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ABSTRACT

Photoaging, or extrinsic ageing, results from prolonged exposure to ultraviolet (UV) rays in the
sunlight. Unlike intrinsic ageing, which is driven by genetic and chronological factors, photoaging
accelerates visible signs such as wrinkles, loss of skin elasticity, and pigmentation changes due to
UV-induced oxidative stress, DNA damage, and inflammation. Photoaging is a prevalent
dermatological challenge worldwide, and there is a need to understand the mechanisms behind it,
evaluate existing treatments, and identify diagnostic challenges to improve skin health and prevent
associated risks. Photoaging is primarily driven by UV radiation, which causes oxidative stress,
inflammation, and DNA damage, leading to skin structural degradation. Effective management
involves preventive strategies, e.g., sunscreen use, topical treatments, e.g., retinoids, and procedural
interventions, e.g., laser therapy. Diagnostic challenges include distinguishing photoaging from
intrinsic ageing, identifying subclinical damage, and standardising diagnostic metrics. Variability in
skin types and ethnicities further complicates diagnosis and treatment. Photoaging significantly
impacts skin health, with implications beyond cosmetic concerns, including increased cancer risk.
Effective management requires a multifaceted approach combining prevention, accurate diagnosis,
and personalised treatment. Advanced diagnostic technologies to detect early subclinical damage,
standardised diagnostic metrics, and personalised treatments for diverse skin types are means to
address photoaging efficiently in the future. Emphasising preventive measures and patient education
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is crucial for long-term skin health globally.

Introduction

Photoaging, also known as extrinsic ageing, is the premature
ageing of the skin resulting from prolonged and repeated
exposure to ultraviolet (UV) radiation, primarily from the sun
[1]. Unlike intrinsic ageing, which is a natural process driven by
genetic and chronological factors, photoaging accelerates the
appearance of wrinkles, loss of skin elasticity, pigmentation
changes, and other visible signs of ageing [2]. This phenomenon
is primarily driven by the damaging effects of UV radiation,
which penetrates the skin, inducing oxidative stress, DNA
damage, and inflammation [3,4]. These mechanisms collectively
contribute to the degradation of the skin’s structural integrity
and the appearance of ageing skin.

Photoaging, a distinct form of ageing, is often confused
with intrinsic ageing [4]. However, it is crucial to understand
that they are not the same. Intrinsic ageing is a natural, gradual
process that affects everyone regardless of their lifestyle or
environmental exposure. It is characterised by fine wrinkles,
thinning of the skin, and a gradual loss of underlying fat. On the
other hand, photoaging results from environmental factors,
particularly UV radiation. It manifests as coarse wrinkles,
mottled pigmentation, rough skin texture, and telangiectasia,
diagnosed by examining visible blood vessels [5]. While
intrinsic ageing primarily affects skin not regularly exposed to
sunlight, such as the inner arms and thighs, photoaging is most

pronounced on sun-exposed areas like the face, neck, and
hands.

Photoaging is a widespread issue affecting individuals
across different age groups, genders, and ethnicities, although
its prevalence and severity can vary significantly [6]. People
with fair skin (Fitzpatrick skin types I and II) are more
susceptible to photoaging due to their lower levels of melanin,
which provides some protection against UV radiation [7].
Additionally, individuals who spend significant time
outdoors, whether for work or recreational activities, are at a
higher risk. This includes outdoor workers, athletes, and
sunbathers. While photoaging can begin [as early as one's
twenties, the cumulative effects of UV exposure become more
apparent with age, leading to more pronounced signs of
photoaging in middle-aged and older adults [6]. The wide
demographic range of those affected underscores the
importance of understanding and addressing this issue.

Understanding and diagnosing photoaging involves
recognising its signs and appreciating the potential for early
intervention and prevention. Early diagnosis facilitates timely
treatment, improving skin appearance and reducing the risk
of skin cancers, which are more common in photoaged skin
due to UV-induced DNA damage [7]. Recognising the signs of
photoaging can also help differentiate it from other
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dermatological conditions, ensuring appropriate and effective
treatment.

The adverse effects of photoaging extend beyond cosmetic
concerns. While the visible signs of photoaging, such as
wrinkles and pigmentation, can impact an individual's
self-esteem and quality of life, there are significant health
implications [8]. Chronic UV exposure not only accelerates skin
aging but also increases the risk of developing various forms of
skin cancer, including basal cell carcinoma, squamous cell
carcinoma, and melanoma. Furthermore, photoaged skin is
more prone to developing actinic keratoses, which are
precancerous lesions that can progress to squamous cell
carcinoma if left untreated [4,9]. These conditions underscore
the importance of understanding, preventing, and managing
photoaging to protect both skin health and overall well-being.

