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Abstract

Skin aging is driven by both intrinsic (chronological, genetic) and extrinsic (UV exposure,
pollution, lifestyle) factors. This review synthesises the dermatological evidence for major
aging pathways and proven preventive interventions. We examine the role of UV radiation
in photoaging, the molecular mechanisms of collagen degradation, and evidence-based
interventions including sunscreen, retinoids, antioxidants, and lifestyle modifications. Face
Age provides AI-powered skin health assessment that helps users monitor these aging
indicators over time.
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1. Intrinsic vs Extrinsic Skin Aging

Intrinsic aging is the natural, genetically determined process of skin senescence. It manifests as gradual
thinning of the epidermis, reduced collagen synthesis, decreased elastin integrity, and slower cell
turnover. Clinically, intrinsically aged skin appears thin, dry, and finely wrinkled (Farage et al., 2008).

Extrinsic aging, primarily caused by ultraviolet radiation (photoaging), accounts for up to 80% of visible
facial aging. Photoaged skin exhibits coarse wrinkles, dyspigmentation, telangiectasia, and a leathery
texture. Other extrinsic factors include tobacco smoke, air pollution (particularly PM2.5), infrared
radiation, and blue light exposure (Krutmann et al., 2017).

The distinction is clinically important: while intrinsic aging is largely unavoidable, extrinsic aging is
substantially preventable through evidence-based interventions.

2. UV Radiation and Photoaging

2.1 UVB and UVA Mechanisms

UVB (290-320 nm) primarily damages the epidermis, causing sunburn, DNA pyrimidine dimers, and p53
mutations that drive photocarcinogenesis. UVA (320-400 nm) penetrates deeper into the dermis,
generating reactive oxygen species (ROS) that degrade collagen through matrix metalloproteinase
(MMP) activation (Rittie & Fisher, 2002).

2.2 Collagen Degradation Pathway

UV-induced ROS activate AP-1 and NF-kB transcription factors, upregulating MMPs (particularly
MMP-1, MMP-3, and MMP-9). These enzymes cleave type I and type III collagen fibrils. Simultaneously,
UV exposure inhibits TGF-beta signalling, reducing new collagen synthesis. The net result is
progressive dermal collagen loss at a rate of approximately 1% per year in photoexposed skin (Quan et
al., 2009).

2.3 Clinical Manifestations

Chronic UV exposure produces solar elastosis (accumulation of dysfunctional elastic material), irregular
melanocyte activity (lentigines, mottled pigmentation), and vascular damage (telangiectasia). These
changes are the primary drivers of perceived facial aging and are the features detected by Face Age
skin analysis.

3. Evidence-Based Prevention

3.1 Sunscreen

Broad-spectrum sunscreen (SPF 30+) is the single most effective anti-aging intervention. The landmark
Nambour Trial (Hughes et al., 2013) demonstrated that daily sunscreen use over 4.5 years resulted in
no detectable increase in skin aging compared to discretionary use. This remains the strongest
randomised evidence for any topical anti-aging product.

3.2 Retinoids

Topical retinoids (tretinoin, retinol, adapalene) are the best-studied prescription anti-aging agents. They
stimulate collagen synthesis, accelerate cell turnover, reduce MMP expression, and improve
dyspigmentation. Tretinoin 0.025-0.1% applied nightly has demonstrated clinical improvement in
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photoaged skin in multiple randomised controlled trials (Mukherjee et al., 2006).

3.3 Antioxidants

Topical vitamin C (L-ascorbic acid, 10-20%) provides photoprotection and stimulates collagen
synthesis. Vitamin E and ferulic acid enhance its stability and efficacy. Niacinamide (vitamin B3)
reduces transepidermal water loss and improves skin barrier function. Oral antioxidant supplementation
has weaker evidence but may provide modest benefit (Pullar et al., 2017).

3.4 Lifestyle Factors

Sleep deprivation accelerates skin aging by impairing nocturnal growth hormone secretion and cortisol
regulation. Smoking damages dermal collagen through vasoconstriction and direct ROS generation. A
diet rich in omega-3 fatty acids, polyphenols, and carotenoids supports skin health from within.

4. AI-Powered Skin Assessment

Face Age analyses multiple skin health indicators including apparent pore visibility, pigmentation
evenness, wrinkle depth estimation, and skin luminosity. By tracking these metrics over time, users can
objectively monitor the effects of their skincare regimen and lifestyle changes.

While AI skin analysis does not replace dermatological examination, it provides a convenient and
repeatable screening tool that can motivate preventive behaviours and prompt timely professional
consultation.

5. Conclusion

Skin aging is a multifactorial process with substantial preventable components. Daily broad-spectrum
sunscreen, topical retinoids, antioxidant serums, adequate sleep, and smoking cessation form the
evidence-based foundation of anti-aging skincare. AI tools like Face Age empower individuals to track
their skin health trajectory and make informed decisions about their skincare routine.
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