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Background: Nonprescription sunglasses are available in bulk from authorized and 
unauthorized vendors. Sunglasses should follow the minimum requirements to sufficiently 
protect the eyes. In this study, we found that a significant proportion of nonprescription 
sunglasses available at authorized and unauthorized sources were not protective of ultraviolet 
radiation.
Purpose: Protection from harmful ultraviolet radiation with sunglasses minimizes or avoids 
ocular complications. In developing countries like Ethiopia, sunglasses are imported without 
regulation. Sunglasses are distributed to the market without regulatory tests for potential 
causes of ocular complications. The purpose of this study was to determine commercially 
available nonprescription sunglasses’ ultraviolet radiation protection level.
Methods: A total of 74 pairs of nonprescription sunglasses were collected from different 
parts of the country and tested for ultraviolet radiation protection using ultraviolet detector 
(anti-radiation UV sun detector, China) instrument. Brand, lens color and average of three 
readings of ultraviolet radiation protection were recorded. The International Commission on 
Non-Ionizing Radiation Protection standard followed. Data were entered and analyzed by 
using SPSS version 20. Descriptive and analytical statistics were performed.
Results: Of the total 74 different pairs of nonprescription sunglasses, 47.3% (35) were 
obtained from authorized sources and 86.5% (p=0.23) were brand tagged. Only 73.0% 
(p=0.81) of nonprescription sunglasses were in accordance with the standards and protective 
to ultraviolet radiation, while the remaining 27.0% (p=0.59) were failed to block the harmful 
ultraviolet radiation. Upon one sample t-test, the mean ultraviolet radiation protection level 
of commercially available sunglasses was 392.77 (t-value= −7681.54, p<0.001).
Conclusion: Significant proportions of nonprescription sunglasses available from vendors 
were not protective of ultraviolet radiation and performed below the expected international 
standards. Reassurance is mandatory before dispensed to users irrespective of source.
Keywords: ultra-violet, protection, nonprescription, sunglasses, Ethiopia

Introduction
The sun emits ultraviolet radiation (UVR) waves that range from 200–400 nan
ometers (nm). Atmospheric ozone layer fully absorbs the harmful ultraviolet-C 
(UVC) range from 200–280 nm, and partially absorbs ultraviolet-B (UVB) range 
from 290–315 nm. But ultraviolet-A (UVA) range from 315–400 nm, penetrate the 
ozone layer and abundantly reached the earth’s surface.1,2 The extent of UVR 
exposure increases among people who lived near the equator, higher altitudes and 
highly reflective surfaces.3,4 Also, the intensity of UVR reach on earth’s surface 
increased during the winter season and midday from 10:00 am-4:00 pm. In urban 
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places, the risk for ultraviolet radiation intensified as 
a result of reflective surfaces from buildings, glass win
dows, asphalt roadways and ceramic surfaces.3,5

Prolonged exposure has been linked to serious ocular 
complications including cataract, corneal degenerations, con
junctival degenerations, retinal degenerations and others.6,7

A considerable portion of ocular UVR exposure can be 
shielded by using a broad-brimmed hat, suitably manufac
tured wrap-around sunglasses and a combination of 
both.6,8,9 Quality sunglasses blocked UVR up to 400 nm 
(filter 99–100% of UVR) irrespective of color and extent 
of darkness, maximize comfort, protect from environmen
tal pollutants (debris, dust, wind) and additionally used for 
the purpose of style.10,11

The Ozone depilation due to climate change increased 
exposure to UVR at the earth’s surface. At the equator 
region, maximum UVR protection with nonprescription 
sunglass is considered to be compulsory.12–14 Because of 
the study location and maximum safety, this study consid
ered 400 nm UVR protections as the benchmark supported 
by various international standards.11,15–17 In developed 
countries, a significant number of studies reported that all 
branded sunglasses sufficiently protect eyes from UVA and 
UVB penetration.6 Non-branded inexpensive sunglasses 
also acceptably satisfy the safety requirements of UVR 
protection.18 In the United States, sunglasses are regulated 
as medical devices by the Food and Drug Administration 
(FDA). Thus, manufacturers, importers and distributors 
are aware of all laws and regulations to provide standard 
and safe sunglasses.19

