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Myopia Control: Why Each Diopter Matters

Mark A. Bullimore, MCOptom, PhD, FAAO1* and Noel A. Brennan, MScOptom, PhD, FAAO2

SIGNIFICANCE: Reducing the incidence or prevalence of any disease by 40% is of huge public health signifi-
cance. Slowing myopia by 1 diopter may do just that for myopic maculopathy—the most common and serious
sight-threatening complication of myopia. There is a growing interest in slowing the progression of myopia
due to its increasing prevalence around the world, the sight-threatening consequences of higher levels of
myopia, and the growing evidence-based literature supporting a variety of therapies for its control. We
apply data from five large population-based studies of the prevalence of myopic maculopathy on 21,000
patients. We show that a 1-diopter increase in myopia is associated with a 67% increase in the prevalence
of myopic maculopathy. Restated, slowing myopia by 1 diopter should reduce the likelihood of a patient
developing myopic maculopathy by 40%. Furthermore, this treatment benefit accrues regardless of the
level of myopia. Thus, while the overall risk of myopic maculopathy is higher in a –6-diopter myope than
in a –3-diopter myope, slowing their myopic progression by 1 diopter during childhood should lower the risk
by 40% in both.
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There is a growing interest in slowing the progression of myopia.
This arises from its increasing prevalence around theworld,1,2 the sight-
threatening consequences of higher levels of myopia,3 and the growing
evidence-based literature supporting a variety of therapies for its con-
trol.4 Indeed, recent studies have shown that soft contact lenses,5,6

overnight orthokeratology,7 atropine,8 spectacles,9 and increased time
outdoors10 can slowmyopia progression in children and teenagers, with
the support of a growingbody of research.11Nonetheless, somemay say
“So what? We can correct myopia with a range of modalities, so why
should we worry about slowing it?”We would like to propose some pos-
sible, evidence-based answers to this question for practitioners and par-
ents alike while noting that, to date, there are no products approved for
myopia control by the U.S. Food and Drug Administration.

As primary health care practitioners, optometrists should care
about the long-term visual health of every patient and not just ad-
dress his or her current visual needs. Thus, there are three broad
benefits of lowering a patient's ultimate level of myopia to the
long-term care of a patient:

• Less visual disability when uncorrected

• Better options for, and outcomes from, surgical myopia correction

• Reduced risk of blindness associated with higher levels of
myopia

Let us consider each in turn.

LESS MYOPIA = LESS VISUAL DISABILITY
WHEN UNCORRECTED

The relation between uncorrected visual acuity and myopia is
well established: the higher themyopia, the poorer the uncorrected

visual acuity.12,13 This relationship has been extended to other
measures of vision. In particular, recent research has demonstrated
the relationship between uncorrected myopia and visual function-
ing or vision-related quality of life.14 A 2-diopter myope can easily
navigate an unfamiliar hotel room or house at night without correc-
tion. The task would be more challenging with higher myopia. In
summary, patients with uncorrected higher myopia will have poorer
visual acuity, have more difficulty performing everyday tasks, and
report more challenges related to their vision. Corrected or not,
greater refractive error produces greater disability and dependence
on whatever mode of correction used.

LESS MYOPIA = BETTER OPTIONS FOR, AND
OUTCOMES OF, SURGICAL MYOPIA CORRECTION

Refractive surgeons have a cliché that “the shorter putt is easier
to sink.” In essence, the lower the level of myopia, the easier it is to
achieveminimal residual refractive error: a well-established feature
of modern, corneal refractive surgery. Thus, lower levels of myopia
are associated with better postoperative uncorrected visual acuity
and fewer secondary surgical enhancements. More importantly,
postoperative visual quality is poorer with greater levels of preoper-
ative myopia. For example, Bailey et al.15 demonstrated that laser
in situ keratomileusis reduced best-corrected low-contrast visual
acuity by more than one line in high myopes, whereas it was rela-
tively unchanged in low myopes. Finally, the higher the myopia,
the greater the amount of corneal stroma that needs to be removed
in laser in situ keratomileusis and other ablative procedures. For
patients with higher myopia, thinner corneas, or both, this can
make them poor candidates for laser in situ keratomileusis because
of the increased risk of postoperative corneal ectasia,16 and thus,
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they need to seek alternative procedures, such as phakic intraocu-
lar lenses, with their attendant increased risks.

