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Why Myopia Management?

Code of Ethics: “To keep their patients' eye, vision, and general health paramount at all times”



Definition 

P r e v a le n ce

P a th o ge n e sis

P a r t  1



D e f in i t io n  



D e f in in g  M yop ia 

> -0 .50  D > -5.0 0  D
H igh  M y o p iaM y o p ia

WHO-BHVI Meeting on Myopia, 2015

-4 .0 0  D  
“B lin d n e ss”

-1.50  D  

“M o d e r a te  Visio n  Im p a ir m e n t  ”



P r e v a le n c e



P r e v a le n c e : G lo b a l ly  

M y o p ic : 2 8 .3 % (1.9 5B )
H igh ly  M y o p ic : 4 % (9 3 0 M ) 

Holden, et al. Ophthalmology 2016

2 0 10



P r e v a le n c e : G lo b a l ly  

Holden, et al. Ophthalmology 2016



P r e v a le n c e : G lo b a l ly

M y o p ic    

E a st  Asia n  C o u n tr ie s: 8 0 - 9 0 % o f  h igh  sch o o l g r a d s

• 10 - 2 0 % h a v e  sigh t- th r e a te n in g  p a th o lo g ie s

H igh ly  
M y o p ic

4 % (2 2 7M )

2 8 .3 % (1.9 5B )

2010 2050

Ma, et al. Invest Ophth Vis Sci 2016
Lin, et al. Ann Acad Med Singapore, 2004

>50 % (5B )

10 % (9 3 0 M )



P r e v a le n c e : U n i t e d  S t a t e s  

M y o p ic  Ad u lts

3 0 %                  4 8 .5%              >58 .6 % 

2010 2050

Holden, et al. Ophthalmology 2016



P r e v a le n c e : U n i t e d S t a t e s  

M y o p ic  C h ild r e n  (11-13  y o )

12 %                                             4 9 .4 % 

1994 2013

Vitale, et al. Arch Ophth, 2009; Hrynchak, et al. Optom Vis Sci, 2013; Theophanous, et al. Ophthalmol, 2018..

12 %                                             4 9 .4 % 

“ These projections are based on conservative assumptions and, given the published relationship between 

level of education and myopia, increased provision of education could markedly increase these trends” 



P a t h o g e n e sis



E m m e t r o p iz a t io n

N o r m a l P h y sio lo gic  P r o ce ss:

• C o r n e a l a n d  le n t icu la r  r e f r a c t io n s h a r m o n ize  w ith  th e  

in c r e a sin g  a x ia l le n gth

Ax ia l L e n gth : 

• M o st  in f lu e n t ia l fa c to r  fo r  p r o p e r  e m m e tr o p iz a t io n



M y o p ia



Acco m m o d a t ive  L a g T h e o r y  (c . 2 0 0 0 )

T h e o r ie s  

P e r ip h e r a l  R e f r a c t io n  T h e o r y  (c . 2 0 2 0 )



Acco m m o d a t iv e  L a g  T h e o r y  (c . 2 0 0 0 )

• U n d e r - a cco m m o d a t io n during near work

• Image focused behind the retina at fovea

• Relative hyperopia stimulates eye growth 

• Treat with plus at near: Bifocals, PALS

Theories 



“These findings do not support the proposal the development of myopia in 
young adults is accompanied by a reduced accommodative response during 
near work”

T h e o r ie s  

“The statistically significant, but clinically small, PAL effect suggests that 
treatments aimed at reducing foveal defocus may not be as effective as 
previously thought in myopia children with high accommodative lag”



P e r ip h e r a l  R e f r a c t io n  T h e o r y  (c . 2 0 2 0 )

• S h o r t e r  o f f - a x is  e y e  le n g t h
• Image focused behind the retina in periphery
• Relative hyperopia stimulates eye growth
• Treat with plus in periphery: Ortho - K, MFs

Theories 



T h e o r ie s  

Chamberlain, et al. Opt. and Vis. Sci. 2019.



