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Abstract: Visible light has been considered to have minimal impact on the skin. However, the increasing use of electronic devices has
led to a significant increase in exposure to visible light, especially blue light. We measured the irradiance (mW/cm?) and estimated
dose (J/em?) of visible light and blue light emitted from various electronic devices including smartphones, tablets and computers. The
measurement was done in normal screen mode and night shift mode at different brightness levels and distances across six screens. The
irradiance and dose of visible light and blue light corresponded to the brightness, distance, and screen size of the devices. This study
has shown that the irradiance and dose of visible light and blue light emitted from electronic devices in daily use are small and unlikely
to be harmful to human skin.
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Background

Visible light is a part of electromagnetic radiation visible to the human eye, representing wavelengths from 400 to 700
nm.' It constitutes roughly 44% of sunlight.” The light-emitting diode (LED) source that emits visible light wavelengths
can also be found in electronic devices in daily use, such as smartphones, computers, and tablets." Regular use of
electronic devices has led to a significant increase in the exposure of human skin to visible light, and there is a growing
concern about the safety of light sources such as LEDs with peak emissions in the blue light range (400-490 nm).’

Generally, visible light has been regarded as having minimal impact on the skin due to its low energy.” However,
previous studies have shown that visible light can induce indirect DNA damage through the generation of reactive
oxygen species, suppression of innate immunity, and premature photoaging.>*> Photoaging seen in Fitzpatrick skin types
I-IIT and pigmentation seen in Fitzpatrick skin types IV—VI have been implicated as being linked to visible light
exposure.’

Understanding the distinction between photopic and melanopic wavelengths is important in evaluating the potential
impacts of light exposure on both skin health and vision. Photopic wavelengths relate primarily to human visual
perception and follow the CIE photopic luminous efficiency curve, with peak sensitivity at 555 nm.” These wavelengths
are critical for assessing light exposure in terms of visual comfort and vision health because they primarily stimulate the
cone cells responsible for color vision.

In contrast, melanopic wavelengths peak around 480 nm and influence non-visual biological processes,® including
circadian rhythms and melatonin regulation. Melanopic wavelengths are particularly relevant to skin health, as they can
activate melanocytes and lead to hyperpigmentation and photoaging, particularly in darker skin types. This melanopic
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sensitivity to blue light has a more direct biological impact on skin cells, such as inducing oxidative stress and triggering
pigmentation responses.

Given the specific impacts of melanopic wavelengths on skin, this distinction clarifies why blue light exposure—
especially at melanopic wavelengths—is increasingly scrutinized for potential dermatological effects. Although photopic
wavelengths are primarily tied to visual health, blue light in the melanopic range is relevant when assessing the risk of
skin-related conditions caused by light exposure.

While previous studies have focused mainly on the melanopic effects of blue light, the present study aims to measure
the irradiance and dose of both visible and blue light emitted from electronic devices at varying distances and brightness
levels. By evaluating both photopic and blue light wavelengths, the study seeks to better understand their potential impact
on skin health, particularly with respect to blue light, which may be implicated in hyperpigmentation and other cutaneous
disorders.

Visible light-induced pigmentation in pigmentary disorders such as melasma or post-inflammatory hyperpigmenta-
tion, especially in darker skin types, results from activation of opsin 3, which further activates extracellular signal-
regulated kinase, eventually resulting in expression of microphthalmia-associated transcription factor, tyrosinase activity,
and the melanogenesis process.” A previous study showed that only blue light with a peak emission of 415 nm could
induce pigmentation in darker skin types, while red light with peak emission of 630 nm did not lead to any pigmentary
changes.'® While another two studies demonstrated that blue light wavelengths at peak 450 nm could affect human
dermal fibroblasts to generate reactive oxygen species, causing cellular damage.'""'?