In low- and middle-income countries, sunglass regula
tion laws were either not existed, loose if existed, or not 
applied to control manufacturers, distributors, or vendors. 
Thus, sunglasses provided by unauthorized sellers were 
alarmingly unreliable and could potentially hazardous for 
the eyes.20,21 Manufacturers lack to explicit the character
istics of sunglass products and simply advertise as UVR 
absorbing.22 The cost of sunglass is not always an indica
tion of good quality in protecting UVR.10

Awareness of the harmful effect of UVR to the eyes 
prompts people to use sunglasses outdoor, yet it is insuffi
cient. A considerable portion of people are still not aware 
of quality sunglass properties and rely on vendors.10,23,24 

Wearing poor quality, nonlabelled and cheap sunglasses 
may expose eyes to the harmful UVR through disabling 
the eye’s natural safety mechanism. This phenomenon 
maximizes the entrance of harmful UVR to the eyes and 
even causes damage more than being necked eyes.1,20,25

Fewer fake branded and unbranded sunglasses have 
a poor blocking capacity of UVR. Hence, it is recom
mended to assess the ultraviolet radiation protection qual
ity of sunglasses before dispensed to users.26 To the 
authors’ knowledge, no evidence assured the quality of 
nonprescription sunglasses in Ethiopia. Therefore, this 
study aims to assess the ultraviolet protection property of 
commercially available sunglasses obtained from author
ized and unauthorized retailers.

Methods and Materials
Samples were collected from authorized (permitted by 
local authorities) and unauthorized (street vendors) sources 
from April to December 2019. A total of 74 different 
sample sunglasses were collected from five major cities 
of the country namely, Gondar, Bahir-Dar, Addis-Ababa, 
Hawassa and Jigjiga. An effort was made to obtain as 
diverse brand samples as possible from both sources.

Blinding the sources, sample sunglasses were tagged 
and given for an optometrist to test ultraviolet protection 
level using an instrument ultraviolet detector (anti- 
radiation UV sun detector, china). The front surface center 
of cleaned sunglasses is placed towards the ultraviolet 
radiation source to take measurements. For consistency, 
all measurements were taken by a single optometrist and 
the average of three consecutive readings of ultraviolet cut 
value was recorded. The readings were compared against 
the strict ICNIRP standards and sunglasses that blocked 
UVR wavelength up to 400 nm were considered safe and 
comply with the standards.15

Data were entered and analyzed by using SPSS software 
(IBM version 20, SPSS Inc., IL, and USA). Chi-square (χ2) 
test was used for categorical data, and one sample t-test to 
compare against the ICNIRP standard. Independent sam
ples t-test was used to compare sources. A P-value ≤0.05 
was considered as statistical significance. Ethical clearance 
was obtained from the University of Gondar, College of 
Medicine and Health Sciences, School of Medicine ethical 
review committee. The study was conducted in accordance 
with the Declaration of Helsinki.

Results
A total of 74 pairs of sunglasses comprising 35 pairs from 
authorized and 39 pairs from unauthorized vendors were 
measured. The majority of sunglasses were designed for 
male. More than half of sunglasses had labeled as UVR 
protectors on their lenses. Regarding the tint color, black 
and brown accounts for the same proportion (Table 1).
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The two groups were compared by the brand tag 
(branded, unbranded) and selling price.

From the total sample, majority of the sample (86.5%) 
had brand tag. According to ICNIRP standards, from the 
total 74 samples, 73% of them had the ability to protect 
UVR protection up to 400nm, whereas 27% of them failed 
to protect UVR up to 400nm.

