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SUMMARY

The human eye is exposed to ultraviolet (UV) radiation (UVR) on a daily basis. The main source of UVR 
is the sun. Sunglasses or photoprotection glasses minimize the effects of exposure to UVR, delaying 
eye damage. This cross-sectional study aimed to compare the UV protection properties and safety of 
sunglasses sold in the formal and informal markets of the large metropolis São Paulo. The study included 
84 randomly selected sunglasses that were unpaired in different regulated and unregulated trading 
establishments. The glasses were evaluated for transmittance of UVR and lensometry in addition to their 
evaluation based on the associated origin and price range. The average price of the glasses evaluated 
was R$106.22, with a price range of R$7.50 to R$515.00. Analyzing the transmittance of UVR in different 
marketing categories resulted in a statistically significant difference between the glasses from formal 
and informal markets. The higher the price, the lower the transmittance of UVR. Hence, the price range 
and origin of the photoprotection glasses were directly and statistically related to photoprotection and 
should serve as a reference for patient guidance in ophthalmic practice.

RESUMO

O olho humano é exposto diariamente à radiação ultravioleta (RUV). A principal fonte de RUV é o 
sol. Os óculos de sol ou de fotoproteção minimizam os efeitos da exposição à radiação ultravioleta, 
retardando os danos oftalmológicos. O objetivo deste trabalho é comparar as propriedades de proteção 
ultravioleta e a segurança dos óculos de sol comercializados no mercado formal e informal de uma 
grande metrópole. Trata-se de um estudo transversal que foi realizado no mercado formal e informal de 
São Paulo. Foram selecionados 84 óculos de sol de maneira aleatória e sem pareamento em diferentes 
estabelecimentos de comercialização regulamentados e não regulamentados. Os óculos foram avaliados 
quanto a transmitância da radiação ultravioleta e lensometria e associados a procedência e faixa de 
preço. O preço médio dos óculos avaliados foi de R$106,22, com seus valores compreendidos na faixa de 
preço de R$7,50 a R$515,00. Analisando a transmitância nas diferentes categorias de comercialização, 
verificou-se diferença estatisticamente significante entre formal e informal. Quanto maior o preço, 
tanto menor a transmitância de radiação ultravioleta. A faixa de preço e a procedência dos óculos de 
fotoproteção estão diretamente e estatisticamente relacionados a fotoproteção e devem servir de guia 
para orientação dos pacientes na prática oftalmológica.
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INTRODUCTION

The human eye is exposed to ultraviolet (UV) ra-
diation (UVR) on a daily basis, the main source of which 
is the sun. It is believed that numerous ophthalmic 
diseases have a direct or indirect association with 
chronic or acute exposure to UVR1. Currently, hu-
man exposure to UVR has increased significantly due 
to ozone layer depletion and global climate changes, 
which influence radiation levels on the Earth’s sur-
face2. In addition, the increase in expectation and 
lifestyle changes1, such as the increase in outdoor 
acti  vities and the social viewpoint that being tan-
ned is desirable and healthy3, increase the exposure 
to UVR3. Therefore, UVR has broad implications to 
public health in addition to the increased incidence 
of eye diseases1.

UVR is characterized by an electromagnetic wave 
of wavelength ranging from 100 to 400nm. The vi-
sible-light spectrum ranges from 400 to 700nm and 
the infrared-light spectrum ranges from 700nm to  
1mm. UVR contains more energy than the visible 
or infrared light and, consequently, has greater po-
tential for biological damage. The UV spectrum can 
also be divided into three bands: UV-A (315-400nm), 
UV-B (280-315nm), and UV-C (100-280nm). As sun-
light passes through the atmosphere, all UV-C rays 
and approximately 90% of UV-B rays are absorbed by  
ozone, water vapor, oxygen, and carbon dioxide3.  
However, UV-A rays reach the Earth’s surface almost 
unabsorbed4.

The shortest wavelengths are the most biologi-
cally active and are mainly absorbed by the cornea. 
The longer the wavelength, the greater the proportion 
that passes through the cornea to reach the crystalline 
lens and retina5.

Among the ophthalmological alterations secon-
dary to photoexposure, we highlight the following: 
palpebral carcinomas (basal cell carcinoma and squa-
mous cell carcinoma)6, penguecula1, pterygium, pho-
tokeratitis, spheroidal degeneration of the cornea7, 
intraepthelial neoplasia of conjunctiva or cornea, ca-
taract1, age-related macular degeneration8, and uveal 
melanoma1.

