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Environmental Factors and Myopia: Paradoxes
and Prospects for Prevention

Kathryn Ailsa Rose, PhD,* Amanda Nicole French, PhD,* and Ian George Morgan, PhD†‡

Abstract: The prevalence of myopia in developed countries in East and
Southeast Asia has increased to more than 80% in children completing
schooling, whereas that of high myopia has increased to 10%–20%. This
poses significant challenges for correction of refractive errors and the man-
agement of pathological high myopia. Prevention is therefore an important
priority. Myopia is etiologically heterogeneous, with a low level of myopia
of clearly genetic origins that appears without exposure to risk factors. The
big increases have occurred in school myopia, driven by increasing educa-
tional pressures in combination with limited amounts of time spent out-
doors. The rise in prevalence of high myopia has an unusual pattern of
development, with increases in prevalence first appearing at approximately
age 11. This pattern suggests that the increasing prevalence of high myopia
is because of progression of myopia in children who became myopic at ap-
proximately age 6 or 7 because age-specific progression rates typical of
East Asia will take these children to the threshold for high myopia in 5
to 6 years. This high myopia seems to be acquired, having an association
with educational parameters, whereas high myopia in previous
generations tended to be genetic in origin. Increased time outdoors can
counter the effects of increased nearwork and reduce the impact of
parental myopia, reducing the onset of myopia, and this approach has
been validated in 3 randomized controlled trials. Other proposed risk
factors need further work to demonstrate that they are independent and
can be modified to reduce the onset of myopia.
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I n the past few decades, the prevalence of myopia and high my-
opia has increased dramatically in the developed parts of East

and Southeast Asia—specifically in Japan, South Korea,
Singapore, Taiwan, Hong Kong, and mainland China.1 In young
adults in these countries, the prevalence of myopia [≤−0.5 diopters
(D)] is now more than 80% in those completing secondary educa-
tion, whereas the prevalence of high myopia (≤−6 D) in that group
can be as high as 20%.2–7 In other countries in the region, such as
Laos8 and Cambodia,9 the prevalence of myopia is low, as it is in
many other parts of Asia.10,11

These developments pose 2 challenges for the affected coun-
tries: that of supplying appropriate corrections and that of dealing
with the pathological consequences of high myopia, such as retinal
detachments, which can first appear in childhood.12 Later in life,
myopic macular degeneration,13 choroidal neovascularization,

staphyloma, andmyopic retinoschisis increase in prevalence, partic-
ularly when associated with more severe refractive errors.14 These
pathological changes are not prevented by correction of the refrac-
tive error and are currently difficult and often costly to treat. In ad-
dition, there is an increased risk of glaucoma15 and cataract16

associated with myopia and particularly high myopia. Prevention
has thus become urgent as the only way to reduce the burden of
disease imposed by the current trends.

THE ETIOLOGY OF MYOPIA AND HIGH MYOPIA
The increases in prevalence of both myopia and high myopia

have been too rapid to be explained by genetic change, implicating
environmental factors. It is now common to read literature reviews
suggesting that myopia results from complicated interactions be-
tween genetic and environmental factors.17,18 This represents a
significant step forward from the once common statements that
myopia is predominantly genetic but skates over an important is-
sue, namely that myopia is etiologically heterogeneous. For exam-
ple, there are approximately 300 genetic mutations in which
myopia is a feature (www.omim.org).Many of these affect constit-
uents of the scleral extracellular matrix18 or visual processing
pathways in the outer retina19 and would probably lead to myopia
in almost all livable environments. All clearly run in families but
are quite rare. Well-known examples of these conditions include
Marfan and Stickler syndromes and congenital stationary
night blindness.

We can get some idea of the cumulative quantitative impor-
tance of these genetic forms of myopia from the prevalence of my-
opia in societies that live in relatively natural environments, with
little development of formal education systems that require many
years of study from children. Some of the earlier evidence has
been reviewed by Post20 and Cordain et al.21 In these societies,
the prevalence of myopia is only a few percent by the end of ado-
lescence. The standard of epidemiology in many of these earlier
studies is low, but the Refractive Error Study in Children in
Nepal provides a recent example, which was carried out with
gold standard methodology,22 and there are other recent exam-
ples as well.8,9,23–25 This evidence shows that children do not
become more myopic just with increasing age, although it some-
times seems that way in modern developed societies. Instead,
apart from long-term hyperopic shifts associated with loss of
lens power,26 refractive development stabilizes in people, both
children27 and young adults in a state of mild hyperopia,28 except
if environmental exposures push them into emmetropia and
then myopia.

