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The Big Questions 
in Myopia



Summary
• Definition- is myopia a ‘disease’?
• How accurate are projections of future myopia prevalence?
• What is the prevalence of myopia in US school children right now?
• What can be done to delay onset or slow progression of pathologic 

myopia in the hundreds of millions of people at risk (and how do we 
get resources to drive research into developing treatments?)

• How does the retina detect the sign of defocus?
• Do electronic devices really affect myopia onset and progression?
• What does the retinal dioptric map look like during various types of 

near work? What is the role of indoor light levels in myopia?
• What should the public health approach to myopia management be?
• How effective will myopia management be in reducing the public 

health burden?
• How do we activate parents, practitioners, institutions and agencies 

to address the myopia issue?
• Should uncorrected refractive error be a focus here? The solution is 

available, it is just a question of marshalling resources.



Definitions

Should we call juvenile-onset myopia ‘primary myopia’?
As opposed to secondary myopia, which may be due to syndromes, 
diabetes, cataracts etc.

Is the IMI definition adequate?
That definition is strictly optical, does not address the nature, the 
underlying mechanism or the potential consequences of myopia.

Is myopia a ‘disease’?
It arguably fits the definition. 
Important distinction in attracting appropriate attention/funding.
Parallels with, say, diabetes which, on its own, is just a number (blood 
glucose level), but is considered a disease and places the individual at 
risk of complications.
An authoritative statement is needed.

Can myopia be considered to be ‘progressive’?
Like many progressive diseases, it may stabilize but there is always the 
risk of progression to pathologic myopia and vision loss at all levels of 
myopia. There is no safe level of myopia.

Is the term ‘high myopia’ helpful or harmful?
It is a very well accepted term and concept— but there is no clear 
discontinuity in risk of complications and it serves to underplay the risk in 
low and moderate myopia.



Prevalence

Are projections of prevalence for 2050 accurate?
While the analysis seems solid, data underlying the projections are 
weak. If the projections are correct, in 2050, the USA should have 
higher myopia prevalence than East Asia now. And we know that 
myopia is a major public health issue in East Asia right now. 
Further, current USA prevalence should look similar to what East 
Asia did in 1990. Is that reasonable?

What is the current prevalence of myopia in United States 
schoolchildren?

To make realistic projections for future decades, data are 
urgently needed. Propose epidemiological study.

What do we need to get better projections?
What about beyond 2050?

Holden et al. Ophthalmology 2016; 123:1036 



Prevalence

2020
East Asia

2050
Nth America

Myopia 51.6% 58.4%

High Myopia 13.8% 14.7%

Holden et al. Ophthalmology 2016; 123:1036 
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Prevalence

Are projections of prevalence for 2050 accurate?
.While the analysis seems solid, data underlying the projections are 
weak. If the projections are correct, in 2050, the USA should have 
higher myopia prevalence than East Asia now. And we know that 
myopia is a major public health issue in East Asia right now.
Further, current USA prevalence should look similar to what East 
Asia did in 1990. Is that reasonable? 

What is the current prevalence of myopia in United States 
schoolchildren?

To make realistic projections for future decades, data are 
urgently needed. Propose epidemiological study.

What do we need to get better projections?
What about beyond 2050?

Estimated prevalence of myopia by age stratified by country 
for East Asians, and (2) stratified by continent for South Asians

Prevalence (%) of myopia by age

5 years 10 years 15 years 18 years Year

Australia 1.9 13.6 40.6 — 2005
China 3.9 24.9 59.0 71.9 2005
Hong Kong 9.2 45.3 78.2 86.4 2005
Japan 1.7 12.2 37.6 51.7 1990
Malaysia 4.6 28.4 63.2 75.3 1990
Mongolia 0.3 2.7 10.8 17.7 2003
Singapore 14.9 59.0 86.2 91.7 2005
Taiwan 10.1 48.0 80.0 87.6 2005
USA 4.9 — — — 2005
Sth Asians by continent

In Sth Asia 3.6 6.4 9.1 10.3 2005

Not in Sth Asia 20.4 31.6 40.5 43.8 2005

Rudnicka et al. Br J Ophthalmol 2016; 100:882 



Complications
Will complications of myopia become the biggest cause of vision impairment 
globally?

Already, “pathologic myopia is the leading cause of irreversible blindness in 
Taiwan, Japan, and China”. Since most cases of the myopia epidemic are people 
born after 1970, the oldest are in their early fifties. Since incidence is highest after 
60 years of age, this portends a ‘tsunami’ of disease in coming decades.

What about the Western World?
No evidence of a spike in incidence of MMD in the US yet but, given timelines, 
that is not surprising.

What can be done to delay onset or slow progression of pathologic 
myopia/myopic macular degeneration?

