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Adverse effect of UV radiation on eyes
— a review
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ABSTRACT

The aim of this study is to discuss the association between ultraviolet radiation (UVR) and eye diseases. UVR which
reaches the surface of the Earth consists of 95% UVA and 5% of UVB. Both acute and chronic exposure to UVR
leads to pathological changes in the eye. There is strong evidence that UVR exposure causes photokeratitis, pho-
toretinitis, climatic droplet keratopathy, cataract, pterygium, squamous cell carcinoma of cornea and conjunctiva,
cancer of the eyelids (squamous cell and basal cell carcinoma). Association between UVR and pinguecula, AMD
(age-related macular degeneration) and melanoma of the eyeball is ambiguous. UVR exposure occurs all day and all
year long, which is why eye protection is necessary to avoid diseases induced by UVR. In particular childrens’ eyes
should be protected from the sun. Efficient protection is provided by accurate clothing, hats, eyeglasses or contact

lenses blocking UV light.
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INTRODUCTION

100-400 nm length waves belong to UVR’s
spectrum, which can be divided into UVA (the
longest wave), UVB and UVC (the shortest wave).
Natural source of UVR is the sun. The ozone layer
in the stratosphere entirely blocks the penetration of
UVC to the surface of the Earth and it blocks 90%
of UVB. Consequently, UV reaching the Earth con-
sists mostly of UVA and only partly of UVB. The
common use of chlorofluorocarbons caused losses
of the ozone layer, which lead to bigger amounts
of UVB reaching the Earth [1]. According to Na-
tional Aeronautics and Space Administration Earth
Observatory’s standpoint from 2016, global level
of ozone should go back to the one from before
1980 in 2050, whereas in the area of the ozone hole
over Antarctica in 2070. UVB causes damage to
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DNA’s structure (deoxyribonucleic acid), acceler-
ates ageing of the skin, and is the main cause of skin
carcinomas and ophthalmic diseases. However small
amounts of UVR are beneficial for people because it
stimulates the production of vitamin D.

Eye exposure to UVR depends on many fac-
tors, such as latitude, altitude above sea-level, the
direction of the sun, the phenomenon of sun’s re-
flection, individual features (shape of the eyelids,
the colour of the iris), means of protection [2].
On higher altitudes and on latitudes close to the
equator the intensity of UVR is the biggest, and in
consequence, it is the most harmful. Clinically the
most significant for the eye is reflected and dispersed
light because eyelids and eyebrows protect the eyes
from the direct effect of the light. The reflected light
is responsible for 50% of exposure [3], the biggest
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exposure is in the presence of snow, which reflects
up to 94% UVB rays. According to Sasaki et al. [2]
peak of eye exposure to the UVR is 8-10 am and
2—4 pm due to the angle of the falling light. It is in
contrary to the skin, which is the most vulnerable to
the sun between 10 am and 2 pm. Cloudiness and
fog increase eye exposure to the UVR [4].

The amount of UV light absorbed by the eye de-
pends on the length of the wave. Short waves are most
biologically active and are the most absorbed by the
cornea. The longer the wave, the bigger amount of
UVR goes through the cornea into the lens and retina.
Cornea absorbs waves which are shorter than 300 nm,
and the lens — shorter than 400 nm [5]. Absorbing
capacity of the lens depends on the age; the bigger
amount of light gets through the lens to the inside of
the eye in young people’s eyes. 75% of UVR reaching
the lens is not absorbed by it and goes through to the
inside of the eye in children below 10 years old; in
people, over 25 years old it is only 10% [6].