The International Commission for Non-Ioni-
zing Radiation Protection (ICNIRP) establishes sa-
fety limits for eye protection from exposure to UVR 
in the spectrum of 180 to 400nm for unprotected 
eyes9.

The scarcity of international studies published 
on the evaluation of sunglasses available in market 
for photoprotection is evident. Bazzazi et al (2015)4 
and Keshtkar-Jafari10 conducted studies on this topic 
in the Iranian market. Furthermore, another similar 
study was performed on children’s glasses in Colora-
do11. However, to the best of our knowledge, no pu-
blished research on this topic can be found in Brazil. 

The aim of this study was to compare the UV 
protection of sunglasses sold in the formal and infor-
mal markets of a large metropolis.

METHODS

This was a cross-sectional study conducted in the 
formal and informal markets of São Paulo from Ja-
nuary to July 2019. It included 84 sunglasses that 
were randomly selected and unpaired in different 
regulated and unregulated trading establishments, 
with different price ranges. Subsequently, they were 
evalua ted on the transmittance of UVR.

For this analysis we used a Vision Black® compu-
terized lensometer with a percentage of transmittan-
ce scanned from 180 to 400nm as per the ICNIRP 
standards. The result was reported in percentages, 
according to the factory configuration of the device as 
the lensometer could not differentiate the UVR bands. 
The standard Z80.3:2001 of the American National 
Standards Institute was followed (<1% UV-B and 
UV-A transmission, transmittance <0.3 times the 
visual transmittance of the light) to elucidate whether 
the glasses were effective in protecting against UVR12. 
The lower the transmittance, the greater the safety of 
the sunglasses.

MS-Excel spreadsheet, MS-Office version 2013, 
was used for organizing the data, and IBM SPSS (Sta-
tistical Package for Social Sciences), version 24.0, was 
used for obtaining the results. Mann–Whitney test 
and Spearman’s Correlation Analysis were applied 
while analyzing the variables of interest. Additio-
nally, p≤0.05 was considered statistically significant.

RESULTS

A total of 84 glasses were analyzed, 33 (39.29%) 
sold in the formal market and 51 (60.71%) in the in-
formal market (Table 1). The average price of glas-
ses was R$106.22, in the price range of R$7.50 to 
R$515.00 (Table 2).
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Analysis of transmittance in different marketing 
categories revealed a statistically significant diffe-
rence between the glasses from formal and informal 
markets; thus, it can be stated that, in general, the 
transmittance values of glasses in the informal cate-
gory were effectively higher than those of the formal 
category (Tables 3 and 4). 

The application of Spearman’s Correlation Ana-
lysis (Table 5) for evaluating the degree of relationship 
between the variables of interest demonstrated that a 
higher price was associated with lower UVR trans-
mittance. 

DISCUSSION

Excessive ocular exposure to UVR may induce a 
series of eye damages13, such as squamous and basal 
cell cancer of the eyelid and periorbital skin6, ptery-
gium14, photoceratoconjunctivitis15, cataract16, and 
maculopathy17.

Among the factors that ensure protection against 
such damages are protection against UVR, ade-
quate polarization capacity, and lens pigmentation 
intensity18. Protection against UVR seems to be the 
most important factor in the safety assessment of 
sunglasses14.

Glasses with colored lenses but without proper 
UV protection result in pupil dilation due to decrea-
sed visible light, while the amount of UVR remains 
unchanged. Thus, the amount of UVR reaching the 
crystalline lens and retina increases when such glas-
ses are used than when they are not19. It is known 
that the crystalline lens absorbs almost all lights with 
wavelengths <400nm20; hence, excessive UV exposu-
re can increase the risk of cataract16. Additionally, the 
crystalline lens’ ability to absorb UVR increases with 
age and can vary significantly among indivi duals20. 
Besides the increased risk of exposure to UV rays, pe-
ople wearing non-standard sunglasses usually tend to 
be more exposed to sunlight, assuming they are pro-
tected by sunglasses21.

