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ABSTRACT

Skin aging is a complex biological process influenced by both intrinsic and extrinsic factors.
While intrinsic aging is determined by genetic and chronological changes, extrinsic aging is
accelerated by environmental factors, leading to premature skin damage. Among these,
ultraviolet (UV) radiation, air pollution, climate variations, and lifestyle habits such as
smoking and poor nutrition contribute significantly to photodamage and skin deterioration.
These external aggressors trigger oxidative stress, inflammation, collagen degradation, and
DNA damage, ultimately resulting in wrinkles, loss of elasticity, and pigmentation disorders.

This review explores the impact of key environmental factors on skin aging, emphasizing
their mechanisms and long-term effects. Additionally, it highlights various preventive
strategies, including the use of sunscreens, antioxidants, and lifestyle modifications to
mitigate photodamage. By understanding these influences, effective interventions can be
developed to maintain skin health and delay the aging process.
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1. INTRODUCTION

Skin aging is a natural and gradual
biological process that affects the structure
and function of the skin over time. It is
characterized by visible changes such as
wrinkles, fine lines, loss of elasticity,
uneven pigmentation, and dryness. This
process occurs due to both intrinsic and
extrinsic factors, with the latter playing a
significant role in premature aging.[1]

Photodamage, often referred to as
photoaging, specifically results from
chronic exposure to ultraviolet (UV)
radiation. Unlike chronological aging,
which is an inevitable consequence of
time, photodamage leads to accelerated

deterioration of the skin’s appearance and
function. The primary manifestations of
photodamage include deep wrinkles,
hyperpigmentation, reduced skin elasticity,
and rough texture. Over time, excessive
UV exposure also increases the risk of skin
malignancies, making it a serious
dermatological concern. [2-3]

Skin aging is broadly categorized into
intrinsic aging and extrinsic aging, both of
which contribute to the overall aging
process but differ in their underlying
causes and mechanisms. [4]

Intrinsic ~ aging, also known as
chronological aging, is a genetically

programmed process influenced by the
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body’s natural metabolic activities. It
results from physiological changes that
occur over time, including reduced
collagen and elastin production, slower cell
turnover, and diminished sebaceous gland
activity. The skin gradually loses its ability
to retain moisture, leading to dryness and
fine wrinkles. Additionally, the decrease in
fibroblast activity weakens the skin’s
structural integrity, causing sagging and
thinning over time. Unlike extrinsic aging,
intrinsic aging is inevitable and progresses
at a genetically predetermined rate. [5]

Extrinsic aging, in contrast, is caused by
factors that
accelerate the aging process beyond what
is dictated by genetics. Major contributors
to extrinsic aging include:

external environmental

« Ultraviolet (UV) Radiation: Chronic
sun exposure damages skin cells
through stress, DNA
mutations, and collagen breakdown,

oxidative

leading to photodamage.

« Air Pollution: Pollutants such as
particulate matter, heavy metals, and
toxins contribute to inflammation, free
radical production, and disruption of
the skin barrier.

« Smoking: Tobacco smoke generates
harmful free radicals that degrade
collagen and elastin, leading to
premature wrinkles and dull skin.

+ Climate Variations: Extreme
temperatures, humidity fluctuations,
and harsh weather conditions impact

skin hydration and barrier function.
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« Diet and Lifestyle Factors: Poor
nutrition,
consumption, and lack of sleep can
impair the skin’s natural repair

excessive alcohol

mechanisms and exacerbate aging.

Among these factors, UV radiation is
considered the most potent extrinsic factor
responsible for skin aging. Other elements,
such as pollution and lifestyle choices,
further compound the effects of UV
exposure, leading to

deterioration of skin health. [6]

accelerated

The study of environmental influences on
skin aging is crucial due to the rising
global exposure to pollutants, climate
changes, and increased UV radiation
resulting from ozone layer depletion. Over
the years, dermatological research has
emphasized the role of oxidative stress,
inflammation, and cellular damage in
extrinsic aging. Understanding these
mechanisms is essential for developing
effective preventive strategies such as
advanced skincare formulations,
public
awareness campaigns on photoprotection.

