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Abstract: This conceptual review integrates the mechanistic hallmarks of cutaneous aging with population-specific and 

gender-dependent variables to establish a targeted formulation framework for the Asia Pacific region. The synthesis delivers 

three core scholarly contributions: first, it establishes how baseline sexual dimorphism and distinct hormonal trajectories 

(such as postmenopausal estrogen drop vs. gradual testosterone decline) alter structural skin compartments and manifest 

divergent clinical phenotypes between gender; second, it maps the unique photo-pollution exposome of East and Southeast 

Asian cohorts, highlighting the prominence of dyspigmentation over deep wrinkling; and third, it provides concrete 

formulation design rules—pairing stabilized, low-pH vitamin C, matrix-stimulating peptides, and multifunctional 

botanicals—tailored to these distinct regional and gender-specific cutaneous vulnerabilities. Additionally, we evaluate the 

limitations of current diagnostic scales and highlight the role of controlled environmental challenge systems in validating 

anti-pollution efficacy. Ultimately, this framework provides a structured blueprint for transitioning from generic anti-aging 

formulations to ethnically and structurally personalized dermatological interventions. 
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I. INTRODUCTION 

 

Skin aging arises from both time dependent biological 

processes and environmental exposure, which together shape 

visible changes such as wrinkles, sagging, pigment 

irregularities, and texture alterations. Intrinsic or 

chronological aging is genetically determined, whereas 

extrinsic aging is driven by external factors, most 

prominently chronic ultraviolet (UV) irradiation and other 

environmental stressors such as air pollution. Prominent 

manifestations of extrinsic aging include coarse wrinkling, 

solar elastosis, and uneven pigmentation. Histologically, sun 

exposed skin shows uneven thinning of the epidermis, 

thickening of the granular layer, a more compact stratum 

corneum, loss of dermal collagen and elastin, and increased 

dermal inflammation. These structural changes correlate with 

increased expression of matrix metalloproteinases and 

reduced expression of extracellular matrix components, 

especially collagen and elastin, and have become widely used 

markers in mechanistic and therapeutic studies of photoaging 

(Vandiver & Hogan, 2020). 

 

At the tissue level, the skin consists of a stratified 

epidermis overlying a collagen rich dermis. The epidermis is 

organized into proliferating basal keratinocytes and 

differentiated layers comprising the stratum spinosum, 

stratum granulosum, and stratum corneum, while the dermis 

contains extracellular matrix, vasculature, adnexal structures, 

and fibroblasts of mesenchymal origin. 

 

While the general biomolecular pathways of photoaging 

are well-documented, the existing literature frequently treats 

these mechanisms as universal, relying heavily on clinical 

data derived from homogeneous, predominantly Caucasian 

cohorts. This review addresses this critical gap by adopting a 

dual analytical lens that intersects gender-specific biology 

with ethnic-regional variations in the Asia Pacific exposome. 

Cutaneous structure and morphometry are fundamentally 

dimorphic; variations in cell cell layer specific responses, 

hypodermal fat distribution, sebum output, and distinct 

hormonal lifecycles create divergent aging trajectories for 

men and women (Lin et al., 2019; Vandiver & Hogan, 2020; 

Gerasymchuk et al., 2023). 

 

Superimposed on this biological dimorphism are ethnic 

and environmental specificities. East and Southeast Asian 

populations present distinct Fitzpatrick phototypes that 

exhibit an earlier and more profound susceptibility to severe 

pigmentary disorders and mottled hyperpigmentation rather 

than premature coarse wrinkling, modulated by genetic 

polymorphisms and distinct exposure patterns (Vierkötter et 

al., 2016; Callaghan et al., 2017; Munavalli et al., 2005). 

 

Furthermore, rapid urbanization and ambient air quality 

trends in major Asia Pacific metropolitan areas subject the 
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skin to a unique combination of high UV indices and intense 

particulate pollution, accelerating oxidation as a central 

mechanism in aging pathophysiology (Curpen et al., 2019; 

Escobar et al., 2020). 

 

The novel contribution of this paper lies in its movement 

beyond mere descriptive review toward an integrative, 

prescriptive formulation paradigm. By reconciling the broad 

molecular hallmarks of cutaneous aging with the specific 

anatomical and environmental realities of Asia Pacific 

consumers, we synthesize a concrete set of design principles 

for the next generation of cosmeceuticals. We establish the 

exact chemical parameters—such as balancing vehicle pH 

below 3.5 to maximize L-ascorbic acid bioavailability and 

pairing active matrix-directed ingredients like bioactive 

peptides with gender-specific structural vulnerabilities—

required to address the precise demands of this demographic 

(Escobar et al., 2020). 

 

Finally, we critically evaluate the current biophysical 

assessment instrumentation (e.g., Mexameter, Cutometer, 

and high-frequency ultrasound) and clinical grading scales, 

detailing their methodological limitations and outlining the 

standardized testing protocols necessary to validate modern 

anti-pollution and targeted anti-aging claims (Nedelec et al., 

2015; Buranasirin et al., 2019; Curpen et al., 2019; 

Stachowiak et al., 2020). 

 

II. METHODOLOGY 

 

To assemble a rigorous, comprehensive synthesis of 

literature evaluating biological skin aging, cutaneous sexual 

dimorphism, and regional demographic variances, a 

structured methodology was implemented using systematic 

searching and thematic extraction paradigms. Literature 

sourcing was conducted across the electronic databases 

Academia, PubMed, MEDLINE, and Scopus, utilizing 

keyword combinations and Boolean operators. The search 

architecture was designed around three central conceptual 

axes: 

 

 Chronological and extrinsic cutaneous aging mechanisms 

paired with biological sex, dimorphic tissue organization, 

reproductive hormones, and hormone trajectories. 

 Ethnic-specific manifestations of photoaging, 

pigmentation dynamics, and urban exposures 

characterizing East and Southeast Asian populations 

within the Asia Pacific region. 

 Anti-aging formulation design, cosmetic strategies, and 

efficacy validation methodologies. 

 

Retrieved documents were screened sequentially by 

title, abstract, and full text against explicit eligibility criteria. 

Inclusion was restricted to peer-reviewed original research 

investigations, including randomized controlled trials, open-

label cohort designs, ex vivo skin explant studies, and in vivo 

biometrological evaluations, as well as comprehensive 

literature reviews published in authoritative biomedical and 

dermatological journals. Eligible studies were required to 

present objective clinical, histomorphometric, or 

instrumental data quantifying cutaneous properties (such as 

elasticity, barrier capacity, sebum, or pigmentation), or 

explicit chemical parameters governing anti-aging ingredient 

delivery and stability. Conversely, articles were excluded if 

they relied solely on non-validated consumer self-assessment 

questionnaires, evaluated invasive or surgical rejuvenation 

modalities falling outside topical cosmeceutical 

interventions, or lacked clearly defined active ingredient 

concentrations and vehicles. 

 

Data extraction was executed using a standardized 

matrix to capture investigator cohorts, participant 

demographics, environmental exposure paradigms, clinical 

grading protocols, and biophysical instrumentation metrics. 

The extracted evidence was subjected to a thematic matrix 

synthesis. Mechanistic hallmarks of skin aging (including 

genomic instability, oxidative stress, loss of proteostasis, and 

extracellular matrix degradation) were cross-referenced 

against baseline structural dimorphisms and the pigment-

dominant photoaging phenotypes documented in Asian 

cohorts. These intersecting biological findings were 

subsequently mapped to formulation engineering 

principles—specifically vehicle pH dynamics, stabilizing 

networks, and active delivery systems—to establish a 

coherent, evidence-based framework for gender- and region-

stratified anti-aging interventions. 

 

III. BIOLOGICAL AND CLINICAL 

CONCEPTS OF SKIN AGING 

 

Intrinsic and extrinsic mechanisms jointly shape 

structural and functional alterations in the epidermis and 

dermis that underpin clinical aging phenotypes. Intrinsic 

aging is associated histologically with epidermal thinning, 

loss of rete ridges, and a decrease in collagen and elastin 

connective tissue, together with a reduction in fibroblast 

number and extracellular matrix, whereas extrinsic aging, 

particularly from chronic ultraviolet exposure, features solar 

elastosis and similar extracellular matrix depletion. 