Effective management of photoaging requires a
multifaceted approach combining preventive strategies,
accurate diagnosis, and appropriate treatment modalities.
Prevention is paramount and includes measures such as regular
use of broad-spectrum sunscreens, wearing protective clothing,
and avoiding peak sun exposure [10]. In terms of treatment,
various options are available, ranging from topical agents like
retinoids and antioxidants to procedural interventions such as
chemical peels, laser therapy, and dermal fillers [11,12].
Advances in dermatological research continue to enhance our
understanding of photoaging, leading to the development of
more targeted and effective therapies.

Photoaging is a significant dermatological concern that
impacts a wide range of individuals, particularly those with fair
skin and high levels of sun exposure [11]. Recognising the
importance of diagnosing and managing photoaging is essential
not only for maintaining aesthetic appearance but also for
preventing more serious skin conditions, including skin cancer.
Hence, a clear understanding of the mechanisms and effects of
photoaging is essential to plan and implement various strategies
for preventing and treating this common yet preventable
condition.

Clinical Manifestations of Photoaging

Photoaging, primarily caused by prolonged exposure to
ultraviolet (UV) radiation, manifests in various ways on the
skin, significantly affecting its appearance and structure [1].
Wrinkles and fine lines are hallmark signs of photoaging. UV
radiation accelerates the breakdown of collagen and elastin,
essential proteins that maintain the skin's firmness and
elasticity. This degradation leads to the formation of fine lines
and deeper wrinkles, particularly in sun-exposed areas like the
face, neck, and hands [6].

Pigmentation changes, such as solar lentigines and
melasma, are also common. Solar lentigines, or age spots, are
flat brownish patches that appear due to the localised
proliferation of melanocytes and increased melanin production
hyperpigmentation [13]. Melasma presents as darker, irregular
patches, often on the face, and is exacerbated by sun exposure
[11]. These pigmentation alterations result from UV-induced
changes in melanocyte activity and distribution.

Loss of skin elasticity and firmness is another significant
manifestation [6]. The skin's connective tissue weakens due to
cumulative UV damage, leading to sagging and loss of youthful
firmness. This loss is more pronounced in areas frequently

exposed to the sun and can contribute to a prematurely aged
appearance. Telangiectasia, or the appearance of visible blood
vessels, occurs as UV radiation damages the small blood vessels
in the skin, causing them to dilate and become more noticeable.
This condition typically appears on the face and can be
exacerbated by chronic sun exposure [7].

Photoaged skin also features a rough texture and actinic
keratosis [14]. The skin surface becomes uneven and coarse due
to impaired cellular turnover and the accumulation of dead skin
cells. Actinic keratosis manifests as rough, scaly patches or
lesions caused by prolonged UV exposure and is considered a
precancerous condition as it can potentially progress to
squamous cell carcinoma if left untreated.

Photoaging significantly impacts the skin's appearance and
health, presenting as wrinkles, pigmentation changes, loss of
elasticity, visible blood vessels, and rough texture with potential
precancerous lesions. Prevention and treatment strategies focus
on minimising sun exposure and repairing UV-induced
damage.

Cause and Mechanism of Photoaging

Photoaging is primarily driven by the effects of ultraviolet (UV)
radiation, which encompasses both UVA and UVB rays [15].
These rays induce distinct yet overlapping damage mechanisms
in the skin. The effects of UVA radiation are significant due to its
deep penetration into the skin, reaching the dermis. UVA
radiation primarily causes damage by generating reactive
oxygen species (ROS), leading to oxidative stress. This oxidative
stress results in the degradation of cellular components,
including lipids, proteins, and DNA. The ROS also triggers
cellular signalling pathways that increase the expression of
matrix metalloproteinases (MMPs), enzymes that degrade
collagen, and elastin in the extracellular matrix. The cumulative
effect is the breakdown of structural proteins, contributing to
wrinkles and loss of skin elasticity [16].

The effects of UVB radiation are more superficial but
equally detrimental. UVB primarily affects the epidermis and
directly damages DNA by inducing the formation of
cyclobutane pyrimidine dimers (CPDs) [15]. These CPDs cause
mutations that can lead to skin cancer if not properly repaired.
Additionally, UVB radiation stimulates an inflammatory
response, increasing the production of pro-inflammatory
cytokines and mediators [17]. This inflammation not only
accelerates skin ageing but also compromises the skin’s immune
function, reducing its ability to repair and protect itself.