In recent decades, photoprotection against visible light has become more of a focus. However, there are no established
guidelines regarding visible light photoprotection and no consensus standard for measuring the visible light protection
factor.'® Photoprotection against visible light nowadays includes avoiding sunlight, seeking shade, and using photo-
protective clothing. Most organic and inorganic sunscreen filters that protect against ultraviolet radiation do not provide
coverage for visible light, except for non-micronized titanium oxide, zinc oxide, and ferrous oxide, which can only be
found in tinted sunscreen.'*!'*

Artificial light is inevitably becoming more pervasive in our daily lives. Humans spend a significant amount of time in
front of digital screens that emit visible light, especially blue light. Exposure to everyday light sources, including a range
of LED lighting products and smartphone display screens, could affect the quality of sleep, well-being, and long-term
health.'> Growing evidence showed that eye strain and fatigue were related to blue light with a wavelength of 400-490
nm.'¢ Likewise, the harmfulness of visible light to the skin is also possible, as mentioned, and is becoming more of
a concern in the field of dermatology.

A study of the American population showed that the average screen time per day was six to nine hours, and the
percentage of adults who spend more than 10 hours in front of electronic devices was increasing.” However, the
irradiance and dose of visible light, especially blue light, have not been thoroughly measured. Therefore, this study
aims to measure the irradiance and dose of visible light, especially blue light, at different brightness levels and distances
from electronic devices.

Methods

This study was exempted from Siriraj ethical review due to non-human research. Irradiance (mW/cm?) and dose (J/cm?)
of visible light and blue light were measured using a portable broadband radiometer; PMA 2100 (Solar Light, Glenside,
PA, USA). The radiometer was equipped with a sensor.

Two sensors were used for measuring visible light and blue light. Irradiance and dose of visible light were measured
by PMA2130 Digital Photopic Light Sensor, having a CIE Photopic Luminous Efficiency Curve between 360 and 830
nm with a peak wavelength at 555 nm and following the SI definition of 683 Im/W at 555 nm. It has a Teflon diffuser,
assuring an angular response close to the cosine function. This detector is designed to have a spectral response like that of
the human eye’s visual response in the photopic region. The sensor can measure intensity in the range of 0-2,000 uW/
cm?, with a display resolution 0.01 pW/cm?. Irradiance and dose of blue light were measured using the PMA2121 Digital
Blue Light Safety Sensor, which has a spectral responsivity function based on the blue-light hazard function. The sensor
detected blue light wavelengths between 400 and 530 nm, with a peak sensitivity at 460 nm. The sensor can measure
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Figure | Spectral Response of (A) Model PMA2130 Digital Photopic Light Sensor follows CIE Photopic Luminous Efficiency Curve (360-830nm), and (B) Model PMA2121
Digital Blue Light Safety Sensor follows ACGIH blue hazard action spectrum.
Note: Courtesy from Solar Light Company. Copyright 2022 by Solar Light Company, LLC.

intensity in the range of 0-150,000 Lux, with display resolution 1 Lux. The maximum exposure limit for a source
subtending an angle of less than 0.011 radians should not exceed 10 mJ/ecm? over 10,000 seconds of exposure. The
spectral responses of two sensors were shown in Figure 1. Due to the screen time limitation of some devices, the
measurement was carried out for 10 minutes for each setting of devices then the number was converted to estimated dose
in one hour.

The radiometer and two sensors were calibrated and traceable to the National Institute of Standards and Technology.
The standard used for PMA 2100 radiometer was the Fluke Model 189 multimeter, S/N 85500008 with the calibration
level of 0.3 V for the low range and 3 V for the high range. The standard used for PMA 2130 sensor was Optronic
Laboratories Model OL220M, a 200 W quartz-halogen, coiled-coil tungsten filament lamp, S/N M1553 with the
calibration level of 2,000 lux. The standard used for PMA 2121 sensor was Optronic Laboratories Model OL220M
200 W quartz-halogen, coiled-coil tungsten filament lamp, S/N M1539 with the calibration level of 70 uW/cm?.