In 1991, a spectrophotometric study conducted 
by Werner (1991)¹¹ on 40 children’s sunglasses, de-
monstrated that some sunglasses provided complete 
protection against UV rays, whereas others did not. 
This study also found that some labels on sunglasses 
about “appropriate UVR protection” can be mislea-
ding to customers. In addition, another study con-
ducted by Otman et al (2005) on 37 sunglasses of 
patients undergoing photochemotherapy showed that 
modern sunglasses labeled “UV400” are adequate for 
UVR protection22. However, cheap sunglasses with 
this label may also be of acceptable quality10.

It is important to highlight the existence of co-
lored sunglasses in the market that decrease visible  
light, but do not protect against UVR. Such sunglas-
ses dilate the pupils while the amount of UVR re-
mains unchanged, hence promoting eye damage9.

In our analysis, 39.29% of the sunglasses were 
from formal sellers (Table 1), of these 97% provided 
effective protection against UVR (Table 3). A statisti-
cally significant difference was observed between the 
glasses from formal and informal markets (Table 4). 
On the contrary, only 80.4% of the glasses from infor-

Table 3. Protection against UV radiation according to safety standards 
(180-400nm) of sunglasses sold in authorized and unauthorized sellers

UV 
protection

Failed UV 
protection Total

Authorized 97% (32) 3% (1) 100% (33)

Unauthorized 80.4% (41) 19.6% (10) 100% (51)
UV: ultraviolet.

Table 4. Correlation between point of sale and UV radiation protection 
according to the safety standards of sunglasses (180-400nm)

Variable
Selling 
point

n Average
Standard 
Deviation

Minimum Maximum p

Transmition 
rate 

Authorized 33 1.73% 9.92% 0% 57% 0.036

Unauthorized 51 5.27% 13.49% 0% 55%

Total 84 3.88% 12.27% 0% 57%

UV: ultraviolet.
Mann-Whitney test: p<0,05 is statistically significant.

Table 5. Correlation between transmition rate and price of sunglasses

Variable Statistic Price

Transmition rate Correlation coefficient -0.390

Significance <0.001

n 84
Spearman correlation analyze: p<0,05 is statistically significant.

Table 1. Distribution of sunglasses according to selling points

Variable Category Frequency Percentage

Selling point Authorized 33 39.29%

Unauthorized 51 60.71%

Table 2. Evaluation of sunglasses prices obtained from authorized 
and unauthorized sellers

Variable n Minimum Maximum Average Standard 
Deviation

Price 84 7.50 515.00 106.22 136.02
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mal markets showed adequate protection (Table 3). 
Our results are corroborated by those of the study 
conducted by Keshtkar-Jafari et al (2008)10 in the Ira-
nian market, wherein 100% of the glasses from autho-
rized sellers met the safe transmittance standards, but 
only a low percentage of glasses from unauthorized 
sellers reached the same objective: only 92.1% protec-
ted against UV-B and 95.8% against UV-A. 

On the contrary, another study showed an alar-
ming rate of non-compliance with protection stan-
dards in glasses sold by unauthorized sellers, with 
all the evaluated glasses not meeting the acceptable 
standards4.

The transmittance analysis in the different price 
ranges showed a statistically significant correlation 
wherein glasses of higher value provided greater pro-
tection from UVR transmission (Table 5). This fin-
ding was also observed in studies using methodology 
similar to ours4,10.

Shape, size, usage position, and reflection from 
the inner (posterior) surface of the lens are other 
important factors that may affect the suitability of 
sunglasses23. In addition, it is recommended that re-
tention, optical quality, uniformity, and lenses corres-
pondence, as well as robustness and overall structure 
of sunglasses should be considered during a quality/
safety check14,24. Therefore, although 80.4% (Table 4) 
of the informal glasses evaluated in this study protec-
ted against UV-A and UV-B radiation, other aspects 
should be analyzed for determining the quality of 
glasses and recommending their use to the public. 
However, because evaluating these aspects was not 
an objective of this study, further studies should be 
conducted to evaluate the optical quality and overall 
safety of glasses.

Although the glasses from the formal market 
provide greater protection against UVR, the glasses 
sold informally in Brazil are surprisingly safe. One 
of the hypotheses proposed is that parallel glasses 
are produced using cutouts from the leftovers of the 
formal industry, a hypothesis that was not investi-
gated in this study. Given the immense variety of 
glasses available on the market and the lack of in-
formation on the safety of these products regarding 
UVR protection, it is extremely important that not 
only the ophthalmology community has the knowledge 
about this study but also the patients that wear sun-
glasses, especially those who buy them from the in-
formal market.
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