REVIEW OF THE LITERATURE
INFLUENCE ON THE SKIN OF THE EYELIDS
Eyelid cancers make up 5-10% of skin can-

cers. The most common malignant carcinoma of
the eyelids is basal cell carcinoma (BCC) (86-96%
of cases), the second common is squamous cell car-
cinoma (SCC) (4.4-12.6% of cases) [7]. Both types
of cancer are an effect of accumulated damages of
DNA caused by sun exposure [8]. There is a de-
pendence between latitude and incidence of BCC
and SCC. The closer to the equator, the bigger the
UVR exposure and the bigger the incidence [9].
UVB exposure is the strongest risk factor for devel-
oping SCC [10]. Gallagher et al. [11] stated that
increased risk of developing SCC is in relation to
chronic occupational sun exposure during 10 years
before the diagnosis. Another study also suggests de-
pendence between the incidence of SCC and occu-
pational exposure to sunlight during a lifetime [12].
In the case of BCC it seems that intensive exposure
to UV at the young age is more significant than
accumulated effect during a lifetime. In Australian
[13] and Canadian [14] study it was showed that
a bigger risk of BCC is an effect of UVR exposure
before the age of 20, however, there was no connec-
tion due to sun exposure in adults.

INFLUENCE ON CONJUNCTIVA AND CORNEA

Pterygium is a degenerative lesion of the con-
junctiva, which consists of fibro-vascular tissue

growing into the cornea. There is strong evidence
confirming the connection between chronic UVR
exposure and developing a pterygium [15, 16]. In
the Australian study, which compromised 100 thou-
sands of people, a strong positive correlation be-
tween UVR exposure and incidence of pterygium
was proved [17]. Another study proved that the risk
of pterygium was 50—-380% higher in outside work-
ers, regardless of latitude [16]. Occupational sun
exposure for many hours a day and for many years
is such an important risk factor, that it can be called
occupational disease [16]. It is worth noticing that
wearing a hat, glasses or sunglasses was negatively
correlated with pterygium in outside workers [18,
19].

It is believed that pinguecula, fibro-fatty lesion
of the conjunctiva, is also connected with UVR
exposure, however, the correlation is weaker than
in the case of pterygium. A study on Chinese popu-
lation (959 people) [20] and Indian population
(7774 people) [21] stated that working outside and
a bigger exposure to sunlight during lifetime were
risk factors of pinguecula.

Photokeratitis is a result of an acute exposure to
UVR and it passes by itself during 8—12 hours [22].
Symptoms such as significant worsening of vision,
photophobia, severe eye pain are a result of irrita-
tion and damage of cells of the superficial layer of
the cornea’s epithelium [23]. Photokeratitis can de-
velop as a result of excessive exposure to the natural
or artificial source of light. In case of exposure to
natural UVRB, it is called snow blindness, and usu-
ally, it happens when the light is being strongly re-
flected, for example during skiing or in high moun-
tains [24]. As for artificial light’s sources, even short
exposure to UVB and UVC during welding can lead
to photokeratitis called welder’s eye [24].

Climatic droplet keratopathy (CDK), also called
spheroidal degeneration, is characterized by the
forming of concretions in the superficial layer of
the cornea. It occurs mostly in the areas with the
biggest UVR exposure, so in arctic and tropical
countries [24]. Chronic exposure to UVA and UVB
is acknowledged to be a cause of CDK. In a study
performed in four regions of Argentina, it was stated
that the occurrence of CDK depends on the cli-
mate, but also on the lack of eye protection and
diet [25]. This study also found out that in the area
with the highest incidence of CDK, the incidence of
pterygium and pinguecula was also the highest [25].

UVB exposure is considered to be the main etio-
logical factor of SCC of conjunctiva and cornea,
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viruses HPV and HIV are also believed to be as-
sociated with the disease [26]. High incidence of
SCC of conjunctiva was observed in the population
of Uganda, living close to the equator [27]. More
often occurrence of SCC of conjunctiva and cornea
was observed in African countries near Sahara desert
[31] and in Australia [28], on the other hand, more
seldom in Europe and North America [29]. Based
on population studies Newton et al. stated depend-
ence between the geographical distribution of the
incidence of SCC of conjunctiva and cornea and
levels of ambient solar radiation, in as much increase
by every 10° of latitude decreased the frequency of
SCC by 49% [30]. For example, in Uganda there
are 12 cases of SCC for million inhabitants per year,
whereas in Great Britain it is 0.2 cases for million
inhabitants per year [30].

