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Abstract: The pandemic and lockdown caused by COVID-19 accelerated digitalization. Personal
digital devices, emitting high-energy light, namely in the blue wavelength, have raised concerns
about possible harmful effects on users’ eyes. Scientific research history has shown a relationship
between exposure to blue light and changes in ocular structures. The main goal of this review is to
examine frequent and prolonged exposure to blue radiation from computers, tablets and smartphones
and its consequences on vision and ocular structures. Bibliographic research was carried out on
changes induced by blue light in ocular structures, the cornea, the crystalline lens and the retina based
on the following scientific databases: BioOne Complete™; Google Scholar™; Paperity™; PubMed™;
and ScienceOpen™. The most significant studies on blue light and ocular damage were selected and
reviewed. The most relevant bibliographic data were analyzed and summarized and some gaps in the
theme of blue light from digital devices were identified. The experimental need to acquire additional
new data is suggested. The hypothesis that continued use of digital devices enriched with blue light
may interfere with the biological tissues of the cornea, crystalline lens, or retina is not clarified in the
available scientific evidence. Therefore, additional studies are needed to answer this problem.

Keywords: cornea; lens; refractive development; light-emitting diode (LED); AMD; digital device;
photoreceptors; blue light; retina damage

1. Introduction

Eye exposure to artificial blue radiation has increased with the frequent use of digital
devices. COVID-19 and mandatory confinement accelerated this trend, modifying work,
studying and socialization habits. Smartphone users have increased worldwide by 70%,
while laptop computer users have increased by 40% since the beginning of the pandemic [1].
Bahkir et al. reported that 94% of users increased their average screen time from 4.8 to 8.6 h
a day during lockdown [2]. The Global Digital Report 2023 [3] reveals that users spend
more time using devices online. Research reveals that internet users spend around 7 h a
day on all devices. The time spent online has increased and the daily average has grown by
around 4 min per day (+1.0%) compared to 2021.

The duality of blue radiation means that this light can have both a negative and
positive impact on human eyes. Thus, according to the UNE EN/IEC 62471, the standard
classification for photobiological safety, visible light to the human visual system is between
380 nm and 780 nm [4] and blue radiation is contained between the range of 380-495 nm,
depending on the reference documents [5]. This radiation is relevant for adequate vision
performance and for some physiological processes’ balance. Human vision and daily
biological rhythms evolve with sunlight, the greatest natural blue radiation source with the
shortest wavelength and highest frequency within the visible spectrum. When sunlight
passes through the atmosphere, it causes an oscillation of the particles that scatter the
light, proportionally to the speed of acceleration of these particles. In this interaction
called scattering, light is completely absorbed and then re-emitted. The light is scattered
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by particles much smaller than its wavelength (Rayleigh’s phenomenon). When passing
through the atmosphere, the particles oscillate much more towards blue frequencies than
towards red frequencies, and this is the reason for the blue perception of the sky [6].

Digital devices that use LED technology, as well as other sources of artificial light,
expose their users to digital artificial blue radiation daily. This can be potentially harmful
to the human eye due to the proximity of the ultraviolet spectrum, namely to the retina,
due to its higher-energy wavelengths and high potential to alter ocular tissues [7]. Light is
detected by the human eye, which sends the information received by the brain through the
visual pathways. Specialized photoreceptors of the retina cells, cones and rods, responsible
for part of the formation of images, respond to different wavelengths. The S, M and L cones
contain proteins with photosensitive photopigments (Figure 1) of maximum sensitivity in
the blue (S cones), green (M cones) and red (L cones) regions, corresponding to peaks of
around 420 nm, 530 nm and 560 nm, respectively [8].

Rods L Cones M Cones

Retinal Pigment Epithelium

Photoreceptors - Rods and Cones

Inner Retina

ipRGCs Ganglion Cells
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Figure 1. Schematic of the human retina. Photoreceptors, rods, cones and newly discovered intrinsi-
cally photosensitive retinal ganglion cells (ipRGCs) are shown.

In the retinal photoexcitation process, the electrical properties of photopigments are
altered, triggering a biochemical process that informs the brain about light. At the end of
retinal phototransduction, visual sensations occur, which are produced by impulses that
reach regions of the primary visual cortex; however, these sensations are secondary to the
primary functions of photoreceptors (cones and rods) that carry light information to retinal
ganglion cells and the lateral geniculate body of the thalamus [8].