The fact that some forms of myopia are genetic does not
mean that all forms are, and these numerous but rare conditions
can be contrasted with a broad class of myopia that can be called
school myopia.29 It can reach epidemic levels in economically de-
veloped, highly urbanized societies in which most children com-
plete secondary education and many undertake postsecondary
studies. The Refractive Error Study in Children in Guangzhou re-
ports an example of this situation, where the prevalence of myopia
has reached modern epidemic proportions.30

It is important to recognize the etiological heterogeneity of myo-
pia, but it is possible to take an emphasis on etiological heterogeneity
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too far. Flitcroft,31 paraphrasingTolstoy’swords on happy and unhappy
families, suggested that “emmetropic eyes are all alike; every myopic
eye is myopic in its ownway.”Although the literary allusion is elegant,
the rapid synchronous rise of the prevalence of myopia in East and
Southeast Asia indicates that common factors are in fact at work in
the development of myopia. If they were not, their lack would make
prevention almost impossible. Flitcroft31 has also criticized “the natural
tendency of scientists to seek a unitary tendency to explain any phe-
nomenon.” However, we believe that the search for unifying parsimo-
nious explanations is an important part of the progress of science,
which should only be abandoned when the evidence imposes a more
complex hypothesis.

EARLY-ONSET SCHOOL MYOPIA LEADS TO
HIGH MYOPIA

As noted previously, both myopia and high myopia have in-
creased markedly in younger generations in East and Southeast
Asia. Generally, the increased prevalence of myopia is first noted
when children start school19 and, with modern intensive educa-
tion, can continue to increase for the next 2 decades of life.32–35

The prevalence of high myopia follows a different pattern, and in-
creasing prevalence rates only start to emerge after age 11 to
13 years.5,7,36 This pattern of age dependence suggests that the in-
crease in the prevalence of high myopia builds on the epidemic of
ordinary myopia because one of its features is that environmen-
tally induced myopia starts to appear approximately at the age of
6 years. With the high progression rates that are seen in East and
Southeast Asia,37 which are approximately −1 D/y in younger
children, a child who becomes myopic at 6 or 7 years will reach
the threshold for highmyopia of −6Dwithin 5 to 6 years. Because
the increasing prevalence of high myopia is based on the environ-
mentally driven epidemic of myopia, we have suggested that this
form of high myopia should be called acquired high myopia36 to
distinguish it from the classical forms of high myopia that have
a fundamental genetic basis. This hypothesis has recently been
confirmed by Jonas et al38 in a study showing that high myopia
in older cohorts has little association with educational parame-
ters, whereas high myopia in younger cohorts has clear associ-
ations with education.

MYOPIA AND EDUCATION
Two major environmental factors have dominated discussion

of the etiology of school myopia. The first is prolonged intense ed-
ucation. With the development of modern education systems in
Europe and North America, an increase in cases of myopia was
noted by early researchers such as Cohn.39 Although the epidemi-
ological standards of the day were low, the hypothesis that educa-
tion led to myopia was developed and has been supported by
almost all research that has subsequently examined the issue. A re-
cent detailed study from Germany has further supported this asso-
ciation, showing that environmental exposures were more
important than genetic differences in explaining the higher preva-
lence of myopia in people with more education.40 When mass ed-
ucation systems developed somewhat later in East and Southeast
Asia in societies where social structures emphasized education
as the path to success and family structures enforced intense study
regimes, the current epidemics emerged.

Education is, however, a complex variable, which covers not
only duration but also intensity. The literature on this topic is ex-
tensive, and we have cited selected but illustrative examples only.
Adults with more years of education tend to be more myopic.40,41

Within the school years, myopia also correlates with IQ and aca-
demic scores.42–44 Children in accelerated learning streams45 and
key or selective schools,6,39,46,47 along with those who participate

in more tutorial classes outside of school,48 also tend to be more
myopic. At this stage, there is no simple metric that captures all
these dimensions of education.

