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Abstract:

Introduction: Exposure to blue light throughout the day plays a key role in maintaining the

balance of our biological functions. It has a profound impact on our physical and mental state,

including the visual system, and contributes to the regulation of behavior and circadian

rhythms. The relationship between light emitted by digital devices, the biological rhythm of

the retina and the development of refractive errors has been the subject of research in recent

years.

Aim of Study: This manuscript aims to investigate the implications of light exposure from

digital devices on the visual system and circadian rhytms, with a focus on understanding the

associated risks, such as digital eye strain and myopia progression. Additionally, the study

evaluates the efficacy of blue light-filtering lenses in mitigating these effects.

Material and Methods: The present study is based on literature available in scientific

databases such as PubMed, Corchane Library and Google Scholar, using the following

keywords ,,Digital devices”; ,, Blue light” ; Digital eye strain” ; Visual system”; ,,Circadian

rhythms”
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Results and conclusions: Despite the prevalent use of blue light-filtering lenses, existing

evidence indicates that their effectiveness in improving visual performance or preventing

retinal damage is limited. Consequently, the implementation of protective strategies, such as

the 20-20-20 rule, combined with appropriate ergonomic practices, is critical in alleviating the

ocular strain induced by extended screen exposure.

Keywords: Digital devices; Blue light; Digital eye strain; Visual system; ,Circadian rhythms

Introduction

The advent of digital technology has led to an unprecedented increase in exposure to artificial

blue light, primarily emitted by LEDs in devices such as smartphones, tablets, and computers.

Blue light, characterized by its short wavelength of approximately 380 to 500 nm, possesses

high energy levels, making it highly penetrative. This type of light is commonly emitted by

light-emitting diodes (LEDs) and is prevalent in a wide range of electronic devices. Due to its

pervasive presence in modern technology, the impact of blue light on human health,

particularly on the visual system, has become a significant area of research [1].

Exposure to blue light throughout the day plays a key role in maintaining the balance of our

biological functions. It has a profound impact on our physical and mental state, including the

visual system, and contributes to the regulation of behavior and circadian rhythms, thereby

influencing overall well-being [2].

One of the primary distinctions between digital displays and the natural environment lies in

the spectral distribution of light they emit or reflect[3]. Daylight is composed of a spectrum,

and natural elements usually have a wide spectrum of reflections, which make available the

facts that the human signal is trichromatic and renders different meanings that involve only

three elements [4]. Red, green and blue are the primary colors that generate a spectral

distribution that is characterized by numerous narrow-band peaks. However, the displays of

mobile phones, tablets, TVs and computers use technologies with particularly narrow-band

light sources, which include light-emitting diodes (LEDs) or organic LEDs (OLEDs). which

further emphasizes this spectral difference [5]. Given that these light sources are significantly

different from natural light, to which the human visual system has adapted, it is crucial to

understand how they influence the eye's accommodative response. As the amount of time we

spend indoors continues to grow, our exposure to artificial light has significantly increased.

Over the past six decades, there has been a consistent rise in the color temperature of artificial

light sources, accompanied by a marked increase in nighttime "light pollution."[6]. With the



4

development of technology of electronic devices emitting artificial light, it is possible to have

greater control over the brightness or color of the lighting they display.The first studies on the

concept of blue light retinal toxicity come from studies conducted in the late 1970s. These

experiments revealed that intense, short-term exposures to blue light can have harmful effects

on the retina, indicating its potential toxicity under such conditions [7-8].

However, despite many studies conducted on the real impact of exposure to blue light, there

are no clear research results at this time [9]. The link between light emitted by digital devices,

retinal biological rhythms, and the development of refractive errors is a topic of considerable

debate, highlighting the need for a thorough examination of the potential impact of blue light

on the visual system and human health.

Artificial Lighting and Digital Device Use:

Nowadays, we increasingly surround ourselves with digital devices such as smartphones and

tablets, working in front of a screen at close range. Artificial light sources have become an

integral part of daily life, illuminating the spaces where we spend most of our time.

Research indicates that people spend about 90% of their day indoors, where artificial lighting,

primarily from lamps, serves as the main source of illumination, offering a spectral

distribution that differs significantly from natural sunlight [10]. The problem of widespread

use of electronic devices is shown by a study involving children. This study revealed that

most of the children (96.6%) had exposure to mobile devices, with most beginning to use

these technologies before their first birthday. The analysis found that over half of the parents

used digital devices to calm their children (65%), and a portion allowed their use before

bedtime (29%). By the age of two, the majority of participants in the study used mobile

devices on a daily basis, spending a comparable amount of time with TVs and mobile devices

such as tablets and phones [11]. In view of the increase in the amount of time spent using

digital devices at close range, it is important to outline the impact of artificial blue light

emitted by these devices on our health, and in particular on the organ of vision [12].