Clinically, intrinsically aged skin presents with xerosis, 

pallor, slight wrinkles, reduced elasticity, and fragility, while 

extrinsically aged skin shows xerosis accompanied by 

multiple telangiectasia, deep wrinkles, decreased elasticity, 

fragility, and dyspigmentation (Karim et al., 2021). 

 

These clinicopathologic contrasts underscore that 

photoaging and chronological aging are distinct yet 

overlapping processes. At the cellular scale, quantitative 

histomorphometry of Caucasian epidermis demonstrates 

compartment-specific aging responses. In the granular layer, 

average nuclear area increases slightly with age, showing a 

significant positive correlation in linear regression, although 

group differences are not statistically significant and the 

nuclear to cytoplasmic ratio remains stable. In basal cells, 

average cellular and nuclear areas rise markedly with age, 

with significant differences between age groups and strong 

positive correlations to age, whereas the basal nuclear to 

cytoplasmic ratio stays constant around 0.35 across decades. 

These data indicate enlargement of basal keratinocytes and 

their nuclei without proportional shifts in nuclear to 

cytoplasmic ratios, suggesting preserved basic cellular 
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architecture despite aging-associated hypertrophy (Lin et al., 

2019). 

 

Mechanistically, several hallmarks of aging provide a 

framework for understanding cutaneous changes. Genomic 

instability in skin is driven in part by ultraviolet induced DNA 

damage, while telomere shortening in keratinocytes, 

fibroblasts, and melanocytes occurs at an estimated 11 to 25 

base pairs per year in intrinsic aging, although the direct 

relevance of telomere attrition to clinical skin phenotypes 

remains uncertain and may differ between epidermis and 

dermis (Karim et al., 2021; Vandiver & Hogan, 2020). 

 

Oxidative stress has a central role, as reactive oxygen 

species generated through ultraviolet radiation, pollution, 

smoking, and endogenous metabolism cause DNA damage, 

lipid peroxidation, and protein oxidation, leading to cell 

dysfunction, inflammation, immune suppression, and 

premature skin aging (AK, 2019; Gragnani et al., 2014; 

Tobin, 2017). 

 

In photoaging, ultraviolet-induced reactive oxygen 

species promote activator protein 1 overexpression and 

upregulation of matrix metalloproteinases, stimulating 

collagen degradation and inhibiting procollagen biosynthesis, 

thereby reducing dermal collagen content and contributing to 

wrinkle formation (AK, 2019; Vandiver & Hogan, 2020). 

 

Loss of proteostasis further characterizes aged skin. 

Elevated reactive oxygen species in vivo result in dermal 

accumulation of oxidatively modified proteins, while 

proteasome components decrease in both photoaged and 

intrinsically aged skin, compromising protein homeostasis 

and contributing to cellular dysfunction (Gragnani et al., 

2014; Vandiver & Hogan, 2020). 

 

Persistent DNA lesions from oxidative stress can block 

replication, cause collapse of replication forks, generate 

double strand breaks, and ultimately induce cell death or 

senescence, processes that are believed to contribute to 

cutaneous aging and age related disease (Gragnani et al., 

2014). 

 

Stem cell exhaustion is another integrative hallmark: 

although stem cell numbers in intrinsically aged human and 

mouse epidermis may be maintained or increased, functional 

markers can decline in both intrinsic and photoaged skin, 

possibly linked to ultraviolet-induced basement membrane 

alterations and combined effects of DNA damage, NF 

kappaB signaling, metabolic dysregulation via mTOR, and 

extracellular matrix degradation (Gragnani et al., 2014; 

Vandiver & Hogan, 2020). 

 

Clinical manifestations of these biological processes 

include fine and coarse wrinkles, solar elastosis, pigmentation 

disorders, telangiectasia, roughness, and extreme dryness on 

sun-exposed sites (AK, 2019). 

 

Gender-specific differences also arise through hormonal 

influences: in women, reduced estrogen levels after 

menopause contribute to wrinkling, dryness, atrophy, laxity, 

poor wound healing, and degenerative changes of dermal 

elastic tissue, with postmenopausal hormone therapy able to 

stimulate collagen synthesis and improve surface lipids and 

dryness in some contexts (AK, 2019; Tobin, 2017). 

 

Overall, skin is exposed to a complex interplay of 

intrinsic drivers and environmental stressors such as 

ultraviolet radiation, smoking, and pollution, and endogenous 

defenses including antioxidant systems and immune 

surveillance decline with age, resulting in the characteristic 

clinical picture of aging and increased susceptibility to 

photocarcinogenesis and chronic skin infections (AK, 2019; 

Gragnani et al., 2014; Tobin, 2017). 

 

IV. GENDER DIFFERENCES IN SKIN 

PHYSIOLOGY AND AGING 

 

Gender-related differences in cutaneous structure and 

function arise from both hormonal milieu and distinct tissue 

organization. Physiologically, females tend to have a thinner 

epidermis and dermis, less prominent facial musculature, a 

lower density of hair follicles, reduced sebum and sweat 

production, and a decreased ratio of muscle to subcutaneous 

tissue compared with males. Men, in contrast, generally 

exhibit higher sebum output and greater sweating, together 

with thicker skin at most sites (AK, 2019; Gerasymchuk et 

al., 2023). 

 

These baseline disparities influence how aging-related 

changes in elasticity, barrier function, and surface appearance 

become clinically visible over time. Mechanical and 

functional properties of skin also show gender differences. 

Several investigations report no major gender differences in 

cutaneous elasticity, extensibility, friction, or stratum 

corneum hydration in early life, with both boys and girls 

exhibiting comparable transepidermal water loss, pH, and 

capacitance during the first two years. However, infant skin 

between 8 and 24 months shows functional signs of 

immaturity, such as increased permeability and reduced 

defense against chemical and microbial agents, independent 

of gender. With advancing age, cutaneous elasticity declines 

in both men and women, with significant negative 

correlations between gross elasticity and age across multiple 

anatomical sites. Absolute distensibility and immediate 

distensibility can fall by up to 50% in both gender, although 

measurements tend to be higher in males. In women, a 

sharper downturn in elastic properties occurs after about 30 

years, whereas in men the decline is more gradual across 

decades (Gerasymchuk et al., 2023; Nedelec et al., 2015). 

 

Blistering time measurements, used as a marker of 

dermoepidermal adhesion, further show that dermoepidermal 

separation is slower in females than males from 15 to 69 

years, although adhesion decreases with age in both groups, 

reflecting diminished mechanical integrity of deep layers and 

increasing vulnerability to shear injuries. Hormonal 

regulation represents a central driver of gender divergence in 

skin aging. Estrogen, testosterone, and adrenal androgens 

such as dehydroepiandrosterone (DHEA) and its sulfate 

(DHEAS) decrease substantially with age in both gender. 

Supplementation with these hormones can produce marked 
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increases in sebum production, cutaneous hydration, and skin 

thickness, underscoring their role in maintaining youthful 

skin characteristics. In men, progressive testosterone decline 

of approximately 0.4 to 2% per year after age 30 contributes 

to sexual dimorphism in aging patterns. Males also appear 

more susceptible to free radical-mediated damage and exhibit 

higher oxidative stress levels, whereas women benefit from 

estrogen-mediated antioxidant defense, including regulation 

of enzymes such as superoxide dismutase (Gerasymchuk et 

al., 2023). 

 

In estrogen-deficient women, particularly after 

menopause, skin becomes thinner with reduced collagen 

content, diminished elasticity, increased wrinkling, and 

greater dryness. Estrogen supports hydration, sebum 

production, barrier function, and collagen and elastin content, 

and decreases in these hormones alter collagen, 

glycosaminoglycan concentration, and water content in a 

manner consistent with accelerated aging. Observational and 

interventional data show that topical or systemic estrogen 

therapy can increase keratinocyte proliferation, epidermal 

thickness, dermal collagen, and type III collagen proportion, 

partially reversing postmenopausal atrophy (AK, 2019; 

Gerasymchuk et al., 2023). 