The link to education can be seen clearly in current data on
educational performance by country gathered by the Organisation
for Economic Cooperation and Development through its Program
in School Achievement.48 Countries with known high prevalences
of myopia dominate the list of high-performing countries, and no
country without high educational performance is known to have a
high prevalence of myopia. However, there are some countries in
the list of high educational performers that do not seem to have an
epidemic of myopia, including Australia, New Zealand, Canada,
and Finland, and examination of their lifestyles and educational
systems, which can deliver high educational outcomes without
an epidemic of myopia, may provide significant insights into
myopia prevention.

EDUCATION AND NEARWORK
Although the links to education are clear, it is not clear what

the causal exposures are, for it is obvious that receiving a qualifi-
cation does not, of itself, create myopia. Nearwork has generally
been regarded as the important causal activity, but correlations be-
tween nearwork and myopia are not as strong and consistent as
those between education and myopia. As a result, some have sug-
gested that nearwork is not an important factor.49 However, asso-
ciations with nearwork are frequently reported, and a recent meta-
analysis has shown that there is a generally consistent association
between nearwork and myopia.50

Initially, more accommodation was believed to be the impor-
tant factor in linking nearwork to myopia—an idea supported by
the ability of atropine to block axial elongation.51,52 However, an-
imal studies have shown that eye growth can be actively regulated
even when accommodation is not active,53–55 and that eye growth
can be blocked by atropine in animals in which atropine does not
affect accommodation,56 undermining the case for accommoda-
tion as a key factor.

DEFOCUS SIGNALS, ACCOMMODATIVE LAG, AND
THE MYOPIC DEFOCUS PARADOX

Attention has therefore shifted to defocus signals, perhaps
associated with accommodative lag and resulting hyperopic
defocus. Thinking in this areawas stimulated by studies on animal
models,57,58 which showed that the eyes of young animals respond
to hyperopic defocus with increased axial elongation, whereas the
rate of axial elongation slows in eyes exposed to myopic defocus.
Brief periods of myopic defocus are very powerful and override
longer periods of hyperopic defocus.59

Applying these principles to refractive development in chil-
dren of school age when most human myopia develops is prob-
lematic, however, because the power of the myopic defocus
signals implies that myopia should be a self-limiting condition,
which it clearly is not. Similarly, if myopic defocus signals played
a major role in preventing the onset and progression of myopia in
children, then correcting myopia should also be dangerous. But
this standard clinical practice has been shown to be quite safe,
whereas undercorrection is, if anything, slightly harmful.60 A
possible resolution of this myopic defocus paradox is that the
defocus signals operate strongly in early refractive development,
where they probably account for the appearance of the classical
leptokurtic distribution of refractive error, but may be weaker dur-
ing the later period of refractive development in humans. This par-
ticularly applies to the myopic defocus signals.

Attempts to control myopic progression by reducing accom-
modative lag with a range of optical devices have yielded weak
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and inconsistent effects,61 although some successes have been re-
ported.62 Thus, although the effects of hyperopic defocus, either
in the fundus or the peripheral retina, remain the most plausible
link between nearwork and myopia, there are clearly gaps in
our understanding.

TIME OUTDOORS
The idea that spending time outdoors would protect from

the development of myopia also has a long history, generally
associated with the idea that long viewing distances outdoors
would reduce the need for accommodation. Concrete evidence
of a protective effect of time outdoors has only been obtained
recently, but the field has developed very rapidly since then.

The first serious scientific evidence came from a longitudinal
study, which reported that children who spent more time outdoors
were less likely to progress, although the effect was seen only in
boys.63 Somewhat later, Mutti et al64 reported that time spent on
sports was associated in cross-sectional data with less myopia,
but the effect was small. More recently, the protective effects of
time outdoors have been reported in cross-sectional data from the
Sydney Myopia Study (SMS)65 and in longitudinal data from the
Orinda study66 and SMS.67,68 Consistent results were also reported
from the Singapore Cohort Study of the Risk Factors for Myopia
(SCORM)69 and the Avon Longitudinal Study of Parents and Chil-
dren (ALSPAC),70 alongwith several other studies.71–86 However, a
few studies, predominantly from East Asia, have reported insignif-
icant effects, perhaps because of the low amounts and variation in
time spent outdoors.87–91 Importantly, 3 clinical trials carried out
in East Asia have shown that increasing the amount of time that
children spend outdoors is able to reduce the onset of myopia.92–94

The Orinda study showed that higher levels of time outdoors/
sports reduced the additional risk of myopia associated with hav-
ing myopic parents,66 whereas SMS showed that higher levels of
time outdoors reduced the effects of increased amounts of
nearwork.67 Both studies provided evidence of threshold and sat-
uration effects and suggested that 2 to 3 hours a day outdoors, out-
side of school hours, would provide considerable protection.

