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Myopia intervention and ultraviolet 
radiation related eye diseases: A 
narrative literature review
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Abstract:
There has been an increased understanding of the protective effect of two or more hours in high lux 
light on the development and progression of myopia. The aim of myopia management is to reduce 
the incidence of high myopia and sight‑threatening myopic complications. Equally important are the 
sight‑threatening complications of ultraviolet radiation (UVR) on the eye and adnexal structures. This 
review will analyze the literature for both these epidemics to help guide public health policy. Whilst 
increasing childhood high lux light exposure is important, consideration of a holistic eye health policy 
should ensure that UV eye diseases are also prevented. The advent of ultraviolet (UV) fluorescence 
photography has increased our understanding that significant UV eye damage occurs in childhood, 
with 81% of children aged 12–15 years having signs of UV eye damage. Hence, the need to reduce 
myopia and protect from UV‑related eye diseases needs simultaneous consideration. Advocating for 
eye protection is important, particularly as the natural squint reflex is disabled with dark sunglasses 
lenses. The pathways UV reaches the eye need to be considered and addressed to ensure that 
sunglasses offer optimum UV eye protection. The design of protective sunglasses that simultaneously 
allow high lux light exposure and protect from UVR is critical in combating both these epidemics.
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Introduction

Myopia is an increasingly common eye 
disorder, with its prevalence expected 

to reach 52% by 2050.[1,2] It is predicted that 
1 billion people worldwide will have high 
myopia with refractive errors >–6D or axial 
lengths > 26 mm.[1] High myopia is expected 
to become leading cause of permanent 
blindness worldwide in the adulthood. The 
sight‑threatening complications of myopia 
include retinal detachment, neovascular 
membrane secondary to myopic macular 
degeneration, glaucoma, and presenile 
cataracts.[3,4]

Genetics and environmental factors 
contribute to myopia development. 

A  meta‑analysis and systemic review 
established that the incidence of myopia 
decreases with increased time spent 
outdoors due to exposure to high lux 
light. [5] A key measure to limit the 
development and progression of myopia 
is spending at least 2.5 hours outdoors 
daily to expose the child’s eye to high‑lux 
light.[5]

Ultraviolet (UV) skin and eye damage occur 
primarily in childhood and the diseases 
typically manifest in later adulthood. 
UV‑related eye diseases include a range of 
ocular and eyelid diseases, ranging from 
periocular skin cancers,[6] ocular surface 
tumors,[7] pterygium[8] and pinguecula, 
cataracts,[9‑11] and age‑related macular 
degeneration (AMD).[12]
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This review will present a brief overview of the evidence 
for increased outdoor light exposure with high lux 
light to reduce myopia progression and assess the 
evidence regarding UV eye protection for children to 
simultaneously reduce UV damage to the child’s eye, 
thereby reducing UV‑related eye disease later in life. 
The evidence for combining frame and lens design in 
sunglasses to maximize eye protection in children will 
be considered. Thus, increasing outdoor light exposure 
with high‑grade  UV eye protection should be linked 
together in public health policy.

Methodology

The PubMed database was searched, with no date 
restrictions, using the search terms “UV‑related 
diseases,” “pterygium,” “pinguecula,” and “skin 
cancer” as signs of significant childhood UV exposure 
to correlate against “axial length,” “myopia,” and 
“refractive error”. The term “macular degeneration” 
was also cross referenced against “Ultraviolet light” and 
“refractive error”. The analyzed studies compared the 
prevalence of the disease worldwide, with UV exposure 
varying from outdoor activity  (working or leisure), 
latitude, and altitude. The literature was also reviewed 
using the search terms “UV radiation and eye,” “UV 
eye protection,” and “sunglasses” to analyze the key 
components of eye protection.

Evidence for Myopia Intervention with 
Increased Outdoor Exposure

Various animal studies have investigated the 
effect of intensity of light and its effects on myopia 
progression. Seminal chicken experiments exposed 
deprivation‑induced myopic chicks to different light 
intensities, measured as lux, demonstrating the effect 
of high lux light in retarding myopia progression.[13] 
Other animal studies, including on chicks,[14] rhesus 
monkeys,[15] and tree shrews,[16] used UV‑free lighting 
systems to inhibit scleral growth rates experimentally. 
Myopia was induced in these animals with either form 
deprivation or defocus, and this was modified by UV‑free 
lighting systems that were shown to modify the normal 
emmetropization process.

