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Skin Cancer in 
Australia is 
Highest in the 
World

Country Melanoma 
incidence per 
100,000

Australia 88.7

New Zealand 80.9

Norway 44.5

Sweden 39.5

Switzerland 39.5

Denmark 37.5

United States 37.4

Austria 31.7

Iceland 29.1

Netherlands 28.5



Australia and New Zealand have the highest rates of skin cancer in the world
But some of the lowest rates of myopia

We spend a lot of time outside

Kempen 2004









Raine Gen 1
8.4% 
Pterygium



Prevalence (%)

1992 - 1996 2010 - 2017

BMES: Blue Mountains 
Eye Study (NSW)

MVIP: Melbourne Visual 
Impairment Project (VIC)

G1RS: Raine Study 
Generation 1 (WA)

BHAS: Busselton Healthy 
Ageing Study (WA)

G1RS 29.2%

MVIP16.4%

urban

MVIP 13.8%

rural

BMES 23.9%

BHAS 19.4%

≤0.50 dioptres (D)

Sydney Melbourne Perth         Busselton

Mackey 2021

Australian Rates of Myopia over time
Older adults



• Comparison of 
middle-aged adults in
four Australian studies
and UK Biobank

• DEPENDS ON

AGE & MYOPIA LEVEL

• Mackey DA et al. 2021
Change in the prevalence of myopia 
in Australian middle-aged adults 
across 20 years.  



Myopia in Raine Generation 2
age 20 years (2010-2012) n=1,344

SphE ≤-0.50 in any eye (-0.50 inclusive)

25.8%

Younger adults



Young Adult onset Myopia

• The Raine Study
20 years -> 28 years

• Myopia progression in 1/3 during 
third decade

• 8-year incidence= 14.0%



Measures in Raine Study

Cycloplegic Autorefraction 
& ocular biometry

Myopia:
Spherical equiv ≤-0.05D in 
either eye1

Conjunctival UV autofluorescence 
(CUVAF; ocular sun exposure)

Self-report:
• Highest level of education
• Years in formal education
• Parental myopia

1. Flitcroft DI et al. (2019) IOVS



Risk Factors for Myopia incidence
in young adults

Associations:
• Women OR= 1.8 [95%CI= 1.0 to 3.2] vs men
• East Asian ethnicity OR= 6.1 [95%CI= 1.1 to 35.3] vs Caucasians
• Parental myopia OR= 1.6 [95%CI= 1.0 to 2.4] per parent
• Less sun exposure OR= 9.9 [95%CI= 9.8 to 10.0] per 10mm2 decrease 

in CUVAF area



Untangling the Risk factors for Myopia



Increased Time Outdoors Prevents Myopia



Markers of 
outdoor 
activity

Dorsal Hand
Skin Wrinkling

Vitamin D Level

Bone Density

Total Body
or

Arm Mole Counts

Conjunctival
Auto-fluorescence

Skin Cancer
(BCC SCC 
Melanoma)

Pterygium

Students 
and Fellows
Wanted in Perth!

GPS UV
monitors



143/1,861 participants (7.7%) with a previous history of either 
cutaneous melanoma, squamous cell carcinoma or basal cell carcinoma

Myopia and skin cancer are inversely correlated: 
results of the Busselton Healthy Ageing Study.
Franchina M et al. Med J Aust. 2014;200:521-2.



 CUVAF evident in all four quadrants

No CUVAF evident 

Conjunctival Ultraviolet Autofluorescence (CUVAF) A marker of long 
term ocular sun 
exposure in region 
where Pterygia form



Norfolk Island Eye Study 
• The Norfolk Island Eye Study (NIES): rationale, methodology and distribution of ocular biometry.

Mackey DA et al. Twin Res Hum Genet. 2011;14:42-52. 

• The association between pterygium and conjunctival ultraviolet autofluorescence: the Norfolk 
Island Eye Study.
Sherwin JC et al. Acta Ophthalmol. 2013;91:363-70.

• The association between time spent outdoors and myopia using a novel biomarker of outdoor light 
exposure.
Sherwin JC et al. Invest Ophthalmol Vis Sci. 2012;53:4363-70



Relationships between quartiles of total CUVAF and refractive error
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Raine cohort compared with 74 Chinese Medical Students 
doing a term @ UWA

Refractive 
Error



CUVAF

Raine cohort compared with 74 Chinese Medical Students 
doing a term @ UWA



Genetic and environmental factors in conjunctival UV autofluorescence.
Yazar S et al. JAMA Ophthalmol. 2015;133:406-12.

Additive genetic = 37% (95% CI, 22%-50%) of the variation in CUVAF 
Common environment = 50% (95% CI, 29%-71%) 

MZ DZ



Effect of latitude in distribution of CUVAF

• Brisbane twins (closer to the equator @27°S)
= 45.2mm2

• Tasmania twins (southern regions @42° S)
= 28.7 mm2 (p<0.001)

• after adjusting for age and sex 



Age and amount of time outdoors that protects
Prospective data from Kidskin study and adult refraction





Near Work
Screen time
and Myopia

A) Total
B) Computer
C) Television
D) Mobile device



Four trajectories for total screen time were found 
in young adults 20-28 years:

• “consistently-low” (n=148)
• “consistently-high” (n=250)
• “consistently-very high” (n=76)
• “increasing” (n=150)

• Myopia progression was faster in those with “consistently-high” or  
“consistently-very-high” screen time compared to “consistently-low” (p≤0.031)

• Only computer time was associated with myopia progression (p≤0.040)



Applying 
Polygenic Risk Scores

Already used in  
• Primary Open 

Angle Glaucoma

• Craig et al 2020



Polygenic Risk Scores (PRS)

• Performance of the PRS 
approached the level required for 
clinical utility in Europeans but not 
in other ancestries

• A PRS for refractive error was not 
predictive of Myopic Maculopathy 
risk once spherical equivalent was 
accounted for



Prevention is Better than Cure



We need to identify Pre-Myopic children to 
ensure they are getting treatment

• Combine the Polygenic Risk Score with

• Pre-myopia (between ≤ +0.75 dioptres and > −0.50 diopters)

• Family History

• At risk behaviors (indoors, near work, intense education)

• Axial Length Trajectory





AL change in greater in 
children developing myopia



Two
recent 
US
studies



3 harmonised low-dose Atropine 
studies underway

UK/Northern Ireland Ireland Western Australia



2 Year Treatment results
WA ATOM Study



2-year change in Spherical Equivalent & Ethnicity

Mixed and

49%

12% 22%

18%



No difference in Glare or Difficulty with near work,
Going outside or School Performance

• At all visits (6-24 months)
• Atropine group had:
• significantly increased 

• latency in pupillary constriction
• amplitude of pupil diameter
• pupil size at maximum constriction 
 after light stimulus



Conclusion re Myopia Genetics

• In young onset and high myopia think Stickler syndrome and Inherited Retinal 

disease (ask if anyone in family has cleft palate or night blindness)

• Public Health measures such as increasing outdoor time in children can be 

implemented but need to be tailored to the population

• Clinical trials can use Polygenic risk score to include high risk children

• In the future combining family history with Polygenic risk scores and axial length 

trajectory will allow personalised intervention for high risk children
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