The irradiance and dose of visible light and blue light on six screens (Samsung Galaxy A71 [height 16.3 cm, width
7.6 cm, time of used 10 months], Apple iPhone 15 Plus [height 16.1 cm, width 7.7 cm, new device], Apple iPAD Air 5
[height 24.7 cm, width 17.8 cm, time of used 6 months], Apple iPAD Pro 4 [height 28.1 cm, width 21.5 cm, time of used
4 years], HP P22 G4 monitor screen [height 49.7 cm, width 30.1 cm, time of used 1 year], and MacBook Air M2 [height
30.4 cm, width 21.5 c¢cm, time of used 1 month]) were measured. The smartphone screens (Samsung Galaxy A71 and
Apple iPhone 15 Plus) were measured at 25 cm perpendicular. Apple iPAD screens (Apple iPAD Air 5 and Apple iPAD
Pro 4) were measured at 25 and 50 cm perpendicular. HP P22 G4 monitor screen and MacBook Air M2 were measured at
50 cm perpendicular.'” All of the devices were measured without any screen protectors.

To measure the irradiance and dose of visible light and blue light from electronic devices using a photometer, we
followed these steps to set up the appropriate environment: (1) the measurement was done in a dark room without any
external light sources that could interfere with the measurement; (2) the sensor was placed at a fixed distance (25 or
50 cm) perpendicular to the screen; (3) the screen was set to display a uniform solid blue color; (4) the brightness was
adjusted to 50% and 100% percentage; (5) the screen was measured in normal mode and night shift mode; and (6) the
screen and radiometer were given some time (about 15 minutes) to warm up and stabilize to ensure consistent
measurements. Figure 2 demonstrated the placement of sensors and electronic devices.

Results

Estimated dose (J/cm?) of electronic devices obtained from photopic and blue light sensors in 1 hour was shown in
Table 1. The irradiance (mW/cm?) of electronic devices obtained from photopic and blue light sensors was shown in
Table 2. The measurement of irradiance was done for three times and gave the same results. At 25 cm distance, irradiance
and estimated dose emitted from tablets were greater than those from smartphones. At 50 cm distance, irradiance and
estimated dose emitted from computer screens were greater than those from tablets. At 100% brightness of each distance,
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Figure 2 Measure setting demonstrating the placement of sensors and electronic devices.

the irradiance and estimated dose were greater than those from 50% brightness. Night shift mode provided the reduction
of blue light dose. For example, at 100% brightness with a 25 cm distance, the percent reduction of blue light dose using
a night shift mode was 33.3%, 18.2%, 44%, and 62.7% for the Samsung Galaxy A71, iPhone 15 Plus, iPAD Air 5, and
iPAD Pro 4, respectively. At 50% brightness with a 25 cm distance, the percent reduction of blue light dose was 37.5%,
25%, 44%, and 41.1% for the Samsung Galaxy A71, iPhone 15 Plus, iPAD Air 5, and iPAD Pro 4, respectively.

Table | Estimated Dose (J/cm?) Emitted from Electronic Devices Measured Using the Model PMA 2100 Photometer/Radiometer in
| hour

Setting Brightness (%) | Distance Smartphone (jlcmz) iPAD (jlcmz) Computer (jlcmz)
Photopic sensor Samsung iPhone iPAD iPAD HP P22 G4 MacBook
(360-830 nm, Galaxy A7l 15 Plus Air 5 Pro 4 monitor screen Air M2
peak 555 nm)
Normal mode 100 25 cm 0.0192 0.0066 0.0408 | 0.0420
50 cm 0.0180 | 0.0168 0.0372 0.0192
50 25 cm 0.0072 0.0012 0.0162 | 0.0108
50 cm 0.0078 | 0.0042 0.0222 0.0060
Night shift mode 100 25 cm 0.0192 0.0048 0.0282 | 0.0312
50 cm 0.0132 | 0.0120 0.0132 0.0144
50 25 cm 0.0078 0.0012 0.0114 | 0.0108
50 cm 0.0024 | 0.0036 0.0072 0.0060

(Continued)
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Table | (Continued).