 

Structural remodeling of the hypodermis also exhibits 

gender specificity. Subcutaneous adipose tissue mass 

increases with age in both sexes, but females continue to 

accumulate more subcutaneous fat in the lower body after 

puberty, while males do not show a similar pattern. Aging 

disrupts the sponge like hypodermal architecture, leading to 

loss of adipose and connective tissue that links bone and 

muscle to the dermis, reduction in hypodermal thickness, and 

a sagging appearance. Because women start with relatively 

greater lower body subcutaneous stores and thinner dermis, 

they typically develop more superficial wrinkles, whereas 

men, who possess thicker dermis and greater facial 

musculature, more often show deeper expression lines as 

hypodermal fat is lost. Declining androgen levels further 

promote epidermal thinning, flattening of the dermo 

epidermal junction, cutaneous atrophy, reduced elasticity, 

diminished reparative capacity, altered barrier function, and 

hair follicle changes (AK, 2019; Gerasymchuk et al., 2023). 

 

Together, these observations indicate that reproductive 

hormones and baseline sexual dimorphism in cutaneous 

structure jointly shape the trajectory and visible 

manifestations of skin aging across the lifespan. 

 

V. ETHNIC AND REGIONAL SPECIFICITIES 

IN THE ASIA PACIFIC 

 

Patterns of photoaging in Asian populations have been 

characterized primarily in East and Southeast Asian groups, 

which represent a large proportion of the Asia Pacific region. 

East Asians, including Chinese, Japanese, and Koreans, are 

generally lighter skinned, with Koreans often described as 

more brown than Chinese or Japanese, whereas Southeast 

Asians such as Malaysians, Singaporeans, Thais, 

Cambodians, Vietnamese, and Indonesians typically exhibit 

brown skin tones within Fitzpatrick phototypes III to V. 

These populations share a Mongoloid ethnic background, yet 

show distinct clinical manifestations of photodamage that are 

strongly shaped by pigmentary responses and high ambient 

ultraviolet exposure in equatorial and near equatorial 

climates. In East and Southeast Asians, photoaging is 

common due to geographic proximity to the equator and 

associated high cumulative sun exposure. Cultural aesthetics 

favor facial skin that is flawless and uniform in color and 

texture, so pigmentary alterations are particularly salient as 

cosmetic problems. Classic features of photoaging in these 

groups include discrete pigmentary changes such as actinic 

lentigines, flat pigmented seborrheic keratoses, and mottled 

hyperpigmentation. Sun induced facial melasma occurs more 

frequently than in white populations and can be considered a 

form of actinic dyspigmentation in this context. More recent 

work in East Asians reports that wrinkling, especially in 

women starting in the fifth decade, and seborrheic keratosis, 

observed in up to 88% of males older than 40 years, are major 

additional manifestations of photoaging, indicating that both 

pigmentary and textural changes contribute to visible aging 

in this region (Munavalli et al., 2005). 

 

Comparative analyses across ethnic groups residing in 

similar environments highlight how East Asians fit within a 

broader hierarchy of wrinkle formation. In one study 

conducted in Los Angeles, increased skin wrinkling was 

observed in the order Caucasian > Hispanic > African 

American > East Asian. This single data set cannot be 

generalized to all populations, yet it reinforces that East 

Asians tend to exhibit fewer wrinkles than some other groups, 

despite high photoexposure, and that factors beyond melanin 

content, including cultural sun avoidance practices and 

individual skin care behaviors, likely modulate aging 

phenotypes. For people of color overall, including Asians, 

clinical photoaging signs typically become apparent later, 

often not until the fifth or sixth decade of life, particularly in 

darker phototypes. At the same time, increased melanin, 

while protective against wrinkling, predisposes to 

dyspigmentation, making mottled pigmentation and solar 

lentigines common age-associated concerns in Asian and 

other skin of color populations (Callaghan et al., 2017; 

Munavalli et al., 2005). 

 

Urbanization and air quality trends in the Asia-Pacific 

have driven strong market interest in pollution-protective skin 

care. Anti-pollution beauty products are now mainstream in 

Asian markets and in the United States, with more than 38% 

of new cosmetic launches in the Asia Pacific region in 2016 

carrying anti-pollution claims. A major limitation for these 

products is the absence of standardized methods to 

substantiate anti-pollution efficacy on human skin. To 

address this gap, a controlled pollution exposure system 

(CPES) was engineered to enable reproducible exposure of 

ex vivo skin explants or in vivo skin to specific pollutants, 

including ozone, ambient dust, diesel particles, and other 

gaseous or particulate contaminants. Using CPES, 

investigators can expose human donor skin from 

abdominoplasty or volunteer backs to defined pollutant 

concentrations and fluxes, then quantify biomarkers such as 

intracellular reactive oxygen species, squalene and squalene 

hydroperoxide (SQOOH), malondialdehyde, and vitamin E in 
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sebum. These assays provide objective endpoints for claim 

substantiation and allow evaluation of anti-pollution cosmetic 

formulations under conditions that mimic photo-pollution 

scenarios relevant to densely populated Asia Pacific cities 

(Curpen et al., 2019). 

 

Reliable assessment of pigment and barrier-related 

parameters is crucial for tailoring products to diverse Asian 

phototypes. Instrumental methods such as the Mexameter 

MX 18, which determines erythema index and melanin index 

using red, infrared, and green wavelengths, and 

spectrophotometric color measurements in CIEL𝑎b space, 

support objective evaluation of skin color changes, 

discoloration, and protection efficacy of UV filters in 

medicinal and cosmetic products. These standardized tools 

are widely applied in dermatology and cosmetology to 

monitor how drugs, emollients, and environmental exposures 

alter erythema and melanin, and they are particularly relevant 

for documenting pigmentary outcomes in Asia Pacific 

populations where dyspigmentation and uneven tone are key 

anti-aging targets (Stachowiak et al., 2020). 

 

VI. ASSESSMENT AND QUANTIFICATION 

OF SKIN AGING 

 

Objective, reproducible methods are essential to 

characterize skin aging and to evaluate the effectiveness of 

anti-aging interventions across different populations and 

product types. Instrumental approaches target key 

biophysical parameters such as elasticity, hydration, 

pigmentation, vascularity, thickness, and surface topography, 

while clinical grading scales and image-based analyses 

complement these measurements with standardized visual 

assessments. Several devices quantify mechanical and optical 

properties of skin. A suction-based system, the Cutometer 

C226, is widely used with 2 mm and 6 mm probes; the 2 mm 

probe primarily assesses the epidermal layer, while the 6 mm 

probe captures dermal contributions to mechanical behavior. 

Research using predominantly the 2 mm probe has focused 

on age-related changes in elasticity, but distinct dermal 

alterations have been detected with the deeper 6𝑚𝑚 probe in 

other conditions. High-frequency ultrasound scanners at 20 

MHz provide noninvasive measurements of skin thickness, 

with penetration depths of 10 to 20 mm permitting real-time 

visualization and quantification of epidermal and dermal 

layers. These methods have proved valuable in studying 

pathologic skin changes, yet comprehensive normative 

datasets stratified by anatomical site, age, and gender were 

initially lacking, complicating interpretation of patient data 

and highlighting the importance of standard reference values 

for aging research. Pigment and vascular-related parameters 

are typically assessed with narrow-band reflectance 

instruments. The Mexameter C226 uses 16 light-emitting 

diodes and defined wavelengths, with 568 nm absorbed by 

hemoglobin and 660 nm by melanin, to generate erythema 

and melanin indices on a 0 to 1000 scale. Because the emitted 

light quantity is fixed, absorption and thus index values can 

be calculated immediately on the console. These indices are 

relevant not only for diagnosing vascular and pigmentary 

disorders but also for documenting how aging and 

interventions modify erythema and melanization in different 

anatomical locations and demographic strata (Nedelec et al., 

2015). 