Comparing the sunglasses based on their source from 
the total of 35 sunglasses obtained from authorized sellers, 
26 (74.25%) were passed the standard for UVR protection. 
From the total of 39 sunglasses obtained from unauthor
ized sellers, 28 (71.79%) were passed the standard for 
UVR protection (p=0.81). The failure rate to protect up 
to 400 nm UVR accounted 28.20% among 39 sunglasses 
obtained from unauthorized vendors and 25.71% among 
35 sunglasses obtained from authorized vendors (X2 test 
p=0.81) (Table 2).

Among the total of 64 brands tagged nonprescription 
sunglasses, only 72.0% (46) has UVR protection capacity up 
to 400 nm. Out of 10 unbranded nonprescription sunglasses, 
80.0% (8) had UVR protection capacity up to 400 nm.

Upon the one-sample t-test, the mean ultraviolet radia
tion protection level of commercially available sunglasses 
in Ethiopia was 392.77nm (t-value= −7681.54, p<0.001) 
as compared to ICNIRP protection standard value 
(400nm).

The mean transmission rate of UVR was comparable in 
sunglasses obtained from unauthorized and authorized 
vendors ((6.47%% vs 6.25%); independent samples t-test 
P =0.93)).

The mean price of sunglasses from authorized (6.31 
$USD±1.26$USD) was high as compared to the mean 
price of the unauthorized vendors (3.81$USD±0.94$USD).

The mean price of the branded items was higher than 
the mean price of unbranded sunglasses (5.11$USD±1.72 
$USD and 4.17$USD±1.04$USD, respectively).

Discussion
Increasing public awareness about the risk of ultraviolet 
radiation and the importance of using sunglasses encou
rage public demand.27 Among the sunglass safety proper
ties, protection against UVR radiation was considered the 
most important and indispensable variable. This study 
determined nonprescription sunglass UVR protection 
levels available in the Ethiopian market.

Concerning the strict ICNIRP protection standard of 
UVR (impervious rays shorter than 400 nm), only 73.0% 
of the tested nonprescription sunglasses were fulfilled the 
standard. But the remaining 27.0% of nonprescription 
sunglasses available in the Ethiopian market failed to 
protect the harmful ultraviolet radiation up to 400 nm. 
This result was lower as compared to 92.6% protection of 
nonprescription sunglasses determined by Bazzazi N.20 

Poor regulation of nonprescription sunglasses during 
importation, distribution and dispensing to users might 
contribute for bulk availability of substandard nonpre
scription sunglasses in the study area. Relaying on brands 
of nonprescription sunglasses and dispensing before test 
for UVR protection may likely contribute to poor 
compliance.

Table 1 Descriptive Characteristics of Sun Glasses from 
Authorized and Unauthorized Sellers in Ethiopian Market 2020

Variables Frequency Percentage

Brand tagged Yes 64 86.5

No 10 13.5

Tint color Brown 35 47.3

Black 35 47.3

Mirror 

coated

4 5.4

User category Adult men 63 85.1

Adult women 4 5.4

Children 7 9.5

Labeling of 

protection

Yes 45 60.8

No 29 39.2

Tint uniformity Uniform 53 71.6

Gradient 21 28.4

Table 2 Characteristics of Sunglasses Obtained from Authorized 
and Unauthorized Sources in Ethiopian Market 2020

Variables From 
Authorized 
(n=35)

Unauthorized 
(n=39)

P

Branded 32(91.45) 32(82.05%) 0.23

Non branded 3(8.57%) 7(17.94%) 0.23

UVR protection passed 26(74.25%) 28(71.79%) 0.81

UVR protection failed 9(25.71%) 11(28.20%) 0.81

UVR transmission rate 6.25%±2.12 6.47%±2.29 0.93
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The UVR protection level of nonprescription sun
glasses obtained from authorized (74.2%) and unauthor
ized (71.8%) sources were comparable. There was no 
association between the UVR protection level of nonpre
scription sunglasses and sources. This implies obtaining 
nonprescription sunglasses from authorized sources alone 
cannot assure safety from UVR protection. This result was 
against with Adul-Kabir et al study that concludes all 
nonprescription sunglasses from optical shops met the 
standard while 53.0% obtained from roadside vendors 
failed to meet the standard.28 This implicated that in the 
study area authorized vendors have failed a professional 
duty to ensure the provision of standard nonprescription 
sunglasses to the customers.

