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Saving Generations of Future 
Myopic Eye Disease

Justin Kwan, OD, FAAO

Financial Disclosures
 Visioneering Technologies, Inc.
 Speakers bureau

 Based on a poll of the readers of Contact Lens Spectrum, 
24% of eye care professionals regularly practice myopia 
control with contact lenses. (n = 500)

 That number should be closer to 75%
 Friday, May 29, 2015
 Can we afford to do nothing?
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39,395
< age 25

15,640

46% myopic

7,194

CULVER CITY, CA

Red or Blue?
 Red light
 Progressive myopia

 Blue light
 Progressive hyperopia

Foulds et al. Progressive myopia or hyperopia can 
be induced in chicks and reversed by manipulation 
of the chromaticity of ambient light. Invest 
OphthalmolVis Sci. 2013 Dec 9;54(13):8004-12.

allaboutvision.com Asia

Near Work
 Johannes Kepler, 1611
 Blamed his own shortsightedness on all his study
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Working distance

Chen et al. PLoS One. 2016 Dec 28;11(12):e0167642.

Parents, make sure your kids play outside!
 Southern Taiwan
 Teachers asked to send children outside for all 80 minutes of 

their daily break time instead of giving them the choice to stay 
inside

 After one year, doctors had diagnosed myopia in 8% of the 
children, compared with 18% at a nearby school

 Guangzhou (Zhongshan Ophthalmic Center)
 Three year trial, 900+ kids
 40 minute outdoor class added to the end of the school day 

for a group of six and seven year olds at six randomly selected 
schools

 30% developed myopia by age nine or ten compared with 40%
of those at the control school

10,000 lux vs. 500 lux
 m

Novel Classroom
Canopy Closed: 2,133 lux

Traditional Classroom: 752 lux

Canopy Opened: 4,229 lux
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Dopamine
 Dopamine blocks elongation of the eye during 

development

Dopamine

Avon Longitudinal Study of Parents and 
Children

 Population based birth cohort
 Maternal report of time outdoors at age 8 years
 Vitamin D2 and D3 at age 10 years

Guggenheim et al. Invest Ophthalmol Vis Sci. 
2014 Nov 18;55(12):8550-8.

Avon Longitudinal Study of Parents and 
Children

 “On a weekend day, how much time on average does 
your child spend each day out of doors in summer?”
 3 or more hours = high
 Less than 3 hours = low

 No independent association between vitamin D and 
incident myopia
 HR = 0.83 [0.66-1.04], p = 0.11

 Time outdoors retained same strong negative 
association with incident myopia
 HR = 0.69 [0.55-0.86], p = 0.001

Guggenheim et al. Invest Ophthalmol Vis Sci. 
2014 Nov 18;55(12):8550-8.
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Rotterdam, Netherlands
 Generation R study
 multi-ethnic population-based birth-cohort study

 6,690 children (six year olds)
 Duration of time spent outdoors per day
 < 1 hour 22.41 mm axial length OR: 1.34
 1-2 hours p < 0.001
 > 2 hours 22.33 mm axial length

 Near work per day (p = 0.14)
 < 15 min
 15-30 min
 > 30 min 

Polling et al. Invest Ophthalmol Vis Sci. 
June 2013, Vol. 54, 5702.

ARVO 2015: Cebu, Philippines
 1,272 children
 Myopia defined as less than -0.50 diopters

10.60 ± 2.79 years old

3.00%
9.93 ± 1.89 years old

12.50%

 No evidence of physical activity as an independent risk 
factor for myopia was seen

 Evidence suggests that time outdoors remain the most 
important factor

Sydney Adolescent Vascular and Eye Study
Most Myopic

< 14 hours / week outdoors & > 25.5 hours / week of near 
work

Least Myopic
High time outdoors & < 17.5 hours / week of near work

Near work time > time outdoors
Baseline

2.69 greater odds of myopia

Follow-Up
1.95 greater odds of myopia

 Time outdoors reduces the incidence of 
myopia onset but the evidence is unclear if it 
slows the rate of myopia progression. 