The major factors causing photoaging are stated in Table 1.
The combined effects of ROS, oxidative stress, and
inflammation from both UVA and UVB radiation exacerbate
the photoaging process. ROS generated by UV exposure leads to
oxidative damage and activates signalling pathways that
upregulate MMPs, further degrading collagen and elastin [16].
Inflammation-induced by UVB exposure amplifies oxidative
stress and disrupts normal cellular functions [17]. Together,
these processes accelerate the breakdown of structural
components, impair skin repair mechanisms, and enhance the
visible signs of ageing, such as wrinkles, pigmentation changes,
and loss of firmness [7]. Various environmental and lifestyle
factors also play a crucial role in the manifestation of
photoaging along with the genetic predisposition of each
individual [6,7,9,18].
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Table 1. The molecular pathways and the characteristic clinical manifestations of photoaging.

Cause Type of UV Radiation ~Mechanisms of Damage Resulting Skin Effects References
UVA Radiation UVA (320-400 nm) - Penetrates deep into the dermis - Breakdown of collagen [15]
- Generates reactive oxygen and elastin
species (ROS) - Wrinkles and sagging
- Increases MMPs skin
-Pigmentation changes
UVB Radiation UVB (290-320 nm) - Affects primarily the epidermis - Sunburn [15]
- Direct DNA damage (formation - DNA mutations leading
of CPDs) to skin cancer
- Triggers inflammation - Actinic keratosis
ROS and Oxidative =~ Both UVAand UVB - ROS damage cellular - Accelerated ageing [16]
Stress components (DNA, proteins, - Cellular dysfunction
lipids) - Loss of skin structure
Inflammation Both UVA and UVB - UV exposure triggers - Chronic inflammation [17]
inflammatory response - Increased risk of skin
disorders
- Accelerated
degradation of skin
matrix
Environmental Both UVA and UVB - Pollution and environmental - Exacerbated oxidative (6]
Factors toxins can enhance UV damage stress
- Increased pigmentation
and texture irregularities
Lifestyle Factors Both UVA and UVB - Smoking and poor nutrition -Decreased collagen [9]
can exacerbate UV damage production
-Reduced skin repair
capacity
-More pronounced
wrinkles
Intrinsic Aging N/A - Genetic and physiological -Thinning skin [18]
factors -Reduced elasticity
-Fine lines and wrinkles
Photoaging and Both UVA and UVB - Combined effect of UV -Compounded skin [7]
Lifestyle Synergy radiation and lifestyle choices damage

-Accelerated appearance of
ageing signs

Treatment of Photoaging

Early intervention is paramount in preventing further dermal
damage and enhancing skin appearance and health [19].
Treatment efficacy varies across different stages of skin ageing
[20]. Currently, there are various treatment options available to
treat photoaging (Table 1). In the early stage, mild pigmentation
and fine lines can be effectively managed with topical
treatments such as retinoids, antioxidants, and sunscreen [21].
During the moderate stage, more pronounced wrinkles and
uneven skin tone may benefit from non-invasive procedures,

including chemical peels, microdermabrasion, and laser
therapy [22]. Advanced stages, characterised by deep wrinkles
and significant sagging, may necessitate more intensive
treatments. Minimally invasive methods, such as Botox
injections and dermal fillers, can reduce wrinkles and restore
volume, while micro-needling stimulates collagen production
to improve skin texture [23,24]. Invasive surgical interventions,
including facelifts and blepharoplasty (eyelid surgery), provide
more dramatic and long-lasting results but require extended
recovery periods [25,26]. Timely and appropriate intervention
significantly enhances skin health and appearance (Table 2).
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Table 2. Various treatments are available for photoageing.

