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BACKGROUND RESULTS

1. Epidermal Barrier Breakdown L

Blue light (400-500 nm) from phones, tablets, W
Blue light compromises the epidermal barrier at \‘\:f\‘:-\\

and LED lighting is a modern,

underestimated skin aggressor. the structural and biochemical levels:

« Penetrates deeper than UVB! *
« Causes oxidative and molecular damage
via indirect mechanisms?,’

Decreases ceramide subtype 1-O-E(EO) by

~40%"

. Alters keratin folding: T B-sheet, { a-helix
— stiffer, less resilient skin?

. T Transepidermal water loss (TEWL) for
up to 72 hours?

. | IL-1a disrupts inflammation-resolved

Blue

. Leads to cumulative stress with chronic light
indoor exposure?

Unlike ultraviolet (UV) radiation, blue light

remains unregulated and poorly understood.

This review explores its biologic effects and repair

potential targeted dermatologic Leads to dryness, irritation, and prolonged

interventions.* Tecovery”

OBJECTIVE
To synthesize research from 2015 to 2025 on LBarri:;L.)-iT.J-FTti.on
blue light’s impact on skin, highlighting S S eI

three critical molecular pathways barrier L e S B

+ Decreases ceramide
subtype 1-0-E(0) by -40%

« Alters keratin folding:
1 B-sheet, L a-helix

= T Transepidermal water loss
(TEWL)

disruption, oxidative stress, and epigenetic
reprogramming and to examine their clinical
implications and potential strategies for
prevention and treatment.

2. Oxidative Stress and Mitochondrial
Dysfunction

METHODOLOGY
A structured narrative review was conducted Blue light triggers intracellular oxidative stress

using PubMed, Scopus, and Web of Science. primarily via mitochondrial disruption:

« 28 peer-reviewed studies selected for
mechanistic depth & skin relevance

« Search terms: “blue light,” “skin aging,”
“reactive oxygen species (ROS),”
“epigenetics,” “circadian disruption”

o Included: in vitro, in vivo, and clinical

« T Reactive oxygen species (ROS) by 4x

. T DNA oxidation markers (e.g., 8-0x0-7,8-
dihydroguanine / 8-oxoGua)

« Activates inflammatory & apoptotic
pathways: NF-kB, JAK/STAT, MAPK

« | ATP production — reduced repair &

2. Oxidative Stress

T Reactive oxygen species

(ROS) x4, | DNA oxidation
markers

» Activates inflammatory

and apoptotic pathways

* Impairs ATP synthesis

3. Epigenetic Reprogramming

91

L Expression of circadian
clock genes PER1, BMAL1
by - 70%

T Methylation in barrier
genes FLG and LOR
Dysregulated microRNAs
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RESULTS

3. Epigenetic Damage
Blue light alters gene expression without changing DNA
sequence, creating a lasting molecular memory:

| Period Circadian Regulator 1 (PER1) & Brain and
Muscle ARNT-Like 1 (BMAL1) — circadian
disruption (~70% drop)’
T Methylation of Filaggrin (FLG) & Loricrin (LOR)
— barrier weakening*
T MicroRNA-21 (miR-21) = T Matrix
Metalloproteinase-1 (MMP-1) = collagen breakdown
& inflammation?
l MicroRNA-145 (miR-145) = impaired matrix
remodeling?
Changes persist post-exposure, long-term imprint on
skin!34

KNOWLEDGE GAPS & FUTURE DIRECTIONS

Despite growing interest in blue light’s dermatologic

impact, critical knowledge gaps remain:

No standardized exposure metrics or dosimetry
protocols

Lack of long-term data on chronic, low-dose
exposure

Melanin-rich skin types (Fitzpatrick IV-VI) are
underrepresented

Inter-individual variability in response is poorly
understood

Few validated therapies for reversing epigenetic or
microRNA disruption

CONCLUSION
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To address these gaps, we recommend:
« Develop real-world exposure

models and standardized
measurement tools

« Launch longitudinal studies
defining chronic exposure
thresholds

- Investigate agents that reverse
epigenetic damage and restore

circadian balance
« Personalize care by phototype,
especially in diverse populations

CLINICAL IMPLICATIONS

SPF sunscreens do not protect against
blue light
Recommend topical antioxidants:
« Vitamin C
« Niacinamide
« Polyphenols
Integrate “light hygiene” into
dermatology counseling:
« Use screen filters, especially in
evenings
« Apply antioxidant skincare in high
screen-time users
Educate at-risk patients: Atopic
dermatitis, Rosacea, Melasma and
Inflammatory dermatoses

REFERENCE

human models

« Excluded: non-cutaneous, non-English,
editorial publications

- Findings were synthesized into three core
mechanistic themes with direct clinical
application

turnover

Unlike UV, blue light causes indirect,
cumulative damage, often subclinical
Antioxidants (e.g., Vitamin C, niacinamide,
melatonin) mitigate effects®

Blue light is a modern dermatologic stressor with distinct molecular pathways

It weakens the epidermal barrier and induces oxidative, mitochondrial, and epigenetic damage
Protection must move beyond UV:

Embrace antioxidant-based regimens

Counsel on behavioral/device strategies

Apply precision dermatology for digital-era exposures