Who’s going to be a myope?
 CLEERE: Sep 1989 to May 2010, 5 sites
 4,512 ethnically diverse, non-myopic, grades 1-8
 13 possible predictor variables
 Cycloplegic spherical equivalent refractive error

 BEST PREDICTOR
 < +0.75 are at increased risk for developing myopia

 Myopic parents
 1 myopic parent: 2.94 (1.51-5.76)
 2 myopic parents: 7.73 (3.43-17.41)

 Time spent outdoors (hours/week)
 Reduced risk by 2-4%

Zadnik et al. Prediction of Juvenile-Onset Myopia. 
JAMA Ophthalmol. 2015 Apr 2. 
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When is the fastest rate of progression?
 CLEERE Study
 Children 6 to 14 years of age participating between 1995 

and 2003

Mutti et al. Invest Ophthalmol. Vis Sci. 2007 
Jun;48(6):2510-9.

Don Mutti, OD, PhD

“100% myopia control is delaying 
the onset of myopia by one year.”

Why does percentage slowing matter?
 Reducing the rate of myopia progression by 
 33% would lead to a reduction of 73% in the freq of high 

myopia
 50% would lead to a reduction of 90% in the freq of high 

myopia

 High myopia (> 5 D) is accompanied by an increased risk
 Choroidal neovascularization (CNV)
 Retinal detachment
 Glaucoma
 Cataract

Brennan N. Predicted reduction in high myopia for various 
degrees of myopia control.  Contact Lens & Anterior Eye. 
Dec 2012 Vol 35, Suppl 1, p e14-e15. 

Myopia & Age-Related Cataracts

Type Odds Ratio [95% 
confidence interval]

Nuclear 2.81 [1.94-4.06]

Cortical 1.08 [0.90-1.30]

Posterior subcapsular 1.93 [1.49-2.49]

Pan CW et al. Am J Ophthalmol. 2013 Nov;156(5):1021-1033.

 Systematic review of 12 population-based studies
 38,007 subjects aged 30-97

Glaucoma

 -9.36 3.46 D
 Axial length: 27.51 1.63 mm
 Optic disc
 Tilt: 81.2%
 Rotation: 48.3%
 ß-zone PPA: 92.8%
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Glaucoma

Biswas et al. Prevalence and risk factors of 
glaucoma in myopic subjects attending a corneal 
refractive surgery clinic in Hong Kong. ARVO 
Poster, 2014.

OCT-RNFL
 Age: 11 to 40 years old

Malakar et al. Optical Coherence Tomography 
Assisted Retinal Nerve Fibre Layer Thickness Profile 
in High Myopia. J Clin Diagn Res. 2015 Feb; 9(2): 
NC01-NC03.

Glaucoma

Qiu et al. Association between myopia and glaucoma 
in the United States population. Invest Ophthalmol Vis 
Sci. 2013 Jan 28;54(1):830-5.

3 times more likely to have any 
VF defect with moderate to 
severe myopia

 Leading cause of impaired vision for persons aged 
between 55 and 75 years in the Netherlands

 In Italy and Taiwan, it is the second most common cause 
of low vision

 Bilateral, irreversible, frequently affects individuals during 
their most productive years

Ohno-Matsui et al. Myopic Macular 
Degeneration. Retina. Fifth Edition. 2013. 
Chapter 68, 1256-1266.

Myopic Macular Degeneration

CHES: Chinese American Eye Study CHES: Chinese American Eye Study
 Monterey Park
 4000+ participants aged 50 and older
 AMD: 8.1%
 Myopes: 1,523
 32% had myopic macular degeneration
 Axial length: 2.6 greater odds per mm longer 
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Myopic Macular Degeneration
 Shihpai, Taiwan
 Population-based cross-sectional study
 2,045 elderly Chinese 65 years of age or older
 Cause of visual impairment
 Cataract: 41.7%
 Myopic macular degeneration: 12.5%
 Age-related macular degeneration: 10.4%

Hsu et al. Prevalence and causes of visual impairment in an 
elderly Chinese population in Taiwan: the Shihpai Eye 
Study. Ophthalmology. 2004 Jan;111(1):62-9.