INFLUENCE ON THE LENS

Cataract is an affliction which consists of opaci-
ties of the lens, which interferes with vision. Many
studies state the connection between cataract and
UVR exposure. According to the World Health
Organization’s (WHO) estimations, 20% of cases
of blindness as a result of cataract is caused by UVR
exposure, especially in India and other countries
located close to the equator. In general, the cata-
ract is responsible for 50% of world blindness. It
is anticipated that 10% loss of ozone layer causes
1.6-1.75 million new cases of cataract [31]. Epi-
demiological data proves the positive correlation
between cortical and posterior subcapsular cataract.
However, the connection between UVR and nuclear
cataract was not found [32-34]. It was demon-
strated that a bigger risk of developing cataract af-
fects people who live near the equator, where UVR
exposure is the biggest [35]. Destructive effect of
UVR on the lens accumulates during a lifetime [3].

INFLUENCE ON RETINA AND CHOROID

Only a small amount of UV reaches the retina,
thanks to the protective feature of the lens; in adults,
it is only 1% of waves shorter than 340 nm and 2%
of waves 340-360 nm long. However, it is suspected
that retinal damage in the form of AMD can be con-
nected with UV exposure. AMD, degeneration of
the macula, is the main cause of vision loss in people
over 50 years old. The disease affects macula — the
central part of the retina, which is responsible for
clear vision. The frequency of incidence of AMD
increases with age and is six times more common
in smokers. Animal studies suggest that exposure

to strong sunlight can cause lesions in the retinal
pigment epithelium (RPE) similar to those present
in AMD [36]. It is stated that UVR induces DNA
and cellular damage, as a result of forming reactive
oxygen species (ROS) [37]. In a study, where RPE
was exposed do UVC, UV-induced apoptosis of
the retinal cells occurred [37]. However, epidemio-
logical data regarding the relationship between UVR
and AMD is unclear and indecisive [38]. In a study
conducted in the USA it was proved that developing
AMD depends on the amount of time spent outside,
however it does not depend on ambient UVB levels
[39]. Australian studies stated positive correlation
between short length waves and AMD [40, 41]. On
the other hand, the case-control study with 409 par-
ticipants and a control group of 286 people did no
show correlation between AMD and accumulated
exposure to sunlight [42]. Reanalysis of data from
the study on 838 water workers showed dependence
between an accumulated dose of blue light (but not
UV) in the last 20 years and AMD [40]. Another
Australian study confirmed the positive correlation
between short-length light and AMD [43]. Current-
ly it is suggested that damage to the retina is mainly
a result of exposure to visible light, especially blue
light and not so much to the UVR. It emerges from
the fact that the lens absorbs the majority of UVB
and only a small amount of it reaches the retina. It
was also showed that blue light belongs to the light
spectrum causing the biggest damages in RPE of
animals’ retina [37]. It is also pointed out that blue
light plays a big role in forming and progression of
AMD in aphakic and pseudophakic eyes, which
lack the protective effect of the natural lens. Along
with ageing yellow pigments are being garnered in
the lens (among others derivates of kynurenine),
which prevent the UV rays from getting to the in-
side of the eye. It is suggested that cataract surgery
can increase a risk of the neovascular form of AMD
and geographic atrophy [43]. In the analysis of data
collected in Beaver Dam Eye Study and Blue Moun-
tains Eye Study, which included 6019 people, risk
of developing AMD in the eye operated because of
the cataract during first 5 years after the operation is
2-5 higher than in a phakic eye (with natural lens)
[44]. Another theory states that the development or
progression of AMD can be associated with ROS
induced by UVR. Laboratory studies emphasize the
connection between oxidative stress and diseases of
the macula.