Setting Brightness (%) | Distance Smartphone (J/cm?) iPAD (J/cm?) Computer (J/cm?)
Blue light sensor
(400-530 nm,
peak 460 nm)
Normal mode 100 25 cm 0.0108 0.0066 0.0150 | 0.0260
50 cm 0.0066 | 0.0121 0.0210 0.0096
50 25 cm 0.0048 0.0024 0.0054 | 0.0056
50 cm 0.0024 | 0.0026 0.0132 0.0036
Night shift mode 100 25 cm 0.0072 0.0054 0.0084 | 0.0097
50 cm 0.0030 | 0.0044 0.0024 0.0048
50 25 cm 0.0030 0.0018 0.0030 | 0.0033
50 cm 0.0012 | 0.0013 0.0012 0.0018
Table 2 Irradiance (mW/cm?) Emitted from Electronic Devices Using the Model PMA 2100 Photometer/Radiometer
Setting Brightness (%) | Distance Smartphone iPAD Computer
(mW/cm?) (mW/cm?) (mW/cm?)
Photopic sensor (360-830 Samsung iPhone | iPAD | iPAD HP P22 G4 MacBook
nm, peak 555 nm) Galaxy I5Plus | Air5 | Pro 4 monitor Air M2
ATl screen
Normal mode 100 25 cm 0.0055 0.0019 | 0.0115 | 0.0109
50 cm 0.0049 | 0.0047 0.0105 0.0052
50 25 cm 0.0021 0.0004 | 0.0045 | 0.0030
50 cm 0.0020 | 0.0012 0.0062 0.0016
Night shift mode 100 25 cm 0.0054 0.0014 | 0.0080 | 0.0086
50 cm 0.0036 | 0.0032 0.0038 0.0040
50 25 cm 0.0022 0.0004 | 0.0032 | 0.0029
50 cm 0.0013 | 0.0010 0.0021 0.0016
Blue light sensor (400-530
nm, peak 460 nm)
Normal mode 100 25 ecm 0.0032 0.0019 | 0.0041 | 0.0073
50 cm 0.0018 | 0.0032 0.0061 0.0028
50 25 cm 0.0014 0.0007 | 0.0015 | 0.0015
50 cm 0.0006 | 0.0007 0.0037 0.0010
(Continued)
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Table 2 (Continued).

Setting Brightness (%) | Distance Smartphone iPAD Computer
(mW/cm?) (mW/cm?) (mW/cm?)
Night shift mode 100 25 cm 0.0020 0.0015 | 0.0024 | 0.0027
50 cm 0.0008 | 0.001I 0.0007 0.0013
50 25 cm 0.0009 0.0004 | 0.0009 | 0.0009
50 cm 0.0003 | 0.0004 0.0004 0.0005
Discussion

The widespread use of smartphones, tablets, laptops, and desktop computers has led to a significant increase in exposure
to visible light sources, which raises concerns regarding potential side effects on the skin. Specifically, the effect of blue
light has become the main focus, as growing evidence shows that it can induce hyperpigmentation.’

In this study, we measured the irradiance and dose of visible light, especially blue light, emitted from electronic
devices from various distances and brightness levels. The result showed that the irradiance and dose emitted from
electronic devices were proportional to brightness, distance, and screen size. This implied the use of the dimmest light
possible within a reasonable distance.

The devices tested included both new and used models, with some screens having been in use for several months as
mentioned earlier. For OLED screens, the potential degradation over time was considered, and future studies will explore
how screen health influences light emission in more detail.

