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• Common refractive errors

– 近視 Myopia (short-sightedness)

– 遠視 Hyperopia (long-sightedness)

– 散光 Astigmatism

– Anisometropia

Refractive Error





Myopia - Risks

• Parental myopia

– Genetic?

– Environment?

• Near work load

• Lack outdoor exposure

• 遺傳

• 環境影響

– 長時間近距離工作

– 缺乏戶外活動

– 不良的閱讀習慣



Prevalence of Myopia in Children 

近視年輕化
Preschool Age 6 Age 12

Myopia % 6.3 (1) 18.3 (2) 61.5 (2)

Age 6 7 8 9 10 11 12

Myopia % 17.6 26.4 45.0 49.8 57.6 60.1 57.7

High 

Myopia %
0.7 0.0 1.4 1.6 1.7 3.8 3.8 

(2)



Myopia-associated Diseases

– Cataract

– Glaucoma

– Retinal detachment

– Maculopathy



Myopia - Mechanism

Optical Defocus 光學離焦

– Hyperopic defocus (image 

behind retina). 

– peripheral defocus can 

dominate central refractive 

development, regardless of 

the presence of unaffected 

central vision.

– Human: myopic unaided 

eyes tend to show 

hyperopic Relative 

Peripheral defocus in the 

horizontal meridian

– Changes Choroidal 

thickness?



Myopia - Mechanism

• 2. Accommodative lag

– Myopia: for near vision, 

accommodation required

– Accommodative lag  image 

behind fovea  hyperopic 

defocusing signal



Outdoor Exposure
• Rose et al, Ophthalmology 2008, Sydney Eye Study

• “More time spent outdoors, rather than sport per se, were 

associated with less myopia and a more hyperopic mean 

refraction, after adjusting for near work, parental myopia, and 

ethnicity.”

• Rose et al, Arch Ophthalmol. 2008

• 6-7 years old Chinese children in Sydney vs Singapore

• Myopia: 3.3% Sydney, 29% Singapore

• Sydney more reading time and more near work, but outdoor 

time was 14 hours vs 3 hours per week



Outdoor Exposure
• Prevents/delays onset vs slow myopia progression

• 3 Chinese Interventional Studies: Extra outdoor class at school. 

Reduce myopia incidence, no effect on myopia progression

– Wu et al, Ophthal 2013 (Taiwan, 571 primary school children)

– He et al, JAMA 2015 (Guangzhou, 952 vs 951 control, primary 1 

students)

– Jin et al, BMC Ophthal 2015 (NE China, 391 primary and junior 

high)



Myopia Progression

• Jones LA et al. IOVS 2005:

• Between age 7 to 12, the average rate of axial length elongation is 

approximately 

– 0.12 mm/year in emmetropes

– 0.28 mm/year in myopes. (~ 0.75D)

Jones LA et al. Comparison of ocular component growth 

curves among refractive error groups in children. Invest 

Ophthalmol Vis Sci 2005;46:2317–27



Myopia Control

• Progression

– Fast progression: 1 D / 

year (0.36mm / year)

• High parental myopia / strong 

family history

• Reduce myopia-related 

morbidities 

• Healthy Eye Habits

• Spectacles: 

– various designs (eg

MyoVision, DIMS)

• Contacts: 

– Ortho-K; 

– defocus-incorporated

• Pharmacological: Atropine



Healthy 

Eye 

Habits !!



SPECTACLES



Under-correction?

• Rationale: reduce accommodation need; induce myopic defocus 

(images in front of retina)

• Chung et al, Vision Res. 2002

– 2 year RCT, Malaysia, undercorrect by 0.75 D: 

– enhanced myopia progression by 0.23 D rather than control

• Adler and Millodot, Clin Exp Optom. 2006

– 18 months RCT, Israel, undercorrect by 0.5 D

– Again progression faster by 0.17 D



Special – design Spectacles

• When compared with the 

uncorrected situation, 

peripheral hyperopic 

defocus was increased by 

single vision lenses (SVLs) in 

myopic eyes



MyoVision (Zeiss)

• Reduced peripheral 

hyperopic defocus

• 1 year, 201 Chinese school 

children aged 6 – 16 years old 

with myopia (-0.75 D to -3.5 

D)

– 30% reduction in myopia 

– (-0.68 D vs -0.97 D) in a 

subgroup of 19 younger 

children (6 to 12 years 

old) with at least one 

myopic parent.



