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Technical Group activities:

Webinars (annual event and today’s webinar is the 4th of its kind)
All our webinars are open for viewing at the OSA Technical Group website

Panel discussions, discussion forums, and social gatherings at conferences 
Events at the ARVO annual meeting and the OSA Frontiers in Optics conference

Student awards at conferences
Awards at the ARVO annual meeting and at the VPO conference

Involvement in conference organization
OSA Fall Vision Meeting and OSA Frontiers in Optics meeting



Welcome to Today’s webinar!

Christine Wildsoet, University of California Berkeley, USA

Frank Schaeffel, University of Tübingen, Germany

Donald Mutti, Ohio State University, USA
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Myopia: Lessons from the past & 
unanswered questions related to eye 

growth regulation 

OSA Applications of Visual Science ���
4th Annual Webinar 2017

Christine Wildsoet OD, PhD, FAAO, FARVO 
UC Berkeley Myopia Research Group 

Principal Funding: NIH/NEI (R01 EY12392 & K12 EY017296)  
                & fellowships for visiting clinician scientists 



 

  wildsoet@berkeley.edu    •    http:// wildsoetlab.berkeley.edu  •   http://vision.berkeley.edu/wildsoet                                                             
 

Take-home messages from 
today’s presentation 

§  The current global myopia epidemic is likely driven by 
interacting environmental and genetic factors  

§  Animal model studies have provided important insights into: 
§  Visually-guided refractive error development & underlying 

mechanisms 
§  Role of genetics in individual differences in myopia susceptibility  

§  Current optical & pharmacological interventions for slowing 
myopia progression can & should be refined, as 
understanding of underlying mechanisms improves  

§  There is much room & need for cross-disciplinary 
collaborations in the myopia research field 
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 High myopia = 
Increase in complications! 

(Ward, IMC, 2006) 

(Curtin, 1995) 

§  Jung et al (2012): Korean 
young adult (19 yo)  males  
§  96.5% myopic  
§  21.6% highly myopic 

Projection for high myopia 
- 9.5% by 2050 world-wide! 
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Global projections for myopia: 
An out-of-control condition! 

(Holden et al. 2016) 

30% emmetropia
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Exception: Young Norwegians! 
(16–19 yo)  

51.6% by 2050! 

(Courtesy of Lene Hagan & 
Rigmor Baraas, Kongsberg) 



  wildsoet@berkeley.edu    •    http:// wildsoetlab.berkeley.edu  •   http://vision.berkeley.edu/wildsoet                                                       

The cause of  the myopia epidemic 
Excessive near work? 

Not a new idea! 
Juler 

(1904) 
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Qiao Fan et al, 2016  
(CREAM consortium) 

Educational effect  on myopia? 
More education tied to more myopia, especially in Asians 
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Interrupting near work is protective  
Recesses Outside the Classroom 

(Wu et al, Ophthalmology, 2013) 

No myopia 

New myopes 

Initial myopes 

Both new cases & progression 
benefited from outdoor breaks 
(10+20+10 minX2/day extra) 
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(Rose et al, 2008) 

Near-‐work	  

An alterative interpretation 
Outdoor exposure is protective… 

(Xiong et al, 2017) 
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So what is so special about 
outdoors cf. indoors?  
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The Indoor-
Outdoor Effects? 
 

Flitcroft  
(2012) 

Outdoors bright & optically flat (but richer in spatial information) 

Indoors dim & rich in defocus  
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Indoors vs. Outdoors:  
Other differences 

 
 
 
 

Outdoor Light 
Fluorescent Light 

(Foulds et al., 2014) 

(Hess et al, 
2006) 
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Evidence for visual influences 
on eye growth is old! 