These results generated 2 controversies. The first was whether
the protective factor was time outdoors or time spent on physical ac-
tivity. The SMS showed that outdoor leisure activities and outdoor
sports activities were protective,67,68 whereas sports activities in-
doors were not—a result confirmed in the SCORM study.69 Data
from the ALSPAC study also supported this idea.70 Some studies
have reported protective associations of physical activity, but none
have demonstrated that this effect can be dissociated from the ef-
fects of time spent outdoors.70,95 This evidence suggests that pre-
ventive interventions based on indoor physical activity are not
likely to protect from myopia and cannot be substituted for time
outdoors during daylight hours.

The second area of controversy was the mechanism of the
protective effect. In SMS, we initially considered several possible
mechanisms, ruling out a simple substitution effect (time outdoors
replacing study time) and physical activity.65 We considered
whether increased depth of focus and reduced image blur due to
pupil constriction might be involved, although the narrow light in-
tensity range involved in control of pupil size did not fit well with
the range of light intensities that differentiated between indoor and
outdoor environments. We therefore proposed that bright light ex-
posures outdoors during daylight hours (which can easily reach
10,000–100,000 lux or more) compared with typical low light in-
tensities indoors (which are generally well less than 1000 lux)
might be the important factor, based on 2 phenomena well docu-
mented in animal studies, namely, light stimulation of dopamine re-
lease from the retina and inhibition of axial elongation by dopamine
agonists. These topics have been comprehensively reviewed.96,97

We also considered the classical hypothesis of reduced ac-
commodation outdoors.We rejected this as not consistent with hu-
man behavior because people outdoors do not gaze constantly at
the horizon but often interact with quite close objects, including
other people. We also felt that the cues from defocus outdoors
were quite ambiguous because the defocus experienced depends
on what the person is looking at. An emmetrope focused on the
horizon would in fact experience hyperopic defocus from all
closer objects in the visual field, which would be expected to pro-
mote myopia, whereas one focused on a nearer object, such as an-
other person’s face, would experience a mix of hyperopic and
myopic defocus from other objects in the visual field. Neverthe-
less, a mechanism that combines the concept of the mix of defocus
depending on the plane of focus with the idea that there may be a
mechanism for detecting defocus uniformity in visual fields that
might protect frommyopia has recently been put forward.31 How-
ever, there is no evidence that a mechanism for detecting dioptric
uniformity exists and, apart from the evidence from animal stud-
ies, this idea has not been experimentally tested. As an alternative
to the emphasis on visible light, Prepas98 proposed that ultraviolet
(UV) light exposures outdoors, which clearly differ in indoor and
outdoor environments, might be important.

What we call the light-dopamine hypothesis has been sup-
ported strongly by animal experiments. The development of
form-deprivation myopia can be markedly reduced by increased
light intensity,99–101 and the protective effect of bright light can
in turn be abolished by administration of dopamine antagonists.102

The ability of light to prevent myopia induced by imposed hyper-
opic defocus is much less,102,103 and it is worth noting that form-
deprivation myopia does not involve defocus signals. Perhaps, in
this respect, the form-deprivationmodel is more similar to the pro-
cesses taking place in human myopia when defocus signals, par-
ticularly the myopic defocus signals, are weaker, even though
some argue that the lens-induced model is a better model. We
suggest that the lens-induced model is appropriate for the
emmetropization process that takes place in infants in the first
2 years after birth, in which hyperopic and myopic defocus sig-
nals combine to produce a tight distribution of refraction from
the Gaussian distribution seen in very young infants, but is less
relevant to later stages of human refractive development.

