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ABSTRACT

Introduction and Aim. Premature skin aging results from both intrinsic and extrinsic factors,

requiring a comprehensive management strategy. This review evaluates current and emerging

approaches for preventing and treating premature skin aging, focusing on efficacy and safety.
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Materials and Methods. A review of recent scientific literature on topical, oral, and

procedural interventions for managing premature skin aging was conducted.

Analysis of Literature. Topical treatments, particularly retinoids and antioxidants, are key in

skin regeneration and oxidative stress reduction. Oral interventions, including systemic

retinoids and nutraceuticals, support overall skin health. Procedural methods like laser

therapies, microneedling, and chemical peels are effective in skin rejuvenation. Preventive

measures, such as photoprotection and lifestyle changes, are crucial. Emerging therapies, such

as stem cell treatments, show promise in reversing age-related skin changes.

Conclusion. Managing premature skin aging requires a combination of topical, oral, and

procedural treatments with preventive strategies. Future research should focus on refining

protocols, assessing novel therapies' long-term safety, and developing personalized

approaches considering genetic, environmental, and lifestyle factors.

Keywords: antioxidants, extrinsic aging, photoaging, premature skin aging, retinoids, stem

cell therapy

Introduction

The skin is a complex organ that plays a crucial role in maintaining overall health by acting as

a barrier against external threats and regulating various physiological processes.1 Aging is a

fundamental biological phenomenon that has been ongoing since life first emerged on Earth

approximately 3.5 billion years ago.2 The global population is aging rapidly, with an

increasing number of older individuals worldwide.3 Much like the whole organism, the skin

undergoes an inevitable internal aging process.4 Skin aging is a multifactorial process

influenced by intrinsic and extrinsic factors. Intrinsic aging is a natural biological process

governed by genetics and metabolic changes. As individuals age, the skin gradually becomes
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thinner and loses elasticity due to decreased collagen and elastin production. Fibroblasts,

which are the cells responsible for producing these proteins, also become less efficient over

time. Extrinsic aging, also known as photoaging or environmentally-induced aging, is is

primarily caused by external factors such as UV radiation, pollution, and lifestyle habits like

smoking. UV radiation, in particular, accelerates skin aging by breaking down collagen and

creating abnormal elastin, leading to wrinkles, pigmentation changes, and a leathery skin

texture. This process involves an increase in the activity of matrix metalloproteinases (MMPs),

enzymes that degrade collagen and other components of the skin's extracellular matrix.5,6

Environmental pollution accelerates premature skin aging primarily through the induction of

oxidative stress and inflammation, as airborne pollutants and particulate matter generate free

radicals that damage cellular structures and initiate inflammatory responses, leading to the

degradation of collagen and elastin within the skin.7-9 Smoking contributes to premature skin

aging through the promotion of oxidative damage and inflammatory processes. The toxic

chemicals in cigarette smoke induce the formation of reactive oxygen species, compromise

blood flow, and reduce collagen production, ultimately resulting in the degradation of

collagen and elastin in the skin.10-12 Cellular senescence, a key factor in photoaging, is also

crucial in the development of age-related skin pathologies. Cellular senescence leads to a

decline in skin regenerative capacity, promoting conditions like chronic wounds and skin

fibrosis. Additionally, such changes may increase the risk of somatic diseases, including

chronic conditions, which affect overall health and quality of life.13-15 Premature skin aging

can lead to issues that are not only aesthetic but also negatively impact mental health,

contributing to decreased self-esteem and heightened anxiety.16 Studies have demonstrated

that shortened telomeres, commonly observed in prematurely aged skin, are associated with a

heightened risk of cardiovascular diseases and certain malignancies. Additionally, genetic

conditions like Werner syndrome, which involves rapid skin aging, are closely associated



4

with systemic conditions such as osteoporosis and cataracts, highlighting the broader health

implications of premature skin aging. The connection between telomere biology and these

conditions underscores the broader health implications of early skin aging.17

Aim

The aim of this literature review is to examine and synthesize current knowledge on the

management of premature skin aging. This review seeks to identify and evaluate the various

strategies, treatments, and interventions that have been researched and implemented in the

prevention and management of early skin aging. By analyzing the available scientific

literature, the study aims to provide a comprehensive overview of the most effective

approaches for addressing the signs of premature aging. The ultimate goal is to inform clinical

practice and guide future research in the field of dermatology and cosmetic science.