The most serious complication of myopia, MMD, “is the only leading cause of 
blindness without an established treatment”. Aside from anti-VEGF for myopic 
CNV, surgical treatment for retinal detachment and traction maculopathy and the 
instrusive technique of scleral buckling, treatments are inadequate. There is no 
safe level of myopia— there are hundreds of millions of myopes already, with a 
large proportion facing the prospect of vision impairment. ACTION IS NEEDED.

Can we predict whose MMD will progress?
Because of risks involved with interventions, retinal specialists would like to know 
who is likely to progress.

Is peri-papillary atrophy a useful biomarker for pathological myopia?

Is there hope in development of cross-linking or drugs?

What are the key differences between myopic optic neuropathy and glaucoma?

Myopic maculopathy “is the only leading cause of blindness 
without an established treatment and therefore leads to inevitable 
loss of vision in some myopes, even at a young age.

“…pathologic myopia is the leading cause of 
irreversible blindness in Taiwan, Japan, and China.”



Risk Factors I

What are the key environmental factors involved in the myopia 
epidemic?

At the front end, myopia is an optics problem. Does the committee 
have the expertise to investigate the optical component properly?

Is peripheral hyperopia the real driver of axial elongation?
Animal studies suggest so but there are limited human data.

What outdoor characteristics delay myopia onset? 
Bright light slows growth indiscriminately (open loop), whereas the 
optical field leads to a ‘visually’ guided refractive state (closed loop). 

Does outdoor activity slow myopic progression?
There is evidence that time outdoors delays myopia onset. Although 
not widely acknowledged, there is some evidence that it also slows 
progression.

What can we do to lessen the impact of education?
There is compelling evidence that intensity of education is a risk factor 
for myopia. The key mechanistic elements of education aside from 
likely reduced time spent outdoors are not known.

From Smith. Optom Vis Sci. 2011;88:1029.

Environmental 
Factors

Optical 
Stimulus

Biological 
Pathways



Risk Factors I

Biswas et al. A duration-dependent interaction between 
high-intensity light and unrestricted vision in the drive for 
myopia control. Invest Ophthalmol Vis Sci. 2023;64:31.

Lens-induced myopia (LIM)
LIM + 6hrs bright light
LIM + removal of lens
LIM + 6hrs bright light + removal of lens

What are the key environmental factors involved in the myopia 
epidemic?

At the front end, myopia is an optics problem. Does the committee 
have the expertise to investigate the optical component properly?

Is peripheral hyperopia the real driver of axial elongation?
Animal studies suggest so but there are limited human data.

What outdoor characteristics delay myopia onset? 
Bright light slows growth indiscriminately (open loop), whereas the 
optical field leads to a ‘visually’ guided refractive state (closed loop). 

Does outdoor activity slow myopic progression?
There is evidence that time outdoors delays myopia onset. Although 
not widely acknowledged, there is some evidence that it also slows 
progression.

What can we do to lessen the impact of education?
There is compelling evidence that intensity of education is a risk factor 
for myopia. The key mechanistic elements of education aside from 
likely reduced time spent outdoors are not known.

The protective effect of outdoor time is often 
attributed to sunlight. But this animal study 
shows that the refractive field has more or at 
least equal importance in guiding ocular growth.

Professor Flitcroft argues convincingly for a closed loop 
control system to guide ocular growth. 

The authors present a valid case that outdoor activity slows progression as well as onset



Risk Factors I

Birth Month

The most striking link between education and myopia comes birth month analysis. 
In China, school entry is highly regulated. Multiple studies show this effect: Xu et al. 
(Ophthalmology 2021:128;1652), He et al. (BMJ Open 2021:23;e048450), Ding et al. 
(IOVS 2022:63;15 and IOVS 2023:64;25), Zhang et al. (JAMA Open 
2022:5;e229545).

What are the key environmental factors involved in the myopia 
epidemic?

At the front end, myopia is an optics problem. Does the committee 
have the expertise to investigate the optical component properly?

Is peripheral hyperopia the real driver of axial elongation?
Animal studies suggest so but there are limited human data.

What outdoor characteristics delay myopia onset? 
Bright light slows growth indiscriminately (open loop), whereas the 
optical field leads to a ‘visually’ guided refractive state (closed loop). 

Does outdoor activity slow myopic progression?
There is evidence that time outdoors delays myopia onset. Although 
not widely acknowledged, there is some evidence that it also slows 
progression.

What can we do to lessen the impact of education?
There is compelling evidence that intensity of education is a risk factor 
for myopia. The key mechanistic elements of education aside from 
likely reduced time spent outdoors are not known.