 

Digital imaging and profilometry extend assessment to 

three-dimensional surface changes. Optical profilometry of 

skin replicas has been employed to quantify relief parameters 

such as primary and secondary lines and wrinkle depth. In a 

6-month trial of topical 5% vitamin C, optical skin imaging 

revealed restoration of a more isotropic surface pattern and 

favorable modifications of relief, supporting the utility of 

profilometric parameters derived from industrial surface 

engineering standards for analyzing treatment effects on fine 

and coarse wrinkles. The technique resolves depressions 

ranging from 5 to several hundred micrometers and captures 

networks of parallel and crisscross furrows that characterize 

aged skin topography (Humbert et al., 2003). 

 

Structured light projection devices such as Primos 3𝐷 

also provide non contact in vivo measurement of wrinkle 

depth (𝑅𝑣) and skin smoothness (𝑅𝑎), enabling quantitative 

evaluation of anti-aging products on facial microrelief over 

time (Carlomagno et al., 2022). 

 

Standardized photographic and colorimetric methods 

further support clinical quantification. Cross-polarized facial 

photography combined with expert grading on defined 

erythema scales allows visual scoring of telangiectasia and 

erythrosis severity on 0 to 5 point scales, while software-

based extraction of CIEL𝑎b parameters from RGB images 

yields 𝐿∗, 𝑎∗, and 𝑏∗ values for objective analysis of redness 

and discoloration. This dual approach has been applied in 

open-label studies of anti-redness formulations in sensitive 

aging skin, with repeated assessments at baseline and follow-

up visits ensuring consistent evaluation areas for each 

volunteer (Dupont et al., 2012). 

 

Similar digital photo imaging protocols have been used 

to score wrinkles at glabella, periocular, and oral 

commissural regions on scales from 0.5 (no visible wrinkles) 

to 3 (evident wrinkles deeper than 3 mm), allowing 

comparison of baseline and post-intervention images under 

matched camera, distance, and lighting conditions and linking 

instrumental changes in hydration, sebum, and elasticity to 

visible wrinkle improvement (Guaitolini et al., 2019). 

 

Beyond these established tools, multidimensional 

clinical scales aim to capture a broad array of aging signs. 

Analysis of more than 100 existing assessment scales 

identified only five with high methodological quality across 

all skin types according to COSMIN criteria, including 

instruments such as SCINEXA and the Skin Aging Score. 

Limitations of many scales include a predominant focus on 

Caucasian populations, incomplete coverage of aging signs, 

limited usage, and inconsistent terminology. To address these 

gaps, a new global skin aging assessment score was 

developed using an internet-based survey of dermatologists 

in Thailand. Thirty-nine signs with published evidence of 

aging relevance were initially reviewed from COSMIN 

qualified checklists and major dermatology textbooks, and 29 

signs were selected that did not require facial expression or 

localization to specific facial subregions. This dermatologist-
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driven approach was designed to produce a simple yet 

comprehensive score aligned with clinical expertise and 

applicable across diverse ethnicities (Buranasirin et al., 

2019). 

 

Collectively, these mechanical, optical, imaging, and 

clinical scoring techniques provide complementary 

perspectives on skin structure, function, and surface 

appearance. Their integration is crucial for robust 

quantification of aging trajectories and evaluation of anti-

aging skincare efficacy in heterogeneous populations. 

 

VII. ANTI-AGING STRATEGIES 

AND PRINCIPLES 

 

Preventive photoprotection is repeatedly identified as 

the cornerstone of anti-aging strategies targeting extrinsic 

skin aging. Chronic exposure to ultraviolet radiation drives 

collagen loss, extracellular matrix fragmentation and 

oxidative stress, so minimizing UV burden is a primary 

objective. Recommendations include behavioral sun 

avoidance, particularly between 10:00 and 16:00 depending 

on season and geography, refraining from tanning bed use, 

and employing multiple forms of protection such as clothing 

with sun-protective properties, sunglasses, and broad-

spectrum sunscreen with at least SPF 30 (Randhawa et al., 

2016; Setyanto et al., 2022). 

 

Daily application of a photostable SPF 30 formulation 

containing filters such as avobenzone, homosalate, octisalate, 

octocrylene, and oxybenzone can both prevent further 

photodamage and support partial repair of previously 

photoaged skin when used consistently over 52 weeks, 

although the formulation in that study did not contain 

additional anti-aging actives (Randhawa et al., 2016). 

 

Education on early initiation of photoprotection is 

emphasized as crucial to optimize long-term skin health and 

mitigate future photoaging burden (Setyanto et al., 2022). 

 

Topical retinoids occupy a central position among 

pharmacologic and cosmetic anti aging agents. All trans 

retinoic acid stimulates collagen synthesis in the upper 

papillary dermis, accumulates new collagen, and 

downregulates UV induced matrix metalloproteinases such as 

MMP 1 and MMP 9, replenishing collagen levels and 

improving structural integrity. Retinol, a vitamin A 

derivative, can reduce major signs of photoaging including 

lines, wrinkles, pigmentation, elasticity, firmness, brightness, 

and overall clinical photodamage, with less irritation and 

better tolerability than retinoic acid in many reports 

(Darlenski et al., 2010; Setyanto et al., 2022). 

 

Clinical guidance recommends topical retinoids for 

visible signs of aging, acknowledging their capacity to 

improve wrinkles, pigmentation, skin relief, and elasticity, 

although robust evidence defining the threshold of 

photodamage that warrants treatment is lacking and 

regulatory indications differ between regions (Darlenski et 

al., 2010). 

 

Formulation constraints are critical: retinol is rapidly 

degraded to inactive forms upon exposure to light and air, so 

vehicle choice, concentration, and packaging must ensure 

delivery to target sites while preserving stability. Regulatory 

standards set a maximum retinol concentration of 0.3% for 

cosmetic preparations applied to hands and face in the 

European Union, and comparative data suggest 0.1% retinol 

serums can achieve equivalent or better performance and 

tolerability relative to tretinoin cream in photoaging 

management (Setyanto et al., 2022). 

 

Antioxidant strategies complement retinoid based 

approaches by targeting reactive oxygen species. Topical 

antioxidants such as vitamins, polyphenols, and flavonoids 

neutralize free radicals, protect against environmental 

stressors including UV radiation and pollution, and may 

improve fine lines, wrinkles, and age spots. These compounds 

help limit degradation of extracellular matrix components 

like collagen and elastin by scavenging ROS in cutaneous 

tissues. Cell regulators including retinol, peptides, and 

growth factors further modulate collagen production and 

metabolism, adding direct matrix remodeling effects to 

antioxidant protection (Gerasymchuk et al., 2023; Vandiver 

& Hogan, 2020). 

 

Vitamin C is a prototypical antioxidant active; ascorbic 

acid catalyzes hydroxylation reactions in collagen synthesis, 

increases collagen production, and reduces degradation. 

Daily topical application of 3% vitamin C for four months 

significantly increases dermal papilla density, and 

concentrations between 5 and 15% induce collagen I and III 

synthesis while modulating MMP 1, yielding anti-aging 

benefits (Gerasymchuk et al., 2023). 

 

However, L ascorbic acid is hydrophilic, charged, and 

unstable, which restricts penetration and accelerates 

inactivation under light, heat, and oxygen. Lowering vehicle 

pH to below 3.5 enhances stratum corneum penetration and 

tissue levels of vitamin C, and formulations at low pH have 

been specifically developed to maintain antioxidant activity 

and bioavailability (Escobar et al., 2020; Gerasymchuk et al., 

2023). 

 

Within these constraints, combining stabilized vitamin 

C with bioactive peptides that stimulate fibroblast 

proliferation, procollagen expression, collagen VII, and 

fibrillin 1 offers a rational strategy to support dermal matrix 

rebuilding and wrinkle reduction (Escobar et al., 2020). 

 

Non invasive cosmetic approaches increasingly exploit 

botanicals and peptides with multifunctional actions. Green 

tea, aloe vera, chamomile, and lavender are widely used for 

their polyphenol and flavonoid content, and can be combined 

with retinol and vitamin C in complex formulations. 

Mushroom extracts containing veratric acid add antioxidant, 

anti-inflammatory, wound healing, moisturization, redness 

reduction, soothing, wrinkle-reducing, and brightening 

properties, with species such as shiitake, reishi, and chaga 

commonly incorporated into skincare. These ingredient 

combinations are attractive because they are accessible, 
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relatively low cost, and carry a low risk of severe adverse 

effects for both genders (Gerasymchuk et al., 2023). 