Acco m m o d a t ive  L a g  T h e o r y  (c . 2 0 0 0 )

• Under -accommodation during near work

• Image focused behind the retina at fovea

• Relative hyperopia stimulates eye growth 

• Treat with plus at near: Bifocals, PALS

Peripheral Refraction Theory (c. 2020)

• Shorter off -axis eye length

• Image focused behind the retina in periphery

• Relative hyperopia stimulates eye growth

• Treat with plus in periphery: Ortho -K, MFs

Theories 



P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id

Jin, et al. Am J Ophth, 2016



P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id

Wallman et al. Vision Res., (1995), Chakraborty, et al. Updates on Myopia, 2019



P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id

Wallman et al. Vision Res., (1995), Chakraborty, et al. Updates on Myopia, 2019



Scott et al., IOVS. 2010

P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id



Su b je c t s :
• n = 10 4 su b je c t s, a ge s 10 - 15
• 41 m y o p ic , 6 3  n o n - m y o p ic

C o n c lu sio n s
• 16 % th in n e r  su b fo ve a l ch o r o id a l th ick n e ss
• 6 % = p a ssive  st r e tch in g  

P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id

Jin, et al. Am J Ophth, 2016



P e r ip h e r a l  R e f r a c t io n  T h e o r y  
Sign a l C a sca d e  th r o u gh  th e  C h o r o id

Jin, et al. Am J Ophth, 2016

Choroidal thinning occurs early in refractive error development process



P a r t  2

• R isk  F a c to r s fo r  D e ve lo p in g  M y o p ia

• O cu la r  D ise a se  a sso c ia te d  w ith  M y o p ia



R isk  F a c t o r s



R isk  F a c t o r s

"R e f r a c t iv e  e r r o r is  t h e  b e st  s in g le  
p r e d ic to r o f  f u tu r e  m y o p ia  – m o r e  

p o w e r f u l  o f  a  p r e d ic to r  t h a n  
g e n e t ic s , n e a r  w o r k , a n d  o th e r  r isk  

f a c to r s ."

- C L E E R E  S tu d y

Zadnik, et al. JAMA Ophth, 2015



R isk  F a c t o r s

Zadnik, et al. JAMA Ophth, 2015

Age Refractive Threshold for Risk of 
Myopia Development 

6 < +0.75 D

7-8 ≤ +0.50 D

9-10 ≤ +0.25 D

11 ≤ +0.00 D



S T AR T  T H E  D IS C U S S IO N  E AR L Y 

C lin ic a l  P e a r l



R isk  F a c t o r s
G e n e t ic s  

2 x  g r e a t e r

5x  g r e a t e r

Jones, et al. Inv. Ophth, 2007



Holden, et al. Ophthalmology 2016

R isk  F a c t o r s
G e n e t ic s  



R isk  F a c t o r s
G e n e t ic s  



N o t  L im it e d  to  a  S in g le  R a c e

M y o p ia  P r e v a le n c e

H ig h e r  in  In d ia n  &  C h in e se  o r ig in  in  
S in g a p o r e

L o w e r  in  In d ia n s in  In d ia  &  C h in e se  
in  r u r a l  C h in a

R isk  F a c t o r s
G e n e t ic s  

Holden, et al. Ophthalmology 2016



U r b a n  L iv in g

2.6%
INCREASED RISK

Risk Factors



In d o o r  T im e

R isk  F a c t o r s



In d o o r  T im e

R isk  F a c t o r s

• S e a so n a l  v a r ia t io n  o f  m y o p ic  
p r o g r e ssio n

lin, et al. Optom Vis Sci, 2014.



• O u td o o r  sp o r t s v s in d o o r  sp o r t s

R isk  F a c t o r s
In d o o r  T im e

Rose, et al. Ophthalmology, 2008.

Q : I s  o u td o o r  t im e  p r o t e c t iv e ?
Rose, et al. Ophthalmology, 2008.



<13  h o u r s/ w e e k  o f  o u td o o r  t im e : 
h igh e r  o d d s r a t io  o f  in c id e n t  m y o p ia

O u t d o o r  T im e
P r o te c t iv e  a g a in st  O n se t

Xiong, et al. Acta Ophth, 2017.