Epidemiological studies show a similar association with 
both an increase in myopia progression in low light levels 
and reduced progression in high light levels. Rose et al. 
compared Chinese children living in Sydney to those 
in Singapore. In Sydney, the kids had an average of 
13.5 outdoor hours per week with a prevalence of 3.3% 
myopia compared to the 3.05 outdoor hours per week 
for the Chinese children in Singapore and a myopia 
prevalence of 29.1%.[17] Seasonal differences in myopia 
progression have also been seen in Chinese, Norwegian, 

and Czech children, with greater progression in myopia 
during the winter months.[18‑20]

Intervention has also been shown to reduce the incidence 
of myopia by increasing the time 6‑year‑old Chinese 
children spend outdoors by 40 min a day.[21] Rose et al.[22] 
analyzed the outdoor activity compared with near work 
and concluded that light intensity rather than the absence 
of near work was the critical factor. Ho et al.,[23] in their 
meta‑analysis of the dose‑response relationship between 
outdoor light exposure and myopia indicators, found 
that more than 120 min of daily outdoor light exposure 
decreased myopia incidence by 50%, spherical equivalent 
refraction by 32.9%, and axial elongation by 24.9% for 
Asian children aged 4–14 years. Furthermore, <40 min 
outdoors daily is associated with more rapid axial length 
progression.[24]

Ultraviolet‑related Eye Diseases Due to 
Childhood Ultraviolet Radiation Damage

Cumulative UV radiation  (UVR) exposure is related 
to numerous eye diseases in the adulthood. Periorbital 
skin cancers account for 5%–10% of all skin cancers.[6,25] 
Skin cancers, pterygium, pinguecula, ocular surface 
squamous neoplasia, and cortical cataracts are all related 
to UVR exposure. AMD has been associated with UV 
exposure. The Blue Mountains Eye Study showed that 
people who worked outdoors had a higher incidence 
of AMD and soft drusen.[12] The relationship between 
sunlight and AMD was also explored in The Beaver 
Dam Eye Study,[26] with findings that the amount of 
leisure time spent outdoors in summer was significantly 
associated with wet macular degeneration (odds ratio: 
2.26; 95% confidence interval: 1.06–4.81). Furthermore, 
even after adjusting for age and time spent outdoors in 
summer, UV protection with sunglasses reduced the 
amount of retinal pigment and soft indistinct drusen.[27]

Pingueculae and pterygia are common UV‑related eye 
diseases and have an earlier onset than other UV‑related 
eye diseases, with a peak prevalence between 20 and 
40 years of age. They are used to highlight the rate of 
UV‑related eye disease.[28] UVR levels vary in regions 
depending on the latitude, altitude, sun elevation, 
cloud cover, and ground reflection.[29] Exposure of the 
population to UVR also depends on outdoor occupation, 
outdoor hobbies, activities, and habitual use of UV 
protection, such as sunglasses and hats. In addition, some 
genetic variations that lead to defective DNA repair after 
UV damage are known to predispose to pterygium and 
other UV‑related eye diseases.[28]

UV fluorescence photography  (UFP) has allowed the 
degree of UV damage to be quantified objectively.[30‑32] 
UFP has demonstrated UV‑induced damage in childhood, 
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and there is an inverse relationship between childhood 
UV exposure and myopia.[33] Children have the least 
naturally developed protection against UVR, as 
80% of UV eye exposure occurs before a child turns 
18 years old.[34] Using UFP, 30% of children 9–11 years 
demonstrated UV damage to their eyes. By 12–15 years 
of age, 80% of children had damage detected using UFP, 
but even more alarmingly, 30% had clinically evident 
pinguecula or pterygium.[30] Crewe et  al. showed that 
pterygium is an indicator of UV exposure. People with 
pterygium should be screened for cutaneous melanoma 
as they have a 24% increased risk.[35]

