desire to
produce more flexible thinkers. But, if fully impteented, they could have a major impact on the
prevalence of myopia, provided that private edwoceti services do not provide alternative
routes to high educational pressure. Until actsotaken at this level, schools will continue to

place students under pressure to become myopigtiegs continuing challenge.

10.2 Theimmediate priority isincreased time outdoors

The most immediate path to myopia prevention irosthis to increase the amount of time that
children spend outdoors within school hours (Hale2015; Wu et al., 2013). These two
school-based clinical trials (one in Guangzhoun@ldand the other in Kaohsiung, Taiwan) have
shown that this approach can produce reductio2%-&0% in cases of incident myopia over one
to three years. If these reductions can be sustdgreat least the duration of primary school, this
would make a major impact on the prevalence of riayapd high myopia and the risk of

myopic pathology. This policy is now being implerteshin Taiwan with the aim of getting
children outdoors for 2 hours a day, and initighsi are promising. A major focus has been to

ensure that children get out of their classroomdischool recesses, but some schools are
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experimenting with outdoor education in many a@abe curriculum, to add to the amount of
time that children get outdoors. Getting childremdmors as a myopia prevention poicy has also
been adopted in Singapore, but it is not yet seemtask for schools, but rather as an option for

parents. So far, there is no published evidenceffectiveness.

These matters are not directly under the contraliofcians, but clinicians and professional
associations could play an advocacy role. There asybe a role for reducing study pressures
and increasing time outdoors in clinical practasticularly as advice to parents of children

who appear to be at high risk of developing myobpigh myopia and pathological myopia.

10.3 Pharmacological and optic interventions

There are also interventions to slow the progressfonyopia, which are best described as
myopia control. Currently there are several intatins available, of which the use of low dose-
atropine (Chia et al., 2016) and orthokeratologyd®®rick et al., 2015) are the best validated
(Huang et al., 2016). Both are subject to uncetiesrabout long-term safety, which need further
work. But there are certainly things that clinigazan now do for progressing myopes. Recently,
the baseline data for a large randomized clinriall of multifocal soft contact lenses has been
published (Walline et al. 2017), which will provideme definitive data in this area. Depending
on the outcome of further research, increasing timtdoors may also provide an effective

intervention in this area.

10.4 A systematic school-based approach

Adopting the realistic aim of limiting the developnt of high myopia and pathological myopia,
a school-based approach could consist of implertientaf increased time outdoors, and

monitoring the development of refractive erroretsure prompt referral to clinicians for further
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interventions (Morgan, 2016). There is nothing n@®ut using schools in this way, but in
many places school-based vision monitoring hasialig disappeared. At least in the countries
currently faced with high prevalence of myopia &amgh myopia, this approach could have

profound effects. Taiwan has already taken thiserou

11. Futuredirections

At one level, future directions in this area arentltated by the need to take action. At the public
health level, school-based interventions to ina@e¢he amount of time that children spend
outdoors provide an immediate approach to redutiagnset of myopia, which should flow
through to reductions in the prevalence of high pigoThere is a further need to explore
changes to curriculum and school systems to reddaeational pressures, so that more time
outdoors is available. Further research into thiiacpatterns of children using objective

measurement techniques is needed, so that praeptposures can be more precisely defined.

Research over the past 20 years means that paegiaictice can no longer simply follow the
progression of a young myope, correcting theiraetfve error as it worsens, particularly when
they are at risk of high and pathological myopmetventions to slow progression based on low-
dose atropine and orthokeratology can now be im@hted for children at high risk of high
myopia. However, both these strategies are invaaive further research into myopic control
using customized spectacles and contact lensds asunultifocal soft contact lenses, and other

pharmacological agents, is desirable.

An area about which little is known is how high rpiaturns into pathological myopia. What
are the risk factors and processes involved isrguortant area for research to guide clinical

practice. But we should recognise that much hasadir been achieved, and something can now
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be done at both the public health and clinical lete slow down the development of myopia

and high myopia.

12. Conclusions

Overall, we conclude that the increasing prevaleméanyopia and high myopia can be largely
explained by two causal factors, increased edutatioressures and reductions in the amount of
time that children spend outdoors, both of whiobnpote the development of myopia. Increases
in the prevalence of myopia can be traced backdetergence of modern western education
systems over 100 years ago. A perfect storm of adyitational pressures and limited time

outdoors has converged to produce an epidemic opray

It is unlikely that the broad social changes ofuisitlialization and urbanization provide routes to
prevention for the foreseeable future. But the Bjggforms that school organization has taken in
East and Southeast Asia may be modifiable in wayshwwill reduce the amounts of near work
and deprivation of time outdoors imposed on childparticularly in the early years of
schooling. Coupled with increases in the amounined that children spend outdoors at school,
again particularly in the early years, this apploalteady shows promise as a preventive
strategy. It is inevitable that some children viall through the cracks, but they may be helped
by clinical interventions designed to slow the pesgion of myopia to high, and then

pathological myopia.