Rods, another type of photoreceptor cell in the retina, are responsible for black-and-
white (or monochromatic) vision and are sensitive to light wavelengths of around 500 nm [9].
In the posterior eye segment, light radiation must be refracted by the transparent ocular
structures. To reach the retina, blue light can functionally interfere with the cornea and lens,
in addition to the ocular surface (tear film), aqueous and vitreous humor [10]. The cornea
is located at the anterior chamber, and this is the first surface that light encounters in the
human eyes. Corneal epithelial cells have an oxidative increase motivated by light, which
triggers inflammation of this structure and may cause cell apoptosis, ocular inflammation
and xerophthalmia [11].

The crystalline lens, a suspended structure in the posterior chamber just after the
iris, absorbs wavelengths in the visible range of up to 420 nm, and the light reaching the
retina is reduced by the pupil. Miosis (pupillary constriction) increases when the eye is
exposed to blue light [12,13]. The crystalline lens has protective action on the retina, but
this fact promotes a transparency decrease, changing its appearance and color and inducing
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cataract formation [14]. Sunlight exposure is considered a risk factor for cataracts due to
ultraviolet radiation exposure. Several studies have shown that blue light can also induce
the production of oxygen reactive species in lens epithelial cells, which can lead to early
cataract development [15].

Light interaction on different ocular surfaces can directly interfere with various tissues,
but blue radiation exposure also interferes with the circadian cycle and refractive develop-
ment. Thus, exposure to environment light, with a high blue light concentration, may also
have an advantage against the development and progression of myopia [16]. There is a
correlation between myopia low incidence, short-term exposure to near vision and outdoor
activities [17]. Regarding digital devices and outdoor activities, Rucker et al. suggested
that sunlight is much richer in short-wavelength light than most artificial sources. They
add that blue light reduces the eye’s axial length through the mechanism of dopamine
release in the retina, which is more favorable for controlling the reactive growth of myopia
or astigmatism [18]. The eye’s axial growth and consequent myopia progression are slower
during the summer months when children and teenagers spend more time participating
in outdoor activities [19]. This information is a theoretical basis for the hypothesized
correlation between light exposure and the occurrence and development of myopia. Other
experimental works have shown a potential link between light luminance and myopia.
Models of myopia experimented in birds found that chicks exposed to high-intensity light
(15,000 1x) had greater resistance to myopia development and exhibited slower myopia
progression than chicks exposed to low-intensity light (500 Ix) and that exposure to bright
light can suppress the development of myopia [20,21].

This review summarizes the most recent evidence on frequent exposure to artificial
blue light beyond daylight hours, major ocular changes and impacts on visual health.

1.1. What Is the Blue Light Emission from Digital Devices Impact?

While there is evidence that digital devices can increase eyestrain for long-term users,
there is currently not enough evidence to say that blue light from digital devices contributes
to the development of eye diseases, such as age-related macular degeneration. On the
other hand, there are no publications on the effect of long-term exposure to blue light and
consequent eye diseases in humans. There are only data on the effects of visible blue light
irradiation on rat and monkey retinas. Based on the available evidence, the Association of
Optometrists (AOP) concludes that there is insufficient evidence to support the claim that
exposure to visible blue light from digital devices leads to eye pathologies and damage
to eye health [22]. However, blue light is not all harmful. As schematized in Figure 2, it
can be essentially divided into two ranges: blue-violet light (380—455 nm) and turquoise
light (455495 nm), and these can affect the ocular tissues quite differently [23]. Turquoise
light is essential for synchronizing our biological rhythms (the circadian cycle). It helps
to maintain and regulate memory, cognition, mood and hormonal balance [24]. It urges a
scientific commitment to develop solutions to the potential risk of blue light exposure and
it is necessary to know which wavelengths (Figure 2) help guide technological decisions
and research.

Retinal damage, changes in the lens and cornea, dry-eye syndrome, digital eye fatigue,
aging, sleep disorders and circadian rhythm are the most investigated topics. The present
review has blue light as its central object. Recent concerns about this radiation impact on
visual health and environment due to increased exposure to artificial sources of blue light
(mainly from digital devices) are also relevant.
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Figure 2. Schematic representing the different wavelength ranges for electromagnetic radiation (top),
visible light (middle) and blue light emitted by digital devices (bottom)—adapted from [25].