O d d s o f  m y o p ia  
d e v e lo p m e n t  w e r e  
r e d u c e d  b y  2 % p e r  

a d d i t io n a l h o u r



O u t d o o r  T im e
D io p t r ic  D e m a n d

Lingham, et al. British J. of Ophth, 2020.



Lingham, et al. British J. of Ophth, 2020.



O u td o o r  T im e  &  N e a r  W o r k

Rose, et al. Ophthalmology, 2008.



O u t d o o r  T im e

R e c o m m e n d  c h i ld r e n  
in c r e a se  o u td o o r  t im e  to
2  h o u r s/ d a y  o r 14  
h o u r s/ w e e k  

W ill  h a v e  th e  g r e a t e st  
e f f e c t  o n d e la y in g  o r  
p r e v e n t in g  m y o p ia  o n se t  
in  c h i ld r e n .

Rose, et al. Ophthalmology, 2008.



E d u c a t io n / N e a r  W o r k

R isk  F a c t o r s



E d u c a t io n / N e a r  W o r k

R isk  F a c t o r s

• > 3  h o u r s o f  n e a r  w o r k

• C lo se  w o r k in g  d ist a n c e

• C o n t in u o u s > c u m u la t iv e  w o r k

• D ig i t a l  d e v ic e s/ Sc r e e n  t im e

• 2 % in c r e a se d  o d d s o f  m y o p ia /  a d d i t io n a l  

d io p te r - h o u r  o f  t im e  sp e n t  o n  n e a r  

w o r k /  w e e k .

Huang, et al. PLOS, 2015



E d u c a t io n / N e a r  W o r k

R isk  F a c t o r s

Ex) If a child has 4 hours per day for near 

w o r k  (3 3  cm ) in  t u to r ia l c la sse s a f t e r  sch o o l 

d u r in g  w e e k d a y s (M o n d a y  to  F r id a y ), t h e n  h e  

w o u ld  m o st  lik e ly  h a v e  12 0 % o f  a d d it io n a l 

o d d s o f  m y o p ia

4  h o u r s x  3  D  x  5  d a y s/ w e e k  x  2 % = 12 0 %



E d u c a t io n / N e a r  W o r k

R isk  F a c t o r s

87%
WORLD'S STUDENT 

POPULATION IN HOME 
CONFINEMENT DURING 2020

UNESCO Report



P o te n t ia l  M e c h a n ism s

N e a r  W o r k

• M e c h a n ic a l:

⚬ T e m p o r a r y  in c r e a se  in  a x ia l  le n g th  

d u r in g  n e a r  w o r k

• O p t ic a l :

⚬ M o r e  h y p e r o p ic  d e f o c u s d u r in g  n e a r  

w o r k

Huang, et al. PLOS, 2015



Ac c o m m o d a t iv e  L a g

Normal: +0.25 - +0.75 D

• H ig h e r  a c c o m m o d a t iv e  la g s c o r r e la t e d  

w ith  in c r e a se d  r isk  f o r  p r o g r e ssiv e  

m y o p ia

M e a su r e  w ith  M E M  R e t in o sc o p y  



Ac c o m m o d a t iv e  L a g

M e a su r e  w ith  M E M  R e t in o sc o p y  

• Patient in full - correction

• W.D. = 40 cm or preferred W.D.

• Briefly hold lens in front while 

quickly assessing reflex

• With motion = +

• Normal: +0.25 - +0.75 D

• H igh e r   r isk  fo r  p r o g r e ssiv e  m y o p ia



E a r ly  In t e r v e n t io n

O u t d o o r  T im e

B r e a k s f r o m  n e a r  w o r k

M o r e  f r e q u e n t  f o l lo w - u p s

C lin ic a l  R e c o m m e n d a t io n s

I f  in c r e a se d  r i sk  f a c t o r s f o r  m y o p ia , R x :



E a r ly  In t e r v e n t io n
C lin ic a l  R e c o m m e n d a t io n

S ta r t  m y o p ia  m a n a ge m e n t  d isc u ssio n  e a r ly

• "Yo u r  c h i ld  i s  b e lo w  n o r m a l r a n g e s  f o r  v is io n  d e v e lo p m e n t ."