Acute photoretinitis (eclipse blindness) is a rare
photochemical damage of the retina, mostly caused
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by watching the sun during eclipse directly or indi-
rectly. It manifests itself with decreased visual acuity,
scotomas in the visual field and disorders at per-
ceiving objects. Visual acuity usually goes back to
normal within 3—9 months, however, in some cases,
permanent visual impairment can happen. Accord-
ing to recommendations of National Aeronautics
and Space Administration (NASA) eclipse can be
observed merely in glasses designed for this purpose.

The eyeball is the most common noncutaneous
location of melanoma. Eyeball’s melanoma most
commonly affects choroid (85%) and ciliary body
(9%). Children are especially vulnerable to carci-
nogenic features of UV, because their lens is more
transparent than in adults, so more radiation can
be transmitted to the inside of the eye. McLaughlin
stated, that the risk of eyeball’s melanoma is 8 times
higher in people of the white race in comparison to
the black race [45]. So far, the biggest case-control
study, which included 444 people diagnosed with
eyeball’s melanoma and a control group, detected
that people with melanoma spent more time outside
sunbathing and using solarium than healthy indi-
viduals. People who were diagnosed with melanoma
did not use eye protection from the sun. In Austral-
ian study, it was stated that a bigger risk of devel-
oping melanoma of the eyeball is connected with
excessive sun exposure under the age of 40 [46].
In another study on 125 patients with eyeball’s
melanoma, accumulated UVB dose was not found
to be a risk factor [47]. Likewise Seddon et al. did
not find the connection between working outside
and developing this melanoma [48]. Case-control
study including 50 people stated the increased risk
of eyeball’s melanoma in case of occupational expo-
sure to artificial UVR e.g. in welders, however, there
was no influence of occupational sun exposure [49].

SUN PROTECTION

There are many ways to protect the eyes from
the sun radiation, such as using contact lenses with
UV filter, glasses with a coating blocking UV rays,
sunglasses with UV filter, skiing goggles, hats with
a broad rim. Connecting a few of these means at
the same time is more effective. However, the most
effective method is avoiding sun exposure at hours
of its biggest intensity. Eye protection is particularly
important in high mountains and in conditions of
strong reflections of light — in the presence of snow
and sand. According to American National Stand-
ards Institute’s criteria soft contact lenses, which are

class I, must absorb at least 90% of UVA and 99% of

UVB, and class I — 70% of UVA and 95% of UVB.
Contact lenses cover the whole cornea and its limbs,
so they provide extra protection. Dark sunglasses
deprive the eyes of natural sun protection, which
is the narrowing of the pupils. This is why wearing
sunglasses with UV filter is so important so that an
excessive amount of light does not get into the eyes
through dilated pupils. In case of most sunglasses
reflected sun rays have access to the eye from the
top, bottom, and sides. Attention should be paid to
the shape of the sunglasses, the safest are ones with
collateral casing near the temples, what provides the
eyes with complete protection. Experimental studies
showed that wearing a hat with a wide rim reduces
eyes exposure to UV by 4 times [50].

CONCLUSIONS

Many eye diseases are related to UVR exposure.
There is strong evidence that acute UVR exposure
causes photokeratitis and photoretinitis and chronic
exposure — climatic droplet keratopathy, cataract,
pterygium, squamous cell carcinoma of cornea and
conjunctiva and eyelids cancers. The relation be-
tween UVR exposure and pinguecula, AMD, and
melanoma of the eyeball is ambiguous. The harm-
ful effect of UVR is accumulative, that is why the
protection of young people’s eyes is particularly im-
portant as they are more vulnerable to UV. Eyes
are exposed to UV all day and all year long, and
contrary to appearances the eyes’ exposure does not
decrease on cloudy days. Effective means of protec-
tion are wearing adequate clothing, hats, glasses and
contact lenses that block UV.
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