1.1.1. Retinal Impact

Animal models have shown that phototoxicity results in human degenerative patholo-
gies, such as age-related macular degeneration (AMD). A recent model of blue LED-induced
phototoxicity in rats was developed, causing damage to the outer layers of the retina [26].
Progressive reduction in retinal thickness was noted in these in vivo studies. The pho-
toreceptor layer was the most affected, and in electroretinogram evaluation, a transient
reduction in the amplitude of waves a and b was observed [27]. The progressive reduction
in the cones and the involvement of retinal pigment epithelium cells around the injury
perfectly circumscribes the damage to the outer layer of the retina [28].

Many models of phototoxicity use white light due to its similarity to sunlight when
studying the effect of blue light on the retina and retinal pigment epithelium (RPE) [27,29-32].
Knowing that lipofuscin accumulation intensifies aging in RPE, the relationship between
phototoxicity and AMD supports the hypothesis of the potential risk of retinal phototoxicity
in the elderly [33,34]. However, six of the eight most significant epidemiological studies
found no correlation between AMD and light exposure over the users’ lifetime [35-42].
Figure 3 shows the blue light intensities’ radiance used in each referenced laboratory research
study [43—46]. Only studies that used comparable units were included. Values represent
the intensity used in each research study, which one can compare with the intensities
produced by personal digital devices, such as those that can be found in the study by
Gringas et al. (iPhone 5s, Kindle Paperwhite and iPad Air) [47]. Naturally, due to the fast
evolution of these devices, future tests will always require updates on their emission spectra
and intensity. Furthermore, the values can be useful for further studies about damage
induced by blue light, and they are easily measured. Blue light irradiance (W /cm?) can be
compared with peak spectral radiance (nm) or the ability of each source to stimulate different
photopigments of the retina of a human eye, i.e., the capacity of each source to stimulate
different photopigments to the S, M and L cones, rods and intrinsically photosensitive retinal
ganglion cells [47]. No such comparison was found in the literature search considered in
this article.
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Figure 3. Irradiance values from several blue light source studies (not digital light sources). The light
sources used were a xenon arc lamp (Putting et al. [43] and Paulter et al. [44]), a LED (Chamorro et al. [45])
and a fluorescent emission lamp (Vicente-Tejedor et al. [46]).

Compared to natural outdoor light, artificial light is often lower and has a different
spectral distribution than sunlight. Outdoor light illuminance can reach values of up
to 130,000 lux, depending on location, climate and elevation. Countries located on the
equator receive a daily average of 7.7 kW /m? of solar radiation between September and
December [48]. In the CIE 62471 risk classification, irradiance is an important radiometric
parameter to assess the level of harmful radiation produced by a light source [49]. CIE
photobiological safety data, which compare the effective irradiance values of some common
office light sources used for general lighting (LED, incandescent and halogen lamps) and
digital devices (laptop and smartphone), indicate that the blue-light-effective radiance of
general lighting was at least 20 times that of LED (cold-white, LW W5AP) and, in the case
of the two electronic devices, 200,000 times less [49].

Damage induced by digital devices can be of a photothermal nature, which results
from the increase in temperature induced by light in the retina, or of a photochemical
nature induced by ambient light [50-52]. Photochemical damage to the retina is produced at
wavelengths in the visible blue light range [53]. Many new devices have a greater intensity of
light in blue wavelengths than conventional light sources [33,46]. Exposure to blue light from
some of these light sources, more specifically from light-emitting diodes (LEDs), can damage
the retina and produce other potentially harmful physiological changes [33,45,49,54-57].
Thus, the aim of this review is to explore the state of the art on whether exposure to blue
light emitted by computers, tablets and smartphones can, when used frequently and for
prolonged periods, can be harmful to the retina.

1.1.2. Impact on Crystalline Lens

The lens is composed of structural proteins, enzymes and metabolites that absorb the
most energetic visible light. These substances produce yellow pigments that gradually
cause the crystalline lens to opacify and turn yellow. This radiation absorption by the
lens blocks and protects the retina from potential damage from blue light exposure [37].
Some studies have shown that blue light can induce the production of reactive oxygen
species (ROS) in the mitochondria of lens epithelial cells, which can anticipate cataract
occurrence [13,15].