Material and methods

This literature review was conducted by searching the PubMed and Google Scholar databases

during June and July 2024. The search focused on identifying relevant peer-reviewed articles,

clinical studies, and reviews published in English that addressed the management of

premature skin aging. The search terms included “skin aging,” “photoaging,” “intrinsic

aging,” "extrinsic aging," "premature skin aging," "premature skin aging treatment,"

“premature skin aging management,” “retinoids,” “antioxidants,” “stem cell therapy,” “skin

rejuvenation,” "UV radiation," and "skin care treatments.". Articles were first screened for

relevance based on their titles and abstracts, followed by a full-text review to ensure they met

the inclusion criteria. Studies that did not specifically address the management or prevention

of premature skin aging were excluded. The selected articles were then thoroughly reviewed
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and the key findings were synthesized to provide a detailed overview of the current

approaches to managing premature skin aging.

Analysis of literature

Management Strategies

Topical treatment

Topical retinoids are a cornerstone in the management of premature skin aging, offering a

non-invasive and highly effective treatment option.18-20 Retinoids, including tretinoin and

adapalene, have been extensively studied for their ability to modulate skin cell behavior,

particularly through their interaction with nuclear receptors that influence gene expression

related to cellular differentiation, proliferation, and apoptosis.19-21 This mechanism is crucial

in promoting collagen synthesis, reducing the degradation of the extracellular matrix, and

ultimately leading to a noticeable reduction in the appearance of fine lines, wrinkles, and

improved skin texture.19,21,22 However, despite their efficacy, the use of topical retinoids is not

without challenges. Irritation, erythema, and dryness are common adverse effects, particularly

in the initial stages of treatment, which can be attributed to the retinoid-induced acceleration

of cell turnover and thinning of the stratum corneum.20,22,23 To mitigate these effects, it is

often recommended to start with lower concentrations and to introduce retinoids gradually

into the skincare regimen, allowing the skin to build tolerance over time.20,22,23 The concurrent

use of moisturizers and sunscreens is also advised to protect the skin barrier and enhance

patient compliance.20,22,25 Further research has delved into the specific molecular pathways

affected by retinoids. For instance, they have been shown to reduce the activity of matrix

metalloproteinases (MMPs), enzymes responsible for the breakdown of collagen in the dermal

layer.19,23 This reduction in MMP activity is crucial in maintaining the structural integrity of

the skin and preventing the progression of photoaging.19,23 Moreover, retinoids stimulate the
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production of new collagen fibers, leading to the repair of existing photo-damage and an

overall rejuvenation of the skin's appearance.19,21,23 Long-term studies have demonstrated that

consistent use of retinoids can result in significant improvements in skin elasticity and a

decrease in mottled hyperpigmentation, further solidifying their role in anti-aging

skincare.18,25,26 The benefits of retinoids extend beyond aesthetic improvements; they also

play a preventive role by enhancing the skin's resistance to UV damage, making them a

critical component in the comprehensive management of premature aging.24,26 While the

potential for irritation remains a concern, particularly for individuals with sensitive skin,

advancements in formulation technology have led to the development of new retinoid

products that offer enhanced tolerability.18,20,24 Microencapsulation and slow-release

formulations are examples of innovations that allow for the gradual release of active

ingredients, reducing the risk of irritation while maintaining efficacy. This has broadened the

accessibility of retinoid therapy, enabling more patients to benefit from their potent anti-aging

effects.19,24,25 Overall, topical retinoids are a well-established and effective method for

managing premature skin aging. Their ability to stimulate collagen production, inhibit the

degradation of the skin's extracellular matrix, and improve overall skin texture makes them

invaluable in dermatological practice.17,21,24 However, their use must be carefully managed to

minimize adverse effects and optimize long-term outcomes.20,22,26

In addition to retinoids, various other topical agents have been investigated for their potential

to mitigate the effects of premature skin aging. Pogostone, a compound derived from the plant

Pogostemon cablin, has been shown to exhibit significant photoprotective effects in UV-

induced premature aging models. In a study conducted on mice, pogostone demonstrated its

ability to reduce oxidative stress markers and improve skin elasticity, making it a promising

candidate for inclusion in anti-aging skincare formulations.27 Another notable compound is L-

ascorbic acid, commonly known as Vitamin C. This potent antioxidant is crucial in
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neutralizing free radicals generated by UV exposure, thereby preventing collagen breakdown

and promoting skin repair. A recent study highlighted the stability and enhanced delivery of