Recently, there has been a rise in information and advertisements suggesting the harmful

effects of blue light, often promoting the purchase of blue light-blocking glasses. However, it

is essential to conduct a thorough review of the available scientific literature regarding the

actual impact of artificial lighting, especially from digital devices, on physiological processes

and eye health [13].
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4. Mechanisms of Ocular Protection and Damage from Light Exposure: The Role of

Wavelength and Intensity

The type and extent of eye damage resulting from time of light exposure are closely related to

the wavelength and intensity of light radiation. Eye structures such as the cornea, lens, and

retina contain proteins and lipids that are susceptible to oxidative photodegradation caused by

solar radiation. In response to this threat, these ocular tissues have developed various

protective mechanisms that minimize oxidative damage induced by light. These processes

include natural physical barriers and chemical antioxidant pathways that work together to

protect ocular cells from degradation and loss of function. These mechanisms are crucial for

preserving visual integrity and function, shielding sensitive eye structures from the long-term

effects of harmful radiation [14]. Moreover, the human eye has evolved specific protective

mechanisms that filter blue light within the eyeball [15]. Naturally occurring macular

pigments, such as meso-zeaxanthin, lutein, and zeaxanthin, supplied through diet, act as

intraocular filters located in the inner layers of the macula. These pigments absorb light in the

wavelength range of approximately 400 to 520 nm, with maximum absorption at 460 nm [16].

Blue light, which is vital for the proper functioning of rods and retinal ganglion cells, is

gradually reduced by the natural aging processes of the eye.

Over time, the progressive yellowing of the crystalline lens, narrowing of the pupil, and

degeneration of rod photoreceptors and retinal ganglion cells lead to a decrease in the amount

of blue light reaching the retina [17]. Blue light toxicity to the retina was discovered under

experimental conditions, where it was shown that short-term, unnaturally intense exposure to

blue light, such as direct sun gazing or the use of vitreoretinal endoillumination, can lead to

severe retinal damage, known as photic retinopathy [18]. Wavelengths of light between 470

and 490 nm are crucial for activating melanopsin, a non-visual pigment that plays a

significant role in circadian rhythm regulation [19]. Simultaneously, light wavelengths

ranging from 400 to 490 nm can lead to photochemical retinal damage, posing a potential

threat to eye health [20]. Although the eye is equipped with advanced antioxidant systems that

protect it from the harmful effects of oxidation, excessive light exposure can lead to

irreversible tissue damage. While there is evidence of an earlier onset or progression of age-

related macular degeneration with excessive sunlight exposure, it has not yet been shown that

excessive exposure to light from digital devices contributes to this [2, 21].
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Impact of Excessive Exposure to Digital Devices

A.) Myopia

According to research, the increasing amount of time spent using digital devices with LED

technology is associated with a negative impact on the visual system, contributing to

phototoxicity [23], myopia, and eye strain, which can be objectively assessed using the

Critical Flicker Fusion (CFF) frequency [24]. Environmental factors play a significant role in

the development of myopia. In recent years, the COVID-19 pandemic has contributed to a

reduction in time spent outdoors, particularly among children. Many regions implemented

remote learning for children and adolescents, which may have led to increased screen time on

computers and tablets. This shift in behavior and lifestyle has potential implications for the

rising prevalence of myopia, as extended periods of near work and limited exposure to natural

light are both recognized contributors to its progression [25]. Research shows that increased

exposure to digital devices or close-up reading increases the risk of developing and

progressing myopia, especially among school-age children [26].

A meta-analysis conducted by J. Foreman et al. examined the association between eye

exposure to light emitted by digital devices and an increased risk of myopia. The results

indicated that time spent in front of a smartphone screen (OR 1.26 [95% CI 1.00–1.60]; I2 =

77%) or combined with computer use (1.77 [1.28–2.45]; I2 = 87%) was significantly

associated with myopia. However, the quality of the results was limited by the lack of

standardized measurements for both myopia and screen time [27]. This issue also occurs in

the pediatric population, with a study involving 1,626 Irish children suggesting that using a

smartphone for more than three hours daily was associated with a threefold higher likelihood

of developing myopia [28]. Nevertheless, it should be noted that some studies do not show a

significant association between the risk of myopia and time spent in front of near-field digital

screens [29].

B.) Digital Eye Strain

In recent years, the concept of Computer Vision Syndrome (CVS), also referred to as Digital

Eye Strain (DES), has become a significant topic in the context of ocular surface disorders.