The lens blocks most UV radiation between 300 nm and 420 nm and light transmission
decreases with aging, with medical-surgical intervention being the only effective solution
to treat cataracts, which is one of the main causes of blindness in the world [14,58-60]. In
around 1980, specialists realized that the intraocular lens (IOL) could not only provide
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major optical power (in diopters), but it could also filter short light waves, reducing the risks
of retinal damage. Consequently, most IOLs used in cataract surgery have incorporated
UV-blocking filters since 1986 [61]. Blue light loss is permanent for pseudophakes with blue-
blocking IOLs, and despite the lack of evidence, blue light hazard is often discussed [62].

The hypothesis of phototoxicity by exposure to light has increased concern and in-
terest in blocking, in addition to ultraviolet radiation, part of visible light, by causing or
accelerating age-related macular degeneration (AMD) [63-72].

Carotenoids found in the lens, such as lutein and zeaxanthin, are effective in absorbing
blue light due to their antioxidant characteristics [73]. In the oxidative stress of the lens,
antioxidants provide greater protection [74].

1.1.3. Impact on the Cornea and Ocular Surface

Some articles have shown that after exposure to blue radiation, the survival rate of
corneal epithelial cells decreases [75]. The oxidative increase in corneal epithelial cells
triggers inflammation and causes oxidative damage and, consequently, cell apoptosis and
formation of xerophthalmia [11].

The cornea, aqueous humor and vitreous are the ocular refractive media, permeable to
wavelengths between 300 nm and 400 nm. UVA radiation causes damage to the basal layer
of keratinocytes, which is responsible for the occurrence of most skin tumors. Sunburn,
photokeratitis, cataracts and retinal damage are common consequences of UV-B exposure
rays (290 nm to 320 nm) [76]. Digital device users with digital eye strain (DES) experience
symptoms such as eye irritation, burning, tiredness and redness, dryness, blurred vision
and double vision. During digital devices’ prolonged use, a significant proportion of users
(40-60%) experience visual or ocular symptoms. Most blue-light-blocking lenses used to
reduce DES symptoms have not shown to be effective in reducing visual symptomatology,
such as reading a task on a computer for 30 min [77].

Other studies have investigated the relationship between the use of digital monitors
and changes in the ocular surface. Tear film break-up time (BUT), tear film volume (tear
film meniscus and Schirmer’s test) and the lipid layer of the tear film state were quantified.
Cardona et al. verified several changes in the tear film. Twenty-five healthy young adults
were exposed to 20 min of video games. The lacrimal meniscus decreased, the time and area
of tear rupture increased, and the interference patterns of the lipid layer were also altered
after the game [78]. Another article studied changes in tear film over an 8-h workday in
computer users [79]. The results did not demonstrate significant changes in Schirmer’s
test, but BUT (tear break-up time test) decreased after screen exposure [80]. Reading on
a computer, the conjunctival surface presents greater hyperemia compared to reading on
a smartphone. When using a smartphone, a smaller extent of the exposed ocular surface
was identified, due to convergence, in comparison with a computer [81,82]. Most results
suggest that there is a relationship between deterioration in tear film quality and the use of
digital devices.

2. Materials and Methods

Articles were compiled by searching the terms “blue light”, “eye damage”, “retinal
damage”, “lens damage” and “corneal damage” in BioOne Complete™, Google Scholar™,
Paperity™, PubMed™ and ScienceOpen™. The latest searches were conducted on 1 Febru-
ary 2023. Each article was reviewed and the most relevant to the hypothesis that blue light
from personal digital devices exposure is harmful to users” eyes were selected. The main
keywords used were “digital devices”, “blue light”, “retina”, “crystalline lens”, cornea” and
“damage”, with several combinations between them. The selected articles were reviewed and
included for a new narrative review and to verify if the information was pertinent enough
to discuss the association between blue light, digital devices and the consequent changes in
ocular structures. References within articles were also reviewed and included. An assessment

of the need for additional data was also made after verifying the articles” data, to check the
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hypothesis that blue light present in digital devices could damage the cornea, crystalline lens
and retina.