L-ascorbic acid through nanoliposome formulations, which showed significant efficacy in

treating UVB-induced skin damage. This innovative delivery system not only enhances the

stability of Vitamin C but also improves its penetration into the deeper layers of the skin,

increasing its effectiveness in combating photoaging.28 Resveratrol derivatives have also

gained attention for their anti-glycation and anti-aging properties. Glycation, a process where

sugar molecules bind to proteins, leading to the formation of advanced glycation end products

(AGEs), is a significant contributor to skin aging. In vitro studies using 3D models of human

skin have demonstrated that resveratrol derivatives can effectively inhibit glycation processes

and improve the structural integrity of the skin.29 Coenzyme Q10 (CoQ10) is another

antioxidant that plays a crucial role in cellular energy production and has been shown to have

significant anti-aging effects on the skin. Topical application of CoQ10 can reduce the depth

of wrinkles and prevent the degradation of collagen by protecting the skin from oxidative

stress. Recent reviews have emphasized the potential of CoQ10 in improving skin elasticity

and reducing the visible signs of aging, making it a valuable addition to anti-aging skincare

regimens.30 Further research into carotenoids, particularly through topical and systemic

administration, has shown promising results in enhancing skin protection against oxidative

stress. In a controlled in vivo study, it was demonstrated that carotenoids, such as beta-

carotene and lycopene, can be effectively delivered to the skin, increasing dermal levels and

providing enhanced photoprotection. These findings highlight the importance of antioxidants

in reinforcing the skin’s defense mechanisms against environmental stressors.31 Moreover,

fluorouracil, traditionally used as a chemotherapeutic agent, has shown efficacy in reducing

photodamage when applied topically. A secondary analysis of a randomized clinical trial

found that topical fluorouracil cream not only addresses precancerous lesions but also
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improves the appearance of photodamaged skin, suggesting a dual benefit in both treating and

preventing further skin aging.32 Gallic acid, a polyphenolic compound, has also been studied

for its protective effects against UVB-induced photoaging. Research has shown that gallic

acid can inhibit the degradation of the extracellular matrix and reduce inflammation, thereby

preserving the skin’s structural integrity and reducing the formation of wrinkles.33

Additionally, extracts from Vigna angularis have been demonstrated to protect against UVB-

induced skin aging, both in vitro and in vivo, by enhancing antioxidant defenses and

maintaining skin hydration.34 Lastly, the use of a topical antioxidant mixture containing

Vitamin C, ferulic acid, and phloretin has been proven effective in protecting human skin

against UV-induced photodamage. This combination enhances the skin’s resilience against

oxidative stress, reduces the incidence of sunburn, and prevents long-term damage, further

establishing the role of antioxidants in anti-aging skincare.35

Oral treatment

Pharmacological interventions are a significant component of systemic treatments for

premature aging. Among these, retinoids are the most studied and widely used due to their

well-documented anti-aging properties. Retinoids, such as isotretinoin, tretinoin, and

adapalene, are vitamin A derivatives that function by binding to nuclear receptors, influencing

gene expression related to cellular differentiation, proliferation, and apoptosis. Isotretinoin,

originally used for severe acne, has shown significant efficacy in treating photoaging signs by

enhancing skin texture and tone, promoting collagen synthesis, and increasing skin elasticity.

Clinical studies have demonstrated that isotretinoin induces the expression of collagen types I

and III, essential for maintaining skin firmness and elasticity.36,37 Tretinoin, also known as all-

trans-retinoic acid, promotes epidermal cell turnover, reduces keratinocyte cohesion, and

increases dermal glycosaminoglycans, resulting in smoother skin texture, reduced

hyperpigmentation, and improved skin elasticity. Adapalene, a third-generation retinoid,
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provides similar benefits with a better safety profile, particularly concerning irritation and

skin tolerance, making it suitable for long-term use.38 Antioxidants are another crucial

category of systemic agents that protect skin cells from oxidative stress caused by free

radicals, which significantly contribute to skin aging. Vitamins C and E are powerful

antioxidants that neutralize free radicals and regenerate oxidized molecules, thereby

preserving cellular function. Oral supplementation with these vitamins enhances the skin's

natural defense mechanisms against UV-induced photodamage, reduces erythema, and

improves skin hydration and elasticity.39 Beta-carotene, a vitamin A precursor, also possesses

strong antioxidant properties, reducing UV-induced erythema and photoaging when taken