[7]

antioxidant-rich  diets, and

Additionally, the increasing demand for
anti-aging interventions has led to the
development of targeted dermatological
solutions, including broad-spectrum
sunscreens, topical antioxidants (such as
vitamins C and E), and novel bioactive
compounds aimed at repairing and
protecting the skin from environmental

damage. By studying these external
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influences, researchers and healthcare
professionals can help individuals adopt
better skincare practices, thereby reducing
premature aging and improving overall
skin health. [§]

2. ENVIRONMENTAL FACTORS
CONTRIBUTING TO SKIN AGING
AND PHOTODAMAGE

Skin aging is significantly influenced by
environmental factors that accelerate
damage to the skin’s structure and
function. These external aggressors induce
oxidative stress, inflammation, and
degradation of collagen and elastin,
leading to premature aging and
photodamage. The most prominent
environmental factors contributing to skin
aging include ultraviolet (UV) radiation,
air pollution, smoking, climate conditions,
and dietary habits. [9-11]

2.1. Ultraviolet (UV) Radiation

Ultraviolet (UV) radiation is one of the
most significant environmental factors
contributing to extrinsic skin aging and
photodamage. Prolonged exposure to UV
rays accelerates the aging process through
mechanisms such as oxidative stress, DNA
damage, collagen degradation, and elastin
fiber breakdown. These effects collectively
lead to wrinkles, pigmentation disorders,
loss of skin elasticity, and an increased risk
of skin cancer. [12-15]

2.1.1 UV-Induced Oxidative Stress and
DNA Damage

One of the primary ways UV radiations
contributes to skin aging is by generating
reactive oxygen species (ROS), which
induce oxidative stress at the cellular level.
These ROS attack lipids, proteins, and
DNA, leading to cellular dysfunction and
structural deterioration.

Oxidative Stress Mechanism:

- UV
production, depleting the skin’s natural

exposure  increases  ROS
antioxidants such as vitamin C, vitamin
E, and glutathione.

« Excessive ROS cause lipid
peroxidation, damaging cell membranes
and leading to loss of moisture and
barrier dysfunction.

« ROS activate matrix metalloproteinases
(MMPs),
collagen and elastin fibers, weakening

enzymes that degrade

the skin’s structural integrity.
DNA Damage and Mutations:

« UVB radiation directly damages
nuclear and mitochondrial DNA,
forming cyclobutane pyrimidine dimers
(CPDs) and 6-4 photoproducts, leading
to mutations and cellular apoptosis.

+ Accumulation of damaged DNA can
lead to cellular senescence, where cells
lose their ability to divide and repair,
accelerating the aging process.
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« In severe cases, DNA mutations
increase the risk of skin cancers,

including basal cell carcinoma,

2.1.2 Role of UVA vs. UVB in Premature
Aging (Photoaging)

UV radiation is divided into three types:

squamous cell carcinoma, and
melanoma. UVA (320400 nm), UVB (280-320 nm),
and UVC (100-280 nm). UVC is mostly
absorbed by the ozone layer, while UVA
and UVB are the primary contributors to
skin aging and photodamage. [16-19]
Table 1: Comparison of UVA and UVB in Skin Aging
Factor UvVB
Penetration Deep (dermis) Superficial (epidermis)
DNA Damage Indirect via oxidative stress Direct via pyrimidine dimer

formation

Effects on Skin

Collagen and elastin
breakdown, long-term aging

Sunburn, hyperpigmentation,
and direct mutation risk

Cancer Risk

Contributes to melanoma and
non-melanoma cancers

High risk for basal and
squamous cell carcinoma

Daily Exposure Risk

Present throughout the day,
even through glass

Strongest midday, less through
windows

2.1.3 Effects on Collagen Degradation
and Elastin Fibers

Collagen and elastin are the key structural
proteins responsible for maintaining skin
firmness, elasticity, and resilience. Chronic
UV exposure accelerates their degradation,
leading to wrinkling, loss of firmness, and
sagging skin. [20]

Collagen Degradation

Collagen is the primary structural protein
in the dermis, responsible for maintaining
skin strength and smoothness. UV
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radiation reduces collagen synthesis while
increasing collagen degradation through
the following mechanisms:

- Activation of Matrix
Metalloproteinases (MMPs):

« MMP-1 (collagenase) and MMP-3
break down collagen types I and III,
essential for skin firmness.

« UVA exposure upregulates MMP
activity, leading to rapid breakdown of
collagen fibers.
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- Reduction in Collagen Production:

« UV radiation suppresses fibroblast
activity, the key cells responsible for
collagen synthesis.

+ Leads to a gradual thinning of the
dermis, making the skin more fragile
and prone to wrinkles.