Risk Factors 2

What role do electronic devices play in myopia onset and progression?
There is no evidence base to support the proposition that electronic 
devices impact myopia onset or progression. Correlation does not equal 
causation. The statement of task implies a causal relationship.
1. The timelines do not match. The first evidence of a myopia epidemic is 

from Taiwan in 1983. There is no evidence of a bump in prevalence or 
progression following the introduction of smart devices (2007).

2. The optics don’t match. A handheld device will induce peripheral retinal 
myopia, not hyperopia, the proposed theory of onset and progression

Is there a covariate like reduced outdoor time that creates an effect?
A randomized intervention study to examine the role of near work on 
electronic devices is needed and feasible.

What if any role does accommodative lag play in myopia 
development?

Recent evidence suggests that measured lag is largely an artefact of 
measurement technique. Should its role should be disregarded?

Does the understanding of the role of genetics in myopia and high 
myopia provide any viable role in stemming the myopia epidemic?

Is there any evidence for a genetic basis to the higher prevalence among 
East Asians, or is it all cultural? Is the known risk factor of parental 
refractive status genetic or can it be explained by environment?

Wikicommons, Said El Jamali Creative Commons Attribution-Share Alike 4.0

Vivek Labhishetty, Steven A. Cholewiak, Austin Roorda, 
Martin S. Banks

https://creativecommons.org/licenses/by-sa/4.0


Mechanisms
What does the retinal dioptric map look like during various types of 
near work?

Indoor environments are complex optically. Can we correlate the retinal 
dioptric map (visual field plus ocular error) with abnormal eye growth?

How does the retina detect the sign of defocus?
What characteristics of the optical signal are being processed by the retina 
to guide growth? Is it an aberration-derived pattern of blur? Is it color? 
How are on-off signals interpreted? How does the retina put all of this 
information together to know which way to grow?

What criterion does the feedback mechanism use to determine an 
endpoint for eye growth? Is it acuity, is it contrast? Which spatial 
frequency channels are involved?

The eye grows to neutralize large refractive errors (eg -10D in animals) so 
high spatial frequency input would not seem to be necessary. Yet the eye 
can also grow very accurately to neutralize refractive error perhaps 
suggesting high spatial frequency involvement.

What role do the different layers of the eye play in axial elongation-
retina (which cells?), choroid, sclera, Bruch’s membrance?

Is sagittal elongation of the eyeball due to new formation and elongation of 
Bruch’s membrane in the equatorial region? Does hypoxia as a result of 
thinning of the choroid play a role in myopia development and/or 
pathologic myopia?

What is the chemical signal cascade that leads to axial elongation?



Public Health

What is the current and projected personal health and social burden of 
myopia?
What is the current and projected financial burden of myopia?
Can we accurately predict who will become myopic? 

Refractive error by age provides best predictive power for myopia onset. So, 
do we need to worry about other risk factors in predicting onset?

Should we treat children to prevent them from becoming pre-myopic? 
Should we have screening programs to examine all 6-year-olds under 
cycloplegia?
What is the cost-benefit ratio of preventive program to delay myopia 
onset?
Should we treat all at risk to delay onset? 
If so, how?
In order to reduce the public health burden of myopia, do we need to 
treat all young myopes to slow progression?
Does single vision correction actually promote myopia progression?
How do we educate, motivate and activate practitioners, parents, 
institutions and agencies to act? 

“…although higher degrees of myopia carry a greater risk of visual 
impairment to the individual, the population-based burden of lower 
degrees of myopia remains considerable.”



Interventions

What are effective ways to delay myopia onset?
By what amount can we realistically reduce progression?
How much difference will we actually make if we slow progression, 
given that treatment effect is a modest fixed, not percentage, amount? 
What do we do with atropine?

How does it actually work? Are there better drugs targeting the same 
mechanisms? There is an extraordinary spread in reported data for 0.01% 
atropine. Why? Nonetheless, 0.01% is demonstrably less effective than 
other interventions in reputable studies— what is the optimal dosage? How 
do we steer clinicians to better treatments? 

How can we accelerate market approvals for products?
What improvements to clinical trial protocols should be instituted? Can we 
accurately predict 3-year outcomes from 1-year data? 

How should a clinician choose a treatment and what evidence is there 
to support holistic/personalized treatment?
Who should provide treatment? What should collaborative care 
models look like?

Ophthalmic Physiol Opt. 2023;43:525-533.



Uncorrected Refractive Error

What proportion of uncorrected refractive error is due to myopia?
How much of the productivity loss is specifically due to myopia?
The solution is available- how do we marshal resources to deliver 
needed care?
Is this an appropriate question for the committee to be asking? 

It seems to be more a question for public health officials than 
scientists and it is a different question to the actual problem of 
primary myopia?
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