 

Evidence from cosmetic serums integrating retinyl 

esters, plant extracts, peptides, lipopeptides, and antioxidants 

indicates that correctly formulated products can increase 

fibrillin-rich microfibrils in the papillary dermis and yield 

measurable clinical improvement in facial wrinkles and 

texture over 12 months, beyond the effects of the vehicle base 

alone. In vitro data attribute these benefits to enhanced 

collagen I deposition, inhibition of MMP 1, and broader 

support of dermal repair mechanisms (Craw, 2022; Watson et 

al., 2009). 

 

VIII. GENDER-SPECIFIC SKINCARE 

FORMULATIONS FOR THE ASIA PACIFIC 

 

Gender-targeted skincare in Asia Pacific must account 

for gender-related physiological differences as well as 

regional priorities such as pollution protection and pigment 

management. Evidence on cutaneous dimorphism shows that 

reproductive hormones, oxidative stress susceptibility, and 

gender-associated disease patterns shape how males and 

females experience aging, which in turn should inform 

formulation design rather than relying on unisex products 

alone. Topical antioxidant systems are central candidates for 

gender-specific regimens. Antioxidants including vitamins, 

polyphenols, and flavonoids protect against environmental 

stressors such as UV radiation and pollution, limit 

degradation of collagen and elastin, and improve fine lines, 

wrinkles, and age spots by eliminating free radicals in 

cutaneous tissues. Cell regulators such as retinols, peptides, 

and growth factors directly influence collagen production and 

metabolism, adding a mechanistic anti-aging effect on the 

extracellular matrix. These ingredient classes can be 

differentially emphasized in products for men versus women, 

for example stronger matrix regulators for androgen-deficient 

skin and more barrier-supportive antioxidants in female 

sensitive skin phenotypes (Gerasymchuk et al., 2023). 

 

Regional pollution burden in Asian megacities has 

driven strong interest in anti-pollution claims. More than 

38% of new cosmetics launched in the Asia Pacific market in 

2016 carried anti-pollution positioning, yet standardized 

methods to substantiate efficacy were lacking. The controlled 

pollution exposure system was therefore engineered to 

expose ex vivo human skin from abdominoplasty or in vivo 

skin to defined concentrations of cigarette smoke, ozone, 

ambient dust, diesel particles, and combined photopollution 

scenarios. Biomarkers such as intracellular reactive oxygen 

species, measured via DCFH DA fluorescence, serve as 

objective endpoints to test whether gender-oriented 

formulations for Asia Pacific actually attenuate pollutant-

induced oxidative stress on male and female skin in a 

reproducible manner (Curpen et al., 2019). 

 

Cultural beauty ideals in East and Southeast Asians 

prioritize flawless facial skin with uniform color and texture, 

and clinical photoaging in these groups is dominated by 

discrete pigmentary changes including actinic lentigines, flat 

pigmented seborrheic keratoses, mottled hyperpigmentation, 

and sun induced melasma. More recent data add wrinkling, 

especially in women beginning in the fifth decade, and 

seborrheic keratosis in a high proportion of men over 40 

years. These patterns indicate that gender specific Asia 

Pacific formulations must combine pigment modulators with 

texture and wrinkle actives, with particular attention to 

dyspigmentation control in female users and seborrheic 

keratosis associated roughness in males (Munavalli et al., 

2005). 

 

Within antioxidant strategies, vitamin C is an attractive 

core active. Ascorbic acid catalyzes hydroxylation reactions 

in collagen synthesis, increases collagen production, reduces 

degradation, and decreases melanin formation. Daily topical 

application of 3% vitamin C for four months significantly 

increases dermal papilla density, while concentrations of 5 to 

15% induce production of collagen I and III and modulate 

MMP 1, yielding measurable anti-aging effects. However, L 

ascorbic acid is unstable, hydrophilic, and charged, which 

limits penetration; lowering formulation pH below 3.5 

enhances stratum corneum penetration, yet high 

concentrations can irritate or leave a yellowish tinge when 

oxidized. These constraints imply that Asia Pacific products 

for female sensitive, pigment-focused skin may favor 

moderately concentrated, low pH vitamin C with strong 

stability control, whereas male formulations addressing 

deeper wrinkles could integrate higher collagen-targeting 

concentrations with buffering to minimize irritation (Escobar 

et al., 2020; Garre et al., 2018; Gerasymchuk et al., 2023). 

 

Bioactive peptides complement vitamin C in regionally 

tailored serums. Di and tripeptides from rice and lupin 

proteins stimulate fibroblast proliferation and messenger 

RNA expression of procollagen, collagen VII, and fibrillin 1, 

supporting dermal matrix rebuilding. A peptide-rich complex 

combined with 10% pure vitamin C in a low pH vehicle was 

explicitly developed to maintain antioxidant activity and 

enhance bioavailability in the stratum corneum, providing a 

prototype for multi-active serums that address wrinkles and 

firmness while respecting the oxidative environment of Asia 

Pacific cities. Given gender-specific declines in collagen and 

elastic tissue, peptide-enriched formulations can be adapted 

in concentration and texture to male and female preferences, 

while retaining shared mechanistic targets (Escobar et al., 

2020). 

 

Botanical and mushroom-derived ingredients offer 

additional flexibility for gendered design. Green tea, aloe 

vera, chamomile, and lavender supply polyphenols and 

flavonoids and can be combined with retinol and vitamin C, 

whereas mushroom extracts containing veratric acid 

contribute antioxidant and anti-inflammatory actions, wound 

healing, moisturization, redness reduction, soothing, wrinkle 

reduction, and brightening. These characteristics align well 

with Asian emphasis on comfort and luminosity, and their 

low adverse event profile facilitates different marketing 

narratives and textures for men and women without 

compromising safety. Overall, research underscores that 

gender-specific physiology, regional pollutant exposure, and 

pigment-dominated photoaging patterns should jointly guide 

the selection and optimization of antioxidants, peptides, 
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botanicals, and vehicle pH in Asia-Pacific skincare (Curpen 

et al., 2019; Escobar et al., 2020; Gerasymchuk et al., 2023; 

Munavalli et al., 2005). 

 

IX. CULTURAL, MARKET, AND REGULATORY 

CONTEXTS OF ANTI-AGING CARE 

 

Consumer demand for antioxidative and anti-aging 

skincare is described as one of the fastest-growing segments 

of the global cosmetics market, driven by heightened concern 

about definitions of effectiveness and the need for 

experimental proof of claimed benefits (AK, 2019). Market 

analyses report rapid expansion of cosmeceutical products 

that incorporate natural and nutraceutical ingredients, with 

nanomaterials and novel delivery systems increasingly used 

to optimize sensory attributes and consumer perceivable 

outcomes in anti-aging formulations (AK, 2019; Chaudhary 

et al., 2020). 

 

Within this context, aging is framed as a major growth 

area for new product development in the cosmeceutical 

industry, particularly in regions where awareness of aging 

and interest in preventive care are high (Chaudhary et al., 

2020). 

 

Urbanization and environmental trends in Asia Pacific 

have created a distinct market niche for pollution-protective 

beauty products. Anti-pollution cosmetics are considered 

mainstream in Asian and United States markets, and in 2016 

more than 38% of new cosmetic launches in the Asia Pacific 

region carried anti pollution claims, with similar positioning 

on the rise in Europe. Despite this proliferation, a key 

criticism is the absence of standardized methods to 

substantiate anti-pollution efficacy on human skin, which 

complicates regulatory evaluation and claim validation. To 

address this gap, the controlled pollution exposure system 

was engineered to deliver reproducible exposures of ex vivo 

donor skin or in vivo skin to ozone, ambient dust, diesel 

particles, cigarette smoke, and defined photo pollution 

scenarios, enabling identification of optimal biomarkers such 

as intracellular reactive oxygen species for claim 

substantiation (Curpen et al., 2019). 