3. Results

The strategy used in the literature and epidemiological data source search was carried
out according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) procedures. The review process, as well as the steps for implementing the system-
atic review, included answering the clinical question to perform a detailed and comprehen-
sive literature search. Several electronic scientific databases, such as BioOne Complete™,
Google Scholar™, Paperity™, PubMed™ and ScienceOpen™, MEDLINE/PubMed, Web
of Science and Scopus, were used with the terminology “blue light” and “eye damage” to
identify all potential publications with relevant information on the impact of blue light
on ocular structures. No range of dates for conducting and publishing the studies was
defined, and for each publication or article found, the list of references was reviewed to
find additional data to gather all the most relevant information. Initially, 4237 articles were
identified, reviewed and extracted based on the author’s name, title, year of study and
publication format (poster, academic thesis, dissertation or scientific publication). At the
screening process conclusion, 95 articles that had an association between blue light, vision
and ocular structures, namely the ocular surface, cornea, lens and retina, were used.

The studies covered a period between 1920 and 2023, and the number of references
found per decade is shown in Figure 4. In the plot, we can see that there has been an
exponential global increase in the number of studies, although this trend has diminished in
recent years. Nevertheless, no conclusion can be made because this period is influenced by
the COVID-19 pandemic, which might influence advances in the field.
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Figure 4. Plot indicating the number of references selected for the present review and their publication
year (per decade). The fit regards the data between the decades between the 1960s until the 2010s.
The corresponding equation and its R squared value are also present. NR: number of references;
YD: year (decades).

The plot in Figure 5 shows that there is an asymmetrical distribution of references by
the first author’s affiliation, highlighting the importance of America and Europe, which
represent more than 87% of all selected references. The relevance of these data is still to
be evaluate, but at least it might indicate the degree of concern regarding this subject in
different regions. Although not the scope of this article, future studies correlating this
data with epidemiological parameters (e.g., time in front of digital devices, internet usage,
etc.) could give a broader overview of the problem by geographical area. For example,
and overall, the “ranking” presented in Figure 5 has some direct relation with the time
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spent using internet in those regions [3], the internet being one of the most likely causes for
spending time using digital devices such as smartphones and tablets.

@ Oceania @ America © Asia Europe

Figure 5. Plot indicating the number of references selected for the present review regarding their first
author’s affiliation country.

The literature about blue light presents several different parameters to characterize
the effect of light sources. Some examples include illuminance (Iux), luminance (cd/ m?)
and irradiance (W/m?). This fact makes it difficult to compare experimental conditions
between different studies. Information about the potential effects of overexposure to
artificial blue light is identified and additional experimental research is needed to obtain
new information.

A study of rats evaluated the retinas after exposure to light emitted by LED tablet
screens. Rats were divided into three groups: the first had a selective short-wavelength
absorption filter, the second had no filter, and the third control group was not exposed
to the tablet. The retinal structure results revealed that upon exposure to light from the
tablet screen, there was a significant decrease in the entire thickness of the retina due to the
reduction in the number of cells in the outer nuclear and inner nuclear layers [7].

In another study with rats, two types of retinal damage were reported with light
wavelengths of 380 and 470 nm. The temporal sequence of retinal changes was followed
for up to 2 months by fundoscopy and histology. For both types of damage, retina changes
became more visible after 3 days. Histology showed that 380 nm specifically damaged
photoreceptor cells. The 470 nm wavelength caused damage to the photoreceptor layer and
the retinal pigment epithelium [83].

To validate the contribution of digital screens to dry-eye disease, a study was carried
out to analyze the differences in ocular surface parameters, tear film and visual fatigue
after reading from different digital monitors. Thirty-one healthy people, between 20 and
26 years, were enrolled in this clinical study. The results showed significant differences
in ocular surface disease index, such as tear meniscus height, Schirmer’s test, BUT test,
osmolarity and bulbar redness [82].

Considering the mentioned evidence and the complex interactions between the
different variables of exposure to blue light, it is of great interest to continue studies in
order to determine whether exposure to blue light from digital devices can cause damage
to ocular structures.
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4. Discussion

Faster technological advances generate more concerns regarding security levels in
an increasingly digital world. The risks of blue light emitted by digital devices are, for
now, possibilities, but it remains a controversial topic and still scientifically unsolved. This
review aimed to summarize the safety of available artificial blue light to provide new
matches identified in the existing literature.