Cutaneous photosensitivity has been primarily focused on UV radiation. While visible light is regarded to be safe, it
should be noted that there might be a complex and unknown aspects of interaction between human skin and visible
light.'® Visible light can damage melanocytes through melanin photosensitization and singlet oxygen generation. These
process lead to decreasing cell viability, increasing membrane permeability, and causing both DNA photo-oxidation and
cell death.'® Involvement of reactive oxygen species in the formation of aging-associated changes in human cells has
been established.?® This indicates a solid role of singlet oxygen in photoaging of human skin.

Exposure of the skin to a certain amount of visible light could induce immediate pigment darkening, immediate
erythema, and delay tanning.'*' The threshold dose for immediate pigment darkening with visible light was between 40
and 80 J/cm?, and the threshold dose for delayed tanning was between 80 and 120 J/cm”*' Given this number, the dose
of visible light obtained from our study was much smaller in magnitude. This can help guide the appropriate behavior for
patients with photodermatoses that can be aggravated by exposure to visible light, such as solar urticaria, chronic actinic
dermatitis, and cutaneous porphyrias, as well as for patients with pigmentary disorders such as melasma and post-
inflammatory hyperpigmentation.***

Blue light emitted from electronic devices could affect visual performance by stimulating melanopsin.>* Melanopsin
is important to spatial pattern representation and contrast sensitivity. Moreover, blue light could also change the level of
retinal dopamine.”> With growing evidence suggesting the involvement of retinal dopamine in myopia development,*®
the impact of blue light emitted from electronic devices over visual performance remains to be explored. The non-visual
influences of blue light on the circadian rhythm is of other concern. Blue light has a significant effect on melatonin
suppression, leading to changes in sleepiness, sleep onset, ratio of deep sleep and overall sleep quality.”” While blue light
during the day has a benefit on alertness, mood, and productivity, blue light exposure at night could interfere with sleep
quality.”® This overall effect of blue light could potentially affect skin conditions as well. Recent evidences indicate that
blue light-blocking filters could provide protective effects in controlling dry eyes and providing ocular comfort.>® Using
blue light-blocking devices at night also improves sleep quality and circadian rhythm disturbances.*”

The wavelength of blue light could induce pigmentation and photoaging.®’ In previous clinical studies, blue light-
induced pigmentation in darker skin types through activation of opsin 3 occurred at 90 J/cm?, while blue-violet light at
50-100 J/cm? decreased the antioxidant concentration found in human skin.”*' The dose of electronic devices at the peak
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wavelength of 460 nm in our study suggested that they are unlikely to cause any harm with daily use. In every distance
and brightness level, the night shift mode provided benefits in reducing blue light dose. The largest monitor screen
showed the greatest percent reduction in dose.

Even though the 1-hour period of dose from electronic devices was still far from reaching the threshold level that could
cause any skin changes, it should be noted that the longer exposure of electronic devices could lead to an increasing dose of
visible light, especially blue light. A previous study showed that maximal use of light (between 420 and 490 nm) from
a high-intensity computer screen for 8 hours per day for a 5-day period does not worsen melasma lesions.*> Moreover, given
that most electronic devices are used indoors, spending more time in front of electronic devices could potentially lead to less
time outdoors, where exposure to visible light could be much higher. Even though it is quite unlikely that daily exposure to
visible light, especially blue light, would cause any effects, the possibility cannot be entirely excluded. A reasonable
amount of exposure time coupled with some protection, such as a screen protector, can be applied.

This study had some limitations. The visible light spectrum ranged from 400-700 nm,' while the peak sensitivity of
the used photopic sensor was 555 nm. Therefore, the results might not be an overall representation of the whole spectrum
of visible light. The particular spectral irradiance distribution in the blue spectral region that caused opsin 3 activation
and immediate pigment darkening was 415 nm.' In this study, the peak wavelength for the blue light sensor was 460 nm,
which might not accurately represent the spectrum that caused the damage. However, some studies have indicated that
the wavelength of 450 nm, which was closer to the sensor used in our study, could cause human dermal fibroblasts to
produce reactive oxygen species, leading to collagen changes as well.''"'? The results should be interpreted with caution.