The prevalence of pterygium, known as UVR 
exposure related, varies due to a combination of 
outdoor activity  (working or leisure), latitude and 
altitude  [Table  1]. Hence, all these factors need to be 
considered simultaneously as taken in isolation any 
of these factors may be misleading. For example, the 
prevalence of pterygia in Tehran is 1.3%, and Shahroud 
is at 9.4%. Tehran’s latitude is 35°, and Shahroud’s is 36°. 
These Iranian cities have a similar altitude of 1189 m and 
1345 m above sea level, respectively. The key difference is 
that Shahroud is an agricultural area with most women 
and men employed in outdoor occupations. Most 
employment in Tehran, by comparison, is in indoor jobs 
in the government sector, industrial firms, and shops.

The overall pterygium prevalence worldwide is 10.2%.[75] 
However, the prevalence varies from 1.3% in Tehran,[63] 

Iran, to 31% in Lima, Peru.[43] Similarly, pinguecula, 
the precursor to pterygia, varies from 11% in Southern 
India[46] to 56% in Greenland[72] and up to 90%[76] in the 
Red Sea, Jordan. The wide variation of pterygium and 
pingueculae prevalence cannot be accounted for by 
the variations in latitude or altitude alone, just as the 
prevalence of skin cancer cannot be entirely explained 
by latitude or altitude.[77]

A dose‑response curve for outdoor exposure and 
pterygium growth has been reported.[78] Furthermore, 
a Chinese study of those over 50 years found that age 
and working outdoors with daily sunlight exposure 
of 2 h were the independent risk factors in developing 
pingueculae; the prevalence was 76%.[79] The risk of 
ocular surface squamous neoplasia is also associated 
with time outdoors.[80]

Correlation between Myopia and 
Ultraviolet‑related Eye Disease

Myopia has a lower prevalence in areas with a higher 
incidence of skin cancers and UV‑related diseases.[81] This 
result was again demonstrated by Kempen et al.,[82] who 
showed that areas with the highest prevalence of skin 
cancers had the lowest levels of myopia by using the data 
from the Beaver Dam, Rotterdam, the Blue Mountains 
Eye Studies, and the Melbourne Vision Impairment 
Project. The presence of pterygium has been associated 
with reduced axial length measurements. Only 1.8% 

Table 1: Correlation of pterygium prevalence with myopia prevalence
Region (latitude) Prevalence of pterygia Prevalence of myopia
Riau Archipelago, Indonesia (0.9°) 17%[36]

Tanjong Pagar, Singapore (1.0°) 6.9%[37] 38.7%[38]

Benin City, Nigeria (6.3°) 12.5%[39] 16.2%[40]

Sumatra, Indonesia (11.0°) 10%[41] 26.1%[42]

Lima, Peru (12.0°) 31%[43]

Barbados (13.0°) 23% (black, of 2714) 
10% (white, of 59)[44]

12%[45]

South India (17.4°) 9.5%[46] 35.6%[47]

Meiktila, Myanmar (21.0°) 19.6%[48] 42.7%[49]

Botucatu City, Brazil (22.9°) 8.12%[50] 29.7%[51]

Blue Mountains, Australia (24.8°) 7.3%[52] 15%[53]

Kumejima Island, Japan (26.0°) 30.8%[54] 29.5%[55]

Qatar (26.0°) 6.2%[56]

Kathmandu Valley, Nepal (27.7°) 12.4%[57] 13.63%[58]

Amami Island, Japan (28.0°) 25%[59]

Arizona, USA (32.0°) 16%[60] 33.1%[61]

Henan County, China (34.0°) 17.9%[62]

Tehran, Iran (35.0°) 1.3%[63] 21.8%[64]

Shahroud, Iran (36.4°) 9.4%[65] 30.2%[66]

Northern Japan (36.6°) 4.4%[67]

South Korea (36.6°) 3.8%[68] 70.6%[69]

North‑Western Spain (41.7°) 5.9%[70] 30.1%[71]

Copenhagen (55.7°) 0.74%[72] 12.8%[73]

Greenland (77.6°) 8.6%[72] 14.1%[74]
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of patients with axial lengths greater than 26 mm have 
pterygia compared to 51.4% of pterygia patients with 
axial lengths less than 23 mm in the same population 
group.[83]