Research over the past few decades has shown that exposing the eyes to blue light
can cause damage under certain conditions. Blue light emissions from digital devices
screens are much lower than the level known to cause photochemical damage to the retina.
According to the CIE, the laptop and smartphone monitors studied do not represent any
risk to users’ eyes [4]. However, the fact that digital device users are looking directly at a
light source for extended periods of time can potentially endanger their eyes compared to
general lighting users.

A summary of the main conclusions found in the literature is presented next for
discussion, where the possible blue light threats by digital devices are considered.

4.1. Retinal Damage from Blue Light

It is essential to study blue light to assess the cause of actual damage to the retina, as
demonstrated in several studies [55,84]. Additional research in the late 1980s and 1990s
identified photoreceptors and the retinal pigment epithelium (RPE) as primary targets for
damage induced by blue light [65-67,84,85].

The historical chronology of population studies with damage by association between
blue light and the retina has been consistent with exposure to blue light damaging the
retina [50,72]. Studies, with references dated in the 2000s, support the relationship between
this radiation and age-related macular degeneration (AMD) [86]. The European Eye
Study found a relationship between exposure to sunlight and neovascular AMD [87]. The
contribution of blue light was not always considered in these studies, but some authors
suggest that blue light may be responsible for these effects [88].

4.2. Blue Light Exposure by Digital Devices

The digitization trend and current artificial light sources have increased our eyes’
exposure to artificial blue radiation [89]. A 2020 survey describes that American Academy
of Pediatrics suggested specific limits for screen time, without specifying universal daily
screen time limits [90]. The use of digital devices grew sharply in 2020, but digitalization
driven by the COVID-19 lockdowns has accelerated significantly [91]. Professionally, many
people are exposed to screens for nearly 8 h a day [92]. Thus, the concern with digital
device use has increased according to the proportion of blue light emitted, which is greater
than conventional sources of incandescent and fluorescent lighting [37].

4.3. Relationship between Digital Devices and Ocular Structures

There is an association between negative effects on human health, well-being and
digital device use. High exposure to blue light triggers visual discomfort in the ocular
surface of the cornea (digital eye strain), disruption of circadian rhythms, increased insulin
resistance, increased affective disorders and even increased incidence of cancer pathologies.
Therefore, it is possible that the effects of overexposure to blue light on the retina by using
these devices may contribute to a higher incidence of pathological changes in the retina,
such as AMD [44,93,94]. Blue light from digital device exposure must be approached
in population studies. Others have already attempted to assess the harmful effects on
the retina and other ocular structures. The available studies have taken a laboratorial
approach that does not reflect real life and does not clarify the probability of an ocular
injury occurring. The exact nature of blue light exposure in terms of intensity and spectral
power, duration and repetition would allow for better variable control.

RPE cell layers may represent a model for studying blue-light-induced retinal damage.
Cells after exposure to blue light show damage according to some laboratory research
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studies [23,87]. However, RPE cell dysfunction may play a secondary role in AMD pathol-
ogy, which is significant because population studies on the effects of blue light on the
retina have used AMD as a marker of retinal damage [50,85,86]. Age-related macular
degeneration (AMD) is an eye disease that gradually causes loss of central vision. Retinal
pigment epithelial cells and photoreceptor exposure to blue light is indicated as a factor of
this pathology progression, but the use of devices that block this radiation reduces these
effects on retinal cells and delays the onset and progression of AMD [95].

In the population studies examined in this review [50,54,84,85,87], the source of blue
light was the sun and when studying the effects of exposure to blue light on retinal cells, it is
relevant to also study variable parameters such as its intensity [88]. The brightness of blue
sunlight is about 50 times greater than that of digital devices [34]. The intensity of blue light
required to produce retinal damage is even greater (38 to 3261 times) than that produced
by digital devices [37,50,57,85]. When intensity towards the limit of the visible spectrum
increases in blue light wavelengths, which are potentially harmful to the retina, it becomes
problematic to assume that the effects observed in sunlight can also occur proportionately
with digital devices [31]. The duration of each instance of blue light exposure is another
important variable that must be quantified because exposure is not continuous throughout
the day. During the daily cycle, there are periods of high exposure, such as during work or
school hours, but also periods of non-exposure, such as during sleep.

There is also evidence that some of the harmful effects caused by blue light on the
retinal functional process may be reversible after interruption of exposure to blue light for
a certain period [88-91]. However, repeated exposure to blue light was not addressed or
only marginally addressed in the laboratory research studies reviewed here, which used
only one or a few instances of exposure to blue light [8,22,54,56].