• "S h e  i s  a t  in c r e a se d  r i sk  f o r  n e e d in g  g la sse s  f o r  p r o g r e ss iv e  

m y o p ia "

• "P r o g r e ss iv e  m y o p ia  i s  a  v is io n  c o n d i t io n  t h a t  t y p ic a l ly  r e su lt s  in  

w o r se n in g  v is io n  e v e r y  y e a r  w h e n  d ia g n o se d  e a r ly  in  c h i ld h o o d . 

P r o g r e ss iv e  m y o p ia  m a y  r e q u i r e  t h ic k e r  g la sse s  a n d  in c r e a se d  

d e p e n d e n c e  o n  t h o se  g la sse s  e v e r y  y e a r ."

• "G o o d  n e w s i s , i f  w e  c a t c h  i t  e a r ly , w e  c a n  s lo w  d o w n  h e r  v is io n  

c h a n g e s . L e t 's  sc h e d u le  a  6  m o n t h  f o l lo w  u p ."



E a r ly  In t e r v e n t io n

Chua, et al. Ophthalmic Physiol Opt 2016.



E a r ly  In t e r v e n t io n

COMET Group. Invest Ophth. 2013.

Age Average Stability

15 50%

18 75%

Conclusion : We cannot predict how any single individual child will respond to any 
intervention for myopia, but based on averages, we need to keep the children in such 
interventions likely through mid -20s



O c u la r  D ise a se  Asso c ia t e d  w ith  M y o p ia



Flitcroft, et al. Progr Retinal Eye Res., 2012.

-2 .0 0  D -4 .0 0  D -6 .0 0  D >-8 .0 0  D

PSC Cataract 1.6 x 3 .2 x 5.4 x 12 .3 x

Glaucoma 1.7x 2 .5x 14 x N / A

Retinal Detachment 3 .1x 9 .0 x 2 1.5x 4 4 .2 x

Myopic Maculopathy 2 .2 x 9 .7x 4 0 .6 x 12 6 .8 x

O c u la r  D ise a se  Asso c ia t e d  w ith  M y o p ia



C a ta r a c t s

P o ssib le  m e c h a n ism s:

• In c r e a se d  o x id a t iv e  d a m a g e

se c o n d a r y  to  f a st e r  v i t r e o u s 

d e g e n e r a t io n

Annechien, et al. Invest. Ophth., 2020.



C a ta r a c t s

In c r e a se d  R isk  o f  P o st - S u r g e r y  R D s

• disruption of capsular - zonular diaphragm

+ vitreous traction with thinner peripheral 

retina = higher risk of RD

• Risk related to refractive error

Annechien, et al. Invest. Ophth., 2020.



G la u c o m a

P o ssib le  m e c h a n ism s:

• Ax ia l e lo n ga t io n   

⚬ T ilt in g  o f  o p t ic  d isc

⚬ D a m a ge  to  a x o n s in  la m in a  

c r ib o sa

Annechien, et al. Invest. Ophth., 2020.



G la u c o m a
Mechanism of Action

Kim, et al. PLoS One., 2019.



G la u c o m a
Peripapillary Atrophy

T h e  la r ge r  t h e  p a r a p a p il la r y  d e lt a  

(b la c k  a r r o w s) z o n e  th e  la r ge r  t h e  

r isk  f o r  g la u c o m a  d e v e lo p m e n t

Jonas, et al. PLoS One., 2017.



G la u c o m a

R e t r o sp e c t iv e  S tu d y  o f  P O AG  &  M y o p ia

• 28% with POAG had high myopia

• Those <40 yo with high myopia had higher POAG prevalence 

than the older participants in lower myopia group

Shim, et al. Curr Eye Res., 2017. (Korea National Health and Nutrition Examination Survey)



G la u c o m a

C lin ic a l  R e c o m m e n d a t io n

• Screen at age of 30 with SE of - 10.00 D or worse

• Screen at age of 50 with SE of - 6.00 D to - 10.00 D

Haarman, et al. Invest. Ophth. Vis. Sci., 2020.