orally, providing systemic photoprotection that complements topical sunscreens.40 Recent

advancements in nutraceuticals have highlighted the potential of polyphenolic compounds

like resveratrol and procyanidins. These compounds are known for their potent antioxidant,

anti-inflammatory, and anti-glycation properties, which collectively contribute to reducing

skin aging signs. Resveratrol, found in grapes, berries, and peanuts, has been studied for its

ability to activate sirtuins, proteins involved in cellular aging and longevity. Oral resveratrol

supplementation has been shown to enhance skin elasticity, hydration, and reduce wrinkle

depth.41 Procyanidins, extracted from grape seeds, inhibit matrix metalloproteinases (MMPs)

that degrade collagen and elastin fibers and promote collagen synthesis, improving skin

elasticity and reducing the appearance of fine lines and wrinkles.42 Oral collagen

supplementation has also gained attention for its ability to improve skin health. Collagen

peptides, especially those of low molecular weight, are easily absorbed and assimilated into

the body, promoting dermal collagen and elastin synthesis. Multiple studies have shown that

oral collagen peptides improve skin hydration, elasticity, and reduce wrinkle depth by

enhancing the skin's structural integrity.43-44 Emerging systemic treatments include oral

probiotics and natural extracts. The role of the gut-skin axis in maintaining skin health has
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garnered increasing interest, with oral probiotics shown to modulate immune responses and

reduce systemic inflammation, critical factors in preventing skin aging. Studies have

demonstrated that probiotics improve skin barrier function, enhance moisture retention, and

reduce the appearance of fine lines and wrinkles by influencing the gut microbiome's

composition and its interaction with the skin.45 Various plant-based compounds have also

been investigated for their anti-aging potential due to their antioxidant and anti-inflammatory

properties. Astaxanthin, a carotenoid found in marine organisms, improves skin elasticity and

hydration by neutralizing free radicals and reducing oxidative damage to the skin.46 The

systemic treatment of premature skin aging involves a multifaceted approach, incorporating

pharmacological and nutraceutical agents to address the complex biological processes

underlying skin aging. From retinoids and antioxidants to emerging treatments like probiotics

and natural extracts, each intervention targets specific pathways involved in aging, offering

unique benefits for skin health. Future research should focus on optimizing these systemic

treatments, exploring synergistic effects, and assessing long-term safety and efficacy to

enhance anti-aging strategies and promote youthful, healthy skin.36-46

Procedural Interventions

Procedural interventions play a crucial role in addressing premature skin aging, with laser-

based therapies among the most effective methods for skin rejuvenation. Research highlights

the efficacy of various laser techniques in enhancing skin texture and reducing signs of aging

through the stimulation of collagen production and the remodeling of the dermal structure.47-48

Specifically, the use of Erbium lasers has been shown to significantly improve skin

resurfacing outcomes by precisely targeting superficial skin layers, thereby promoting a more

youthful appearance.49 Furthermore, innovative laser technologies, such as the 595-nm

pulsed-dye laser, have demonstrated substantial improvements in treating photodamaged skin,
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making them a valuable addition to the anti-aging arsenal.50 These procedural interventions,

when combined with other anti-aging strategies, offer a comprehensive approach to managing

premature skin aging, as evidenced by the work emphasizing the importance of integrating

multiple modalities for optimal outcomes.48,51 In addition to laser therapies, other procedural

interventions like microneedling and chemical peels are also widely utilized to combat

premature skin aging. Microneedling, a minimally invasive technique, has gained popularity

due to its ability to enhance skin texture and elasticity by creating micro-injuries that

stimulate collagen synthesis and skin regeneration.52,53 This method is often combined with

other treatments to maximize anti-aging benefits and improve overall skin appearance.48,53

Chemical peels, another effective intervention, work by exfoliating the outer layers of the skin,

promoting cell turnover, and improving the appearance of fine lines, wrinkles, and

hyperpigmentation. These peels vary in strength and can be customized to address specific

skin concerns, making them a versatile option for skin rejuvenation. When integrated with

other anti-aging strategies, chemical peels contribute to a comprehensive approach in

managing premature skin aging, offering both immediate and long-term improvements in skin

health.48,51

Preventive Measures

Photoprotection

Preventive approaches to photoprotection are essential in mitigating premature skin aging,

with daily use of broad-spectrum sunscreens being one of the most effective strategies.