LESS MYOPIA = REDUCED RISK OF
VISUAL IMPAIRMENT

Higher levels of myopia have long been associated with in-
creased risk of cataract, glaucoma, and retinal detachment, but
the greatest myopia-related cause of irreversible vision loss is myo-
pic maculopathy, also referred to as myopic retinopathy or myopic
macular degeneration.17–19

Myopic maculopathy is characterized by stretched blood ves-
sels, peripapillary atrophy, posterior staphyloma, lacquer cracks
in the Bruch membrane, geographic atrophy of the retinal pigment
epithelium and choroid, subretinal hemorrhages, and choroidal
neovascularization. These sight-threatening retinal changes occur
later in life, but the underlying myopia develops during childhood
and has often stabilized by the age of 21 years.20Unlike other com-
mon eye diseases, it is untreatable.

Fricke et al.21 recently published a systematic review andmeta-
analysis quantifying blindness and visual impairment associated
with myopic maculopathy and predicted future global trends. They
estimated that 10 million people had visual impairment frommyo-
pic maculopathy in 2015, of whom 3.3 million were blind. By
2050, visual impairment will grow to 55.7 million (1 in 175),
18.5million of whomwill be blind. The risk of myopicmaculopathy
and its impact on public health are not limited to high myopes. As
succinctly stated by Flitcroft,22 “there is no safe level of myopia.”
Although the risk of myopic maculopathy escalates with increasing
myopia, there are the far more myopes at the low end of the refrac-
tive spectrum. In fact, myopes of less than 5 diopters contributed
43% of the cases of myopic maculopathy in the Australian Blue
Mountains Eye Study.23 Thus, myopia control has the potential to
reduce the risk of widespread visual impairment in myopes.

There have been five recent large population-based studies of
the prevalence myopic maculopathy in older patients.23–27 Collec-
tively, these studies report data on 21,000 patients, mostly older
than 50 years. Fig. 1 plots the prevalence of myopic maculopathy

as a function of degree of myopia. Data are taken directly from
the publications. Each article presented data for various ranges of
myopia, so in constructing the figure, the midpoint of each range
was used. The similarity across the five studies is more apparent
by plotting prevalence on a logarithmic scale (right side). All five
studies show a remarkably similar trajectory, despite being offset
vertically by variations in disease definition, age, and underlying
risk. Also shown is a family of lines with a slope of 1.67� per diop-
ter. This further emphasizes the similarity in the growing incidence
of maculopathy associated with increasing myopia across the five
studies. In simple terms, from these published peer-reviewed data,
we can state that each 1-diopter increase in myopia is associated
with a 67% increase in the prevalence of myopic maculopathy, re-
gardless of the overall incidence in a study population and the
criteria used to define the disease. Restated, slowing myopia such
that patients' refractive error is lower by 1 diopter should reduce the
likelihood of them developing myopic maculopathy by 40%, re-
gardless of race or disease definition. Furthermore, given the ap-
parent constant slope of the data, this treatment benefit accrues
regardless of the level of myopia. Thus, although the overall risk
of myopic maculopathy is higher in a −6-diopter myope than in a
−3-diopter myope, slowing their myopic progression by 1 diopter
during childhood should lower the risk by 40% in both.

COMPARISON WITH OTHER PREVENTIVE
THERAPIES FOR MACULAR DISEASE

The Age-Related Eye Disease Study evaluated the effect of die-
tary supplements on the progression of age-related macular degen-
eration.28 Eligible patients were randomly assigned to receive daily
oral tablets containing antioxidants, zinc, antioxidants plus zinc, or
a placebo. There was a statistically significant odds reduction for
the development of advanced age-related macular degeneration
with antioxidants plus zinc (odds ratio, 0.72; 99% confidence in-
terval, 0.52 to 0.98). This represents a risk reduction of 25% for
those taking antioxidants plus zinc for an average of 6.3 years.
The reduction for those taking antioxidants alone or zinc alone
was 17 and 21%, respectively.

FIGURE 1. The prevalence of myopic maculopathy plotted with both linear (left) and logarithmic (right) scales. The logarithmic scale emphasizes the
similar trajectory of each data set, the additional risk associated with each diopter.
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Hence, 6 years of supplements reduces the development of ad-
vanced age-related macular degeneration progression by 25%, but
what about 6 years of myopia control? We do not have much 6-year
data for myopia control, but there is a reason to speculate that 1 di-
opter of slowing is achievable,8,29,30 although diminution of ef-
fect over time and rebound after withdrawal of treatment31

remain legitimate concerns (Brennan et al. OVS 2018;95:E-Abstract
180084). The long-term visual benefits can be easily inferred
from the figure; 1 diopter of control should lower the risk of my-
opic maculopathy by 40%. Applying this reduction to the

projections of Fricke et al.,21 future visual impairment due to
myopic maculopathy could be tapered by tens of millions.