The prevalence of myopia has been tabulated 
against the prevalence of pterygium  [Table  1] and 
pinguecula  [Table  2]. There is a low prevalence of 
myopia in several populations with a high prevalence 
of pterygium  [Table  1]. Similarly, a high prevalence 
of pinguecula is seen in populations with low rates of 
myopia, such as Shanghai. The very high myopia rate 
in South Korea at 70.6%[78] inversely correlates with the 
3.8% rate of pterygia.[68] In Greenland, myopia prevalence 
was 14.1%,[74] higher than expected compared to the 
pterygium prevalence of 8.6%.[72] However, the high rate 
of myopia could be explained by the change in education 
policy, which made it compulsory for all Inuit children 
to start formal schooling. This policy would increase 
the rates of myopia before causing a reduction in the 
prevalence of pterygium, which has a later onset. Data 
from Zhang et al.[86] are summarized in Table 3, showing 
the correlation of axial lengths against pterygium. 
Further studies correlating axial length with the rates 
of pterygium are needed to confirm that this holds true 
in different ethnic groups.

Hyperopia was associated with higher rates of choroidal 
neovascular membranes in AMD, hypothesized to be 
related to choroidal circulation.[87] Similarly, a Korean 
study found that for each diopter of increasing spherical 
equivalent of myopia there was an inversely reducing 
rate of any or early AMD.[88] Further research is required 
to understand if there is a link between maximum UV 
exposure experienced in childhood and maximum UV 
penetration, as shown in Table 4.

Optimal Ultraviolet Protection

The geometry of UVR reaching the eye and periorbital 
skin is complicated.[89] When in motion, the human head 
is slightly tilted forward, and the eye position looks 
downward, approximately 15° below the horizontal.[90] 
This position means that UV light mostly reaches the 
eye in three ways. Direct UVR can enter the eye directly, 
which occurs when the sun is lower in the sky in the 
two hours around the sunrise and sunset[90] [Figure 1]. 
Direct UVR does not reach the eye during the middle 
of the day, as the eye is facing forward and tilts slightly 
downward. Reflected UVR reaches the eye from the 
surfaces around us. UVR reflectivity varies and is the 
highest at 50% from water and snow.[91] High‑level 
cloud cover on an overcast day results in greater UV 
scatter from reflected light, which is even greater at 
higher altitudes.[46] Finally, overhead UVR reaches the 
eye when the sun is high in the sky in the middle of 

the day. This time corresponds to the peak time UV 
damages the skin.

The natural squint reflex reduces UVR in the eyes 
when outside.[92] The nondominant eyelid closes, 
protecting the eye, the pupils constrict, the palpebral 
aperture narrows, and the brow lowers in the dominant 
eye.[91] Bilateral diseases where UVR is important in 
the pathogenesis tend to occur in the dominant eye 
first, such as pterygium,[93] due to the lid closure on the 
nondominant eye.

Sunglasses should protect from UVR at least the same 
level as the natural squint reflex, limiting UV into the eye. 
However, poorly protecting sunglasses reduce the glare 
for the wearer and the squint reflex is relaxed. Hence, 
the palpebral aperture widens, the brow relaxes, and the 
pupils dilate.[11] This widening paradoxically allows more 
UVR onto the periorbital skin, ocular surface and into 
the eye. Furthermore, as the sunglass lens is a smooth 
surface, the reflected UVR reaching the back surface of 
the lens from around the poorly fitting frame is reflected 
off the lens into the eye.[27,29] This is demonstrated by the 
difference in the level of protection offered to the eye in 
Figure 1. UV detectors mounted on mannequin eyes have 
shown that 95%–98% UV‑blocking lenses allow 18%–25% 
UVR to reach the cornea.[27,29] This contrasts with clear 

Table 2: Correlation between the prevalence of 
pinguecula and myopia
Region (latitude) Prevalence of 

pinguecula, n (%)
Prevalence of 
myopia, n (%)

Benin City, Nigeria (6.3°) 25.7%[39] 16.2%[40]

South India (17.4°) 11.3%[46] 35.6%[47]

Blue Mountains, Australia (24.8°) 69.5%[52] 15.0%[53]