Rabin 
(humans) 

Raviola  
(monkeys) 

Wallman 
(chickens) 
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Real major break-through  
Demonstration of bidirectional defocus-
guided eye growth regulation  
(active emmetropization) 

Normal 

-10

0

10

20

-20 -10 0 +10 +20 +30 +40

Lens power (D)

Wildsoet & Wallman (1995)

Nevin et al (1998)

Irving et al (1992)
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RPE gene expression changes  
Evidence of local (retinal) 
decoding of defocus 
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RPE gene expression changes  
Evidence of local (retinal) 
decoding of defocus 
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(Yan Zhang) 

Gene expression study results fit with 
earlier observations that optic nerve 
section (ONS) does not prevent lens-

induced myopia  
(chicks & guinea pigs, Wildsoet & McFadden labs) 
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Implications of local control 
Local (retinal) control allows for local (regional)  

ocular growth regulation 

§  Local defocus (half lenses) induces local changes 
(chicks, Schaeffel lab) 

The first evidence for local regional 
regulation came from studies using 
same paradigm & form deprivation 
(FD) (Wallman lab) 
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Courtesy of Earl Smith 

2-Zone Multifocal (MF) +ve Lenses  
Monkeys behave like Chicks: 

Peripheral defocus sufficient to slow eye growth  
without obstructing vision! 
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Translation to humans: 
Parallel results (myopia control) with 

multifocal & CRT lenses? 
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Results from one 
human study: 

Myopia control with MF 
soft contact lenses 

(Aller, Lui & Wildsoet 2016) 
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MF Contact Optics & Ortho-K  
impose relative peripheral myopia 

Low myopia (~ -1D) 

Moderate myopia (~ -3.5D) 

Proclear MF soft CL vs. no lens 

(Lopes-Ferreira et al., 2013;  
González-Méijome et al., 2016) 
  

Ortho-K 
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BUT with +ve MF lens designs in chicks 
“Local” defocus outperforms full-field defocus! 
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YET central retina dominates BMP 
RPE gene expression & likely growth  

of vitreous chamber 
at least for +ve lenses, when whole retina is 

exposed to similar defocus 

•  19-day old chicks 
•  +10D SV lenses 

(Yan Zhang) 
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Altered spherical aberration (SA) as 
possible explanation for MF lens effect?  
Interactions with ocular SA affect optimal plane of focus, 

even for on-axis images 

Combinations of defocus & SA, in the correct proportions, decrease 
the wavefront error over the pupil center 

 

Defocus: 0.4 µm SA: 0.15 µm Combined: 0.427 µm 
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Accommodation lags – a forgotten 
part of  the myopia story 
Do MFSCLs correct them? 

SVSCLs 

BFSCLs  
(+1.5 D add) 

(Tarrant et al, 2008)  

Myopes have larger lags 
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Other influences on ocular SA 
(& optimal plane of focus)  

Ocular SA becomes more -ve with accommodation, more so in 
myopes; distance-center BFSCLs add neutralizing +ve SA 

SA influence increases with pupil size 
O D error 1 D lead 

(Tarrant et al) 
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Other influences on ocular SA 
(& optimal plane of focus)  

Ocular SA becomes more -ve with accommodation, more so in 
myopes; distance-center BFSCLs add neutralizing +ve SA 

Influence SA increases with pupil size 
O D error 1 D lead 

(Tarrant et al) 

Topical atropine, even in low 
concentration, increases pupil size & 

reduces accommodation  
(although some tolerance develops over time) 

Implications for myopia control effects? 



  wildsoet@berkeley.edu    •    http:// wildsoetlab.berkeley.edu  •   http://vision.berkeley.edu/wildsoet                                                       

Decoding of sign of optical defocus 
critical to optical treatment effects – 

Is there a limit & what are the cues? 

(Nevin et al., 1998) 

Limit is species-dependent;  
myopia is default direction of growth   

Chicks out-perform 
everyone else! 
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Decoding of  sign of  optical defocus 
critical to optical treatment effects – 
Is there a limit & but what are the queues? 

(Nevin et al., 1998) 

Limit is species-dependent;  
myopia is default direction of growth   

Chicks out-perform 
everyone else! 