The form-deprivation model has been useful in clarifying
mechanisms in other ways. It has shown that manipulating only
1 variable, light intensity, can completely block the development
of myopia.100,101 The lights in these experiments were UV-free,
which, in combination with evidence that intense UV lights do
not affect emmetropization,104 suggests that UV exposure is not
important. Although there is an inverse relationship between vita-
min D levels and myopic refractive error,105–108 detailed studies
have suggested that this link is not causal but is due to the fact that
outdoor exposures prevent myopia and increase vitamin D levels
in parallel.106 Similarly, because the only variable manipulated
in the animal studies is light intensity, these experiments did not
involve major changes in the spatio-temporal pattern of hyperopic
and myopia defocus, which shows that control can be exerted
without changes in defocus signals. However, we stress that even
though increasing light intensity can completely block form-
deprivation myopia in animals and significantly reduce the onset
of myopia in humans, this does not preclude effects through other
mechanisms. Additional evidence against their role, such as in
relation to UV/vitamin D and physical activity, is required to
more definitively assess if there are any effects from these
other mechanisms.

Fortunately, any uncertainties about the mechanism do not
prevent using increased time outdoors to prevent the onset of
myopia, an approach that has been validated in 3 clinical trials
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reporting successful reduction in the onset of myopia. These
trials have given results consistent with the estimates of expo-
sure times for maximum protection that have been made from
cross-sectional and longitudinal epidemiological studies in
humans, suggesting that more time outdoors should provide
greater protection. The lack of involvement of UV exposure
is also of practical importance because it means that increased time
outdoors can be combined with skin and eye protection measures.

There is, however, one final paradox in that, although time
outdoors slows the onset of myopia, it does not seem to affect
the progression of myopia, that is, the myopic shift in refraction
seen in established myopes.67,109 Both onset and progression
depend on axial elongation, and it is not clear how axial elonga-
tion could be differentially regulated before and after onset,
even though distinct changes in axial elongation before and af-
ter myopia onset have been reported.110,111 We have suggested
that this may be a statistical problem related to the narrower
ranges of nearwork and time outdoors seen in myopes than in
the broader population. Progression can certainly be actively
regulated by environmental factors because there are marked
seasonal differences in progression rates112–115 consistent with
seasonal changes in nearwork and time outdoors. More work
in this area is therefore necessary.

QUANTIFYING TIME OUTDOORS
One of the greatest limitations of work in this area is the dif-

ficulty of quantifying nearwork and time outdoors. Most work has
used questionnaires, and there have been few studies using more
objective measures of exposure. Among the most influential stud-
ies, the Orinda/Collaborative Longitudinal Evaluation of Ethnicity
and Refractive Error studies, initial studies in the Singapore
SCORM study, and the ALSPAC study used simple questions to
obtain information. In contrast, the SMS65 developed a question-
naire on detailed activities rather than global estimates, which
also attempted to analyze where particular activities took place
(indoors or outdoors) and whether they involved significant phys-
ical activity. Use of this questionnaire showed that the important
protective factor was total time outdoors rather than engagement
in sports as such and that indoor sports did not have a protective
effect. These observations were confirmed in studies in Singapore
using a modified version of the SMS questionnaire.69

Attempts to validate these questionnaires, along with an ac-
tivity diary developed in Singapore, suggest that they give at best
a semiquantitative fit with objective measures of light exposures
obtained by devices such as HOBO (Onset Computer Corporation,
Bourne, MA) light meters and Actiwatches (Philips Respironics,
Pittsburgh, PA), particularly in relation to time outdoors.116–118 Fur-
ther development and validation is therefore required, but the fact
that consistent effects have been obtained while using imperfect
instruments suggests that the effects of time outdoors are likely
to be very robust.

With this knowledge, it became possible to design a ques-
tionnaire that directly addressed the most important issues. Initial
work was funded by the World Health Organization; but field
trialing suggested that the World Health Organization question-
naire required adaptation, and several versions have since been de-
veloped. These have tended to converge on a diary format. An
online version has now been created. Major questionnaires devel-
oped by the Sydney and Guangzhou groups are available online
(www.uts.edu.au/staff/kathryn.rose). Assessment of nearwork is
also likely to be problematic, but less work on validation has been
performed. However, recent development of devices capable of
monitoring both nearwork and light exposure should allow for in-
creased precision of these important measurements.