Vongphanit J, Mithcell P, Wang JJ. Prevalence and 
progression of myopic retinopaty in an older population. 
Ophthalmology. 2002 Apr;109(4):704-11.
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“There is no safe level of myopia.”
-Ian Flitcroft

Better Candidates for LASIK
 Only 17% of patients that get LASIK were referred by 

their optometrist
 Minimal central corneal thickness for a -6.00 ablation is 

496 microns
 Conservative 300 micron stromal bed
 100 micron flap thickness (Intralase 150 kHz, Ziemer Z4, or 

WaveLight FS200)
 96 microns (16 microns per diopter)

TREATMENTS
 Optical Corrections
 Hyperopic defocus to myopic defocus
 Long lasting effects

 Drug
 Rebound effect?
 Temporary control?

Atropine (ATOM 1)
 200 children
 Cycloplegic auto-refraction every 4 months for 2 years
 1% atropine in one eye only
 Progressors defined as > 0.50 D in 1 year
 Nonprogressors: 160 kids
 Progressors: 22 kids (-1.25 D in treated eye!!!)

Loh et al. Risk Factors for Progressive Myopia 
in the Atropine Therapy for Myopia Study.  Am J 
Ophthalmol. 2015 May;159(5):945-9. Atropine D/C Rebound

 d

Chia et al. Am J Ophthalmol. 
2014 Feb;157(2):451-457 
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Atropine 0.125% vs. Orthokeratology
 Baseline -4.12 sph, -0.62 cyl

Lin et al. Overnight 
orthokeratology is comparable 
with atropine in controlling 
myopia. BMC Ophthalmol. 
2014 Mar 31;14:40.

LAMP study
 Low-concentration Atropine for Myopia Progression
 438 children
 Age 4 to 12 years
 1 gtt OU QHS x 1 year

Atropine 
concentration

Mean SE change Axial length increase

0.05% -0.27 ± 0.61 0.20 ± 0.25 mm

0.025% -0.46 ± 0.45 0.29 ± 0.20 mm

0.01% -0.59 ± 0.61 0.36 ± 0.29 mm

Placebo -0.81 ± 0.53 0.41 ± 0.22 mm

Another diluted atropine study

 285 children

 6.8% of the 0.05% atropine group still progressed 0.5 to 1 D / year

 NPA > 10 D in all three atropine groups

 Family history increases odds of myopia by 8.155 times [3.6 to 18.3]

Moon JS, Shin SY. The diluted atropine inhibition of myopia progression in Korean children. Int J Ophthalmol. 2018 Oct 18;11(10):1657-1662.

Atropine 
concentration

Mean SE change
Diopters / month

Axial length increase

0.05% -0.019 0.019 mm

0.025% -0.047 0.025 mm

0.01% -0.07 0.037 mm

Before atropine -0.134 0.046 mm

Kate Gifford

Atropine
 Off label
 Eye Care & Cure
 Atropine 1.0%

 5 mL $14.50
 15 mL $38.00

 Leiter’s Compounding Pharmacy (San Jose, CA)
 Atropine Sulfate Ophthalmic Solution (0.01%, 0.025%, 0.1%)

 5 mL $60
 10 mL $69.44 = $253 per year (2 drops per night)
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 5 mL = $50
 10 mL = $95
 15 mL = $140

 Shelf life 30 days outside of fridge, 90 days inside of fridge
 Shipping included

Atropine
 d

 Multicenter randomized trial (FDA)
 3 treatment arms (placebo, 0.01%, 0.02% atropine at 2:2:3 ratio)
 Instillation of drops every night; single use, preservative free vials 
 4-year study: 2 stages (efficacy for 3 years, cross over for last 

year)
 Baseline and 6-month visits 
 3-month visits (provide study drug; compliance check - short 

visit)
 No cost for drops or examination visits
 Study visit compensation provided to family ($50/visit & $5 gift 

card to child) and $200/year toward optical

Orthokeratology
 Microbial Keratitis ___ in 10,000
 Glasses 1
 Corneal GPs 1.2
 SCL (hydrogel) daily wear 1.9-4.2
 SCL (silicone hydrogel) daily wear 11.9
 SCL (hydrogel) extended wear 19.5
 SCL (silicone hydrogel) extended wear 25.4