Can the add in a multifocal contact 
lens be too high for myopia control? 
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 Accommodation activity is integrated   
  into growth signals & helps to  
  decode complex defocus 
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(Collaboration with 
Mike Collins,1998) 

Induced myopia instead 
of hyperopia with no 
accommodation 

Lens-induced myopia either 
when an eye is forced to 

accommodate 
 continuously or has no 

accommodation 

Binocular -5D lenses  

(Wildsoet, 2003) 
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 Accommodation activity is integrated   
  into growth signals & helps to  
  decode complex defocus 
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CNS: ciliary 
nerve section 

(Collaboration with 
Mike Collins,1998) 

Myopia when 
accommodation 
eliminated 

Myopia in both eyes, even 
when one eye is forced to 

accommodate, near 
continuously 

Binocular -5D lenses  

Defocus-derived growth signals are 
also integrated; inhibitory signals are 

more enduring.  
Plus lenses worn for X6 periods of  2 

min/day is inhibitory in chicks!  
(Zhu et al, 2003) 

What are the critical temporal 
dynamics in humans? 
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From Gordon L Walls (1942) on the choroid 
of  bird eyes:…connective tissue cords and 
columns which often contain (or consist largely 
of) muscle cells..may be smooth or striated, and their 
contraction would obviously thin the choroid 
temporarily and draw the retinal backward.”  (Van Alphen, 1986) 

Human eye 

The role of choroid in eye growth 
regulation & myopia control?  

Beginning with the avian eye story, evidence of thickening in 
response to myopic defocus in animals & humans, & with some 
myopia control treatments; also differences related to myopia 

susceptibility   
 



Understanding myopia  

in the chick model 

Frank Schaeffel 
E-mail:   frank.schaeffel@uni-tuebingen.de 

http://www.eye-tuebingen.de/schaeffellab/ 

OSA webinar: solving the myopia puzzle 

December 15, 2017 



a poor image on the retina makes the eye long 
- first discovered in rhesus monkeys in 1977 



a poor image on the retina generates high amounts of myopia in chickens 

- eyes up to 2 mm longer after 10 days and more than 20 D myopic 

- independently on both sides 

(first shown by Josh Wallman and colleagues, Science 1978) 

frosted 

 goggle open 

"frosted goggle" 

Schaeffel & Howland 1991 

Josh Wallman, 1985  

…the biological sense of  

 

"deprivation myopia" 

 

is not really clear 

 

(but present in all models) 

data from Tübingen 1991 



Variability in deprivation myopia is genetically determined:  
results of selective breeding 



unexpected: an intact optic nerve is not necessary, and deprivation myopia can be induced 

selectively in local retinal areas  

Wallman et al, Science 1987 



dopamine release from the retina is controlled 

retinal image brightness and image contrast 
(Sibylle Ohngemach, Marita Feldkaemper et al 1997) 

first demonstration of a role of dopamine 

in myopia in chickens in 1989 

Richard Stone 

Mike Iuvone 



dopamine content and release from the retina are locally controlled  



dopamine controls the coupling of both 

horizontal and amacrine cells in the retina  

in a light dependent way 

consequence:  

dopamine controls receptive field sizes  

and thereby the spatial filters in the retina 



deprivation myopia and diurnal growth 

rhythms in the chick eye 

Stefan Weiss, 1999 

normal vision 

deprivation 

myopia 

continuous 

light 



Does the mechanisms of deprivation myopia account for emmetropization? 
 

Or does the retina detect the position of the focal plane to adjust axial eye growth rates? 