Treatment Mechanism Efficacy Side Effects Additional Notes References
Retinoids Increase cell Improves wrinkles, Irritation, dryness, Gradual introduction [19]
turnover, stimulate  fine lines, and skin ~ photosensitivity recommended
collagen texture
production, reduce
pigmentation
Vitamin C Antioxidant, Improves Minimal possible The stability of [21]
neutralises ROS, brightness, irritation in sensitive  formulation is crucial
promotes collagen firmness, and skin
synthesis, reduces reduces
melanin pigmentation
Alpha Hydroxy Exfoliate skin, Effective in Irritation, Gradual introduction [20]
Acids (AHAs) promote cell reducing fine lines photosensitivity recommended
turnover, improve pigmentation, and
moisture content enhancing skin
texture
Niacinamide Reduces Improves elasticity,  Generally well- Suitable for most skin ~ [22]
inflammation, barrier function and  tolerated with types
improves skin reduces minimal side effects
barrier, decreases discolouration
pigmentation
Chemical Peels Controlled Effective in Varies by peel depth;  Types: superficial, [11]
exfoliation of the reducing fine lines,  deeper peels require =~ medium, and deep
skin, promoting pigmentation, and longer recovery peels
regeneration improving skin
texture
Laser Therapy Concentrated light  Effective for Varies by laser type; ~ Types: ablative and [22]
energy targets wrinkles, ablative lasers non-ablative lasers
damaged cells, pigmentation, and require more
stimulates collagen  skin tightening downtime
Microneedling Creates micro- Improves wrinkles, Redness, swelling Minimal downtime [27]
injuries to stimulate  scars, and skin for a few days required
collagen production  texture
and enhance
absorption
Dermal Fillers Injection of Immediate Temporary results; Typically, last 6-12 [24]
hyaluronic acid or improvement in last 6-12 months months
other fillers to skin plumpness and
restore volume reduction of deep
lines
Botulinum Temporarily relaxes ~ Noticeable Generally safe with ~ Administered by [23]
Toxin (Botox) facial muscles to reduction in minimal side effects  trained professionals
reduce dynamic wrinkles with
wrinkles effects lasting 3-6
months
Stem Cell Use of stem cellsto  Potential for long- Under research, Promising future [26]
Therapy regenerate and term improvements  long-term effects are  treatment

repair damaged skin

in skin health and
appearance

not fully known
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Diagnostic Challenges

Photoaging, the premature ageing of the skin caused by
prolonged and repeated exposure to ultraviolet (UV) radiation,
presents several challenges in its diagnosis [30]. These
challenges complicate the differentiation from chronological
ageing, the identification of subclinical damage, the reliance on
subjective visual assessments, the lack of standardised
diagnostic metrics, and the variability across different skin types
and ethnicities [31].

One of the primary challenges in diagnosing photoaging is
distinguishing it from chronological ageing, which is the
natural ageing process driven by genetic and environmental
factors [32]. While chronological ageing manifests as fine lines,
loss of elasticity, and thinning of the skin, photoaging
specifically results in deep wrinkles, pigmentation changes, and
a leathery texture [31]. However, both processes often occur
simultaneously, making it difficult to attribute specific skin
changes solely to photoaging. Accurate differentiation requires
a detailed patient history and an understanding of the
individual's sun exposure patterns [33].

Photoaging begins long before visible signs appear on the
skin. Subclinical damage, such as DNA mutations and oxidative
stress, occurs at the cellular level and may not be detectable
through routine visual inspection [31]. Early detection is crucial
for effective intervention, yet current diagnostic tools are
limited in their ability to identify these early changes [7].
Advanced imaging technologies, such as reflectance confocal
microscopy and optical coherence tomography, offer some
promise but are not widely accessible in standard
dermatological practice [34].

Visual assessment of photoaging is inherently subjective,
relying heavily on the clinician's experience and expertise. This
subjectivity can lead to inconsistencies in diagnosis, especially
among less experienced practitioners [34]. Tools such as the
Glogau classification system and the Fitzpatrick scale provide
some structure but still depend on visual inspection, which can
vary significantly between observers [7,31]. The absence of
universally accepted diagnostic metrics further complicates the
diagnosis of photoaging. While various scales and tools exist, no
single standard exists for measuring and evaluating the extent of
photoaged skin [34]. This lack of standardisation hinders the
ability to compare clinical outcomes across different studies and
practice settings, impacting the development of effective
treatment protocols.

Photoaging manifests differently across skin types and
ethnicities, adding another layer of complexity to diagnosis
[33]. Lighter skin tones tend to show more pronounced
wrinkling and pigmentation changes, while darker skin may
exhibit uneven skin tone and hyperpigmentation [7]. This
variability necessitates a tailored approach to diagnosis and
treatment, considering the unique characteristics of each skin
type and the individual's ethnic background.

The diagnosis of photoaging is fraught with challenges that
require a multifaceted approach. Advancements in diagnostic
technologies and a better understanding of skin ageing
processes across diverse populations are essential for improving
the accuracy and consistency of photoaging diagnoses.

Challenges in the Treatment of Photoaging

The challenges to the treatment of photoaging are as
pronounced as the challenges in diagnostics. Treating
photoaging effectively requires personalised treatment plans
tailored to individual skin types, the severity of the damage, and
patient expectations [7]. This personalised approach considers
factors such as genetic predispositions, skin type, and the degree
of photoaging [35]. While this customisation can enhance
treatment efficacy, it also necessitates a thorough initial
assessment and continuous monitoring, which can be
resource-intensive. Clinicians must balance the need for
bespoke treatments with the practicalities of time and cost,
ensuring that each patient receives the most appropriate and
effective care [36].