Elastin Fiber Damage

Elastin fibers allow the skin to stretch and
recoil, giving it flexibility. Chronic UV
exposure leads to solar elastosis, a
condition characterized by thickened,
damaged elastin fibers that lose their
normal function. [21]

- Solar Elastosis Features:

« Abnormal accumulation of
disorganized elastin fibers in the

dermis.

« Causes skin roughness, leathery
texture, and loss of elasticity.

« Appears as deep wrinkles, crepey skin,
and sagging in sun-exposed areas like
the face, neck, and hands.

2.2. Air Pollution

Air pollution significantly impacts skin
health  through pollutants,
including particulate matter (PM),
polycyclic aromatic hydrocarbons (PAHs),

various

and heavy metals. These pollutants can
penetrate the skin, leading to oxidative
stress, inflammation, and disruption of the
skin barrier function[22-24]

2.2.1 Pollutants and Their Effects

« Particulate Matter (PM): Particularly
PM2.5, is linked to skin diseases such
as atopic dermatitis and psoriasis,
causing  oxidative  stress  and

inflammatory responses.

+ Polycyclic Aromatic Hydrocarbons
(PAHs): These compounds exacerbate
skin conditions by inducing

inflammation and oxidative damage,

contributing to premature aging and

skin cancers.

« Heavy Metals: Exposure to heavy
metals can lead to skin barrier
dysfunction and inflammatory skin
diseases, further complicating skin
health.

2.2.2 Mechanisms of Damage

Oxidative Stress: Reactive oxygen species
(ROS) produced by pollutants harm
cellular  constituents and  activate
inflammatory pathways like MAPK and
NF-«B.

pollutants causes an increase in the

Inflammation: Exposure to
production of inflammatory cytokines,
which exacerbates diseases including
dermatitis and acne. Skin Barrier Function:
When pollutants interfere with the skin’s
defenses, it becomes more permeable and
vulnerable to environmental stimuli. [25-
28]
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2.3. Climate Conditions (Temperature &
Humidity)

Extreme temperatures and humidity
significantly impact skin structure and
function, particularly affecting the skin
barrier and hydration levels. Cold and low
humidity conditions lead to decreased skin
barrier function, increased trans epidermal
water loss (TEWL), and heightened
susceptibility to irritants and allergens,
exacerbating conditions like atopic
dermatitis. Conversely, high humidity can
disrupt permeability homeostasis, reducing
the synthesis of lipids and natural
moisturizing factors, which are crucial for
maintaining skin hydration and barrier
integrity. Proper hydration is essential for
skin health, as it regulates temperature and
facilitates tactile interaction with the
environment; thus, maintaining an optimal
balance of humidity is vital for preserving
skin barrier function. Overall, both
extreme temperatures and humidity levels
play critical roles in skin health,
necessitating appropriate environmental
management to mitigate adverse effects.
[29-32]

2.4. Smoking and Tobacco Exposure

Smoking significantly impacts skin health
through mechanisms involving free radical
generation, collagen breakdown, and
alterations in skin elasticity and
pigmentation. Tobacco smoke induces
oxidative stress, leading to increased
production of reactive oxygen species

(ROS) that damage skin cells and
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extracellular matrix
particularly collagen and elastin, which are
crucial for maintaining skin structure and

elasticity. This oxidative damage 1is

components,

associated with a decrease in skin
elasticity, as evidenced by studies linking
reduced skin viscoelasticity to pulmonary
emphysema and inflammation in smokers.
Furthermore, smoking contributes to
irregular pigmentation and accelerated skin
aging, characterized by wrinkles and a loss
of hydration due to impaired blood flow
and nutrient delivery. Although some
studies suggest that smoking does not
significantly alter the morphology of
elastic fibers, the overall detrimental
effects on skin quality and appearance are
well-documented. Thus, smoking
exacerbates skin aging through complex
biochemical pathways that compromise
skin integrity and aesthetics[33]

2.5. Diet and Nutrition

Diet and nutrition significantly influence
skin health, particularly through the roles
of antioxidants, vitamins, and hydration, as
well as the impact of processed foods and
sugar on skin glycation. Antioxidants and
vitamins, found in fruits, vegetables, and
nuts, are essential for maintaining skin
integrity and combating oxidative stress,
which is linked to aging and skin damage.
Adequate hydration is also crucial, as it
supports skin elasticity and overall health.
Conversely, excessive sugar intake and
processed foods contribute to skin
glycation, leading to the formation of
advanced glycation end-products (AGEs)
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that damage collagen and elastin,
exacerbating skin aging and inflammatory
conditions. A low-glycemic index diet can
mitigate these effects, promoting healthier
skin by reducing glycation and
inflammation. Thus, adopting a balanced
diet rich in nutrients while minimizing
processed foods is vital for optimal skin