ARE THERE OTHER IMPORTANT RISK FACTORS?
In principle, there are many factors other than variations in

schooling and time outdoors that could explain the difference in
prevalence of myopia in more natural societies as compared with
urbanized industrial societies with intensive education systems.
Cordain et al21 have suggested that changes in diet toward more
processed, high–glycemic index foods are important but, al-
though the mechanism postulated is elegant, most of the predic-
tions from the hypothesis, such as a strong relationship between
height and/or obesity and myopia, have not been consistently
demonstrated.88,90,119 In fact, some of the most obese societies
in the world, such as the Pacific Islands (https://www.cia.gov/-
library/publications/the-world-factbook/rankorder/2228,rank.
html), have some of the lowest prevalences of myopia,120,121

suggesting that metabolic syndrome and myopia are far from
tightly linked. The few direct pieces of evidence suggest that
changes in diet are associated with increased height and axial
length but not with changes in refraction.88,90

Others have suggested that pollution might be important.
This is a rather open-ended topic because there are many forms
of pollution. However, in general, Singapore as a location is much
less polluted than many Chinese cities, and Guangzhou is much
less polluted than Beijing, but the prevalence of myopia is simi-
larly high in all locations. The city of Guangzhou has markedly re-
duced atmospheric pollution during the past 10 years, but there
has been a further increase in the prevalence of myopia. Historical
data are also relevant, although the epidemiological data of the
time are often of poor quality. Cities in the industrializingWestern
world in the 19th and 20th centuries were very highly polluted, yet
there is no evidence of an epidemic ofmyopia at that time. The last
major outbreaks of deaths associated with pollution in the United
Kingdom and the United States occurred as recently as the 1950s
and 1960s and provoked the promulgation of clear air legislation.
We have some solid epidemiological data on young adults from
that period,28 which shows that there was very little myopia, sug-
gesting that pollution is not a major factor.

Another factor implicated is population density. A statisti-
cally significant association between population density and prev-
alence of myopia in China has also been reported, but the data
show that even in the locations with the lowest population density,
the prevalence of myopia was high.122 Thus, the protective associ-
ation with lower population density does not seem to account for
the epidemic of myopia. A related factor is access to green space,
which has also been suggested to provide protection from the de-
velopment of myopia.123 The evidence on this factor is currently
not strong. It could also be complicated to interpret if locations
with lower population density and greater access to green space
tended to increase the amount of time that children spend outdoors
or, alternatively, have wealthier populations that place more em-
phasis on education for their children. This points to a major prob-
lem in studies of this kind with confounding covariates.

In addition to these social factors, Rahi et al124—after de-
scribing factors such as educational or other “nearwork” activities,
time spent outdoors, and exposure to ambient lighting as “the pu-
tative main drivers of secular trends inmyopia”—also emphasized
the importance of individual prenatal and early-life influences,
such as maternal height and age, and family socioeconomic status.
Other studies have identified factors such as birth order,125 season
of birth,126 and health conditions during childhood.127 At present,
there is no clear evidence that these factors are independent risk
factors, and none seem to hold out real promise of prevention be-
cause of the low magnitude of the effects. Rahi et al124 have argued
for “the application of genetic and lifecourse epidemiologic and
statistical approaches…to understand the prenatal and early life
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biological, social, and lifestyle influences on refractive error and
their relationships with genetic determinants and eye-specific fac-
tors relating to visual experience later in life” and suggested that
“without this complex integrated approach, the prospects for
prevention or modification of this globally important disorder
are likely to remain limited.” However, the recent successful
trials92–94 suggest this is not correct and that manipulating only
the factor of time outdoors has the potential to significantly re-
duce the epidemic of myopia.

OTHER EPIDEMICS OF MYOPIA
Although the epidemic of myopia in East and Southeast Asia

has attracted the most attention, there have been other outbreaks of
high prevalences of myopia with quite specific characteristics. In
Israel, the prevalence of myopia in boys attending orthodox
schools was much higher than in girls attending similar schools
or boys and girls attending more secular schools.128 The high
prevalence of myopia and high myopia reported in orthodox boys
is very similar to that seen in the East and Southeast Asian epi-
demic but, in these locations, girls also have a high prevalence
of myopia and are often more myopic than boys. It is possible to
postulate that a sex-linked gene confers special sensitivity to edu-
cation in orthodox Jewish boys, but the premise that the causal fac-
tor is the intense study pressure and study habits of orthodox boys
has generally been accepted and provides a unifying hypothesis.