Myopia controlmodalities under investigation are generally innoc-
uous, with many incorporated into a child's optical correction, and
presage a future public health imperative. Therapies will undoubt-
edly improve, along with our knowledge of how best to implement
them. Furthermore, if ongoing clinical trials of atropine in premyopic
children demonstrate that the onset of myopia can be delayed, we
will have additional options. On top of this, the interventions also cor-
rect a child's vision. Does this not sound like a win-win?

ARTICLE INFORMATION

Submitted: January 7, 2019

Accepted: February 28, 2019

Funding/Support: None of the authors have reported
funding/support.

Conflict of Interest Disclosure: MAB is a consultant for a
number of companies including Acucela (Seattle, WA);
Apellis Pharmaceuticals, Inc. (Crestwood, KY); Alcon
Laboratories, Inc. (Fort Worth, TX); Carl Zeiss Meditec
AG (Dublin, CA); CooperVision, Inc. (Victor, NY);
Essilor of America (Lewisville, TX); Eyenovia, Inc. (New
York, NY); Genentech, Inc. (San Francisco, CA);
Innovega, Inc. (Seattle, WA); jCyte, Inc. (Newport, CA);
Johnson & Johnson Visioncare, Inc. (Jacksonville, FL);
Novartis Pharma AG (Basel, Switzerland); and Tear
Film Innovations (San Diego, CA). NAB is an employee
of Johnson & Johnson Visioncare, Inc.

Author Contributions and Acknowledgments: Conceptualization
& Writing: MAB; Writing – Review & Editing: NAB.

The ideas expressed here have been enhanced by
discussions with Paul Chamberlain (Cooper Vision, Inc.).

REFERENCES

1. Vitale S, Sperduto RD, Ferris FL, 3rd. Increased
Prevalence of Myopia in the United States between
1971–1972 and 1999–2004. Arch Ophthalmol 2009;
127:1632–9.

2. Holden BA, Fricke TR, Wilson DA, et al. Global Prev-
alence of Myopia and HighMyopia and Temporal Trends
from 2000 through 2050. Ophthalmology 2016;123:
1036–42.

3. Verkicharla PK, Ohno-Matsui K, Saw SM. Current and
Predicted Demographics of High Myopia and an Update
of Its Associated Pathological Changes. Ophthalmic
Physiol Opt 2015;35:465–75.

4. Huang J, Wen D, Wang Q, et al. Efficacy Compar-
ison of 16 Interventions for Myopia Control in Children:
A Network Meta-analysis. Ophthalmology 2016;123:
697–708.

5. Cheng X, Xu J, Chehab K, et al. Soft Contact Lenses
with Positive Spherical Aberration for Myopia Control.
Optom Vis Sci 2016;93:353–66.

6. Chamberlain P, González-Méijome JM, Logan NS,
et al. A Three-year Randomized Clinical Trial of MiSight
Lenses for Myopia Control. Optom Vis Sci 2019.

7. Cho P, Cheung SW. Retardation of Myopia in
Orthokeratology (ROMIO) Study: A 2-year Randomized
Clinical Trial. Invest Ophthalmol Vis Sci 2012;53:7077–85.

8. Chua WH, Balakrishnan V, Chan YH, et al. Atropine
for the Treatment of Childhood Myopia. Ophthalmology
2006;113:2285–91.

9. Cheng D, Woo GC, Drobe B, et al. Effect of Bifocal
and Prismatic Bifocal Spectacles onMyopia Progression
in Children: Three-year Results of a RandomizedClinical
Trial. JAMA Ophthalmol 2014;132:258–64.

10. Wu PC, Chen CT, Lin KK, et al. Myopia Prevention
and Outdoor Light Intensity in a School-based Cluster
Randomized Trial. Ophthalmology 2018;125:1239–50.

11. Walline JJ, Gaume Giannoni A, Sinnott LT, et al. A
Randomized Trial of Soft Multifocal Contact Lenses for
Myopia Control: Baseline Data and Methods. Optom
Vis Sci 2017;94:856–66.

12. Atchison DA, Smith G, Efron N. The Effect of Pupil
Size on Visual Acuity in Uncorrected and Corrected My-
opia. Am J Optom Physiol Opt 1979;56:315–23.

13. Smith G, Jacobs RJ, Chan CD. Effect of Defocus on
Visual Acuity as Measured by Source and Observer
Methods. Optom Vis Sci 1989;66:430–5.