health. [34]
2.6. Other Environmental Factors

Blue light exposure from screens and
artificial lighting has been increasingly
scrutinized for its potential impact on skin
health and aging. While the sun remains
the primary source of blue light, artificial
sources such as LEDs and electronic
devices contribute significantly to
cumulative exposure, which can lead to
oxidative stress and skin damage,
particularly  in  individuals  with
hypersensitivity. This exposure is also
implicated in age-related macular
degeneration, as indoor lighting and screen
exposure, although less intense than
sunlight, can still pose risks due to
prolonged exposure times. Infrared
radiation, another environmental factor,
contributes to skin aging by promoting
oxidative stress and inflammation, which
accelerates the degradation of skin
structure and function. Lifestyle factors,
including stress and sleep deprivation,
further exacerbate aging processes. Stress
is linked to increased oxidative stress and
inflammation, which can accelerate
telomere attrition and aging-related

disorders. Sleep deprivation similarly

affects skin health by impairing repair
mechanisms and increasing susceptibility
to environmental stressors. Collectively,
these factors underscore the complex
interplay between environmental
exposures and lifestyle choices in the aging
process, highlighting the need for
comprehensive strategies to mitigate their

effects. [35-39]

3. MECHANISMS OF
ENVIRONMENTAL SKIN DAMAGE

Environmental skin damage is primarily
driven by mechanisms such as oxidative
stress, inflammation, and
(MMP)
leading to collagen degradation and DNA

matrix
metalloproteinase activation,
damage. Ultraviolet (UV) radiation,
particularly UVA and UVB, generates
reactive oxygen species (ROS) that induce
oxidative stress, resulting in DNA lesions
and inflammatory responses that can
promote skin aging and cancer. MMPs,
activated by oxidative stress, contribute to
collagen breakdown, further compromising
skin integrity. Additionally, environmental
pollutants exacerbate these effects by
disrupting the skin barrier and increasing
ROS production, which is linked to various
skin disorders, including inflammatory
diseases and carcinogenesis. The interplay
between oxidative stress, inflammation,
and DNA damage underscores the
complexity of environmental impacts on
skin  health,
therapeutic strategies to mitigate these
effects. [40-41]

necessitating  targeted
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4. PREVENTION AND PROTECTIVE
STRATEGIES

4.1. Sunscreens and Photoprotection

Sunscreens and photoprotection are
essential strategies for mitigating the
harmful effects of ultraviolet (UV)
radiation, which is a significant contributor
to photoaging and photo carcinogenesis.
Effective photoprotection encompasses a
range of methods, including sun
avoidance, protective clothing, and the
application of broad-spectrum sunscreens
that shield against both UVA and UVB
rays. Regular use of these sunscreens is
crucial, as they not only prevent immediate
skin damage, such as sunburn, but also
protect cellular DNA from mutations that
can lead to skin cancer. Emerging
technologies in sunscreen formulation are
enhancing their efficacy, with new filters
providing broader protection, including
against visible light, which has been linked
to conditions like hyperpigmentation.
Overall, a comprehensive approach
combining sunscreen use with other
protective measures is vital for maintaining
skin health and preventing premature
aging. [42-45]

4.2. Antioxidants and Skincare
Interventions

Antioxidants play a crucial role in skincare
interventions aimed at preventing oxidative
stress-related skin damage, including
photoaging and skin cancer. Key
antioxidants such as Vitamins C and E,
retinol, and polyphenols from green tea

NUJPS - 2025 | Vol. 12 | Issue 2

have demonstrated significant protective
effects against UV-induced oxidative
stress, which is a primary contributor to
skin aging and carcinogenesis. These
compounds work synergistically to
enhance collagen synthesis, reduce
inflammation, and promote skin cell
Additionally,
antioxidants have shown chemo-preventive
effects against skin cancer and efficacy in
treating various dermatological conditions,
including
Comprehensive skincare strategies that

regeneration. dietary

rosacca and acne.

combine topical applications with dietary

intake  of antioxidants, alongside
preventive measures like sun protection,
are essential for maintaining skin health
and mitigating age-related changes. [46-

47]
4.3. Lifestyle Modifications

Lifestyle modifications constitute an
essential component in the prevention,
management, and even reversal of many
chronic conditions, including skin-related
disorders and premature skin aging. These
modifications extend beyond simple
recommendations and  require a
comprehensive approach tailored to each

individual’s health status and risk factors.