Regular photoprotection not only prevents photoaging but also reduces the risk of UV-

induced skin carcinogenesis.54 Additionally, the integration of antioxidants into

photoprotective regimens has garnered attention due to their ability to neutralize oxidative

stress, a key contributor to skin aging.55 Studies have shown that natural antioxidants, such as
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vitamin C, vitamin E, and polyphenols, can enhance the skin’s defense against UV-induced

damage and improve overall skin health.56

Moreover, the use of sunscreens containing active ingredients like eicosapentaenoic acid

(EPA) has been demonstrated to offer both photoprotective and anti-aging effects, further

reinforcing the importance of comprehensive sun protection.57 Consistent daily

photoprotection is crucial not only for preventing immediate sunburn but also for maintaining

long-term skin integrity and youthfulness. Preventive measures, therefore, should prioritize

the combination of effective sunscreens with antioxidant-rich skincare to address both

intrinsic and extrinsic factors contributing to premature skin aging.58,59

Lifestyle modifications

Lifestyle modifications play a pivotal role in preventing premature skin aging by addressing

both intrinsic and extrinsic factors.60,61 Dietary habits, for instance, significantly impact skin

health, with the formation of advanced glycation end-products (AGEs) from high sugar intake

being linked to skin aging through the stiffening of collagen fibers and loss of skin

elasticity.60 Additionally, environmental factors, such as exposure to pollutants, have been

identified as major contributors to atmospheric skin aging, exacerbating oxidative stress and

accelerating the aging process.62 Regular physical activity and adequate sleep are also critical

in maintaining healthy skin, as they support optimal circulation and cellular repair processes,

which are essential in combating the effects of aging.63 Furthermore, the modulation of

specific genetic pathways, such as the peroxisome proliferator-activated receptor-coactivator-

1 (PGC-1) gene, has been explored as a potential avenue to slow down the aging process,

underscoring the importance of a holistic approach to skin care that includes both lifestyle and

genetic considerations.64 By integrating these lifestyle modifications with targeted skincare
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routines, individuals can significantly reduce the impact of extrinsic aging factors and

maintain healthier, more youthful skin over time.65,66

Emerging Therapies

Stem cell therapy

Stem cell therapy has emerged as a promising approach in the treatment of premature skin

aging, offering potential for both rejuvenation and repair.67 The application of adipose-derived

stem cells (ADSCs) has shown significant potential in reversing the effects of photoaged skin

by enhancing collagen production and improving skin elasticity.68 Additionally, the secretome

of stem cells, which includes a variety of growth factors and cytokines, has been

demonstrated to promote skin rejuvenation by enhancing cellular regeneration and reducing

oxidative stress.69,70 Stem cell heterogeneity and plasticity further contribute to their

effectiveness in skin therapies, allowing for a more targeted and personalized approach to

anti-aging treatments.71 Furthermore, the use of umbilical cord lining mesenchymal stem cell

extract in topical applications has shown encouraging results in improving skin texture and

reducing wrinkles, offering a non-invasive alternative to traditional therapies.72 As research

advances, the combination of stem cell-based materials with other regenerative approaches is

likely to provide even more effective strategies for combating skin aging.73 These emerging

therapies underscore the potential of stem cells to not only treat but also prevent the signs of

premature skin aging, making them a critical area of focus in dermatological research and

clinical practice.74

Conclusion
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The management of premature skin aging requires a holistic approach that integrates various

strategies to address both the intrinsic and extrinsic factors contributing to the aging process.

Topical treatments, particularly retinoids and antioxidants, are essential for promoting skin

regeneration and reducing oxidative stress. Oral interventions, including retinoids and

nutraceuticals, provide systemic support for skin health, while procedural methods such as

laser therapies, microneedling, and chemical peels offer effective means of skin rejuvenation.

Preventive approaches, especially photoprotection and lifestyle modifications, play a pivotal

role in maintaining skin integrity and delaying the onset of aging. Emerging therapies, notably

stem cell treatments, hold significant potential for reversing age-related skin changes and

represent a promising frontier in dermatology.

Future research should focus on optimizing treatment combinations, exploring the long-term

efficacy and safety of emerging therapies, and addressing the underlying biological

mechanisms of skin aging. Additionally, there is a need for more personalized approaches that

consider individual genetic, environmental, and lifestyle factors in the management of

premature skin aging. By advancing our understanding and application of these strategies, we

can improve the quality of life for individuals experiencing premature skin aging and enhance

the overall effectiveness of anti-aging interventions.
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