 

These developments illustrate how market forces and 

regulatory expectations for objective evidence are beginning 

to reshape product testing paradigms in pollution-oriented 

anti-aging care. Demand for products incorporating 

nanotechnology reflects both marketing and functional 

considerations. Reviews catalogue multiple nano-based anti-

aging formulations, including liposomes, nanoemulsions, 

solid lipid nanoparticles, nanostructured lipid carriers, and 

nanospheres, which offer advantages such as enhanced skin 

penetration, controlled and sustained release, site-specific 

targeting, high entrapment efficiency, and improved physical 

stability. Commercial examples include nanoformulated 

facial creams and serums with anti-wrinkle claims, 

moisturizing and toning benefits, and hydrating care, 

although reported limitations encompass adverse effects like 

skin rash, gastrointestinal symptoms, and changes in liver 

enzyme levels (Chaudhary et al., 2020). 

 

These observations underscore the dual imperative of 

harnessing nano delivery benefits while monitoring 

tolerability, an issue of importance for regulators and 

clinicians assessing risk benefit profiles of advanced cosmetic 

technologies. From a regulatory standpoint, sunscreens are 

specifically highlighted as over-the-counter medications 

regulated by the United States Food and Drug 

Administration, reflecting the medicalized status of 

photoprotection compared with other cosmetic claims. 

Correct sun protection is presented as a pillar of modern 

prophylaxis, combining behavioral avoidance, textile 

protection, and topical formulations that may integrate 

antioxidants and DNA repair enzymes to enhance defense 

before and after exposure. This regulatory framing contrasts 

with many anti-aging actives, where product testing is often 

limited to in vitro models or simple skin systems rather than 

adequately powered in vivo human trials, and where 

ingredient concentrations may not correspond to levels 

demonstrated to be effective in experimental studies. 

Consequently, research stresses that companies should 

perform product-level efficacy testing to substantiate 

marketing claims and provide clearer guidance for both 

physicians and consumers. Cultural preferences and 

expectations intersect with these market and regulatory 

dynamics. Consumers are increasingly focused on health and 

appearance, seeking cosmetic products that produce clinically 

objective effects on commonly reported signs of aging 

without resorting to invasive procedures (AK, 2019). 

 

Herbal and botanical ingredients have gained 

prominence, with recent trends oriented toward developing 

new plant extracts and botanical components based on 

traditional medicinal uses, thereby fueling the emergence of 

numerous cosmeceuticals aimed at preventing wrinkles and 

protecting skin from unwanted symptoms. Face serums 

incorporating such botanicals are promoted for benefits 

including maintenance of skin hydration, reduction of 

imperfections, protection against damage, and support in 

combating aging signs, although challenges in product 

selection and cost are acknowledged (Chaudhari & Patil, 

2024). 

 

Together, these findings reveal an evolving landscape 

where cultural valorization of natural ingredients, rapid 

technological innovation, and tightening expectations for 

evidence converge to shape contemporary anti aging skincare 

markets and regulatory considerations (AK, 2019; Chaudhari 

& Patil, 2024; Chaudhary et al., 2020; Curpen et al., 2019). 

 

X. INTEGRATIVE PERSPECTIVES 

AND FUTURE DIRECTIONS 

 

Translation of mechanistic insight into practical 

rejuvenation strategies requires integrating molecular 

hallmarks of cutaneous aging with population specific needs 

and real world product constraints. Hallmark based 

frameworks position genomic instability, telomere attrition, 

loss of proteostasis, oxidative stress, extracellular matrix 

degradation, altered intracellular signaling, senescence, and 

stem cell exhaustion as interdependent drivers of skin aging, 

with UV induced damage and matrix remodeling particularly 
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prominent in photoexposed skin (Gerasymchuk et al., 2023; 

Vandiver & Hogan, 2020). 

 

At the same time, environmental stressors such as air 

pollution and particulate matter generate reactive oxygen 

species and lipid peroxidation products, reinforcing oxidative 

pathways already activated by UV radiation (Curpen et al., 

2019; Drakaki et al., 2014). 

 

These convergent mechanisms support development of 

strategies that simultaneously limit exogenous insults, 

quench reactive intermediates, and restore structural 

components such as collagen and high molecular weight 

hyaluronan (Curpen et al., 2019; Drakaki et al., 2014; 

Robinson et al., 2022; Vandiver & Hogan, 2020). 

 

Future-oriented anti-aging care will likely depend on 

progressively more rigorous, standardized evaluation 

platforms. Anti-pollution cosmetics illustrate this trajectory. 

Despite rapid market growth, a major limitation has been the 

absence of standardized methods for substantiating anti-

pollution efficacy on human skin. The controlled pollution 

exposure system was specifically engineered to address this 

gap by delivering defined exposures of ozone, ambient dust, 

diesel particles, cigarette smoke, and photo pollution 

combinations to ex vivo human skin explants and in vivo 

skin. Quantification of intracellular reactive oxygen species 

using DCFH DA fluorescence and measurement of sebum 

biomarkers such as squalene, squalene hydroperoxide and 

malondialdehyde enable objective assessment of pollutant-

induced damage and its modulation by test formulations 

(Curpen et al., 2019). 

 

Parallel mechanistic work on UV-induced DNA damage 

and reactive oxygen species formation highlights additional 

molecular readouts, including cyclobutane pyrimidine dimers 

and 8 hydroxy 7,8 dihydroguanine, that could be incorporated 

into future photoprotection and repair studies (Pandel et al., 

2013). 

 

Personalization by gender and lifestyle represents 

another critical direction. Gender-related differences in skin 

structure, hormonal milieu, and disease susceptibility 

necessitate tailored approaches that acknowledge divergent 

baseline physiology and patterns of extrinsic aging. Reviews 

on gender differences in aging stress that cosmetics and skin 

care products should be explicitly developed for female or 

male skin to address distinct pathological conditions and 

responses to interventions. Because aging reflects cumulative 

impacts of stress, lifestyle, and environmental factors on 

extracellular matrix, intercellular signaling, and cellular 

resilience, comprehensive strategies are advocated that 

combine topical therapies with lifestyle correction, avoidance 

of external aging factors, and dietary supplementation using 

herbal and fungal extracts with documented antioxidative and 

anti-inflammatory properties to extend healthy skin 

longevity. Such guidance implies that future regimens should 

more explicitly integrate behavioral counseling with product 

use rather than positioning topical agents as standalone 

solutions. Natural and botanical actives, including 

mushroom-derived ingredients, are emerging as promising 

adjuncts within this broader framework. Future anti-aging 

remedies are proposed to include natural products derived 

from hemp plants and mushrooms, alongside existing herbal 

and fungal extracts with antioxidative and anti-inflammatory 

properties (Gerasymchuk et al., 2023). 

 

Independent reviews of herbal face serums describe 

botanical components such as hibiscus and lavender as 

demonstrating antioxidant, anti-inflammatory, and collagen-

stimulating effects, and position these formulations as a 

foundation for ongoing exploration of botanical anti-aging 

solutions (Chaudhari & Patil, 2024). 

 

Together, these strands suggest a growing convergence 

between mechanistically informed, target-based approaches 

and traditional botanical pharmacopoeias, particularly when 

combined with modern delivery systems and objective 

efficacy testing. Advances in biophysical and imaging 

methods, including high-resolution in vivo optical techniques 

and quantitative hydration and elasticity measurements, 

further support a shift toward integrated, multiparameter 

outcome assessment. For example, a formulation designed to 

deliver high molecular weight hyaluronic acid at the surface 

while stimulating deeper production produced significant 

improvements in immediate and long-term hydration, 

radiance, and redness reduction over eight weeks, 

documented by sensor-based hydration measurements, 

biopsies, clinical photography, and patient and investigator 

assessments (Robinson et al., 2022). 

 

Coupling such comprehensive phenotyping with 

mechanistic biomarkers from UV and pollution research, and 

embedding these in gender and region-specific study designs, 

offers a coherent path forward for developing and validating 

next-generation anti-aging strategies that are biologically 

grounded, population-appropriate, and credibly substantiated 

(Curpen et al., 2019; Gerasymchuk et al., 2023; Robinson et 

al., 2022; Vandiver & Hogan, 2020). 