An epidemic of myopia also appeared in Eskimo and Inuit
populations as they moved into settlements.129–131 This was gen-
erally attributed to the introduction of schooling and, to some ex-
tent, to a decrease in time spent outdoors. However, the epidemic
of myopia in East and Southeast Asia only appeared when highly
competitive mass education systems emerged. It is certain that the
education provided to the Eskimo and Inuit communities was
much less intensive. A plausible explanation of this epidemic is
that the extreme variations in light-dark cycles experienced in far
northern latitudes means that for several months a year, there is
not sufficient light to block the development of myopia. Other ex-
planations are possible, but a parsimonious unifying hypothesis is
that educational pressures and light exposures outdoors are the 2
major factors involved in regulating the development of myopia
in the 3 myopia epidemics that have been documented.

COMPUTERS AND OTHER ELECTRONIC DEVICES
Recently, there has been considerable speculation about

the role electronic devices, including computers, tablets,
smartphones, and video games, might have played in the ap-
pearance of the epidemic of myopia, and Taiwan has taken leg-
islative action to limit their use by young children. What we
know for certain is that these devices are not responsible for
the current epidemic of myopia in East and Southeast Asia be-
cause 18-year-old Taiwanese were already very myopic in
19835 when these devices were not in common use and many
had not been invented. The World Wide Web, for example,
was not opened for public use until 1993. Similarly, it is impossi-
ble that they had any role in the epidemic of myopia in Eskimo
and Inuit communities or in orthodox Jewish boys. Thus,
abolishing their use is unlikely to end the epidemic of myopia.

However, it remains possible that these devices have pro-
vided additional pressure toward myopia from increased nearwork
or further reduced time outdoors, making it harder to turn around
the current epidemic. Concerns about these devices seem to be
largely based on the belief that there have been significant in-
creases in the prevalence of myopia in children of preschool age,
but it is not clear that there have been major increases in children
of this age. The evidence is quite inconsistent, with preschool

myopia reported to be relatively high in some locations.132–137

There is a general problem with ensuring adequate cycloplegia
in young children because even a small amount of pseudomyopia
could significantly inflate the prevalence of myopia, and it may be
relevant that the prevalence of myopia in these studies has been re-
ported to be high in children of African American, Hispanic, and
Asian (predominantly Chinese) ancestry in the United States and
of Chinese, Indian, and Malay ancestry in Singapore, who tend
to have dark irises, which decrease the effectiveness of cycloplegic
agents. In contrast, in the same studies, the prevalence of myo-
pia in children of European ancestry, who tend to have less
pigmented irises, was significantly lower.134 However, after more
rigorous cycloplegia, the prevalence of myopia in Chinese pre-
school children from Shenzhen, China, was much lower, similar
to that in preschool children of European ancestry,138 and similar
levels have been reported, but not yet published, fromGuangzhou.
More work is clearly required to establish that there is an increas-
ing prevalence of myopia in preschool children.

CONCLUSIONS
The unifying hypothesis that the prevalence of myopia at the

end of schooling is primarily determined by educational exposures,
modulated by the amount of time that children spend outdoors,
seems to be able to explain all the existing data. In general, high ed-
ucational pressures are required for the prevalence of myopia and
high myopia to increase to epidemic levels. The only exception to
this rule seems to be the epidemic of myopia that occurred in Es-
kimo and Inuit communities, but this may be explained if the ex-
treme variation in light-dark cycles in northern latitudes makes
control of refractive development more difficult.

The identification of time outdoors during daylight hours as
a factor that protects from the development of myopia has led to a
clear strategy for preventing the onset of myopia, that of increas-
ing the amount of time that children spend outdoors at school.
Bright light encountered outdoors probably causes the protective
effect via light-stimulated release of dopamine, which inhibits
axial elongation.

It remains to be established whether other identified risk fac-
tors are independent or are mediated by changes in educational
pressures and/or outdoor exposures. At present, none of the other
factors documented seem to provide effects that can be readily ma-
nipulated and that have effect sizes that are likely to provide signif-
icant protection. Although we have not reviewed the topic in this
article, genetic research has also provided little insight into pre-
vention so far.

Therefore, major research priorities for the future are to trial
further initiatives that increase outdoor exposures for children,
given the apparent dependence of the amount of protection con-
ferred by duration of exposure. This needs to be coupled with
the development of methods for better quantifying nearwork and
time outdoors, particularly in relation to duration and intensity,
and determining other aspects of light exposure that may be rele-
vant to the prevention of myopia.
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