14. Lamoureux EL, Saw SM, Thumboo J, et al. The Im-
pact of Corrected and Uncorrected Refractive Error on
Visual Functioning: The Singapore Malay Eye Study. In-
vest Ophthalmol Vis Sci 2009;50:2614–20.

15. Bailey MD, Olson MD, Bullimore MA, et al. The
Effect of LASIK on Best-corrected High- and Low-
contrast Visual Acuity. Optom Vis Sci 2004;81:362–8.

16. Twa MD, Nichols JJ, Joslin CE, et al. Characteristics
of Corneal Ectasia After LASIK for Myopia. Cornea
2004;23:447–57.

17. Hsu WM, Cheng CY, Liu JH, et al. Prevalence and
Causes of Visual Impairment in an Elderly Chinese Pop-
ulation in Taiwan: The Shihpai Eye Study. Ophthalmol-
ogy 2004;111:62–9.

18. Iwase A, Araie M, Tomidokoro A, et al. Prevalence
and Causes of Low Vision and Blindness in a Japanese
Adult Population: The Tajimi Study. Ophthalmology
2006;113:1354–62.

19. Liang YB, Friedman DS, Wong TY, et al. Preva-
lence and Causes of Low Vision and Blindness in a Rural
Chinese Adult Population: The Handan Eye Study. Oph-
thalmology 2008;115:1965–72.

20. COMET Group. Myopia Stabilization and Associated
Factors among Participants in the Correction of Myopia

Evaluation Trial (COMET). Invest Ophthalmol Vis Sci
2013;54:7871–84.

21. Fricke TR, JongM,Naidoo KS, et al. Global Prevalence
of Visual Impairment Associated with Myopic Macular De-
generation and Temporal Trends from 2000 through
2050: Systematic Review, Meta-analysis and Model-
ling. Br J Ophthalmol 2018;102:855–62.

22. Flitcroft DI. The Complex Interactions of Retinal,
Optical and Environmental Factors in Myopia Aetiology.
Prog Retin Eye Res 2012;31:622–60.

23. Vongphanit J, Mitchell P, Wang JJ. Prevalence and
Progression of Myopic Retinopathy in an Older Popula-
tion. Ophthalmology 2002;109:704–11.

24. Liu HH, Xu L, Wang YX, et al. Prevalence and Pro-
gression of Myopic Retinopathy in Chinese Adults: The
Beijing Eye Study. Ophthalmology 2010;117:1763–8.

25.Gao LQ, LiuW, Liang YB, et al. Prevalence and Char-
acteristics of Myopic Retinopathy in a Rural Chinese
Adult Population: The Handan Eye Study. Arch
Ophthalmol 2011;129:1199–204.

26. Asakuma T, Yasuda M, Ninomiya T, et al. Preva-
lence and Risk Factors for Myopic Retinopathy in a
Japanese Population: The Hisayama Study. Ophthal-
mology 2012;119:1760–5.

27. Choudhury F, Meuer SM, Klein R, et al. Preva-
lence and Characteristics of Myopic Degeneration in
an Adult Chinese American Population: The Chinese
American Eye Study. Am J Ophthalmol 2018;187:
34–42.

28. Age-Related Eye Disease Study Research Group. A
Randomized, Placebo-controlled, Clinical Trial of High-
dose Supplementation with Vitamins C and E, Beta Car-
otene, and Zinc for Age-related Macular Degeneration
and Vision Loss: AREDS Report No. 8. Arch Ophthalmol
2001;119:1417–36.

29.Hiraoka T, Kakita T, Okamoto F, et al. Long-term Ef-
fect of Overnight Orthokeratology on Axial Length Elon-
gation in Childhood Myopia: A 5-year Follow-up Study.
Invest Ophthalmol Vis Sci 2012;53:3913–9.

30. Santodomingo-Rubido J, Villa-Collar C, Gilmartin B,
et al. Long-term Efficacy of Orthokeratology Contact
Lens Wear in Controlling the Progression of Childhood
Myopia. Curr Eye Res 2017;42:713–20.

31. Chia A, Chua WH, Wen L, et al. Atropine for the
Treatment of ChildhoodMyopia: Changes After Stopping
Atropine 0.01%, 0.1% and 0.5%. Am J Ophthalmol
2014;157:451–7.e1.

Myopia Control — Bullimore and Brennan

www.optvissci.com Optom Vis Sci 2019; Vol 00(00) 3

Copyright © American Academy of Optometry. Unauthorized reproduction of this article is prohibited.