 

XI. METHODOLOGICAL 

CONSIDERATIONS AND LIMITATIONS 

 

Methodological constraints across clinical, 

instrumental, and experimental studies on skin aging and anti-

aging care introduce important limitations for interpreting 

findings and translating them into practice. In the domain of 

clinical photoaging trials, work on cosmetic serums 

containing retinyl esters, plant extracts, peptides, and 

antioxidants has generally involved modest sample sizes and 

limited statistical power. For example, a randomized 

controlled trial comparing a commercially available cosmetic 

serum with its vehicle reported suggestive clinical 

improvement in wrinkles after 6 months, but between group 

differences did not reach statistical significance and were 

interpreted as indicative rather than definitive, implying that 

larger trials are required to robustly quantify efficacy. 

Histologic endpoints such as fibrillin 2 deposition in the 

papillary dermis were significantly increased with the active 

product, yet clinical grading still relied on photonumeric 

scales with inherent subjectivity and observer dependence 

(Watson et al., 2009). 
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Similarly, open-label studies of peptide and vitamin C 

ampoules have used investigator-blinded designs or single-

arm protocols with limited durations of 28 to 29 days and 

female participants only, which constrains generalizability to 

broader populations, including men and diverse ethnic 

groups. These studies relied on visual atlases, self-assessment 

questionnaires, and biometrological measurements, but did 

not always include control formulations, thereby limiting the 

ability to distinguish specific active effects from vehicle or 

placebo responses (Escobar et al., 2020). 

 

Instrument-based characterization of skin mechanical 

and optical properties also faces methodological limitations. 

Normative datasets for elasticity, erythema, melanin, and 

thickness were lacking when high-frequency ultrasound, 

Cutometer C226, and Mexameter C226 were first deployed, 

making it difficult to interpret patient values relative to 

healthy reference ranges. Subsequent efforts to generate 

normative data have highlighted variability by anatomical 

site, age, and gender, but earlier studies often used only the 2 

mm Cutometer probe, examined few anatomical locations, 

had small participant numbers, and did not stratify by age and 

gender, reducing the applicability of their findings in clinical 

decision-making. The need for comprehensive, stratified 

normative datasets was explicitly recognized as essential for 

accurate assessment of deviations from normal, especially in 

genetic or systemic skin conditions where contralateral 

comparisons are problematic (Nedelec et al., 2015). 

 

Development of multidimensional skin aging scales has 

its own methodological issues. Review of more than 100 

existing scales identified only five that met COSMIN criteria 

for methodological quality across all skin types, and even 

these instruments disproportionately focused on Caucasian 

populations, lacked complete coverage of aging signs, were 

not widely used, and suffered from unclear terminology. The 

Global Subjective Skin Aging Assessment score was 

proposed to address some of these gaps by incorporating 29 

signs selected from COSMIN-qualified checklists and 

dermatology textbooks, yet its initial development phase was 

limited to Thai dermatologists experienced with Asian 

patients. The authors explicitly note that the score still 

requires testing for validity, reliability, and generalizability to 

non-Asian skin and non-Thai dermatologists, and should 

currently be used mainly for before-and-after comparisons 

rather than cross-individual averages due to potential 

subjectivity and inter-rater variability (Buranasirin et al., 

2019). 

 

Anti-pollution research illustrates additional 

methodological challenges relevant to Asia Pacific focused 

formulations. Although more than 38% of new cosmetic 

launches in the region in 2016 carried anti-pollution claims, 

there was no standardized method to objectively substantiate 

anti-pollution efficacy on human skin. The controlled 

pollution exposure system was engineered specifically to 

address this gap, enabling reproducible exposure of ex vivo 

abdominoplasty derived skin discs or in vivo skin to ozone, 

ambient dust, diesel particles, cigarette smoke, and combined 

photo pollution scenarios. Nonetheless, early CPES studies 

primarily focused on quantifying intracellular reactive 

oxygen species using DCFH DA fluorescence as a biomarker, 

and did not yet establish validated, clinically correlated 

endpoints such as wrinkle formation or pigment change. The 

system’s utility therefore remains contingent on further work 

to link ROS changes in skin explants and volunteer exposures 

to long-term clinical outcomes and to incorporate additional 

biomarkers such as sebum oxidation products (Curpen et al., 

2019). 

 

Formulation-oriented investigations of complex 

antioxidant and matrix-targeted serums also face 

methodological constraints. Studies on products containing L 

ascorbic acid, ergothioneine, hyaluronic acid, proteoglycan 

stimulating peptides, and fragmented proteoglycans have 

combined ex vivo explant assays with relatively short clinical 

trials. While these designs demonstrated preservation of 

dermal matrix components, moisture, and perceived 

improvements in brightness and wrinkle reduction, they 

lacked placebo groups, involved limited sample sizes, and 

depended partly on subjective questionnaire items whose 

interpretation may vary across individuals. Authors 

acknowledged that longer study durations, larger cohorts, and 

incorporation of objective evaluations such as photographic 

analysis or wrinkle count and depth would strengthen the 

evidence base. Additionally, detailed mechanistic effects of 

some proprietary peptides included in such formulations had 

not been independently published, restricting external 

validation of proposed pathways such as proteoglycan 

stimulation and fibroblast activation (Garre et al., 2018). 

 

Finally, population-specific aging comparisons, 

particularly between Caucasian and East Asian women, are 

constrained by uneven age distribution and relatively small 

sample sizes in certain ethnic strata. Analyses of pigment 

spots and wrinkles across anatomical sites indicated complex 

patterns that depended on age, site, and ethnic subgroup, yet 

the authors cautioned that limited power in some age groups, 

especially in Japanese cohorts, might have led to missed 

differences or chance significant findings given the large 

number of statistical tests performed on multiple outcomes, 

age groups, and populations. Moderate to high correlations 

between pigment and wrinkle signs at different sites further 

complicate interpretation of ethnic differences, as highly 

correlated aging markers may show similar apparent group 

effects that require careful multivariate modeling rather than 

simple univariate comparisons (Vierkötter et al., 2016). 

 

Collectively, these methodological considerations 

emphasize the need for larger, well controlled, stratified, and 

longitudinal studies, with validated instruments and scales, to 

robustly evaluate anti aging strategies and population specific 

aging trajectories. 

 

XII. THEORETICAL FRAMEWORKS FOR 

PERSONALIZED, GENDER-SPECIFIC 

SKINCARE 

 

Personalized, gender-specific skincare can be grounded 

in theoretical frameworks that integrate gender-related 

physiology, aging hallmarks, and noninvasive intervention 

strategies. One conceptual axis is sexual dimorphism in 
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cutaneous structure and hormonal milieu. Females have a 

thinner epidermis and dermis, lower densities of hair follicles, 

and reduced sebum and sweat production compared with 

males, alongside a different distribution of hypodermal 

adipose tissue, which is thicker in male lower back, abdomen, 

arms, and shoulders, but more pronounced in female 

buttocks, hips, and thighs. Aging-related deterioration of the 

sponge-like hypodermal architecture, with loss of adipose 

and connective tissue linking bone and muscle to dermis, 

contributes to sagging and differential expression lines, with 

men tending toward deeper wrinkles and women toward more 

superficial rhytides. Superimposed on this morphology are 

gender-specific hormone trajectories, including declining 

estrogen after menopause, testosterone loss of approximately 

0.4 to 2% annually after 30 years in men, and reduced adrenal 

hormones such as DHEA and DHEAS, collectively 

modulating sebum production, hydration, thickness, 

oxidative stress susceptibility, and antioxidant defenses via 

estrogen-regulated enzymes such as superoxide dismutase. 

These observations offer a biological basis for tailoring 

topical strategies to gender-dependent vulnerabilities, for 

example emphasizing antioxidant reinforcement in male skin 

that experiences higher free radical burden and prioritizing 

collagen and elastic tissue support in estrogen-deficient 

female skin. A second framework connects hallmarks of 

cutaneous aging to topical modulators. Aging is 

conceptualized as cumulative change driven by stress, 

lifestyle, and environmental factors that ultimately damage 

cells, extracellular matrix, and intercellular communication. 