 National Taiwan University Hospital
 10 cases in 15 months

 Chang Gung Memorial Hospital
 68 cases in 4 years

Stapleton et al. The incidence of contact lens-
related microbial keratitis in Australia. 
Ophthalmology. 2008 Oct;115(10): 1655-62.
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Orthokeratology
 Microbial Keratitis ___ in 10,000
 Orthokeratology 7.7 [0.9-27.8]
 Ortho-k (kids) 13.9 [1.7-50.4]
 Ortho-k (adults) 0.0 [0.0-31.7]
 SCL (silicone hydrogel) daily wear 11.9
 SCL (hydrogel) extended wear 19.5
 SCL (silicone hydrogel) extended wear 25.4

Stapleton et al. The incidence of contact lens-
related microbial keratitis in Australia. 
Ophthalmology. 2008 Oct;115(10): 1655-62.

Bullimore et al. The Risk of Microbial Keratitis 
With Overnight Corneal Reshaping Lenses. 
OptomVis Sci. 2013 Sep;90(9):937-44.

Orthokeratology

 Decrease in CNS in the conjunctiva of rigid gas 
permeable extended wear users
 Fleiszig and Efron

 No increase in the number of conjunctival microbes
 Larkin and Leeming and Edrogan et al. 

 Increase in CNS after the use of extended wear silicone 
hydrogel lenses
 Iskeleli et al. 

Cheung SW. Microbial Contamination of 
Periorbital Tissues and Accessories of Children. 
OptomVis Sci. 2016 Jun;93(6):612-8.

Level of normal flora in the peri-orbital tissues 
was comparable between subjects wearing 
ortho-k lenses and those wearing spectacles

Myopia Control: Proposed Mechanism

Photo from: Smith EL 3rd, OptomVis Sci 2011; 88:1029-1044

Hiraoka T et al. Sci Rep. 2017;7(1):7876.

ROMIO Study

Change in Axial Length in 2 yrs:
Ortho-k: 0.36 ± 0.24 mm
Control: 0.63 ± 0.26 mm

On average, ortho-k lenses slow 
eye growth by 43% compared with 
those wearing SV glasses

High Myopia – Partial Reduction Ortho-k

 Target 4.00 D myopic reduction
 Single vision spectacles prescribed for the correction of 

residual refractive errors for daytime wear

Charm J, Cho P. OptomVis 
Sci. 2013 Jun;90(6):530-9.
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In ortho-k, how much peripheral plus / 
myopic defocus are we creating?

18 year old Chinese male

11 year old Chinese male

8 year old Korean female 8 year old Korean female
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Eddie Chow, OD
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Ortho-k Lens on Toric Cornea
Annie Chang, OD, FAAO

What about combination therapy?

Kinoshita N et al. Suppressive effect of combined treatment of orthokeratology and 0.01% atropine instillation on axial length in 
childhood myopia. ARVO Baltimore, May 2017. Abstract number: 2386 – B0535.

 40 subjects, aged 8 to 12 years
 -1.00 to -6.00 sph eq and ≤ 1.50 astigmatism

 Results
 Ortho-k 0.19 0.15 mm
 Ortho-k + 0.01% atropine 0.09 0.12 mm
 p = 0.0356 Axial growth of eyes similar, 

not significantly different

Soft Multifocals

 Acuvue Oasys for Presbyopia
 Higher minus powers in fitting set (i.e. -8.50 MID add)

 d
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Soft Multifocals
 Biofinity Multifocal (distance center)
 See if patient can tolerate a +2.50 add

 Biofinity single vision vs. Biofinity multifocal (+2.50 add)
 Largest difference: 2.35 D temporally
 Smallest difference: 1.06 D

1.40 D add
1.00 D add

National Eye Institute (NEI)
 Jeff Walline, OD, PhD
 September 2014 – August 2017
 294 kids, 7 to 11 years old
 Randomize to
 Biofinity
 Biofinity Multifocal D +1.50 add
 Biofinity Multifocal D +2.50 add
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Soft Multifocals

add powers up to +4.00 diopters; quarterly replacement

Controversial truth
 Are we amplifying the rate of myopia progression with 

spherical soft contact lenses?