In conclusion, this study has shown that measured irradiance and estimated dose emitted from electronic devices at
various distances and brightness levels using a photopic sensor (peak wavelength of 555 nm) and a blue light sensor
(peak wavelength of 460 nm) are small and are unlikely to cause any harm with daily use. However, the results should be
interpreted with caution, as the used sensors might not represent the exact spectrum of visible light, especially blue light,
that caused damage to the skin. The night-shift mode offered the advantage of reducing the dose of blue light. Future
studies could focus on a wider range of devices with a potential direct effect on human skin.

While this study offers valuable information on the irradiance and dose of blue light emitted from electronic devices,
the limitations discussed above highlight the need for more comprehensive models that incorporate spectral resolution,
biological responses, and weighting factors. The potential effects of light on skin health are complex and depend on
numerous factors, including wavelength, intensity, and the biological sensitivity of tissues. As such, further research is
needed to refine our understanding of these effects and to develop more accurate guidelines for minimizing light-related
skin damage, particularly in the context of the widespread use of electronic devices.

Data Sharing Statement

The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.

Funding

There is no funding to report.

Disclosure
All authors declare no conflicts of interest in this work.

References

1. Mahmoud BH, Hexsel CL, Hamzavi IH, Lim HW. Effects of visible light on the skin. Photochem Photobiol. 2008;84(2):450—462. doi:10.1111/
j.1751-1097.2007.00286.x

2. Rascalou A, Lamartine J, Poydenot P, Demarne F, Bechetoille N. Mitochondrial damage and cytoskeleton reorganization in human dermal fibroblasts
exposed to artificial visible light similar to screen-emitted light. J Dermatol Sci. 2018;91:195-205. doi:10.1016/j.jdermsci.2018.04.018

3. Arjmandi N, Mortazavi G, Zarei S, Faraz M, Mortazavi SAR. Can light emitted from smartphone screens and taking selfies cause premature aging
and wrinkles? J Biomed Phys Eng. 2018;8(4):447-452. doi:10.31661/jbpe.v0i0.599

4. Liebel F, Kaur S, Ruvolo E, Kollias N, Southall MD. Irradiation of skin with visible light induces reactive oxygen species and matrix-degrading
enzymes. J Invest Dermatol. 2012;132(7):1901-1907. doi:10.1038/jid.2011.476

Clinical, Cosmetic and Investigational Dermatology 2025:18 https: 175


https://doi.org/10.1111/j.1751-1097.2007.00286.x
https://doi.org/10.1111/j.1751-1097.2007.00286.x
https://doi.org/10.1016/j.jdermsci.2018.04.018
https://doi.org/10.31661/jbpe.v0i0.599
https://doi.org/10.1038/jid.2011.476

Charoenpipatsin et al

5.

6.

20.

21.
22.

23.
24.

25.

26.

217.

28.

29.

30.

31.

32.

Kim HJ, Choi MS, Bae IH, et al. Short wavelength visible light suppresses innate immunity-related responses by modulating protein S-nitrosylation
in keratinocytes. J Invest Dermatol. 2016;136(3):727-731. doi:10.1016/j.jid.2015.12.004

Pourang A, Tisack A, Ezekwe N, et al. Effects of visible light on mechanisms of skin photoaging. Photodermatol Photoimmunol Photomed.
2022;38(3):191-196. doi:10.1111/phpp.12736

. Meyers RA. Encyclopedia of Physical Science and Technology. 3rd ed. Academic Press; 2003:289-313. doi:10.1016/B0-12-227410-5/00945-5
. Spitschan M. Melanopsin contributions to non-visual and visual function. Curr Opin Behav Sci. 2019;30:67-72. doi:10.1016/j.cobeha.2019.06.004
. Regazzetti C, Sormani L, Debayle D, et al. Melanocytes sense blue light and regulate pigmentation through Opsin-3. J Invest Dermatol. 2018;138

(1):171-178. doi:10.1016/j.jid.2017.07.833

. Duteil L, Cardot-Leccia N, Queille-Roussel C, et al. Differences in visible light-induced pigmentation according to wavelengths: a clinical and

histological study in comparison with UVB exposure. Pigm Cell Melanoma Res. 2014;27(5):822—826. doi:10.1111/pcmr.12273

. Morvan P-Y, Pentecouteau L, Gasparotto E, Vallée R. Effects of blue light on human skin and the protective effect of Artemisia capillaris extract.