DES refers to a collection of eye and vision-related symptoms that arise from prolonged

exposure to electronic screens [30]. It is increasingly recognized as a clinical condition
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associated with the extensive use of digital technology [31]. Research indicates that more than

half of people using digital devices at close range may experience symptoms of DES. The

condition can lead to accommodation disorders, which are broadly categorized into two main

groups: those related to accommodation and convergence issues, and those associated with

ocular surface problems, such as:

● Irritation and burning of the eyes

● Sensation of a foreign body in the eye

● Dryness of the eyes

● Tearing

● Eye fatigue and exhaustion

● Photophobia [32]

However, accommodation and convergence disorders are more likely linked to exposure to

increased amounts of near-visual work rather than the blue light emitted by digital screens

[33]. Key factors contributing to the development of DES include the duration of digital

screen exposure, female gender, work environment, and age [34]. It is also important to note

that, in recent years, the COVID-19 pandemic has led to an increase in the use of digital

devices such as tablets, laptops, and phones, resulting in prolonged visual tasks on digital

screens. This has contributed to a rise in the number of individuals, particularly students,

exhibiting symptoms of DES [35-36].

C.) Circadian Rhythm

Recent studies indicate that the effects of prolonged exposure to the light spectrum emitted by

digital devices extend beyond the eyes. LED lighting, especially when used in the evening

and nighttime, affects the entire body by disrupting biological systems at a hormonal level

[37]. Sleep is regulated by a complex interplay between homeostatic processes and the

circadian rhythm, which work together to ensure optimal sleep duration and quality [38]. The

homeostatic process regulates the duration of wakefulness and sleep by exerting increasing

pressure on the body as the period of wakefulness extends, thereby amplifying the need for

sleep [39]. Simultaneously, the circadian rhythm, governed by the internal biological clock

located in the suprachiasmatic nuclei (SCN), synchronizes the sleep-wake cycle with the

light-dark cycle. This rhythm determines the most appropriate times for falling asleep and
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waking up by regulating melatonin levels and other sleep-related physiological processes [40].

Understanding the impact of light on the circadian rhythm and the homeostatic processes that

regulate sleep and wakefulness is therefore crucial. Photons are absorbed by light-sensitive

pigments present in retinal receptors, such as iodopsin in cones and rhodopsin in rods.

However, Intrinsically photosensitive retinal ganglion cells are only about 1% of retinal

ganglion cells that are photosensitive and produce melanopsin, a photopigment that responds

to blue light [41]. These cells play a key role in monitoring ambient light levels and

conveying this information to the suprachiasmatic nucleus (SCN), allowing synchronization

of the human internal biological clock with the circadian rhythm [42]. Moreover, prolonged

retinal exposure to LED light, particularly during nighttime, may contribute to disruptions in

the production and secretion of hormones such as melatonin and dopamine, which play

critical roles in regulating the sleep-wake cycle. Evening and nighttime exposure to light

significantly suppresses melatonin production in the pineal gland, leading to a disruption of its

natural circadian cycle [43]. These changes in melatonin profiles can affect the regulation of

circadian rhythms, shifting sleep phases and leading to difficulties in falling asleep.

Additionally, exposure to light, especially late in the evening, reduces both subjective

sleepiness and objective indicators of its intensity, such as decreased ability to fall asleep and

shortened REM sleep phases. Consequently, evening light exposure can hinder sleep onset,

degrade sleep quality, and disrupt the body's recovery processes [44].

Protective Strategies and Interventions

A. ) Recommendations for Screen Use

To prevent complications related to the use of digital devices, several strategies are

recommended, including the 20-20-20 rule, blinking techniques, modifications to the work

environment, and adjustments to viewing angles [45]. To minimize eye strain caused by

prolonged screen use, it is recommended to first and foremost follow the 20-20-20 rule. This

rule involves taking a break every 20 minutes, during which the user should focus on an

object at least 20 feet (approximately 6 meters) away for a minimum of 20 seconds. The

purpose of this strategy is to reduce accommodative strain by allowing the eye muscles to

relax and decreasing overall visual fatigue [46]. Research findings have shown that applying

this rule significantly reduces symptoms of dry eye and digital eye strain (DES) (p ≤ 0.045).

However, after discontinuing the 20-20-20 rule, the improvement was temporary and did not

persist beyond one week (p > 0.05) during that period [30]. Another study indicated that
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regular adherence to breaks during computer work significantly reduces subjective symptoms

of eye fatigue and improves visual comfort. The authors emphasized that short breaks from

screen work, during which users focus on distant objects, help reduce accommodative strain

and mitigate the stress associated with prolonged focus on near distances[33] Although the

20-20-20 rule is widely recommended by the ophthalmic community, results obtained in the

study by Johnson et al. suggest that these methods do not provide significant benefits in

alleviating eye fatigue caused by computer work [47].