Within this paradigm, antioxidants and cell regulators occupy 

central mechanistic roles. Topical antioxidants including 

vitamins, polyphenols, and flavonoids protect against UV 

radiation and pollution, mitigate degradation of collagen and 

elastin, and improve fine lines, wrinkles, and age spots by 

eliminating free radicals in skin tissues, while cell regulators 

such as retinols, peptides, and growth factors directly 

influence collagen production and metabolism. These 

ingredient classes can be mapped to specific hallmarks, with 

antioxidants targeting oxidative stress and loss of 

proteostasis, and peptides and retinoids addressing 

extracellular matrix degradation and impaired signaling. 

Personalized gender-specific regimens can therefore be 

theoretically structured by matching dominant hallmarks in 

male and female aging trajectories to combinations of 

antioxidants and cell regulators that counter those processes. 

Noninvasive botanical and mushroom-derived actives 

provide a third conceptual layer, supporting gender-adapted 

care through broad, low toxicity mechanisms. Botanical 

extracts such as green tea, aloe vera, chamomile, and lavender 

provide polyphenols and flavonoids that can be used alone or 

combined with retinol and vitamin C in anti-aging 

formulations. Mushroom extracts containing veratric acid 

exhibit antioxidant and anti-inflammatory properties, 

contribute to wound healing, and offer cosmetic benefits 

including redness reduction, soothing effects, moisturization, 

nourishment, wrinkle reduction, and brightening, with 

species such as shiitake, reishi, and chaga commonly utilized. 

Because these agents are effective, easily accessible, and 

associated with low risk of severe adverse effects in both 

genders, they fit within a framework where baseline gender-

specific physiology is supplemented by relatively gentle 

universals that can be tuned in concentration or texture for 

male and female preferences while maintaining shared 

protective functions. A final theoretical strand draws on 

integrative concepts of aging as the accumulation of changes 

from lifestyle and environmental exposures and explicitly 

calls for gender-specific product development. Analysis of 

gender differences in skin aging argues that understanding 

gender-specific differences is essential for cosmetics and skin 

care products tailored specifically for females or males to 

address pathological conditions, rejuvenation, anti-aging 

strategies, and lifestyle modifications that can slow the aging 

process (Gerasymchuk et al., 2023). 

 

Within this view, personalized, gender-specific skincare 

is not limited to topical actives but forms part of a broader 

system that includes behavioral correction, avoidance of 

external aging factors, and systemic support via nutrition and 

physical activity. Anti-aging agents such as topical 

antioxidants, retinoids, vitamin C, botanicals, and mushroom 

extracts are then positioned as components in a multilevel 

framework that aligns molecular targets, gender-linked 

vulnerabilities, and individual habits, providing a structured 

rationale for designing and evaluating differentiated regimens 

for men and women. 

 

XIII. CONCLUSION 

 

 Summary of Key Findings 

The integration of mechanistic hallmarks of cutaneous 

aging with region- and gender-specific biology establishes 

that chronological and environmental aging trajectories are 

fundamentally dimorphic and ethnically variable. Baseline 

sexual dimorphism in epidermal and dermal thickness, sebum 

output, and hypodermal architecture, compounded by 

divergent male-female hormone declines, dictates distinct 

clinical phenotypes: men are predisposed to deeper 

expression rhytides and higher oxidative stress, while women 

exhibit accelerated postmenopausal dermal atrophy and 

superficial wrinkling. Superimposed on this biological 

dimorphism are ethnic and environmental specificities within 

the Asia Pacific region. East and Southeast Asian cohorts 

(Fitzpatrick phototypes III–V) exhibit a photoaging 

phenotype dominated by discrete pigmentary irregularities, 

mottled hyperpigmentation, and flat seborrheic keratoses 

rather than premature coarse wrinkling. Furthermore, high 

ambient ultraviolet exposure coupled with intense urban 

particulate pollution accelerates oxidation via synergistic 

exposome pathways. Consequently, rational topical strategies 

must transcend unisex, generic archetypes, combining 

stabilized low-pH vitamin C chemistry, matrix-directed 

signaling peptides, and low-toxicity botanical or fungal 

extracts engineered to address targeted structural and regional 

vulnerabilities. 

 

 Acknowledgement of Methodological Limitations 

Progress in validating targeted anti-aging 

cosmeceuticals remains constrained by significant 

methodological liabilities across the reviewed literature. 

Existing clinical trials are frequently undermined by modest 

sample sizes, brief observational windows, and single-arm or 

open-label designs that fail to isolate active ingredient 
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efficacy from vehicle or placebo responses. Furthermore, 

biophysical measurement devices (such as high-frequency 

ultrasound, Cutometer, and Mexameter systems) have 

historically lacked robust, large-scale normative datasets 

stratified by precise anatomical site, age, biological gender, 

and specific racial phototype, introducing confounding 

variables into cross-cohort data interpretation. In parallel, 

current multidimensional clinical scoring instruments display 

a disproportionate focus on Caucasian populations, suffer 

from inconsistent terminology, and lack universal validation 

across non-Western cohorts. Finally, while advanced 

controlled pollution exposure systems (CPES) successfully 

quantify immediate upstream oxidative biomarkers like 

intracellular reactive oxygen species and sebum oxidation 

products, they have yet to establish clear, longitudinally 

validated correlations with long-term downstream clinical 

macro-phenotypes such as structural wrinkle progression or 

deep dyspigmentation. 

 

 Forward-Looking Research Agenda and Testable 

Questions 

To advance the clinical translation of personalized 

dermatology, future research must transition toward multi-

center, longitudinally sustained paradigms designed to 

resolve clear, mechanistic inquiries: 

 

Mechanistic Interaction: Through what specific 

intracellular signaling pathways do combined urban 

particulate matter PM 2.5 and long-wave ultraviolet radiation 

synergistically accelerate melanogenesis in Asian skin versus 

Caucasian skin, and can this be decoupled via topical phase 

II enzyme inducers? 

 

Hormonal Kinetics: How do chronological variations in 

tissue-specific androgen and estrogen receptor density within 

the facial dermis modulate the local therapeutic threshold of 

topical signaling peptides in postmenopausal women versus 

aging men? 

 

Bioavailability Dynamics: What are the exact 

percutaneous penetration kinetics and intradermal retention 

rates of L-ascorbic acid when formulated in an anhydrous 

nanoemulsion vehicle compared to a traditional low-pH 

aqueous surfactant system under high-humidity equatorial 

climates? 

 

Biomarker Correlation: Can early-stage shifts in 

cutaneous squalene hydroperoxide or malondialdehyde 

concentrations captured via non-invasive tape stripping serve 

as statistically reliable surrogate endpoints to predict long-

term macro-structural clinical aging phenotypes over a five-

year horizon? 

 

 Prioritized Stakeholder Recommendations 

To transform these insights into verifiable consumer and 

clinical outcomes, specific strategic interventions are 

required across the industry spectrum: 

 

For Cosmetic Chemists and Formulators: Prioritize the 

development of dual-action delivery systems that isolate 

unstable hydrophilic actives (such as L-ascorbic acid) within 

structurally stabilized liposomal or solid lipid nanoparticle 

matrices. Formulations must be customized to biological 

gender: engineer lighter, high-absorbency fluid matrices 

containing balanced buffers for hyper-seborrheic, thicker 

male skin, and lipid-replenishing, barrier-supportive 

emulsions optimized for thin, postmenopausal female skin. 

 

For Clinical Dermatologists and Investigators: Reframe 

efficacy testing by replacing subjective consumer 

questionnaires with multi-parameter instrumental arrays 

incorporating 3D structured light profilometry, narrow-band 

reflectance colorimetry, and 20MHz high-frequency 

ultrasound. Clinical trials must mandate double-blind, 

vehicle-controlled designs featuring large, multi-ethnic, 

gender-stratified cohorts tracked over a minimum duration of 

six to twelve months. 

 

For Regulatory and Standardization Bodies: Establish a 

harmonized, internationally accepted protocol for anti-

pollution claim substantiation using standardized controlled 

pollution exposure systems (CPES). Mandate that marketing 

claims surrounding environmental protection reference 

verified biological endpoints—such as quantified reductions 

in intracellular reactive oxygen species or preservation of 

native dermal proteostasis—rather than relying solely on 

simple physical shielding metrics. 
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