Wagner et al. Power profiles of single vision 
and multifocal soft contact lenses. Cont Lens 
Anterior Eye. 2015 Feb;38(1):2-14.

Corneal Astigmats
 Reclaim HD multifocal (Blanchard)
 Renovation multifocal (Art Optical)
 X TriVision multifocal (ABB Optical Group)

Adjustable central distance zone (mm)
1.8 to 4.0 mm

Add powers (D)
+0.75 to +5.00 in 0.25 D steps
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Soft Multifocals
 NaturalVue Multifocal 1 Day
 Contact Lenses Today: 04/26/2015
 Neurofocus Optics

 +6.00 to -12.00 D
 1 Universal ADD
 8.3 / 14.5, etafilcon A

Cycloplegic sph eq: 59% 
Axial length: 52%

• Compared to single vision Proclear 1 day lenses, children 
wearing MiSight were 10 times more likely to show no 
meaningful myopia progression

• For every 3 eyes treated, 1 stopped progression
• Most children noticed ghosting or haloes, but few found it 

annoying; adaptation
• 75% first fit success rate

Philip Cheng

Case: 7 year old Hispanic female

Date Refraction

4/2/2015 -3.50-0.75x180

-3.00-0.75x180

3/15/2016 -4.75-1.00x010 Ortho-k attempted

-4.50-0.75x180

8/9/2016 -5.00-0.75x180 Atropine 0.05%

-5.00-0.75x180

5/30/2017 -6.25-1.00x180 Naturalvue MF 1-day

-6.50-0.75x180

12/13/2017 -5.75-0.25x180

-5.50-0.75x180

Case: 13 year old male
 NaturalVue Multifocal 1 day
 OD: -4.50
 OS:  -4.50

 Axial Length Manifest Refraction
 OD: 26.07 mm -4.75 DS
 OS:  26.30 mm -5.00 DS

 Ks: 43.00/42.25xWTR
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14 year old male
How long do I keep kids on myopia control 
treatments?

 University of Waterloo
 January 2007 to January 2008
 Myopia prevalence
 72% at 20 to 30 years of age
 22% in patients older than 70 years

 MYOPIC PEAK OCCURRED AT 24 YEARS OF AGE

Hrynchak PK et al. Increase in myopia prevalence in clinic-based populations across a century. Optom Vis Sci. 2013 Nov;90(11):1331-41.

MyoVision by Zeiss
 Reduction of myopia progression by an average of 30% in 

East and Southeast Asian children between 6 and 12 with 
history of parental myopia

Spectacle Lens designed by PolyU
 Slows progression by 60%
 21.5% had their myopia halted
 Defocus incorporated multiple segments (DIMS)
 Central optical zone
 Multi-segments of constant myopic defocus

 Subjects
 160 children
 Age 8 to 13
 -1.00 to -5.00
 Astig and aniso 1.50 D or less
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Resources
 Two journal issues dedicated entirely to myopia
 Eye & Contact Lens: Volume 42 (1), January 2016
 Optometry Vision Science: Volume 90(11), November 2013

 Jeff Walline
 Ian Flitcroft (39 page paper, 2012)
 International Myopia Institute
 Clinical Management Guidelines
 End of 2018 (?)

Resources
 Professional meetings
 American Academy of Optometry (Fall)
 American Optometric Association (AOA), Optometry’s 

Meeting (June)
 Global Specialty Lens Symposium (January)
 Vision by Design (May this year)

 Venture capitalist funding
 150 center goal
 D.C. Metro: Bethesda, MD and Tysons Corner, VA

Brien Holden Calculator
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www.managemyopia.org

Strategies
 Create a brochure that summarizes in layman terms the 

three methods of myopia control
 Atropine
 Orthokeratology
 Multifocal contact lenses

 Customize your health history form
 Consider setting 1 to 2 half days a week for myopia 

control and consultations, include evenings and weekends
 Consider dedicating one staff member to identify myopia 

control candidates and be patient care coordinator

Axial length Take home points

 Starts with education
 Myopia is one of the strongest but modifiable risk 

factors in health
 Will take at least a generation to undo some of 

this epidemic
 Keep all kids < -6.00 and < 26.00 mm axial length