(pictures by Earl Smith III, Houston)   



induction of refractive errors in chicks 
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Wallman, ARVO 1987: is this driven by 

accommodation? 
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local changes in eye growth with "hemifield lenses" - even though accommodation is NOT local 
(Diether and Schaeffel, Vision Research 1997) 



sharp vision  

12 D in front of the wall 

sharp vision 

12 D behind the wall 

chick in center of drum - only one viewing distance 

lenses move the plane of sharp vision either   

12 D in front or behind the wall 

more myopic 

more hyperopic 

eye shorter 

eye longer 

Sigrid Diether 

The retina can distinguish the sign of defocus 



retinal glucagon amacrine cells "know" in a few minutes  

the sign of defocus: expression of the ZENK protein (2002, 

1999) 

outer retina: 

diurnal and light-triggered expression of  

ZENK 

inner retina:  

independent of diurnal and light 

 

          controlled by defocus 
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+ 

The sign of defocus detection very robust: positive lenses induce hyperopia even with 

diffusers (Park, Winawer, Wallman 2003)  

+ + + 
short periods of defocus with positive lenses block myopia induced by negative lenses in 

chicks (Winawer et al 2005) and monkeys (Kee et al 2007) 
AND 



How is the sign of defocus detected ?  

perhaps longitudinal chromatic aberration 

red in focus: myopia 

blue in focus: hyperopia 

green in focus: emmetropia 



The retina can average over several focal planes (2006) 



new multifocal contact lenses to superimpose myopic defocus 

for myopia inhibition 

- Cooper Vision 2017  

n = 104 children in treated group, 112 in control group, 36 months 

also: Aller, Liu und 

Wildsoet 

find 50% inhibition of 

myopia with bifocal 

contact lenses 

(Vistakon Acuvue Bifocal) 

(Optom Vis Sci 2016 

Apr;93(4):344-52) 

59% reduced myopia progression 

52% reduced axial eye growth 



inhibition of myopia by bright light  



15,000 lux  
less deprivation myopia in bright light  

either outside - 40,000 lux 

or bright illumination inside  - 15,000 lux  

Chicks on balcony 

Chicks inside 

Sunlight Halogen-quartz lights 

 

also chicks become less myopic in bright light 

 



probably mediated by dopamine: 

a dopamine antagonist blocks the effect of bright light on myopia 
(Regan Ashby 2010) 

15,000 lux 

spiperone 

vehicle 



raising chicks in monochromatic light for 2 days causes a permanent shift 

in refractive state that persists in the dark or under cycloplegia 

Anne Seidemann 



most striking: red light induces hyperopia in rhesus monkeys 



Inhibition of myopia by atropine  



Muscarinic drug screening in collaboration with Novartis, Basel, ARVO 2004 and 2005 

Sigrid Diether 

Inhibition of lens-induced myopia by atropine 
uni-lateral intravitreal injection 



Similar effects of atropine on deprivation myopia and lens-

induced myopia 

since image processing to 

detect negative defocus 

should be different than for 

detecting just poor image 

quality,  

the effect of atropine must be 

unspecific with respect to the 

type of retinal image 

processing 

 

(or not in the retina at all?) 

deprivation  

myopia 

lens-induced  

myopia 

Sigrid Diether 



atropine only inhibits myopia, not hyperopia 
and no toxicity observed 

Saline 250 µg atropine 
(one day after intravitreal injection) 

no toxic effects seen in retina, even at the highest doses (chick)   
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atropine increases  

dopamine release 

from the retina in vivo 

Schwahn, Kaymak, Schaeffel (2000)  

Visual Neuroscience17(2):165-76 



chicken muscarinic 

receptor M4 binding 

correlates poorly with 

myopia inhibition in 

chicks 

full myopia inhibition 
partial or no 

myopia inhibition 

except for MT3 ("mamba 

toxin3", a M4 antagonist), 

there were no differences in 

inhibitory potency  

in human and chick  

muscarinic receptors 

(means that the data are 

comparable) 

inhibitory potency of MT3 is 

56x higher in humans than in 

chickens - yet it is the most 

potent drug against myopia  

in chicks Brittany Carr Bill Stell 



Delaying Myopia Onset as an 
Approach in Myopia Control

Donald O. Mutti, OD, PhD



Background

• Control of myopia progression
– Many have tried, few have succeeded

• conventional rigid lenses
• under-correction
• bifocal spectacles
• bifocal spectacles in esophores
• PALs
• PALs in esophores with a high accommodative lag



RGPs (conventional fit)