About 26% of nonprescription sunglasses obtained 
from authorized sources were failed to protect UVR up 
to 400nm. This was found to be higher as compared to the 
Iran report (7.4%).20 This outcome suggested the poor 
regulatory system of commercially available sunglasses 
even in authorized vendors.

Among all sampled sunglasses, 86.5% were brand 
names. This study revealed that the brand tag was not 
found to be the guarantee for optimal UVR protection. 
Only 72.0% (46) of brand tagged and 80% (8) of 
unbranded nonprescription sunglasses fulfilled the 
ICNIRP standard of UVR protection. Being brand tagged 
and obtained from either authorized or unauthorized 
sources were not statistically associated with protection 
quality and safety of nonprescription sunglasses available 
from vendors. This finding was in line with a study con
ducted by Leow et al10 but contrary to the result of the Iran 
study which concludes, the authorized sources provide 
better quality sunglasses as compared to unauthorized 
sources.20 This contradiction was suggestive of misleading 
labels and fake branded nonprescription sunglasses circu
lated in the market which made it difficult to distinguish 
good quality from the poor-quality. Regulating and testing 
the quality of nonprescription sunglasses before dispensed 
to users is necessary to pledge quality safety instead of 
relying on brand name and high cost.

One sample t-test showed that the mean UVR protec
tion level of commercially available nonprescription sun
glasses was lower as compared to the ICNIRP strict 
standard protection level (400nm).15 This finding discov
ered high amount of sunglasses failed with standard to 
protect UVR protection. This displayed the presence of 
poor-quality nonprescription sunglasses available in the 
market and dispensed to users.

Literally, a high price was used as the benchmark to 
guarantee the quality of nonprescription sunglasses. The 
mean price of the branded sunglasses (163±40.56) was 
higher than unbranded sunglasses (199.77±67.28). But 
the higher cost was not associated with the quality of 
sunglasses. This result was in line with Leow et al and 
Dongre et al.10,26 According to this study buying sunglass 
with brand name is not a guarantee for users to distinguish 
the good from poor UVR protector. This problem also 
extended to both the authorized and unauthorized sources. 
Therefore, only regulating and testing the quality of non
prescription sunglasses before dispensed to users can only 
use to assure the quality instead of relying on brand name 
and high cost.

Optical’s high profit margin attracts industries and 
optical outlets to invest in the sector. Lack of strict quality 
control over most of the products manufactured from 
small-scale industrial units compromises the quality of 
protection.21

Strength and Limitations of the 
Study
As a strength, it provides evidence to eye care providers 
about the obligatory reassurance of nonprescription sun
glasses before dispensed to users and generates evidence 
to regulatory authorities to control it from the sources and 
from vendors. The quality of the paper will increase if 
UVR protection was measured by spectrophotometer. 
Anti-radiation UV sun detector may not be accurate as 
a spectrophotometer. The inadequate sample size might 
hide to exploit other enabling or disabling factors such as 
source, tint color, and brand tag.

Conclusion and Recommendation
Significant proportion of nonprescription sunglasses 
obtained from authorized and unauthorized vendors failed 
to comply with UVR protection standard. As a result, 
reassuring nonprescription sunglasses against UVR is 
recommended before dispensed to users. Moreover, strict 
regulation should be implemented to improve the provi
sion of quality nonprescription sunglasses available in 
authorized and unauthorized distributors.
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