IFSCC Mag 2019;22:93-99.

. Mignon C, Uzunbajakava NE, Castellano-Pellicena I, Botchkareva NV, Tobin DJ. Differential response of human dermal fibroblast subpopulations

to visible and near-infrared light: potential of photobiomodulation for addressing cutaneous conditions. Lasers Surg Med. 2018;50(8):859-882.
doi:10.1002/1sm.22823

. Geisler AN, Austin E, Nguyen J, Hamzavi I, Jagdeo J, Lim HW. Visible light. Part II: photoprotection against visible and ultraviolet light. J Am

Acad Dermatol. 2021;84(5):1233—1244. doi:10.1016/j.jaad.2020.11.074

. Lyons AB, Trullas C, Kohli I, Hamzavi IH, Lim HW. Photoprotection beyond ultraviolet radiation: a review of tinted sunscreens. J Am Acad

Dermatol. 2021;84(5):1393-1397. doi:10.1016/j.jaad.2020.04.079

. Schlangen LJM, Price LLA. The lighting environment, its metrology, and non-visual responses. Front Neurol. 2021;12:624861.
. Antona B, Barrio AR, Gasco A, Pinar A, Gonzalez-Pérez M, Puell MC. Symptoms associated with reading from a smartphone in conditions of light

and dark. Appl Ergon. 2018;68:12—17. doi:10.1016/j.apergo.2017.10.014

. Shieh -K-K, Lee D-S. Preferred viewing distance and screen angle of electronic paper displays. App! Ergon. 2007;38:601-608. doi:10.1016/].

apergo.2006.06.008

. Chiarelli-Neto O, Ferreira AS, Martins WK, et al. Melanin photosensitization and the effect of visible light on epithelial cells. PLoS One. 2014;9

(11):e113266. doi:10.1371/journal.pone.0113266

. Vile GF, Tyrrell RM. UVA radiation-induced oxidative damage to lipids and proteins in vitro and in human skin fibroblasts is dependent on iron and

singlet oxygen. Free Radic Biol Med. 1995;18(4):721-730. doi:10.1016/0891-5849(94)00192-M

Berneburg M, Grether-Beck S, Kiirten V, et al. Singlet oxygen mediates the UVA-induced generation of the photoaging-associated mitochondrial
common deletion. J Biol Chem. 1999;274(22):15345-15349. doi:10.1074/jbc.274.22.15345

Porges SB, Kaidbey KH, Grove GL. Quantification of visible light-induced melanogenesis in human skin. Photodermatol. 1988;5(5):197-200.
Boukari F, Jourdan E, Fontas E, et al. Prevention of melasma relapses with sunscreen combining protection against UV and short wavelengths of
visible light: a prospective randomized comparative trial. J Am Acad Dermatol. 2015;72(1):189-90.e1. doi:10.1016/j.jaad.2014.08.023

Dawe R. An overview of the cutaneous porphyrias. F1000Res. 2017;6:1906. doi:10.12688/f1000research.10101.1

Allen AE, Storchi R, Martial FP, Bedford RA, Lucas RJ. Melanopsin Contributions to the Representation of Images in the Early Visual System.
Curr Biol. 2017;27(11):1623-32.¢4.