Study Difference

CLAMP
(Walline, 2004) 0.40 (0.19, 0.61)

Katz (2003) –0.02 (–0.14, 0.10)

CLAMP
(Walline, 2004) 0.54 (0.27, 0.81)

Katz (2003) –0.05 (–0.21, 0.15)

CLAMP
(Walline, 2004) 0.63 (0.30, 0.96)

One year

Two years

Three years



CLAMP (conventional RGP) Axial Length
Walline et al. (2004)



Under-Correction

Study Difference

Adler (2006) –0.16 (–0.41, 0.09)

Chung (2002) –0.14 (–0.32, 0.04)

Total –0.15 (–0.29, 0.00)

Chung (2002) –0.23 (–0.50, 0.04)

One year

Two years



Multi-focal Spectacles

Study Difference

Cheng (2010) 0.42 (0.23, 0.61)

Fulk (2002) 0.10 (–0.05, 0.25)

Jensen (1991) 0.14 (–0.02, 0.30)

Pärssinen (1989) 0.02 (–0.12, 0.16)

Total 0.16 (0.01, 0.32)



Executive bifocals (+1.50D add) with and without 6∆ BI
Essilor Myopilux Max Cheng et al. (2014)



Progressive Addition Lenses

Study Difference

COMET
(Gwiazda, 2003) 0.17 (0.10, 0.24)

Edwards (2002) 0.21 (–0.06, 0.48)

MIT (Shih, 2001) 0.03 (–0.46, 0.52)

Total 0.17 (0.10, 0.24)



High lagging esophore treatment effect predicted ≈ 0.60 D
COMET 2 (2011)



Corneal Reshaping Contact Lenses



MiSight 3-year Results (Chamberlain, AAO 2017)



MiSight 3-year Results (Chamberlain, AAO 2017)



Refractive Error Forest Plot for Myopia Treatments

Huang et al., Ophthalmology 2016



Huang et al., Ophthalmology 2016

Axial Length Forest Plot for Myopia Treatments



Overnight ortho-K — Efficacy over time?
Hiraoka et al. (2012)



Brien Holden Vision Institute Myopia Calculator

https://calculator.brienholdenvision.org/

Percentage, or offset?



• Instead of imperfect, incomplete myopia 
control after onset, why not try to delay 
myopia onset?

• Assuming progression remains normal 
after delayed onset, every year of delayed 
myopia onset is 100% myopia control. 



Make the Future Myope have an Emmetrope’s Growth Rate

Age Group P<0.0001; Ref. Error Group P = 0.35; Interaction P = 0.16 



Time Outdoors Reduces Risk of Onset
Jones et al., Invest Ophthalmol Vis Sci, 2007



Time outdoors affects risk of onset but not rate of progression

Xiong et al., Acta Ophthalmologica 2017

R2 = 0.00064R2 = 0.586

Risk of Onset Rate of Progression



Xiong et al., Acta Ophthalmologica 2017



Why not Atropine?
Stopping Atropine — Rebound 
Tong et al. (2009)
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Rebound and Shift in Baseline

Table 1, Chia et al., Ophthalmology 2012



Shift in Baseline Effect on SE and AL Results

Table 1, Chia et al., Am J Ophthalmol 2013



0.6 mm translates to about -1.50 D of progression, like ATOM controls

Chia et al., Am J Ophthalmol 2013



Potential Impact of Delayed Onset

https://calculator.brienholdenvision.org/



• Time outdoors reduces the risk of the onset of myopia but not the 
rate of progression. 

• Delaying onset (time outdoors or low-dose atropine) may be an 
effective strategy for myopia control. 

• Long-term data from outdoor intervention trials will be very valuable. 

• Myopes may have reduced ability to benefit from time outdoors in 
addition to spending less time outdoors. 

• Born that way or is this from time outdoor habits?

• How young to start and how much time outdoors is beneficial?

• Why can myopes benefit from optical treatments but not benefit from 
time outdoors?

Conclusions and Questions
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