Myovision

眼鏡

• Myovision眼鏡

• Myovision眼鏡外表與一般
光學鏡片無異，除了為配
戴者提供清晰視力之外，
還可減慢近視加深速度約
30%。Myovision眼鏡的用
法比較簡單而且容易適應，
最適合選擇配戴有框眼鏡
而希望能控制近視加深之
兒童。



MyoKids (Zeiss)
• reduces accommodative lag

• Good for kids on high dose atropine



PASLs – Progressive additional 

spectacle lens
• eg Kidspro Swisscoat; Essilor Myopilux

• reduce hyperopic defocus and compensate for reduced 

accommodative response

• Conflicting results from RCTs Different lens design?

– HK Study 0.5 D less over 2 years in PASLs group; COMET Study 

0.2 D over 3 years

– More near-add has more effect

– More beneficial in esophoria kids (uncommon in myopia)

• Most other studies showed mild effect: < 0.25 D over 2 years



Bifocals

• Address problem of 

accommodative lag

• Esp in near esophoric

• Cosmetic concern

• 1 RCT on prism-

incorporated bifocal 

– Benefits in fast 

progressors. Similar to 

bifocal without prism



DIMS (Hoya)

• PolyU

• Defocus – incorporated 

multisegments

– +3.5D myopic defocus

• Same effect at all direction of 

gaze



DIMS (Hoya)

• 2 year RCT

– 59% (-0.55 +/- 0.09D) 

myopia reduction

– 60% (0.31 +/- 0.04) reduction 

in axial elongation

– Same D + N VA at photopic & 

mesopic; same stereo



CONTACTS



Defocus-incorporated soft 

contact lens
• Provides simultaneous clear 

vision and myopic defocus

• Same effect with all direction 

of gazes

• Anstice and Phillips, 

Ophthalmology 2011 :

– 20-month cross-over study, 

involving 40 children aged 

11–14 years

– 0.44 D vs 0.69 D in period 

one; 0.17 D vs 0.38 D in 

period two



MiSight (CooperVision)

• Daily disposable soft lenes

• No cylinder. 

• If > 1.0 cylinder may need additional spectacles

• May affect BCVA esp if large pupils?



DISC (VST)
• PolyU-designed

• incorporated concentric rings: +2.5D defocus, alternating with the 

normal distance correction. 3-monthly ($9000/year)

• 2-year RCT:

– 221 children, aged 8 – 13 years, −1.0 to −5.0 D

– 0.3 D / year (DISC) vs 0.4 D / year (control) –”25%”

– Treatment effect correlated positively with wearing time; 7-8 

hr / day optimal, ~ 60% reduction in progression (0.53D)

– 42 % drop out rate: Poor compliance. Needs high motivation



Ortho-K
• Custom designed rigid lenses, overnight wear, temporarily modify 

the curvature of cornea 

• Breathable rigid lens material 

• Reverse geometry designs 

– Central flattening and Mid-peripheral steeping 

• Central flattening  correction of daytime myopia 

• Changes peripheral hyperopic defocus into myopia defocus 

• FDA approved 2002 (Paragon vision sciences) and 2004 (B&L)

Swarbrick HA. Orthokeratology review and update. Clin Exp Optom 

2006;89:124–43.



Ortho-K

• Practical considerations:

• Cooperation / willingness

– Gender

– Age

– Parents motivation

– Costs

• Sports

• Anisometropia



OK 鏡 (矯視隱形眼鏡)



Ortho-K

1. Improves daytime unaided VA

– Effective in correcting myopia < 4-6 D (spectacle 

free)

– Partial-reduction orthokeratology for higher myopia

– Temporary effect

– Toric ortho-K

2. Slows Myopia Progression

– Slows rate of axial length elongation



Meta-analysis
• Sun et al, PLoS One 

2015:

– 7 studies (2 RCTs)

– - 0.14 mm/year 

than control

– No keratitis

• Huang et al, 

Ophthalmology 2016:

– Network meta-

analysis:

– - 0.15 mm/year 

than control



OK & Myopia Progression -

Summary
• Slows AL elongation by ~ 40-50% 

• Advantage of being spectacle-free in daytime

• Not all children tolerate OK (up to 30% drop out in some studies)

• Unanswered question: 

– Exact mechanism? / Exact duration of use? / Risks?