A Dbalanced diet is
particularly one abundant in fruits,

fundamental,

vegetables, whole grains, lean proteins,
and healthy fats, as these provide vitamins,
minerals, and antioxidants that protect the
skin from oxidative stress. Adequate
hydration further supports epidermal

09



function and improves skin texture.
Limiting processed foods, sugar, and
excessive alcohol consumption helps
reduce systemic inflammation, which can
otherwise accelerate dermatological issues.

Physical activity serves multiple benefits
not only in improving cardiovascular
health but also in enhancing skin
physiology. Regular exercise promotes
blood circulation, oxygen delivery, and
nutrient supply to skin tissues, improving
firmness, elasticity, and wound-healing
capacity. Moderate exercise is also
associated  with  reduced
inflammation, benefiting both skin quality
and overall vitality.

systemic

Stress management is another cornerstone

of lifestyle modification. Chronic
psychological stress has been linked to
inflammatory skin disorders such as
psoriasis, eczema, and acne. Incorporating
relaxation techniques—such as yoga,
meditation, deep-breathing exercises, or
mindfulness  practices—can  correct
hormonal imbalances and attenuate stress-

related skin flare-ups.

Sleep hygiene plays a critical role in skin
recovery, as restorative sleep regulates
hormonal cycles, promotes collagen
synthesis, and facilitates cellular repair.
Chronic sleep deprivation not only
contributes to dullness and early wrinkling
of the skin but also weakens the immune
response, increasing vulnerability to
infections and inflammatory conditions.
Establishing consistent sleep schedules and

limiting screen exposure before bedtime
significantly support skin regeneration.

Lifestyle changes must also include
avoiding harmful habits and adopting
protective measures. Smoking cessation is
essential since tobacco accelerates skin
aging through collagen degradation and
reduced blood flow. Similarly, excessive
sun exposure remains one of the most
significant extrinsic aging factors; hence,
the use of broad-spectrum sunscreens,
protective clothing, and avoidance of
tanning practices are indispensable.

It is important to note that the efficacy of
lifestyle modifications often depends on
individual adherence and personalization.
Factors such as age, genetics, cultural
practices, and socioeconomic background
influence these adjustments. Therefore,
structured healthcare guidance, behavioral
support, and long-term follow-up are often
necessary to ensure effectiveness and
sustainability of these interventions. [48-
50]

5. FUTURE PERSPECTIVES AND
CHALLENGES

The future of dermatological science,
particularly in the realm of anti-aging and
skincare, is marked by rapid technological
advancements and growing
personalization. Ongoing research into
cellular mechanisms such as oxidative
stress, DNA damage, and cellular
senescence 1s leading to novel anti-aging
therapies, including the use of stem cells,
gene-editing

growth  factors, and
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technologies like CRISPR-Cas9. Alongside
these biological innovations, personalized
skincare based on environmental exposure
1s gaining momentum. By leveraging
wearable sensors, exposome data, and Al-
driven analytics, skincare regimens can
now be tailored to individual needs
influenced by external factors such as UV
radiation,  pollution, and
Furthermore, the incorporation of
biotechnology and nanotechnology is

climate.

transforming transdermal drug delivery,
with  nanosystems like liposomes,
dendrimers, and invasomes enhancing skin
penetration and therapeutic efficacy.
Bioengineered skin models and 3D
bioprinting also hold promise for product
testing and skin regeneration. Despite these
exciting developments, challenges such as
regulatory approval, safety concerns, cost,
and scalability must be addressed to ensure
these innovations transition successfully
from the lab to clinical and consumer

applications. [51-53]
6. CONCLUSION

This study provides new insights into the
multifaceted nature of skin aging,
emphasizing both intrinsic biological
processes and the wide-ranging impact of
the external environment. By
systematically examining how
environmental exposures such as UV
radiation, pollution, and climate variability
accelerate skin aging, the research
underscores the urgency of comprehensive
preventive strategies. The novel integration

of emerging concepts—such as the

NUJPS - 2025 | Vol. 12 | Issue 2

exposome, epigenetic markers, and the
microbiome—demonstrates the growing
importance of personalized and adaptive
care in dermatology. These findings pave
the way for the future development of
innovative  diagnostic  tools  and

individualized interventions, thereby
holding promise for more effective,
targeted management of skin aging. This
work not only enriches current scientific
understanding but also offers a foundation
for future

research in  precision

dermatology and preventive skin health.
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