Population studies suggest that continuous exposure to blue light from digital devices
is important for producing effects on the retina. However, it takes years of exposure to
see effects on the retina [84-90]. Blue light intensity from digital devices is below the
level at which retinal damage occurs or results in increased AMD occurrence, according
to studies of laboratory data indicating that a prolonged period of exposure is required to
observe or rule out effects [8,33,57,82]. Furthermore, previous works suggest that this type
of laboratory research is easily achievable and that, for further studies, damage in RPE cell
layers will be used as a starting point for blue-light-induced damage (easy to measure).

Thus, supported by the data found in the literature, to obtain a better understanding
of the different experiments carried out, we propose to create two large groups of users
with the following:

high daily use of digital devices;

little or no exposure to digital devices daily.

We also propose to create the following guidelines:

duration of daily exposure administration set to at least 1 year if no blue light damage

occurs earlier;

e the lowest light intensity set to approximately the average of that emitted by personal
digital devices;

e if arelationship is found between blue light exposure and RPE cell layer damage at
each intensity tested, this relationship can be extrapolated to the light levels of all
digital devices;

e  after extrapolation, if the duration of exposure required to damage the RPE cell layers
is within the range that a person might experience over a lifetime using these devices,
this may indicate that their use may lead to retinal damage;

e otherwise, it suggests that the use of such devices is not harmful to the retina.

The devices vary by category (computer, tablet and smartphone) and spectral emis-
sions of each device require the development of new studies that indicate new paths and
provide new data for human eyes.
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5. Conclusions

The objective of this review was to evaluate the state of the art on photobiological
safety in the use of emitting blue light digital equipment. Of all the artificial light sources,
the only ones we looked directly at are digital devices. Therefore, as we spend more time
using digital devices, it is essential to understand how the blue light they emit can affect
our health and well-being. The data and evidence collected so far regarding the effect of
blue light exposure from personal digital devices does not show enough evidence to refute
the hypothesis that the use of these devices can produce retinal damage throughout life.
The reviewed literature suggests that blue light is not significant in altering ocular health
and that existing forms of blue light blocking do not protect against digital eye strain or
age-related macular degeneration [91,93].

Selective research is needed on the impact of blue light exposure and how quickly
lighting technologies, including digital devices, can negatively affect frequent exposure.
From this review study, some suggestions for further investigation are as follows:

e investigate and relate the impacts on the eye health of shift workers more exposed to
artificial lighting;

e the effects of blue light on circadian rhythms and ocular health at different stages
of life;

e interventions in the investigation of light exposure and the inhibition of myopia in
children may also be of great interest;

e the impact of the retina overexposure to blue wavelengths from common white
light sources;

e  how to mitigate health and environmental lighting impacts while maintaining the
obvious benefits of using artificial light at night;
impact of long-term use of digital devices on the cornea, lens and retina;
a multidisciplinary approach that develops progress in research on safety in the use of
artificial blue light and digital devices and their implications for users.

In this review, contributions and scientific perspectives on blue light and the com-
plex interaction of factors implicit in this seemingly simple and everyday phenomenon
are brought. It will be interesting to carry out new observational studies that quantify
exposure to light and measure the main indices of ocular health. References from different
contexts have been brought together to provide an interdisciplinary narrative to deepen
understanding of this interesting subject from a vision science perspective. Despite the
growing number of studies, the development and interest in blue light research is very
significant on the American and European continents.

There are several challenges to conducting research in the field of blue light safety. In
the future, it is necessary to consider ocular structures and exposure to artificial blue light
in humans. Until now, studies have provided information about the potential long-term
effects of repeated exposure to artificial blue light, and further experimental research is
important to providing more information in this area. It would also be worthwhile to
validate an approach with a protocol that measures the characteristics of light sources. We
believe that a multidisciplinary approach on the safety of blue light from digital devices can
bring advances in research and new data on the implications of blue light and its impact on
ocular structures.

There are some gaps in this matter that could be solved with relevant data in future
studies on this topic, namely to integrate data from contemporary digital devices, check
the effectiveness of blue-light-blocking ophthalmic lenses, create a comparative database of
ocular anatomical structures in humans and human retinal bioelectricity after saturation
with blue radiation from digital devices.
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