– Rebound after cessation?

• Most patients in studies continued OK use till adulthood, 

used to spectacle-free in daytime



Microbial Keratitis

• Watt & Swarbrick, Eye Contact Lens 2007

• 123 cases of OK -associated infectious keratitis 1997 to 2007

• Pseudomonas aeruginosa: 37% of the cases

• Acanthamoeba: 33% of the cases

• peak year for occurrence was 2001 (> 50%, majority from China)

• decreasing trend afterwards

• initial high incidence attributable to the unregulated use of 

orthokeratology (China FDA regulated OK use since 2002)

Watt KG, Swarbrick HA. Trends in microbial keratitis associated with orthokeratology. 

Eye Contact Lens 2007;33(6 Pt 2):373–377. 



Microbial keratitis - Summary

• All are retrospective series

• Not reported in all prospective studies

• Overall incidence unknown (since we don’t know how many 

patients are using OK lens)

• Practitioners and parents must be aware of this risk

• Compliance to rigorous lens care regime, proper lens fitting, 

regular monitoring and FU essential

• Warn parents about signs and symptoms of MK  timely treatment



ATROPINE !!



ATOM2 study Phase 1 (0-2 year)

• Myopia progression: 

– 0.01%: 0.49 D; AL: 0.41mm

– 0.1%: 0.38 D 0.28mm

– 0.5%: 0.30 D 0.27mm

• Clinically insignificant difference at 24 months



ATOM2 Phase 2 (3rd year)

• 1 year washout phase

• Rebound also dose-dependent

• Over progression over entire 3 years:

– 0.01% 0.72 D 0.58 mm

– 0.1% 1.04 D 0.60 mm

– 0.5% 1.15 D 0.61 mm



ATOM2 Phase 3 (4-5th year)
• Those continued to progress (> 0.5 D/year) during phase 2 were 

re-treated with atropine 0.01%.

– Progress in 1st year and young case more re-treat

• Overall myopia progression at the end of 5 years:

– 0.01% 1.38 D 0.75 mm

– 0.1% 1.83 D 0.85 mm

– 0.5% 1.98 D 0.87 mm

• Atropine 0.01% 

– minimal pupil dilation (0.8 mm)

– minimal loss of accommodation (2 - 3 D)

– No near visual loss compared with higher doses.



Atropine
• ATOM2 study

– Atropine 0.01%: slow progression ~ 60% in first 2 years

– After 5 years:  The mean myopia progression is 1.38 D in 0.01% 

group (AL: 0.75mm in 5 years)

– vs placebo eyes at 2.5 years is 1.40 D

 atropine 0.01% slowed myopia progression by 50% over 5 years



Practical Concerns
• Pupil size & Accommodation

– Phase 1 (first 2 years): 7% in 0.01% vs 70% in high dose (>0.5%)

requested progressive and/or photochromatic glasses

• Phase 3 (4-5 year)

– None in 0.01% group requested after restarting treatment

• 2 month after stop: pupil size and accommodation returned to baseline

• Allergy (phase 1 data): 1% allergy in 0.01%  / 4% in >0.5%

• 20-30% on 0.01% may need higher dose/freq. 

• 10-15% may not respond, clinically hard to predict

• Continue into teens (>12 years); stop/taper if stable for 2 years



Network Meta-analysis

• 30 RCTs, 16 interventions vs 

placebo/single-vision 

spectacle lens

• Atropine, ortho-K, peripheral 

defocus modifying contacts, 

PASLs

• Most effective: atropine





Synopsis

Consider in: Special consideration

Spectacles
- MyoVision

- DIMS

- PASL

ALL patients Prescription

Defocusing lens

PASL – for high atropine 

conc

Contacts
- DISC

- Ortho K

Active kid

Sporty

Compliance to lens wear 

protocol / FU

Cooperative kid / able to wear 

contacts

Rapid progression

- DISC: VA may be 

affected

- Ortho K: reserve 

geometry effect 

highest, vs risk of 

infection

Atropine
- 0.01%

- 0.125%

- 1%

ALL patients

- Esp if documented 

progression

- High parental myopia

- Combine with above

• Higher dose/frequency: 

check pupil size & near 

VA

• Start when reducing 

hyperopia?
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Summary

• High myopia related risks

• Healthy Eye Habits

• Spectacles/Contacts/Atropine

• Individualized options
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