An essential component in the prevention of complications associated with prolonged near

work, such as extended use of digital devices, should include proper ergonomic practices.

This encompasses adjustments to the work environment, including maintaining optimal

posture, ensuring adequate lighting, and positioning screens at appropriate distances and

angles. Furthermore, increasing time spent outdoors, where exposure to natural light can

counterbalance the effects of prolonged indoor activity, should be emphasized as part of a

comprehensive strategy to reduce the risk of myopia and other vision-related disorders [48].

B.) Eye Protection: The Use of Mechanical Barriers

Studies have shown that glasses and lenses with blue light filters affect the secretion of

hormones responsible for regulating circadian rhythms and the sleep-wake cycle, such as

melatonin and dopamine. In response to concerns about blue light exposure, several

smartphone manufacturers have implemented night mode features, which are purported to

enhance sleep quality. Nevertheless, there are currently no studies conclusively proving the

beneficial effects of blue light blocking filters on digital devices [49].

Blue light blocking (BBL) lenses have an engineered lens that allows filtering of wavelengths

equivalent to blue light [50]. Blue light blocking lenses are designed to attenuate shortwave

blue light, which is crucial for activating intrinsically photosensitive retinal ganglion cells

(ipRGCs).These cells are essential for synchronizing circadian rhythms and regulating

melatonin secretion. Limiting exposure to blue light may reduce the potential photochemical

damage to the retina that can be caused by prolonged exposure to artificial sources of blue

light, such as digital devices. However, these lenses do not affect the natural circadian rhythm

in the presence of natural sunlight. This implies that while they may help protect against the

harmful effects of artificial blue light, they do not disrupt the natural mechanisms of circadian

rhythm synchronization under daylight conditions [51].
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Blue light filters have also been applied in medicine. They are used in cataract surgeries by

implanting lenses with blue light filters to reduce the risk of age-related macular degeneration

(AMD), improve vision, and minimize glare under variable lighting conditions [52]. BLF

intraocular lenses (IOLs) have been shown to improve chromatic contrast, shorten recovery

time after light-induced stress, reduce disability and discomfort associated with glare, and

generally enhance visual performance under glare conditions. Furthermore, research suggests

that these lenses may confer protective effects against retinal phototoxicity induced by blue

light and potentially decelerate both the onset and progression of age-related macular

degeneration (AMD)[15]. However, it is important to note that there is currently no

conclusive evidence supporting the use of BBL lenses to slow the onset of AMD [2].

The results of studies are also consistent with research showing the alleviation of photophobia

symptoms in patients suffering from migraines and mild idiopathic blepharospasm who were

fitted with tinted blue light-filtering lenses (FL-41) [53].

FL-41 lenses demonstrated superior efficacy in enhancing visual performance, particularly in

reading, reducing sensitivity to fluorescent lighting, and alleviating general photophobia and

blepharospasm. In addition, they influenced the frequency of blinking and reduced the

strength of eyelid contraction [54].

Research by Landon Hester examined the effects of wearing blue light-blocking glasses

among individuals suffering from insomnia or mood disorders. The study provided significant

evidence that blue light-blocking glasses are an effective intervention for reducing sleep

latency in patients with sleep disorders, jet lag, or irregular work schedules. Given the well-

documented biological mechanism and clinical studies showing that these glasses are

effective in inducing sleep, they are a reasonable solution to recommend to patients suffering

from insomnia or delayed sleep phase disorder [55]. Research also shows that these lenses

reduce the symptoms associated with computer vision syndrome compared to lenses without a

blue light filter [56]. However, the use of blue light-filtering lenses remains a topic of much

debate. There is currently insufficient scientific evidence to support the efficacy of blue light

filtering lenses in improving visual performance, improving sleep quality, alleviating eye

fatigue or providing macular protection in the general population [57].

Conclusion:

The increasing prevalence of digital devices has amplified concerns regarding the impact of

blue light on ocular health and circadian rhythms. While blue light is essential for regulating
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biological functions, its artificial sources, particularly those from digital screens, pose

potential risks to the visual system, including digital eye strain and myopia. Although blue

light-filtering lenses are marketed as a solution to mitigate these effects, current evidence does

not conclusively support their efficacy in improving visual performance, sleep quality, or

retinal protection. This manuscript underscores the need for further high-quality research to

validate the benefits of BLF lenses and to develop evidence-based guidelines for mitigating

the potential risks of blue light exposure from digital devices. The adoption of protective

strategies, such as the 20-20-20 rule, along with proper ergonomic practices, remains essential

for mitigating the strain associated with prolonged screen use.
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