These two factors alone provide a good explandtiothe epidemic of myopia in the developed
countries of East and Southeast Asia and in Jeagh attending Orthodox schools. Many other

risk factors have been proposed, but the evidemrcenése two factors is strong, and other
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reported risk factors need systematic analysi®terchine if they are simply aspects of

education, or mediated by differences in time oatdo

There is another epidemic of myopia which has lwkseribed, in Inuit communities in Canada
and the United States. Much less is known abostgpidemic, but it appears to have different
characteristics to the other two epidemics, sihedével of educational pressure in those
communities was not nearly as high as that in @iakalewish schools for boys or the school
systems in developed countries East and Southegest We suggest that this epidemic may be
more influenced by deprivation of light exposuresdoors than educational pressures per se,
and it is worth noting that one of the early papeted the protective effect of absenteeism from
school to go hunting for seals outdoors (Morgaal et1975). Had this insight been followed up,
instead of being denounced because it did notifiit the dominant idea that myopia was under
almost complete genetic control (Sorsby et al, )9&fective public health prevention of

myopia might have been on the agenda well before no
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LEGENDS TO FIGURES
FIGURE 1
Geographical localization of the epidemic of myopia

Most of the countries in East Asia are known toéhawigh prevalence of myopia, but in
Southeast Asia, only Singapore is known to havigla prevalence of myopia. At present, the
epidemic of myopia is confined to the developedntoes of East and Southeast Asia.
FIGURE 2A

Estimated prevalence of myopia in different cohoftgoung adults aged around 20

Data taken from:

Hong Kong: Goh and Lam, 1994; Lam et al., 1994

Taiwan: Ding et al., 2017; Lin et al., 2004; Shitak, 2009

Singapore: Au Eong et al., 1993a,b: Chew et aB81%oh et al., 2014; Tay et al., 1992; Wong
et al, 2000; Wu et al., 2001

South Korea: Jung et al., 2012; Kim et al., 201&e ket al., 2013

FIGURE 2B

Estimated prevalence of myopia in different cohoftgoung adults aged around 20

Data taken from:

He et al., 2004,2009; Xiang et al., 2013, unpulelistiata from the Guangzhou RESC, and
Guangzhou Twin Eye Study

FIGURE 3

Reported prevalence of myopia and high myopia noua sites in East and Southeast Asia
Data taken from the following sources:

Lin et al., 2004;,Jung et al., 2012; Lee et al120Nu et al., 2013a; Koh et al., 2014; Guo et al.,

2015, and unpublished data from the Guangzhou BEyeaStudy.
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FIGURE 4

Relationship between prevalence of myopia in adarits state of development of the education
system

Data taken from:

Czepita et al., 2007; Dandona et al., 2002b: Direg.e2017; French et al, 2013a; Guo et al.,
2015; Holm, 1937; Jung et al. 2013; Koh et al.,£Q1n et al., 2004; Maul et al., 2000:
McCullough et al. 2016; Murthy et al., 2002; Naidetcal., 2003; Pokharel et al, 2000; Shih et
al., 2009; Skeller, 1954; Wu et al., 2013a; Zhaal £2000; and unpublished data from the
Guangzhou Twin Eye Study

FIGURE 5

Comparison of the distribution of spherical equévelrefraction error in young adults in
Guangzhou with that of Jewish boys in Israel atitegérthodox Jewish schools

Data taken from:

Zylbermann et al., 1993, and unpublished data fiteeGuangzhou Twin Eye Study

FIGURE 6

Distal and proximal environmental factors leadioghe epidemics of myopia.

Broad social factors develop specific forms whitipose excessive pressures on the biological
pathways that control eye growth. Educational prespromotes the development of myopia, as
does reduced time outdoors in schools in the dpeelaountries of East and Southeast Asia.
Modifying these environmental factors may be ablestiuce the myopia epidemics to levels
produced by western education systems, without comiging educational outcomes.

These environmental factors converge on pathwatsctintrol axial elongation, which is the
major regulated pathway leading to the developroéntyopia. Pharmacological and optical
interventions can attempt to reverse directly th@nges induced by these environmental factors
(for example increase the release of dopaminegby br pharmacologically), or inhibit
processes down-stream of these regulatory evesitaté part of increased axial elongation.
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FIGURE 1

Geographical localization of the epidemic of myopia. Most of the countriesin East Asia are known to have a high prevalence of
myopia, but in Southeast Asia, only Singapore is known to have a high prevalence of myopia. Thus, at present, the epidemic of

myopiais confined to the developed countries of East and Southeast Asia.

%

B Asio
High myopia
East Asia - low myopia

[ Southeast Asia

B south Asia (0}

Created with mapchart.net ©



FIGURE 2A Estimated prevalence of myopiain Hong Kong, Singapore, South Korea and
Talwan at the age of 20
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FIGURE 2B Estimated prevalence of myopiain Guangzhou, Chinaat the age of 20 years
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Data taken from the following sources:

(He, Zeng et a. 2004, He, Huang et al. 2009) and unpublished data from the Guangzhou

Refractive Error in Study in Children (RESC) and Guangzhou Twin Eye Study (GTES)



FIGURE 3  Prevaence of myopiaand high myopiain school-leaversin selected areas of East Asia
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FIGURE4  Relationship between the prevalence of myopia and state of the education system
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FIGURE 5
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FIGURE 7

BROAD SOCIAL FACTORS
Urbanization, industrialization, pollution, changes in diet

The development of mass education for around 12 years

CHARACTERISTICS OF THE EDUCATION SYSTEM

High completion rates, early competition for selective learning streams and schools, and
competition for limited places in tertiary institutions

SPECIFIC EDUCATIONAL PRACTICES

Focused study, early introduction of homework, and extensive use of out-of-school
classes and tutorials = large amounts of near work

Limited opportunities for time outdoors, reinforced by cultural barriers to spending time
outdoors

UNDERLYING BIOLOGICAL PROCESSES
Acceleration of axial elongation, probably due to imposed hyperopic defocus

Disruption of regulation of axial elongation by light and dopamine

OTHER BIOLOGICAL INTERVENTIONS

Atropine, reduced hyperopic defocus and imposed myopic defocus




Highlights

* There is an epidemic of myopia in the developed countries of East and Southeast Asia

* Arelated epidemic of high myopia is due to early onset myopia and rapid myopic progression
e Thereis a new and highly prevalent form of high myopia, which is acquired rather than genetic
* Intense education and limited time outdoors play major causal roles in both epidemics

e These modifiable risk factors are already being used in schools to contain the epidemics



