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chickens, fish, and squid
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• Form deprivation myopia
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Emmetropization in Animals



Emmetropization in Human Infants 
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Competing Peripheral vs. Central Signals
1. Peripheral hyperopia imposed in 

both eyes of 8 infant monkeys by 
–3 D spectacle lenses with 
6 mm circular apertures 

• Unrestricted field of view = 10 deg

2. Ablated central 10 deg of retina of 
one eye of 6 infant monkeys 

• Peripheral hyperopia imposed 
by full aperture –3 D lenses
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Supports Use of Peripheral Positive Defocus
Overnight Orthokeratology Distance-Center Multifocal Contact Lenses



Refractive Development with Dual-Focus Lenses
• Macaques reared with binocular dual-focus 

spectacles

• Lenses had central 2-mm clear zones and 
concentric annular zones with alternating powers:
• +3 and 0 D (+3 D/0) or 
• –3 and 0 D (–3 D/0)

• Relative widths of powered and plano zones 
varied from 50:50 to 18:82 

• Comparison data from monkeys reared with 
binocular full-field single-vision lenses 
(FF +3 D, FF –3 D, n = 10) and 35 controls
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• Refractive errors for +3 D/0 group 

similar to FF +3 D group

• But more hyperopic than controls 

• Refractive errors for –3 D/0 group, 
similar to controls 

• But less myopic than FF –3D group
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by more positive area of lens 



Refractive Development with Dual-Focus Lenses
• In monkey eyes, 

refractive development driven 
by more positive area of lens 

• In other animal models, 
refractive development driven 
by average power of lens
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Zadnik and Mutti (1995)
• Critical review of how animal myopia data relate 

to human condition

• Concerns about application of animal models of 
myopia to etiology of human juvenile onset 
myopia including: 

1. No deprivation of form vision in environment of 
school-aged child as severe as that required to 
induce myopia in animals

2. Sensitive period for deprivation myopia in 
animals appears to be too early to account for 
human juvenile onset myopia

3. Studies in chicken using spectacle lenses to 
create dioptric blur involve choroidal thickness 
modulation that has no human analog
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Form Deprivation Myopia



Emmetropization: a vision-dependent phenomenon
• Retrospective analysis of refractive 

error among humans subjected to 
various ocular anomalies that disrupt 
pattern vision 

• Revealed significant degree of 
myopia

• Suggests that emmetropization is 
vision-dependent phenomenon



Emmetropization and Retinal Disease
• Retrospective data on 256 children from 

low vision clinic 

• Control data from 1,023 normally-sighted 
children 

• Low vision children grouped according 
to disease classification and onset

• Overall inability to emmetropize 
and trend towards myopia

• Peripheral retinal diseases associated 
with more myopia

• If fovea primarily impaired, hyperopic trend
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Monocular Overplus Spectacles
• 11-year-old myopic children, –1.00 to –3.00 D 

• Dominant eye corrected for distance

• Fellow eyes were uncorrected or 
undercorrected by 2 D

• Interocular difference in myopia progression 
= 0.36 D/year

• Interocular difference in axial elongation 
= 0.13 mm/year 

• After refitting with conventional spectacles, 
anisometropia at baseline levels within 18 months

• Sustained myopic defocus slows axial elongation



Binocular Overminus Spectacles 
• To evaluate effectiveness of overminus 

spectacles to improve distance 
intermittent exotropia (IXT) control

• 386 children with IXT, aged 3 to 10 years 
(mean = 6.3 years), +1.00 to –6.00 D

• Randomly assigned to

• –2.50 D for 12 months, then –1.25 D 
for 3 months or 

• Regular spectacle use



Binocular Overminus Spectacles 
• Distance IXT control at 12 months was 

better with overminus spectacles 

• At 18 months, little or no difference 

• Myopic shift greater in overminus than 
nonoverminus group: 
–0.42 D vs –0.04 D

• 33 of 189 children (17%) in overminus 
group vs 2 of 169 (1%) in nonoverminus 
group had myopic shift > 1.00 D
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Overminus Spectacles in Myopic Children 

• In intervention group with myopia 

• Mean progression = −1.07 ± 0.76 D

• 51% showed more than 1.0 D

“ first randomized clinical trial of the 
lens paradigm, where rearing 
nonmyopic animals with negatively-
powered lenses leads to myopia”



Undercorrection: Two Randomized Trials
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How Applicable are Animal Myopia Models?
• Critical review of how animal myopia data relate 

to human condition
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Choroidal Changes in Chickens
• Chick eye able to change refractive state by 

up to 7 D changes in choroidal thickness

• Eyes recovering from form-deprivation 
myopia show choroidal thickening 

• In chick eyes presented with myopic or 
hyperopic defocus, choroid expands or 
thins to compensate for imposed defocus

• After lenses removed, choroidal thickness 
again compensates
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Short-Term Choroidal Changes in Humans
• 28 young adults 

(14 myopes, 14 emmetropes) 

• Ocular biometry measured before and 
after 60-minutes of monocular defocus
• control (no defocus), 

• myopic (+3 D defocus), 

• hyperopic (–3 D defocus), and 

• diffuse defocus (0.2 Bangerter filter)

• Fellow eye optimally corrected 



Short-Term Axial Length Changes in Humans

• Myopic defocus (+ lens) induced 
–13 µm decrease in axial length

• Hyperopic defocus (– lens) induced 
+8 µm increase in axial length

• Diffuse defocus induced borderline 
+6 µm increase in axial length
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Choroidal Changes with Myopia Control
• 28 myopic children, 7 to 11 years

• Fit with orthokeratology lenses

• 1 month of wear

• Biometry measured weekly

• Axial length decreased 
by 26 µm at week 1

• Choroidal thickness 
increased by 9 µm
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Inconsistencies
…among animal models

• Influence of constant light

• Spectral composition of 
ambient lighting

• Anterior segment involvement

• Influence of dual-focus lenses

…with human school-age myopia

• Plus lenses don’t prevent/slow

• Temporal integration and 
periods of distance/clear vision

• Effect of caffeine
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Caffeine Eye Drops
• 14 rhesus monkeys 
• 1.4% caffeine solution 
• Instilled in both eyes twice/day
• From 24 to 135 days of age
• Concurrently, wore either –3 D or 

+3 D spectacle lenses monocularly 
• –3 D lens induced –1.44 D 

anisometropia with vehicle
• –3 D lens induced +0.58 D 

anisometropia with caffeine
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The Future of Myopia Control?



Myopia Control with Topical Caffeine with/without Atropine

• 96 Vietnamese myopic children 
(10.4 ± 2.0 years, –4.1 ± 1.3D) 

• Randomized to nightly: 
• 2% Caffeine, 
• 0.02% Atropine + 2% Caffeine, or 
• 0.02% Atropine 

• 86 children with myopia 
(10 ± 2.1 years, –3.3 ± 1.4 D) 
enrolled concurrently in parallel 
group to wear spectacles only

 ∆Myopia ∆Axial 

• Control –0.76 D 0.37 mm 

• Caffeine –0.70 D 0.35 mm

• Atr. + Caffeine –0.47 D 0.23 mm†

• Atropine –0.46 D† 0.24 mm†

† significant after adjusting for confounders

ARVO 2022, Denver, CO, May 1-4, 2022

https://iovs.arvojournals.org/article.aspx?articleid=2779135 

https://iovs.arvojournals.org/article.aspx?articleid=2779135
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