G la u c o m a ?
Visual Field Loss Secondary to Myopia

Park, et al. Sci. Rep. 2019.



R e t in a l  D e ta c h m e n t

P o ssib le  m e c h a n ism

Ax ia l e lo n ga t io n , r e su lt in g  in  

st r e t c h in g  o f  t h e  r e t in a l  t issu e

P o o r  p r o gn o sis o f  R D  r e p a ir  

c o m p a r e d  to  n o n - m y o p e s

Annechien, et al. Invest. Ophth. Vis. Sci  2020.



R e t in a l  D e ta c h m e n t

BCVA of < 20/200 after RD

High myopia: 34%
w/o High Myopia : 19% 

Less success with reattachment of macula 

Poor Prognosis of RD Repair

Annechien, et al. Invest. Ophth. Vis. Sci  2020.



M y o p ic  M a c u la r  D e g e n e r a t io n

P o ssib le  m e c h a n ism

Ax ia l  e lo n g a t io n , r e su l t in g  in  

s t r e t c h in g  o f  t h e  r e t in a l  t i ssu e

Annechien, et al. Invest. Ophth. Vis. Sci  2020.



M y o p ic  M a c u la r  D e g e n e r a t io n



Visu a lly  
Im p a ir e d

3 .3 m illio n 18 .5 m illio n

10  m illio n                                55.7 m illio n

2010 2050

B lin d

M y o p e s o f  < - 5 .0 0  D = 4 3 % o f  c a se s

M y o p ic  M a c u la r  D e g e n e r a t io n

Bullimore, et al. Opt and Vis. Sci  2019.



Definition: Myopia with any posterior myopia -specific 
pathology from axial elongation

• Category 1 – Tessellated fundus only
• Category 2 – Diffuse chorioretinal atrophy
• Category 3 – Patchy chorioretinal atrophy
• Category 4 – Macular atrophy

+++ – Lacq u e r  cr acks
C h o r o id a l n e o vascu lar iza t io n
Fu ch ’s sp o t

M y o p ic  M a c u la r  D e g e n e r a t io n

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Category 1 – Tessellated fundus only

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Category 1 – Tessellated fundus only
Category 2 – Diffuse chorioretinal atrophy

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Category 1 – Tessellated fundus only
Category 2 – Diffuse chorioretinal atrophy
Category 3 – Patchy chorioretinal atrophy

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Category 1 – Tessellated fundus only
Category 2 – Diffuse chorioretinal atrophy
Category 3 – Patchy chorioretinal atrophy
Category 4 – Macular atrophy

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Category 1 – Tessellated fundus only
Category 2 – Diffuse chorioretinal atrophy
Category 3 – Patchy chorioretinal atrophy
Category 4 – Macular atrophy

+++ – Lacq u e r  cr acks
M y o p ia  ch o r o id a l n e o vascu lar iza t io n
Fu ch ’s sp o t

Ohno-Matsui, et al. Am. J. of Ophth.,2015.



M y o p ic  M a c u la r  D e g e n e r a t io n

Slo w in g  m y o p ic  p r o g r e ssio n  b y  1 

d io p te r r e d u c e s r isk  o f  m y o p ic  

m a c u lo p a th y  b y  4 0 %

C o m p a r e d  to  AR E D S: 2 5% r e d u c e d  

r isk  f o r  a d v a n c e d  AM D  w ith  6  y e a r s 

o f  su p p le m e n ta t io n

Bullimore, et al. Opt and Vis. Sci  2019.



O c u la r  D ise a se  Asso c ia t e d  w ith  M y o p ia



Q u a li ty  o f  L if e



D e m o n st r a t e  c h i ld ’s  v is io n  t o  p a r e n t

C lin ic a l  P e a r l



Q u a li ty  o f  L if e

Bullimore, et al. Opt and Vis. Sci  2019.; Lamoureux, et al. Invest. Ophthal Vis Sci. 2009
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