Red Sea, Jordan (29.4°) 90%[76]

Shanghai, China (31.2°) 75.57%[79] 22.9%[84]

Kyoto, Japan (35.0°) 61%[85]

Shahroud, Iran (36.4°) 61%[65] 30.2%[66]

North‑Western Spain (41.7°) 47.9%[70] 30.1%[71]

Copenhagen (55.7°) 41%[72] 12.8%[73]

Greenland (77.6°) 56%[72] 14.1%[74]

Table 3: Axial length versus prevalence of pterygium
Study 1: Zhang et al.[86] Axial 

length 
≤23 mm

Axial 
length 

≤26 mm

Axial 
length 

>26 mm
Prevalence of pterygium (%) 51.4 46.8 1.8

Table 4: Ultraviolet light maximally penetrates the 
eye during childhood, reaching the retina during the 
youngest years of life
Wave 
length (nm)

0–2, 
n (%)

2–10, 
n (%)

11–20, 
n (%)

21–39, 
n (%)

40–59, 
n (%)

60–90, 
n (%)

320 10 5 0 0 0 0
400–450 70–80 60–70 60 50–60 40 20
450–1500 70–80 60–70 60–70 60–70 40–70 30–60
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scripted lenses that block 95% UVR as wearers use their 
squint reflex to reduce glare.[27]

Although sunglasses reduce the lux of light reaching the 
eye, it is still 11 to 43 times higher than the lux indoors. 
This was shown in a Singaporean study that used 
child mannequin heads to assess the effect of different 
outdoor environments with sunglasses and a hat for 
UV protection on the lux of light reaching the eye. This 
light level was considered sufficient for myopia control 
if an outdoor activity was undertaken for at least 2 hours 
daily.[94] This approach can simultaneously encourage 
outdoor activity for myopia control and maximum UVR 
protection for the eye and skin.[95]

Conclusion

Animal, epidemiological, and interventional studies 
all indicate that increasing exposure to high lux light 
can limit axial length progression. The ideal duration is 
not conclusive but is indicated at least 2 hours per day. 
Whilst outdoors, children’s eyes should be shielded 
with UV‑protective eyewear as part of all sun protection 
campaigns worldwide, as long‑term eye health is 
essential in reducing the significant burden of UV‑eye 
diseases. The push for UV protection for the eye aligns 
with the call to encourage children to play outside to 
reduce myopia. The child’s eye needs to be protected at 
the time of life when it has the least naturally developed 
defenses. With growing worldwide, concerns regarding 
myopia and its increasing prevalence in the next 30 years, 
children are encouraged to spend more time outdoors. 
However, these children should be outdoors with UV 
protection for their eyes and skin.

We need to acknowledge that different sunglasses offer 
different levels of eye protection. Hence, when advocating 
for children to spend more time outside, we must ensure 
that our advocated solution simultaneously reduces the 
incidence and progression of myopia and UV‑related eye 
diseases. The design and grade of sunglasses offering 

UV protection must be clearly identifiable so parents, 
caregivers, and eye care professionals can make informed 
choices.

Shielding children’s eyes from UVR with maximally 
protective sunglasses whilst encouraging outdoor 
activity during childhood would reduce the incidence 
of myopia and simultaneously protect the eyes from 
harmful UVR. Ophthalmologists, optometrists, and 
all eye care professionals can lead this initiative by 
understanding and simultaneously minimizing the 
long‑term impact of both epidemics.

In conclusion, the public health message regarding 
myopia progression in children should include the 
equally important message to protect their eyes from 
the damaging effects of UV exposure. Future studies 
looking at the prevalence of myopia should investigate 
the incidence of pterygium/pinguecula or, ideally, use 
UVFP to compare the prevalence of UVR diseases. This 
correlation will provide additional important evidence for 
protecting children’s eyes to reduce the incidence of UVR 
eye diseases 10–80 years after exposure. Future studies 
may also help identify the minimum lux required to retard 
myopia progression versus UV levels resulting in eye 
damage to help achieve the optimum balance to prevent 
both conditions simultaneously. Public health strategies 
will then be able to communicate clear recommendations 
to combat both sight‑threatening epidemics.
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