Zhang D-Q, Wong KY, Sollars PJ, Berson DM, Pickard GE, McMahon DG. Intraretinal signaling by ganglion cell photoreceptors to dopaminergic
amacrine neurons. Proc Natl Acad Sci. 2008;105(37):14181-14186. doi:10.1073/pnas.0803893105

Zhou X, Pardue MT, Iuvone PM, Qu J. Dopamine signaling and myopia development: what are the key challenges. Prog Retin Eye Res.
2017;61:60-71.

Cajochen C, Miinch M, Kobialka S, et al. High sensitivity of human melatonin, alertness, thermoregulation, and heart rate to short wavelength light.
J Clin Endocrinol Metab. 2005;90(3):1311-1316. doi:10.1210/jc.2004-0957

Chang A-M, Aeschbach D, Duffy JF, Czeisler CA. Evening use of light-emitting eReaders negatively affects sleep, circadian timing, and
next-morning alertness. Proc Natl Acad Sci. 2015;112(4):1232-1237. doi:10.1073/pnas.1418490112

Rosenfield M, Li RT, Kirsch NT. A double-blind test of blue-blocking filters on symptoms of digital eye strain. Work. 2020;65(2):343-348.
doi:10.3233/WOR-203086

Esaki Y, Takeuchi I, Tsuboi S, Fujita K, Iwata N, Kitajima T. A double-blind, randomized, placebo-controlled trial of adjunctive blue-blocking glasses
for the treatment of sleep and circadian rhythm in patients with bipolar disorder. Bipolar Disord. 2020;22(7):739-748. doi:10.1111/bdi.12912
Vandersee S, Beyer M, Lademann J, Darvin ME. Blue-violet light irradiation dose dependently decreases carotenoids in human skin, which
indicates the generation of free radicals. Oxid Med Cell Longev. 2015;2015:579675. doi:10.1155/2015/579675

Duteil L, Queille-Roussel C, Lacour JP, Montaudi¢ H, Passeron T. Short-term exposure to blue light emitted by electronic devices does not worsen
melasma. J Am Acad Dermatol. 2020;83(3):913-914. doi:10.1016/j.jaad.2019.12.047

Dovepress
Taylor & Francis Group

Clinical, Cosmetic and Investigational Dermatology

Publish your work in this journal

Clinical, Cosmetic and Investigational Dermatology is an international, peer-reviewed, open access, online journal that focuses on the latest
clinical and experimental research in all aspects of skin disease and cosmetic interventions. This journal is indexed on CAS. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-cosmetic-and-investigational-dermatology-journal

. Clinical, Cosmetic and Investigational Dermatology 2025:18
176 E X in 1


https://doi.org/10.1016/j.jid.2015.12.004
https://doi.org/10.1111/phpp.12736
https://doi.org/10.1016/B0-12-227410-5/00945-5
https://doi.org/10.1016/j.cobeha.2019.06.004
https://doi.org/10.1016/j.jid.2017.07.833
https://doi.org/10.1111/pcmr.12273
https://doi.org/10.1002/lsm.22823
https://doi.org/10.1016/j.jaad.2020.11.074
https://doi.org/10.1016/j.jaad.2020.04.079
https://doi.org/10.1016/j.apergo.2017.10.014
https://doi.org/10.1016/j.apergo.2006.06.008
https://doi.org/10.1016/j.apergo.2006.06.008
https://doi.org/10.1371/journal.pone.0113266
https://doi.org/10.1016/0891-5849(94)00192-M
https://doi.org/10.1074/jbc.274.22.15345
https://doi.org/10.1016/j.jaad.2014.08.023
https://doi.org/10.12688/f1000research.10101.1
https://doi.org/10.1073/pnas.0803893105
https://doi.org/10.1210/jc.2004-0957
https://doi.org/10.1073/pnas.1418490112
https://doi.org/10.3233/WOR-203086
https://doi.org/10.1111/bdi.12912
https://doi.org/10.1155/2015/579675
https://doi.org/10.1016/j.jaad.2019.12.047
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Background
	Methods
	Results
	Discussion
	Data Sharing Statement
	Funding
	Disclosure