The long-term efficacy of treatments for photoaging is a
significant challenge. While many treatments, such as topical
retinoids, chemical peels, and laser therapies, can provide
noticeable short-term improvements, maintaining these results
over time can be difficult. Photoaging is an ongoing process,
and continued exposure to UV radiation can reverse the
benefits of treatment [15]. Additionally, the skin’s response to
treatment can vary, and some patients may experience a plateau
in results despite ongoing therapy. Long-term maintenance
often requires a combination of treatments and consistent
follow-up, which can be burdensome for both patients and
healthcare providers [32].

Treatments for photoaging can come with various side
effects, ranging from mild irritation and redness to more severe
reactions like blistering and pigmentation changes [11].
Managing these side effects is crucial to ensure patient
compliance and satisfaction. For instance, topical retinoids, a
common treatment for photoaging, can cause dryness and
peeling, which some patients may find intolerable [19]. Laser
treatments and chemical peels also carry risks of
post-inflammatory ~ hyperpigmentation  and  scarring,
particularly in patients with darker skin types [22]. Balancing
efficacy with tolerability is essential to minimise adverse effects
and enhance patient adherence to treatment regimens.

The cost and accessibility of treatments for photoaging
present significant barriers for many patients. Advanced
treatments such as laser therapy, intense pulsed light (IPL), and
professional-grade chemical peels can be expensive and are
often not covered by insurance, making them inaccessible to
individuals with limited financial resources [37]. Additionally,
access to skilled dermatologists or aesthetic practitioners who
can perform these treatments may be limited, particularly in
rural or underserved areas [29]. These barriers can prevent
many patients from receiving the optimal treatment for their
photoaging concerns.

Preventive strategies are crucial in managing photoaging
and should complement any treatment plan. Consistent use of
broad-spectrum sunscreens, wearing protective clothing, and
minimising sun exposure are foundational preventive measures
[38]. Educating patients about the importance of these
strategies can enhance the long-term success of treatment by
preventing further UV-induced damage [39]. However,
ensuring patient adherence to preventive measures can be
challenging, requiring a sustained commitment and lifestyle
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changes. Integrating preventive education into treatment plans
and reinforcing it during follow-up visits is essential for
achieving the best outcomes. A comprehensive approach that
combines effective treatment modalities with preventive
education and patient-centred care is necessary to address these
challenges successfully [35].

Future research in photoaging treatment must address
current diagnostic and therapeutic challenges through
technological advancements, improved understanding of skin
biology, and enhanced patient-centred care [37]. Emerging
technologies like artificial intelligence (AI) and machine
learning can enhance diagnostic precision by analysing skin
images to differentiate photoaging from chronological ageing
and identify subclinical damage [40]. Al-driven tools could
offer standardised diagnostic metrics, reducing subjectivity in
visual assessments. Advances in genomics and proteomics can
pave the way for personalised treatment plans tailored to an
individual’s genetic makeup and specific skin characteristics
[18]. This personalized approach ensures better efficacy and
tolerability of treatments. The development of novel treatments,
such as topical DNA repair enzymes, antioxidants, and
advanced laser technologies, could improve long-term
outcomes [36-39]. These therapies should aim for minimal side
effects and better patient compliance. Incorporating preventive
education into routine dermatological care is crucial
Innovations in sunscreen formulations and wearable UV
detectors can encourage consistent use and better protection
against UV damage [38]. Efforts to make treatments more
affordable and accessible, including teledermatology services,
can bridge gaps in care, especially in underserved areas [41].
Policies that promote insurance coverage of photoaging
treatments can also alleviate financial barriers. With the
advancements in research and increasing awareness about
photoaging, the diagnosis and treatment of photoaging can
become more effective, accessible, and patient-centric.

Conclusions

Photoaging presents significant diagnostic and treatment
challenges, including difficulty differentiating it from
chronological ageing, detecting subclinical damage, the
subjective nature of visual assessments, the lack of standardised
diagnostic metrics, and variability across skin types and
ethnicities. Effective treatment faces obstacles such as the need
for personalised approaches, managing long-term efficacy and
side effects, addressing cost and accessibility barriers, and
emphasising preventive strategies.

Addressing these challenges requires interdisciplinary
approaches integrating dermatology, technology, and patient
education. Ongoing research is essential to develop advanced
diagnostic tools and innovative treatments tailored to diverse
patient needs. Strategies such as leveraging Al for precise
diagnostics, embracing personalised medicine, fostering
preventive education, and making treatments more accessible
and affordable can significantly improve outcomes. Adopting
these comprehensive approaches can enhance patient care and
effectively manage photoaging.
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